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Argo, TSG, moored buoys, drifting buoys, CTD, marine mammals, XBT, drifters, etc. -> temperature, salinity but 
also velocities, biogeochemistry observations

Moorings:

TAO/TRITON (Pacific)

PIRATA (Atlantic Ocean)

RAMA (Indian Ocean)

In Situ Observations

argo.ucsd.edu; www.aoml.noaa.gov/; www.pmel.noaa.gov/; www.ncei.noaa.gov/

https://argo.ucsd.edu/
https://www.aoml.noaa.gov/
https://www.pmel.noaa.gov/
https://www.ncei.noaa.gov/


In Situ Observations
- Very accurate

- Extremely important for calibration and validation of satellite data 

- Complementary of satellite data, 3D view

- Pointwise measurements

- Specific single time

- Limitations:  spatial: limited coverage (especially in marginal seas and coastal regions)

   temporal: doesnôt always allow to resolve all time scales

TSG     since 2000ARGO
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Credit: NASA/JPL (https://earth.jpl.nasa.gov/resources/103/nasa-earth-fleet/)

Credit: ESA (https://www.esa.int/ESA_Multimedia/Images/2019/05/ESA-developed_Earth_observation_missions)



ÅAltimetry:

 - Sea Surface Height

 - Ocean Currents

 - Sea ice properties

ÅGravimetry ï Mass

ÅRadiometry:

 - Sea Surface Salinity

 - Sea Surface Temperature

 - Ocean Color

 - Sea Ice properties

 - Sea Surface Winds

ÅScatterometry ï Sea Surface Winds

Satellite Ocean Observing System ï List non exhaustive



Altimetry
Reference Mission: T/P, J1, J2, J3, S6MF, S6B



How altimeters work

Credit: Aviso



Credit: NASA



Altimeters measure the rising ocean

Worldwide, 200 million 

people live on land that will 

be regularly flooded or 

below sea level by 2100

Data: TOPEX/Poseidon, Jason-1,-2,-3, and Sentinel-6 Michael Freilich

More than doubled from 

0.18 cm/year in 1993 



Credit: NASA's Scientific Visualization Studio

Regional Sea Level



Sea level and ocean warming to predict tropical storms 
intensity 

Blob of warm water 

below the surface = 

high sea level

No particular 

warm surface 

waters

Hurricane Katrina 

intensifying

Sea Surface TemperatureOcean Heat Content derived from Altimetry

6 December 2015 ï El Niño 2 December 2010 ï La Niña

Source: https://sealevel.jpl.nasa.gov/data/ el-nino-la-nina-watch-and-pdo/overview/

Monitoring El Niño/La Niña 
from Space
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The slope of the ocean tells us the surface currents

Credit: CLS 2018

Å Pressure gradient depends on the slope (measured by altimetry)

Å Coriolis force depends on the speed of the current

geostrophic balance         geostrophic current speed

Northern Hemisphere

Coriolis force

Pressure 

gradient

water is deflected by 

the Coriolis force 



Altimetry
SWOT



SWOT observes oceanic features that have never 
been seen before

Å 21-day cycle

Å resolution below 10-km (~100 km for conventional altimetry) ï SAR interferometry

Å monitor small scale dynamics that contribute to vertical transport of heat and carbon and coastal sea level



Credit: Jinbo Wang ς PO.DAAC Data in Action



Altimetry
CRISTAL, CryoSat, IceSat



High Latitude Altimeters
Sea level is rising 

rapidly in the Arctic 

as the ocean 

circulation there 

changes

Rose et al., 2019

Quartly et al., 2020

SWOT

Sentinel-6

Sentinel-3



Altimeters to monitor Sea Ice ς IceSat / CryoSat

ÅCryoSat: Ku band SAR radar altimeter to 

measure sea ice thickness and extent

ÅIceSat: Ka band laser altimeter, very high 

resolution to measure sea ice thickness 

IceSat

CryoSat

Ka



Å Follow-on to CryoSat-2 but with 

significant improvements

Å Multiple wavelengths (Ka and Ku-

band) for measurement of ice 

elevation and snow depth

Å On-board radiometer for water vapor 

and cloud conditions over open ocean

Å SAR interferometry

Credit: Sahra Kacimi, JPL

CRISTAL scheduled for launch in 

2028 (A) and not before 2030 (B)

Altimeters to monitor Sea Ice - CRISTAL



Gravimetry
GRACE, GRACE-FO



How does GRACE work?

https://grace.jpl.nasa.gov/resources/40/grace-fo-from-range-observations-to-global-mass-change/

https://grace.jpl.nasa.gov/resources/40/grace-fo-from-range-observations-to-global-mass-change/


Land Water Storage Changes

Trends in land water storage from GRACE 

observations, 2003-2023

Water 

mass 

gain

Water 

mass 

loss
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Buzzanga et al., 2024
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Credit: NASA.Credit: NASA and JPL/Caltech (https://svs.gsfc.nasa.gov/31166/)



Sea Level ς Ocean mass contribution

Argo (steric) and GRACE 

(mass) help to estimate 

the contributions to the 

sea level

Horwath et al., 2022



Å First use of GRACE-FO data in geomorphology study

Å Measured ocean sediment deposition

Å Requires a long-record to distinguish subtle mass changes

Å Implications for tides, coastal zone

Measured mass accumulation

Sediment source map

Sediments Accumulation

Credit: JT Reager; Source: Earthu et al. (2025) ï Remote Sensing of Environment


