Satellite Derived Bathymetry (SDB) Using OLI/MSI
Based-On Physics-Based Algorithm

Minsu Kim, Ph D. Chief Scientist, KBR

KBR, contractor to the U.S. Geological Survey (USGS)
Earth Resources Observation and Science (EROS) Center, Sioux Falls, SD 57198, USA.

Work performed under USGS Contract [G15PCXXXXX].

Jeff Danielson, USGS EROS

ICESat-2 Bathymetry Workshop

R ZUSGS B

science for a changing world | SiCalVallCenterdotiExcellence;



Optically shallow water 4 knowns
( SDB target area ) # of bands

1 2 3
. Atmospheric ( Aerosol, ozone, water vapor, .. .)
Optically deep-water . Water ( Phytoplanlflton, D(gM, pagticulates, c..)
. Depth 7

. Bottom ( How many bottom types ?)
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Dec 23, 2025, same day

OLI 30m
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SDB DEM OLI (no missing area)  No MSlI result (3M pixels = visualization issue)
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OLI 30 m

ZUSGS [0

science for a changing world EROSICaVallcenterdot{Excellence;



OLI 30 m
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TOAR sampled at optically deep
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MSI 10 m

Noisier ?
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TOAR comparison (OLI vs MSI , same day ), benefit of MSI’s +4 bands ??

Noisier ?
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Ball Aerospace
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SENTINEL-2 User Handbook

Radiometric resolution is routinely expressed as a bit number, typically in the range of 8 to
16 bits. The radiometric resolution of the MSI instrument is 12 bit, enabling the image to be
acquired over a range of 0 to 4 095 potential light intensity values. The radiometric accuracy
is less than 5% (goal 3%). Radiometric resolution is also dependent upon the Signal to Noise
Ratio (SNR) of the detector.

Table 3:10 m Spatial Resolution Bands and associated Signal to Noise ratio (SNR)

Lref MSI
Band Central Bandwidth (reference .
wavelength . SNR @ Lref
number (nm) (nm) radiance)
(Wm-2 sr—1 pm-1)
2 400 65 128 154
3 560 35 128 168
4 665 30 108 142
3 842 115 103 172
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TOAR comparison (OLI vs MSI , same day ), benefit of MSI’s +4 bands ??

4 extra bands
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Seeking SDB-sensitive bands, what are relevant optical properties?

(m. mg‘1)

Phytoplankton species
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Above two components get benefit from more bands.
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Thermal
Infrared

Shortwave
Infrared

Near
Infrared 3

Visible
Light

Landsat8 &9 Landsat Next
Bands 10-11 TIR: surface temperature,
crop waler use (evapotranspirabon),
cloud detechon & actve fire/volcanos

Bands 6-7 SWIR:
vagetation (type, biomass, health),
soil, and bumed areas

Bands 22-26

surface temperature,

crop water use (evapotransparation),
mineral and surface comp mapping,
cloud detection, active fira/volcanoes.

Bands 19-21
soil quality & crop management

1
a2 Bands 14-16:
Girrus cloud snow cover and
:;o;cﬁm h ice melt (liquid water)
in atmosphera
Near IR: correction)
vegelalion indwes - - Hand 13 waler vapor, for
& health . = improved almospheric correcbons
R - >
— <—  Band 11: vegetation indices
Ba::h?;mahc :J Bands 9-10: leaf area, chiorophyll,
r:!Sm resolution) early plant siress
)
Bands 6-/:

Band 1 imaging
shallow waler and coral,
and tracking
dust’smoke (aerosols)

water quality, harmful algal blooms

and 5 tation health

more

Bands bmimsol relnieval,

inland/coastal water quality




More bands = better SDB ?? m :

) 3 Rkd Edges ?? <
[ Alnﬁ_o_stfirr_elava%t |
Sentinel2 MSI e .<i;!:>5 -
|
| & |
Landsat 8/9 OLI EE nl |_
Aerosol = : £
CDOM‘/[]U S67 910 12 ‘1415 16
Landsat Next CHL-a ;:C/J a:l i =) I
Visible 1] Near Infrar
400 v ' 900

Algal Bloom (Pigments)
Complex bottom

ZUSGS (-

science for a changing world

CaliVallCenterdol{Excellence



OLI/MSI SDB summary

Landsat 8/9 OLI & Sentinel-2 MSI are suitable sensors for SDB
due to high radiometric fidelity over optically shallow coastal water.

MSI 10 m can reveal more spatial details than OLI 30 m due to 3x smaller GSD.

MSI scene is a bit noisier mainly due to smaller pixel size. €< MSI vs OLI SNR

Accordingly high-res imagery will suffer from the same problem, SDB uncertainty increase
(1) Spectral smoothing ??? = multi-band too small # of points, NOT suitable for smoothing
(2) Spatial smoothing ??? - degrades the benefit of smaller GSD

Physics-based SDB would get benefit from Landsat-Next sensor
(1) additional 3 VIS bands (2) improved GSD ( 10 m ).
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MAE = 0.071 m, RMSE = 0.136
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MAE = 0.215 m, RMSE = 0.226 m
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Microsoft Search (Al
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New Caledonia




Key West
Florida




Underwater Waterfall
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