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On June 16, 2023, NSF Science and Technology Center, Learning the Earth with AI
& Physics (LEAP) released our latest preprint, “ClimSim: An Open Large-Scale
Dataset for Training High-Resolution Physics Emulators in Hybrid
Multi-Scale Climate Simulators.” Led by Sungduk Yu, Assistant Project Scientist
in the Department of Earth System Science at University of California Irvine, and in
collaboration with 52 researchers from 19 institutions, ClimSim is the most
physically comprehensive dataset yet published for training machine learning
emulators of atmospheric storms, clouds, turbulence, rainfall, and radiation for use
in hybrid-ML climate simulation. It contains all inputs and outputs necessary for
downstream coupling in a full-complexity multi-scale climate simulator, spans
multiple years at high sampling frequency, and is global in coverage.

https://arxiv.org/abs/2306.08754
https://arxiv.org/abs/2306.08754
https://arxiv.org/abs/2306.08754
https://www.linkedin.com/in/sungduk-yu/
https://www.ess.uci.edu


Yu shared with LEAP about the significance of
ClimSim and his experience in developing this
paper with colleagues from around the world.*

What is the significance of presenting the
largest-ever dataset designed for hybrid
ML-physics research?

The hybrid-ML simulators are not new at this point.
For example, for the super-parameterization
problem, several groups (e.g., Computational
Clouds and Climate Lab at UC Irvine, led by Mike

Pritchard, LEAP’s Institutional Integration Director, and the Gentine Lab at Columbia
University, led by Pierre Gentine, LEAP’s Director) have developed hybrid-ML climate
simulators. However, the problem is that it is somewhat difficult to distill
generalizable lessons, which can be used for advancing hybrid-ML climate
simulations, from the handful of existing studies that showcased hybrid-ML climate
simulators. Why? Because each hybrid-ML climate simulator was developed using
different ingredients, for example, training datasets generated from different
climate models and different sets of ML input and target variables. As a result, a
claim made from one case might not work in another case.

This is where ClimSim enters the picture. First, ClimSim is a publicly available
standardized dataset that anyone can use to test their new ideas about hybrid-ML
simulators. Second, ClimSim has a causatively complete set of input and target
variables for the hybrid-ML climate simulator, enabling a viable coupling strategy for
coupling to surface models. Finally, ClimSim is offered in a hierarchy of different
complexities (e.g., high- vs. low-resolution, and real-geography vs. aquaplanet),
allowing fast model prototyping and the possibility to measure ML algorithms’ ability
to learn physical systems at a different complexity.

What excites you most about the potential uses + applications of ClimSim?
What 'revolutions' in climate projection do you most hope to see?

The prospect of bringing in ML experts from other domains is very exciting. It is
virtually impossible to keep up with all the new ML algorithms and methods because
the field is growing extremely fast. Hence, ClimSim aims to directly attract
dedicated ML researchers to our climate problem. For this reason, we tried to
minimize the use of jargon and to explain important climate modeling concepts that
might feel trivial to climate scientists. Likewise, we strategically chose a publishing
platform that is read widely in the ML community, NeurIPS, instead of dedicated
earth science dataset journals.

https://sites.ps.uci.edu/pritchard/
https://sites.ps.uci.edu/pritchard/
https://gentinelab.eee.columbia.edu/home
https://leap-stc.github.io/ClimSim
https://leap-stc.github.io/ClimSim
https://huggingface.co/datasets/LEAP/ClimSim_high-res
https://huggingface.co/datasets/LEAP/ClimSim_low-res
https://huggingface.co/datasets/LEAP/ClimSim_low-res_aqua-planet
https://neurips.cc/Conferences/2023


What revolutions do I hope to see? I want to see large ensemble climate projections
from hybrid-ML climate simulators developed using ClimSim. This is a
long-stretched goal, but I believe this is surely possible with collaborations between
climate scientists and ML experts from the computer science domain.

Tell us what it was like to collaborate with the 52 like-minded named
authors from 19 institutions on this paper.

ClimSim was developed by an intimidatingly long list of intimidatingly exceptional
researchers! I was so blessed to get to know them and to have a chance to work
with this amazing set of colleagues. Yes, we had a very short time to prepare for
the ClimSim manuscript, and as publication date approached, you can easily
imagine that the work-life balance was nonexistent, especially during the last 2
weeks. Looking back, I still can’t believe that we made it happen. I am as proud of
our team as I am of ClimSim. Thank you all!!

What would you tell a group of 1st-graders about why ClimSim is
important?

I would ask the 1st-graders to imagine they have an assignment to draw clouds in
the sky. They can draw any type of cloud. They can draw them using any medium:
pencil, watercolor, acrylic, charcoal, you name it. No matter what they choose, all
students need a canvas where they can draw clouds. ClimSim is like the canvas –
an indispensable ingredient to finish a task. Then, I would tell them that ClimSim is
a huge ingredient for making accurate climate forecasts (as an analogy of weather
forecasts) that can tell how the climate will look like when they grow up as big as
their parents.

Finally, tell us a bit about your journey to this point: what piqued your
passion for climate data science, and how did this passion carry you from
Korea to UC Irvine and through the ClimSim project?

It has been a long and winding journey to come this far. I studied mechanical
engineering and biology in college, oceanography for my Master’s, and atmospheric
science for my Ph.D. I have also worked for a renewable energy development
company specializing in CDM projects under the (now-expired) Kyoto Protocol for a
few years after college. They all seem unrelated, but the common theme here is
that I was following my curiosity. I never knew that I would be doing what I’m
doing today, but now I feel lucky that I ended up in climate data science, where I
can quench my scientific curiosities and, at the same time, contribute towards
solving the climate crisis we face.



(On second thought, I guess my future as a computer modeler must have been
presaged when as a little kid, I played games on an 8-bit computer that used
cassette tapes as storage media.😊)

* Some questions and responses have been edited for clarity and conciseness.
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