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A changing climate can lead to changes in extremes

Impacts of weather and climate extremes depend on: Nature 

and severity of the event, exposition and vulnerability



-The National System for Natural Disasters Prevention is basically 

composed by integrated actions developed in three centers of the 

government federal level: 

▪ National Institute of Meteorology (INMET), linked to the Ministry of 

Agriculture

▪ National Centre for Monitoring and Early Warning of Natural 

Disasters (CEMADEN), which is a center of the Ministry of Science, 

Technology and Innovation (MCTI), and

▪ The National Centre for Disaster and Risk Management (CENAD), 

linked  to the Ministry of National Integration (MI)

throughout Brazil.



INMET is the national institution responsible by weather 

forecast

CEMADEN implements, on national level, the continuous 

monitoring of adverse hydro meteorological and climate 

conditions, which may trigger processes that produce 

imminent risk of natural disasters occurrence. Based on 

data and information of pluviometers, fluviometers and 

meteorological radars, CEMADEN analyses and issues early 

warning of risks of geodynamic processes of landslides 

and hydrological alerts associated to floods and impacts of 

severe droughts. 

The early warnings are reported to CENAD, which retransmits 

them to the state and municipal departments of Civil Defense.



Floods, Landslides
Flashfloods

Source: Brazilian Ministry of Planning, 2014

Distribution of natural disasters in Brazil



Underlying Drivers of Disaster Risk

Source: IBGE, 2010

Over 5 million people mostly poor 

and vulnerable living

In areas of high disaster risk in 

Brazilian cities

Urban Growth: change from 

rural to urban population

Natural disaster  of 11-12 January 

2011 in the  mountains west of Rio:  

over 900 fatalities and a catalist to 

DRR policies focused on 

prevention→Creation of CEMADEN

Source: Brazilian Atlas of Natural Disasters 1991-2012



Significant increase of the risk

Evolution of Natural Disasters in Brazil

> 30 mm/ day

> 50 mm/ day

> 100 mm/ day

> 100 mm/ 2 days
Fonte: Defesa Civil Nacional e MPOG

RISK = SUSCEPTIBILITY X EXPOSURE



slums and squatter settlements 
in unsafe hillslopes (IBGE, 2013)



Landslides and flashfloods accounts by more than 90% of fatalities!

Disasters in Brazil



Mapping risk areas

Prevention

Monitoring and Warning

Response

Post-2011 DRR Policy in Brazil: A Paradigm Shift
National Plan for Risk Management and Response to Disasters



CIVIL 
DEFENSE

Contingency & 
Response Plans

CEMADEN
Monitoring and 
Early Warning

INMET CPRM ANA DCEA

UNIVERSITIES & RESEARCH INSTITUTES 
Knowledge transfer, methods and hypothesis-testing, applied research databases on natural 

disasters (vulnerability, exposure, hazards, risks)

The National Strategy 



• Understanding:
✓ Where is each type of hazard likely to be presented and why?

✓ What scientific principles govern the process responsible for the disaster?

✓ How often do these hazards develop into disasters?

✓ How can each type of disaster be predicted and/or mitigated?

✓ What different type of data need to be collected?  

• Forecasting: how to include emerging data in 
forecasting models and systems? 

• Alerting: how to issue warnings in face of 
uncertainties? 

CEMADEN: Towards an interdisciplinary perspective



RISK
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PLEASE DO NOT LOOK THIS “EXPRESSION” AS AN EQUATION

H = Hazard (flood; drought; landslides; etc.)
V = Vulnerability (social; physical; economical; technological; cultural; ecological; etc.)
C = Protection Capacity
E = Education
M= Mitigation

How to engage citizens? How to communicate risks? 



Meteorological Warning   issued on 27/11/17

NECESSARY  BUT NOT SUFFICIENT

WHY ?

EVENT IS NOT A DISASTER
DISASTER IS THE IMPACT



INMET warned regions  & CEMADEN monitored municipalities

INMET: 
Number of 
municipalities in 
the warning 
region

CEMADEN:
Number of 
monitored 
municipalities

Total 
Population in 
the monitored 
municipalities
(IBGE 2016)

Number of 
risk areas in 
the monitored 
municipalities

% At-risk 
population in 
situation of 
very high social 
vulnerability*

573 89 8.245.599 5.000 
approxim.

15%



Social vulnerability at Belo Horizonte in areas suscepitible to 
landslides



“Flood and Flashflood  Warning”   
issued on 28/11/17;  start at 18:16; 
continuously updated

persons and houses that
could be affected 

and city districts









Basic protocol for issuing alert

Meteorology

Geotechnical

Hidrology

construction of the risk scenario 

for the physical event

Construction of the risk scenario 

for impact

and/or



CAP – Meteorological Warning

(issued by INMET)

<?xml version="1.0" encoding="UTF-8" ?> 

<rss version="2.0">

<channel> 

<title>Alert-AS - Avisos</title> 

<link>http://alert-as.inmet.gov.br</link> 

<description>Avisos atuais na America do Sul</description> 

<!-- About Copyright: Licenca de Uso: O conteudo deste site, podera ser reproduzido desde que citada a fonte, excetuando os casos 

especificados em contrario e os conteudos replicados de outras fontes. O INMET nao se responsabiliza por eventuais danos que o 

conteudo hospedado por terceiros possa causar, sejam estes morais ou materiais. --> <copyright>public domain</copyright> 

<language>pt-BR</language> 

<pubDate>Fri, 10 May 2019 10:48:01 -0300</pubDate> 

<item> 

<title>Aviso de Acumulado de Chuva. Severidade Grau: Perigo</title>

<link>https://alerts.inmet.gov.br/cap_12/2019/05/10/urn:oid:2.49.0.0.76.0/urn:oid:2.49.0.0.76.0.2019.8255.1.xml</link> 

<description><![CDATA[<table border="0" cellspacing="0" cellpadding="3"><tr><th align="left">Status</th><td>Alert</td></tr><tr><th 

align="left">Evento</th><td>Acumulado de Chuva</td></tr><tr><th align="left">Severidade</th><td>Severe</td></tr><tr> <th 

align="left">Inacio</th><td>2019-05-11 00:00:00.0</td></tr><tr><th align="left">Fim</th><td>2019-05-11 

23:59:00.0</td></tr><tr><th align="left">Descricao</th><td>INMET publica aviso iniciando em: 11/05/2019 00:00. Chuva entre 30 a 

60 mm/h ou 50 a 100 mm/dia. Risco de alagamentos, deslizamentos de encostas, transbordamentos de rios, em cidades com tais 

areas de risco.</td></tr><tr><th align="left">Ã rea</th><td>Aviso para as areas: Planalto Norte Catarinense, Metropolitana De 

Curitiba, Oeste Catarinense, Vale Do Itajai, Grande Florianopolis, Planalto Sul Catarinense, Litoral Sul Catarinense, Encosta Do

Sudeste, Depressao Central, Encosta Inferior Do Nordeste, Encosta Superior Do Nordeste, Campos De Cima Da Serra, Planalto 

Medio, Misses, Alto Uruguai, Central Paranaense, Norte Paranaense, Oeste Paranaense, Sudoeste Paranaense, Sul Paranaense, 

Litoral Gaucho, Meio-Oeste Catarinense, Litoral Norte Catarinense</td></tr><tr><th align="left">Link Grafico</th><td><a 

href="http://alert-as.inmet.gov.br/cv/emergencia/cap/9646">http://alert-

as.inmet.gov.br/cv/emergencia/cap/9646</a></td></tr></table>]]></description> <pubDate>Fri, 10 May 2019 10:03:00 -

0300</pubDate> 

<guid>https://alerts.inmet.gov.br/cap_12/2019/05/10/urn:oid:2.49.0.0.76.0/urn:oid:2.49.0.0.76.0.2019.8255.1.xml</guid>

</item> 



Visualization of the CAP Meteorological Warnings

(issued by INMET)



CAP – Impact Warnings

(issued by CEAMDEN)

<?xml version="1.0" encoding="UTF-8" ?> 

<rss version="2.0">

<channel> 

<title>SALVAR - Avisos</title> 

<link>http://salvar.cmeaden.gov.br</link> 

<description>Alertas de Impactos e risco de Desastres</description> 

<language>pt-BR</language> 

<pubDate>Fri, 10 May 2019 10:48:01 -0300</pubDate> 

<item> 

<title>Alerta de Inundacao. Nivel: Alto</title>

<link>https://salvar.cemaden.gov.br/cap_12/2019/05/10/urn:oid:2.49.0.0.76.0/urn:oid:2.49.0.0.76.0.2019.8255.1.xml</link> 

<description><![CDATA[<table border="0" cellspacing="0" cellpadding="3"><tr><th align="left">Status</th><td>Alert</td></tr><tr><th 

align="left">Evento</th><td>Acumulado de Chuva</td></tr><tr><th align="left">Severidade</th><td>Severe</td></tr><tr> <th 

align="left">Inacio</th><td>2019-05-11 00:00:00.0</td></tr><tr><th align="left">Fim</th><td>2019-05-11 

23:59:00.0</td></tr><tr><th align="left">Descricao</th><td>CEMADEN publica alerta iniciando em: 11/05/2019 00:00.. Risco de 

alagamentos, deslizamentos de encostas.</td></tr><tr><th align="left">Ã rea</th><td>Alerta para as cidades de Santa Maria, 

Cacheoira do Sul e Porto Alegre</td></tr><tr><th align="left">Link Grafico</th><td>

</td></tr>

</table>]]></description>

<pubDate>Fri, 10 May 2019 10:03:00 -0300</pubDate> 

<guid>https:///salvar.cemaden.gov.brr/cap_12/2019/05/10/urn:oid:2.49.0.0.76.0/urn:oid:2.49.0.0.76.0.2019.8255.1.xml</guid>

</item> 



Visualization of the CAP Impact Alert

(issued by CEMADEN)



Visualization of the CAP Meteorological Warning and Impact Alert

(issued by INMET/CEMADEN for GMAS)



Thank you for your attention

osvaldo.moraes@cemaden.gov.br
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