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Unknowns :
1. Atmospheric ( Aerosol, ozone, water vapor, . . . )
2. Water ( Phytoplankton, DOM, particulates, . . . )
3. Depth
4. Bottom ( How many bottom types ? )
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9 +   unknowns     >>      4 knowns

                                           # of bands

Optically deep-water

Optically shallow water
    ( SDB target area )
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𝑟𝑟𝑠 =
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𝑒 𝜆; 𝑷 = [𝑢0 𝜆 − 𝑢 𝜆; 𝑷 ] . 
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𝑟𝑟𝑠 𝑧 = 𝑟𝑟𝑠,∞ ∙ 1 − exp −  𝐾𝑢 + 𝐾𝑑 ∙ 𝑧 +  Τ𝜌𝑏 𝜋 ∙ exp −  𝐾𝑢 + 𝐾𝑑 ∙ 𝑧 , 

𝜌𝑏 = 𝐶𝑠 ∙ 𝜌𝑏𝑠 + 𝐶𝑔 ∙ 𝜌𝑏𝑔 . 

𝜌𝑏 = 𝜋 ∙ 𝑟𝑟𝑠 𝑧 ∙ exp  𝐾𝑢 + 𝐾𝑑 ∙ 𝑧  . 

𝜮 = 𝝆𝒃 − 𝜌𝑏  ∙ 𝝆𝒃 − 𝜌𝑏
𝑇 . 

𝑘 = 𝜌𝑏 − 𝜌𝑏  ∙ 𝒗1 . 

𝜌𝑏𝑔 = 𝑘𝑔𝒗1 + 𝜌𝑏 , 

𝜌𝑏𝑠 = 𝑘𝑠𝒗1 + 𝜌𝑏 . 
Atmospheric Optics

Atmospheric R.T.
Atmospheric Correction

Hydro (Ocean) Optics
Ocean R.T.

Bio-optical Inversion

PB-SDB
( Physics Based SDB )



𝑟𝑟𝑠 𝑧 = 𝑟𝑟𝑠,∞ ∙ 1 − exp −  𝐾𝑢 + 𝐾𝑑 ∙ 𝑧 +  Τ𝜌𝑏 𝜋 ∙ exp −  𝐾𝑢 + 𝐾𝑑 ∙ 𝑧  
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OLI 30m

MSI 10m

Dec 23, 2025, same day



Example textBathy lidar DEM (with partially missing area)



Example text
SDB DEM OLI (no missing area)      No MSI result (3M pixels → visualization issue)



OLI 30 m                                     MSI 10 m



MSI 10 m



Example text OLI 30 m



MSI 10 m



Example text
OLI 30 m



OLI 30 m MSI 10 m



OLI 30 m MSI 10 m



Example text
MSI 10 m



Example text
OLI 30 m



OLI 30 m MSI 10 m



Example text
OLI 30 m MSI 10 m



Example text

OLI 30 m

TOAR sampled at optically deep 



Example textOLI
Attenuation(K) by inversion of 
    𝒖(𝝀) ← 𝑟𝑟𝑠 ← 𝑅𝑟𝑠 ← 𝑆𝑅 ← 𝑇𝑂𝐴𝑅



Example text

MSI 10 m

Noisier ?

TOAR sampled at optically deep 



Example textMSI



OLI MSI

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

Noisier ?



Noise of Landsat 8 OLI (Operational Land Imager)

SNR  ≈  L / nT(L)
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Curse of small pixel

WV2 example

Brightness enhanced
 to see dark area

Reflected Sky &   Ripples
Small GSD sensor 

Real !  

Unmodelled 

noise

 σ = 0.02

radiometric stability

   σ = 0.002   SNR spec



OLI MSI

Example text
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3 Red Edge
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4 extra bands

TOAR comparison  ( OLI   vs   MSI  , same day  ),  benefit of MSI’s +4 bands ??
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𝑇 = 𝑒−2∙𝑂𝐷  𝑂𝐷 = 𝐾 ∙ 𝑧  𝐾 = 𝑎 + 𝑏𝑏 /𝑐𝑜𝑠𝜃𝑠

SDB

Phytoplankton abs CDOM abs

Detritus abs
Water abs
→Most dominant component
       at longer wavelengths

Which optical components need more bands ???



Particulate_scat
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Phytoplankton species          Bottom  Reflectance  Library

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

Above two components get benefit from more bands.

SDB SDB



Example text

3 more 

bands



Sentinel2 MSI

Landsat 8/9 OLI

Landsat Next

SDB

3 Red Edges ??
Almost irrelavant

Aerosol
CDOM
CHL-a

Algal Bloom (Pigments)
Complex bottom

More bands ➔ better SDB ??



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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