2026 TEMPO DART Team meeting June 16, 2026

GEMS and TEMPO Bias
Correction with TROPOMI

Yujin Oak'2, Daniel Jacob?,
Caroline Nowlan3, Gonzalo Gonzalez Abad?

'Ulsan National Institute of Science and Technology (UNIST),
2Harvard University, 3Harvard-Smithsonian CfA

RD UN'VE/;,

ol S,
UNiST @ amTT—
< D ) ASTROPHYSICS
ULSAN NATIONAL INSTITUTE OF ar - o
SCIENCE AND TECHNOLOGY ZZ?:ESZZ:Z‘Q\: HARVARD & SMITHSONIAN




GEO ring for air quality monitoring now covers most of NH
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Inter-mission consistency is important, but new satellite algorithms
take some time to mature
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TEMPO We utilize TROPOMI as
“transfer standard”

2024 TROPOMI tropospheric NO, vertical column density (106 molecules/cm?)




Improving and calibrating new satellite retrievals to mature
iInstruments using machine learning (ML)
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GEMS has greater observation density (hourly 08:00-16:00 LT) than
TROPOMI (daily 13:30 LT) but retrievals are less mature Local Time (LT)

Oak et al. (2024), AMT



First step is to use consistent vertical profile information for
satellite retrievals (reprocessing AMF)
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ML fits remaining biases enabling inter-mission consistency while
preserving data density

Q = NO, vertical column density (VCD)

GEMS 7,489,498 TROPOMI
Qg + retrieval parameters Xxg collocated pairs Qr (at 13:30 LT)
(training dataset
Improve GEMS retrieval parameters (xg)
retrievals Effective zenith angle (EZA)
Relative azimuth angle (RAA)
Train ML model Cloud pressure
(LightGBM) for Cloud fraction
A(Qg — Q) = f(Xg) Aerosol optical depth (AOD)
Aerosol layer height
Apply to full 1-year l Single scattering albedo (SSA)
dataset O3 column

(08:00-16:00 LT) Blended GEMS+TROPOMI Surface reflectance
Q1= Qg — f(Xg)



GEMS

GEMS NO, bias correction using machine learning
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Same application to TEMPO NO, (Jan-Mar, Oct-Dec 2024)

(a) TROPOMI L2 (c) TEMPO L2 (e) Observed A(TEMPO-TROPOMI)
E : = ol VB =—10% R?=0.98] [ T NaeE Panel(b)

(b) Reprocessed TROPOMI (d) Corrected TEMPO
NMB=-0% R?=0.98] [~

0.0 0.2 0.4 0.6 0.8 1.0 Z1E 9505 00 05 10:°15
NO, VCD (molec. cm™2) lel6 molec. cm=—2 lel5

*TEMPO version3.0 L2 product



Same application to TEMPO NO, (Apr-Sep 2024)

(a) TROPOMI L2 (c) TEMPO L2 (e) Observed A(TEMPO-TROPOMI)

(b) Reprocessed TROPOMI (d) Corrected TEMPO
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TEMPO L2

Contribution of predictors (TEMPO retrieval parameters)
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Summary and takeaways

Step 1: Reprocess Air Mass Factor (AMF) Step 2: ML-based residual bias correction

GEMS, TEMPO, TROPOMI GEO retrieval
Sentinel-4 (GEO) (LEO) arameter;e( nrz\cli?ctors)
temporally rich & validated & P P
dense data precise data LightGBM,
XGBoost,
Random forest, etc.
Collocated Bias-corrected +

consistent GEO
satellite data

temporally rich &
precise data

A(GEO-TROPOMI)
with common prior
information

Machine learning

Used ML to calibrate GEO data using TROPOMI as a transfer standard
« TEMPO’s low bias (~10%) is successfully reduced
Application on GEO ring (GEMS, TEMPO, Sentinel-4) enables reliable joint

analyses with LEO satellites
For more details see Oak et al. (2024), AMT
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