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•Current bathymetry resolution worse than 10 km

•Atlantis discovered?

•Global gravity and bathymetry

•Discoveries from non-repeat altimeters (Geosat and ERS-1)

•Seafloor roughness and deep ocean mixing

•CryoSat - 2





Depth Soundings - South Pacific



1/2 of global seafloor bathymetry 

not resolved at 10 km resolution

[Smith and Marks, 2009]



seamounts

[Wessel, 2001]



uncharted 

seamounts

> 3 km tall



USS San Francisco crashed into

2-km tall uncharted seamount

• Los Angeles class nuclear 

submarine ran aground in 

route from Guam to 

Brisbane, Australia - 8 

January, 2005

• One sailor killed, 115 

injured

• Crash depth ~160 m, 

speed 33 kn, Sonar 

measured a depth of 2000 

m  4 minutes before crash

• 30-hour trip back to 

Guam, crew managed to 

keep the sub from sinking









modern mapping tools

multibeam

echo sounder

satellite altimeter



Radar Altimetry -

Solid Earth

Bill Kaula Keith Raney Bill Haxby



Global Gravity from Seasat [ Haxby, 1987]



Global Gravity from Seasat [ Haxby, 1987]

1600-km long Foundation 

Seamounts

unknown before Seasat

Discoveries from Seasat:

• first uniform mapping at ~70 km resolution

• discovery of many major tectonic features

•extent of Louisville ridge

•Foundation seamount chain

•extent of Kerguelen Plateau

•gravity lineations

• first assessment of seamounts taller than 3 km

• thermal isostasy at ridge, FZ’s, and thermal swells
.
.



available altimeter data

1985

1994

2.5 years non-repeat and 65 years of repeat



bumps on the surface of the ocean



construction of gravity anomaly from 

satellite altimeter data

1. Acquire a spherical harmonic model of the gravitational potential of the Earth and

generate models of the relevant quantities (e.g., geoid height, gravity anomaly,

deflection of the vertical, . . .) out to say harmonic 80. You may want to taper the

harmonics between say 60 and 120 to avoid Gibb's phenomenon; this depends on the

application.

2. Remove that model from the satellite altimeter profiles.

3. Project the residual data onto a Mercator grid so the cells are approximately square and

use the central latitude of the grid to establish the dimensions of the grid for Fourier

analysis.

4. Perform the desired calculation (e.g., upward continuation, gravity/topography transfer

function, . . .).

5. Restore the appropriate spherical harmonic quantity using the exact model that was

removed originally.



Seasat only (NASA - 1978)



retracked Geosat and ERS-1 (today)



(Sandwell and Smith, JGR, 2009 - V18)

global marine gravity from satellite altimetry and EGM2008



global marine gravity from satellite altimetry and EGM2008

(Sandwell and Smith, 

JGR, 2009 - V18)



applications of radar altimetry
(non-repeat orbit)

Gravity:

• plate tectonics

• planning ship surveys

• inertial guidance (mostly 

military)

• petroleum exploration

Topography:

• seafloor roughness

• linear volcanic chains

• tsunami models

• tide models, tidal friction, 

thermohaline circulation

• planning undersea cables

• law of the sea

• education and outreach



predicting bathymetry from gravity

Walter H. F. Smith



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.



sparse soundings + dense altimetry = global bathymetry



archive of soundings @ SIO



shallow water bathymetry
before NGA contributions

artifacts



shallow water bathymetry
after NGA contributions



discoveries from Geosat and ERS-1

• confirming/refining plate tectonics

• global seafloor age

• global bathymetry grids

• seamounts > 2 km tall

• seafloor roughness versus spreading rate

• deep ocean mixing

• links to surface currents/biology



what were they smoking in the 60’s?



ridges and

transforms



fracture zones



subduction zones



triple junction



hot spot



back-arc spreading



microplates



propagating rifts
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fracture zones = spreading direction



FZ direction + magnetic anomalies = seafloor age
[Mueller et al., 1997]



discoveries from Geosat and ERS-1

• confirming/refining plate tectonics

• global seafloor age
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fast vs. slow spreading



fast spreading           vs.        slow spreading



fast vs. slow spreading

Small and Sandwell, Geology, 1994



Abyssal Hills: Fast v. Slow Spreading Rate

[Smith, W.H.F.: personal communication]



[Gille et al., 2000;

Becker et al., 2009]



discoveries from Geosat and ERS-1

• confirming/refining plate tectonics

• global seafloor age
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[Polzin et al., 1997]

ocean mixing vs.

seafloor roughness



QuickTime™ and a
 decompressor

are needed to see this picture.

[Kunze and

Llewellyn-Smith

Oceanography

2004]



Global Seafloor Slope Estimates From Single Beam Soundings

Joseph J Becker & David T Sandwell

[JGR, 2008]

 Smith & Sandwell (1997) “predicted” depth cannot measure slope

 Use 40 year archive of ship soundings

 Global maps of slope and roughness

 Fit of Levitus model extrapolated to bottom

 Large areas of Southern Ocean above critical slope??



Ship, Multibeam And Predicted Bathymetry

 Multibeam is “ground truth”

– limited to a few interesting locations

 Predicted Bathymetry is global

– low pass filtered around 20 km wavelength

 Ship data is global

– tracks are not uniformly distributed

– pings unequally spaced along track with a broad spectrum, 

(~1km/ping typical)



Global Ship Track Distribution



Mid Atlantic Ridge Black - single beam Red- multibeam







Mean Slope From Ship Tracks



Critical Slope Model

 Buoyancy frequency “N”

 N2 = -g/r * dr/dz

 Fit N2 to exponential WOA2001 (“Levitus”) model nodes 

(CSIRO Matlab routines)

 Assume w of M2 tide (~12 hour period)

a
2 = (w2 – f2)/(N2 – w2) 

a ~ w / N ~ 0.1



Fit Levitus and Extrapolate to Bottom

 Asymmetric at ridges

 Depth dependent





Conclusions

 Bottom of ocean has large area of slope > 0.05

 Predicted depth poor measure of seafloor slope

 Global variability in seafloor slope depends on spreading rate, 
sediment thickness

 Significant tidal mixing in Southern Ocean given the critical slope 
distribution??

 1-D sampling of a 2-D surface underestimates slope by 50%

 Need to convolve slope models with tidal flow [e.g., Nycander, 2005]
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New science from < 1 mrad mission

Oceanography - Determining the effects of bathymetry and seafloor roughness on ocean circulation, 

mixing, climate, and biological communities, habitats, and mobility.

Marine Geology and Geophysics - Understanding the geologic processes responsible for ocean 

floor features unexplained by simple plate tectonics, such as abyssal hills, seamounts, microplates, 

and propagating rifts.

Hazard - Improving tsunami hazard forecast accuracy by mapping the deep ocean topography that 

steers tsunami wave energy.

Navigation - Mapping the marine gravity field to improve inertial navigation and provide homogeneous 

coverage of continental margins. 

Applications - Providing bathymetric maps for numerous other practical applications, including 

reconnaissance for submarine cable and pipeline routes, improving tide models, and assessing 

potential territorial claims to the seabed under the United Nations Convention on the Law of the Sea.



Mission Requirements

 Slope accuracy - Better than 1 microradian over a 6 km horizontal 
distance.

 Spatially uniform coverage and accuracy - Complete spatial coverage 
(6 km resolution) with spatially uniform accuracy is required.

 Moderate inclination -- Current non-repeat-orbit altimeter data have 
high inclination and thus poor accuracy of the E-W slope at the equator.  
The new mission should have an inclination of ~60˚ or 120˚ to improve E-
W slope recovery.

 Near-shore tracking -- For applications near coastlines, the ability to 
track the ocean surface close to shore is desirable.

 More information at http://topex.ucsd.edu/concept



‘Rockot’ (SS19) Launch, Plesetsk

Launch scheduled - ~March 2010

CryoSat-2



CryoSat-2

ESA’s Ice Mission

Mark Drinkwater

Mission Experts Divisionwww.esa.int/livingplanet/cryosat

Qu ic k Tim e™ and  a
TIFF (Unc om p res s ed ) de c om pre s s o r

are ne ede d to  s e e th is  p ic tu re.



SAR Mode

 Synthetic Aperture Radar (SAR) Mode

 Transmits bursts of 64 pulses: 
sequential echoes are correlated

 Aperture Synthesis technique: 
overlapping “Doppler beams” 
superimposed in a narrow 250 m strip 
- then waveforms coherently 
averaged

 Satellite moves 250 m between bursts
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*

*

Delay-Doppler Altimeter (DDA) vs Conventional:



Conclusions

•1/2 of the seafloor bathymetry is not resolved at 10 km.

•Non-repeat orbit altimeters (Geosat and ERS-1) have revolutionized 

Marine Geology and Geophysics

•The topography of the land controls atmospheric circulation, climate 

and weather.  

•The topography of the seafloor controls ocean circulation, tidal 

flow/vertical stratification, and eddies.

•We need a complete coverage altimeter mission to map the ocean 

basin.

(Google Earth overlays and gridded gravity/bathymetry available

http://topex.ucsd.edu)


