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Motivation: Need better constraints on surface O3 across 
the US
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Air quality models often 
have significant biases
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• Why Now: 
• TEMPO satellite provides data at high spatial and temporal resolution.
• Machine learning allows advances beyond previous techniques.
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• Project goal is to create 2 products: 
• Satellite-constrained, near real time surface O3 at hourly resolution derived 

from machine learning, satellite data, and in situ observations.
• Short-term forecast (12 – 24 hours) of surface O3 using a similar methodology.
• Ideal is to provide both products at hourly resolution across the TEMPO 

domain. 

• Near term aim is product development and validation.
• Potential applications for air quality forecasting, ozone exposure 

studies, air quality model validation, TEMPO product validation, etc.
• Today: Quick look at preliminary data to demonstrate product 

potential. Results will likely change.

Project overview and goals  
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Gradient Boosted Regression 
Tree Model TrainingML Model Inputs
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General strategy for generating NRT surface O3 

• Note: Today’s preliminary results determined using a limited 
subset (May – June 2024) of Version 3 TEMPO data.

• Final model will incorporate all available O3 season data 
using latest TEMPO retrievals.

Gradient Boosted Regression 
Tree Model TrainingML Model Inputs
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• Comparison of 1-hour averaged 
O3 at all validation sites for all 
times in May & June 2024.

• Overestimates at low end of range 
and underestimates at high end.

TEMPO product captures the domain-wide observed 
variability with low bias

Validation sites independent of the training data
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• TEMPO product consistently 
captures variability in the Midwest 
and mid-Atlantic but struggles in 
some western locations.

r2 of hourly O3 between EPA monitors and 
TEMPO-derived product at validation sites  

Mean bias of hourly O3 for TEMPO-derived 
product for May – June 2024

• Bias at individual sites is generally 
less than 5 ppbv, with some 
notable exceptions.

Preliminary results demonstrate regionally-dependent 
accuracy
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• TEMPO-derived product captures observed variability 
of hourly-averaged O3 with high fidelity at a coastal 
site.

• Average of 4 observations/day for TEMPO-derived 
product.

• Frequent underestimate of maximum O3, although 
correctly captures high O3 events 79% of the time.

Coastal Site 1: Sherwood Island (Westport, CT)
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• Decrease in accuracy as compared to Westport site, 
despite geographic proximity.

• Accuracy better in first half of May.
• Frequent underestimate of maximum O3 and only 

correctly captures high O3 events 50% of the time.

Coastal Site 2: Hammonasset Beach
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• Preliminary results suggest eventual NRT product could provide valuable 
constraints on surface O3 across broad regions of the US.

• Near term goals: 
• Update to TEMPO v4 data and include more months in training
• More thorough model training and input variable testing
• Uncertainty quantification
• Case studies at individual sites
• Methodology to infer O3 in cloudy conditions

• Contact info: daniel.c.anderson@nasa.gov

Conclusions and Future Work


