The CISN and ANSS have a common need to distribute earthquake products in near real-time over the Internet and private circuits to the public as well as to internal users.  The products presently include hypocenter parameters, ShakeMaps, ground motions, mechanisms, “Did you feel it”, and related URL's, but the list is expected to expand with our capability.  We are aware of three different distribution systems that either exist or are being developed by the USGS and CISN to target this need. We believe that competing distribution systems will confuse and frustrate clients, increase the complexity of operations, and waste developer resources. A single, a well-defined data delivery interface will also facilitate the creation of end-user client software and increase the usability of the data products. 

The variation in data delivery among these three systems reflects, in part, differences in product emphasis, technological approach, and sources of funding. They also suggest a lack of coordination, communications, and different perspectives about what information is important to the end user.  We believe that it is not too late to develop a delivery system that meets the requirements of all three of these systems.  We therefore request that the ANSS management and Team Chief Scientists immediately convene a committee to evaluate the requirements of a unified, near real-time seismic data delivery system and to recommend a strategy for its design, implementation, and operation. If a consensus strategy can be reached, we advocate that the USGS and CISN support the development of this delivery system and that appropriate applications be required to use the delivery system.  

The remainder of this memo briefly describes the three existing systems, their limitations, and recommends specifications for a common delivery system that would serve the needs of all client packages.

Quake Data Distribution System (QDDS)

Goal: Distribute rapid notification of earthquake parametric information from all regional networks and NEIC to both sophisticated earthquake recipients and the general public.  Subscription to QDDS is self-initiated for users who only need to receive information and requires no intervention by maintainers of QDDS distribution systems.  Information delivery is designed to be robust in the presence of network outages and support large numbers of clients.

Description - Stephen Jacobs, a summer employee at the USGS Menlo Park, wrote QDDS in Java during the summer of 1998. Alan Jones, a USGS volunteer affiliated with SUNY Binghamton, now supports it. Its primary use is to deliver hypocenter information to the Recenteqs systems web pages from the NEIC and all of the regional seismic networks with real-time capability. The QDDS notifications are also sent to the CISN Display (see below), trigger teleseismic waveform triggers on regional networks, and activate EqInTheNews.  It is used by CBS News and PG&E who integrate this information into their internal systems.  There are presently three distribution hubs (2 USGS and one at IRIS). QDDS clients automatically recognize a gap in messages and can request retransmission of missing data.  Through many years of debugging it now operates reliably.  

Limitations - It cannot pass through firewalls without explicit configuration. This is difficult and sometimes impossible in many bureaucracies.  Message delivery is not guaranteed because it uses UDP.  There are limitations on the file-size of information that can be distributed via UDP.  QDDS can only distribute ASCII information. Consequently, it cannot distribute large binary objects like graphics images.  The only support of QDDS is by a retired, volunteer software developer. It has primitive security, but Alan Jones is beginning to implement public/private keys to the system.

CISN Display/QuakeWatch


Goal: Provide a user-friendly portal to a wide range of earthquake information. Another goal is to proactively notify users of new information. It presents a GUI map display of near real-time seismicity.  The product is designed to deliver earthquake and product notifications reliably to critical users, such as emergency response centers, utilities companies and media organizations. The CISN Display also provides clickable links that automatically open a web browser and access web-based products like ShakeMap, focal mechanisms, and seismograms.  The system design is flexible to allow addition of new features and products.

Description  - The State of California funded the CISN to develop a replacement for the CUBE/REDI display, which ran on a DOS platform and received earthquake hypocenter information via alphanumeric pagers.  Caltech contracted with Instrumental Software Technologies, Inc (ISTI) to develop this system.  Critical users that have expressed interest in beta testing include OES, MWD, LA DWP, Caltrans, and TV stations in Los Angeles.  The client displays near real-time seismicity on a map, with options to open a web browser to view related products for an event, like ShakeMap, “Did You Feel It?”, focal mechanisms and other products that may be developed in the future.  While not a full-function GIS system, the CISN Display allows users to overlay graphics layers on the seismicity map like infrastructure, facilities or ground motion contour files acquired independently using a web browser. QuakeWatch features client/server architecture and is written in Java.  The design includes multiple and redundant servers. A beta version of the software is being tested and user testing is expected in March 2003.  At present, the QuakeWatch server receives notifications from QDDS, and the CISN Display development effort has contributed to improvements in the QDDS software.  In the future the QuakeWatch server will receive data via other mechanisms including direct connect to databases.  

Limitations. - Like QDDS, it cannot pass through firewalls without explicit configuration. This is difficult and sometimes impossible in many bureaucracies. Messages are XML delivered via CORBA over TCP, and require support of those technologies on the client.  The only support is by a contractor, ISTI.  The system is designed to scale to any number of clients, however this aspect of the design has not been tested.  The distribution package is presently coupled with the display package, but conceivably could be separated.

ShakeCast

Goal: Allow users to reliably and automatically receive and process shaking data from ShakeMap, lets organizations and users define locations and thresholds of interest (facilities) and set shaking thresholds (green, yellow, red) in multiple shaking metrics (acceleration, spectral response). Based on user-supplied parametric definitions of damage levels, software can rapidly deliver to end users electronic notification of facilities that may have sustained damage in a prioritized customized, easy-to-use form.

Description  - The USGS provided seed funding to develop a system to distribute and automatically process shaking information to critical users, such as emergency response centers, utilities companies and media organizations.  USGS contracted with Gatekeeper Systems to develop a system design document and a prototype system.  ShakeCast features client/server architecture. The software specifications call for users being able to customize their clients to received and process ShakeMap data for events of geographical interest or by shaking level.  The design includes multiple and redundant servers. The software’s distribution is based on XML messages via HTTP.  The server can operates in two modes, 1) data-push if firewalls are not an issue, or 2) via polling on the standard web server port (80) if a firewall is in place. The ShakeCast specification document includes capabilities to interface ShakeMap data with end-user GIS systems and to redistribute ShakeMap data within an organization.  Caltrans has been selected as the first beta user.  Several other critical users have asked to be beta testers, including PG&E, FEMA, California Earthquake Authority and SBC. All these users have severe firewall issues yet require ShakeMap to be delivered automatically.

Limitations – This system is designed for automatic and reliable distribution and utilization of shaking data, although it could possibly be expanded to include other products. Many users will have GIS in place but require automatic delivery of maps to begin loss estimation. For non-GIS users, the distribution package includes tools for automatically evaluating and prioritizing facility damage. It does not include a display package, but conceivably this could be added. The system overcomes firewall issues by polling the server at intervals. The ability of the system to scale to large numbers of clients has not been tested.  The only support is by a contractor, Gatekeeper Systems. Funding to complete the software has not been committed.

Recommended Specifications for data delivery system

Protocol

1. The system will require data transport from data providers to the servers, from server to server, and between servers and clients. These will be accomplished with a single protocol.

2. The protocol will be open and well documented.

3. The protocol will take advantage of existing open IP transports and protocols.

4. A well-documented API will be provided.

5. The protocol will be platform independent.

6. The protocol will be flexible, extensible, and self-describing to support future products.

7. The protocol will support the client/server requirements described below.


Servers

1. The system will support a distributed, multi-server environment for robust operation.  Automatic features must include load balancing and fail-over. 

2. The system must be scalable to support tens of data sources and tens of thousands of clients.

3. The system must deliver data quickly; within seconds of entering the system.

4. Servers must require minimal setup, maintenance and administration.

5. Servers will authenticate clients to assure they are authorized for service.

6. Data will be persistent. Clients will be able to request lost or missing data.

7. Clients will be able to subscribe to specific types of information.

8. The server will allow clients to quickly and reliable reestablish broken connections.

9. The server will allow clients to automatically re-request data for periods of lost communication

10. The server will support mechanisms for communicating with clients behind firewalls. 

11. A web-based interface will allow user registration and verification without human involvement.

