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Background

The National Geophysical Data Center (NGDC) has an agreement with the NOAA Center for Tsunami Inundation Mapping Efforts (TIME) to generate intermediate and high resolution inundation grids for use in tsunami propagation and run-up modeling. NGDC archives geophysical data and provides products derived from the data to the public, making it an ideal partner for the creation of comprehensive data grids for NOAA’s tsunami modeling effort.
This report documents the creation of two nine arc-second bathymetric grids created by NGDC for TIME. The two grids include one for the East Coast (85 degrees West to 50 degrees West and 25 degrees North to 50 degrees North), and one for the Gulf Coast and Caribbean (100 degrees West to 50 degrees West and 5 degrees North to 35 degrees North).

The best available bathymetric data were obtained from a variety of sources, listed and described in the next section.  All datasets were reformatted and analyzed using ESRI ArcGIS software.  All data were converted to a horizontal datum of WGS-1984.  No conversion to a common vertical datum was preformed for the generation of these intermediate resolution grids.  

Data Sources

Bathymetry

Multibeam Bathymetric Surveys

Multibeam surveys from NOAA National Ocean Service (NOS) and NOAA Ocean Exploration, Scripps Institution of Oceanography, University of Rhode Island, Woods Hole Oceanographic Institution, Lamont-Doherty Earth Observatory, and U.S. Geological Survey were used in the grid compilation. 
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Multibeam surveys from NOAA National Ocean Service (NOS) and NOAA Ocean Exploration, Scripps Institution of Oceanography, University of Rhode Island, 
Woods Hole Oceanographic Institution, Lamont-Doherty 
Earth Observatory, and U.S. Geological Survey.
In addition, new gridded multibeam data collected by the Center for Coastal and Ocean Mapping/Joint Hydrographic Center (CCOM/JHC) of the University of New Hampshire was included in the grids. A study of the US data holdings pertinent to formulating a claim under the United Nations Convention of the Law of the Sea (UNCLOS) identified several regions where new bathymetric surveys were needed to rigorously define (1) the foot of the slope, a parameter of a UNCLOS formula line, and (2) the 2500-m isobath, a parameter of a UNCLOS cutoff line. 

CC0M-UNH generated gridded bathymetry and acoustic backscatter data sets at sea. Individual ping and beam data were edited for fliers and then merged with navigation. A bathymetric grid and a backscatter mosaic were generated. The bathymetry grid was illuminated at an azimuth of 315 degrees and elevation of 45 degrees. The bathymetry grid was color coded by depth. Data were gridded at a grid size 100m/pixel. Acoustic backscatter were converted from reported decibels to an 8-bit digital number using DN = 255 - (2* dB) and mosaiced into an image.
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Index map of multibeam surveys collected by the Center

for Coastal and Ocean Mapping/Joint Hydrographic Center.
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Shaded relief map of multibeam surveys collected by the Center

for Coastal and Ocean Mapping/Joint Hydrographic Center.

Hydrographic Survey Data

Hydrographic survey data used in the grid compilations are from the NOS Hydrographic Surveys Database archived at NGDC (http://www.ngdc.noaa.gov/mgg/bathymetry/hydro.html) and from NOS surveys around Puerto Rico and adjacent islands digitized by the Puerto Rico Tsunami Warning and Mitigation Program (http://poseidon.uprm.edu/).
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                         NOS Hydrographic Surveys Database archived at NGDC.
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Hydrographic surveys compiled by the 
Puerto Rico Tsunami Warning and Mitigation Program.
Bathymetric Trackline Data

Although extensive bathymetric trackline data was available for the grid areas, it was not used in the compilations due to major incompatibilities with the other data. 
Bathymetric Contour Data

Bathymetric contours compiled by the Intergovernmental Oceanographic Organization sponsored International Bathymetric Chart of the Caribbean Sea and the Gulf of Mexico (IBCCA) project (http://www.ngdc.noaa.gov/mgg/ibcca/ibcca.html) were included in the grid compilations. The contours, compiled at a scale of 1 to 500,000 with a contour interval of 200 meters, were obtained from the Instituto Nacional de Estadística Geografía e Informática (INEGI). 

Measured and Estimated Seafloor Topography

In areas where the available data was too sparse to support a nine second grid, one-minute gridded data, compiled by Walter H.F. Smith of NOAA, was subsampled to 9 seconds and used in the grid compilations. The one-minute grid was created by merging two existing gridded data sets together:

· General Bathymetric Chart of the Ocean (GEBCO) 1-minute bathymetric gridded data compiled from GEBCO Digital Atlas bathymetric contours, individual echo soundings and regional grids (http://www.ngdc.noaa.gov/mgg/gebco/grid/concepts/concepts.pdf). 

· Smith and Sandwell global 2-minute measured and estimated seafloor topography gridded data generated from satellite altimeter data and GTPO30 (http://topex.ucsd.edu/WWW_html/mar_topo.html).

LIDAR

Unpublished bathymetric LIDAR data collected by the Joint Airborne LIDAR Bathymetry Technical Center of Expertise (http://shoals.sam.usace.army.mil/) and provided by the US Army Corps of Engineers was used in the grid compilations. Vertical resolution is 0.01 meters and horizontal resolution is 0.00000001 decimal degrees. The data covers areas off the coasts of Georgia, Florida, North Carolina and South Carolina.
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 LIDAR data collected by the Joint Airborne LIDAR
Bathymetry Technical Center of Expertise.
Coastline Data

NOAA Medium Resolution Digital Vector Shoreline

The NOAA Medium Resolution Digital Vector Shoreline, compiled from NOAA coastal charts by the Strategic Environmental Assessments (SEA) Division of NOAA's Office of Ocean Resources Conservation and Assessment   (http://www.ngdc.noaa.gov/mgg/shorelines/noaamrdvs.html) was used in the grid compilations, where available.  In areas where the NOAA Medium Resolution Digital Vector Shoreline was not available, the Global Self-consistent, Hierarchical, High-resolution Shoreline Database (GSHHS) was used.  GSHHS (http://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html) is a high-resolution shoreline data set amalgamated from two databases in the public domain. The data have undergone extensive processing and are free of internal inconsistencies such as erratic points and crossing segments. The shorelines are constructed entirely from hierarchically arranged closed polygons. The data can be used to simplify data searches and data selections, or to study the statistical characteristics of shorelines and land-masses. It comes with access software and routines to facilitate decimation based on a standard line-reduction algorithm.

Methodology

Data Analysis and Verification

Hydrographic Survey Data

National Ocean Service (NOS) survey data was compiled from NGDC’s Hydrographic Database and projected to WGS 1984.  The surveys were imported into ArcGIS and a quality check of depth and navigation were preformed.  Questionable points were flagged and not included in the grid. The data was reformatted from the Arc dbf file into an ASCII xyz file used in the general grids.

Multibeam Data

Multibeam data were visually inspected to identify areas of concentration of data.  These areas were gridded with a spacing of 250 meters (~9 seconds) using MbSytem’s mbgrid command.  These multibeam grids and those from the University of New Hampshire UNCLOS surveys were then included as input in the overall gridding process. 

Gridding
The intermediate resolution bathymetric grids were developed using Generic Mapping Tools (GMT) software (http://gmt.soest.hawaii.edu/ ).  The input point data were extracted from all source files into areas of 5.2 degrees by 5.2 degrees.  The extra two tenths of a degree correspond to a tenth of a degree overlap on all sides of each 5x5 degree square.  This overlap was included to eliminate any edge effects across grid tiles.  The data files were averaged into 9 arc-second bins using the GMT command blockmean.  This averaged file was then gridded using the GMT command surface to produce the 9-second, 5x5 degree grid tiles.  The 5x5 degree tiles were then mosaiced together using a custom Perl script and the complete grids were reformatted for delivery to TIME and for importation into ArcGIS.

Table A: Data Sources used for 9-second intermediate grid compilations

	Data
	Source
	Description

	Global 1-minute bathy/topo grid
	Walter H. F. Smith - Geosciences Laboratory, NOAA
	Global 1-minute grid generated from satellite altimeter data,GTPO30, GEBCO Digital Atlas bathymetric contours, individual echo soundings and regional grids (http://topex.ucsd.edu/marine_topo/mar_topo.html).

	Hydrographic survey data
	National Ocean Service, Tsunami Warning and Mitigation Program, National Geospatial-Intelligence Agency (NGA) and International surveys. 


	NOS hydrographic data digitized from smooth sheets of hydrographic surveys completed between 1851 and 1965 and from survey data acquired digitally on NOS survey vessels since 1965 (http://www.ngdc.noaa.gov/mgg/bathymetry/hydro.html). This data includes NOS surveys digitized by the Puerto Rico Tsunami Warning and Mitigation Program around Puerto Rico and adjacent islands (http://poseidon.uprm.edu/). 

	Multibeam data
	NOAA/National Ocean Service, Scripps Institution of Oceanography, University of Rhode Island, Woods Hole Oceanographic Institution, Lamont-Doherty Earth Observatory, U.S. Geological Survey, and Center for Coastal and Ocean Mapping/Joint Hydrographic Center (CCOM/JHC) of the University of New Hampshire.
	Multibeam data processed by MB-System software package developed at Lamont-Doherty Earth Observatory(http://www.ngdc.noaa.gov/mgg/bathymetry/multibeam.html). 

	Bathymetric contour data
	Instituto Nacional de Estadística Geografía e Informática (INEGI). 

	The contours were compiled by the International Bathymetric Chart of the Caribbean Sea and the Gulf of Mexico (IBCCA) project (http://www.ngdc.noaa.gov/mgg/ibcca/ibcca.html) at a scale of 1 to 500,000 with a contour interval of 200 meters.

	Digital coastline data
	NOAA's Office of Ocean Resources Conservation and Assessment, Strategic Environmental Assessments (SEA) Division
	Compiled from NOAA coastal charts (http://www.ngdc.noaa.gov/mgg/shorelines/noaamrdvs.html). 



	Bathymetric LIDAR data
	Joint Airborne LIDAR Bathymetry Technical Center of Expertise-JALBTCX (http://shoals.sam.usace.army.mil/). Data provided by US Army Corps of Engineers. 
	The data is unpublished and covers areas off the coasts of Georgia, Florida, North Carolina and South Carolina. Vertical resolution is 0.01 meters and horizontal resolution is 0.00000001 decimal degrees.
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