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The Principles of Radar Altimetry	





Radar Echoes and 	


Surface Elevation	



The  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.	





	


	

 	

	



Satellite Radar Altimeter Missions	


Ku- and Ka-band frequencies. Lake/reservoir surface water level products are 
generally derived from the long-term “repeat-track” missions which fall into 2 
groups having different temporal sampling.	


(Other missions include GEOS-3, Seasat, Geosat, GFO, CryoSat, and HY-2A)	



ERS-1,-2	



ENVISAT	



Topex/Poseidon	



Jason-1	



Jason-2/OSTM	



10-day	


Temporal	


sampling	


over a 21year 
period,	


1992 to the 
present day	



35-day temporal 
sampling over a 
19yr period, 1994 
to the present day.	



ISRO	





Radar Altimetry - Along and Across Track Spatial Resolution	



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).	





How Many Lakes and Reservoirs?	


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.	



10-day resolution	


	


Sampling ~380 
water bodies	


	


Including ~90 
reservoirs	



35-day resolution	


	


Sampling ~1065 
water bodies	


	


Including ~230 
reservoirs	



Common 
Sampling ~315	



The NASA/CNES series	

 The ESA/ISRO/CNES series	





Validation of Altimetric Height Variations	


	


Comparison with daily or hourly gauge (in situ) data over the same time period.	



Comparison of gauge data and altimetric results. Case 
study: Lake Ontario, Rochester gauge, Jason-2/OSTM 
altimeter mission data for 2008-2009. Gauge/track 
separation distance 20km, accuracy 2.95cm rms.	





Early Pioneering 
Examples of 
Satellite Radar 
Altimetry	



D e m o n s t r a t i n g 
application  of  the 
altimetric  technique 
to  the  derivation  of 
water  level  variation 
for  large  lakes,  wide 
river  channels  and 
large  expanses  of 
inundated wetland.	





Radar Altimetry - Advantages and Limitations	



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.	



Determined surface heights are 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.	


	


	



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 (4-20cm rms large open lakes) is dominated by the size and surface roughness of the target.	


Major wind events, heavy precipitation, tidal effects, ice formation, will effect data quality and accuracy. 	



Minimum target size (50-100km2) is also dependant on many factors and the retrieved heights are 	


an "average" not a "spot” height at a specific location.	



	





Continental Water Monitoring – Web based sources	



Several web sites, sponsored by various agencies, offer water-
level products derived from the satellite radar altimeters,	


	


http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/	


	


http://www.legos.obs-mip.fr/soa/hydrologie/hydroweb/	


	


http://tethys.eaprs.cse.dmu.ac.uk/RiverLake/shared/main	


	


http://openadb.dgfi.badw.de/index.php?id=85	


	


	





US Dept. of Agriculture/Foreign Agricultural Service	


Office of Global Analysis	


The need to monitor agricultural (seasonal) and hydrological (long-term) drought.	



USDA Requirements:  “The monitoring  of  water  levels  within  all  large  globally-distributed 
lakes and reservoirs between 40oS-52oN to an accuracy of 10-20cm rms making both archival 
(20yrs) and near real time data products (1-2weeks) available to the USDA and the public via a 
freely-accessible web interface”.	



	

USDA integrates a wide variety of data sets. 	


	



Information is input into a monthly ‘lockup’ process which sets global Crop Condition/
Production numbers and provides an ‘Early Warning of Events’.	



	


	

Output information is shared between USDA and US Gov agencies for various 	



Decision Support Protocols. 	


	



	

Estimates drive or influence markets, price discovery, trade and  foreign policies, agriculture 
production, and farm and food programs.	



	


	

Missing Input - The VOLUME of stored water for irrigation potential considerations.	



	

	





USDA/FAS Crop Explorer	


A portal for data sets that assist agriculture-based decisions	


http://www.pecad.fas.usda.gov/cropexplorer/	



Multiple 
satellite, ground-
based and 
modeled data 
sets, including 
water surface 
heights for lakes 
and reservoirs	





The Global Reservoir and Lake Monitor (GRLM)	


http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/	


	


Funded by the USDA/FAS/OGA and NASA and operational since 2003	



LAKENET	



USGS Global 	


Visualization	


Viewer	



3-D 	


Imagery	

A “Lake Status” map, based on a ~10year mean, provides a guide to the 

current storage situation and so helps to assess long-term drought or high-
water level conditions.	





The Global Reservoir and Lake Monitor – Product Access	


http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/	


	



End-users  select  by 
lake  to  retrieve  a 
water  surface height 
product.	





The Global Reservoir and Lake Monitor – Product Format	


Products are in graphical (gif) and ascii text format and show the relative variations 
in surface water level over the lifetime of the missions. Example shown for the 10-
day resolution NASA/CNES instrument suite over Lake Michigan, USA. 	



Raw Altimeter Result	



Filtered/Smoothed Result to aid Visualization	





The USDA/NASA Global Reservoir and Lake Monitor	


http://www.pecad.fas.usda.gov/cropexplorer/ 	



Non-filtered	

Non-filtered	



Filtered	

Filtered	



Lake Murray	


Papua New Guinea	


Area ~650km2 (variable)	


Lat: -7.00	


Lon: 141.50	



Chardarinskoye Reservoir	


Kazakhstan	


Area ~ 500km2	



Lat: 41.13	


Lon: 68.13	



Preliminary archival products from the ESA/ENVISAT (2002-2010)  mission. 	





Application:	


Application: Drought Monitor 	

Product Application	





2010 Drought 
Approaching the 
reservoir “Dead 
Level”	





Application: Flood Monitoring	


Lake Victoria - case study region 	



1997/1998 Flooding in East Africa	



Rainfall rate over the Nile Basin for the period October 
1997 to January 1998. 100%=mean rate	





Product Application	


Post Flood Monitoring	



Excessive 2007 snowmelt led to water release out of the 
Kajakai Reservoir spillway which resulted in large scale 
inundation of the floodplain. From 2008, the NASA 10-
day  products  are  aiding  water  managers  via 
supplementing the often-sporadic fall/winter in situ data 
(no 35day ground tracks exist across Kajakai).	





The Future – The Global Reservoir and Lake Monitor	


Many hundreds of lakes and reservoirs will be added, the GRLM continuing to 	


supply both archival and near-real time water level measurements.	





The Future – The Global Reservoir and Lake Monitor	



Lake level product users span a variety of different organizations	


including FAS foreign resource analysts, international 
governments, lake development agencies, conservation groups….	


	


Interests include impoundment effects, water resources, energy 
supply, fish productivity, regional security, climate change....	


	


The GRLM will continue to enhance and expand existing lake level 
products. In addition, the scope may be broadened to consider the 
operational delivery of new products that include lake areal extents, 
reservoir water storage, and perhaps river channel discharge. The 
production of such new products are under research development.	





The Future – Research and Instrument Development	



Striving to improve…..	


	

the current limitations on target size	


	

the acquisition of data in mountainous terrain	


	

the accuracy of the surface water levels	


	

the delivery time of the lake level products to end users	



	


Many research teams are working to maximize the potential of 
the current altimetric data sets.	


	


Others look to improvements via instrument design 
modifications.	





The Future: The Launch of Additional Enhanced Instruments	


	


Providing continuity and new swath-based data sets	



ESA	


Sentinel-3	


2014	



ESA/EUMESTSAT/	


CNES/NASA/	


NOAA	


Jason-CS	


2017	



NASA/CNES	


Jason-3	


2015	



NASA	


SWOT	


2020	





The University of Maryland, NASA, and USDA/FAS welcome all 
comments  and  discussions  on  the  altimetric  lake  level  products 
within the Global Reservoir and Lake Monitor.	


Contacts: cbirkett@umd.edu and Curt.Reynolds@fas.usda.gov	


	



Thank You !	


	



Sponsored by:	


	



NASA grants NNX08AT88G, NNX12AJ85G, and NNX13AH15	


	



And the USDA/FAS Office of Global Analysis	



To Conclude	




