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Progress in Y3 (2022-2023)

v'Demonstrated OMI hyperspectral retrievals remote sensing reflectance (R,,) for
Case 1 waters and compared with Marine Optical BuoY (MOBY) R,. measurements
off the coast of Hawaii [Haffner et al., in prep.].

v'Demonstrated ML approach to atmospheric correction to fill in gaps resulting from
cloud, aerosol, and sun glint [Fasnacht et al., 2022 ].

v’ Demonstrated ML approach for NO, retrievals from high spatially resolved low
spectral resolution OCl-like spectra [Joiner et al., 2023].

v'Calculated DNA damaging UV light penetration depths into global oceans by
combining satellite measurements of extraterrestrial solar irradiance (TSIS) with

+ OMI measurements of total ozone,

+ OMI measurements of cloud/surface UV reflectivity,

+ MODIS chlorophyll concentrations [Vasilkov et al., 2022].



Hyperspectral UV-blue retrievals of water leaving radiance, L, (A),
surface E((A) and in-water E4(A,z) downwelling irradiances.

Downwelling Irradiance
for all sky conditions

* We calculate E (A4) from 290nm to
399nm every 1nm

* We use OMI ozone and
cloud/surface UV reflectivity.

* We calculate in-water diffuse
attenuation coefficients K ,(A)
using Hydrolight radiative
transfer (RT) code and MODIS Chl.

Water leaving radiance L,(A)

for cloud-free conditions
OMI 5nm-smoothed reflectances

On-line VLIDORT RT code (v2.8.5)
with Cox-Munk surface and water
contributions.

OMI retrievals of surface GLER ;¢
and AODggg

Modified MERRA-2 3D profiles of
aerosol spectral optical properties

Scattering and absorption from
water, CDOM, phytoplankton,
zooplankton and detritus

UV penetration depths
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Smoothing OCI-like spectra using OMI reflectance measurements
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* Smoothing OMI measured Solar Irradiance (Left) and Earthshine radiance =>
=> OCI-like smoothed Reflectance at TOA (Right: red spectrum)

e Accounting for OMI degradation in Collection 4
* OMI smoothed TOA reflectance spectra are available for testing OCl algorithms.



aM] Spectral surface irradiance E; compared with MOBY measurements
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S S

OCl spectral resolution 5nm.

v’ Validated with MOBY hyperspectral clear-sky E
measurements within 5%.

v’ Using TSIS-1 solar irradiance reduces OMI Es retrieval
bias with MOBY.
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Q)MI Daily maps of surface irradianceE, (310nm) at OMI overpass mean local time ~1:45pm

Downwelling Irradiance ( mW /m2 nm ), 310 nm, 2005-03-21

60
401H B

204 H

longitude

longitude

apnye|

Downwelllng Irradiance ( mW /m2 nm ) 310 nm, 2005-06-21

v 4

{
4

:.

,
j

June 21, 2005

-50 0 50 100
longitude

apnie|

Downwelling planar 310nm UV irradiance [mWatts/m/2/nm]
| |

25 50 75

K/-\qe

]

5§

vaO

40

Y
gy

o

ey

1
\ r-20

. . -60
150

100

apnie|

Downwelllng Irradlance ( mW /m2 nm ) 310 nm, 2005 09-21

-40 | o §

longitude

apnye|

125 150 . 175

More details in poster by Matthew Bandel et al.
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UV penetration depths (z,,) using action spectra A(A)
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Users can convolve spectra E4(z) with an action spectrum A(A) to calculate UV dose rate ) :
D(z) and penetration depth, e.g., at 10% surface level (Z,,), for different biological 10% penetration depth (Z,)

processes, e.g., DNA damage, Phytoplankton photoinhibition, etc. for DNA damage.

Vasilkov A. P., et al., Estimates of hyperspectral surface and underwater UV planar and scalar irradiances from OMI measurements and
radiative transfer calculations, Remote Sensing, 14, 2278. https://doi.org/10.3390/rs14092278, 2022.
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Modifying MERRA-2 oceanic aerosol UV optical properties:
profiles and spectra
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Q)MI Hyperspectral R, retrievals compared with MOBY measurements
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We retrieve R,.from 315-500 nm using OMI
data at OCI spectral resolution.

Atmospheric correction is on-line using
VLIDORT coupled ocean-atmosphere RT with
aerosol & O; data from MERRA-2 & OMI.
Ocean water IOP based on Vasilkov et al.
(Applied Optics, 2005) semi-empirical
parameterization for pure water, Chl and
CDOM.

Validated TOA radiance calculations for
molecular atmospheres with rough ocean
surface using Chowdhary et al. (2019) tables.

More details in poster by Haffner et al.




am Hyperspectral R, retrievals compared with MOBY measurements
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* Spectral features in OMI R, and MOBY are highly consistent.
* Biasin R, has little spectral dependence in clear sky scenes.
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Applying machine learning (ML) approach to estimate chlorophyll
in cloud-, aerosol-, and glint-contaminated conditions

* ML approach used to separate the spectral
signatures of clouds, aerosol, glint, and trace-
gases from those of water leaving radiance
(in light to moderate amounts of cloud)

* Right: approach applied to NE coast of South
America

e TROPOMI (UV and blue spectra)
provides enhanced spatial coverage
compared with MODIS in cloud and sun
glint conditions

* Some features not captured in 8-day
MODIS composite but are captured with
our TROPOMI data.
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Fasnacht, Z, Joiner, J., Haffner, D., Qin, W., Vasilkov, A., Castellanos, P., and Krotkov, N., Using Machine Learning for Timely Estimates of Ocean Color Information
From Hyperspectral Satellite Measurements in the Prescence of Clouds Aerosols, and Sun glint, Frontiers in Remote Sensing, 2022
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PACE OCI NO, retrievals

OMI fitting window

OMI NO, retrievals
— 0.5 nm boxcar, 0.2 nm sample (the ta rget)

I OCI spectral response and samplin \

10 nm boxcar, 5.0 nm sample

Simulated OCI
retrievals at OMI
resolution (real OCI
data will be at much
higher spatial
resolution!)

NO, abs. cross section at 294K (10° cm?mol)
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* Spectral structure in NO, cross sections is present at PACE OCI , ,
spectral resolution and can be leveraged to retrieve NO, given high _JLT}% 1-
enough signal-to-noise ratios. :

* We simulated PACE data with OMI and OCI noise model.

* Averaging OCI data in time or space will produce NO, retrievals that
can be used for atmospheric correction as well as science, e.g.,
potentially downscaling of TROPOMI to even higher spatial
resolution (see Joiner et al., 2023).

e Can be trained using collocated TROPOMI data.

Joiner, J., et al., Use of machine learning and principal component analysis to retrieve nitrogen dioxide
(NO,) with hyperspectral imagers and reduce noise in spectral fitting, Atmospheric Measurement e — |
Techniques, 16, 481-500, 10.5194/amt-16-481-2023, 2023 1.0 3.7 63 9.0 11.7 143 17.0
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