AIST PROJECT HIGHLIGHT
STOCHASTIC PARAMETERIZATION OF AN

ATMOSPHERIC MODEL VIA QUANTUM ANNEALING

OVERVIEW

The final product of this work will be a quantum
computing framework for improving our ability
to model cloud physics, especially within

the planetary boundary layer. Conventional
computers struggle to reliably model this
dynamic system. The proposed project would
enable the full characterization of an atmospheric
stochastic parameterization using remote
sensing data. Until now, this has been too
computationally expensive. This technigue will
allow researchers to retrieve the parameters of
the local lattice describing stratocumulus clouds
and its relationship to large-scale moisture
evolution. This effort is a rare example of a
problem that can be solved using quantum
technology as it exists today.

SCIENCE AREA

The Planetary Boundary Layer (PBL) is a
dynamic region of Earth’s atmosphere that has

a huge impact on the development of storm
systems. Observing the PBL is difficult, making it
hard to develop models accurately characterizing
cloud physics and other atmospheric processes.
This project would leverage quantum computing
to improve our ability to observe the PBL, paving
the way for superior climate models and better
weather predictions.

TECHNOLOGY

This project leverages quantum annealing via
D-Wave to implement a Restricted Boltzmann
Machine (RBM) for analyzing MODIS cloud

data, offering a novel approach to modeling
stratocumulus cloud area fraction (CAF). The
key innovation is using quantum sampling

to approximate the Gibbs distribution,
outperforming Markov Chain Monte Carlo
(MCMC) methods in high-dimensional spaces.
By training the RBM on satellite-derived cloud
distributions, the model extracts patterns that
inform a stochastic parameterization of CAF. This
enhances the representation of cloud transitions,
improving climate models. The approach also
has broader implications for weather modelling.

ADVANCEMENTS

Quantum computing framework will
leverage existing quantum hardware to
enable improved parameterizations for
climate models, reducing uncertainty in
weather forecasting.

Novel quantum sampling technique
outperforms traditional Markov Chain Monte
Carlo methods, advancing the state-of-the-
art for stochastic parameterization of cloud
physics.

Expanded use of Ising model in climate
science leverages the relationship between
spin systems and physical processes to
improve sub-grid atmospheric models.
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