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8 Introduction

Introduction
This volume is an integral part of the National Adaptation Plan (NAP). It is divided into 
11 strategies for adaptation for sectors and themes considered priorities for national 
development and potentially vulnerable to climate change, namely: Agriculture, 
Biodiversity and Ecosystems, Cities, Disaster Risk Management, Industry and Mining, 
Infrastructure (Electric Power, Transport and Urban Mobility), Vulnerable Communities, 
Water Resources, Health, Food and Nutritional Security, and Coastal Zones.

The strategies discuss the main vulnerabilities, knowledge gaps, and management of 
each sector and topic, from a climate-change perspective and present current guidelines 
for implementation of adaptation measures targeted at increasing climate resilience.

During drafting of these strategies, efforts were concentrated on adoption of a systemic 
focus, based on the premise that inability of a given sector to fully exercise its normal 
activities, owing to the impacts of climate change, might directly or indirectly or to a 
greater or lesser degree, influence the functional stability of other sectors. Likewise, 
the scope of policies and actions targeted at fostering the adaptive capacity of a given 
sector may have repercussions on the resilience of others. 

For example, deployment of adaptation measures for such sectoral and thematic 
strategies as recovery and conservation of river basins, rational use and reuse of water, 
and application of more technologically efficient irrigation systems, brings benefits not 
only in terms of ensuring future water availability, but also fosters positive outcomes 
for preservation of biodiversity, food production, urban water supply, industrial 
operations, etc.

In setting sectoral and thematic strategies of the NAP, the major bottlenecks identified 
for climate-risk management are: information and knowledge gaps relating to exposure 
and sensitivity of human, productive and infrastructure systems to climate change; 
identification and spacing of the potential impacts of climate change on Brazilian 
national territory; and decentralized dissemination of climate data and information in 
plainly understandable language. In this respect, initiatives that prioritize knowledge 
management, targeted at generating new knowledge and technologies, management 
and access to information are essential for fostering Brazil’s sustainable development 
and economic competitiveness, within a context of climate change.
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10 Strategy for Agriculture

1  Strategy for Agriculture

This strategy was prepared under 
coordination of the Ministry of 
Agriculture Livestock and Food Supply 
(MAPA) which is the focal point for this 
sectoral strategy, with participation 
of the Brazilian Agricultural Research 
Corporation (EMBRAPA); the National 
Institute of Meteorology (INMET), the 
Executive Commission of the Cocoa 
Farming Plan (CEPLAC), the Ministry 
of Agrarian Development (MDA) and 
the Ministry of National Integration 
(MI). Review and strengthening of the 
Adaptation Programme for Low-Carbon 
Agriculture (LCA) Plan1 (BRAZIL, 2012) 
to be implemented in the 2016-2017 
period, with ample public and private-
sector participation and inputs from the 
productive sector, research institutions 
and civil society, will reflect the content 
of this strategy.

1.1 General Objective

The aim of an adaptation programme 
for the agriculture sector is to foster a 
secure environment for decision-making 
on the part of farmers and public-
policy managers faced with climatic 
uncertainties, through efficient access to 
information, technologies and production 
processes for the establishment of 
sustainable production systems.

1 Available at: <www.agricultura.gov.br>.

This Chapter aims to examine 
vulnerabilities of the agriculture sector 
to climate change; to provide support 
for deployment of actions that promote 
resilience of agro-ecosystems; to foster 
technology transfers; and to provide 
inputs for a review of the Low-Carbon 
Agriculture Plan, in particular its 
adaptation programme, and for actions 
to be carried out by 2020.

1.2 Introduction

Brazilian agriculture comprises a great 
diversity of production systems that play 
a prominent role in the national economy, 
both through supply of local markets and 
maintenance of rural livelihoods, and 
through contributions toward national 
wealth. The farm sector accounts for 23% 
of Brazil’s Gross Domestic Product (GDP) or 
roughly R$ 1.1 trillion and generates 35% 
of jobs. Some 5 million farms contribute 
to production of food, fibre and energy 
for domestic consumption and to meet 
demand from international markets. Since 
2008, Brazil has been the world’s third 
largest overall exporter of agricultural 
produce and the leading exporter of 
various products. Farm-sector exports have 
consistently been the main contributor to 
Brazil´s positive trade balance (BRAZIL, 
2015b) thus underscoring the nation’s 
importance as a supplier of food for the 
world (FAO, 2012).
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Farming, as an economic activity, is 
influenced by environmental factors 
and highly dependent upon weather 
conditions (MOORHEAD, 2009). The 
climate is variability should be considered 
the main risk factor for agriculture. It has 
been estimated that roughly 80% of the 
variability in agricultural yields stems 
from seasonal and inter-annual climate 
variability, whereas the remaining 20% 
is associated with economic, policy, 
infrastructure and social issues (BRAZIL, 
2015; NAKAI et al., 2015) 

Agricultural activities are subject, 
directly and indirectly, to weather 
conditions: temperature, sunlight, 
rainfall, air humidity, wind speed, and 
to the availability of water in the soil. 
Oscillations in such weather variables 
affect the growth, development, yields 
and quality of agricultural crops and 
livestock, in addition to their effects on 
other components of agro-ecosystems, 
such as insects and other pollinators or 
predators, microorganisms, aquifers, etc. 
(GHINI, et al., 2011; HOFFMANN, 2011).

Aside from direct impacts on crop yields 
and farm animals, changes in climate 
patterns also impact the vectors of 
some diseases and insect pests and of 
pollinators, and may contribute toward 
the spread of weeds that undermine 
production (GHINI, et al., 2011; 
HOFFMANN, 2011). There are studies2 
underway to assess the entry of certain 
diseases not currently present in Brazil, 
but which could pose threats to Brazilian 
agricultural production.

2 Available at: <www.macroprograma1.cnptia.embrapa.br/climapest>

Variability within climate patterns is an 
intrinsic factor in the planning of food 
production. However, climate projections 
for Brazil, considering possible scenarios 
projected in international reviews (IPCC, 
2014) raise concern as to the prospect 
of a rise in average temperatures and of 
reduced rainfall (MARQUES et al., 2013).

Studies show that the frequency of days 
with extreme (high or low) temperatures, 
and a lower day-night temperature 
gradient will have major consequences 
for plant metabolism and animal well-
being, with major impacts on production 
capacity (HOFFMANN, 2011; BRAZIL, 
2015). Moreover, projections point to 
seasonal changes in rainfall distribution, 
with a greater concentration of high-
intensity rains in the short run, replacing 
a more diverse spatial distribution of rains 
during production seasons (HOFFMANN, 
2011). Such phenomena are likely to 
negatively impact production systems 
given that, in Brazil, only 5% of the area 
under cultivation is irrigated (BRASIL, 
2015; NAKAI et al., 2015). In other 
words, 95% of the area under cultivation 
is subject to natural rainfall variations, 
both in terms of quantity and of seasonal 
distribution. Such changes in rainfall 
patterns are likely to exacerbate negative 
impacts, either by increased potential 
runoff erosion, or reduced rainfall during 
critical periods of the production cycle.

Climate change in Brazil poses increased 
agro-climate risks, stemming from 
reduced availability and increases in the 
consumption of water for agricultural 
crops (owing to higher temperatures). 
Some studies point towards a decline 
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in areas of low climate risk for all crops 
(BRAZIL, 2015). It has been estimated that 
such a decline may vary from 3% to 40%, 
depending upon the crop and climate 
scenario considered. Such a decline in 
average water availability will lead, among 
other impacts, to lower yields.

The economic impacts of reduced 
agricultural production capacity are of 
grave concern. Estimated losses for the 
Brazilian farm sector caused by higher 
temperatures may amount to as much 
as R$ 7.4 billion by 2020, and these 
could leap to R$ 14 billion by 2070, thus 
deeply altering the geography of Brazilian 
agricultural production (DECONTO, 
2008; ASSAD et al., 2013). In view of the 
importance of the farm sector for the 
national economy, the social impacts of 
such losses. Family farming, an important 
segment of domestic food production, 
plays a major role in generating income 
and quality of life for thousands of 
rural families. According to the latest 
agricultural census (IBGE, 2006) family 
agriculture accounts for 48% of national 
gross production value. This highly 
diversified segment has been identified 
as being particularly vulnerable to climate 
change.

The inability to produce on the part of 
certain agricultural systems may have 
negative impacts on local and regional 
lifestyles and economies; compromise 
food and nutritional security; generate 
social insecurity; and lead to other 
problems. Losses of agricultural 
production capacity are also likely to 
cause higher prices for some products, 
especially basic foodstuffs, such as rice, 

beans, meat and by-products (DECONTO, 
2008; ASSAD et al., 2013). If, on the one 
hand, the decline in agricultural yields 
can be offset by a fall in agricultural 
production costs, it is nonetheless 
likely to have a negative impact on 
the population’s capacity to consume 
such basic products, not to mention on 
the general behaviour of the Brazilian 
economy, including higher inflation rates 
(HOFFMANN, 2011; BEDDINGTON et 
al., 2012; IGNACIUK & MASON-D’ CROZ, 
2014; MARQUES et al., 2013).

Changing climate patterns may have an 
accentuated negative impact on future 
potential agricultural production, when 
compared with current production 
conditions. There is a growing concern 
as to the nation’s capacity to supply 
food to meet burgeoning domestic 
demand and that of international 
markets (MOORHEAD, 2009; FORESIGHT, 
2011; HOFFMANN, 2011). Historically, 
agriculture has demonstrated an 
intrinsic capacity to adapt (MOORHEAD, 
2009). Development and adoption of 
technological innovations in Brazil has 
kept pace with socio-environmental 
change. Substantial investment in 
agricultural research has enabled Brazil 
to assume a position of prominence 
in worldwide food production. Such 
research and technological-innovation 
capacities must now respond to the 
challenge of developing alternatives that 
will enable agro-ecosystems to adapt to 
new climatic conditions (MOORHEAD, 
2009; BEILIN, SYSAK & HILL, 2012).

Notwithstanding the flexibility of 
agricultural systems and the supply of 
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technological information, there remains 
the challenge of facilitating access to 
information and adoption of currently-
available technologies, processes and 
systems, in forms that enable attainment 
and maintenance of expected outcomes 
(MOORHEAD, 2009). There is a need 
to strengthen public policies that offer 
the productive sector instruments that 
enable adjustment of production systems, 
making it possible for them to maintain 
production capacity and adjust to climate-
change patterns (MOORHEAD, 2009; 
BEDDINGTON et al., 2012; BEILIN, SYSAK 
& HILL, 2012; IGNACIUK & MASON-D’ 
CROZ, 2014; MARQUES et al., 2013). 
Such instruments need to focus not 
only on motivating farmers but, above 
all, on fostering a secure environment 
capable of accommodating the necessary 
adjustments and enabling maintenance 
of sustainable and resilient agricultural 
production systems.

To promote national development, food 
security, adaptation to and attenuation of 
climate change while, at the same time, 
seeking to attain their commercial goals 
in coming decades, Brazilian farmers 
will need significantly to increase yields 
in areas devoted to food-production 
and livestock systems. Concurrently, the 
farm sector has responsibilities toward 
reducing its greenhouse-gas emissions 
and deforestation pressures, while 
restoring millions of hectares of degraded 
pasture land and protecting areas under 
environmental preservation.

1.3 Institutional and legal 
framework

A variety of regulatory policies and 
instruments apply to the management of 
climate variability and its effects on the 
farm sector. Moreover, intense research 
is underway with the aim of providing 
alternative technologies, processes and 
technical arrangements targeted toward 
environmental adaptation and sustainability.

Among the highlights is the Low-Carbon 
Agriculture (ABC) Plan3, one of the sectoral 
plans that comprise the National Plan 
for Climate Change (PNMC). Launched in 
2011, the ABC Plan features instruments, 
such as an exclusive line of credit for 
fostering activities targeted at increasing 
the area under sustainable agricultural 
production and thereby enabling a 
reduction of greenhouse-gas emissions 
by the agriculture sector. In addition to its 
commitment toward reducing greenhouse-
gas emissions (GHGs) the Plan aims to 
encourage, motivate and support the 
farm sector in deploying actions to foster 
adaptation, where necessary, by mapping 
sensitive areas, increasing the resilience 
of the agro-ecosystems, development and 
transfer of technologies (especially those 
with proven potential for reducing GHGs) 
and adaptation to the impacts of climate 
change. 

In addition to the ABC Plan, there are a 
number of public policies and instruments 
that currently address climatic 
uncertainties and their influence on the 
farm sector, many of which are already 
contributing toward its adaptive capacity. 
3 Available at: <www.agricultura.gov.br>.
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These instruments need to be reviewed in 
the light of the most recent information 
on climate change, through discussion 
of their timeliness and relevance, in line 
with the contextualization of specific 
goals. Below are some highlights:

Agricultural Climate-Risk Zoning - an 
agricultural-policy and risk-management 
instrument, whereby studies that seek 
to mitigate climate risks are periodically 
updated. Information thus made available 
enables targeting of decisions as to 
the most suitable strains for planting 
in each region and the best time for 
planting, taking into account prevailing 
soil conditions in each region and the 
capacity for crop cycling. Zoning is based 
upon quantification of climate risks that 
may cause production losses, thereby 
assigning low and high-risk areas and 
their respective sowing calendars. Such 
information is made available for each 
crop year, by municipality and by crop. 
Adaptation of the agricultural calendar to 
climatic conditions enables a lowering of 
loss risks in the field. As of the 2015/2016 
harvest, it will be possible to access the 
Agricultural Zoning System for Agro-
climatic Risk4 (SISZARC) to obtain updated 
agricultural zoning5 information.

The Agricultural Activity Guarantee 
Programme (PROAGRO)6 - instituted by Law 
5969/1973 and implemented by Agricultural 
Law 8171/1991, both brought into effect by 
Decree 175/1991, and Family Agricultural 
4 Available at: <http://www.agricultura.gov.br/servicos-
esistemas/ sistemas/Siszarc)>.

5 Available at: <http://www.agricultura.gov.br/politica-
agricola/zoneamento-agricola>.

6 Available at: <http://www.agricultura.gov.br/politica-
agricola/zoneamento-agricola/proagro>.

Activity Guarantee Programme (PROAGRO-
Mais), instituted by Law 12058/2009, 
are targeted at ensuring financing and 
the payment capacity of farmers, in face 
of commodity-market price oscillations. 
Harvest Guarantees, including a specific 
modality of Agricultural Insurance targeted 
at Family Farming, comprise a productive-
sector strategy that provides guarantees for 
farmers faced with harvest failure caused 
by climate events. For example, it offers 
special terms for family farmers in the 
semiarid Northeast region that historically 
has suffered crop failures owing to drought 
or excessive rainfall. Farmers that lose over 
50% of their harvests are eligible to receive 
financial compensation.

Family Farming Insurance (SEAF)7 
- established within the scope of a 
programme known as PROAGRO-Mais, 
is designed to defray operational costs 
for family farmers and is linked to the 
National Programme to Strengthen Family 
Farming (PRONAF). SEAF was launched 
by the Federal Government to provide 
greater tranquillity for farmers in tending 
to their crops, in response to demands for 
insurance offering income guarantees. SEAF 
has undergone modifications targeted at 
attending to real needs of family farmers 
with regard to production security, 
encompassing sustainable production 
systems, such as agro-ecology, organic 
crops, agro-forestry systems, among others.

The Insurance Premium Subsidy Program 
(PSR)8 - aims to facilitate access to Rural 
Insurance, as does the Catastrophe Fund, 
7 Available at: <http://www.mda.gov.br/sitemda/secretaria/
safseaf/sobre-o-programa>.

8 Available at: <http://www.agricultura.gov.br/politica-
agricola/seguro-rural>.
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launched on 26th August 2010 by Enabling 
Law (LC) 137, that has not yet been 
brought into effect.

Aside from these initiatives that feature 
specific approaches to climatic issues, 
certain other policies merit consideration 
for their contribution toward fostering 
sustainable rural development. In seeking 
to promote sustainability, various current 
initiatives are targeted at strengthening 
resilience to climate change of 
agricultural production systems of 
different types, by means of conservation 
agriculture through enhancing the natural 
environment (particularly soils, water and 
biodiversity), ecosystem services and best 
practices for farming and conservation. 
The aim of the National Policy for Agro-
ecology and Organic Production and its 
respective Plan (PLANAPO) instituted by 
Decree 7794/2012, is to “coordinate and 
implement programmes and actions that 
foster transition to agro-ecology, organic 
farming and agro-ecological production 
as a contribution toward sustainable 
development, offering the population 
better quality of life through supply 
and consumption of healthy foods and 
sustainable use of natural resources”.

The Law for Protection of Native 
Vegetation (Law 12651/2012) also 
provides policy guidelines for structuring 
sustainable agricultural production 
systems. It sets general rules for protection 
of vegetation and for Areas of Permanent 
Preservation (APPs) and Legal Reserve 
(RL); commercial forestry and provision 
of forestry raw materials, traceability of 
forestry products, control and prevention 
of forest fires, and economic and 

financial instruments are its objectives. 
Foremost among these instruments 
is the Environmental Regularization 
Programme (PRA) established by Decree 
8235/2014, which sets procedures for 
regularization of APPs, RLs and Restricted 
Use (UR) areas, entailing processes 
of recovery, restoration, regeneration 
or compensation. It also orients rural 
landowners and freeholders on how to 
bring their properties into compliance 
with the PRA, beginning with registration 
on the Rural Environmental Register 
(CAR). Other related actions are foreseen 
in the National Policy for Integration of 
Farming Livestock and Forestry (ILPF) (Law 
12805/2013) and the Agricultural Policy 
for Planted Forests (Decree 8375/2014).

The National Water Resources Policy 
(PNRH) and the National Water-Resources 
Management System (SINGREH) (Law 
9433/1997) provide for decentralized 
and participatory multiple-use of 
water by Public Authorities, users and 
communities. They also aim to reduce 
climate risks inherent to agricultural 
activities, especially in regions susceptible 
to low or irregular rainfall distribution. 
Foremost among the management 
instruments provided for in the PNRH 
are Water Resources Plans, licencing of 
rights to use of water resources, and the 
National Water Resources Information 
System (SNIRH). 

The National Irrigation Policy (Law 
12787/2013) aims to encourage 
sustainable expansion of the area under 
irrigation in Brazil, to increase agricultural 
yields and, consequently, improve the 
competitiveness of Brazilian agribusiness 
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while, at the same time, reducing 
pressures to bring new areas under 
cultivation. The law also characterizes the 
building of dams and dykes for irrigation 
as being of public utility. Among the basic 
premises of the policy is integration of 
sectoral policies for water-resources, 
agriculture, environment, electric-
power, environmental sanitation, rural 
credit and insurance and their respective 
plans, with priority for projects that 
promote efficiency and multiple use 
of water resources. This includes the 
National Irrigated Agriculture Information 
System and the National Programme 
to Combat Desertification (PAN-Brasil) 
which identifies areas susceptible to 
desertification and establishes priorities 
for public and private actions. 

In the light of average annual rainfall 
figures for most of Brazil’s regions, 
incentives for water production and 
storage could ensure sufficient water 
supplies for human and livestock 
consumption, electric-power generation 
and for a significant increase in areas 
under irrigation throughout the country. 
Even in situations entailing the building of 
dams, when no other technical solution 
or alternative location is available, 
irrigated agriculture constitutes an 
economic, environmental and socially 
sustainable activity and is thus considered 
to be of public utility and social interest. 
The water crisis that has afflicted Brazil, 
and particularly its Central-West and 
Southeast regions in recent years, has 
been partially attenuated by a network of 
small reservoirs which, though insufficient 

to ensure minimum needs, have made 
it possible for various municipalities 
to reserve quantities for human water 
supply and livestock consumption. This 
includes reservoirs built for private 
irrigation projects which, nonetheless, 
have served as sources of public water-
supply for communities in the direst 
situations. Reservoirs that supply public 
irrigation projects in the Northeast region 
often provide water supply for human and 
animal consumption in situations of water 
scarcity. Upon coming into effect, the 
Law for Protection of Native Vegetation 
ushers in a massive process of restoration 
of APPs and reforestation of riverbanks, 
with the aim of preventing silting of water 
bodies and improving drainage in river 
basins. A review of the legislation covering 
construction of small and medium-size 
dams and measures to cut through the 
bureaucracy for obtaining water-storage, 
water production, and water use rights 
is needed. In view of the importance of 
these measures, a partnership among 
farmers and federal, state and municipal 
authorities is needed to promote actions 
designed to induce water production in 
rural areas, by means of a sustainable 
policy for water management, production 
and storage. 

The Agricultural Decision-Making Support 
System (Sisdagro9 /INMET); the Simulation 
of Future Agricultural Scenarios 
(SCenAgri/EMBRAPA); and the Brazilian 
Agriculture Observation and Monitoring 

9 Available at: <http://sisdagro.inmet.gov.br:8080/sisdagro/
app/index>.
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System (SOMABRASIL10 /EMBRAPA) 
are the main information and planning 
instruments used for these purposes and 
all take into account growing sensitivity 
to climate uncertainty, while seeking 
to furnish information to enable better 
decision making on the part of farmers 
and public-policy managers.

1.4 Qualitative vulnerability 
analysis 

Agricultural systems, in view of their total 
dependence upon climate, are constantly 
developing strategies to meet challenges and 
minimize the impacts of climate variability. 
There are, consequently, a number of 
instruments available for assessment of 
the sensitivity of production systems to 
the vicissitudes of climate variation. Such 
instruments have been recalibrated to 
assess new potential scenarios and to orient 
research, policies and other instruments 
for fostering the sustainability and 
competitiveness of the farm sector.

The Agricultural Zoning Model for Climatic 
Risk and Vulnerability is a Brazilian public-
policy instrument, launched in 1996, 
whereby each Brazilian municipality is 
assessed according to the probability 
of its achieving no less than 80% of an 
economically viable harvest. 

Another important system is the 
Simulation of Agricultural Scenarios 
(SCenAgri) developed by EMBRAPA, 
which brings together information 
on climate, soils, water and the 

10 Available at: <http://mapas.cnpm.embrapa.br/somabrasil/
webgis.html>

characteristics/needs of crops, based on 
field data collected throughout Brazil. 
The Agricultural Decision-making Support 
System (Sisdagro/INMET) provides farm-
sector users with support for agricultural 
planning and management decision 
making. This system provides users with 
weather information gathered at the 
INMET weather-station network and 
data obtained from numeric weather-
forecast models on such variables as: 
temperature, rainfall, relative humidity, 
wind speed and direction, and sunlight. 
This model is still under development 
and, in its second phase, is expected 
to incorporate climatology-based tools 
to enable functions such as analysis of 
the most favourable dates for planting. 
Another feature that the system will offer 
is predictions as to future development of 
harvests, based upon seasonal weather 
behaviour forecasts. 

Notwithstanding the solidity of these 
systems, each instrument needs to be 
assessed and, if necessary, strengthened 
to operate in a context of climate 
uncertainty (VERMEULEN et al., 2013). 
The number of crops analysed needs to be 
expanded, the impacts assessed in greater 
detail and, above all, evaluations need to 
consider close interdependence among 
productive elements. An evaluation of 
the negative impacts of climate changes 
on these systems is needed, as is also 
identification of the characteristics that 
imbue such systems with resilience.

The entire agricultural system depends 
upon and is exposed to vicissitudes 
of climate and of climate change. All 
elements of the system are susceptible 
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to climate variability and are highly 
sensitive to climate change. It is therefore 
essential that adaptive capacity of the 
sector be reinforced, thereby enabling 
the productive sector to make better 
decisions for structuring production 
systems, making them sufficiently resilient 
to the effects of climate uncertainties. The 
proposed adaptation programme for the 
agricultural sector is focused primarily on 
reinforcing its adaptive capacity, through 
promoting of instruments, technologies 
and processes that enable farmers and 
other stakeholders to proceed with their 
activities with the necessary security.

1.5 Guidelines

The consequences of climate change on 
rainfall distribution, temperature and 
other factors that influence crop cycles 
may result in smaller harvests and lower 
quality products. Aside from causing 
great losses for farmers, these changes 
may jeopardise food security and the 
very presence of farmers on the land. 
Adaptation needs to be a component of 
public policies for facing up to climate 
change, strategies for which entail 
investing in greater agricultural efficiency, 
in promoting diversified systems and 
in the sustainable use of biodiversity, 

land, and water resources, in support of 
a process of transition, reorganization 
of production, guarantees of income 
generation, research (into genetic 
resources and cross-breeding, water 
resources, adaptation of production 
systems, identification of vulnerabilities 
and modelling) among other initiatives.

Thus, the Agriculture Adaptation 
Programme must aim to create a safe 
environment for decision-making on 
the part of farmers and public-policy 
managers, in response to the challenges 
of climate uncertainty, through efficient 
access to information, technologies and 
production methods so as to establish 
sustainable production systems in 
face of possible adverse scenarios for 
Brazilian agriculture over the coming 
decades. This programme, based upon 
the premises presented in this Strategy, 
needs to be assembled in a participatory 
manner, between 2016 and 2017, 
with the involvement of experts and 
representatives of civil society, within 
the context of a review of the ABC Plan 
(BRAZIL, 2012). 

To guide construction and management 
of the Agriculture Adaptation Programme, 
the following guidelines shall be 
considered:

1. The Agriculture Adaptation Programme is to be coordinated by government ministries with the 
appropriate technical sectoral competence, and its implementation shall entail shared responsibility 
with other ministries and institutions related to the sector.
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2. The Agriculture Adaptation Programme is an integral component of actions for responding to the 
challenge of climate change on the part of the farm sector, and is to take the form of coordinated 
and synergistic action for mitigation of concerns about GHGs targeted at jointly increasing 
sustainability of the sector, within the Sectoral Plan currently in place under the PNMC the ABC Plan 

3. Adaptation measures shall attend to the needs of crops in face of the various possible changes 
in climate structure, including rising temperatures and higher thermal gradients, water intensity 
and distribution, etc. The first premise is that the sustainability of agricultural systems (in the 
broadest sense, encompassing agricultural crops, livestock and forestry, as well as various types of 
integrated systems) must be achieved and guaranteed through intensive application of knowledge 
for improvement of processes.

4. It is acknowledged that development of an adaptation strategy needs to be based upon the 
best available information sets and that its effectiveness depends upon how its implementation is 
structured and its continuity over time ensured, through constant review and improvement, with 
structured investments in science and technology.

5. The focus of actions for agriculture are initiatives and instruments that enable and motivate 
farmers to structure and maintain sustainable production systems, on a variety of scales, using 
various types of technology, labour and marketing arrangements. Aside from development of 
suitable technologies, two main actions shall be pursued: establishment of an Agricultural Climate 
Intelligence Centre, and development of the Monitoring and Agricultural Risk and Vulnerability 
Simulation System, based upon currently existing and deployed instruments.

6. Geographic Area of Implementation: National – agriculture is the most basic and central activity 
throughout Brazil, and is susceptible to changes in climate patterns. The Programme must thus 
entail discussion of structural and crosscutting actions at the federal level, while also establishing 
local action strategies.

7. Regional Strategy: specification of regional goals shall be based on mapping of vulnerabilities, 
opportunities and/or investments, and on the social profile of each region, with acknowledged 
priority for actions targeted at family farming. As with deployment of the ABC Plan, the specificities 
of each region and state need to be developed through construction and subsequent review of 
state-level LCA Plans, under the responsibility of State Management Groups, currently active in all 
states and municipalities, for purposes of local implementation and management of the ABC Plan.

8. Assimilation of risk management into sectoral policies: these already address issues relating to 
climate risk, which is considered an intrinsic factor for the agricultural sector. Assessment of such 
policies, in a context of climate change, needs to take place within the context of a more detailed 
discussion of the Agriculture Adaptation Programme, with a view to appraising its relevance, 
possible gaps and antagonisms, and strategies for strengthening its effectiveness.
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A number of challenges must be met 
before these guidelines and the drafting 
and deployment of the Adaptation 
Programme for the Agricultural Sector 
can effectively be brought into effect. 
Some of these challenges stem not from 
issues of programme governance nor do 
they relate to the ministries responsible 
for implementation but, rather, demand 

a deeper understanding of the new 
agricultural production paradigm, 
induced by the threat of climate change 
and not as yet assimilated by the 
institutions concerned. 

It is therefore important that 
consideration and debate should focus on 
selecting the best strategies for meeting 
the following challenges:

a. Prepare technicians and farmers to adopt systems and technologies that contribute toward 
adaptation to climate change;

b. Stimulate compliance of technicians and farmers, by showing the advantages of participating in 
the transition process for diversification of production systems and of adopting technologies which 
enable greater resilience and adoption and use of renewable-energy sources, from an economic, 
social and environmental standpoint;

c. Reduce the risks and minimize the impacts of climate change on agriculture by means of 
the National Plan for Reduction of Risks and Disasters, considering possibilities for contracting 
agricultural insurance and other agricultural-policy instruments;

d. Provide training and enhance skills, in the short and medium-term, with a focus on climate 
change and sustainability in agriculture;

e. Strengthen technical-assistance and rural-extension activities, with a view to preparing the 
productive sector for the effects of climate change, and provide guidance for adoption of adaptation 
measures that, preferably, also target mitigation of GHGs;

f. Strengthen actions for containment, reduction and prevention of desertification and dune 
formation, with a view to minimizing impacts and recovering the productive capacity of afflicted 
areas, by applying principles of soil conservation, sustainable management and use of water;

g. Develop and modify farming technologies so as to enable adaptation, ensuring that they are 
available to farmers;

h. Promote and develop diversified production systems, with a focus on increasing the resilience and 
efficiency of farming systems and the need to adapt to climate changes identified on vulnerability 
maps, with a view to fostering environmental sustainability, including control of GHGs (through 
synergistic adaptation and mitigation actions), income generation, and improved living standards;

i. Create production mosaics, based on integrated crop-livestock-forestry systems, in areas of 
production, forests, native vegetation and ecological corridors, resulting in an increase of regional 
resilience and in the use and conservation of natural resources (biodiversity, water, soil) in 
compliance with current legislation;
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j. Establish and adapt procedures of financial agents to ensure they operate with modalities that 
incorporate adaptation/mitigation actions, including funding of diversified systems, sustainable use 
of biodiversity and of water resources, and sustainable energy generation and rational use;

k. Develop and make available technologies, by means of RD&I programmes that encompass 
integrated management of natural resources (biodiversity, water and soil), genetic resources, 
biological safety, renewable energy, and development of agricultural inputs and pesticides that do 
not degrade the environment, etc.;

l. Ensure access to federal, state and municipal agriculture-related climate information sources.

1.5.1. Development of the Agriculture 
Adaptation Programme

To achieve national development, food 
security, adaptation and attenuation of 
climate change, as well as its commercial 
goals over coming decades, Brazil must 
significantly increase food and grazing-crop 
yields while efficiently managing inputs and 
natural resources. Production increases 
must be achieved through improvements 
in sustainable production methods and 
higher yields while, at the same time, 
reducing deforestation, restoring millions 
of hectares of degraded pastureland and 
adapting to climate change.

Adaptation measures must incorporate 
advances in adoption of new agricultural 
production models and paradigms. 
Possible adaptation approaches include: 
a focus on decentralised production, 
solutions that better address local needs, 
diversification of local sources of food 
supply and greater attention to nutritional 
quality, genetic improvement to develop 
drought-resistant varieties, transition 
to more integrated production systems, 
expansion of access to efficient irrigation 
technologies, and management tools for 
conservation of natural resources.

Application of new agricultural 
management practices can contribute 
toward overcoming problems caused by 
extreme weather, for example, frosts that 
damage coffee plantations, or adoption 
of drought-tolerant varieties of non-
irrigated crops. The development of new 
agricultural technologies, in addition to 
reducing GHGs, can result in higher yields.

Initially, the Agriculture Adaptation 
Programme will concentrate on actions 
already underway to assess their 
impact. The ABC Plan and its Adaptation 
Programme will undergo review during 
the course of the 2016/2017 growing 
season. This review, under coordination 
of the Ministries of Agriculture, Livestock 
and Food Supply (MAPA) and of Agrarian 
Development (MDA) through the National 
Executive Committee of the ABC Plan 
(BRAZIL, 2012) and with extensive public 
participation, will give continuity to the 
procedure used in drafting of the ABC 
Plan, with inclusion of more detailed 
assessments, definition of priorities, 
setting of more specific goals, targets, 
timeframes and distribution of roles.

This review of the Adaptation Programme 
shall take into account recently concluded 
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surveys, weather-projection variables 
relating to agricultural production, and 
available information on vulnerability of 
the sector to projected climate forecasts. 
The starting point for this review and 
new proposal will be the content of the 
current ABC Plan (BRASIL, 2012) that will 
thenceforth incorporate new elements 
and priorities stemming from plenary 
discussions. The aim of these efforts is 
to generate, manage and disseminate 
basic environmental information and 
to facilitate access to the technological 
information necessary for expanding the 
array of alternatives and processes in 
support of farmers. The review is expected 
to last about one year, beginning in 2016, 
involving evaluation of actions in progress 
and subsequent discussion and proposal 
for actions targeted at strengthening new 
lines of action, and is due to be completed 
by early 2017.

The starting point of the work is the ABC 
Plan monitoring system and, in particular, 
the Multi-institutional Platform for 
Monitoring Agricultural Greenhouse-Gas 
Emissions (ABC Platform) established 
through a partnership between EMBRAPA 
and members of Rede Clima. It involves 
public research and teaching institutions 
engaged in the monitoring, reporting 
and verification (MRV) of mitigation and 
adaptation activities, including analysis of 
satellite images, as proposed under the 
ABC Plan (BRAZIL, 2012). 

Actions from different sectors should 
be considered to enable the agricultural 

sector to climate change adaptation. 
Review of the Plan and efforts to 
strengthen its Adaptation Programme 
must focus on priorities to be pursued 
by 2020 under the next phase of the 
ABC Plan, when another evaluation of 
work fronts will be carried out. Structural 
and crosscutting approaches imbue the 
adaptation process with greater impact 
and merit priority, in view of the sensitivity 
of farming to weather conditions.

Two central features of the adaptation 
programme relate to the goals set for 
the farm sector, listed as NAP goals and 
reported in Volume I:

1. Establishment of the Climate 
Intelligence Centre for Agriculture that 
focuses on assessment of climate risk 
in the planning and development of 
Brazilian Agricultural Policies; and

2. Development and implementation of 
the Agricultural Risk and Vulnerability 
Monitoring and Simulation System.

These features have crosscutting effects in 
several areas and enable mapping of needs 
and setting of priorities for a diverse array 
of adaptive measures, thereby adding 
to the effectiveness of the Adaptation 
Programme. Both these features are under 
direct responsibility and governance of 
MAPA and EMBRAPA, respectively. 

The following table shows goals and 
initiatives of the strategy for agriculture, 
as presented in Volume I of this NAP:
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Sectoral and Thematic Strategy: Agriculture

Goal 3.1 Initiatives Responsible

D e v e l o p  a n d 
d e p l o y  a n 
Agricultural Risk 
and Vulnerability 
Monitoring and 
Simulation System.

Organize information collected from climate and agricultural 
observation systems.

EMBRAPA

Enhance methods for modelling and estimation of climate risk.

Enhance the monitoring of impact on major production 
systems.

Develop the Agricultural Risk and Vulnerability Monitoring and 
Simulation System, utilizing and optimizing legacy systems.

Regional Vulnerability Analysis (development of indices, 
medium and long-term vulnerability indicators), climate-risk 
maps (local, regional and national), classification of the regions 
of Brazil in terms of climate risk for the main agricultural 
activities; propose a vulnerability scale; identify priority areas.

Identification of adaptation measures for efficient water use, 
phytosanitary management, integrated with development 
of methods and crops, with a view to increasing agricultural 
resilience in priority areas.

I n d i c a t o r /
Monitoring:

Number and frequency of analyses undertaken.

Number of parameters evaluated.

Agricultural Risk and Vulnerability Monitoring and Simulation System deployed.

Number of systems and models made available.

Percentage of the territory classified by a vulnerability and climate-risk scale.

Impact:

Ensure appropriate and effective investment of resources for adaptation of 
agriculture to climate change.

Collaborate with national food and nutritional security authorities in facing up to 
increased frequency of extreme events, improving readiness, adaptive capacity 
and resilience of farm sector.

Assist with the planning of exports.
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Sectoral and Thematic Strategy: Agriculture

Goal 3.2 Initiatives Responsible

Establish a Centre 
f o r  C l i m a t i c 
Intell igence for 
A g r i c u l t u r e , 
for  appl icat ion 
of climate risk 
analysis in Brazilian 
Agricultural Policy.

Establish an inter-institutional working group involving the key players (INMET, 
EMBRAPA, MAPA, MCTI, MDA, MI, MMA, IPEA, IBGE, INPE, and ANA).

MAPA

Integration of the Agricultural Risk and Vulnerability Monitoring and 
Simulation System with national monitoring and early-warning networks 
(CEMADEN and CENAD).

Draft a work plan: analyse current and potential scope for generation 
of information by existing monitoring networks; define technical 
requirements for the development of platforms and systems to 
guarantee compatibility with existing platforms; assess current demand 
for information; define methodologies, design flows and processes, etc.

Develop support systems for the inputting of secondary data.

Set up a system for spatial and integrated analysis of social, economic, 
environmental and institutional vulnerabilities.

Set up a system for prioritizing vulnerable regions and land-use planning.

Create the Climate Intelligence Centre for Agriculture – Communications 
and Early-Warning Network.

Develop Contingency Plans and provide support for Brazilian Agricultural Policy.

I n d i c a t o r /
Monitoring:

Versions of the Agricultural Risk and Vulnerability Monitoring and Simulation System 
harmonised with other early-warning and monitoring networks.

Climate Intelligence Centre for Agriculture - Communication and Early-Warning Network consolidated.

Number of systems and models made available.

Percentage of the territory classified by the vulnerability and climate-risk scale.

Impact:

Application of climate-risk assessment in planning of actions of Brazilian Agricultural Policy.

Establishment of a secure business environment for decision-making of farmers, government 
and investors.

Improve predictability of agricultural insurance planning.

Ensure appropriate and effective investment of resources for adaptation of agriculture to 
climate change.

Collaborate with national food and nutritional security authorities to face up to increased frequency 
of extreme events, and improve readiness, adaptation capacity and resilience of the farm sector.

Assist in the planning of exports and agricultural commodity negotiations with futures markets.

Support for agricultural zoning policies.



Strategy for Agriculture 25

1.6 Adaptation measures for the 
farm sector

The following Table presents adaptation 
measures proposed in the ABC Plan 
(BRAZIL, 2012) including actions already 
underway and some additional themes. 
There are seven major areas of activity 
that involve information systems targeted 
toward different publics (researchers, 
public-policy managers and the 
productive sector), land-use monitoring 

information, research in various fields, 
financial instruments, mechanisms for 
rural development and public policies 
for strengthening the sector in the 
context of climate change. The measures 
proposed are quite general and should 
be discussed, detailed and prioritized and 
responsibilities defined, by region and 
production system, in terms of phasing 
and execution timeframes, during review 
of the Agriculture Adaptation Programme.

Table 1. Adaptation measures proposed for drafting of 
the Adaptation Programme for Agriculture

Intensified acquisition and use of information

Establish basic environmental information systems, based upon currently used technologies and 
new technological options so as to promote resilience and adaptation to the negative impacts of 
climate change. Such systems should entail intensified acquisition and use of information, with 
actions related to networks, systems, platforms and other forms of data and information gathering 
for analysis and the developments proposed in other topics (i.e., biophysical components of 
the agro-ecosystem, water resources, and regional skills, among others). Moreover, systems 
are necessary for providing outcomes in terms of knowledge advancement and scientific and 
technological development for enhancement of production systems, using a broad concept of 
information management and universalization of access to developed or adapted knowledge.

Land use, zoning of risks and identification of vulnerabilities, modelling, simulation and 
design of integrated scenarios

Deployment of the Climate Intelligence Programme for Agriculture should be intensified, in conjunction 
with the National Plan for Reduction of Risks and Disasters, as provided for in the ABC Plan (BRAZIL, 
2012). This Programme incorporates regionally-based climate behaviour studies with development 
of indices, climate-risk maps, and medium and long-term vulnerability indicators referent to different 
local, regional and national-level climate-change scenarios to serve as a basis for early-warning 
systems and contingency plans relating to extreme climatic events and their effects.

Research and thematic areas

Regard the advance of knowledge and scientific and technological development for improvement 
of knowledge-production systems, based upon a broad concept of information management and 
universalization of access to developed or adapted knowledge, as an innovative output in itself. 
Analyses and technical-scientific developments relating to specific themes seek to increase efficiency 
and resilience of production units and systems, with a view, under biotic and abiotic pressures arising 
from climate change, to increasing productivity and ensuring sustainable use of natural resources. 
The following themes are considered priorities for research and technological development projects:
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Water resources and use of water in agriculture: Involve development and/or adaptation of 
technologies for sustainable use and increased efficiency of water use in agricultural production 
systems, especially efficient irrigation systems; increase abstraction, use and storage of water for 
agricultural use and reduce rainwater losses (water reservation bill - PL30/2015); promote soil 
and water conservation technologies in production systems and compliance with restoration and 
conservation standards for APPs and RLs, avoid pollution of water bodies and promote maintenance 
of rainwater in the system.

Combat desertification: By means of mapping of sensitive areas and technologies for addressing 
on-going desertification processes, and strategies for preventing new ones, with established goals 
and verification by competent agencies;

Pest and disease management: Develop prospective studies on risks of occurrence of pests 
and diseases as a consequence of climate change, including new management techniques and 
incorporation of new pest and disease emergence projections, through the Pest Risks Analysis (ARP) 
system, alongside aspects of animal health and well-being, biological-control strategies, and other 
approaches with little or no environmental impact.

Genetic resources and improvement: To provide diversity and production alternatives for farmers, 
a greater variety of species, crops and breeds must be identified, researched and adapted to new 
climate circumstances and threats. Possible actions involve: strengthening of collection programmes, 
conservation and sustainable use of genetic resources and plant and animal enhancement, with 
emphasis on adaptation to the biotic and abiotic factors prevalent in forecast warming and water-
shortage scenarios; structuring of the national network of phenotype platforms to streamline 
genetic research, with a focus on adaptation to address various crops, the geography of Brazilian 
agricultural species and forests, and establish a long-term network of experiments to identify and 
quantify the combined abiotic stresses (heat and drought) effects of higher CO2 concentrations 
and possible interactions with native plant species, in representative areas of the various Brazilian 
biomes, among others. Such actions must encompass not only activities conducted by research 
institutions, but also field work and grass-roots initiatives.

Adaptation of production systems for economic, social and environmental sustainability: Evaluate 
the efficiency, resilience and adaptive capacity of current systems and, consequently, promote their 
economic, social and environmental sustainability; conduct (attributional and consequential) life-
cycle analyses of the main Brazilian agricultural products; evaluate inclusion of production systems 
in the global production environment from a systemic and agroindustry perspective, taking into 
account items such as diversification and use of native and natural materials directly related to risk 
and insurance management, supply chains and warehousing systems, including assessment and 
prevention of losses and logistics, among others.
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Financial instruments: Two major working approaches should be developed, as provided for in 
the ABC Plan (BRAZIL, 2012). Initially, coordinate with financial agents to attend to the financial 
demands of the different Brazilian regions and their priorities, in accordance with the mapping/
identification of vulnerabilities. Another important approach is improvement and expansion of 
rural insurance coverage and of other instruments for prevention and compensation of agricultural 
climate losses in support of adaptation actions, through integrated and synergic approaches for 
reducing sectoral greenhouse-gas emissions.

Rural development (technology transfer and technical assistance): An important working 
approach entails formulation and structuring of models or new rural-development elements that 
include innovation and transfer of new technological options that promote resilience, adaptation 
and sustainability in face of the deleterious effects of climate change. This approach is based 
on strengthening of technology transfers derived from the outcomes of actions proposed in the 
previous topics, among others. More significant than technology is the scope of this approach, 
i.e., the tools and information technology transfers that provide means of access to developed and 
adapted technologies. To this end, the development of user-friendly information systems shoulod 
be pursued, along with strengthening and restructuring of the Rural Technical Support (ATER) 
system and training of its technical staff.

Public policies and normative instruments: Adaptation measures should also include development 
of public policies targeted toward fostering a secure environment, in favour of sustainable 
development of the Brazilian farm sector, promoting efficiency and environmental, social and 
economic sustainability of national farm production. These are essential for ensuring food security in 
face of new challenges imposed by climate change. Current public policies need to be strengthened 
and, whenever possible, integrated. Discussions on regulation frameworks for payment to the 
farm sector for environmental services need to be pursued, so that appropriate instruments can 
be deployed. Among the trends provided for in the ABC Plan (BRAZIL, 2012) is a review of rural 
insurance, in view of potentially negative impacts of projected climate changes. There is also a 
need to inform the general public, through awareness-building campaigns, of the contributions 
of agriculture to adaptation to and mitigating of climate change, and of efforts and outcomes of 
the adaptation plan, as a means of broadening its acceptance, and also campaigns for promoting 
consumer awareness. 
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1.7 Interdependence with other 
sectors

Maintenance of the productive capacity 
of Brazil’s farm sector directly impacts 
its capacity to ensure food security 
for Brazilian society. Warehousing and 
distribution policies are conditioned by 
the sector’s productive capacity which, 
in turn, is impacted by the choices and 
behaviour of consumers (mostly losses). 
Access to food of sufficient quality or 
quantity is directly related to sanitary 
aspects of agricultural systems that 
have a direct impact on social resilience, 
and are an essential requisite for public 
health. The contribution of agricultural 
systems to health also takes the form 
of environmental services provided by 
farms.

The establishment of sustainable 
production systems contributes to the 
maintenance of biodiversity. Enactment 
of the Forestry Code (Codigo Florestal) 
marked a highpoint in efforts of the 
productive sector to ensure conservation, 
especially through establishment of Legal 
Reserve (RL) and Permanent Protection 
Areas (APPs) that are certain to have a 
positive impact on maintenance of natural 
resources, especially water availability. 

Moreover, related legislation is likely to 
stimulate the adaptive capacities of the 
sector. Also of importance are regulations 
and standards that govern access to 
genetic resources and research into new 
cultivars, breeds and productive varieties. 
Access to the outcomes of such research 
is of special importance in order to ensure 
new areas for agricultural development, 
necessary for maintenance of productive 
capacity.

The farm sector is highly dependent upon 
water availability in various stages of the 
production cycle. It is reliant upon water-
resources regulations, abstraction quotas, 
and licences for storage and sustainable 
use  - including the reuse.

Transport logistics and infrastructure, 
including the quality of highways and 
other transport modes, strongly impact 
farm-sector decision-making, as they 
affect access to inputs, the cost of moving 
harvests to markets, the final quality 
of products and the prices offered to 
consumers.

Adaptation of the agricultural sector 
is heavily impacted by and has strong 
impacts upon other related sectors, 
including industry, energy, among others.
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2
Strategy for Biodiversity 
and Ecosystems

2.1 Foreword

The Secretariat for Biodiversity and 
Forests (SBF) and the Secretariat for 
Climate Change and Environmental 
Quality (SMCQ) of the Ministry of 
Environment coordinated the drafting of 
the biodiversity strategy of the National 
Adaptation Plan and are the focal 
points for coordination of actions under 
this sectoral strategy. Specialists and 
researchers of the Bio-climate Network 
(Rede Bioclima) also collaborated and 
provided support during drafting and 
review of this Strategy.

The objectives of the strategy for 
biodiversity and ecosystems are: to 
analyse the impacts of climate change 
on biodiversity in Brazil and assess 
potential adaptation measures for 
reducing vulnerabilities; to assess the 
role of biodiversity and ecosystems in 
reducing socio-economic vulnerabilities 
through provision of ecosystem services.

Actions and public policies for 
management of biodiversity are 
undertaken by various component bodies 
of the National Environment System 
(SISNAMA), mostly at the federal and 
state levels. At the federal level, these are: 
the Ministry of Environment (MMA), the 
Secretariat for Biodiversity and Forests 
(SBF), the Department for Combating 
Deforestation (DPCD), the Secretariat for 
Sustainable Rural Development (SEDR), 

the Brazilian Institute for Environment and 
Renewable Natural Resources (IBAMA), 
the Chico Mendes Institute for Biodiversity 
Conservation (ICMBIO), the Brazilian 
Forestry Service (SFB), and the Botanical 
Gardens of Rio de Janeiro (JBRJ).

Other institutions, such as the Ministry 
of Fisheries and Aquaculture (MPA) and 
the Ministry of Agriculture Livestock and 
Food Supply (MAPA) also participate in 
these activities. State-level environmental 
bodies also play an important role in 
promoting and overseeing activities for 
conservation of biodiversity.

2.2 Introduction

The Convention on Biological Diversity 
(CDB) states that “biological diversity 
means the variability among living 
organisms from all sources including, 
inter alia, terrestrial, marine and other 
aquatic ecosystems and the ecological 
complexes of which they are part; this 
includes diversity within species, between 
species, and of ecosystems” (CDB, Art. 2, 
BRAZIL/MMA 1992, p. 9).

Climate is a determining factor for the 
distribution of living organisms on the 
Planet. Since the early 20th century, 
studies have assessed the influence of 
weather variations and climatic variability 
on species (PARMESAN, 2006). More 
recently, recording of the impacts of 
climate change associated to global 
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warming has become more frequent and 
extensive (HUGHES, 2000, MCCARTY, 
2001, WALTHER et al., 2002 and WALTHER 
et al., 2005 apud VALLEY et al., 2009). 
Most of the records, however, have 
concentrated on North America, Europe 
and Japan, and there are large gaps for 
South America (PARMESAN, 2006; VALE 
et al., 2009). In Brazil, the first papers 
on future impacts of climate-change 
scenarios on biodiversity were published 
in 2007, and focused on climate models 
and their effects on biodiversity 
(MARENGO, 2007; MARINI et al., 2010; 
MARINI et al., 2010b; MARINI et al., 
2009a, VIEIRA et al., 2012) “publisher”: 
MMA, “publisher-place:” Brasília-DF)”.

Such studies are no substitute for 
observational approaches, which are as 
yet incipient and few, and causal links 
between decline of a species and climate 
change are hard to prove scientifically 
(PBMC, 2013). This is because it is 
difficult, scientifically, to prove that 
weather variations that may already be 
impacting species are caused by climate 
change, notwithstanding the consensus 
that climate change is already happening 
and may reach critical levels in coming 
decades (IPCC, 2014). The expected 
effects of climate change, such as changes 
in the behaviour of climate variables, 
compound a series of threats that already 
affect conservation of biodiversity and 
ecosystems in Brazil.

2.3 Analysis of the vulnerability of 
biodiversity to climate change

2.3.1. Exposure, sensitivity and 
potential impacts on biodiversity and 
ecosystems

This topic examines the vulnerability of 
biodiversity on three levels, as defined in 
the CDB:

a. Ecosystems (terrestrial and aquatic)

b. Species/populations

c. Genetic diversity within species/ 
populations

The approach to vulnerability discussed 
in this Chapter is in line with the 
methodology of the 3rd and 4th IPCC 
Assessment Reports (IPCC AR3, 2001 and 
AR4, 2007). AR3 (IPCC, 2001) presents 
vulnerability resulting from factors of 
exposure, sensitivity and adaptation 
capacity of natural and human systems.

2.3.2. Terrestrial Ecosystems

Ecosystems are represented by vegetation 
types or phyto-physiognomies, organized 
as biomes. The Brazilian Institute of 
Geography and Statistics (IBGE) classifies 
Brazilian biodiversity into six biomes 
(Amazon, Caatinga, Cerrado, Mata-
Atlântica, Pantanal, Pampa), which 
encompassing general vegetation types 
distributed in characteristic landscapes.
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The most important climatic parameter 
that influences vegetation types is the 
number of dry or cold months, affecting 
vegetation subclasses; and also average 
temperatures that interferes in altitudinal 
assemblages (submontane, montane 
and upper montane). Each vegetation 
type has a different sensitivity to 
climate change,  since some are more 
dependent on moisture than others 
(ombrophilous). Changes in climate-
pattern parameters (strong variations in 
quantities and concentration of rainfall, or 
in the duration of dry periods or extreme 

events) may, to some degree, impact 
phyto-physiognomies.

The study of the Brazilian Climate Change 
Panel (PBMC, 2013) foresees an incremental 
increase in average temperatures 
throughout Brazil, but of varied intensity, 
mainly affecting the Amazon, Caatinga, 
Cerrado, Pantanal and northern Mata-
Atlântica biomes. It also foresees lower 
average rainfall in the Amazon, Caatinga, 
Cerrado, Pantanal and northern Mata-
Atlântica, and higher rainfall in the southern 
Mata-Atlântica and Pampa biomes.

Table 2. Projected temperature and rainfall changes in Brazilian biomes

Biome Rainfall (%) Temperature (°C)

By 2040 2041-
2070

2071-
2100 By 2040 2041-

2070
2071-
2100

Amazon -10
-25 to 

-30
-40 to 

-45
+1 to 
+1,5

+ 3 to 
+3,5

+5 to 
+6

Caatinga
-10 to 

-20
-25 to 

-35
-40 to 

-50
+0,5 to 

+1
+1,5 to 

+2,5
+3,5 to 

+4,5

Cerrado
-10 to 

-20
-20 to 

-35
-35 to 

-45
+1

+3 to 
+3,5

+5 to 
+5,5

Mata-
Atlântica 

(Northeast)
-10

-20 to 
-25

-30 to 
-35

+0,5 to 
+1

+2 to 
+3

+3 to 
+4

Mata-
Atlântica 

(Southeast/
South)

+5 to 
+10

+15 to 
+20

+25 to 
+30

+0,5 to 
+1

+1,5 to 
+2

+2,5 to 
+3

Pampa
+5 to 
+10

+15 to 
+20

+35 to 
+40

+1
+1 to 
+1,5

+2,5 to 
+3

Pantanal
-5 to 
-15

-10 to 
-25

-35 to 
-45

+1
+2,5 to 

+3,5
+3,5 to 

+4,5

Source: Adapted, with data from the PBMC (2013).
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The sensitivity of each of these biomes 
to climate change is different. Future 
scenarios of medium temperature rise 
and rainfall reduction points towards 
points toward greater impacts on 
ombrophilous physiognomies, i.e., those 
most dependent on moisture (Table 2).

Domains of ombrophilous forests 
are mostly located in the Amazon 
and Mata-Atlântica. An increase in 
temperature in these biomes may 
increase evapotranspiration, causing 
and/or exacerbating incremental dry 
conditions that would affect some species 
(BEAUMONT et al., 2011). Extended dry 
periods may increase susceptibility to 
forest fires and consequent mortality 
of plants. Moreover, sensitivity of high 
altitude vegetation assemblages  would 
increase, leading to possible changes 
in the appearance and composition of 
theses phyto-physiognomies. According 
to Beaumont et al.,( 2011), the greatest 
impact of climate change on ecosystems 
relates to primary productivity, i.e., the 
rate at which plants produce biomass 
(BEGON, 2006). Such productivity may 
increase or decrease, depending on the 
new rainfall patterns.

Few studies have been conducted on the 
effects of gradual decline in rainfall and 
of higher temperatures on ecosystems of 
arid and semi-arid climates (e.g. seasonal 
forests and savannahs). However, the 
impact is likely to include loss of resilience 
of original ecosystems, especially for 
climatic niche species. In the Caatinga, 
such impacts may exacerbate currently 
observed desertification, associated 
mainly with higher rates of loss of 

vegetation cover caused by land-use 
changes. In the Cerrado, a reduction of 
forest formations is likely, alongside an 
increase in open formations, with reduced 
size of trees and density of wooded areas.

Aside from the terrestrial ecosystems 
covered by this phyto-physiognomic 
classification, Brazil has large and diverse 
areas of wetland and aquatic ecosystems, 
including freshwater ecosystems (rivers, 
ponds, wetlands and floodplains), coastal 
ecosystems (mangroves, sandbars, 
saltmarshes, sand dunes, estuaries, rocky 
shorelines and lagoons) and marine 
ecosystems (coral reefs), which provide 
various essential ecosystem services, 
while sustaining economic livelihoods and 
guaranteeing human well-being.

Increases in water temperatures cause 
changes in chemical and biological 
processes, such as reduced concentration 
of dissolved oxygen in water, affecting 
the capacity of water bodies to cleanse 
themselves and to sustain aquatic 
communities. Changes in flow levels of 
rivers directly affect the maintenance 
of aquatic ecosystems, since rivers 
depend on minimum flow levels (known 
as ecological flows) for maintenance 
of the biota and the functioning of 
the ecosystem. In smaller rivers and 
streams the effects of lower rainfall on 
flow levels is even greater, making such 
environments even more susceptible 
to climate change, since changes  in the 
frequency and volume of rainfall can 
reduce the flow levels below the required 
minimum. Lower flow levels may affect 
water quality and lead to increased 
pollution and undesirable consequences 
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for aquatic species. Higher nutrient 
levels in water bodies, caused by longer-
duration and higher-intensity rains, lead 
to the growth of algae, which can alter 
aquatic ecosystem, causing death of fish 
and changes in the food chain.

2.3.3. Coastal and marine ecosystems

This section addresses key ecosystems 
in the Brazilian Coastal Zone and Marine 
biomes, considering their associated 
biodiversity and ecosystem services 
provided.

• Mangroves, saltmarshes (apicuns, 
marismas and salgados) and sandbars

• Coral reefs

• Estuaries and Dunes

• Coastal lagoons

The effects of climate change on coastal 
and marine ecosystems occur through 
the rise in sea levels, higher water 
temperatures and consequent expansion 
and acidification of water, and changes in 
salinity, associated with changes in rainfall 
patterns and air temperature. In the 20th 
century, ocean levels rose between 12 
and 22 cm and forecasts indicate that 
they will continue rising (SILVA BEZERRA 
et al., 2014).

Sediment transport and deposition will 
be affected both by higher sea levels and 
by changes in the patterns of storms and 
marine currents, resulting in reduced 
progradation and retraction of coastlines. 
Thus, for the future, in addition to 
rising sea levels, more dynamic coastal 

landscapes are predicted, forcing the 
limits of adaptation capacity for biotic 
communities, destruction of some 
stretches, and formation of new areas for 
colonization by living organisms in others. 
However, if rises in sea levels take place 
very quickly, biological systems may lack 
sufficient resilience to the impacts and 
thus fail to adapt.

Analysis of the impact of climate change 
on coastal ecosystems illustrates the 
importance of maintaining and restoring 
areas for displacement or mobility  of 
such ecosystems. With the  increase in 
average temperatures it is expected that  
mangrove ecosystems migrate  to south 
regions of Brazil, beyond their current 
climatic limits that  nowadays extend 
down to State of Santa Catarina.

The main impact on coral ecosystems is 
the well-documented bleaching of coral 
reefs and loss of symbiodium algae, due 
to higher temperatures and rising sea-
water acidity. Studies have detected 
that, thermal anomalies of as little as 
0.25°C for two weeks on the northern 
coast of Bahia and of 0.50°C in the 
Abrolhos archipelago led to bleaching in 
10% of corals (Leao, et al., 2008; Leao, 
et al., 2008b). A gradual shift in the area 
of occurrence of corals and of certain 
species of fish toward higher latitudes 
has also been documented (PARMESAN, 
2006) whereas species commonly found 
in warmer waters are likely to suffer from 
higher temperatures.

Estuaries and coastal lagoons are of key 
concern, in view of their vulnerability to 
various stress factors and the importance 
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of ecosystem services they provide, 
especially for fisheries and the livelihoods 
of traditional populations. Dunes and 
rock coastlines play an important role 
in reducing the intensity of climate 
events in coastal areas. Coastal lagoon 
environments are highly sensitive to 
climate factors such as salinity and water-
temperature changes. Many lagoons are 
cut off from the sea by only a sandbar 
and the influence of sea changes on these 
environments is highly significant. Rising 
sea levels can result in increased salinity 
in coastal lagoons, caused by percolation 
of seawater, leading to changes in 
environmental conditions that have 
negative effects on the biota.

Changes in rainfall patterns, with 
increased frequency of extreme events, 
may result in alterations of depths of 
coastal lagoons over the year. Such 
ecosystems tend to be shallow, meaning 
that a significant portion of the water 
column may be affected by higher air 
temperatures. This elevation in the air 
temperatures associated with changes in 
depth have consequences on the increase 
of water temperatures. This may lead to 
changes in biogeochemical processes, 
such as decay of organic matter and 
emission of greenhouse gasses that may 
result in changes in microbial metabolism, 
fauna, and ecosystem services.

2.3.4. Species and populations

Species are the second level of biological 
diversity according to the CBD definition. 
Emergence and extinction of species are 

part of the natural dynamics of evolution. 
However, climate change may accelerate 
the rate of extinction, thereby reducing 
the diversity of species.

It is estimated that Brazil’s diversity of 
species accounts for between 10% and 
20% of the Planet’s biological diversity 
(BRAZIL, 2011; BRAZIL, 2006). Climate 
change may have a direct or indirect 
influence on species. Climate conditions, 
such as changes in temperature and 
rainfall may directly hinder their 
development, reduce mobility, hinder 
reproduction rates, increase mortality, 
affect immunity to diseases, etc. 
Some species are sensitive to lower 
temperatures; others to excessive heat or 
drought. The limits of climatic parameters 
within which species best perform define 
their climate niches. The smaller the 
climate niche, the more sensitive the 
species. 

Aside from average climate parameters, 
extreme events, most notably floods 
and extensive droughts that leave 
environments vulnerable to forest fires, 
may cause significant impacts on species 
level. Climate change will also affect 
microhabitats, i.e., where a species lives 
in a very specific ecosystem, for example, 
underground habitats, tree canopies or 
in water (CLOSEL & KOHLSDORF, 2012). 
Some aquatic species inhabit temporary 
ponds that rely on seasonal rainfall for 
their maintenance. An example is the 
group of  annual fish, which many of them  
are already listed on the “National Official 
List of Endangered Fauna Species – Fish 
and Water Invertebrates”.
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Biotic interactions are an important 
factor for analysis, since species form 
biotic communities with relations of 
great interdependence. Most of the 
impacts of climate change on biodiversity, 
according to Parmesan (2006) have been 
observed through the phenology of 
species, i.e., seasonal and inter-annual 
variation in such life-cycle events as 
flowering, fruition, or shedding of leaves, 
or even date of migration or of birth of 
offspring. Such impacts are of particular 
importance, as they affect synchrony 
between a species and its food sources 
(HARRINGTON et al., 1999, VISSER & 
BOTH, 2005, apud PARMESAN, 2006). 

Climate change will affect the distribution 
of species and communities, and alter 
biotic interactions, such as predation, 
competition, dispersal, pollination, and 
mutualism, which, in turn, influences 
the communities in significant and 
unpredictable ways (HARLEY, 2011; 
HILLERISLAMBERS et al., 2013). Such 
effects will be more intense among 
tropical communities and, in view of the 
higher degree of specialization of tropical 
species, consequent rearrangements 
may have serious consequences for 
communities (SHELDON et al., 2011).

Moreover, when the areas of occurrence 
of species change, their displacement to 
new areas may be retarded or accelerated 
by the presence of other species (HARLEY, 
2011; HILLERISLAMBERS et al., 2013). 
It is also possible that a species that is 
not sensitive to climate change may 
be impacted by effects upon another 
species that is. Exposure to such changes 

in relationships among organisms living 
in an ecosystem is not easy to assess and 
entails monitoring over several years.

Species may adapt to climate change by 
means of the following: 1) changing their 
area of occurrence (expansion, retraction 
or displacement); 2) persistence in the 
current area of occurrence with a change of 
microhabitat; and 3) change of phenotype, 
phenology or behaviour (change of food 
source, of flowering period or of shedding 
of leaves, exploitation of more temperate 
microenvironments, altering of daily 
activity schedules, migration periods, etc.).

Fragmentation of landscapes poses 
challenges for the movement of species. 
In a context of climate change, in naturally 
fragmented landscapes, dispersion 
capacity alone may not be sufficient:, 
and efforts must be made to improve 
connectivity among suitable habitats to 
support species’ dispersion occurrance 
(VALE, et al. 2009).

In synthesis, the major impacts 
of climate change on species and 
populations can be summarised as 
follows: changes 1) in phenology; 2) 
in biotic interactions; 3) in extinction 
rates; and 4) in distribution of species.

2.3.5. Genetic diversity

Genetic diversity have been exposed 
to  climate change. Genetics  sensitivity 
depends on how each species is affected, 
given that a drastic reduction in the 
abundance of a species may lead to 
severe genetic problems. Certain genetic 
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features may become less viable in the 
light of climate change, while others may 
become more favoured.

One way of understanding how climate 
change will affect a species’ genotypes 
is to examine its evolutionary past, 
where changes in climate may have 
enabled processes of specialisation and 
diversification, aside from causing extinction 
of many species and reducing their genetic 
diversity. (ALEIXO et al., 2010).

An important aspect of genetic and 
biological diversity relates to diversity 
between domesticated species and their 
wild relatives, which represent a source 
of genetic variability capable of providing 
material for improvement of agricultural 
adaptive capacity. Likewise, associated 
traditional knowledge is constantly being 
confronted by new ecological conditions, 
which may threaten the ability to 
produce results at the local level, even 
jeopardizing survival.

Genetic diversity, in itself, represents an 
adaptive capacity of the biodiversity to 
environmental changes and it is favoured 

by a number of biological mechanisms. To 
prevent loss of genetic diversity, all species 
must retain feasible size populations 
(numbers of which vary from one species 
to another) implying a need to conserve 
favourable territories of a minimum 
size. For example, the area needed to 
ensure survival of a viable population 
of pumas (at least 500 reproductive 
adults) in the long term for pumas is 
31,250 km2; and for jaguars, 21,186 km2 
(OLIVEIRA, 1994 apud BEISIEGEL, 2009). 
Thus, the maintenance of large areas 
under conservation is important for 
maintenance of the diversity of certain 
species, especially large predators and 
rare trees. 

The process of genetic diversity loss 
resulting from climate change does not 
appear to be well documented in Brazil, 
where incipient studies have focused 
on the ecosystem and species levels. 
However, in situations where populations 
of species have been drastically reduced 
by habitat loss, losses of genetic diversity 
have also occurred and in some cases was 
registered.
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2.4 Synthesis of future 
vulnerability of Brazilian 
biodiversity and ecosystems to 
climate change

2.4.1. Non-climatic exposure factors

In addition to impacts associated with 
direct exposure of ecosystems and 
species to change in climate variables, 
the sensitivity of an ecosystem is 
affected by “non-climatic” variables that 
include: conversion of forest cover and 
fragmentation of ecosystems, wildfires, 
gaps in the monitoring of vegetation 
cover, and weaknesses of governance and 
institutional arrengements.

Land-use changes increase fragmentation 
of biomes and threaten the maintenance 
of fauna populations owing to lack of 
contiguous areas to ensure the viability 
of populations. Fragmentation amplifies 
border effects which reduce resilience 
of ecosystems to impacts. Such impacts 
are exacerbated by climate change 
which increases the occurrence of fires, 
reducing climatic niches and altering 
the distribution of species and phyto-
physiognomies.

Fragmentation and pollution of rivers 
and changes in flows, caused by different 
uses of water resources, directly 
impairs aquatic ecosystems and the life 
cycles of species that depend on such 
environments.

Thus, adaptation measures for 
biodiversity must include actions to 
reduce exposure to non-climate factors, 
especially recovery of native vegetation 
and establishment of protected areas, 
measures to promote consideration of  
future climate-change scenarios during 
development and planning of biodiversity-
conservation policies.

Table 3 presents a synthesis of elements 
that increase the vulnerability of terrestrial 
and marineecosystems to climate change. 
Exposition to climate-change considered 
variation in average temperature and 
rainfall patterns, and changes in the 
number of dry months. Factors that affect 
sensitivity included timber harvesting 
landscape fragmentation, wildfires, 
water stress. Sensitivity is regarded as a 
component of vulnerability analysis that 
measures the extent to which a system is 
directly or indirectly affected, positively or 
negatively, by climate change. 
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A summary of potential changes in Brazilian biomes  in response to climate change, 
disregarding factors that affect sensitivity of systems, such as fragmentation, increased 
incidence  of fire, etc, is presented above (PBMC, 2013):

In the Amazon and Mata-Atlântica biomes, given the predominance of Ombrophilous phyto-
physiognomies, a reduction in area is foreseen;

In the Cerrado, which consists predominantly of savanna vegetation, expansion and displacement of 
coverage may occur, with a reduction of forest assemblages. Fragments of seasonal semi-deciduous 
forests will tend to be replaced by savannah;

In Mixed Ombrophilous Forests (Araucaria) an expansion of suitable coverage area is expected;

In the Caatinga (steppe/savannah) an increase in tree mortality is foreseen, with reduction/
displacement of coverage area;

In the Pampas (steppe) there may be an increase of wooded components and expansion of forests;

In mangroves and saltmarshes of the Mata-Atlântica, displacement towards continental areas and 
expansion to the south are foreseen, with an expansion of the area suitable for mangroves and 
retraction of southern tidelands (marismas);

For coral reefs, reductions and displacements of their original areas of occurrence is expected;

For inland aquatic ecosystems, there appears to be a trend toward increased flows in river basins 
of the South and Southeast regions, and of reduced flows in basins of the North and Northeast.

2.5 Conservation of biodiversity 
and relationships with other 
sectors

In general feedback on public awareness 
and perceptions of measures for 
conservation of biodiversity, maintenance 
of ecosystem services, and increasing the 
adaptive capacity of biodiversity and of the 
society to the impacts of climate change 
has been positive.The role of ecosystems 
in climate mitigation and regulation, and 
provision of important ecosystem services 
is fairly well acknowledged (Fundação 
Grupo Boticario, 2014). It is generally 

accepted that ecosystem services provide 
(directly and/or indirectly) benefits 
(MEA 2005) in the following categories: 
provision support, regulation, and cultural 
services. (FIGURE 1)

In recent years, a new approach for 
addressing impacts associated with 
climate change, known as Ecosystem 
based Adaptation (EbA) that relies on 
the use of ecosystem services to reduce 
human vulnerability to climate change, 
has gained ground among managers and 
researchers.
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 SERVICE PROVISION
Food, Water, Fiber,

Wood and Fuels

 

 

SUPPORT SERVICES
Primary production, Cycling of Nutrients, Soil Formation 

REGULATION SERVICES
Climate regulation, Water

purification, Diseases regulation

CULTURAL SERVICES
Aesthetic, Educational,

Spiritual, Recreation

Figure 1. Categories of ecosystem services

Ecosystem based Adaptation (EbA) 
approaches is based on the use of 
management, conservation and recovery 
of ecosystems to enhance ecosystem 
services that enable society to adapt to 
impacts of climate change. 

Benefits of EbA strategies include 
reduction of the vulnerability to gradual 

and extreme events maintenance of 
the ecological integrity of ecosystems, 
carbon sequestration, greater food 
security, sustainable water-resources 
management, and an integrated approach 
to territorial management, all of which 
generate multiple economic, social, 
environmental and cultural benefits for 
society.(Fundação Grupo Boticario, 2015).

Services related to reducing vulnerability to 
climate change generally and may support 
and regulation of ecosystem services and 
may contribute to adaptation in almost 
all sectors and activities.Knowledge gaps 
relating to methodologies tested and 
applied for identification, quantification 
and evaluation of ecosystem services 
remain to be filled. Gaps also includes the 
need of appropriated and tested guidelines 
for development of EbA measures and 
activities

A study entitled Ecosystem-based 
Adaptation, published by Fundação Grupo 
Boticario, identifies opportunities for 
integration of EbA principles into public 
policies and the sectoral and territorial 
actions of public and private institutions 
(FIGURE 2). 

1. A better understanding of EbA 
among policymakers and support for its 
integration into the policy-formulation 
frameworks is needed.

2. Awareness must be stimulated 
between actors from  diverse economic 
sectors of the importance of integrating 
of EbA approaches as cross-cutting 
themes for all policies, actions, plans and 
strategies, especially on those sectors 
more vulnerable to change or dependent 
upon ecosystem services.

3. Development of economic and 
modelling evaluation support tools is 
recommended, to ensure adoption of 
EbA decision-making strategies.



44 Strategy for Biodiversity abd Ecosystems

4. Prioritization must be applied to 
identify adaptation measures that 
generate represents no regret measures 
and provides environmental, economic 
and/or social benefi ts, notwithstanding 
uncertainti es associated with forecasts 
(i.e., no-regrets measures).

5. Finally, from a governmental 
perspecti ve, eff orts should concentrated 

upon strengthening funding opportuniti es 
and current funding sources. Support 
must also be provided for drafting of 
legislati on on economic incenti ves (ICMS 
Ecológico, Environmental compensati on, 
and others) to sti mulate the  inclusion 
of EbA approaches in calls for research 
proposals and funding for science 
investments 

Support
dissemination of
the AbE concept

Foster
assimilation

of EbA 

Support the
integration of the 
AbE with existing
policies and plans

Support economic
or cost-benefit

evaluation

Prioritize
no-regrets
measures

Develop Economic
and Fiscal Incentives

Figure 2. Framework for incorporati on of EbA measures into sectoral adaptati on policies

Table 4 presents a summary of ecosystem 
services related to certain sectors of the 
Plan. Ecosystem services are important 
for long-term sustainability and resilience 
to climate change under this Plan, 

and for such economically important 
sectors as Energy, Agriculture, Industry, 
Infrastructure and Urban Development. 
Other areas affected include Food 
Security, Disaster Relief, and Health.
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2.6 Guideline and actions for 
adaptation

Besides assessment of vulnerabilities 
to climate change, the Biodiversity and 
Ecosystems strategy of this National 
Adaptation Plan also proposes some initial 
actions for reducing such vulnerabilities. 
To this end, guidelines are presented 
and some actions proposed for reducing 
the impact of non-climate threats (no-
regrets measures). Moreover, proposals 
are presented to increase adaptation 
potential of current public policies12, 
through consideration of climate 
change as a crosscutting component in 
all planning and policy decisions (in a 
approach referred to as a climate lens).

12 At the end of the chapter there is a list of the programmes 
and projects mentioned in the text, with the institution in 
charge and a link to more information.

2.6.1. Guideline for incorporation of 
information on climate change into 
planning and implementation of public 
policies for conservation, recovery and 
sustainable use of biodiversity

In practice, this implies integration of 
information on climate change into 
policies and programmes for conservation, 
restoration and sustainable use of 
biodiversity and, when necessary, review 
and updating of current policies and 
programmes. Knowledge is also needed 
for implementation of EbA measures, 
including maping social and economic 
vulnerability within the territory, and 
guidelines for implementation of EbA 
activities.The main goal is to make policies 
effective within a future scenario of climate 
change. Foremost among the actions to be 
achieved by this guideline are:
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1. Produce and disseminate information on the impact of climate change on biodiversity and 
promote its integration in public policies for conservation, recovery and sustainable use of 
biodiversity and for reducing deforestation, so as to reduce vulnerability (e.g. Rural Environmental 
Register (CAR), Creation and Management of Conservation Units, National Biodiversity Goals for 
2020; Priority Areas for Conservation of Biodiversity; Economic Ecological Zoning; Plans of Action for 
endangered species; ex situ Conservation Measures; Plan for Combating Desertification);

2. Implement monitoring of biodiversity for evaluation and in situ monitoring, modelling projections 
of changes in the distribution of species and in local patterns of occurrence in response to climate 
change; support updating of conservation measures;

3. Develop plans of action to combat fires for each biome, and especially for Conservation Units 
(UCs), which are especially sensitive as they contain significant concentrations of biodiversity, 
integrating information about climate change into measures and actions for prevention and control 
of wildfires and burning;

4. Develop studies for assessment of vulnerability of people and of productive sector in support of 
drafting of an EbA strategy, covering local and regional scales;

5. Develop studies for identification of potentially vulnerable areas for implementation of EbA 
measures, focused on extreme events such as floods, landslides, droughts and dry periods;

6. Deepen knowledge on EbA methodologies in support of incorporation of EbA into policies and 
actions for reducing vulnerability among the various sectors covered by this NAP, especially disaster 
relief and prevention;

7. Update lists of endangered species considering information on sensitivity to climate change; 
review ex situ conservation measures so as to include species threatened by climate changes and 
strengthen measures for conservation of species.
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Most of the measures proposed herein are 
for activities and monitoring on landscape 
and ecosystem scales. Foremost 
among the measures for species-level 
conservation are incorporation of 
climate-change information into plans 
of action for endangered species, ex situ 
conservation, and fisheries management.

2.6.2. Guideline for no-regrets 
measures

No-regrets measures for reducing 
the vulnerability of biodiversity to 
climate change are, in part, based 
upon strengthening and expansion of 
current approaches for conservation of 
biodiversity. There follows a list of such 
no-regrets approaches:

1. Strengthen measures for conservation, recovery and sustainable use of biodiversity, aimed 
at increasing connectivity between remnants of ecosystems and consolidation of Conservation 
Units, with a view to promoting integrated landscape-scale forest management and reducing the 
vulnerability of biological resources;

2. Implement deforestation monitoring programmes for all Brazilian biomes, with disclosure of 
data at least once a year, along the lines of the Project for Monitoring the Deforestation in the 
Amazon (PRODES) and the System for Real Time Detection of Deforestation in the Amazon (DETER); 
conclude implementation of the Plan to Combat Deforestation in the Caatinga (PPCaatinga) and 
draft and implement similar plans for other biomes; 

3. Extend Land Use Monitoring Programmes, such as TERRACLASS, to all Brazilian biomes;

4. Strengthen policies and actions for conservation of aquatic ecosystems, providing maintenance 
of connectivity among such environments and suitable flow-level regimes for ecological processes 
of dependent species;

5. Expand coastal and marine Conservation Units, covering the diversity of existing environments 
and conserving their ecosystem services;

6. Strengthen fisheries management for conservation and sustainable use of fish stocks, considering 
the vulnerability of fish species associated with coral, mangrove and estuary environments;

7. Implement monitoring of coastal and marine ecosystems and associated information systems, so 
as to accompany the impacts of climate change on such systems.
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Establishment of new Conservation Units 
must prioritize adaptation to climate 
change in the Caatinga, Cerrado, Pantanal 
and Pampa biomes, and in coastal and 
marine zones, and especially in mangrove 
and coral ecosystems, since fulfilment of 
international and national goals related to 
protected areas in these environments is 
behind schedule.

2.6.3. Guideline for institutional 
arrangements

Challenges of institutional nature are 
among those that need to be addressed 
by the guidelines proposed in this Chapter. 
Efforts must be concentrated on building 
an institutional coordination structure, 
capable of integrating the various actions 
and policies for biodiversity management, 
including reduction of deforestation, 
conservation of biodiversity and recovery 
of native vegetation, and dissemination 
of information on the impacts of climate 
change. It is desirable that the proposed 

institutional arrangements enable a 
central governance structure to integrate 
and monitor implementation of measures 
under this Plan, while respecting the 
attributions and different responsibilities 
of each of the institutions involved. This 
coordination arrangement should be 
supported by integrated information and 
monitoring systems.

2.6.4. Guideline and actions for 
knowledge management

This guideline addresses the need 
for management and production of 
knowledge Definition of its priorities is 
based on identification of knowledge 
gaps by researchers and experts of 
environmental agencies that participate 
in Rede Bioclima. Expected results 
include a review of guidelines for funding 
opportunities for research proposals 
and development of new climate and 
biodiversity knowledge-management 
systems. 

1. Promote creation and deployment of information management systems which integrate 
information on deforestation, land use, recovery of native vegetation and of biodiversity; on 
integrated information platforms, combining the databases of environmental agencies, data from 
research institutions and information on climate change (e.g. Information System on Brazilian 
Biodiversity (SiBBr), the Biodiversity Portal, and others);

2. Raise the numbers of funding opportunities for research proposals and observational studies and 
for analysis of species-level relations between climate and biodiversity;

3. Increase the number of climate parameters modelled under regionalized scenario efforts;

4. Create specific grants of research and funding opportunities for research applied to assessment 
of ecosystem services and for case studies testing oEbA methodologies;
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5. Issue long-term research proposals on climate change and biodiversity, to enable researchers 
to collaborate with monitoring initiatives; undertake efforts perpetuate current and new research 
initiatives for monitoring biodiversity and environmental data;

6. Guide research towards groups of target populations, such as species  of commercial interest (fish 
stocks, lumber and agricultural pests), endangered, invasive and endemic species, and groups that 
perform ecosystem services, such as pollinators and seed dispersers;

7. Promote research for improvement of techniques for recovery of native vegetation in less-studied 
non-forestry ecosystems, with a view to achieving greater efficiency and lower cost;

8. Evaluate biological indicators such as water stress levels in vegetation as an indicator of the 
impact of climate change on biodiversity at the ecosystem level;

9. Increase numbers of research and of reference centres working on recording and collecting 
genetic information on endangered and domesticated species, wild relatives and varieties, landraces 
and species of commercial interest in in situ collections, alive or in gene banks.

2.6.5. Priority Goals and Actions

In Volume 1, several consensual priority 
goals of the NAP were identified for 
various sectors. Such goals orient actions, 
implementation and effectiveness of 
which depends upon the planning 

and institutional capabilities of the 
various sectors. For the biodiversity 
strategy, three contagion and no-regrets 
measures were selected as priorities for 
implemention during the current phase 
of the Plan:

1. Drafting of a strategy to deploy EbA measures in areas at risk of extreme events and other 
impacts of climate change.

2. Development of modelling studies of the impact of climate change on biodiversity for use in 
public policies for conservation, recovery and sustainable use of biodiversity.

3. Implement a monitoring programme in 50 federal conservation units for in situ assessment and 
monitoring of the impacts of current and future climate change on biodiversity.

The goals are directly or indirectly covered 
by no-regrets and contagion measures 
and the knowledge management 

strategies listed earlier in this Chapter. 
The table below presents details of these 
goals.
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Sectoral and Thematic Strategy: Biodiversity and Ecosystems

Goal 3.3 Initiatives Responsible

Preparation of Ecosystem- based 
Adaptation strategy measures in 
areas at risk of extreme events and 
other climate change impacts.

Establish a working group.

MMA

Identify potential areas 
fo r  i m p l e m e n t a t i o n 
of Ecosystem- based 
Adaptation (EbA) measures.

Prepare  a  st rategy 
in  conjunct ion with 
governmental  bodies, 
private sector and civil 
society.

Indicator/Monitoring:

Percentage of the strategy drawn up.

Criteria for implementation of EbA measures in 
high-risk areas defined.

Impact:

Strengthen current government policies for 
recovery and conservation of ecosystems and native 
vegetation. 

Support for reduction of disaster risk.

Support for reduction of vulnerability to climate 
change of the general population.

Foster identification, promotion and conservation of 
ecosystem services.

Foster increased resilience to climate change 
of cities and metropolitan regions, especially to 
impacts of flooding and landslides.
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Sectoral and Thematic Strategy: Biodiversity and Ecosystems

Goal 3.4 Initiatives Responsible

Modelling of the impact of 
climate change on biodiversity 
for use in public policies for 
conservation, recovery and 
sustainable use of biodiversity

Identify the impact of climate 
change on biodiversity.

MMAPromote incorporation of climate 
risk into current policies for 
conservation, restoration and 
sustainable use of biodiversity.

Indicator/Monitoring:

Number of scenarios and maps available in an 
appropriate format as inputs for public policies on 
biodiversity.

Number of public policies for biodiversity management 
that incorporate climate modelling.

Number of staff of governmental and non-
governmental agencies trained.

Impact:

Foster incorporation of information on climate change 
into the policies of sectors involved.

Integrate information on climate change into 
the process of drafting actions for biodiversity 
management, thereby enhancing the effectiveness of 
such instruments.

Increase Brazil´s capacity to face up to the negative 
aspects of climate change, and particularly impacts 
that affect biodiversity and provision of ecosystem 
services, while fostering a climatic standpoint for such 
policies.
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Sectoral and Thematic Strategy: Biodiversity and Ecosystems

Goal 3.5 Initiatives Responsible

Deployment of monitoring in 
50 federal Conservation Units, 
for   evaluation and monitoring of 
the impacts of climate change on 
current and future biodiversity.

Develop and implement an   
programme for monitoring 
biodiversity in terrestrial ecosystems 
in 40 Conservation Units (CUs), 
covering different biomes, and in 
10 CUs located in coastal marine 
ecosystems, with emphasis on 
critical ecosystems such as coral 
reefs and mangroves.

ICMBIO

Indicator/Monitoring:

Number of Conservation Units with monitoring 
implemented and maintained per year.

Number of biodiversity diagnoses in monitored CUs.

Number of reports and trend analyses on relationships 
between biodiversity and climate, including reports on 
specific formations/taxons.

Early-warning system deployed and number of 
warning reports issued since its deployment. 

Impact:

Systematic gathering of information on monitoring of 
endangered species and biodiversity in CUs, as inputs 
for analysis of the relationship between climate and 
biodiversity.

Enable evaluation of the contribution of CUs to 
mitigation of the effects of climate change.

Increased capacity for local response - since 
monitoring is carried out in a participatory manner, at 
a local level, involving numerous institutions, thereby 
enabling adoption of adaptation measures at a local 
level, with rapid responses.

Increased capacity for response on a regional and 
national scale – since the initiative works in articulation 
with several others, such as the Brazilian Forestry 
Service (inventory grid); the Rapeld system; RedeLep, 
and entails a dataflow, storage and distribution system.
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 3 Strategy for Cities

3.1 Introduction

Formulation of public policies for cities 
based on integrated approaches is a 
recent development, in response to 
the challenges of applying coordination 
and synergic approaches to an array of 
sectoral actions and programmes and 
their impacts on the dynamics of use 
and transformation of urban space. The 
Ministry of Cities (MCid), focal point for 
the current Strategy for Cities under the 
National Adaptation Plan, was created 
with the mission of improving the drafting, 
implementation and management of 
public policies targeted at urban territorial 
planning. In practice, MCid aims, through 
its programs and actions, to make cities 
more humane, socially and economically 
just, and environmentally sustainable, by 
means of democratic management and 
integration of public policies for urban 
planning, housing, sanitation, urban 
mobility and accessibility, and traffic 
through coordinated efforts with federal, 
state and municipal bodies and civil-
society organizations. 

Urban development policies are, 
potentially, among the more effective 
means for bringing about adaptation 
to climate change in cities, especially 
by means of systemic approaches that 
address current issues while, at the same 
time, anticipating future problems. Such 
integrated approaches become more 
viable as scientific knowledge advances 

and uncertainties with respect to climate 
change decline.

There is a general consensus that cities 
that offer participative urban planning 
processes which ensure democratic 
management, decent housing, basic 
sanitation (safe drinking-water supply, 
sewerage, street cleaning, solid waste 
management, stormwater management), 
high-quality roadway systems and public 
safety and civil defence, are inherently 
more resilient to most of the impacts 
of climate changes (OLIVEIRA AND 
MOREIRA, 2006).

Nonetheless, urban-planning flaws, such 
as inadequate housing, infrastructure and 
services, especially when exacerbated by 
informal settlement in unsuitable areas, 
contribute toward increased climate-
change risk in urban areas. In many 
Brazilian municipalities, such deficiencies 
are associated with uncoordinated urban 
growth, which undermines the capacity 
of local administrations to cope with 
the impacts of climate events, owing to 
the difficulty of providing suitable and 
affordable urban infrastructure and public 
services to a majority of the population 
(UN-HABITAT, 2009).

Most Brazilian cities already face socio-
environmental problems associated with 
accelerated growth and transformations 
of urban space. Climate change tends to 
exacerbate the effects of existing hazards, 
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such as flooding, landslides, heat waves 
and water shortages.

Historically, issues relating to changes in 
climate patterns and extreme weather 
events have generally been overlooked 
by government at the three levels and, 
consequently, themes such as urban 
development, risk management and 
adaptation to climate change have 
usually been treated separately. In 
recent years, Brazil has advanced in the 
implementation of public policies for 
urban development that combine urban 
planning and risk management within a 
prevention perspective. Recently, it has 
been incorporating considerations on 
climate change.

Among the effects of climate change 
discussed in Volume I of this NAP that 
are of greatest relevance to cities are 
the increase in Earth’s average surface 
temperatures. Depending on the climatic 
scenario considered, these may rise by 
between 2 and 4°C in some regions of 
Brazil by the end of the 21st century. Such 
increases in temperature may modify 
moisture flows and create atmospheric 
conditions that are more susceptible to 
extreme events. There is thus increased 
risk of a rise in the frequency and 
intensity of extreme rainfall events in the 
more urbanized and populated regions 
of Brazil, especially the South, Southeast 
and along the Brazilian coast.

This, combined with other evidence 
from studies on a global scale, indicate 
that climate variability already poses 
a significant challenge and that future 
climate change seems inevitable. This 

makes it imperative to develop strategies 
for adaptation, in view of the issues of 
ethical and social justice these entail.

Although everyone will, in some way be 
affected, the impacts of climate change 
are inordinately heavier for the poor. Some 
precarious communities and settlements, 
because they are concentrated in high-
risk areas with limited access to services 
and resources, are already under 
climatic-variability stress (Marengo, 
2009) and particularly vulnerable to 
extreme events. Under such conditions, 
problems are exacerbated owing to a 
lack of resources that is reflected in lower 
capacity to respond to crises, thereby 
increasing their vulnerability to severe 
weather conditions expected under 
more intense climate-change scenarios. 
Addressing such challenges requires 
inter-institutional and joint collaboration, 
social-policy formulation strategies, and 
effective long-range integrated nation-
wide adaptation programmes. Thus, the 
NAP acquires importance not merely as a 
tool for directing guidelines and actions, 
but also as the nexus for inter-sectoral 
and intergovernmental coordination.

A crucial aspect for implementation 
of national urban development policy 
relates to consonance of the actions 
of federal authorities with those of 
the states and municipalities, other 
Branches of government (legislatures 
and judiciary), and participation 
of civil-society in coordination and 
integration of investments and actions 
for Brazilian cities, targeted at reducing 
social inequality and strengthening 
environmental sustainability.
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This Chapter thus aims: to apply a 
climate lens to the framework of 
public policies for urban planning and 
development and to identify no-regrets 
actions that contribute directly to 
reducing vulnerability to climate change 
and to development of resilient cities. 

This sectoral strategy will examine the 
main characteristics of Brazilian cities, 
as well as current federal-government 
actions and policies targeted at addressing 
the latest climate-change assumptions, 
with a view to setting basic guidelines 
for adaptation to climate change in 
the context of urban development and 
related themes.

3.2 Main vulnerabilities of 
Brazilian cities to climate change 

The vastness of Brazil’s territory 
underscores the great variety of 
geographic, environmental and climatic 
characteristics which, in turn, affect and 
correlate to an array of economic, social 
and urban-development issues among 
Brazilian municipalities. The history 
of Brazil’s development also reflects 
the diversity of its urban settlements, 
especially between micro and macro-
regions of great social and economic 
heterogeneity.

Such heterogeneity has repercussions 
on the resilience of municipalities and 
their ability to adapt to climate change, 
which also relates closely to aspects of 
governance and democratic management 
(OLIVEIRA and MOREIRA, 2006). From an 
urban standpoint, local administrations 
are better able to deal efficiently with 

issues of infrastructure and essential 
public services for public well-being, 
and more capable of regulating and 
exercising control over the local-level 
actions of individuals and companies 
(SATTERTHWAITE et al., 2007).

Prospective impacts from climatic hazards 
also vary throughout Brazil, making the 
analysis of risks even more complex, 
especially when considering current and 
likely future effects of climate change.

As a means for guiding discussion of the 
next items, Table 5 presents a summary 
of the main relevant characteristics of 
Brazilian municipalities for the drafting 
of adaptation guidelines, based upon 
an assessment of current urban risks in 
the context of climate change. An array 
of approaches is required to promote 
adaptation in different Brazilian cities, 
bearing in mind that the risks inherent 
to climate events vary in a number of 
respects, and that specific knowledge 
of major determining factors is needed 
when defining municipal-level adaptation 
measures. However, the broad outline 
of this adaptation strategy will focus 
on a national approach, leaving local-
level planning and decision-making to 
municipal managers and private-sector 
players.

As stated earlier, municipal characteristics 
are of crucial importance when assessing 
how climate change may affect a given 
urban system. Indeed, when defining 
guidelines for adaptation it is relevant 
to note that, according to the 2010 
census (IBGE, 2011) municipalities with 
populations of over 100,000 account for 
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a mere 5%, or 283, of the total of number 
of Brazilian municipalities (5.565) but, 
nevertheless, are home to more than 
half of the Brazilian population (54.7%, or 
104.4 million).

In the light of this concentration, 
investment of public resources in such 
municipalities, which include major 
cities, can enhance expansion of access 
to improvements in urban infrastructure, 
including basic sanitation services and 
housing which, in principle, would greatly 
help reduce risk exposure of the most 
vulnerable groups. This observation 
notwithstanding, the need for public 
investments in medium and small 
municipalities must also be addressed 
in order to overcome infrastructure 
deficiencies, especially when the micro 
and macro-regions in which they are 
located is considered, in view of the duty 
of the State to reduce inter and intra-
regional inequalities.

In the larger cities, social inequality and 
the impetus to maximize property gains 
during recent decades have greatly 
exacerbated exposure of a major portion 
of the population which, lacking resources 
and other alternatives, has been forced 
to settle in high-risk areas. When faced 
with the array of threats posed by 
climate change, the risks of living in such 

improvised urban settlements become 
even worst.

All too often, these same cities also 
have high population densities which, it 
is generally acknowledged, significantly 
increases the potential for damage, 
especially in informal settlements (UN-
HABITAT, 2003; UTZINGER and KEISER, 
2006). As a matter of location, such 
settlements are often exposed to hydro-
meteorological disaster risks, such as 
landslides and flooding (NATHAN, 2008; 
BERTONI, 2006; COLTEN; ZAHRAN et al., 
2008) 

Vulnerability, in such cases is specifically 
related to questions of health, food 
insecurity, insufficient access to 
livelihoods, lack of basic services and poor 
capacity on the part of managers to foster 
progress and initiatives for adaptation in 
an extensive, preventative and inclusive 
manner (IPCC, 2012).

The following table presents a 
categorization of Brazilian cities, based 
on size, and on major components 
of exposure to climate change and 
vulnerability. Though not exhaustive, its 
objective is to illustrate and guide the 
drafting of guidelines for adaptation and 
future studies to complement this still 
incipient knowledge.
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A broad variety of observed urban-
settlement behaviours have a direct 
influence on risks associated with 
climate change. Urban development of 
valley floors and channelling of rivers 
are common features observed in 
Brazilian cities. In medium and large-
size cities, urban expansion has often 
extrapolated the original river floodplains, 
producing neighbourhoods with high 
population densities and few green 
areas. Suppression of vegetation results 
in high temperatures on constructed 
surfaces and, at the same time, greater 
susceptibility to flooding, owing to sealing 
of the soil (PMSP, 1999a; DAEE, 2009). 
In such locations, the risk of disasters 
is exacerbated by inability of the soil to 
absorb water from intense rainfall events, 
resulting in abrupt flooding during which 
roadways become the main exit routes 
for runoff, where floodwaters are liable to 
drag people and even vehicles along with 
them, despite relatively shallow depths 
(DAEE, 2009).

With respect to roadway infrastructure 
and urban drainage, Brazilian urban 
planning was much influenced by 
the concept of river channeling. The 
consequence is that watercourses are 
often enclosed, with a view to shifting 
downstream surplus flows caused by 
sealing of soils. Such watercourses 
end up receiving excess surface flows 
and pollution loads, including those 
arising from shortfalls in other urban 
services, e.g., urban solid wastes 
and poorly channelled wastewater. 
(NASCIMENTO et al., 2006; BAPTISTA 
and NASCIMENTO, 2002). 

On the other hand, data shown in Table 
5 indicates that smaller municipalities are 
most often located in regions with lower 
urbanization rates (North, Northeast 
and the Central-West, in this order) and 
that, consequently, they have different 
characteristics. In such municipalities, 
fewer public resources are available 
and other basic sectoral development 
demands (i.e., health and education) have 
priority. These are among the roughly 
90% of municipalities that account for 
one third of the Brazilian population.

For these municipalities, exposure of the 
population relates to gradually evolving 
climatic processes, such as droughts and 
flooding, that affect more extensive areas. 
In such cases, risk factors do not stem 
from a specific urban planning problem, 
but rather, from land-use, settlement 
and migration processes taking place 
on a regional scale. In these areas, 
socioeconomic vulnerabilities tend to be 
more pronounced and may exacerbate 
already existing problems relating to poor 
sanitation, infrastructure and housing. 
The Special Report on Managing the 
Risks of Extreme Events and Disasters to 
Advance to Climate Change Adaptation 
(SREX) (IPCC, 2012) emphasizes that 
climate change is an additional factor 
which contributes to impacts relating to 
such events, and that local vulnerabilities 
pose the main determinant risk factors.

For smaller municipalities, adaptation 
needs to be promoted primarily as 
a means of reducing vulnerabilities, 
especially those of a socioeconomic 
nature, and providing opportunities for 
sustainable development in its broadest 
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sense. Such an approach can prepare 
these municipalities to advance toward 
a future with better planning and 
layout of urban spaces, and in which 
local resilience to climate threats that 
have historically afflicted them has 
been sufficiently assimilated so as to 
enable them to minimize the impacts of 
climate change.

In terms of growth and recent urban 
expansion, two processes related 
to adaptation are of concern to 
urban planners: fragmentation and 
verticalization. Areas for urban expansion 
in towns with high growth rates, 
especially smaller-size towns in the 
North, Northeast and Central-West, tend 
to suffer increasing fragmentation and 
dispersion. This causes encroachment 
into the countryside and onto productive 
farmland and areas with important 
environmental functions, such as buffer 
zones for protection of water sources, 
hillsides and aquifer-replenishment 
areas. Such pressures may contribute 
toward greater social inequality and 
environmental degradation.

In areas where towns are more 
consolidated, as is the case in many 
medium and large-size cities, increasing 
verticalization takes place in central and 
more affluent regions, while population 
densities rise on the peripheries. This 
leads to loss of socio-environmental 
quality, greater compaction and loss 
of soil permeability and subdivision of 
properties (PBMC, 2014).

In summary, many of the current risks 
present in urban regions will tend to 

be exacerbated in a future scenario of 
climate change. However, impacts can be 
minimized or avoided through adoption 
of no-regrets adaptation measures 
targeted at reducing current risk factors 
and introduction of more robust urban-
planning and development guidelines 
and policies.

3.3 Overview of urban-
development policies and 
potential adaptation actions 

This section presents a summary of the 
main urban planning and development 
actions and instruments in effect or 
foreseen in public policies. The objective is 
to present aspects of government activities 
that contribute toward reducing some of 
the aforementioned vulnerabilities. 

3.3.1. General Aspects

Under Brazil’s federative structure, the 
Union, the states and the municipalities are 
autonomous bodies, with competencies 
defined in the Federal Constitution (CF). 
The Union (or Federal Government) has 
the power to set guidelines for urban 
development, including basic sanitation 
and urban transport (Art. 21, XX). The 
Federal Constitution states that it is the 
competence of the municipalities to 
provide services of local interest. In this 
respect, municipalities are responsible for 
implementation of urban development 
policies, with a view to organizing full 
development of a town’s social functions 
and ensuring the well-being of the 
population (as defined in the caption of 
CF, Art. 182).
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To enable implementation of these 
constitutional provisions, the Cities 
Statute (Law 10257/2001) establishes 
general guidelines for urban policies. One 
such guideline establishes a guarantee of 
the right to sustainable cities, meaning 
the right to housing, environmental 
sanitation, urban infrastructure and 
transport, among other services (Art. 
2, I). These guidelines are convergent 
with basic premises for adaptation in 
urban centres and provide support for 
reducing risks and mitigating many of the 
vulnerabilities related to climate change, 
while contributing toward making cities 
more resilient.

In view of this normative framework, 
intergovernmental cooperation and 
coordination becomes indispensable. This 
is especially the case when the solution 
to large and complex urban issues 
depends upon shared management and 
administrative cooperation measures, 
as is the case of management of river 
basins, conurbations and sprawling 
metropolitan regions. The Metropolis 
Statute (Law 13089/2015) sets guidelines 
for planning, management and execution 
of public functions of common interest in 
metropolitan regions and conurbations 
within states and establishes general 
standards for integrated urban-
development planning and other 
instruments for shared governance, 
defining criteria for federal-government 
support for governance actions in the 
field of urban development.

In consonance with the aforementioned 
constitutional provisions, and to ensure 

alignment of the main current planning 
instruments, integrated urban and 
environmental planning and management 
systems need to be adopted. These 
include: Municipal Master Plans, River 
Basin Plans, Municipal Environment 
Plans, the Local Agenda 21, Integrated 
Shoreline Management Plans, Municipal 
Integrated Solid Waste Management 
Plans, Municipal Basic Sanitation Plans, 
Municipal Disaster Risk Reduction Plans, 
Mobility Plans and Local Social Housing 
Plans. Such integration is of utmost 
importance, since all sectoral plans 
targeted at ensuring and enhancing the 
quality of life in urban contexts, also serve 
as environmental-planning instruments 
of immense importance for reducing the 
vulnerability of municipalities to future 
climate-change impacts and for increasing 
their adaptative capacity.

3.3.2. Federal Government sectoral 
policies for cities as tools for fostering 
adaptative capacity

One of challenges that the Cities Statute 
has posed for government is reversion of 
a widespread characteristic of Brazilian 
cities, also common in many cities 
throughout the world, namely: spatial 
segregation. Affluent neighbourhoods 
that have leisure areas and modern urban 
facilities, coexist alongside immense 
outlying neighbourhoods and slums, 
marred by precariousness or total lack 
of infrastructure, irregular land tenure, 
flooding and landslide risks, shoddy 
building standards and degradation of 
areas of environmental interest. 
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Creation of the Ministry of Cities, in 2003, 
signalled the Brazilian Government’s 
commitment to transforming this 
scenario. This Ministry received the 
mission of supporting states and 
municipalities in the formulation of a 
new urban-development model that 
contemplates housing, sanitation, 
mobility, accessibility and urban renewal 
programmes.

Throughout Brazil, the Ministry of Cities 
concentrates efforts on four major areas 
that contribute directly to reducing 
current vulnerabilities and, more 
indirectly, toward mitigation of future 
climate-change threats.

The first of these areas is urban planning 
and implementation of the Cities 
Statute, by means of dissemination 
of methodologies and support for 
public participation in the drafting and 
implementation of Municipal Master 
Plans, through promotion of the National 
Campaign for Participatory Master Plans. 
A Municipal Master Plan (PD) instituted 
by a municipal law, is the main municipal 
planning instrument for urban expansion 
and development throughout the territory 
of the municipality (Cities Statute, Law 
10257/2001), All municipalities with 
populations greater than 50,000 must 
have a Municipal Master Plan.

The second area of intervention of MCid 
is social housing. To tackle housing 
issues, Brazil currently has three 
instruments that contribute toward 
reducing vulnerability to climate change: 
1) actions for urbanization of precarious 
settlements, as a strategy for redeeming 

social liabilities relating to an accumulated 
housing deficit; 2) large-scale production 
of social housing, as a strategy for settling 
the housing deficit and assuaging future 
demand for housing; 3) regularization of 
land-tenure issues in the social interest.

The Programme for Urbanization of 
Precarious Settlements seeks to provide 
improved housing conditions for people 
living in high-risk areas. Actions under 
this programme are covered by the 
Growth Acceleration Programme (PAC) to 
which the states, the Federal District and 
municipalities may submit proposals for 
addressing urban-planning, housing, land-
tenure, social and environmental issues. 
Projects for urbanization of precarious 
settlements must provide solutions for 
all diagnosed needs in the area, and 
especially those relating to mitigation 
of risks and adoption of measures for 
reducing population densities through 
reordering of settlement patterns. 
Projects submitted must encompass 
deployment of basic infrastructure, 
containment and stabilization of 
hillsides for elimination or mitigation 
of landslide risks, recovery of degraded 
areas, construction of public facilities, 
improved roadway systems, and control 
of subdivisions, with a view to enabling 
access to public utility and emergency 
services, land-tenure regularization and 
social-welfare services.

Moreover Minha Casa Minha Vida 
(PMCMV) a programme that promotes 
home ownership for low-income families, 
distributes deeds to decent housing, 
served by basic infrastructure and services 
in urban and rural areas of Brazilian 
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municipalities. Through integration 
among sectoral policies and coordination 
with other urban-planning and economic-
development instruments, the PMCMV is 
an important instrument for refurbishing 
degraded, environmentally-fragile and 
headwater areas, through promotion of 
settlement of empty urban spaces and 
better planned urban expansion. The 
programme prioritizes families living in 
high-risk or unhealthy areas, or that have 
been left homeless owing to states of 
emergency or public disaster. 

The third area of intervention, whereby 
MCid contributes toward reducing 
vulnerability to climate change is 
environmental sanitation. The main 
elements of the National Basic Sanitation 
Plan (PLANSAB) approved in December 
2013, are universal provision of safe 
drinking water, and access to wastewater 
collection and treatment. According 
to data from the National Sanitation 
Information System (2013) the greatest 
deficiencies in sanitation relate to 
sewage collection, since only 56.3% of 
Brazil’s urban population is connected to 
wastewater networks.

In order to promote full access to basic 
sanitation services (i.e., safe drinking-
water supply, collection and treatment of 
wastewater, storm drains, street cleaning 
and urban solid-waste management) 
and to achieve universalization goals, 
initiatives have focused on structural 
measures (principally strengthening of 
management and planning capacities) and 
support for local interventions of states 
and municipalities. Such interventions 
include sustainable urban drainage 

works and projects targeted at reducing 
flood risks, improvement of wastewater 
infrastructure and of environmental safety 
in municipalities; deployment of water-
supply and wastewater systems in urban 
areas, and support for street cleaning and 
urban solid waste management.

MCid’s participation in sanitation-sector 
activities is targeted at municipalities with 
populations of over 50,000 and those 
that comprise Metropolitan Regions and 
Integrated Development Regions. In smaller 
municipalities and rural areas, sanitation 
activates are carried out under the auspices 
of the Ministry of Health, through the 
National Health Foundation (FUNASA).

Urban development actions often 
intersect with risk-management and 
disaster-response activities. These are 
addressed by the National Plan for Risk 
Management and Responses to Natural 
Disasters, launched by the Presidency 
of the Republic on 8th August 2012. 
(For further details, see the Strategy 
on Disaster Risk Management). Within 
the framework of this Plan, MCid 
conducts initiatives for risk mitigation, 
through support for structural works 
for containment of hillsides, urban 
drainage and flood control, and 
measures for mitigating the effects of 
prolonged drought in semi-arid regions 
through construction of infrastructure 
for collection, distribution and storage 
of drinking water. Such initiatives and 
interventions, whenever possible, 
should focus on reinforcing capacities 
for adaptation to climate change, in 
consonance with the principles of 
Ecosystem-based Adaptation (EbA).
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MCid maintains close ties with the 
Geological Survey of Brazil (CPRM) 
which, aside from its main attribution 
of conducting basic geological surveys, 
also promotes knowledge on risk areas 
and conducts zoning exercises for 
municipalities, through preparation of 
geotechnical maps showing areas suitable 
for urban settlement and of vulnerability 
to disasters, in 821 priority municipalities.

For containment of hillsides, MCid engages 
in three types of activities: planning 
(Municipal Risk Reduction Plans (PMRR); 
projects; and engineering works. In view 
of their contribution toward reducing 
urban risks and addressing vulnerabilities 
relating to the lack of infrastructure and 
of adequate urban-planning instruments, 
such actions need to be reinforced and 
expanded in the coming years.

Finally, the fourth area in which the MCid 
intervenes in urban development is urban 
mobility. The National Urban Mobility 
Policy (PNMU) in conjunction with similar 
policies and strategies at state and 
municipal levels, seeks to ensure socially-
inclusive and sustainable democratic 
access to towns and cities, prioritizing 
collective and non-motorized transport. 
From the standpoint of this NAP, however, 
the theme of urban mobility is examined 
in greater detail on the sectoral strategy 
for infrastructure.

3.4 Priority guidelines for 
adaptation

In pursuit of adequate urban development, 
the investment plans of Brazilian 
cities seek to incorporate strategies 
for adaptation to climate change and 
reduction of vulnerabilities. Such planning 
entails careful evaluation of climate risks 
and requires integrated land-use and 
settlement guidelines for installation of 
the necessary infrastructure. Moreover, 
adoption of concepts that reinforce urban 
sustainability, with lower consumption of 
natural resources, can greatly contribute 
to the adaptative capacity of cities.

The main objectives of these proposed 
guidelines are to rank efforts for fostering 
the resilience and adaptation capacity 
of municipalities and to prioritize no-
regrets measures and actions for urban 
development which contribute, directly 
or indirectly to reducing vulnerability to 
climate change. There follows a summary 
of these guidelines.
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1. Promote coordination among the three levels of government with a view to fostering 
cooperation for reducing vulnerability to climate change through integrated territorial planning 
and management by states and municipalities, especially in areas of public interest in metropolitan 
regions and conurbations;

2. Consider adaptation to climate change in processes of rehabilitation of consolidated and 
degraded urban areas, with a view to fostering urban diversity and limiting urban expansion and 
exposure of the population to risks arising from inadequate land-use and settlement patterns;

3. Consider adaptation to climate change during processes for promoting urbanization of 
precarious settlements, with the aim of improving housing and living conditions of the population 
through integrated approaches such as installation of urban infrastructure, housing improvements, 
land-tenure regularisation, environmental restoration and social-welfare;

4. Consider adaptation to climate change during large-scale projects for production of social 
housing, ensuring conveniently-located housing for low-income families living in situations of 
vulnerability, through decent and resilient infrastructure, with access to urban, social and cultural 
goods and services and leisure opportunities; 

5. Strengthen urban planning integrated with policies and practices for prevention of disasters 
and risks, through specific urban-expansion projects, setting standards for urban land-use, 
settlement and land subdivision procedures, with a focus on adaptation to and mitigation of risks 
posed by climate change;

6. Promote engineering works for containment of hillsides and formulation of Municipal Disaster 
Risk-Reduction Plans (PMRR), increase the number of municipalities benefited, particularly those 
listed on the National Register of Municipalities with Areas Susceptible to Landslides, Floods or 
related Geological or Hydrological Processes (CadRisco) as foreseen in Law 12608, of 10th April 
2012;

7. Incorporate measures for adaptation to climate change into actions for implementation of the 
National Basic Sanitation Plan (PLANSAB);

8. Strengthen actions for Sustainable Urban Drainage targeted at reducing flooding, through 
works and services including containment basins, heavy-runoff control structures, seepage-drainage 
systems, riverside parks, recovery of floodplains, restoration of floodplains, and other related 
measures. Such sustainable drainage actions, whenever possible, should comply with Ecosystem-
based Adaptation (EbA) principles;
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9. Support implementation and improvement of water-supply and wastewater services, taking 
into account socio-economic, public-health, ecological and infrastructural aspects of measures 
adopted, so as achieve health and environmental benefits directly associated with such systems 
seeking, in particular, decontamination of water bodies, multiple use of water, greater energy 
efficiency, and use of biogas from wastewater and urban solid-waste treatment, and other 
renewable energy sources;

10. Support actions for improvement of street cleaning and management of solid wastes, with 
the aim of expanding pre-sorting in municipalities, appropriate disposal of tailings and eradication of 
landfills, since more intense rainfall arising from climate change may exacerbate outflows of slurry 
from dumps that contaminate water bodies, exacerbating the effects of inadequate waste disposal 
on watercourses, in dumps and in densely populated urban areas, aggravating flooding risks;

11. Support the management and dissemination of information related to climate changes, as 
inputs for the drafting of diagnostic studies and development of strategies for adaptation, in synergy 
with urban planning;

12. Support studies on the impacts of climate change in different cities, as inputs for development 
of adaptation methodologies for urban infrastructure within urban development policies;

13. Support capacity building for human resources and dissemination of information 
management technologies, to assist in implementation of strategies and methodologies;

14. Incorporate adaptation to climate change into enhanced urban planning models, with 
a view to fostering management of land-use and settlement through approaches that respect 
environmental preservation and mitigate disaster risks;

15. Support coordination of initiatives for review of regulations and technical standards for 
buildings and urban-planning, with a view to promoting resilient buildings and urban infrastructure.
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 4
Strategy for Disaster 
Risk Management

4.1 Introduction

In Brazil, Civil Defence is organized 
under the National Civil Protection and 
Defence System (SINPDEC) comprising 
various federal, state and municipal 
bodies, community-based and voluntary 
organizations. This Chapter was prepared 
by the National Secretariat for Protection 
and Civil Defence (SEDEC), focal point for 
its implementation, in coordination with 
the Secretariat for Climate Change and 
Environmental Quality of the Ministry of 
Environment. Other collaborators include 
the Ministry of National Integration 
(MI), the National Centre for Monitoring 
and Early Warning of Natural Disasters 
(CEMADEN), the Brazilian Geological 
Service (CPRM), the Ministry of Planning, 
Budget and Management (MPOG), the 
Ministry of Cities (MCid) and the National 
Institute for Space Research (INPE). 

The impact of climate change is regarded 
as one of the contributing factors to 
increased disaster risk. Risks stem 
from the intersection of three factors. 
Firstly, threat stemming from extreme 
weather conditions, exacerbated by 
current climate-change trends. Secondly, 
vulnerability of populations to disasters, 
i.e., their capacity to prepare and recover 
effectively in the aftermath of a disaster. 
Vulnerability has a multidimensional 
characteristic, linked to underlying 
factors such as poverty, schooling levels, 
risk perception, sensitivity to damage, 

susceptibility, low capacity to adapt 
and low resilience. Thirdly, exposure 
of human systems and settlements in 
areas susceptible to phenomena such 
as flooding and landslides, referred to as 
“risk areas”.

Widespread unplanned urban expansion 
over the past 60 years has resulted in 
concentration of vulnerable populations 
in risk-prone areas. Such populations are 
thus exposed, both to sudden disasters, 
such as landslides, floodwaters, etc., 
and to gradual natural processes, such 
as drought and flooding. Increases in 
the number of disaster events, in recent 
decades, can be attributed to the sum 
of those three factors. Furthermore, it 
has been scientifically documented that 
the climate extremes that trigger such 
disasters are occurring with greater 
frequency and, all too often, with 
increasing intensity.

The Intergovernmental Panel on Climate 
Change (IPCC) Special Report on Managing 
the Risks of Extreme Events and Disasters 
to Advance Climate Change Adaptation 
(SREX - IPCC, 2012) highlights that there 
is high confidence in asserting that the 
intensity of extreme climate and weather 
events and exposure to them tend to be 
factors more commonly associated with 
damage caused in major disasters than to 
vulnerabilities of human systems. However, 
for less extreme events (with greater 
probability, less intensity) the vulnerability 
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of elements exposed plays an increasingly 
important role in explaining the level of 
the impacts. Thus, vulnerability is one of 
the main causes of the increase in adverse 
effects of non-extreme events, i.e., small-
scale recurrent “disasters”, which generally 
attract less attention at the national or 
local level (MARULANDA  ., 2008b, 2010, 
2011; UNISDR, 2009a; CARDONA, 2011; 
UNISDR, 2011).

According to the SREX, even discounting 
the effects of climate change, disaster 
risks will continue to rise in many 
countries, including Brazil, as more 
people and vulnerable assets (e.g., on 
the outskirts of large cities or scattered 
over semi-arid areas) are exposed to 
natural climatic variability. On the other 
hand, evidence based on historical series 
dating back to 1950 suggests that climate 
change has already altered the magnitude 
and frequency of some extreme weather 
events related to climatic conditions in 
certain regions. Nonetheless, it remains 
very difficult to attribute individual events 
to climate change alone.

In this respect, climate change means 
an additional stress factor for each 
type of disaster. This Chapter presents 
information and inputs for this debate, 
with the aim of outlining strategies for 
reducing risk and promoting adaptation, 
in line with Brazilian priorities and needs.

There is a pressing need to invest in 
scientific knowledge relating to all 
dimensions of disasters, in line with 
new 21st century knowledge-society 
paradigms. In this context, the new post-
2015 Sendai Framework for disaster 

risk reduction, agreed between the UN 
member countries at the Third World 
Conference on Disaster Risk Reduction, 
is based on the following four areas of 
priority action:

1) understanding of the disaster risk; 
2) strengthening of governance; 3) 
investment in reducing disaster risk and 
increasing resilience; and 4) improved 
preparation for disasters. 

The main objective of this Strategy is to 
promote actions targeted at developing 
capacities for reduction of risks and 
preparation and response to disasters in 
the context of climate change.

4.2 Disasters in Brazil and 
vulnerabilities related to climate-
change

Disasters of different types in Brazil 
are almost always related to hydro-
meteorological and climatological events, 
in which rainfall (shortage or in excess) 
is principally responsible for triggering 
physical processes that jeopardise 
populations and livelihoods. In view of its 
vast size and environmental, climatic and 
geological diversity, Brazil is susceptible to 
a broad array of disasters. These disasters 
are directly related to socioeconomic 
and urban vulnerabilities combined with 
distinct exposure scenarios.

Table 6 provides a summary of these 
different types of disasters, listing 
significant aspects to guide proposals 
for adaptation presented at the end of 
this Chapter. It is based on data from 
the Brazilian Atlas of Natural Disasters 
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(UFSC, 2013) and provides percentages 
of people affected and reported deaths, 
by region, caused by adverse events, as a 

proportion of the total of such events in 
Brazil, between 1991 and 2012.

Table 6. Regions of Brazil and principal features of disasters

Region Main types of 
disasters

% of 
people 

affected 
1991-
2012

% of 
deaths 
CEPED 
(2013)

Relevant and determining 
characteristics of disaster risk

South

G re at  d i ve rs i t y, 
highlighting droughts 
and dry periods, 
sudden floods and 
windstorms / cyclones

22.68 13.43

Severely affected by storms, gales and hail. 
The only Brazilian region ever hit by cyclones 
(coastal zone). Affected by many weather 
instability systems and atmospheric blocking. 
THREAT is a crucial vector for intensification 
of current and future risks.

Southeast

Landslides, floods, flash 
floods and inundation. 
Droughts in the north 
and northeast of Minas 
Gerais State.

22.17 66.56

High population density combined with 
unplanned settlement in risk areas (high 
exposure). Great social disparities and high 
vulnerability of different social groups. The 
highest numbers (roughly 28.50) deaths/
million pop. The SE region accounts for 79% 
of recorded landslides in 1991-2012, with the 
State of MG accounting for 60%.

C e n t r a l -
west

Diversified. Gradual 
flooding, droughts, 
flash floods and 
erosion and recurrent 
forest fires.

4.09 0.41

Agricultural vocation, low population density 
(lower exposure). Few historic series for 
identification of disaster patterns. Merits 
attention in view of recent development 
with introduction of new vulnerabilities and 
increased exposure.

Northeast

Mostly drought,. 
Flooding (gradual or 
sudden) causing major 
impacts.

44.09 15.84

High inter-annual rainfall variability and low 
water storage capacity pose limitations for 
local development (threat).  Metropolitan 
regions highly exposed and vulnerable to 
flooding, displacing many people and causing 
significant numbers of deaths. Region with 
the largest numbers of people affected by 
disasters (47.63%)

North
Flooding (gradual and 
sudden) and drought

6.97 3.80

Riverside populations strongly affected by 
flooding (exposure) with associated health 
risks (social vulnerability). Livelihoods directly 
impacted by drought (exposure and economic 
vulnerability)
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The events that most afflict humans 
are flooding and landslides caused by 
extremely heavy rainfall. Findings of a 
survey (UFSC, 2013) reveal that, between 
1991 and 2012, these two types of 
disasters alone accounted for 73.79% of 
disaster deaths in Brazil. The South and 
Southeast regions lead the ranking of 
these disasters. The Southeast region, 
which features large population densities, 
is also the region with a highest percentage 
of disaster-related deaths in the 1991-
2012 period, accounting for 66.56% of 
the total reported, and the highest ratio 
of deaths per million population (roughly 
29.5 deaths/million pop.).

On the other hand, a major portion 
of Brazil is affected by climate events 
that lead gradual physical processes, 
such as drought and seasonal flooding. 
As they tend to cover large areas 
for longer periods, such events may 
affect the lives and livelihoods of great 
numbers of people. The occurrence of 
these events tends to be cyclic, if not in 
regular progressions, they often develop 
incrementally, with gradually worsening 
effects. In some cases, seasonal climate 
events are part of natural regional-climate 
dynamics, for which local populations are 
capable of preparing, thereby reducing 
their exposure to the intensity of impacts.

The region most affected by drought and 
extended dry periods is the Northeast 
where, all too often, these impacts 
impose restrictions on local economic 
development. The North, Central-West, 
and Northeast combined accounted for 
roughly 20% of such deaths between 
1991 and 2012, but had the largest 
portion (55.15%) of affected people 
(UFSC, 2013). The Northeast region alone 

accounted for 44.09% of the nearly 29 
million people affected by such events 
between 1991 and 2012.

Changes in seasonal weather patterns, 
especially in rainfall (excess or shortage), 
anthropogenic factors, and the vulnerability 
of human systems may induce, facilitate and 
accelerate the onset of disasters, thereby 
contributing toward intensification of their 
impacts. The influence of anthropogenic 
(non-climatic) factors is variable for each 
type of disaster. This makes an analysis 
of the influence of climate change on the 
increased occurrence of such disasters a 
complex task and emphasises the need for 
further knowledge on characteristics of the 
relationships of their temporal and spatial 
repercussions.

This rationale and conceptual framework 
is important for clarification of the 
role of various factors that increase 
disaster risk linked to vulnerabilities not 
associated with climate-change variables. 
In this context, climate-change effects 
are considered an additional factor in 
the disaster risk management. Table 
7 presents the relationship between 
extreme events, climate change, and the 
occurrence of different types of disaster 
in Brazil. It also provides information on 
confidence levels as to each of the impacts 
of climate change relating to extreme 
events (threats) and with respect to 
uncertainties of future climate projections 
for assessment of disaster typologies, in 
the light of existing vulnerabilities. 

One factor that complicates analysis of 
the data presented in the Table below is 
the relatively small number of historical 
climate change and extreme event studies 
in Brazil.
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Further studies and evidence are needed 
to establish a clear link between climate 
change and the disasters that cause the 
greatest numbers of deaths (sudden 
floods and landslides). Although records 
point to an increase in the number and 
frequency of extreme events, studies 
carried out in Brazil show a greater 
correlation to rising population densities 
than to climate change (UFSC, 2013). 
Increasing occurrence of disasters may 
be a consequence of greater exposure 
stemming from rapid urbanization 
patterns and their associated social 
inequalit ies and socioeconomic 
vulnerabilities. In conclusion, adequate 
land use and planning are the essential 
elements for reducing disaster risks.

In some cases, it must be acknowledged, 
exposure to certain types of events 
cannot be avoided. Territorial planning 
and sound decision-making as to the 
location of settlements and economic 
activities, in such cases, needs to be 
accompanied by other structural or non-
structural approaches to preventing or 
reducing risks (UNISDR, 2009a; ICSU-LAC, 
2010a, b). Approaches of this type that 
have been pursued in Brazil in recent 
years are examined in greater depth in 
the Chapter on the Strategy for Cities.

Droughts and flooding are mainly 
attributable to El Niño Southern 
Oscillation (ENSO) events, which are 
likely to intensify with climate change. 
For drought, especially in the Northeast 
of Brazil, climate predictions derived 
from climate modelling (Volume I of 
this NAP) indicate a trend toward more 

extended periods without rain. Indeed, 
increased desertification is yet another 
of the inherent risks of climate change.  
However, the occurrence of disasters is 
not conditioned solely to climate factors, 
but also to local vulnerabilities. Thus, 
initiatives that foster economic and 
social development, sustainable land use 
practices and installation of adequate 
infrastructure are essential for reducing 
the climate risk.

Regionalized climate models provide 
an approach for reducing uncertainties 
relating to analyses that rely on global 
climate models for evaluation of extreme 
events and their relationship to disasters. 
Such models are capable of presenting the 
peculiarities of continental atmospheric 
phenomena in greater detail, thereby 
considerably improving assessments of 
rainfall variability. For the Third National 
Communication to the UNFCCC, a study 
was conducted to assess, from a climate-
change perspective, the vulnerability 
of Brazilian municipalities to the two 
types of disasters that cause the greatest 
numbers of deaths in Brazil: 1) sudden 
floods, storm runoff, and flooding; and 2) 
landslides.

This study postulated that, by the end 
of the 21st century, vulnerability to 
climate change is likely to rise in many 
places current considered at high-risk 
of disasters. Its analysis focused on the 
increase in frequency and magnitude of 
extreme events, from a climate change 
perspective, while keeping other variables 
constant.
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Among the findings of the study were 
that, for the risk of sudden floods, the 
South and Southeast were the regions 
where vulnerability most increased, 
followed by virtually the entire Brazilian 
coastline between Rio Grande do Sul and 
Ceará. For landslide risk, the greatest 
vulnerabilities can occur: in the States of 
Paraná and Santa Catarina (especially the 
Vale do Itajai); in the Serra do Mar and 
Serra da Mantiqueira; in southern and 
south-eastern Minas Gerais; followed by 
certain locations in the Northeast region.

4.3 Overview of the main 
disaster-risk management 
initiatives for adaptation

The terrible disaster that hit the hills 
(Região Serrana) of the State of Rio de 
Janeiro in January 2011 contributed 
to important changes on disaster-risk 
management in Brazil. It shifted the 
public-policy focus from response, post-
disaster recovery and reconstruction, 
to more preventative approaches, 
targeted primarily at safeguarding 
human lives. Reflecting this change, the 
National Plan for Risk Management and 
Response to Natural Disasters (2012-
2014) has allocated 85% of its funding for 
prevention, targeting:

(1) structural construction works; (2) 
better understanding of risks, through 
mapping; and (3) foreknowledge of 
disaster risks, through the upgrading 
of the national monitoring and early-
warning network.

The National Plan for Risk Management 

and Response to Natural Disasters 
(PNGRRD) entrusts coordination and 
monitoring to the Casa Civil (SAM/CC) 
of the Presidency of the Republic and 
with representatives of the following 
federal public institutions: the National 
Secretariat for Protection and Civil 
Defence/MI and its National Risk and 
Disaster Management Centre (CENAD/ 
SEDEC/MI), the National Centre for 
Monitoring and Early-Warning of Natural 
Disasters (CEMADEN/MCTI), the Ministry 
of Cities (MCid), the Brazilian Geological 
Service (CPRM/MME), the National 
Water Agency  (ANA/MMA), the Ministry 
of Health (MS), the Secretariat for 
Planning and Strategic Investments (SPI/
MPOG), the Secretariat of the Growth 
Acceleration Programme (SEPAC/MPOG), 
the Federal Budget Secretariat (SOF/
MPOG), the Department for Control 
of Airspace (DECEA/MD), the National 
Treasury Secretariat (STN/MF), the 
Comptroller-General (CGU), and the 
Ministry of Communications (MC).

During preparation of the National Multi-
Year Plan (PPA 2012-2015) the main 
agencies involved with the theme of 
disasters gathered to draft a programme 
focused on prevention, building upon 
past experience, academic contributions, 
civil-society mobilization and the other 
branches of the government. Based 
upon this decentralized approach, 
objectives, goals and initiatives were 
drafted for the 2040 Programme – Risk 
Management and Response to Disasters 
(www.planejamento.gov.br), involving the 
Ministries of National Integration; Cities; 
Science, Technology and Innovation; 
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Mines and Energy; and Environment, with 
parti cipati on of the Ministry of Foreign 
Aff airs (MRE) for internati onal advisory.

Programme 2040 represents a combining 
of forces on the part of the public 
administrati on to promoti ng integrati on 
of to databases and informati on formerly 
compartmentalised in different public 
insti tuti ons.

Targeting of actions under Programme 

2040 entailed identification of 
municipaliti es considered most criti cally 
susceptible to disasters. Based on the 
Atlas of Natural Disasters (UFSC, 2012) 821 
criti cal municipaliti es, accounti ng for 94% 
of deaths and 88% of people aff ected by 
disasters between 1991 and 2010, were 
identi fi ed. Of these, special priority was 
awarded to 286 municipaliti es that account 
for 89% of deaths and 55% of people 
displaced or made homeless (Figure 3).

Figure 3. Locati on of the 821 municipaliti es targeted for priority acti ons under the 
Programme for Risk Management of Risks and Response to Disasters (PPA 2012-2015)
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Central AgencySEDEC

Consulting AgencyCONPDEC

Regional, State and Municipal
Agencies for Protection 

and Civil Defence

Public administration agencies in the
3 Government levelsSectorial Agencies

Supporting Agencies 
Community organizations of voluntary
nature or other bodies with significant
operation in the local actions for
protection and civil defence

Figure 4. Overall organizati on of SINPDEC

This approach, involving an array of 
ministries has proven eff ecti ve. Moreover, 
now under the title Programme 2040 
– Disaster Risk Management, it was 
maintained in the Brazilian federal 
government’s main planning instrument 
(PPA 2016-2019).

4.4 Nati onal Protecti on and Civil 
Defence Policy and System

The Nati onal Policy for Civil Protecti on and 
Defence (PNPDEC) brought into eff ect by 
Law 12608 of 10th April 2012, States that 
it is the duty of the Union, states, Federal 
District and Municipalities to adopt 

measures necessary for reducing disaster 
risks, and that these may be applied in 
collaborati on with public, private or civil- 
society bodies.

The PNPDEC encompasses actions for 
prevention, mitigation, preparation, 
response and recovery, targeted at 
promoti ng civil defence. It provides for 
the Nati onal Protecti on and Civil Defence 
System (SINPDEC), comprised of federal, 
state and municipal administrati ons, and 
of public and private organizati ons with 
significant engagement in the field of 
protecti on and civil defence, as shown in 
Figure 4.
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The Table below describes some 
innovations that can promote adaptation 

to climate change and reduction of disaster 
risks brought in under the PNPDEC.

Integration of policies for territorial planning, urban development, health, environment, climate 
change, water-resources management, geology, infrastructure, education, science and technology 
and other sectors, with a view to promoting sustainable development;

A systemic approach to prevention, mitigation, preparation, response and recovery actions;

Closer coordination among federal, state and municipal authorities for reducing disaster risks and 
providing support for affected communities;

Drafting and implementation of Protection and Civil Defence Plans at the three levels of government;

Creation of the Disaster Information and Monitoring System;

Constant professional training and capacity building for civil defence and protection agents;

Creation of a national register of municipalities with susceptible areas to major landslides, sudden 
flooding or related geological or hydrological processes; and

Inclusion of the principles of civil defence and protection in elementary and secondary-school 
curriculums.

Such actions, though primarily targeted 
at management and reduction of disaster 
risks, will also help increase the capacity 
of Brazilian municipalities to adapt to 
climate change. Moreover, they are 
necessary for tackling pressing current 
problems in Brazil and should thus be 

reinforced, especially in the light of 
augmented risks foreseen in a context of 
climate change.

There follows a list of the main national 
policies and plans referred to in the 
PNPDEC of crosscutting and synergistic 
relevance to other sectors:

Cities Statute - Law 10257, of 10th July, 2001;

National Environment Policy  - PNMA (Law 6938, of 31st August, 1981; Enabling Decree approved in 1990);

National Environmental Education Programme - PRONEA (2005);

National Education Plan - PNE (2012);

National Climate Change Policy - PNMC (Law 12187, of 29th December 2009);

National Water Resources Policy (Law 9433, of 8th January 1997);

National Regional Development Policy– PNDR.
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4.5 Early-warning and monitoring 
system

The guidelines of the PNPDEC acknowledge 
that it has become essential to institute an 
early-warning and monitoring system that 
brings together scientific and technological 
expertise from various fields, including 
meteorology, hydrology, geology and 
disasters. To address this need, in 2011, 
the Ministry of Science, Technology and 
Innovation (MCTI) established the National 
Center for Monitoring and Early-Warning of 
Natural Disasters (CEMADEN). Considering 
that the quality of disaster warnings 
depends on the capacity to observe the 
natural phenomena that trigger them, 
founding of this Centre necessarily 
entailed implementation of a modern 
environmental observation network.

CEMADEN currently monitors 957 
municipalities where it has mapped areas 
at risk of landslides and flooding. It also 
monitors over 1000 municipalities in the 
semiarid region of Brazil’s Northeast for 
risk of crop failure and food production  
during extended dry seasons and periods 
of intense drought.

Current efforts are concentrated on 
development of numerical models for 
very short-term rainfall forecasting based 
upon data from meteorological radar, 
geotechnical and hydrological models 
for prediction of landslides, floods and 
flooding, and models for prediction of 
crop failure, of family farming in Brazil’s 
semiarid Northeast region.

Within the scope of the PPA 2012-2015, 
institutional coordination of the CEMADEN 

with other agencies involved in disaster 
prevention (such as ANA and CPRM) within 
the National Protection and Civil Defence 
System has resulted in generation of new 
knowledge on the physical environment, 
processes that trigger major events 
and areas susceptible to disasters. Such 
knowledge is applied in the deployment 
of prevention strategies and shared, 
through CENAD, with other agencies that 
participate in the system.

CPRM is the body that provides the largest 
amounts of information on areas of risk, 
through mapping and classification of 
high and very high-risk areas in the 860 
priority municipalities identified. In the 
field of water-resources management, 
CPRM also performs an important 
role in partnership with ANA, through 
operation of 76% of the National Hydro-
meteorological Network and issuing of 
flood-risk forecasts and early-warnings 
of flooding. CPRM also operates the 
Groundwater Information and Monitoring 
Network (RIMAS) under which there is a 
programme for drilling wells, targeted 
at municipalities in the semiarid region. 
In terms of disaster prevention, through 
land-use management actions, within the 
scope of the National Protection and Civil 
Defence System, CPRM drafts maps of 
geotechnical susceptibility to landslides 
and flooding for priority municipalities. 
Moreover, in partnership with the 
Ministry of Cities, its geotechnical maps 
are used for determining the suitability 
of areas for urban settlement, from a 
disaster perspective.

The National Secretariat for Civil 
Protection and Defence, through its center 
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CENAD, consolidate risk-management 
information, such as data on the 
occurrence of natural and technological 
disasters and collateral damage. 
Management of such information 
makes it possible to support states and 
municipalities prepare for disasters and 
afford protection to more vulnerable 
communities. It also enables streamlining 
and optimization of responses and of 
cooperation with states and municipalities 
when disaster strikes. CENAD is also 
responsible for coordination with other 
technical agencies (e.g., in the fields of 
hydro-meteorology, geology, hazardous 
products, etc.) that work with forecasting 

and monitoring information, to obtain 
inputs for its protection and civil-defence 
activities.

4.6 Gaps identified

There follows an assessment of 
information gaps identified in the sectoral 
analysis. Filling such gaps is considered 
one of the main indirect measures for 
fostering adaptation, since it would 
enhance public-policy actions underway 
or foreseen for disaster risk management 
in the context of climate change:

Details for analysis of vulnerability: For risk management at the municipal level, the level of detail 
of information needs to be greater than that provided in the census. One alternative is to break 
down data to the urban-block level. Measurement at this scale is being tested by CEMADEN, in 
partnership with IBGE.

Implementation failures of the National Policy for Protection and Civil Defence (Law 12608): 
Though enacted in 2012, the PNPDEC has not been brought fully into effect. Consequently, several of 
its provisions lack clarity, thereby leaving scope for implementation gaps. Strengthening of SINPDEC, 
with a view to improving coordination and management of actions for preparation, prevention, 
mitigation, response and recovery, and protection and civil defence, is one of the benefits that 
could be achieved by an Enabling Law. The national registry of municipalities with areas susceptible 
to landslides and flooding has proven an important planning tool for actions targeted at these 
municipalities. Law 12608 foresees establishment of a Disaster Information and Monitoring System, 
an instrument of inestimable importance for filling gaps stemming from poor integration among 
databases on the occurrence of disasters. Gaps left after enactment of Law 12608 include: a) 
deficiencies in the management structure for coordination of actions provided for in the PNPDEC; b) 
failure to draft a National Plan and State-level Plans for Protection and Civil Defence, also foreseen 
in this Law; c) lack of continuity of actions for protection and civil defence, owing to disparities 
between agencies at the different levels, and d) failure to implement capacity-building strategies;  

Actions relating to urban planning: some progress has been made in recent years with regard to 
urban planning and measures targeted at reducing disaster risks. Actions supported by the Ministry 
of Cities, such as drafting of geotechnical urban-development suitability maps from a disaster-risk 
standpoint, Municipal Risk Reduction Plans (PMRRs), hillside-containment projects, and other 
infrastructure investments, need to be reinforced. These, however, are covered in the urban-
planning section of the Chapter on the Strategy for Cities.
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4.7 Guidelines for promoting 
adaptation

This item covers the priority guidelines for 
adaptation of the context of this Strategy. 
At the federal level, significant progress has 
been achieved in terms of public policies, 
plans and programmes for prevention, 
mitigation, preparation, response to and 
recovery from disasters. These include the 
Multi-year Plans (PPA 2012-2015 and PPA 
2016-2019) and the National Plan for Risk 
Management and Response to Natural 
Disasters. In line with these instruments, 
there follows an account of measures 
targeted at improving delivery of current 
initiatives and at developing new as-yet 
untried approaches for adaptation to 
climate change.

At the municipal level, there is still a 
predominance of inadequate land-
use and settlement patterns, which 
exacerbate exposure threats and 
contribute toward the causes of disasters, 
thereby increasing the vulnerability 
of populations. As mentioned earlier, 
however, and for purposes of this NAP, 
approaches for dealing with these 
problems are presented in sections 
devoted to urban planning in the Chapter 
on the Strategy for Cities.

For Disaster Risk Management, the first 
guideline addressed in this Chapter is to 
bring Law 12608 on the National Policy 
for Civil Protection and Defence fully into 
effect. The PNPDEC provides guidelines 
which could directly promote reduction 
of disaster risks while, at the same time, 
fostering adaptation to climate change on a 
variety of time-frame and territorial levels.

Another guideline is was the establishment 
of a Federal Committee dedicated to 
management of disasters risks, comprised 
of representatives of federal government 
agencies with expertise in related fields. 
This Committee would, as its first mission, 
be entrusted with improving coordination 
and performance of the SINPDEC through 
better integration of management 
actions for protection and civil defence 
at the federal level. Improvements of this 
nature would lead to strengthening of 
governance, thereby contributing directly 
to implementation of other guidelines 
proposed in this NAP.

The National Policy for Protection 
and Civil Defence established that 
the drafting of the National Plan for 
Civil Protection and Defence is one 
of the responsibilities of the federal 
authorities, which should seek to 
determine measures for management of 
disaster risk, and for planning of short, 
medium and long-term risk reduction, 
to be carried out at the national and 
regional levels. Measures under this 
Plan should thus be considered from a 
climate-change perspective.

As presented in item 7.6, there is a pressing 
need for greater integration of databases 
and of systems used for assessing disaster 
risks. A number of bodies at the federal, 
state and municipal levels have their own 
systems for recording disaster events. 
However, there is a lack of integration 
among them, which compromises their 
capacity to share information. Progress 
in this area is essential: 1) for drafting of 
optimum strategies and targeted public 
policies; and 2) as inputs for studies and 
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multi-year diagnoses for different regions 
and municipalities.

Another important guideline relates to 
fostering of studies on the application 
of Ecosystem-based Adaptation (EbA) 
measures for disaster-risk management. 
This approach is imminently suitable 
for tackling water-related issues such 
as droughts, prolonged dry seasons, 
flooding and landslides, since ecosystem 
services not only contribute toward 
reduction of disaster risk, but also to the 
adaptation strategies of other sectors. 
Environmental services relating to water 
production provided by forests increase 
soil permeability, thereby facilitating 
infiltration and reducing surface runoff. 
They also play a significant role in 
regulating the hydrological cycle in micro 
basins and in strengthening the stability 
of hillsides. These examples suffice to 
demonstrate the crosscutting nature and 
importance of EbA approaches to various 
sectors, such as water resources, cities, 
infrastructure, and transport, covered in 
other Chapters of this NAP.

Once such studies have been 
concluded, implementation of their 
recommendations needs to be evaluated 
by public authorities at the federal, 
state and municipal levels, with the 
participation of sectoral committees, 
organized civil society and research 
institutions, to adapt them to local needs 
and possibilities. It can thus be concluded 
that the conduct of specific EbA-related 
studies will provide scientific and 
technical inputs and contribute toward 
the design of better strategies for disaster 
risk management.

Adaptation strategies for reducing 
disaster risks that need to be pursued are: 
Monitoring of extreme climate events and 
of disaster precursor variables; accurate 
weather forecasting and prediction of 
disaster risks are measures that, alongside 
fostering of research on climate change 
themes and simulation of likely future 
climate and adaptation scenarios. 

Moreover, disaster early-warning systems 
provide important inputs for assessment 
of climate risk and for reducing damage 
to vital physical infrastructures. The 
major infrastructure projects need to be 
carried out with awareness that, due to 
climate change, weather and rainfall series 
have become much less predictable. For 
planning of infrastructure for water supply, 
hydro-electricity, transmission lines, 
highways, wastewater systems, bridges, 
irrigation, aqueducts, oil and gas pipelines, 
and port terminals, effective adaptation 
measures are of vital concern, in view of 
the likelihood of more volatile climatic 
extremes and of their inherent risks.

Research also needs to focus upon 
promoting a better understanding 
of disaster risks and on reducing 
uncertainties of various types, with a 
view to identifying vulnerability hotspots 
where disasters are most likely to occur.

Incentives should be offered for climate-
change studies that explore its relationship 
with extreme events on various scales. 
Other fields of study that merit support 
include: environmental change, modelling 
of socioeconomic scenarios, and the 
effects on various forms of vegetation 
cover. Also important is stimulus for 
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formation of more research groups on 
such themes that have, as yet, received 
scant attention in Brazil, owing mainly to 
the small number of research institutes 
qualified to work with climatic projections. 
Support and encouragement needs to 
be provided for new postgraduate-level 
courses focused specifically on disasters. 
As a means of strengthening these 
guidelines, modelling data on future 
climate projections should be widely 
shared through inter-institutional technical 
cooperation agreements.

From a broader perspective it should be 
stressed that reducing social disparities is 
among the best approaches for reducing 
vulnerability to disaster risks. Reducing 
inequality needs to be considered as a 
crosscutting theme to all Strategies of this 
NAP, permeating all government planning 
and policies, targeted at increasing not 
only the resilience and adaptive capacity 

of specific groups, but also at reducing 
their vulnerabilities.

Table 8 presents a summary of the 
guidelines proposed in this Chapter, 
offering a preliminary timeframe, 
monitoring indicators, and suggestions 
for its adoption by institutions. SEDEC/
MI and the CEMADEN/MCTI are the 
main focal points for promotion and 
implementation of these guidelines and 
are the bodies responsible for reporting 
to the NAP coordination.

Finally, the crosscutting nature of themes 
relating to disaster risk management must 
be stressed. Within the context of the 
actions proposed under this NAP, it is vital 
that effective integration and coordination 
be maintained with such other sectors 
as cities, health, infrastructure and urban 
mobility, water resources, agriculture, 
biodiversity, ecosystems, and coastal zones.
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5 Strategy for Industry and Mining

5.1 Introduction

The industrial sector can be divided 
into three broad categories: mining, 
manufacturing, and public-utility services. 
In 2013, the sector accounted for 24.4% 
of GDP and for 8.16 million jobs. In 
addition to its economic importance, 
industry contributed to society through 
incorporation of novel technologies and 
solutions, products and processes. In 
this respect, strengthening the adaptive 
capacity of industry and mining to climate 
change is an indispensable requisite for 
Brazil’s sustainable economic development.

Founding of the Inter-ministerial 
Committee on Climate Change (CIM) 
in 2007, and launching of the National 
Climate Change Plan, introduced a 
framework for participation of the 
industrial sector in issues relating to the 
theme within the national public-policy 
agenda, culminating with enactment of 
Law 12187/2009, which instituted the 
National Climate Change Policy (PNMC).

The PNMC prepared the field for launching, 
in 2010, of the Climate Change Mitigation 
Plan for Industry for Consolidation of the 
Low-Carbon Economy in Manufacturing, 
and for Climate Change Mitigation and 
Sectoral Adaptation for Consolidation of 
the Low-Carbon Economy in Mining, in 
acknowledgement of the vital role played 
by manufacturing and mining activities in 
environmental, social and economic issues.

Initially, climate-change discussions within 
the sector were dominated by issues relating 
to reducing greenhouse-gas emissions 
in industrial processes of the aluminium, 
cement, paper and pulp, chemicals, iron 
and steel, limestone and glass industries; 
and in extraction, physical processing, 
pelletizing and internal transport processes 
relating to mining. Sectoral plans regarded 
adaptation as a co-benefit, stemming from 
improved efficiency of energy use and 
materials consumption. 

The Industry Plan has a governance 
structure centred upon the Technical 
Committee for the Industry Plan (CTPIn-
MDIC) comprised of government 
and private-sector representatives, 
with participation of the National 
Confederation of Industry (CNI). The 
Plan for Low-Carbon Mining is centred 
on the Secretariat for Geology, Mining 
and Mineral Processing  of the Ministry 
of Mines and Energy (SGM/MME). These 
respective governance structures are the 
focal points for promotion of the goals and 
actions under the Plan and the relation to 
the Coordination Unit of the National Plan 
for Adaptation.

This Chapter was prepared under 
coordination of the Secretariat for 
Development of Production of the Ministry 
of Development, Industry and Foreign 
Trade (SDP/MDIC) and the Secretariat of 
Geology, Mining and Mineral Processing of 
the Ministry of Mines and Energy (SGM/
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MME), with the support from the Ministry 
of Environment (MMA). 

It aims to introduce concepts and 
basic guidelines to complement the 
approaches relating to adaptation to 
climate change in the Industry Plan 
and the Low-Carbon Mining Plan, 
highlighting the crosscutting nature of 
actions required and remaining gaps.

5.2 Vulnerabilities of the industry 
and mining sector to climate 
change

Resilience of the industry sector can 
be considered in terms of its sensitivity 
reduction and increased capacity of 
adaptation to potential impacts of climate 
change. When considering the adaptation 
capacity of industry, not only the direct 
impacts of climate variability and extreme 
phenomena, but also indirect impacts on 
the infrastructure upon which sectoral 
operations depend, and the resilience of 
territories where industry is present, must 
be taken into account.

The impacts of climate change on the 
industrial sector may also result in 
impacts upon local, regional and national 
economies, which underscore the 
relevance of public policies for adaptation 
of the sector. A study that examined such 
impacts from a broader perspective, 
which included not only direct losses 
traditionally associated with interruptions 
of production, but also indirect impacts 
upon associated local production chains, 
estimated losses caused by flooding in 
the City of São Paulo at R$ 108 million 
per year for the City itself, and at R$ 226 

million for the Brazilian economy as a 
whole (Dos Santos & Haddad, 2014)13.

The severity of impacts varies from one 
industry sector and geographical location 
to another, whereas adaptive capacity 
is influenced by size and by the quantity 
of resources available for investment in 
adaptation measures. Sectors that are 
highly dependent upon natural resources 
(e.g., pharmaceuticals, agroindustry 
and forest-based industries) are more 
susceptible to changes in biodiversity and 
agricultural cycles, whereas industrial 
parks and mines located in hilly areas 
prone to intense rainfall are more likely to 
suffer interruption of activities and supply 
chains, owing to landslides and flooding in 
lower-lying terrain.

Impacts can thus be categorised either 
as biophysical or socio-economic (Table 
9). Examples of biophysical impacts are 
scarcity of raw materials caused by changes 
in biodiversity, agriculture or water 
supply that may directly affect availability 
of basic supplies for manufacturing. 
Examples of socioeconomic impacts 
include rising prices of raw materials, 
material damage to industrial facilities, 
interdiction of transport routes, and 
interruptions in electric-power supply and 
communications.

13 Available at: <http://www.scielo.br/pdf/asoc/v17n4/
a05v17n4.pdf>.
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5.3 Adaptation of industry and 
mining to climate change

5.3.1. Relevance of adaptation to the 
sector

The sensitivity of industrial and mining 
activities to climate variations stems 
from their direct dependence on raw 
materials derived from natural resources 
and the physical integrity of public or 
proprietary infrastructures (water-supply, 
wastewater, electricity, logistics and 
telecommunications). Uncertainties as 
to the links between current weather 
phenomena and climate change 
notwithstanding, evidence of economic 
and social damage caused by climate 
events in recent years (exemplified by 
the current water-shortage crisis in 
the Southeast) lends credence to the 
importance of adoption of appropriate 
adaptation strategies, targeted at 
improving the management of risks and 
opportunities for mitigation of economic 
losses, reinforcing climate resilience, and 
strengthening the industrial and mining 
sectors and their respective production 
chains.

In view of its technical and technological 
resources, its strong influence on supply 
chains, its capacity for innovation and to 
respond quickly to contingencies through 
effective actions for minimizing damage 
to people and the environment, industry 
has a crucial role to play in promoting 
resilience among other economic sectors 
and society as a whole.

Intrinsic characteristics of the industrial 
sector, such as its great heterogeneity 
and dependence on public infrastructure, 
make delineation of adaptation actions 
more challenging. Such actions must 
seek combinations of different response 
strategies, based upon the mapping of 
regional vulnerabilities and potential 
impacts, increased tolerance to risk, 
ecosystem services, and exploitation 
of other potential opportunities. 
Categorisation by size, sector of activity and 
geographic location facilitates identification 
of vulnerabilities and the adoption of 
appropriate adaptation measures.

The physical risks of climate change may 
affect industrial and mining activities in 
different ways, each demanding different 
strategies for adaptation, depending upon 
their capacity to influence the sector and 
the degree of engagement of production 
chains (Figure 5). Identification of 
business opportunities in the field of 
adaptation is important for strengthening 
the value chain. Vulnerabilities associated 
with core operations, value chains, 
or external factors require different 
adaptation strategies. Industry has 
considerable scope for implementing 
necessary adaptation measures relating 
to its core operations. It has less 
influence, however, when addressing 
broader value chains; and its influence 
declines dramatically in cases involving 
adaptation measures for external factors 
(public and private electricity and water-
supply infrastructure) which demand 
coordination with the public sector and 
other economic sectors.
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Figure 5. Infl uence zone of Industry on the Adaptati on2

14Climate change may also increase the 
exposure of industry to non-physical 
risks (i.e., reputati onal or market risks) 
as a consequence of higher investment, 
insurance and input costs, and decreased 
fi nancial measures. Potenti al impacts on 
the sector may go far beyond economic 
and structural losses, and affect the 
capacity of industry to generate jobs and 
income.

14 SUSSMAN and FREED, 2008. Self-adapting to climate 
Change: A Business Approach. Pew Centre on Global Climate 
Change. Adapted from the document “Primary Contributi ons 
of the Industry - CNI”, available at the electronic address: htt p://
www.mma.gov.br/images/arquivo/80182/Contribuicoes_
Peliminares_PNA _ Sector% 20 industrial_CNI.pdf, accessed at 
3/11/15.

5.3.2. The Crosscutti  ng Nature of 
Vulnerabiliti es and Adaptati on Measures

The impacts of climate change on other 
economic sectors also have repercussions 
upon industry and require preparati on of 
combined adaptati on strategies (Figure 
6). Within the context of drafting of 
this NAP, reduction of exposure and 
vulnerability in the following sectors is of 
greatest interest to the business sector:

• Water Resources: water is among the 
key vectors of biophysical and socio-
economic impacts. Changes in rainfall 
patt erns or extreme events which aff ect 
availability or quality of water used 
by industry in its processes, demand 
preparati on of short, medium and long-
term adaptati on strategies on diff erent 
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scales, as they could dramatically affect 
levels of industrial activity, generating 
higher costs and reducing the feasibility 
of certain water-intensive segments.

For facing up to these scenarios, 
it is imperative that support and 
encouragement be given to initiatives 
that target improved water efficiency in 
industrial processes and reuse of water.

• Agriculture: This sector provides basic 
inputs for an array of industrial segments, 
including paper and pulp; iron and steel; 
food and beverages; mining; chemical, 
etc. Changes in availability of such inputs 
can affect continuity of operations in 
these sectors.

• Biodiversity: A number of industrial 
segments, including pharmaceuticals, 
cosmetics, biofuels, forestry-based, 
chemicals, etc. are likely to be affected 
by reduced biological diversity and 
associated ecosystem services that are 
important for water and raw-materials 
production, climate regulation, nutrients 
cycles, pollination, seed dispersal, etc. 
Negative impacts on biodiversity and 
associated ecosystem services may 
generate economic risks, including 
fewer opportunities for generating value 
through creation of innovative products 
and increased competitiveness.

• Coastal Zone: A major portion of 
Brazil’s industrial facilities are located 
in coastal areas that are susceptible to 
a rise in sea levels. Lower flow levels in 
rivers and higher sea levels may result 
in encroachment of saltwater, affecting 
the salinity of water used by industries in 

coastal areas, especially, those located in 
estuary areas.

• Infrastructure (energy, transport, 
t e l e c o m m u n i c a t i o n s ,  c i t i e s ) : 
Reinforcement of the resilience of 
critical infrastructure is crucial for the 
effectiveness of initiatives targeted at 
industrial adaptation.

• Health: Extreme climate events present 
risks to the health and safety of workers, 
especially those involved in outdoor 
activities such as mining and construction. 
Higher temperatures are liable to affect 
recruitment, retention, safety and 
productivity of industrial workers, and to 
increase accident hazards.

Infrastructure

Health

Agriculture

Coastal
Zone

Water
Resources

Biodiversity

Industry

Figure 6. Crosscutting nature of adapta-
tion measures

5.4 Guidelines

More than any other, the public sector has 
capacity to model the impacts of climate 
change and to ensure that the challenges 
of adaptation posed for society as a whole 
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are adequately addressed.

The sectoral guidelines aim to foster the 
development of policies that facilitates 
adoption of adaptation measures by 
the private sector and to promote 
the consideration of an adaptation 
perspective into decision-making of 
public and private stakeholders, thereby 
enabling coordination and convergence 
with policies of other sectors.

During review of the Industry Plan and 
Low-Carbon Mining Plan, these guidelines 
will serve as a basis for formulation 
of a Plan of Action for Adaptation, to 

complement the respective mitigation 
initiatives proposed under these Plans.

In the light of preliminary contributions 
forwarded by the National Confederation 
of the Industry’s Technical Chamber 
for Adaptation, discussions within the 
framework of the Working Group for 
Adaptation of the Inter-ministerial 
Committee for Climate Change (CIM) 
and inputs prepared by the Centre for 
Sustainability Studies of the Getúlio Vargas 
Foundation (State of the Art Mapping 
on the Topic of Adaptation in Brazil) the 
following guidelines were prepared:

1. Deepen knowledge on impacts and specific vulnerabilities on industrial subsectors: This 
guideline is to be developed jointly with initiatives that stimulate research into the impacts, 
vulnerabilities, opportunities and appropriate adaptive measures of companies of various sizes in 
each industrial subsector, with the aim of consolidating databases, defining indicators, downscaled 
mapping of risk areas and making information accessible for decision-making and formulation of 
prevention plans.

2. Establish an institutional framework to facilitate implementation of adaptation measures: 
Adoption of effective adaptation measures requires an institutional environment that promotes 
inclusion of an adaptation perspective to climate-risk management for companies without 
compromising competitiveness of the national economy. This guideline aims to stimulate 
organization of information on adaptation and consolidation of inter-sectoral discussion forums, 
promotion of joint adaptation strategies, and to facilitate access to sources and mechanisms for 
implementation of adaptation measures.

3. Develop decision-making support tools for Adaptation in Industry: Adoption of adaptation 
strategies will be facilitated by development of tools for incorporation of knowledge of impacts 
and vulnerabilities designed to assist with decision making at strategic and operational levels. 
Such tools may consist of fiscal incentives and tax credits; templates for adaptation strategies; and 
development of maps of likely short, medium and long-term impacts based on projected climate 
scenarios.
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4. Raise awareness among micro and small businesses of adaptation topics within the 
sustainability agenda: Micro and Small Businesses form the largest contingent of industrial 
companies and are generally the most vulnerable and least prepared to adopt adaptation measures. 
It is therefore important to work jointly with small-business support institutions through targeted 
actions, training, funding for adaptation investments, and drafting of guidance manuals and 
business continuity plans for adaptation to disasters.

5. Introduce climate-risk considerations into sectoral policies and encourage consideration 
of such risks in corporate decision-making: Facing up to climate change requires progressive 
inclusion of climate-risk mitigation measures in public policies and introduction of climate scenarios 
into government planning. An adaptation perspective should also be incorporated into business 
decision-making when considering location of facilities, supply chains, logistics and communication 
strategies, to enable identification of impacts, analysis of vulnerabilities and implementation of 
adaptation measures.

6. Provide stimulus for the capital-goods segment so as to increase the resilience of society: The 
aim of this guideline is to orient formulation of targeted policies for development of the goods and 
equipment industry that favour adaptation and increased resilience, including equipament for reuse, 
water desalination, construction work, thermal comfort, automation of outdoor activities, etc.

7. Alongside the National Confederation of Industry (CNI), promote a strategy for collaboration 
among Labour Unions and Industrial Employers’ Federations for development of joint strategies 
for climate-risk management in industries located in sensitive regions: The territorial dimension 
of adaptation imposes a need for extensive coordination among players at the municipal, state 
and federal levels. All too often, the role of coordinating the sectoral and local aspects is relegated 
to local-level players, making their role in evaluation and planning of adaptation activities of key 
importance, especially in sensitive areas.

8. Foster Ecosystem-based Adaptation (EbA) practices as tools for strengthening territorial 
and industrial resilience: Adaptation measures targeted at reducing vulnerability of territories to 
potential impacts of climate change also reduce, in a synergic way, industrial vulnerabilities. In this 
context, use of biodiversity and of environmental services as components of an adaptation strategy 
for addressing adverse effects of climate change may present an alternative for strengthening 
climate resilience of the industrial sector. For example, regional investment initiatives for river-
basin management and recovery may contribute to preservation of headwaters, thereby ensuring 
sustainability of water supplies.
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6 Strategy for Infrastructure

6.1 Introduction

The term infrastructure encompasses 
a broad array of sectors, physical and 
operational integration of which are 
essential for functioning of a modern 
economy and society. This strategy 
covers the Transport, Urban-Mobility 
and Energy segments, all of which are 
of strategic importance for Brazil’s 
development and receive substantial 
investment from the federal government, 
states, municipalities, and from the 
private sector.  This Strategy was 
prepared jointly by staff of the Ministries 
of Transport (MT), of Cities (MCid), and 
of Mines and Energy (MME) which are 
the focal points for this strategy.

Transport, for purposes of this Plan, 
comprises the physical and operational 
infrastructure of various modalities of 
transport for moving people and cargo 
among Brazil’s cities and regions, and 
encompasses federal highways, railways 
and waterways.

For Urban Mobility, the strategy covers 
an array of public and private, mass and 
individual, motorised and non-motorised 
transport modes used to move people 
and goods within cities and the physical 
infrastructure for provision of services, 
including routes, transfer points and 
systems.

For the Energy sector, the generation, 
transmission, and distribution segments 
are addressed. Energy is a vital input for 
practically all other economic sectors. 
In view of the high proportion of energy 
from renewable sources in Brazil’s 
energy mix, the sector’s greenhouse 
gas emissions are remarkably low by 
International standards.

Future climate projections indicate that 
Brazil is likely to be affected by various 
impacts of climate change, including 
increased occurrence of extreme events 
and rising sea levels, which may have 
numerous effects on all infrastructure 
segments.

Moreover, as a consequence of strong 
interdependence among the sectors 
covered in this Chapter, interruptions or 
reduced performance of one sector is 
likely to cause reciprocal and synergistic 
effects on others. Indeed, climate impacts 
may simultaneously affect infrastructure 
elements in more than one of these 
segments.

The objective of this Strategy is to 
assess impacts and vulnerabilities 
associated with climate change, from 
the standpoints of the Transport, Urban 
Mobility and Energy sectors and to 
propose guidelines for addressing them. 

There are considerable interdependence 
among the factors that may affect these 
sectors, hence the need to adopt joint 
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adaptation and planning approaches. 
Thus, the strategy proposes guidelines 
for adaptation, targeted at reducing 
vulnerabilities within the scope of each 
sector. 

6.2 Transport 

6.2.1. Introduction

The legal framework for Brazil’s transport 
infrastructure is provided by the National 
Traffic System (Law 12379/2011 - SNV15) 
and encompasses the physical and 
operational infrastructure of different 
modalities of transport of people and 
goods, under federal, state and municipal 
jurisdictions. This strategy on adaptation 
to climate change for the transport sector 
focuses on highway, railway and waterway 
cargo transport in Brazil.

The National Plan for Logistics and 
Transportation (PNLT) developed by 
the Ministry of Transport is the main 
planning document for the transport 
sector in Brazil and assigns it a permanent 
management structure, based on a geo-
referenced information system. The Plan 
provides for the main factors of interest 
to the sector, in terms of both supply and 
demand, with a view to adjusting the 
cargo-transport mix so as to stimulate use 
of the most efficient modalities.

The current Brazilian matrix of regional 
cargo transportation displays a high 
concentration of road transport which 

15 The National Transportation System (SNV) comprises the 
Federal Transport System (SFV) and the transport systems 
of the states, Federal District and municipalities, including 
highway, railway and waterway systems.

accounts for approximately 52% of total 
freight transported. In second place 
comes railway freight (30%), followed by 
coastal shipping (8%), inland waterways 
(5%), and pipelines (5%)16.

In quantitative terms, the Brazilian road 
network extends for 1,720,755 km, most 
of which (78.6%) is unpaved.  Paved roads 
account for 12.3% of the network; and 
9.1% is planned but as yet unbuilt. Of 
Brazil’s paved roads, 45.8% are under 
state jurisdiction; and 36.4% are federal 
highways.

The national railway network comprises 
approximately 28,000 km of track. 
The Brazilian inland waterway system 
stretches approximately 63,000 km 
through 12 river basins. Moreover, there 
are some 21,000 km of navigable waters 
of which, in 2012, 6,500 km were used by 
commercial shipping17.

It can thus be perceived that Brazil 
has a strong transport matrix, the 
infrastructure for which is currently 
undergoing a renewed cycle of expansion 
and modernization. This underscores 
the importance of approaching climate 
aspects that could potentially expose 
the sector to impacts, both from the 
operational standpoint and from that of 
conservation of physical assets.

Within the context of the National Plan 
for Climate Change, in 2013, the Ministry 
of Transport published its Sectoral Plan 
for Transport and Urban Mobility for the 
Mitigation of Climate Change (PSTM) with 

16 National Logistics and Transport Plan (2011)

17 Strategic Waterway Plan (2013)
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a view to demonstrating the Brazilian 
federal government’s commitment to 
preparing for climate change, while 
maintaining competitiveness and 
conditions for economic and social-
environmental development.

6.2.2. Impacts and vulnerabilities

Cargo transport infrastructure, like that 
of other sectors, may be affected by 
higher-temperatures, rainfall and wind-
intensity scenarios, capable of causing 
direct and indirect impacts on the road, 
railway and waterway transport networks 
(MACARTHUR, 2013; FGV, 2013). Among 
such impacts, the most common are 
floods and landslides, many of which are 
consequences of extreme weather events 
(INPE, 2010). Intense rainfall events have 
caused flooding that seriously disrupts 
road and railway transport.

Unpaved roads, which account for 78.6% 
of the Brazilian road network, are highly 
vulnerable to a variety of climatic factors 
and especially to intense rainfall, which 

can lead to the interruption of transport 
routes (ARNDT; CHINOWSKYT, 2012). 
Such disruptions may even compromise 
interconnection between different 
transport modes, adding to transport 
costs by requiring additional safety 
measures or use of alternative routes 
which, generally, entail longer distances 
and hence higher costs (UNCTAD, 2009; 
UNECE & UNCTAD, 2010).

When saturated, the roadbeds of 
highways become subject to excessive 
pressures, causing deformation and 
cracking of asphalt surfaces. Under very 
intense rainfall conditions, structural 
changes may occur, causing damage to 
paved surfaces, increasing maintenance 
costs and demanding installation of 
additional structures and adaptations on 
the road transport system.

Table 10 lists climate variables and 
potential changes that may impact 
highway infrastructure, based on studies 
conducted in different countries.
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Table 10. Impacts of extreme events on transport systems

Country Climate 
Variable Expected change Expected impact of change climate 

variables 

Canada

Temperature
Rise in maximum and 
minimum temperatures 
(especially in winter)

Increase in the frequency of freezing 
cycles – defrosting with deterioration in 
the pavement

Rainfall
Increase in intensity 
and frequency

Increased presence of debris on roads, 
landslides, flooding and changes in 
sizing of bridges and culverts

Sea level Higher average levels
Flooding and damage to roadways, 
sidewalks and marine installations 
located in lowland areas

Holland/
U n i t e d 
Kingdom

Rainfall
Higher in winter and 
lower in summer

Flood risk and associated damage from 
insufficient drainage capacity 

Sea level
Higher average levels 
and consequent rise in 
groundwater levels

Flooding, problems with light materials 
used on the base layers (EPS-Expanded 
Polystyrene), contamination by the 
leaching of ash used in the sub-base 

Australia

Temperature General rise Changes in climate which, when 
drier, causes loss of asphalt binding 
and shortens lifespans of bituminous 
materials

Rainfall
Lower intensity and 
frequency

Source: Adaptation of Technical Committee D. 2 Road Pavements (2012) apud Project 2040 (SAE, 2015)

Increased rainfall and flooding events 
can cause erosion, damaging roadways 
and metal structures such as bridges. 
If such structures have older concrete 
components or lack maintenance, 
there is increased risk of moisture 
infiltration and corrosion (SOO HOO & 
SUMITANI, 2005). Highways may likewise 
become structurally unstable owing to 
subsurface erosion, resulting in increased 
maintenance costs (CNRA, 2009). 

Another impact caused directly by 
increased rainfall or extreme storms, 

which are likely to occur more frequently, 
is runoff flooding that exceeds capacity 
of projected storm drains, overloading 
current drainage systems (SOO HOO & 
SUMITANI, 2005).

For terrestrial transport, the main 
foreseen impacts resulting from heavy 
rainfall or flooding are (OSWALD, 2009): 
(1) increased flooding of roadways, 
low bridges and tunnels; (2)  increased 
frequency and severity of overflows from 
drainage systems; (3) increased flooding 
of evacuation routes; (4) delays and 
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stoppages of vehicle traffic; (5) higher 
incidence of disasters on roads caused 
by landslides and erosion; (6) washout of 
bridge abutments and excessive moisture 
in crevices, causing deterioration of 
structures and slippage of slabs; (7) 
destruction highway and bridge signage. 
All these impacts would result in traffic-
flow problems and interruption of 
journeys.

For inland-waterway navigation, the 
impacts of extreme rainfall events and 
increased numbers of days of rainfall could 
lead to higher water levels increasing the 
length of high-water seasons, leading to 
enforced stoppages of service for safety 
reasons, causing substantial economic 
impacts (MIDDELKOOP et al., 2001; KREKT 
et al., 2011).

By contrast, periods of drought, also 
foreseen to become more frequent, could 
cause drops in water levels, increasing the 
average annual number of days during 
which inland navigation is hampered 
or suspended, owing to limitations on 
waterway carrying capacity (MIDDELKOOP 
et al., 2001). Even if improvements to 
navigation channels are carried out, they 
will tend only partially to relieve such 
problems. Moreover, low water levels 
oblige vessels to use only part of their 
potential capacity, thereby considerably 
increasing costs for this transport mode 
(KOETSE & RIETVELD, 2007). 

Changes in temperature will tend to 
impact transport infrastructure, such as 
bridges and railway tracks and to cause 
deterioration of roads and railways, thus 
requiring more frequent maintenance 

(SOO HOO & SUMITANI, 2005). An 
increase in the number of days with high 
temperatures raises the risk of premature 
deterioration of transport infrastructure 
caused by thermal expansion of bridge 
joints, increased deformity of paved 
surfaces and causing changes in periods 
of construction activity (IPCC, 2007; 
OSWALD, 2009).

Though materials used in assembly of 
metal structures permit a certain degree 
of plasticity allowing for contraction and 
expansion (MEYER, 2008) nonetheless, 
uncertainties relating to future climate 
change could pose threats related to 
tolerance of the various types of transport 
infrastructures to greater temperature 
variations (IPCC, 2007).

For example, on highways, degradation 
of paved surfaces is directly related to 
thermal stress, which can cause softening 
of asphalt layers when temperatures 
exceed projected limits (LAVIN, 2003). 
For inland navigation, excessive warming 
could lead to lower water levels and, 
consequently, reduced flow levels, caused 
by evaporation (LEMMEN & WARREN, 
2010).

Higher sea-surface temperatures give rise 
to tropical-storm phenomena, causing 
strong winds to become more frequent 
(OSWALD, 2009). Such winds may: (1) 
reduce the stability of bridge decks, (2) 
lead to an increase in highway and railway 
journey interruptions, caused by blockage 
of lanes and tracks by falling trees and 
rocks, and (3) increase the probability of 
highway infrastructure flaws.
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As mentioned earlier, variations in 
seasonal weather conditions, besides 
causing direct impacts, may have indirect 
impacts on transport and other economic 
sectors. For agriculture, problems arising 
from logistical bottlenecks could be 
exacerbated by the impacts of climate 
change on the transport sector, especially 
on highways (FGV, 2013).

It is likely that, as a consequence of natural 
disasters, transport costs will rise and that 
new alternative routes will be sought to 
carry produce to markets, thus disrupting 
traditional supply chains (BECKER et al., 
2012). Increased frequency and intensity 
of extreme events may also affect the 
breaching of bottlenecks, by increasing 
maintenance costs of barges and 
wagons, thus causing delays and raising 
costs (IPCC, 2007; POTTER et al., 2008; 
UNCTAD, 2009).

An accumulation impacts on the 
transport network may result in loss 
of infrastructure assets, hampering 
the recovery capacity and resilience of 
the entire sector, given that transport 
infrastructure accounts for a substantial 
national investment.

For cargo transport, adaptation can be 
regarded as the sector’s response to the 
impacts of foreseen extreme weather 
events. Brazil’s social development 
and economic growth require constant 
investment in transport infrastructure. 
Such investment becomes even more 
necessary in a context of climate change, 
to maintain or reduce costs of goods and 
services, and to enable free circulation of 
people throughout the country.

Analysis of the adaptive capacity of 
transport system management to 
climate change often poses complex 
questions, since transport infrastructure 
is dependent upon and interconnected 
with numerous other systems. Moreover, 
potential impacts are not limited to a 
given geographical region, but have 
repercussions that extend to other 
transport modes.

However, in view of the need to re-
establish or maintain the continuity of 
cargo-transport links among the various 
regions despite climate threats, the 
National Transport System (SNV) and 
National Transport Logistics Plan (PNLT) 
propose adaptation strategies, such as 
selection of an alternative route and 
switches of transport modality in the 
event of interruption of stretches of a 
major highway.

The main objective of the National Plan 
for Logistics and Transportation is to 
restore sectoral strategic planning. A geo-
referenced database has been set up to 
enable modelling and assessment of long-
term project outcomes.

Such projects encompass expansion 
of cargo-carrying capacity on strategic 
routes, filling of gaps in the national 
highway network, and construction of 
new sections to enable increases in 
efficiency, through redirection of cargoes 
from roads to railways and/or waterways. 
Furthermore, such logistical integration 
projects focus on reducing bottlenecks 
at strategic locations, such as cargo 
terminals of ports and airports.
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The main aim is to promote stability 
of the Brazilian cargo transport matrix. 
This goal is linked to the strategy for 
ensuring capacity of the transport 
sector to respond to potential damage 
to infrastructure in areas or regions 
likely to be affected by extreme weather 
events, thereby making the system less 
vulnerable to climate change.

To complement the PNLT and further 
promote integration with other policy 
areas, the Ministry of Transport has 
launched the Strategic Waterway 
Plan (PHE) with the aim of enhancing 
waterborne cargo and passenger 
transport, especially on inland waterways. 

6.2.3. Guidelines for adaptation

Some of the strategic issues related to 
reducing vulnerabilities to climate change 

in the transport sector are addressed by 
a strategy for promoting a more stable 
cargo-transport matrix. This could make 
the system less vulnerable while, at 
the same time, ensuring development 
of intermodal approaches, through 
improvements in access to port, railway 
and airport terminals. Such improvements 
in the flow of goods and passengers 
would be especially significant during 
occurrence of critical climate events.

 Notwithstanding the attention that 
planning of the Brazilian transport system 
has received in recent years, further 
rationalisation of the transport mix 
will require institutional measures and 
significant investment.

There follows a set of guidelines to be 
adopted by the Transport sector, for 
addressing emerging needs for adaptation 
to potential effects of climate change:

1. Promote greater engagement of the transport sector in issues relating to adaptation to climate 
change, through capacity building and dissemination of information.

2. Take into account, as appropriate, issues relating to adaptation to climate change in institutional 
plans, programmes and projects of the Transport sector.

3. Prepare studies and research on the relationship between climate change and the vulnerability 
of transport infrastructures, as inputs for public policies, planning and identification of solutions for 
the sector, through Ecosystem-based Adaptation (EbA) approaches.

4. Evaluate possible co-benefits and synergies between mitigation and adaptation strategies relating 
to different alternatives applied to the transport sector.

5. Improve production and availability of information on extreme events relating to the transport 
system.

6. Increase the capacity of the transport sector to respond to extreme climate events by means of 
plans, action protocols and preventive measures.
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The Ministry of Transport hereby 
assumes a commitment to assimilate the 
guidelines for regional public transport 
established in this NAP, within the 
scope of the Sectoral Plan for Transport 
and Urban Mobility for Mitigation and 
Adaptation to Climate Change (PSTM) 
as defined deadline setting by the Inter-
ministerial Committee for Climate Change 
(CIM).

6.3 Urban mobility

6.3.1. Introduction

The guidelines of the National Urban 
Mobility Policy (PNMU) were established 
by Law 12587 of 3rd January 2012, 
commonly referred to as the Urban 
Mobility Law, which defines mobility as: 
“the manner in which movement of people 
and cargo takes place within urban space”. 
Such movement is essential for economic 
and non-economic viability of activities 
in cities, where roughly 84% of Brazil’s 
population is concentrated (IBGE, 2010). 

According to the Mobility Law, the 
National Urban Mobility System 
comprises an organized and coordinated 
range of transport modes, services and 
infrastructures that enable movement 
of people and cargo within the territory 
of a municipality. These include: 
motorized and non-motorized vehicles; 
urban passangers transport and cargo 
services; mass and individual, public and 
private transport; roads and other public 
routes; including underground railways; 
waterways and bicycle lanes; parking lots; 
terminals; stations and other transport 

hubs; stops, boarding and disembarking 
of passengers and cargo; roadway 
and traffic signage; equipment and 
installations; traffic control instruments; 
inspection; collection of fares and fees; 
and dissemination of information.

Urban mobility in Brazilian cities is 
subject to disruption arising from adverse 
weather conditions and climate events 
such as flooding, temperature variations, 
etc. (hereinafter referred to as climate 
impacts). The frequency and severity of 
such impacts may vary, depending upon 
projected climatic variations and the 
characteristics of each locality having 
potential to generate economic losses 
and jeopardise the well-being of the 
population.

Thus, for the urban mobility sector, 
adaptation is crucial for protecting the 
intrinsic value of transport infrastructure, 
ensuring the reliability of mobility 
systems, the feasibility of economic 
activities, and safeguarding the quality of 
life and safety of the population.

The activities of federal, state and 
municipal bodies on this theme must 
be aligned with provisions of the Urban 
Mobility Law. At the federal level, the 
Ministry of Cities is responsible for 
overseeing implementation of the 
instruments foreseen in the PNMU, such 
as the Urban Mobility Plan, deployment 
of which is mostly in the hands of local 
governments.

In consonance with PNMU guidelines, in 
June 2013, the Ministry of Cities launched 
the Sectoral Plan for Transport and Urban 
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Mobility for Mitigation and Adaptation to 
Climate Change (PSTM) within the context 
of the National Plan for Climate Change, 
upcoming review of which is outlined in 
this NAP.

6.3.2. Impacts and vulnerabilities

The effects of climate change will be 
unevenly distributed throughout Brazilian 
territory (see Volume I of the NAP) both 
in terms of gradual changes in weather 
patterns and temperature and rainfall 
levels, and in the behaviour of extreme 
events, with rising degrees of uncertainty.

Sea levels are expected to rise throughout 
this century, with effects exacerbated by 
extreme climate events of increasing 
intensity, such as storms and strong winds 
associated with low pressure, neap tides 
and high waves, posing risks to Brazilian 
coastal cities, as described on Strategy for 
Coastal Zones.

Vulnerabilities for urban mobility stem 
from interaction among various aspects, 

including weather conditions, degree 
of exposure, sensitivity, and associated 
adaptive capacity. The influence of such 
factors varies in accordance with locality 
and specific characteristics of each 
conurbation, and, consequently, the 
severity of impacts may vary greatly from 
one area of a city to another.

Exposure is associated with systems 
and the infrastructure characteristics of 
the various different transport modes 
potentially subject to climate impacts, and 
that may have reflexes in terms of damage 
to physical assets, reduced performance, 
or interruption of mass-transit or cargo-
carrying capacity. Exposure may also 
directly or indirectly affect travel choices 
of the population, with repercussions of a 
socioeconomic nature.

Within the context of climate-change 
scenarios foreseen for Brazilian territory, 
the following climate aspects are likely to 
have an impact on urban mobility:

Higher average temperatures, heat waves and exacerbated “heat-island” effects;

Increased rainfall and occurrence of extreme events (storms, strong winds), causing flooding, floods, 
landslides, tree falls, higher groundwater levels, among other consequences;

Rise in average sea levels and high tides, associated with extreme events, sea swells and tidal 
storms, causing flooding in coastal areas, higher groundwater levels and salt-wedges in estuaries, 
among other consequences;

Reduced rainfall, lower flow and water levels in water bodies.

The following table illustrates the initial 
impacts of climate change and their 

potential effects on urban mobility, and 
other infrastructures. 
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Table 11. Potential impacts on infrastructure and urban mobility

Climate 
impact Potential impacts on Infrastructure Potential impacts on Urban 

Mobility
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ds Deterioration and deformation of paved surfaces and tracks;

Deterioration  and deformation of structural elements of 
bridges, viaducts and culverts;

Fatigue in building materials;

Instability on slopes;

Overheating and overloading in equipment (engine cooling, 
air conditioning, electrical control systems, signalling and 
communications).

Reduced safety and / or performance 
of transport modes;

Reduced comfort of passengers, 
pedestrians and cyclists;

Increased travel time;

Blocking of transport routes *;

Restricted logistics for distribution of 
goods and services;

Increased operational costs 
(maintenance and replacement of 
assets);

Reduced participation of mass 
transport and non-motorized modes.
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ts Damage to  infrastructure owing to flooding on transport 
routes*, terminals, stations and special artworks;

Corrosion and deterioration of structures;

Instability on slopes, landslides and trees falling;

Damage to equipment and electrical systems (air 
conditioning, control, signalling and communication 
systems);

Damage to foundations of transport routes  * (base / sub-
base etc.);

Overloading in drainage systems;

Reduced of visibility and vehicle traction;

Restricted navigability (headways under bridges etc.).

Ri
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ve
ls Damage to infrastructure due to coastal flooding;

Erosion and corrosion of structures and building materials;

Damage to foundations of transport routes (base / sub-
base).
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d 
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in
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ll

Restricted navigability.

Source: AUTCC – GIZ and EU Strategy, adapted from SEMOB/MCid. 

* the term “ transport routes “ includes highways, railways, subways, waterways, cycle tracks and walking paths
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Potential impacts on road and railway 
infrastructures share some similarities, 
including those associated with special 
engineering structures, drainage systems, 
roadbeds, stability of embankments, 
among others.

Certain systems have very specific 
sensitivities to temperature variations, 
such as propensity of rails to buckle and 
fatigue, of transmission lines to deform/
snap, of paved surfaces to deform, of 
motors to overheat, etc. Weaknesses of 
this type may result in greater demand for 
cooling systems and add to the discomfort 
of users.

Ground-level systems tend to be more 
exposed to extreme events. Threats 
of this type may also degrade and 
affect access to underground stations 
and terminals. Moreover, impacts to 
isolated elements of transport systems 
tend to have repercussions throughout 
the network, especially when these 
lack flexibility, integration, scope, and 
redundancy capacity. Thus, not only 
events that shut down entire transport 
systems, but also those that could lead to 
reduced operational performance need 
to be considered.

Rising sea levels could cause devastating 
flooding of coastal areas, exacerbating 
sea-water encroachment and overflowing 
of inland water courses, saltwater 
intrusion, rusting of infrastructure 
elements, coastal erosion, etc.

Such climate impacts directly or indirectly 
affect the movement of people and 
distribution of goods and services within 

cities, and raise the probability of accidents. 
They also generate additional costs for 
maintenance, recovery and/or refurbishing 
of damaged or deteriorated assets. Some 
such damages are immediately visible, 
whereas others only become apparent in 
the medium or long term.

The severity of potential impacts in each 
city varies not only according to climate 
conditions, but also on biophysical and 
socio-economic attributes of the site.

In the case of extreme rainfall events, 
for example, susceptibility to floods, 
flooding and landslides depends on an 
array of factors, including: topography 
(declivity, depressions, and floodplains), 
presence of water bodies, land use 
(surface sealing, presence of vegetation), 
soil types, effectiveness of urban 
drainage systems, etc.

From a socioeconomic perspective, 
conditions of mobility (i.e., access 
to public-transport services, decent 
roads and sidewalks, etc.) in a given 
locality or neighbourhood have a direct 
influence on the magnitude of impacts. 
In practical terms, heavy rainfall may 
cause major disruption of mobility 
services for populations in poorly served 
areas. In consequence, they may have 
to walk longer distances in the rain or 
on inadequate roads, wait longer for 
transport, or simply be unable to reach 
their intended destinations.

Such restrictions on mobility may induce, 
or even require, adoption of alternative 
forms of transport, new routes, or 
altered timetables, implying changes in 
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the behaviour of commuters. Choices 
and reactions to transport stoppages 
caused by adverse climatic conditions 
are often conditioned by factors such 
as schooling levels, income bracket, age 
group, and characteristics of the intended 
trip (distance, cost, motive etc.). Thus, 
different segments of the population will 
react differently to inconveniences caused 
by interruption of mobility services. 
Moreover, disabled people count as a 
vulnerable group in the context of this 
NAP, which reinforces the challenge of 
ensuring universal accessibility to urban 
mobility services. 

Cl imate-related disruptions of 
infrastructures in other sectors, including 
fallen electricity cables, failure in 
communications and signalling systems, 
outages of electric-power supply for 
subway, light rail and tramway systems 
may also have repercussions on urban 
mobility. Sectoral policies that address 
climate-change adaptation in the fields 
of urban development, sanitation, urban 
solid wastes and telecommunications are 
also correlate to those for urban mobility.

Day-to-day experience in Brazilian cities 
has shown that adaptation is needed not 
only to address gradual climate changes 
but, more pressingly, the challenges of 
intense adverse weather events in the 
short term, often referred to as extreme 
events. These need not refer only to 
catastrophic events, but also to more 
moderate ones that nonetheless cause 
great inconvenience to the population.

With respect to extreme events, it is 
plainly impossible to totally eliminate 

all their impacts. However, the concept 
of resilience implies ways in which 
people and systems can react in order to 
minimize negative consequences, i.e., the 
capacity to anticipate, prepare, respond 
and recover, in adverse situations.

In the mobility sector, adaptive capacity 
and resilience are closely related 
concepts, covering an array of conditions 
necessary for development and 
implementation of adaptation measures. 
Such measures encompass institutional 
arrangements, technology, knowledge 
and economic management that relate 
to structures, resources, information 
analysis, availability of technologies, 
and the existence of programmes for 
mitigation and adaptation to climate 
change and urban-mobility planning. 
Moreover, the willingness of government, 
private-sector, academic and civil-society 
players to work together on this topic 
is also of fundamental importance for 
adaptive capacity.

The quality of public-transport systems 
is also an essential factor for gauging 
adaptive capacity, and entails aspects 
relating to coverage, capacity, integration 
and alternative modes and routes, which 
enable better management in the event of 
stoppages or loss of performance of one 
specific element of a system, minimizing 
impacts on commuter journeys.

Other examples of adaptive capacity 
include: (1) availability of technical 
solutions (drainage and pumping 
systems, weather-proofing of equipment, 
enhanced construction methods and 
maintenance technologies etc.); (2) 
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cooperation among the sectoral bodies 
responsible for transport and mass-transit 
systems, sanitation, and among federal, 
state and municipal administrations, 
especially in large  metropolitan regions; 
(3) early-warning systems to promote 
readiness for extreme weather and 
public information systems to advise the 
population on how different transport 
modes will be affected, offering advice on 
alternative routes, etc.

The vulnerabilities of the urban mobility 
sector relate to a combination of 
current and projected climate impacts, 
to biophysical and socioeconomic 
characteristics, to the quality of installed 
transport infrastructure and systems, 
and to the commuting patterns of the 
population. All these factors need to 
be addressed when assessing current 
adaptive capacity, remembering that, the 
greater the adaptive capacity, the lower 
the vulnerability to impacts.

6.3.3. Guidelines for Adaptation

In view of the rates of population 
growth prevalent in Brazilian cities, it is 
important that new infrastructures and 
urban mobility systems incorporate an 
adaptation perspective. Adopting such a 
perspective requires a focus on planning 
of land-use and settlement patterns, 
integrated infrastructure projects that 
take into account climate risks assement, 
so as to avoid generating new exposures 
and vulnerabilities. Moreover, adoption of 
sustainable urban-planning, mixed land-
use and density control principles, which 
minimize distances and/or commuting 

needs, can help reduce vulnerability of 
the urban-mobility sector to climate 
change while, at the same time, reducing 
greenhouse-gas emissions.

There needs to be a complete overhaul 
of existing transport infrastructure from 
an adaptation perspective, targeted at 
minimizing climate impacts, based not 
only on maintenance cycles, but also on 
reassessment and refinement of technical 
specifications.

In contrast to private automobiles, public 
mass-transit systems and non-motorized 
transport help reduce congestion and 
facilitate commuting. Improvements to 
mass-transit systems and promotion of 
non-motorized transport could create 
synergies between adaptation and 
climate-change mitigation goals while, at 
the same time, benefiting the public and 
the economy as a whole.

Technical solutions that imbue urban-
mobility systems with greater resilience 
and that focus on prevention and 
minimization of the impacts of extreme 
events should be considered, with a view 
to facilitating transport of people and 
goods and reducing losses and recovery 
time in the event of stoppages. Efficient 
implementation of such solutions entails 
adoption of robust transport systems, 
prior identification of bottlenecks and 
prioritization of routes and infrastructures 
capable of operating even when such 
events are occurring, thereby providing an 
alternative to more vulnerable transport 
modes. Planning of such solutions must 
take into account rising demand, and 
be equipped with operational signalling 
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and early-warning systems to orient 
passengers in the event of emergencies.

Demarcation of green areas, planting 
of trees, recovery and protection of 
natural streambeds and of lakeshores, 
i.e., Ecosystem-based Adaptation (EbA) 
measures, should serve as the basis for 
local-level programmes for fostering 
adaptation and resilience. Invariably, the 
effectiveness of adaptation strategies 
depends upon public and private-
sector involvement and production of 
knowledge, both on the national and 
local levels, and its dissemination to the 
public. Although Brazil’s municipalities 
are responsible for the planning and 

management of their local transport 
systems, the coordination function of the 
federal government reduces duplication 
and helps foster synergies, especially in 
metropolitan regions. 

Measures for implementation of climate-
change adaptation strategies should not 
be taken on an ad hoc basis, but rather, 
be intrinsically incorporated into the 
decision-making processes and policies 
of the sector, with a view to minimizing 
inconvenience and economic losses for 
the population.

There follows a set of adaptation 
guidelines for the mobility sector:

1. Inter-institutional coordination among government institutions, to harmonize national adaptation 
plans and policies with local planning and actions, involving private-sector, civil-society and 
academic players;

2. Consideration of urban-mobility vulnerability studies for preparation of local-level adaptation and 
resilience programmes, in coordination with relevant sectors;

3. Incorporation of adaptation and resilience to climate change into urban-mobility plans, in 
coordination with urban land-use planning and in line with Ecosystem-based Adaptation (EbA) 
principles;

4. Strengthening of mass-transit infrastructure and popularisation of non-motorized individual 
transport, through facilitation of intermodal integration and flexibility in the system;

5. Stimulus to studies on the need to review technical standards, both for planning and maintenance 
of urban mobility infrastructure, incorporating an adaptation perspective;

6. Building awareness of climate change and its impacts on mobility, encouraging the population to 
prepare and contribute toward mitigation and adaptation measures;

7. Disseminate information on urban transit networks;

8. Support innovative projects for reducing carbon emissions and increasing capacities for 
adaptation to climate change.
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6.4 Energy

6.4.1. Introduction

Renewable energy is considered a 
priority and diversification of sources a 
fundamental principle of Brazil’s energy 
matrix. A number of mechanisms 
provided for in legislation are targeted at 
meeting diversification goals.

Given the importance attributed to 
renewable energies and their wide 
distribution throughout Brazilian territory, 
an assessment of the degree to which 
climate change may impact such facilities 
is needed to identify threats and potential 
means of reducing vulnerabilities.

When assessing vulnerabilities of the 
energy sector to impacts of climate 
change, the electric-power sector, broken 
down into the generation, transmission 
and distribution segments is the first 

point of focus in the context of this NAP. 
This is a complex sector, as it involves 
energy derived from a variety of sources, 
including both fossil fuels and renewables.

The main energy source for the National 
Electricity Grid is hydropower, whereas 
other renewable and fossil-fuel energy 
sources complement the system. Thus, 
the Brazilian eletric power Matrix is 
characterised by much lower greenhouse-
gas emissions than systems of similar 
size in other countries of the world. An 
Interconnected Transmission Network 
links generation facilities installed in a 
variety of river basins located throughout 
the country and reserve non-hydraulic 
generating capacity for use when water 
shortages affect hydroelectric generating 
capacity. 

Figure 7 shows the composition of the 
energy sources that feed the Brazilian 
Electric Power Matrix:

Figure 7. Brazilian Electric Power Matrix 
Source: National Energy balance sheet, base year 2014
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Hydroelectric power is distributed 
throughout Brazilian territory. The main 
reservoirs and hydroelectric power plants 
for generation are located in the central-
south of Brazil. There are, moreover, a 
number of basins where hydroelectric 
potential has not yet been exploited, 
especially near borders in the North 

region and on rivers in the Amazon Basin.

Brazil also has great potential sources 
of wind power, mostly concentrated in 
central and coastal areas of the Northeast, 
Southeast and South regions. The map in 
Figure 8 shows the most promising areas 
for exploitation of Brazil’s wind power 
potential:

Figure 8. Brazilian Wind Farm Potential 
Source: Centre of Research - CEPEL

Biomass provides another significant 
renewable-energy source for generation 
of electric power from thermal power 
plants, fuelled by sugar-cane bagasse, 
located alongside sugar and ethanol mills. 
The Southeast and Northeast regions of 
Brazil have the greatest potential for this 
form of electricity generation and ethanol 
production.

Another potential power source for 
electricity generation is solar power, as 

currently collected and converted into 
electricity by photovoltaic arrays, and, in 
the future, through solar-thermal power 
plants. Though solar power currently 
contributes only a small component of 
Brazil’s electricity matrix, this is likely to 
grow significantly in coming years.

Brazil has high solar radiation potential, 
fairly evenly distributed throughout the 
country, as is shown in Figure 9.
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Figure 9. Solar radiation in Brazil 
Source: Brazilian Atlas of Solar Energy - INPE/2006

A network of transmission lines 
interconnects power plants in different 
river basins, thereby optimising 
availability of water resources in the 
various reservoirs throughout the 
country. Vast quantities of water stored 
in the reservoirs of hydroelectric power 
plants serve to regulate downstream 
flows, storing water for use in periods of 
low rainfall.

To enhance the effectiveness of this 
system, a centralised body, the Electric 
System National Operator (ONS) issues 

orders18 for discharges of each plant and 
for operation of the transmission line 
network, with a view to optimising supply. 
Figure 10 shows a diagram of the National 
Interconnected Transmission System:

18 Dispachos – orders issued by the Electric System National 
Operator, determining which plants should operate and 
which should be on standby so as to maintain, permanently, 
a production volume equal to consumption, taking into 
account plants of lower cost. In general terms, these orders 
initiate power generation from the hydroelectric plants and 
when necessary, generation by the lower-cost thermal plants, 
provided the plant is in technical conditions and has fuel.
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Figure 10- National Interconnected System – NIS

Source: Electric System National Operator – ONS, 2014.

A further component of the electricity 
system is generation reserve, i.e., large 
thermal-electric plants powered by fossil 
fuels that spend much of the time on 
standby, to fill gaps when hydropower 
sources are in short supply. 

Energy security remains one of the main 
objectives of an adaptation programme 
for the electricity sector. In this regard, 
fossil fuel power plants, notwithstanding 
their greenhouse-gas emissions, fulfil an 
important role by ensuring stability to the 
system.

Moreover, the need for maintenance on 
hydroelectric power plants also makes 
necessary an expansion of thermal-
generation capacity. However, technological 
criteria and selection of fuels for such 
plants must prioritize low greenhouse-
gas emissions and seek to strike a balance 
between mitigation and adaptation.

Thus, an assessment of the vulnerabilities 
of the electrical sector should extend 
beyond a focus on individual river basins 
and contemplate the network as a whole, 
taking into account the array of energy 
sources, operation of the system, and its 
reserve-capacity structures.
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6.4.2. Impacts and vulnerabilities

There is a consensus among the scientific 
community that climate change is taking 
place and that it is highly likely that 
Brazil, like the rest of the world, will 
suffer ever more impacts in the next few 
decades. Regardless of the accuracy of 
these predictions and doubts as to which 
scenario will prevail, it is probable that 
electric-power generation will in some 
way be affected.

Of the climate parameters most 
likely to affect the sector, higher 
average temperatures that increase 
evapotranspiration of lakes and water 
courses and changes in rainfall patterns 
are of greatest concern. Rainfall, in 
conjunction with evapotranspiration, 
affects the calculation of the water 
balance, which is an important 
conditioning factor for maintenance of 
river flows.

Other weather parameters also influence 
electricity production, including cloud 
cover that reflects solar irradiation, and 
changes in wind regimes that have a 
direct effect on generation from wind 
turbines.

When considering the effects of climate 
change on electricity generation, 
other anthropogenic factors also merit 
consideration. Surface Characteristics 
and settlement patterns, for example, 
may interfere in regional wind dynamics. 
Consumptive19 uses of river flows, for 
urban water supply and irrigation, can 
reduce water availability. In some cases, 
the effects of these anthropogenic 
variables overlap with climate issues.

When assessing potential threats to the 
electrical system in a context of climate 
change, it is repercussions on the 
capacity of the National Interconnected 
Power System to ensure regular supplies 
of electric power that are of greatest 
concern. Only by adopting this focus is it 
possible to make an informed assessment 
of the vulnerabilities of the system and to 
determine possible adaptation actions.

Aspects relating to demand for energy 
brought on by climate change (e.g., 
increased use of air-conditioning in 
response to higher temperatures) should 
be considered when addressing issues of 
energy availability. On the other hand, 
greater energy efficiency brought on by 
technological developments should also 
influence energy consumption. There 
follows a list of such aspects as they relate 
to the electrical system:

19 Consumptive uses of water refer to uses that abstract water 
from its natural courses, decreasing spatial and temporal 
availability. For example: watering livestock, irrigation, public 
water supply, industrial processing etc.
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Impact of the introduction of new technologies, for example, electric vehicles and energy-efficiency 
policies;

Impact of future consumption patterns in residential and commercial buildings (dwellings and smart 
buildings);

Penetration of new technologies, such as intelligent networks and ultra-high-voltage transmission 
lines;

Greater penetration of distributed generation from different sources, for example, photovoltaic 
arrays on rooftops;

Self-production of electricity by large consumers, using renewable and fossil-fuel sources, such as 
cogeneration using natural gas.

Adaptation strategies for the electricity 
sector must also take into account issues 
relating to environmental legislation for 
protection and restoration of natural 
resources (fauna, flora and physical 
environment). Reducing environmental 
impacts, through adoption of Ecosystem-
based Adaptation (EbA) strategies is an 
important step toward building resilience. 

Such strategies include electricity 
generation by hydroeletric power plants 
of various sizes, wind farms, local and 
distributed solar-power generation, and 
thermal power plants that use sugarcane 
biomass as a feedstock. Such systems are 
subject both to changes in average climate 
parameters and to extreme events, the 
latter being the phenomena most likely 
to cause outages of transmission and 
distribution systems.

Assessment of the impact of changes in 
weather patterns entails evaluation of 
the vulnerabilities of the energy power 
system to such changes. In the case of 
hydroelectric power plants with large 

reservoirs, for example, the characteristics 
of such reservoirs may mitigate the effects 
of river-flow variations and, in turn, their 
electricity-generation capacity. Such 
characteristics affect not only operational 
capacity of the power plant, but also 
regularization of downstream flow levels.

On the other hand, run-of-river plants and 
plants with small reservoirs lack storage 
capacity and are thus more exposed 
to climate variability. This implies that 
a balance needs to be struck between 
ensuring continuity of electricity-
generation services and the sensitivity 
of generating systems to climate-change 
impacts.

In order fully to appreciate the 
vulnerability to impacts of climate change 
of the infrastructure of the electrical 
system as a whole, a synergistic approach 
is needed. Some regions of Brazil are 
likely to suffer increases in rainfall, 
temperature, winds, and solar radiation, 
whereas others will probably experience 
declines.
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The National Interconnected System 
enables offsetting of many such effects 
by shifting and matching available supply 
to areas of greatest demand. Such 
offsetting provides the electrical system 
with intrinsic adaptation capacity that, 
to some extent, compensates for certain 
vulnerabilities. Notwithstanding the 
flexibility that such offsetting provides, 
Brazil’s national energy policy must 
continue to pursue its goals of ensuring 
energy security and lowering costs 
for consumers. Other examples of the 
adaptation capacity of the sector are:

• A robust transmission system with 
ramifications to all the regions of the 
country, interconnecting power plants 
and load centres in different river basins, 

with transmission of large blocks of 
energy over thousands of kilometres, 
with high reliability;

• A centralised management agency 
(ONS) that dispatches power throughout 
the nation;

• A diversified electricity mix with electric 
power derived from a variety of sources. 
Seasonal differences in the conditions 
for energy generation from different 
sources create complementarities, 
e.g., generation from wind farms and 
thermal biomass plants tends to be 
most productive in months when river 
flows are lowest. Figure 11 shows typical 
monthly variations in energy production 
from different sources over the year.

Figure 11- Typical Monthly Variation of energy generation from Hydro, Biomass and Wind sources 
Source: Electric System National Operator – ONS
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• Reserve generation capacity that can be 
brought on line to ensure stability of the 
system.

Certain impacts of climate change may, 
in effect, strengthen the resilience of the 
electricity generation system. This could 
be the case if:

• Climate change accentuates differences 
in seasonal rainfall patterns of river basins 
of the Central-South and those of the 
North region of Brazil. Should this occur, 
with adequate storage capacity, more 
intense rainfall in one region could, to 
some extent, offset lower rainfall in other 
regions;

• Likewise, offsetting of electricity 
produced from different sources could 
occur if climate change favours generation 
from a particular source in one region, 
this could offset generation shortfalls in 
another region.

In the light of these inherent 
characteristics of the electrical system, an 
accurate analysis of the real vulnerabilities 
that it is likely to face can be made, and 
adaptation measures to mitigate such 
vulnerabilities and increase resilience can 
be proposed.

Though in view of their complexity, any 
quantitative analyses of the vulnerabilities 
of the electricity sector must entail a 
great variety of studies, it is nonetheless 
possible to identify certain isolated 
climate-change impacts on specific 
systems, without dwelling upon their 
synergistic effects on the electrical system 
as a whole. 

Projections from the wide range of climate 
models present great variability of results 
for different regions of Brazil, without 
conclusive quantitative convergence. This 
shows that caution should be exercised 
when examining projected impacts 
suggested by climate modelling, without 
underestimating them.

An approach to this theme using modelling 
scenarios for analysis of impacts on different 
sectors is therefore recommended. Among 
the array of potential future scenarios, 
some possible threats to the energy sector 
can be identified. The following notes, 
based on studies by the Brazilian Research 
Network on Global Climate Change 
(Rede Clima/MCTI) and the Secretariat of 
Strategic Affairs of the Presidency of the 
Republic (SAE, 2015) focus on qualitative 
aspects, i.e., impact trends presented in 
these studies:

• Based on the Water Balance (WB)20 
concept, i.e., the relationship between 
rainfall and evapotranspiration, which 
has repercussions on river-flow rates, the 
value for this indicator applied to river 
basins presents different behaviours in 
different parts of Brazil. A declining WB 
is observed in basins located more in the 
North (the Amazon Basin) Northeast and 
East Atlantic. For basins in the South and 
Southeast, which include the Paraná and 
Uruguay river basins, the WB will tend to 
rise during this century. Basins located 
within the transition regions between 
these extremes are likely to have a stable 
WB, i.e., close to zero;

20 Positive WB: Trend of increasing water availability. Negative 
WB: Trend of reduced water availability. Zero WB: No influence 
on water availability.
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• A trend toward higher wind velocities 
is predicted for certain specific areas of 
the Northeast and South, coinciding with 
good potential for wind-power generation. 
Regions where wind speeds are forecast 
to decrease include some areas of the 
Amazon and of the Central-West.

• Forecasts for solar radiation indicate 
that usable sunlight for electricity 
generation in the North region is likely 
to remain high. By contrast, in the South, 
increased cloud cover is likely to result in 
a decrease in solar radiation. In overall 
terms, the studies indicate that Brazil 
has a considerable number of areas 
suitable for solar-power generation, 
mostly located in its North, Northeast and 
Central-West regions.

• For generation from biomass, 
particularly sugar-cane bagasse, studies 
show that higher temperatures will 
reduce the risk of frost in the South, 
Southeast and south-western areas of the 
country. This is likely to have a beneficial 
effect for sugar-cane production and 
hence energy generation from biomass, 
as climate restrictions on tropical crops 
become more relaxed;

• Climatic model projections indicate 
an intensification of the occurrence 
of extreme events. Such events may 
affect infrastructure for electric-power 
generation, transmission and distribution.

• The vulnerabilities identified should 
be regarded as merely indicative, and 
specific actions targeted at minimising 
their effects on the electricity sector 
cannot be overly reliant upon them. 

Further studies with higher degrees 
of quantification are needed to clarify 
uncertainties in several areas.

6.4.3. Guidelines for Adaptation

In view of complexities revealed in 
vulnerability studies on the electricity sector, 
adaptation actions need to be meticulously 
assessed and to meet with a solid consensus 
among bodies that comprise the National 
Energy Policy Council.

Sectoral policies are formulated within a 
framework organised to ensure effective 
fulfilment of goals. Within this framework, 
the Ministry of Mines and Energy chairs 
the National Energy Policy Council (an 
inter-ministerial body that advises the 
President of the Republic on energy-
related policies and guidelines). The 
Brazilian Electricity Regulatory Agency 
(ANEEL) and its state-level counterparts is 
responsible for supervision and regulation 
of the sector. Other participants in 
this framework are the Electric System 
National Operator (ONS), the Brazilian 
Electric Energy Trading Chamber (CCEE), 
the Energy Research Company (EPE), 
and the Electricity Sector Monitoring 
Committee (CMSE). The Electrical Energy 
Research Center (CEPEL) is one of the 
bodies that foster technical and scientific 
development of the sector. Finally, 
energy services are provided by various 
companies that comprise the Eletrobras 
System21, state and municipal-level 
electricity-generation and distribution 
companies, and the transmission 
companies. 

21 Centrais Elétricas Brasileiras S.A.



Strategy for Infrastructure 121

To stimulate debate, and hence consolidation 
of adaptation concepts that are compatible 
with objectives of the energy sector, 
guidelines are needed to ensure attainment 
of adaptation goals on the part of both 
private and public stakeholders.

Moreover, the proposed guidelines 
should orient technology-transfer 

programmes and capacity-building 
initiatives for the electricity sector 
through direct exchanges with other 
countries, or multilaterally through the 
United Nations Framework Convention. 
There follows a list of proposed guidelines 
for the electricity sector:

1. Promote a greater engagement of electricity-sector institutions in themes relating to adaptation, 
with a view to adapting institutional policies to new climatic parameters, when appropriate;

2. Deepen impact studies on specific areas of interest to the electricity sector in relation to climate-
change trends;

3. Conduct studies on climate-change risks assessment to energy-sector infrastructures, with a view 
to improving management of activities, focusing on contingency planning for extreme events;

4. Evaluate potential co-benefits and synergies between mitigation and adaptation, relating to 
various alternatives applicable to the energy sector;

5. Assess, when relevant, interactions between adaptive measures for water, energy, land use and 
biodiversity, as a means for understanding and managing such interactions;

6. Conduct studies to define and improve planning tools, with a view to adapting parameters in 
response to scientifically verified climate change impacts.

The guidelines proposed in this Chapter 
seek to foster electricity-sector planning 
in the light of climate-change projections 
and to provide energy-policy guidance 

in the quest for greater resilience, while 
abiding by principles of security of 
supplies, environmental sustainability and 
moderate tariffs.
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 7 Strategy for Vulnerable Populations

7.1 Introduction

Intensification of extreme weather 
events associated with climate change 
is likely to affect many of the day-to-day 
activities of human populations. Such 
effects include fewer job opportunities 
in a number of economic sectors. They 
are also likely to increase migration22 
flows, as entire population groups flee 
the effects of climate change or seek to 
adapt to them. The distribution of such 
impacts, however, will occur unevenly 
throughout the country and the principle 
effects will be borne by more socially and 
economically underprivileged groups.

The poorest groups will tend to be more 
heavily affected, as they have fewer 
alternatives for ensuring livelihoods than 
wealthier segments of the population 

22 The International Organization for Migration (IOM) defines 
Migration as “the movement of a person or a group of persons, 
either across an international border, or within a State. It is a 
population movement, encompassing any kind of   movement 
of people, whatever its length, composition and causes; it 
includes migration of refugees, displaced persons, economic 
migrants, and persons moving for other purposes, including 
family reunification” (IOM, 2011 apud IOM, 2014, p. 23).”

“Environmental migrants are persons or groups of persons 
who, for compelling reasons of sudden or progressive changes 
in the environment that adversely affect their lives or living 
conditions, are obliged to leave their homes or choose to do 
so, either temporarily or permanently, and who move either 
within their country or abroad” (IOM, 214, p. 6). 

Adaptation (linked to migration): in human systems, the 
process of adjustment to actual or expected climate and its 
effects, which seeks to moderate harm or exploit beneficial 
opportunities. Migration and mobility are adaptation strategies 
in all regions of the world that experience climate variability” 
(IPCC, 2014 apud IOM, 2014, p. 23) 

(COEP23, 2011).

The latest IPCC report (AR5, 2014) states 
that poorer populations (especially those 
in tropical countries) will be the most 
affected by climate change. Poverty is 
associated with socioeconomic fragilities 
that prevent resilience to adverse 
weather events. Thus, climate change 
is likely to result in increased exposure 
to disease, higher food insecurity and 
malnutrition, material losses, housing 
deficits, and fewer livelihood and income 
opportunities. Other factors associated to 
such vulnerabilities include: inappropriate 
land use, precarious housing, lack of 
access to basic sanitation and other 
public services, such as education and 
healthcare (COEP, 2011 b).

In Brazil, a vast country of great 
environmental and physical diversity, 
characterised by huge social and regional 
disparities, poverty24 is among the main 
factors underlying the population’s 
sensibility to climate change. Indeed, 
according to the IPCC (2007) poverty 
must be considered an important aspect 
for the assessment of the vulnerability of 
the population.

Currently, roughly 80 million Brazilians 
can be considered poor (MDS, 2014) 

23 National Social Mobilisation Network.: <www.coepbrasil.
org.br>

24 The poor are those lacking security of fulfilment of basic 
human needs such as food, shelter, clothing, schooling, health 
care, etc. (MONTEIRO, 1995).
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a condition that substantially reduces 
their adaptive capacity. Thus, the 
environmental impacts, both of 
extreme weather events and of gradual 
climate change, are likely to undermine 
improvements in living standards achieved 
in recent years and may even contribute 
toward a reversion to the former less 
favourable status quo. (COEP, 2011a). 
Other contributing factors to such social 
vulnerabilities include: issues of race and 
gender (particularly relating to the status 
of women25); traditional populations; 
Specific Traditional Population Groups 
(STPGs - GPTEs) including blacks, all of 
which reflect deeply ingrained structural 
disparities (COEP,2011).

The persistence of such disparities justifies 
an effort to identify the social groups most 
vulnerable to climate change in Brazil, 
with a view to reducing negative impacts 
and promoting social-policy actions and 
strategies, in line with Brazilian regional 
sustainable-development and climate-
change adaptation goals. Gaps in the data 
on the vulnerabilities and adaptation 
capacities of specific groups and their 
distribution in the various regions and 
biomes of Brazil, require further research, 
in support of furthering the country’s 
social-agenda goals.

This chapter is a collaborative effort, 
prepared jointly by the Ministry of 
Environment (MMA), the National Indian 
Foundation (FUNAI) and the Ministry 
of Social Development (MDS) with the 
aim of supporting contextualization and 
identification of the population groups 

25 Women, owing to the nature of some of their tasks and 
double workload, are among the most disadvantaged.

most vulnerable to climate change, and 
of promoting their adaptation to new 
climate conditions.

To this end, the following premises and 
approaches were established.

Vulnerability to climate change and 
adaptation to its effects by peoples and 
communities are examined from different 
standpoints. Firstly, from a territorial 
municipality-based approach; next, an 
analysis prepared especially for this 
Chapter, examines vulnerability from a 
biome approach; and lastly, the Chapter 
focuses on the vulnerabilities of Brazil’s 
indigenous peoples.

The focal points, responsible for 
coord inat ion ,  promot ion  and 
implementation of actions and guidelines 
proposed in this Chapter, are MMA, 
MDS, FUNAI, and the Brazilian Forum on 
Climate Change (FBMC).

7.2 Historical and institutional 
framework

In mid-2010, under the coordination of the 
Committee of Entities in the Fight against 
Hunger and for Life (COEP), the FBMC’s 
Working Group on Climate Change, 
Poverty and Inequality proposed a set 
of principles, objectives and guidelines 
to be observed during preparation of 
the National Adaptation Plan to Climate 
Change. Drafting of this Plan entailed 
a participatory and innovative process 
to identify and address the main issues, 
drawing upon the experience and 
expertise of various public and private 
organisations, namely: ASA, CARE, the 
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National Food and Nutritional Security 
Council (CONSEA), FASE, FIOCRUZ, 
IBAMA, IBASE, the Brazilian Network for 
Integration of Peoples (REBRIP), OXFAM, 
Vitae Civilis, and WWF-Brasil )(COEP, 
2011). Members of the Working Group 
concurred that a significant number of 
measures were being undertaken on 
the part of governments at the various 
levels to assist vulnerable populations, 
for example, the policies related with the 
Unified Registry for Social  Programmes 
of the Brazilian Federal Government 
(CadÚnico26).

For coordination of such measures, the 
CadUnico assists the Federal Government 
in identification of Specific Traditional 
Population Groups (STPGs). In recent 
years, the government has become 
accessible to the demands of different 
social groups, through its policy of 
creating and strengthening councils 
and national conferences such as the 
National Food and Nutritional Security 
Council (CONSEA), the Secretariat for the 
Promotion of Racial Equality (SEPPIR), and 
the Secretariat of Human Rights. Another 
example of institutionalization, that 
represents an important achievement for 
the traditional people that is vulnerable 
to climate change, is the institution of 
the National Council for Sustainable 
Development of Traditional Peoples and 
Communities (CNPCT). The role of this 
Council is to guide public policies targeted 
at traditional populations, by contributing 

26 The Single Registry for Social Programmes of the Brazilian 
Federal Government (CadUnico) identifies and classifies 
low-income families, thereby facilitating understanding of 
the socioeconomic realities of this population. It records 
information such as: characteristics of residence, personal 
identification, schooling, employment and income status, etc.

toward measures for mitigation of poverty 
and extreme poverty among these groups 
(DIREITO and LICIO, s/d). Decree 604027 of 
February 2007, established the National 
Policy for Sustainable Development of 
Traditional Peoples and Communities 
(PNPCT) (MDS, 2014) and provided 
definitions for the terms ‘traditional 
peoples’ and ‘traditional communities’ 
within the scope of the policy. 

In another recent milestone, Decree 
7747/2012, established the National 
Policy for Territorial and Environmental 
Management of Indigenous Lands 
(PNGATI) for the purpose of ensuring:  
protection, restoration, conservation and 
sustainable use of natural resources in 
indigenous lands and territories, while 
ensuring the integrity of indigenous 
heritage, improving quality of life and 
of conditions for physical and cultural 
reproduction of current and future 
generations of indigenous peoples, 
respecting their socio-cultural autonomy.

The National Plan for Strengthening 
Extractive and Riparian Communities 
(PLANAFE)28 was launched in 2015 
for the purpose of “adapting, 
coordinating, integrating and proposing 
actions to promote access to health, 
education and social infrastructure, 

27 Traditional Peoples and Communities: culturally 
differentiated groups recognised as such, that possess 
their own forms of social organisation, that occupy and use 
territories and natural resources as part of their cultural, 
social, religious, ancestral and economic heritage, comprising 
knowledge, innovations and practices generated and 
transmitted by tradition (Decree No. 6040, 7/2/2007).

28 Established by Inter-ministerial Order 380, of 11 December 
2015, signed by the Ministers of Environment (MMA), Agrarian 
Development (MDA) and Social Development and Combatting 
Hunger (MDS).
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with a view to promoting sustainable 
production, generating income, and 
fostering environmental and territorial 
management of areas for traditional use 
and occupation, to ensure quality of life, 
access to and sustainable use of natural 
resources, environmental conservation 
and promotion of human rights for 
extractive and riparian communities.”

7.3 Identification of the 
populations most vulnerable to 
climate change in Brazil

7.3.1. Proposal for selection of Brazilian 
population groups most vulnerable to 
climate change

The approach for identification of the 
more vulnerable populations was chosen 
on the basis of available data and public-
policy instruments. This strategy aims 
to serve as a tool for establishment 
of measures for identification and 
monitoring of vulnerable populations.

7.3.2. Social vulnerability in Brazil

Social vulnerability in Brazil is equated 
with the “sensitivity” component of 
vulnerability to climate change, as defined 
by the IPCC. It is assessed by means of 
various governmental initiatives that 
take into account the population’s social, 
ethnic and cultural diversity. Based upon 
self-identification of groups, it is possible 
to analyse socioeconomic profiles and to 
identify layers of exclusion, thus enabling 
structuring and enhancement of public 
policies for addressing the realities identified.

For the purpose of identifying some of 
the most socially sensitive groups in 
Brazil, and those that, owing to their 
socio-economic status are considered 
highly sensitive to climate change, the 
CadUnico29 was used.

Though designed primarily as a tool to 
support planning and implementation of 
federal-government social programmes, 
CadUnico is also quite well adapted 
to serving purposes associated with 
adaptation to climate change impacts. 
Much of the policy and institutional 
structure of the registry is equally 
appropriate for attaining adaptation 
goals, given the crosscutting nature of 
climate-change issues and their relevance 
to different line ministries and to state 
and municipal-level bodies.

CadUnico classifies socially vulnerable 
population groups in Brazil by the 
following characteristics: ethnic origin, 
environmental relationship, agricultural 
aptitude, and circumstantial situation. 
Within the Specific Traditional Population 
Groups (STPGs), wich includes indigenous, 
quilombolas, gypsies, among other 
groups,  the most vulnerable category 
are those with a per capita income of less 
than R$ 77.00. This category comprises: 
114,791 indigenous and Quilombola 

29 The Single Registry for Social Programmes of the Brazilian 
Federal Government (Cadastro Unico - CadUnico) was 
established at the end of 2001 to identify the socioeconomic 
profile of poor families and provide inputs for design of public 
policies targeted at families in situations of social vulnerability 
(BRAZIL/MDS, 2014). It comprises a set of targeted strategies 
for registration of families, classified by specific life-style, 
cultural, belief and critical-vulnerability features. CadUnico has 
laid the foundations for differentiated registry (GM/MDS Order 
376 of 16 October 2008). Since 2004 it has identified families 
belonging to 15 traditional population groups and living in 
specific situations (GPTES).
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families registered in 2010; however, by 
June 2014, this number had risen to 1.27 
million families belonging to 15 groups 
recognised by the MDS (Figure 12). The 
groups with highest percentages of 
extremely poor people among the STPGs 
can be broken down by specific ethnic 

categories (indigenous 77.4%; quilombola 
74.2%; and gypsies 75.2%); environmental 
categories (extractivists 81.7%; fishermen 
75%; and riparian 84.5%); homeless 
(87.6%); and family farmers (74.1%). 

STPG SAMPLING GROUP

Quilombolas Extractivists Indigenous
peoples 

Fisherman/
Riparian Homeless Settlements

Family
farmers Gypsies

Figure 12. Some STPG categories. (MDS, 2015)

7.3.3. Population group categories most 
sensitive to climate change, according 
to CadUnico

For purposes of this Chapter, analysis 
of the sensitivity of certain Brazilian 
populations to climate change is based on 
STPG categories. This choice is justified, 
since such groups suffer high degrees 
of socio-economic exclusion. When 
compared to other poor and extremely-
poor families, the data reveals that STPGs 
have higher sensitivities (lower income, 
lower schooling and less access to basic 
services) than other families. Apparently, 
families in this category suffer a process 
of double exclusion since, aside from 
discrimination generated by economic 
factors, social invisibility and institutional 
prejudices hamper their access to public 
policies. Additionally, unlike most other 
families registered in CadUnico that are 
predominantly urban (80%), STPG families 
tend to live in rural environments (69%).

7.4 Approaches for understanding 
vulnerability

This item examines approaches for 
identification and analysis of the 
vulnerability of populations and, though 
different approaches are used, they can 
be applied simultaneously.

7.4.1. Territorial Municipal-based 
Approach

This methodology was developed within 
the scope of a project for “Construction 
of Population Vulnerability Indicators as 
an Input for Drafting of Climate-Change 
Adaptation Actions in Brazil”, carried 
out through a partnership between the 
Ministry of Environment (MMA) and 
Oswaldo Cruz Foundation (Fiocruz).

The project developed indices for 
Assessment of Social Vulnerability to 
Climate Change at the municipal level 
(Confalonieri et al 2014). Initially, this 
index is to be applied in six Brazilian 
states, and may later be adopted in other 
states and municipalities.
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Components of municipal indices can 
be broken down into sub-indices, for 
exposure, sensitivity, and adaptation 
capacity that comprise the Vulnerability 

index. Table 12 presents the proposed 
index and a descripti on of the indicators 
used to comprise its sub-indices.
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The MMA is providing states and 
municipaliti es with this tool as a means of 
supporti ng local strategies for addressing 
the vulnerabiliti es of diff erent populati on 
groups. Further informati on on this tool is 
available on the MMA website.

7.4.2. Biome-based Approach

a. Current exposure of STPG in Brazilian 
Biomes

From a territorial standpoint, it can 
be perceived that STPGs are mainly 
concentrated in the Amazon (60.3%) 
and Caatinga Biomes (19.9%). The 
Amazon accounts for the largest 
conti ngents of groups dependent upon 
the environment for livelihoods, i.e., 
extracti vists (68.7%), riparian populati ons 
(79.9%) and indigenous peoples (42.1%). 
A great wealth of informati on on climate 
change vulnerabiliti es in Brazil relates to 
indigenous peoples.

A study on disasters in Brazil between 
1991 and 2010, by the Research Centre 
for Disasters of the Federal University 
of Santa Catarina (CEPED/UFSC, 2012) 
found that the most disaster-prone areas 
are located in the North, Northeast, 
Southeast (north and coastal areas), and 
South regions (Risk - Figure 13). When 
this map is contrasted with the number 
of families with per-capita incomes 
amounti ng to no more than R$77 (STPGs 
supposedly more sensiti ve - Figure 13b) 
it can be observed that most are located 
in regions of greater climati c exposure, 
mainly in the North and Northeast.

Although Brazil’s South region (in the 
Pampa and partly in the Mata-Atlânti ca 
Biomes) is exposed to climati c threats, 
its socioeconomic vulnerability is lower 
in view of better income distribution 
and smaller presence of STPGs, as a 
consequence of regional historical factors.

(a)
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(b)

Figure 13. Figure (a) shows the intensity of disasters in Brazil between 1991 and 2010 by 
municipality (darker colour indicates a greater number of disasters). Figure (b), shows 
the (more sensiti ve/exposed) groups of families with per-capita incomes of no more 

than R$77 (Blue indicates a smaller number of families and Red a higher number) 

By contrast, the North (Amazon) and 
Northeast (Caatinga) regions suffer 
repercussions not only from climatic 
exposure (i.e., drought and fl ooding) but 
also from socio-economic aspects and the 
greater number of STPGs in places where, 
historically, such groups have sett led. In 
the Caati nga, exposure to drought is a 
longstanding phenomenon and, owing 
to politi cal, cultural and socioeconomic 
factors, solutions are hard to apply, 
thereby increasing the vulnerability of 
STPGs. Moreover, in additi on to threats 
and exposure to current and future 
climate, other factors exacerbate disaster 
risks in these biomes.

The Cerrado and Pantanal, though less 
prone to disasters than other biomes, 
are nonetheless subject to extended dry 

periods and risks arising from seasonal 
fl oods and runoff . From the standpoint 
of socioeconomic vulnerability of 
STPGs, both these biomes are in a 
more comfortable situati on in terms of 
numbers of sensiti ve households, except 
in the southern part of the Pantanal and 
in north and north-eastern Minas Gerais, 
where exposure levels pose greater 
threats and the numbers of economically 
vulnerable families are higher.

There follows an analysis of biomes from 
a future-climate standpoint, in the light 
of global and regionalised predicti ons for 
Brazil, in terms of rainfall and temperature 
anomalies, unti l 2040.

Table 13 describes projected temperature 
and rainfall changes of the HadGEM 
model for 2011-2040 in the IPCC’s AR5 8.5 
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emissions scenario for Brazilian biomes, 
which would cause greater exposure of 
STPGs. It shows some of the sensitivities 
and exposures of these groups, by biome, 
and some gaps and bottlenecks that must 
be understood, measured and addressed, 
in order to gauge the vulnerabilities of 
STPGs to climate change.

The table does not show vulnerabilities 
for each STPG separately, nor their spatial 
distribution within each biome. This 
represents a knowledge gap which will 
require further studies in coming years.

There is a lack of updated and 
systematised information on the 
demographics and location of STPGs. This 
represents a bottleneck for formulation 
and implementation of public policies 
targeted at improving living conditions, 
addressing their invisibility, and reducing 
neglect of their vulnerability status. 
Such information gaps aggravate other 
structural limitations of policies targeted 
at STPGs and, to some extent, explain 
flaws in their basic rights (i.e., access to 
territories and to basic services).

Table 13. Contributing factors to future vulnerability of Specific Traditional Population 
Groups (STPGs) in Brazilian biomes, under the IPCC’s AR58.5 Wm2 scenario 

Vulnerability components of Specific Traditional Population Groups in Brazilian biomes

Am
az

on

Groups: Indigenous peoples, quilombolas, extractivists, artisanal fishermen, squatters, riparian 
populations and family farmers.

Exposure: Risk of fire/prolonged drought/heavy rainfall; strong dependence on biodiversity 
and related ecosystem services; risk of flooding and of landslides; changes in phenology of 
domesticated and native species, dependence on soil quality.

Sensitivities: High degree of dependence on natural resources; high incidence of diseases 
associated with hot and humid weather; low migration capacity; land-tenure insecurity; strong 
identification with the land; houses in remote areas of difficult access; poor access to public 
services and private markets; incomes; sudden changes in local weather cycles threaten 
traditional production practices; and interference in the traditional knowledge on planting 
and harvesting cycles.

Some potential impacts: Reduced fish stocks; impaired livelihoods; impairment of material 
goods; increase in vectors of diseases caused by higher temperatures; increased incidence of 
lung diseases caused by smoke from fires and burning.

Gaps: Lack of knowledge of the specific vulnerabilities of each STPG category, by biome.
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Ce
rr

ad
o

Groups: Extractivists, quilombolas, indigenous peoples, gypsies, family farmers, land-reform 
settlers and homeless.

Exposure: Extreme rainfall events; more intense urban landslides and flooding that may affect 
populations living in risk areas; more extended periods of drought; increase in the risk of fires 
and burnings; threats to remaining forests and endemic and/or endangered species.

Sensitivities: High incidence of respiratory diseases associated with dry weather, livelihoods 
highly dependent upon natural resources; food insecurity; reliance on farming for income; 
dependence on biodiversity and ecosystem services.

Possible impacts: Impairment of large-scale and family farming, hampering not only subsistence 
activities but also production of soybeans, sugar cane, cotton, and other commodities and foods. 
Dry air and burning may cause higher incidences of respiratory disease.

Gaps: Lack of time-series information on vegetation cover in the biome; lack of smaller-
scale climate modelling and research on the impacts on specific populations or groups; poor 
knowledge and mapping of biodiversity within the biome and its potential to support the 
population; and poor coverage of weather stations in these areas.

Ca
ati

ng
a

Groups: Quilombolas, family farmers, indigenous peoples, extractivists, artisanal fishermen, 
gatherers, homeless, gypsies.

Exposure: In semi-arid portions of the Northeast, warmer and drier climate foreseen in models 
points and more intense droughts in this region. Low vegetation cover. Areas susceptible to 
extreme climatic effects of drought.

Sensitivities: Low-income population groups; poorly managed energy mix based on biomass.

Possible impacts: Climate change scenarios for the Caatinga point to replacement of current 
vegetation cover with more drought-resistant desert vegetation; water levels in local reservoirs 
are likely to decline, posing threats to water-supply and health of local populations. Subsistence 
agriculture, especially rain-dependant farming, will suffer; undermining livelihoods and posing 
a threat to food security. Warmer and drier weather may cause migration to big cities of the 
region and to other regions, in waves of environmental refugees.

Poor availability of high-quality and timely data for monitoring signals and observing impacts 
of climate change; lack of adequate indicators and systems for monitoring the water balance, 
salinization and deforestation.
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M
at

a-
At

la
nti

ca
Groups: Indigenous peoples, extractivists, artisanal fishermen, gypsies, family farmers, 
homeless, quilombolas.

Exposure: Risks of flooding, landslides and higher sea levels. High population density in the 
coastal region. This biome is characterised by rugged terrain that is susceptible to landslide 
and flooding events. Risk of increased periods of droughts and of longer dry seasons.

Sensitivities: This biome has Brazil’s highest population densities and encompasses one of 
the most economically dynamic parts of South America. Prevalence of insect-transmitted 
diseases, such as dengue and yellow fever, is high. Sanitation and wastewater treatment 
indices are low. A major portion of the population lives in high-risk areas.

Possible impacts: Hurricanes may begin to reach Brazil’s southern coast (as occurred in Santa 
Catarina). Longer dry seasons may affect the regional water balance, with consequences 
for human activities, such as abstraction of water for agriculture, energy generation and 
food production. There may be more frequent flooding, landslides and floods brought on 
by extreme rainfall events, causing economic damage and loss of lives. Waterfronts may 
be washed away; ports destroyed and populations displaced. Even though rainfall will tend 
to increase, the high air temperatures predicted by models may, at the same time, reduce 
availability of water for agriculture, human water supply, and electricity generation, owing to 
foreseen increases in evaporation or evapotranspiration.

Gaps: Inadequate mapping of risk areas, taking into account climate-related disaster risks 
and real-time early-warning systems; participatory development of master plans; adequate 
urban planning.

Pa
nt

an
al

Groups: Artisanal fishermen, riparian populations, indigenous peoples, land-reform settlers 
and family farmers.

Exposure: Higher temperatures, lack of rain, flat and low terrain, susceptible to floods.

Sensitivities: Economic activities highly dependent upon the seasonal ebb and flow of 
the water cycle. Any significant disruption of this cycle, resulting from climate change or 
deforestation, may affect the water-retention and control capacity of these wetlands; 
populations thinly distributed in remote areas.

Gaps: Few studies on the impacts of climate change on this biome and their repercussions on 
specific population groups and; poor coverage of weather stations in these areas.
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Pa
m

pa

Groups: Family farmers, land-reform settlers, homeless, indigenous peoples.

Exposure: Some areas already undergoing desertification; land-use changes may increase 
vulnerability to drought. Higher frequency of extreme weather events, with intense and 
frequent waves of heat and cold. Dry hot summers. Intense and concentrated rainfall. Longer 
dry seasons. Increase in wind speeds and possibility of hurricanes.

Sensitivities: Characteristics of buildings/homes; deforested areas and threats of further land 
clearing; few conservation units in the region.

Possible impacts: Grain production and reforestation with exotic species may be undermined 
in the Pampa region. Higher temperatures and rapid temperature variations may lead to 
higher incidences of associated diseases. Intense rains may increase flooding and landslide 
risks, mostly affecting populations living on deforested hillsides and residents of poorer 
neighbourhoods that lack infrastructure; excessive heat and drier air may cause salinization 
of soils in areas affected by reforestation with pine and eucalyptus.

Gaps: Few studies and little knowledge of biodiversity of this biome; further studies 
are needed on the impacts of climate change in the Pampas and their effects on specific 
population groups.

7.5 Indigenous peoples and 
climate change: vulnerability, 
adaptation and traditional 
knowledge

Any evaluation of the effects of climate 
change on Brazil’s human populations 
must take into account the vast ethnic 
and cultural diversity of its more than 300 
indigenous peoples30. The cosmologies, 
languages, traditional knowledge and 
identities of such population groups 

30 The Population Census (IBGE, 2010) estimates the Brazilian 
indigenous population at 817,963, of which 502,783 live in 
rural areas and 315,180 in towns in all the Brazilian states 
and the Federal District. There are 305 different peoples, 
speaking 274 indigenous languages, and an estimated 69 as 
yet un-contacted indigenous groups, according to FUNAI. 
Brazil, as a multi-ethnic and democratic State, has a number of 
legal and constitutional provisions that acknowledge, protect 
and establish rights to such diversity. Provisions of the 1988 
Federal Constitution govern relations between the State and 
indigenous peoples, ensuring protection and guaranteeing 
their collective rights, and sweeping away assimilationists, 
tutelary and integrationist premises of earlier laws.

comprise totally distinct social, cultural, 
political, legal and economic systems, 
within a variety of territorial and social 
contexts. These peoples have long and 
multigenerational histories of interactions 
with surrounding Brazilian society, with 
the environment and, more especially, 
with the territories they traditionally 
occupy, which have little relationship 
with concepts of private land ownership 
or tightly bounded borders. From an 
indigenous standpoint, territory is 
ecological, social and symbolic space, 
which harks back to historical and 
mythological references, of fundamental 
importance to the physical and cultural 
reproduction of the group, its ways of life, 
and its autonomy projects.

The specialised scientific literature 
predicts that, in view of lifestyles based 
on sustainable management and use 
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of natural resources and the biological 
diversity of territories in which they live, 
the impacts of climate change on the 
cultures and territories of indigenous 
peoples will be come early and with severe 
effect. Such exposure and sensitivity 
are, in part, linked to the fragility of the 
ecosystems in which many communities 
are located, their vulnerability to 
climatic extremes, and rapid spatial 
transformations caused by anthropogenic 
activities and unsustainable development 
models. Indigenous peoples possess 
detailed traditional knowledge on 
seasonal, annual and inter-annual cycles 
and of their interrelationships with 
other components of the ecosystems 
in which they live and which they use in 
the exercise of landscape-scale land-use 
and natural-resources management, and 
around which their social and ceremonial 
lives revolve. Moreover, they are keen 
observers of environmental dynamics 
and changes and of related impacts 
and trends that affect their lives. Since 
before the dawn of recorded history, 
they have   developed varied creative 
and sustainable responses and strategies 
to address climate change, and assumed 
active roles in design of distinctive change 
and adaptation scenarios, based on their 
own culture-specific and astute climate 
perceptions.

When considering synergies between 
aspects of adaptation and mitigation, 
it should be acknowledged that 
traditional knowledge and cultural, 
patterns of territorial land use and 
the inherent systems for management 
and conservation of environmental 

assets pursued by indigenous peoples 
in their territories have, historically, 
promoted conservation of biodiversity 
and of hydrological cycles, retarded 
deforestation, maintained forest carbon 
stocks and provided numerous significant 
environmental services for maintenance 
of a stable climate.

The Traditional Knowledge Initiative (TKI) 
of the Institute for Advanced Studies 
of United Nations University (UNU) 
is endeavouring to promote greater 
appreciation of the traditional knowledge 
and practices of indigenous peoples. It has 
sought to promote acknowledgement that 
such knowledge can: 1) provide valuable 
local and regional-level information, 
serving as means for verification of 
regional and global scientific-data models 
and provide a basis for preparation of 
adaptation and mitigation strategies; 2) 
provide a solid basis for development of 
adaptation measures for communities 
and micro regions; 3) serve as a basis for 
development of strategies for adaptation 
and natural-resources management in 
response to environmental and other 
types of change; 4) assist in understanding 
of the potential of cost-effective, 
participatory and sustainable adaptation 
strategies31. It was recommended that 
representatives of indigenous peoples 
be invited to participate in debates, 

31 Contributions of Working Group II (“Impacts, Adaptation 
and Vulnerability”) to the 4th and 5th IPCC evaluation reports, 
provide numerous case studies; documents of the 31st and 32nd 
Sessions of the IPCC; the compilation of summaries presented 
in the joint IPCC - UNU Workshop “Pueblos Indigenas, 
poblaciones marginados y cambio climatico: vulnerabilidade, 
adaptacion y conocimientos indigenas” (IPCC, UNU, 2011) and 
the report “Weathering Uncertainty – Traditional knowledge 
for climate change assessment and adaptation” (UNESCO, 
UNU, 2012).
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evaluations and planning of policies to 
counter the adverse impacts of climate 
change, in recognition that a blend of 
scientific, traditional and local knowledge 
could foster adaptation capacity and 
reduce vulnerabilities.

Notwithstanding their accumulated 
traditional knowledge on functioning 
and interrelationships of natural cycles 
and ecosystems, the intensity and 
rapidity with which climate-change is 

affecting the different biomes may lead 
to situations in which the magnitude 
of future risks exceeds the adaptation 
capacity and resilience of these peoples, 
jeopardising maintenance of their cultural 
practices and livelihoods. Few studies and 
initiatives have sought to understand the 
perceptions of Brazil’s indigenous peoples 
with respect to the indicators and signals 
of climate change, or their adaptive 
practices and strategies for dealing with 
such changes.

IMPACTS OBSERVED

Some recent experiences32 indicate that, rather than normal weather variations or effects predicted 
in future scenarios, various communities of different socio-cultural and territorial backgrounds 
report changes in temperature and rainfall patterns and in humidity and seasonal river-flow levels. 
Alongside other exposure factors and variables, they report that climate change has variously 
affected important environmental, cultural and territorial dimensions, and that its impacts include, 
among others: increases in burnings and deforestation, extreme weather events, desertification; 
changes in plant and animals life cycles, agricultural cycles, water dynamics and fisheries, ritual and 
traditional-medicine practices, organisation of community life; sustainability of livelihood activities, 
food production and food security, and health. An important auxiliary planning tool for adaptation 
actions for indigenous territories and for the peoples of the Brazilian Amazon is the online digital 
System for Observation and Monitoring of the Indigenous Amazon (SOMAI platform)33. Developed 
by the Amazon Environmental Research Institute (IPAM) the platform provides scientific information 
on climate scenarios and vulnerabilities of Amazonian indigenous territories (including maps and 
rainfall and temperature change scenarios); and on their role in maintenance of regional and global 
climatic stability.

32   33

Climate change is thus but one among the multiple threats to Indigenous Lands. It 
cannot be analysed separately from other social, political, economic and environmental 
threats that such peoples currently face. Thus, strengthening the resilience and adaptive 
capacity of indigenous peoples must necessarily entail efforts targeted at overcoming 

32 Information was gathered from seminars and training sessions “Climate change from the standpoint of the indigenous 
peoples of Brazil”, promoted by the Association of Indigenous Peoples of Brazil, FUNAI, IPAM and partners in the second half of 
2014; provided by the Indigenous Council of Roraima’s publication entitled “Amazad Pana’adinhan: perceptions of indigenous 
communities on climate change – Serra da Lua Region/RR”, resulting from a long and careful process of collaborative research 
conducted by teachers and indigenous territorial and environmental agents (ATAIS) and partner researchers, as contributions for 
a plan for combating the effects of climate change in the region and reducing the consequences of climate change.

33 <www.somai.org>
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structural disparities, promoting climate 
justice34 and safeguarding human rights.

34  Proponents of Climatic Justice argue that those who are 
least responsible for greenhouse gas emissions are the ones 
who will suffer most from impacts of climate change. To 
redress these problems, they propose deployment of initiatives 
and policies that address ethical and human-rights dimensions 
of climate change, with a view to reducing vulnerabilities of 
social groups disproportionately affected by climate change 
(EBI, 2009; ROBERTS & PARKS, 2009; SHEPARD & CORBIN-
MARK, 2009; TYREE & GREENLEAF, 2009).

A variety of adaptive measures and 
responses are used by indigenous peoples 
in Brazil, stemming from traditional 
knowledge and practices, including:

Cutting  and maintenance of firebreaks and training of fire fighters;

Surveillance and monitoring of boundaries of indigenous lands;

Community debates on fire management, use of irrigation and soil conservation techniques;

Projects for recovery of springs and agroforestry systems;

Renewal and strengthening of traditional farming practices, with guidance and knowledge of elders;

Relocation and redistribution of villages and plantations within territories;

More flexible production activities, choice of more resilient strains that are less dependent upon 
seasonal factors, changes in hunting/gathering/planting/harvest intervals and diversification of 
crops;

Changes in time and location of ritual and ceremonial practices;

Use of new production technologies; establishment of seed banks and promotion of inter-
community exchanges; medicinal herb gardens and projects for strengthening knowledge of 
traditional medicine; local and regional-level management and planning instruments  e.g., ethno-
mapping, ethno-zoning and territorial and environmental management plans for indigenous lands 
in compliance with the National Policy for Territorial and Environmental Management on Indigenous 
Lands (PNGATI);

Regional plans for facing up to climate change; educational activities and training on the theme of 
environmental and territorial management, targeted at strengthening capacities;

Diagnoses, case studies, collaborative research and intercultural dialogues on climate-change 
themes;

Participation in climate-change forums.
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The basis for discussion of strategies 
for adaptation to climate change as 
it affects indigenous peoples must 
be based upon acknowledgement of 
provisions on integral protection and 
promotion of their rights enshrined in 
law. These encompass: an understanding 
of the multiple forms of sociocultural and 
environmental vulnerabilities to which 
they are subject; visibility of contributions 
of their traditional knowledge and 
practices; fostering of intercultural and 

cross-scientific dialogues; guarantee 
of adequate training, information, 
participation and consultation processes 
for indigenous peoples; and coordination, 
liaison and synergy among public policies 
for addressing climate change and 
support for territorial and environmental 
management of indigenous lands.

In support of the development of future 
programmes, the following guidelines 
for adaptation strategies of indigenous 
peoples are suggested:

Acknowledge, highlight and enhance the contribution of indigenous territories and peoples and of 
their knowledge, traditional technologies and livelihood practices, management and use of natural 
resources, toward conservation of biodiversity, the containment of deforestation, maintenance 
of the stability of weather conditions, and formulation and implementation of public policies for 
adaptation and mitigation of the effects of climate change;

Ensure budget resources and from international cooperation for implementation of the PNGATI, 
which has proven a useful tool for coordination of public policies for indigenous lands, enabling 
actions for adaptation and addressing the effects of climate change. With a view to supporting 
development of future programmes, the following guidelines and adaptation strategies for 
indigenous peoples are suggested;

Expand and strengthen protection, supervision and land-tenure status of lands traditionally 
occupied by indigenous peoples, in a coordinated, synergistic and integrated manner, with the 
promotion of territorial and environmental management of their territories;

Strengthen participatory and on-going processes for implementation of the National Policy for 
Territorial and Environmental Management of Indigenous Lands, promoting synergies with the 
guidelines, objectives and instruments of the National Climate Change Policy and prioritizing 
actions for protection, recovery, conservation and sustainable use of the natural resources of the 
indigenous lands and territories, with appropriate budgetary funding;

Promote appropriate training, information, participation and consultation on climate change 
themes, at grass-roots levels (including different  generational and gender-based themes) and 
support creation of networks for exchanges of experiences and dialogues;
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Ensure the participation of indigenous peoples in decision-making and discussions, drafting and 
implementation of related policies, such as the National Plan for Adaptation, the National REDD+ 
Strategy, the REDD+ Information System on Socio-environmental Safeguards, the National Policy for 
Territorial and Environmental Management in Indigenous Lands (PNGATI) and in other forums and 
instruments relating to climate change and payment for environmental services;

Promote research, mapping and diagnostic studies targeted at a deeper analysis of (current and 
potential) vulnerabilities to climate change of indigenous peoples, and of their knowledge, adaptive 
practices and strategies, with priority for participatory methodologies, intercultural dialogues, 
participation of indigenous researchers and networking for broader educational and training 
purposes. 

7.6 Guidelines

7.6.1. General guidelines for 
implementation of the Biome-based 
Adaptation Strategy 

In view of the scarcity of data for 
measuring vulnerabilities of more 
sensitive populations within a biome, 
most of the guidelines proposed in this 
section are targeted at improvement 
of knowledge management. The 
following measures are proposed: (1) 
develop institutional frameworks for 
cooperation strategies to join states and 
municipalities (2) develop methodologies 
for identification and measurement of 
social vulnerabilities, taking into account 
the diversity of groups and territories 
in different biomes; (3) promote multi-
sectoral and crosscutting actions to 
promote more synergistic government 
policies, especially for primary health 
infrastructure and prevention against 
events and associated impacts, and 
climate change; (4) increase social 
inclusion of more vulnerable peoples, 
with emphasis on training to foster 
autonomy among populations highly 

dependent on government subsidies; 
and (5) identify poverty hotspots in 
territories and where they intersect with 
areas of greatest physical, environmental 
and climatic vulnerabilities; (6) promote 
territorial planning initiatives, ensuring 
access to territory and fostering actions 
for economic inclusion in association with 
the sustainable management of territorial 
resources and recovery of degraded 
areas, when appropriate.

7.6.2. Ecosystem-based Adaptation 
(EbA) Tools

Ecosystem-based Adaptation (EbA) is 
an important tool for identification of 
adaptation measures. The premises of 
EbA include enabling populations to raise 
their adaptive capacities, through use of 
ecosystem services and biodiversity as 
components of a more comprehensive 
adaptation strategy. This strategy aims to 
assist people and communities in adapting 
to negative effects of climate change on 
local, regional, national, and global levels. 
EbA is based upon use of biodiversity and 
ecosystem services (including actions for 
conservation, recovery and ecosystems 
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management); it promotes adaptation 
measures for people and communities; it 
applies a climate perspective, preferably 
conducted within the scope of evaluation 
and vulnerability studies; and it involves 
participatory multi-stakeholder processes 

(ICLEI, 2015). Further information on this 
methodology is available on the Ministry 
of Environment website.

The following table reproduces the 
priority goals for vulnerable populations 
presented in Volume 1 of this NAP:

O
bj

ec
tiv

e 
3.

 Id
en

tif
y 

an
d 

pr
op

os
e 

m
ea

su
re

s t
o 

pr
om

ot
e 

ad
ap

ta
tio

n 
to

 a
nd

 re
du

cti
on

 o
f c

lim
at

e 
ris

k

Sectoral Strategy and Themes: Vulnerable Populations

Goal 3.6 Initiatives Responsible

Diagnosis of Vulnerability 
to Climate Change of target 
populations of the National 
Territorial and Environmental 
Management Policy for 
Indigenous Lands - (PNGATI).

Spatial analysis of climate risk of target 
populations of the National Territorial 
and Environmental Management Policy 
for Indigenous Lands (PNGATI).

FUNAIAnalysis of the degree of vulnerability 
of each group using pre-set and agreed-
upon indicators.

Establish a vulnerability scale for 
identification of priority groups.

Indicator/Monitoring: Progress of on-going activities.

Impact:
Identification of priority groups for support under 
governmental programmes.

Goal 3.7 Initiatives Responsible

Diagnosis of Vulnerability 
to Climate Change of target 
populations of the National 
Food and Nutritional Security 
Plan (PLANSAN).

Spatial analysis of climate risk of target 
populations in Federal Government’s 
Unified Register of Social Programmes 
(CadUnico), especially Traditional and 
Specific Population Groups (TSPGs) 
identified in the register. 

MDS/

SESAN/

CAISAN
Analysis of the degree of vulnerability 
of each group using pre-set and agreed-
upon indicators.

Create a vulnerability scale for 
identification of priority groups.

Indicator/Monitoring:
Percentage of CadUnico population groups classified by 
vulnerability indicators and the climate-risk scale.

Impact:
Identification of priority groups for support under 
governmental programmes.
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Sectoral Strategy and Themes: Vulnerable Populations

Goal 3.8 Initiatives Responsible

Diagnosis of vulnerability 
to climate change  for 
vulnerable populations 
and beneficiaries of 
public policies for agro-
extractivism.

Analysis of the degree of vulnerability 
of peoples and traditional communities 
residing in the 10 priority territories.

MMA
Analysis of the degree of vulnerability, by 
means of establishment of a vulnerability 
scale for identification of priority groups. 

Foster application of measures to foster 
resilience in populations classed as 
vulnerable.

Indicator/Monitoring:

Progress of on-going activities.

Progress of actions for reducing vulnerability applied to 
vulnerable populations in the territories listed.

Impact:
Identification of vulnerable populations for support under 
public policies for agro-extractivism.

7.7 Final considerations

Identification and analysis of the 
vulnerabilities of populations to climate 
change need to advance in coming years. 

Public policies targeted at promoting 
development among these groups must 
include assessments of climate risk, with 
a view to promoting resilience among 
these populations. 

For this purpose, territorial vulnerability 
assessment tools are available, such as 
the indicator developed by the Ministry 
of the Environment and Fiocruz, as 
well as tools such as Ecosystem-Based 
Adaptation. These, among other tools 
and methodologies, are available for use 
by organizations and society.
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8 Strategy for Water Resources

8.1 Presentation

This Strategy was developed within the 
scope of the Water Network (Rede Água) 
which comprises a group of experts and 
researchers of various research institutions 
under leadership of the National Water 
Agency (ANA) and with the support of the 
Secretariat for Water Resources and Urban 
Environment (SRHU/MMA), the Secretariat 
for Climate Change and Environmental 
Quality (SMCQ/MMA), and the Centre 
for Management and Strategic Studies in 
Science (CGGE). Contributions were also 
received from a public consultation to 
which a previous draft of this document was 
submitted. ANA is the agency responsible 
for implementation of this strategy.

This Strategy examines the impacts of 
climate change on water resources and 
on the main categories of water users. 
It identifies adaptation measures for 
improving capacity to respond on the 
part of water-resources management 
bodies and for governance of the sector, 
in a context of greater climatic variability.

It presents the main foreseen impacts of 
global climate change on water resources 
on Brazil’s macro-regions, provides 
guidelines for adaptation using water-
resources management instruments, and 
identifies the main water-user sectors. It 
also names potential institutional players 
for drafting and implementation of action 
plans and specific activities.

Implementation of this National Adaptation 
Plan (NAP) should take into account 
guidelines provided by the National Water 
Resources Policy35, the National Water 
Resources Plan (PNRH) and other related 
policy coordination instruments. 

8.2 Introduction

Alterations in temperature and rainfall 
patterns brought on by climate change are 
likely to cause significant impacts on water 
availability (volumes and distribution) 
affecting the multiple uses of water and 
the general population as a whole. Extreme 
water-related climate events (flooding 
and drought) are likely to become more 
intense. In view of the indispensability of 
water, water-related issues are likely to be 
among the first impacts of global climate 
change felt by populations.

Increasingly, flooding and drought have 
caught the attention of the public, 
not merely as a consequence of their 
economic and social impacts, but also 
because of mass media coverage. It 
should, however, be remembered that 
impacts of extreme events attributed to 
climate change may also be exacerbated 
by other pressures on water resources, 
including inappropriate land-use and 
settlement in river basins, increasing 
demand for urban water supply, 
agriculture and power generation; 
35 Law No. 9433/1997. Available in <http://www.planalto.gov.
br/ccivil_03/leis/L9433.htm>.



144 Strategy for Water Resources

the intensification of processes that 
impair water quality, higher exposure 
of populations,  and increased 
anthropogenic intervention.

Aside from Increased in the variability of 
hidrological extreme events, one of the 
potential effects of climate change is a 
shift in hydrological data series36 patterns, 
nowadays considered stationary. Such 
a shift in stability would affect  planning 
and operation of water-resources 
infrastructure for multiple uses, since such 
planning was based on the assumption 
that historical statistical series would be 
indicative of the future availability. The 
planning of water infrastructure and 
allocation must take into account that the 
historical hydrological series may not be a 
reliable guide to future water availability, 
and may vary in ways not yet completely 
understood, thereby raising uncertainties 
as to the design of adaptation measures 
to be adopted.

To address such uncertainties and reduce 
information gaps, further investment is 
needed for climate projections and for 
studies of potential impacts of climate 
change on water availability in Brazil.

The question this raises is: how to plan 
for future water-infrastructure needs, 
taking into account potential changes 
in hydrological variables patterns and 
the high degree of uncertainty of 
these projections? Such changes may 
make it necessary to embark upon 

36 A data series is considered stationary when it maintains a 
constant average over time, reflecting some form of stability. 
(Analysis of Temporal Series, MANOEL IVANILDO SILVESTRE 
BALOCH, 2006. Available in <http://www.ebah.com.br/
content/ABAAAe8xcAD/apostila-analise-series-temporais>.

large civil engineering projects for 
reservoirs, canals, pumping stations, 
etc. In seeking to address this situation, 
society must learn to live with natural 
climate variability, including its extremes, 
as a first step towards adaptation to 
climate change. At the same time, while 
accepting the possibility of an increase in 
the frequency of extreme weather events 
phenomena, water-resources managers 
must be prepared for potential effects of 
variability in long-term average flow.

Uncertainties with respect to 
measurement of the impacts of future 
climate on the water balance, scarcity of 
financial resources and implementation 
gaps in water-resources management 
indicate a need to adopt no-regrets37 
adaptation measures. Such measures 
are targeted at problems linked to 
current climate variability, and hence 
strengthening resilience to future climate 
change. i.e., addressing current problems 
in a more robust manner and thereby 
increasing the capacity of society, of 
ecosystems, and of the economy to cope 
with expected changes.

The main interfaces between water 
resources and climate change relate 
to adoption of adaptation measures, 
targeted at increasing capacity to respond 
and reducing the vulnerabilities of 
populations and ecosystems to expected 

37 No regrets adaptation measures are those targeted at 
problems linked to current climate variability and that, at the 
same time, seek to strengthen adaptive capacity to future 
climate change. The benefits of no regrets measures will 
be perceived regardless of the degree of climate change. - 
Mainstreaming Adaptation to Climate Change in Agriculture and 
Natural Resources Management Projects (World Bank, 2010. 
Available in <http://siteresources.worldbank.org/EXTTOOLKIT3/
Resources/3646250-1250715327143/GN5.pdf>.).
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adverse climate-change effects. This 
should be the main focus of an adaptation 
plan for the water resources sector to 
complement and reinforce significant 
Brazilian and international efforts to 
reduce greenhouse-gas emissions.

8.3 Impacts of Climate Change – 
Vulnerability

8.3.1. Climate changes Scenarios and its 
impact on Water Resources

River-basin level simulations carried out in 
Brazil (NÓBREGA et al., 2011; TOMASELLA 
et al., 2009; CAMPOS and NERIS, 2009; 
MEDEIROS, 2003) generally corroborate 
studies conducted on a global level (MILLY 
et al., 2005; UK MET OFFICE, 2005) and on 
a national level (SALATI et al., 2008) with 
respect to signs of climate change, i.e., 
temperature and rainfall variations, etc.

Based on studies of climate-change 
impacts on water resources at the 
global level, projections indicate that the 
various regions of Brazil will be affected 
differently by the climate change.

The main impacts of climate change on 
Brazilian water resources can be broken 
down into four major trends:

More critical water balances in river basins 
of the Northeast Region, but there is no 
consensus about rainfall dynamics.

Rapid decline in flow levels, in about 2100, in 
basins in the western part of the Northeast 
and Western-Atlantic hydrographic regions;

A decline in availability of surface water in 
almost all regions of Brazil (lower rainfall may 
impact river flows in basins that generate 
hydroelectricity);

Increased rainfall and, consequently, flows in 
Brazil’s South region.

Compounding these effects on surface 
water, climate change is likely to affect 
groundwater replenishment rates. One 
study (Doll & Florke, 2005) estimates 
that groundwater replenishment capacity 
in the Northeast region will drop by 
roughly 70%, by 2050. Likewise, for the 
Guarani Aquifer System, almost 70% of 
the climatic scenarios predict variations 
in the water-table, dropping below those 
detected by monitoring between 2004 
and 2011 (MELO, 2013).

However, knowledge about groundwater 
levels and its recharge is still incipient. 
Few studies exist on the impact of 
climate change on groundwater or on the 
relationship between surface waters and 
aquifers (KUNDZEWICZ et al., 2007).

8.3.2. Expected impacts of climate 
changes on major user sectors

Changes in the water cycle arising from 
altered rainfall patterns will significantly 
affect the availability and temporal 
distribution of river flows. Moreover, 
impacts on the hydrological regime and 
increases in demand from various user 
sectors are to be expected, both as a 
function of population growth, and of the 
demands of economic development.
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8.3.2.1. Urban Water Supply

Human water supply relies directly upon 
the availability of quantities of water of 
appropriate quality, on demand. Regions 
where demand for human water supply is 
greatest will be the most heavily impacted 
by changes in the hydrological cycle. Aside 
from burgeoning demand arising from 
population growth and urbanisation and 
universalization of water-supply services, 
water stability is likely to be affected by 
increased consumption stemming from 
rises in average global temperatures.

Many years of low investment in public 
water-supply services exacerbate 
vulnerability to the effects of climate change. 

The National Basic Sanitation Plan (PNSB) 
estimates the costs of repressed demand 
for investment in universalization of the 
four components of sanitation services 
(water-supply, wastewater, urban solid 
wastes and storm drains)38 at roughly R$ 
508 billion. ANA’s 2011 Atlas Brazil on 
Urban Water Supply39 presents the results 
of an evaluation of the status of water 
sources and water production systems 
for towns throughout Brazil. The study 
has enabled verification of the current 
vulnerabilities which, in a scenario of 
changing availability and higher frequency 
of extreme events, will tend to worsen.

38 Available at <http://www.tratabrasil.org.br/saneamento-no-
brasil, accessed on 25/3/2015.>.

39 Available at <http://atlas.ana.gov.br/Atlas/forms/Home.
aspx>.

Guidelines for urban water supply sector 

Orient sectoral planning toward:

1. Consideration of additional vulnerabilities associated with water availability changes.

2. Integration of water resources planning with that of other sectors.

3. Reduce losses; stimulate rational use and quantitative and qualitative monitoring of water 
sources.

4. Increase investment in wastewater collection and treatment, especially in basins subject to water 
scarcity, so poor quality does not pose an additional obstacle to use of water resources.

8.3.2.2. Irrigation

It is likely that, in a critical water-availability 
scenario, conflicts will arise between 
irrigation and other water-user sectors, 
including urban water supply and power 
generation. In critical periods, effective 
measures will have to be deployed to ensure 
priorities established in law and to balance 
the interests of different user sectors.

The irrigation sector currently accounts 
for 54% of abstracted flows and 72% 
of effectively consumed flows, making 
irrigated farming Brazil’s largest water-
user sector (ANA, 2015). The area under 
irrigation in Brazil, in 2012, was estimated 
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at 5.8 million hectares, or 19.6% of a 
potential 29.6 million hectares, according 
to data from the 2006 Agriculture 
Census40 and projections of the National 
Transport Logistics Plan 2002- 2023. 
Moreover, aside from the trend for 
expansion of irrigated farming, changes 
in rainfall patterns in different regions of 
Brazil, including some areas traditionally 
unaffected by drought, may lead to 
increased demand for complementary 
irrigation.

In regions with greater water scarcity and, 
consequently, with greatest limitation on 
abstractions, two trends may be observed: 
(1) reduced demand for irrigation water 
in certain areas as a consequence of 
introduction of newer technologies 
or crop substitution, motivated  

40 IBGE, 2010. Available at: <http://www.ibge.gov.br/home/
estatistica/economica/agropecuaria/censoagro/default.shtm>.

by water scarcity or implementation of 
water-use charges and other economic 
instruments; (2) an increase in water-
use conflicts, leading to difficulties in 
enforcement of the decisions of basin 
committees and constraints of different 
types.

It should also be remembered that 
irrigated farming is a highly elastic form 
of water use. In view of the array of 
water-saving irrigation techniques now 
available and the possibility of switching 
to crops that are less demanding in terms 
of water, the irrigation sector could, 
with relative ease and in specific cases, 
reduce volumes abstracted to adjust to 
current availabilities.

Guidelines for the irrigation sector

Possible adaptation measures for the irrigation sector include:

1. Capacity building and mobilisation of users for formulation and implementation of contingency 
plans.

2. Improvement in short and medium-term predictions of water availability for irrigation.

3. Replacement of irrigation technologies by more efficient methods of water and energy use.

4. Adoption of efficient management of irrigated areas.

5. Infrastructure to guarantee integrated supply with other uses and with water resources planning.

6. Strategies for soil conservation with an impact on water production, such as no-tillage, 
maintenance and restoration of Permanent Preservation Areas (APPs), promotion of conservation, 
and increased infiltration in aquifer recharge areas.
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8.3.2.3. Energy

Brazil is a leading producer of 
hydroelectric power, accounting for 
10% of worldwide generation capacity. 
According to data from the Brazilian 
Electricity Regulatory Agency (ANEEL) 
hydroelectricity accounts for roughly 
61% of Brazil’s energy mix41. This system 
is highly dependent on medium and 
long-term availability of water for energy 
generation and to ensure stability of 
electricity supplies. Such dependence 
implies a high degree of vulnerability to 
changes in the water regime.

Various studies predict, somewhat 
inconclusively, a decline in rainfall 
and, hence, of water availability in the 
Northeast region where significant 
volumes of hydroelectricity are 
produced, and in the North where most 
future generation capacity is likely to 
be harnessed. For some key Brazilian 
hydroelectric generation areas, including 
the Southeast region and the Tocantins 
river basin, there is no consensus on the 
part of climatic models as to which future 
flow-level trends will prevail, and as to 
whether rainfall levels will rise or decline. 
For the South region, however, increased 
rainfall is likely to result in higher flows; 
however, their use will depend upon 
storage capacity and allocation decisions.

41 Available at: <http://www.aneel.gov.br/aplicacoes/
capacidadebrasil/operacaocapacidadeBrasil.cfm, accessed on 
12/3/2015>.

The option in recent years for run-of-river 
hydroelectric plants (i.e., without large 
reservoirs) with a lighter environmental 
footprint increases vulnerabilities in 
the event of scenarios with longer 
and more severe dry periods since, 
with little storage capacity, such plants 
rely exclusively on current river flow 
levels. This may impact operation of 
reservoirs of other plants that supply 
the National Interconnected System 
(SIN) since production levels may not 
necessarily correspond to the interests of 
stakeholders in basins in which they are 
located, thereby intensifying local water-
use conflicts. 

Hydroelectric plants coupled to large 
reservoirs offer greater possibilities for 
management and are less vulnerable 
to river flow-level variations. A study by 
CEBDS42 shows that hydroelectric power 
plants are subject to different types of 
impacts, depending on their installed 
capacity and that, consequently, different 
strategies for reducing vulnerabilities must 
be pursued, including switching to other 
energy sources in the months of water 
deficit. Moreover, greater storage capacity 
and the ability to regularise flow levels in 
water bodies can reduce vulnerabilities 
for other water-use categories, especially 
human water supply.

42 Available at: <http://cebds.org/publicacoes/gerenciamento-
of-riscos-hidricos/#.VddBD4tRGUk>
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8.3.2.4. Industry

Industry accounts for 17% of total 
abstractions and for 7% of water 
consumed, according to a report on the 
status of water resources in Brazil (ANA, 
2015). That the hydrographic regions with 
highest industrial demand for water are 
the Paraná, the South-Atlantic and the 
Southeast-Atlantic demonstrates that this 
category of use is highly concentrated.

Impacts vary by type of industry and 
geographic location. Changes in the 
water regime and the impacts of extreme 
hydrological events may affect industrial 
activity (e.g., situations of water scarcity 
and consequent total or partial lack 
of supply). The adaptation capacity of 
industries depends upon size and volumes 
of resources available for investment.

Guidelines for the electric-power sector

Possible adaptation measures for the electric-power sector include:

1. Increase inter-annual storage capacity of new hydropower investment Projects.

2. Better management of multiple uses of reservoirs.

3. Increased investment in local electricity generation solutions so as to complement the National 
Interconnected System.

4. Increased investment in conservation measures and recovery of APPs, with a view to reducing 
silting of reservoirs and extending their lifespans.

Guidelines for the industrial sector

Possible adaptation measures for industry must take into account the specific 
characteristics of each industrial activity:

1. Increase investments in water storage capacity.

2. Stimulate rational use and reuse of water.

3. Use alternative or new energy sources and relocate industrial plants.

4. Invest in technologies to increase water use efficiency for all types of industry.

5. Prepare contingency plans for extreme hydrological events; e.g., define procedures and 
mechanisms to be adopted in situations of prolonged drought.
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8.3.2.5. Water quality and the 
environment

Climate change may significantly alter water 
quality and associated ecosystems. It is, 
however, not easy to quantify these changes, 
owing to uncertainties relating both to 
climate projections and to the complexity 
of interaction among the various factors 
that affect water quality (hydrology and 
chemical, physical and biological processes).

Higher water temperatures are expected 
to be among the most immediate 
manifestations of climate change. Such 
temperature rises may causes changes in 
chemical and biological processes, affecting 
the water quality. One of the principal 
impacts will be reduced concentrations of 
dissolved oxygen that will interfere with the 
self-purification of water bodies and their 
ability to sustain aquatic biodiversity.

Warming of surface waters of lakes and 
reservoirs also increases vertical stratification 
in these water bodies, thereby reducing the 
mixing of surface and deeper waters.

Lower flow levels also impact the quality of 
surface waters. Reduced river flows hamper 
the capacity to dilute pollution loads, resulting 
in increased downstream pollution levels.

Longer duration and higher intensity rains 
can increase non-point pollution caused 
by sediments, nutrients and pesticides. 
Higher nutrient levels cause proliferation 
of algae, which can significantly alter 
aquatic ecosystems, leading to mortality 
of fish and food-chain alterations. 
Cyanobacteria, which produce toxins, 
generally undergo a greater proliferation 
at higher temperatures (above 25ºC) 
when they exert a competitive advantage 
in relation to another species.

Deterioration of water quality implies 
higher treatment costs for domestic water 
supply and industrial uses. It reduces the 
feasibility of irrigation systems, damages 
aquatic biodiversity and fish stocks, raises 
incidences of waterborne diseases, and 
reduces the attractiveness of landscapes 
and their value for tourism.

Guidelines for water quality and environment

Possible adaptation measures include:

1. Implement systematic water-quality monitoring.

2. Implement water safety plans, water-quality control and surveillance procedures for human 
water supply.

3. Invest in technologies to reduce discharges of pollution loads into water bodies.

4. Increase investment in treatment of effluents.

5. Ensure effectiveness of instruments for classification of water bodies in accordance with main 
categories of use.

6. Invest in recovery of Permanent Protection Areas (APPs).
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8.4 Water-resources management 
adapted to climate change

8.4.1. Guidelines for Water Resources 
Governance 

Good governance of water resources, 
regardless of the impacts of climate 
change, depends upon the capacity of 
federal, state and municipal authorities 
to make appropriate and timely decisions 
to ensure compliance and coordinate 
with stakeholders in the system. In 
view of uncertainties as to future 
availability and demand for water and 
prospects of more frequent and severe 
extreme hydrological events, there is an 
increasing need for technical capabilities, 
appropriate planning instruments 
and inter-sectoral cooperation among 
federal, state and municipal bodies, and 
for new arrangements to strengthen the 
capacities to respond to situations that 
stretch the envelope of normality.

This can be a challenge in view of the 
complexities of Brazil’s Water Resources 
Management System, with its multiplicity 
of levels and authorities, overlaps and 
gaps that cause high transaction costs 
that hamper adoption of more agile and 
flexible arrangements, undermining the 
feasibility of timely decision-making. 
At times, current legislation hinders 
adoption of more streamline and flexible 
decision-making arrangements (e.g., 
formation of dedicated temporary or 
standing management groups for specific 
locations and issues).

As important as the structure of the 
management system is the ability of 
the institutions to adapt to changing 
circumstances. This greatly influences 
the effectiveness of water-resources and 
of management for multiple use. Recent 
flooding and drought events have posed 
challenges to the capacity of the system 
and to its component institutions, thus 
revealing the magnitude of the problem 
of adaptation to critical situations.

Guidelines for governance of water resources systems

Potential adaptation measures are targeted at:

a. Increased capacity of institutions to respond to uncertainties and changing future scenarios:

1. Information and knowledge: generate and disseminate reliable and timely information and 
knowledge on natural and human systems, taking into account uncertainties (reliable updated 
water-user registries, climate forecasts, monitoring, appropriate hydrological series, etc.).

2. Conflict management: create or adapt mechanisms for settlement of potential conflicts, including 
specific suitably empowered bodies, contingency plans and allocation of water in situations of 
drought, etc.

3. Compliance with rules: setting of well-defined well-publicised rules for use of water resources, 
consistent with local realities, with mechanisms to ensure compliance and appropriate and 
enforceable sanctions for violations.
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4. Adequate physical infrastructure: (reservoirs, canals, aqueducts, wells, etc.), technology 
(computer models, climatic-forecast models, weather radars, sensors, etc.) and an institutional 
framework (institutional diversity, user participation, legislation, etc.) capable of withstanding 
potential effects of climate change.

5. Learning and adaptation: institutions should be designed to foster transformations needed to 
address new problems and changing contexts, in a constant process of learning and adaptation. To 
this end, mapping and assessments should be conducted by the public sector and by sectors of the 
Brazilian economy.

b. Increase coherence and consistency among the public policies for water resources and other 
related sectors:

1. Strengthen governmental management; establish the necessary coordination to ensure that 
water-resources management is incorporated into on-going public-policy planning processes for 
related sectors, including environment policies.

2. Strengthen participation of municipalities in the SINGREH, in view of its key role in planning of 
land-use and settlement, management of urban solid wastes, local environmental licensing, and 
sanitation issues.

3. Clarify concepts and principles relating to water-resources legislation, notably for treatment of critical 
events, which may entail rationing, suspension of licences and/or reallocation of available flows.

c. Increase the effectiveness of river-basin governance:

1. Prioritise local approaches to problems, through compatible institutional arrangements.

2. Apply the principle of subsidiarity and strategic territorial approaches, for critical/priority regions.

3. Consider targeted management models for the Amazon, semi-arid areas and the South, Southeast 
and Central-West regions.

4. Expand initiatives for integration of water-resources management among the three levels of 
government and for increasing the capacities of state-level management systems (especially 
management agencies) by means of shared goals and incentives.

5. Seek alternatives so that different institutions can perform water resources management tasks, 
e.g., by means of agreements, management contracts or public-private partnerships.

6. Reduce the distance between collegiate deliberative structures and water-resources management 
agencies, thereby increasing administrative capacities.

7. Ensure transparency and accountability.

43

43 Subsidiarity is the principle that any decision that can be made locally and does not affect third parties and/or broader issues 
shall not be submitted to higher hierarchical levels.
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There follows a listing of goals relating to the specific objectives of this NAP:
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Sectoral and Thematic Strategy: Water Resources

Goal 3.9 Initiatives Responsible

Incorporate measures 
for adaptation to climate 
change into actions carried 
out by the National Water 
Agency.

Identify/propose “no regrets” adaptation 
measures, targeted at enhancing capacity 
to respond of the National Water 
Resources Management System and 
at reducing vulnerabilities of the main 
water-user sectors, populations and 
ecosystems to foreseen adverse effects.

ANA

Indicator/Monitoring:
Progress in deployment of water resources management 
projects and instruments.

Impact:

Enhanced the capacity of ANA and of other component 
bodies of the National Water Resources Management 
System (SINGREH) to respond to challenges posed by 
climate change.

Sectoral and Thematic Strategy: Water Resources

Goal 3.10 Initiatives Responsible

D e ve l o p  i nte g rate d 
climatic and hydrological 
models and assess their 
impact on water resources 
management.

Use of new modelling techniques 
with dynamic and statistical methods 
borrowed from other Global Climatic 
Model (GCM) families, thereby increasing 
the number of projections available for 
analysis of the impact of climate change 
on water resources.

ANA
Develop studies using Economics of 
Climate Adaptation (ECA) methodology, 
based on the Piracicaba-Capivari-Jundiai 
River Basin project.

Support development scientific and 
technological researches, by means of a 
specific call for proposals to be drafted 
jointly with CNPq, targeted at the climate-
change/ water-resources interface.

Indicator/Monitoring: Progress in the development of projects.

Impact:
Enhanced capacity of component bodies of SINGREH to 
respond to challenges posed by climate change.
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8.4.2. Management Instruments 
foreseen in the National Water 
Resources Policy

The main objectives of the National Water 
Resources Policy (Law 9433/1997) are to 
ensure availability of water resources for 
integrated and rational use by current 

and future generations for purposes of 
sustainable development, and to promote 
prevention and defence against natural 
and anthropogenic critical hydrological 
events. The Law provides the following 
instruments for achievement of these 
objectives:

Water Resources Plans, developed for multiple spatial and temporal scales;

Classification of water bodies into classes, according to prevalent categories of use;

Grating of water right;

Water use charges; and

The National Water Resources Information System (SNIRH).

The main challenge, in the context of 
expected climate change, is to ensure 
effective deployment of management 
instruments that can be adapted to 
varying conditions, i.e., providing 
managers and decision-makers with 
adequate and flexible means of 
responding to a dynamic system, with a 
view to improving resilience of the water-
resources management system and to 
addressing the long-term prospects of 
climate change.

8.4.2.1. Water Resources Plans

Water Resources Plans must seek to 
identify potential threats to future 
water availability caused by climate 
change and indentify their impacts 
on future demand for water, as like 
as set guidelines for operation of the 
water-resources management system 
under new conditions. To facilitate 

understanding of the problems involved 
and ensure uniformity and compatibility 
of information, an analysis of prospective 
scenarios should be conducted, 
encompassing expected climate-
change impacts and drawing upon well-
established methodologies and a robust 
database platform. 

Contingency plans (especially for droughts 
and flooding) need to be drawn up and 
periodically reviewed within the scope 
of long-term planning to orient actions 
of the different players involved during 
extreme weather events, and guide 
preparations to mitigate the adverse 
effects of such events. In parallel, a plan 
for financing the necessary investments 
must be prepared. Furthermore, planning 
must encompass definition of structural 
and non-structural measures and 
strategic guidelines for allocation of water 
in basins where conditions are considered 
most critical.
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8.4.2.3. About Grating of water right

Climate-change projections indicate 
that the status of water resources in 
certain basins will become critical in both 

quantitative and qualitative terms. This 
situation demands strong institutional 
arrangements and more flexible water-use 
licensing criteria to enable management 
of the water balance, allocation among 

During elaboration, implementation and 
review of national, state and basins-level 
water resources plans, the guidelines 
provided in this NAP must be considered.

8.4.2.2. Classification of water bodies

Many decision-makers and water-resources 
managers have not yet understood that 
classification essentially serves as a river-
basin planning tool for setting of water-
quality targets with acquiescence of local 
stakeholders. Climate change may have 
significant repercussions on water quality 
and flow levels, and on reducing the 
capacity of water bodies to dilute pollution 
loads, thereby exacerbating point and non-
point sources of pollution.

Adoption of a single reference flow level 
as a basis for classification creates a 
constraint for management, since quality 
targets are usually set on the basis of 

extremely limited reference flows, making 
such targets hard to meet. Moreover, 
adoption of a single reference flow level 
for decision-making fails to allow for 
adjustments in changing scenarios, thereby 
increasing uncertainties stemming from 
such restrictions. One alternative entails 
adoption of a ‘probability of occurrence’ 
approach to water-quality parameters. 
Under this approach, a certain degree of 
risk of not meeting water-quality targets is 
accepted, taking into account the cost of 
depollution measures needed to ensure 
compliance with classification goals. 
This type of approach enables greater 
flexibility for management, since the risk 
of non-compliance is not tied exclusively 
to a progression of classification goals, but 
also takes into account changing climate 
scenarios.

Adoption of the following practices would 
help achieve effective deployment of 
water-body classification:

Integrate classification goals with municipal sanitation plans.

Expand funding mechanisms for deployment of depollution actions.

Expand and standardise water-quality monitoring to accompany effects of climate change and 
attainment of classification goals.

Take into account climate-change scenarios and uncertainties when setting water-quality targets 
and classification criteria.

Coordinate activities of different institutions to obtain environmental license and grant water-use 
rights according to classification criteria. 
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Examine the possibility of licenses that establish limitations in the event of critical flow levels in 
atypical water-availability situations; this implies proportional curtailment or interruption of permitted 
abstractions, duly explained in contingency plans or allocation agreements and with prior acquiescence 
of users, drawn up on the basis of technical studies that demonstrate the need for such actions.

Draw up negotiated water-allocation agreements for areas where critical levels have been reached 
or in cases of extreme hydrological events.

Consider risk assessments and stakeholder preferences when examining alternatives for addressing 
risks, taking into account the capacity of water users to absorb such risks.

Introduce more flexible service parameters: when adopting criteria for setting abstractions limits of 
licenses, possibly in association with reference-flow variations.

Verify institutional and legal security (criteria and sequencing of actions) for suspension of water-
use rights in situations of extreme hydrological events.

Seek more effective compliance with licensing conditions.

water users and different categories of 
use. Endowing licensing instruments with 
sufficient robustness and flexibility to 
respond to different possible scenarios 
implies adoption of less conservative 
service parameters, specific procedures 
for critical areas and transparent 
mechanisms and criteria for cancellation, 
curtailment or suspension of water rights.

A new set of procedures should 
encompass less conservative reference 
flows and allocations to different users, 

collective grants and temporary licenses, 
risk and economic-value assessments 
for decision-making, and reallocation of 
volumes. Such special situations require 
reliable information, more technical 
training, greater coordination and 
communication with the water users, and 
higher supervision capacity.

The following alternatives are suggested 
for adapting water-resources licensing 
instruments to address the impacts of 
climate change:

8.4.2.4. Water use charges

Water use charges play an important 
role in acknowledgment of water as an 
economic good, for indicating its value 
to users, encouraging rational use, and 
securing funding for defrayal of water-
resources management actions. In view of 
the expected impacts of climate change 
on availability and demand for water 

resources, incentives for rational use and 
investment in specific actions become 
more urgent.

When viewed as a revenue source for river 
basins, such charges serve as an important 
instrument for deployment of strategies 
for adaptation to climate change, within 
the context of water-resources plans 
and contingency plans and when setting 



Strategy for Water Resources 157

investment priorities. Investment of such 
resources in programmes and activities 
that effectively result in a reduction of 
risks stemming from climate change may 
assuage the perception of users that such 
charges are just another tax.

Flexibility may be called for when investing 
proceeds of water-use charges and should 
include participation of private-sector 
stakeholders, with a view to attracting 
further investment and ensuring the 
effectiveness of interventions.

In view of projected scenarios that 
point toward increased hydrological 
risks, water use charges may be used to 
defray deployment of other management 
tools. Such tools might include insurance 
for users that suffer losses owing to 
unfulfilled demand and rewards for users 

that reduce their abstraction volumes, 
thus mitigating the risks of failure to meet 
local river-basin priorities.

On the other hand, the main purpose of 
water use charges is to make users aware 
of the monetary value of these resources, 
with the proviso that, in critical situations 
(i.e., scarcity) the rates should increase. 
To this end, it is important that the sums 
charged reflect the status of the local 
water balance, and that charges should 
rise in situations of scarcity and for more 
extravagant forms of use, with a view to 
stimulating greater efficiency and rational 
water use.

Alternatives for maximising the positive 
effects of water-use charges in a scenario 
of climate change include:

Prioritise actions under basin plans and contingency plans, defrayed by proceeds of water use 
charges.

Increase transparency and accountability with respect to investment of the proceeds of water use 
charges.

Conduct economic analysis in support of water use charge increases, when justified.

Allow flexibility of charges to reflect the status of the water balance (higher charges in times of 
scarcity) and the efficiency of water use.

Allocate part of the proceeds of water use charges to preparation of adaptation projects, enabling 
access to specified funding.

8.4.2.5. The National Water Resources 
Information System (SNIRH)

Adaptation of water resources 
management to uncertainties brought 
on by climate change requires the best 
possible information, provided in a 

timely and practical manner, to assist 
with decision-making. Therefore, the 
adaptation of the SNIRH must entail 
endowing it with the capacity to provide 
current and readily-accessible data 
to stakeholders, based upon a robust 
database platform.
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To meet such demand, and to provide 
real-time availability (especially during 
flooding events) more automated data-
gathering and processing capabilities 
will be needed, including standardised 
methodology and informat ion 
formats, with the aim of applying the 
latest methods for setting up a good 

communication and dissemination 
strategy.

The national hydro-meteorological 
network is in need of some water-
resources management enhancements to 
address changing behaviour of hydrological 
scenarios. The main challenges are: 

Increase the availability of information from rainfall monitoring stations and flow-level measurement 
posts in urban areas.

Increase the number of flow-monitoring stations in small river basins.

Expand monitoring of evaporation and evapotranspiration, sediments and water quality.

Increase availability of flow-level data series for rivers subject to eddy and tidal or reflux effects.

Strengthen early-warning networks and deployment of situation rooms in regions with histories of 
extreme events.  

Investments in science, technology and 
innovation are needed for modelling and 
monitoring water resources availabilities, as 
will be discussed in more detail in Section 8.6.

8.4.3. Complementary water-resources 
management instruments 

In view of new foreseen water-resources 
management challenges and in addition 

to instruments already provided for 
in current legislation, new regulations 
and approaches could afford solutions 
or minimise potential losses caused 
by climate change, including as yet 
unforeseen consequences. Listed below 
are some examples of new tools that 
could be adopted:

Implement Decision-making Support Systems (DSS): the growing need to manage ever increasing 
amounts of water-resources management information requires the use of analytical tools capable of 
quantifying cause-and-effect relationships and orienting decision making. DSSs are ideal tools for such 
functions, since they offer flexibility and facilitate communication with users and decision makers.

Stimulate and regulate deployment of an insurance system for extreme hydrological events targeted 
at each user sector and category of use.

Define and reach agreement upon offset mechanisms among user sectors for each type of situation 
where restrictions apply to certain categories of use, in order to protect other categories.
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Consider permanent or temporary adoption of other economic instruments, targeted at promoting 
sustainable use of water, such as subsidies, taxes and fees, including for effluent discharges.

Increase the range of fiscal incentives to expedite objectives of water-resources plans.

Support payment for environmental services, whereby beneficiaries earn financially rewards for 
initiatives that quantitatively and qualitatively enhance water availability.

Consider Payment for Environmental Services (PES) as an instrument for recovery and conservation 
of river basins

Other management measures that 
could be adopted include: water user 
organisations, rules for water rationing, 
compliance monitoring of water 
rationing, and establishment of funds for 
damage mitigation.

8.5 Conflict Management

Burgeoning demand from an array of 
water-user sectors and the prospect of 
increasing water scarcity may cause or 
aggravate water-use conflicts. To handle 
such potential conflicts, the management 
system must be capable of issuing clear 
guidelines and offer compensation 
mechanisms for sectors that are required 
to reduce their water consumption.

Adaptation measures proposed in water 
resources plans or in other instruments 
and programmes must be perceived as 
firm commitments to be fulfilled within 
foreseen timeframes. Thus, goals and 
targets need to be negotiated between 
the representative bodies appointed 
by SINGREH and those responsible for 
execution of said programmes and actions, 
with a view to ensuring their effective 
deployment and appropriate coordination.

To this end, it is essential that negotiation 
mechanisms clearly identify potential 
or actual points of conflict stemming 
from the effects of climate change. It is 
desirable that basin-level entities have 
experienced negotiators, capable of 
drafting agreements among the parties 
concerned. The role of water resources 
management bodies in such processes is 
essential, and they need to be prepared 
to manage conflicts over allocation of 
increasingly scarce water resources.

Conflict management groups, comprised 
of water-resources managers and 
stakeholder representatives, should 
part ic ipate in water-resources 
management discussions when and 
wherever necessary. Water resources 
plans and other management instruments 
should adopt procedures, criteria, and 
priorities for management of conflicts.

Risk management plays an important role 
in reducing conflicts and in preparations 
for addressing them. To this end, joint 
efforts should focus on reducing all factors 
that contribute toward increasing risk, by 
means of the planning and preparation 
of responses. In practice, it entails raising 
awareness about risks and deepening 
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studies and simulations to define 
methodologies/ parameters for achieving 
an adequate risk-sharing balance among the 
various water-user sectors. Indeed, a good 
risk-transfer agreement can significantly 
minimise potential conflict situations 

Finally, it is important that open 
communication channels be maintained 
among the various user sectors and 
water-resources managers, with a view to 
preventing or managing potential conflicts.

8.6 Science, Technology and 
Innovation

There are a number of evident 
weaknesses and knowledge gaps that 

hamper or undermine the feasibility of 
actions for addressing vulnerabilities and 
potential impacts on the water-resources 
sector of effects associated with climate 
change.

Such difficulties include: insufficient 
research on climate and water resources; 
though basic hydro-meteorological 
information is available, the degree 
of detail does not meet the needs of 
small basins; there is a lack of hydro-
meteorological information and of 
climate-change projections broken 
down by biome; and consistent data 
is not always available within required 
timeframes. The following suggestions 
aim to overcome these weaknesses:

Award priority to the development of the following lines of research: climatic and hydrological 
processes, prognosis of hydro-climatic variables, impact assessment of hydro-climatic scenarios and 
respective strategies for adaptation and mitigation of impacts, correlation between land use and 
changes in flow patterns of water courses and of water quality.

Prepare an evaluation study to modernise the physical and hydrological database, with a view to 
improving the current hydro-meteorological network (new technologies, remote and hard-to-access 
areas, provision of information and data series, seasonal and short-term forecasting).

Ensure that outputs of monitoring and scientific research are suitable for application to water 
resources, especially in terms of (1) temporal and spatial resolution; (2) information update time; 
(3) standardisation of data and of network operations.

Promote technology transfers and capacity-building, in line with the UNFCC’s Capacity Building 
principles.

Ensure the systematic monitoring of key hydrological variables to enable characterisation of risks 
and uncertainties involved in three types of networks: (1) systematic observation; (2) reference river 
basins; (3) early warning.
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8.7  Communications

The expected impacts of climate change 
on water resources raise questions for 
decision-makers, water users and the 
general public, relating to factors such 
as: lack of consensus among the most 
prominent models; uncertainties of impact 
projections, especially on regional and 
local levels; and incompatibilities between 

the scales on which climate studies are 
conducted and the appropriate scale for 
water-resources planning and management. 
A good communications approach for the 
theme must provide a unified outlook 
for addressing the phenomena and risks 
involved, and express them clearly to all 
players, so as to provide the best information 
available and indicate approaches for coping 
with expected impacts. 

Communication between scientists and decision-makers

There is a disconnection between providers and users of information. It is thus necessary to 
strengthen consensus on the need for active involvement and understanding and for actions and 
links between scientists and water resources policy makers. To this end, communication channels for 
disseminating scientific knowledge must be strengthened, using tools that enable sharing of results 
with society and decision-makers, expressed in clear language and applying of said knowledge to 
practical problem solving. Scientists should provide inputs for decision makers, based on the best 
technical possible information so that it can be evaluated alongside the policy components and the 
appropriate decision made.

Understanding and incorporation of risk

Notwithstanding their inherent uncertainties, climate-change projections contain valuable 
information, provided it is efficiently communicated to water users. Decision-makers are accustomed 
to dealing with uncertain and incomplete information, but they need a better understanding of the 
sources and degrees of uncertainty involved. A clear characterisation of possible climate risks and 
of the confidence levels of their projections can provide a better basis for planning and decisions as 
to the need for adaptation measures. There is thus a need to consider communication strategies for 
conveying the risks to water-user sectors, clearly communicating potential impacts associated with 
climate change on water availability and the possibility of supply failure, so that they can prepare 
to cope with such risks.

More transparent communication with the public

Appropriate and timely communication is essential, so that society can appropriately prepare to 
confront impacts associated with climate change, especially in relation to extreme hydrological 
events. To prepare the public, channels for constant dialogue must exist between government and 
the public, and especially the more vulnerable segments of the population. Such channels endow 
government actions with transparency and enable more efficient communication with the business 
sector, academics and civil-society organisations.

Another challenge entails standardisation 
of a common language, to be adopted 
so as to avoid divergent interpretations 
among user sectors. To this end, the 

climate change agenda will require an 
institutional structure of working forums, 
comprised of representatives of different 
user sectors and of government. 
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8.7.1. Institutions responsible and 
timeframe

The guidelines discussed in this chapter 
feature elements to enable identification 
of potential institutional players to 
participate in the drafting of relevant 
plans of action (Table 14). Some of these 
elements are crosscutting, entailing 
coordinated networking among two 
or more institutions and thus greater 
complexity in terms of execution. The 

table below indicates potential partner 
institutions to lead implementation of 
this plan over the coming years. ANA, as 
the body responsible for implementation 
of the National Water Resources Policy, 
will have varying degrees of responsibility 
over all these actions, and thus does not 
appear on the list. However, since no 
agreement has yet been reached as to the 
specific attributions of these institutions, 
the list should be regarded as merely 
indicative.

Table 14. Potential institutions for elaboration of plans of action

INSTITUTION RESPONSIBLE

Item/Guideline Partner institution

WATER-RESOURCES MANAGEMENT ADAPTED TO CLIMATE CHANGE

Governance
SRHU, state-level institutions and authorities 
representing the SINGREH (committees and councils)

Adaptation of current instruments SRHU and state-level institutions

Conflict management
SRHU, state-level institutions and authorities 
representing the SINGREH (committees and councils)

SCIENCE, TECHNOLOGY AND INNOVATION

Develop priority lines of research MCTI/MEC/SRHU

Studies for evaluation to modernisation of 
the physical and hydrological database, with 
a view to integrating the existing network 

ONS/CPRM

Promote the suitability of outputs of 
monitoring and scientific research

MCTI/MEC/SRHU

Ensure systemic monitoring of key hydrological 
variables and development of key indicators.

MCTI/MME/SRHU

COMMUNICATION

Communication between scientists and 
decision-makers

MCTI/MEC/SRHU

Communication with society should be more 
transparent

MCTI/MEC/SRHU/MI
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 9 Strategy for Health

9.8 Introduction

Assessment of the effects of climate 
change on human health is a complex 
process requiring an interdisciplinary 
approach to examine relationships 
between social, economic, biological, 
ecological and physical systems (Barcellos 
et al., 2009). Evidence indicates that 
climate change, associated with 
socioeconomic and environmental 
factors, will influence the impacts of 
disease on health, affecting demand 
for healthcare, surveillance, and health 
promotion services provided by the 
Unified Health System (Sistema Unico de 
Saude - SUS)44.

This strategy presents the vulnerabilities, 
impacts and risks of climate change on 
human health, and provides guidelines 
and strategies for the SUS, in line with 
the National Policy on Climate Change 
(PNMC). 

It is hoped that it will promote, within 
the Ministry of Health (MS) and other 
SUS management levels, public and 
private institutions and organised civil 
society involved with the sector, deeper 
consideration of information on the impacts 
of climate change on health, and lead to 
upgrading and adaptation of policies and 
measures for appropriate action.

44 The Sistema Unico de Saude (SUS) was created by Law 8080, 
of 19th September 1990. More information is available at:  
<http://portalsaude.saude.gov.br/index.php/cidadao/entenda-
o-sus and http://bvsms.saude.gov.br/bvs/sus/legislacao.php>.

The expected outcome is adoption 
of adaptation measures to increase 
resilience of healthcare services and 
mitigation of the effects of climate change 
on the health of the population, thereby 
promoting a climate-change adaptation 
agenda for the health sector.

The Ministry of Health’s Secretariat 
for Health Surveillance (SVS/MS) 
is the focal point for coordination 
of this agenda within the SUS and 
coordinated preparation of this Strategy, 
in cooperation with other secretariats 
of the Ministry of Health, the Oswaldo 
Cruz Foundation (FIOCRUZ), the National 
Health Foundation (FUNASA), the National 
Health Surveillance Agency (ANVISA),  
the Evandro Chagas Institute (IEC) and 
other partner institutions, with support 
of the Secretariat for Climate Change 
and Environmental Quality (SMCQ) of the 
Ministry of Environment (MMA).

9.9 Institutional ownership of 
the theme “Adaptation of Health 
to Climate Change”

Discussion and formulation of public 
policies targeted toward issues relating to 
climate change, including mitigation and 
adaptation actions, gained prominence 
on the Brazilian Government’s agenda 
and of health authorities in 2007, when 
the Ministry of Health first participated in 
processes relating to the National Policy 
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on Climate Change. At the sectoral level, 
studies and research were pursued as 
inputs for the Management Commission 
and Executive Committee for Climate 
and Health (GM/MS Order 3244/2011)45 
under coordination of the Executive 
Secretariat and the Secretariat for Health 
Surveillance and for preparati on of the 
Sectoral Health Plan for Miti gati on and 
Adaptati on to Climate Change (PSMC).

 SVS/MS, through its Department for 
Environmental Health Surveillance and 
Worker’s Health (DSAST), is responsible

45 <http://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/
prt3244_30_12_2011.html>.

for surveillance of determining factors 
and environmental conditi ons that aff ect 
human health and for coordinati on of 
application of the National Policy on 
Climate Change in the Health Sector.

In 2011, a task force (Força Nacional do 
Sistema Único de Saúde - FN-SUS)46 was 
set up to address disasters, service failure, 
and epidemiological emergencies under 
the Public Health Emergency Response 
Plan, and Conti ngency Plans were drawn 
up for coping with public-health aspects 
of such events (fl ooding, drought, injuries 
and diseases)47 .

46 Força Nacional do SUS was created by Decree 7616, of 
17th November 2011 and regulated by GM/MS Order 2952, of 
14th December 2011. For further informati on, access: <htt p://
portalsaude.saude.gov.br/index.php/o-ministerio/principal/
secretarias/sas/dahu/forcanacional-do-sus>.

47 Plans for Response to Public Health Emergencies., see: 
<http://portalsaude.saude.gov.br/index.php/o-ministerio/
principal/leia-maiso-ministerio/197-secretaria-svs/12109-
planos-vigilanciaambiental>
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Figure 14. Ministry of Health Insti tuti onal Structure for Climate Change
Source: CGVAM/ DSAST/SVS/MS, 2011
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Through partnerships with FIOCRUZ and 
the National Institute for Space Research 
(INPE), the National Observatory 
for Climate and Health48, and the 
Environmental Information System 
Integrated to Environmental Health 
(SISAM)49 were established. Support was 
provided for founding of the Studies and 
Research Centre on Emergencies and 
Disasters (CEPEDES)50 and for training and 
specialisation courses in environmental 
health at various institutions, including 
the Institute of Collective Health Studies 
of the Federal University of Rio de 
Janeiro (IESC/UFRJ)51. With a view to 
strengthening the disaster-relief activities 
of the SUS, a number of activities were 
carried out in close coordination with the 
National Center for Monitoring and Early 
Warning of Natural Disasters (CEMADEN) 
and the Brazilian National Risk and 
Disaster Management Centre (CENAD) 
of the National Secretariat for Protection 
and Civil Defence (SEDEC).

9.10 Climate Change and Health: 
impacts, vulnerabilities and risks

Sensitivity of human health to the 
adverse effects of climate change is 
associated to individual and collective 
vulnerabilities and to specific territorial 
aspects. The determinants for individuals 

48 National Observatory for Climate and Health, see <http://
www.climasaude.icict.fiocruz.br/>.

49 See: <http://sisam.cptec. inpe.br/msaude/informacoes.
html#>.

50 CEPEDES, see <http:// andromeda.ensp.fiocruz.br/
desastres/>

51 IESC/ UFRJ courses related to environmental health, see: 
<http://www.labead.iesc.ufrj.br/eadportal/index.php/cursos>

are variables such as age, health profile 
and physiological resilience; whereas 
collective resilience is determined 
by socio-environmental  factors 
such as population growth, poverty, 
environmental degradation, economic 
models, sanitation, and degree of 
urbanization (BARCELLOS et al., 2009).

Precisely how each of these factors is 
affected by climate change determines 
the degree of health vulnerability as 
a whole. Extreme climate events with 
alternating waves of cold and heat, and 
disasters such as flooding and prolonged 
drought directly affect human health. 
Indirect effects tend to be induced 
by gradual and long-term changes in 
rainfall, temperature and humidity 
patterns, which alter ecosystems and 
biogeochemical cycles. Such changes 
increase exposure of individuals and 
populations to atmospheric pollutants, 
expand areas susceptible to transmission 
of infectious diseases (PAHO/MS, 2009) 
and to emergence of new diseases and 
re-emergence of known ones, to water 
shortages and deterioration of the 
quality of drinking water, to crop failure 
and economic losses, cause upheavals 
in social-welfare systems, weakening 
the work force and the functioning of 
healthcare systems (IPCC, 2014).
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Identification and monitoring of such 
challenges to the Health sector is of 
fundamental importance for defi niti on of 
crosscutti  ng sectoral adaptati on acti ons 

for addressing vulnerabiliti es. Responses 
must entail strengthening of the SUS’s 
risk-miti gati on, emergency-management 
and recovery capabiliti es.
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Figure 15. Climate Change Risks, vulnerabiliti es and impacts on human health
(Source: Adapted from Barcellos et al., 2009)

In view of potenti al social, economic and 
environmental vulnerabiliti es associated 
with disasters, air polluti on, infecti ous 
diseases and water scarcity that are likely 
to be exacerbated by climate change, the 
SUS faces the challenge of strengthening 

its prevention, readiness and rapid-
response capabilities. Vulnerabilities 
and eff ects of climate change on human 
health and on the SUS are shown in the 
following table.
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Table 15: Assessment of vulnerabilities and impacts of climate 
change, and their effects on human health

Exposure

Vulnerabilities Effects

Environmental 
Conditioning 

Agent

Socioeconomic 
Conditioning 

Agent
Population SUS

Di
sa

st
er

s:
 F

lo
od

in
g 

an
d 

Dr
ou

gh
t

Terrain, hydrography, 
silting of rivers, 
deforestation of 
hillsides, irregular 
settlement, river-flow 
levels (water-use 
quotas), vegetation 
cover, land use 
altitude.

Housing conditions, 
water supply 
systems, solid-wastes 
collection, inadequate 
wastewater treatment 
and drainage, 
settlements in high-
risk areas, population 
density, most 
vulnerable populations 
(elderly, children, 
pregnant women), 
residents  of high-risk 
areas (favelas and 
hillsides).

Short term:

Deaths and 
hospitalisations related 
to external causes 
(drowning, landslides, 
fractures, trauma etc.); 
Homeless, evicted, 
displaced. 

Medium term: 

Increase in infectious 
diseases, Epidemics. 

Long term:

Mental and 
cardiovascular problems; 
Malnutrition and food 
insecurity.

Overloading of 
health facilities; 
Disruption of 
service networks; 
Impacts on 
infrastructure 
(buildings, inputs, 
equipment and 
personnel); 
Discontinuity 
of routine 
healthcare 
services.

Ai
r p

ol
lu

tio
n Terrain, hydrography, 

vegetation, 
deforestation, 
seasonality, wildland 
fire.

Age composition 
of the population 
(children and elderly); 
Combustion of fuels; 

Industrial activity, 
Forest fires; Population 
density, housing and 
schooling levels.

Increase in infant, and  
under-5 and elderly 
over 60 mortality from 
respiratory diseases, and 
of adults over 40 from 
cardiovascular disease 
(arrhythmias and heart 
failure); Neoplasms (lung 
cancers), dermatological 
diseases, etc.

Overloading of 
health facilities; 
Increase in 
numbers 
of deaths, 
hospitalisations 
and outpatients 
care.
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Table 15 (Continued): Assessment of the impacts of climate 
change, vulnerability and its effects on human health

Exposure

Vulnerabilities Effects

Environmental 
Conditioning 

Agent

Socioeconomic 
Conditioning Agent Population SUS

Re
du

ce
d 

ca
pa

ci
ty

 a
nd

 q
ua

lit
y 

of
 w

at
er

 re
so

ur
ce

s

Rising sea levels, 
reduction in bulk-
water supply for 
treatment and 
human water 
supply, and extreme 
weather events 
(drought or flooding)

Poor or no sanitation; 
Reduced treated water 
supply for human 
consumption; 

Poor treated water supply 
distribution network; 

Poor availability of 
alternative sources; 
Intermittent water supply; 
Total or partial interruption 
of water-supply services.

Water-borne 
and food-related 
diseases (diarrhea, 
hepatitis A and 
E, typhoid, 
leptospirosis, 
dengue, yellow fever, 
cholera, dehydration, 
schistosomiasis, 
trachoma, among 
others)

Overloading of 
health facilities 
due to increased 
demand, 
hospitalisations 
and deaths. 
Collapse of 
routine operation 
of the health units

Cl
im

at
e-

se
ns

iti
ve

 in
fe

cti
ou

s d
is

ea
se

s 

Rise or fall of 
temperature, 
humidity and 
rainfall, greater 
frequency of 
extreme weather 
events (too much 
or not enough rain), 
changes in the 
quality of drinking 
water, land use and 
vegetation cover, 
deforestation, fires.

Territorial planning, housing 
model and changes in land 
use; Population movements 
and migrations; Proximity 
of households to hazardous 
locations and mobility 
of populations of high-
risk areas; Immunisation 
coverage; Occupational 
exposure (extractive, rural 
workers) or leisure (rural-
tourism, ecotourism); 
Existence and quality of 
basic sanitation; Quality of 
drinking water; Availability 
of household hygiene 
measures; Such social 
indicators as: schooling and 
income levels.

Increased numbers 
of cases such health 
hazards as: illnesses 
associated with 
thermal discomfort, 
dengue fever, 
malaria, yellow 
fever, leishmaniosis, 
schistosomiasis, 
trachoma, 
leptospirosis, viral 
hepatitis, acute 
diarrhoeal diseases, 
cholera, Chagas 
disease, severe 
acute respiratory 
syndrome (SARS), 
influenza syndrome 
(influenza and other 
agents).

Overloading 
of health 
facilities owing 
to increased 
demand, 
hospitalisations 
and deaths.

Re-emergence 
of controlled 
diseases.

Source: Adapted from Observatory of Climate and Health52

52 Observatory of Climate: <http://www.climasaude.icict.fiocruz.br/>
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9.10.1. Disasters and impacts on Health

Recent data point to flooding and drought 
as accounting for more than 90% of the 
disasters occurring in Brazil. Such events 
affect populations unevenly, directly and 
indirectly and in a variety of different 
long and short-term ways, depending 
on characteristics of the event and local 
socio-environmental vulnerabilities 
(ALDERMAN et al., 2012). Owing to 
precarious living conditions, poor social-
welfare services and environmental 
degradation, certain population groups, 
especially the poorest, are especially 
vulnerable to disasters occurring as a 
consequence of extreme climate events.

Disaster-induced health effects may 
afflict such populations not only in the 
direct aftermath but also for months or 
even years after such extreme climate 
events. Such afflictions may range from 
deaths, injuries and infectious diseases, 
to exacerbation of chronic psychosocial 
disorders, malnutrition and accidents with 
venomous animals. (PAHO/MS, 2014).

Reducing the impacts of disaster damage 
on human health is one of the functions 
of the public health system. With a view 
to promoting adaptation strategies 
and increasing resilience, the SUS has 
considered a risk management model for 
service delivery at the federal, state and 
municipal levels. Among the measures 
already in place for addressing these 
issues are the System for Surveillance of 
Environmental Health Risks associated 
with Disasters (VIGIDESASTRES)53, the 

53 VIGIDESASTRES <http://portalsaude.saude.gov.br/index.
php/vigilancia-de-a-a-z>

Força Nacional/SUS, and state and 
municipal Disaster-Health Committees.

All components of the National Protection 
and Civil Defence System (SINPDEC) need 
to adopt coordinated and synergistic 
measures to assist in the adoption of 
adaptation measures for strengthening 
the performance of the SUS. Mapping of 
vulnerable areas, monitoring of climate 
events, early-warning and management 
of risk-reporting systems are essential 
elements for timely actions on the part of 
the SUS.

9.10.2. Air pollution and impacts on 
health

Air pollution has been identified a 
major environmental risk to human 
health, which increases the incidence of 
respiratory, cardiovascular, dermatological 
diseases, neoplasms, etc. (WHO, 2015; 
Cançado et al., 2006).

Vulnerabilities to diseases associated with 
air pollution are affected by environmental 
factors that influence dispersion of 
pollutants; by socioeconomic factors 
that lead to emission of pollutants; and 
finally, by factors relating to individual 
immunological-response mechanisms.

Climate change is taking place against a 
background of economic development 
based on establishment, maintenance 
and growth of industrial clusters and 
constant urban expansion, changes in 
land-use and settlement patterns and 
increased deforestation and burning, all 
of which affect deterioration of air quality 
and impact the health of populations in 
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various regions of Brazil.

It is against this background that the 
Ministry of Health has implemented an 
Instrument for Identification of High-Risk 
Municipalities (IIMR)54 for mapping of 
priority healthcare actions and to address 
problems associated with exposure to 
air pollution. The objective is to identify 
major pollution-emissions sources that 
compromise air quality, such as mining 
and manufacturing operations, vehicle 
fleets, and heat sources caused by 
burning and deforestation, etc., in the 
highest-risk municipalities. A significant 
group of these municipalities is located in 
parts of the Amazon region known as the 
“Arc of Fire”, where dry-season burning, 
deforestation and mining and logging 
activities cause high levels of air pollution. 
Another significant group comprises 
municipalities located in metropolitan 
regions of the South and Southeast, 
where Brazil’s largest vehicle fleets and 
industrial facilities are located.

Another health surveillance mechanism 
adopted by the Ministry of Health for 
the purpose of identifying health risks 
is the Sentinel Units for monitoring of 
Populations Exposed to Air Pollution 
(VIGIAR)55. This system monitors 
incidences of respiratory diseases 
attributable to atmospheric pollutants in 
children under the age of 5 years and the 
elderly over the age of 60, the age-groups 
most vulnerable to air pollution.

54 Instrument for Identification of the Risk Municipalities 
(IIMR) <http://177.153.6.85/iimr/>

55 VIGIAR <http://portalsaude.saude.gov.br/index.PHP/
vigilancia-de-a-a-z>

Notwithstanding adoption of these 
instruments, the SUS needs to expand 
its capacity for detecting changes in 
healthcare profiles, with a view to 
adopting timely measures for addressing 
diseases caused by exposure to 
pollutants. Among the essential tools 
available for this purpose are Health 
Status Analyses, based on inter-sectoral 
data and information. Currently, poor 
access to environmental data poses one 
of the main limitations to this approach.

Thus, definition of a strategy for reducing 
health risks must entail combined multi-
sectoral efforts to reduce exposure of the 
population and strengthen and enhance 
the readiness and prompt-response 
capacity of the health services.

9.10.3. Reduced availability and quality 
of water resources

Change in rainfall patterns and increased 
frequency of extreme climate events, 
associated with factors such as poor 
sanitation, lead to reduced availability 
of drinking water and, in consequence, 
populations are exposed to water 
shortages and to water, food and vector-
borne diseases, all of which overload and 
compromise healthcare services.

Disasters, such as flooding and drought 
may also cause changes in drinking-
water quality, and thereby increase the 
incidence of diseases. In such situations, 
water supply is often intermittent. Many 
households suffer acute shortages, and 
thus seek alternative forms of access 
to water that may not be adequate for 
human consumption. This can lead to 
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additional health risks through spread 
of contamination and transmission of 
diseases. Drought and extended dry 
seasons may lead to proliferation of 
cyanobacteria in water sources, seriously 
compromising the quality of drinking-
water supplies.

Among the infectious diseases associated 
with the low drinking-water quality 
and inadequate sanitation, the most 
serious concerns in Brazil are dengue 
fever, zika, chikungunya, schistosomiasis, 
leptospirosis, viral hepatitis, acute 
diarrhoeal diseases (ADD), cholera, 
typhus, trachoma and acute dehydration.

Besides these diseases, other ailments 
that require monitoring are: the risk 
of poisoning, which may occur as a 
consequence of exposure to water 
contaminated by chemical substances of 
anthropogenic origin, such as pesticides, 
medical drugs, hormones, and industrial 
or domestic chemicals. Poisoning may 
also result from exposure to substances 
present in the natural environment, such 
as cyanobacteria and cyanotoxins.

From a climate-change perspective, all 
these risk factors, and especially those 
relating to compromised sources of 
drinking water, influence the adaptation 
and resilience capacity of populations.

In a country as large and diverse as Brazil, 
guaranteeing access to appropriate 
quantities of high-quality drinking water 
requires sectoral public policies that take 
into account the importance of the role 
of basic sanitation services in: disease 
prevention and control, by breaching 
contamination chains and hindering 

proliferation of vectors; reducing 
environmental impacts; and in fostering 
preservation of surface-water sources 
and groundwater tables. This relationship 
further illustrates the importance of 
maintaining ecosystem services for the 
various sectors involved in this NAP, 
including public health.

With the aim of reducing risks to public 
health, the SUS issues specific regulations 
for drinking water standards (MS Order 
2914, of 12th December 2011)56; conducts 
surveillance of drinking-water quality 
(VIGIAGUA)57; provides support for quality 
control for all forms of water supply, in 
urban, rural and indigenous areas58; and 
carries out sanitation actions in rural 
areas59 (MS, 2005; MS,2013).

In the light of current vulnerabilities and 
the potential impacts of climate change, 
strengthening of institutional coordination 
and integration among sectoral public 
policies (including water resources, 
environment, health, sanitation, and Civil 
Defence) are essential for overcoming 
challenges and ensuring access of the 
population to appropriate quantities of 
high-quality drinking water.

56 MS Order. 2914/2011 <http://bvsms.saude.gov.br/bvs/
saudelegis/gm/2011/prt2914_12_12_2011.html>

57 VIGILANCIA (Surveillance) <http://portalsaude.saude.gov.
br/index.php/vigilancia-de-a-a-z>

58 Sanitation and quality of water for human consumption in 
indigenous people areas <http://portalsaude.saude.gov.br/
index.php/o-ministerio/principal/secretarias/secretaria-sesai/
mais-sobre-sesai/9482-destaques>

59 Sanitation and support for control of water quality for 
human consumption <http://www.funasa.gov.br/site/>
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9.11 Infectious diseases sensitive 
to climate

The areas and dynamics of the spread 
of infectious diseases are influenced 
by multiple factors. These include 
climate, environment, socio-economic 
and demographic, biological (life-cycles 
of vectors) and socio-medical factors 
(immunological status of the population, 
effectiveness of local healthcare services, 
specific disease-control programmes, 
etc.) and the epidemiological history of 
each location (BARCELLOS et al., 2009).

In Brazil, (as mentioned earlier) the 
main infectious and endemic diseases 
relating to climatic variability that 
afflict the population are: dengue fever, 
malaria, yellow fever, Chagas disease, 
cuteneous and visceral leishmaniasis, 
schistosomiasis, trachoma, leptospirosis, 
viral hepatitis, acute diarrhoeal diseases, 
cholera, acute respiratory infection, 
influenza syndromes (influenza and other 
agents) and severe acute respiratory 
syndrome (SARS) among others.

The socioeconomic vulnerability factors 
that influence infectious disease scenarios 
are: encroachment of human settlements 
on natural areas, unplanned land use; 
globalised trade; voluntary and forced 
migration; tourism; rising population, 
development and unplanned urban 
densification; distortions of the economic 
model; social and structural problems; and 
lack or ineffectiveness of sanitation systems.

Of the world’s ten most neglected 
diseases, according to the World Health 
Organisation (WHO) nine are prevalent 

in Brazil (LINDOSO et al., 2009). Some 
40 million Brazilians have one or more 
of these illnesses, thus compiling the 
highest burden of neglected diseases in 
the Latin America and Caribbean region. 
These include practically all the cases 
of trachoma and of leprosy and most 
of the cases of ascariasis, dengue fever, 
hookworm, schistosomiasis and visceral 
leishmaniosis (HOTEZ, 2008).

Surveillance and healthcare approaches, 
such as vaccination, fumigation, 
campaigns for promoting food hygiene, 
etc., aim initially to address causes of 
disease by interrupting transmission 
chains and, secondly, to avoid spread of 
the disease and apply treatment.

Implementation, within the SUS and 
other sectors of adaptation measures 
that influence environmental and 
socioeconomic factors that affect health 
and directly or indirectly interrupt climate-
sensitive transmission chains of infectious 
diseases, can play an important role in 
reducing the incidences of such diseases. 

9.12 Health Status Analysis and 
Indicators

Health status analysis enables description, 
measurement and explanation of the 
health/disease profiles of populations, 
including health impairments or 
problems and their determinants, 
thereby facilitating identification of 
healthcare needs and priorities, choice 
of interventions and appropriate 
programmes, and impact evaluations (MS, 
2015). To draft such profiles, indicators 
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that reflect the different variables 
involved must be established.

Indicators are tools that facilitate 
understanding and monitoring of 
determinants and variables affecting 
human health and that assist in 
decision-making processes of the SUS. 
Some indicators, including those for 
epidemiology and environmental health 
used by the Ministry of Health, are 
agreed upon within the framework of the 
Interagency Health Information Network 
(RIPSA) which organises and maintains 
a database on the health status of the 
population (RIPSA, 2015).

With a view to studying and assessing 
the influence of climate change on 
human health, the Ministry of Health 
and FIOCRUZ have created the Brazilian 
Climate & Health Observatory60 in 
partnership with the National Institute for 
Space Research (INPE). This observatory 
brings together environmental, climatic, 
epidemiological, social, economic 
and health data and information from 
different institutions, needed for analysis 
of relationships between climate 
and human health and of long-term 
trends. This partnership also created 
the Environmental Information System 
Integrated to Environmental Health 
(SISAM)61 to facilitate access and handling 
of interactive and geo-referenced 
environmental data and indicators from 
various areas.

60 Brazilian Climate & Health Observatory is available at: 
<http://www.climasaude.icict.fiocruz.br/>

61 SISAM is available on the website: <http://sisam.cptec.inpe.
br/msaude/informacoes.html#>

These projects are useful for public 
managers, researchers and organised 
civil society, assist in decision-making 
and complement other sources during 
monitoring of the health status. They 
may also assist in the selection or review 
of indicators for measuring impacts and 
outcomes of implementation of this 
NAP, and for setting new indicators, as 
required.

Health status analysis and reducing 
scienti f ic  and decis ion-making 
uncertainties with respect to climate 
and its impacts on human health remain 
outstanding challenges for government. 
They require information of various types 
(environmental, climatic, geographic, 
economic, health, etc.), data-sharing 
and collaboration among institutions, 
and integration and interoperability of 
information systems.

9.13 Strengthening of Crosscutting 
Public Policies

At Rio+20, it was acknowledged that “health 
is a precondition for and an outcome 
and indicator of all three dimensions of 
sustainable development … (environment, 
economic and social) ”, and that “action on 
the social and environmental determinants 
of health, both for the poor and the 
vulnerable and for the entire population, 
is important to create inclusive, equitable, 
economically productive and healthy 
societies” (UN, 2012). 

This illustrates the crosscutting nature 
of health issues and underscores 
the importance of strengthening 
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environmental resilience of the SUS and 
of other government sectors, private 
institutions and organised civil society 
by adopting policies for adaptation to 
climate change.

Setting adaptive measures for health 
requires a multidisciplinary approach 
that takes into account vulnerabilities 
stemming from different economic 
sectors and from such characteristics as 

climate, geography, vegetation, economy, 
culture, social models and epidemiological 
profiles of each of Brazil’s regions that 
may pose health risks to humans.

Figure 16 illustrates the relationship 
between sectoral actions and reduction of 
socio-environmental vulnerabilities, and 
demonstrates the need for crosscutting 
approaches for improvement of public 
policies.

Driving forces, Pressures and Situations
that generate socio-environmental 
vulnerabilities
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Figure 16. Government actions for reducing socio-environmental vulnerabilities caused by 

driving forces and development pressures applied to territory  
(adapted from PAHO/ Ministry of Health, 2014)
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Thus, to promote resilience of the 
population to climate change, it is 
essential that all sectors and spheres of 
government be committed, and that 
crosscutting approaches to management 
be adopted. This is necessary both for 
formulation and implementation of public 
policies and to reduce vulnerabilities of 
the population.

9.14 SUS Guidelines and 
Strategies

In view of the impacts of climate change 
and their effects on human health, SUS 
guidelines and strategies were drawn up 
to orient formulation of public policies, 
in compliance with the National Policy 
for Climate Change (Law 12187/2009) 
and adaptation measures targeted at 
strengthening activities of the SUS were 
adopted, with a view to reducing the 
impacts of such effects.

For purposes of this NAP, guidelines 
encompass accomplishment of goals 
that extend far beyond the lifespan of 
the Plan and that should be used during 
selection of strategies and priorities, in 
accordance with the epidemiological and 
organisational features of services.

Studies and research on the impacts of 
climate change on human health and 
action strategies drafted within the scope 
of the World Health Organisation (WHO), 
the Pan American Health Organisation 
(PAHO) and MERCOSUR also took into 
consideration 4 dimensions, namely: 
evidence and information management; 
awareness and education; alliances; and 
adaptation. (PAHO, 2014; PAHO, 2011).

With respect to the SUS management 
model, the guidelines and strategies 
presented in this NAP will serve, from a 
climate change perspective, as inputs 
for the definition of objectives, goals 
and actions of agencies and units of 
the Ministry of Health. Proposals for 
assimilation of these guidelines and 
strategies at the state and municipal 
levels of SUS, taking into consideration 
the particularities of each, will also be 
submitted the Health Councils.

The main federal-level planning 
instrument for mitigation measures and 
adaptation to climate change of the SUS 
is the Sectoral Health Plan for Mitigation 
and Adaptation to Climate Change (PSMC-
Saúde) 2016-2019.  
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9.15 Specific Objectives, Goals 
and General Recommendations

Volume 1 of this NAP identified priority 
goals agreed upon among the various 
sectors involved in this Plan. Attainment 
of these goals could have extensive 

repercussions, depending upon the 
planning and institutional capacity of 
each sector. For the health strategy, 
two priority actions were selected to be 
implemented during the initial phase of 
this Plan:
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Sectoral and Thematic Strategy: Health

Goal 3.11 Initiatives Responsible

Expand the scope of the 
National Drinking Water 
Quality Surveil lance 
Program (VIGIAGUA) to 
reach 85% of Brazilian 
municipalities, by 2019.

Enhance the National Drinking Water 
Quality Surveillance Information System 
(SISAGUA) incorporating new features and 
health-risk management reports.

MS(SVS)

Expand and establish the network o f 
laboratories for monitoring, follow-up 
and dissemination of information on the 
quality of drinking water.

Record on SISAGUA information on 
registration, control and surveillance of 
drinking-water quality.

Draw up risk maps on the supply of 
drinking water, based on the information 
generated by SISAGUA.

Indicator/Monitoring:
Percentage of municipalities with information on registration, 
control and surveillance of drinking-water quality recorded 
on SISAGUA.

Impacts:

Strengthened surveillance of drinking-water quality.

Enhanced information on water supply for human 
consumption.

Reduction of risks to human health related to drink-water 
supply.

Support for attainment of sustainable-development goals 
relating to access to water of quality compatible with current 
standards.
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Sectoral and Thematic Strategy: Health

Goal 3.12 Initiatives Responsible

Establish a study, 
research, monitoring 
and communication 
network on climate and 
health, with a view to 
expanding technical-
scientific knowledge 
and inputs for health-
status analysis and for 
consolidated decision-
making of the Unified 
Health System (SUS).

Integrate climatic, environmental and 
socioeconomic risk analysis into SUS 
procedures for monitoring of public-health 
emergencies.

MS

(SVS/

FIOCRUZ)

Establish centres for studies and research on 
climate and health within the SUS.

Establish a panel for strategic information on 
climate and health to support the strategic 
management in the SUS.

Establish a Centre for Integration of Health, 
Environment and Sustainability Technologies 
(CITSAS) within the National Climate and 
Health Observatory and the Knowledge Centre 
on Public Health and Disasters (CEPEDES).

Indicator/Monitoring:

Network established and consolidated.

Cooperation agreement drafted and implemented.

Network project drafted.

CITISAS project drafted.

Protocol for monitoring public-health emergencies integrated 
with analysis of climatic, environmental and socioeconomic 
risk drafted.

Panel for strategic information on climate and health 
established.

Integration Centre for Health, Environment and Sustainability 
Technologies established

Impact:

Enhanced quality of information, management capacity, and 
disclosure of information on climate risk to human health.

Stimulus for production of scientific and technical knowledge 
on the relationship between climate and health and climate-
sensitive diseases, in support of decision-making and definition 
of adaptive measures, within the SUS.

NOTE: (*) Implementation of Goal 2 is linked to provision of environmental data required for analysis 

of health status, considering environmental, climate and socioeconomic variables.
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10 
Strategy for Food and 
Nutritional Security

10.1 Introduction

The aim of this strategy is to assess 
vulnerabilities, impacts and risks posed 
by climate change to Brazilian food supply 
and nutritional security and to propose 
guidelines and practices that contribute 
toward reducing such vulnerabilities. 

To this end, a deeper examination of the 
six groups of actions presented in the 
National Food and Nutritional Security 
Policy will be presented, with a view to 
establishing guidelines to increase the 
adaptive capacity of this sector.

The Fifth Assessment Report of the 
Intergovernmental Panel on Climate 
Change (IPCC AR5) was emphatic 
in concluding that the world faces 
unprecedented global warming, and that 
greenhouse gas emissions (GGEs) are its 
main cause. Chapter 2.1 (Volume I) of 
this National Plan for Adaptation (NAP) 
reports that, by the end of the 21st century, 
average global surface temperatures my 
rise by more than  1.5°C in relation to 
the 1850-1900 period, and that warming 
is likely to continue beyond 2100 under 
all the scenarios, except RCP 2.6. In such 
a context, the consequences for the 
Planet could be enormous, with grave 
impacts upon food supply and nutritional 
security in Brazil. Agriculture is one of 
Brazil’s most vibrant economic sectors 
and one of its most sensitive to climate 

change, since it depends directly upon 
weather conditions. If adaptive measures 
are not taken, food production could be 
jeopardised and so could innumerable 
jobs and farm-sector incomes, with dire 
consequences for food and nutritional 
security. In Brazil, 17% of the population 
is employed in agricultural activities, but 
in the Northeast and North regions, this 
proportion rises to 29.6% and 20.2%, 
respectively (NEAD/MDA, 2011).

To block climate change, greenhouse gas 
emissions must be reduced at the global 
level. The impacts of climate change, 
however, can already be felt throughout 
the world and in all parts of Brazil and 
require adaptation measures to reduce 
risks and ensure national food and 
nutritional security.

The Inter-ministerial Chamber for Food 
and Nutritional Security (CAISAN) for 
purposes of preparation of this NAP, 
has undertaken coordination of this 
sectorial strategy and will be responsible 
for its implementation. To this end, 
a Technical Committee for Food and 
Nutritional Security and Climate Change 
was established in partnership with the 
Ministry of Social Development and 
Combating Hunger (MDS); the Ministry 
of Environment (MMA); the Ministry 
of Agrarian Development (MDA); the 
National Indian Foundation (FUNAI); the 
Secretariat-General of the Presidency of 
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the Republic; the National Council for 
Food and Nutritional Security (CONSEA); 
and the National Supply Company 
(CONAB). This Chapter of the NAP is thus 
a collective and collaborative effort on the 
part of these institutions.

Participation of CONSEA ensures a 
channel for dialogue with civil society 
and debate on issues relating to food and 
nutritional security within the context of 
climate change, both during the initial 
preparatory phase and during subsequent 
implementation of this strategy, with a 
view to integrating adaptation measures 
and actions into public policies for 
fostering Brazil’s development.

In summary, the mechanism and 
institutional framework created for 
drafting of this chapter placed value 
on public participation, inter-sectoral 
approach, institutional, inter and intra-
government coordination with society, in 
line with the guiding principles of Brazilian 
food and nutritional security policy.

10.2 The National Food and 
Nutritional Security System and 
Policy and adaptation to climate 
change

Preparation of this sectoral strategy for 
Food and Nutritional Security (FNS) has 
sought to establish: 1) a priority focus on 
discussion of policy for promotion of food 
and nutritional security within the context 
of climate change and on the impacts 
on food production and subsequent 
repercussions on food supply; 2) a social 
and territorial approach that requires 

special attention, in view of the expected 
negative effects of climate change on 
food and nutritional security, on family 
farmers and, above all, on the semi-arid 
region. 

These choices were based upon a 
diagnostic study on the impacts and risks 
of climate change for food production, 
and on the current National Food and 
Nutrition Security Policy (PNSAN). A 
review of this policy examined the extent 
to which current approaches collaborate 
toward building adaptive capacity and 
more resilient farming systems, capable 
of ensuring maintenance of measures 
for ensuring food and nutritional security 
of families. It was concluded that such 
measures should be reinforced and the 
scope of their activities expanded.

It should be stressed that, in this analysis 
of food and nutritional security, aside 
from production, a number of other 
factors were considered, given the inter-
sectoral and holistic characteristics of this 
approach. These include, for instance, the 
interface of nutrition and health; logistics 
of access to and availability of food in 
cities; and other specific features relating 
to the food and nutritional security of 
families living in urban environments. 
For purposes of this NAP, the focus has 
been to prioritize discussion on the 
impacts of global climate change on food 
production, on family agriculture and 
on rural environments, especially in the 
semi-arid region. In the course of future 
periodic reviews of this NAP, other FNS 
dimensions will gradually be taken up to 
reflect the status of the on-going debate 
on the impacts of climate change and 
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adaptation measures needed to face up 
to it.

The institutional framework of FNS 
policies is well aligned to the National 
Food and Nutritional Security System 
(SISAN) established by the Organic Law 
for Food and Nutritional Security (LOSAN 
- Law 11346, of 15th September 2006) for 
the purpose of promoting and protecting 
the Human Right to Appropriate Food 
(HRAF). It therefore fosters effective 
participation of various players by imbuing 
claims to this right with legitimacy and 
transparency.

One of the most innovative aspects of 
LOSAN is the way it establishes how the 
Brazilian State shall organise to ensure 
the HRAF. Two strategies are promoted 
under this institutional framework: inter-
sectoral approaches; and participation of 
society.

Inter-sectoral  aspects,  though 
challenging, must be assessed, given 
that fulfilment of the HRAF involves not 
merely “having something to eat” but 
also, regular and permanent access to 
high-quality food in sufficient quantities, 
without compromising fulfilment of 
other needs, based upon food practices 
that promote health, respect cultural 
diversity, and are socially, economically 
and environmentally sustainable.

To ensure coordination and integration 

among the various actions of different 
sectors, the coordination of SISAN is 
conducted by two national-level bodies: 
CONSEA (Decree 6272/2007) that 
ensures participation of civil society; and 
the Inter-ministerial Chamber for Food 
and Nutritional Security (CAISAN) (Decree 
6273/2007) presided by the Ministry 
of Social Development (MDS) with 
representatives of 20 ministries. CAISAN 
is responsible for networking, monitoring 
and coordinating the PNSAN and for 
coordination with state and municipal-
level SISAN authorities.

In 2010, the right to food was enshrined 
as a social right in Article 6 of the Federal 
Constitution. At the same time, Decree 
7272 instituted the National Food and 
Nutritional Policy and provided for its 
monitoring.

In 2011, the National Food and Nutritional 
Security Plan (PLANSAN-2012/2015) was 
launched. This Plan integrates dozens of 
actions and programmes that encompass 
the various dimensions of FNS, including 
access to food, food production and 
availability, and nutritional aspects.

Guidelines of the National Food and 
Nutritional Security Policy are listed 
below:
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1. Promote universal access to appropriate and healthy food;

2. Promote sustainable and structured food supply systems, based upon agro-ecological production, 
extraction, processing and distribution;

3. Institute permanent food and nutritional education processes, research and training in the fields 
of food and nutritional security;

4. Promote, universalise and coordinate food and nutritional security actions targeted at quilombola 
and other peoples and communities;

5. Strengthen food and nutritional actions at healthcare facilities at all levels, in coordination with 
other food and nutritional security measures;

6. Promote universal access to sufficient quantities of high-quality drinking water;

7. Support initiatives to foster food sovereignty, food and nutritional security and the human right 
to adequate food at the international level.

8. Monitor fulfilment of the human right to adequate food.

10.3 Impacts of global climate 
change on food and nutritional 
security in Brazil

The risk of setbacks in recent FNS 
achievements in Brazil as a consequence 
of the negative effects of climate change 
is unacceptable. Such change poses a 
threat to the food and nutritional security 
of the population, by triggering extreme 
events, desertification and other impacts 
that may jeopardise the human right 
to appropriate food. This right implies 
regular and permanent access to food, in 
sufficient quantity and quality. Promotion 
of FNS policies becomes of even greater 
importance within the context of climate 
change, as they serve to promote 
adaptation capacity and resilience.

That climate change may further aggravate 
existing poverty is a major concern. Social 

vulnerability and vulnerability to climate 
change feedback on each other, since 
more vulnerable populations generally 
have lower capacity to adapt to adverse 
effects of climate change while, at the 
same time, such effects can exacerbate 
social vulnerabilities of Specific Traditional 
Population Groups, (e.g., extractivists, 
indigenous peoples, quilombolas, artisanal 
fishermen, riparian populations, family 
farmers and agrarian-reform settlers62) 
whose economic survival, customs, culture 
and lifestyles are strongly influenced by 
weather conditions.

62 Notwithstanding their great diversity, such groups share 
some common features expressed in the legal concept 
adopted for “traditional peoples and communities” in Art. 3, 
item I of Decree 7040/2007 which establishes the National 
Policy for Traditional Peoples and Communities (PNPCT) quote: 
“culturally differentiated groups and that are recognized as 
such, that possess their own forms of social organization, that 
occupy and use territories and natural resources as a condition 
for their cultural, social, religious, ancestral and economic 
reproduction, using knowledge, innovations and practices 
generated and transmitted by tradition”.
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In Brazil, owing to deeply and spatially 
dispersed social disparities, global 
climate change may have diverse 
impacts on traditional population groups. 
Furthermore, in view of the vast size of 
the country, various different weather 
patterns may prevail, which may have 
either beneficial or adverse impacts upon 
such groups, depending upon location 
and distribution throughout Brazilian 
territory.

As discussed in Volume I of this NAP, 
exposure to such climate variations as 
temperature, rainfall, humidity, wind 
speed, rising sea levels, etc., stemming 
from global climate change, does not, 
in itself, determine the impacts on 
ecosystems, production systems and 
local communities. Social vulnerability 
and adaptive capacity account for the 
magnitude of the effect, whether it will 
be negative or beneficial. For example, 
building of cisterns for catchment of 
rainwater, better soil conservation, and 
protection of water sources are effective 
measures for facing up to temperature, 
rainfall and evapotranspiration variations, 
and for conservation of water resources.

Analysis of the risks of climate change 
for promotion of Brazilian food and 
nutritional security must take into 
account three dimensions that explain 
the vulnerability: sensitivity; exposure; 
and adaptive capacity. For exposure, given 
the vast size of Brazil and considering the 
diversity of current  climate scenarios, 
it is strategically desirable that analyses 
be based on geo-referenced findings at 
the lowest possible level of geographical 
disaggregation. For sensitivity and 

adaptation capacity, findings should, 
whenever possible, stem from 
disaggregation of social factors entailing 
investigation of disparate socioeconomic 
conditions, capacity to respond and 
resilience, to guide the targeting of public 
policies for FNS.

10.4 Water availability 

Promotion of universal access to 
sufficient quantities of high-quality water 
is a component of the National Food and 
Nutritional Security Policy. This policy is 
based on the human right to appropriate 
nutrition, which includes ensuring the 
right of access to drinking water. Water, 
in turn, is also an essential input for food 
and livestock production. 

Water availability in Brazil is closely linked 
to climate and especially to rainfall during 
summer months. Late onset of rainy 
seasons can affect farming and electricity 
generation. Large scale flooding and 
droughts have had strong impacts on the 
Brazilian economy and on national food 
and nutritional security. Studies suggest 
that future changes in rainfall patterns 
and regimes may strongly affect flow 
levels of Brazilian rivers.

Conservation of agro-biodiversity, soil 
recovery in degraded areas, restoration 
of water sources and promotion of 
integrated crop-livestock-forestry 
systems are all factors that could 
contribute to greater stability of the 
water balance and availability of water 
for agricultural use. Such practices should 
thus be encouraged, as they contribute 
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indirectly to the maintenance of food and 
nutritional security, given that water is an 
essential input for food production.

10.5 Food production of family 
farming and food sovereignty

Studies have indicated that, as a 
consequence of climate change, Brazil 
may face: 1) a reduction of up to 10.6 
million hectares of agricultural land 
by 2030; 2) reduction of forests and 
woodland areas on farms, with increases 
of pastureland; 3) reduction of low 
climate-risk areas for planting the main 
staple and export crops (rice, beans, 
corn, soybeans and cassava); 4) regional 
redistribution of certain crops in search of 
more suitable climatic conditions; 5) more 
accentuated focus on livestock in rural 
regions of the Northeast, in detriment 
to crops; and 6) increased frequency 
and intensity of extreme climate events, 
with a tendency to generate adverse 
impacts on agricultural production and 
yields (MONZONI, 2013; PBMC, 2014; 
MARGULIS et al., 2011; FERES et al., 
2011; EMBRAPA, 2008). In the short term, 
climatic extremes may cause crop failure, 
leading to shortages of staple foods 
and price volatility. These are, in short, 
the main effects that may impact the 
Brazilian food supply system, food prices, 
the basic family “food basket”, and family 
expenditures on food.

The impacts of climate change can 
be expected to affect crop yields, but 
this will tend to vary by category: 
family farming; and agribusiness. This 
is because geographical location and 

soil characteristics of farms, and their 
agricultural potential and adaptive 
capacity, determine the degree of impact 
and potential food-production losses.

A pioneering study carried out by the 
MMA in partnership with OXFAM, and 
with collaboration of CAISAN, estimated 
potential losses stemming from global 
climate change for cassava, rice, beans, 
corn and coffee produced by family 
farmers.

These crops were selected in view of their 
importance for the food and nutritional 
security of families, for the Brazilian food 
supply, and for the proportion of national 
production from family farms. According 
to the latest Agricultural Census (IBGE, 
2006) 84% of Brazilian farms are family 
owned and account for 74% of all rural 
labour. There are 4.3 million family farms 
that, as a group, account for 38% of 
farm Gross Production Value (GPV) and 
produce 70% of all food consumed in 
Brazil (UNSCN, 2014; IBGE, 2006). Family 
farmers account for 83% of the  cassava, 
70% of the beans, 46% of the corn 
(maize), 38% of the coffee and 33% of the 
rice produced in Brazil (KEPPLE, 2014).

The MMA/Oxfam research was based on 
agricultural production data for family 
farming from the 2006 Agricultural 
Census. It also relied upon future 
weather projections produced by the 
National Institute for Space Research 
(INPE) considering temperature and 
rainfall parameters for Brazil. It estimated 
expected yield losses for selected 
crops, stemming from temperature 
and rainfall variations. Factors such as 
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soil characteristics and the agricultural 
aptitude of farm properties (fertility, 
erosion, topography, etc.) explain 
differences in productivity among farmers 
and were, therefore, used as control 
variables for the impact model.

Crop yields of family farms were calculated 
for the selected crops and, subsequently, 
future agricultural productivity was 
assessed, within projected climate-
change scenarios. The difference between 
the first value observed and the projected 
value corresponds to the expected 
variation in agricultural productivity as a 
consequence of global climate change. 
The findings of this research are grouped 
by biome, based on projected impacts for 
municipalities and are summarized below.

Coffee yields may be affected either by 
water shortages or by excessive heat 
in traditional production regions. Thus, 
with higher temperatures, coffee grown 
in the Mata-Atlântica biome (Minas 
Gerais, Espírito Santo and São Paulo) 
is likely to migrate from areas of Mata-
Atlântica in the Southeast to those in 
the South, in search of more favourable 
production conditions and profitability. In 
municipalities such as Lajedo do Tabocal 
(BA), São José do Mantimento (MG) and 
Santa Cruz do Rio Pardo (SP) productivity 
losses for coffee are expected to reach 
100% by 2100, thus making local coffee 
production unfeasible. 

There may be productivity gains for 
cassava, especially in the Pampa biome, 
with fewer areas subject to colder 
weather and frost. In the Amazon, cassava 
production may also benefit from less 

rainfall. The greatest productivity losses 
and declines in area under cultivation 
are expected to occur in the Caatinga 
biome (semi-arid and arid areas of the 
Northeast) where cassava is of great 
importance for the food and nutritional 
security of families. For more than half 
of the municipalities in the Caatinga, 
projections indicate severe losses in 
cassava yields, with dire consequences 
for subsistence farmers and incomes of 
labourers engaged in cassava production. 
In the Northeast, according to data from 
National Household Sample Surveys 
(PNAD) in 2012, cassava production 
accounted for 6.1% of farm jobs, a 
proportion second only to corn (maize) 
that employed 8.9% of the agricultural 
labour force.

Rice yields are likely to suffer smaller 
losses in irrigated production areas with 
abundant rainfall in the State of Goiás, 
the northern part of Mato Grosso and 
in Pará. According to data from MAPA, 
irrigated paddies in the South of Brazil 
account for roughly 54% of national rice 
production, and Rio Grande do Sul is the 
largest Brazilian rice-producing state.

Corn is already under threat and, with 
climate change and predicted higher 
temperatures and water shortages, the 
risk is expected to rise significantly. This 
is because projected future temperature 
rises throughout Brazil may affect the 
water balance and evapotranspiration in 
corn. Production restrictions cover almost 
all of Brazilian territory, with the exception 
of the Pampa, where productivity 
improvements are expected to result 
from fewer frosts. In the Northeast, 
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where nearly 9% of the agricultural 
labour is employed in corn cultivation, 
the most affected municipalities are likely 
to be Porto Fraco, São João do Caru, 
Centro Novo do Maranhão, Feira Nova 
do Maranhão and Brejo, all in the State of 
Maranhão. 

Yields of beans are expected to drop 
in several localities, owing to higher 
temperatures and water stress. In search 
of better production and profitability 
conditions, bean cultivation will tend to 
locate in the Pampa biome and in the 
southern part of Minas Gerais. In the 
Northeast, where beans account for 3.4% 
of agricultural jobs, the most affected 
municipalities are likely to be Pedra Lavrada 
(PB), Ceará-Mirim (RN/), Trindade (PE) in 
the Caatinga; and Humberto de Campos 
(Maranhão) in the Cerrado biome63.

These expected climate-change induced 
productivity losses will have two types 
of impacts on food security: firstly, 
through reduced food supplies, including 
for subsistence consumption of family 
farmers; and through reduced capacity 
to generate income on the part of such 
farmers. Family farmers are generally both 
sellers and buyers, i.e., they specialize in 
the production of certain crops and, with 
income from their sale, purchase other 
foods, goods and services. Projected 
losses of agricultural productivity thus 
affect farm incomes which, in turn, 
influence the quality and diversification 
of the diets of families and their access to 

63 An expanded discussion of these results can be found in 
a study produced by Speranza et al., 2015 for MMA/Oxfam 
available at: <http://www.mma.gov.br/clima/adaptacao/
projetos>.

the basic goods and services needed for 
maintenance of their quality of life and 
food security.

An adaptive strategy for strengthening 
food security in Brazil is expansion of 
warehousing capacity, which entails a 
greater role for governmental regulatory 
stocks. Silos and warehouses are 
important for stockpiling harvests during 
periods in which climate conditions are 
favourable and enable longer planting 
and harvesting periods. Furthermore, in 
some situations, markets signal a need for 
intervention, e.g., in cases of crop failure 
caused by an extreme climatic event 
that my lead to higher price volatility in 
commodity markets.

To foster building of public and private 
stockpiles, warehousing capacity will 
have to be expanded. Data from the 
2006 Agriculture Census revealed that 
only 1.6% of the Brazilian farms have 
silos or warehouses for grain and forage. 
Moreover, most of Brazil’s silos and 
warehouses are located in the Central-
West region where production of most 
of the grain for export is concentrated 
(Figure 17). Nonetheless, according to 
data from the National Supply Company 
(CONAB), Brazil’s static storage capacity 
amounts to 152 million tonnes, whereas 
grain production in the 2014/2015 
growing season was estimated at 200 
million tonnes. The map in Figure 18 
shows micro-regions where there is a 
gap between storage capacity and grain 
production.

Also according to CONAB, private 
companies own most (75%, equivalent 
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Figure 17- Distribution of silos and warehouses in Brazil

Figure 18- Comparison of grain production vs. static storage capacity in Brazil

to 152 million tonnes) of Brazil’s static 
storage capacity. Cooperatives own 
21% and, finally, governmental bodies 
account for the remaining 4%. There 
are some 5.600 storage companies in 
Brazil, but 50% of this storage capacity 
is concentrated in the hands of 156 

companies. From a regional perspective, 
42%, of Brazil’s static storage capacity 
is concentrated in the South, followed 
by 35% in the Central-West, and 15% in 
the Southeast. The North and Northeast 
regions, together, account for only 8% of 
storage capacity.
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In short, climate change will require a 
higher degree of planning and greater 
precision on the part of Brazilian farmers. 
More silos and warehouses would 
contribute to this, by enabling exploitation 
of the most favourable climate conditions 
and extending planting and harvesting 
periods. Without storage capacity, good 
harvests may be lost, thereby wasting 
the potential that stockpiles allow for 
regulating food supply, stabilising market 
prices and promoting FNS.

10.6 Living conditions in the semi-
arid area

From a territorial and social perspective, 
the semi-arid region epitomises exposure, 
sensitivity and (low) adaptive capacity, 
making it the geographical priority area for 
implementation of measures for addressing 
negative effects of climate change.

Efforts have focused, for example, on 
ensuring access to water for human 
consumption and production systems. 
In recent years, the Brazilian Federal 
Government has brought about a 
paradigm change for public policies 
targeted at this region, by acknowledging 
the viability of survival under sustainable 
living conditions in this land as a right 
of the local (Sertanejo) population. 
Moreover, through an extensive network 
and partnerships with civil society, it has 
also promoted access to water by means 
of a programme for construction of rain-
water catchment cisterns.

On the other hand, since 2012, Brazil’s 
Northeast region has suffered the worst 

cycle of drought in 50 years, with more 
than 1,400 municipalities affected. The 
Ministry of National Integration estimates 
agricultural losses of the order of US$ 
6 billion (MCTI, 2014). It is in this the 
region that the semi-arid area is located; 
where 1,340,172.60 km2 are susceptible 
to desertification, an area equivalent to 
almost 16% of Brazilian territory, with a 
population of 34.8 million (17% of Brazil’s 
total) distributed in 1,488 municipalities 
(PAUPITZ, 2013). These numbers provide 
a notion of scale of this area, the most 
highly populated dry region in the world.

The Harvest Guarantee Programme64, an 
agriculture insurance scheme for family 
farmers of the semi-arid area, has had 
to expand the number of beneficiaries 
and the number of instalments granted, 
as a consequence of worsening drought 
in this region in recent years (2011/2012 
and 2013/2014 growing seasons). 
Climate projections point to even more 
extreme weather for the Brazilian semi-
arid region. Adaptation guidelines for 
this region will be discussed in greater 
detail in the section on strategies. The 

64 Harvest Guarantee (Garantia-Safra – GS) is an action under 
the National Programme for Strengthening Family Farming 
(PRONAF), under responsibility of the Ministry of Agrarian 
Development, initially directed toward farmers and their 
families located in the Northeast region, in the north of the 
State of Minas Gerais, Vale do Mucuri, Vale do Jequitinhonha 
and northern Espírito Santo. This is the area covered by the 
Superintendency for Development of the Northeast (SUDENE) 
and is mostly semi-arid, and suffers crop failures owing to 
drought or excessive rainfall. Farmers who sign up to Garantia 
Safra in the municipalities that suffered losses of no less than 
50% of production of beans, corn, rice, cassava, cotton, or of 
other crops, as defined by the management of the Garantia 
Safra Fund, owing to drought or excessive rain, receive 
financial compensation directly from the Federal Government, 
in five monthly instalments, by means of smart cards provided 
by Caixa Economica Federal. Owing to intensification of the 
drought in the latest harvest seasons, the government has 
extended the number of instalments to eight.
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challenge is to strengthen adaptation 
measures so that climate change does 
not jeopardise advances promoted by the 
Federal Government for improving living 
conditions of families in the semi-arid.

10.7 Conclusions and guidelines

10.7.1. The importance of a resilient 
agrarian system

Building of a more resilient food system 
requires adjustments to ecosystems, to 
social-welfare systems and to economic 
systems. Such changes will be difficult to 
effect in most regions and will fall most 
heavily upon more vulnerable populations 
in practically all regions. Climate change 
models suggest that the direst effects, 
such as more intense drought, are likely to 
be felt in tropical areas, including Brazil’s 
semi-arid Northeast region.

Poor food-production sustainability 
poses a threat to resilience and must 
be addressed through changes in food 
production models and better governance 
of national and global food systems. Food 
production and distribution practices 
that are more efficient in allocation and 
use of natural and biophysical resources 
must be identified and supported, with a 
view to reducing negative environmental 
externalities, such as GGEs. In Brazil, 
between 2005 and 2012, agricultural-
sector emissions jumped from 415,724 
to 446,445 Gg CO2eq, which corresponds 
to a relative change from 20% to 37% of 
total Brazilian emissions (MCTI, 2015). 
Currently, alongside those of the Energy 
sector (37%) agricultural emissions 

are the largest component of Brazil’s 
total GGE footprint. Thus, a resilient 
food system, based on agro-ecological 
practices is a solution and counterpoint 
to the predominant food production 
system in Brazil which is responsible 
for most of national GGEs and has 
collaborated toward loss of productive 
diversity and depreciation of the value 
of agro-biodiversity products, thereby 
jeopardising national food sovereignty.

Brazil must take up the challenge of 
implementing mutually self-reinforcing 
mitigation and adaptation actions to 
reduce agricultural GGEs, through 
creation of more resilient agrarian 
systems that are better adapted to 
withstanding negative effects of climate 
change. The National Food and Nutritional 
Security Policy (PNSAN) encompasses 
implementation of sustainable food 
production and distribution systems, with 
a focus on promotion of agro-ecology 
systems, preservation and valorisation 
of agro-biodiversity, implementation 
of native seed banks, diversification of 
production, recovery and preservation 
of soil and of water sources, and lower 
pesticide and chemical-fertiliser use65. 

According to Olivier de Schutter (2012:23-
24) an agro-ecological production 
approach provides a variety of advantages 
for the building of a sustainable food 

65 Between 1992 and 2010, ratio of fertilizer sold to area under 
cultivation more than doubled in Brazil (IBGE 2012). Brazil is 
world leader in consumption of pesticides. Nitrogen fertilizers 
accounted for 6.5% of GEEs produced by Brazilian agriculture 
in 2012 (MCTI, 2015). This could be reduced by avoiding 
waste when applying fertilizer and by cultivating nitrogen-
fixing plants. Researchers from the universities of Harvard and 
Minnesota have estimated that 50% of the nitrogen applied for 
production of cereals in the world is unnecessary.
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system, including better prospects for 
adaptation to climate change. As a former 
Special United Nations Rapporteur 
for the Right to Food (2008-2014) 
Schutter affirms that agro-ecology has 
contributed to fulfilment of the right to 
food by: 1) increasing yields at the field 
level; 2) reducing rural poverty66; 3) 
fostering better nutrition; 4) stimulating 
collaboration toward dissemination of 
best practices among farmers; and 5) (as 
already mentioned) improving resilience 
of agrarian systems to climate change.

The use of agro-ecological techniques can 
significantly attenuate negative impacts of 
climate change, and especially of extreme 
events, as resilience is strengthened 
by use and promotion of agricultural 
biodiversity within ecosystems. Agro-
ecology production systems are much 
better equipped to withstand drought 
and flooding. Moreover, the diversity of 
species and agricultural activities that 
the agro-ecological methods stimulate 
serve to mitigate risks of the impacts of 
extreme meteorological phenomena, and 
to ward off invasive new pests, weeds 
and diseases. Agro-ecological practices 
consisting of growing consortia of 

66 The cost of creating jobs in agriculture is significantly lower 
than in other sectors. In Brazil, INCRA data reveals that each job 
generated in a settlement costs the Government US$ 3,640, 
while the cost would be 128% higher in industry, 190% higher 
in trade and 240% higher in the services sector. Comparisons 
among countries demonstrate that GDP growth stemming from 
agriculture is at least twice as effective in reducing poverty as 
non-agricultural GDP growth. Some types of investments are 
more effective than others in achieving this goal. The multiplier 
effects are significantly greater when growth is triggered by 
higher income of smallholders, stimulating demand for goods 
and services from local tradespeople and service providers. 
When large landholders increase revenues, most is invested 
in inputs and imported machinery and only a much smaller 
portion goes to local commerce (SCHUTTER (2012), based on 
WORLD BANK (2008) and MIGUEL CARTER (2010)).

cultivars rely on genetic diversity in fields 
to improve disease resistance in crops.

Agro-ecology also places agriculture on 
the path to sustainability by liberating food 
production from dependence on fossil 
energy (oil, gas and chemical fertilizers). 
It contributes to mitigation of climate 
change, both by increasing carbon sinks 
through build-up of organic matter in 
the soil and by increasing quantities of 
biomass in surface soils. Moreover, it 
curtails emissions of carbon dioxide and 
of other greenhouse gases on farms, by 
directly and indirectly reducing energy use.

Another significant advantage of agro-
ecology is that, by valuing traditional 
knowledge of family farmers and 
traditional communities (indigenous 
peoples,  qui lombolas,  r iparian 
communities, etc.) through constant 
networking between farmers and 
rural-extension and training networks, 
it fosters resilience. Agro-ecology is 
thus an alternative in counterpoint to 
new models that propose solutions 
to challenges posed by the negative 
effects of climate change under such 
labels as “intelligent agriculture”, “new 
double green revolution”, etc. These 
models are normally highly dependent 
upon agricultural inputs, machinery and 
equipment, and are generally based 
upon commercialisation of nature and 
entrepreneurial agricultural practices.

10.7.2. Guidelines for promoting 
adaptation

The need to strengthen food and 
nutritional security within a context of 
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global climate change makes it imperative 
that current Brazilian public policies in 
this field be maintained.  Institutional 
arrangements entailing coordination and 
integration among different agencies, 
ministries and representatives of civil 
society and the system for monitoring the 
FNS status of families account for much of 
the progress achieved.

Brazil’s FNS system is based upon an inter-
sectoral and holistic approach. These 
characteristics will facilitate attainment of 
the subsequent steps to be taken following 
publication of this National Adaptation 
Plan; i.e., establishing adaptation to 
climate change as a crosscutting theme 
permeating all aspects of governance at 
the federal, state and municipal levels. 
CAISAN and CONSEA are the appropriate 
loci for deliberations and debate on 
progress in this direction.

For creation of resilient agrarian systems, 
adaptation strategies need to be based 
on strengthening both communities 
and ecosystems. Such strategies include 
actions targeted at: 1) improving 
water-resources management through 
construction of water-abstraction 
and storage systems for human water 
supply and for food production (First 
and Second water67); 2) cultivation of 
short-cycle varieties; 3) establishment 
of community-based seed and cereal 
banks; 4) adaptation of farm practices to 
conserve soil humidity, organic material 
and nutrients; and 5) conservation and 
restoration of agro-biodiversity.

67 First water: water for drinking and cooking. Second water: 
water destined for agricultural production.

There follows a list of current guidelines 
of the National Food and Nutritional 
Security Policy that are of relevance for 
fostering of a more resilient environment 
in the context of this NAP:

Guideline 1: Strengthening of 
programmes for access to drinking-
water and water for food production in 
the semiarid region

One of the most commonly used 
techniques for withstanding long dry 
periods and sporadic rainfall in the 
Brazilian semiarid region is rainfall-
catchment and storage in cisterns. The 
Ministry of Social Development and 
Combating Hunger (MDS) has a Cisterns 
Programme that aims to ensure supplies 
of drinking water (First water) and water 
for crops and livestock (Second water) for 
homes and public schools in rural areas. 

The right to water is encompassed within 
the human right to adequate food, and it 
is the responsibility of the State to ensure 
this right to all citizens, especially those 
in situations of socio-environmental 
vulnerability. Effective guarantee of this 
right requires coordination among a 
variety of inter-sectoral actions, in view 
of its interfaces with water-resources, 
basic-sanitation and,recently, with 
FNS policies. Lack of regular access, 
or precarious access to drinking water 
sources are part of day-to-day reality for 
hundreds of families, especially those in 
situations of extreme poverty, living in 
rural areas of Brazil. Climatic variations 
that curtail water availability, pollution 
of water sources, and poor access to 
water resources mar the quality of life of 
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families. The very survival of many families 
is jeopardised because they cannot afford 
access to safe drinking water or to water 
for food production.

To face up to this situation, new socially 
and economically feasible approaches 
for promoting universal access to water 
supply have been gaining strength, based 
on extensive social mobilization and 
participation.

Issues relating to water supply for 
underprivileged segments of the 
population were the focus of the National 
Programme for Universalization of Access 
to and Use of Water (Water for All - 
Decree 7535, of 26th July 2011) under 
which the Federal Government assumed 
a commitment to universalise access to 
water for rural populations, especially 
those in situations of extreme poverty. 
For indigenous families and schools in the 
semiarid region, universalization of access 
to water is foreseen within the next four 
years (2016-2019).

The persistent problem of water 
vulnerability of rural families in 
the semiarid region has prompted 
mobilization of numerous civil-society 
organisations in Brazil’s Northeast region, 
dedicated to defence of the rights of this 
population, including the right to water 
as an essential element for survival and 
for nutritional security. Prospects of 
more severe climatic conditions make 
the strengthening of such initiatives 
all the more important, with a view to 
increasing the resilience of populations in 
the semi-arid region and their capacity to 
withstand drought, by capturing sporadic 

rainfall in cisterns and better managing 
scarce water resources.

With respect to water for food production, 
EMBRAPA has been engaged in 
development of strategies for promoting 
drought resistance. In view of onsets of 
desertification, much of the semiarid 
region is likely to become unsuitable for 
cultivation of many of habitual crops, 
particularly cassava and corn. To contain 
the advance of desertification and, at the 
same time, provide dietary alternatives 
for the population and forrage for 
livestock, several researchers have 
advocated solutions based on endemic 
species. They propose to use knowledge 
of drought-resistant plants and to 
encourage their extensive cultivation. 
Several characteristic species of the 
semiarid region are much more efficient 
at maintaining a water balance, including 
certain native drought-resistant forage 
grasses that have greater resilience than 
exotic grasses.

Guideline 2: Reduction of poverty and 
vulnerability of rural social groups, by 
strengthening inclusive rural production 
policies 

There are three public-policy focuses 
for attainment of this guideline: 
establishment of seed banks in the 
semiarid region; the Development 
Programme (Programa Formento),  and 
the Green Stipend Programme (Programa 
Bolsa Verde).

To stimulate productive inclusion of 
family farmers of the semiarid region, the 
MDS has sponsored the building of 640 
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community seed banks. This initiative, 
carried out in partnership with the 
Ministry of Agrarian Development (MDA) 
and the Brazilian Development Bank 
(BNDES) will benefit at least 12,800 rural 
families listed on the Single Registry for 
Social Programmes of the Brazilian federal 
government (Cadastro Único).

The aim is to increase food production 
and ensure food and nutritional security 
for families that already have access 
to drinking water and water for food 
production under the Water for All (Água 
para Todos) Programme. These seed 
banks store landrace (unmodified) seeds 
that are well adapted to the region and 
regular components of local diets.

Furthermore, access to such seeds will 
empower family farmers and grant 
them greater autonomy with respect to 
decisions on when and what to plant. 
Seed banks are also expected to induce 
farmers and their families to pass on 
knowledge and share seeds, with a view 
to preserving regional genetic heritage 
of food varieties and stimulating other 
families to participate in the project.

A major attraction of the initiative is 
that it is based upon the experience of 
local farmers with native landrace seeds 
and provides an opportunity to foster 
and enhance knowledge on the genetic 
heritage of the Semiarid region.

Landrace seeds play an important role in 
renewing diversity of food-crop varieties 
and broadening the adaptive capacity of 
production systems. Thus, seed banks 
constitute an adaptive strategy that 

should be strengthened in the context of 
climate change.

The Development Programme (Programa 
Formento) is a part of the strategy for 
productive inclusion of family farmers, 
traditional peoples and communities, and 
indigenous peoples living in situations of 
extreme poverty. Under joint coordination 
of the MDS and MDA, the programme 
consists of two actions: provision of 
technical assistance and of rural extension 
services contracted by public tender68; 
and direct income-transfer stipends 
distributed to families under the Bolsa 
Familia programme. Both these actions 
aim to foster the productive capacities 
of poor rural families, preferably through 
agro-ecological approaches that reinforce 
and diversify their ability to produce 
food for their subsistence and/or for 
generating income.

The Environmental Conservation Support 
Programme (Green Stipend - Bolsa 
Verde) launched in September 2011, 
grants quarterly benefits of R$300 to 
families in situations of extreme poverty 
living in priority areas for environmental 
conservation. This benefit is granted 
for two years and may be renewed. 
Since 47% of the 16.2 million people in 
situations of extreme poverty live in rural 
areas, this programme serves the twin 
goals of raising incomes of this population 
segment, and stimulating conservation of 
ecosystems and sustainable use of natural 
resources.

68 The initial goal in the 2012/2015 PPA was to attend to an 
estimated 9,000 indigenous families. This goal was exceeded 
and, by the end of 2015, is expected to extend to roughly 
17,500 indigenous families.
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Bolsa Verde is targeted at populations that 
conduct activities involving sustainable 
use of natural resources in Extractivist 
Reserves, National Forests, Federal 
Sustainable Development Reserves, and 
Environmentally Differentiated Agrarian 
Reform Settlements.

Traditional populations, including riparian, 
extractivist, indigenous, quilombolas and 
other rural communities are also eligible 
for benefits under the Programme, which 
seeks to acknowledge and compensate 
such communities and family farmers 
for environmental services provided. The 
Bolsa Verde Programme, by strengthening 
conservation of agro-biodiversity and 
contributing toward construction of a 
resilient agrarian system, is closely aligned 
to the Ecosystem-based Adaptation 
approach advocated in this National 
Adaptation Plan.

Guideline 3: Enhancement of Family-
farming into agro-ecological, organic 
and socio-biodiversity based production 
systems 

Launching of the National Agro-
ecology and Organic Production Policy 
(PLANAPO) marks a commitment toward 
expanded implementation of guidance 
for sustainable rural-development 
approaches, in the light of rising 
awareness on the part of grass-roots 
rural and forest-dwelling organizations, 
and of the general public of the need 
for healthier food production and 
conservation of natural resources.

Among the advantages promoted by 
Brazilian organic agro-ecological farming 

are the biological diversity of production 
systems, diversification of farming 
activities and development of niche 
markets that attend to socioeconomic, 
environmental and cultural needs, and 
their ability to ensure large-scale food and 
nutritional security for the population. 
The knowledge of conservation and of 
sustainable-use practices of indigenous 
peoples and traditional populations 
is an important contribution to agro-
biodiversity approaches.

The Inter-ministerial Chamber of 
Agroecology and Organic Production 
(CIAPO) in compliance with item I of Art. 
9 of the National Policy for Agroecology 
and Organic Production (PLANAPO) 
and with ample public participation 
through the National Agro-ecology and 
Organic Production Committee (CNAPO) 
launched the National Agro-ecology and 
Organic Production Policy (PLANAPO 
2013-2015) targeted at implementation 
of programmes and actions for fostering 
transition to a new form of agriculture 
based on organic and agro-ecological 
production methods. This policy aims 
to improve the quality of life of the 
population, both by ensuring supplies of 
healthy foods and fostering sustainable 
use of natural resources.

The aim of the National Plan for 
Promotion of Sociobiodiversity Products 
(PNBSB) is to promote and strengthen 
production chains for the products of 
socio-biodiversity, by adding value and 
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consolidating sustainable markets69. 
This initiative is part of the federal 
government’s strategy for promoting 
sustainable development while, at the 
same time, fostering income-generation 
activities and social justice, through 
conservation, management, and 
sustainable use of the products of socio-
biodiversity and strengthening the social 
and productive capacities of indigenous 
peoples, quilombolas, traditional 
communities and family farmers.

Guideline 4: Strengthening of the 
implementation of the National Policy 
for Territorial and Environmental 
Management of Indigenous Lands

Decree 7747 of 5th June 2012, established 
the National Policy for Territorial 
and Environmental Management 
of Indigenous Lands (PNGATI). The 
purpose of this policy is to guarantee 
and promote the protection, recovery, 
conservation and sustainable-use of the 
natural resources of indigenous lands and 
territories, while ensuring the integrity 
of indigenous heritage, improving the 
quality of life and fully ensuring conditions 
for the physical and cultural reproduction 
of indigenous peoples, and respect for 
their sociocultural autonomy. A great 
number of strategic lines of actions for 
strengthening the food and nutritional 
security of indigenous people is provided 

69 Placing socio-biodiversity products on institutional markets 
(e.g.: PAA, PNAE, PGPM-Bio) is an important FNS promotion 
mechanism. It ensures fair prices for products, enabling 
shorter marketing cycles and stimulates revival of traditional 
foods at indigenous schools, thereby strengthening cultural 
identity.

for in the seven specific goals/axes70 of the 
PNGATI, among them: 1) strengthening 
and promotion of indigenous productive 
initiatives, with support for use and 
development of new sustainable 
technologies; 2) continuous high-quality 
technical assistance, adapted to the 
particular needs of indigenous peoples; 3) 
certification of indigenous products and 
their marketing; 4) fostering of actions for 
environmental recovery and restoration 
of indigenous lands; and 5) recovery 
and conservation of agro-biodiversity 
and of other natural resources essential 
for the food and nutritional security 
of indigenous peoples, with a view to 
restoring and enhancing the value of 
traditional seeds and cultivars.

Indigenous peoples are among the groups 
potentially vulnerable to such impacts of 
climate change as droughts, prolonged 
dry seasons, flooding and forest fires that 
threaten their territories. Strengthening 
of environmental conservation measures 
and sustainable management of 
indigenous territories, as proposed in 
the PNGATI, will increase the capacity 
of indigenous peoples to face up to the 
adverse effects of climate change.

Guideline 5: Mainstreaming of the 
climate change theme  in the National 
System for Food and Nutritional Security 
- SISAN

70 Namely: axis I: territorial protection and of natural 
resources; axis II: indigenous governance and participation; 
axis III: protected areas, conservation units and Indigenous 
lands; axis IV: prevention and recovery of environmental 
damage; axis V: sustainable use of natural resources and 
indigenous productive initiatives; axis VI: genetic property and 
intellectual heritage; axis VII: qualification, training, exchanges 
and environmental education.
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Implementation of SISAN at the state 
and municipal levels is voluntary. State 
and municipal authorities assume 
responsibility for instituting CAISANs 
and CONSEAs and a commitment to 
drawing up FNS Plans. All of the states 
have subscribed to the SISAN and, so 
far, 12 have published their FNS Plans. 
Some such plans contain provisions for 
actions and programmes for addressing 
adaptation to climate change; however, 
the mainstreaming of a climate 
perspective needs to be strengthened 
at the sub-national levels, and risk 
management assimilated into periodic-
review procedures.

Guideline 6: Expansion public food 
stockpiles and warehousing capacity 

The number of grain silos and warehouses 
for food and forage needs to be increased, 
in order to expand Brazil’s storage capacity. 
Expansion of such facilities is the focus of 
the National Plan for Storage 2013/2014 
over the next five years. CONAB is to receive 
an allocation of R$500 million to build 10 
new warehouses, thereby increasing its 
static storage capacity by 756,000 tonnes. 
Each year, R$ 5 billion is to be allocated 
for investments in storage, amounting to 
a total of R$ 25 billion by the end of the 
Plan. These measures are designed to 
increase Brazil’s static storage capacity by 
65 million tonnes over the next six years. 
Silos and warehouses enable more efficient 
use of favourable climatic conditions, by 
shortening planting and harvesting periods 
and providing storage for good harvests. 
The National Food and Nutritional Security 
Plan (PLANSAN) that came into effect in 
2016, contains guidelines for monitoring 

with specific markers relating to adaptation 
to climate change.

10.7.3. Information gaps and research 
recommendations 

Building of adaptive capacity in Brazil 
requires production of scientific 
knowledge on the vulnerabilities, risks 
and resilience of key sectors, including 
food and nutritional security. 

For an assessment of FNS risks and 
vulnerabilities posed by climate change, 
this strategy used as a basis a study 
carried out in partnership by the MMA 
and Oxfam. Though merely a preliminary 
contribution, this study nonetheless 
provided a profile of potential impacts of 
climate change on the rural environment 
and, more specifically, on family farmers. 
For a broader and more integrated 
analysis of the impacts of global climate 
change and assessment of the progress of 
food and nutritional security measures, a 
series of scientific knowledge gaps need 
to be overcome. There follows a listing of 
such knowledge gaps, accompanied by 
research recommendations:

• Expand the number of studies and 
research that include the analyses of 
vulnerabilities, risks and impacts of 
climate change on FNS in Brazil. Most of 
the current studies focus only on climate 
change effects on agriculture, which are 
not the same as its effects on promotion 
of FNS.

• Expand the number of studies and 
research that include analyses of 
vulnerabilities, risks and impacts of 
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climate change on the FNS of specific 
population segments, especially: 
extractivists, indigenous peoples, 
quilombolas, riparian communities and 
family farmers, taking territorial aspects 
into account. 

• Expand knowledge on observed 
and future impacts of climate change 
on the survival strategies of Brazilian 
artisanal fishermen, riparian and costal 
populations. The MDS has already 
provided food assistance to a group of 
fishermen in Lagoa dos Patos (RS) in 
response to declining fish and shrimp 
yields, attributed to climatic effects. 
Fishing is of vital importance for the 
diet of various vulnerable populations, 
traditional communities and indigenous 
peoples. 

• Promote and publicise debate and 
exchanges of information relating to 
adaptation initiatives focused on the 
semiarid region recommended by 
EMBRAPA and other institutions.

• Promote studies on the impacts of 
climate change on food supply in Brazil, 
with a focus on short-cycle systems, 
production close to consumption centres, 
and urban agriculture.

• Promote studies on the technological 
feasibility and expansion and/or 
refocusing of the Water For All (Água para 
Todos) programme, in the light of future 
climate scenarios produced by INPE.

• Promote studies on the farming systems 
of indigenous peoples and traditional 
communities and on their knowledge 
and practices, with a view to recovery, 
conservation and sustainable use of agro-
biodiversity and stimulating intercultural 
and inter-science dialogue.

Filling of such knowledge gaps and 
promotion of actions for fostering 
adaptive capacity and resilience of 
the Brazilian food system will not only 
contribute toward enabling Brazil to 
cope with the adverse effects of climate 
change without compromising the FNS 
of families, but also foster: (1) reduction 
of agricultural GGEs; (2) expansion and 
strengthening of productive diversification 
and rural incomes of families; (3) recovery 
and conservation of agro-biodiversity; (4) 
reduced wastage of food; and (5) and, 
more generally, promote social well-
being.
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 11 Strategy for Coastal Zones

11.1 Introduction

This strategy was drafted through a 
participative process by members of 
the NAP Coastal Zone Task Force71, 
under coordination of the Ministry of 
Environment (MMA). The task force was 
integrated by a group of specialists, sought 
to secure a more complete understanding 
of the aspects of climate change (CC) that 
affect the Brazilian Coastal Zone (CZ), its 
vulnerabilities, and adaptation capacities.

The main objectives of this Chapter 
are to identify current exposure of 
the Brazilian coastal zone to climate 
change, including its main impacts and 
related vulnerabilities, and to propose 
guidelines and actions for fostering 
climate resilience.

It is structured around three main topics: 
1) characterization of the Brazilian coastal 
zone and description of phenomena and 
impacts that affect it; 2) assessment of the 
vulnerabilities of the coastal zone in the 
various regions of Brazil, based on studies 
using current climate data and projected 
for the future, as well as monitoring 
systems and gaps in the historical data 
set; and 3) presentation of an adaptation 
strategy for the coastal zone, including 
guidelines for actions, an institutional 

71 The Coastal Zone Task Force (p. 262) comprised of coastal 
experts and managers, was established in July 2012 within the 
context of the interministerial working group on adaptation for 
the purpose of producing technical inputs for drafting of the 
Coastal Zone profile for the NAP.

framework for implementation, and 
synergies with other sectors.

Within the institutional framework of 
the National Coastal Zone Management 
Plan (PNGC) described in item 5.2 of this 
Chapter, the focal point for the coastal 
zone adaptation strategy is the Ministry 
of Environment.

11.2 Climate Change and the 
Brazilian Coastal Zone 

11.2.1. Brazilian Coastal Zone

The Brazilian coastal zone is located in 
the inter-tropical and subtropical zones, 
extending from 4°30’ north to 33°44’ 
south, covering approximately 8,500 
km and facing the Atlantic Ocean. It 
comprises a transition zone between the 
continent and the sea, where constant 
air-sea-land interaction takes place in a 
highly dynamic environment. On the land 
portion, municipal boundaries influence 
phenomena occurring in the coastal zone 
(Decree 5300/200472) whereas the marine 

72 Decree 5300/2004 Art. 4 - Municipalities encompassed by 
land stretches of the coastal zone: I – facing the sea, as defined 
in a list by the Brazilian Institute for Geography and Statistics 
- IBGE; II- not facing the sea, located in coastal metropolitan 
regions; III – not facing the sea, adjacent to capitals and major 
coastal cities that form conurbations; IV – not facing the sea, 
up to 50 kilometers from the coastline, the territories of which 
encompass activities or infrastructure of great environmental 
impact on the coastal zone or coastal ecosystems of high 
relevance; V - estuarine-lagoon, even if not directly facing 
the sea; VI – not facing the sea, but that have all municipal 
boundaries with municipalities referred to in items I to V; VII - 
separate from those already included in the coastal zone.
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portion is bounded only by the limits of 
territorial waters (i.e., 12nm73 or 22.2 km 
counted from the coastline74). The land 
area of the Brazilian coastal zone varies 
in width and currently encompasses 395 
municipalities75 distributed in the 17 
coastal states, which account for 19% of 
Brazil’s population (or roughly 45 million 
people) and sixteen coastal metropolitan 
regions (IBAMA, 2013), thus comprising 
a complex and dynamic territory in 
constant movement.

The coastal zone may suffer significant 
climate change impacts in view of 
concentrated settlement patterns, 
consolidated urbanisation, and other 
natural dynamics of the region. Foremost 
among the driving forces of change that 
affect coastal and marine ecosystems, are 
those associated with disasters and global 
warming and from atmospheric CO2 
emissions (all of which increased during 
the 20th century). It is these characteristics 
that make it important that the coastal 
zone be assigned a specific profile in the 
context of this NAP.

73 1 nautical mile (nm) = 1.8 km

74 Defined by Decree 8400, of 4th February 2015, which sets 
the geographic coordinates for its outline along the Brazilian 
coast. It consists of demarcation of the coastline, in accordance 
with the definitions of the United Nations Convention on 
the Law of the Sea, exclusively for setting limits of territorial 
waters, the contiguous zone, the exclusive economic zone and 
the continental shelf, in accordance with provisions of Law 
8617, of 4th January 1993.

75 Coastal municipalities may be more numerous, in view of 
the need to improve identification of municipalities 50 km 
from the coastline, taking into account criteria, activities or 
high-impact environmental infrastructures in coastal areas or 
coastal ecosystems of high relevance

11.2.2. Main phenomena, exposure and 
impacts

Knowledge of impacts of climate change 
on the coastal zone in Brazil is patchy 
and thin spread. The main conclusion of 
the Brazilian Panel on Climate Change 
(PBMC, 2014) with respect to impacts on 
the coastal zone was that there is a lack 
of information as to the effects of climate 
change on coastal ecosystems and relating 
to the vulnerability of such ecosystems. 
This lack of systematic knowledge on 
coastline dynamics and inaccuracies of 
information relating to altimetry76 and 
bathymetry77 currently pose the major 
difficulties for determining the natural 
vulnerabilities of this region and how they 
may be exacerbated by climate change 
(see item 11.3).

With the aim of fostering a better 
understanding of these processes and 
of contributing toward the goals of this 
NAP, and in view of the lack of data, the 
following table presents phenomena and 
exposure factors and their respective 
impacts that were identified as possible 
causes of vulnerability to climate change 
in Brazil (Table 17)78 for consideration 
during definition of adaptation strategies.
76 Altimetry: measurement of the relative height of terrain, 
expressed by contour lines and points on a map with heights 
expressed in metres, taking sea level as the baseline (level zero).

77 Bathymetry: measurement of depths of oceans, lakes and 
rivers, expressed cartographically by bathymetric lines that 
connect points of equal depth with vertical equidistance 
(isobathymetric curves) similar to topographic contours.

78 Adapted from a report of the Centre for Sustainability 
Studies from a consolidation of collaborative efforts of a 
workshop within the framework of the Coastal Zones network 
on the theme “coastal zones and adaptation” (Brazil, 2014) – 
available at <http://mma.gov.br/clima/grupoexecutivo-sobre-
mudanca-do-clima/grupo-executivo-sobremudan%C3%A7as-
clim%C3%A1ticas/item/9649>
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Table 17. Phenomena/exposure and impacts of Climate Change on the Brazilian Coastal Zone

Phenomena/Exposure Impacts

Sea-level rise and extreme events

Increased coastal erosion and flooding

Landward intrusion of seawater in estuaries 
and aquifers

Damage to Natural Resources and Biodiversity

Higher CO2 concentrations Ocean acidification

11.2.3. Sea -level rise and extreme 
events

A rise in sea level of a few millimetres per 
year is significant, because loss of land in 
low-lying areas can rapidly destroy coastal 
ecosystems, such as ponds, lagoons 
and mangroves. From a socioeconomic 
and environmental standpoint, besides 
flooding of environmentally relevant and 
sensitive areas, higher sea levels may 
cause changes of the energy balance 
in coastal environments, bringing 
about major variations in processes of 
sedimentation and, consequently, causing 
erosion along large swathes of coastline 
(CASTRO et al., 2010).

The Brazilian Coastal Zone, and especially 
its more densely urbanised areas, is 
subject to extreme events such as heavy 
rainfall, increased risk of extra-tropical 
cyclones, alterations in wave behaviour, 
and changes in rainfall patterns that result 
in flooding.

The following section describes the main 
impacts of higher sea levels and extreme 
events.

11.2.3.1. Coastal erosion and flooding

It is currently hard to determine whether 
cases of erosion and progradation79 
of the Brazilian coastline result from 
anthropogenic activities or are symptoms 
of long-term trends associated with 
rising sea levels. This difficulty is 
primarily caused by lack of, or difficulty 
in accessing, long-term environmental 
monitoring data, for example, on 
behaviour of average sea levels, weather 
data on interactions of the ocean and 
coastal zone, direct information on wave 
heights, changes in coastal and proximal 
continental shelf morphology up to a 
depth of 50 meters (NEVES & MUEHE, 
2008).

Generally speaking, erosion is a natural 
process that may be accelerated or 
attenuated by construction of man-
made coastline artefacts associated 
with urbanisation. Erosion is considered 
an impact when it affects man-made 
structures on the coastline. Settlement 
in intertidal zones represents a failure to 
respect the dynamics of natural systems, 
leading to loss of beaches, infrastructures 

79 Progradation: a natural process of expansion of beaches, 
caused by deposits of sediment into the sea.
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and constructed spaces (DIETER, 2006 
and IPCC, 2012).

Planning of coastal settlements, owing 
to persistent information gaps, often 
fails to abide by existing guidelines 
relating to areas susceptible to erosion, 
as can be seen in Projeto Orla80. Failure 
to observe such guidelines can lead to a 
dense settlement of coastal areas, many 
of which are extremely fragile. Rarely is 
an evaluation carried out of the impacts 
of erosion on shoreline engineering 
works or of effects triggered by them. 
In certain cases, emergency works 
are performed without prior studies 
to assess their effectiveness, effects 
or possible consequences. Moreover, 
planning often fails to take into account, 
the links between hydrographic and 
coastal dynamics and allows alterations 
in authorised land use and water 
resources use within a water basin, 
without considering the consequences 
for sediment balances in this zone.

A large and vulnerable contingent of 
the population lives in areas susceptible 
to flooding in the coastal zone and, 
from a social-sensitivity standpoint, 
it is evident that this population is 
unprepared for emergencies associated 
with extreme events. Already, some 
impacts of such events have been 
identified as consequences of rising sea 
levels. Impairment of infrastructures and 
damage to seaside property (including, 
among others, ports, vessels, terminals, 
pipelines, and sanitation works) is sure 
to affect coastal populations, by spoiling 

8 0  < h t t p : / / w w w. m m a . g o v. b r / e s t r u t u r a s / o r l a / _
arquivos/11_04122008110506.pdf>

the quality of sanitation and water-
supply networks, damaging tourism, 
disrupting urban-mobility systems, and 
compromising their health and well-
being. Flooding of coastal areas may also 
jeopardise cultural heritage by damaging 
archaeological and historical sites and 
monuments.

From an environmental standpoint, 
erosion of beaches, mangroves, 
sandbanks and dunes increases exposure 
of the natural coastal environment by 
removing its natural protection. Changes 
in flow levels and of sediment loads in 
estuarine regions may intensify silting 
or erosion, depending on the balance 
between such factors. More exposed 
coastal coral reefs and rocky cliffs tend 
to be eroded by the action of large waves 
and their destruction may compromise 
local environments by causing changes in 
flows of materials between the continent 
and the sea, damaging biodiversity.

11.2.3.2. Landward intrusion of 
seawater in estuaries and aquifers

In view of the interconnected 
characteristics of natural systems, a rise 
in sea level may alter the hydrodynamics 
of coastal estuarine and lagoon systems, 
causing seawater intrusion, characterized 
by greater levels of salt in local aquifers. 
Seawater intrusion, which tends to be 
aggravated by prolonged drought, may 
cause salinization of aquifers, lagoons 
and estuaries, leading to changes in 
these environments and, consequently, 
affecting plant and animal habitats.
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Changes in such ecosystems pose 
potential risks for human activities. The 
penetration of a salt wedge may affect the 
quality of water abstracted for domestic 
water supply, industrial production or 
agricultural irrigation, causing huge 
potential losses (CASTRO et al., 2010). 
Thus, water supply in coastal cities may 
be compromised, either by deterioration 
of water quality or by damage to physical 
sanitation structures. Moreover, increasing 
demand for drinking water may lead to 
groundwater overdraft which, in coastal 
areas, may lead to saltwater intrusion into 
the water table (for further information on 
climate change impacts on cities, see the 
Strategy for Cities).

Other impacts arising from seawater 
intrusion include changes in productivity 
and exploitation of resources associated 
with coastal ecosystems, such as 
gathering and cultivation of crustaceans 
and molluscs, and the possibility of new 
invasive species.

11.2.3.3. Compromising of natural 
resources and biodiversity

The Overview for Conservation of 
Coastal and Marine Ecosystems in Brazil 
(MMA, 2012) states that planning for 
conservation of coastal-zone and marine 
biodiversity has so far failed to ensure 
connectivity or to protect the diversity of 
Brazilian coastal and marine landscapes.

The conservation status of marine 
ecosystems is critical; only 1.57% of 
the 3.5 million square kilometres of 
sea under Brazilian jurisdiction is under 
protection of Conservation Units (CUs). 

The study recommends that, for coastal 
ecosystems, priority be given to ensuring 
effective management of protected 
areas. This would require deployment of 
management instruments on the coastal 
zone and in river basins so as to minimize 
negative impacts on the Marine Zone.

The effects of climate change on 
biodiversity in the coastal region are 
occurring against a background of lack 
of studies and inventories on biota 
and coastal habitats; fishing statistics, 
considering the reality of fish stocks81 

that are overexploited or at the limit of 
exploitation82. Dynamic interconnections 
among the components of the natural 
environment intensify the effects of 
synergistic impacts, weakening and 
reducing the resilience of ecological 
systems. Thus, the accumulated effects 
of on-going processes, such as intense 
urban settlement in the coastal area, 
increased frequency of tidal flooding, 
salinization, and habitat loss caused 
by erosion intensify sensitivities and 
compromise coastal ecosystems. The 
lack of programmes for monitoring the 
functional and structural components of 
natural systems aggravates this scenario.

Intense settlement in coastal areas may 
interfere with the natural processes 
of adaptation of mangrove and marsh 
ecosystems, which will tend to migrate 
toward the continent when threatened 
by changes in natural conditions. If such 

81 Overexploitation is excessive unsustainable exploitation, 
causing negative consequences which, earlier or later, will be 
detrimental to operators or third parties.

82 Exploitation - Act or effect of economic exploitation of 
certain resources, usually natural resources.
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migration zones are occupied by urban 
and industrial facilities, losses of such 
ecosystems will occur, compromising 
natural communities which depend upon 
them. Moreover, changes in the structure 
and functioning of coastal interconnected 
ecosystems may result in proliferation 
of invasive species, causing further 
alterations to coastal fauna and flora. 

All these impacts on biodiversity 
cause progressive losses of productive 
capacity, with changes in productivity 
and availability of live resources for 
exploitation, causing social and economic 
consequences in certain regions, by 
compromising the incomes of families 
whose livelihoods depend upon fishing 
(see the Chapter on the Strategy for 
Biodiversity and Ecosystems in this NAP).

11.2.4. Higher CO2 Concentrations

a. Ocean acidification

Increased concentrations of carbon 
dioxide (CO2) in the atmosphere lead 
to greater absorption of this gas by the 
oceans, causing acidification. Acidification 
reduces the calcification capacity of 
certain species that are essential for 
the resilience of certain environments, 
such as coral reefs and rhodolith beds83, 
causing instability of such ecosystems.
83 The rhodolith beds (calciferous algae) form oasis of 
high biological diversity in sandy marine environments. 
Rhodoliths are bioconstructing species, which provide cover 
and substrate for many and abundant benthic communities. 
In Brazil, these environments are common and represent 
large carbonate ‘’factories’’ that play an essential role in the 
South-Atlantic biogeochemical carbon cycle. These organisms 
and environments are threatened by climate change (mainly 
acidification of oceans and global warming) and by local 
stressors, such as impacts of fishing and coastal effluent 
discharges.

Most studies on the effects of climate 
change and of acidification of oceans on 
calcareous algae report negative effects, 
not only on growth and calcification, 
but also on photosynthesis, cell-wall 
thickness, reproduction and survival 
of algae. Such findings underscore the 
need to establish a consistent research 
network, including an extensive and long-
term monitoring programme, equipped 
with the necessary infrastructure for 
experimental evaluation of local and 
regional climate change impacts (HORTA 
et al., 2015).

Among the sectors most affected by 
acidification of oceans are: fisheries, 
aquaculture, shellfish cultivation and 
gathering, biodiversity and tourism. 
Communities whose livelihoods depend 
upon gathering or exploitation of 
calciferous organisms (i.e. some varieties 
of shellfish, seaweed, corals, plankton and 
molluscs) are especially sensitive. Local 
sensitivity increases when combined 
with extreme weather events and 
anthropogenic factors such as: oil and gas 
exploitation, mining, coastal pollution, 
urbanisation, etc.

11.3 Vulnerability of the Brazilian 
Coastal Zone to Climate Change

In view of the impacts discussed, it is 
evident that the adaptation capacity 
of the Brazilian coastal zone is low; and 
that this is, primarily, a consequence 
of poor basic infrastructure associated 
with unplanned settlement. Among the 
factors that aggravate this scenario is lack 
of knowledge on current vulnerabilities 
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of the coastal zone, owing to huge data 
gaps and a dearth of studies, monitoring 
and research, on both biotic and abiotic 
aspects, and on socioeconomic factors. 
In recent years, new policies and plans 
have been announced with the aim of 
improving efficiency and instituting

integrated territorial management. 
Foremost among these is the National 
Coastal Management Plan (PNGC), to be 
presented in item 16.5.2. 

Table 1884 shows the degree of 
vulnerability to effects of climate change 
in different coastal areas of Brazil, based 
on forecasts of global climatic models and 
regional studies. 

84 Based on NICOLODI & PETERMANN, 2010.

Table 18. Degree of Vulnerability of Coastal Zones to the effects 
of Climate Change in different regions of Brazil

Region Degree of Vulnerability

North

The North region presents low vulnerability, except for areas adjacent to the three 
major cities: Macapá (AP), Belém (PA) and São Luis (MA) where vulnerability was 
classified as high or very high. Such degrees of vulnerability are due to physical 
(coastal dynamics and geomorphology), socioeconomic (average incomes, lack 
of basic services) and technological (type of industry, typology of pollution and 
representativeness in terms of number of employees) factors.

Northeast

The Northeast region, unlike the North region where only metropolitan regions 
present high degrees of vulnerability, displays alternation between the five levels 
of vulnerability that do not necessarily relate directly to population dynamics. Sea-
level rise may create risk areas or unfit for maintenance of urban infrastructure in 
this region.

Southeast

For the Southeast region, higher degrees of risk are relate to potential flooding 
of low-lying coastal areas, with a higher population density than average for the 
region. Localities ranging from medium to very-high vulnerability are: Rio Doce, 
Grande Vitória region and inland drainage areas of the Paraiba do Sul basin. The 
Rio de Janeiro Metropolitan region presents a high degree of vulnerability as it 
possesses one of Brazil’s largest petrochemical hubs, with an intricate network of 
refineries, natural-gas production units, pipelines, offshore exploitation fields and 
ports. Rio de Janeiro has the highest ratio of population exposed to climate change-
risk to total population (78%), which amounts to 11,194,150 people of which, 
approximately 5 million live in the capital (MDZCM, 2008).

South

The South region, between the south of Santa Catarina and the border with 
Uruguay, displays a high degree of vulnerability, owing to a high incidence of 
extreme events, as was the case of the hurricane that hit Santa Catarina in 2004 
and devastated the border region between Brazil’s two southernmost states.
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These differing degrees of vulnerability 
make evident the need for a better 
understanding of climatic phenomena 
and for adaptation strategies that include 
territorial planning and policies. To 
guide such policies and optimize use of 
public resources, both monitoring and 
integrated management of the coastal 
region must be strengthened.

Under the worst-case scenario, of rising 
sea levels and frequent occurrence of 
extreme weather events, estimates of the 
value of assets at risk along the Brazilian 
coastline range from R$136 billion to 
R$207.5 billion (MARGULIS & SCHMIDT, 
2010). Nonetheless, assessment of the 
liabilities and of the cost of responses to 
climate change in the coastal zones of 
Brazil remains uncertain, because so little 
is known about highly significant factors, 
such as wave generation, meteorological 
tides, and the terrain and morphology of 
the proximal continental shelf.

11.4 Data gaps and the promotion 
of adaptive capacity

The sensitivity of Brazil’s coastal zones, 
its degree of exposure and its adaptive 
capacity may be determined by a variety 
of factors, ranging from structural-physical 
issues and lack of specific research data, 
to institutional hurdles for planning and 
management of coastal territories.

With respect to structural issues, it 
should be remembered that adaptation 
measures for climate change in Brazil’s 
coastal zone are still incipient, in view 
of information gaps that frustrate 

efforts to quantify or estimate the scale 
of the vulnerabilities of coastal areas. 
Moreover, as mentioned earlier, many 
planning initiatives for development and 
settlement of waterfront areas remain 
flawed and fail to comply with current 
guidelines.

On the subject of the lack of specific data 
and research findings, various experts cite 
lack of updated (nautical, topographic 
and planimetric) cartographic resources, 
with standard geodetic references and 
unified vertical and horizontal datum85 
for the entire length of the Brazilian 
coastal zone, as being a major obstacle. 
Responsibility for bathymetric surveys of 
Brazil’s coastal zone lies with the Brazilian 
Navy’s Directorate for Hydrography and 
Navigation (DHN). Altimetric surveys are 
the responsibility of the Brazilian Institute 
of Geography and Statistics (IBGE) and of 
the Brazilian Army’s 5th Division for Surveys 
(V-DL). However, such surveys do not 
share common (horizontal and vertical) 
geodesic references, i.e., level zero on 
one database does not correspond to the 
same baseline on the other databases. 
Such incompatibility among databases 
hampers analysis of sea level variations 
for identification of vulnerable areas of 
the coastal zone. 

Stil l  lacking is a standardised 
methodology for continuous and 
systematic oceanographic monitoring 
that would enable observation of pre 
and post-storm features of extreme 
rainfall events. There are no detailed 

85 Datum, in cartography, refers to the theoretical 
mathematical model representation of the Earth’s surface at 
sea level used by cartographers on a certain chart or map.
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surveys on an appropriate scale of areas 
subject to erosion or retrogradation86, 
nor are there inventories of coastal 
settlement providing information on 
problems encountered and solutions 
applied. Although it is acknowledged 
that hydrological and geomorphological 
characteristics influence processes of 
erosion in the Brazilian coastal zone, lack 
of knowledge on coastal dynamics (winds, 
waves, tides and river systems) and the 
imprecision of available altimetric and 
bathymetric surveys make it impossible 
to distinguish between short, medium 
and long-term events.

86 Retrogradation – retreating of the coastline.

It is, nonetheless, worth acknowledging 
the relevance of certain currently 
operating data-collection programmes 
and systems. Table 19 lists systems that 
could be strengthened and integrated to 
form a systemic network, with addition of 
new enhanced features, especially with 
respect to dissemination of information 
collected, and which could help address 
data-availability shortcomings and provide 
the necessary inputs for identification 
of the vulnerabilities of Brazil’s coastal 
zones.

Table 19. Major data-collection systems on Brazil’s coastal zone and oceans 

GOOS: Global Ocean Observing System for collection, quality control, operational distribution of 
oceanographic data and oceanographic and climatological monitoring in the South Atlantic and 
Tropical zones.

GOOS-Brazil: This project is aimed at establishing a permanent strategic system for the provision 
of information on sea level and monitoring of global changes. This project is coordinated by the 
Hydrographic Centre of the Navy (CHM) in partnership with universities, port companies and IBGE. 
Data from oceanographic stations is available at: http://www.goosbrasil.org/gloss/dados2.php.

National Buoys Programme (PNBOIA): This programme is part of GOOS-Brazil and has a network of 
satellite-tracked drifting and moored buoys in the coastal region to provide real-time meteorological 
and oceanographic data to the scientific community and the Brazilian Marine Meteorological 
Service.

PIRATA - BRAZIL: Prediction and Research Moored Array in the Tropical Atlantic (PIRATA) is an in-situ 
observation network comprised of anchored buoys for monitoring a series of variables of ocean-
atmosphere interaction processes in the Tropical Atlantic Ocean. The goal is to study ocean and 
atmosphere interactions that are relevant for understanding climate variations in the region. The 
coordinators of the PIRATA-BRAZIL programme are INPE and the Navy’s Directorate for Hydrography 
and Navigation (DHN).



214 Strategy for Coastal Zones

ReBentos: The Monitoring Network of Coastal Benthic Habitats aims to implement an integrated 
studies network of coastal benthic habitats off the Brazilian coast and detect the effects of global 
and regional environmental changes on these environments, starting a historical data series on 
benthic biodiversity along the Brazilian coast. Linked to the Coastal Zones Subnet of MCTI’s Rede 
Clima and the National Institute for Science and Technology on Climate Change (INCT-MC), this 
network is divided in working groups for the following areas: Estuaries, Beaches, Submerged 
Vegetation Grounds, Coral Reefs and Cliffs, Mangroves and Marshes and Environmental Education.

SiMCosta: Approved by Ministry of Environment (MMA) in December 2011, the aim of the 
Monitoring System for the Brazilian Coast is to structure and maintain a network for monitoring 
of continuous flows of oceanographic and weather variables along the Brazilian coast. Initially, it 
will serve the States of São Paulo, Paraná, Santa Catarina and Rio Grande do Sul. Data obtained by 
the monitoring network will be used to: 1) Establish an early warning system for extreme events; 
2) Predict processes linked to the effects of climate, such as El Nino/La Nina events; 3) Identify 
long-term trends; 4) Map vulnerabilities of coastal areas; 5) Predict impacts on physical, biotic and 
socioeconomic environments on the coastline; 6) Generate future scenarios; 7) Evaluate mitigation 
alternatives; 8) Provide reports for modelling and analysis of variables and on the status of coastal 
ecosystems; and 9) Expand national capacity to develop and administer oceanographic observation 
systems.

Brazilian Coastal Modelling System (SMC Brazil): Consists of a set of applications, databanks 
(bathymetry, waves and see levels) and structured numeric models according to the spatial and 
temporal scales of the various dynamics that affect the morphology of beaches. This numerical 
coastal-engineering tool enables technicians to prepare step-by-step studies, using work 
methodologies proposed in Thematic Documents. Through unification of technical criteria and 
systematic organization of numeric models, technicians aim to increase the quality of studies and, 
thereby, enhance reliability of their predictions.

To arrive at an accurate quantification of 
all climate-change vulnerabilities of the 
Brazilian coastal zone and to enhance 
the profile of the theme at the federal, 

state and local levels, mechanisms are 
needed to enable continuous monitoring, 
integrated research management and 
data collection. 
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11.5 Adaptation Strategy

11.5.1. Adaptation guidelines and 
actions 

There is unquestionably an urgent need 
to adopt guidelines and actions for 
promoting adaptation in the Brazilian 
coastal zone. Though a number of 
localities in Brazil have begun to develop 
knowledge on the theme, such initiatives 
are hardly sufficient to serve as a basis 
for effective establishment of adaptation 
measures for addressing the observed 
impacts in the coastal zone.

Nonetheless, the expertise harnessed 
by the National Coastal Management 
Plan (PNGC)87 has enabled building of an 
incipient national approach to adaptation 
in the coastal zone, based upon co-benefit 
criteria88 and no-regrets89 measures that 
take into account the systemic nature of 
adaptation for reducing vulnerability to 
climate change. In this context, Table 20 
presents a set of guidelines and actions 
recommended for short, medium and 
long-term implementation of adaptation 
strategies in the Brazilian coastal zone. It 
should be stressed that, in some cases, 
these strategies are interdependent and 
that many of the guidelines and actions 
proposed combine planned coastal-
management actions with those already 
underway.

87 <http://www.mma.gov.br/destaques/item/8644-plano-
nacional-de-gerenciamento-costeiro-pngc>

88 Cobenefit: associated positive impacts.

89 Definition in the glossary.
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Table 20: Guidelines and actions for implementation of 
adaptation strategies in the Brazilian Coastal Zone

Impact: Erosion, Flooding and Extreme Events

Guidelines 
and Actions Initiatives Players Expected 

outcomes Period

1. Plan-
altimetric 
Mapping of the 
coastal zone

Define a single Datum for Brazil 
(prerequisite: a planimetric 
survey); Promote development of a 
planimetric (1:1000) and altimetric 
survey; 

Generate thematic maps of a 
preventive and corrective nature 
and make them  available to 
society (risk areas, land-use and 
settlement); 

Establish a referenced planimetric 
system (SIRGAS 2000)

ANA, CPRM, DSG-
Army, DZT-MMA, 
IBGE, INPE, INPH, 
INPOH, MD (Navy), 
MCid, MCTI, 
Municipalities, 
SAE-PR, Universities 
and Research 
Institutions

Altimetric Datum 
for the country 
set; Planimetric 
maps 1:1000 
published 
(mostly coastal 
metropolises); 
Thematic maps 
of risk areas and 
land use published 
(mainly for coastal 
metropolises)

Short and 
Medium

2. Prepare a 
program for 
continuous and 
standardized 
data collection 

Implement a geodetic network 
that meets topobathymetric survey 
needs; Expand and maintain a 
marigraphic network and wave 
monitoring network; 

Create, standardize and disseminate 
an oceanographic database (biotic 
and abiotic); 

Monitor biomass through satellite 
images; 

Encourage ReBentos to assess the 
impact of erosion on the benthic 
communities along the Brazilian 
coast;

ANTAQ, CONCAR, 
GIGERCO-MMA, 
IBGE, IEMAs, 
INMET, INPE, INPH, 
INPOH, MD (Navy), 
SECIRM, SEMAs, 
SEP-PR, SPU, MT

Database 
established; 
Densification of 
level references 
performed; 
Densification 
of maregraphic 
network/wave 
graphs performed; 

Data acquisition 
Protocol (waves, 
tides and 
topobathymetric); 
Continuous series 
of biological data 
established

Short

3. Integrate 
and operate 
monitoring 
information 
and data 
systems 

Map, integrate and improve existing 
databases; 

Create protocols for integration 
of meteorological, rainfall 
climatological, fluviometric, 
geological, geomorphological and 
geotechnical databases. Create or 
designate a depository institution, 
coordinator of metocean data.

ANA, CEMADEN, 
CENAD, CPRM, 
Civil Defence, IBGE, 
INMET, INPE, MD 
(Navy), MCTI, MMA

National and geo-
referenced system 
deployed and 
producing data for 
society

Long
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Impact: Erosion, Flooding and Extreme Events

Guidelines 
and Actions Initiatives Players Expected 

outcomes Period

5. Determine 
priority areas 
for intervention

Deploy an imaging system for 
monitoring port basins; 

Map areas at risk for flooding and 
erosion on a municipal scale; 

Draw up plans for identifying 
biologically and ecologically relevant 
areas; 

Support states in actions for 
identification and prioritization of 
intervention areas; 

Stimulate development and 
implementation of municipal plans 
for accommodation, protection, 
relocation and cushioning for 
erosion, flooding and urban 
expansion.

ANTAQ, CPRM, 
MCid, MI, MMA, 
SPU, States, 
Municipalities, 
Universities 
and Research 
Institutions

Local-scale 
flooding and 
erosion risk maps 
drawn up; 

Zoning of 
territorial planning 
areas concluded

Short and 
Medium

6. Establish 
contingency 
plans for the 
coastal zone

Include specificities of the Coastal 
Zone in disaster adaptation 
strategies; 

Promote guidelines for the 
Operational Coastal Areas Plan 
(considering degrees of emergency 
action – simple, medium and 
complex); 

Create an institutional framework 
(Monitoring and Evaluation Group; 
Support Committee); 

Draw up state and municipal-level 
plans

MMA, MD (Army, 
Navy, Air Force), 
MS, Secretariats 
and Agencies, 
Civil Defence, MI, 
MMA, MS, States, 
Municipalities

Contingency 
plan considering 
specificities of 
the coastal zone 
deployed and 
operational

Short
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Table 20 (Continued): Guidelines and actions for implementation 
of adaptation strategies in the Brazilian Coastal Zone

Impact: Saltwater intrusion

Guidelines 
and Actions Initiatives Players Expected 

outcomes Period

7. Improve 
integration 
between 
coastal Zone 
and river-basin 
management 

Implement the PNRH IX 
programme, with a view to 
establishing guidelines for 
preparation of state water 
resources plans and plans for 
coastal basins; 

Identify lines of credit for 
development and deployment of 
plans for coastal basins; 

Ensure that drafting of plans 
includes public participation, 
especially of small farmers; 

Flow levels regularized; 
Preference for collective water-
supply systems

Committee for 
Basins, Coastal 
Collegiate, Coastal 
Management 
Agency, Water 
Resources 
Management 
Agency

Guidelines for 
integration between 
coastal and river 
basins management 
established

Short and 
Medium

8. Generate 
knowledge for 
monitoring, 
diagnosis and 
forecasting of 
impacts and 
responses

Monitor the responses of natural 
systems to rises in sea levels 
(prerequisite: Action 1); 

Encourage and promote 
preparation of studies, inventories 
of biota and habitats, fishing 
statistics and scenario forecasts; 

Continuous training for coastal 
management professionals

CEPENE, CEPENOR, 
CEPSUL, CNPq, 
DHN, FAPs, FINEP, 
Fundacao CIDE, 
IBGE, INPH, MCTI, 
MMA, MPA, 
OMMAs, NGOs, 
Petrobras, Ports 
Network, SECIRM, 
SEMAs, Universities 
and research 
institutions

Monitoring sites 
encompassing 
different 
representative 
habitats along the 
coast established 
and supervised; 
Professionals 
trained

Short
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Table 20 (Continued): Guidelines and actions for implementation 
of adaptation strategies in the Brazilian Coastal Zone

Impact: Compromising of natural resources and biodiversity

Guidelines 
and Actions Initiatives Players Expected 

outcomes Period

9. Integrate 
public policies 
to enhance 
preventive 
and corrective 
actions 

Develop Environmental 
Quality Reports on the coastal 
zone (RQA-ZC); 

Conduct scientific studies 
on recovery and protection 
of coastal ecosystems; 
Develop and execute plans 
for recovery and protection of 
coastal ecosystems; 

Integrate the National System 
of Conservation Units (SNUC) 
with coastal management 
instruments.

ANA, IBAMA, ICMBio, 
MMA, MPA, OMMAs, 
ONGs, SEMAs, 
SPU, Universities 
and research and 
technical-training 
institutions  in other 
countries, civil society 
and legislatures (3 
levels)

Comprehensive and 
periodic RQA-ZCs 
developed; 

Scientific studies 
carried out; 

UCs in coastal 
zone created and 
implemented, in 
accordance with 
coastal-management 
instruments 

Short

10. Apply a 
climate lens 
on Coastal 
Management

Assimilate aspects relating 
to sea-level rises (SLR) into 
coastal-zone management 
and promotion instruments; 

Develop, implement or 
redesign land-use and 
settlement plans; 

Conduct coastal management 
taking into account coastal-
ecosystem adaptation needs

ANA, IBAMA, 
ICMBio, CPRM, Civil 
Defence, DEMA, 
GIGERCO-MMA, IBGE, 
Legislative (3 spheres), 
MD (Navy), MCid, 
MI, MPA, OMMAs, 
SEMAS, SPU, coastal 
communities and civil 
society, municipalities, 
public and private 
funding agencies, 
Secretariat of Public 
Works, Secretariat of 
Urbanism, Universities

Processes/

instruments/
public-policies 
that effectively 
incorporate SLR 
aspects and impacts 
prepared; 

Land-use and 
settlement 
plans prepared, 
implemented and/or 
reconfigured, using 
information on SLR 

Short and 
Medium
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Table 20 (Continued): Guidelines and actions for implementation 
of adaptation strategies in the Brazilian Coastal Zone

Impact: Acidification

Guidelines 
and Actions Initiatives Players Expected 

outcomes Period

11. Generate 
knowledge

Survey the current ocean acidification 
status (physical, chemical and biological); 
Award priority to specific areas; 

Establish an infrastructure network for 
monitoring carbon content of sediments 
and water, and biological parameters 
(performance of corals and algae, red 
tide blooms and health); 

Establish shared-use structures to meet 
demands generated by local and regional 
forecasting and monitoring; Create and 
maintain a database

INPE, INPH, 
INPOH, MCTI, 
MEC, MMA, MPA, 
NGOs, States, 
Municipalities, 
Universities

Monitoring and 
testing network 
established; 
Map of 
Brazilian coastal 
(environment 
and species) 
priorities drafted; 

Database 
established

Short

12. Promote 
conservation 
and 
management 
of carbon 
sinks

Macro-zoning of environmental 
carbon sequestration and carbon-sink 
ecosystems on the Brazilian coast (survey 
and data collection, if necessary); 

Select priority areas (geopolitical and 
biogeographic criteria); 

Promote consultation for  preparation of 
a plan of action; 

Build appropriate institutional 
frameworks; 

Raise funds and implement the plan of 
action; 

Monitor the effectiveness of these 
actions; 

Evaluate the action plan and propose 
new actions

BrOA, ICMBio, 
INCTs, INPOH, 
MCTI, MDA, 
MDIC, MMA, 
MPA, NGOs, 
Municipalities, 
Universities

Map of priority 
areas drafted; 

Map of priorities 
drafted; 

Network for 
monitoring 
(biogeochemical) 
CO2 levels 
sequestered 
by the system 
established 

Actions 
from 1 to 
5: Short 
Actions 
from 
6 to 7: 
Medium 
and Long
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Bearing in mind the processes and efforts 
needed to prepare adaptation strategies 

for the Brazilian coastal zone, the following 
goals are proposed for the next four years:
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Sectoral and Thematic Strategy: Coastal Zone

Goal 3.13 Initiatives Responsible

Establish Reference 
Centres for Coastal 
Management and 
build and organise 
informat ion  and 
tools for climate-
risk modelling and 
generation of qualified 
responses within the 
Coastal Zone.

Establishment of 4 Reference Centres for 
Coastal Management.

MMA

Qualification and provision of instruments 
and tools for modelling and a knowledge-
management platform for adaptation in the 
Coastal Zone.

Capacity-building for government and non-
government players on deployment of 
adaptation activities.

Indicator/Monitoring:

Number of Centres installed.

Number of managers trained.

Percentage of the knowledge-management system made 
available to the public.

Impact:

Reference Centres established and working on models for 
analysis of the impacts of climate risks, for generation of 
qualified responses for public-policy management, and for 
government, civil-society and private-sector decision-making.

Foster coordination and cooperation among public bodies for 
management of climate risk.

Implement monitoring and evaluation of adaptation measures, 
with a view to continuous improvement of climate-risk 
management actions.

Promote and disseminate knowledge and include a climatic 
viewpoint into the methodology of the Waterfront Project 
(Projeto Orla) through enhancement of Ecosystems-based 
Adaptation actions.
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Sectoral and Thematic Strategy: Coastal Zone

Goal 3.14 Initiatives Responsible

Draft, deploy and earmark 
funding for a strategy to 
harmonise continental 
altimetry with marine 
bathymetry (AltBat).

Establish a work plan, with methodology, 
cost-assessment and pilot studies, to 
harmonize altimetry and bathymetry with 
measures and guidelines for prevention 
of the effects of erosion and flooding.

IBGE

(CONCAR) 
and MMA

Draw up a strategy, with short and 
medium-term actions, for deployment 
of a methodology and systems for 
harmonization of altimetry and 
bathymetry.

Preparation of standards for strategy 
implementation (structure for 
governance and budget). 

Implementation of pilot projects in 
priority areas.

Indicator/Monitoring:

Percentage of the work plan completed.

Percentage of the strategy presented.

Pilot project signed (but not executed).

Draft of standards presented.

Impact:
Qualification of information for studies and projects 
in port, coastal, oil-producing, navigation and coastal-
settlement areas.

Enable appraisal of insurance for works and projects in the 
Coastal Zone, where potential risk is assessed at R$136 
billion.
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Sectoral and Thematic Strategy: Coastal Zone

Goal 3.15 Initiatives Responsible

Macro-diagnosis of the 
Coastal Zone (Macro-ZC) 
reviewed, considering 
climate-change related 
vulnerabilities.

Database for review of the Macro-
diagnosis of the Coastal Zone organized 
from the standpoint of environmental, 
economic, social and cultural integration.

MMA

Term of Reference for the review of 
the Macro-diagnosis of the Coastal 
Zone drafted and validated by a group 
of experts (researchers and coastal 
managers).

Macro-ZC review published and 
distributed; and managers, researchers 
and civil-society trained.

Indicator/Monitoring:

Percentage of the work plan completed.

Publication drafted and distributed.

Number of managers, researchers and civil-society staff 
trained.

Impact:
Provision of inputs for Coastal Zone managers at different 
levels, and guidance for public and sectoral policies and 
for intervention actions in support of adaptation to climate 
change.

In addition to these guidelines, 
actions and goals, studies should be 
carried out on coastal metropolitan 
regions, encompassing interrelated 
s o c i o e co n o m i c ,  e nv i ro n m e nta l 
and infrastructure aspects (urban 
development, sanitation, transport, etc.) 

from a climate perspective. Observations 
should be based upon essential 
measurable and replicable variables, in 
accordance with the model presented in 
the Integrated System for Monitoring and 
Sustained Observation of Oceans shown 
in Figure 19. Prioritization of a systematic 
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and conti nuous monitoring will thus be 
strengthened by activities carried out 
under this NAP. There is also a need 
to advance with studies that examine 

links between the diversity of Brazilian 
coastal and marine landscapes and their 
ecosystem functi ons. 

Integrated System for Monitoring
and Sustained Observation of Oceans

1

2

3

4

MONITORING AND OBSERVATIONS
Plataforms: Satellites, Radars, Buoys, Aircraft, Boats and Animals

Data Group
with Discrepancy

Sensors: Essential Variables of the Oceans

Data Group in Real Time

Data File

USERS
Online Services for Information and Products

Data Access Service
Infrastructure and Logistics Service

ANALYSIS AND MODELING
Data Processing Centre

Figure 19 - Integrated System for Monitoring and Sustained Observati on of Oceans
System for Monitoring and Observati on of the Oceans

There is a need to promote Ecosystem-
based Adaptation (EbA) measures, 
whereby ecosystem services and 
biodiversity form part of a broader local, 
regional, nati onal and global adaptati on 
strategy for assisting people and 
communiti es to adapt to the negati ve 
eff ects of climate change. (TRAVERS et 
al., 2012). Healthy environments play an 
important role in protecti ng infrastructure 
and increasing human safety, acti ng as 
natural buff ers that miti gate the impacts 
of extreme events. Along the coast, 

wetlands, ti dal fl ats, deltas and estuaries 
serve to temper the eff ects of fl ooding. 
Coral reefs, dunes, sand bars, mangroves 
and mudfl ats reduce wave heights and 
abate erosion caused by storms and high 
ti des, while protecti ng against intrusion 
of salt water, sediments and organic 
matt er. These ecosystems also play an 
acknowledged role in supporting an 
abundant diversity of fl ora and fauna. 
In additi on to assisti ng with adaptati on 
to climate change, coastal-ecosystems 
management of mangroves, salt marshes 
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and kelp forests can contribute to climate-
change mitigation by reducing emissions 
and increasing carbon sequestration. (For 
more on this topic, see the Strategy on 
Biodiversity and Ecosystems).  

11.5.2. Institutional framework for an 
Adaptation Strategy

The MMA is responsible for federal-level 
coordination of the National Coastal 
Management Plan (PNGC) and counts 
on support of the Coastal Management 
Integration Group (GI-GERCO) within 
the framework of the Inter-ministerial 
Committee for Marine Resources 
(CIRM). The management group was 
formed specifically for the purpose of 
collaborating with the MMA in fostering 
and coordinating federal actions relating 
to the Coastal Zone, including structuring 
of Federal Action Plans. Implementation 
of the PNGC will require alignment of 
efforts on the part of the 17 coastal states 
and almost 400 municipalities, and will 
require strong coordination on the part 
of the MMA to ensure deployment of the 
adaptation strategy for the coastal zone.

The PNGC provides instruments for 
addressing significant climate-change 
issues, including such measures as the 
Integrated Waterfront Management Plan, 
the Macro-diagnosis of the Coastal Zone, 
and Ecological and Economic Zoning 
of the Coastal Zone. Another potential 
strategy entails a networking approach 
to coastal management which, reflecting 
Brazil’s federative structure, is presided by 
a federal coordination unit that maintains 
close links with state and municipal-level 

coastal-management committees of the 
Projeto Orla. This waterfront project 
adopts a local-level environmental and 
urban-planning shared-management 
approach that takes into account 
regulations and standards for waterfront 
management of lands under jurisdiction 
of the Navy. Among the outstanding 
adaptation issues addressed by Projeto 
Orla are rising sea levels and coastal 
erosion that may require management, 
or even removal of communities from 
sensitive waterfront areas. 

11.5.3. Synergies with other sectors 

Adaptation to climate change requires 
approaches that view the environment 
from a synergistic and integrated-planning 
standpoint that address all direct and 
indirect influences and fosters adaptive 
capacities in the broadest sense. 

The territorial nature of this strategy 
for the coastal zone requires close 
collaboration on crosscutting themes 
addressed by the other sectors that have 
contributed toward this NAP. Synergies 
among these sectors underscore the 
need for integrated approaches to 
deployment of sectoral policies for 
adaptation to climate change. To this 
end, it is recommended that dialogue be 
maintained among managers involved 
in the many sectoral actions that affect 
the coastal zone, with a view to fostering 
delegation of functions and ensuring 
compatibility of management efforts 
at the local, regional and federal levels. 
Listed below are a few examples that 
illustrate how impact on one sector 
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can affect activities of other sectors: 1) 
agriculture may be affected by seawater 
intrusion thus compromising the quality 
of water resources, thereby jeopardising 
food security; 2) lack of water of adequate 
quality affects health, thus compromising 
biodiversity and the sustainability of 
ecosystems and undermining the adaptive 
capacity of highly sensitive populations, 
such as artisanal fishermen, gatherers 
and extractivists; and 3) coastal erosion 
may compromise port infrastructures 
and damage industrial equipment and 
buildings (and even towns) in the path of 
advancing sand-dune formations, causing 
a need for substantial public investment in 
structural risk-management and disaster-
prevention actions.

Such causal chains underscore the 
need for crosscutting and integrated 
management among federal line 
ministries, state and municipal bodies and 
civil-society organisations, for addressing 
issues raised by the need to adopt 
climate-change adaptation measures in 
the coastal zone.

11.6 Final considerations

Knowledge gaps, and their implications for 
the various sectors that have contributed 
toward preparation of this NAP, pose the 
main difficulties for assessment of the 
vulnerabilities of Brazil’s coastal zone to 
threats posed by climate change. Only 
by pursuing actions targeted at filling 
such gaps will it be possible to prepare 
diagnoses of vulnerabilities of the sea-
land interface in Brazilian coastal areas. 
It must be emphasized that such actions 
constitute no-regrets measures, and that 
it is imperative that they be adopted 
immediately, in parallel with other 
prevention measures. 

The proposed strategy for the coastal 
zone aims to establish a framework within 
which measures for its implementation 
will require coordinated efforts on 
the part of governmental bodies at 
different levels, the productive sector, 
and organised civil society. The strategy 
also aims to strengthen coastal-zone 
management actions by introducing a 
crosscutting climate perspective in all 
aspects of its implementation and when 
enlisting public support and participation, 
with a view to promoting local resilience, 
preventing disasters, and preparing 
adequate responses to challenges posed 
by the need to adapt to the effects of 
Climate Change.
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ADAPTATION: The process of adjustment 
to current and expected climate effects. 
In human systems adaptation seeks to 
moderate or prevent damage or exploit 
beneficial opportunities. In some natural 
systems, human intervention can facilitate 
adjustment to expected climate change 
and its effects.

EXPOSURE: The presence of people, 
livelihoods, species or ecosystems; 
environmental functions, services and 
resources; infrastructure or economic, 
social or cultural goods in places that may 
be adversely affected.

IMPACTS: Effects on natural and human 
systems. In this text, the term impact is 
primarily used to refer to the effects of 
extreme weather and climatic events on 
natural and human systems. Generally, 
impacts include effects on lives, 
livelihoods, health and ecosystems or 
hazardous weather events occurring over 
a specific period and the vulnerability of 
an exposed system or society. Impacts 
are also referred to as consequences or 
results. The impacts of climate change 
on geological systems, including floods, 
droughts and rising sea levels are a subset 
known as physical impacts.

NO-REGRETS MEASURES: are adaptation 
actions that promote benefits to sectors 
regardless of whether or not forecast 
impacts to climate change occur.

CLIMATE CHANGE: Refers to a change 
in climate status corroborated (using 
statistical tests) by changes in average 
and/or variability of properties, persisting 
for an extended period, typically decades 
or longer.

Climate change may be caused by 
natural internal processes or external 
forces such as solar-cycle modulations, 
volcanic eruptions, and persistent 
anthropogenic changes in composition 
of the atmosphere or in land use. Note 
that the article 1 of the United Nations 
Framework Convention defines climate 
change as “a change of climate which is 
attributed directly or indirectly to human 
activity that alters the composition of 
the global atmosphere and which is in 
addition to natural climate variability 
observed over comparable time periods”. 
The UNFCCC thus makes a distinction 
between climate change attributable to 
human activities that alter composition 
of the atmosphere, and climate variability 
from natural causes.

RISK: Potential consequences where 
something of value is at stake and where 
the outcome is uncertain, recognizing 
the diversity of values. Risk is often 
represented as a probability of occurrence 
of hazardous events or trend multipliers 
by impacts, if these events or trends 
occur. Risk results from the interaction 
of vulnerability, exposure and hazard. In 
this report, the term risk is used primarily 
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to refer to the risks of impacts related to 
climate events.

SENSITIVITY: Degree of reaction of 
elements and systems when confronted 
with a threat.

VULNERABILITY: The propensity or 
predisposition to be adversely affected. 
Vulnerability encompasses a variety 
of concepts and elements, including 
sensitivity and susceptibility to damage 
and poor capacity to cope and adapt.

14.15.1. GLOSSARY OF THE STRATEGY 
FOR VULNERABLE PEOPLES AND 
POPULATIONS 

GYPSIES (CIGANOS): Gypsies are a people 
with a common past, originating possibly 
from Northern India, who dispersed 
between Asia, Europe, North-Africa 
roughly one thousand years ago, and 
subsequently across the Americas. The 
earliest record of arrival of gypsies in 
Brazil dates from 1574. They are usually 
nomadic (but in some cases, sedentary 
by choice or by obligation), and cherish 
their freedom and distinctive culture. 
They speak either the Romani or Chibe 
language, depending upon origin and 
ethnicity. Over the centuries gypsies 
have developed various ethnicities and 
subgroups, according to their specific 
roots, origins, cultures and territories. 
They also maintain a strong sense of 
family.90

EXTRACTIVISTS (EXTRATIVISTAS): The 
term extractivist as used in this text refers 
to peoples, groups and communities 
with specific values and cultures, whose 

livelihoods or subsistence depends 
upon hunting or gathering of plant and/
or animal species. They may be small-
scale farmers whose ways of life and 
subsistence are intimately connected 
to the ecosystems they inhabit. These 
groups possess empirical knowledge of 
their environments and use simple low-
impact production methods. Gathering 
or extraction of locally available resources 
enables subsistence or income generation 
for maintenance of their lifestyles. A wide 
variety of types and forms of extractivism 
are practiced in Brazil.91

ARTISANAL FISHERMEN (PESCADOR 
ARTESANAL): There is a lack of consensus 
on the technical definition of this term 
that encompasses non-industrial fishing, 
also known as small-scale fishing. 
Generally, the term is used in apposition 
to large-scale industrial fishing, which 
relies on costly equipment that is 
unaffordable to non-industrial fishermen. 
Small-scale fishing communities with 
a great variety of regional traits are to 
be found on rivers, lakes and along the 
coast throughout Brazil. The common 
characteristic all these different groups 
share is a daily routine on the water. 
Their lifestyles reliy on an accumulation 
of specific local knowledge about winds, 
tides, and the ebb and flow of the waters, 
position and movement of the shoals, 
etc., combined with traditional fishing 
skills and navigation techniques.

SPECIFIC TRADITIONAL POPULATION 
G R O U P S  ( S T P G s )  ( G R U P O S 
POPULACIONAIS  TRACIC IONAIS 
ESPECÍFICOS - GPTEs): Groups that are 
distinct and that acknowledge such 
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distinction, that possess their own forms 
of social organization, territorial identities 
and use natural resources as the basis of 
their social, cultural, religious, economic, 
and ancestral identities, based upon 
traditional knowledge and practices.

INDIGENOUS PEOPLES (POVOS 
INDIGENAS): According to ILO Convention 
169 – “People whose ancestors inhabited 
a place or a country when persons from 
another culture or ethnic background 
arrived on the scene and dominated 
them through conquest, settlement, or 
other means and who today live more 
in conformity with their own social, 
economic, and cultural customs and 
traditions than those of the country of 
which they now form a part.”

INDIGENOUS LANDS (TERRAS INDIGENAS 
- TI): According to § 1 of article 231 of the 
Federal Constitution of 1988 - are “Lands 
traditionally occupied by Indians are those 
on which they live on a permanent basis, 
those used for their productive activities, 
those indispensable to the preservation 
of the environmental resources necessary 
for their well-being and for their physical 
and cultural reproduction, according to 
their uses, customs and traditions.”

Q U I LO M B O L A S :  M e m b e rs  o f 
contemporary quilombola communities 

are descendants of former-slaves. The 
term is self-applied and a source of 
ethnic pride, though it reflects a history 
of persecution and discrimination. 
Quilomobos were formed by runaway 
slaves of African origin and historically 
marked resistance of the enslaved black 
population to oppression under colonial 
and imperial regimes. A number of such 
communities are to be found scattered 
throughout rural and urban areas of 
Brazil. Today, affirmation of membership 
of such groups is a means of reinforcing 
ethnic identity and claiming ownership 
to territories. Nonetheless, such 
communities are generally characterised 
by poor social indicators and low 
incomes.92

LANDRACE OR NATIVE SEEDS (SEMENTES 
CRIOULAS): are those seeds that have not 
undergone genetic modification through 
scientific genetic-selection techniques. 
Such seeds are called creole or native 
because they have generally been 
developed by traditional quilombola, 
riparian or indigenous communities.93

TRADITIONAL TERRITORIES: land 
permanently or temporarily used for 
cultural, social and economic activities 
by traditional, indigenous or quilombola 
communities to safeguard specificities, as 
provided for in law.
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ABC - Agricultura de Baixa Emissão de 
Carbono

LCA - Low-Carbon Agriculture

ANA - Agência Nacional de Águas National Water Agency 
ANTAQ - Agência Nacional de Transportes 
Aquaviários

National Waterway Transport Agency

ANVISA - Agência Nacional de Vigilância 
Sanitária

National Health Surveillance Agency 

APP - Área de Preservação Permanente Permanent Preservation Area
AR  - Assessment Report

ARP - Sistema de Análise de Risco de 
Pragas

Pest Risk Analysis System 

ATER - Assistência Técnica e Extensão 
Rural

Technical Assistance and Rural Extension

BH - Balanço Hídrico WB - Water Balance
BNDES -  Banco Nacional  de 
Desenvolvimento Econômico e Social

Brazilian Development Bank

BrOA - Grupo Brasileiro de Pesquisa em 
Acidificação dos Oceanos

Brazilian Ocean Acidification Research 
Group 

CadRisco - Cadastro Nacional de 
Municípios com Áreas Suscetíveis à 
Ocorrência de Deslizamentos, Inundações 
ou Processos Geológicos ou Hidrológicos 
Correlatos

National Registry of Municipalities with 
Areas Susceptible to Landslides, Flooding 
or Correlated Geologic or Hydrologic 
Processes

CadÚnico - Cadastro Unico de Programas 
do Governo Federal 

Single Registry for SocialProgrammes of 
the Brazilian federal government

CAISAN - Câmara Interministerial de 
Segurança Alimentar e Nutricional

Inter-ministerial Chamber for Food and 
Nutritional Security

CAR - Cadastro Ambiental Rural Environmental Rural Registry
CCEE - Câmara de Comercialização de 
Energia Elétrica

Brazilian Electric Energy Trading Chamber 

CDB- - Convenção da Diversidade 
Biológica

CBD - Convention on Biological Diversity
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CEBDS - Conselho Empresarial Brasileiro 
para o Desenvolvimento Sustentável

Brazilian Business Council on Sustainable 
Development

CEMADEN - Centro Nacional de 
Monitoramento e Alertas de Desastres 
Naturais

National Centre for Monitoring and Early 
Warning of Natural Disasters

CENAD - Centro Nacional de 
Gerenciamento de Riscos e Desastres

Brazilian National Centre for Disaster 
Risks Management 

CEPEDES - Centro de Estudos e Pesquisas 
em Emergência de Desastres em Saúde

Study and Research Centre on Emergency 
Health Disasters 

CEPEL - Centro de Pesquisas de Energia 
Elétrica

Electrical Energy Research Centre 

CEPENE - Centro Nacional de Pesquisa e 
Conservação da Biodiversidade Marinha 
do Nordeste

National Centre for Research and 
Conservation of Marine Biodiversity of 
the Northeast

CEPENOR - Centro de Pesquisa e Gestão 
de Recursos Pesqueiros do Litoral Norte

Research and Management Centre for 
Northern Coastline Fishing Resources 

CEPLAC - Comissão Executiva do Plano da 
Lavoura Cacaueira

Executive Commission for the Planning of 
Cocoa Cultivation 

CEPSUL - Centro Nacional de Pesquisa e 
Conservação da Biodiversidade Marinha 
do Sudeste e Sul

Research Center and Resource 
Management Fishing the Southeast Coast 
and South

CF - Constituição Federal Federal Constitution
CGEE - Centro de Gestão e Estudos 
Estratégicos

Management and Strategic Studies 
Centre

CGVAM - Coordenação Geral de Vigilância 
em Saúde Ambiental

General Coordination of Environmental 
Health Surveillance 

CIAPO - Câmara Interministerial de 
Agroecologia e Produção Orgânica

Inter-ministerial Chamber of Agro-
ecology and Organic Production

CIM - Comitê Interministerial sobre 
Mudança do Clima

Inter-ministerial Committee on Climate 
Change

CMSE - Comitê de Monitoramento do 
Setor Elétrico

Power Sector Monitoring Committee 

CNAPO - Comissão Nacional de 
Agroecologia e Produção Orgânica

National Agroecology and Organic 
Production Committee 

CNI - Confederação Nacional da Indústria National Confederation of the Industry
CNPq - Conselho Nacional de 
Desenvolvimento Científico e Tecnológico

National Council for Scientific and 
Technological Development
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CONAB - Companhia Nacional de 
Abastecimento

National Supply Company 

CONCAR - Comissão Nacional de 
Cartografia

National Cartography Commission 

CONSEA - Conselho Nacional de 
Segurança Alimentar e Nutricional

National Food and Nutritional Security 
Council 

COPPE - Instituto Alberto Luiz Coimbra de 
Pós-Graduação e Pesquisa de Engenharia

The Alberto Luiz Coimbra Institute for 
Postgraduate Engineering Research

CPRM - Companhia de Pesquisa de 
Recursos Minerais - Serviço Geológico do 
Brasil

Brazilian Geological Survey

CTPIn - Comissão Técnica do Plano 
Indústria

Technical Committee for the Industry Plan

DDA - Doença diarreica aguda ADD - Acute Diarrheal Disease
DEMA - Delegacia Especial do Meio 
Ambiente

Special Environmental Police Authority

DESAM - Departamento de Saúde 
Ambiental

Department of Environmental Health

DETER - Sistema de Detecção de 
Desmatamento em Tempo Real da 
Amazônia

Amazon Real-Time Deforestation 
Detection System 

DHAA - Direto Humano à Alimentação 
Adequada

HRAF - Human Right to Appropriate Food

DHN - Diretoria de Hidrografia e 
Navegação

Directorate for Hydrography and 
Navigation

DSAST - Departamento de Vigilância em 
Saúde Ambiental e Saúde do Trabalhador

Department for Surveillance of 
Environmental and Workers’ Health

DSG - Diretoria de Serviço Geográfico do 
Exército

Directorate for Geographical Services of 
the Army

DZT - Departamento de Zoneamento 
Territorial

Territorial Zoning Department

EMBRAPA - Empresa Brasileira de Pesquisa 
Agropecuária

Brazi l ian Agricultural  Research 
Corporation 

ENSP- - Escola Nacional de Saúde Pública National School of Public Health
EPE - Empresa de Pesquisa Energética Energy Research Company 

FAO - Food and Agriculture Organization
FAP - Fundação de Amparo à Pesquisa Research Support Foundation
Fiocruz - Fundação Oswaldo Cruz Oswaldo Cruz Foundation
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FN-SUS - Força Nacional do SUS SUS National Force
FUNAI - Fundação Nacional do Índio National Indian Foundation 
Funasa - Fundação Nacional de Saúde National Health Foundation 
CIDE - Centro de Informações e Dados do 
Rio de Janeiro

Rio de Janeiro Information and Data 
Centre 

UFRGS - Universidade Federal do Rio 
Grande do Sul

FURG - Federal University of Rio Grande 
do Sul

GEE - Gases de efeito estufa GGE - Greenhouse Gas Emissions
Gg CO2eq - Milhares de Toneladas de 
Carbono Equivalente

K-ton Carbon dioxide Equivalent 

Sistema de Observação Global dos 
Oceanos

GOOS - Global Observation of the Oceans 
System 

GS - Garantia Safra Harvest Guarantee Programme
IBAMA - Instituto Brasileiro do Meio 
Ambiente e dos Recursos Naturais 
Renováveis

Brazilian Institute for Environment and 
Renewable Natural Resources

IBGE - Instituto Brasileiro de Geografia e 
Estatística

Brazilian Institute for Geography and 
Statistics

ICMBio - Instituto Chico Mendes de 
Conservação da Biodiversidade

Chico Mendes Institute for Biodiversity 
Conservation 

IEC - Instituto Evandro Chagas Evandro Chagas Institute
IEMA - Instituto Estadual de Meio 
Ambiente

State Environmental Institute

IESC/UFRJ - Instituto de Estudos e Saúde 
Coletiva da Universidade Federal do Rio 
de Janeiro

Collective Health Studies of the Federal 
University of Rio de Janeiro

IIMR - Instrumento de Identificação dos 
Municípios de Risco

Instrument for Identification of High-Risk 
Municipalities

iLPF - integração Lavoura-Pecuária-
Floresta

integrated Crop-Livestock-Forestry

INCRA - Instituto Nacional de Colonização 
e Reforma Agrária

National Institute for Colonization and 
Agrarian Reform

INCT - Institutos Nacionais de Ciência e 
Tecnologia

National Science and Technology 
Institutes 

INMET - Instituto Nacional de 
Meteorologia

National Meteorology Institute 

INPE - Instituto Nacional de Pesquisas 
Espaciais

National Institute for Space Research  
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INPH - Instituto Nacional de Pesquisas 
Hidroviárias 

National Institute for Waterways Research

INPOH - Instituto Nacional de Pesquisas 
Oceânicas e Hidroviárias

National Institute for Oceanic and 
Waterways Research

Painel Intergovernamental sobre 
Mudança do Clima

IPCC - Intergovernmental Panel on Climate 
Change

IPEA - Instituto de Pesquisa Econômica 
Aplicada

Institute for Applied Economics Research

ITA - Instituto Tecnológico de Aeronáutica Technological Institute of Aeronautics
JBRJ - Jardim Botânico do Rio de Janeiro Botanical Gardens Rio de Janeiro 
LOSAN- - Lei Orgânica de Segurança 
Alimentar e Nutricional

Organic Law for Food and Nutritional 
Security  

Mapa - Ministério da Agricultura, Pecuária 
e Abastecimento

Ministry of Agriculture, Livestock and 
Food Supply

MC - Mudança do Clima CC - Climate Change
MCid - Ministério das Cidades Ministry of Cities
MCTI - Ministério da Ciência, Tecnologia e 
Inovação

Ministry of Science, Technology and 
Innovation

MD - Ministério da Defesa Ministry of Defence
MDA - Ministério do Desenvolvimento 
Agrário

Ministry of Agrarian Development

MDIC - Ministério do Desenvolvimento, 
Indústria e Comércio Exterior

Ministry of Development, Industry and 
Foreign Trade

MDS - Ministério do Desenvolvimento 
Social e Combate à Fome

Ministry of Social Development and 
Combating Hunger

MEC - Ministério da Educação Ministry of Education
MI - Ministério da Integração Nacional Ministry of National Integration
MMA - Ministério do Meio Ambiente Ministry of Environment
MME - Ministério de Minas e Energia Ministry of Mines and Energy
MPA - Ministério da Pesca e Aquicultura Ministry of Fisheries and Aquiculture
MPOG - Ministério do Planejamento, 
Orçamento e Gestão

Ministry of Planning, Budget and 
Management

MRE - Ministério de Relações Internacionais Ministry of Foreign Affairs

MRV - monitoramento, reporte e 
verificação

MRV - measurement, reporting and 
verification

MS - Ministério da Saúde Ministry of Health
MT - Ministério dos Transportes Ministry of Transport
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OMMA - Órgãos municipais de meio 
ambiente

Municipal environmental agencies 

OMS - Organização Mundial da Saúde WHO - World Health Organization
ONG - Organização não governamental NGO - Non-Government Organization
ONS - Operador Nacional do Sistema 
Elétrico

National Operator of the Electricity 
System

ONU - Organização das Nações Unidas UN - United Nations Organisation
OPAS - Organização Panamericana de 
Saúde

PAHO - Pan American Health Organization

PAA - Programa de Aquisição de Alimentos Food Procurement Programme
PAC - Programa de Aceleração do 
Crescimento

Growth Acceleration Programme

PBMC - Painel Brasileiro de Mudanças 
Climáticas

Brazilian Panel on Climate Change

PD - Plano Diretor Municipal Municipal Master Plan
PELD - Programa Ecológico de Longa 
Duração

Long Term Ecology Programme

PGPM- Bio - Política de Garantia de 
Preço Mínimo para os Produtos da 
Sociobiodiversidade

Minimum Price Policy for Products of 
Sociobiodiversity

PHE - Plano Hidroviário Estratégico Strategic Waterways Plan
PIB - Produto Interno Bruto GDP - Gross Domestic Product

PIRATA - Prediction and Research Moored 
Array in the Tropical Atlantic

PLANAPO - Plano Nacional de 
Agroecologia e Produção Orgânica)

National Plan of Agroecology and Organic 
Production

Plansab - Plano Nacional de Saneamento 
Básico

National Basic Sanitation Plan

PLANSAN - Plano Nacional de Segurança 
Alimentar e Nutricional

National Food and Nutritional Security 
Plan 

PMCMV - Programa Minha Casa, Minha 
Vida

Low-income housing Programme

PMRR- - Plano Municipal de Redução de 
Risco

National Risk Reduction Plan 

PNA - Plano Nacional de Adaptação à 
Mudança do Clima

NAP - National Adaptation Plan
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PNAD - Pesquisa Nacional por Amostra de 
Domicílios

National Household Sample Survey

NAPE - Programa Nacional de Alimentação 
Escolar

National School Meals Programme 

PNBOIA - Programa Nacional de Boias Brazilian National Buoy Programme 
PNBSB - Plano Nacional para a Promoção 
dos Produtos da Sociobiodiversidade

National Plan for Promotion of Socio-
biodiversity Products

PNGATI - Política Nacional de Gestão 
Territorial e Ambiental

National Territorial and Environmental 
Management Policy 

PNGC - Plano Nacional de Gerenciamento 
Costeira

National Coastal Management Plan 

PNLT - Plano Nacional de Logística e 
Transportes

National Logistics and Transport Plan 

PNMC - Política Nacional sobre Mudança 
do Clima

National Climate Change Policy 

PNMU - Política Nacional de Mobilidade 
Urbana

National Urban Mobility Policy 

PNRH - Plano Nacional de Recursos 
Hídricos

National Water Resources Plan 

PNSAN - Política Nacional de Segurança 
Alimentar e Nutricional

National Food and Nutritional Security 
Policy 

PNSB - Plano Nacional de Saneamento 
Básico

National Basic Sanitation Plan 

PPA - Plano Plurianual Multi-year Plan
PP-Caatinga - Plano de Ação para 
Prevenção e Controle do Desmatamento 
e das Queimadas da Caatinga

Plan of Action for Prevention and Control 
of Deforestation and Burning in the 
Caatinga

PRA - Programa de Regularização 
Ambiental

Environmental Regularisation Programme 

PROAGRO - Programa de Garantia da 
Atividade Agropecuária

Agricultural  Activity Guarantee 
Programme 

PROAGRO Mais - Programa de Garantia 
da Atividade Agropecuária da Agricultura 
Familiar

Family Farming Activity Guarantee 
Programme 

PRODES - Projeto de Monitoramento do 
Desflorestamento na Amazônia Legal

Brazil ian Amazon Deforestation 
Monitoring Project 

PRONAF - Programa Nacional de 
Fortalecimento da Agricultura Familiar

National Programme for Strengthening 
Family Farming
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PSA - Pagamento por Serviços Ambientais PES - Payment for Environmental Services
PSMC-Saúde - Plano Setorial da Saúde 
para Mitigação e Adaptação à Mudança 
do Clima

Health Sector Plan for Mitigation and 
Adaptation to Climate Change

PSR - Programa de Subvenção ao Prêmio 
do Seguro Rural

Rural Insurance Premium Subsidy 
Programme 

PSTM - Plano Setorial de Transporte e 
de Mobilidade Urbana para Mitigação e 
Adaptação a Mudanças do Clima

Transportation and Urban Mobility Sector 
Plan for Mitigation and Adaptation to 
Climate Change

Rede Clima - Rede Brasileira de Pesquisas 
sobre Mudanças Climáticas Globais

Brazilian Research Network on Global 
Climate Change

ReBentos - Rede de Monitoramento de 
Habitats Bentônicos Costeiros

Coastal Benthic Habitats Monitoring 
Network

Ripsa - Rede Interagencial de Informações 
para a Saúde

Interagency Health Information Network 

RL - Reserva Legal Legal Reserve
SAE - Secretaria de Assuntos Estratégicos 
da Presidência da República

Secretariat for Strategic Affairs of the 
Presidency of the Republic

SAN - Segurança Alimentar e Nutricional FNS - Food and Nutritional Security
SAS - Secretaria de Atenção à Saúde Healthcare Secretariat 
SBF - Secretaria de Biodiversidade e 
Florestas

Secretariat for Biodiversity and Forests

SCenAgri - Simulação de Cenários 
Agrícolas Futuros

Future Agricultural Scenario Simulation

SCTIE - Secretaria de Ciência, Tecnologia e 
Insumos Estratégicos

Secretariat for Science, Technology and 
Strategic Inputs

S D P/ M D I C  -  S e c re ta r i a  d o 
Desenvolvimento da Produção do 
Ministério do Desenvolvimento, Indústria 
e Comércio Exterior

Secretariat for Production Development 
of the Ministry of Development, Industry 
and Foreign Trade

SE - Secretaria Executiva Executive Secretariat
SEAF  - Seguro da Agricultura Familiar Family Farming Insurance
SECIRM - Comissão Interministerial para 
os Recursos do Mar

Inter-ministerial Committee for Marine 
Resources

SEDEC - Secretaria Nacional de Proteção 
e Defesa Civil

National Secretariat for Protection and 
Civilian Defence

SEDR - Secretaria de Desenvolvimento 
Rural Sustentável

Secretar iat  Susta inable  Rura l 
Development
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SEMA - Secretaria de Estado de Meio 
Ambiente

State Secretariat of Environment

SEP - Secretaria de Portos da Presidência 
da República

Secretariat for Ports of the Presidency of 
the Republic

SES/SP - Secretaria Estadual de Saúde de 
São Paulo

Secretariat of Health of the State of São 
Paulo

SESAI  - Secretaria Especial de Saúde 
Indígena

Special Secretariat for Indigenous Health

SFB - Serviço Florestal Brasileiro Brazilian Forestry Service

SGEP - Secretaria de Gestão Estratégica e 
Participativa

Secretariat for Strategic and Participative 
Management

SGM/MME - Secretaria de Geologia, 
Mineração e Transformação Mineral do 
Ministério de Minas e Energia

Secretariat for Geology, Mining and 
Mineral Processing of the Ministry of 
Mines and Energy

SGTES - Secretaria da Gestão do Trabalho 
e da Educação na Saúde

Secretariat for Labour Management and 
Education in Health

SIBBR - Sistema de Informação sobre a 
Biodiversidade Brasileira

Brazilian Biodiversity Information System 

SIMCosta - Sistema de Monitoramento da 
Costa Brasileira

Brazilian Coastal Monitoring System 

SIN - Sistema Interligado Nacional National Interconnected Transmission 
System

Singreh - Sistema Nacional de 
Gerenciamento de Recursos Hídricos

National Water Resources Management 
System

SINPDEC - Sistema Nacional de Proteção 
e Defesa Civil

National Protection and Civilian Defence 
System 

SISAM - Sistema de Informações 
Ambientais Integrado à Saúde

Environmental Information System 
IntegratedtoEnvironmental Health

SISAN - Sistema Nacional de Segurança 
Alimentar e Nutricional

National Food and Nutritional Security 
System 

Sisdagro - Sistema de Suporte à Decisão 
na Agropecuária

Agricultural Decision-Making Support 
System 

SISNAMA - Sistema Nacional de Meio 
Ambiente

National Environment System 

SMC Brasil - Sistema de Modelagem 
Costeira brasileiro

Brazilian Coastal Modelling System
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SMCQ - Secretaria de Mudanças 
Climáticas e Qualidade Ambiental

Secretariat for Climate Change and 
Environmental Quality

SNIRH - Sistema Nacional de Informações 
sobre Recursos Hídricos

National Water Resources Information 
System 

SNV - Sistema Nacional de Viação National Roadways System 
SOMABRASIL  - Sistema de Observação e 
Monitoramento da Agricultura no Brasil

Agriculture Observation and Monitoring 
System in Brazil

SPU - Secretaria de Patrimônio da União Secretariat for Inventory of Federal Assets
SRAG - Síndrome respiratória aguda grave SARS - Severe Acute Respiratory Syndrome

SREX - Special Report on Managing the 
Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation

SRHU - Secretaria de Recursos Hídricos e 
Ambiente Urbano

Secretariat for Water Resources and 
Urban Environment

SSD - Sistemas de Suporte à Decisão Decision-Making Support System 
SUDENE - Superintendência do 
Desenvolvimento do Nordeste

Superintendence for Development of the 
Northeast

SUS - Sistema Único de Saúde Unified Health System

SVS - Secretaria de Vigilância em Saúde Secretariat for Health Surveillance 
UCs - Unidades de Conservação CUs - Conservation Units
UERJ - Universidade Estadual do Rio de 
Janeiro

Rio de Janeiro State University

UFBA - Universidade Federal da Bahia Federal University of Bahia
UFC - Universidade Federal do Ceará Federal University of Ceará
UFRGS - Universidade Federal do Rio 
Grande do Sul

Federal University of Rio Grande do Sul

UFRJ - Universidade Federal do Rio de 
Janeiro

Federal University of Rio de Janeiro

UFRN - Universidade Federal do Rio 
Grande do Norte

Federal University of Rio Grande do Norte

UFSC - Universidade Federal de Santa 
Catarina

Federal University of Santa Catarina

UnB - Universidade de Brasília University of Brasilia
Convenção-Quadro das Nações Unidas 
sobre Mudança do Clima

UNFCCC - United Nations Framework 
Convention on Climate Change

UNIFESP - Universidade Federal de São 
Paulo

Federal University of Sao Paulo
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UR - Uso Restrito Restricted Use
USP - Universidade de São Paulo University of São Paulo
VBP- - Valor Bruto da Produção Gross Production Value
V-DL - 5ª Divisão de Levantamento do 
Exército

Army 5th Survey Division 

Vigiagua - Vigilância da qualidade da água 
para consumo humano

Surveillance of drinking water quality 

Vigiar - Vigilância em saúde de Populações 
Expostas à Poluição Atmosférica

Health Surveillance of Populations 
Exposed to Air Pollution

Vigidesastres - Vigilância em saúde 
ambiental dos riscos associados aos 
desastres

Surveillance of environmental health of 
risks associated with disasters

VLTs - Veículo leve sobre trilhos Light rail
ZC - Zona Costeira CZ - Coastal Zone




