BLUE CITIES

NATURE-BASED SOLUTIONS FOR
COASTAL CLIMATE RESILIENCE

"INVEYY
IrEEvER
=W

rEENEY
WEEEET
| ——

s e B

UNIFESP

g : . > , _ g Fundacao @
:::::%:.I::: ’ " £ INoVAGAO . . i GrUpOBOtiCériO
2030



BLUE CITIES: NATURE-
BASED SOLUTIONS FOR
COASTALCLIMATE
RESILIENCE

B658

Blue Cities : Nature-based Solutions for Coastal Climate Resilience
/ Coordenacao de Aline Sbizera Martinez. -- 12 ed. -- Santos :
Universidade Federal de Sao Paulo (UNIFESP), 2025. -- 110 p.

ISBN: 978-65-85919-60-9 (on line)

1. Sustainability. 2. Coastal cities. 3. Climate resilience. 4. Urban
adaptation. 5. Nature-based Solutions. |. Martinez, Aline Sbizera
(coord.) Il. Titulo.

CDD 338.927

Bibliotecaria Daianny Seoni de Oliveira - CRB 8/7469




Il Preamble

We live in a constantly changing world where climate and biodiversity crises impact thousands of
people daily, demanding urgent actions for adaptation and resilience. Although various docu-
ments and action plans at different governance levels emphasize the importance of ecosystem
restoration and climate resilience, highlighting Nature-based Solutions (NbS) as strategic path-
ways, many professionals responsible for adaptation initiatives and urban planning still face

challengesinimplementing NbS projectsin theirlocal contexts.

Focused on coastal cities, this document provides an overview of NbS that can be applied in Brazil
to enhance climate resilience. Although this guide was prepared within a more regional perspec-
tive, it offers solutions that can be applied to cities worldwide. We aim to support decision-makers,
public managers, legislators, investors, and the general public by compiling information to
facilitate the identification of NbS strategies for promoting urban sustainability and preparing

cities to cope with extreme weather events that are intensifying due to climate change.

This work was produced by the Brazilian Ocean Literacy Alliance, coordinated by the Maré de
Ciéncia Program/Federal University of SGo Paulo (UNIFESP), the Ministry of Science, Technology,
and Innovation of Brazil (MCTI), and UNESCO, in collaboration with the Boticdrio Group Foundation
for Nature Protection, to strengthen the science-policy interface. The information shared here is
based on globally implemented examples and rigorous scientific curation, reinforcing the
opportunity for science-based decision-making rooted in successful experiences.
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Il 1. Glossary

Adaptive management - An environmental
management approach that recognizes the
inherent uncertainty in managing ecological
systems and uses continuous scientific-based
monitoring to assess the effectiveness of inter-
ventions. In the context of NbS (Nature-based
Solutions), it involves tracking environmental,
social, and economic indicators at the interven-
tion site throughout the process (before, during,
and after implementotion). Based on results,
strategies are dynamically adjusted to enhance
conservation and minimize undesirable impacts.
This practice emphasizes the need for continu-
ous learning, promoting more effective and
sustainable solutions.

Atlantic Forest — A tropical and subtropical
biome characterized by dense, biodiverse forest
with tall trees, shrubs, and a rich variety of
epiphytes, such as bromeliads and orchids.
Originally, it extended along the Brazilian coast
from Rio Grande do Norte to Rio Grande do Sul,
covering hillsides and plains. Despite being
highly fragmented due to urbanization and
deforestation, the Atlantic Forest still provides
essential ecosystem services, such as climate
regulation, protection of watersheds and slopes,
and provision of habitat for numerous endemic
species of fauna and flora, many of which are
threatened with extinction.

Bioretention system - Interventions designed as
shallow, vegetated depressions that can inter-
cept, infiltrate, divert, modify, and treat the
volume and flow rate of stormwater runoff.

Blue spaces — Aquatic environments like rivers,
lakes, seas, wetlands, and other bodies of water.
They play a crucial role in regulating the hydro-
logical cycle, purifying water, mitigating floods,
and promoting aquatic biodiversity, as well as
offering recreational and aesthetic benefits.

Climate adaptation — The process of adjusting
ecological, social, and economic systems in
response to current or expected climatic events
to minimize harm, reduce vulnerabilities, and
take advantage of opportunities associated with
climate change.

Climate change - Significant and lasting
alteration in patterns of temperature, precipita-
tion, and other climate variables on the global
scale due to both human and natural factors.

Climate resilience — The social, economic, and
ecological capacity of ecosystems to adapt to,
withstand, and recover from the impacts of
climate events, especially as a result of climate
change.

Coastal hardening — The construction of rigid
structures at the land-sea interface to protect
urban areas and meet societal needs. This
process often replaces unconsolidated natural
environments, such as sandy beaches and
muddy bottoms, with artificial surfaces, altering
the natural dynamics of the coast and compro-
mising the provision of ecosystem services.

Coastal zone — The interface region between
terrestrial and marine environments, including
coastal environments and their adjacent areas.
This region is characterized by both direct and
indirect influences from the sea. Currently, 443
municipalities officially belong to the coastal
zone in Brazil. Of these, 279 municipalities have
territories directly in contact with the ocean.

Coral reefs — Hard substrate formations com-
posed primarily of calcareous structures built by
corals, calcareous algae, and other marine
organisms. In Brazil, shallow coral reefs are
mainly found in the Northeast region. These
ecosystems host a high biodiversity of fish and
invertebrates and are essential for sustainable
fishing and tourism. Coral reefs also provide
many other ecosystem services, such as coastal
protection against erosion and wave force.
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Dunes — Formations created by the accumula-
tion of sand shaped by wind, which can move
and change shape but are often stabilized by
vegetation. Dunes are common along the
Brazilian coast, especially in the Northeast and
South regions, where they play important eco-
logical roles, such as natural protection against
coastal erosion and storm surges, and support-
ing vegetation adapted to dry and sandy envi-
ronments.

Ecosystem services — The essential benefits that
nature provides, on which humans depend to
survive. Examples include the provision of food
(e.g. fish, crustaceans, vegetables), raw materi-
als (e.g., wood, gas, minerals), and drinking
water; air and water purification, climate regula-
tion, coastal protection, pollination, and opportu-
nities/conditions for recreation, tourism, and
spiritual well-being.

Extreme weather event — A severe meteorologi-
cal or climatic event, such as torrential rains,
intense heat waves, severe swells, major floods,
or prolonged droughts, which represents signifi-
cant deviations from the average climatic
patterns of a region. These events used to be
rarer but are becoming more frequent due to
climate change.

Flood = Accumulation of water in urban areas
caused by heavy rainfall or drainage issues,
resulting in streets or other areas temporarily
covered with water.

Grey infrastructure — Physical structures built by
humans on land or seq, designed exclusively to
support and facilitate human activities. These
structures are typically constructed using mate-
rials like concrete, steel, or other artificial compo-
nents and have a significant impact on trans-
forming the natural environment. Common
examples include breakwaters, paved streets,
parks with impermeable surfaces, seawalls,
groynes, buildings, houses, avenues, bridges, and
wharves.

Green spaces — Areas covered by natural or
planted vegetation, such as gardens, parks, and
forests, within or near urban settings. These
spaces provide ecological benefits, such as
climate regulation, air purification, biodiversity
conservation, and leisure and wellness opportu-
nities for people.

Inundation — The overflow of water bodies, such
as rivers and seas, caused by heavy rainfall,
swells, or storm surges, raising water levels above
normal. This phenomenon covers usually dry
areas and can affect large regions, causing
extensive damage.

IPCC - The Intergovernmental Panel on Climate
Change is formed by a group of scientists estab-
lished by the United Nations with the purpose of
assessing and reviewing scientific research
related to climate change to inform and guide
global climate policies.

Mangrove - A coastal ecosystem formed at the
transition between terrestrial and marine envi-
ronments, characterized by floodable soils and
vegetation adapted to changing salinity and low
oxygen levels. In Brazil, mangroves are found
from the state of Amapad to Santa Cataring, being
more abundant in the North and Northeast
regions. This ecosystem provides vital ecosystem
functions, such as coastal protection, carbon
storage, sediment retention, and pollutant
filtering. Mangroves support a rich biodiversity,
including various commercially important
species like fish, mollusks, and crustaceans.

Marine macroalgae - Photosynthetic organisms
that grow on rocky or floating substrates in
coastal environments. In Brazil, macroalgae
occur across various coastal regions and play
important ecological roles, such as absorbing
excess nutrients, improving water quality, and
supporting marine biodiversity. They are also a
valuable source of commercial products, used in
food, fertilizer production, and in the manufactur-
ing of cosmetics and pharmaceuticals.
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Nature-based Solutions (NbS) - Actions that
use natural processes and ecosystems to
address the most urgent challenges of society,
such as water scarcity risks and the impacts of
extreme weather events, including floods and
landslides. This is a natural resource manage-
ment approach that benefits biodiversity and
human well-being, while also promoting solu-
tions for socioeconomic development.

Nutrient cycling — The movement and transfor-
mation of nutrients within soil, water, and plants
and other organisms, ensuring that essential
elements for life remain available in the environ-
ment.

Oyster reefs — Aggregations of oysters attached
to hard substrates, such as rocks, mangrove
roots and other solid materials in shallow coastal
waters. Oyster reefs are primarily found in
estuarine areas.

Pollination — The process by which wind, insects,
birds, and other animals transfer pollen among
plants, enabling their reproduction and the
production of fruits and seeds.

Primary productivity — The process in which
plants and algae, through photosynthesis,
convert sunlight into energy, producing oxygen
and biomass. This process is fundamental for
providing energy and supporting the entire food
web.

Restinga forest — A coastal ecosystem formed
on sandy, nutrient-poor soils, characterized by
diverse vegetation ranging from low grasses to
shrubs and small trees adapted to saline condi-
tions and strong winds. In Brazil, restingas are
distributed along the entire coast, where they
perform essential ecological functions such as
coastal erosion protection, dune stabilization,
and providing habitat for various species of flora
andfauna.

Salt marsh — A coastal ecosystem of low-lying,
floodable areas characterized by salt-tolerant
grasses and sedges adapted to brackish water.
In Brazil, salt marshes occur primarily in the South
region, in estuarine areas and coastal lagoons,
playing a crucial role in pollutant filtering, flood
protection, and supporting local biodiversity.

Seagrasses — Vascular plants that grow sub-
merged in shallow coastal environments. These
plants provide essential ecosystem services,
such as carbon sequestration, coastal erosion
protection, pollutant filtering, and habitat for
numerous marine species. In Brazil, seagrasses
extend from the Northeast to the South region.

Secondary productivity — The amount of energy
or biomass generated by animals when con-
suming plants or other animals, contributing to
the growth and reproduction of species.

Sustainability — The responsible use of natural
resources without compromising the well-being
and development of future generations.
Sustainability depends on balancing economic,
social, and environmental aspects, aiming to
conserve nature and promote a lifestyle that
does notdeplete natural resources.

Urbanization — The process of city growth and
development, characterized by an increase in
urban space and population within urban areas,
expansion of infrastructure, and the social,
economic, and cultural transformations associ-
ated with urban life.
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Dictionary of Icons

Benefits of Nature-based Solutions

2.1 FUNCTIONAL benefits

(el

Adaptability
Subject to adjustment and expansion over time to respond to changes in environmental
conditions and sealevelrise.

Air purification
Grasses, shrubs, and trees act as natural filters, removing pollutants from the air, such as
carbon dioxide, particles, and other toxic gases.

Coastal protection
Blue parks and natural ecosystems, such as restingas, coral reefs, mangroves, salt marshes,

and dunes, act as natural barriers. They absorb wave energy, tidal forces, and strong winds,
buffer the impacts of storms, and help mitigate sea level rise. As a result, they protect coastal
areas and enhance theirresilience against extreme weather events.

Durability
The combination of structures designed based on ecological principles with the resilience of

natural systems extends the lifespan of coastal defense structures.

Erosion control
Vegetation on slopes, estuarine areas, and other natural coastal ecosystems stabilize the

soil by controlling surface runoff and water flow, which reduces erosion. These systems
protect coastal areas, river banks, and steep terrains, restoring the natural sediment dynam-
ics and ensuring the protection of infrastructure and communities.

Flood mitigation
Green parks and healthy natural systems, such as wetlands and forests, absorb and retain

excess rainwater, slowing down runoff and reducing the severity and frequency of floods.
Coastal ecosystems also act as natural barriers, minimizing the intrusion of saline waters
and reducing theimpact of tides and storms.

Groundwater recharge
Natural vegetation and permeable surfaces facilitate water infiltration into the soil, replen-

ishing groundwater reserves.

Local production
It provides fresh, locally grown food, reducing the need for long-distance food transporta-

tion.

DICTIONARY OF ICONS 10
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Thermal comFfort
Vegetation provides natural thermal insulation to buildings and maintains milder tempera-

tures around green and blue spaces.

Waste reduction
Recycling organic waste through composting.

Water flow reduction
Capture, absorption, or dissipation of rainwater, slowing down runoff and reducing peak

volumes, alleviating flow in urban drainage systems.

Water purification
Plants, soils, and sediments filter pollutants from water, reducing contamination of water

bodies, aquifers,and drainage systems.

Water supply
Through rainwater harvesting and efficient irrigation systems to conserve water, it provides

an alternative source for non-potable uses, such as irrigation, toilet flushing, and laundry.

DICTIONARY OF ICONS 11



rJ

.2 URBAN benefFits
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Civil protection
Green and blue spaces protect the urban population by minimizing risks related to flooding,

inundations, landslides, and diseases from air and water contamination. Additionally, well-
designed greenways enhance pedestrian and cyclist safety by reducing vehicle speeds and
keeping people away from traffic.

Drainage
Efficient management of rainwater capture, absorption, and redirection relieves pressure on
drainage systems.

Enhanced public spaces
Green and blue spaces enhance urban public areas by providing recreational and accessi-

ble spaces, such as parks, trails, and social zones, promoting social interaction, leisure, public
well-being, and opportunities for closeness to nature.

Infrastructure protection
Green and blue spaces, as well as natural habitats, minimize losses and damage to urban

infrastructure caused by extreme weather events (rcnin, storms, storm surges, heotques).

Noise reduction
Green areas act as natural sound barriers, reducing noise pollution by creating an acoustic
buffer zone between residential areas and busier streets.

Space optimization
Green and blue infrastructures represent a strategic use of urban territory, serving both
utilitarian and recreational functions, thus maximizing the limited urban space.

Sustainable urban design and planning
Integrating green and blue infrastructures into urban planning balances urban develop-

ment with environmental conservation. This practice creates more sustainable and resilient
cities, promoting a more livable urban environmentinthe long term.

Urban aesthetics
Greeninfrastructures and natural areas integrated into urban design improve the aesthetics

of cities, making them more pleasant and attractive for residents and visitors.

Urban cooling
Vegetation provides shade and releases moisture, cooling urban areas, increasing thermal

comfort, and potentially reducing the energy needed to cool buildings. Additionally, perme-
able surfaces reduce heat absorption.

Urban mobility
Greenways provide safe routes for cyclists and pedestrians, connecting different areas of the

city, improving access to public transportation, and creating more pleasant and safe envi-
ronments for walking.

DICTIONARY OF ICONS 12



2.3 ENVIRONMENTAL benefits

Air quality

Vegetation absorbs air pollutants and releases oxygen, helping to purify the atmosphere
and reduce greenhouse gases. By improving air quality, natural areas contribute to ecologi-
cal balance, promote ecosystem health, and mitigate the impacts of climate change.

Biodiversity

Green and blue spaces provide habitats for a wide variety of plant and animal species,
promoting local biodiversity. The creation of green infrastructure, restoration of degraded
natural areas, and preservation of pristine natural areas contribute to increasing biodiversity
and conserving species.

Carbon sequestration and storage
Terrestrial and aquatic vegetation, including algae, captures carbon dioxide from air and

water and stores carbon in its tissues. This process is crucial for mitigating climate change
and promoting urban sustainability.

Enhancement of ecological Functions
Green and blue spaces integrate natural elements that support biodiversity and essential

ecological processes, including pollination, nutrient cycling, water and air purification, as
well as primary and secondary productivity.

Habitat connectivity
Strategic spatial planning for the conservation, restoration, or creation of green or blue

spaces in urban environments facilitates the movement and dispersal of native biotq,
enhances genetic diversity, and provides essential resources and buffer zones within frag-
mented urban landscapes.

Healthy soils
Organic farming practices and the use of native plants in green infrastructure improve soil

structure and fertility, promoting healthier soilsin urban areas.

Thermal stress reduction
Cooling temperature in urban environments conserves moisture and decreases local

thermal stress, creating more stable and favorable conditions for the survival and reproduc-
tion of floraand fauna.

Water quality
Terrestrial and aquatic vegetation, soil, and filter-feeding animals (e.g., oysters and mussels)

filter pollutants from water, enhancing water quality in rivers, lakes, ponds, estuaries and
seas. Additionally, vegetation helps stabilize the soil, reducing erosion and sedimentation in
water bodies, thereby protecting and promoting water quality in aquatic ecosystems.

DICTIONARY OF ICONS 13



Green and blue spaces can serve as community areas that promote collaboration and
community engagement in sustainable practices through environmental education and
volunteer activities. These spaces also encourage community involvement in the planning,
monitoring, and maintenance of ecological projects.

Empowering communities to be more self-sufficient and resilient to climate change.

Conserving and restoring natural environments preserves and strengthens the cultural and
historical connections of communities with coastal areas.

Green and blue spaces in cities expose residents to natural environments, encouraging
environmental stewardship and sustainable practices. By providing outdoor spaces for
social gathering and community engagement, these areas create educational opportuni-
ties around ecology, resource management, and sustainability, fostering a culture of envi-
ronmental conservation.

Natural areas, such as mangroves, and oyster and coral reefs, enhance food security in cities
by providing habitats for various commercially valuable species (e.g, fish, molluscs and
crustaceans), ensuring sustainable fishing and protecting coastal resources. Additionally,
urban gardens promote the local production of fresh food, reducing dependence on supply
chains and strengthening community resilience.

Access to green and blue spaces in cities provides opportunities for relaxation, recreation,
and physical activities, which reduce stress and improve physical and mental health, bene-
fiting the population’s quality of life. Moreover, these natural spaces filter pollutants from the
airand water, contributing to the prevention of respiratory and waterborne diseases.

Green or blue public spaces provide recreation and leisure opportunities for the population
by creating areas for relaxation, socialization, physical activities, or hosting events.

People trust and feel confident in the ability of mitigation policies to protect their communi-
ties from environmental disasters.

DICTIONARY OF ICONS 14



Cities with green and blue spaces become more attractive to businesses and investors who
value sustainability and quality of life. Furthermore, solutions that reduce the risk of natural
disasters provide safe zones for sustainable urban development, attracting new invest-
ments and promoting economic growth.

Green and blue spaces attract visitors and tourists, boosting the local economy through
increased spending on recreation, food, and other services. Businesses located near green-
ways also benefit from higher customer traffic in the area.

The revitalization and protection of terrestrial and aquatic ecosystems in urban areas
improve water quality and provide critical spawning and nursery habitats, collectively
supporting the growth and sustainability of fishery stocks, including species consumed by
local communities and those of economic importance.

Local food production, especially in urban centers, strengthens food security by providing
fresh products and diversifying supply. Furthermore, proximity to the end consumer reduces
transportation costs and fees, positively impacting prices and fostering a more just and
sustainable supply chain.

Improved air and water quality, combined with the encouragement of physical activity and
recreation in green and blue spaces, contributes to public health by reducing the costs of
treating respiratory diseases, waterborne diseases, and chronic illnesses related to urban
environments (stress, anxiety, and sedentary lifestyles).

Properties with or near green and blue spaces tend to increase in value due to their sustain-
able functionality, aesthetic appeal, and the recreational and safety opportunities they offer.

By managing stormwater runoff, urban green spaces reduce the need for extensive under-
ground drainage systems, lowering the costs of construction and maintenance of these
infrastructures.

The design, construction, and maintenance of green and blue infrastructures, as well as the
management of natural areas in cities, create jobs in fields such as landscaping (landscape
architect, arborist), engineering (civil, materials, agricultural, forestry), urban operations
(bioconstruction technician, equipment operator, plumber), urban agriculture (horticultur-
ist, irrigation technician), environmental management (environmental technician, public
area caretaker, biologist, chemist, geographer, oceanographer, physicist), and ecotourism
(tourism specialist, environmental instructors, and guides).

DICTIONARY OF ICONS 15



Mitigating the risks of flooding, storm surges, landslides, and strong winds reduces costs
associated with damage to public infrastructure, residential properties, and businesses. It
also lowers expenses related to repairs of drainage and electrical systems, and water con-
tamination remediation.

Mitigating risks from flooding, inundation, and landslides caused by rain, storm surges, and
sealevelrise canreduce insurance premiums for properties in safe areas, offering significant
savings for property owners and businesses.

Greenways provide economic alternatives to car use, saving money on fuel and vehicle
maintenance, while also reducing road wear and the need for expensive infrastructure
expansions.

DICTIONARY OF ICONS 16
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Cities around the world are facing increasingly
urgent challenges related to climate change. The
intensification of risks, combined with acceler-
ated urbanization and loss of biodiversity and
ecosystem services, exacerbates poverty and
socio-economic inequalities. Extreme events
such as storms, floods, heatwaves, and droughts,
which are becoming more intense and frequent,
threaten the well-being and lives of populations,
causing significant economic losses and social
instability, particularly among those living in
coastal areas.

In Brazil, about a quarter of the population lives in
the coastal zone", where cities are rapidly
expanding. If we consider people living up to 150
km from the coast, this number surpasses half of
the Brazilian population, according to the 2022
demographic census (54.8%"). Historically, the
growth of cities in Brazil, and many developing
countries, has occurred in a disorganized man-
ner, with large concentrations of people in
vulnerable areas™. These regions face exacer-

bated climate impacts, as they are often located
in high-risk areas, such as low-lying zones or
steep slopes'”. The lack of maintenance in
essential infrastructure, such as drainage sys-
tems and impermeable surfaces, intensifies
natural risks, including flooding and the effects of
urban heatislands.

In the face of the threats posed by climate
change, the need for adaptation policies and
urban resilience becomes increasingly urgent,
aiming to mitigate future risks and ensure the
sustainability of these critical areas.

The majority of the
Brazilian population

lives on or near the
coast.
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Il 3.1 Challenges ¢

3.1.1 Climate projections

Extreme events associated with recent climate
anomalies in the ocean and atmosphere are
already causing severe damage in several
countries, including Brazil. This reality poses
challenges that require integrated and well-
planned actions to minimize negative impacts
and protect coastal cities. Future projections
indicate that the frequency and intensity of these
events may increase, making the implementa-
tion of effective adaptation and mitigation
strategies even more urgent.

Globaltemperaturerise

Data from the IPCC (2021)" revealed a significant
increase in the global average air temperature
(1.09 °C) and ocean surface temperature (0.88
°C) between 2011 and 2020, compared to pre-
industrial levels (1850-1900). The rate of ocean
warming has doubled in the last 20 years',

accelerating the impacts of climate change.

Sealevelrise

The global mean sea level has risen about 10 cm
since 1993"., Projections suggest that by 2100, the
mean sed level could increase by at least 43 cm
in a low-carbon emission optimistic scenario,
possibly reaching 82 cm in a pessimistic

scenario®®.

Changesinrainfallpatterns

Climate projections for Brazil by 2100 indicate an
increase in rainfall in the South and Southeast
regions, while the Northeast and parts of the
Amazon will face areduced rainfall regime'”.

CLIMATE CHANGE AND THE VULNERABILITY OF COASTAL CITIES 19



Examples of significant extreme
events in Brazil in the last decade

o 2010

Severe drought in the state of Sao Paulo

Cantareira system £
reservoir completely dry. §

Ocean-atmosphere conditions

In January 2014, a persistent and intense atmospheric blocking formed over the South Atlantic and
Southeast Brazil. This phenomenon lasted 45 days (the usual duration is about one week), disrupting
the transport of moisture from the Amazon and hindering the passage and development of major
rainfall systems in parts of the Southeast region, especially in the state of SGo Paulo. During this period,
positive anomalies in air and sea temperatures in the South Atlantic were also recorded.

Extremeevent

The low rainfall recorded at the end of 2013 and in the first half of 2014 led to the worst water crisis ever
registered in the state of SGo Paulo. The Cantareira system, which supplies water to the Sdo Paulo
Metropolitan Areq, reached its historical lowest level. Other reservoirs in the states of SGo Paulo and Rio
de Janeiro alsoreached critical low levels.

Damage

The populationin several cities experienced long periods of water rationing, with frequent cuts in water
supply. Many relied on water deliveries via tanker trucks. The prolonged drought also impacted the
economy, causing price increases in food and electricity rates, along with massive losses for industrial
activity. At the time, the estimated financial loss was in the billions of reais. There was also an increase
in wildfires and tons of fish died in somerivers.




Bomb cyclone in
the South region

S

»
|

Trees and light poles felled
I in Florianépolis, Santa
Catarina.

Photo: Santa Catarina Military Fire
Department.

Warehouses in Muitos Capdes, in
the state of Rio Grande do Sul,
destroyed by strong winds.

Photo: Civil Defense of Rio Grande do Sul.

Warehouse destroyed by
a 'bomb cyclone' in the
municipality of Palmitos,
in the state of Santa
Catarina. -

Ocean-atmosphere conditions

In March and April 2020, the average air temperature was lower than usual, with values up to 1.5 °C
cooler for southern Brazil. The surface temperature of the South Atlantic Ocean was warmer, ranging
onaverage from1to 3 °C above normal values during May and June 2020.

Extremeevent

On June 29-30th, 2020, a bomb cyclone formed when a low-pressure center moved from northern
Argentina to Uruguay and Rio Grande do Sul. This phenomenon, which generated strong winds and
big waves along the coast, was caused by a rapid drop in atmospheric pressure and produced winds
up to 60% stronger than traditional cyclones. It was the most severe wind event ever recorded in
southern Brazil, causing more damage than cyclone Catarinain 2004.

Damage

Thirteen deaths were confirmed, with nearly 1 million people affected. There were disruptions in power
supply and port activities, along with damage to urban infrastructure. Over 20,000 homes were
damaged or destroyed, with economic losses totaling around R$250 million.




0 2021 —

Heavy rainfall in "'"
the state of Bahia

Flood in the State of Bahia.
Photo: Record TV

Resident helping to rescue people on the

streets of the local community in Itabuna.
Photo: Guthierry Andrade

Damage caused by flooding in the Nova Alegria

district after heavy rains.
Photo: Eduardo Anizelli/Folhapress

Ocean-atmosphere conditions

In December 2021, the air temperature in the Southern region of Bahia was 0.5 to 1°C colder than usual.
During the same period, the surface temperature of the South Atlantic Ocean showed positive anom-
alies, with temperatures 0.5 to 2 °C warmer than normal.

Extremeevent

Between December 22 and 29th, 202], the formation of the South Atlantic Convergence Zone (sacz)
caused heavy rains in the Central-West and Southeast regions of Brazil. This natural phenomenon,
which extends from the Amazon to the Atlantic, generated abnormal rainfall due to the convergence
of moisture with opposing winds. A subtropical depression, a low-pressure areq, contributed to the
formation of clouds, winds, and storms. The interaction of the SACZ with this low-pressure zone intensi-
fiedtherainin the Eastern and Southern Bahia.

Damage

More than 160 municipalities declared a state of emergency in Bahia, 26 people died and over 100,000
people were affected. Also, the heavy rains caused landslides, floodings, and interruptions in water
and power supply. Economic losses were estimated in the billions of reais.




Heavy rainfall in the states
of Alagoas and Pernambuco

b f"j}l Damage to the streets of vulnerable communities in the state

of Pernambuco caused by heavy rain and landslides.
. Photo: Diego Nigro/ AFP/MetSul Metereologia

Homeless people walking on
the flooded street in SGo
Miguel dos Campos in the

state of Alagoas.
Photo: Ailton Cruz

o | Damage caused by a landslide in the
.. community of Jardim Monte Verde in

Recife, Pernambuco.
Photo: Brenda Alcantara/AFP/MetSul Metereologia

Ocean-atmosphere conditions

In May 2022, the air temperature in the Northwestern part of Northeast Brazil was 0.5 to 1°C warmer
than normal. The surface temperature of the ocean was also warmer, about 1 °C above the usual
levels.

Extremeevent

In Northeast Brazil, heavy rains are often caused by a phenomenon called Easterly Waves, which form
from atmospheric disturbances in Africa that move to the Atlantic. These waves produce massive
rainfall over Brazil, particularly during autumn and winter. When they reach the Brazilian coast, they
cause intense rainfall, mainly in the Zona da Mata (within the coastal area between the states of Bahia
and Rio Grande do Norte) and sometimes in Southern Bahia and the coast of Ceard. In this event, the
aggravating factor was the ocean temperature, which was warmer and increased the intensity of the
rainfall.

Damage

Extreme rainfalls hit mainly the coast of the state of Alagoas and the Metropolitan Region of Recife (the
area around the capital of the state of Pernambuco). Around 130,000 people were displaced or left
homeless by the disaster, with more than 2 million affected. Cities were flooded, and there were
interruptions in water supply. Tens of thousands of homes and hundreds of urban infrastructure were
damaged or destroyed. Economic losses were estimated in the hundreds of millions of reais.




Heavy rainfall on the
coast of S3o Paulo

Landslide in Vila Sahy,

Sdo Sebastido.
Photo: Amanda Perobelli/Reuters

Civil defense and rescue team
searching for people in Vila

Sahy, Séo Sebastido.
Photo: Tiago Queiroz/Estadéo

Roadblock.

Photo: Government of the State of SGo Paulo - SP 55 near Lagoinha

Ocean-atmosphere Conditions

In 2023, historical record highs for air temperature were reached, with anomalies of +0.69 °C com-
pared to historical data from 1991-2020. In February 2023, the average air temperature on the central
and northern coasts of S&o Paulo was 1 °C above normal. The surface temperature of the South
Atlantic was also above reference values in January and February, with monthly averages ranging
from 0.5 to 3°C warmer than usual.

Extremeevent

The convergence of a cold front with an area of intense heat, combined with the formation of a low-
pressure region between the states of Minas Gerais, Rio de Janeiro, and S&o Paulo, caused heavy
rainfall, particularly along the coast of SGo Paulo. The high sea level, driven by the cold front, hindered
the drainage of rainwater into the ocean. The extreme rainfall resulted in a record amount of precipi-
tation — 683 mm in 24 hours in the municipality of Bertioga/SP. Intense rains led to flooding and
landslides, mainly in the northern municipalities of S&o Paulo coast.

Damage

Over 60 deaths were confirmed, most in SGo Sebastido/SP, with more than 60,000 people affected.
Flooding and landslides obstructed and destroyed roads and damaged other urban infrastructure.
Water supply was interrupted and some populated areas became isolated for days. Economic losses
were estimated in the hundreds of millions of reais.




Historic drought
in the Amazon
river basin

Communities

isolated by drought.
Photo: Rafa
Neddermeyer/Agéncia Brasil

Completely dry rivers in the Amazon.
Photo: Divulgagéo/Observatério do Clima

Food transportation

compromised by droughts.
Photo: Defesa Civil/Envira/Divulgagdo

Ocean-atmosphere conditions

Sea surface temperatures in the Pacific and North Atlantic Oceans rose by 2 to 4 °C above historical
averages due to the combined effects of the El Nifilo phenomenon and record-breaking air tempera-
tures. These conditions led to arainfall deficit and intense heat waves from June to November 2023.

Extremeevent

Some rivers reached their lowest levels in 120 years, completely drying up in some sections and
impacting tributary rivers. Millions of hectares of water surface area were lost, with lakes experiencing
a reduction of 75 to 90% of their volume. The lack of rainfall contributed to an increase in wildfire
occurrences.

Damage

Communities were isolated, lacking access to healthcare services and facing difficulties in transport-
ing essential supplies. Navigation difficulties on rivers resulted in significant economic impacts due to
the inability to move goods, driving up food prices. The drought also affected electricity generation,
leading to power outages and higher tariffs. Dozens of municipalities declared a state of emergency.
The extreme reduction in lake water volume and subsequent warming resulted in fish and dolphin
mortality,including endangered species.




Heat waves and heavy rainfall in the state of Rio Grande do Sul

Rescue of aresident isolated by

water in Rio Grande do Sul.
Photo: @deisefalci

Porto Alegre flooded by the flooding of the

Guaiba River.
Photo: Renan Mattos/Reuters

Taquari River during heavy
rains in the city of Encantado,

Rio Grande do Sul.
Photo: REUTERS/Diego Vara

Ocean-atmosphere conditions

Since late 2023 and continuing into the summer of 2024, record-breaking air temperatures have been
recorded, with several heat waves occurring. The surface temperature of the South Atlantic Ocean has
been approximately 0.7 °C above the historical average (1971-2000) during the same periods in 2024,
with both 2023 and 2024 recording the highest temperatures ever observed since that baseline
period.

Extremeevent

Cold fronts from Antarctica were blocked by a high-pressure system stationed in central Brazil.
Combined with moisture from the Amazon region, which was directed toward Rio Grande do Suldue to
atmospheric blocking, extreme rainfall caused severe flooding, particularly in the Taquari Valley.

Damage

Hundreds of deaths were confirmed, dozens of cities were flooded or inundated, thousands of people
were displaced or homeless, and millions were affected. Water and electricity supplies were inter-
rupted. The state’'s main airport remained closed for months due to the damage. Economic losses
were estimated in the billions of reais. The recovery of the affected cities, and of the state as a whole,
willtake years.




m Carbonized alligator s
in the Pantanal of

Mato Grosso do Sul. |

I i Photo: Gustavo
WIIdFIrES Figueir6a/SOS Pantanal -
H H CREDITO: CAMPO GRANDE  ©
in Brazil NEWS

Burning between the southwest of i g .
Amazonas and the north of ' | i,
Rondénia. iy {

Photo: Marizilda Cruppe / Greenpeace

Amazon in flames.
Photo: Christian
Braga/Greenpeace

Ocean-atmosphere conditions

Brazil experienced another period of intense drought and high air temperatures, particularly during
the winter of 2024. Analyses conducted by CEMADEN’ (National Center for Monitoring and Early
Warning of Natural Disasters) indicated that, in 2024, the country experienced its most severe drought
since 1951. Compared to other severe drought events in the past two decades, the 2023-2024 drought
was the most extensive, affecting over 5 million km? of the country. Contributing factors include the
occurrence of EINifio, global climate change, and increasing deforestation.

Extremeevent

Atmospheric conditions conducive to wildfire proliferation, in association with widespread criminal
actions, led to unprecedented increases in the number of wildfires across the country. According to
MapBiomas'®, the area burned in Brazil in the first half of 2024 was 529% higher than historical aver-
ages for that period. Between January and September 2024, more than 22 million hectares were
burned, an area roughly equivalent to the state of Roraima. The Amazon and Pantanal were the most
affected biomes.

Damage

Over 70% of the burned area was native vegetation, resulting in severe environmental damage that is
hard to quantify. Additionally, highways and airports were closed during fire events. Hundreds of cities
declared a state of emergency, affecting millions of people. Direct deaths were reported, and indirect
deaths and health impacts on millions of individuals are highly probable but difficult to measure. The
firesledtoincreased food prices and electricity rates. Economic losses were estimated in the billions of
reais.



https://www.gov.br/cemaden/pt-br/assuntos/monitoramento/monitoramento-de-seca-para-o-brasil/monitoramento-de-secas-e-impactos-no-brasil-agosto-2024/NOTATECNICAN529202SEICEMADENSECAS.pdf
https://www.gov.br/cemaden/pt-br/assuntos/monitoramento/monitoramento-de-seca-para-o-brasil/monitoramento-de-secas-e-impactos-no-brasil-agosto-2024/NOTATECNICAN529202SEICEMADENSECAS.pdf
https://www.gov.br/cemaden/pt-br/assuntos/monitoramento/monitoramento-de-seca-para-o-brasil/monitoramento-de-secas-e-impactos-no-brasil-agosto-2024/NOTATECNICAN529202SEICEMADENSECAS.pdf

3.1.2 Vulnerabilities and Impacts of Climate Change

The intensification of these extreme events
increases therisks of:

Flooding and inundations: With sea level rise
and more frequent storms, urban areas near the
coast are exposed to flooding, where water
temporarily accumulates, and inundations,
which are more severe situations of overflow and
prolonged water retention. These events cause
significant damage to public and private
infrastructure, hinder access to essential ser-
vices, and put citizens'lives and well-being at risk.
According to the IPCC Report (2022)™, by 2050,
one billion people will face the risk of coastal
flooding due to sea level rise. In Brazil, over 2
million people are at risk along the coastline™.

Spread of diseases: Contaminated water from
sea level rise and flooding facilitates the spread
of waterborne diseases, posing a serious threat
to public health.

Coastal erosion: Sea level rise and the force of
storm surges aggravate the loss of soil and
sediments along the coastline, putting urban
areas at risk and increasing vulnerability to
flooding.

Landslides: Intense rains associated with storms
and flooding saturate soil on sloped areas,
increasing the risk of landslides. This process can
result in the collapse of land and rocks, causing
destruction of homes, blocking roads, and
threatening the lives of people living on steep
slopes.

Unequal social impacts: The effects of natural
disasters are felt unevenly, primarily affecting
communities in more vulnerable areas, such as
steep slopes and flood-prone regions (e.g.,
settlements in mangrove and marsh areas).
Groups such as women, children, the elderly,
indigenous communities, and low-income
populations face disproportionate risks due to
greater exposure and lower capacity for adapta-
tion. These groups can suffer an average mortal-

ity rate up to 15 times higher, as evidenced in

highly vulnerable countries in the past decade'™.

Just like coastal cities, although less exposed to
the direct impacts of sea level rise, inland cities
share significant climate challenges, such as
more intense and frequent heat waves and cold
spells, wildfires, heavy rainfalls, and gales,
affecting:

Population health and well-being: Extreme
events can intensify respiratory problems and
those related to water contamination, cardio-
vascular diseases, and mental health issues in
the population, increasing the demand for
medical care and overwhelming healthcare
systemsin cities.

Food Security: Agricultural activities, essential for
supplying cities, suffer from extreme climatic
fluctuations, compromising production and food
security.

Coastal cities are
particularly vulnerable
to sealevelrise, ocean
storms, strong winds,

storm surges, and
processes associated

[9-1]

with coastal erosion'” .
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3.1.3 Urban Infrastructure and
Traditional Approaches

Cities, by prioritizing conventional and rigid
infrastructure models, often neglect integration
with the natural environment, limiting their ability
torespond to theimpacts of climate change.

Lack of integration with the natural environ-
ment: Urban infrastructure traditionally
prioritizes standardized and rigid constructions,
with little consideration of their environmental
impacts or for integration with the natural envi-
ronment and sustainability.

Urban density and lack of green spaces: Many
cities have dense and uniform constructions,
with disproportionate ratios between the built
environment and open spaces, which intensifies
theimpacts of climate change.

Limitations of traditional built-protection
solutions: Interventions aimed at reducing
disaster risks in coastal cities have been based
on grey infrastructures (e.g., seawalls,
breakwalls), which may often prove ineffective or
even harmfulinthelongrun.

Need for Innovative Solutions: The complexity of
climate change requires innovative and inte-
grated solutions that take into account the
dynamics of the coastal environment and the
need forlong-term adaptation.
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Urbanization and
Coastal Hardening

Urban growth has increasingly concen-
trated in coastal areas, especially in
developing countries like Brazil. This
growth accelerates coastal hardening,
which involves the construction of grey
infrastructure in aquatic environments to
protect urban areas and meet societal
needs. In the S&o Paulo coast, a recent
study™ mapped 244 km of coastline
occupied by artificial structures such as
seawalls, wharves, and piers. Additionally,
over 400 km of urbanized areas were
located in low-lying land near beaches
and mangroves, increasing the vulnera-
bility of cities to storm surges and flood-

ing. This growing process highlights the
urgency of integrating climate adapta-
tion solutions and more sustainable

coastal planning.

Access the scientific
communication document
OF this study here
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3.1.4 Demands For Sustainable and Multifunctional Solutions

Given the current scenario, it is urgent to implement innovative and scientifically-based actions to
address the challenges of coastal cities in an integrated and effective manner, benefiting both society
and the environment. In contrast to the rigid nature of grey infrastructure, green-blue solutions — such as
the restoration of mangroves and dunes, creation of linear parks, and green roofs — promote a more
harmonious adaptation to the urban and coastal environment, enhancing resilience to extreme climate
events and creating healthier and more sustainable cities.

With the increase in extreme events along the Brazilian coast, it is essential that strategies aimed at
strengthening the physical, social, and economic security of coastal cities shall go beyond reactive
measures. More than ensuring the emergency supply of energy, water, and food following a climate-
related disaster, it is crucial to invest in preventive and long-term adaptation actions. To strengthen the
resilience of coastal cities, itis necessary to focus on robustinvestments in the following areas:

Protection of coastal zones: This includes the of green-blue urban areas to reduce vulnerabil-
restoration and protection of ecosystems such ity to extreme climate events and promote more
as mangroves, dunes, and restinga forests, the resilient, healthy, and sustainable cities.

construction of resilient coastal defense infra-
structure, and the implementation of strategic
setback policiesin high-risk areas.

Improvement of water treatment and suppl H

P - - 'PPYY Ensuring the health
systems: Expanding the capacity of existing °
systems, investing in advanced treatment Of the en‘"ronment
technologies, and promoting efficient use and isalso ensuring
reuse of water.

human health and
well-being

Urban spatial planning and adaptation:
Integrating spatial planning, land use and
occupancy management, and the development
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Y. NATURE-BASED
SOLUTIONS (NbS)




Currently, there is a growing shift in ideas aimed
atdeveloping and applying ecological construc-
tion techniques that use renewable local materi-
als and design principles to better harmonize
urban environments with nature, preparing cities
to cope with climate change. Thus, the crucial
role of NbS in enhancing urban resilience is
increasingly recognized. NbS are based on the
use of ecological systems and natural pro-
cesses to address and solve environmental,
social, and economic challenges in an inte-
grated manner.

NbsS translate into actions such as the implemen-
tation of green infrastructure, the restoration of
coastal ecosystems, the creation of parks and
ecological corridors, among other initiatives
aimed at harmonizing urban environments with
nature. In Brazil, the Innovation Observatory for
Sustainable Cities (Observatério de Inovacgéo
para Cidades Sustentdaveis - OICS, in
Portuguese) has already mapped 40 NbS initia-
tives, with 11located in coastal cities.

A review conducted by Brazilian researchers, based on global studies, revealed that the

adoption of NbS can double the resilience of cities to multiple climate risks

[15]

@®
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These approaches are aligned with various
international agreements and initiatives, such as
the Sendai Framework for Disaster Risk Reduction,
the Sustainable Development Goals (SDGs), the
UN Decades of the Ocean Science for Sustainable
Development and on Ecosystem Restoration, the
Paris Agreement, and the New Urban Agenda.
These commitments promote the integration of
environmental goals with risk management to
address emerging needs in climate risk mitiga-
tion and combat environmental degradation.
They also aim to enhance the protection and
adaptive capacity of vulnerable communities,
while encouraging public and private invest-
ments in disaster risk prevention and reduction.

NbS represent a paradigm shift in the way society
plans and builds cities, paving the way for a more
sustainable and resilient future. In Brazil, these
solutions could play a crucial role in reducin
carbon emissions. According to a recent stud
NbS — especially the protection of natural eco-
systems and reforestation — have the potential
to mitigate up to 78% of carbon emissions
needed for Brazil to achieve its net-zero emis-
sions targets, making a significant contribution to
the country's climate commitments. Such
initiatives not only promote carbon capture but
also strengthen biodiversity and ecosystem
services, benefiting local communities.

are actions that utilize natural processes and
ecosystems to address the most urgent challenges of our time. It is a natural
resource management approach that generates benefits for biodiversity
while promoting solutions for socioeconomic development and human well-
being[16]. The implementation of NbS addresses challenges such as water

and food scarcity, as well as the impacts of extreme weather events, which
can cause disasters like flooding, inundation, landslides, erosion, and urban
heat islands. These solutions involve the restoration or simulation of natural
ecosystems to provide essential services, such as water purification, protec-
tion against natural disasters, climate regulation, and the improvement of air

quality.



https://www.sema.rs.gov.br/area-de-protecao-ambiental-da-lagoa-verde#:~:text=A%20%C3%81rea%20de%20Prote%C3%A7%C3%A3o%20Ambiental,qualidade%20de%20vida%20dos%20habitantes.
https://www.sema.rs.gov.br/area-de-protecao-ambiental-da-lagoa-verde#:~:text=A%20%C3%81rea%20de%20Prote%C3%A7%C3%A3o%20Ambiental,qualidade%20de%20vida%20dos%20habitantes.

Urban Areas

NbS integrate a range of approaches including
protection of natural systems, sustainable
management, restoration, and the creation of
green, blue, or natural infrastructure!”. These
approaches can be organized in a hierarchy,
prioritizing the protection of existing ecosystems
over improved management, rehabilitation and
restoration, or the creation of new NbS. It is
important to highlight that NbS go beyond just
biodiversity conservation in cases of environ-
mental protection and recovery interventions.
They are considered as such when aiming to
solve socio-environmental problems in a
multifunctional way, benefiting both the environ-
ment and socioeconomic demands. The hierar-
chy of these approaches is particularly relevant
for identifying and prioritizing NbS opportunities
at a strategic level, such as in screening invest-
ment opportunities in a city. However, these
hierarchical approaches are complementary,
and the development of an NbS strategy should
consider all of these elements.

1. Protection: Adopting this hierarchy promotes a
strategic approach to planning, emphasizing the
need to strengthen the protection of urban
natural areas to preserve their functional and
biodiversity values. Examples of ecosystems that
can be protected include dunes, coastal plains,
floodplains, urban forests, oyster reefs and
mangroves. While protection is crucial, many
natural areas within urban zones are degraded,
subjectto variousimpacts thatcompromise their
ability to provide ecosystem services.

2. Recovery: The second hierarchical layer
focuses on the restoration and rehabilitation of
ecosystems to improve their performance and
benefits. Initiatives such as reforestation, wetland
restoration, riverbank rehabilitation, and coastal
ecosystem restoration (e.g.,, mangroves,
marshes, and beaches) are practical examples

.1 NDS For Coastal

of these actions.

3. Creation: The third hierarchical layer involves
the creation of new NbS, used to mitigate impacts
and increase urban resilience. This includes
interventions such as green roofs, vegetated
facades, artificial wetlands, and bioretention
areas, which can also generate additional
benefits forcommunities.

These strategies can be applied to projects
ranging from residential homes, buildings, and
neighborhoods to larger scales that extend
beyond municipal boundaries, such as water-
sheds and estuaries. The following examples of
Nbs will illustrate different approaches in various
urban contexts, demonstrating how these
strategies can enhance urban sustainability and
resiliencein coastal cities.

Protection
Sustainable management of existing
natural areas to maintain benefits
and biodiversity.

Restoration
Restoration and
rehabilitation of
degraded areas,

regenerating benefits.

Adapted from: World
Bank 2021 - "A
Catalogue of Nature-
based Solutions for
Urban Resilience.”
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Solutions applied at smaller scales, such as buildings, streets, or blocks.
S loee] These interventions can mitigate localized flooding, improve the microcli-
mate, increase biodiversity, and create spaces for leisure and social inter-
Spatial Range:

action, addressing specific local problems. Practical examples include
Houses, buildings,

greenroofs, rain gardens, and bioswales.
streets, squares

Solutions that encompass the planning and implementation of strate-
gies across a large part of the municipal territory. They aim to broadly
transform urban infrastructure and integrate natural systems into city
management, improving environmental quality, and enhancing resilience
to climatic events, and the well-being of the population. These solutions
involve projects that affect the planning of green and blue zones, mobility
systems and stormwater management. Examples include linear parks, the
creation or restoration of green areas along rivers, and ecological corridors
that connect different parts of the city. Coordination between sectors and
municipal policies is essential to ensure that these interventions benefit

Scale: City

Spatial Range:
Municipalities, large
municipal spaces

multiple neighborhoods and promote urbanresilience.

Solutions involving interventions that cover large geographical areas
and require an integrated and collaborative approach between munici-
palities. These interventions aim to manage interconnected natural
systems, such as watersheds, water springs, coastal areas, estuaries, and
delta systems. Typical examples include ecological corridors, integrated
water resources management, and the restoration of degraded areas,

Scale: Region

Spatial Range:
Intermunicipal areas ensuring environmental resilience, human well-being, and economic

benefits.

Sources: UNEP, OICS

Since the focus of this document is on coastal
cities, we initially present examples of NbS aimed
at coastal areas: the restoration and protection
of natural coastal habitats, marine eco-
engineering, and coastline realignment. Next, we
present other NbS with broader applications that
also bring benefits to inland cities, such as green
walls and roofs, rain gardens, constructed
wetlands, bioretention swales, parks and green

streets, floodable parks, and terraces and slopes.
The types of NbS were listed based on the hierar-
chy of NbS strategies, highlighting their main
characteristics, the climate or environmental
risks typically targeted by the intervention, their
multiple benefits, and examples of implementa-
tionin coastalcities.
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Habitats

Scale:
City and Regional

Approach Hierarchy:
Protection and Recovery

Targeted risks — Loss of ecosystem services,
flooding, erosion, landslides.

Solution — Revitalization of degraded natural
habitats to restore their natural functions and
protection of natural areas, enhancing local
biodiversity, safeguarding coastal cities from
extreme climate events, and ensuring healthy
ecosystems for future generations.

Design — Restoration uses natural processes and
native species to improve the health and stability
of soil, water quality, and provide habitats and
favorable conditions for terrestrial and marine
life. Restoration initiatives may include reforesta-
tion of native trees and plants, reintroduction of
native fauna, and replanting of mangroves.
Interventions to ameliorate environmental
conditions, such as local hydrodynamics and
morphodynamics (e.g., marine eco-
engineering), can also be used to facilitate the
restoration process.

Protected areas are designated through the
identification and conservation of regions with
ecological, cultural, or historical importance,
aimed at conserving biodiversity and natural
resources. They typically involve spatial zoning to
control human activities, establishing legal and
management structures, and implementing
conservation strategies to maintain and restore
ecosystems while allowing sustainable use and
recreational activities.

L.1.1 Restoration and
Protection of Natural

Application — Ecological restoration in urban
coastal areas should be strategically applied to
protect against flooding, coastal erosion, and
landslides. These areas include river margins,
estuaries, and seafront areas, where the restora-
tion of salt marshes, mangroves, oyster reefs and
coral reefs can buffer wave impacts and reduce
flooding from storm surges. Restored beaches
and dunes can act as natural storm barriers,
minimizing coastal erosion. Steep slopes in urban
areas, prone to landslides and soil erosion, are
critical points for implementing vegetated
slopes.

The protection of relatively undisturbed green
and blue spaces in cities should be prioritized as
critical areas for maintaining terrestrial and
marine biodiversity, promoting habitat connec-
tivity (e.g., ecological corridors, urban forests, and
reefs). Focusing on strategic areas is essential to
safeguard the population, maintain cultural
values and minimize damage to public infra-
structure, assets, and properties.
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L4.1.1.1 Beaches and Dunes

Beaches are coastal areas formed by the deposition of sediments, such as sand, shells, and rocks, while
dunes are sand elevations shaped by the wind. Together, they play a vital role in naturally protecting
coastal cities against erosion and storm impacts, acting as natural barriers that absorb wave energy
and prevent coastal inundation. Ecologically, beaches and dunes are essential habitats for a diverse
range of species, including seabirds, crabs, and sea turtles, which rely on these environments for feeding,
breeding, and shelter. Dunes, with their adapted vegetation, also help stabilize sediments, prevent
erosion, and contribute to coastal equilibrium.

Beaches and dunes hold significant social and economic value for coastal cities. They attract tourism,
generating income through recreational and sport practices, provide natural resources like sand, and
create opportunities for other economic activities such as fishing and local trade. Beaches also play a
crucial role in the leisure and well-being of local communities and tourists, promoting quality of life and
providing outdoor areas for diverse cultural uses.

Interventions

Various techniques are employed to restore
beaches and dunes, aiming to reestablish their
natural roles as protective barriers against
erosion and storms. Common approaches
include:

Planting of native vegetation: Planting native
grasses and shrubs that stabilize the soil with
their roots, reducing erosion caused by wind and
water.

Installation of fences and barriers: Fences are
installed around dunes, preferably using sustain-
able materials, such as untreated wood from
local or reforested sources, and plant-based
materials, like coconut fiber mats or straw. These
fences help restrict pedestrian and vehicle
access, adllowing dunes to regenerate naturally
and facilitating the capture of wind-transported
sand.

Besides these techniques, it is common to
remove invasive species and create drainage
systems to help maintain the integrity of these
formations.
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Photos: Biovert; Didrio do Rio

Restoration of the dunes of Ipanema and Leblon

Location:Rio de Janeiro/RJ, Brazil
Objective: Environmental restoration and coastal protection

Description: The dune restoration project on the beaches of lpanema and Leblon, developed
by the partnership between the Instituto E and the Rio de Janeiro City Hall, was implemented
in 2009 to reinforce coastal defenses in the city and promote urban sustainability. The resto-
ration involved planting 38000 seedlings of 8 native species, essential for dune stabilization,
reducing coastal erosion, and encouraging the return of native wildlife. Covering more than
10000 m? of replanted area and with 28 sandbanks, the restored dunes now attract various
bird species seeking food and safe nesting sites, enhancing local ecosystem conservation.
This project exemplifies the efforts to integrate environment and urban protection, valuing
the coastline as an ecological and sustainable leisure space for locals and visitors while
boosting the climate resilience.

Find out more: Instituto I@Diério do Rig? Biover@



https://institutoe.org.br/project-restinga
https://institutoe.org.br/project-restinga
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
http://www.biovert.com.br/portfolio/recuperacao-das-dunas-nas-praias-de-ipanema-e-leblon/
http://www.biovert.com.br/portfolio/recuperacao-das-dunas-nas-praias-de-ipanema-e-leblon/

Location: Florian6polis/SC, Brazil

Objective: Restore restinga vegetation, promote dune conservation, and enhance climate
resilience in Florianépolis city

Description: The Restaura Restinga project was launched in the Lagoa da Conceigdo Natural
Park, Floriandpolis, as an initiative targeting the restoration of degraded restinga areas and
protection of coastal dunes. Focused on restoring native vegetation and combating erosion,
the project engages volunteers and the local community in planting typical restinga species
and monitoring their growth. Initiated in 2022, the ecological restoration process includes
seed collection from conserved areas, native seedling production, and planting along the
beach and sand dune margins. This initiative promotes biodiversity and mitigates erosion.
Through partnerships with the Federal University of Santa Catarina and the Association for
Environmental and Life Preservation (Apremavi), the project not only restores local vegeta-
tion but also raises awareness about the importance of restingas for environmental balance
and coastal protection. This project exemplifies how collaboration among science, society
and government can create lasting positive impacts, safeguarding fragile ecosystems and
valuing the city’s natural heritage.

Find out more: Instituto E; Dié@rio do Rio



https://institutoe.org.br/project-restinga
https://institutoe.org.br/project-restinga
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/

4.1.1.2 Mangroves and Salt marshes

Mangroves and salt marshes are ecosystems adapted to flooded and brackish areas, playing a crucial
role in the protection of coastal cities. These environments act as natural barriers that stabilize soil, retain
sediments, and buffer the impact of waves and storms, preventing erosion and flooding. Ecologically,
these ecosystems provide habitats for various species of fish, crustaceans, mollusks, and birds, many of
which have significant commercial and ecological

importance. Mangroves and salt marshes also

contribute to pollutant filtration, improving water

quality. These ecosystems play a key role in carbon

sequestration and storage, helping to mitigate

globalwarming.

Socioeconomically mangrove and salt marsh areas
are vital for coastal communities, providing resour-
ces such as fish and shellfish and offering areas for
activities like recreational fishing and ecotourism.
The conservation of these ecosystems, therefore,
promotes food security and the sustainability of
local economies, while protecting urban infrastruc-
ture from damage caused by extreme weather
events.

Thereis an online tool dedicated to register-
ing and monitoring mangrove restoration
projects worldwide! The Mangrove
Restoration Tracker is an app that allows
users to record and track the outcomes of
these initiativesin real-time.

Arecent study indicates that Brazilian mangroves store 1.9 billion tons of carbon dioxide (C02),
which could potentially yield at least R$48.9 billion in carbon credits, based on current rates in
the Brazilian voluntary market"™. @
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https://www.mangrovealliance.org/news/new-the-mangrove-restoration-tracker-tool/
https://www.mangrovealliance.org/news/new-the-mangrove-restoration-tracker-tool/
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20Misterios%20Carbono%20Azul.pdf
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20Misterios%20Carbono%20Azul.pdf

Interventions

Mangrove and salt marsh restoration involves
multiple steps and techniques aimed at reestab-
lishing their functionality. The initial focus is on
restoring natural hydrological conditions, as
these environments rely on adequate water flow,
quality,and sedimentation to thrive.

Restoringdrainage

Removing barriers that block tidal flow and
sediment accumulation. Reactivating natural
drainage channels and managing elevation
levels, allowing native vegetation to recolonize
the area.

Planting native species

In severely degraded areas, planting native
species may be essential.

Passiverestoration

Allowing nature to regenerate itself. This strategy
is often more efficient than seedling planting,
provided that proper environmental conditions
arerestored.

Marine eco-engineering

In cases where replanting is hecessary or water
flow initially needs to be reduced, marine eco-
engineering — through the use of temporary rigid
structures or the creation of natural habitats,
such as oyster reefs — can assistin facilitating the
restoration process.
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RAIZES da Cooperacao Project

Location: Floricnépolis/ SC, Brazil

Objective:Restore mangroves to enhance climate resilience

Description: The RAIZES da Cooperagdo project is an ecological restoration initiative aimed
at recovering degraded mangrove areds and enhancing the climate resilience. The action
involves planting native mangrove species (Rhizophora mangle, Laguncularia racemosa,
Avicennia schaueriana), which are essential for regenerating local biodiversity.
Simultaneously, the project promotes the removal of invasive exotic species which nega-
tively impact native biodiversity and ecosystem functioning. With an integrated approach,
the project combines environmental restoration with community awareness, involving local
organizations, public schools, universities, conservation units, and traditional communities in
activities such as education, planting, sustainable management, and monitoring of restored
areas. The initiative also contributes to the prevention of extreme weather events, such as
storm surges and flooding, by strengthening the ecosystem services provided by mangroves
and aiding in carbon sequestration.

Find out more: RAIZES da Cooperacé‘l@



https://raizesdacooperacao.org.br/
https://raizesdacooperacao.org.br/

Photos: NEMA

Restoration and Protection of Lagoa Verde

Location: Rio Grande/RS, Brazil

Objective: Restore and conserve salt marshes to strengthen sustainability and climate
resilience

Description: The restoration and protection of the salt marshes in the Lagoa Verde
Environmental Protection Area (APA) is an initiative aimed at preserving this ecosystem,
which occupies part of the urban area of Rio Grande city, and promoting climate resilience. In
2002, the Lagoa Verde APA project conducted a comprehensive diagnosis of the natural
environment and human activities in the surrounding areaq, identifying the ecological poten-
tial of the region and proposing sustainable uses such as contemplative ecotourism, and
other cultural and educational practices. As part of the project actions, 2.000 native seedlings
were planted to restore vegetation and the local ecosystem. The initiative promotes
biodiversity recovery and protection against extreme weather events, while encouraging
community involvement and the development of sustainable activities in the area.

Find out more: NEMQ; SEM@


https://www.prosustentavel.niteroi.rj.gov.br/parque-orla-de-piratininga/
https://www.prosustentavel.niteroi.rj.gov.br/parque-orla-de-piratininga/
https://www.sema.rs.gov.br/area-de-protecao-ambiental-da-lagoa-verde#:~:text=A%20%C3%81rea%20de%20Prote%C3%A7%C3%A3o%20Ambiental,qualidade%20de%20vida%20dos%20habitantes.
https://www.sema.rs.gov.br/area-de-protecao-ambiental-da-lagoa-verde#:~:text=A%20%C3%81rea%20de%20Prote%C3%A7%C3%A3o%20Ambiental,qualidade%20de%20vida%20dos%20habitantes.

4.1.1.3 Seagrasses and Macroalgae

Seagrasses and macroalgae are similar because they live in the sea and perform photosynthesis, but
they are quite different from each other. Seagrasses are vascular plants that grow in shallow coastal
areas, forming underwater meadows. They have roots, stems, and leaves, just like the plants we see on
land. On the other hand, macroalgae, such as sargassum, dre simpler organisms without roots or a
vascular system, and they attach to rocks or float in the sea. Although they are not plants, macroalgae
also produce energy through sunlight. Aquatic communities formed by seagrasses and macroalgae
play a fundamental role in marine life and the sustainability of coastal zones. They provide shelter and
food for numerous marine species, such as fish, mollusks, turtles, and manatees, and serve as nurseries
for species of economic importance. These ecosystems also absorb nutrients and pollutants, helping to
maintain water quality. They also reduce coastal erosion by stabilizing sediments and play a role in
carbon sequestration, helping to mitigate climate change. Socioeconomically, seagrasses and
macroalgae support many species essential for fishing and underwater tourism. Macroalgae, in particu-
lar, are used in food (such as nori leaves, widely used in oriental cuisine), fertilizer production, medicine,
and as raw materials for cosmetics and pharmaceuticals. The sustainable harvesting and cultivation of
macroalgae create jobs and promote the development of localeconomies.

Interventions

Seagrasses

Transplanting seedlings or seeds to suitable
areas where environmental conditions such as
water quality, temperature, light, and sediments
arefavorable for growth.

Reducing local stressors, such as pollution and
destructive fishing and navigation practices, is
essential.

Macroalgae

Transplanting individuals or reproductive mate-
rial to previously selected areas where environ-
mental conditions have been restored. Choosing
suitable native species and continuous monitor-
ing are key to ensuring restoration success.

Reducing local stress factors, such as pollution
and high turbidity.

Eco-engineering techniques, such as structures
to anchor macroalgae, can be used to facilitate
growth.
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Costadas Algas EPA
Location: Espirito Santo, Brazil

Description: The Costa das Algas Environmental Protection Area (APA), created in 2010,
extends over 115.002 hectares and includes reefs, rocky shorelines, rhodolith banks, and
seagrass areas, holding one of the largest diversities of marine algae in Brazil. These ecosy-
stems provide a variety of habitats and growth areas for several commercial and endange-
red fish species, as well as support traditional small-scale fishing activities essential for the
subsistence of local communities. The maintenance of this APA is crucial for both the sustai-
nability of traditional communities and the protection of coastal cities in the region, streng-
thening climate resilience and marine biodiversity conservation.

Find out more: ICMBi@ Rede De Gestores de Uc@ Catdlogo de Plantas das Ucs do Brusi@
Websérie Costa das Alggé)



https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/marinho/lista-de-ucs/apa-costa-das-algas/area-protegida-2013-saiba-mais-sobre-a-apa/sobre-a-unidade-de-conservacao-uc-federal-area-de-protecao-ambiental-apa-costa-das-algas
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/marinho/lista-de-ucs/apa-costa-das-algas/area-protegida-2013-saiba-mais-sobre-a-apa/sobre-a-unidade-de-conservacao-uc-federal-area-de-protecao-ambiental-apa-costa-das-algas
https://rededegestoresccma.org.br/uc/246/area-de-protecao-ambiental-da-costa-das-algas.html#:~:text=A%20APA%20da%20Costa%20das,priorit%C3%A1ria%20para%20conserva%C3%A7%C3%A3o%20da%20biodiversidade.
https://rededegestoresccma.org.br/uc/246/area-de-protecao-ambiental-da-costa-das-algas.html#:~:text=A%20APA%20da%20Costa%20das,priorit%C3%A1ria%20para%20conserva%C3%A7%C3%A3o%20da%20biodiversidade.
https://catalogo-ucs-brasil.jbrj.gov.br/descr_areas.php?area=CostadasAlgas
https://catalogo-ucs-brasil.jbrj.gov.br/descr_areas.php?area=CostadasAlgas
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/marinho/lista-de-ucs/apa-costa-das-algas/webserie/webserie-apa-costa-das-algas
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/marinho/lista-de-ucs/apa-costa-das-algas/webserie/webserie-apa-costa-das-algas

L.1.1.4 Coral Reefs

Coral reefs are underwater formations created by the deposition of coral skeletons, marine organisms
that form compact colonies in warm, shallow waters. This ecosystem plays a vital role in protecting
coastal cities by acting as natural barriers that reduce wave energy, preventing coastal erosion and
protecting urban infrastructure from storms. Ecologically, coral reefs harbor a great diversity of marine
species, including fish, mollusks, and crustaceans, serving as nurseries and feeding areas for many
species. They contribute to maintaining biodiversity and play an important role in nutrient cycling,
promoting the health of marine ecosystems. Socioeconomically, coral reefs are crucial for fishing,
providing habitats for commercially valuable species and supporting the local fishing economy. These
environments also attract thousands of tourists interested in activities such as snorkeling and scuba
diving. The conservation of coral reefs is critical for the sustainability of coastal cities, as they not only
protect the coastline but also foster local economic development and support cultural values of many
coastalcommunities in Brazil.

According to a study conducted in Brazil,
coral reefs, sandstones, and rocky shores
covering about 170 km? between Bahia and
Maranhdo states in the Northeast region,

are estimated to generate R$160 billion in
benefits related to coastal protection. Each
square kilometer of reef prevents R$94l

millionin damage".

@®

Interventions

Coral reef restoration involves various tech-
niques to rehabilitate these fragile ecosystems
and improve their resilience. The most common
methodsinclude:

Coralpropagation

Fragments of coral are collected, cultivated in
underwater nurseries or terrestrial tanks, and

CoralFixation

then replanted on degraded reefs. This increases Damaged corals or coral fragments can be
the coverage of live corals and improves diver- directly fixed to the reef with materials like
sity. cementorties to promote theirrecovery.
Artificial structures Larval propagation

Structures such as concrete blocks or rock molds This technique involves collecting coral gametes
are deployed to provide suitable surfaces for during spawning, fertilizing them in the labora-
coral growth and stabilize the reef. tory, and reintroducing the larvae to the reef.
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https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20mist%C3%A9rio%20-%20desvendando%20os%20corais.pdf
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20mist%C3%A9rio%20-%20desvendando%20os%20corais.pdf
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20mist%C3%A9rio%20-%20desvendando%20os%20corais.pdf
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20mist%C3%A9rio%20-%20desvendando%20os%20corais.pdf

NDS Iin action

Photos:
Biofébrica de
corais

BioFabrica de Corais (Coral BioFactory)

Location: Ipojuca/PE, Brazil
Objective: Coral reef conservation through biotechnology.

Description: The Biofdbrica de Corais, launched in 2017 in Pernambuco, aims to restore
degraded coral reefs, particularly those affected by bleaching and pollution. Using biotech-
nology, the project cultivates corals in a lab where damaged fragments are treated and then
reintroduced to the marine environment. The initiative also innovated with the use of 3D-
printed bases, which provide support for coral growth during their recovery. So far, over a
thousand coral fragments have been treated, promoting the recovery of species such as
Millepora alcicornis and Mussismilia harttii. The biofactory has shown positive impacts both
in ecological restoration and in engaging the local community in reef monitoring. They also
conduct environmental education activities, raising awareness of the importance of reefs
and sustainable tourismin the region.

Find out more: Bioféibrica de cora@



https://biofabricadecorais.com/
https://biofabricadecorais.com/

4.1.1.5 0yster Reefs

Oyster reefs are underwater structures formed by
aggregations of oysters that attach to hard
substrates in shallow coastal waters. These reefs
provide essential ecological functions, such as
filtering large volumes of water, which helps
improve water quality. Oyster reefs are
biodiversity-rich habitats, supporting various
marine species. They also play an important role
in coastal protection, stabilizing sediments and
attenuating wave energy. Oyster reefs are vital
for coastal communities, supporting fishing and
aquaculture activities that generate jobs and
contribute to local economic development and
humanwell-being.

In Brazil, oyster harvesting is a traditional practice carried out by traditional communities
through artisanal fishing, such as in Guaratuba Bay, in the state of Parana[20]. Althoughiitis a
common activity, there are still scientific gaps regarding the extent and historical distribution
of oyster reefs in the country. Identifying their location and conservation status is essential to

promote the sustainability of artisanal fishing and leverage the ecological benefits of these

reefs, such as coastal protection, benefiting both cities and local communities.

Intervention

Oyster reef restoration generally involves creating artificial reefs and cultivating oyster larvae in
nurseries, which are then transplanted to restoring reef areas. These sites are selected based on water
quality and the presence of suitable substrates for oyster growth. Materials such as shells and rocks are
used to create a base for oysters to attach to. The cultivation of juvenile oysters in controlled nurseries
increases the oyster population, which is later transferred to the reefs to help with water filtration and
sediment stabilization. Eco-engineering can be used to optimize this process, constructing structures
thatfacilitate oyster growth and accelerate reef recovery.
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Restoration of Oyster Reefs in NSW Australia
Location: New South Wales, Australia

Objective: Restore oyster reefs to enhance ecosystem services

Description: The restoration of oyster reefs in New South Wales aims to recover native oyster
reefs, which have historically played a crucial role in water filtration and supporting marine
biodiversity. These reefs were severely degraded by decades of exploitation and environ-
mental changes. Thefirstlarge-scale project beganin 2015, reintroducing native oysters onto
submerged structures designed to facilitate colonization and growth. In addition to planting
juvenile oysters, the initiative conducts continuous monitoring of water quality and ecosys-
tem health and promotes educational campaigns to raise local community awareness
about the importance of these reefs. Since its implementation, the project has shown promis-
ing results: restored areas demonstrate increased natural oyster colonization, greater
marine biodiversity, and significantimprovements in coastal water quality. The restored reefs
not only provide habitat for fish and invertebrates but also help protect the coast from
erosion and boost resilience to climate change.

Find out more: NSW governmen@, The Nature cOnservuncg



https://www.marine.nsw.gov.au/projects/oyster-reef-restoration-research
https://www.marine.nsw.gov.au/projects/oyster-reef-restoration-research
https://www.natureaustralia.org.au/what-we-do/our-priorities/oceans/ocean-stories/restoring-shellfish-reefs/#:~:text=Reefs%20of%20Resilience%20Reef%20Builder,TNC's%20previous%20efforts%20since%202015.
https://www.natureaustralia.org.au/what-we-do/our-priorities/oceans/ocean-stories/restoring-shellfish-reefs/#:~:text=Reefs%20of%20Resilience%20Reef%20Builder,TNC's%20previous%20efforts%20since%202015.

4.1.1.6 Estuarine River Floodplains

Estuarine river floodplains are flood-prone areas
alongriver margins that flow into estuaries. These
ecosystems play a vital role in providing natural
protection for coastal cities against flooding,
acting as buffer zones that absorb excess water.
Ecologically, floodplains are biodiversity-rich
habitats, home to various species of fish, birds,
and mammals. These environments serve as
nursery and feeding areas for many aquatic and
terrestrial species, while also aiding in water
purification by filtering sediments and pollutants
before they reach the sea. Socioeconomically,
floodplains support activities such as artisanal
fishing and ecotourism, and they also provide
fertileland for agriculture.

Interventions

Restoration interventions in estuarine river
floodplains typically involve removing artificial
barriers to restore natural water flow in flood-
prone areas, reestablishing ideal hydrological
conditions. This can include reopening drainage
channels, which allows native vegetation, such
as grasses and other aquatic plants, to
recolonize the area. Moreover, bank stabilization
techniques can be applied to prevent erosion
and ensure the long-term sustainability of these
zones.Techniquesinclude:

Native vegetation planting

Planting native grasses, shrubs, and trees along the margins to stabilize the soil with their roots, which
reduces erosion caused by water flow.

Vegetatedbarriers

Creating areas with low-height, resilient vegetation to absorb the impact of water and protect the
margins.

Natural protective revetments

Using materials like rocks or pebbles to create surfaces that reduce the force of water against the mar-
gins, preventing erosion.

Eco-engineering

Using natural structures such as tree trunks and plant fibers to stabilize the soil. This helps control sedi-
ment flow and protects the margins during storms and floods.
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Restoration of the Floodplain Forest of the Amazon Estuary
Location: Abaetetuba/PA, Brazil

Objective: Biodiversity recovery and sustainable management of acai groves in floodplain
areas toenhance community resilience

Description: The forest restoration project in the floodplains of Abaetetuba, located within
the Amazon estuary, focuses on the gradual restoration of native vegetation, which has been
impacted by the intensive expansion of agaigroves. In both high and low floodplain areas, the
initiative promotes ecological balance through planting native species and fostering natural
regeneration processes. Restoration efforts are carried out in collaboration with riverside
communities who blend traditional knowledge with agroecological techniques to diversify
production and restore the ecosystem. With over 3200 documented restoration initiatives on
the islands of Abaetetuba, the project has positively impacted both ecological recovery and
the quality of life for local communities. These efforts are supported by private companies
and governmental programs, which provide credit and training opportunities for riverside
residents. In addition to conserving biodiversity and restoring native vegetation, the project
strengthens community resilience in the face of climate change.

Find out more: Carvalho et al. 20@; Ministério da Ciéncia, Tecnologia e Inovac&@



https://www.scielo.br/j/asoc/a/LNGc9hnwx4bz49vC4DsCQqn/?format=pdf&lang=pt
https://www.scielo.br/j/asoc/a/LNGc9hnwx4bz49vC4DsCQqn/?format=pdf&lang=pt
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2024/02/mcti-e-mamiraua-captam-u-5-6-milhoes-para-restaurar-areas-alagaveis-na-amazonia
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2024/02/mcti-e-mamiraua-captam-u-5-6-milhoes-para-restaurar-areas-alagaveis-na-amazonia

4.1.1.7 Atlantic Forest and
Restinga

The Atlantic Forest is one of the most biodiverse
forests in the world, originally covering much of
Brazil's coastal territory. These forests are com-
posed of large trees such as the jequitibd and
pau-brasil, and it also hosts a rich fauna, inclu-
ding endangered species like the jaguar and
golden lion tamarin. Restinga, on the other hand,
is an ecosystem associated with the Atlantic
Forest biome, characteristic of Brazilian coastal
areas. It is composed of sandy soil vegetation,
including shrubs and grasses adapted to saline
conditions and strong winds. Ecologically, these
ecosystems play essential roles in biodiversity
conservation, protecting endemic species and
helping regulate climate and water cycles. The
Atlantic Forest also acts as a natural barrier,
preventing soil erosion and protecting freshwater
sources that supply millions of people in coastal

oo T e 'ﬂ#ﬁﬁ ﬁhﬂtmggf!

cities. Restingas stabilize dunes and protect
coastlines from the erosive effects of winds and
tides. Both the Atlantic Forest and restingas are
crucial for eco-tourism, offering trails, preserved
beaches, and natural landscapes that attract
visitors and generate income for local communi-
ties. Additionally, the Atlantic Forest provides
resources such as wood, fruits, and medicinal
plants, while restingas protect urban infrastruc-
ture and are essential for maintaining the envi-
ronmental balance of coastal cities. The conser-
vation of these ecosystems is vital for the sustai-
nability of coastal cities, ensuring protection
against natural disasters such as floods and
landslides. Thus, they provide economic and
social benefits for communities that depend on
their resources and for businesses and residen-
ceslocated near the coastline.
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Interventions

Atlantic Forest

Planting native seedlings

Seedlings are selected according to local forest
formations, ensuring adaptation and ecological
diversity. It is important to choose pioneer,
secondary, and climax species to replicate the
successive growth phases of the forest.

Assisted naturalregeneration

This method takes advantage of the spontane-
ous regeneration of vegetation, with minimal
intervention to control invasive species and
promote native ones. It might involve excluding
unwanted herbivorous animals, controlling fire,
and removing exotic species.

Forestdiversity enrichment

In degraded areas with some remaining vegeta-
tion, new seedlings of rare or ecologically impor-
tant species are introduced to enrich the forest's
genetic and functional diversity or to favor the
maintenance of local fauna.

Soilmanagement and erosion control

In slopes and areas at risk of erosion, soil stabili-
zation techniques are essential. This includes the
application of geotextiles and vegetation cover
to stabilize the soil and prevent nutrient loss.

Restinga
Revegetation

Planting native restinga species such as grasses,
shrubs, and smalltrees to help stabilize the sandy
soil and prevent dune encroachment. Choosing
salt-tolerant speciesis crucial.

Controlofinvasive species

Removal of exotic plants that compete with
native vegetation is needed to allow native
speciestore-establishthemselves.

Creation of natural barriers

Installation of wooden fences to contain sand
advance and reduce the wind impact on newly
planted areas.

Eco-engineering for stabilization

Using logs, plant fibers, and pebbles to stabilize
areas vulnerable to strong winds and storms. This
helps prevent erosion and protects the areas
during storms.

NATURE-BASED SOLUTIONS (NbS) 5L
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Photo: ICC

Restaura Litoral Project

Location: SGo Sebastido/SP, Brazil
Objective: Socio-environmental restoration and recovery of the Atlantic Forest.

Description: Launched in 2024, the Restaura Litoral Project focuses on restoring areas devas-
tated by landslides caused by the intense rains of February 2023, which affected the northern
coast of the state of SGo Paulo. The initiative aims to reforest approximately 200 hectares of
slopes in the Serra do Mar mountain range, using an innovative combination of drones and
biodegradable capsules to disperse seeds of native Atlantic Forest species. One of the
biggest challenges has been accessing steep and more remote areas, where aerial seeding
has been crucial to achieving success. The capsules protect the seeds until germination,
allowing for more efficient and sustainable environmental regeneration. Beyond ecological
recovery, the project promotes environmental education and engages the local community,
generating jobs and raising awareness about the importance of restoration and conserva-
tion. Funded by a private company and led by the Coastal Conservation Institute (ICC), this
project demonstrates how partnerships between the private sector and environmental
institutions can be decisive in restoring and conserving vulnerable ecosystems.

Find out more: &


https://www.icc.eco.br/projeto-restaura-litoral-tecnologia-e-inovacao-na-restauracao-socioambiental/
https://www.icc.eco.br/projeto-restaura-litoral-tecnologia-e-inovacao-na-restauracao-socioambiental/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/

Targetedrisks — Coastal flooding and erosion.

Solution - Creation of a new coastline position
through engineered land retreat, promoting the
development of natural coastal habitats for
shoreline protection.

Design — The coastline realignment is designed
torestore natural coastal processes and improve
coastal resilience, allowing previously defended
or developed coastal areas to be intentionally
inundated by the sea.

Application - This approach is most suitable for
low-lying regions where existing coastal defen-
ses are compromised or costly to maintain. A
commitment to sustainable coastal manage-
ment is essential, together with the need to
create intertidal habitats such as salt marshes,
mangroves, or oyster reefs, which can reduce

Il L.1.2 Coastal Realighment

wave energy and act as natural barriers. The
realignment process begins with modeling
studies to understand the impacts of controlled
flooding, followed by the removal or lowering of
existing barriers to allow managed seawater
incursion. Creating natural buffer zones with
coastal vegetation is crucial not only to relieve
pressure on coastal defenses and protect
coastal cities, but also to contribute to carbon
capture and the restoration and conservation of
biodiversity.

Scale:
City and Regional

Approach Hierarchy:
Recovery and Creation
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NDS Iin action

Photo: Medmerry Case Study

Medmerry Coastal Realignment
Location: Medmerry/ West Sussex, United Kingdom

Objective:Reduce flood risk and restore natural coastal habitats.

Description: The Medmerry coastal realignment project, completed in 2013, is one of the
largest and most ambitious in the UK. The initiative involved the removal of artificial seawalls
along the coast and the creation of a new, more inland natural defense line. As a result, the
sea now floods in intentionally designed areas, forming a natural floodplain that acts as a
barrier against floods and provides new habitats for biodiversity. In addition to protecting
around 350 properties and important regional infrastructure, such as roads and pumping
stations, the project created 183 hectares of new natural habitats, benefiting various bird
species and other coastal organisms. Medmerry also contributes to the local economy by
promoting recreational activities such as hiking, birdwatching, and sustainable tourism,
while increasing the region’s resilience to climate change. This is an innovative example of
integrated management between environmental protection and urban safety, demonstrat-
ing how natural solutions can provide lasting ecological, economic, and social benefits.

Find out more: Medmerry Case Stud_g>



https://www.internetgeography.net/topics/medmerry-case-study-coastal-realignment/
https://www.internetgeography.net/topics/medmerry-case-study-coastal-realignment/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/

Targeted risks — Loss of ecosystem services,
coastal erosion, and shoreline destruction.

Solution - Integration of natural and artificial
structures to revitalize urban aquatic environ-
ments and enhance coastal protection.

Design — Marine eco-engineering incorporates
elements of natural blue spaces (such as rocky
shore micro-habitats and oyster reefs) into
traditional grey infrastructure (seawalls, break-
waters, and groynes) to promote more resilient
coastal ecosystems. Eco-engineering structures
are designed to closely mimic natural marine
habitats, creating favorable conditions for the
growth and reproduction of local marine life,
including economically important and locally
consumed species, while retaining the structural
benefits of coastal protection.

Application — Eco-engineering structures can be
implemented in highly urbanized areas, such as
city waterfronts and port zones. This solution can
also be used to accelerate environmental

4.1.3 Marine Eco-engineering
[OF urban grey
inFrastructure)

restoration processes (e.g., mangroves, salt
marshes, and oyster reefs) in strategic urban
areas at risk of erosion, flooding, and structural
damage.

Scale:
Local and City

Approach Hierarchy:
Recovery and Creation

B 72

Marine eco-engineering must be carefully planned to address the impacts of human activi-
ties on the coastal environment. It serves as a compensatory, rather than a mitigative, mea-
sure, as construction often results in the permanent loss of natural habitats, biodiversity, and
ecosystem services. This solution thus aims to counterbalance the effects of urban develop-
ment activities. In highly urbanized settings, or where traditional infrastructure construction is

inevitable, eco-engineering can help restore some of the lost ecological functions. However,

it is essential that these interventions be used responsibly, avoiding the encouragement of

unnecessary construction or practices that could be viewed as greenwashing, which may

mask real environmental loss.

®
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https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20Misterios%20Carbono%20Azul.pdf
https://www.fundacaogrupoboticario.org.br/pt/Biblioteca/Oceano%20sem%20Misterios%20Carbono%20Azul.pdf
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Nbs in action

Photos:
Living
Seawalls

Living Seawalls Project
Location: Sydney/NSW, Australia

Objective:Increase local biodiversity

Description: The Living Seawalls project, launched in 2018, is an innovative eco-engineering
solution aimed at restoring marine biodiversity in coastal areas modified by seawalls. In
response to the impact of these structures, which favor invasive species and support low
diversity, the project developed a modular system of panels that mimic natural habitats,
such as oyster reefs and rocky crevices. These panels are installed in mosaics on seawall
surfaces, providing shelter for fish, invertebrates, and marine algae, while also protecting
them from high temperatures and predators. Since its implementation, there has been up to
a 36% increase in marine organism abundance in Sydney. This project demonstrates how the
integration of ecological scientific research and engineering can transform coastal infra-
structure into allies of biodiversity, strengthening marine ecosystem resilience and contrib-
uting to the sustainability of urban coastal areas.

Find out more: Living Seawall@


https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://www.livingseawalls.com.au/
https://www.livingseawalls.com.au/

Photo: Mike
Caputo/UW

Photo:
Eopugetsound

Seattle Seawall Project
Local: Seattle/WA, USA

Objective: Create critical habitats for local biodiversity and a migratory corridor for juvenile
salmon.

Description: The Seattle waterfront renewal project is a pioneering large-scale eco-
engineering initiative focused on revitalizing marine habitats to support the migration of
juvenile salmon, an endangered species of great regional economic importance. The city
waterfront has extensive areas of seawalls and deep channels, which hinder the migration of
these fish. To overcome this barrier, approximately 1 km of seawalls were rebuilt, including a
platform with grooves and cavities designed to encourage the growth of algae and rocky
beds at the bay bottom, providing areas where fish can hide and feed. The platform was
strategically positioned in the intertidal zone, submerged at high tide and exposed at low tide,
creating a shallow habitat during part of the day. Additionally, a suspended sidewalk with a
translucent surface was installed to allow light penetration, essential for the salmon during
their migration. Since the project completion in 2017, researchers from the University of
Washington have been monitoring local biodiversity and the return of salmon to downtown
Seattle. The results are promising, with an increase in invertebrate abundance and a record
of over10000 juvenile salmonin a single day.

Find out more: Encyclopedia of PUGET SOUN@



https://www.eopugetsound.org/magazine/IS/seawall
https://www.eopugetsound.org/magazine/IS/seawall
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/

U.1.4 Terraces and Slopes

Targetedrisks — Landslides on steep areas.

Solution - Interventions designed to stabilize
slopes, control erosion, and improve water
infiltration in steep areas.

Design — Terraces are horizontal platforms built
on steep areas to reduce surface water runoff,
while slopes refer to terrains that can be treated
or reinforced with vegetation or other techniques
to prevent landslides and promote soil stability.
This solution can maximize space usage by
integrating gardens, larger planting areas, and
parks, as well as providing areas suitable for
water capture.

Scale:
Local and City

Approach Hierarchy:
Protection, Recovery
and Creation

Application - This solution can be implemented
on undeveloped urban land, highway edges, and
hill slopes in urban areas. The use of vegetated
slopes and terraces in residential and commer-
cial areas is also recommended to control water
runoff and prevent flooding, in addition to
contributing to soil stabilization and increasing
urbanvegetation.
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Nbs in action

Stabilization of the Monte Serrat Slope

Location: Santos/SP, Brazil
Objective: Preventlandslides and promote safety for the community

Description: The stabilization of the Monte Serrat slope in Santos is a project designed to
reduce landslide risks and ensure the safety of residents. Initiated in 2022, this intervention
combines engineering techniques with ecological revitalization. The project involves the
installation of efficient drainage systems to control rainfall infiltration and reforesting to
stabilize the soil. Additionally, stabilizing barriers with geotextiles were implemented to
increase the structural resilience of the area. One of the highlights of the project is the active
involvement of the local community in all stages of implementation. The technical team
organized meetings and workshops to inform residents about the progress of the work, listen
to their concerns, and engage them in planting and maintaining native vegetation.
Community participation is essential to ensure the success of the intervention and
strengthen the sense of belonging and responsibility toward the territory.

Find out more: Proadapt@


https://www.adaptacao.eco.br/adaptacao-baseada-em-ecossistemas/
https://www.adaptacao.eco.br/adaptacao-baseada-em-ecossistemas/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/
https://tribunadorio.com.br/2024/06/20/restauracao-das-dunas-verdes-de-ipanema-e-leblon-um-passo-fundamental-na-defesa-do-litoral-carioca-e-das-nossas-cidades/

Targetedrisks - Flooding and inundation.

Solution - Strategic areas designed to flood
during extreme events, minimizing the risk of
flooding and water overflow in other areas of the
city.

Design - Floodable parks are designed with a
combination of vegetation, floodable areas, and
engineered soils. This solution reduces the risk of
flooding and inundation and alleviates pressure
on urban drainage systems. Moreover, these
parks improve air and water quality, contribute to
urban cooling, and provide recreational areas for
residents and tourists.

Application - Floodable parks can provide an
effective adaptive measure for coastal cities
once they are strategically deployed based on
local geography. In cities with steep or elevated
terrain (more than 10 meters above sea level),

Il U.1.5 Floodable parks

floodable parks situated in strategic areas within
the city can retain excess rainwater, reducing the
risk of urban flooding. In coastal plains, where
elevation is minimal, the implementation of
floodable parks near the coastline, or around
urban areas where it is feasible to restore natural
floodable ecosystems, may be more effective in
absorbing the impact of storm surges and high
tides, acting as a natural buffer zone against
coastal flooding.

Scale:
Local, City
and Regional

Approach Hierarchy:
Protection, Recovery
and Creation
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NDbS in action

Photo: Alex
Ramos (Niteréi
City Hall)

Photo: Niter6i
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e

Orla Piratininga Park

Location: Niteréi/RJ, Brazil
Objective: Environmental recovery and creation of a sustainable leisure space

Description: The Orla Piratininga Park, inaugurated in 2022, is the largest Nature-based
Solution (SbN) project in the country, combining environmental recovery with the creation of
urban spaces for leisure and recreation in Niteréi. Located around the Piratininga Lagoon, the
park was designed to revitalize the degraded coastal area to prevent flooding, reduce
erosion and sedimentation of water bodies, and improve water quality in the lagoon. This was
achieved through ecological interventions, including the recovery of native vegetation, the
implementation of bioswales, and floodable areas. The park extends over 680000 m2 with
approximately 11 km of bike lanes, 17 leisure areas, trails, 8 piers, 3 viewpoints, and 1 cultural
center to promote recreational and educational activities focused on environmental aware-
ness. It particularly includes 35000 m? of constructed wetlands to treat water contamination.

Find out more: Pro Sustentéve@



https://www.prosustentavel.niteroi.rj.gov.br/parque-orla-de-piratininga/
https://www.prosustentavel.niteroi.rj.gov.br/parque-orla-de-piratininga/

4.1.6 Green Parks

Targetedrisks: Flooding and inundation

Solution: Design urban green spaces to absorb
water, reducing the impact of floods without
remaining flooded during dry periods. These act
as natural buffer zones during heavy rainfall
events.

Design: Urban green parks are designed with
permeable surfaces, deep-rooted vegetation,
and sometimes integrated water elements, such
as bioswales or rain gardens. These features
function together to effectively absorb and
manage rainwater.

Application: The implementation of green parks
in urban centers should prioritize strategic
locations, such as undeveloped spaces near

residential and commercial buildings, high-
traffic streets, and vacant lots. Parks near
residences enhance the well-being and quality
of life for residents, while those in commercial
areas provide leisure and rest spaces for workers
and visitors. Public undeveloped spaces, like
squares and vacant lots, are also ideal as they
can be revitalized to improve drainage and
urban landscapes, reduce heat, and promote
local biodiversity.

Scale:
Local, City
and Regional

Approach Hierarchy:

Protection, Recovery
and Creation
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Realengo Green Park

Location: Rio de Janeiro/RJ, Brazil
Objective: Mitigate heat and prevent flooding

Description: The Realengo Green Park, inaugurated in 2023 in Rio de Janeiro city, is an initia-
tive that combines urban sustainability with commmunity well-being. Projected to reduce high
temperatures and prevent frequent local flooding, this park is part of the city’s green infra-
structure solutions. Spanning a broad areaq, the park saw the planting of 3700 trees selected
for their ability to alleviate urban heat. In addition to tree planting, the project included rain
gardens and sustainable drainage solutions designed to capture and filter rainwater,
reducing the load on drainage systems and preventing flooding. The park also offers infra-
structure for recreation and physical activities, with bike lanes, walking areas, and an amphi-
theater for community and cultural events. More than a refuge for residents, the park fosters
knowledge exchange, promoting environmental education and awareness about the
importance of green spacesin cities.

Find out more: Prefeitura do Rio de Janeir@; Cicloviv@



https://en.prefeitura.rio/parques-e-jardins/prefeitura-inaugura-o-parque-realengo-jornalista-susana-naspolini-na-zona-oeste/
https://en.prefeitura.rio/parques-e-jardins/prefeitura-inaugura-o-parque-realengo-jornalista-susana-naspolini-na-zona-oeste/
https://ciclovivo.com.br/arq-urb/urbanismo/rj-inaugura-parque-com-solucoes-para-amenizar-calor-e-enchentes/#:~:text=%C3%89%20preciso%20desenvolver%20estruturas%20que,trocas%20de%20saberes%20aos%20visitantes.&text=Foram%20plantadas%203.700%20%C3%A1rvores%2C%20que,o%20calor%20nos%20dias%20quentes.
https://ciclovivo.com.br/arq-urb/urbanismo/rj-inaugura-parque-com-solucoes-para-amenizar-calor-e-enchentes/#:~:text=%C3%89%20preciso%20desenvolver%20estruturas%20que,trocas%20de%20saberes%20aos%20visitantes.&text=Foram%20plantadas%203.700%20%C3%A1rvores%2C%20que,o%20calor%20nos%20dias%20quentes.
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4.1.7 Greenways (bike lanes,
sidewalks and streets])

Targeted risks — Flooding, inundation and air
quality.

Solution - Integration of natural elements into
urban pathways that allow the absorption and
management of rainwater and optimize public
spaces for pedestrians and cyclists.

Design - Greenways are designed to reduce
water runoff, improve urban drainage, and
mitigate flooding through the integration of
sustainable elements such as trees, permeable
pavements, vegetated swales, green strips or
rain gardens. These pathways can be enhanced
with bike lanes and sidewalks, improving mobility
and pedestrian traffic in urban centers.

Application — Greenways are applied to streets
and other urban pathways with high
impermeability, including areas with moderate
slopes, where it is necessary to manage water
runoff and reduce pressure on traditional drain-
age systems.

Scale:
Local and City

Approach Hierarchy:
Recovery and Creation

NATURE-BASED SOLUTIONS (NbS)
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Planta Natal Project
Location: Natal/RN, Brazil

Objective:Reforest urban areas and improve quality of life in the city

Description: The Planta Natal Project was launched in 2019 by the City of Natal to expand the
city's vegetation coverage, contributing to urban reforestation and improving the popula-
tion's quality of life. The initiative aims to plant native and fruit trees in various parts of the city,
restoring degraded green areas and encouraging environmental awareness among resi-
dents. The project involves partnerships with schools, companies and civil society organiza-
tions, as well as local volunteers, who participate in planting campaigns and educational
activities. The project's actions are divided into different fronts, including the planting of trees
along the street sidewalk, reforestation of riverbanks and urban parks, and the planting of
seedlings in schools and health units. To date, the project has planted more than 20000 trees
throughout the city, increasing shade on public roads and helping mitigate the effects of
urban heat. Planta Natal has contributed to the creation of green corridors that connect
natural areasin the city.

Find out more: Planta Nat@


https://en.prefeitura.rio/parques-e-jardins/prefeitura-inaugura-o-parque-realengo-jornalista-susana-naspolini-na-zona-oeste/
https://en.prefeitura.rio/parques-e-jardins/prefeitura-inaugura-o-parque-realengo-jornalista-susana-naspolini-na-zona-oeste/

4.1.8 Rain gardens

Targetedrisks - Flooding.

Solution - Bioretention system designed to
capture and absorb stormwater runoff from
roofs, sidewalks and streets.

Design - Rain gardens are shallow depressions
filled with adapted soil and deep-rooted native
plants that can withstand both wet and dry
conditions. When it rains, runoff from sidewalks,
roofs, and streets are directed to these areas,
where the water slowly infiltrates the soil. The
plants and soil help remove pollutants before the
waterreaches local water bodies.

Application - This solution can be implemented
in any area prone to flooding, whether in public
spaces such as streets near curbs, sidewalks and
squares, or in residential and industrial areas. In
addition, it can be integrated with bioswales
systems, increasing their efficiency in managing
rainwater.

Scale:
Local

Approach Hierarchy:
Recovery and Creation

NATURE-BASED SOLUTIONS (NbS)
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Rain gardenin Copacabana

Location: Rio de Janeiro/RJ, Brazil
Objective: Mitigate flood-prone area

Description: In 2020, the city of Rio de Janeiro implemented a rain garden on Rua Almirante
Gongalves, in Copacabana, as a natural solution to reduce local flooding. The challenge was
to develop a simple and efficient approach to capture rainwater and combat the degrada-
tion of the areq, which affected residents and local merchants. With the support and partici-
pation of the community, a 6m long, 3m wide flower bed with three filter layers was installed.
The garden now retains and filters rainwater, improving drainage and revitalizing the square,
in addition to minimizing damage caused by flooding.

Find out more: Prefeitura do Rio de Janeir@; Ciclo Viv@; Diério do R@



https://prefeitura.rio/tag/jardim-de-chuva/
https://prefeitura.rio/tag/jardim-de-chuva/
https://ciclovivo.com.br/arq-urb/urbanismo/jardim-de-chuva-muda-rotina-de-rua-em-copacabana/#:~:text=Testado%20e%20aprovado,os%20preju%C3%ADzos%20causados%20por%20enchentes.
https://ciclovivo.com.br/arq-urb/urbanismo/jardim-de-chuva-muda-rotina-de-rua-em-copacabana/#:~:text=Testado%20e%20aprovado,os%20preju%C3%ADzos%20causados%20por%20enchentes.
https://diariodorio.com/jardim-de-chuva-de-copacabana-e-reformado-e-ganha-novos-equipamentos-para-monitoramento-de-drenagem/#:~:text=Algumas%20modifica%C3%A7%C3%B5es%20poder%C3%A3o%20ser%20implementadas,temperatura%20e%20alguns%20gases%20poluentes.&text=Os%20jardins%20de%20chuva%20s%C3%A3o,segundo%20o%20portal%20especializado%20ECycle.
https://diariodorio.com/jardim-de-chuva-de-copacabana-e-reformado-e-ganha-novos-equipamentos-para-monitoramento-de-drenagem/#:~:text=Algumas%20modifica%C3%A7%C3%B5es%20poder%C3%A3o%20ser%20implementadas,temperatura%20e%20alguns%20gases%20poluentes.&text=Os%20jardins%20de%20chuva%20s%C3%A3o,segundo%20o%20portal%20especializado%20ECycle.

L.1.9 Constructed wetlands

Targetedrisks — Water contamination.

Solution - Natural wastewater treatment system
designed to remove contaminants and promote
water purification before it is returned to the
environment.

Design - Constructed wetlands are specially
designed areas where contaminated water
passes through wetlands with aquatic plants
adapted to wet environments, such as cattails
and reeds. These plants help remove nutrients
and pollutants through natural processes such
as absorption and decomposition, while the soil
and plant roots provide a surface for microor-
ganisms to attach to, which contribute to water
purification.

Application - Constructed wetlands can be

implemented in urban areas where there is
sufficient space to accommodate natural
filtration systems. They are particularly suitable
for areas close to urban water bodies, such as
riverbanks, lakes and ponds. They help to treat
surface runoff and reduce pollutant loads before
the water reaches natural waterways. In areas of
green infrastructure, such as bioswales and
floodplain parks, constructed wetlands can be
integrated as a natural water treatment area.

Scale:
City

Approach Hierarchy:
Recovery and Creation

NATURE-BASED SOLUTIONS (NbS)
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Constructed wetlands of Caiara Pier

Location: Recife/PE, Brazil
Objective:Restore water quality

Description: The natural system at Caiara Park, in Recife, was implemented in 2023 as an
innovative solution to combat pollution in the Cavouco stream, which flows into the
Capibaribe river. This initiative is part of a project in partnership with MCTI (Ministry of Science,
Technology and Innovation) and covers an area of 7000 m?, with five natural filtration areas
and the capacity to treat up to 350,000 liters of water per day. The built natural system acts as
bioremediators, using aquatic plants and filtering beds to retain and break down toxic
substances. Since its implementation, the system has already increased the oxygenation of
the stream water by 70%, a significant indicator of water quality improvement. In addition to
promoting environmental recovery, the project offers social and recreational benefits, which
transformed the parkinto arevitalized space for visitors and the local community.

Find out more: Prefeitura do Reci@; MC'@; Cartilha “Jardins Filtrantes do Cais do CGiara©



https://diariodorio.com/jardim-de-chuva-de-copacabana-e-reformado-e-ganha-novos-equipamentos-para-monitoramento-de-drenagem/#:~:text=Algumas%20modifica%C3%A7%C3%B5es%20poder%C3%A3o%20ser%20implementadas,temperatura%20e%20alguns%20gases%20poluentes.&text=Os%20jardins%20de%20chuva%20s%C3%A3o,segundo%20o%20portal%20especializado%20ECycle.
https://diariodorio.com/jardim-de-chuva-de-copacabana-e-reformado-e-ganha-novos-equipamentos-para-monitoramento-de-drenagem/#:~:text=Algumas%20modifica%C3%A7%C3%B5es%20poder%C3%A3o%20ser%20implementadas,temperatura%20e%20alguns%20gases%20poluentes.&text=Os%20jardins%20de%20chuva%20s%C3%A3o,segundo%20o%20portal%20especializado%20ECycle.
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2023/04/iniciativa-do-mcti-revitaliza-parque-do-recife-com-solucao-inovadora-para-despoluir-riacho
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/noticias/2023/04/iniciativa-do-mcti-revitaliza-parque-do-recife-com-solucao-inovadora-para-despoluir-riacho
https://www2.recife.pe.gov.br/noticias/31/03/2023/prefeitura-do-recife-inaugura-jardins-filtrantes-no-parque-do-caiara
https://www2.recife.pe.gov.br/noticias/31/03/2023/prefeitura-do-recife-inaugura-jardins-filtrantes-no-parque-do-caiara
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4.1.10 Bioswales

Targeted risks - Flooding and water contamina-
tion.

Solution - Natural and linear landscape channel
designed to receive, conduct and treat rainwater
runoff.

Design - Bioswales are linear depressions desig-
ned to filter pollutants and facilitate water
infiltration into the soil. They are constructed with
prepared soil and planted with native vegetation,
such as grasses, shrubs and wetland plants.

Application - Bioswales are ideal for many urban
areas where stormwater runoff needs to be
managed efficiently. They can be installed along
urban canals and streams, near curbs, in parking

lots, and even in parks and public areas. In
parking lots and streets, bioswales help filter and
absorb water runoff from impervious surfaces.
They are also very effective in areas with mode-
rate slopes, where they can reduce runoff velo-
city and promote infiltration into the soil, reducing
theload on urban drainage systems.

Scale:
Local

Approach Hierarchy:
Recovery and Creation
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Bioswales in Itapua

Location: Salvador/BA, Brazil
Objective:Improve urban drainage in a sustainable way

Description: In 2024, the Salvador City Hall installed the city's first bioswale in the Itapud
neighborhood as part of a sustainable drainage initiative. This ecological structure was
designed to capture and filter rainwater, helping to reduce flooding and improve water
management in the area. The bioswales consist of a vegetated channel with native plants
and filtering layers composed of gravel, sand and soil, which not only retain sediments and
pollutants, but also facilitate the infiltration of water into the soil. In addition to its drainage
function, the bioswales in Itapué also contribute to the enhancement of the neighborhood's
landscape.

Find out more: Prefeitura de SGIvadQ



https://salvador.ba.gov.br/prefeitura-instala-biovaleta-para-drenagem-sustentavel-em-itapua/
https://salvador.ba.gov.br/prefeitura-instala-biovaleta-para-drenagem-sustentavel-em-itapua/

and roofs

Scale:
Local

Approach Hierarchy:
Creation

Targetedrisks — Urban heat and flooding.

Solution - Integration of native vegetation on
rooftops and building surfaces to enhance air
quality, provide thermal insulation, and reduce
urban heat, meanwhile contributing to rainwater
management by decreasing runoff and slowing
water flow on city streets.

Design - Green walls and roofs are designed with
several functional layers that ensure both
sustainability and protection of the building
structure. Green roofs include waterproof mem-
branes, root barriers, drainage systems and
substrates that support vegetation, helping to
maintain thermal comfort and manage rainwa-
ter. Green walls, or vertical gardens, can be either
integrated directly on the surface or modular,
with panels that contain substrate and built-in
irrigation to ensure plant growth.

Application — Green walls and roofs can be
implemented in different types of buildings, such
as residences, commercial buildings, convention
centers and large utility structures.

L4.1.11 Green walls

Some coastal cities in Brazil have adopted specific regulations to encourage the adaptation or
construction of buildings with green walls and roofs. Examples include the “IPTU Verde”, a tax

incentive implemented in cities such as Santos/SP (Complementary Law 913/2015) and
Salvador/BA (Decree 36.2882022)‘, as well as certifications such as the “Qualiverde” seal in Rio de
Janeiro/RJ (Decree 35.745/2012).

NATURE-BASED SOLUTIONS (NbS)

8u


http://www.dom.salvador.ba.gov.br/images/stories/pdf/2022/novembro/dom-8412-18-11-2022.pdf#page=5&zoom=100,0,0
http://www.dom.salvador.ba.gov.br/images/stories/pdf/2022/novembro/dom-8412-18-11-2022.pdf#page=5&zoom=100,0,0
https://www2.rio.rj.gov.br/smu/buscafacil/Arquivos/PDF/D35745M.PDF
https://www2.rio.rj.gov.br/smu/buscafacil/Arquivos/PDF/D35745M.PDF
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Location:Rio de Janeiro/RJ, Brazil

Description: The Green Roof Favela project, led by Luis Cassiano Silva in 2016, aims to mitigate
urban heat and purify the air in the community of Parque Ararg, in Rio de Janeiro, through the
implementation of green roofs. Initially met with skepticism, the project focused on raising
awareness among residents about the benefits of these roofs, such as reducing the internal
temperature of houses and improving quality of life. With the support of Bruno Rezende, who
developed the technique based on his doctoral research, the project builds green roofs using
vegetation adapted to the tropical climate with simple irrigation systems. In addition to
offering a sustainable solution to urban heat, Green Roof Favela promotes educational and
cultural activities, highlighting the importance of the presence of green spaces in favelas for
emotional well-being and reducing local violence.

Find out more: OICS; RioOnWatch



https://oics.cgee.org.br/estudos/-/estudo-de-caso/article/teto-verde-favela_5cdb22e62a1cbc1d11688b7e/como-replicar
https://oics.cgee.org.br/estudos/-/estudo-de-caso/article/teto-verde-favela_5cdb22e62a1cbc1d11688b7e/como-replicar
https://rioonwatch.org.br/?p=37358
https://rioonwatch.org.br/?p=37358

Photo: Groncol

Vertical garden - Santalaia

Location: Bogota, Colombia

Description: The vertical garden of the Santalaia building was completed in 2015 to promote
sustainability in a densely populated urban area. With a vast coverage of 115000 native
plants, this vertical garden offers significant benefits to the urban environment, such as the
annual production of oxygen for approximately 3,000 people, and the absorption and filtra-
tion of air pollutants (metals, dust and CO2). The garden also contributes to the air cooling,
helping mitigate urban heat and neutralize the carbon footprint of approximately 700 people.
The Santalaia vertical gardenis currently considered one of the largest in the world.

Find out more: Urban Nature Atla@, Gronc@



https://oics.cgee.org.br/estudos/-/estudo-de-caso/article/teto-verde-favela_5cdb22e62a1cbc1d11688b7e/como-replicar
https://oics.cgee.org.br/estudos/-/estudo-de-caso/article/teto-verde-favela_5cdb22e62a1cbc1d11688b7e/como-replicar
https://www.instagram.com/p/BGucj-PAlqd/?utm_source=ig_embed&ig_rid=0b4c80ae-1a12-44a3-b7eb-12821fb43ffa
https://www.instagram.com/p/BGucj-PAlqd/?utm_source=ig_embed&ig_rid=0b4c80ae-1a12-44a3-b7eb-12821fb43ffa




To implement Nature-based Solutions, it is essential to engage different sectors of society in a collabo-
rative and coordinated process that takes into account the environmental, social and economic context
of the territory. When all sectors of society are involved from the beginning of the idea’s conception, the
process becomes dynamic, enriched by diverse perspectives, questions and contributions. This diversity
strengthens the initiative, broadening acceptance, enhancing monitoring and fostering long-term
commitment from the community.

The first step is to clearly identify urban challenges and examine solutions that have already been
successfully implemented in other similar contexts. It is also crucial to review current legislation and
establish efficient governance that integrates NbS into public policies and encourages their adoption.
Developing a detailed action plan with clear objectives, timelines, and responsibilities, followed by
securing funding from public or private sources, is essential to enable the implementation of these
solutions. Finally, continuous monitoring and adaptive management are indispensable to ensure the
effectiveness of NbS in the long term, allowing for adjustments as local and climatic conditions change.
Below, we outline key steps for implementing NbS, detailing the points to be considered at each stage of
the process.

Roadmap fFor Implementing NbS

0. e g

Monitoring and
. .u-pur?-
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The phase of identifying knowledge of solutions
allows designing NbS that are grounded in
proven experience and science. The goalisto find
approaches that have been effective in solving
similar problems and assess how they can be
adapted to the local context. This step involves
extensive research into existing solutions, with
detailed descriptions of both scientific and
practical approaches that have already been
implemented in other cities or contexts. This
includes seeking out case studies, scientific

Il 5.2 Possible NDS

articles, and technical reports that document the
application of NbS in different locations. For
example, solutions such as green roofs, linear
parks, and sustainable drainage systems have
been widely studied and applied in cities around
the world. Evaluating success stories and under-
standing the challenges faced during imple-
mentation helps to avoid mistakes and antici-
pate e solve potential barriers.

Beyond traditional solutions, exploring NbS offers a range of opportunities to build more

resilient cities in harmony with the environment. In this context, the “menu of Ecosystem-based

Adaptation (EbA) measures” - a type of NbS focused on climate adaptation - is a valuable
tool. This guide was developed by the Urban Bioconnection Alliance and the Center for
Sustainability Studies at FGV (FGVces), in collaboration with the Ministry of the Environment
(MMA) and GIZ/ProAdapta within the scope of the Climate Adaptation Plan. It brings together

several EbA measures that can be applied to reduce climate risks and improve the quality of

lifein cities.

Compiling and synthesizing local knowledge,
past and present, ensures that NbS are effective
and appropriate to the reality of the territory. This
means gathering detailed data on the physical
environment, such as climate, topography,
hydrology and soil characteristics, as well as
considering population and social factors, such
as population density, areas of urban vulnerabil-
ity, and cultural and historical uses. For example,
the local climate directly influences the choice of
plant species for NbS, while topography helps
define how natural drainage systems, such as

O,

Il 5.3 Local knowledge

bioswales, can be implemented to mitigate
flooding or erosion. By understanding these
particularities, NbS can be better adapted to
meet the specific needs of the region, increasing
their effectiveness and durability. Furthermore,
community participation is a crucial factor in this
process. The community can provide practical
information on the impacts of climatic events,
such as floods or heat waves, and help identify
critical areas thatrequire urgentinterventions.
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Co-design of the solution involves active collab-
oration between the local community and other
stakeholders in the process of creating NbS. This
participatory process ensures that solutions are
shaped according to the needs, priorities and
values of the local population, while also taking
into account the technical knowledge of experts
and managers. The participation of different
groups - residents, local authorities, non-
governmental organizations, academics and the
private sector — promotes an inclusive approach
that is adapted to the social and environmental
specificities of the territory. In addition to increas-

Il 5.4 Co-design of the solution

and generate long-term benefits, such as
improving quality of life, climate resilience and
protecting local ecosystems. There are several
participatory design methodologies, which
involve workshops and dialogue spaces aimed
at seeking consensus. These practices allow for
an inclusive process, in which all contributions
are heard and valued equally, regardless of
sector of society, gender, age or social class. By
adopting this collaborative approach, a process
is ensured that everyone is involved, minimizing
potential power biases and promoting a bal-
anced and fair participation.

ing social acceptance, co-design helps to
anticipate and resolve potential conflicts of
interest, ensuring that solutions are sustainable

Learn about climate change adaptations and connect with people and organizations
working in the field through the AdaptaCLIMA platform, created to promote knowledge
management on climate adaptation for society. Follow Nature-based Solutions initiatives
that are underway in Brazil through the Innovation Observatory for Sustainable Cities:. This
platform is dedicated to mapping and disseminating innovative urban solutions, adapted to
the particularities of Brazilian cities. Actively participate in discussions and contribute to
decision-making by registering on the Sustainable Urban Development Network (ReDUS }, a
collaborative platform created within the scope of the ANDUS Project (Support for the
National Agenda for Sustainable Urban Development). ReDUS integrates several actors from
different levels of government, promoting the exchange of good practices, training and
planning instruments, facilitating the implementation of sustainable urban policies. Through
an approach that takes into account the different types of cities and regions, these platforms
offer a comprehensive view of sustainable initiatives, facilitating the exchange of knowledge
and encouraging the implementation of good practices across the country.
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Il 5.5 Laws and governance

Toincorporate NbS into Brazilian cities at the scale needed to increase urban resilience amid the climate
crisis, it is urgent to evaluate and adjust urban legislation, including city master plans and land use and
occupation laws, to ensure that NbS initiatives are encouraged and sustained. The participation of
different levels of government — federal, state and municipal — is important for aligning environmental
and urban policies with NbS principles. Local governments must ensure that NbS are considered at all
stages of urban planning and that incentives are provided to encourage adoption by private companies
and local communities. Moreover, laws and governance structures should promote a participatory
approach, allowing communities to play an active role in the management and maintenance of imple-
mented NbS, ensuring that solutions adapt to local needs and realities.

A fundamental milestone for establishing strategic initiatives to promote the sustainability of natural
coastal ecosystems in Brazil was the National Coastal Management Plan (PNGC in Portuguese), estab-
lished by Law 7661 of 1988 and regulated by Decree 5300 of 2004. The PNGC defined guidelines for
sustainable management of the coastal zones, promoting integration between different levels of gov-
ernment and society in the management of these territories. This decentralized and participatory
approach has fostered the conservation of ecosystems and strengthened coastal governance, contrib-
uting to enhancing resilience of Brazilian coastal cities in the face of environmental challenges.

Since then, Brazil has been expanding its efforts with specific initiatives to address climate change, most
notably with the recent Law 14.904/29 enacted in June 2024. The new legislation establishes clear

guidelines for states and municipalities to develop adaptation plans, focusing on reducing socioeco-
nomic and environmental vulnerability, and on the integration of climate mitigation and adaptation into
the plans. The law specifically establishes the adoption of NbS as part of adaptation strategies, and that
the plans must be based on scientific evidence, using modeling and forecasts based on IPCC reports,
ensuring arobust and more effective approach. Furthermore, there are initiatives in the Executive Branch
that provide a legal and planning framework, aimed at promoting climate resilience. Among these
initiatives, the following stand out: the National Plan on Climate Change (which will guide Brazilian cli-
mate policy until 2035), the Resilient Green Cities Program (established by the Federal Government
through Decree No. 12,04], of June 5, 2024) and the AdaptaCidades Program, which together form the
basis for developing comprehensive and integrated climate adaptations for Brazilian cities.
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National Adaptation Plan to Climate Change
(Plano Clima)

This plan, coordinated by the Ministry of the
Environment, seeks to reduce the vulnerability of
social and economic sectors to climate change.
It is the main guide for Brazilian climate policy,
with updated guidelines for a horizon up to 2035.
The plan includes specific measures for critical
sectors, such as agriculture, cities, health and
water resources. The updated version of the plan
emphasizes the need for collaboration among
different levels of government and the active
participation of civil society, in addition to pro-
moting the use of NbS to strengthen the resilience
of cities and coastal areas.

ResilientGreen Cities Program

This program focuses on promoting urban green
spaces and sustainable infrastructure. It rein-
forces the importance of integrating greenery
into urban areas, such as linear parks and green
roofs, to increase urban resilience and mitigate
climate impacts. Participating cities can use this
program as a reference to ensure that NbS are
prioritized in urban development.

AdaptaCidades Program

Focused on providing technical and financial
support for Brazilian municipalities to develop
and implement adaptation plans,
AdaptaCidades offers tools to integrate NbS as
part of climate adaptation strategies. It also
promotes capacity building through the training
of public managers to include these solutions in
master plans and other governance instruments.

In addition to urban planning initiatives, Brazil has
been advancing its Marine Spatial Planning
(MsP), an essential, integrative and multisectoral
public instrument aimed at managing the
country's blue territory. The MSP aims to organize
the sustainable use of marine resources, balanc-
ing the conservation and protection of coastal
ecosystems with the demands of economic
activities. This approach seeks to promote the
rational use of resources, ensuring that ecosys-
tems such as mangroves, coral reefs, beach and
restingas are preserved, benefiting not only the
environment but also crucial economic sectors
such as fishing, tourism and natural resource
extraction.




The action plan is the strategic document that
outlines the detailed framework for the NbS
implementation project, ensuring that all
aspects of the project are clearly defined. It
should include a timeline with important mile-
stones and deadlines, identifying the financial,
human and material resources needed for each
phase. The plan should assign responsibilities to
the different actors involved, ensuring that
everyone knows their roles in the process. A
crucial element is the definition of clear objec-
tives with indicators and metrics to measure
progress and evaluate the effectiveness of the
implemented solutions. The development of

Il 5.7 Financing

The implementation of NbS projects depends on
financing, which can be obtained from several
sources. In Brazil, there are several options,
including public funds such as those allocated by
the Ministry of the Environment and Climate
Change and the National Fund on Climate
Change (Climate Fund). The recent Law
14.904/24 strengthens this scenario by allowing
states, municipalities and districts to access
resources from the Climate Fund to develop their
adaptation plans. In addition, national and
regional financial institutions play an important
role. FUNBIO (Brazilian Biodiversity Fund) works in
partnership with state and municipal govern-
ments, supporting projects that involve the
conservation of natural ecosystems and the
promotion of green infrastructure. Regional
Development Banks, such as BRDE, through
programs such as the Green Fund and the
Resilient South Program, are examples of initia-
tives aimed at financing sustainable and climate
resilience projects. The National Bank for
Economic and Social Development (BNDES) is
also an important source of financial support,

Il 5.6 Action plan

these metrics should involve the consultation
and participation of experts and scientists,
ensuring technical validation. These indicators
should be used for ongoing monitoring and
guarantee that the solution is meeting its main
objectives. Moreover, the action plan should be
flexible, allowing adjustments to accommodate
unforeseen climatic, social or economic events,
without compromising the core objectives of the
project. This adaptability increases the chances
of long-term success and ensures that the NbS
remains efficient and functional, even in the face
of dynamic scenarios.

which offers specific credit lines for sustainability
and green infrastructure projects. Additionally,
the private sector, through investors committed
to socio-environmental responsibility, also plays
a crucial role, especially through public-private
partnerships focused on sustainable urban
solutions. As an alternative or complement to
these sources, international financing is offered
by organizations such as the World Bank, the
Inter-American Development Bank (IDB) and the
Green Climate Fund (GCF). These organizations
often provide subsidies and financing for climate
adaptation and ecological restoration projects,
areas in which NbS fits perfectly. In addition to
financial support, these institutions often offer
technical support and training to ensure that
projects are implemented effectively and
sustainably.
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The implementation of NbS involves putting the
action plan into practice, ensuring that interven-
tions are carried out according to the established
schedule and objectives. In this phase, it is crucial
that the NbS intervention is built or restored in a
technically and responsible manner, suiting local
environmental conditions. Technical supervision
is essential to ensure that the solutions are
functioning as designed and that the positive
impact on the environment and the community
is measurable. Additionally, continuous commu-

ll 5.8 Implementation

nity involvement is fundamental not only to
ensure social acceptance but also to promote
ownership and long-term care for the interven-
tions. Local communities can play roles in main-
tenance and monitoring, supporting the long-
term sustainability and success of NbS.

Il 5.9. Monitoring and

Adaptive Manhagement

After implementation, it is essential to regularly
monitor the outcomes of the NbS, using specific
indicators to assess whether environmental,
social, and economic goals are being met, such
as the reduction of flooding, improvement of air
quality, or increase in local employment. If
expected results are not achieved, adaptive
management comes into play, allowing for
continuous adjustments to strategies, such as
modifying maintenance practices, replanting
vegetation, or reconfiguring drainage areas. This
process ensures the flexibility and resilience of
NbS, enabling solutions to adapt to changes in
climate conditions, urban environments, or
community needs, ensuring long-term effective-
ness and sustainability.

This stage provides an important space for
learning and communication. Monitoring actions
can be carried out in collaboration with the local
community through citizen science programs
and with the support of universities, strengthen-
ing the link between science and social practices.
Participatory monitoring and citizen science can
engage citizens, journalists, and schools, ensur-

ing a broad dissemination of information and
reinforcing the relevance of NbS in the medium
and long term. In Brazil, the Blue School Progra

is an inspiring example of how schools can act as
local centers of citizen science, integrating
community reality into public policies at various
levels - municipal, national, and intergovern-
mental. In Blue Schools, students take a leading
role in projects that identify and address local
needs, engaging the school community (fami-
lies, friends, and residents) in discussions.
Moreover, Blue Schools can contribute to moni-

toring NbsS in different neighborhoods, serving as
data collection centers and developing new
professionals committed to citizenship. By doing
so, they align local action with global discussions
and disseminate knowledge within communities,
expanding theimpact of these actions.
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I. Governments (Federal, State, and Municipal):
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Il II. Companies and Private Sector:
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III. Civil Society
(NGOs, Local Communities, Citizens):
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The future of our cities and communities
depends on the choices we make today. This
document presents a range of Nature-based
Solutions that can be implemented in your city
and provides examples of successful cases to
inspire and motivate. The solutions presented are
just a starting point for initiating a transformative
process in your area. Given the increasing cli-
mate challenges, it's time to act collaboratively
and strategically.

The time is now! We need to join forces — from
localto global — to create new models of projects
and actions using NbS that can minimize envi-
ronmental impacts and foster community
resilience. Every action counts, and together, we
can build a more resilient and sustainable future.

The Brazilian Ocean Literacy Alliaans ready to
collaborate with governments, businesses, and
other governance bodies interested in learning
more about NbS and initiating local projects. Our
mission is to promote climate resilience in
coastal municipalities, aligning our actions with
the National Adaptation Plan to Climate Change
and the international guidelines of the Ocean
Decade. We combine scientific knowledge with
co-production to integrate efforts and connect
local actions to global agendas, turning ideas
into tangible solutions.
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Il /.1 About Us

ALIANCA BRASILEIRAPELA

CULTURA
OCEANICA

Brazilian Ocean Literacy Alliance

A network of municipalities, states, private and public institutions, and organized civil society engaged in
implementing local actions aligned with the national and global goals of the UN Decade of Ocean
Science, focusing on promoting Ocean Literacy for sustainable development and working toward the

creation of Blue Cities. i
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Maré de Ciéncia UNIFESP

Maré de Ciéncia is an outreach program at the Federal University of S&o Paulo (UNIFESP, Baixada Santista
Campus), responsible for the executive secretariat of the Brazilian Ocean Literacy Alliance, dedicated to
scientific communication and engagement to strengthen the interface between science, public policy,

and society. i

GOVERNO FEDERAL

Rall

UNIAO E RECONSTRUCAO

Década das Nagdes Unid
8%6 da Cléncia Oceanica para

o Desenvolvimento Sustentavel

NN

MINISTERIO DA
CIENCIA, TECNOLOGIA
E INOVAGOES

Ministry of Science, Technology, and Innovation

The Ministry of Science, Technology, and Innovation (McCTI) serves as Brazil's national focal point for the
UN Decade of Ocean Science for Sustainable Development, coordinating the Advisory Committee for the
Ocean Decade, established by Ordinance No. 4,534 of March 2021. Actions for the implementation of the
Ocean Decade and the Sustainable Development Goal (SDG) related to marine conservation are out-
linedin Brazil's National Plan for the Implementation of the Ocean Decade.
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Uunesco

UNESCO in Brazil

The UNESCO Representation in Brazil aims to support the formulation and implementation of public
policies aligned with the strategies defined by the Member States in the UNESCO General Conferences.
This work is promoted through technical cooperation projects, conducted in partnership with govern-
ment agencies and civil society sectors, particularly when these projects contribute to public policies
focused on sustainable developmentin UNESCO's areas of expertise.

Fundacao
GrupoBoticario

Boticario Group Foundation For Nature Protection

With over 30 years of history, Boticario Group Foundation is one of Brazil's leading corporate foundations
dedicated to conserving the country’s natural heritage. Focused on adapting society to climate change,
particularly in water security and coastal protection, the foundation advocates for biodiversity conser-
vation across all sectors. Aligned with the UN Sustainable Development Goals, it considers nature the
foundation for Brazil's social and economic development. Non-profit and supported by Grupo Boticdrio,
the foundation mobilizes diverse stakeholders to seek solutions to major environmental, social, and
economic challenges. Founded in 1990 by Miguel Krigsner, it was established just two years before the
Earth Summit (Rio-92), alandmark event for global environmental conservation.

www.fundacaogrupoboticario.org.br | @fundacaogrupoboticario (Instagram, Facebook, Linkedin,

YouTube, TikTok) i
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7.2 Discover Our
Other Initiatives

Explore additional initiatives from the Brazilian Ocean Literacy Alliance and Boticario Group
Foundation that can support this journey:

Ocean without Mysteries

Oceano sem mistérios

Deswendanda os recies de corals

Artisanal Fishing ARTESANZ Urbanization
and Marine MR and Coastal
Coastal ConFlicts MARINHDS Hardening
on the Coast of AO PAULO (SP Status on
Sao Paulo (SP) the Coast of

Sao Paulo

Cities of the Future -
PortfFolio on
Nature-Based
Solutions From

the Boticario

Group Foundation

SOLUGOES BASEADAS NA
NATUREZA
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