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1850-2021 (Ed Hawkins “Warming stripes”)



Increasing resolution

graphics from 4th IPCC report (2007)
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graphics from 4th IPCC report (2007)

Increasing process complexity
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graphics from 4th IPCC report (2007)

Increasing process complexity

and so on…
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Hillman et al. 2020NASA / Wikimedia Commons
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Train on real data
or high-resolution model

CNN model
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DataWave LEMONTREESASIP M2LInES
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Version control
& public curators

Software engineering tools & techniques

Build systems
& containers

Processes
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Testing and verificationDebugging Profiling



DataWave

Challenges:
• fast inter-language interoperation (Python-Fortran)
• Advection (horizontal propagation) and its costs

Model of an idealized Moist Atmosphere (MiMA)



Fortran code

Python runtime

PyTorch library

Forpy

Our approach:

Direct 

Coupling

Python 

environment

https://github.com/Cambridge-ICCS/fortran-pytorch-lib

DataWave

https://github.com/Cambridge-ICCS/fortran-pytorch-lib
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• Data and task parallelisation
• Minimise data write time to improve performance
• Pre-computing land-mask in grid partitioning

SASIP



SAM CESM

CAM

conv.

M2LInES

Redeploying Convection Parameterization

• Inputs use different physical properties …
• Need to ensure results are “correct”
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LEMONTREE

• Measure carbon, water, energy flux between biosphere and 
atmosphere

• FLUXNET 2015,  >1000 sites processed, used in >400 studies
• 8 years un-processed largely due to software engineering 

issues and lack of support



Community activities



• ICCS is a domain specific RSE group providing 
international support

• Provides a balance of climbing up and down the 
computational ladder
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