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Radar altimetry missions’ 
primary payload is a 
microwave radar altimeter.

To estimate ocean height, the 
radar operates in a known 
frequency (e.g., the “Ku-
band” with central 
frequency: 13.575 GHz, total 
bandwidth: 320 MHz). 

Sea Surface Height (SSH) = 
Satellite Altitude – Range

Range = the distance 
between satellite and the 
ocean surface

• Altitude ~ 1336 km
• Speed > 7 km/s 
• Repeat period = 10 days 

(the time to complete a 
full cycle of the satellite 
orbit)

https://sealevel.jpl.nasa.gov/missions/technology/
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Radar Altimetry and Oceanography
The sea surface height (SSH) is a proxy for surface pressure, from which ocean 

currents can be retrieved using the geostrophic approximation

https://ocl.marine.usf.edu/Products/geov.html



Legacy of Altimetry
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• Dispelled any lingering belief that the global ocean flow was primarily laminar, instead revealing a 
turbulent fluid that fluctuates over many scales in space and time

https://svs.gsfc.nasa.gov/5504/



Legacy of Altimetry
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• Revealed westward propagating features that 
do not follow expected dispersion relation 
curves associated with linear Rossby waves, 
but rather nondispersive mesoscale eddy 
propagation - these eddies have since been 
systematically identified and tracked globally 
to build a large database of observed eddy 
characteristics. 

Pegliasco et al. 2022
https://www.aviso.altimetry.fr/en/data/products/value-added-products/global-mesoscale-
eddy-trajectory-product.html
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• Accurately mapped the barotropic tide and coherent 
internal tides

Legacy of Altimetry

M2 wave drag dissipation (W/m2) (Lyard et al 2006) (Credits Legos) 
https://www.aviso.altimetry.fr/en/applications/ocean/tides.html
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• Constrained global ocean state estimates and forecasts built from state-of-the-art numerical models

Legacy of Altimetry

Dynamic Sea Surface Height



Legacy of Altimetry
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Global SSH measurements are used 

daily around the world by operational 

forecast centers, and have been 

fundamental to thousands of scientific 

studies of the ocean, atmosphere, and 

climate 



Global Mean Sea Level



Regional Sea Level Trends



Sea Level Planning and Public Eductation



earth.gov/sealevel/us
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Limits of conventional altimetry
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Requires mapping

https://duacs.cls.fr/

• Mapping is the important final 
step that allows for a wide range 
of scientific analyses, including:

o 2-D geostrophic velocity

o Eddy identification and 
tracking

o Eddy fluxes

• One dimensional

• Meridionally-oriented sampling

• Instrument noise limits along-track resolution to 
~50-km

• Coastal contamination leaves gaps

However, mapping limits resolution to > 150 km…

https://duacs.cls.fr/

https://duacs.cls.fr/
https://duacs.cls.fr/
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SWOT Provides Unprecedented Observations of Earth’s Oceans 
and Surface Water

KaRIn is the first 

wide swath altimeter 

to observe the 

oceans, and SWOT is 

the first mission 

specifically designed 

to measure rivers and 

lakes
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• KaRIn provides unprecedented 2-D 
observations on a swath spanning 10–
60 km from nadir

– High-accuracy interferometric surface heights

– Synthetic aperture radar backscatter imagery

• KaRIn has proven its capability to 
provide unprecedented observations:

– Oceans: Sea surface height at ~1 km 
resolution, versus 
~50 km from traditional altimeters

– Inland water: Water surface elevation and 
extent for rivers with > 30 m width and lakes > 
1 hectare, at 10x better accuracy than 
traditional altimeters

• Prior remote sensing instruments had 
key limitations.

– Imaging radars lacked elevation measurement

– Nadir altimeters provided 1-D measurements 
along ground track



SWOT Satellite
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• KaRIn 

• Ka-band radar interferometer

• Nadir Altimeter 

• Ku- and C-band; heritage instrument 

for consistency

• Determines orbital height

• X-Band

• High-rate data downlink

• DORIS

• “Doppler Orbitography and 

Radiopositioning Integrated by 

Satellite”

• Precise orbit demonstration, will pick 

up signals from 50-60 ground-based 

radio beacons

• Microwave Radiometer

• Measures the amount of water vapor 

between SWOT and Earth's surface. 

More water vapor means slower 

signals

• GPS

• More orbital determination

2100 kghttps://swot.jpl.nasa.gov/
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https://swot.jpl.nasa.gov/ 

SWOT measures global ocean surface topography and land 

surface water extents & elevation with great accuracy using wide 

swath altimetry. 

• Non-sunsynchronus orbit with 

coverage between 78 N/S 

(inclination of 77.6 deg)

• Launched: December 16, 2022

• Calibration and Validation Period: 

March 30 – July 10, 2023

• Prime Mission Complete: June 

2026

https://swot.jpl.nasa.gov/
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SWOT’s 2-D measurements capture finer spatial structure than those from combination of multiple nadir altimeters

SWOT’s Two-Dimensional Observations Capture Fine Scale Structure of 
the Oceans and Inland Water



20

SWOT’s 2-D measurements capture finer spatial structure than those from combination of multiple nadir altimeters

SWOT’s Two-Dimensional Observations Capture Fine Scale Structure of 
the Oceans and Inland Water
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SWOT’s Two-Dimensional Observations Capture Fine Scale Structure of 
the Oceans and Inland Water

Extended mission will provide observations of interannual variations in coastal dynamics and enable new coastal applications
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CCS Summer School Project: SWOT Oceanography
Topic: SWOT Oceanography
Goal: Explore oceanographic data from the Surface Water and 
Ocean Topography mission – including calibration and geophysical 
corrections, ocean heights, and derived velocities - and validate 
against coastal tide gauge water level observations for applications 
to sea level rise coastal impacts.
Introduction: Global mean total sea level variations measured by 
satellite radar altimeters from 1993 to 2026 show an increase of 
91.2 mm in global mean sea level since 1993. Coastal communities 
are now grappling with the regional expression of this mean height 
increase and preparing for flooding on a range of time scales. 
Historically, coastal sea level has been difficult to measure from 
space due to the large footprint of radar altimeters. The SWOT 
mission has opened a new door to both small scale ocean height 
features and coastal sea level which may be used to explore the 
range of dynamics impacting coastal sea level rise impacts.
Datasets:
NASA/CNES SWOT Level 3 Low Rate Data
NOAA Tide Gauge Data
NOAA VDatum API



Level 3 Ocean (LR) Products
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Tide Gauge Coastal Sea Level Observations



Datums
• National Tidal Datum EpochThe 

specific 19-year period (~the period 
of the nodal cycle) adopted by the 
National Ocean Service as the 
official time segment over which tide 
observations are taken and reduced 
to obtain mean values (e.g., mean 
lower low water, etc.) for tidal 
datums. It is necessary for 
standardization because of periodic 
and apparent secular trends in sea 
level. 

• MHHW = The average of the higher 
high water height of each tidal day 
observed over the National Tidal 
Datum Epoch. 

• This height typically delineates 
perennial inundation.

https://tidesandcurrents.noaa.gov/stationhome.html?id=8447930



Vdatum

https://vdatum.noaa.gov/



Vdatum

• Use the API to convert 
TG data to be relative 
to ellipsoidal height in 
order to compare with 
SWOT SSH
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