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Reliability of precip forecasts over Europe in 
the monthly forecasting system (T399-T255)
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Model

Real World (more 
complicated than model)

Model can simulate “Blocked” and “Zonal” regimes. The simulated unforced 
frequency of occurrence of both regimes is correct. However, the  model 

response to external forcing is completely incorrect. 

blockedzonal

Anthropogenic CO2



Model

Real World

How could we know that the response to forcing was 
incorrect?

Look at reliability of initial value predictions.
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Putting it all together

One cannot be confident that the response to forcing is 
correct if the corresponding reliability diagram is flat. 

Probability of Occurrence 
of Regime 1.  



Increased resolution likely to be crucial for 
ECMWF’s strategic goals. 

Increased forecast reliability should be 
considered a key measure for assessing 

confidence in climate projections on longer 
timescales

How can this be achieved and develop Earth-
System complexity?

Is there a cheaper way to represent Earth-
System complexity?



Irreducible Uncertainty in 
sub-grid representations
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Stochastic parametrisation can also improve NCAR 
climate model El Nino climatology



EC-Earth 
Climate Sphinx Integrations 
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Stochastic Parametrisation

Triangular 

Truncation 

Partially Stochastic  

If parametrisation is partially stochastic, are we “over-engineering” our 
dynamical cores, parametrisations and Earth-System modules by using double 

precision bit-reproducible computations for scales near and below the 
truncation scale?

Are we making inefficient use of computing resources (i.e. energy) that could 
otherwise be used to increase resolution, better representation of physical 

processes, ensemble size?



Vana et al 2016

Single vs
Double 
Precision in 
IFS







Reduced precision allows computations to proceed 
more quickly, and data to be moved with less energy 

overhead. 



Stochastic Parametrisation/ 

Earth System Complexity 

Triangular 

Truncation 

Partially Stochastic  
Single precision

Half precision?



More accurate “weather forecasts“ with less precision
Reading Spectral Model

Düben and Palmer, 2014. Monthly Weather Review 

T159 “Truth”

The stochastic chip / reduced precision emulator is used on 50% of numerical workload:
All floating point operations in grid point space
All floating point operations in the Legendre transforms between wavenumbers 31 and 85. 
T85 cost approx that of T73



The representation of physical and 
biogeochemical processes in Earth-

System Modules are highly 
parametrised and hence uncertain. 

Could computations in Earth-System 
modules be performed at half 

precision? 
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¶y

¶t
= S(y ,f,t)

y (t n+1) =y (tn )+ Dt ×S(y (t n ),f(t n ),t n )

Highly uncertain

Compute (and retrieve 
fields from memory)  at low 

precision

Represent at high precision
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32 bits

64 bits
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What is the real information content in 
each of the billions of bits that 

represent variables in a 
weather/climate model?
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Conclusions

• Forecast reliability is poor beyond medium range.
• Improving forecast reliability is crucially important for both weather 

and climate communities
• Increased resolution likely to be top priority for ECMWF to reach 

strategic goals
• Given the inherent stochasticity of the sub-grid closure problem, we 

are very likely wasting computer resources integrating all model 
variables with 64 bits

• Earth-System modules are highly uncertain
• It is possible that small-scale variables in the dynamical core and 

many Earth-System modules could be computed at half-precision, 
making use of new mixed-precision machine-learning chips. 

• Information theory could play an important role in determining the 
real information content in model variables. 


