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Motivation

e Large-scale, long-term, cost-effective monitoring
e A variety of satellite ocean color sensors
e Need for harmonized multi-sensor datasets
e Extant, sensor-specific, bio-optical algorithms
o e.g., OC-CCI
o Uncertainties introduced by assumptions

e Challenges in optically complex waters



What Do Different Sensors' Data Have in Common?

Traditional Perspective New Perspective
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Wavelength (um) Pa TOp-of-Atmosphere reflectance

SRF: Spectral Response Function
nLw: normalized water-leaving radiance



Harmonize Multi-Sensor Spectra with Transformers

A. Satellite Data as an Unordered Sequence

B. SRF Auto-Encoder
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Data

e Matchups in the Chesapeake Bay:
o 6 sensors: MODIS-Aqua,
MERIS, VIIRS-SNPP, VIIRS-J1,
OLCI-S3A, and -S3B
o 2002-2020

e Data Augmentation
o Linear combinations
o Between data in the same
spatial-temporal bins
o QOutcome: ~23x for MODIS,
10x for MERIS, 10x for VIIRS,
4x for OLCI

Sensor

MODIS
(N = 4063)

MERIS

(N = 1773)

VIIRS
(N = 3396)

oLCl
(N = 617)

Data Split

Training Validation

2002-2016 2017, 2018
(73.3%) (12.1%)

2002-2009 2010
(71.8%) (12.0%)

2012-2019 2020
(74.0%) (9.1%)

2016, 2017,2019 2018
(71.5%) (9.4%)

2019, 2020, 2021
(14.6%)

2011, 2012
(16.2%)

2021
(16.9%)

2020
(19.1%)
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Model Evaluation on Testset

Error statistics
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Sensor-agnostic model performs as good as or better than sensor
e Substantial improvements over the standard NASA Level-2 (OCI)




Summer
(Jun 22, 2020)

° Consistent front identification

Greater variability in

sensor-specific models

Low-Chl-a zone agreement in the

upper bay
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Summer along Transect

e General consistency with field data
e  Turbidity maximum/Chl-a minimum
e Chl-a maxima seaward of turbidity maximum

e Inter-sensor consistency, mixed results
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Fall

(Nov 4, 2020)

Chl-a minimum still present
in most sensor-agnostic and
specific products

Outlier case: OLCIB

Level-2 products show a
consistent pattern among
some sensors
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Fall along Transect

Chl-a minimum alignment with field data

Inter-sensor consistency

Level-2 divergence from field data

A. Agnostic Model
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Spring

(Mar 7, 2021)

Most challenging scenario for
inter-sensor consistency

Chl-a minimum still evident in
sensor-agnostic and -specific
products

Substantial variation in
Level-2 data
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Spring along Transect

e General trend consistent with field data

e  Turbidity maximum/Chl-a minimum, seaward Chl-a

peaks

e Sensor-agnostic data: Superior inter-sensor consistency

A. Agnostic Model
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Conclusion

Single Model Outperforms Sensor-Specific Approaches
Latent Semantic Learning
Pre-Trained “foundation models” in ocean color remote

sensing?
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