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Hurricane Harvey in August 2017 led to $125 billion of damages 



What caused extreme weather? 



The procedure 
n  Which historical event is of interest? e.g. Hurricane Harvey flooding in Aug 2017  

n  How can we best measure its intensity? Construct a suitable intensity index for 
such events that can be reliably observed and simulated e.g. 3-day mean or max 
of area average precipitation (possible future parametric trigger variable?).  

n  How much does global warming change the probability of extremes in this index?  

n  Observational approach: Estimate the trend by fitting an extreme value distribution to 
past observations that includes global mean temperature as a covariate e.g. GEV fit 
with temperature-dependent location and scale parameters. Quantify the trend by 
calculating a Probability Ratio (PR) equal to the probability of exceedance in the year 
of interest to that of the probability of exceedance in the the pre-industrial period. 
(detection) 

n  Climate model approach. Select climate models that can realistically simulate such 
events and then after some bias correction estimate Probability Ratios from 
experiments made with these models. (attribution) 

n  Compare and and combine the different Probability Ratio estimates to make a 
robust detection and attribution statement. (synthesis) 



Example: Hurricane Harvey flooding  

Figuring out what 
happened is non-trivial. 
Here they chose the 
spatial and annual 
maximum of 3-day 
station precipitation on 
the Gulf Coast. 
 

van Oldenborgh et al. (2017): Attribution of extreme rainfall from Hurricane Harvey, 
Environ. Res. Lett. 12 124009 



Extreme Value fits to the observations 
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Attribution measures 
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Probability Ratio                         PR= Pr(X > x | GW)
Pr(X > x | no GW)

= 1− FGW (x)
1− FNGW (x)

Fractional Attributed Risk           FAR=1- 1
PR

Intensity Change                          ΔI = x − F −1
NGW (FGW (x))

where x  is the observed value and F(x) = Pr(X ≤ x). 
The Generalised Extreme Value fit assumes:

F(x) = exp − 1+ ξ x − µ
σ
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where the parameters can depend on global temperature. 



Attribution using climate models 
Two ways to obtain the influence of anthropogenic emissions 
(greenhouse gases, aerosols) on extremes simulated by climate 
models: 
 
1.  Fit an extreme value distribution to a transient run as was done for 

the observations; 
2.  Run the model twice, once with current climate conditions, once with 

no anthropogenic emissions (counterfactual experiment). Then 
either count the number of extreme events above the threshold to 
compute PR = p1/p0. Or use two fits to extreme value functions to 
compute the probabilities p0, p1. 

 
The probability ratio PR can be re-expressed as either a Fractional 
Attributable Risk (FAR=1-1/PR) or the change in intensity ∆I can be 
calculated.  



Maximum daily average air temperature exceeds 70ºC whereas maximum  
ever reliably observed was 41.9ºC in Australia on 17 Dec 2019  
(and 54.4ºC in Death Valley 16 August 2020!) 

Example: climate model discrepancy 



Synthesis 
Sometimes, the models agree with the observations (as 
demanded in the model evaluation) but not with each other.  

van Oldenborgh et al. (2017): Attribution of extreme rainfall from Hurricane Harvey, 
Environ. Res. Lett. 12 124009 



Some reflections 
n  A high probability ratio does NOT tell you that global warming caused the event of 

interest - it’s not equal to Pr(due to global warming)/Pr(not due to global 
warming). [Prosecutor’s fallacy] E.g. Drinking gin greatly increases my probability 
of falling over but if I fall over it doesn’t necessarily mean I’ve been drinking gin!  

 
n  It is not surprising that PR>1 for events one suspects might increase with global 

warming (e.g. heat waves and flooding). [Selection bias]  

n  There is uncertainty in the observational estimates of PR due to shortness of 
record, inhomogeneities, natural variability, quality of GEV fit etc.  

n  PR ratios can be very dependent on which index is used to measure the event. 

n  Not that obvious how to correct and combine risk ratio estimates from climate 
models that have discrepancies and dependencies.  

n  The probability ratio summarises changing probability of hazard not risk – no loss, 
vulnerability or exposure data is formally used.  
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Further reading 
n  https://www.worldweatherattribution.org/ 

n  van Oldenborgh et al. 2017 Attribution of extreme rainfall from Hurricane Harvey, Environ. 
Res. Lett. 12 124009 

n  Frame, D.J., Rosier, S.M., Noy, I. et al. Climate change attribution and the economic 
costs of extreme weather events: a study on damages from extreme rainfall and drought. 
Climatic Change (2020). https://doi.org/10.1007/s10584-020-02729-y 

n  Attribution of Extreme Weather Events in the Context of Climate Change, 
National Academies of Sciences Engineering and Medicine  
(2016). 186pp.  

n  Van Oldenborgh, Pathways and pitfalls in extreme event attribution: reflections based on 
the WWA experience (submitted).  
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Thank you for your attention 
Any questions? 

d.b.stephenson@exeter.ac.uk 
 


