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Changing the climate changes weather 

[IPCC] 
 A changing climate will produce more weather 

extremes, with yet unknown geographical 
distribution and severity 
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Predictive skill: Climate 

[IPCC 2014] 

Change larger than 
natural variability 
 
 
 
 
 
 
 
Models agree  
about sign of change 

 Large model dependent systematic errors & much larger uncertainties for moisture, clouds, precipitation 
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Predictive skill: Weather 
10-m wind speed 

precipitation 

day-5 

day-3 

Mean tropical 
cyclone 
position error 

150 km 

resolution 
upgrades 

  Despite good medium-range skill, much poorer performance at sub-
seasonal-to-seasonal range in mid latitudes  
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[Smith et al. 2014, BAMS] 

Can’t have it all? 
• quadratic # grid points 
• global communication 
•memory limited 

• depends on spatial resolution 
• strictly sequential 
• different for atmosphere, ocean 

• strictly sequential 
• time to solution (weather vs climate) 

•multiplies entire model compute 
•multiplies entire model output 

• communication of data between models 
• latency between models 

• number of prognostic variables 
•memory limited 

• number of prognostic variables 
•memory limited 

•multiplies entire model compute 
•multiplies entire model output 
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The nature of climate & weather model codes 

A combination of large matrix 
manipulations, nested loops, 
complex numerics, lots of calls …  
 
MXMAOP: matrix multiplication for spectral transforms 
CLOUDSC: cloud scheme 
CUADJTQ: condensation/evaporation 
LAITRI: 32-point interpolation for advection 
VERINT: vertical integral 
… 
… 
 
 

…. being memory intensive, 
communication intensive, compute 
intensive … 
 
… challenging both efficiency and 
scalability at all levels! 

(IFS: 3 million lines of Fortran code, C++ drivers, shell scripts) 
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The biggest challenges 

[Bauer et al. 2015] 

Computing & data handling 
will be the no. 1 challenges for 
weather and climate 
prediction in the next 10 years 
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Weather and climate prediction application for EsD 

To achieve a quantum leap in predictive skill, we need: 
• Global coupled & uncoupled simulations at 1 km spatial resolution;  

as ensembles to characterize forecast uncertainty 

… to be provided by ESiWACE (CoE), ESCAPE and NextGenIO (both FET) 

 EsD applications: 
• Full-sized global 1 km models 
• Tailor-made, cost-driving model components 

(to be highly optimized and made scalable) for 
both computing and data handling 

• in production mode 
• in research + production mode 
• across scale 
• verifiable science performance 


