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Introduction


Traditionally, geologic field data of tsunamis are collected by individuals. The same individuals analyze their own data and the results are then reported. The original data collected are often kept by the individuals and difficult to share with others. Recent advances in information technology (IT) have changed the way we perform research. The utilization of IT enables the research field to move from traditional individual research mode to collaboratory. 


A central data repository of the data has clear benefits to the broad research community. It would foster collaborative research and encourage the use and analysis of the data from varying perspectives in a variety of disciplines. The data could be used to test or validate new technologies or theories. By preserving and migrating the data to adapt to advances in IT, the data would continue to be available to researchers in the future. For example, a remote sensing expert could use tsunami deposit data for his/her interpretation of satellite images. Numerical and analytical modelers may use tsunami scour data for their validation. Data collected and analyzed for the recent 2004 Great Sumatran Earthquake and Tsunamis can be re-analyzed, possibly leading to a new discovery in the future with the new technology and understanding. Furthermore, collected data can be utilized for the development of the effective outreach and education tools. Today’s research investment for the rare and precious field data can be utilized and harvested effectively. It is emphasized that the above IT benefits are not only for geological data but also apply to any data in any scientific field, although in this report we focus on tsunami data related in geological science.

Existing Opportunities for the Data Depository 

There are several on-going activities for the development of tsunami data repository; some of them are new, specifically motivated by the December 26 Great Sumatran Tsunami, and some are initiated about 10 years ago after the 1995 International Tsunami Measurements Workshop in Estes Park, Colorado. None of them has been established as a ‘central’ data repository for collaboration. However, those can be considered opportunities toward the development of adequate repository of geologic tsunami data.

1. Network for Earthquake Engineering Simulation (NEES)

NEES seeks to lessen the impact of earthquake and tsunami-related disasters by providing capabilities for earthquake engineering research. Through NEES, laboratories around the country are linked by the network, making it possible for researchers to collaborate remotely on experiments, modeling, and education. 

The NEES IT Services Center (NEESit) at the San Diego Supercomputer Center operates and supports the extensive IT infrastructure for the NEES Collaboratory. One of their tasks is to establish and maintain well-documented, properly safeguarded data archives and to develop uniform standards for data access by the scientific and engineering research communities. Their overall purpose is to ensure and facilitate full and open access to quality data archived in the data repository.

NEESit is currently working on a data repository for the Sumatra-Andaman tsunami data, expanding their framework already developed for the NEES data repository. This system can be utilized directly for the data repository of, not limited to the Sumatra-Andaman event, but also all geoscience related tsunami data.

Website: http://it.nees.org/documentation/library/data_metadata/000236.php

2. National Geophysical Data Center (NGDC)

The (National Geophysical Data Center (NGDC), NOAA, maintains a tsunami database at http://www.ngdc.noaa.gov/seg/hazard/tsu.shtml. This is an excellent simple tabulation of tsunami occurrences. However, the data structure is too simplistic to be useful for quantitative analysis.

3. Earthquake Engineering Research Institute (EERI)

As of June 18, 2005, EERI is maintaining a ‘Virtual Clearinghouse’ of early reports about the Sumatra-Andaman events only. Many of those reports were prepared by EERI reconnaissance teams, in their NSF-funded Learning from Earthquakes (LFE) program. While it does not maintain such a database itself, EERI is willing to be involved in a data repository of observations of the Sumatra-Andaman events.

Website: http://www.eeri.org/lfe/clearinghouse/sumatra_tsunami/overview.html 

4. The ITIC/IOC/UNESCO 

This site, at http://www.prh.noaa.gov/itic/, provides some of the recent and historical tsunami data and also provides thorough links to post-event surveys for the Sumatra-Andamann event: http://ioc.unesco.org/iosurveys/ . Many of those reports include extensive field data, but to date the IOC/UNESCO does not include a compiled database of that data.  

5. U.S. Geological Survey (USGS)

The USGS has a good website about the events for which the USGS researchers were directly involved in field studies: e.g. the 1998 Papua New Guinea and the 2004 Sumatra-Andaman events (at http://walrus.wr.usgs.gov/tsunami/). In addition, the sites provide links to numerous organizations and also to small data sets. A senior USGS scientist (Sam Johnson) has expressed strong interest in cooperating with a database of geoscience tsunami data. 

6. Kyoto University 

Their website, at http://www.drs.dpri.kyoto-u.ac.jp/sumatra/index-e.html, has a comprehensive clearinghouse of reports about the Sumatra-Andaman events. While it does not include a centralized database of observations, it does provide a large number of links to individual field surveys, other observations, and to researchers, reports, research organizations, and other highly useful sites.

7. Other relevant websites:

National Weather Services: http://wcatwc.arh.noaa.gov/main.htm
Pacific Tsunami Museum: http://www.tsunami.org/
Tsunami Laboratory: http://omzg.sscc.ru/tsulab/
Yuzhno-Sakhalinsk Tsunami warning Center: http://www.science.sakhalin.ru/Tsunami/
University of Washington: http://www.ess.washington.edu/tsunami/index.html
University of Southern California: http://www.usc.edu/dept/tsunamis/2005/index.php 

Types of Geo-Data to be Included in the Tsunami Data Repository

The following discussions were made by the sub-group and should be considered as our preliminary brainstorm. 

· The data depository must be able to incorporate materials in all digital formats: text, spreadsheets, maps, graphics, sketches, aerial photos, satellite imagery and other remote sensing, photos, videos, animations, seismographs, audio recordings, etc.

· All of the data must be geo-referenced and time stamped (x-y-z and time): for example, longitude, latitude, elevation, and date. 

· Data collectors’ names, their affiliations, and the contact information must be included.

· As for tsunami deposit data, the following items should be included:

· Photographs

· Vertical logs: sediment structures, compositions, and grain sizes

· Peel: high resolution photographs are required

· Sketches and descriptions of surrounding features, including the transect and its ground profile.

· The data must be linkable to laboratory analyses, e.g., complete grain-size analysis.

The above should be incorporated into a more general tsunami data-metadata model in a repository. The preliminary data model listed below is a first attempt at identifying data to be captured. Attendees at the June 13-15 ‘Tsunami Deposits and Their Role in Hazards Mitigation’ workshop suggested many other terms and concepts. 

Preliminary Suggested Data Model for Tsunami Survey Data

Hydrodynamic Data
tsunami runup height

inundation distance

flow directions

flow magnitudes

number of runups and their arrival times

tide gage data

Geological and Geographical Data
site configuration topography and bathymetry

subsidence and uplift

tsunami deposit

scour

morphological changes

submarine and subaerial landslides

paleotsunami data

Environmental Data
vegetation

marine botany

animals

Engineering Data
site information - roads, bridges, buildings, etc.

damage of buildings and infrastructures

fires

lifelines

earthquake effects

Societal Data
casualties

injured and missing people

public and authorities response (immediate, short term, intermediate, and long term) 

preparedness (warning, awareness and education)

individual behaviors

political background

societal background

Seismic Data
local seismographs

Challenges to the Establishment of the Data Repository

Field geoscientists must be encouraged to cooperate as data providers. There must be positive cooperation among the various parties (NEESit, NGDC, EERI, USGS, IOC and ITIC, etc.). The tsunami community must agree on the metadata, field names, and the data structure. Data formats should be carefully selected for long-term preservation and data curation, to ensure future data maintenance, and for seamless migration to future formats.


The tsunami community should determine which kinds of data should be in the repository. Should it be only objective data (‘raw data’), or should more subjective materials (‘derived data’ and/or ‘interpretative data’) be included?


Protections against unethical use of the data should be established. All the data, including photos, should be accredited, to ensure correct authorship. For example, of photos and other illustrations, low resolution thumbnails could be readily downloaded, but in order to obtain high resolution photos, the user should be required sign a consent to ensure the credit of the authorship and to avoid misuse.


The tsunami geology community must work together with the IT community to achieve this goal. There is no current support for this sort of activity in GEO/NSF, but CS/NSF does support database and digital library efforts.

Recommendations
· A Steering Committee Working Group should be established. This group, which should include representatives from NEESit, USGS, NGDC, EERI, etc. should meet to work out areas of genuine cooperation and to set goals for each organization. A small number of representatives from the user communities should meet to work on the metadata and data models.

· Because international collaboration is essential for any tsunami data, there should be an International Summit Meeting. There, a small number of responsive representatives from many countries could meet to work on the data repository.

· A draft data model and data strategies should be presented at a tsunami community workshop for feedback. That input would be considered for incorporation by the Steering Committee Working Group.

· To develop the data repository, we need the following essential supports. 

· to support a few months of data entry by graduate students. 

· for computational and information technology resources

· for outreach, to encourage better cooperation from the data providers and better inputs from the data users. If there are no data suppliers and no data users, then this effort will not succeed.

Appendix

A Virtual Library About the Sumatra-Andaman Earthquake and Tsunamis

by

Connie Manson, American Geological Institute

Why Do We Need the Virtual Library?

We can expect a massive outpouring of materials about the Sumatra-Andaman earthquake and tsunami, especially in the next few years. Many of those reports will have very limited distribution or will be available online only, with little if any awareness of their existence. Many of the digital reports will be only briefly available from their original source. Many reports will be issued by foreign governments or organizations, again, with little publicity that they exist, and with no assurance of their long-term availability. 


In order to further their own research, scientists need access to the data, findings, and conclusions of their colleagues. Additionally, non-scientists– government planners, local government officials, teachers and scholars at all levels, industry, the general public and others – would benefit from permanent, ready access to these reports.

Existing Opportunities for a Sumatra-Andaman Virtual Library:


At least three organizations currently collect and index materials about tsunamis:

1. The International Tsunami Information Center (ITIC) 


The ITIC library catalog, online at http://www.prh.noaa.gov/itic/library/library.htm, emphasizes media and popular accounts of the Sumatra-Andaman events. For example as of June 18, 2005, of the 243 items about that event in their catalog, 7 items (2.9%) are from the peer-reviewed literature, 162 items (66.66%) are from newspapers and/or online news bureaus, and 35 items (14.4%) are from popular magazines (e.g., National Geographic). The online database occasionally includes URLs but focuses on physical shelving locations in the ITIC collection. To date, the catalog does not provide live links to the URLs.

2. The Washington Department of Natural Resources, Division of Geology and Earth Resources (DGER)


The DGER library catalog is available online at http://www.dnr.wa.gov/geology/washbib.htm. The catalog and the collection include materials about tsunamis, especially in the five U.S. Pacific states, through a grant from the National Tsunami Hazard Mitigation Program. As of May 5, 2005, that catalog includes 24 items about the Sumatra-Andaman events, 23 (96%) from the standard scientific and/or emergency management literature. The catalog records include links to online materials. The catalog generally does not include newspaper or other ephemeral materials. However, this library is severely understaffed and could not readily expand its responsibilities to include the massive quantity of materials anticipated about this event. 

3. The American Geological Institute’s GeoRef database. 


GeoRef is the largest geoscience bibliographic database in the world; it now includes more than 2.4 million references and adds more than 80,000 references per year. As of June 18, 2005, that database includes 134 items about the Sumatra-Andaman earthquake and tsunamis, all from the standard geoscientific literature. (See http://www.agiweb.org/georef/about/index.html)


GeoRef is a proprietary database; the full index is only available to institutional subscribers (such as university libraries). However, historically GeoRef has striven to meet the needs of the research community. For example, the Cold Regions Bibliography (CRB), a subset of the full GeoRef database, is available freely online (see http://www.coldregions.org/). That index can link to full-text online reports. The CRB is supported under NSF. 

The Mount St. Helens Example

The geoscience reports about Mount St. Helens provide a useful analogy to what can be expected for the Sumatra-Andaman tsunami. Before the 1980 eruption, there was low interest in Mount St. Helens. The 1980 eruption, however, was one of the most studied geologic events in the 20th century. The highest level of reports came in the first three years after the eruption. The rate continues to diminish, but has not returned to pre-eruption levels. Lessons from the Mount St. Helens experience that can be applied to the Sumatra-Andaman tsunami include:

– the largest number of reports can be expected in about the first three years; 

– it is more effective to work cooperatively with sister organizations than competitively or in isolation;

– the interest in the event can be expected to continue for decades if not longer.
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What Needs to Be Done

A comprehensive bibliographic database of all the geoscience reports about the Sumatra-Andaman earthquake and tsunami should be amassed. This file should include all the literature– all the peer-reviewed papers; all the books; all the theses and dissertations; all the open-file reports; all the conference papers; all the conference abstracts and posters, etc. Selected reports about secondary issues (e.g., emergency management and disaster preparedness) should also be included. As much as possible, the citations should link to the PDFs (or other digital files) of all the items, as held in a secure digital repository, thus creating a virtual library. The system should also provide directories of researchers and research groups, and track reports by, for example NSF grant number. 


Goals
1. The intent should be a comprehensive database –  all the reports pertinent to the Sumatra-Andaman event and appropriate materials for tsunami research and mitigation, internationally. 

2. The secure digital repository needs to be supported by robust computer technology, both technically and financially. 

3. The secure digital repository must have institutional commitment to permanent access. 

4. Both the bibliographic database and the digital reports must be freely available to all, on the Internet. 

5. As much as possible, the reports should be 'open access' and the access programs used should be non-proprietary.

6. There should be links both to the reports themselves, to the authors, and to their research organizations.

7. This should primarily intend to serve the tsunami research community and should include appropriate applied information for the mitigation and disaster management communities and others. 

8. In order to maximize the use of the database and the reports, there should be concerted efforts to communicate the availability of the database, both to the tsunami researchers and to the mitigation community. 

9. Researchers should be able to set up a profile to be notified of new reports in their interest areas. 

10. The indexing should use a controlled vocabulary, but one that is very flexible to embrace emerging technologies and understandings. 

11. Given the vagaries of geography and language, there should be various searchable geographic fields (e.g., GIS, lat-long, natural language, etc.). 

12. It would be nice if there could be a language translation feature to support non-English speaking researchers. 

13. The system should strive for the highest possible quality control, in the bibliographic information, in the indexing, and of the files. 

14. The system bibliographer/informationist should aggressively seek new materials to add to the system, through communication with tsunami researchers, searches of bibliographic databases and of the Internet.

15. The system bibliographer/informationist would benefit immensely by having access to the bibliographic databases available at a research university library

16. Someday, the funding for this project may go away. Therefore, attention must be paid to preserving permanent access to the database and digital files. 


GeoRef (based in Alexandria, VA) indexes tsunami materials. However, GeoRef is a proprietary database and is only available to paid subscribers. Those subscriptions are generally limited to research libraries and are expensive. However, the GeoRef system allows access to subsets of the full database under contract. The Cold Regions Bibliography, a subset of the American Geological Institute’s GeoRef database, is an excellent example for this project. 


– The system is mature, robust, and well-supported (Goals 2 and 3)

– It is freely available on the Internet (Goal 4)

– It supports links to URLs (Goal 5)

– It supports links to author e-mails and research group websites (Goal 6)

– It supports communication with researchers, who can set up a profile to receive notification of new materials in their interest areas (Goals 8 and 9)

– It uses a well-established controlled vocabulary and strict editorial standards, but can be easily adapted for emerging technologies and concepts (Goals 10, 11, and 13)

– Should the funding for free access to this system ever cease, the citations and links would still be in the permanent GeoRef database (Goals 3 and 16)

– Additionally, the Cold Regions Bibliography system can track reports by NSF grant number.
How To Do It
1. As modeled after GeoRef’s Cold Regions Bibliography, the citations for new materials should be added to the GeoRef database. Those bibliographic records should be linked to the full-text digital files. That subset of the GeoRef database would be freely available on the Internet. 

2. Negotiations should be made with the authors or the responsible organizations for permission to post a full-text copy of the report, abstract, etc. to a U.S. university computer (e.g, the University of California, San Diego supercomputer site). 

3. Those linked full-text digital files should be permanently stored, maintained, and migrated over time, as appropriate.

What Resources Are Needed
1. Financial support would be needed for the GeoRef indexing staff to identify materials to be added; to conduct  the necessary negotiations to obtain copies and rights; to do the necessary indexing and data entry; and to maintain scrupulous quality control.

2. Contacts must be made and maintained with national and Sumatra-Andaman earthquake and tsunami international authors and organizations, in order to become aware of and to obtain the newly available reports. 

2. Financial support would be needed to support  information technology staff to load and maintain the digital files. 

Broader Issues
1. The Sumatra-Andaman earthquake and tsunami has significant scientific importance, both for the understanding of the science of those events, and for understanding the geology and geologic hazards of the Indian Ocean region. 

2. The Sumatra-Andaman earthquake and tsunami also has significant societal importance, for disaster management, disaster response, and other issues. 

3. Comprehensive access to the research would have significant benefits for both the U.S. and international scientific community, as well as for society. 

