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CSQ-10 Summary 

Ques�on Knowledge Advancement 
Objec�ves 

Geophysical Observables Measurement 
Requirements 

Tools & Models Policies / Benefits 

How can we 
improve the 
characteriza�on 
and 
preparedness 
for risks related 
to compound 
climate 
extremes? 

• Characterize and quan�fy 
risks related to heat waves 
and linked compound effects 
including droughts and fires. 

 

• Temperature, soil moisture, 
humidity, clouds, winds, FRP, 
vegeta�on, land use,  

In general 
specifica�ons are 
commensurate 
with local climate 
models 

ESMs, RCMs, 
sta�s�cal 
downscaling, event 
atribu�on 

Improved climate 
adapta�on (UNFCCC 
Loss and damage, 
IPCC WG), disaster 
response (Sendai), 
general 
sustainability and 
SDGs. 

• Characterize and quan�fy 
risks related to flooding and 
heavy precipita�on in 
specifically vulnerable areas 
like coastal areas. 

 

• Precipita�on, humidity, sea 
level, river discharge, wind,  

Sufficient repeat 
measurements at 
requisite scales to 
adequately capture 
short dura�on 
pluvial extremes 

ESMs, RCMs, 
sta�s�cal 
downscaling, event 
atribu�on 

• Characterize processes, 
environmental condi�ons 
related to extreme air 
quality events, like haze 
forma�on and serious air 
pollu�on events during heat 
waves.   

 

• Aerosols (AOD, size 
distribu�on, type), air 
quality, UV-radia�on,  

• Meteorological condi�ons 

Synop�c and 
mesoscale 
measurements to 
understand pollu�on 
event scale, dura�on 
and evolu�on 

Development of 
aerosol proxies or 
improved 
observa�ons for 
aerosol size 
distribu�on. ESMs, 
RCMs 

• Quan�fy environmental, 
social and economic hazards 
and impacts linked to 
climate extremes in local 
and regional scales.  

  U�lize also AI 
techniques, especially 
in socio-economic 
responses of systems 
to extreme events 
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CSQ-10 Narra�ve 

Simultaneous (in space and / or �me) or sequen�al extreme events, which may or may not be extreme 
individually, can in combina�on lead to a compound extreme event that can cause severe 
environmental, economic, and societal impacts. Examples include coincident heatwave and drought, 
or pluvial river flooding combined with storm surge in the estuarine zone (amongst many others). Risk 
assessment of these compound hazards is par�cularly challenging and o�en underes�mated (IPCC-
21). An improved understanding of environmental vulnerability and risks related to compound events 
is therefore needed. Furthermore, quan�fica�on of the economic and societal hazards and impacts 
are also needed to understand climate adapta�on needs arising from compound extreme events. 

 
Climate change is affec�ng flooding by altering the intensity, frequency, and �ming (e.g., earlier 
snowmelt) of floods. Rising sea levels also affect human ac�vi�es and infrastructures in coastal areas 
in mul�ple ways, whilst simultaneously making coastal areas more vulnerable to damages due to 
storms, cyclones, and flooding.  
 
Drought (low soil moisture and low humidity) and heatwaves are associated with increased wildfire 
risks.  Drama�cally large wildfires have recently taken place e.g. in Australia, Europe, Siberia, California, 
and very recently in Canada. In Australia, observa�ons already show a long-term trend of weather 
condi�ons that may support bushfires (IPCC 2021). Whilst in 2012 – 2018 a catastrophic sequence of 
extreme weather events took place in southern California (Figure 1) resul�ng in 23 deaths. This was 
caused by extreme precipita�on induced mudslides and debris flows on areas that had just been 
seriously burnt a�er a dry and hot season.  

 

 
Figure 1: Example of Southern Californian compound extreme event which consisted of four events that 

occurred In a sequence. Figure from AghaKoucha et al., 2020. 
 

 
Serious air pollu�on episodes are also climate related extreme events. They are o�en linked to suitable 
meteorological condi�ons, e.g. heat waves, but uncertain�es in the details of these processes remain. 
For example, our understanding of haze (and new aerosol par�cle) forma�on is s�ll limited. 
Furthermore, several studies indicate that the mortality risks related to air-pollu�on (PM2.5, PM10, 
ozone, NO2) increase during heat waves. Fires and urbanisa�on also further amplify the compound risk 
of heat and air pollu�on.  

Finally, vulnerability is a key concept in risk assessment of extreme events. In addi�on to 
environmental factors, it is known to depend on various socioeconomic, demographic, biophysical, 
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cultural, and ins�tu�onal factors. Quan�fying environmental, social and economic hazards and 
impacts linked to climate extremes at local and regional scales can help iden�fy the communi�es and 
regions that are most vulnerable to extreme events, and thus direct funding and planning to the areas 
and popula�ons most at risk from this aspect of climate change. 
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