
National Digital Orthophoto Program (NDOP) Meeting
October 6-8, 2008   Boulder, Colorado
National Digital Orthophoto Program (NDOP) Meeting
October 6-8, 2008   Boulder, Colorado

NOAANOAA CreatingsCreatings DEMs using Satellite ImageryDEMs using Satellite Imagery

http://www.ngdc.noaa.gov/mgg/inundation/

National Geophysical Data Center

Creating DEMs of Coastal Areas 
Using Satellite Imagery 

Barry W. Eakins and Lisa Taylor 
University of Colorado and NOAA National Geophysical Data Center

Perspective view of 
NGDC’s Monterey, CA 

DEM.

Presenter
Presentation Notes
NOAA's National Geophysical Data Center (NGDC) is building high-resolution digital elevation models (DEMs) for select U.S. coastal regions. These integrated bathymetric-topographic DEMs are used to support tsunami forecasting and modeling efforts at the NOAA Center for Tsunami Research, Pacific Marine Environmental Laboratory (PMEL). The DEMs are part of the tsunami forecast system SIFT (Short-term Inundation Forecasting for Tsunamis) currently being developed by PMEL for the NOAA Tsunami Warning Centers, and are used in the MOST (Method of Splitting Tsunami) model developed by PMEL to simulate tsunami generation, propagation, and inundation.



Bathymetric, topographic, and coastline data used in DEM compilation are obtained from various sources, including NGDC, the NOAA National Ocean Service (NOS), the U.S. Geological Survey (USGS), the U.S. Army Corps of Engineers (USACE), the Federal Emergency Management Agency (FEMA), and other federal, state, and local government agencies, academic institutions, and private companies. DEMs are referenced to the vertical tidal datum of Mean High Water (MHW) and horizontal datum of World Geodetic System 1984 (WGS84). Grid spacings for the DEMs range from 1/3 arc-second (~10 meters) to 3 arc-seconds (~90 meters).



DEMs are coarse representations of Earth’s surface. For tsunami modeling, these need to include both bathymetry and topography and be “seamless” at the coast.
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Talk Outline
• DEM project background
• Typical methodology
• Recent morphologic change
• Estimated depths from 

satellite imagery

Perspective view of 
NGDC’s Sand Point, 

AK DEM.
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Tsunami Inundation Gridding Project

• Began in 2006
• DEMs to meet MOST (Method of Splitting Tsunami) 

Model requirements
• Detailed reports and metadata describing DEM 

creation
• Web dissemination to public: 

http://www.ngdc.noaa.gov/mgg/inundation/



National Digital Orthophoto Program (NDOP) Meeting
October 6-8, 2008   Boulder, Colorado
National Digital Orthophoto Program (NDOP) Meeting
October 6-8, 2008   Boulder, Colorado

NOAANOAA CreatingsCreatings DEMs using Satellite ImageryDEMs using Satellite Imagery

http://www.ngdc.noaa.gov/mgg/inundation/

National Geophysical Data Center

Role of DEMs in Tsunami Preparedness

Presenter
Presentation Notes
Preparing coastal communities for tsunamis involves a sequence of preparatory mapping and modeling to determine the local tsunami threat, then developing appropriate community response. As tsunami travel speed and direction, and the location of flooding, is affected by seafloor bathymetry and land topography, the first step is to ensure adequate mapping (surveying) of the land and nearby sea floor. From these surveys, a digital elevation model (DEM) can be built that represents Earth’s surface. This DEM is then utilized in the tsunami modeling software to model where flooding will occur under certain tsunami scenarios. The flooding inundation maps the tsunami models create are used by local emergency managers in developing evacuation routes and preparing the community for a tsunami. Real-time forecasts of actual events can then be used by emergency managers and responders to alert affected communities and coordinate appropriate response.
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MOST Model DEM Requirements

Table 1: PMEL specifications for the 1 arc-second King Cove, Alaska DEM.

Grid Area King Cove, Alaska

Coverage Area 161.8 º to 162.8º W; 54.45º to 55.35º N

Coordinate System Geographic decimal degrees

Horizontal Datum World Geodetic System 1984 (WGS84)

Vertical Datum Mean High Water (MHW)

Vertical Units Meters

Grid Spacing 1 arc-second

Grid Format ESRI ASCII raster grid

• Seamless at coast and with adjacent DEMs
• WGS84 geographic and MHW datums
• Each cell is square, has the same size, and has an 

elevation value
• DEM represents bare earth
• ESRI ASCII raster format
• Represents modern morphology
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Steps in building a DEM
Lahaina, HI DEM

Presenter
Presentation Notes
Basic steps in building DEMs:



1) Gather already-collected bathymetric, topographic and coastline data from any and all available sources. Sources include various government agencies from the city to country level, as well as universities, private companies and scientists. Data are typically in point form (elevation refers to single point on Earth’s surface).



2) Process the elevation data to common horizontal and vertical datums, as well as common units. Process LiDAR data to “bare earth”—no buildings, trees, or other features that could be destroyed during a large tsunami. Convert data to common format for visualization and gridding.



3) Conduct a quality assessment of the data, both within and between datasets. Many datasets have occasional points with bad or anomalous elevation values, and sometimes datasets covering the same area have different values. Satellite and aircraft photographs, nautical charts, etc. can be used to help identify accuracy of morphologic features in data and/or DEMs.



4) Build DEM by gridding the data. ‘Gridding’ means to create a surface/blanket that drapes over the point data—no holes. There are many ways to grid, and software to use, but the essence of gridding is to interpolate from areas with data (known elevation values) into areas without any data.



5) Conduct a quality assessment of the DEM, looking for unusual effects that result either from data problems or gridding problems. It is important to be able to distinguish between data or gridding problems and actual morphologic features (hills, canyons, etc.). Compare DEMs with datasets used to build them, with satellite imagery, aerial photographs, known elevations (such as topographic benchmarks).



P.S. Document DEM building procedure thoroughly, and identify data gaps or problems with DEM and how they may be resolved in the future.
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DEM Development Reports

Describe data sources, 
methodology, 
problems encountered, 
recommendations for 
improvement, etc.
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TIGP Web Site

http://www.ngdc.noaa.gov/mgg/inundation/
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DEM Discovery Portal

http://www.ngdc.noaa.gov/mgg/dem/

Presenter
Presentation Notes
NGDC has created a geospatial online catalog that links to web-published digital elevation models (DEMs). This "DEM Discovery Portal" uses an ArcIMS map interface to locate, preview, and link to DEM web pages for download. DEMs may be bathymetric, topographic, or a merged combination of both. They also range from high-resolution coastal DEMs for local studies to coarser DEMs with global coverage. DEM usage ranges from ecologists mapping fish habitat to hurricane modelers estimating coastal storm-surge inundation. 



The portal displays a world map showing the footprints of DEMs referenced in the portal, with links to the appropriate web pages for DEM download. DEM information in the portal includes source, cell size, horizontal and vertical datums, type of coverage (bathymetric, topographic, or integrated), file format, and links to web sites for DEM download. 



DEMs can be readily added to the portal's catalog if they are published on the web. To add a web-published DEM to the "DEM Discovery Portal", contact NGDC with web links and DEM metadata. 
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Source Dataset URL

NGDC NOS hydrographic surveys
Multibeam swath sonar surveys

http://www.ngdc.noaa.gov/mgg/bathymetry/

NOAA OCS Nautical Charts: RNCs and ENCs http://nauticalcharts.noaa.gov/

NOAA CSC Coastal LiDAR and IfSAR data http://www.csc.noaa.gov/digitalcoast/data/index.html

USACE Hydrographic harbor surveys http://www.usace.army.mil/

USGS NED and SRTM topography
Multibeam swath sonar surveys

http://seamless.usgs.gov/

Local govt’s LiDAR surveys

Principal Data Sources

NGDC also develops a high-resolution, detailed coastline for each DEM 
for clipping datasets, such as NED, SRTM and LiDAR, that contain ocean- 
surface elevation values, and for interpolating bathymetry to the 
coastline. Coastlines typically contain piers, docks, etc. that must be 
removed. **Datasets capture morphology at time of survey.**
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Recent Morphologic Change …

Not captured in:
• USGS NED
• SRTM
• coastal 2000 lidar survey
• NOS survey (1964)
• NOAA nautical charts

In April 2007, a storm surge breached the sand bar 
on the south side of Katama Bay, Martha’s Vineyard, 
Mass.
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Older Datasets
NOS Survey

(1964)
NOAA RNC

(~2005)

USGS NED
(1990s?)

Coastal lidar
(2000)
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What to do?
• Export jpg from Google Earth
• Convert to tif
• Georeference in ArcMap using identifiable stable features (e.g, intersections)
• Export to new tif
• Convert to 16-bit greyscale in Photoshop
• Assign georeferencing info using GDAL
• Adjust coastline to match image

Note that boats, piers, 
waves, and clouds are 
visible in the image.
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How do pixel values compare to depths?
• Compare NOS survey with pixel values
• Determine logarithmic trendline
• Note where pixel values no longer correlate with depth values
• Use ArcMap ‘Raster Calculator’ to apply log equation [y = 1.35 Ln (x-4000) -15]
• Resample calculated image depths to 1/3 arc-second
• Clip raster to coastline
• Convert clipped raster to points
• Edit point shapefile to remove anomalous values (e.g., over ships)
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Estimated Depths from Satellite Imagery
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Nantucket DEM
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Other Morphologic Changes …
Monomoy Island and Nauset Beach, Cape Cod.

NOAA RNC Google Earth
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Other Morphologic Changes …
Pleasant Bay, Cape Cod.

NOAA RNC Google Earth
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