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TRACER

Deployment of the U.S DOE Atmospheric Radiation Measurement (ARM) Mobile Facility 
with a suite of aerosol and cloud remote sensing + meteorological instruments in La 
Porte, TX to study the lifecycle of isolated convective systems and its relationship with 
the aerosols from the Houston region

AMF period: October 1 2021 – September 30 2022
IOP period: June 1 - September 30 2022
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Self-organizing 
maps 
categorized 
meteorology in 
Houston into 
four regimes.
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D. Wang, R. Jackson, M.P. Jensen, S. Gupta, A.F. Prein, S.E. Giangrande, and Z. Lebo, 
Life Cycle of Deep Convective Clouds in the Southeastern Texas Region, in preparation 

Seabreeze convection initiates off the 
coast of Houston in the afternoon 
hours in the anticyclonic regime.



5

More days with airmasses from Carribean/Gulf in anti-
cyclone/pre-trough
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• Machine learning (ML) techniques provide new opportunity to 
discover regimes in large climate datasets. 

• Aerosol regimes in Houston are also of interest to aerosol and 
cloud communities

• Investigate different ML techniques for classifying 
aerosol/meteorological regimes over Houstonusing Modern Era 
Retrospective Reanalysis 2 (MERRA2) data from 2010-2022

• Resulting software published as open cookbooks called the Open 
Classification of Regimes in the Southern USA (OpenCRUMS 
USA)

OpenCRUMS USA

https://rcjackson.github.io/opencrums_cookbook/
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NN design (feature extractor)
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Add

Dense 8 + BatchNorm

Dense 8 + BatchNorm

Dense 8 + BatchNorm

EPA AirNow PM2.5 class (Good, Moderate, etc.)

NN design (classifier)
97% accuracy on testing dataset
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Data Class

Class Relevance

Forward pass

Backward pass

Layerwise Relevance Propagation

Toms, B. A., Barnes, E. A., & Ebert-Uphoff, I. (2020). Physically interpretable neural networks for the 
geosciences: Applications to Earth system variability. Journal of Advances in Modeling Earth Systems, 12, 
e2019MS002002. https://doi.org/10.1029/2019MS002002

https://doi.org/10.1029/2019MS002002
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JJAS surface PM2.5 mass anomalies in anti-cyclone
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JJAS surface PM2.5 mass anomalies in post-trough
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All TRACER 
observations

Clean

Regional

Local, polluted

• 54% of hourly AOS 
observations were classified 
as “clean”: those were 
associated with marine 
aerosol with higher 
hygroscopicity

• 40% of hourly AOS 
observations were classified 
as “regional”: aged 
continental aerosols with 
lower hygroscopicity

• ~2% of hourly AOS 
observations fall into the 
”local-polluted” category

K-means clustering on TRACER AOS observations
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Summary

https://rcjackson.github.io/opencrums_cookbook/
This presentation has been created by UChicago Argonne, LLC, Operator of Argonne 
National Laboratory (“Argonne”). Argonne, a U.S. Department of Energy Office of Science 
laboratory, is operated under Contract No. DE-AC02-06CH11357.
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• CNN-based network can classify EPA AirNow PM2.5 
index with ~99% accuracy 

• This shows how LRP can be used to describe physical 
mechanisms occurring in different aerosol regimes:

• Saharan Dust flow into Houston
• Influence of organics from inland
• Sea Salt from marine sources

• Ability to discern localized mechanisms more limited à 
limitation of using coarse reanalysis data.

• Resulting software published as open cookbooks called 
the Open Classification of Regimes in the Southern 
USA (OpenCRUMS USA)


