INTRODUCTION

The devastating earthquake and tsunami of December 26, 2004 has greatly increased recognition
of the need for water level data both from the coasts and the deep-ocean. In 2006, the National
Oceanic and Atmospheric Administration (NOAA) completed a Tsunami Data Management Report
describing the management of data required to minimize the impact of tsunamis in the United
States. One of the major gaps defined in this report is the access to global coastal water level data.
NOAA's National Geophysical Data Center (NGDC) and National Climatic Data Center (NCDC) are
working cooperatively to bridge this gap. NOAA relies on a network of global data, acquired and
processed in real-time to support tsunami detection and warning, as well as high-quality global
databases of archived data to support research and advanced scientific modeling. As identified in
the Tsunami Data Management Report, the need also exists for long-term retention of the sea level
station data. NOAA envisions that the retrospective water level data and metadata will also be
available through web services, using an XML-based schema. NOAA's National Geophysical Data
Center (NGDC) and co-located World Data Center for Solid Earth Geophysics (including tsunamis)
would hold the archive of the sea level station data and distribute the standard metadata.

BACKGROUND

Information used to describe sea level station is distributed among databases held by multiple
agencies, institutions and organizations. This information is absolutely necessary to support
detection and warning. However, the global extent (Figure 1) of the Boxing Day tsunami made it
clear that this information is not readily accessible.

Figure 1 Maximum
computed tsunami
amplitudes around the globe.
Image courtesy of NOAA's
Pacific Marine Environmental
Laboratory (PMEL)

In early 2005, parties interested in enhancing the access and use of sea level station data united
under the NOAA NCDC's Integrated Data and Environmental Applications (IDEA) Center's Pacific
Region Integrated Data Enterprise (PRIDE) program to develop a distributed metadata system
describing sea level stations (Kari et. al., 2006; Marra et.al., in press). This effort started with pilot
activities in a regional framework and is targeted at tsunami detection and warning systems being
developed by various agencies.

STATION METADATA

NOAA tsunami program relies on water level data both national and international partners (Figure
2). NOAA's Tsunami Warning Centers have developed an application to decode and display sea-
level data that is transmitted from these organizations in real-time. The data arrives from coastal
tide stations, as well as NOAA's DART buoys, in many different formats and is constantly changing
(Figure 3).
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Figure 3. Examples of real-time messages that arrive at the
Tsunami Warning Center (TWC).
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Figure 2. Sea Level gauges and networks contributing to the Tsunami Warning
System in the Pacific (TWSP).

In the past, a considerable amount of code in the Tide Tool application was dedicated to decoding
and keeping up with various changing in the methods in which data is transmitted. With the
enabling of a sea-level web service that is devoted to keeping the station metadata current, Tide
Tool can be more stabilized to display water-level data for real-time detection and warning.
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WEB SERVICES

The NOAA IDEA Center working with the NOAA Pacific Tsunami Warning Center have developed
a web service to expose station level metadata enabling real-time data mining (Figure 4). The W3C
(http 3.0r0/2002/ws/) defines a Web Service as "a software system designed to support
interoperable Machine to Machine interaction over a network.” Web services are frequently just
Web APIs that can be accessed over a network, such as the Internet, and executed on a remote
system hosting the requested services. One of the more important innovations in Web Services is
“machine-to-machine communications.” This means that a Web Service can ask another Web
Service to do something, and that Web Service can ask another Web Service to do something, and
soon.

Figure 4. Four options for getting
the sea level metadata to the web
service

REAL-TIME DATA STREAM

The sea-level station web-service was developed for real-time applications and have a minimal list
of required elements that are needed for the TWC to analyze the water-level data as it arrives at
the warning center (Table 1).
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The schema above was developed into an XML schema. Users, such as the warning centers, can
then get detailed information or transform the XML. Some of these transformations are simple
XML-to-XML transformations such as the KML standard supported by Google Earth or a more
complex SOAP web service applications.

LONG-TERM ARCHIVE

There is a vast difference in what is required for real-time detection and what is required for
long-term archive. NOAA'’s National Geophysical Data Center (NGDC) will be responsible for the
archive and distribution of the water-level data in support of the NOAA Tsunami Program. The
goal of a long-term archive will be able to make the data available for research and modeling in
50-100 years. The user will need to retrieve data in a standard format or with all documentation or
software necessary to read a format.

In order to ensure longevity of the dataset, the schema as outlined by the NOAA IDEA Center will
need to be extended to include standard elements from the ISO 19115 core metadata set (Figure
6). X ;

Figure 6. 1SO 19115 Core
Metadata Elements

Incorporating the detailed work that the NOAA IDEA Center has done with a metadata standard
that is supported for long-term archive will enrich the data set.

One example of how the schema might be extended would be to add the standard elements from
1SO to extend the Point of Contact information (Figure 7).
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Figure 7. Detail needed for the long-term archive for the Ci_Contact phone
responsible party of a tide station data set. address
onlineResource
hoursOfService
~ contactinstructions

Extending the schema developed by the IDEA Center would also mean adding more detail about
the station history (date station first occupied, bench marks, instrument modifications), access
and use constraints on the data, security constraints (proprietary or non-proprietary), data quality,
processing and lineage, and online resource (Cl_OnlineResource section of ISO). Of course, the
data formats MUST be well described. If the data arrived in a binary format, the archive must
have a method to decode the data. The role of the archive is to ensure that data is independently
understandable and that the process has been documented from creation to user discovery
(Figure 8).

Figure 8. Creation to user discovery.

The data will not only be stored in a long-term archive at NGDC, but it will also be delivered.
Delivery of the data will require an agreement between the archive and the sea level station
operator. Once an agreement has been reached between the archive and the station operator,
tools to access and plot the data will be standards based tools that are incorporated seamlessly
into methods already in use at NGDC.

SUMMARY

To support tsunami detection and warning, as well as modeling and research requirements
NOAA is working collaboratively to ensure timely delivery of water-level data both for real-time
and retrospective research. The XML based schema will be enhanced for the archive, NGDC will
work with station operators to distribute the data and make the data available (Figure 9). For
more information, visit http://www.sealevelstations.org/.

Figure 9. Diagram showing data collected from sea
level sources through to the archive.
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