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Assessing the Feasibility of Measuring 
Bathymetry from Space

MABEL



BATHY from Space!  (maybe)
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Wright-Feygels Bathymetric Lidar System Figure 
of Merit:

Wright, W., and N. Johnson, 2015. National Coastal Mapping Strategy -
Bathymetric Lidar Quality Levels Introduction and Discussion, JALBTCX 
National Coastal Mapping and Charting Workshop, 17 June, Corvallis, OR
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So, why do we care?
1. Repeat passes (ICESat-2: 91-day repeat orbit, 30-day 

sub-cycle)
• Lots of possible attempts to catch area at a time of good 

water clarity
• Ability to map remote/inaccessible coastal areas
• Facilitates change analysis

2. Data can be synergistically fused with data obtained 
from passive, multispectral satellite imagery
• Bathymetry from MABEL or ATLAS

• Direct depth measurement
• Does not require “seed” depths
• Relatively sparse measurements, constrained to lie along track lines

• Bathymetry from multispectral satellite imagery
• Good spatial coverage
• Requires seed depths



MABEL 
bathymetric 
mapping workflow



Google Map View Google Earth View

File Menu Function Buttons

MABEL Viewer

Photon Elevations Preview
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MABEL Channel

Click image to open channels mode

LINE META DATA
File:  file_file_file_file.h5 (click for line view)
Track Length (km):  5.64
Track Duration (sec):  2763
Number of Photons: 1,353,253



http://prototype/web/application/MABELviewer.html

How to assess feasibility of using ICESat-2 to get bathymetry?

• Look for examples of 
detected bathymetry in 
MABEL data (using 
MABEL Viewer)

• Use LIDAR equation to 
calculate theoretical 
returns from MABEL (& 
ICESat-2)

http://prototype/web/app/MABELviewer/photon_elevations.html

Raw
depth



Elevation Differences

co
un

tdifference the 
histograms

Comparison with Existing NOAA Bathymetry

RMS = 0.7 m

Reference & MABEL Elevations

co
un

t

WGS84 Height 
(meters)

(meters)



Comparison of MABEL and planned 
ATLAS system parameters

Parameter MABEL ATLAS

Footprint 2 m 12 m

Laser pulse repetition 
freq.

5-20 kHz 10 kHz

Pulse Energy 5-7 µJ 25 µJ

Pulse pattern 16 532-nm beams, 8 1054-nm 
beams

6 beams (3 pairs 
of 2)

Wavelength 532 and 1064 nm 532 nm

Receiver aperture area 0.013 m2 0.79 m2

Operational Altitude 20 km 500 km



Future Research:
Integrate with Image-Derived Bathy

ln𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
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Light differentially absorbs 
according to wavelength & depth

“Relative 
Bathymetry”

Aerial/Satellite Imagery

Use MABEL data to transform ratios





Continuation of relative reflectance mapping

Flat Cays AOI



EAARL-B relative reflectance mapping 
workflow



Corrections applied:

• Depth Correction:

𝐼𝐼′ =
𝑐𝑐1𝐼𝐼

𝑒𝑒−2𝑐𝑐2𝐷𝐷
• Angle of Incidence Correction, based on Phong

Reflectance Model: 

𝐼𝐼′′ =
𝐼𝐼𝐼

𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃 𝑝𝑝



Parameter Derivation

• Areas with assumed 
uniform bottom type 
with varying depth



Before: 
uncorrected, 
raw intensity

After: 
seafloor 
relative 
reflectance





Flat Cays, USVI Lidar waveform: 
bottom return 
AUC

Lidar waveform: 
bottom return 
peak amplitude 
(corrected)

Lidar waveform: 
bottom return 
Standard 
deviation

Next phase of this work: additional waveform 
features for Flat Cays AOI
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Questions and Additional Information

Christopher.Parrish@oregonstate.edu

http://research.engr.oregonstate.edu/parrish/

OSU CCE
Owen Hall 204

http://research.engr.oregonstate.edu/parrish/


Additional MABEL specs

Parameter Value

# green channels 16

# NIR channels 8

Transmit pulse length 2 ns

Pulse repetition rate 10 kHz
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