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How good are seasonal forecasts now? 
(on a scale of 1‐5)?

How good will they be in 30 years time? 
(on a scale of 1‐5)?

How good are medium‐range forecasts 
now? (on a scale of 1‐5)?

How good will they be in 30 years time? 
(on a scale of 1‐5)?



• What does “5 = very good” mean? To the 
public, if a forecast is “very good” it means 
that it is right roughly 95% of the time. 

• Seasonal forecasts do not have that level of 
skill now. 

• Do medium‐range forecasts have high skill by 
this measure? 



No!



On about 70% of the occasions when the day 4‐5 ECMWF high‐res 
forecast said it would rain at least 10mm/day,  it didn’t!  

No wonder the public complain about traditional deterministic weather 
forecasts ‐ from this perspective they are very unreliable. 

Thomas Haiden, 
personal 
communication



The ECMWF Ensemble Prediction System 



Beyond the medium 
range, precip 
forecasts start to 
loose reliability



It is essential for the development of Climate Services, that our 
climate forecast systems are reliable. 

WCC‐3 



COSMO‐DE‐EPS verification 
results

March 2012

PREC(1h) Summer 2011 00UTC

Reliability diagram
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Christoph Gebhardt, personal communication

Unreliability also a problem for 
short range forecasts of intense 

rainfall 



How good will medium range and seasonal forecasts be 
in 30 years time?

•Not `95% right’. That is both unrealistic and inconsistent with 
the laws of physics. 
•Rather, we should aspire to perfect reliability, ie 
from a subset of cases where the forecast predicts a 95% (more 
generally p%) chance eg of:

– An intense convective storm over Reading in the next 12 hours
– The development of a blocking anticyclone over Northern Europe 

in 2 weeks time
– A BBQ summer in the UK or a severe drought in Kenya in the 

coming season
then the event will have happened 95% (more generally p%) of 
the time. 



Traditional computational ansatz for weather/climate 
simulators  

Deterministic  local 
bulk-formula 
parametrisation 

Increasing scale

( );nP X α

Eg momentum“transport” by:

•Turbulent eddies in 
boundary layer

•Orographic gravity wave 
drag.  

•Convective clouds
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grid box grid box

Deterministic bulk-formula parametrisation is 
based on the notion of averaging over some 
putative ensemble of sub-grid processes in 

quasi-equilibrium with the resolved flow (eg 
Arakawa and Schubert, 1974)



However, ..

grid box grid box

is more consistent with …..



Stochastic Parametrisation

•Provides the sub-grid tendency associated with a 
potential realisation of the sub-grid flow, not the 
tendency associated with an ensemble average of sub-
grid processes. 

•Can incorporate physical processes (eg energy 
backscatter) not described in conventional 
parametrisations.

•Parametrisation development can be informed by 
coarse-graining budget analyses of very high resolution 
(eg cloud resolving) models. 



Experiments with the Lorenz ‘96 System  (ii)

( ) ∑
+−=

+−− −+−−−=
kJ

kkJj
jkkkk

k Y
b
hcFXXXX

dt
dX

)1(
121

( ) ]1/)1int[(121 +−−++ +−−−= Jjjjjj
j X

b
hccYYYcbY

dt
dY

Assume Y 
unresolved

Approximate 
sub‐grid 
tendency by U

Deterministic: U = Udet 

Additive: U = Udet + ew,r

Multiplicative: U = (1+er) Udet

Where:
Udet = cubic polynomial in X
ew,r = white / red noise
Fit parameters from full model

Forecast Skill 

Arnold et al, Phil Trans Roy Soc 

Better

RPSS



Postdoc positions at Oxford – please 
email me for details. 





A skilful stochastic model cannot be 
obtained from a tuned 

deterministic model with bolt‐on 
stochastics.



Spectral Dynamical Core

Parametrisation 

Triangular 
Truncation 

ζ = ζm,ne
imλPn

m φ( )
m,n
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There are many good reasons for wanting to 
go to convectively resolved models, not just 
for short‐range mesoscale prediction, but for 

seasonal and longer timescale climate 
prediction too (Shukla et al, 2010).

This will probably have to wait for exaflop 
computing. 





Will bit-reproducible computation 
continue to be a sine qua non in HPC? 

In a recent presentation on Challenges in Application Scaling in an Exascale 
Environment, IBM’s Chief Engineer for HPC, Don Grice, noted that: 

“Increasingly there will be a tension between energy efficiency and error 
detection”,

and asked whether :

“…there needs to be a new software construct which identifies critical 
sections of code where the right answer must be produced” – implying that 
outside these critical sections errors can (in some probabilistic sense) be 

tolerated. 

(http://www.ecmwf.int/ newsevents/meetings/workshops/2010/high 
performance computing 14th/index.html)



Stochastic Parametrisation 

Triangular 
Truncation 

Partially Stochastic  

Can this fact be used as a way to overcome the exascale energy 
barrier and get to reliable convectively resolved global models 

much quicker than would otherwise be possible?



In terms of speed, energy 
consumption and size, 
inexact computer chips like 
this prototype, are about 15 
times more efficient than 
today's microchips.

This comparison shows frames produced with video-processing software on traditional processing elements (left), 
inexact processing hardware with a relative error of 0.54 percent (middle) and with a relative error of 7.58 percent 
(right). The inexact chips are smaller, faster and consume less energy. The chip that produced the frame with the 

most errors (right) is about 15 times more efficient in terms of speed, space and energy than the chip that 
produced the pristine image (left).

Superefficient inexact chips 

Krishna Palem. 
Rice, NTU 
Singapore

http://news.rice.edu/2012/05/17/computing‐experts‐unveil‐superefficient‐inexact‐chip/



Towards the Stochastic Dynamical Core 

Efficiency/speed/inexa
ctness of chip 

Stochastic Parametrisation 

Triangular 
Truncation 

and precision at which 
the data is stored and 
passed between 
processors.  

At Oxford we are beginning to work with IBM Zurich to 
develop these ideas…



Experiments with the Lorenz ‘96 System

( ) ∑
+−=

+−− −+−−−=
kJ

kkJj
jkkkk

k Y
b
hcFXXXX

dt
dX

)1(
121

( ) ]1/)1int[(121 +−−++ +−−−= Jjjjjj
j X

b
hccYYYcbY

dt
dY

Hannah Arnold and Hugh 
McNamara, Personal 
Communication

A route to reliable cloud 
resolved climate 
models?



30 Years Ago

Dynamics  Parametrisation 

O(100km
)



Now

Dynamics  Parametrisation 

O(10km)



In 30 years

Dynamics  Parametrisation 

O(1km)
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