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Training Outline

Remote Sensing Observations for 
Monitoring Water Extent, Water 
Level Height, and Bathymetry in 

Lakes and Reservoirs

Water Level Height and 
Bathymetry Data for Lakes and 
Reservoirs Using Laser Altimetry

Water Level Height Data for 
Lakes and Reservoirs Using 

Radar Altimetry

https://global-surface-water.appspot.com/#data https://ipad.fas.usda.gov/cropexplorer/global_reservoir/
gr_regional_chart.aspx?regionid=us&reservoir_name=FD_
Roosevelt

https://nsidc.org/data/atl13

February 9, 2021 February 16, 2021 February 23, 2021

https://global-surface-water.appspot.com/
https://ipad.fas.usda.gov/cropexplorer/global_reservoir/gr_regional_chart.aspx?regionid=us&reservoir_name=FD_Roosevelt
https://nsidc.org/data/atl13
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Training Format

• Three, 1.5-hour sessions including 
presentations and question and 
answer sessions

• The same content will be presented at 
two different times each day:
– Session A: 10:00-11:30 EST (UTC-5)
– Session B: 16:00-17:30 EST (UTC-5)

• Training materials and recording will 
be available from:
https://appliedsciences.nasa.gov/join-
mission/training/english/mapping-and-
monitoring-lakes-and-reservoirs-satellite-
observations

https://appliedsciences.nasa.gov/join-mission/training/english/mapping-and-monitoring-lakes-and-reservoirs-satellite-observations
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Homework and Certificate

• One homework assignment:
– Answers must be submitted via Google Form
– Due date: March 23, 2021

• A certificate of completion will be awarded to those who: 
– Attend all live webinars
– Complete the homework assignment by the deadline (access from website)
– You will receive a certificate approximately two months after the completion 

of the course from: marines.martins@ssaihq.com

https://appliedsciences.nasa.gov/join-mission/training/english/mapping-and-monitoring-lakes-and-reservoirs-satellite-observations
mailto:marines.martins@ssaihq.com
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Session-2 Outline

• Satellites with Radar Altimeters for Monitoring Lakes and Reservoirs
• Lake-Level Height Data Derived From the Radar Altimeters
• Examples of Lake Level Height Applications
• Demonstration: Lake Level Height Data Access



Satellites with Radar Altimeters
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What is an Altimeter?

• Altimetry is a technique for measuring 
height. A radar used for this altimetry is 
called an altimeter.

• The time taken by a radar pulse to 
travel from the satellite antenna to the 
surface and back (radar echo), 
combined with precise satellite location 
data, is measured in altimetry.

• Satellite radar altimeters are used to get 
sea-surface heights, wind speed, and 
currents. https://sealevel.jpl.nasa.gov/missions/technology/

https://sealevel.jpl.nasa.gov/missions/technology/
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Historical and Current Satellites with Altimeters

https://podaac.jpl.nasa.gov/Altimetric_Data_Information/Missions

https://podaac.jpl.nasa.gov/Altimetric_Data_Information/Missions
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Jason-2 and Jason-3 Instruments
https://www.jpl.nasa.gov/missions/jason-2 & https://eospso.nasa.gov/missions/jason-3

• The Ocean Surface Topography Mission 
(OSTM)/Jason-2 and Jason-3 extend 
measurements from Jason-1.

• A collaboration between NASA, NOAA, 
CNES, and EUMETSAT.

• Launch Dates: 
Jason-2 : June 20, 2008 
Jason-3: January 17, 2016

• Circular, non-sun synchronous orbit
• Global coverage between 66ºS to 66ºN
• Revisit Time: 9.9 days

http://www.altimetry.info/missions/current-missions/jason-2/jason-2-orbit

Jason-2 orbits every 10 days.

https://www.jpl.nasa.gov/missions/jason-2
https://eospso.nasa.gov/missions/jason-3
http://www.altimetry.info/missions/current-missions/jason-2/jason-2-orbit
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Jason-2 and Jason-3 Instruments
https://www.jpl.nasa.gov/missions/jason-2 & https://eospso.nasa.gov/missions/jason-3

• Poseidon-3 (Jason-2) and Poseidon 
3B (Jason-3) radar altimeters

• Advanced Microwave Radiometer
• Doppler Orbitography and Radio-

positioning Integrated by Satellite 
(Doris)

• Laser Retroreflector Array
• Global Positioning System Payload

Also see summary at: https://www.nesdis.noaa.gov/jason-3/mission.html

https://www.jpl.nasa.gov/missions/jason-2
https://eospso.nasa.gov/missions/jason-3
https://www.nesdis.noaa.gov/jason-3/mission.html
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http://www.altimetry.info/missions/current-missions/jason-2/jason-2-instruments/poseidon-3/

• Operates at two frequencies:
13.6 GHz in the Ku band 
5.3 GHz in the C band

• Measures range: the distance from the 
satellite to the Earth’s surface from the 
radar echo.

• Data processing is a major part of altimetry.
• Tutorials about altimetry are available from:

http://www.altimetry.info/radar
altimetry-tutorial/training-material/

• Poseidon-3 requires a 
ground telecommand to 
switch from one mode to 
the other.

• Poseidon-3B allows on-
board automatic 
transitions between 
modes.

Poseidon-3 and Poseidon-3B Altimeters

http://www.altimetry.info/missions/current-missions/jason-2/jason-2-instruments/poseidon-3/
http://www.altimetry.info/radar-altimetry-tutorial/training-material/
http://www.altimetry.info/radar-altimetry-tutorial/training-material/
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https://www.aviso.altimetry.fr/en/multimedia/education/altimetry-courses.html

https://podaac.jpl.nasa.gov/Altimetric_Data_Information

http://www.altimetry.info/glossary_/jpl/

There are many online radar altimetry tutorials:
Additional Resources

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

https://www.aviso.altimetry.fr/en/multimedia/education/altimetry-courses.html
https://podaac.jpl.nasa.gov/Altimetric_Data_Information
http://www.altimetry.info/glossary_/jpl/
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Jason Continuity of Service (CS) Mission on Sentinel-6

• International partnership between 
NASA, NOAA, ESA, EUMETSAT, and 
Copernicus.

• Includes two identical satellites 
designed to continue sea surface height 
measurements with radar altimeters. 

• The first Sentinel-6 (Michael Freilich) 
Mission launched on November 21,  
2020.

• The second satellite will be launched in 
2025.

https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/summary

https://www.nasa.gov/press-release/nasa-us-european-partner-
satellite-returns-first-sea-level-measurements

https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/summary
https://www.nasa.gov/press-release/nasa-us-european-partner-satellite-returns-first-sea-level-measurements
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Future Mission: Surface Water and Ocean Topography (SWOT) Mission
https://swot.jpl.nasa.gov/mission/overview/

• Jointly developed by NASA, CNES, 
Canadian, and UK space agencies.

• Targeted to be launched in February 
2022.

• Designed to make a survey of Earth's 
surface water to obtain detailed 
measurements on how water bodies on 
Earth change over time.

• Will cover 90% of global lakes, rivers, 
reservoirs, and oceans at least twice 
every 21 days. Swot orbit in full 21 days (top), 

and in 3 days (bottom)
https://www.aviso.altimetry.fr/en/missions/future-missions/swot/orbit.html

https://swot.jpl.nasa.gov/mission/overview/
https://www.aviso.altimetry.fr/en/missions/future-missions/swot/orbit.html


15NASA’s Applied Remote Sensing Training Program

SWOT Instruments

• Wide Swath Altimeter in Ka Band
• Poseidon 3C
• Advance Microwave Radiometer
• DORIS
• GPSP
• LRA

• Poseidon-3C is a radar derived 
from the Jason-3 Poseidon-3B 
altimeter operating at the 
same two frequencies (13.6 
and 5.3 GHz). 

• Will allow better retrievals of 
inland water measurements.

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/instruments.html

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/instruments.html
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SWOT Data Products

• River Products: 
– Height
– Width
– Discharge

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html


17NASA’s Applied Remote Sensing Training Program

SWOT Data Products

• Lake Products:
– Height
– Area
– Changes in 

Volume

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html

https://www.aviso.altimetry.fr/en/missions/future-missions/swot/data-products.html


Lake-Level Height Data Derived From Radar Altimeters
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• Global Reservoirs and Lakes 
Monitoring (G-REALM)

• https://ipad.fas.usda.gov
/cropexplorer/global_res
ervoir/

Altimeter-based Lake Level Height Data

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/


20NASA’s Applied Remote Sensing Training Program Courtesy: Dr. Charon M. Birkett, NASA-GSFC

Radar Altimetry - Microwave Reflection Echoes

• The altimetry instruments do not 
record an image but collect 
radar echoes along the ground 
track. 

• Altimetric “Range” is derived 
from these waveforms.

• With knowledge of the satellite 
orbit location and certain 
atmospheric and tidal 
corrections, the range can be 
converted to a surface elevation 
– usually given with respect to a 
reference ellipsoid datum.
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• Along the ground tracks 
the spatial resolution of the 
height data is a few 
hundred meters. The 
density of ground tracks 
will depend on the 
temporal repeatability of 
the mission. 

• For example, there are  
many more 35-day ground 
tracks (white) over Lake 
Nasser than offered by the 
10-day altimeter suite 
(red).

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

Radar Altimetry - Along and Across Track Spatial Resolution
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Altimeter-Based Lake Level Height Estimation

• Derived from the difference between satellite 
orbit height and altimeter range (Birkett, 
1995) with appropriate corrections for Earth’s 
tides.

• Average height over a pixel is derived.
• Sensitive to satellite orbit accuracy, radar 

range accuracy, and lake surface conditions 
(e.g., calm and smooth, rough due to winds, 
icy).

• Altimeters on Jason-2 (and following missions) 
show improved accuracy compared to 
Jason-1 and TOPEX/Poseidon (Birkett and 
Beckley, 2010).

Birkett and Beckley, 2010

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/95JC02125
https://doi.org/10.1080/01490419.2010.488983
https://doi.org/10.1080/01490419.2010.488983
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Validation of Altimeter-Based Height Variations 
Usually done via comparison with in situ gauge data. Accuracies can be 
several centimeters to tens of centimeters.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC
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10-day resolution

Sampling ~800 
water bodies

Including ~330 
reservoirs

27-day resolution

Sampling ~1580 
water bodies

Including ~583 
reservoirs

Common 
Sampling 
~650

The NASA/CNES Series The ESA/ISRO/CNES Series

Current satellite radar altimeters only view a certain proportion of the world’s 
largest water bodies, with a trade-off between temporal and spatial resolution.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

How many lakes and reservoirs?
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Continental Water Monitoring – Web-Based Sources
Several web sites, sponsored by various agencies, offer water-level products derived 
from the satellite radar altimeters:

• https://ipad.fas.usda.gov/cropexplorer/global_reservoir/

• http://hydroweb.theia-land.fr/?lang=en&

• https://dahiti.dgfi.tum.de/en/

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/
http://hydroweb.theia-land.fr/?lang=en&
https://dahiti.dgfi.tum.de/en/
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Radar Altimetry: Advantages

• The contribution of new height information where traditional gauge (stage) data 
is absent

• Day/night and all-weather operation
• Generally unhindered by vegetation or canopy cover
• Surface heights are determined with respect to one common reference frame.
• Repeat orbits (to ±1km) enable systematic monitoring of rivers, lakes, wetlands, 

inland seas, and floodplains.
• Surface water heights are potentially obtainable for any target beneath the 

satellite overpass.
• The ability to monitor seasonal to inter-annual variations during the lifetime of the 

missions.
• Validated techniques.

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/#limitations

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/


27NASA’s Applied Remote Sensing Training Program

Radar Altimetry: Limitations

• The satellite orbit scenario determines the spatial and temporal coverage.
• Data can only be retrieved along a narrow nadir swath.
• Highly undulating or complex topography may cause data loss.
• Height accuracy (4-20 cm root mean square [RMS] in large open lakes) is 

dominated by the size and surface roughness of the target.
• Major wind events, heavy precipitation, tidal effects, ice formation, will affect 

data quality and accuracy.
• Minimum target size (50-100 km2) is also dependent on many factors and the 

retrieved heights are an "average" of all topography within the instrument 
footprint.

• An "average" height instead of a "spot” height at a specific location.

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/#limitations

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

https://ipad.fas.usda.gov/cropexplorer/global_reservoir/


Examples of Lake Level Height Applications
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https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf

Monitor Water Level in Remote and Arid Regions

https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf
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Lake/Reservoir Water Level Monitoring Applications to Assist 
Agriculture-Based Decisions

Multiple satellite, 
ground-based and 
modeled datasets, 
including water 
surface heights for 
lakes and 
reservoirs.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC
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Applications for Drought and Agriculture
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2010 Drought 
Approaching the 
reservoir “Dead 
Level”

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

Applications for Drought and Energy Resources
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https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf

Applications for Water Resources Management

https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf
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1997/1998 and 2020 Flooding Events

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

Applications for Flood Monitoring
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https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf

Applications for Fish Catch Potential

https://appliedsciences.nasa.gov/sites/default/files/2019-09/mission.pdf
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Many hundreds of lakes and reservoirs will be added, with G-REALM continuing 
to supply both archival and near-real time water level measurements.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

The Future – The Global Reservoir and Lake Monitor
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A new website offering additional lake extents and storage, as well as water level 
products for wetlands and rivers.

! Website still in progress !

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

The Future – The Global Water Monitor
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Alaska River Monitoring for Potential Flood Warnings

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

The Future – The Global Water Monitor for River Reach Water 
Level Variations
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Applications can be water or energy resources, agriculture, and conservation.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

The Future – The Global Water Monitor for Wetland Water 
Level Variations
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Combining water levels, extents and bathymetry, and supplying warning indicators 
to highlight drought and flood conditions.

Courtesy: Dr. Charon M. Birkett, NASA-GSFC

The Future – The Global Water Monitor For Lake Levels, Extents, 
Storage, and Status Indicators



Demonstration: Access Lake Level Height Data
Global Reservoirs and Lakes Monitoring (G-REALM)

https://ipad.fas.usda.gov/cropexplorer/global_reservoir /

https://ipad.fas.usda.gov/cropexplorer/global_reservoir
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References

Birkett, C., 1995: The contribution of TOPEX/POSEIDON to the global monitoring of 
climatically sensitive lakes, J. Geophys. Res., 100, 25,179-25,204.

Birkett C. and B. Beckley, 2010: Investigating the Performance of the Jason-2/OSTM 
Radar Altimeter over Lakes and Reservoirs, Marine Geodesy, 33:S1, 204-238, 
DOI:10.1080/01490419.2010.488983.



43NASA’s Applied Remote Sensing Training Program

Questions

• Please enter your questions in 
the Q&A box. We will answer 
them in the order they were 
received.

• We will post the Q&A to the 
training website following the 
conclusion of the webinar.

https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia

https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia
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• Trainers:
– Amita Mehta: amita.v.mehta@nasa.gov
– Sean McCartney: sean.mccartney@nasa.gov

• Altimetry Information:
Charon Birkett: charon.m.birkett@nasa.gov

• Training Webpage:
– https://appliedsciences.nasa.gov/join-

mission/training/english/mapping-and-monitoring-lakes-and-
reservoirs-satellite-observations

• ARSET Website:
– https://appliedsciences.nasa.gov/what-we-do/capacity-

building/arset

Contacts

Follow us on Twitter
@NASAARSET

mailto:amita.v.mehta@nasa.gov
mailto:sean.mccartney@nasa.gov
mailto:charon.m.birkett@nasa.gov
https://appliedsciences.nasa.gov/join-mission/training/english/mapping-and-monitoring-lakes-and-reservoirs-satellite-observations
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET
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Thank You! 


