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Natural Hazards in Brazil – 
Challenges and helpful tools 



Introduction 

“It is indisputable that human 
activities are causing climate 
change, making extreme 
climate events, including heat 
waves, heavy rainfall, and 
droughts, more frequent and 
severe” 

“Climate change is already 
affecting every region on Earth, 
in multiple ways. The changes 
we experience will increase with 
further warming.” 

[Credit: Yoda Adaman | Unsplash] 

Credit: Minas Gerais Civil Defense 



Introduction 

The focus of this presentation is to discuss 
how INPE is utilizing space data and 
technology, specifically through the 

platforms TerraMA2 and AdaptaBrasil, to 
address Brazil's unique environmental 

challenges, mitigate natural disasters, and 
inform public policy for climate adaptation. 

Photo: Amazon satellite 



The scale of the problem in Brazil 

Credit: tribunahoje.com 

494 (130 inc. Recife)*  Other additional barriers can interfere with 
the decision-making process needed to 
implement a disaster risk alert. 

Less than 100 per year 

Number of deads consequence of disasters triggered by 
heavy rainfall in Brazil 



São Paulo, Brazil – February/2023  

On February 18th-19th, 2023, heavy 
rainfall of 680 mm in less than 24 
hours triggered multiple fatal and 
flash floods landslides in the city. 
 
This is the highest rainfall in all of 
Brazil in modern history. 
This trigger water-saturated soil led 
to deadly floods, debris flow, and 
landslides resulting in 65 casualties 
and damages.  



São Paulo, Brazil – February/2023  

GOES-16 IR satellite images, 
with 6-hours interval, from 2100 
UTC on 18 February to 12:00 
UTC of 19 February. Fonte: 
Colorado State University - 
https://rammb-
slider.cira.colostate.edu/ 



World Records 



Susceptibility to 
landslides in São 
Sebastião and Ilhabela 
and scars from 
landslides triggered 
during the February 
18th and 19th, 2023 
event, in São Paulo 
North Coast. 
Landslides were 
mapped from satellite 
images provided by 
Rede MAIS/MJSP 
(including material © 
2023 Planet Labs Inc.). 
Susceptibility map 
source: CPRM/IPT 
(2017).  

São Paulo, Brazil – February/2023  



PlanetScope satellite image 
showing before the disaster 
(a), with a zoom in Barra do 
Sahy (b) and after (c,d). 
Figures (e, f and g) shows 
photos in Barra do Sahy after 
the landslides. The locations 
of each photo can be seen in 
figure (d). 

São Paulo, Brazil – February/2023  



São Paulo, Brazil – February/2023  



Introduction to TerraMA2 



Alert model - Case study 

Observation  
+  

Forecast 



Alert model 



São Paulo, Brazil – February/2023  

Daily forecasts 
of geological risk 
(landslides and 
d e b r i s f l o w ) 
i s s u e d  b y 
CEMADEN valid 
from February 
18th and 19th 
2023. Source: 
CEMADEN. 



ADAPTABRAZIL MCTI 
https://adaptabrasil.mcti.gov.br/ 

“Aims to consolidate, integrate 

and disseminate information to 

support the advances on the 

analysis of observed and 

projected climate change in the 

Brazilian territory, informing 

decision makers for planning 

adaptation actions and 

strategies.  





Design Sprint (abril/2018) Oficina indicadores: Semiárido (junho/2019) 

Oficina Indicadores: Brasil (julho/2020) 

Importance of Multi-Stakeholder Engagement 
 



Workshop of Climate Risks and Adaptation  

Main concepts 
of climate risks 
and adaptation 

Based on 
customized 

study case and 
guided 

exercises 

Web tools, 
mental maps, 

group 
interaction 

Cooperation for 
Building 
Capacity 



Final Remarks 

Although alerts for high-risk hydrological and geological 
disasters were issued in a timely manner, they did not 
effectively reach or prompt action from all vulnerable 
populations. This underscores the need for a more 
comprehensive Early Warning System (EWS) that not only 
identifies hazards but also ensures that warnings are 
understood and acted upon by those at risk. 
 
A multi-level governance approach that combines EWS with 
contingency plans can significantly reduce vulnerability and 
exposure, ultimately saving lives in the face of climate-related 
disasters 
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