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ABSTRACT

Sea Level Rise (SLR) poses a range of threats to natural environments and built
infrastructure in coastal zones around the world. Coastal cities in Brazil are vulnerable
to the effects of SLR and to the intensity of storms that induce more storm surges and
coastal inundation. Studies on vulnerability of coastal cities in Brazil have been de-
veloped by multidisciplinary and multinational collaboration between teams of natural
and social scientists. Perhaps the best example is the METROPOLE Project (An Inte-
grated Framework to Analyze Local Decision Making and Adaptive Capacity to Large-
-Scale Environmental Change), a partnership between Brazil, United States and United
Kingdom developed to evaluate how local government, stakeholders and citizens may
decide about adaptation options related to SLR and extreme events projections. In this
paper we show how some results of the METROPOLE project have been considered in
the definition of public polices of climate change adaptation and for practical actions to
increase resilience of Santos by reducing beach erosion, to reduce climate risk.
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RESUMO

GESTAO DE RISCO E VULNERABILIDADE A SUBIDA DO NiVEL DO
MAR NO BRASIL, COM ENFASE AO LEGADO DO PROJETO METROPOLE DE
SANTOS. A elevag@o do nivel do mar (SLR) representa uma série de ameagas aos
ambientes naturais e a infraestrutura construida em zonas costeiras em todo o mundo.
As cidades costeiras no Brasil sdo vulneraveis aos efeitos do SLR e a intensidade
das tempestades que induzem mais ressacas e inundagdes costeiras. Estudos sobre
vulnerabilidade de cidades costeiras no Brasil tém sido desenvolvidos por colaboracao
multidisciplinar e multinacional entre equipes de cientistas das ciéncias naturais e sociais.
Talvez o melhor exemplo seja o Projeto METROPOLE (Uma estrutura integrada para
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analisar tomada de decisdo local e capacidade adaptativa para mudanga ambiental de
grande escala), uma parceria entre Brasil, Estados Unidos e Reino Unido desenvolvida
para avaliar como o governo local, partes interessadas ¢ cidaddos podem decidir sobre
opgodes de adaptagdo relacionadas a SLR e projegdes de eventos extremos. Neste artigo
mostramos como alguns resultados do projeto METROPOLE foram considerados
na defini¢cdo de politicas publicas de adaptacdo as mudancas climaticas e para acdes
praticas para aumentar a resiliéncia de Santos, reduzindo a erosdo das praias, para

reduzir o risco climatico.

Palavras-chave: Elevagao do nivel do mar; Mudangas climaticas; Inundagdes; Erosao

costeira; Chuva.

1 INTRODUCTION

Sea Level Rise (SLR) poses a range
of threats to natural environments and built
infrastructure in coastal zones around the world,
and according to the Sixth Assessment Report of
IPCC ARG (IPCC 2021) “it is virtually certain that
global mean sea level will continue to rise over the
21st century”. This fact has already been detected
by LAI et al. (2021), who observed an increase of
concurrent heavy precipitation and storm surges to
coastal areas across the world.

LOSADA et al. (2020) warn that in coming
decades coastal areas will witness increased climate
change effects, such as floods, loss of infrastructure
operation, erosion and loss of ecosystem services,
especially in coastal cities with port facilities. The
loss of ecosystem resilience and factors external
to climate change can make the population more
vulnerable to environmental degradation and
contribute to the growth of social inequality.
Therefore, knowledge of the current dynamics of
coastal areas and the risks associated with SLR is
essential to take assertive measures with a view to
combeat the effects of climate change.

Asinotherparts of the world, the 279 Brazilian
coastal cities are vulnerable to the effects of SLR
and to more intense and frequent storms, which
provoke more coastal erosion, coastal inundation
and flooding. Studies on vulnerability of coastal
cities in the country have been developed by
multidisciplinary and multinational collaboration
between teams of natural and social scientists.
An example is the METROPOLE Project (4n
Integrated Framework to Analyse Local Decision
Making and Adaptive Capacity to Large-Scale
Environmental Change), an international scientific
initiative approved in the scope of the Belmont
Forum and financed by research agencies in Brazil,
in the UK and in the USA, developed to evaluate

how local government, stakeholders and citizens
may decide about adaptation options related to
SLR projections. Results of METROPOLE helped
to identify broad preferences and orientations
in adaptation planning, which the community
co-developed in a joint effort with the project
team. The study has projected climate scenarios
and economic impacts for Santos (Brazil), Selsey
(UK) and Broward County (USA). Among the
main results for Santos, the study showed that even
in a low SLR scenario, cumulative damage from
climate change between 2010 and 2100 will reach
242 million US dollars in Santos (MARENGO et
al. 2017a, b; PATERSON et al 2017; GUTIERREZ
2022).

The METROPOLE Project is based on
an innovative approach, as it is a co-production
between scientists, decision makers and population,
a partnership that facilitates the internalization of
the results as well as the implementation of public
policies and appropriate legislation, allowing a
better management of the area (MARENGO et al.
2017 a, b).

The present study starts presenting a short
overview of impacts of SLR in some coastal
Brazilian cities based on previous studies, which
attest to the urgency of this issue on the national
environmental and political agenda. Italso discusses
some results of the METROPOLE Project, as well
as new initiatives post METROPOLE adopted
by the Municipal Government of Santos, SP, as
environmental policies to cope with the impacts
of climate change on SLR were implemented by
means of a special committee on climate change
and adaptation to SLR in the city, a legacy of
the project. Finally, it is presented the general
structure of a new project that is independent of
the Metropole Project, but also aims to mitigate the
process of coastal erosion occurring close to the
Port of Santos.



The utmost objectives of these environmental
policies are to increase resilience of the city of
Santos to coastal erosion, coastal inundation and
climate change risks due to SLR, highlighting that
despite the rapidity and severity of coastal erosion
processes at a time of rising sea levels, a continued
partnership between the scientific community, the
population, local decision-makers and municipal
government is a sure way to mitigate a serious
problem that afflicts coastal cities worldwide.

2 TRENDS OF SLR IN BRAZILIAN
COASTAL CITIES: AN OVERVIEW

With a coastline of approximately 8,000 km,
the Brazilian coastal zone is home to 26.58% of
the country’s population (IBGE 2011) and plays
important ecological functions. Because the area
has a prominent role in the national economy,
any impact on these locations reverberates in the
country's economy. Considering the projections
of SLR and the 2010 population growing rate,
STRAUSS et al. (2015) found that 8% of the
inhabitants of coastal areas in Brazil would
be affected because of global warming of 4 °C
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until 2080, but this percentage could reach 5%
if the warming was limited to 2 °C. However, as
in other parts of the world, the Brazilian coastal
zone is a changing agent and requires knowledge
and monitoring of shore ecosystem processes and
population dynamics.

Trends in SLR for the Brazilian coast is
constantly changing and has been reviewed by
NEVES & MUEHE (1995); MESQUITA (2003)
and MUEHE (2006). LOSADA et al. (2013)
examined changes in sea level along with variations
in tidal levels, storm surges and extreme events
for different historical series and concluded that
sea level is rising, storm surges are increasing,
especially in the South, and El Niflo events
positively affect the sea level. The influence of El
Niflo in storm surges in more southern locations of
the country was also pointed out by MACHADO et
al. (2019).

Despite the efforts, few studies assess the
vulnerability of specific coastal cities in Brazil
to rising sea levels and climate changes. Table 1
shows a summary of SLR in some areas of the
Brazilian coast

TABLE 1 — SLR in the Brazilian coast (Modified from: KLEIN & SHORT 2016, PBMC 2017). Units are in

mm year'.
Author Local Change rate Period
Recife (PE) 3.7 1950-1970
Salvador (BA) 1.6
PIRAZOLLI (1986) Canavieiras (BA) 3.1
Imbituba (SC) 0.6
Fortaleza (CE) 0.3 1950-1970
Belém (PA) 34
Recife (PE) 0.2
AUBREY et al. (1988) Salvador (BA) 2.7
Canavieiras (BA) 4.1
Rio de Janeiro (RJ) 3.6
Imbituba (SC) 0.7!

SILVA (1992) Rio de Janeiro (RJ) 1.6 1965-1986
HARAR(II 9C Q?AARGO Recife (PE) 5.6 1946-1988
LOSADA et al. (2013) Salvador (BA) ~2.00 1950-2009
HARARI et al. (2019) Santos (SP) 1.3+0.3 1945-1990

Santos (SP) 2.7+0.6 1993-2014

HARARI et al. (2022a) Baixada Santista (SP) 2.38 t0 3.39 +0.01 1993-2021
Ubatuba (SP) 2.24+0.01 1993-2021

HARARI et al. (2022b) Cananéia (SP) 2.23+0.01 1993-2021
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The change rates observed in various
Brazilian coastal cities highlight the need for new
studies and continuous investments and adaptation
measures in face of climate change effects, with a
focus on reducing risks to disasters and minimizing
the impacts caused by extreme and meteorological-
oceanographic events observed in the present and
projected for the future (PBMC 2017).

Given the different dynamics of the Brazilian
coast, local assessments are needed to identify the
processes in each area. The main conclusions of
studies undertaken in some coastal cities in Brazil
are presented below.

Evaluating the city of Recife, HARARI et
al. (2008) found an increase of 0.24 m between
1946 and 1988 due to, among many causes, a
SLR rate of about 5.6 mm/year, corresponding
to an increase of 0.24 m between 1946 and 1988
and a historically inadequate occupation of the
coastline. Future scenarios for the city of Recife
are worrisome, since a SLR of about 0.63 m is
expected according to results for the RCPS8.5
scenario, from an ensemble of CMIP5 models
for equivalent to a 4 °C warmer world with focus
on Latin America and Caribbean for the period
2081-2100 (CHURCH et al. 2013, LOSADA et
al. 2013). For the Metropolitan Region of Recife,
which encompasses neighbor towns, COSTA et al.
(2010) state that a SLR of 0.5 m. would produce
an estimated flooded area of 25.38 km?, while a 1
m could inundate an area of 33.71 km?2. They also
indicate that in the entire coast of Recife, 81.8% of
urban constructions situated less than 30 m from
de shoreline and located 5 m below ground level
would be severely affected by changes in sea level.

For Rio de Janeiro city, the SLR could raise
between 1.1-1.2 m by 2100 (REYER et al. 2015).
According to GUSMAO (2011), in a scenario
of 1.0 m of SLR the accumulated area reached
that could potentially be flooded would be 83.02
km?, while at a rise of 1.5 m this area could reach
124.67 km?, which corresponds to 10.3% of Rio de
Janeiro’s territory.

PAULA et al. (2015) analyzed storm surges
in Fortaleza, whose coast has about 20 km long
with rigid structures of coastal engineering and
average wave height of 1.55 m. The authors
concluded that the strongest events of storm surges
were associated with North Atlantic extratropical
cyclones, especially in Azores. In a survey for the
period between 1953 and 2010, when there was
also a significant urban expansion, it was observed

an increasing trend in the frequency of episodes,
intensified from 2008.

MONTANARI et al. (2020) evaluated possible
economic impacts in the city of Floriandpolis
(Santa Catarina state) based on the IPCC (2013)
global estimates of SLR in 2100 of 0.98 m and on
urban and population growth projections for the
same period. Results showed that 13.4% of the total
area of the city would be affected, mangroves and
beaches. Considering the worst scenario of IPCC
and the urban and population growth scenario for
2100 a sudden disaster would cause losses of 12
US$ billion. However, the authors alert that this
value is underestimated, as many other parameters
were not considered, like ecological losses and
even the loss of human lives.

EGUCHI & ALBINO (2021) found 208
episodes of storm surges episodes in the state of
Espirito Santo for the period 1948 to 2008 and
concluded that the combination of the Southern
Annular Mode in the positive phase and ENSO in
the neutral phase presented the highest values for
all storm surges parameters.

It is noteworthy that the increase in the
frequency of storm surges in Brazilian coastal
cities indicates that this phenomenon would be
related to both global climate change and major
transformations due to the intense urbanization,
such as changes in coastal morphology, increased
beach erosion with sediment transfer, and
degradation of natural barriers such as mangroves.
Further, these effects can be even more dramatic
when associated with multiple events such as
extreme precipitation.

Adaptation of coastal regions in Brazil poses
greater challenge than in developed countries,
given the limitations on the adaptation capacity
of a developing country (PBMC 2014), the
length of the country's coastline and the levels
of vulnerability of population, which combined
with exposure to meteorological-oceanographic
conditions and more severe weather extremes can
jeopardize the habitability of a given region (IPCC
2012). However, it is one of the most pressing
issues for Brazilian society and cannot be delayed.

3 THE CASE OF SANTOS AND
SURROUNDINGS: BETWEEN
DEVELOPMENT AND DANGER

Located 60 km south of Sdao Paulo, Santos
is a regional leader among the municipalities that
encompass the Metropolitan Region of Baixada



Santista (MRBS). The city encloses the most
important port of Brazil and the second of Latin
America, whose construction initiated in 1888,
and has been in continuous expansion since then,
being top 46 in world container transport, with
a volume in 2019 of 4.17 million TM (WORLD
SHIPPING COUNCIL 2020). Besides the port,
railways and roads ensure the integration of the
production to regional, national and world trade
flow. Santos is spread over a total area of 280.7
km?, distributed between insular (Sao Vicente
Island) and continental territories (Figure 1).
Although only 15% of its area lies on the Sdo
Vicente Island, this area concentrates 99.3% of the
total municipality population, which are 428,703
inhabitants (FUNDACAO SEADE 2020).

Santos represents well the typical social
asymmetry of Brazil, with a clear socio-spatial
stratification. Data from the FUNDACAO SEADE
(2020) reveal that while some economic and social
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indicators of Santos are high (its Gross Domestic
Product and its Municipal Human Dimension
Index are USS$ 4,1 billion and 0.840, respectively),
its Gini Index (0.55) exposes, unequivocally, the
huge social disparities within the city. The Ponta
da Praia (Figure 1), located on the Southeast zone
of the S@o Vicente Island represents a region with
expensive real estate properties and where the Port
and related facilities are located. In comparison,
the Northwest zone includes poor regions with low
value properties on elevated terrain (MARENGO
et al. 2017a).

In turn, the MRBS has a total population
of 1,831,884 inhabitants (FUNDACAO SEADE
2020) and although it encompasses nine
municipalities, the imbalance among them due the
poor process of regional integration is notorious,
with distinct speeds and strengths of economic
development. Considering the entire MRBS,
5.4% of the population live in areas of very high
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FIGURE 1 — Location of the Santos insular area. Northwest Zone (NWZ) and Southeast Zone (SEZ) are the
studied areas in the METROPOLE Project. C1 to C6: drainage canals. (Source: SOUZA et al. 2019). The Ponta
da Praia region is in the Southeast zone, as shown in MARENGO et al. (2017b).
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vulnerability, 2.3% are in areas of high vulnerability,
and 8.7% reside in areas of medium vulnerability
(SANTOS et al. 2019). While some municipalities
of the MRBS experienced significant increase
of population in the last four decades, Santos
presented a population decline, largely related to
the migration of population to neighboring cities,
where the price of land is lower. In addition, as
in many other coastal cities of the world, Santos
attracts contingents of elderly people, generally
with higher incomes.

Landslides, floods, coastal erosion and
coastal flooding (Figure 2) as well as gas and liquid
leaks from petrochemical plants and oil spills,
bring constant risks to the natural environment
and the population, although the exposure to some
hazards and risks is unevenly distributed in Santos:
the most vulnerable groups live outside the formal
jurisdictions of municipal government, are ill-
served by urban infrastructures like running water,
sewer, trash pickup, electricity or paved roads and
live in hazardous sites, such as in Northwest Zone
(see Figure 1), as the increase of land value of
some areas forced part of the population to move
to degraded environments in periphery.

Santos and surroundings register high annual
total rainfall, particularly concentrated in spring
and summer (September to March). The average
annual rainfall for the period of 1980-2015 was
2,508.2 mm, but 40% of the years presented above-
average volumes of rain, while the other 60% were
below the average (SANTOS et al. 2019). For the
same period, NUNES et al. (2019) observed that
over 40% of the days showed precipitation, which
ranged from 0.1 to 332.9 mm, with 25% of the
rainy days accounting for 71% of the total rainfall.
This concentration is a key element in the outbreak
of hazards such as floods and landslides.

SOUZA et al. (2019) evaluated data from
extreme/intense storm surge events (SS, involving
strong waves) and meteorological tide/rainfalls
(MT/R, without strong waves) for the period 1928-
2016 in Santos and neighbor towns and found
238 events, among them 115 SS and 113 MT/R
(Table 2). The authors concluded that 76.5% of
the SS have occurred during the first 16 years of
the current century, an increase of 3.3 times (or an
average rate of 5.2 events/year) in SS frequency as
compared with the 20" century; for MT/R 47.2%
have occurred in the 21 century.

b

FIGURE 2 —a) Flooding due to concurrent intense rainfall and extreme meteorological tide episode of February
21, 2020 at Ponta da Praia region; b) and c¢) Overtopping, coastal inundation and coastal erosion caused by a
storm surge at the Ponta da Praia region on July 6, 2020; d) Coastal inundation in the Avenida Imperatriz Leo-
poldina at the Ponta da Praia on July 6, 2020. (Source: Civil Defense of Santos Archive).



TABLE 2 — Summary of the conditions for the occurrence of storm surges and meteorological tide/rainfall
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extreme/intense events. (Source: modified from SOUZA et al. 2019).

Storm Surges

Meteorological Tides/Rainfalls

and June.

Indicator (115 events) (123 events)
Highest n° of events: 2000s (49 =42.6%); | LLghest n° of events: 2000s (34 =
) . > | 27.6%); years 2006 and 2014 (8 each);
year 2010 (14); 33% in May and July; ;
. 16.3% in March; 50.4% between Janua-
Distributio 76.5% between April and September. and Aoril
ISTIDUIION. | 5 15 century (2000-16): 76.5% of the to- | =, 21 AP
. : . 21% century: 47.2% of the total; reduc-
tal; increased by 3.3 times relative to the | . .
20th centu tion by 0.9 or constant relative to the
- 20th century.
Duration Average: 1.9 days (1-8 days) Average: 1.8 days (1-5 days)
52.2%: during spring tides 65.6% during spring tides
Lunar Phase 34.8%: during neap tides 18.7%: during neap tides
Average 0.35 m (maximum: 0.78 m); | Average 0.38 m (maximum: 0.78 m);
Meteorological | predominant 0.41-0.60 m (35.7%); grea- | predominant 0.41-0.60 m (36.2%);
Tide Height test heights (>0.7 m) in January, May | greatest heights (>0.7 m) in January,

May and June.

Rainfall Volume

Duration interval: average 33.1 mm; ma-
ximum 227.1 mm; 0-60 mm accumula-
ted = 84.3%.
Evolution period: average 63.9 mm; ma-
ximum 468.4 mm; 0—100 mm accumula-
ted = 83.5%.

Duration interval: average 51.3 mm;
maximum 277.8 mm; 0—-60 mm accu-
mulated = 72.1%.
Evolution period: average 103.0 mm;
maximum 468.4 mm; 0-100 mm accu-
mulated = 62.3%.

Intensity: average 6.2 m/s (modera-
te breeze); maximum 20.6 m/s (gale);

Intensity: average 7.0 m/s (moderate
breeze); maximum 17.0 m/s (near gale);
62.9% between 3.4 and 7.9 m/s (gentle-
-moderate breeze).

Direction: average 191° (S-SSW) (2—
340°); SW/SSW predominate (30.9%).

Height: average 2.2 m; maximum 5.5
m; 80.4% between 1.5 and 3.0 m; 50%
between 1.5 and 2.0 m; highest average
in May—June (2.7 m).

Direction: average 162° (SSE) (23—
280°); S/SSE predominate (26.7 and
17.1%).

Winds 75.2% between 3.4 and 7.9 m/s (gentle-
(offshore data) | o derate breeze).
Direction: average 204° (SSW) (2-358°);
SW/S/WSW predominate (37.8%).
Height: average 2.8 m; maximum 7 m;
Significant 75.7% between 1.5 and 3.0 m; 45% be-
Waves tween 2.5 and 3.0 m; highest average in
(offshore data) | May (3.0 m).
Direction: average 177° (S) (90-300°);
S/SSE predominate (41.8 and 25.5%).
El Nifio: 54.8%; moderate to weak inten-
sities predominate (40.9%).
ENSO La Nifia: 40%; moderate intensity predo-

minates (21.7%).
Neutrality: 5.2%

El Nifo: 46.3%; moderate to weak in-
tensities predominate (35%).

La Nifla: 37.4%; weak intensity predo-
minates (17.1%).

Neutrality: 16.3%

Coastal erosion processes in Santos have
affected Ponta da Praia since the late 1930s,
mainly due to the waterfront avenue construction
above the beach sands (Figure 3) (SOUZA et al.
2012). Other contributions include destruction
of the dunes, beach ridges and mangroves;
alterations to the drainage network; increasing
impermeability of the land close to the coastline;
landfills on the estuarine channel; installation of
hardy structures transverse to the coastline, such

as the seven drainage canals which cross the
surf zone causing changes in longshore current
patterns (see figures 1 and 3); construction of
retaining walls and stone bulkheads; dredging in
fluvial and estuarine channels and Santos Bay;
removal of sand from the beaches; sea-level rise;
and increased occurrence of extreme events (storm
surges and meteorological tides) (SOUZA et al.
2016a, b; 2019). Figure 4 shows the historical
evolution of the beach erosive process.
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SANTOS-PRAWNW

FIGURE 3 — Beach erosion at Ponta da Praia in the mid-1940s, a few years after the construction of the seafront
avenue above the beach sands. C4, C5 and C6 are drainage canals. (Source of the photo: www.novomilenio.

inf.br/santos).

FIGURE 4 — Chronology of beach erosion process at the Ponta da Praia closer to the Canal 6 (Source: Santos

Municipality).

4 POST METROPOLE INITIATIVES

4.1 Environmental public policy of climate change
and adaptation to SLR in Santos

The Municipality of Santos created in 2015
the Municipal Commission for Adaptation to
Climate Change (CMMC) with the support of the

Ministry of the Environment of Brazil (MMA) and
the German collaboration BMUV/GIZ (SANTOS
MUNICIPALITY 2022a). An updated Municipal
Plan for Adaptation to Climate Change of Santos
(PMCS), now called PACS Climate Action Plan
of Santos (SANTOS MUNICIPALITY 2022b),
the creation of the Municipal Plan for the
Conservation and Recovery of the Atlantic Forest


http://www.novomilenio.inf.br/santos
http://www.novomilenio.inf.br/santos

(PMMA, SANTOS MUNICIPALITY 2022c), the
implementation of Nature-Based Solutions (Nbs) in
the Ecosystem-based EbA Adaptation Pilot Project
atMorro Monte Serrat (SANTOS MUNICIPALITY
2022d) are some actions taken by the municipality
of Santos to consider the climate agenda. Another
action was the creation of the Climate Change
Division in the municipality (By Decree 8.886 of
03/11/2020; https://diariooficial.santos.sp.gov.br/
edicoes/inicio/download/2020-03-12).

Thus, there is an effort in Santos to promote a
joint action that involves the municipal and federal
government, a partnership with the university and
the German government, aiming at adaptation.
Among the fruits of these activities are the many
results generated by the Metropole project, which
included scenarios of impacts for 2050 and 2100 if
adaptation measures are not taken, and actions that
are already being put into practice, such as linear
segments of breakwaters to protect against erosion
and support the accumulation of sand.

4.2 The Pilot Project for beach protection in Santos
coastal region

Threatened by extreme events such as floods
and rising sea levels, the coast of Santos was
selected for a pilot project by the Ministry of the
Environment (MMA). The objective of the pilot
project is to stimulate climate resilience across the
country, through the project Supporting Brazil in
the Implementation of the National Agenda for
Adaptation to Climate Change (ProAdapta; https://
www.giz.de/en/downloads/2020_10%20-%20
ProAdapta BMU 15.9060.3-001.00 EN.pdf).
ProAdapta is one of the projects of the technical
cooperation between Brazil and Germany to achieve
the commitments assumed in the international
agreements on the climate. The Project takes place
in the context of the International Climate Initiative
(IKT) of the Federal Ministry for the Environment,
Nature Protection and Nuclear Safety (BMU) of
Germany.

The region vulnerability is the main reason to
choose Santos for the first stage of the project. For
example, in episodes of heavy precipitation and
storm surges affected the canals that cut through
the city overflow and flood the streets. Associated
with storms and strong winds, rising sea levels
can also damage urban infrastructure and cause
economic losses in the Port area. The neighborhood
Ponta da Praia was selected to deploy equipment
to minimize the impacts of storm surges, showing
the municipality is committed to strengthening
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its capacity to adapt. These measures have the
potential to avoid economic and social harm. In the
case of Santos, the vulnerability analysis already
carried out by the municipality shows that, in one
of the points of the city, the economic damages
can reach US$ 200 million in the real estate sector
only.

Another initiative joined Santos’ local
government and the University of Campinas
(UNICAMP) for the development of a pilot project
anchored in blue engineering premises for beach
protection. Therefore, the ProAdapta is a beach
restoration pilot project designed to protect the
beach from further erosion along the Ponta da
Praia, in Southeast Santos. For this, submerged
breakwaters were deployed keeping the water
depths above the crown height of the longitudinal
segment at least 0.50 meters in relation to the
astronomical tide (GARCIA & GIRELI 2019).
This pilot project was defined to provide a
solution with a low cost of implementation and,
therefore, of limited dimensions. However, it
can provide adequate monitoring of the response
of the environment to the work in a short term
(UNICAMP 2017). The definition of the Pilot
Project is supported by studies by OH & SHIN
(2006), who implemented work on submerged
breakwaters in the city of Young-Jin (South
Korea), under similar conditions.

The proposed pilot project consists of two
linear axis of breakwaters (Figure 5), the zonal axis
being rooted next to the beach wall and following
into the sea for 275 m, and the meridional axis
extends longshore for 240 m. The main function
of the breakwaters designed geometry is to protect
and support the accumulation of sand between
them and the current coastline, allowing the tidal
currents, that flow into the mouth of the Santos
estuary in the flood, to pass over the bags, serving
as a sediment trap. As it is submerged equipment,
it allows the adequate circulation of the surface
currents, avoiding the deterioration of the water
quality in the area, so that people can enjoy
swimming. A total of 49 bags were used to make
the breakwaters, each having 20 and 25 m of
length and 9 and 12 m of the perimeter, filled with
approximately 7 thousand m? of local sand and
weighing 300 tons (GARCIA & GIRELI 2019).

The meridional axis main function is
decreasing the wave energy by breaking over it.
In addition, the structure aims to correct the local
wave direction that starts to reach the walls with an
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Figure 5. Detail of the Pilot Project for mitigation and monitoring Ponta da Praia erosion processes showing
the main zonal and meridional axis with the submerged breakwaters (Source: GARCIA & GIRELI 2019).

orthogonal angle, reducing the longshore current,
resulting in a beach accretion.

It is worth remembering that extreme events
arising from climate change such as storm surges
may be more frequent and intense. The main
objective of the submerged breakwaters is the
restoration and stabilization of the beach profile
with the retention of sand inside, restoring its
natural capability of decreasing the wave energy
and protecting its backward. In addition, it allows
to improve in the short term the conditions of
the monitored area, to assess the performance
of the projected structure against the effects of
the storm surges. In other words, the submerged
breakwater’s function is to reduce the energy of
the waves and decrease their impacts on the local
urban infrastructure (UNICAMP 2017).

The use of structures of this nature greatly
reduces the need for large shipments of material
with high costs, causing minimal visual impact,
allowing for monitoring and supporting the
indication of a definitive configuration of
submerged breakwaters. In addition, it protects the
stretch of influence of the equipment, if compared
to hard engineering works, which require a lot
of iron and concrete with extremely high cost.
Besides, the used submerged breakwaters were
placed in a short period of time, reducing unwanted
impacts and allowing an easy demobilization. The
adopted solution also serves to increase knowledge

about the impacts on adjacent areas and indicate
future definitive interventions for the most affected
regions.

Meanwhile, more efficient short and
medium-term solutions are needed, as the local
community calls for more effective measures to
contain the advance of the sea. In this sense, the
implementation and monitoring of this pilot project
carried out in Ponta da Praia is a viable alternative
in the short term. More technical details on the
dimensions and characteristics of the breakwaters
can be found in GARCIA & GIRELI (2019).

The pilot project considers climate risks in
policies at the federal, state and municipal levels
with the aim of establishing actions at the local
level. In addition to Santos, other regions of the
country will be covered by the project, which
considers the establishment of actions at the local
level, in addition to sensitizing the private sector
and civil society in the search for solutions.

5 CONCLUSIONS

Seaward hazards associated with climate
change like coastal erosion and flooding due to
SLR might be amplified, bringing about major
risks to coastal cities. Despite the increase in
studies that point to the risks of urbanization and
environmental change in coastal cities around the



world, there is a notorious lack of synchrony among
knowledge, collective awareness and action in
urban development policy and planning practices,
including adaptive measures. And without a
coordinated action, the property damage, the
compromise of biodiversity, the loss of coastline,
of infrastructure, and the impacts in fisheries, port
activities, and other industries and enterprises will
contribute to diminish human well-being and the
ecosystem services provided by the coastal zone.

In Brazil, the population of coastal areas
generates about 30% of all national wealth (IBGE
2014). Significant part of this population is
engaged in activities related, directly or indirectly,
to tourism, oil and natural gas production, ports
and navigation fishing and services that meet
the economic dynamics generated by these
municipalities and others close to the coastal zone.

However, numerous Brazilian coastal cities
like Rio de Janeiro, Floriandpolis, Recife and
Fortaleza have registered an increase in calamitous
occurrences associated with SLR, but the adoption
of adaptation measures has been slower than the
escalation of impacts.

Results from the METROPOLE Project
has been used for the municipality of Santos to
subsidize measures to face problems arising from
climate change and in the formulation of public
policies. Therefore, the METROPOLE Project is
an important milestone in Santos' environmental
agenda, contributing to a new institutional
arrangement for Climate Governance in the city,
in which the local government not only works
with issues involving climate change but creates
in its structures a specific sector to manage these
actions. Based on the scientific results from this
project, since the end of 2015 the Municipality
of Santos created the Municipal Commission for
Adaptation to Climate Change CMMC and the
PACS Climate Action Plan of Santos to put into
action a local multilevel governance process of the
risks arising from global climate change. These
efforts emphasize the need to build a resilient
and sustainable city that promotes the effective
reduction of the risk of natural disasters in its
territory. Santos was the first coastal city of the
state of S@o Paulo to implement a Plan for Climate
Change, a METROPOLE project legacy.

Santos has also developed several actions
in conjunction with ProAdapta and has provided
support for the development of pilot projects to
control beach erosion of low impact and cost, such
as the submerged breakwaters. In the short term,
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these actions might monitor the areas under threat
and contribute to reducing the damage caused
by invasion of sea water into the existing urban
infrastructure, such as avenues, walkways, parks
and parking lots, as well as apartment buildings,
recreational facilities, houses and shops. The
designed pilot project resulted in a submerged
breakwater was implemented in 2018 and so far,
the primary results are promising.

It is widely recognized that SLR is an
underlying cause of changes in vulnerability
of coastal populations. In the long term, policy
makers might evaluate whether current approaches
for coastal development and protection need to be
modified to reflect the increasing vulnerability to
accelerating rates of SLR. This may be a serious
problem in Brazil, where there are few existing
policies that explicitly address or incorporate SLR
into decision making, from the municipal to the
national level. In this study we also discuss some
actions that the City of Santos implemented to
cope with SLR and climate change, and that were
considered in the context of scientific results of the
METROPOLE Project.
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