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1: Introduction

A workshop on Far-field Tsunami Forecast Guidance was held at the Pacific Marine Environmental Laboratory in Seattle, Washington in January 2003.  Based on this workshop, a proposal to develop forecast guidance products for the National Tsunami Warning Centers (TWCs) was approved by the National Tsunami Hazard Mitigation Program.  

NTHMP directed that the highest priority be placed on the implementation of shoreline forecast guidance by January 2004.
  To accomplish this task, a Pacific-wide grid needs to be built to cover the TWCs’ areas of responsibility.  

Subsequent discussions by SIFT project members proposed the following two-pronged approach:

1) Develop a Version 0.0 Pacific-wide bathy/topo grid for January 2004 implementation of SIFT 0.5.

2) Develop a Version 1.0 Pacific-wide bathy/topo database of grids for October 2004 implementation of SIFT 1.0.

To that end, input regarding requirements and implementation suggestions was requested in August 2003 from each modeler of the forecast guidance tools.  Responses were received from Paul Whitmore (WCATWC), Kwok Fai Cheung (UH/ORE), and Vasily Titov (TIME).  Angie Venturato (TIME) has collected these responses and has reviewed various data sources to accomplish the above goals.   

This paper discusses modeler requests, data sources, and a database implementation plan to meet the deadlines for SIFT 0.5 and SIFT 1.0.  Each section is delineated as follows:

· Modeling requirements

· Pacific-wide data sources

· Recommended approach for Version 0.0 Pacific-wide grid

· Recommended approach for Version 1.0 Pacific-wide database

2: Modeling Requirements

Three different forecasting guidance tools are being developed for the SIFT project (Table 1).  Table 2 describes the grids currently being used by each modeler.   

	Features
	Version 0.0

Existing
	Version 0.5

- Shoreline forecasts

- Add currents, time series

- Add 3 methodologies
	Version 1.0

- Inland forecasts

- Add max depth, currents

- Add 3 inundation models

	Models
	· PW propagation

· PW inversion
	· FC propagation

· FC inversion

· VT propagation

· VT inversion
	· PW inundation

· PW inversion

· FC inundation

· FC initial conditions

· VT inundation

· VT initial conditions


Table 1.  Models for SIFT Forecast Guidance Tools (PW – Paul Whitmore, FC – Kwok Fai Cheung, VT – Vasily Titov)

	Grid
	Paul Whitmore
	Kwok Fai Cheung
	Vasily Titov

	Sources
	ETOPO5;

NOS Surveys (56 sub-grids)
	ETOPO2;

High-res. data for Hawaii and Japan
	Smith and Sandwell

	Resolution
	5´ (deep-ocean grid);

1´, 12˝ (sub-grids)
	2´ (deep-ocean grid);

1´ (sources and water-level stations)
	2´

	Coverage
	lat: 60S – 70N  

lon: 100E – 65W
	10N – 62N

125E – 115W
	10N – 62N

134E – 115W

	Type
	Finite-difference
	Finite-volume
	Finite-difference


Table 2.  Grids currently used by modelers (´ = arc-minute, ˝ = arc-second) 2,

All modelers expressed interest in the following items in a Pacific-wide database:

1) Data accuracy and quality control

2) 1-minute grids for the deep ocean if available

3) FTP access through a password-protected web server

4) Higher-resolution grids near-shore

5) For propagation models, 5- to 50-meter inner shoreward limit

6) ASCII raster format

7) FGDC-compliant metadata detailing accuracy, sources, grid development, etc.

3: Pacific-wide Data Sources

Two global relief databases were researched for possible use as the Version 0.0 Pacific-wide grid:  the ETOPO2 2-Minute Global Gridded Relief Database and the GEBCO 1-minute Global Bathymetric Grid.  Each database is described below with a focus on the Pacific section only (lat: 64N – 60S, lon: 100E – 60W).  Table 3 provides an overview of each database.

	
	ETOPO2
	GEBCO 1-minute grid

	Topographic Sources
	GLOBE 30˝
	GLOBE 30˝

	Bathymetric Sources
	Smith and Sandwell bathymetric estimation derived from satellite altimetry and constrained by ship sounding depths
	Bathymetric contours derived from ship sounding depths; two regions based on recent digital databases

	Resolution
	2´
	1´

	Coverage
	global
	global

	Format
	ASCII
	netCDF, ASCII

	Limitations of bathymetry
	problems in regions of dense sedimentation layers, abyssal hills, and continental shelves
	problems due to varied quality of ship depth soundings and distribution, wide contour intervals, and edgematching issues

	Cost
	$0
	$157


Table 3.  Overview of global relief databases

ETOPO2: 2-Minute Global Gridded Relief Database

The ETOPO2 database is available via CD-ROM through the National Geophysical Data Center.  ETOPO2 consists of 2-minute gridded data that can be exported in a variety of formats.  Data sources in the Pacific section consists of Smith and Sandwell 2-minute topographic seafloor data and GLOBE 30-second land topography (Figure 1).  Topography has precedence over bathymetry; no edgematching between data sources has been done.

Smith and Sandwell data is based on a combination of estimated bathymetry derived from satellite altimeter data and constrained by ship depth soundings (actual soundings occupy ~12% of the grid cells).  Whereas this data is a significant improvement of ETOPO5, severe limitations occur in regions of dense sedimentation layers (most of the Pacific), abyssal hills, and continental shelves.  In addition, many of the ship depth soundings are of poor quality due to varied methods of survey.

GEBCO 1-Minute Global Bathymetric Grid

The GEBCO 1-minute global bathymetric grid is available via CD-ROM through the British Oceanographic Data Centre (BODC).  The grid is derived from 2002 GEBCO Digital Atlas (GDA) contours and supplemental contours subject to bathymetrists’ discretion.  Coastline data varies from region to region; the Pacific region is based primarily on 1:10million scale.  Land elevations derived from GLOBE 30-second data are included for completeness.  Data can be exported in netCDF or ASCII format.

In the Pacific, most of the data contours were digitized off of bathymetric maps developed from 1966-1981 (Figure 2); exceptions include the region off of Japan (5.06), based on a 1984 digital database, and the region off of New Zealand (G.09), based on a 2000 digital database.  Significant edgematching problems occurred between these newer and older datasets.

Basic GDA data contours are at 200-meter, 500-meter, and at 500-meter intervals thereafter.  A different bathymetrist developed each region (10 regions in the Pacific section).  Many used supplemental contours at 100 meters.  The regions surrounding Japan and New Zealand have additional supplemental contours at 0, 50, and 100 meters.    

The regional grids were developed using the surface algorithm (tension = 0.35) of GMT software.  Each regional grid was analyzed for consistency and corrected with supplemental soundings.  Overshoots and featureless plains were corrected as much as possible. The final grid was merged and edgematched by BODC from the regional grids.

Significant limitations in the grid occur due to poor ship depth soundings and distribution, wide contour intervals, edgematching problems, and bathymetrist discretion.  Regions gridded on recent digital databases provide much better accuracy than those derived from old bathymetric maps.

4: Recommended approach for Version 0.0 Pacific-wide grid

Both the ETOPO2 and the GEBCO data grids have significant accuracy limitations.  Neither dataset would provide a substantial improvement over the other in the Pacific region.  Generally speaking, data density alone would suggest that ETOPO2 bathymetry is better in the deep ocean, and GEBCO is better along the continental shelves.  However, this is difficult to ascertain without performing an intense data assessment comparison with available high-resolution bathymetry.  

The modelers need a Pacific-wide grid by October 2003 to complete model runs for implementation of SIFT 0.5 in January 2004.  There is not enough time to perform a detailed data assessment of each dataset or improve the grids with available high-resolution data along the continental shelves.  

Therefore, the following is proposed for the Version 0.0 Pacific-wide grid:  modelers should use the ETOPO2 grid covering the entire Pacific region.  NOAA affiliates can obtain the CD-ROM for free from Robin Warnken (Robin.R.Warnken@noaa.gov, 303-497-6338).  

If desired, TIME can provide this data through anonymous FTP in the format described in Table 4  TIME would clip the grid in 20x20-degree block grids covering the Pacific region.  Modelers can use their own conversion algorithms to convert to different formats (such as negative to positive values or xyz to xy-z). 

Details are described in Table 4. 

	Data source:
	ETOPO2

	Resolution:
	2´

	Coverage:
	lat: 64N – 60S, lon: 100E – 60W

	Format:
	ASCII Raster or ASCII xyz

	Other:
	Data will be clipped to include only bathymetric negative values less than -50 meters; all null values will be denoted by 9999. 

Green’s Function will be used to extend estimates to -10 meters.  


Table 4.  Proposed Version 0.0 Pacific-wide grid

Reasons for proposing ETOPO2 as the Version 0.0 grid include the following:

1) Modelers need the Pacific-wide grid by October 2003.

2) All modelers have used a version of ETOPO; they know its limitations and how to implement it into their model.

3) ETOPO2 will serve as a base for the Version 1.0 Pacific-wide database.

5: Recommended approach for Version 1.0 database

The recommended approach for the Version 1.0 Pacific-wide database adheres to the principles below:

1) The Center of Tsunami Inundation Mapping Efforts (TIME) will build a database using the best available bathymetric and topographic data of the highest resolution and coverage.  

2) Modelers will build their own grids, appropriate to their model and confidence in the available data.  TIME will provide metadata and quality control procedures to assist modelers in the confidence assessments.

The Version 1.0 database will serve as a significant enhancement to the Version 0.0 Pacific-wide grid.  It will provide data appropriate for both propagation and inundation modeling, and all data in the database will assessed for quality.  The subsections below describe the various aspects considered for database development and distribution.  A preliminary schedule and task list follow the discussion.

Grid Development

TIME will oversee the production and delivery of quality-controlled bathymetric and topographic data in a gridded format.  Grids represent data through values at regularly spaced intervals.  Grid format was chosen for the following reasons:

1) Saves disk space

2) Importable by all models

3) Easy transfer to different projections and units

TIME will either generate new grids in-house or collect grids from the following sources: 

· National Tsunami Warning Centers

· Tsunami modelers

· National Data Centers (National Geophysical Data Center, USGS Mapping Division)

· Universities

· Respected international sources (Canadian Hydrographic Service, International Hydrographic Organization, etc.)

· State and Local Data Centers

Collected and generated grids will be subject to a quality assurance review (see Quality Assurance subsection).    

The highest-quality data available will be used to generate new grids.  Data will be collected from various international, national, and local sources that meet the highest quality standards.  Most data will come from the sources listed in Table 5.  For the purposes of data distribution, the data sources have been categorized.  Higher-resolution grids may include data sources listed in the lower-resolution categories.  Resolution is dependent on data availability and accuracy standards.

	Coverage
	Data Source
	Resolution

	Global
	ETOPO2 (NGDC)

GEBCO (BODC)

GLOBE30 (NGDC)
	2´, 1´



	Regional 

· Alaska

· West Coast

· Hawaii

· Other (US territories, other countries, etc.)
	NGDC

NOS 

USGS

USACE

NIMA

IOC

State/International Agencies

Universities
	24˝, 15˝, 3˝

	Local

· TWC warning points

· Selected inundation areas
	Local Agencies
	3˝, 1˝



Table 5.  Sample of data sources used for grid development.

Grids will be developed using a variety of interpolation algorithms.  Table 6 provides a sample of the algorithms TIME has used in the past;  it also includes the software that may be used for the grid development.  Further details concerning TIME’s grid development procedures will be written in a future report.

	Software
	Algorithms

	ESRI© ArcGIS
	createtin, topogrid

	Generic Mapping Tools (GMT)
	surface, triangulation, splining


Table 6. Samples of algorithms and software used by TIME

Data will be delivered in ASCII raster grid format (Figure 3).  Elevation (Z) values will be represented in integer format with units of centimeters.  The XY-value will represent the bottom-left corner of the grid;  Z values represent the center of each cell.  The number of rows, number of columns, and a value representing null cells will also be provided.

Each grid will be in the geographic projection with decimal seconds units.  Other projection information is provided in Table 7.  Vertical datums will be applied to high-resolution grids (inundation) only.  The various vertical datums apply based on regional availability.  This will be discussed further in a future report provided by TIME.  

	Projection:
	Geographic

	Units:
	decimal seconds

	Zunits:
	centimeters

	Horizontal Datum:
	World Geodetic System of 1984

	Vertical Datum:
	Mean High Water

North American Vertical Datum 1988

National Geodetic Vertical Datum 1929

Mean Sea Level

	Spheroid:
	World Geodetic System of 1984

Semi-major Axis: 6378137

Semi-minor Axis: 6356752.31


Table 7.  Overview of grid projection parameters.

Quality Assurance

Each grid collected or developed by TIME will be assessed for quality.  TIME’s quality assurance procedures will be detailed in a future report.  The primary aspects of the quality assurance procedures are summarized below:

· Source data will be analyzed to remove anomalies and assess quality.

· If a variety of sources are used in the gridding process, highest quality data will take precedence.

· Gridded data will be compared to its source(s) to verify consistency.

· Gridded data will be compared to other control sources.   

· Gridded data will be spatially analyzed and contoured to remove algorithmic problems, such as terracing.

· Grids will be compared to other connecting grids for edgematching, nesting, and point-to-point agreement.

· Accuracy limitations and confidence parameters will be provided with each grid.

Metadata reports will be written for each grid based on Federal Geographical Data Committee (FGDC) standards.  Detailed information about the data sources, projection parameters, grid development, quality assurance, accuracy limitations, and data restrictions will be included in the metadata.  Currently, TIME uses a basic text template to develop metadata.  In the future, TIME plans to develop its metadata in an XML format.  

In addition to metadata, TIME will provide a grid development report for each subregion (for example, California may be considered a subregion of the West Coast region).  This report will be less technical than metadata, but will provide information on each element of the grid development process:

· Data collection and assessment

· Grid development

· Quality assurance

· Grid distribution

Database Access and Distribution

The Version 1.0 database will reside at the Pacific Marine Environmental Laboratory.  It will be maintained by TIME.  The database will be accessible through password-protected FTP access.  

TIME will set up a website to give modelers a graphical interface for regional access.  The grids will be organized on a global-regional-subregional-local basis.  TIME will provide a mockup of this website to modelers for review.  

Data with a large coverage area will be broken up in to smaller grids to minimize file size and download time (Figure 4).  README files providing general instructions, metadata, and coverage images will be available for each grid.  The grid will be in ASCII raster format and be part of a zipped file containing all associated documentation.  Grid development reports will be available in a PDF format on a regional/subregional basis.  

Metadata will detail appropriate data source credit for each grid.  Grids will be restricted with the following access and use constraints:

Access Constraints:  This grid is restricted to National Tsunami Hazard Mitigation Program (NTHMP) participants, the National Weather Service, and their affiliates.  This grid is not to be redistributed without the express permission of NTHMP or NWS.

Use Constraints:  This grid was created for the sole purpose of tsunami hazard mitigation modeling.  It is not meant for navigational or other scientific means.
Data sources used to develop these grids will not be distributed.  Most data sources used are already publicly accessible; remaining proprietary data sources will be referenced in the metadata.

A conversion program will be provided to convert ASCII raster grids to an xyz format.

Preliminary Schedule for Version 1.0 Database

	Task
	Responsibility
	Due Date

	1.  Deliver Grid Development Procedures report to SIFT members
	TIME
	03 Nov 2003

	2.  Deliver Quality Assurance Procedures report to SIFT members
	TIME
	17 Nov 2003

	3.  Develop web mockup for database
	TIME
	01 Dec 2003

	4.  Comment on web mockup
	SIFT members
	02 Jan 2004

	5.  Begin delivering available grids/data to TIME
	SIFT modelers
	02 Jan 2004

	6.  Finalize database distribution methodology
	SIFT members
	30 Jan 2004

	7.  Setup password-protected FTP access through webpage
	TIME
	Feb 2004

	8.  Begin grid distribution
	TIME
	Apr 2004

	9.  Begin review of Version 1.0 database
	SIFT members
	Aug 2004
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Figure 1.  ETOPO2 Data Sources.4
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Figure 2.  GEBCO 1-minute grid coverage.  White regions are new updates; gray regions are 

based primarily on digitized contours from 1966-1981 bathymetric maps.6
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Figure 3.  ASCII Raster Grid Format. 
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Figure 4.  Example of a subregion of 3-arcsecond grids clipped into 1-degree blocks. 







� NTHMP (2003):  Summary Report of the Tsunami Hazard Mitigation Steering Group FY 03 Budget Meeting, May 2003. �http://www.pmel.noaa.gov/tsunami-hazard/May03Budget_Meeting_Summary.htm  


� González, Frank, et al. (2003):  Far-field Tsunami Forecast Guidance: A Report on the 21 January 2003 Workshop, NOAA Technical Report, [In review].


� Personal communication with Paul Whitmore, Kwok Fai Cheung, and Vasily Titov.


� http://www.ngdc.noaa.gov/mgg/fliers/01mgg04.html


� Sandwell, D.T., Smith, W.H.F., et al. (2001): Bathymetry from Space: White paper in support of a high-resolution, ocean altimeter mission DRAFT, [Under preparation].   


� IOC, IHO, and BODC, 2003: Centenary Edition of the GEBCO Digital Atlas – User’s Guide, published on CD-ROM on behalf of the Intergovernmental Oceanographic Commission and the International Hydrographic Organization as part of the General Bathymetric Chart of the Oceans; British Oceanographic Data Centre, Liverpool.





NOAA TIME Center
2
15 Sep 2003

