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MOTIVATION
01 EXTREME EVENTS UNDER CLIMATE 

CHANGE CONDITIONS

• Record-breaking natural hazards occur regularly throughout the world, leading to a 
variety of impacts

• Since 1970 there were more than 11000 reported disasters (2 million deaths and 
US$ 3.64 trillion in losses) 

• Droughts and heatwaves are both included in the top 4 disasters in terms of human 
losses, with uneven impacts throughout the world and a high likelihood that 
anthropogenic climate forcing will increase economic inequality between countries

As global warming increases, the likelihood of further large-droughts and

mega-heatwaves also rises



Conversations 
are like cherries; 
we never pick 
just one!

What about
natural hazards?



EXTREME EVENTS UNDER CLIMATE 
CHANGE CONDITIONS

MOTIVATION01
Strong evidence that droughts and heatwaves 
are at times synergetic – COMPOUND EVENTS



IBERIA 02
CROP LOSSES

The probability of crop-loss increases with the
severity of the compound hot and dry
conditions

Drought plays the dominant role in crop-loss
due to the compound event

Cluster 2

Cluster 1



IBERIA 02
CROP LOSSES

• Cluster 1: positive future results (low
losses and high productivity)

• Cluster 2: negative future results (higher
losses and lower productivity)



IBERIA 02
THE DESTRUCTIVE FIRES OF
OCTOBER 2017 IN PORTUGAL
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•

•

•

•

2017 monthly burned areas 

Annual and monthly accumulated burned areas

• The wildfires caused 55 deaths (51 PT, 4 SP), and dozens injured
• More than half of the 2017 burn area occurred in these two days



IBERIA 02
THE DESTRUCTIVE FIRES OF
OCTOBER 2017 IN PORTUGAL
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IBERIA 02
THE DESTRUCTIVE FIRES OF
OCTOBER 2017 IN PORTUGAL

• Human Losses
• Burned Infrastructures
• Poor Air Quality

(Cavaleiro et al., 2021)



2020 PANTANAL FIRE SEASON

SOUTH AMERICA03

The BA recorded over the entire Pantanal 
during three massive HPs accounted for 55% 
of the total 2020 BA. 



2020 PANTANAL FIRE SEASON

SOUTH AMERICA03

Concurring warm and dry conditions controlled the partitioning of water and energy 
fluxes at the surface

1. Long-term precipitation deficits and large
evaporation rates were essential to dry out the
soil and vegetation and to reduce the flood
pulse, providing unusual amounts of fuel to fires

2. Soil desiccation played a key role in boosting
the concurrence of extremely hot conditions
through the establishment of a water-limited
regime and an increase in the sensible heat flux
between the surface and the atmosphere,
increasing flammability thresholds



FINAL REMARKS 04TAKE HOME MESSAGES

• Extreme impacts don't require extreme weather
“The whole is greater than the parts”

• The analysis of compound events has particular
advantages

• Extreme events have impacts on agriculture, fires 
and vegetation

• Compounded events have higher impacts than 
isolated events, as seen on these examples for the 
Iberian Peninsula and South America



THANK YOU!
Do you have any questions?
acrusso@fc.ul.pt
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