
From mid-latitude dynamics to human 

health in event attribution systems

Dann Mitchell (Oxford University, UK) 
Clare Heaviside (Public Health England, UK)

+ Oxford WAH team, University of Reading, UK Met Office, CEH

mitchell@atm.ox.ac.uk





Overview

Question: Are GCMs ‘good enough’ for extreme event 

attribution?

Two main methods:

1. Weather@home (WAH)

2. CMIP-5

Hypothesis: “The WAH model is capable of simulating 

relevant dynamics because, in part, we constrain the 

circulation through prescribed SSTs”



The Model Experiment

Global model: HadAM3P – an atmosphere only GCM

Resolution: N96, L19

Regional model: HadRM3

Resolution: 25km at midlatitudes



weather@home regional climate models
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Winter Blocking Biases 

in GCMs

• Clear biases in the 

mean for all 3 over 

Europe.

• No difference 

between AMIP and 

CMIP. 

• Compare HadAM3P 

with AMIP with CMIP.



Daily jet latitude 

variability
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• HadAM3P does an 

excellent job at 

reproducing jet latitude 

variability.

• Very little difference 

between AMIP and 

CMIP!

(e.g. Woollings et al, 2010)



An example attribution study
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HadAM3P vs CMIP−5

 

 

CMIP5 individual models

CMIP5 multi−model mean

HadAM3P ensemble members

HadAM3P ensemble mean

• Return period 

curves for 

HadAM3P vs. 

CMIP-5.

• Two clear outliers 

in the CMIP 

ensemble.

• There are other 

diagnostics 

where CMIP 

clearly 

outperforms 

HadAM3P



Case study: European summer heat wave of 

2003

an end-to-end attribution approach



The regional temperature 

response: 2003
• 2003 is no longer the hottest 

summer on record (see also 

Christidis et al, 2014).

• Temperatures are around 1K 

cooler in 2003 than in a 

naturalized world.

(Stott et al, 2004)



Specific 2003-like dynamical events

e.g. Black et al, 2004

Important dynamics for 2003: Blocking, 

ridges, wave resonance



The local mortality response to the 2003 

heatwave.



Conclusions

My hypothesis was incorrect!

1. The WAH model is remarkably strong in terms of mid-latitude 

dynamics.

2. In studies of extreme events using the CMIP ensemble, some 

model selection should take place.

3. Models often represents dynamics well, but where they do 

now, the confidence in attribution statements must be 

reflected.

4. End-to-end attribution studies take time (rightfully so!). 

mitchell@atm.ox.ac.uk



Papers used in this talk

Mitchell, D., Davini, P., Harvey, B., Massey, N., Haustein, K., 

Woollings, T., Jones, R., Otto, F., Guillod, B., Sparrow, S., 

Wallom, D., Allen, M. Assessing mid-latitude dynamics in 

event attribution systems. In review.

Mitchell, D., Heaviside, C., Sotiris, V., Huntingford, C., 

Masato, G., Guillod, B., Bowery, A., Allen, M. Attributing 

human mortality during extreme heat waves to 

anthropogenic climate change. In review.



(Mitchell et al, 2016, Nat. 

Clim. Chg.)
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Generally impossible to say “this event would not have 

occurred without human influence”

but we can ask how the risk of such an extreme event 

occurring has changed due to external factors
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Attribution science:

1. Long term: optimal 

fingerprinting

2. Short term: event 

attribution

Strong societal interest in attribution 

(Hoskins and Woollings, 2015)







Wave amplitudes 

verses phase

 Red dots = 

Actual 

simulations

 Blue dots = 

Natural 

simulations

 Green dots = 

2003 

reanalysis
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Blocking ridges

All forcings                                               Nat forcings
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Blocking ridges

The climatological blocking and ridge patterns in 

climateprediction.net

(Method: Masato, 2015, in review)



Criteria of wave resonance: a 

case study (Petoukhov et al, 2012)

 (top) meridional wave number 

squared (propagation).

 (second) wind speeds. Freely 

propagating zonal waves.

 (third) is the N-S extent of a 

(resonant) wave train damped?

 (fourth) is the characteristic N-S 

wave scale small wrt to the wave 

guide?

 (fifth) Does real ‘l’ lie within a 

specfic range of dominant ‘l’?
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The regional temperature 

response: 2003
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Summer (JJA) temperature anomalies 

over the Stott et al, 2004 region.

Return Period (years)



a.)	

b.)	

Wave amplitudes for 2003

e.g. (Petoukhov et al, 2013, Coumou et al, 2014)


