2023 SUMMER MOMENTUM FELLOWSHIP
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By Catherine Cha

LEAP's Summer Momentum Fellowship welcomes doctoral students in data science who
are interested in participating in a summer research immersion in climate data science.
Momentum Fellows are given the opportunity to apply their data science and/or machine
learning skills in climate modeling and develop research interests in climate data science.

As Fellows settle in to their workspaces at Columbia University’s Innovation Hub and
access LEAP resources such as LEAP_Pangeo, Momentum Fellowship Faculty members,
Dhruv Balwada, Kara Lamb, Carl Vondrick, and Pierre Gentine, join them to work
closely on machine learning research problems in climate data science. Faculty members
also guide the Fellows to present their summer research at future LEAP events and other
workshops / conferences.

This summer, LEAP is thrilled to host three (3) Momentum Fellows who are pursuing various
areas of research and professional development in climate data science:

e Matthew Beveridge
e Mohammad Erfani
e Yu Huang

Matthew Beveridge

Beveridge is a Visiting Researcher at the University of
Colorado-Boulder who will begin his doctoral program at
Columbia University’s Columbia Imaging and Vision Lab
(CAVE) with Professor Shree Nayar. His childhood
interests led Beveridge to MIT, where he earned his B.S. in
Electrical Engineering and Computer Science and Master'’s
degree in Engineering, while also studying Mathematics
and Theater Arts. During his time at MIT, he worked on a
range of projects in computer vision, from imaging through
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scattering media to depth estimation. Building capable systems transformed into a desire to
use these systems to study phenomena, and he began to study the formation of Arctic sea
ice by means of satellite imagery, noticing that Earth observation presents a great
opportunity for computer vision to have a broader scientific impact. Beveridge’s current
research focuses on computer vision, computational imaging, and machine learning for
robust perception and its application to the science of the physical environment. When not
researching, he has worked on spaceflight at NASA, contributes to startups in the field of
autonomy, and organizes community events around energy and climate.

This summer, Beveridge joins Momentum Fellowship Faculty members, Kara Lamb and Carl
Vondrick, to work on their project, “"Equivariant Graph Neural Networks for Efficient
Emulation of Aerosol Optical Properties,” which focuses on improving how to estimate light
absorption and scattering from small aerosol particles. He has been researching how
including physical constraints — such as equivariance - can improve the prediction accuracy
of graph neural networks, which emulate expensive aerosol optical properties codes.
Beveridge is also exploring alternative machine
learning architectures, and thinking about what
kinds of baselines and evaluation metrics can be
used to evaluate the accuracy of these emulators.
Lamb observes that “it's been great to see
[Matt’s] enthusiasm and motivation on the project
so far - he has dived in and immediately started

base and the complexity of aerosol optics. I'm
really excited to see what other interesting ideas
he can bring to the project this summer.”

Mohammad Erfani

Erfani received his Master’s degree in Civil and
Environmental Engineering at Ferdowsi University (Iran)
before joining the Department of Civil and Environmental
Engineering at the University of South Carolina to work
with Dr. Erfan Goharian in the IWERS Lab. Erfani’s
research focused on the development of advanced
Al-based frameworks for hydrology and earth systems
sciences, and he recently successfully defended his PhD
in civil engineering and hydrology. In the future, he
hopes to work at the intersection of applied science,
climate, and machine learning.

As a 2023 Summer Momentum Fellow, Erfani is working with Dhruv Balwada on the
project, “"Estimating Ocean Currents Using Measurements of Sea Surface Height (SSH).”
Their aim is to enhance the accuracy and efficiency of current estimation by harnessing the
potential of artificial intelligence techniques. Erfani observes that “[t]his integration of
machine learning and oceanographic data offers a promising avenue for improving our
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understanding of complex oceanic processes.” He has been developing convolutional
architectures to address a problem similar to image denoising, for a particular challenge of
the project is that the SSH field is composed of signal from many different physical
processes; thus, the research team must first identify the part that is most directly
connected to the ocean currents of interest. By the end of the
Fellowship, Erfani hopes to evaluate a range of machine learning
models with varying complexity, and identify the aspects of the
machine learning pipeline to which the estimation problem is most
sensitive. Throughout their collaboration, Balwada is particularly
struck by Erfani’s “enthusiasm and eagerness to dive head-first
into challenging problems and new domains. Mohammad joined
our team with little background in physical oceanography, [but]
has rapidly learned about the fields and quickly identified gaps
where he could contribute, using his past machine learning and
image processing experience.”

Yu Huang

Huang is a doctoral student in the Department of Earth +
Environmental Engineering at Columbia University. She
began her journey in atmospheric sciences as an
undergraduate student at Nanjing University (China), and
her passion for studying land-atmosphere interactions and
extreme events, such as heatwaves and heavy rainfall in
the context of a changing climate, grew further upon
joining the Gentine Lab at Columbia. There, she gained
extensive experience in machine learning and remains
eager to stay abreast of the latest progress in big data,
artificial intelligence and climate science.

Huang’s professional development is profoundly impacted by her
father, a mathematics teacher who inspires and drives her
enthusiasm to combine her expertise in climate science and
machine learning for the benefit of other students. Under Pierre
Gentine’s advisement, she participates in the Momentum
Fellowship as a PhD mentor and instructor for 2023 Summer
REU (Research Experience for Undergraduates) Program
participants. Huang is applying her own comprehensive
understanding of climate systems and climate models and helping
six REU students utilize the ClimSim dataset to explore how Al
and machine learning techniques can enhance future climate projections and study physical
mechanisms. She also collaborated on the creation of several tutorials aimed at familiarizing
students with climate concepts, teaching the processing and visualization of climate
(simulation) data, and preparing the climate data for machine learning algorithms. “Being
an instructor for the REU Bootcamp was a big challenge for me, monitoring the progress of
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six students at the same time and addressing the wide range of technical and theoretical
inquiries in different fields, [but] every ounce of effort I invested proved worthwhile when I
witnessed my students’ growth, and they expressed they had learned a lot,” Huang shares.
"I enjoy working with knowledgeable PIs and creative undergraduate students from diverse
backgrounds. I am grateful for the opportunity to contribute to advancing climate research
through mentoring and guiding the next generation of scholars.”

LEAP’s 2023 Summer Momentum Fellowship concludes on August 11, 2023.

Click here for more information about LEAP’s education programs and upcoming events.

Catherine Cha is the Senior Manager of Communications and Knowledge Transfer at LEAP.
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