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As data centers begin to expose their data and services using open standards, the next challenge to address is data interoperability—the representation of cross-disciplinary data with in a single application drawn from multiple sources.  GeoWS has set out to tackle this very need.  The GeoWS group formed in August of 2006 between three geoscience data centers, in a cooperative development effort to bring their individual data sets together in OGC standard mapping environments.  The three data centers are IRIS, a provider of global digital seismic data; MGDS, enabling access to marine geoscience data; and UNAVCO, supplying geodetic, seismic and tectonic data.  Together, these three organizations have set out to expose geographic representations of their data sets, such that they can be visualized and accessed in a unified manner through a number of geographic mapping tools.  This talk demonstrates the results of three months of coordinated development effort.
To begin with, I’ll present-- discuss briefly what OGC is.  The heart of the GeoWS project is exploiting the standards developed by the Open Geospatial Consortium, who specifically make use of two communication protocols: WFS (Web Feature Services) and WMS (Web Mapping Services).  Because these protocols are open standards, open source tools are now available both as clients and servers.  These tools lower the barrier of entry into geospatial world by not requiring investment in expensive proprietary systems.  Some of the servers also support the creation of KML, the markup language used by GoogleEarth.
Each of the participating organizations adopted slightly different approaches to developing their services.  The right hand side of this diagram shows some of the many approaches available to an organization wanting to expose data through geospatial services.  MGDS, for instance, chose to serve data through the open source Minnesota MapServer tool.  Some of the underlying data that they used was stored in static shape files, while others are accessed directly from the geospatially-enabled Postgres database.  UNAVCO also accesses data from a geospatially-enabled Postgres database, but chose to use the open source GeoServer tool to expose their data.  IRIS also adopted the GeoServer service, but wrote a custom data access mechanism since their underlying Oracle database does not have geospatially-enabled columns.  Some of the layers served by IRIS are created from static shape files.  The left hand side of the figure shows the various clients we use to access the geospatial services.  Next I will show a brief presentation of these three access methods. uDig, a browser-based tool built off the Community MapBuilder, and GoogleEarth.
uDig stands for the ‘user-friendly Desktop internet GIS.’  It is an open source client, developed in Java, that enables access to OGC-compliant servers.  This map shows the Baja California area, a region that’s both geologically active and heavily surveyed.  On the map are symbols indicating the presence of data available from the different data centers.  The underlying bathymetry and topography are from maps served by MGDS.  The yellow stars are GPS stations that were deployed as part of the 1993 Baja Campaign funded by NASA.  The orange triangles are also GPS stations.  These were deployed and monitored by UNAVCO as permanent stations.  Blue triangles on the map are seismic stations for which IRIS has real-time data.  Also from IRIS are center moment tensor data and event data, both for seismic events with magnitudes greater than six.  These data are sparse in this region.  A lone event is visible at the north end of the Sea of Cortez—this orange dot—and a CMT is visible at the northern extent of the visible region—right up here, this cross.  A few stations are associated with marine cruises, visible as green squares.  Other marine data is incorporated into the background map.  Regions of higher bathymetric resolution can be seen in certain strips—for instance, close to the coast here and also radiating away from the coast—right along here by the green seismic station, the green marine station.  The catalogs from which these various data sets are made available are listed below.  Any user can load these catalogs, select which types of data they are interested in, and view them at any scale.  uDig allows access to information related to these various stations.  By selecting the information tool—‘I’ icon at the top—a user can click on any feature displayed on the map and bring up information associated with that feature.  For instance, clicking here on the MAYO GPS station, uDig goes out to the server and retrieves information directly associated with that station.  Member groups are exposing basic data such as the date a station was established, the station name, and generally a link that will bring up a web page to enable users to see more information about the station.  For instance, here is the data associated with the MAYO station.  See it is part of the Baja Campaign, Baja North in 2001, and the start time of the station was October 18 of 2001.  The green squares on the uDig map indicate stations from oceanographic cruises.  Here we have a dredging station from 2004.  We can find more information about that cruise, the collection it’s in, the date of the cruise, and other information, including a URL.  Going to that URL brings us to the Marine Geoscience Data System, where we can find additional information about that station, including cruise name, and some of the participants.  I’ll be showing some of the other data types available through the GeoWS-related servers when I show some of the other clients, so next I’ll be showing the MapBuilder client.

MapBuilder is an open source tool kit that allows development of map-enabled web pages.  At IRIS we put together some web pages of combination of layers from the different GeoWS groups.  I’m showing here a world map with all the IRIS real-time stations, as well as event layers, with events for the last two decades, greater than size six.  The size and color indicate the magnitude of the events.  It’s possible to zoom in within MapBuilder to see more details of the good area.  For instance, we can zoom into the southwestern United States where we have a tremendous wealth of stations.  Like uDig, stations displayed in MapBuilder have information associated with them.  If I select the information tool, here at the bottom, I can find out more about a given point.  I’ll be selecting this point, GLA, close to the Mexican border.  Selecting the point brings up further information about the station, including the network code, and, in this case, multiple URLs leading to information about the station available from IRIS.  The first link goes to the metadata aggregator.  Here we can see additional metadata associated with the station.  Its name is Glanis and is part of the Caltech Regional Seismic Network.  Because it’s a real-time station, it also has data associated directly with it from the very recent past.  Here we have data from today, presented in a simple plot, just showing the wiggles one associates with seismic stations.  And several hours ago we can see a small event.  If we toggle back-- head back out and look at the original, full, global size map, showing all the real-time stations, it shows one of the inherent problems in generalized discovery tools.  The wealth of geological data can be visually overwhelming.  One of the important items on the GeoWs list for future development work is coming up with easier ways of filtering data to drill down to specific areas of interest.
GoogleEarth has become a popular platform for interacting with geophysical data.  The GeoServer tool supports the GoogleEarth API, allowing import of data from GeoServer installations into GoogleEarth without additional customization.  Here is a configuration of GoogleEarth accessing GPS data from UNAVCO event and center moment tensors from IRIS.  We’re looking at Alaska in the northeast Pacific Ocean, another geologically active region.  The red and orange dots are events, with the color indicating the relative magnitude of the event, yellow dots are center moment tensors, and the purple ovals indicate the locations of GPS stations.  As in the other clients, individual stations all have information associated with them.  Clicking on a station brings up a window showing the basic feature information associated with that station.  Here, for instance, this red dot is a seismic event.  Information gives the time of the event in 2001, the depth, and the magnitude of 7.1.  Clicking on the URL takes the user to the WILBER event-viewing tool at IRIS.  From within WILBER, a user can access data from seismic stations that recorded that event, either to download or to create a record section plot.  Center moment tensors have similar information, as well as a link that will take you to the related data product.  The formatting of the information in GoogleEarth from GeoWS servers is quite basic.  The geospatial information is being served through GeoServer installations at IRIS and UNAVCO.  Our aim is to expose our data through general clients, enabling users to use their geospatial tool of choice, rather than supporting specific customizations.
If you want to learn more about the GeoWS project, please visit our website at www.geows.org.  The group is currently exploring future directions to ease cross-disciplinary data discovery.  In the longer term, applying ontologies may be necessary to guide users through the dense forest of geoscience data.  In the shorter term, GeoWS shows that data centers working together can develop common tools to enable data discovery across disciplines.

The GeoWS group has participants from three major data centers: IRIS, MGDS, and UNAVCO.  The success of our pilot project was possible due to the active participation of all of the individuals listed here.  Thank you.
