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Dynamical Core  Parametrisations  
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Resolved scales Unresolved scales 

D = P

The Canonical Numerical Ansatz 



 (Nastrom and Gage, 1985)  



Small 
tendency 

Medium 
tendency 

Large 
tendency 

Coarse-graining                       
(Shutts and Palmer, 2007) 

 
Assume T1279 (16km) model = “truth”.  
 
Assume  T159  coarse-grain “model” grid.  
 
Bar= Subset of total temperature 
parametrisation tendencies driven by 
T1279 fields coarse-grained to T159. 
 
Curve= Corresponding “true” sub-T159-
scale tendency.  
 
Ie when the parametrisations think the 
sub-grid pdf is a thin hat function, the 
reality is a much broader pdf.  
 
The standard deviation increases with 
parametrised tendency – consistent with 
multiplicative noise stochastic schemes.  

Callado-Palarès and Shutts,Phil Trans 2014  
 



Workshop on New 

Insights and Approaches 

to Convective 

Parametrization 

4-7 November 1996 

Probability of an “on”cell 

proportional to CAPE and 

number of adjacent “on” 

cells – “on” cells feedback 

to the resolved flow 

http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211
http://www.ecmwf.int/publications/library/do/references/list/16211




Christensen  et al 2016 

Nino3 
variability 
without 
SPPT 

Nino3 
variability 
with SPPT 

Hannah Christensen 

Stochastic parametrisation can also improve NCAR 
climate model El Nino climatology 
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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 



Kwasniok, 2014 
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L63 st

L63 det

Spread L63 and L63 stoch.  

Spread decreases (not increases!) with 
stochastic noise 



Stochastic Parametrisation  

Triangular 

Truncation  

Partially Stochastic   

 
If parametrisation is partially stochastic, are we “over-engineering” our 

dynamical cores by using double precision bit-reproducible computations for 
wavenumbers near the truncation scale? 

 
Are we making inefficient use of computing resources that could otherwise be 

used to increase resolution towards convective scales? 
 



Stochastic Parametrisation 

Triangular 

Truncation  

Partially Stochastic   

Double precision 

Single precision 

Half 
precision? 

Quarter 
precision? 

State-dependent 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 
 



25/08/17 00:00 
850hP wind speed 
T511L91 

n = 0             52-bit significand

0 < n £160    11-bit significand

160<n £ 320   9-bit significand

320<n £ 511   7-bit significand

Matthew Chantry, Oxford – Peter Düben, ECMWF.  

Hurricane 
Harvey 
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Andrew Dawson, Peter Düben 



¶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 



Andrew Dawson 



Gridpoints 8 16 32 

Precision Double Single Int16 

Clock Cycles 355 355 34 

Energy (μJ) 8.2 15.1 0.9 
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Coarse Exact
Medium
Fine Inexact

Using FPGA resources for resolution rather than precision yields 28.9% 
forecast improvement and 10x energy reduction (Stephen Jeffress)  

Lorenz ’96: Coarse Exact Medium Fine Inexact 

Forecast Accuracy FPGA Resources 

Chip area 

Forecast error is with respect to a 64 gridpoint double precision model. The FPGA 
for each model calculates one 4th order Runge Kutta time step. Energy is per model 
time unit. FPGAs (Altera Stratix V) designed with tools from Maxeler Technologies.  

Jeffress et al (2017) Proc. Roy. Soc.  



What is the real information content in each of 
the billions of bits that represent variables in a 

weather/climate model? 

Only communicate (on and off chip) the bits that 
contain real information.  




