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CEOS WGCV Terrain Mapping
! What is the mission of the Terrain Mapping Sub-Group (TMSG)?

– To ensure that characteristics of digital terrain models produced from Earth 
Observation sensors at global and regional scale are well understood and that 
products are validated and used for appropriate applications.

! What are the specific objectives of this group?
– To develop specifications for the generation of �standardised terrain surface 

products with known accuracy’ from similar sensing systems in the context of 
data continuity, 

– to specify evaluation methods and statistics which give transparent information 
about the quality and heritage of terrain models.

– To update the current dossier of test sites and identify new sites, particularly to 
satisfy the cal/val requirements of future missions and generally improve access 
to validation data sets.

– To keep an up to date record of the current status of sensors which produce 
data for terrain mapping and of the DEMs available.

– To produce a DEM requirements document with a science rationale, taking 
into account the output from SRTM.

! What is the relevance of TMSG to GEOSS 10-year Implementation Plan?
– Six out of the Nine Societal Benefit areas state an urgent need for global 

topographic information of the highest possible quality, reliability and in some 
cases resolution (particularly disasters). 

– It could be argued that the other 3 areas (weather, biodiversity, ecosystems) 
have not yet thought through about the role of topography
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Overview
! Programmatic status

– 2005 activities
– Future activities

! Scientific status of DEM production & validation activities
– Overview
– ESA merged DEM (GETASSE30) for MERIS/AATSR land processing
– ICESAT-GLAS
– ASTER
– C- and X-SRTM (IfSAR)

! Programmatic status and plans
– WGISS/WGCV WTF
– WGISS/ICEDS prototype

! Recommendations to CEOS WGCV #24 for consideration by CEOS 
Plenary #18 (London, 11/05)
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Programmatic Status - 2005 activities 
! No Sub-group specific meetings held since 15 June 2004 (EDC)
! Feb06 Special Issue of Photogrammetric Engineering and Remote Sensing on 

�The Shuttle Radar Topography Mission � Data Validation and Applications�. 
Call closed on 1 July 2005. Edited by Dean Gesch (EDC), JPM (UCL) and 
Tom Farr (JPL).

! 53 papers submitted, editors whittled this down to 15 to be sent out to 3 peer 
reviewers/paper. Overwhelming response to call has caused a few authors to 
complain that not all 53 papers were sent out to peer review but this was both 
impractical and would not meet PERS policy of only one special issue 
dedicated to SRTM and application

! SRTM conference (of the same title) was held at the USGS National Mapping 
Centre, Reston, Virginia, USA from 14-16 June 2005. Workshop co-sponsored 
by USGS, NASA, NGA, ISPRS and CEOS-WGCV. 183 attendees from 18 
countries. Extremely positive feedback from attendees.

! Conference web-site includes final programme including all abstracts
http://edc.usgs.gov/conferences/SRTM/WorkshopProgram.html

! A subset of all presentations, converted into PDF available by anonymous ftp 
from ftp://edcftp.cr.usgs.gov/pub/edcuser/gesch/outgoing/SRTM/Workshop/

! Significant progress on WTF (test site dossier). SRTM DEMs added to all test sites, 
where available. No progress on obtaining 30m SRTM-DEMs for all TMSG test-sites

! Significant progress on EO Data Portal - CEOS-WGISS ICEDS
– Addition of ASTER-stereo DEMs as WMS layer so all SRTM gaps (including above 60ºN, below 56ºS) can now 

be evaluated as to whether ASTER-DEMs are available 
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Programmatic Status - future activities 
! Report on meeting written by JPM (UCL) submitted to BNSC will shortly be 

posted on ICP2 web-site http://www.icp2.net/
! Report will form the starting point for articles in AGU-EOS transactions (led by 

Dean Gesch), ISPRS Highlights (led by JPM) and if possible CEOS Newsletter
(led by JPM, advice sought on mechanics of this).

! TMSG working meeting planned for afternoon of 2/12/05 at ESA-ESRIN 
(immediately after FRINGE05) to discuss

– TMSG test-sites: expansion to include sites in Africa, Asia and South America
– Known issues web-site : planning issues
– Best practice document revisited
– Recent progress on spaceborne DEMs (SPOT5, X+ERS-tandem of Italy/Switzerland)
– Quality assessment of GETASSE30 DEM employed by ESA for all systematic EO processing
– Global GCP extraction from EO high resolution datasets (e.g. Landsat, ERS-IQL, SPOT, SRTM-

amplitude)
! TMSG working meeting planned for ISPRS Commission IV Symposium (Goa, 

India, September 2006)
! CEOS-WGISS EO Data Portal project currently working towards

– Addition of edited 3� SRTM DEMs (both WMS and WCS)
– Addition of SRTM-derived land-water mask as vector layer (both WMS and WFS)
– Addition of NASA JPL-onearth cascaded SRTM backscatter mask mosaic (WMS)
– Addition of NASA-GSFC-cascaded ICESAT-GLAS profiles

! In concert with ISPRS, plan to revisit international standards for specification 
of orbital elements
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Status of spaceborne DEMs - Coarse 
resolution production and validation 

! USGS-EDC-GTOPO30 and NOAA-NGDC/CEOS-GLOBE1 (30�≈1km) 
from Best Available Data (primarily US-NGA DTED1/0 and US-NGA-
DCW) released in the mid-1990s. Detailed QA performed by NASA EOS-
DEM Science WG. GTOPO30 operationally used for NASA-EOS 
processing.

! ERS-derived Radar Altimetry Corrected Elevation (ACE) at 30� (≈1km) 
developed under ESA funding by P. Berry (de Montfort University). No 
independent or thorough validation yet performed

! SRTM30 - merger of unedited SRTM (averaged from 1->3->30�) with 
GTOPO30. No independent or thorough validation yet performed.

! GETASSE30 - ESA-ESTEC (M. Bouvet) : merger of ACE-SRTM30-
EGM96. No independent or thorough validation yet performed. Used
operationally for MERIS data processing. See later for details.

! ICESAT: major problems with 2 out of 3 lidars for global data 
acquisition. Data acquisition limited to 1-2 month acquisitions, 3 
times/year. However, significant improvement in polar landmass heights 
for Greenland and Antarctica and substantial new data on 
vegetation/biomass
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Status of spaceborne DEMs -
Medium Resolution (30-90m) production 

! ERS-tandem IfSAR (raw data acquired primarily in 1995/6) global 
coverage. Few national DEMs produced (UK-LANDMAP, Switzerland-
SARMAP, Italy-Telespazio). Limited by atmospheric WV refraction effects 
although PS solution feasible if sufficient scenes are available (mostly 
Europe). No dedicated DEM processing project.

! SRTM (X-: DLR/ASI; C- NASA/DoD). Near global coverage (80% of landmass). 
See later

! ASTER. Stereo coverage based on individual requests and limited 
processing duty cycle. After 5 years, most of the Earth�s surface is covered 
in cloud-free stereo acquisitions but limited processing capabilities at EDC 
(2-3 DEMs/day) have restricted available relative DEMs. Increasing 
number of low-cost ASTER-DEM commercial software. Cost (COFUS) of 
ASTER level 1 data still an issue for large-scale systematic DEM 
production. JPM to negotiate TMSG access to ASTER-DSMs for test sites.

! SPOT-5 (and SPOT1-4). IGN/SPOT working on global commercial 10m 
DEM but no report since 6/04. JPM to negotiate access for TMSG to 
SPOT5-DSMs for TMSG test site areas.

! ALOS (PRISM). Update on launch-date (Q1/2006). GSI plan to contribute 
test sites in Asia. JPM to negotiate access for TMSG to PRISM-DSMs.
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Status of spaceborne DEMs - Medium 
Resolution (30-90m) validation

! ERS-tandem IfSAR - validation results in public domain 
limited to UK-LANDMAP project http://www.landmap.ac.uk
and TMSG web-site presentations

! SRTM (X-: DLR/ASI; C- NASA/DoD). Consensus that 
SRTM-DEMs from X- and C- meet DTED-2 specification for 
height (Zrms≤8m) dependent on radar penetration of 
vegetation/built settlements. See more details later

! ASTER. USGS tests indicate that RMSExyz<<30m with 
9≤RMSEz≤20m depending on date of acquisition, accuracy of 
orbital modelling and quality of GCPs. See more details later

! ICESAT: For flat, non-vegetated areas intercomparison with 
(6-foot footprint) airborne lidar DEM shows: 0.1±0.22m. See 
more details later.
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ESA merged DEM (GETASSE30) 
for MERIS/AATSR land processing

Information courtesy of
Marc Bouvet, ESA-ESTEC
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GTOPO30 used by NASA EOS 
processing chain - source DEMs
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SRTM component of Unedited  SRTM30 
coverage

Complete 30� (≈1km) DEM can be downloaded from 
ftp://edcftp.cr.usgs.gov/pub/data/srtm/SRTM30/SRTM30.tar
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Modified GTOPO30 using ERS Radar 
Altimetry Corrected Elevation (ACE) 
used by ESA for processing chain
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ACE source regions
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ACE-SRTM30 height differences

N.B. There are a number of noticeable features here:
� ACE is lower than SRTM30 for tropical forested areas, probably because the RA penetrates through
the dense vegetated canopy

� There is a line at 60ºN associated with the changeover from SRTM-sourced to DTED-sourced regions
� ACE is considerably higher (≤300m) than the best available DEM from the Danish Geophysical Institute
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GETASSE30 DEM used for MERIS land surface 
and atmospheric data processing
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Future requirements for validation
! All global-scale products from NASA and ESA instruments are 

orthorectified using DIFFERENT DEMs with differences of up to 
several hundred metres

! The GTOPO30 and SRTM3 DEMs have been extensively validated 
and this validation documented

! However, no such validation has yet been performed of SRTM30, 
especially of the latest edited version of the DEM

! No validations have yet been performed of GETASSE30 and this 
only includes the unedited SRTM30 which has many artifacts

! There are no current �Known Issues� documentation of what 
impact the use of GTOPO30 or GETASSE30 artifacts has on 
derived global-scale land surface products

! There is an urgent need for NASA and ESA to validate these new 
DEMs and ensure interoperability between global-scale products in 
high relief areas (such as Greenland) as well as tropical areas to 
esnure that when data products may be merged in future, DEM 
artifacts will not dominate the signal
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ICESAT-GLAS assessment

Thanks to Bob Schutz (UTA) and Dave 
Harding (NASA-GSFC) 
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Future research with ICESAT

! Understand the relationship between lidar waveforms 
and tree canopy 3D architecture

! Understand radar penetration depths (from C, X and 
in future L-band interferometry) and relate these to 
lidar waveforms and 3D canp[y architecture

! NASA-GSFC plan to add all ICESAT-GLAS tracks to 
CEOS-ICEDS EO Data Portal

! Exploit rich airborne lidar DSM/DTM (and in future 
airborne lidar waveform) for other spaceborne-
derived DEMs in CEOS test site in Puget Sound (see 
next slide)
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ASTER DEM issues

Thanks to Bryan Bailey (USGS-EDC)



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005



WGCV-24 Plenary, ESRIN, Italy, 8-11 November 2005

Future ASTER research

! Understand source of mean difference bias and 
relate this to land surface cover and orbital errors

! Investigate how accurately relative ASTER-DEMs 
can be corrected using SRTM-90m data

! Study error characteristics of ASTER vs SRTM to 
understand whether ASTER-DEMs can be used to 
fill in gaps in SRTM-DEM coverage

! Add ASTER-DEMs to CEOS-ICEDS EO Data 
Portal coverages
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C- and X-band SRTM issues

Thanks to Paul Salamonowicz (NGA) and 
Marian Werner (DLR)
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X- and C-SRTM DEM: Future Issues

! JPL have completed editing the SRTM 3� (≈90m) DEM and USGS 
now distribute this using anonymous ftp

! JPL have completed the orthorectification of the SRTM SAR 
amplitude subsetted by orbit and by a 1º x 1º tile

! At the workshop, NASA and USGS requested that NGA release the 
SRTM 1� (≈30m) DEM as well as the THED. NGA responded by 
stating that the US had various bi-lateral agreements with countries 
around the globe which prevented this. The debate continues but it 
should be noted that Scott Hensley (JPL) showed that the true 
resolution of SRTM-1� was some 45-60m cf. 30m

! User�s priority (e.g. UN, GEOSS) is to fill gaps in SRTM coverage 
including above 60ºN and below 56ºS

! NASA has prioritised the re-processing of SRTM including X- and C-
as well as ICESAT-GLAS

! DLR are awaiting the results of a national review on whether the
proposed TANDEM-X (dual TerraSAR-X) will be funded
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WGISS/WGCV Test Facility (WTF)
! Puget Sound test site populated with 30m SRTM (finished NGA-

supplied called SRTM-DTED2®), all other NASA and ESA datasets 
and airborne lidar datasets

! All US WTF sites now have 1�(30m) SRTM-DTED2® and all non-US 
have 3�(90m) SRTM-DTED1®

! Would like to extend WTF to include
– Other spaceborne DEM products (e.g. GETASSE30) for Puget Sound (e.g. SPOT-

5, ERS-tandem, ALOS-PRISM)
– Land cover information (US-NLCD at 30m, MODIS and GLC2000 at 1km and 

GlobCover at 300m)
– Add other TMSG test sites in Europe (North Wales, Barcelona, Aix-en-Provence)

! How will this be supported as there are no committed resources and 
the future of transitioning WTF to an operational service is not
agreed?

! This also applies to �Known Issues� which TMSG would like to kick-
off using SRTM DEMs at EDC. However, it is hoped that if CEOS 
Plenary agree to the relevant Recommendation that this can go ahead

! SRTM workshop strongly endorsed recommendation for 
establishment of �Known Issues� web-pages for SRTM
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Example of WTF datasets available
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WGISS EO Data Portal - Update 
on ICEDS wrt TMSG

! Drill-down to anywhere on the planet to scales of 1:25 000 
(30m) for colourised hill-shaded SRTM-DEMs (unedited 
at present)

! Find out what archived DEM data is available for 
anywhere (e.g. NASA ASTER, courtesy of EDC) to fill 
gaps in SRTM DEMs

! Explore change (e.g. Landsat 5 to 7) using transparency 
and flicker and context (e.g. rivers, transportation 
networks) including SRTM-derived water features

! Interactive exploration of geographical relationships at 
the continental and global scale (e.g. sea-level rise impact 
of global population)

! http://iceds.ge.ucl.ac.uk
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Recommendations to 
CEOS Plenary: TMSG

! Background: It has previously been agreed that spaceborne DEMs will be 
used preferentially for georadiometric processing of other EO data 
products. The existence of ACE and SRTM global DEM products is 
acknowledged. Current georadiometric processing at NASA uses non-EO 
data sources of dubious quality containing many artifacts. Current 
georadiometric processing at ESA uses an unvalidated DEM 
(GETASSE30)

! WGCV Requirement: Spaceborne DEMs should only be used for 
georadiometric processing if and only if their errors and artifacts have ben 
fully characterised

! Recommendation: CEOS recommends member space agencies evaluate the 
impact of using different sources, especially space-based DEMs for 
georadiometric processing of EO data products. CEOS further recommends 
that quantitative evaluation of spaceborne DEM products be performed and 
published as part of any future web infrastructure for validation

! WGCV Follow-up Activities: TMSG offer to provide, with suitable 
resourcing, the error characterisation required of these spaceborne DEMs 
as well as examples of “Known Issues” with downstream products caused 
by errors in the DEMs used for georadiometric processing.


