AIST PROJECT HIGHLIGHT
PHYSICS-AWARE QUANTUM NEURAL NETWORK

MODELING OF EARTH SCIENCE PHENOMENA

OVERVIEW

This project aims to develop innovative methods
for solving complex partial differential equations
(PDEs) using classical and quantum machine
learning. Accurately modeling Earth systems
requires solving intricate, interconnected PDEs,
with higher temporal and spatial resolutions
significantly increasing computational costs.

By harnessing quantum computing’s potential
for efficient PDE solutions, this research will
compare quantum and classical learning-based
approaches, integrating PDE structures into
neural networks to enhance trainability and
accuracy. Focusing on ocean dynamics as a test
case, the project will demonstrate feasibility while
providing a framework extensible to a wide range
of interconnected Earth system models.

SCIENCE AREA

The ocean is essential for regulating climate,
supporting ecosystems, and sustaining

life, making it crucial to understand ocean
dynamics in these interconnected systems. This
research aims to enhance existing mathematical
models of ocean behavior, focusing on the
shallow water, barotropic, and baroclinic
equations. These equations govern fluid flow in
oceans, coastal regions, estuaries, rivers, and
channels, capturing the complex interactions
between density, pressure, and temperature in
these highly dynamic and chaotic environments.

TECHNOLOGY

Unlike traditional solvers, machine learning-
based methods to solve PDEs can handle
complex geometries and achieve solutions at
arbitrary precision. In scenarios where underlying
processes are not fully understood, they enable
pattern discovery and predictive modeling

using empirical data. However, learning-based
approaches can be challenging to optimize

and scale poorly with increasing complexity.
Quantum computing offers the potential to solve
certain PDEs exponentially faster than classical
methods, but the broader potential of quantum
algorithms remains largely unexplored. This
project will develop physics aware quantum-
classical hybrid neural networks and apply this
methodology to the study of ocean dynamics.

ADVANCEMENTS:

* The current state of the art for quantum
and classical learning-based approaches
will be numerically and statistically analyzed
and compared.

Quantum-ready classical machine
learning models will be developed that can
seamlessly transition to quantum hardware/
simulators without major modifications.

Quantum neural networks will be
integrated into the classical models to
improve the process of simulating the PDE.
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