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Monitoring and Analysis of Large-Scale Aerosol Events:
ITR on Collaboration in Virtual Workgroups

Background to the Project

Extreme biogeochemical events such as volcanic eruptions, forest fires, and dust storms provide unique opportunities to study the inner workings of the atmospheric system.  Such events tend to produce large quantities of dust, smoke, or haze, which is then dispersed over regional or global scales and serve as tracers for the events. The easily observable atmospheric particles can visualize and quantify the nature of transport, transformation and removal processes along their path. 

Dust storms, forest fires, volcanoes and industrial haze episodes can severely impact the atmospheric environment, with catastrophic effects on humans, but the prediction of their specific occurrence in space and time is virtually impossible. The unpredictability of these events presents a unique challenge to atmospheric research, since sustained readiness for intensive field campaigns is almost impossible to maintain. Hence, the study of such events generally has to rely on ad-hoc responses when the events occur.

Recent experience by the PI and others has shown that web-based ad-hoc virtual workgroups (VWG) involving the international scientific community, disaster managers and the lay public can be an effective way to detect the occurrence, monitor the evolution and to analyze the impact of these aerosol events. In a particularly successful example of the Asian Dust Event over N. America in April 1998, a virtual ad-hoc workgroup of 60+ scientists was formed to follow the evolution of the event. Two year later, members of the VWG are publishing over 10 individual research papers in the Journal of Geophysical Research. The VWG has also collectively produced a summary paper on the April 1998 Asian Dust Event. (Husar et al., 2001). Last but not least, the VWG has provided ‘just-in-time’ science support to air pollution managers dealing with the Asian dust episode over the West Coast of North America.

Members of such virtual workgroups are physically distributed; they maintain a private workspace but they also make some of their ‘content’ accessible to others. The distributed content can be organized into a shared virtual workspace by a web-based IT support system. The current technological support for web-based collaboration by ad-hoc workgroups is rudimentary.  Effective and convenient facilities for communication cooperation and coordination for a diverse, ad-hoc international workgroup are not yet available.  

Fortunately, abundant, high-grade routine air quality (AQ) monitoring data are now available on-line for analysis.  Daily global-scale satellite aerosol data are now accessible through the Internet. Extended air chemistry data are also being collected by a variety of research groups.  The routine and specialized meteorological data provide the necessary information for pollutant transport analysis or model validation. However, the full, effective utilization of the rich AQ and related data sets is impeded by difficulties in accessing the data, analyzing it and then presenting the results to the stakeholders for use in decision making.

AQ analysis requires many tools for the organization, access, extrapolation and processing of data. Recent software and hardware development permit the implementation of highly interactive and user-friendly data exploration and processing tools and data access methods. Furthermore, the web-based standardization now allows the integration of these tool components into a coherent, interacting, shared data exploration and analysis system.

Fast developments in the Internet infrastructure and web-based services provide unique opportunities to enhance the productivity of the atmospheric scientific community both quantitatively and qualitatively. The main challenge is to identify, adopt and harness these Internet innovations in manner that is beneficial to the diverse atmospheric science community. This is a proposal for applied research on information technologies to enhance the effectiveness of web-based ad hoc virtual workgroups (VWG). 

Project Goals

The project has two goals:

1. Enhance the existing web-technologies for creating shared workspace for virtual workgroups

2. Develop a new tool for the integration and browsing atmospheric data.

3. Apply these IT technologies to support existing, functioning virtual workgroups on regional and global-scale aerosol events.

Collaborating Scientists

The project will utilize collaboration with a wide array of individuals and institutions. The collaborators fall into two categories: (2) active participants in the virtual workgroups and (2) collaborators in the development of the VWG technologies. The list of active participants (mostly scientists) in virtual workgroups on CAPITA websites is about 400. The Supplemental Information section of this proposal contains letters of support for the current project from scientist who are interested in actively participating in Large-Scale Aerosol Events virtual workgroups and utilizing the supporting IT infrastructure. They include:

Dave Tratt., Jet Propulsion Laboratory, Pasadena, CA, USA

Thomas E. Gill, Texas Tech University, Lubbock, TX, USA

Dave DuBois, New Mexico Environment Department, Santa Fe, NM, USA

Douglas G. Fox, Ph.D., QEP, CIRA, Colorado State University, CO, USA

Norman Kuring, SeaWiFS Project, NASA / Goddard Space Flight Center

Nobuo Sugimoto, National Institute for Environmental Studies, Ibaraki, JAPAN

Robert Frouin, Scripps Institution of Oceanography, La Jolla, CA, USA
Frank Vignola, Department of Physics  University of Oregon, OR, USA 

Slobodan Nickovic, University of Malta, MALTA

Stefan R. Falke, D.Sc. U.S. EPA, Office of Environ. Info. Washington, D.C., USA

The collaborators on the technical development of the VWG-supporting web system are primarily researchers who over the past five years have participated in the development of the CAPITA VWG Web system or browsing tool development. Each individual is now at other institutions but maintains active interest in VWG-supporting web systems and willingness to actively contribute to the further development to the XML web system and the distributed graphical data browser tools:

Bret Schichtel, CIRA, Colorado State University, Ft. Collins

Stefan Falke, AAAS, USEPA, Washington, DC

Bryan Van Hook, Citicorp, St. Louis

Marin Bezic, Microsoft, Redmond

Sasha Juric, Microsoft, Redmond

Todd Oberman, Microsoft, Nice, FR

Kari Hoijarvi, Visala, Finland

Previous Work

Aerosol Events.

Atmospheric aerosol events have been studied since time immemorial. With the advent of satellite aerosol sensors, major aerosol events can now be detected as they occur.  Many agencies that operate satellite sensors now maintain web pages that highlight specific aerosol events through annotated illustrative images.  Examples of such services are the reports from NOAA’s Significant Event …which reports major fires, dust storms, volcanic eruptions, as well as severe meteorological events. The NASA Earth Observatory and the associated Visible Earth database of annotated images also include aerosol events as monitored by the EOS and other new satellite systems.  Groups associated with individual satellite sensors such as SeaWiFS, TOMS, and GOES also report exceptional aerosol events.

A broader and more integrated approach to global aerosol monitoring is maintained by D. Westphal’s group at the Naval Research Laboratory.  They operate a global aerosol model that simulates the surface concentration of biomass smoke, wind-blown dust and sulfate haze, and vertical optical depth four times a day. They also collect an archive of broad array of qualitative satellite data (images), including TOMS, AVHRR, SeaWiFS, GOES and Meteosat, as well as surface and upper air data from observations and meteorological models.  The assembled global observations and modeling data are organized on the NRL public website into archives.  The rich context provided by these images and animations are useful facilities for exploring aerosol events.  However, the ‘story’ of an aerosol event has to be assembled by browsing and comparing the disparate images presented in many formats and spatial temporal scales.

Since early 2000, a useful service to the community is provided by J. Prospero of University of Miami. Observing the daily global aerosol pattern using the SeaWiFS, TOMS and other satellites as well as the NRL global aerosol model output, he sends e-mail alerts to interested scientists.

It was evident, that, a robust and broader infrastructure for the detection and study of such event would be beneficial. It would assure that learning more about these unusual atmospheric events is not left to chance. An expert panel of the WMO has recognized a decade ago (Husar et. al. 1990) that the complexities of the global aerosol system will require the creation of a Global Aerosol Data System (GADS) but not much has happened to follow up the recommendation. The proposed project is intended to provide such a supporting Information Technology infrastructure.

Formal Literature on Web-Based Collaboration

Society and information technology are rapidly co-evolving (Hearst and Grudin, 1999) with teams and teamwork increasingly becoming an important key to qualitative and quantitative productivity (Stough et al., 2000). Scientific productivity is best measured by the rate of learning and new IT technologies can markedly improve organizational or group-learning as well as individual learning. In physical sciences, learning and knowledge creation involves the transformation of raw data, into information, knowledge, and ultimately wisdom (Bierly et al., 2000). 

Dynamic and flexible groupware systems can supplement the current information dissemination processes, while underpinning the creation of a learning environment (Kluge and Schilling, 2000). Team support systems need to consider the competing discourses between empowerment and control (Hayes and Walsham, 2000). In scientific workgroups, empowerment has to be emphasized instead of control with efforts to avoid ‘institutionalization of innovation’ (Davies, 2000).

Tailorability is generally regarded as a key requirement for groupware applications (Wulf et al., 1999). Rossi and Vitali, 1999 suggest an 'active web' architecture because it includes agents able to use services offered by WWW infrastructures. To this end, Marsic, 1999 for example presents a framework for sharing JavaBeans applications in real-time synchronous collaboration. In their approach, a generic collaboration bus provides a plug-and-play environment that enables collaboration with applications that may or may not be collaboration aware. The results of empirical analysis of groupware applications also reveal that the critical mass (number of active users) has a large effect (direct and indirect) on the use of groupware (Lou et al., 2000). 

Recently, many US and international agencies have groupware research initiatives. An example is the DARPA program ‘Intelligent Collaboration and Visualization’ (Mills, 1999). The technical facilitation of virtual teams is an active are in the private sector as well. The first and most prominent workgroup software was Lotus Notes. More recently, numerous other vendors including Caucus offer web-based workgroup support software commercially. Collaboration facilities are being built into standard office software such as Microsoft Word, Excel and PowerPoint. The World Wide Web Consortium (w3.org) plays a key role in the standardization of the interoperable technologies (specifications, guidelines, software, and tools).

It is evident from the active current research and development that group coordination in distributed systems has many facets, manifested in a variety of user interfaces and network protocols. However, to date no general methodology exists for engineering and science group coordination for learning and collaboration environments (Dommel and . Garcia-Luna-Aceves, 2000). 

CAPITA website development.
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The CAPITA websites in support of virtual workgroups have evolved since 1995. The first interactive CAPITA VWG site was developed to support an air quality management workgroup on ozone, Ozone Transport Assessment Group (OTAG). The OTAG website (capita.wustl.edu/OTAG) has demonstrated that the 37 Sate Air Commissioners of the Eastern US benefited greatly from the on-line information prepared by the Air Quality Virtual Workgroup. In fact, a post-analysis of the OTAG process by the Harvard Kennedy School of Government has attributed a significant part of OTAG’s success to the open inclusive virtual workgroup facilitated by the website. The OTAG website site was also a technology demonstration project for the interactive, user-driven websites to follow.

Subsequently, an automated website was applied during the Asian Dust and Central American Smoke Events in 1998. In order to illustrate the relationship of the website technology to the ‘core business’ of CAPITA (science support air quality management), below is a brief recount of the 1998 Asian Dust event. 
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Routine daily examination of the color images from the new SeaWiFS satellite has revealed a 1000 km-scale dust cloud over China. When it was evident that the Asian dust cloud was heading toward North America, an interactive website was set up at CAPITA, (http://capita.wustl.edu/Asia-FarEast/) on April 26 to register various observations, exchange opinions and to support general communication and data sharing (cooperation) among the interested observers.  By April 29, through word of mouth, over 40 scientists and air quality managers from North America and Asia had learned about the website, signed up to the ad-hoc workgroup, and began sharing their data and qualitative observations with the spontaneously formed virtual community. Most participants have maintained their data and preliminary reports on their own web pages but there was a user-maintained central catalog of the existing reports and discussions.

When the dust cloud reached British Columbia, Washington, Idaho and Oregon, the state health agencies issued air pollution advisory warnings to the general public with a corresponding ban on open prescribed burning. In making their decisions and informing the public, the state air pollution regulatory agencies have actively participated in the virtual community by supplying and using information on the virtual community website. 

The experience from the Asian dust event and subsequently during the Central-American smoke event (capita.wustl.edu/Central-America) has demonstrated that the currently available space borne and surface aerosol monitoring can enable virtual communities of scientists and managers to detect and follow such major aerosol events, whether resulting from fires, volcanoes, pollution or dust storms. It has also been shown that ad-hoc collaboration of scientists is a practical way to share observations and to collectively generate the explanatory knowledge about such unpredictable events. 

It is to be noted that ad hoc virtual workgroups are not a substitute for major planned experimental programs. Firm, quantitative and more complete characterization of physico-chemical processes are best accomplished he planned programs such as the ACE studies supported by NSF, NOAA and many other international agencies. It is our belief, however, that the virtual workgroup technologies developed for this project will be just as applicable for the planned, structured projects as for the ad hoc workgroups.

Summary Work Statement

Expanding the XML-based web catalog/discussion facilities.

Extended search facilities for the XML database

User defined views of the hierarchical catalog

Flexible addition of new data record types

Develop multiple layers of accessibility

Allow e-mail ‘subscriptions’ to monitor web events

Web activity statistics

Query by remote server and XML data delivery to other servers

Connection to other web catalogs

Design, Implementation and Testing of the Data Browsing Tool

Design of the Voyager Data Browser 

Implementation of the Browser

Testing and User Feedback

User-Testing and Feedback Active Virtual Workgroups

Study of the Virtual Workgroup Processes. 

Feedback to the IT design.

Technical Plan

The primary task of this project will be the further development, maintenance, user testing of XML-based website system for specific virtual workgroups. This task consisting of evolutionary changes to a long-term project web=development. The second, more exploratory task pertains to the development a web-based data browser. The third task is to apply the developed technologies to the existing virtual workgroups on CAPITA websites and seek feedbacks from the user community.

Task 1. XML-Based Website Development

Functional Requirements. The Website maintains a rich catalog of content distributed over the Web. It also enriches that content by annotations and discussion. The proposed website is not a central depository of reports, models, tools, data sets, and other form ‘data’. Rather, the Website is primarily a metadata (data about data) site with pointers to the content distributed over the Web. 

The Website is to support communication, cooperation and coordination among its interested users, i.e. the virtual community. Communication is supported by community membership list for e-mail and by providing a forum for public annotations and discussions. Cooperation is facilitated by providing access to a shared workspace and resources, including reports, models, tools and data sets. Coordination, i.e. interaction in order to achieve a common goal, is aided by announcements, consensus building in open discussions and by standardization of tools and formats. A key of feature of the Web system is the linking of data, metadata and discussion in one metadata system.

Website growth. Initially, this Website is an empty skeleton, but equipped with the facilities to grow. The growth occurs exclusively by contributions from its interested users, the community. There are at least three ways that a user can contribute to the growth of this Website:

· Registering in the People’s page so that the members can reach each other. 

· Registering reports, models, tools, data sets, and other web-content 

· Contributing announcements, annotations and discussions the community.

Website Maintenance and Management. From the user point of view, the operation of the Website is automatic, since every entry is recorded automatically and displayed instantly. The entire website content can be viewed in three different data views: 

· Domain Map – a hierarchical table of website contents. 

· What’s New page – a chronological list of changes in the content. 

· Personal Activity Logs – activity by each registered community member.

Additional views of the Website content may be added, including virtual views generated on the fly using ad hoc queries. 

The Domain Map is the main navigational roadway through the Website. The Domain Map is displayed in the left frame on the screen (Figure 1). Initially it shows the main heading only. It can be expanded and closed by clicking on the  + or – icons. 

Website Structure. The website has a tree structure. The tree is made of branches, which constitute the organizational skeleton. Leafs at the end of branches (i.e. reports, data sets) represent the real "content". Each leaf is a data object (record) independent from any structure. Each record contains a set of fields, (e.g. URL, title, submitter, date). 

The links are unidirectional from the tree structure toward the leaves. This rule allows any leaf to be reused in multiple trees (or outlines). The tree grows by adding branches and leafs. In general, new branches (web-pages) are added to the tree only by website managers. Leafs, i.e. data records can be added by any member of the community, though some branches can be password protected. 
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Figure 1. Tree structure of the website. The leafs are data records submitted by the community.

There are two major advantages of this web domain structure. (2) Supports flexibility in display of content. The server software is able to display any part of the tree either by starting at a particular node or by following specific context parameters. Also, the amount of detail can be varied depending on the user's interest. Therefore, users are able focus their navigation to any particular branch without having to find their way through from the top. (2) Promotes consistency throughout the website. People recognize quickly through patterns. The structure of this website offers a familiar pattern and consistent behavior. In addition, consistency in the structure potentially allows the computer to handle all maintenance work related to growth in the domain tree. The user-supported growth is facilitated by navigation instructions as well as by help files for remote contributors and domain managers. 

The proposed system uses standard relational DBMS for data storage and the entire server can be easily duplicated elsewhere. The Website with the same schema can be joined into a distributed data/discussion catalog by the standard connection facilities of modern SQL servers. The entire system uses standard Internet protocols HTTP, HTML/XML. This is particularly important in the heterogeneous environment of the global aerosol research community.

Relational Schema of the XML System. All the content in the XML system is managed by a SQL RDBMS system. The database schema consists of two types of tables. The first type is a “mapping” table, which serves the purpose of linking multiple records together by associating their primary keys. The “mDomainMapping” table is an example of a “mapping” table. This table maps branches to other branches (forming a tree heirarchy) and data records to branches (forming a branch of records). From the associations defined in “mDomainMapping”, SQL queries can be used to extract the elements of any part of a record tree (Figure 2).

[image: image2.png]rDomairs

DomainName

Directcry
Description
rRecordTypes dBranchRec
TypeName RecID
XMLScriptsource Title
TebleName rrDomainMapping Description rStyleSheets
ButtonCaption
RecID StyleName StyleName
ParertType Title
DornalniName StylelLRL
BranchiD TargetType
RecordType
DataRecID
SubmitterlD
SubmissicrDate
Data Tables
rrPersorMapping dPerson dGeneralRec dlournalRec
PersoniD RecID RecID RecID
TergetRecordiD Lasthame Title Apbreviation
RelationshipType FirstiName Description Narme
Emailaddress DoclRL
PersonalLRL
DialogueRec dDataRec
RecID RecID
Title Title
Description DatalRL
ParentReclD PublicationDate
Description





Figure 2. Relational schema of the XML system. 

The unique benefit of the “mDomainMapping” table is that it independently associates records from multiple tables in a way that does not restrict the addition of new tables or modifications of existing tables. Each of the Data Tables are independently manageable and do not rely upon the tree structure to which they belong.

Information about standard resources used by the XML System are stored in tables such as “rRecordTypes” and “rStyleSheets”. Style sheet records allow dynamic creation of style sheets for the rendering of XML data records as HTML.  The relational nature of this schema allows the addition of new record types and style sheets without affecting other tables that use the existing resources.

XML System Architecture.  The XML system is event based. Record submissions or request are originating at the user. User requests are directed to a generic Active Server Page (ASP) that calls a parameterized SQL query to the SQL server based on URL arguments. The result of the SQL query is passed to a second ASP, which converts the resulting record set into an XML document. Then, the Style Engine DLL applies an appropriate XSL style sheet to the XML, producing formatted HTML that is sent back to the client (Figure 3). 
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Figure 3. Architectural diagram of the multi-layered XML server system. 

Alternatively, the ‘user’ may be another computer. The XML System is capable of receiving queries and delivering XML data to any other computer on the Internet. This provides the potential of allowing other systems to implement specialized presentation layers, using the XML System purely as an XML data delivery service. The prototype CAPITA XML-based web system is implemented on a Pentium server with Windows NT operating system equipped with a Web Server and SQL server software.
Task 2. Develop a Distributed Data Exploration and Processing System for Air Quality Analysis

We propose the design and implementation of general purpose, distributed air quality data exploration and processing system (Voyager Data Browser).  The system is to (1) facilitate easy access to web-based data, (2) allow display and navigation through multidimensional air quality and meteorological data, and (3) serve as a host for a rich set of built-in and user-supplied components for data processing and viewing.  The Voyager Data Browser concept was first implemented in 1987 by Husar, Oberman, and Hutchins (1987) in form of a stand-alone Windows-based Voyager software. Voyager is still a key data exploration software tool at CAPITA and several other institutions including State of California Air Resources Board.

The later design of a distributed Voyager data browser was developed as part of an  MS thesis (Bezic, 1997) and other works (Bezic and Husar 1996; Bezic and Husar, 1997). Since 1997, there have been major advances in the Internet infrastructure and services, which significantly aid the implementation of the proposed data exploration software. A key new technology that will facilitate the implementation of the Voyager Data Browser is the advent of On Line Analytical Processing (OLAP) servers for multidimensional data. OLAP is a multidimensional data model that makes it easy to select, navigate, integrate and explore spatio-temporal data. It includes an analytical query language to filter, aggregate and merge data as well as to explore complex data relationships. The second major development is the introduction of XML as a standard data description and transmission language/protocol.

The main design characteristics of proposed new data exploration system area: (1) cursor-based browsing of multidimensional data from surface, aircraft, sounder, satellite, model outputs, (2) user-programmable data processing, and (3) web-based distributed cross-platform implementation. The architecture of the system will be of data-flow design.
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Figure 4. a) Web-based architecture of the Voyager Data Browser; b) Session manager in the Voyager Data Browser.

The main component of the Voyager system will be (1) Data Providers who will supply primary data to the system, through SQL or other data servers. (2) Data transformers who will prepare, populate and describe the OLAP data cubes and other data types using a standard metadata; (3) Data Access and Manipulation provide unified interface to the data cubes, GIS data layers allow data processing (filtering, aggregating, fusing) and integrating data into virtual data cubes; (4) Users are the analysts who access the system and produce useful knowledge from the raw data 
The Voyager Browser will consist of a small core software (session manager) as the ‘glue’, and many components for data access, processing and viewing (Figure 4a.)  The connectivity between the objects will follow the concept of I/O abstraction developed by Goldman and Co-workers (Goldman et. al., 1993). The data will be distributed among servers who subscribe to a common sharing standards for data and metadata. The standards are to be developed by the group members, most likely using the XML data description language. The access to the various data sets will be through a central catalog where data will be registered. The display of the multidimensional air quality and meteorological data from surface sites, vertical sounders, aircraft, satellite, model grids is to be done by viewer modules. The data types will include points, lines, areas, volumes, grids and images, time and scatter charts, etc.. Most data views will support animations. The data views and their settings will be user selectable and programmable. 

Cursor-based data browsing is to be supported by multiple dynamically linked views, e.g. 3D maps, time charts, and scatter charts. A global cursor, maintained by the session manager will allow joint browsing by multiple clients; a cursor change at one client will update the views at the other clients. The browsing facility will be similar to the   MACROBUTTON HtmlResAnchor Voyager
 data explorations software designed CAPITA and in use since 1987. 

On-line data processing and analysis is to be supported by plug-in modules based on open specification and operating on all platforms that support Java. The data flow-based processing programs are to be user programmable using drag and drop user interfaces. For ad hoc analysis a built-in processing language will also be available.

The uses of the multi-dimensional data exploration and processing system will include: (1) data quality control, (2) data exploration through overlays, comparisons, pattern analysis, (3) data manipulation through filtering, aggregation, integration and (4) data presentations through storybooks, animations and virtual reality browsers.  

A typical application of the proposed Voyager data browser will be the superposition of geographic data layers originating from disparate sources. Figure 5 illustrates the Asian Dust cloud using a superposition of SeaWiFS surface reflectance data; contours of absorbing aerosol index from the TOMS satellite (green); contours of surface wind speed from the FNL model and dust reports from surface meteorological observations. Political boundaries are added as a reference. The enriched context from the superposition clearly shows that the dust is produced by the high winds in the Gobi Desert in central Mongolia. The Figure 5 was produced in a rather elaborate post-analysis of the data (Husar et. al, 2001).  However, in principle, all the data layers shown in Figure 5 could be obtained on line; within less then a day of the measurements. The Voyager data Browsers is intended to facilitate such data integration by providing easy connectivity to data, georeferenced superposition of multiple data sets, convenient browsing over space and time and flexible display rendering.

A more elaborate four dimensional example of the Voyager Browser is shown schematically in Figure 6. The purpose of the display is to show the dynamics of aerosol transport. The satellite data of surface reflectance are ‘wrapped’ on the surfaces of a 3D surface map to show the topography. Vertical aerosol soundings from LIDAR are displayed in a 3D perspective view. At specific sites and elevations, the forward and backward airmass trajectories from a trajectory model are displayed as lines and dots. The 3D presentation is animated to show the air motion and the 3D map display can be tilted, rotated and zoomed by the user for a better view. Both the data and the display facilities are, in principle, available for such diagnostic browsing.

We are aware that multidimensional visualization systems have been effectively implemented and used for many years. Recently, data sharing communities have also been emerging. The   MACROBUTTON HtmlResAnchor Unidata
 system (http://unidata.ucar.edu) is a good example of a data sharing and tool-building community for meteorological data by universities.  The design and implementation or the proposed system will draw upon the experience and existing resources of the data analysis communities. (SSEC; NCSA, UCAR).
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Figure 5. Dust cloud over China. The illustration of superimposes five geographic data layers that could be accessible on line, real time.
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Figure 6. Schematic illustration of an animated 3D display of topography, airmass trajectories and vertical soundings and surface observations. 

Work Plan and Schedule

The work plan consists of three major components in accordance with the goals of the project. The first, activity is the further development of the CAPITA XML web-server system. The second activity is focused on the development of data access, integration and viewing tools. The third activity is the incorporation of these IT developments into the active virtual workgroup websites maintained at CAPITA and seeking feedback from the users.

Expanding the XML-based web catalog/discussion facilities.

Extended search facilities for the XML database

The workspace of the virtual workgroups quickly expands beyond browsable scope. Extended search facilities will allow finding the desired content using a variety of queries. The XML database search is implemented as SQL queries to the relational database. Additional queries will facilitate finding records by submitter, submission date, data record type, and by many other criteria that can be applied to the SQL relational scheme.

User defined views of the hierarchical catalog

Initially, the website content follows a particular hierarchical structure set by the website manager.  However, the same content (data records) can be reorganized into alternative tree structures (outlines). Initially, the creation of alternative tree structures will be confined to website managers. Later we will explore the possibility of personalized tree structures for individual users. 

Flexible addition of new data record types

The current catalog has only a limited number of data record types, such as a web link, discussion message and literature reference.  It would be desirable to conveniently add additional record types (e.g. data records of individual satellite images) in a robust and convenient way. This task involves adding tables to the relational schema, formulating new queries, and creating new style sheets that render the new record types. For robustness and convenience we will seek to automate the new record type addition. 

Develop multiple layers of accessibility

Access to the web site content needs to be tailored to the security and accessibility needs of the community. At the minimum there will be at least four categories of users including the browsing public, members of specific groups, individuals, and web domain managers. These categories and their respective read/write privileges will be determined and implemented based on the evolving need of the virtual community.

Allow e-mail ‘subscriptions’ to monitor web events

The user-contributed websites quickly grow beyond the users ability to monitor for changes. Browsing the What’s New pages periodically, is possible but it is time consuming. We intend to implement an e-mail subscription facility. For instance, members could subscribe to certain branches of the domain and whenever certain events take place in that branch then the subscriber could receive an e-mail message, with the link to the event. This approach would combine the benefits of the structured web site with the immediacy of the e-mail. The message flow will be controlled through the voluntary subscription by the user.

Web activity statistics

In order to evaluate the performance of the web site it is necessary to monitor the events that take place, such as visits, additional records, etc. Website monitoring  involves serious privacy issues and therefore it will be subject to approval and guidance by the workgroup.

Query by remote server and XML data delivery to other servers

A key feature of the XML system is that it explicitly facilitates computer-computer communication using the XML data exchange protocol. This feature is utilized to allow other servers to query the database and to create a network of catalog servers. For instance, it is planned to link the Washington University-CAPITA XML server with the compatible XML server at Colorado State-CIRA

Connection to other web catalogs

There are several web-based data catalogs with very extensive holdings. A good example is the Global Change Master Directory (GCMD) maintained by NASA.  The records for registering monitoring data in the CAPITA XML system are virtually identical to the core data records in GCMD. Therefore it should be possible to automatically transfer CAPITA data records into GCMD. It is also conceivable that the GCMD could be queried and the results displayed through the CAPITA XML system. In general, the issue of the connectivity between catalog servers will be explored.

Design, Implementation and Testing of the Data Browsing Tool

Design of the Voyager Data Browser 

The primary focus of the distributed Voyager data browser design will be on the connectivity of the components through the ‘Session Manger’. We will actively pursue the concept of abstract I/O i.e. the encapsulation of communication tasks between data-viewer and processor (model) objects. Since this is an applied project, we will use existing connectivity methodologies to the maximum degree possible. It is anticipated that the XML-fueled developments in computer-commuter communication will yield a useful infrastructure upon which the browser can be built. An example of the possible new connectivity technologies is Microsoft’s .NET protocol using ‘web services’.

The re-design of the Voyager system will incorporate these technologies as well as possible new ones that may emerge. The final design of the Voyager system will be passed to the Virtual Workgroups for input and feedback. We will use the consensus-building facilities on the existing VWG websites to finalize the design. Following the initial core design, the distributed data browser/processor will evolve based on contributions of components by its users.

Implementation of the Browser

Browser will be built starting with the connectivity engine, the ‘ConMan’ and the ’Session Manager’. Given the core connectivity layer, the components will be built on as needed basis. Data access modules will be created for SQL and OLAP data servers as well as to some useful special ‘legacy’ data servers. The display modules will start with the spatial displays. We will apply to a maximum degree the developing tools and standards of the GIS community. The ArcView and ArcIMS  tools by ESRI are attractive candidates for display and sharing of spatial data. It is anticipated that many (most) of the data viewer and access modules will be contributed by the community.

Testing and User Feedback

The developing technologies will be incorporated into the existing websites as soon as they become sufficiently robust for general use. The broad user community that uses the CAPITA virtual workgroup websites will be an appropriate forum for user testing and for seeking user feedback.

User-Testing of the Technologies in Active Virtual Workgroups

Study of the Virtual Workgroup Processes. 

The behavior of virtual workgroups and their specific needs for IT support is not well understood.  There is no general theory of workgroups to guide the development of the IT support.  Hence, at this stage, one has to rely on intuition and empirical observations of workgroups for guidance.  The virtual workgroups for the aerosol events constitute an outstanding opportunity to observe the behavior, evaluate the information needs and to identify the major impediments in these types of workgroups. 

The study of these workgroups will focus mainly on the information engineering: the flow of information, the driving forces and the resistances to the information flow as well as information timeliness and quality. The study of the workgroups will also utilize the methods and tools of management, behavioral and library sciences.

Feedback to the IT design.

The performance of the XML web server and the data browser will be evaluated by the user community in the virtual workgroups. Explicit channels for user feedback will be established to the harness the user feedback. Given the simple and modular design of the XML web catalog system, modifications can be implemented promptly.  The feedback on he Voyager data browser will be particularly useful since the difficulties of on-line data integration will necessitate major compromises. 

The insights gained from the study of the workgroups themselves will also be applied to modify and adopt the supporting IT infrastructure. The evaluation of the virtual workgroup processes will probably highlight areas that are not well supported by the existing IT system.

Schedule

Year 1. The XML web catalog will be completed within Year 1. Th eVoyager data browser will be designed in the first year.

Year 2 . The Data Browser will be implemented in Year 2.

Year 3. The third year will be devoted to testing and incorporsating feedback for both the XML and Data Browser system.
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