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Outline

● Summary of the course week
● Why & How do we do extreme event attribution?
● Case Study: Southern African heatwave Dec 2024
● Conclusion
● Discussion & Questions
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Course outline experience

● 10-14 Feb in GEOMAR conference rooms
● Friederike Otto & Clair Barnes (World Weather 

Attribution, Imperial College London)
● Example Video
● prepared notebooks (python, R) on jupyter hub
● 30 participants (90% MSc)
● What we liked:

○ hands on
○ worked with real, recent events
○ everything is political
○ science communication encouragement

● What we would have liked to hear more about:
○ announcements before the week
○ statistical model
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https://www.worldweatherattribution.org
https://www.worldweatherattribution.org
https://bsky.app/profile/granthamicl.bsky.social/post/3lgupiwqbtc2y


Why Attribution

● create causal connection between 
GHG emissions and climate change 
impacts/damages

● motivate mitigation, adaptation
● claim loss & damages (maybe?)

Otto et al. (2022) 4



How Attribution

1. probabilistic

2. storyline 5



List of candidate events
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Event document
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News reports, warnings
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Observational/Reanalysis data

● ERA5 (ECMWF) for 1950 to 2025
● CPC (Climate Prediction Centre, NOAA) for 1979 to 2025
● low-pass (4-year) filtered GMST data (GISTEMP) for 1879 to 2025
● time series for 9 meteorological stations in Zimbabwe & Mozambique

Model data

● regionally downscaled CORDEX model output for AFR-22 domain
○ historical run
○ RCP8.5 scenario

Data
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Event 
Definition

● Maximum ever recorded 12-day averaged Tmax in December in the box 
([23E,35E], [-15S,-28S])

● Also observed in 12-day averaged Tmin and T2m (ERA5; CPC: only Tmax)
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Statistical Model
● Fit a generalised extreme value distribution function (params location, scale, 

shape) with Maximum Likelihood Estimation
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Trend 
fitting

● ERA5, CPC: 1979-2024; 

● Event slightly stronger in 
CPC;

● Return period: 
approx. 120 (ERA5) and 
200 (CPC) years;
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Model Evaluation - Seasonality
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Model Evaluation - Spatial
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Model/Obs Synthesis
● intensity change 

compatible between 
observations/models: 1-2℃

● observed PR: best est. 3-7
● model PR undefined
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Hazard Synthesis

Data Changes due to GMST

Probability ratio (95 % CI) Intensity change (℃) (95% CI)

Observations Past - Present 6.0
(0.27 - 17000)

1.3
(-1.29 - 4.92)

Models 5170
(NA - NA)

2.1
(0.87 - 3.39)

Synthesis NA 2.0
(0.49 - 3.80)

Models only Present - Future 20.5
(14.4 - 36.0)

1.7
(1.04 - 2.46)
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Impacts, vulnerability & exposure

● What makes a heatwave dangerous?
● Who’s vulnerable and exposed?
● coping strategies, heat plans
● aggravating circumstances

○ ‘23/’24 El Nino
○ drought/famine in previous year

Otto et al. (2022)

SEASONAL OUTLOOK SOUTHERN AFRICA, MSF (2024)

INFORM RISK (2025)
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https://drmkc.jrc.ec.europa.eu/inform-index


Otto (2025)18



https://conservechange.medium.com/five-things-scientists-can-do-to-fight-the-rise-of-fascism-0e1bd8c452ac
Otto (2025)19

https://conservechange.medium.com/five-things-scientists-can-do-to-fight-the-rise-of-fascism-0e1bd8c452ac


Bonus

20



5-days rolling mean (1979-2024)
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7-days rolling mean (1979-2024)

22



12-days rolling mean (1979-2024)
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14-days rolling mean (1979-2024)
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Synthesis
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Triggers
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1951?

● outlier in 1951?
● need local experts
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Station time series in the region
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