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Early September 2023

Record-shattering rainfall extremes

Greece – Storm Daniel

1092 mm/24h
$2.14 billion
Flooded 730 km2

Medicane – hurricane-like storm in the 
Mediterranean

Libya – Medicane Daniel

>400 mm/6h
$19 billion
>20,000 deaths

Zhengzhou Floods

201.9 mm/h
617.1 mm/3d

Devastating floods from 3rd-10th Sep 
2023

Spain – Storm Dana

243.4 mm/24h



Summer/Autumn 2023

Record-shattering rainfall extremes

Greece – Storm Daniel

1092 mm/24h
$2.14 billion
Flooded 730 km2

Medicane – hurricane-like storm in the 
Mediterranean

Libya – Medicane Daniel

>400 mm/6h
$19 billion
>20,000 deaths

Zhengzhou Floods

201.9 mm/h
617.1 mm/3d

Devastating floods from 3rd-10th Sep 
2023

Spain – Storm Dana

243.4 mm/24h



Germany Floods
Zhengzhou Floods

US/Canadian 
Heat Dome

Siberian wildfires
New York Floods

80 mm/h
201.9 mm/h

617.1 mm/3d

Large area >150 mm/24h
207 mm/6h

Blocked Pattern causing persistent weather extremes

200mb seasonal 
composite anomaly 
from 1981-2010 
climatology for JJA 
2021



UK Winter extremes 2019/2020





February precipitation anomaly as a percentage of the 1981-2010 average, for observations (black), individual ensemble 
members of the PPE-15 (light blue), and CMIP5-13 (light orange). The smoothed model ensemble means are shown in dark 
blue (PPE-15) and orange (CMIP5-13).



Temperature-precipitation scaling 
confirmed at 6-7% per °C for daily 
extreme rainfall

Temperature-precipitation scaling 
confirmed at 7% per °C or higher for hourly 
extreme rainfall. 

Ali, Fowler and Mishra, GRL, 2018

Ali, et al., 2021, GRL



Increase in intensity of daily heavy 
precipitation is consistent with Clausius-
Clapeyron scaling; hourly intensities can 
have a much higher scaling rate

Temperature-precipitation scaling 
confirmed at 7% per °C or higher for hourly 
extreme rainfall. 

Ali, et al., 2021, GRL

Fischer and Knutti, Nature Climate Change, 2016

Guerreiro et al., Nature Climate Change, 2018 



Winter 2019/20 extreme weather and large 
scale atmospheric processes





Mean (top) and anomalous (bottom) cloud liquid water (g m-2) based on the Special Sensor Microwave/ 

Imager (SSM/I) (Weng et al 1997: J. Climate, 10, 1086-1098). Anomalies are calculated from the 1987-2010 base 

period means.



Indian Ocean Dipole



Composite analysis and model experiments, to show that the IOD was a key driver of the 
observed positive NAO.  Using model experiments that perturb the Indian Ocean initial 
conditions, two teleconnection pathways of the IOD to the north Atlantic emerge: a tropospheric 
teleconnection pathway via a Rossby wave train travelling from the Indian Ocean over the 
Pacific and Atlantic, and a stratospheric teleconnection pathway via the Aleutian region and the 
stratospheric polar vortex. 



Windows of opportunities





Extreme Pakistan rainfall signals were present 

in summer 2022 seasonal predictions yet not 

well signalled by regional forecast outlooks

• Was Pakistan rainfall in summer 2022 a 

window of opportunity for more confident and 

actionable early warning?

• Can we use physical dynamical understanding 

to build confidence in extreme forecast signals?

• Can we develop new tools to identify and 

explore extreme forecast signals in real-time?

Monsoon Low Pressure Systems (LPS):

28th August 2022

NASA Earth Observatory images by Joshua Stevens, using Landsat data 

from the U.S. Geological Survey

https://earthobservatory.nasa.gov/about/joshua-stevens
http://earthexplorer.usgs.gov/


“So you’re saying we’ve got a 2-in-3 chance of 
being in upper third of rainfall this summer… 

which we expect 1-in-3 years normally?”

Multi-model upper tercile >60%

WMO operational seasonal outlooks typically focus on 

maps of tercile probabilities.

Need to look at more extreme tail:

Upper quintile Upper decile





“click”

New interactive tools needed to 

better identify/explore potential 

climate extremes and their drivers in 

real-time

P

Pakistan webpage

Divide global land into 0.5 million km2 regions, along 

geopolitical boundaries – e.g. Pakistan is one region.

Stone, D.A. A hierarchical collection of political/economic regions for analysis of climate 

extremes. Climatic Change 155, 639–656 (2019). https://doi.org/10.1007/s10584-019-02479-6

Extremes tool



Social and behavioural sciences







We need to be a bit better at recognizing the 
potential for outlier events at actionable lead-times. 
Conversely, where that's not possible we 
cumulatively should have excellent short-fuse 
communication strategies

An example of a first mile / last mile issue? Whether 
a timely warning is issued is less important than 
whether everybody, including the most vulnerable 
and the ones paying least attention, are taking 
appropriate action

Early warning, Early action



Summary thoughts

• Compound extremes may change more than individual extremes. Often, 
they are connected by physical processes in sequences across local to 
large scale atmospheric processes

• Dynamical changes to the atmosphere are important for changing 
characteristics of extreme weather, but there is a risk we underestimate 
the changes we are seeing in the real world, esp. the persistence of 
blocked conditions important for heatwaves and extreme rainfall.

• We should use physical dynamical understanding to build confidence 
and new tools in extreme forecast signals

• We need to prioritise our science towards societal problems – climate is 
changing rapidly and the need to target actionable advice when it 
matters though transdisciplinary collaboration is key.


