
Stochastic Parametrisation
and Extreme Rainfall 

Prediction 
Tim Palmer

University of Oxford



Stochastic parametrisation is not some 
ad hoc method to represent model 

uncertainty. 

It is an approach to represent 
unresolved processes in a way which 

respects the symmetries of the 
underlying equations of motion better 
than does conventional deterministic 

parametrisation. 



Dynamical Core Parametrisations
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The Canonical Approach



grid box grid box

Convective parametrisation is based on the 
assumption that the world looks like this…

It doesn’t…



The reality of the situation

grid box grid box
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If u(x,t) is the velocity field and p(x,t) is the pressure field
associated with a solution to the Navier-Stokes equations, then so is

uτ (x,t) = τ −1/2u( x
τ 1/2 , t

τ
),

pτ (x,t) = τ −1p( x
τ 1/2 , t

τ
)

where τ > 0 is a dimensionless scaling parameter. 

Scaling Laws 
for the 

Navier-Stokes 
Equations



Dynamical Core 
Stochastic 

Parametrisations
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(1+ r)P(Xtr;α )
Buizza et al, 1999



NCAR, CAM4 ENSO without and with stochasGc parametrizaGon. 
Christensen et al, 2017

model

obs

Weather Forecast Skill 
Scores without (grey) 

and with (colour) 
stochasGc 

parametrizaGon. 

Some of the 
benefits of 
stochastic 

parametrisation
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PrecipitaGon AutocorrelaGon

Watson et al (2017)

Impact of SPPT in EC-Earth



SEAS5

Number of tropical cyclones: Impact of resolution vs stochastic physics
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§ Stochastic physics and resolution have similar impact

Observa=ons (IBTrACS) 

System 4

Thanks to Antje Weisheimer

Tropical Cyclones in ECMWF seasonal forecast system



Winter Flooding in UK. O^en persistent heavy rain 
over several days/weeks/months. 

IndicaGon of persistent circulaGon regime (e.g. +NAO)



Regime Analysis: 

k-means 

clustering



Probability that clusters are not produced from a chance sampling of a gaussian

RMS error of simulated clusters against ERA 

Athena: AMIP runs

Dawson, 
Corti Palmer, 
GRL 2012



Lorenz 63

Lorenz 63 + stochastic 
noise (Kwasniok, 2014)





StochasGc parametrisaGon

Increasingly 
reduced 
precision



Chantry et al, Monthly Weather Review, 2019



Hurricane Sandy
27/10/12 00:00
850hP wind speed
T255L91 ~ 80km
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Conclusions

• Stochastic parametrization respects the scaling symmetries 
of the laws of motion better than deterministic 
parametrization

• Stochastic parametrization shows improvements in extreme 
rainfall prediction, not only for individual events, but also in 
relation to persistent events. 

• Stochastic parametrization provides a benchmark for 
reducing numerical precision (a major bottleneck for 
improving computational efficiency



India is an advanced hi-tech country. 



• To make further advances in predicGng precipitaGon extremes 
require us to resolve deep convecGve systems in global 
weather/climate models and abandon ahempts to parametrize 
them. 

• India could now be leapfrogging over ECWMF, NCEP etc by 
building the first global 1km ensemble forecast system for 
medium-range and intraseasonal predicGon.

• Such models should be stochasGc, with mixed precision 
numerics (single or half where possible) and with 
computaGonally cheap AI-based parametrisaGons. 

• All run on dedicated Exascale hardware.

India is an advanced hi-tech country. 


