




applications of radar altimetry
and ship soundings

Gravity:
• plate tectonics

• planning ship surveys

• inertial guidance (mostly 
military)

• petroleum exploration

Topography:
• seafloor roughness

• seamounts

• tsunami models

• tide models, tidal friction, 
thermohaline circulation

• planning undersea cables

• law of the sea

• education and outreach



1/2 of global seafloor bathymetry 
not resolved at 10 km resolution

[Smith and Marks, 2009]



Bathymetry from Gravity and Ship Soundings:
Inverse Nettleton Method

1. Grid available depth soundings.

1. Separate into low-pass and high-pass filtered components (~160 km).

1. High-pass filter gravity and downward continue to low-pass filtered depths.

1. Perform a robust linear regression of high-pass topography and high-pass, 
downward-continued gravity in small regions.

1. Multiply gravity by topography/gravity slope to predict topography in pass 
band.

1. Add original low-pass filtered depth.

1. Force agreement with soundings.



Where does your organization obtain data?

QuickTime™ and a
 decompressor

are needed to see this picture.

new soundings (red)since V5.0



What tools and methods do you use to clean and disseminate your data? 
cm_Editor and www/ftp

CM FORMAT

The common file (filename.cm) consists of ASCII text with variable 
precision depending on the precision of the original data.  There are 7 
columns as follows:

time time since an epoch (sec), or record sequence number
longitude decimal degrees (+/- 180.)
latitude decimal degrees (+/- 90.)
depth depth; below sea level is negative (corrected meters)
sigma_h estimated uncertainty in navigation (m)

(0=no estimate)
sigma_d depth uncertainty (m)

(9999=edited data; -1= no estimate)
source_id unique ID number for each source (0-65535).

pred_depth predicted depth estimate (m)
(used internally at SIO for editing)

1 59.39518 23.25101 -2693 0 -1 54627 -2662 
2 59.42965 23.23397 -2722 0 -1 54627 -2587 
3 59.46411 23.21693 -2598 0 -1 54627 -2571 
4 59.49880 23.20098 -2645 0 -1 54627 -2605 
5 59.53434 23.18941 -2750 0 -1 54627 -2836 

6 59.56989 23.17783 -2893 0 -1 54627 -2923



What tools and methods do you use to clean and disseminate your data? 
cm_Editor and www/ftp



What tools and methods do you use to clean and disseminate your data? 
cm_Editor and www/ftp



What tools do you use?   ER_Mapper



Why make SRTM30_PLUS 
when we have GEBCO08?

Need best available matching bathymetry and gravity for marine tectonics and other deep ocean applications.

Predicted depths are sometimes useful and sometimes not so the grid needs to contain masking information.

Accurate predicted depths depend on both accurate topography and accurate gravity.

Gaps in bathymetry coverage > 80 km cause large uncertainties in the gravity/topography calibration.

Need to include all deep ocean data which means we need careful data editing od some really bad data.

The GEBCO data store is a place to share cleaned soundings.

It is easier to make a new global grid (SRTM30_PLUS) than try to add subgrids to an existing grid. 

GEBCO08 is mostly SRTM30_PLUS V5.0  we are on V7.0 now.







Seamount Discovery 
Tool

•Created as an efficient way for ships of opportunity to plan routes that 
travel over uncharted seamounts. 

• Most seamounts < 2 km tall are uncharted

• Seamount exploration strategies
- acquire and edit existing data
- ships of opportunity and Google Earth
- satellite altimetry

• Discovery tool uses Google Earth and a GPS

Wessel, P., D. T. Sandwell and S-S. Kim, The global seamount census, Oceanography, 23:1 p. 24-33, 2010.
Sandwell, D. T., and P. Wessel, Seamount discovery tool aids navigation to uncharted seafloor features, 
Oceanography, 23:1 , p. 24-26, 2010.

http://topex.ucsd.edu/sandwell/publications/127.pdf�
http://topex.ucsd.edu/sandwell/publications/127.pdf�
http://topex.ucsd.edu/sandwell/publications/127.pdf�
http://topex.ucsd.edu/sandwell/publications/128.pdf�
http://topex.ucsd.edu/sandwell/publications/128.pdf�
http://topex.ucsd.edu/sandwell/publications/128.pdf�


uncharted 
seamounts
> 3 km tall



size distribution of seamounts

Wessel JGR, 2001



Seamount Exploration Strategies

• Existing data

• Ships of opportunity and Google Earth (GE)
GE to encourage data sharing
GE as a real-time survey tool

• Satellite altimetry
Cryosat II
Other non-repeat orbit altimeters



San Diego to Honolulu - White Holly - May 2009

red - great circle = 4180 km
green – 14 new seamounts = 4300.1 km (1.028)
yellow - 7 new seamounts = 4189.7 km  (1.0023)



Cape Town to Punta Arenas - Melville - Feb, 2011

red - great circle = 6896 km
green - 10 new seamounts = 7130 km (1.034)
violet - 11 new seamounts = 7069 km  (1.025)



Cape Town to Punta Arenas - Melville - Feb, 2011



Cape Town to Punta Arenas - Melville - Feb, 2011



Okeanos Explorer - Monterey Bay to Honolulu - soon
Elizabeth Lobecker



Global Edited Soundings for
Gravity/Bathymetry Calibration

David Sandwell, Walter Smith, JJ Becker, Karen Marks, 
Megan Jones, Adrienne Apacile, Seung-Hee Kim, Scott Nelson 
Rob Beaman, .  .  .

• Objective - construct global bathymetry at 1-10 km resolution for scientific research

• Where does your organization obtain data? anywhere - focus on  single beam soundings

• How do you manage your data? (not very well) 
What tools and methods do you use to clean and disseminate your data? cm_Editor and www/ftp
How do you assess the quality of your data? visual (undergrad students) and statistical
How do you describe and document your data? online docs and occasional journal article

• How do you grid your data? gravity to topography recipe
What is your gridding process? high-pass G&T, estimate T/G, add long-λ T, remove/restore ∆T
What tools do you use? GMT, ER_Mapper, C-programs, csh, awk, . . .
How do you evaluate your grid? visual
How do you update your grid? regrid globally
How do you document your grid development? version number and README

• What are the limitations of the methodologies and tools that you currently use?  not portable

• What capabilities and functionalities are on your wish list?   ER_Mapper for Mac

• Where do you see your efforts going in the future? Improved gravity from Cryosat

• What issues do you face that complicate your effort? Classified and proprietary data
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