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  AI2 Climate Modeling: Who We Are



Atmospheric Models in Python



  Why do we use Python?

● Machine learning libraries

● Cloud file storage libraries

● Comfortable for all of our scientists

● Interactive execution

● Built-in introspection libraries



  Many model users use Python



  Online Python Modeling



fv3gfs-wrapper

Simple Python main loops 
provide a clear way to 
modify the model

McGibbon et al. 2021, “fv3gfs-wrapper: a Python wrapper of the FV3GFS atmospheric model”



Examples



Random forest

Can add online 
functionality by getting 
and setting the Fortran 
model state

Watt-Meyer et al. 2021, “Correcting Weather and Climate Models by Machine Learning Nudged Historical Simulations”



MPI-Enabled

MPI for Python (mpi4py) 
for distributed-memory 
parallelism



  Overhead is minimal

6h simulation time at C48 on 2019 Macbook Pro

McGibbon et al. 2021, “fv3gfs-wrapper: a Python wrapper of the FV3GFS atmospheric model”



Developing in Python



  MPI-Parallel Jupyter Notebooks

● Everything we’ve seen can be run in a 

Jupyter notebook

● Useful for communicating/learning

● Scientifically evaluate model components



  Pytest / unit tests

pytest test.py

pytest test.py --pdb



  Pytest / unit tests

pytest test.py



  Pytest / unit tests

pytest test.py --pdb



  Pytest / unit tests

● Unit tests make debugging very fast

● Removes fear of breaking things, even with 

many developers

● Tests are examples of how to use the code

● Can add --pdb to get a debugging terminal 

whenever a test fails



With Python, Google is your friend



  Introspection tools

● Built-in libraries for code analysis (inspect, 

ast)

● Well-tested templating libraries developed 

for HTML generation can be used for code 

generation (e.g. Jinja)

For more introspection magic: 
http://hackflow.com/blog/2015/03/29/metaprogramming-beyond-decency/



  Stay tuned: Pace

● Re-writing FV3/GFS/SHiELD in 

Python-based DSL gt4py

● Early results presented by Oliver Fuhrer 

earlier in this session

● Unified code base for CPU and GPU 

hardware

● Will be presented at AMS 2021 Annual 

Meeting



Thank You!


