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Extreme Event Attribution 101 
Heidi Cullen – Climate Central 
Fredi Otto – Oxford University 



-  BAMS special reports 
-  History of Extreme Event Attribution  
-  Media Analysis of Weather Coverage 
-  World Weather Attribution Case Studies 

Charleston floods, 2015 Brazil drought, 2014 Western wildfires, 2015



BAMS, 2012 

BAMS 
Special 
Issue: 

In 2012, the Bulletin of 
the American 
Meteorological 
Society released the 
first special issue 
looking at extremes 
weather events of the 
previous year.  



Just as these BAMS 
reports demonstrate the 
science has moved 
forward, reporters and 
politicians begin to 
repeat the mantra: 
 
“You can’t attribute any 
single event to global 
warming.” 
 
 
 

BAMS, 2013 



2011 
 
Gavin Schmidt, NASA: "My thinking has evolved. 
Thanks to advances in statistical tools, climate 
models and computer power, attribution of 
extremes is hard — but it is not impossible.”,  
 

IPCC AR5 WG2: Since AR4 there is an emerging 
consensus that the role of external drivers of 
climate change in specific extreme weather 
events… can be quantified using a probabilistic 
approach. 

2005 
 
“It is impossible to know whether or not this event 
would have taken place if we had not increased 
the concentration of greenhouse gases in the 
atmosphere as much as we have.”  Stefan 
Rahmstorf, Michael Mann, Rasmus Benestad, 
Gavin Schmidt, and William Connolley 

Malawi Floods, 2015 



“It was often stated that it simply 
was not possible to make an 
attribution statement about an 
individual weather or climate event. 
However, scientific thinking on this 
issue has moved on and now it is 
widely accepted that attribution 
statements about individual 
weather or climate events are 
possible, provided proper account 
is taken of the probabilistic nature 
of attribution.“ 

- BAMS Special Report, 2012 

BAMS Special Reports 

BAMS, 2012 



BAMS, 2014 

Clearly communicate in timely manner 
 
Timely – must submit by April for 
previous year’s events; majority of time 
is in peer review. 
 
Concise – 1500 word limit, 2 figures 
 
Encourage plain language writing 
-  30 word capsule summary of results 
-  Discourage 1st time methodologies 

Summary table of ‘yes/no’ statement 

BAMS Special Reports!



BAMS Summary 2013!

	  	  

Anthropogenic 
influence increased 
event likelihood or 

strength 

Anthropogenic 
influence decreased 
event likelihood or 

strength 

Anthropogenic 
Influence Not 

Found or Uncertain 

Heat 

Australia Heat (Arblaster 
et al, King et al, Knutson 
et al (a), Lewis et al, 
Perkins et al) 
Europe Heat (Dong et al) 
China Heat (Zhou et al) 
Japan Heat (Imada et al) 
Korea Heat (Min et al) 	  	  

	   

Cold   UK Cold Spring 
(Christidis et al) 	   

Precipitation 
U.S. Seasonal Precip 
(Knutson et al (b)) 
India Precip (Singh et al) 
 

U.S. N. Colorado Prcp 
(Hoerling et al) 

Southern Europe Prcp 
(Yiou et al) 
Central Europe Prcp 
(Schaller et al) 



Attribution of slow-onset phenomena and 
global mean temperature is comparably 
straight forward.  
 

High-impact, extreme weather events are 
more likely to cause loss and damage, at least 
in the short term. 
 

History of 
extreme 
event 
attribution: 

India Heat Wave, 2015 



The Science 

 
 

 2000!

 2014!

 2001!

 1809!

 1884!

 2003!

Generally impossible to say “this event would not 
have occurred without human influence” … 



The Science 

 
 

…but we can ask…how has the risk of a class 
of extreme events occurring changed due to 

external factors? 

0.3!

0.4!

0.2!

0.1!

0.0!

Climate Variable! Threshold!



- Allen, 2003 (Nature) 

The Science 
 
 

•  Climate is what you expect, 
weather is what you get.  

 
•  Now…climate is what you 

affect, weather is what gets 
you. 

 
•  It’s not a question of cause… 

 
•  …it’s a question of changing 

risk. 



- Stott, Stone, Allen, 2004 (Nature) 

A first… 
 

•  Probably hottest since at least AD 
1500. 

 
•  ~35,000 excess heat deaths. 

 
•  First application of attributable 

risk concept to an actual 
observed event. 

 
•  Stott, Stone, Allen, 2004: Human 

influence at least doubled the 
chance of summers as hot as the 
one Europe saw in 2003. 



- Consulting climate 
records and modeling 
extreme events with and 
without added 
greenhouse gases, we 
can talk about how much 
global warming has 
increased the chances of 
extreme events.  

Seeing extremes… 



IPCC AR5 Report 



1.  The event was made more likely due to anthropogenic climate 
change. 

2.  The event was made less likely due to anthropogenic climate 
change. 

3. Anthropogenic climate change did not play a detectable role in the 
frequency of occurrence of the event. 

4. With our current understanding and tools we cannot assess 
whether and how the event was influenced by anthropogenic 
climate change. 

Brazil Drought, 2014-2015 

Possible outcomes 
of event attribution 

studies!





California wildfires, 2014 

Media 
Analysis: 



http://environment.yale.edu/poe/v2014/ 

Most people still think global warming 
won’t harm them personally. 



Still very little coverage of climate change  

•  ABC: 13 minutes 
  9 stories 
 

•  CBS: 35 minutes 
 23 stories 
 

•  NBC: 25 minutes 
         16 stories 
 

Nightly News 



Lots of extreme weather coverage 
Nightly News… 
 

•  1313 stories on extreme weather in 2014 
•  12 weather stories mention climate change 

ABC CBS NBC 



Print Media Analysis 
We surveyed 12 Major Media Outlets: 

•  Wire Services: Reuters, Associated Press, AFP 
•  Major newspapers:  NYT, USA Today, Washington Post, 

WSJ, FT, Daily Telegraph, LA Times, The Times of 
London, The Australian (for heat wave) 

 

Three events:  
•  2013 Australian heat wave  
•  California drought  
•  2014 UK floods 



Print Media Analysis:  
Summary 

 
•  10-20% reference climate change  
•  3-7% make explicit attribution connection 

 

421 articles (2013) 1193 articles (2011-2014) 716 articles (2013-2014) 



A new international effort designed 
to sharpen and accelerate the 
scientific community’s ability to 
analyze and communicate the 
possible influence of climate 
change on extreme-weather events 
such as storms, floods, heat waves 
and droughts. California wildfires, 2014 

World 
Weather 
Attribution: 



Climate Central 
Oxford University 
University of Melbourne 
Royal Dutch Meteorological 
Institute 
Red Cross / Red Crescent 
Climate Centre 
- plus regional partners at OSU, 
CPTEC (Brazil), ETH (Zurich). 

Hurricane Sandy, 2014 

The Team: 



A Multi-Method Approach 

•  Provide answers about trends in risk 
and vulnerability, and the role of 
human activity in extreme weather. 

Malawi flood, 2015 



Serves as “secretariat” and 
coordinator of the partnership is also 
providing the interface to the science 
and outreach teams, coordinating 
Science Oversight Committee 
activities and peer review and 
leveraging its network of partners to 
disseminate findings. 

Pakistan Heat, June 2015 

Climate Central: 



The Oxford approach uses very large 
ensembles of simulations of regional 
climate models to run two different 
analyses: one to represent the current 
climate as it was observed, and one to 
represent the same events in the world 
that might have been without human-
induced climate change. 

UK Flooding, 2014 

Oxford ECI: 



The KNMI approach uses historical data 
records. It consists of looking for a trend 
in the observed extremes. If there is a 
trend, a physical model is used to 
connect it with global warming. The 
method is most sensitive when used to 
attribute the causes of small-scale 
events and is a useful cross-check on 
model results for large-scale events.  

India Heat, 2015 

KNMI: 



This approach utilizes a suite of climate model 
simulations undertaken as part of the Coupled 
Model Intercomparison Project phase 5 
(CMIP5). Melbourne approach relies on 
existing simulations from global coupled 
ocean-atmosphere climate models that have 
coarser spatial resolution, but they include the 
effects of coupling the atmosphere to the 
ocean in the models and the uncertainties 
associated with using multiple different climate 
models to simulate the extreme events. Thai floods, 2011 

University of 
Melbourne: 



RCCC will use its humanitarian network 
to identify disasters and work with 
stakeholders on the ground. Further 
analysis will help place the event in the 
larger context of patterns of changing 
risk, including trends in vulnerability and 
exposure.  

Cahrleston floods, 2015 

RC / RC  
Climate Centre: 



India heat wave, 2015 

Case Studies 
 
•  Europe Annual Temp Record, 2014  
•  India Heat Wave, 2015 
•  Sao Paulo Drought, (BAMS 2015)  
•  Europe Heat Wave, July 2015 



- BAMS Special Report, 2015 

Sao Paulo Drought 



- Europe heat, 2014 

Europe 2014 - Record Heat 

We found that the odds of 
temperatures across Europe 
reaching this year’s record-
setting levels were increased 
by at least 35 to 80 times 
due to human influence on 
our climate.  

WWA Analysis 



- Europe heat, 2015 

Real-time Analysis 

Using two independent peer 
reviewed methods, heat 
waves like this now occur, 2x 
as often over a large part of 
Europe, and 4x more often 
in some of the hottest cities. 

WWA Analysis 



Real-time Analysis 

•  A 3-day period as 
hot as experienced 
over July 4-6 is now 
roughly 8 times 
more likely than it 
was around 1900.  

 

•  The return time is 
now roughly every 
13 years whereas it 
was roughly every 
100 years around 
1900. 



Thank you. 
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