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Forward 

The long-term research goal for the Regional Marine Research Program (RMRP) of the 
Gulf of Maine (GoM) is to produce predictive models for the Gulf which incorporate physical 
circulation, chemical fate and transport, and biological (ecosystem) effects. Development and 
interpretation of processes in the Gulf of Maine is also of interest. The pivotal role of data and 
information management within the broad Marine Research Community of the Gulf of Maine 
emerged as a key issue during the initial Regional Marine Research Board (RMRB) meetings. 

RMRB agreed, that in order to achieve the long-term goal, it was essential to convene a 
workshop including the major research interestslistitutions in the Gulf of Maine. The purposes 
of the Workshop are: 1). to address institutional roles/responsibilities, and 2). to determine the 
levels of interest/commitrnent in the establishment of a Regional Data and Information 
Management System. Three working groups were identified composed of a core of individuals 
from 1). Researchers currently andlor potentially funded directly by the RMRB; 2). members of 
the Regional Association for Research on the Gulf of Maine (RARGOM) and the Gulf of Maine 
Council on the Marine Environment (CME); and 3). Representatives from the other Regional 
Marine Research Program Boards. 

The Regional Association for Research on the Gulf of Maine and the Gulf of Maine 
Council on the Marine Environment joined the Workshop effort as Co-conveners, reflecting their 
mutual interest in the subject The Workshop was convened on November 3rd through 5th, 1993 
at the New England Center on the University of New Hampshire campus. The workshop 
objectives were addressed through presentations of current data and information systems during 
the plenary session followed by discussion held in the working group sessions. Each group was 
charged with producing recommendations focused on identified issues. Due to the fact that only 
three Regional Marine Board representatives were able to attend the Workshop, working group 
three was dispersed among the other two groups. 

This is the record of the meeting. It includes the an overall executive summary and 
recommendations, the working groups recommendations, plus all of the pre and post workshop 
support materials. 



I. Executive Summary 1 Recommendations 



Executive Summary and Recommendations 

The IMS Workshop was composed of two working groups; the Regional Marine 
Research Program IMS Working Group (#I), chaired by Daniel Lynch with Glenn Flier1 as 
Rapporteur; and the Gulf of Maine IMS Working Group (#2), chaired by Paul Boudreau with 
John Sowles as Rapporteur. The Steering CommitteelEditors wish to express their appreciation 
for the excellent job done in the conduct of the workshop by these individuals. 

Each of the working groups were given charges and presented with a series of Priority 
and Secondary Issues about which discussions were to be focused (see the body of these 
Proceedings for details). While there was considerable redundancy among the issues presented 
to each working group, priorities were ordered differently for each. 

Recommendations were made by each of the working groups. Several generic 
recommendations emerged: 

1. The Gulf of Maine research and management community is committed to 
supporting an Information Management System. 

RECOMMENDATION: A regional Gulf of Maine Information Management 
System should be developed. 

2. The Gulf of Maine Information Management System will be accessible to all and 
will be formulated as a distributed, networked system. 

RECOMMENDATION: A distributed system utilizing INTERNET, as 
opposed to a centralized system, should be implemented. 

3. The Gulf of Maine Information Management System will build on existing 
systems; it will generate and distribute a directory of these systems, and it will 
strive for compatibility with important specific systems. 

RECOMMENDATION: The Gulf of Maine Information Management System 
should not re-invent any wheels. A vehicle should be put in place to generate 
and distribute a directory of the component systems and assure compatibility 
with important specific systems. 

4. An oversight mechanism will be emplaced to insure that community needs are 
being addressed. 

RECOMMENDATION: A Gulf of Maine IMS Oversight Group should be 
formed and charged with ensuring that the needs of various groups are - - 
incorporated in the planning pro&ss. 

5. Connectivity, compatibility and data and information exchange procedures will be 
the joint responsibility of data generators, users, and a GOM implementation 
team. 

RECOMMENDATION: A Technical Start-up Committee should be 
established. 

6. The Gulf of Maine Information Management System will have a vision statement 
and identified goals. 



RECOMMENDATION: Charge the Technical Start-up Committee with 
proposing short and long-term goals for the Gulf of Maine Lnformation 
Management System and the Oversight Group with developing a vision 
statement. 

Editors' Notes 

Due to Working Group time limitations, the Working Groups were unable to discuss and 
reach consensus on a number of the identified issues. One such issue, of interest to the Steering 
Committee, was the issue of Quality Control. While working ~ r o u p  notes indicate that this 
issue was discussed, no specific recommendation was forthcoming. It is the sense of the 
Steering Committee that the Working Groups deferred resolution and guidance on this issue (as 
well as other unresolved issues) to the purview of the Technical Start-up Committee and the 
Oversight Committee. 

Generic Comment. As regards a strategy for implementation of the Workshop 
recommendations, Roles and Responsibilities must be clearly defied within the Gulf of Maine 
Marine Research community. Who recommends? Who approves? Who funds? What vehicle 
shouldlwill be used for funding? Who monitors? 

While the suggested Oversight Group should reflect the broad interests of the Research 
Community as represented by RARGOM, the CME, and RMRP, there must be a mechanism 
for dealing with the short-term information management needs of the RMRP. We recommend 
that the Technical Start-up Committee serve that purpose. We further recommend that the 
RMRP should be the focal point for the initial developmental stages of the M S .  This is based on 
the assumption that the RMRP will fund the initial effort. Toward this end we recommend that 
the RMRB: 

1. Appoint the Technical Start-up Committee, taking into consideration the discussions 
contained in the Working Group meeting notes and recommendations. 

2. Solicit nominations from the Research Community at large (particularly RARGOM 
and the CME) for membership in the Oversight Group. 

3. Prepare a solicitation for Proposals, the purpose of which will be to initiate the 
development of an IMS Central based on the Workshop Recommendations in which 
the scope of work, outputs, and a target range of funding are clearly presented. The 
Technical Start-up Committee could provide guidance in the development of the 
scope of work and outputs (unless there is a perceived conflict of interest). 



JI. White Papers 



Framework for Environmental Information Management Systems 

Jeffrey S. Rosen 
Gulf of Maine Data and Information Management Systems Workshop 

Steering Committee 
American Management Systems, Inc. 

One Bowdoin Square 
Boston, MA 02114-2919 

617-544-3085 

Introduction 
The purpose of this document is to establish a frame work for the discussions at the Gulf 

of Maine Data and Information Management Systems workshop being held at the New England 
Center, November 3-5, 1993. Two matrices are presented below which define the levels of data 
and users (figure 1) the types of data and corresponding users. These two figures are presented 
as a concise well-defined domain of environmental information management. 

Environmental research, monitoring and management have a clearly defmable set of steps 
that are followed to a varving deeree in all data collection efforts. These s t e ~ s  can be 
summarized by an ~nte$r i&~ohel  that includes: 

Identify Issues which will be addressed 
Defme a design and an approach to measure or monitor the processes of interest 
Implement the sampling plan 
Collect the required data 
Organize, process and analyze data 
Interpret data 
Formulate conclusions and make decisions if appropriate - -  - 
Develo~ new hv~otheses or Imolement decisions 
~nfo r& decisiais 
Defend decisions 
Iterate the process 

At all steps in this process, data are a key resource. The efficient access and use of the data 
require well-designed accessible data systems. A conceptual framework for the users of 
environmental data is summarized in figures one and two below. 

Figure one is a conceptual model of the levels of data and of the general categories of 
data and information users. On the left side of the figure are the levels of data. The lowest level 
is identified as Field Information Systems. It is given the designation D l  to facilitate discussion. 
Similarly, each level above Dl  identifies a specific aggregation of the data. Each level is distinct 
from the other levels in the content and nature of the data contained in it. Yet each level is also 
related to the level below it and above it. In a properly designed information system the data can 
be relationally joined between adjacent levels. 

The data levels decrease in width going up the model because the aggregation tends to 
decrease the volume of data. It is important to note however, that as the volume of data 
decreases the volume of required documentation will increase dramatically. 

In most cases the process of analyzing interpreting and aggregating the data is far too 
involved and technically demanding to justify regenerating the results each time a user needs the 
data turned into information. This model suggests that the data should be stored in different but 
related information systems. 



Levels of Data Ag-gregations and Users 
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Figure 1 - Conceptual model of the levels of data aggregation and the 
levels of users 



The right side of figure one represents the different users of the information. Clearly this 
is not meant to be an exhaustive list or characterization of the users but rather a 
conceptualization. The users at each level have very specific requirements of the data in the 
adjacent data compartments. The model is not meant to suggest that users will only access data 
in the data level immediately adjacent to their user level. Users will probably access data at a 
number of data levels but will use the data level adjacent to their user level most often. The user 
compartments increase in width going up because the number of potential users at each level 
increases. 

The line between the users and data represents the user interfaces to the data. This is a 
critical component of the model. If the user interfaces are not appropriate to the users and the 
data, then the information system will not succeed. 

Figure two represents a functional characterization of the types of data and the 
disciplines of the users. The disciplines are listed across the tops of the columns. Again this is 
not meant to be an exhaustive characterization but rather a conceptual model. Each discipline is 
likely to have users from a variety of the user levels described in figure 1. These users will 
interact with many different types of data to complete their mission. The types of data are listed 
at the left of each row. Each cell in the matrix represents the interactions between a discipline 
and a class of data. The content of each cell indicates the interaction between the users in the 
disciplie in the columns and the types of data in the rows. 
G = The users in this discipline are involved in generating this kind of data 
R = The users in this discipline are likely to Read (access) data 
M = The users in this discipline are involved in maintaining this kind data 
D = The users in this disci~line mav be involved in deletinn data of this tvve from data bases. 

For each cell in figure two a set of additional issues is listed below. These issues should 
be considered to help determine the processes and controls necessary for the information system 
to function properly. 

The issues that should be considered for each compartment in the matrix include (but are not 
limited to): 

Does the group have use for the data? 
For how long must the data remain proprietary from the data generator's perspective ? 
What access should the group have to the data (Generate, Read, Maintain, Delete)? 
What are the uses of the data in each compartment, e.g., research, compliance, control, 
education, background information, litigation, etc. 
What standards are required in the compartment? 
What is the required QAIQC for the data? 
What tools are needed to access and use the data (software)? 
What is the level of expertise needed to access and correctly use the data? 
What infrastructure is required to access the data (hardware, communications, storage)? 
What is the annual budget for information processing in the cell? 



. What is the priority for consolidating the data and making it available to the different 
levels of users (as defined in Figure I)? . Does the Discipline have a role in: . generating the data . processing the data . interpreting the data . aggregating the data . documenting the data . maintaining the data (backups, storage, data base storage, etc.) . distributing the data 

Discussion of these issues will define many of the requirements of the system and will 
also force the discussion of some difficult issues that must be resolved if an effective information 
management system is to be developed for an environmental research and monitoring program. 



Information Management for the RMRP 

Daniel Lynch, Dartmouth College 
Glenn Flierl, MIT 

22 October 1993 

What is the RMRP? 

The Regional Marine Research Program was created in 1990 by act of Congress. 
Overall, the program is responsible for 

a) setting priorities for regional marine and coastal research in support of efforts to 
safeguard the water quality and ecosystem health of each of 9 identified regions; and 

b) carrying out research through grants and improved coordination. 

The Gulf of Maine is one of the nine identified regions; its program is administered through an 
executive office at the University of Maine. 

The 10-year goal of the Gulf Program is to work toward a suite of models that 
collectively simulate how the Gulf of Maine ecosystem, and its interacting components, function 
naturally and under stress. To date, approximately $3M has been granted to 13 different projects, 
which are beginning in 1993(see appendix); and an additional RFP will be issued in early 1994, 
for roughly $1M in new projects. 

What are its information needs? 

The complexity of the research planned, its scope and duration, the need for real-time 
interaction among disciplines, institutions, and PI'S all demand a carefully designed approach to 
data management and information flow. In particular it will be critical that data collection, 
processing, and distribution be carefully planned and coordinated to ensure 

- timely and easy distribution of both new and archived data 
- the highest standards of quality assurance 
- feedback to the field program activities 
-permanent archiving of a large volume of new RMRP data and information 

We take as a starting point that the goals of the RMRP are ambitious and that a complete 
model-based description of the GoM ecosystems is likely to continue to elude scientists at the 
end of the expressed 10-year horizon. It is therefore important that the research community 
commit to a framework for efficient exchange and archival of an evolving information base. 

We hypothesize an RMRP Information Management System (RMRP-IMS). Such a 
system will necessarily include diverse data types: 

- historical data 
- new observational data 
- real-time observations 
- models and model products 
- bibliographic information 



obtained from a diverse set of data providers, including: 

- federal archives 
- real-time data from observational networks 
- individual research project archives 

and provide several modes of information service, including: 

- browsing, querying, searching 
- data deliveryltransfer across network 
- graphical display and visualization 
- statistical and other data processing 

A well-designed RMRP-IMS will serve both to facilitate research now and in the future, 
and to convey research results to the management community in the long run. It is vitally 
important, however, that the system be first and foremost one which amplifies, coordinates, and 
preserves the efforts of individual scientists. A long-term adherence to this principle is crucial if 
we are to build a reliable information base for scientific resource management which is 
organically related to contemporary understanding of the Gulf. 

Accordingly, we focus the RMRP working group on the needs of scientific researchers. 
In the short run, scientists will be both data users and data suppliers. Their needs include: 

easy and timely archival of new data with uniform standards of quality assurance and data 
"ownership", attribution, etc. 

easy access to archival and contemporary data; ideally an RMRP-IMS would provide a 
regional focal point for the diverse data sources maintained by various federal and 
regional agencies, as well as to data currently being obtained through research projects. 

continuity (stability) of information over time and among institutions -- research is a 
distributed process in search of a unified central understanding of nature 

relief from the burden of providing ongoing, ad-hoc data retrieval for future researchers -- 
i.e. simple, one-time transfer of archived data to a single central repository 

an overarching, integrating framework that simplifies data browsing, query, and retrieval 
from diverse data sources and formats. 

Facts of Life (talking points) 

Do we hold these truths to be self-evident? 

la) Researchers will proceed to build useful data sets and analysis tools within whatever 
data management environmment is available/appropriate to the task. 

Ib) Each component of this distributed process reflects the research proioities and 
intrinsic needs of working scientists and is therefore inherently strong. 

lc) Centralized coordination is needed to enhance and preserve the value of these efforts 
to the larger community. 



Id) Therefore a RMRP-IMS should be fundamentally a distributed system, with 
centralized guidance, support and standards. 

2a) Any system constructed from useful, distributed parts will involve a collection of 
incompatible equipment, software, and local institutional constraints. It will not be 
possible to dictate detailed technical choices for either data providers or data users. 

2b) Any useful IMS must be designed to outlive the technical platform on which it was 
f rs t  built 

2c) Individual data archives will migrate over time from one techincal platform to 
another; a distributed system must accomodate this without widespread dislocation. 

2d) A central focus of RMRP-IMS development should be in defming and creating 
standard software interfaces among diverse data suppliers and diverse data users 
which are machine- and system-independent. 

3a) Internet is the evolving scientific commninication medium of choice. 

3b) Unix is the evolving Operating System of choice. 

3c) X-windows is the emerging graphics standard. 

3d) It will be difficult to take full advantage of these standards in the near term 

4) An RMRP-IMS should be common among several regional research programs. 
Conspicuous in this regard is the GLOBEC Georges Bank program which is just 
beginning. 

Thoughts on the design of an RMRP-IMS 

We advocate the development of a distributed infarmation system which provides useful 
exchange among 

- a diverse group of data providers, from agencies such as NMFS to individual 
scientists, and 

- a wide group of scientific data users who have widely different needs. 

Certain design considerations must be respected: 

a) It must be possible and relatively simple to connect existing archives into the system 
without data reformating and without changing the existing procedures for 
addinglediting data at the individual laMarchive. 

b) Data products will be developed by users; however, the system should have a means 
for easily feeding those products back into the system and making them available to 
all. One cannot predict these in advance or expect a single IMS group to develop 
them. 



c) Data servers must be able to respond to location queries ina timely fashion. Some 
directory and inventory management will be required. 

d) The data system must carefully separate the IMS functions from the user interface. 
Different user groups will require different user interfaces (built with different 
languages) with different functionalities. For example, some people will want a 
"point and click system which will lead one to the desired data, while others know 
pretty much what they want and wish to incorporate it directly into a program (e.g., a 
data assimilation activity). 

e) Application programs for data retrieval, processing and display will be developed by 
users; again, a sharing mechanism is important. This implies that the data system 
needs a set of standards so that one knows exactly what calls an application can make 
to obtain information. 

f) "Filters" or data transformationl combination procedures should also be relatively 
simple for users to develop and share. 

A Strawman RMRP-IMS Project 

Overview 

We outline a project devoted to the creation of a distributed IMS for the RMRP. The 
attached Fieure illustrates the conceDt. This IMS would evolve over a 5-8 year oeriod under the 
project supervision. In the long run;ts operation, maintenance and updadg would be turned 
over to two permanent operating agencies: 

- at the regional level, the Gulf of Maine Council on the Marine Environment (CME) or 
its designated subcontractor; 

- at the national and international level, NODC. 

The technology transfer would occur continuously, as portions of the system mature. The 
project itself would be a collaboration among several reserach institutions, with an RMRP Data 
Management Office @MO) at one of the sites providing centralized project coordination. The 
DM0 would be a temporary (3-5 years) creation; the long-run outcome would be the IMS itself, 
with CME the primary ownerlmanager and NODC a primary distribution mechanism for non- 
regional users. 

Data 

The scope of the information system would be quite comprehensive. Naturally, this 
includes conventional data types (atmospheric, physical, biological, and chemical oceanographic 
data). It also includes computational data in the form of model output and other data processing 
products. Computer programs for data processing andlor graphical display are yet another form 
of data of concern. Finally, there are important real-time data streams which are not archived. 
A comprehensive RMRP information system will need to include all of these data products. 

System 

a) Network: An Internet-based system is envisioned, with Unix workstations the primary 
clients and servers. Network services and system management in this arena is available almost 
universally within the scope of the RMRP. Needed additions/extensions include 



i) the transmission of satellite imagery (potentially too data-intensive for large-scale 
internet use); 

ii) networking to ships to provide real-time and archival information during field work; 
iii) networking to moored or drifting instruments for capture or real-time data. 

b) Software: We expect to utilize the results of previous and on-going efforts developing 
distributed data systems, such as the JGOFS Data Management project (See Flier1 et al.) and the 
DistributedOcean Data System (Cornillon, et al.). These are Internet-based clientlserver systems, 
with ability to handle diverse all data sets. Source code is available. We expect one of these will 
be a sufficient platform to begin with; for our user community, however, we may wish to extend 
the system with 

- networking to DOS and Macintosh; 
- user utilities for DOS and Macintosh 
- user graphics 
- data services ("Methods") for new data types 

The DM0 

The Data Management Office will be the central focus of services to both data suppliers 
and data users. Among its service functions are 

- maintaining a master data directory 
- monitoring data submission 
- quality control for new data 
- data storage (only in cases where storage is not available at the originating institution) 
- user support and workshops 
- transmission tohaison with permanent archive 

In addition, the DM0 would coordination of software development and distributed data 
entrylmaintenance. These "producer" functions themselves would be carried out at participating 
RMRP research sites. Each site would be responsible for software generation, the flow of data 
products and related programs into the system, and local data base maintenance, 
with special attention to the scientific users and data sources represented. The DM0 would be 
physically located at one of these. 

Resources 

It is expected that during startup, 112 FTE skilled technician will be required at each of 
the software development sites, plus an additional 1/2 FTE for administrative and support 
services at the DM0 site. Regional travel sufficient for 2 coordination meetings per year would 
be required, plus 1 workshop per year. Finally, a developmental workstation will be required at 
each site. 



Gulf of Maine Research Projects Funded June 1993: 

Sources, Transport, and Nutrient Environment of Toxic "Red Tide" Populations in the Western 
Gulf of Maine. Donald M. Anderson, Woods Hole Oceanographic Institution; Wayne R. 
Geyer, Applied Ocean Physics &Engineering, Woods Hole Oceanographic Institution; 
Bradford Butman and Richard Signell, U.S. Geological Survey, Woods Hole; Peter J.S. 
Franks, Scripps Institution of Oceanography; Theodore C. Loder, III, University of New 
Hampshire; $600,000; 36 months. 

The Relation of Slope Water Inflow to the Eastern Maine Coastal Current and to the Jordan 
Basin Gyre. Neal R. Pettigrew, University of Maine; $600,000; 36 months. 

An Obse~ationaUModeling Study of Western Gulf of Maine Circulation. Wendell S. Brown, 
University of New Hampshire and Daniel R. Lynch, Dartmouth College; $400,000; 36 
months. 

Microplankton Bloom Dynamics in the Gulf of Maine; Nutrients, Hydrography and Community 
Structure: A Program to Investigate a Nutrient Trao in the Western Gulf of Maine. Maureen 
D. Keller, ~ h r i s  barside and ~ z h a e l  E. Sieracki, ~ i ~ e l o w  Laboratory for Ocean Sciences; 
$61,276; 12 months. 

A Program to Investigate Long-term Seasonal and Interannual Variability in the Optical 
Properties and Optically-Active Constituents in the Gulf of Maine Waters: Database 
Development and Historical Data Analysis. Steven G. Ackleson, Office of Naval Research 
and Charles S. Yentsch, Bigelow Laboratory for Ocean Sciences; $65,091; 12 months. 

Gulf of Maine contaminated-Sediment Database: Compilation, Desk-Top Access and Analysis of 
Existing Data for Scientific and Policy Needs. Marilyn Buchholtz ten Brink, Frank T. 
Manheim, John Hathaway, U.S. Geological Survey; Stephen H. Jones, Larry Ward, 
University of New Hampshire; Peter Larsen, Bigelow Laboratory for Ocean Sciences; Bruce 
W. Tripp, John W. Farrington, Woods Hole Oceanographic Institution; and Gordon T. 
Wallace, University of Massachusetts, Boston; $200,010; 24 months. 

Preparation of a Review of Uptake and Depuration Kinetics of Algal Toxins by Filter-feeding 
Molluscan Shellfish. Sandra E. Shumway, Bigelow Laboratory for Ocean Sciences, and V. 
Monica Bricelj, State University of New York at Stony Brook; $90,596; 24 months. 

Publication of a Phytoplankton Manual for the Gulf of Maine. Robert A. Andersen, Bigelow 
Laboratory for Ocean Sciences; $61,474; 12 months. 

Research Projects Submitted for Funding Starting in Fall 1993: 

An Observational Study of Gulf of Maine Circulation Variability: An Augmentation Request to 
the Regional Marine Research Program for the Gulf of Maine. Wendell S. Brown, Theodore 
D. Loder, III, University of New Hampshire; Donald Anderson, W. Rockwell Geyer, Woods 
Hole Oceanographic Institution; Neal R. Pettigrew, University of Maine; $246,000; 36 
months. 

Soatial and Ternooral Variabilitv of Satellite-Derived Sea Surface Tem~erature and Pigment 
Fields in the' Northern ~ulf-of  Maine. James J. Bisagni, NO-s ~ a r r a ~ a n G t t ,  RI, and 
Peter Cornillon, University of Rhode Island; $99,870; 36 months. 



Construction of Satellite-Based Wave Climatology for the Gulf of Maine. Vijay G. Panchang, 
University of Maine; $43,957; 12 months. 

Atmospheric Nitrogen Inputs to the Gulf of Maine: The Relative Importance of Inorganic and 
Organic Forms. Robert W. Talbot and Byard W. Mosher, University of New Hampshire; 
$233,136; 36 months. 

Cycling of Particle-Reactive Trace Metals and Organic Pollutants in the Gulf of Maine. Philip M. 
Gschwend. Massachusetts Institute of Technology; Ken 0. Buesseler and S. Bradley Moran, 
Woods Hole Oceanographic Institution; $427,14& 36 months. 



Regional Data and Information System Requirements for the Gulf of Maine 

Paul Boudreau 
Department of Fisheries and Oceans Canada 

P.O. Box 1006 
Dartmouth, Nova Scotia. 

B2Y 4A2 
Canada 

Introduction: 

The Gulf of Maine that borders on three US States and two Canadian Provinces, is a 
semi-enclosed body of water of interest to a large number of agencies. The variety of activities 
in the Gulf and the proximity of a large and diverse community of people has placed great 
pressures on the system. Activities from shellfish harvesting and aquaculture to urban and 
industrial waste disposal are becoming more and more demanding on the limited resources in the 
Gulf. 

The limited resources and increased demands are giving rise to a need for greater 
understanding of the Gulf ecosystem. This interest in developing our understanding has been 
recognized in the establishment of the Gulf of Maine Council on the Marine Environment (CME) 
and the more recent Gulf of Maine Regional Marine Research Board (RMRB) and Regional 
Association for Research on the Gulf of Maine (RARGOM). All of these entities involve 
agencies which are keenly interested in promoting and developing management systems that will 
enhance the rational use of the coastal and marine resources associated with the Gulf. 

As in all management systems, there is a certain amount of information that is required to 
ensure proper planning and implementation in the aim of meeting an objective. This is also the 
case here for the GOM. The purpose of this workshop, this working group and this paper is to 
work towards a consensus on an approach for the development of an information management 
system (IMS) which would organize the data, generate useful information and provide controlled 
access to a large community of interested agencies. 

Definitions: 

The basic premise of this paper is that data represents detailed pieces of knowledge that, 
through the application of tools and methodologies, can be used to generate information. 
Information being more summary and general in nature. Data is the purview of scientists and 
technicians who spend significant amounts of their time and effort developing methods for its 
collection and storage. Information on the other hand is of more general interest and use to 
scientists, managers and in some cases the public at large. 

An information management svstem I I M S ) .  is a svstem to organize all asvects of data 
collection, information anddissemination. 1n-its broadesrmodern sen'se it is 
comprised of software, hardware and the people involved. Much is often said about the 
electronic components of an IMS, i.e., operating platforms, disc space, electronic communication 
packages etc., however the more important component to any successful IMS is the people or 
agencies, i.e., their capabilities, needs and interest 

In an IMS there are several types of participants. For the moment, it is convenient to 
identify two types, the data provider and the client or information user. Typically a single 



agency would represent both types. In the past the data provider, most often a scientist, concerns 
himself with all aspects of information generation including the collection and quality control of 
the data, design of collection tooh and methods of handling the data. All of these activities are 
driven by his purpose. Commonly this is where the data and information flow starts and ends. 
The data provider, being the sole information user, knows his needs and sets out to achieves 
them. The feedback loop is very short and direct. 

In more recent times, for a variety of reasons, there is a growing recognition that research 
systems with are single objectives are insufficient to meet present day management challenges. 
One reason behind this recognition is the limited fmancial resources available for scientific 
research. Equally strong arguments for coordinated research and information generation can be 
made from the point of view of the need to respond more quickly to questions dealing with more 
complex issueisuch as cumulative effects andecosystem stability, &opposed to single event 
crisis and single fish stock management. The increased complexity of issues which must be 
addressed us;ally requires a brod spectrum of information iharedamong a broad community. 
An IMS must be able to provide remotely sensed real-time data from NOAA, side by side with 
historical records of point data collected by community groups. Such a system based on the 
broadest information base and diverse user input ultimately allows for the best opinion into the 
data analysis/information generation. It also requires increased functionality over single 
provider/user system. 

At this point we must identify two alternative ways of achieving the necessary 
functionality: 1) centralized and 2) distributed. A centralized system is a classical one in which a 
central agency or organization maintains total control of the IMS. This is very analogous to the 
single providerlclient situation. The organization in control identifies its need and addresses 
them. If it has the mandate of providing the information to a community, it generally stipulates 
the method of information access and develops all of the necessary audit trails, security etc. to 
ensure that the system operates properly. Alternatively, the distributed system is made up of a 
loose federation of the participants. The individual participants allow controlled access to their 
data directly. In this way the data provider, who is most familiar with the data, is placed in the 
responsible role of maintainimg the data. This allows the individual participants to address their 
particular needs, while still playing a role in the information community. 

In the case of a single providerlclient system or a centralized system there are many roles 
which are successfully carried out implicitly: format standards, access, responsibility, security 
etc. Experience suggests that one of the problems associated with centralized systems is their 
inertia and reluctance to be sufficiently outward looking to embrace change. As a result they 
tend to be very secure systems without the necessary response times often required to address 
new and urgent problems. In cases where they are organized separately from the broader user 
community, they are very inefficient at meeting the client users needs. The benefits of the short 
feedback loop in a single providerlclient system is difficult to achieve in centralized system. As 
a result they often provide information and address questions which are no longer relevant. 

A distributed IMS has both advantages and challenges relative to the centralized system. 
Its main challenge is the need to develop a consensus view among a wide variety of participants. 
The advantages of such systems are many. The main one is the active participation of both the 
data provider and the information user in a way that mimics the single providerluser situation. 
The ability to directly access the dataliormation, streamlines the process of information 
dissemination and usage. This provides the quickest access to the best data. Having the 
information user involved in a distributed system ensures that his needs will be satisfied. His 
input into the type of information needed will ensure that the system has the necessary 
functionality, very often this will require the necessary analytical tools to convert the data to 
useful information. A truly distributed system will minimize useless redundancy by providing 
users access to the single responsible data source and will guarantee that all agencies are using 



the best and most appropriate data source. Overall a distributed system has more advantages and 
should provide a mowrobust IMS to meet the needs of research and management. 

INTERNET as a Model for the Gulf of Maine IMS: 

Once we move away from a classical single providerluser system there are many issues 
which must be considered explicitly and these issues must be assigned a single responsible 
agency. In general there are some easily identified roles that can be assigned to both the provider 
and the user. The provider would most naturally look aftm quality control and procedural 
documentation. The user would most naturally look after data products and system development 
funding, particularly for special dedicated functions. There are several additional functions, 
which could be assigned to either the provider, the user or a new role having to do with the data 
and information exchange. Things like data format standards, system access options, 
communications standards and data dictionam. Such "architecture" is necessarv to ensure easv 
communication among participants. It wouldprovide the basic infrastructure ipon which 
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individual agencies could build. These functions should be the focus of this working group. 

One of the most useful existing information networks that can be accessed by a large 
research community is the Internet computer network (see Krol, 1992). This network has both 
strengths and weaknesses, yet provides a real example of an IMS architecture for consideration in 
the Gulf of Maine. First the weaknesses. Its greatest limitation at present is its user friendliness. 
In a computer climate of Macs and Windows based applications, it is difficult to accept the 
traditional Internet interfaces that are based on text commands. Besides the difficulties in 
remembering written commands, the variety of keyboards in use. PCs, VT100, etc. make it 
difficult to develop standard interfaces that would be understood by all users. To some extent 
this difficulty is being addressed by the development of Gopher and other menu driven 
interfaces. Applications are also being developed for XWindows, which allows Internet to 
interpret mouse actions. Such developments would be highly desirable for an IMS that would 
serve a wide community. 

A second difficulty of the Internet is the partitioning of the two main functions between 
Telnet and the FIT applications. Telnet is the application that allows the user to logon to a 
remote computer. That is, if the user knows the Internet address, appropriate passwords and the 
instructions to run the remote computer, he can logon and perform whatever applications have 
been installed on the remote computer. FTP is a separate application that is used to transfer files 
from one computer to another. Similar to Telnef if the user knows the address, password and 
has proper authorization, he can receive or send files between the two computers. For work on 
local computers, these two functions are built in without any great amount of switching. The 
partitioning of these two functions over Internet makes it awkward to cany out more than one 
function at a time. This would happen if a user wished to log on to a remote computer, view 
some data, select some data and then receive the data to their local computer. Again, this is not 
impossible, just difficult. Developments to make such functionality more transparent to the user 
would ensure that a broad community takes advantage of the system. 

In terms of the advantages of an Internet architecture they are many. It is in many ways 
self regulating. Additional computers are easily added onto the network without a great deal of 
difficulty. The individual computers can be tailored to the local needs, while fitting into a 
worldwide network. In many Eases, where a dedicated connection to Internet wouih be 
prohibitively expensive, there are private connections that will provide Internet services for a 
small monthly fee. This abiity to easily tie into a large existing network would greatly benefit 
the efforts of the GOM research community. The preeminence of Internet for present 
communication needs guarantees that any developments/improvements in electronic networking 



will provide a mechanism for converting from the existing system. This will ensure the long 
term viability of any initiative based on the Internet system. 

Identification of Responsibilities: 

The most difficult task in initiating a distributed system is the identification of responsible 
agencies for each of the functions. Some of the functions will require extensive development, 
e.g., user friendly Internet front end, while some have already been carried out, e.g., the Data and 
Information Committee (DIMC) Directory of Data Bases. 

a) Data provider - The data provider would be required to commit to maintaining his data 
in an agreed format with some form of access. This might include provisions for an Internet 
connection, routine downloading of data to a central distribution point, or circulation of a data 
disc at regular intervals. For eaih high priority data requirement, a single responsible agency 
should be identified that would ensure continued auality of data. This class of oarticipant must 
also commit to ensuring that any entry in a data diction-q is up to date. ~ogether  wiih the data 
exchange facility, the data provider may have to consider security procedures to guard against 
misuse. 

b) Data Exchange - As stated above this function can be performed by the data provider, 
the user or by a third interested party. It would make recommendations as to the actual 
architecture in use, i.e., Internet, and establish that this party commit to maintaining the data 
directory so that all parties can identify existing data. It may also provide the role of centralized 
access for data that is notlcannot be maintained on line. Functioning as a repository, important 
data that usually resides on a stand alone PC may be available from this party. As the link 
between the provider and the user the data exchange center could play an important role in 
developing and I or disseminating analytical tools to the community at large. 

c) Data User - The data user must commit to be responsible in their use of the system and 
the data in it. They must respect the ownership of the data and through memorandums of 
understanding (MOU's) should attempt to acknowledge the efforts of the data provider. Users 
would have a responsibiity to share any analytical tools they develop with the IMS community. 

Where to go from here: 

It is highly recommended that the establishment of an Information Management System 
for the Gulf of Maine be develooed from existinn comoonents. At oresent there are numerous 
researchers and managers who &e collecting andusing data from t6e Gulf of Maine. In doing so 
they have established methods of acquiring, analyzing and possibly sharing data. It is advisable 
to identify a number of existing data providers and users, characterize their present operations, in 
terms of data requirements, technology used for analysis and communication, so as to attempt to 
integrate existing functions. The Data and Information Committee has made some important 
steps in the production of the Data Directory and the Users Needs Analysis. 

The next steps to be taken require a more detailed look at the participants in the IMS. 
The IMS community should attempt to identify priority databases that would serve a specific 
number of users needs. The connection between identified providers and users should be 
reviewed and tested to see if they meet the need. Actual exchange of data, on a trial basis and 
possibly on a routine basis, is essential to establish the practicality of the IMS. Such steps may 
be best taken between parties with a real interest and existing needs. Success at this level will 
secure additional partners and continued interest. 



In the longer term, it would be necessary to broaden the IMS community. This effort 
would involve both the education of potential participants as well as providing assistance to those 
considering participation. The most important assislance may be the development of a strong 
data exchange function within the IMS. This would provide a central point for contact and 
suppon 

If the Gulf of Maine IMS can be seen as a "win-win" situation for its participants then it 
will persist in time. It appears that existing technology can, for the most part, provide the 
backbone of the system, the desire to cooperate for the benefit of all is perhaps a more important 
concern. 
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NATIONAL RMRP IMS 

Robert Wall/David Townsend 
Regional Marine Research Program Office 

University of Maine 

Charge: Consider the appmach being use by the'Gulf of Maine RMR Boani as an 
infomtation management model for other mgbnal boards and consider the role 
of tecitnobgy tmnsfer among the bods .  

This is a worthy task to begin discussions on. However, of necessity, it will have to be 
limited to rather general principles and considerations since the GOM model is yet to be 
defined. And, many of the issue discussions at this workshop will factor into what the GOM 
model ultimately looks l i e  and what warrants transfer to other regional boards. - 
Despite the above limitation, there are several general questions which bear on a possible 
National RMRP IMS that can be productively raised and discussed at the present time. 
One is simply, what can the other regions gain from the learning exercise we are now going 
through with regard to information management? Although the answers are not clear, the 
question suggests that a section of the workshop report be devoted to each of the explicit 
issues raise, its resolution for our region, the reasoning underlying that resolution, and the 
extent to which the issue and its resolution might be applicable to other regions. 

A second is to assess in terms of a potential National RMRP IMS what modest 
modifications might be made to our own regional IMS and components thereof. These 
modifications should be such that they do not compromise the value to us but do enhance 
their "model" value to the other regions. 

A third is the important task of asking ourselves to consider some specific and significant 
reasons or activities for which a National RMRF' IMS might be important and for which it 
might be an appropriate vehicle. Thoughts that come to mind include s t a n d a d i d  data sets 
and access to them for (I) regional comparative studies of processes, distributions, and 
trends, (2) larger scale studies that cross RMRP boundaries, (3) augmenting and/or making 
use of national research and monitoring programs in the coastal regions. 

All of the above assume that the National RMR Program will actually develop and flourish 
for an extended period of time. In addition, fruitful discussions of a National RMRP IMS 
presumes some significant level of coherence amongst the nine regions in terms of their 
research plans, objectives and goals. At this time, the long-term future of the RMRP is 
uncertain. And, based on the several research plans currently abailable, the level of 
coherence from region to region appears to be modest. 
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The Gulf of Maine Regional Manlne ResearchProgram: 

History, Goals and Status 

Bob Wall 

Nine Regional Marine Research (RMR) Programs were established by Federal law in 
1990 for the purposes of: 
(1) setting priorities for regional marine and coastal research in support of efforts to 

safeguard the water quality and ecosystem health in each region; and 
(2) carrying out such research through grants and improved coordination. 

Their establishment recognized the value of the Nation's coastal marine waters, the 
mounting uressures that threaten their ecological integrity, and the need for regional research to - - - 
help safeguard their quality and health. 

The nine regions have been selected on ecological rather than political or jurisdictional 
grounds. Each regional program is governed by an 11-member board. Of these, three members 
are appointed by NOAA, two by EPA, and six by the governors of the states adjoining the 
region. One of the NOAA appointees is a Sea Grant Director in the region who serves as the 
Board chair. 

Each of the regional programs, within its region, is to 
foster cooperation and coordination in the planning, conduct, 
and use of the research; 
Take into account the current and projected research needs and 
existing programs; 

make use of existing infrastructure; 
maintain a long-term perspective within which the research is 
planned and conducted; and 

ensure high technical quality through the use of peer review from 
outside of the region. 

Each RMR Board is required to develop an RMR plan for its own region which provides : 
a description of the environmental conditions and trends; 
an inventory of the marine research being conducted and planned for the next four - 

years; 
a description of the prioritized research needs over a four year period within a ten-year 

context; 
plans for coordinating the RMR program with existing research and management 

activities; and 
a schedule and approach for implementing the planned research. 

Each region's plan is to be commented on by interested groups, modified if necessary, and 
submitted to NOAA and EPA for formal approval. Following this, research proposals based on 
the approved plan may be solicited, jointly reviewed by the RMR Board and NOAA, and 
submitted for funding on an annual basis. 

These are challenging tasks. They are carried out by a governing body representing a 
wide variety of scientific and governmental interests. They must take into account the activities 
of diverse interest groups and organizations whose numbers are great and growing. And, they 
must plan and conduct their research in the face of uncertainty regarding program funding. 



Within the Gulf of Maine (GOM), one of the nine regions, a great deal of regional 
coordination preceded and helped pave the way for the GOM RMR Program. These included the 
formation in 1989 of the three-state, two province Gulf of Maine Council on the Marine 
Environment. Its purpose is to coordinate regional efforts to preserve the environmental health 
of the Gulf. In addition, a major scientific workshop on the Gulf of Maine was held in early 
1991 and involved environmental managers as well as the US and Canadian scientists interested 
in the Gulf. Finally, a federation of institutions, the Regional Association for Research on the 
Gulf of Maine (RARGOM), was organized in late 1991 to foster the coordination and 
development of research on the Gulf. 

The GOM RMR Board was formed in early 1992. Its members, their aff~liation and the 
appointing entity for each are shown below. 

THE GOM RMR BOARD 

11 Members 

Ron Baird VPIDev., Worcester Polytec 

Dave Bartlett Dep Dir. EOS, UNH 
Bill Brennan Commissioner, ME DMR 

Matt Libman EPA, Boston 

John Nelson NH Fish and Game 

Jack Pearce Dep Dir. NMFSINFSC 
Judy Pederson MA CZM Office 

Don Phelps EPA Narragansett Lab, RI 
Henri Rauschenbach MA State Senator 

Jim Storer Chair, ME Marine Res. Bd. 

Bob Wall Dir., ME Sea Grant Program 

NOAA 

NH 
ME 
EPA 

NH 
NOAA 
MA 

EPA 

MA 

ME 

NOAA 

Collectively they are a diverse group with multi-level, multi-agency, multi-issue 
representation. Dr. Wall serves as the Board's chairperson. Dr. David Townsend of the 
University of Maine serves the Board as the Executive Director of the GOM RMR Program. 

With major suppon,from RARGOM, the Board prepared its Gulf of Maine Research 
Plan. The plan's development was guided by several overriding principles. The fust recognized 
that our coastal ocean ecosystems are at base the resources we're trying to manage. Simply put, 
if there were no Gulf of Maine ecosystem, the management issues would disappear. 

A second was the realization that the totality of needs for sound scientific information far 
outstripped any likely program resources. Thus there was a clear need to identify and maintain a 
program focus that was appropriate to the program purpose, broadly beneficial to the diversity of 
needs, and reasonably tractable. 



A third was to take advantage of the unique opportunity presented by the enabling 
legislation. It allowed the design of a Gulf-wide, long-term program that (1) complemented the 
wealth of ongoing but relatively narrowly focused efforts; but that (2) did not assume ownership 
of their programmatic responsibilities. 

In a more general sense the GOM RMR Board recognized that lots of groups are doing 
things in the Gulf that are both important and urgent, that there are lots of pressures to do things 
that are urgent but not broadly important, and that it should spend its limited resources on 
research that is important but not necessarily urgent. 

In line with this, the ten-year goal of the Gulf of Maine Research Plan is to work toward a 
suite of models simulating the Gulf of Maine ecosystem. Ultimately these models would lead to 
predictive capability of how the Gulf ecosystem functions naturally and under stress. 

The research priorities identified in the Plan related to (1) contaminants - where they are, 
how they got there, and their effects on living marine species of import - and (2) the factors 
controlling noxious andlor excessive phytoplankton phenomena. 

The strategy followed in meeting these priorities while moving toward this goal was to 
(1) develop a working dynamic model of the Gulf of Maine's circulation and (2) interconnect this 
model with others to be developed on nutrient budgets and cycling, on food web dynamics, and 
on pollutant transport, cycling and effects. 

The initial research being supported falls into two categories: observationallmodeling 
and analysislsynthesis of existing data. Projects in the former category are: 

The Relation of Slope Water Intlow to the Eastern Maine Coastal Current and to the 
Jordan Basin Gyre (Pettigrew, UMaine and Loder, UNH) 

An Observational/Modeling Study of Western Gulf of Maine Circulation 
Brown, UNH and Lynch, Dartmouth) 

Sources, Transport, and Nutrient Environment of Toxic "Red Tide" Populations in the 
Western Gulf of Maine (Anderson and Geyer, WHOI; Butman and Signell, USGS; 
Loder, UNH, and Franks UCSD.) 

An Observational Study of Gulf of Maine Circulation Variability: An Augmentation 
Reauest to the Redona1 Marine Research Program for the Gulf of Maine (Brown and 
~ d e r ,  UNH; ~n&rson  and Geyer, WHOI; an-d Pettigrew, UMaine) 

Spatial and Temporal Variability of Satellite - Derived Sea Surface Temperature and 
Pigment Fields in the Northern Gulf of Maine (Bisagni, NMFS; Cornillon, URI) 

Ahnospheric Nitrogen inputs to the Gulf of Maine: The Relative Importance of 
Inorganic and Organic Forms Chlbot and Mosher, UNH) 

Cycling of Particle-Reactive Trace Metals and Organic Pollutants in the Gulf of Maine 
(Gschwend, MIT; Buesseler , WHOI; and Moran, URI) 

From a collective, physical standpoint these projects will characterize the hydrographic 
and current structure (and their variabilitv) of the Eastern and Western Gulf of Maine Coastal 
currents and in the ~ordan and ~ i l k i n s o i  Basins along with the forces controlling this structure 
and its variability. And, by integrating this information with the phytoplankton, nutrient, and 
pollutant studies, we will begin to quantify exchanges between the coastal regions and the 
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interior Gulf, the transit times and paths of entrained particles along the coast, and the manner in 
which these physical dynamics along with the growth and nutrient environment influence the 
development distribution and fate of toxic dinoflagellates in the western Gulf of Maine. 

In the category of analysis/synthesis of existing data, the following projects are being 
conducted: 

Microplankton Bloom Dynamics in the Gulf of Maine: utrients. oeraohv and 
communitv Structure - A Program to Investigate a Nutzent T r a p E e  Western Gulf 
of Maine, Maureen D. Keller, Chris Garside and Michael Sieracki, Bigelow Laboratory for 
Ocean Sciences. 

A Promam to Investigate Long-term Seasonal and Interannual Variabilitv in the - - 
and O w - A c b v e  C- in the Gulf of ~ a i n e  Waters: 

Phase 1, Coastal Regions - Database Develo~ment and Historical Data Analvsis, Steven 
G. ~ckleson  and ~ h G l e s  S. Yentsch, ~i~elow~Laboratory for Ocean Sciences. 

* 

Gulf of Maine B n a t e d - S -  Compilation, Desk-Top Access, and 
Analysis of Existing Data for Scientific and Policy Needs, Marilyn Buchholtz-ten Brink, 
Frank T. Manheim, John Hathaway, USGS; Stephen H. Jones and Larry Ward, UNH; Peter 
Larsen, Bigelow Laboratory for Ocean Sciences; Bruce W. Tnpp and John W. Farrington, 
WHOI; and Gordon T. Wallace, University of Massachusetts at Boston. 

Preparation of a &view of Uot& and Deouration of Alp Fllter- 
feedin*- Shellfish, Sandra E. Shumway, Bigelow Laboratory=Sciences, 
and V. Monica Bricelj, State University of New York. 

. Publication of a Phvt-on M a n d  for the Gulf of Maine, Robert A. Andersen, 
Bigelow Laboratory for Ocean Sciences. 

Construction of Satellite-Based Wave Climatology for the Gulf of Maine, V. Panchang, 
University of Maine. 

These several projects when completed will provide the research and user communities 
with ready access to a great deal of scientific information on important elements of the Gulf of 
Maine ecosystem. 

Collectively all of these projects will in the end contribute to our long-term goal of 
simulating major components of the Gulf of Maine ecosystem. Striving toward that goal will be 
scientifically and intellectually challenging and provide many potential benefits. The process 
itself helps build "community: by conceptually integrating research approaches and disciplines 
and providing a big picture context for small project science. To enhance success of this 
complex goal, we will have to come to grips with what are the most significant processes, species 
and habitats to focus our attention on. and we will have to work at matching a wide-variety of 
space- and time-scales. To these ends, planning workshops on habitats and ecosystem modeling 
will be organized for the coming year. 

Finally, there is a fundamental need to provide for the effective access and use of 
important and high quality, scientific data and information concerning the Gulf of Maine. This 
need, of course, goes well beyond the RMRP program. The present workshop is an attempt to 
develop an overall context for meeting the need generally and with regard to the GOM RMR 
program in particular. 



The User Community in the Gulf of Maine Region 

Maxine G. Schmidt 

The Data and Information Management Committee (Dm) of the Gulf of Maine Council 
on the Marine Environment was charged with developing an information management system 
(IMS) for environmental workers in the three states and two provinces bordering the Gulf. To 
determine the needs and capabilities of the potential user community, the ~IMCconducted a user 
needs analysis. Surveys were distributed to over 700 people, representing each jurisdiction and 
level of government, as well as nonprofits and trade associations. One hundred twenty surveys 
were returned; of those 17 were selected for in-depth interviews to provide more detailed 
information on data use and management. The objectives of the surveys and interviews were (1) 
to characterize the user groups, (2) to ascertain the kinds of data and information users need, (3) 
to determine the functional and analytical capabilities of users and their systems, and (4) to 
discover what tools and applications users will need to make full use of the available data. 

Data Users 

With reference to the user matrix developed for this workshop by J. Rosen, the five 
categories of users in the region may be described as follows: 

Administrators - statelprovincial agencies, locaVregional agencies, federal agencies 

Researchers - mostly from academia and federal governments 

Conservation groups - NGOs and some government afftliates (e.g., public education 
committees) 

Public and others - private industry (environmental and engineering f i s ,  builders and 
developers, fishing and aquaculture industries), education (mostly K- 12), interested 
public 

ADP staff professionals - usually part of one of the other four groups 

Data Used 

Participants were asked to list the kinds of data they use on a regular basis. They were 
also asked about the data source and maintenance procedures for each data type. The results are 
summarized in the following table. 



The table is the one described by J. Rosen earlier in'this report Each cell in the matrix 
represents the interactions between a discipline and a class of data. The content of each cell 
indicates the interaction between the users in the discipline in the columns and the types of data 
in the rows. G= users are involved in Generating data, R= users are likely to Read (access) data, 
M= users are involved in Maintaining data, D= users may be involved in Deleting data from data 
bases. 

Data Needs 

All of the participants in the survey emphasized the need for more data and information. 
Many people listed known data sources to which they would like access; others simply produced 
a "wish list," without knowing if such data exist. Data needs are summarized in the following 
table. 

Data Problems 

When asked about problems with data they are currently using, participants cited several 
broad issues. 

Data access - Most kquent  complaint. Many users know of existing data which they 
would like to use, but do not know how to obtain it. 

Data gaps - Users cited both spatial and temporal gaps in data coverage in the region. 

Data resolution - Because most marine environmental data is collected by the federal 
governments, they are the main data source for state and provincial environmental 
agencies. However, the federal governments operate on a regional scale, so the resolution 
of the data they provide is too coarse (both spatially and temporally) to be useful for 
workers dealing with a specific site. 

Data quality - Documentation is often missing from the data workers receive, so the utility 
is a concern. 

System Functions 

Respondents were also asked about the attributes they would like to see in a regional 
IMS. Ease of use and low cost were important to all users. Nearly everyone mentioned some 



sort of analytical or visualization application. Most often cited were GIs and other imaging 
tools, as well as statistical and modelling packages and communications software. Many 
organizations are already using some sort of GIs, and expressed concern about exchange 
between systems. Participants approved of the concept of the Axses/MacLaren Plansearch 
application currently under development. 

Another important concern articulated by the respondents was operating system 
compatibility. Many users in the public group operate with Macintoshes, while others use PCs 
running both DOS and Windows applications. A few agencies and many researchers have 
workstations running Unix or an equivalent, usually dedicated to a particular function, such as 
GIs  or modelling. 

Other Issues 

Several additional issues for state and provincial agencies emerged from the user needs 
analysis, most having to do with financial restrictions. Financial problems are predicted for the 
long term, and may 6e the biggest obstacle to participating in a regional IMS foi many potential 
users. Funding of state and provincial agencies has been severely reduced over the past several 
years, affecting both personnel and equipment Most agencies surveyed are equipped with 386 
PCs, and, if they have data communications capabilities at all, it is usually some kind of 
interoffice e-mail (though some offices can communicate with outside entities via modem). U.S. 
state agencies in the region do not have access to Internet at this time. Some Canadian provincial 
agencies have access through regional commercial systems. 

Most organizations claimed some skills using fairlv so~histicated a~olications such as 
GIs or relationi databases, but most use spreadshet?ts and ~brd-~rocessin~'~ro~rams for most of 
their work. Some training will be needed to enable these users to exploit any dedicated 
applications and to navigate through unfamiliar systems: 

Bottom Line 

The potential user community in the Gulf of Maine has long recognized the need for data 
transfer and communication. Most users would be satisfied if they could merely obtain relevant 
data from other organizations. If this exchange is to be accomplished electronically, the IMS 
which serves this group will have to address these issues: 

Finances are a constraint on the acquisition of equipment and expertise. Smaller, PC- 
based systems should therefore be considered when designing the system. 

A variety of platforms exist in the region. 

Access to Internet is still a problem for many potential users. It may be necessary to 
provide access to the IMS for modems. 

This is a very diverse group. This diversity is reflected in all aspects of data management. 
In order to accommodate the strongest needs of such disparate users, a regional IMS may 
have to be confined, at least initially, to basic data transfer functions. 



Summary 

The User Needs Analysis conducted by the Data and Information Management 
Committee of the Gulf of Maine Council on the Marine Environment provided basic information 
about the data-related activities of many organizations throughout the region. This information 
enabled the DIMC to characterize functional user groups, to ascertain the kinds of data, 
information and applications users need to meet the goals of the Gulf of Maine Initiative, and to 
determine the functional and analytical capabilities of users and their systems. 

The five functional groups of potential users in the Gulf of Maine region, though their 
activities are very different, cited many of the same concerns. The kinds of data and information 
needs are similar, and data functionality, in terms of resolution and transfer across platforms and 
applications, is a common issue. Financial considerations are important, and will be for some 
time to come, especially for state and provincial agencies. This affects both access and 
processing capabilities for those users. 

All participants in the survey expressed a need for wider data access, and enthusiasm for 
a regional data directory. Many suggested datasets, both electronic and hardcopy, they would 
like to see included. 



Academic Research Systems 



A Distributed, Object-based Data Management System for JGOFS 
Glenn Flierll, James Bishop2, David Glover3, Satish Paranjpe2 

IMIT, 2LDG0, 3WHOI 

Large oceanographic programs such as JGOFS (The Joint Global Ocean Flux Study) 
require data management systems which enable the exchange and synthesis of extremely 
diverse and widely spread data sets. We have developed a distributed, object-based data 
management system for multidisciplinary, multi-institutional programs. It provides the 
capability for all JGOFS scientists to work with the data without regard for the storage 
format or for the actual location where the data resides. The approach used yields a 
powerful and extensible system (in the sense that data manipulation operations are not 
predefined) for managing and working with data from large scale, on-going field experi- 
ments. 

In the "object-based" system, user programs obtain data by communicating with a 
program (the "method") which can interpret the particular data base. Since the commu- 
nication protocol is standard and can be passed over a network, user programs can obtain 
data from any data object anywhere in the system. Data base operations and data trans- 
formations are handled by methods which read from one or more data objects, process 
that information, and write to the user program. 

Purpose: 
Permit scientists to use data without 

concern for storage technique, 
location, or format 

Networked interchange of data sets 
Access to most recent versions of 

data sets during experiments 
Handle multidimensional data 
Transmit metadata 
Extensible data manipulation routines 
Usable interactively or from programs 



The basic elements of the  system are: 
a server which routes requests 
data objects which receive requests and respond with data 
interfaces to other software: 
- data can be imported directly into packages such as MATLAB 
- simple listing and plotting programs (supplied) 
- open/read/ciose FORTRANIC interface 

m 

'z) 1 shell 

Data Objects package together a program (the method) and data. User programs never 
look at the data directly; rather, they communicate with the data object 

Objects couple data & programs(methods) 
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1) Data Objects communicate with a common protocol 
-+ Programs can work with any data in the system 

As an example, we show a figure with plots from 6 different data objects 

Orygan 

The commands which created the plot are 
window 0 4000 10 0 
axis x 2 Oxygen 5 dd 
axis y 500 Pressure 1000 dddd 
dash ll#locl~ 02 press ---------------- 
dash "#sl" 02 press ---- .... ---- .... 
dash "#mat5On" 02 press ------..------ . . 
dash "#hs" 02 press --. .--. .--. .--. . 
dash "#bot-50n" 02 press ---- .. -- .. ---- . . 
dash ll#eq" 02 press ---------- -- . .  .. 

This shows a single program dash requesting "02" and "press" data from each object and 
displaying it with the specified dash pattern. The objects are 

object location machine type storage method 

#loc MIT Sun flat ASCII file 
#sl RSMAS Alpha scaled binary integers 
#mat50n MIT Sun MATLAB binary floating point 
#hs WHO1 Sun multiple files/directories 
#bot-50n MIT Sun multiple files 
#eq U. Chicago IRIX Single file with multiple stations 



The communications protocol includes: 
- Comments (text) 
- Variable descriptions 

Name 
Dimensions for vectors/ matrices/ tensors 
Attributes (e.g., units) 
Hierarchical structure 

- Data 
Strings or numbers 

The protocol allows hierarchical structuring 

1% 
year 
month 

station 
lat 
lon 

press 
temp 
sal 
02 
sigth 

As an example, we show a partial listing of a data object 
# wunsch s t a t i o n s  3-10 
# p<lOOO 
....................... ....................... 

l e g ,  year,  month 

s t a t i o n ,  l a t  , l o n  

p r e s s ,  temp, s a l  , 02,  s i g t h  
........................ 



400.000, 6.363, 35.046, 
500.000, 5.724, 35.019, 
600.000, 5.031, 34.990, 
701.000, 4.633, 34.981, 
....................... ....................... 
s t a t i o n ,  l a t  , lon  
........................ 

4, 38.19, -73.52 
....................... ....................... 

pres s ,  temp, s a l ,  
........................ 
5.000, 17.516, 33.160, 
25.000, 12.315, 33.958, 
49.000, 9.612, 34.192, 
99.000, 12.095, 35.402, 
149.000, 12.407, 35.625, 
199.000, 11.287, 35.487, 
300.000, 8.059, 35.120, 
400.000, 6.606, 35.053, 
500.000, 5.467, 34.997, 
600.000, 5.003, 34.983, 
701.000, 4.680, 34.979, 
....................... ....................... 
s t a t i o n ,  l a t  , lon 
........................ 

5, 38.16, -73.26 
....................... ....................... 

pres s ,  temp, s a l  , 
........................ 
5.000, 18.382, 33.647, 
25.000, 12.040, 34.196, 
49.000, 11.951, 34.925, 
99.000, 11.914, 35.390, 
149.000, 12.045, 35.547, 
199.000, 11.976, 35.589, 
300.000, 9.425, 35.250, 
400.000, 7.003, 35.075, 
500.000, 5.827, 35.009, 
600.000, 5.252, 34.988, 
701.000, 4.845, 34.980, 
****** End of object  *** 

02, s i g t h  

0 2 ,  s i g t h  



2) Data Objects handle 
Projection (subsetting by variable name) 
Selection (subsetting by variable values) 

-+ Can minimize transmission of data 
+ Individual objects may have other functions 

These plots show the results of "selections" on a data object 

3) Server works with dictionaries (user's and system's) of object names 
-+ Names are brief; often dictionary names point to object on another machine 

Names of data objects: In order to access a data object, you need to know its full name. 
In its most general form, this includes the location, the method name, and parameters for 
the method. Often, parts can be abbreviated. 

In the dictionary the #bot object is 
#bot = 18.83.0.11::#bot 

home machine name on that machine 
On 18.83.0.11, the dictionary has 

#bot=/d5/glenn/bloom/jgbl2("/d5/glenn/bloom/bot") 
method program required parameters 

A request such as #bot(station=25,press,o2) translates effectively into 
18.83.0.11::/d5/glenn/bloom/jgb12(/d5/glenn/bloom/bot,station=25,press,o2) 

home method parameters 



Database Manipulations: "Constructed Objects" 
These are objects which behave much like filters, taking the output from one or more 

objects, transforming it and passing it to the parent. 

For example, we can add a column to the #test (hydrographic data) which gives a linearized 
estimate of density: 

p = 28.5 - 0.2T + 0.7(S - 35) 

by using the "math" constructed object which takes.as parameters an input object name 
and formulae for changing/ adding columns. The new object name is 

math(#test,rho=28.5-0.2*temp+0.7*(sa,-35)) 
and this can be used by the lister/plotter/ ... in exactly the same way as any other object 
- see figure. 

math(~tsst.mo=za.s-o.~2i~mp+o.~7(~a~-3~)) 

As another example, there is a plot from two data objects joined together by common 
station, cast, and pressure. 

join(#tco2,#poc(station,cast,press,poc)) 



User Interfaces: 
The fundamental aspect of the system is the technique for accessing data in many 

different formats from many different sites. Although we have developed user interfaces 
for our own work and make those available with the software, the "system" is not the 
interface or plotting package. Below are shown three views of a workstation screen while 
using our menu interface. On the next figure are two examples using MATLAB with 
a compiled function, "rjg," which reads data from the JGOFS system into vectors or 
matrices. 





MATLAB program: 
% 
% Compute bin-averaged chlorophyll-a profile 
% 
% read in data from JGOFS data system - first, event numbers 
e=rjg('#chla(eventno)'); 
% now get eventno,press,chla triplets 
[ee,p,c] =rjg('#chla(eventno,press,chla)'); 
% bin-average the press and chlorophyll-A 
pav=binav([0:5:50,60:20:100],p,p); 
cav=binav([0:5:50,60:20:100],p,c); 
% plot the averages 
plot(cav,-pav,cav,-pav,'~'); 
axis([O 4000 -250 01); 
xlabel('Chlorophyll- A'); 
ylabel('Pressure'); 
hold; 
% plot the individual profiles 
for ex=e' 

plot(c(ee==ex),-p(ee==ex),':'); 
end 

hold; 



This figure shows the output from a numerical model of t 
meandering Gulf Stream. The thermocline depth is contoured. 
point binary, direct access records. The MATLAB interface u 
and make the plots. 

[~l,~2,~l=rjg('#qg(~rday=20,~sil,~si2,~h~to)'); 
pl=reshape(pl,l28,128)'; 
p2=reshape(p2,128,128)'; 
p=reshape(p,128,128)'; 
x=15*[-63:64];y=15*[-63:64]'; 
[xO,yO]=meshdom(x,y); 
colormap(gray); 
pcolor(x,y,p); 
hold; 
contour(x,y,pl+4.22917*yO-p2,':k'); 
axis('squarel); 
hold; 
title('Phytop1ankton day 20'); 

Phytoplankton day 20 

,he physics and biology of a 
The data resides as floating 

?as used to import the data 



ABSTRACT 

xbrowse is one component in a distributed digital data browsing 
and retrieval system for oceanographers. The system consists of 

B 
0 

several data servers which provide access to different types of data "3 
(e.g., AVHRR imagery and XBT in situ data). Client programs (such s 
as xbrowse) have been developed to access these servers. Because 
the client programs can access several servers at one time and can 2. t w 
integrate the data that they receive from those servers, the system L3 Z. a 8 
facilitates interoperability. q E  3 

En  _.r 



XBRO WSE 

xbrowse is a tool for high speed browsing 
of digital imagery 

xbrowse is a tool for acquiring digital data 
xbrowse is based on the clienttserver 

model 
xbrowse uses progressive transmission to 

achieve very high compression ratios 
xbrowse provides both lossy and lossless 

data transmission 



m m m U ~ m - m =  

The Data: 

Primary Data Sets 

Satellite 
Advanced Very High Resolution Radiometer (AVHRR) 

Produces: Sea Surface Temperature (SST) 

In Situ 
expendable BathyThermograph (XBT), a Free Fall 

Temperature Probe 

Produces: Vertical Ocean Temperature Profile 









Data Management Issues 
Related to 

Scientific Research Requirements 

Issue 

Locating Data 

System Com~onents 

AVHRR Inventory 

Previewing Data Video Browse 
xbrowse 

Efficient Access to Imagery from 
Remote Site 

xbrowse 

Integration & Correlation of 
Distributed Data Sets 

AVHRR Inventory 

xbrowse 

Video browsing 



SOLUTION 
A Distributed System 

ClientIServer model allows distributed access 
Progressive transmission can reduce bandwidth 

requirements 



CLIENTISERVER SYSTEMS 
Overview 

Server provides access to system resources 
Client provides interface to remote server 
Server and client are separate programs 
Server and client often run on different machines connected 

via a network 
A protocol defines the exchange of information between 

server and client 



CLIENTISERVER SYSTEMS 
Interoperability Across Distributed Heterogeneous Systems 

The server's protocol describes the resource 
A client requests specific resources from server(s) using their 

protocol(s) 
A single client program can access several servers 

simultaneously 
A single server program can provide resources to several 

clients simultaneously 
The client program maps data from servers into a common 

format (result integration) 



MULTIPLE CLIENTS CAN CONNECT OT A SINGLE SERVER 
Each Client can Request Different Levels of Information 

XBT Server 

Number of Geographical Temperature 
Entries Locations Data - 



CLIENTISERVER SYSTEMS 
xbrowse Implementation 

Access distributed resources (e.g., AVHRR, XBT) 
Two separate servers 

Modular 
Servers are specialized for their resources 
Client is specialized for its application 

Facilitates interoperability 
Multiple data sets are cross correlated 
Multiple data sets are integrated in one visual display 



SYSTEM OVERVIEW. 
Client & Server Locations for this Demonstration 

xbro wse 
Client 
(UNIX) 

Server 
(UNIX) 



PROGRESSIVE TRANSMISSION 
One Way to Browse Imagery 

Based on the image pyramid 
Sampling can be used to produce progressive 

levels of resolution 
Input can be any raster file 





PROGRESSIVE TRANSMISSION 
Compression 

Level Bytes C Bytes Comp. Time (s)* C Time (s)* 

* Times based on transmission rate of 4 Kbyteslsecond 



PROGRESSIVE TRANSMISSION 
xbrowse Implementation 

Gives user control of resolution 
Sampling technique enables each piece of information 

to be transmitted only once 
Image source can be either 'browse products' or real 

data 



BROWSING 
A Classification Problem 

Many images can be classified at low resolution levels 
80% of images categorized as cloudylclear 

Remaining images require near-full to full resolution 
inspection for classification 

Much of the image may be superfluous 



FEATURES 

Display digital AVHRR imagery using progressive 
transmission 

Allow user to select Region of Interest 
Integrate display of imagery and in situ data 
Session logging 
Save image information to a file for processing 





XGB, a Geographical Database Browser 

by 
John D. Unger 

U. S. Geological Survey 
Reston, VA 

XGB (aka geobase) is an X-Windows, geographical database browser program 
that serves as a user-friendly front end to a sophisticated, easy-to-use 
distributed database system designed by researchers at  Lamont-Doherty Earth 
Observatory. The XGB program provides a geographically-oriented interface to 
various "viewservers" that provide read-only access through the internet to the 
different databases that can reside on the computers anywhere on this network 
(see Appendix I for a complete description of this system). The Lamont 
distributed database system allows users to store their own data locally using 
whatever database programs or data structures they require. A viewserver 
program is then used to make a "view" or table structure of that database 
available to anyone on the internet who is using XGB or other program that is 
designed to interface with the viewserver protocol. The viewserver program 
provides a common "view" or interface for whatever database is used to store 
the data locally. Currently, viewserver programs have been written for Oracle, 
Ingress, Unify, dbVista, Sybase, standard SQL, SDM (a public domain Lamont 
database program), and for simple raster formatted data. This system allows 
the owner of the data to have complete control of how his data are made 
available to others using programs like XGB over the network. He can control 
which fields of a database are part of each "view", and any changes that he 
makes in the database locally are immediately reflected in the view of the 
database made available by the viewserver. 

XGB is designed to be used with geographical data, and all the data retrieved 
by the program must have latitude and longitude fields, which are used as 
indices to the various databases as they are retrieved. Each database is 
displayed graphically in the geographic region of interest as it is retrieved; the 
database can also be viewed record-by-record. Each database can be filtered 
andlor modified by a set of boolian and mathematical operations within XGB. 
Two databases, a relatively crude coastline and country boundary map of the 
world and a global raster database of topography and bathymetry at 5'xg 
spacing are part of the XGB program. 

The license to use XGB, the viewservers, and all associated programs is 
granted free of charge to nonprofit educational institutions and govenunent 
agencies. The programs are available via anonymous ftp from 
lamont.ldgo.columbia.edu (129.236.10.30); appendix 1 contains details of which 
files are required. 



A Voluntary, Public Method for Sharing 
Earth Science Data over the Internet 

using the Lamont View-Server System 
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Absrract.We envision a time when an earth scientist from any institution will be able to access high 
quality data, regardless of where this data may actually be archived. The scientist will not have to 
know anything about where the data actually resides or what format it is stored in. He or she will 
only have to specify the type of data and the workstation software will handle the rest of the details 
of f111ding them and accessing them. A method - now in use at Lamont and several other institutions 
- of achieving this vision is described in this paper. Institutions make 'views' of their databases 
publicly available to users of the Internet, using database serving software that runs on one of their 
computers. This software completely automates the process of finding out what kind of data are 
available and of retrieving them. Hence a wide variety of different databases become, from the sci- 
entist's perspective, parts of an Internet-wide earth science database. At the same time, the institu- 
tion that archives the data is not locked into any particular database management system, and is 
free to provide alternative access methods and to exclude some of its data from the system. The 
self-teaching nature of this concept is especially useful in large cooperative scientific efforts. 

CRITICAL NEED FOR DATA ACCESS AND SOFTWARE TOOLS 

In order to make scientific advances in understanding a given region of the earth, an 
earth scientist may need to study and compare many different data types, having very different 
structures and data volumes. For instance, in a geological study of a volcanic region, a scientist 
may need to examine topographic data in order to locate the major volcanic edifices, gravity anom- 
aly datain order to make inferences about crustal thickness, seismicity data in order to locate active 
geologic faults and regions of magma movement, satellite photos in order to map recent lava flows, 
and chemical analyses of rocks in order to understand the magma generation process. Furthermore, 
a large number of subsidiary databases (such as magnetic anomaly, heat flow measurements, well - - 
temperatures, meteorological reports, etc.) may play a role in resolving a particular problem. 

Research in such integrated studies can be greatly facilitated by a carefully designed da- 
tabase tool. Such a tool must certain prope&es. First, it must be capable of teachg the 
user about what data are available. Too often in the past a researcher has overlooked a source of 
data that might further his or her research out of ignorance of its existence (even though a nearby 
colleague may have it in a desk drawer) or because the structure of the database was perceived as 
being too complex. As time progresses, more and more data are being collected, in much larger 
volumes than previously, by a larger and more international group of people, so that this problem 



is becoming worse. Second, the data must be readily available (preferably on-line). A delay of a 
month while a scientist attempts to obtain a tape of a critical data set would greatly interfere with 
a study, and especially with pursuing promising (but speculative) paths during such a study. The 
available data should also be complete and up to date, which is to say that they should be obtained 
as close as possible to their original source, as contrasted to using incomplete copies of unknown 
pedigree. Third, the method of data access needs to be reasonably uniform, even though the indi- 
vidual data sets may be stored in physically different places and by different methods. A scientist 
should not have to deal with a dozen or so idiosyncratic data access methods in order to access a 
dozen kinds of data. Fourth, there is a critical need for useraiendly software applications that can 
access, display (e.g. in map format) and manipulate data. Finally, the whole system must be flexi- 
ble enough that it allows for scientific creativity in an exploratory research environment. The var- 
ious pieces of the system must be coupled sufficiently loosely that they can be replaced with new, 
experimental, or custom made, pieces. The system must not be self-contained, but instead only one 
facet of an overall research environment. 

DATA ACCESS ABILITY CURRENTLY POOR 

While the earth science community is gradually moving towards greater use of on-line 
data, the current situation - with a few exceptions - is poor. Most groups charged with archiving 
data still do so mainly onto magnetic tape, distributed by mail. Some modernization has taken 
place, mostly in the form of a move from tape to CD-ROMs, but often without any improvement 
in the data formats or the level of compatibility between different CD-ROM reading software. Fur- 
thennore, continued reliance of distribution by mail leads to access that is much slower and more 
awkward than can be achieved by electronic means, such as Internet. 

The exceptions to this situation are noteworthy. Some institutions make data available 
through the Internet's File Transfer Protocol (FIT') facility, which can be used to transfer files from 
an archive to a scientist's computer. A few institutions (e.g. the Center for Seismic Studies and 
N.A.S.A.) make arrangements for scientists to access their on-site database management system 
through guest accounts on their computers. A very few have network accessible databases (e.g. the 
Incorporated Institutions for Seismology's Data Center and Lamont). These exceptions demon- 
strate the a large segment of the community is both willing and able to use network technology to 
share data. 

There has been considerable discussion among some members of the earth science 
community on how data access can be improved. Some people favor the establishment of more 
centralized data centers. Our own feeling is that data archiving must not be far removed from the - - 
scientists who extensively use thatdata, or else data quality suffers. Data archiving centers that are 
completely divorced from scientifii research tend to become merely 'clearing houses' for the dis- 
tribution of third party data of uncertain quality. Furthermore, without resekh-driven competi- 
tiveness, data archiving centers tend to fall quickly behind technologically. Thus we see distinct 
advantages to a model in which a combination of smallish, topical data centers and groups of sci- 
entists at research institutions make individual data sets available as   art of a loose. network-dis- 
tributed database. The data remains close to the scientists who generate it, but (given software ca- 
pable of automatically fmding the data on the network) is available to everyone else. 

One arg&ent that has been voiced against the use of a network:distributed database is 
the perception that it cuts off members of the earth science community at smaller institutions who 
lack access to Internet. This argument is specious: an inexpensive telephone modem can be used 



to communicate between a personal computer at a small institution and a computer on Internet, pro- 
vided arrangements for an account have been made. Once connected, the scientists has access not 
only to tha&mputer7s data, but all of the data in the network (albeit at a fairly slow data transmit- 
tal rate). Furthermore, the cost of a direct Internet connection is rapidly declining. 

LAMONT'S DESIGN OF A DATA ACCESS SYSTEM 

No software svstem which comes close to embodvinrr the features that we have dis- . - 
cussed above is currently'available (though many data management and display systems contain 
clever, innovative ideas worth emulating). Most of the commercial Geographical Information Sys- 
tems (GIS) are either very limited in the; capabilities (to, say, satellite pho~ographs) or very rigidly 
structured, in a way that might be suitable for a production, but not a research, environment. Fur- 
thermore, most existing GIS software provide only minimal data management and data access ser- 
vices. We at Larnont therefore developed a prototype system in order to work out some of the the- 
oretical and practical problems involved. Development of these tools has a high potential of lead- 
ing to scientific advances, since it simultaneously frees the scientist of the drudgery of assembling 
a data set, and provides a larger set of data from which new insights can be gained. 

Our design was primarily motivated by the way in which Lamont (and many other 
labs) function, with small groups of scientists collecting and archiving a given type of data, but 
with a much wider community of scientists accessing (reading) that data. The scientists who collect 
the data want primary control over the data. They want the data to reside on a nearby computer 
system. They want to choose their own data management system, design their own database struc- 
ture, and control changes made to the database. Since they are the experts on that data, they need 
the most sophisticated access to the data. Other scientists have only read access to the data, and 
may be williig to trade off flexibility for convenience of access. For instance, if the data are stored 
under a relational database manager, they may be satisfied with a few predefined 'views' (where a 
view is a single flat table built from the many tables of the database) rather than general access to 
the complex database itself. 

We therefore decided to distinguish between these two types of access to the data. We 
assume that the data are stored using some database management (DBM) software, which may be 
of university or commercial origin. This DBM software is used for inputting data into databases, 
and can be invoked directly by the scientist for 'expert' access to the data. We then designed an 
intermediate layer of software, a 'view-server', that separates and insulates the ordinary scientist 
from complexity of the DBM software and of the database itself. The view-server keeps track of 
which databases are available (there may be many, each controlled by a different small group of 
scientists, each at a different location on the local - or wide - area network), and their schema, and 
can get views of data from the database (Figure 1). Each view is a simple, rectangular table of data. 
The structure of a view is intentionally kept simple so that it is easy to write software that can learn 
the schema of new views from a view-server and present the data in a view in some desirable form 
(e.g. as graphs, tables, or maps) to the scientists. The ability of the scientist's display software to 
manipulate a particular view is not built in, but rather is learned from the view-server. This auto- 
matic learning facility improves the software's versatility. 

In order to further simphfy the design of applications that can communicate with the 
view-server, we have limited the f ~ l d s  of views to parametric data (integers, floating point num- 
bers, and character strings). We handle times series and images in a rather ad hoc fashion, by as- 
suming that they are stored in a pre-defined format in a file, and including the file pathname as a 



field of the view. Standard Internet file transport (e.g. FTP or NFS) is then used to recover the time 
series or image. 

Our main effort in application development has been a geographical database browser 
(called 'GB'). This application is the main tool for extracting data from databases. It also has most 
of the features of a traditional GIs application: a scientist can mathematically manipulate paramet- 
ric data and images and display them on maps. GB can be used in conjunction with other software 
(including commercial GIs applications), as part of a larger research environment. A key part of 
the overall philosophy of the Lamont system is to keep the different parts of the system as loosely 
coupled as possible, with just enough standards to maintain a 'look and feel' similarity between 
applications and to facilitate interchange of data between them. Thus the system can easily be built 
upon by specialized users. For example, Lamont's Seismology division has developed several sub- 
stantial seismogram manipulation and earthquake location applications which are on the one hand 
completely distinct from the data access system, and on the other hand function smoothly together 
with it. 

VIEW-SERVERS FOR PUBLIC ACCESS OF P W T R I C  DATA 

One of the pervasive problems with dealing with data provided by different institutions, 
or even different data sets provided by the same institution, is that they are usually in incompatible 
formats. Furthermore, software provided by the institution to read one data set often cannot read 
another. Even making a simple plot or map containing two types of data can be very difficult and 
time consuming. This problem would be solved if institutions could all agree to use a common data 
format and common conventions for data units. However, given the wide variety of data formats 
in use (ranging from simple text files of FORTRAN 'card-images' to formats imposed by commer- 
cial database management products), agreement on formats seems far away. Furthermore, database 
technology has not yet provided a single solution to all data archiving problems. Formats that might 
be appropriate for one kind of database might be completely unsuitable for another. The view-serv- 
er concept is an attempt to define a compromise - a standard in the absence of standards. No re- 
quirements are placed on the underlying format in which the data are stored at the institution. In- 
stead, the data are reformatted as they are transmitted over the network to the scientist. The data 
format issue is effectively sidestepped, providing the scientist with a uniform, network-based ac- 
cess method for publicly accessible geographical databases. Furthermore, the view-servers provide 
indexing and documentation services not usually provided by formats alone. Unfortunately, one of 
the negative aspects of the compromise is that uniformity in the data archiving process is left un- 
improved, and some of the complex (but useful) relationships that might exist between data in its 
native format might be lost when that data is reformatted for distribution over the network 

The view-server is implemented as a standard network service, build upon a client-serv- 
er computer architecture. The scientist runs a software application (the 'client') to retrieve and dis- 
play data, which communicates over the network to another software module (the 'server') running 
on a different computer that supplies the data (Figure 1). Communication is by messages in a stan- 
dard 'protocol' that we have developed. 

Before designing the view-server and its underlying network protocol, we considered 
whether any existing standards could be adapted and applied. One strong candidate we evaluated 
is Struchued Query Language (SQL), a database access programming language used in many com- 
mercial database management systems. We decided it could not be used directly, for three reasons: 
such a choice would seem to preclude the use of fast, simple non-SQL databases which are already 





in use in many university data archives; in actual practice, relational database managers from dif- 
ferent vendors use substantially incompatible versions of SQL and completely different methods 
of communicating SQL queries to database managers; and finally, SQL lacks standard features for 
documenting the contents of databases. In our opinion, the ability to recover information about the 
data in a standard way is every bit as important as the ability to recover the data itself. 

The protocol we have developed implements only three basic functions: Provide the 
client with a detailed description of the database views, including their names and a detailed de- - 
scription of their contents; Given a view name, suggest other, related, view names; Satisfy a request 
for data for a specific view. The f i s t  two functions are essentially 'contents' and 'index' functions, 
respectively. They automatically documents the contents of its databases and provide information 
that helps scientists assess whether a particular type of data is relevant to their work. They are used 
to answer questions such as: What kinds of data does this institution have? Does the institution 
have any of a particular type of data in the geographical region I am interested in? Where did the 
data come from? What is the meaning of a particular field in the database? Equally important, the 
view-server provides this information in a machine-readable format that can be used by software 
applications that present the data to the scientist. This feature makes possible software that can si- 
multaneously display a very wide variety of data. 

We have designed the view-server protocol to be simple enough that a view-server can 
be implemented in a few days of modest programming effort. It uses widely available UNIX sub- 
routines, such as Berkeley sockets and External Data Representation. Special purpose view-servers 
can be written to provide a network interface even to one-of-the kind databases. For instance, La- 
mont has a view-server for its 'GMT' marine geophysical database. We are currently providing 
view-sewers software for four different database management systems: and ascii-view-server for 
databases based on simple text files; the 'dm-view-server' and 'sdm-view-server' for two very fast 
binary database managers written at Lamont; and the 'sql-view-server' for relational DBM's based 
on the popular SQL database language (e.g. UNIFY and SYBASE). 

SIMPLE COMMAND-LINE ACCESS TO VIEW-SERVERS 

A 'user-interface' is a program that provides a scientist with access to data made avail- 
able by the view-servers. The simplest user interface that we provide is a set of command-line ori- 
ented programs that can be run on a simple, non-graphical terminal connected to a UNIX computer. 
Since the connection might be made through a telephone modem, this simple user interface makes 
the entire distributed database accessible to a scientist with access to an account to any computer 
on Internet. Information about the views made available by the view-server running on a given 
computer can be obtained with the command: 

rshowviews hostname 

where 'hostname' is the Internet name of the computer running the view-server. Once the scientists 
is aware of an interesting view, data from that view for a particular part of the world can be ob- 
tained with the command: 

rviewsdm host view name query left right bottom top - 

Here 'query' is a logical expression (in a C-like syntax) operating on the fields of a single record 



of the view, and 'left', 'right', 'bottom' and 'top' are the longitude and latitude bounds of a rectan- 
gular region on the earth. For instance, if the view 'ISC-hypocenters' contained a field 'magni- 
tude', the scientist could recover all hypocenters from a given region with the query 'magni- 
tude>5.5'. The data retrieved by this command are in a simple, ASCII 'spreadsheet' format. 

The scientist then can inquire whether there are any other views related to a particular 
view with the command: 

rassocviews h o s t  view - name 

Perhaps, following the example above, the 'ISC-hypocenters' view is associated with a 'ISC-ar- 
rival-time' view. Then the scientist could go on to recover the arrival times associated with a par- 
ticular earthquake with the command: 

rviewsdm h o s t  view - name query t a r g e t  - i d  

Here the 'target-id' would be the ID of the hypocenter of interest. 

HIGH PERFORMANCE MAP-BASED USER INTERPACE 

The Lamont Geographical Database Browser (GB), is an X-Windows (and Sunview) 
based GIs application which can display data in the form of symbols on maps (Figure 2). This ap- 
plication learns from network view-servers about what types of data are currently available any- 
where on the Internet and determines their schema. The user can make queries to retrieve these 
data and can manipulate them graphically and symbolically. This software employs a powerful 
mathematical expression interpreter that allows the user to make queries from the database, per- 
form sorting and arithmetic functions, and control symbol attributes, all through symbolic expres- 
sions operating on the fields of the views. The user can call up any number of views, and plot 
them on a base map (either as discrete symbols for parameters, or by contouring images). GB can 
also be used to kansfer data to other programs, including spreadsheets, time-series analysis pro- 
grams and 2- and 3-dimensional plotting programs, all of which use common data formats. 

CURRENTLY AVAILABLE DATA 

Lamont currently makes the following kinds of parametric data available through its view- 
servers: 

Geodetic: Vector coastlines at a variety of resolutions; Rivers, lakes, political boundaries, 
etc. for selected parts of the world. 

Seismological data: Earthquake hypocentral catalogs, including the ISC and PDE global 
catalogues and local catalogues such as Larnont's New York State and Aleutian catalogues, C.D.- 
M.G.'s California Catalogue, D.N.A.G.'s U.S. Catalogue, E.P.R.I.'s Eastern U.S. Catalogue.; Cen- 
koid moment tensors, mapped faults for selected regions of the world; Strong motion accelerogram 
from the United States; locations of seismological observatories; 

Geophysical Data: Along track measurements of gravity anomalies, magnetic anomalies 
and bathymetry for UNOLS research ships; global land gravity stations; satellite geoid, seafloor 
magnetic anomalies and isochrons; marine heat flow measurements; 



Geological: Deep Sea Drilling Program and Ocean Drilling Program drill sites; the Lamont 
and Oregon State University piston core catalogues. 

Our expectation is that the list of available data will grow as data are contributed by other 
institutions.We provide a directory service for view-servers at other institutions through the view 
named 'view-servers' on chaos.ldgo.columbia.edu. E-Mail should be addressed to menkelam- 
ont.ldgo.columbia.edu to announce the existence of view-servers. 

AVAILABILrrY OF SOFTWARE AND ACCESS TO VIEW-SERVERS 

We encourage interested scientists and data management staff to consider running 
view-sewers on their institution's computers. Such an effort will be particularly easy if you have 
access to Sun workstations, since recompilation of the software will not be necessary. First transfer 
the manual, gb.inst.ps, and the rshowviews, rviewsdm, rassocviews programs to your computer 
(see Table 1). You will then be able to access view information and data from view-servers (see 
Table 2). Then transfer and install GB, which retrieves data and displays them on maps. Finally, 
pick one of the simpler view-servers (e.g. ASCII or DM), install it on your computer, and build 
some of your own databases. Unfortunately, due to our limited resources, we cannot offer you any 
technical support in this endeavour. 

License to use the software described in this article is granted free of charge to non- 
profit educational institutions and U.S. Govenunent Agencies, by simply completing and returning 
the License Agreement in the document gb.lic.ps (see Table 1). All material can be obtained by 
anonymous FTP to lamont.ldgo.columbia.edu (129.236.10.30) and consists of compressed UNIX 
'tar' files in the directory -ftp/pub (see Table 2). In return for the use of this software, we request 
that your host institutions be diligent in maintaining databases and making them publicly available. 
Some interesting time series and raster data are available on the public NFS-mountable file system 
duke.ldgo.columbia.edu:/duke/nceer-data. 
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Table 1. Compressed UNIX TAR files and their contents. - 
name contents 
gb.1ic.p~ License Agreement (PostScript Format) 
gb.tar.Z GB geographical browser, and manual for entire system, 

gb/doc/gb.inst.ps (PostScipt format) 
dm.tar.Z DM database manager and view-server 
ascii.tar.Z ASCII database manager and view-server 
sdm.tar.Z SDM database manager and view-server, and 

rshowview, rviewsdm, rassocviews commands 
sq1.tar.Z SYBASE and UNIFY sql-view-servers 
p8rse.tar.Z mathematical expression parser subroutines 
lxt.tar.Z Lamont X-Toolkit subroutine library 

Table 2. Public view-servers at the Lamont-Doherty Geological Observatory. 

N s  Number IiE Contents 

miles.ldgo.columbia.edu 129.236.10.70 DM misc. geophysical 
duke.ldgo.columbia.edu 129.236.10.50 SYBASE NCEER strong motion 
trane.ldgo.columbia.edu 129.236.10.90 SDM misc. seismic 
chaos.ldgo.wlumbia.edu 129.236.10.20 ASCII misc. geophysical 
clipper.ldgo.wlumbia.edu 129.236.20.90 GMT marine geophysical ship data 
ocean.ldgo.columbia.edu 129.236.20.71 GMT marine geophysical ship data 

&J. Data accessing system. The scientist's computer at Site 1, which is running a map based 
geographical database browsing program (e.g. GB) can retrieve data from data serving computers 
at Site 2 and Site 3. located elsewhere on Internet. 



Fip. Screen of scientist's workstation during typical use of the Lamont Geographical Database 
Browser (GB). The scientist is displaying a map of western North America. Coast lines and 1000 
meter topographic profiles are shown for orientation. Earthquake hypocenters from the NCEER-- 
EVENT view (crosses) have been retrieved from the view-server on the computer duke.ldgo.co- 
lumbia.edu, which is maintained by the National Center for Earthquake Engineering Research. The 
scientist has selected one of these events (large cross) and retrieved records from the NCEER-- 
TRACE view for that earthquake. The scientists has selected one record from this view, corre- 
sponding to a seismic station located near the hypocenter (square). One of the fields of this view 
contains the pathname of the strong motion accelerogram recorded at that station. This time series 
is displayed using a separate program. 
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PROTOTYPE 
ENWRONl'dENTAL DA'N AND lNM)RMATION MANAGEMENT SYSTEM 
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Durham, NH 03824 

25 October 1993 

An Enviroumental Data and Information Management System (EDIMS) b being developed under (he auspices of the 
Council on the Marine Envimmnenl for the Gulf of Maine region. When fully o p e r a i d ,  EDXMS will incorporate a 
dhwse blend of d w d  and real-time data fmm operational and march m w u  in a decentralized database. Data 
users/suppPers fmm the state+ pnhcu and federal agencies will be able to exchange data and idormation ria Internet. 
The prototype EDIMS consists of a few repmcntah datab- which are being ~ccesxd by a small data user/supplier 
p u p .  We are dewloping a set of protocoh that will enable h e  data urcrs/suppliers to: query a dikedory of the regional 
Gulf of Maine data sets; elwtmnically transfer a selected a b e t  of these data to their awn computing emironment; and 
communicate generally with the ptototype ED- l r p ~  cnmmunily. 

A subset of the prototype EDIMS databaws--including a Gulf of Maine &titbast directory, Who's Who, Gulf Watch mussel 
data, and the NOAA &time data-reside on the EDIMS host dient/swwr computer at the University of New Hampsb.  
When fidly implemented, most of the EDlMS databases wiU mi& at their respectire remote storage sites. During the 
prototype EDTMS dewlopment, mwt of the databases will be atatic, except for the regularly updated Gulf Watch, W, 
and river dhckqe databases. 

D I M S  has a SQL/ORACLE based data direclory which enables EDIMS users to browse the EDIMS database d~ectory 
for information. The user win be able to initiate the instant retried of any of the electronic EDIMS databases; cwsistiag 
of a data description header, and a flat ASCII data Rle. Internet is the me- Ior ditributiq the prototype EDIMS data 
and information, We monitor w r  auzss lo the &rent EDIMS databaw and will distribute logs to data suppliers on 
a replax basis. 

The Gulf of Maine Council on the Marine Ewironmtnt (GOM/CME) has d d o p c d  a ten-)car Gulf Action Plan to address 
issuea concerning the environmental health of the Gulf ad management of the marine resource. Toward that end, the 
GOM/CME utablwhed a r n b  environmenlal quality monilohg program focusing on muMeb (Gulf Wafch). The 
GOM/CME Working Gmup also established a Data and Information Management Committee (DIMC) charged with the 
task of dewdoping what are call an Eovtonmental Data lad Information Management System (EDIMS) fot the Gulf of 
Maine. ~ g i o n  The EDIMS wiU enable a diverse set of users in the region to exchange pertinent Wormation and data (imcl. 



Gulf Watch) among themselws. The DIMC has subdivided the implementation of an EDlMS into a set of task8 including 
the dewlopent of a regional database directory and a pmtotype EDIMS. The latter will accommodate the Gulf Watch 

I 
mussel data 

THE EDIMS CONCEIT 

The EDIMS b designed to make a data &rectory and a relcwnt set of data bases accessible to EDIMS users. The prototype 
EDIMS is desied to be simple aud flexible enough to accommodate auticipated changes. We expect that the ewntual 
group will include marine environment and lrsource managera; atate and provincial planner#; and ocean aeienthrs and 

I 
engineers. As users become more familiar with Uie prototype D I M S  they win articulate their needs more dearly. The 
DIMC will anaIyze that feedback and dired futw dewlopent :ntdingly. 

The fully o p e r a t i d  EDIMS will need to deliver to ib  usu~ a large wJ diwrse blend of d d  and real-time data from 
operational and research sowces. Thus EDIMS ls structmd around a decentralized database. Figure 1 illustrates 
schematically how data users/suppllus from the states, provinces and federal agenaes will be able to exchange data and 
information via the Internet ~ t w O r k .  This approach relies on the effort and resources of the data users/supptiers and thus 

I 
can be expanded mlauvdy easily. t 
While the EDIMS data directom Gulf Watch data. and a few other selected data sets--will wide at a hobt ccmDutcr site. - 
most of the E D I ~ &  databaw ~ &de at remote locations. EDlMS data um/suppliers will Link to the network and thus 

. I haw aws to dl of the heormd*ion ad data at the E D M  host site (GOM E D M ) ,  as W U  as the remote EDIMS aites. 
As envisioned, the GOM/CME will ask EDIMS data users/ suppliers to assume a major share of the ~~ponsibiity for 
database quality and maintenance. They wiU be assisted by an EDIMS manager at the host site who will oversee the 
operatiom of the EDIMS and implement DIMC ioitiatim. We expect that different data users/supptiers in the regon will 
commit to and support such an EDIMS because of their need to access the comprehensive EDIMS database. This 
information will enable them to wnduct re~tad,  protect public hedth, and/or manage the Gulf of Maine marine reaourcn 
better than e m  before. I 

PROTOTYPE EDlMS DESCRIPTION a 
A UNH ddopment  team har constructed and is testing the pmtotype DIMS. The prototype WlMS consists of a few 
iepresentatiw databases (see below), which are being acceued by a small DIMC data user/supplier group. We are 

t 
de~loping a set of protocoIs that will enable the group of data users/auppliers to (a) query a directory of the regional Gulf 
of Maine data sets; @) electtonidy trausfe~ a selected subset of these data to their own computing environment; and (c) 
communicate generally with the prototype EDIMS user armmunity. 
We haw selected a diverse set of databases to be ~ a r I  of the   to tot we EDIMS. The Dmtotwe EDIMS includes: 

1 
Y 

A Gulf of hfainc database directory 
Documentation 
Gull of Maine maw and bathvmetrv 
~&schwetls ~ q k  Program $psi& oceano aphic data arcbiive 
Red-time satellite imagery and meteorology K m  the NQAA/NOS Ocean Products Division 
The New Brunswick Department of Environment real-be tiwr dircharges 
The USGS sediment texture data aehiw 
D m o u t h  model 'data' for fhc Gulf of Maine 
The Bedford htitute of Oceanography Atlantic F ie t ies  Adjostmcnt Program (MAP) hydrographic dam archhe I 

Our goal in the next 8iX months is to add: 

A 'Who's Who" in the Gulf of Maine 
The Gulf Watch mussel data 
The EOEA Massachusetts shellfish data archive , 



In the prototype Gulf of Maine darabase directory, documentatim and all but the Dartmoulh databaces reside on the 
EDIMS host client/ser=r computer at the Uniyersity of New Hampshire. (Whcn fully implemented, most of the EDIMS 
databa~s win reside at their remote storage sites.) Durltlg th prototype EDIMS dnelopment, most of the databases will 
be static, mept  for the ngularly updated NOAA and r h  dixharge databarns. 

Internet is the conduit for the prototype EDIMS data and information. It is an established and well-documented 
international nemrk, with data and mail trmfer pro(0cob that can be implemmied on a wiuiety of pWrms. The Inkmet 
Pile Trader Protocol (FTP) Mure is used to retricw selected data from the host d / o r  remote storage sites. In an effort 
to keep tradr of EDIMS use, TW will monitor orafcsss to the different EDIMS databases. Logs detailing access lo EDIMS 
will be maintained and disbibuted to data suppliers on a regular bads. 

EDTMS indudes a SQL/ORACLE-besed data directory. A simple query system enables EDIMS users to bmrpse the 
EDIMS database dindory for information in user-spedtied time and space domains. This documentstion describes how 
to browse te EDINS directory and how to "captun" of the electronic EDIMS databases, which consist of a data 
desaiption heah, and a !lat ASCII data file. 

...................................................... 1 
I 
I ACZISC 

I 
I 

I I 
I I 
1 
I 

Figure 1. Conceptual d&n of the GOM/CME: Environmental Data and Itltormaiion Management Sptem EDIMS. Thf 
host sire (GOM E D W )  and remote databases am W d  togelher by Internet. -NOS prwides rcaltime data thal 
is captured at the host site. 



This draft EDIMS User's Documentation seelrs to help users in (a) acceJsing EDIMS, (b) migating the EDEDIMS data 
h c q  (m 2). (c) using the Internet r m d  uU*y (a q u i r i q  EDIm du but kttm 8 
dmlopment of EDIMS will come from users. Thw we encourage users to critique the caisting prototype EDIMS. 

.ACCESSING EDIMS 
1) Log into your oam IWERmT node. 
2) ~ype' what is in the brackets ( ... 1. 
3) OK, ( t eh t  metro.unh.edu) 

[Telenet Rev. 2.4 Copydght (c) 1991, Prime Computer, Iml 

Pleae wait.. . Thi8is 
Conned@ to: memunhcdu (U2177328.67) uNH-Sp#ir~c 

Entering INPUT mode. Your exape character h: Y I 
Entering INPUT mode. Your ucape character h: "1 
RISClo5 (metro) 

4) login: (edimsl 
5) psssword: (ledlms!) 

RISC/os (UMIPS) 452p3.2 mew 
(c) C q @ i  1986-1990, M[PS Cornputex Systems 
(c) Cowight 1990, PRIME Ccmputer Systems 
Atl Right8 Reserved 

The abm puts the user into lhe EDIMS MAIN MENU (see page 7). The three options (see Fig. 2) a~ discussed starting 
on the next page. 

Figure 2. Block diagram of the EDIMS Data Dindory 

'Keyhard entries on the EDIMS computer rrre case-sensithe and ym~ must emulate a vtlW t e r m i d  



DATA ACQUISITION DEMONSTRATTON 

To t m f w  EDWS NOAA/NOCN mcteomlogial data a l w ( r o ~ 1 y  to your own computer via Inttrner: 

PREVIEW DATA HEADER 

OK, 
[FIT Rev. 2.4 Copyright (c) 1991, Prim Cofqniter, hc.] 

~ ~ 

is conaecting to remote haat: metr0.uoh.d~ 
220 metro FTP server (from 4.3BSD Tuhoe) ready. 
Remote host connected. 

Usmollms (metro.unh.edu: ... ): 
331 Guest lo& OK, d id pa pwsw 
Parword (metro.uah.edu: ... )' 
230 Gu& login OK, access res 

*Logon to 
anonymous 
ftp area an 
the EDWS host 
computer (UNH- 
specific). 

250 CWD command succ~lhl. 

Note: At thiv point, the user can rard the ASCII W e ?  
file using an "editor" with which the user is kmiliar 

ma next page. 

RETRIEVE DATA 

Nuu: ftp metro.unh.sdu ax dsscribed above. 

*'@ 
221 0oodhye. 
Remote host disconnected. 
Exiting due to quit quest. 

Bxiting FTP. 
OK, 

Note: CnntetlCs of b44007.dat ~ppoaz on pngs next. 

*Move to 
proper 
d h b r y .  
*Trsnufer header 
fle to user 
computer and 
leave Ap. 

*Tmsfer deb 
file 



These data cannot be used for eommerdal purposes without express pet'miSSi0n of the data provider. 

Header File ( h u o y . ~ )  
NOAA Rsalrinu: Meteorological Data 

The National Data Buoy Center (NDBC) maintains a network of ocaw buoys and C-Man island stariona that 
aulumntically log and tronsmit near-dtime mtcorologid and oceanogmphic data to the National Ocean 
Service in Maryland. The data from the sLariow listed below are being archived in EDlMS central on a daily 
h i $ .  

44005 
44007 
44008 
44011 
44013 
IOSN3 
MDRMl 
MISM l 

Gulf of Maine 
PortlPlld 
N~tuckct  
Oeorges Bark 
Burrton 
Islw of Shoals 
Mt. DM4rt Rook 
Matinicw Rwk 

m o o d  
moored 
mnd 
moored 
moored 
C-Man 
C-MM 
C-Mm 

A set of 3-hourly dam records from each site are captured fwm tho NOAA Ocean Communicatio~ Network 
(NOCN) computer on a daily basis. The data are hear  interpolated to stpndard tbreu hour intervals and writtun 
to separate filer (.ee table above for filenmw). Each ASCII data racord is configured us: 

Colunm 1 
Column 2 
Columa 3 
Columu 4 
Column S 
Column 6 
Column 7 
Colunm 8 
Columa 9 
Column 10 

Ycor 
Month 
Day 
Hour (UTC) 
Air Tmnpmture CC) 
Sea Surface Tempersnrrc PC) 
Atmospheric P m r e  (mb) 
Wind Spssd (dw) 
Wiud Direction (deg) 
Wave Height (m) 

Nots: Miwing data am r e p l a d  with -99'0. 



Data Example 

c > 



In "OPAL-land" we use our own data pmcessing pcIrP8e (OASP) to 

- READIN &to ... to put in OCem F ~ l m ~ t  

- EDIT dab ... to eliminDte spurious datn 

- TIMPLTGKS ... to g- plot file 

-SCREEN ... to view plot on scneo (ste bclw) 



COMMENTS ON CHESAPEAKE BAY PROGRAM 
INFORMATION AND DATA MANAGEMENT TOOLS 

Joseph Macknis 
Monitoring Coordinator 

Chesapeake Bay Program 

1. CHESSE 

- hierarchical, menu driven system to access text and data Nes installed on 
Chesapeake Bay VMS computer system 

- outdated, created in 1984; Folio and Infobase software currently available provide 
much greater capability to access and link data bases and to display data 

- lessons learned 
* costly to maintain, required contractor support 
* schedule regular updates 
* assign responsibility for update close to data generation 

2. Review of Chesapeake Bay Data Management System 

- converting from VMS to ORACLE 
* EPA agency standard 

- identifying linkages through subcommittees by proposing management questions 
* effective process to link data bases in order to meet management questions 

3. Chesapeake Bay Information Tools 

- developed to support monitoring program, the scientific and technical cornerstone 
of the Chesapeake Bay Program 

- routine, coordinated monitoring provided basis for model calibration and 
verification, assessment of effectiveness of management efforts, development of 
water quality targets for living resources and hypothesis generation and 
verification to fuel research 

- CAMS (Chesapeake Automated Data Transfer System) 
* customized PC software to facilitate data submission and data verification 
* output is standardized data set 
* resolves QA problems close to data source 



- DAITS (Data Analysis Issue Tracking System) 
* provides process to resolve and document technical issues from all 

program areas 
* ties up loose cannons, applicable to other areas 

- Guide to Using Chesapeake Bay Water Quality Data 
* describes water quality data base 
* informs userldata analyst of changes in detection limits, methods, 

sampling design that are critical to interpreting the data 

- Data Management Plan 
* establishes common data attributes across program areas in similar or 

translatable formats 
* describes forms and procedures for the submission, retrieval, and storage 

of Chesapeake Bay Program data 

- Data Duectory 
* set of definitions for all data items in the CBP data base 

4. Information and Data 

- data are numeric values that require interpretation to become information 

- information is product to managers and citizens that builds support to 
continuelmaintain program 

- examples of information products 
* Bay Journal 
* State of the Bay Report 
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Data and Information Management 
at the Branch of Atlantic Marine Geology - 

and the 
Contaminated-Sediment Database 

Marilyn R. Buchholtz ten Brink , Frank T. Manheim, 
Nancy K. Soderberg, and John C. Hathaway 

U.S. Geological Survey, Woods Hole, MA 02543 

Introduction 
The U.S. Geological Survey Branch of Atlantic Marine Geology @AMG) at Woods Hole 

MA is part of the Geological Division of the USGS. The other two divisions are the Mapping 
Division (which produces the well-known topographic maps), and the Water Resources Division 
(WRD). Our Branch is responsible for a full range of geological and environmentally related 
basic and applied research in marine and coastal geology along the Atlantic Continental Margin, 
the Gulf of Mexico, and the Caribbean Sea. In addition to the largest staff at Woods Hole, other 
groups are located at National Headquarters in Reston VA, in St. Petersburg Florida, and a small 
office in San Juan Puerto Rico. A corresponding Branch that deals with the Pacific and Arctic 
areas is located in Menlo Park California. 

The objective of the current workshop is to review information management systems to answer 
the following questions: 

What data is available and pertinent to the needs of the Gulf of Maine research effort? 

How have participating organizations solved or been frustrated by data and information 
management problems? 

How can our mutual experience work to the benefit of all and aid efficiency, solve problems, 
promote cooperation, and get the job done more efficiently? 

Data and Information Management at the USGS 
The U.S . .Geological Survey 

The USGS mission is "Earth Science in the Public Service". To this end USGS BAMG 
provides basic and applied research in the geological and related environmental sciences, 
mapping and interpretation, data and information distribution and public education. As a research - -  - 
organization without regulatory obligations we do not make policy, but attempt to provide the 
most accurate and objective background information possible to serve the needs of scientists, 
managers, and the general public. Wide cooperation with Federal, and state agencies, as well as 
academic and other research organizations, private f m s ,  and citizen and environmental groups 
is a key element of our operations. 

The types of data and products generated by the USGS-BAMG span a very large spectrum, 
including: 

~ e d i i e n t  sampling and analysis (chemical, geological-physical, radiochemical (principally 
for dating) and paleontological (for stratigraphic and age-dating purposes), ranging from 
surficial to coring and drilling. 

Geophysical measurements, including seismic profiling and interpretation, magnetic and 
gravity measurements, sidescan sonar records and mosaics to map the nature of the sea floor 
and its deposits and hazards. 



Current meter and other physical oceanographic measurements that help model water 
movements, sediment and contaminant transport processes in coastal and estuarine areas, as 
well as sediment traD and nephelometer recoids that measure and recover transoorted sediments 
for further analysis. 

Video and photographic records of the sea floor. 

Use and improvement of base maps and data such as bathymetry and coastlimes 

Interpretive maps, involving geology, environment, habitat, contaminants, erosion and 
sedimentation, and hazards. 

In addition, we access monitoring data provided by other parts of the USGS, such as riverine 
flow and load measurements by the Water Resources Division. 

Most work passes through the stages of raw data, documented and edited data, synthesis and 
interpretation and publication. In recent years more and more attention has been focused on 
computer visualization of data, and output of large compilations and syntheses on CD-ROMs 
produced in house. Examples of these products will be available at the workshop. 

At the National level, the USGS responds directly to data needs of the public and other 
agencies. It is currently chairing the Federal Geographic Data Committee (FGDC) and 
participates in its subcommittees, such as the Bathymetry Subcommittee. The FGDC is 
responsible for building a National Spatial Data Infrastructure (Fig. 1) with initial goals of 
building good communication links, recommending common procedures and standards, and 
establishing partnerships for transferring data or common databases. Among FGDC's 
publications, the Manual of Geographic Data Products (Fig. 2) lists data products available from 
all Federal agencies by topic. 

TYPE AN EXAMPLE 
1 )Dig i ta l  Data CD-ROM demontrations 
2) Topographic Maps 
3) Lists of Publications Description of Atlantic Marine Program 
4) Technical Publications Journal art icles and books 
5) Public Education Map-making working manual 
6) Data Management Systems Federal Geographic Data Committee 
7) Contaminated-Sediment Database Maclntosh demonstration 

USGS-BAMG data management operations 
As with many other members of the GOM community, we also are struggling with how to 

provide efficient data access, information exchange, and publication internally and externally. 
The massive influx of data from many sources, as well as the dramatic improvements and price 

s 

reductions in computer technology have caused us to place special emphasis on two areasfthe 
establishment of sound database structures and databases, and efficient computer technology to -. 
hold, manage and interface data tyws. 

&G aata management grol$s have been organized and have struggled to find options that 
meet our needs (Fig. 3). We are moving from the traditional (existine) model of limited access in ----- ~ ~~ - - - -  ~~ - ~, 
a system comprikd of one-PI who has\ne-project with one databag or limited databases for 
one parameter and al l  PIS, towards a moving target of a data and information system in which 
the following occurs : 



a) CD-ROM publication of all digital data and information types for each project (Fig. 4 for 
example) 
b) distributed databases through GOPHER and other systems 
C) toolboxes available for data access and manipulation 
d) the system is flexible, alluring and easy-to-use, and 
e) multiple media are maintained for information distribution. 

We operate both desktop, workstation, and central computers (using a variety of operating 
systems) and geographic, geologic, mapping and visualization software, such as UNIX, MIPS, 
MAPGEN. GMT. ISM. AVS. MATLAB. SPYGLASS and ~rc1nfo3. on various olatforms. Data 
is linked togetherinterky by local networks while INTERNET accesioff site through 
rapidly developing data distribution systems like GOPHER, email, and FTP. This diversity of 
computer equipment and approaches helps assure our ability to cooperate with other 
orgahizations ihat use dive& computer kchnology. We also strive to make our data easily 
accessible and have found that digital ~ublication, especially via CD-ROMs, allows full 
dissemination of all types of dataaand information foi each project (e.g. Fig. 4). A CD ROM can 
include raw and qualifying information, maps and interpretive products, photographs plus "tool 
boxes" that permit easy data access and manipulation for inexperienced users. 

As will be. noted below, our largest swi f ic  sediment databases, which includes the East 
Coast Sediment Database (Fig. 5) are now managed by high-end desktop database management 
software like  PARADOX^, which is compatible with most IBM databases and spreadsheets, and 
readily transferable to Macintosh systems, as well as uploadable or even directly linked (e.g. 
SQL Link) to syntactic language mainframe databases like SyBase, Oracle and Inter~ase3. 

Contaminated-sediment database 
The remainder of this discussion will focus on construction, use and distribution of 

contaminated-sediment databases in impacted coastal waters, which is one aspect of our data 
management and utilization efforts. We began with Boston Harbor and the Massachusetts Bays 
as a pilot project and are now expanding this (with our collaborators1) into a Contaminated 
-Sediment Database for the Gulf of Maine. We also have contaminated-sediment database 
construction occurring in the Chesapeake Bay and Gulf of Mexico regions. (A demonstration 
was presented at the workshop of the Boston Harbor Contaminated-Sediment Database on 
Macintosh and D O S ~  platforms). 

Current situation 
Contaminants are ubiquitous in our nation's ecosystems; coastal zones are often severely 

affected. Contaminants in bottom sediments may have long-term effects on components of the 
ecosystem even after the source is eliminated. National programs recognize the need for 
assessment of contaminant distribution. Contaminant inputs are changing; we need to know the 
distribution in the marine environment and the sources, sinks, transport paths, and residence 
times. Many current projects are targeted at monitoring selected stations, providing syntheses for 
management purposes, or are restricted to small geographical areas. A vast and poorly 
documented volume of published and unpublished data exists which has not been compiled and 
integrated into forms usable for the many potential users of the data. Many scientific questions 
and policy issues related to contaminants in sediments require data of historical, regional, and 
interdisciplinary scope. Acquisition of new data is expensive and may duplicate previous efforts 
if a full interpretation of existent data has not occurred. In addition, historic data represent sam- 
ples in time that cannot be repeated. Consequently, it is logical and cost-effective to utilize 
existing data to its maximum so that it can better serve as a foundation, baseline, and starting 
point for further work. 

It is important to obtain good geographical coverage in glacial regimes; this requires 
compilation from numerous studies. We believe that "representative data" from a few stations 
are not adequate for local sediment quality characterization and management. Local and regional 



bathymetry and geologic substrate information profoundly affect contaminant distribution. "Hot 
spot" and "representative sampling" areas should be delineated more quantitatively and behavior 
of contaminants in these areas linked with geophysical and geological data. 

What environmental managers, policy-makers, and scientific researchers need is an easily 
accessible, wellqded and documented, and simple-to-use compilation of existing edited 
basic data on contaminated sediments and related sediment properties. The compilation should 
comprehensively contain original data from many heterogeneous sources, be able to grow and 
evolve, be an active scientific tool, and remain applicable to questions and models developed in 
the future. 

The database 
The Branch of Atlantic Marine Geology of the U.S. Geological Survey Branch of Atlantic 

Marine Geology (and collaborators2) has compiled a comprehensive chemical database on 
sediments in Boston Harbor-Massachusetts Bay, which contains some of the most contaminated 
sediments in the nation. Our database work in Boston Harbor and the Atlantic margin has shown 
that such a database can be successfully made and is widely requested. The principles and 
methods of the database are given in Table 1. Outgrowths from it are baselines for contaminants 
in sediments, locations for temporal changes in contaminant sources, sinks, and transport paths, 
and a geochemical context in which to interpret biological and ecological information. This effort 
has also served to test new approaches for retrieving and utilizing heterogeneous sources of 
historical sediment chemical and geological data (utilizing large but poorly documented volumes 
of published and unpublished data has been regarded as difficult). 

Table 1. Database principles and methods 

DATABASE PRINCIPLES AND METHODS 

1. Cooperative eflort: Coopxatb among agencies and organi7ations utilizes local expertise, shared effort and 
resources. The Boston Harbor Contaminated-Sediment Database amperation includes the US Geological Survey. 
Mass. Water Resources Autbcdity, U.S. Environmental Rotection Agency (Region I), and The U.S. Army Corps 
of Engineers, New England District (Waltbam, MA) and i n t e ~ i p l i  specialists in our and other scientific 
organkations. 

2. Decentralized data entry and preliminary processing Use widely accessible desktop computer hardware and 
software, especially spreadsheets and database managanent software. 

3. Data dictionary: Mutually acceptable definitions and a wmprehensive data dictionary are required to meet the 
needs of multiple moperators for data fields, documentation, and quality assmce.  Formats and scope must be 
flexible to meet new needs. 

4. Validation and quality control: These are accomplished by batch screening, including mapping tecMiques. The 
database retains comprehensive original and derived data from m y  heterogeneous sources and lets users 
determine -ess of specific analyses for theiu purposes. 

5. Scientifiq rather than archival objectives: Display and inteqnctive mapping techniques are in active flux. 
Maps generated from GIS systems (Arc Info), AVS. USGS MIPS systems and Macintosh plotting pmglams are 
displayed bere, 

6. Data dissemination: Accessibility and active use by scientisls and managers are primary goals. IIhe database, 
ancillary data, maps and viewing and mapping tools in a variety of interactive, user-friendly, and readily 
exchangeable forms such as CD-ROM, diskettes, FTP, and paper copy. 



Database construction 
Task sharing among participants is an integral aspect of out efforts. These tasks include 

collaboration and identification of data sources, construction and quality assurance of the 
database, database documentation, acquisition of bathymetry and coastline data, mapping and 
data display, analysis of existing samples, connections to related databases, data analysis and 
synthesis, and utilization of the database and scientific findings generated by it. Construction of 
the database is the most labor intensive stage of this project. Existing compilations and data must 
be acquired, data entered form the many heterogeneous sources, it must be scientifically edited to 
assure quality of the documentation and data, and the data must be integrated into a cohesive 
format. A database is widely useful though, only if it is accessible and comprehensive. 

Data dictionary 
The database has a data dictionary (Figure 6) of parameters, definitions and formats for the 

contaminants and associated information. The data dictionary explains the structure and content 
of the database (Figure 7). The simplest display of the database is a flat matrix where each 
sample is a row and the columns contain location information, analyzed parameters and 
observations. It includes station and sample information, metal and other inorganic data, general 
and specific organic contaminants, sediment grain size and other physical properties, references, 
and a working glossary. There is generous use of qualifiers and comments so that the compilation 
is comprehensive and no information is lost Additional fields can be added as necessary and 
few foimatting limits are required. The paper-trail information and format accommodates most 
chemical and physical data and the completeness improves the value of the database to future 
users. The structure allows for flexibility, growth and ease of data exchange. 

We work with other agencies towards having nationally acceptable "universal" fields and 
formats that are inclusive yet flexible. We actively pursue collaboration with other agencies and 
scientists in promoting regional and national efforts in assessing the distribution, transport paths, 
and impact of contaminants in our coastal environments. We have developed a training program 
for the data screening and entry needed to construct the databases and present our methods and 
scientific interpretations at conferences and in publications. 

Data products 
The products generated are data access and synthesis at both local and regional levels. 

Foremost is a comprehensive, validated database of contaminated sediments and sediment 
properties for the region of interest, e.g. Boston Harbor or the Gulf of Maine. Associated with 
the database is the documentation provided in a data dictionary, bibliography, user guide, and 
statistical analysis of the data contained in the database. Then there are interpretive text and 
maps, such as two and three dimensional maps showing the distribution and concentrations of 
contaminants, bathymetry, shorelines and sedimentary environments. We also are developing 
and will distribute software tools for data analysis. The ultimate goal of the database effort is 
help provide another tool, the database, that will help the community address specific scientific 
questions. 

We rely on multiple distribution routes to insure access of many to the database. Various 
routes that are evolving are floppy disk, CD-ROM, hard copy, FTP, and inclusion in existing 
national data archives. We also are working out the bugs that frequently are associated with 
cross-platform transfers or translations so that the data can be obtained in a variety of widely- 
used formats. 

Database distribution and access 
We have found that translation difficulties often prevent data exchange. One example of this 

is the difficulties that arise moving information about contaminants in sediments between 
different databases. To remedy this situation, we have created a concordance of fields in the data 
dictionary for our Contaminated-Sediment database (Fig. 8 and Table 2). This concordance 
shows the names used for equivalent fields in more than eleven major sediment databases used 
around the country. 



Table 2. Data parameter concordance 

USGS Contaminated -Sediment Database Dictionary ~ncludes 
concordance of fields 

RASS-PLUTO ODES 
€MAP WATSTOR 
STORET NWlS 
WASH. STATE DEPT. ECOLOGY BEDFORD INSTITUTE 
US ACE-NED NGDC 
MWRA 

Translation difficulties also frequently occur across platforms. Again the Contaminated- 
Sediment database is one example of our efforts to work around these barriers: 

*We use a flat spreadsheet file as the least common denominator and can convert it to most 
spreadsheet types, or import to database managers when complex manipulation is needed. 
*Field names are ~rovided a choice of formats and with database concordances. A choice 
of 10,23, or unlimited character format meets most application needs. 
-We use inexpensive commercial or public software that has shorter learning curves and is 
more widely accessible than many of the mainframe database managers or dedicated database 
programs. 
; W; use desktop computers (DOS, WINDOWS, and MACINTOSH~) so that products will 
be available to a greater number of users throughout the community. A network or mainframe 
is not required but can be used. 

- 

Other sticky issues arise when dealing with database construction, particularly when the data 
is from heterogeneous sources. For the Contaminated-Sediment Database, we deal with some of 
these issues in-the following manner: 

Data quality is assured by 1) maintaining liberal qualifier and comment fields to preserve 
the full &forniation contentbf the original data set and let user decide appropriatenek for 
~umose  intended and 2) subiectinn the ~0mDiled database to VALIDS scientific editing, which - 
flags questionable, redundant, or missing data. 

Acknowledgment of original references and suficient information to locate sources is 
accomplished by maintaining a paper trail to publications, sponsors, researchers and analysts 
within the database. 

Compilation from heterogeneous data and comparison between them is accomplished 
because 1) the data dictionam Drovides orecise definition of fields and field name concordance 
and 2) ample comment and duhifier fieids allow text elaboration about non-standard items. 

The compilation focuses on contaminants is sediments, however some users may want 
additional information on biota or water. The limited scope of the compilation is expanded by 
field which note the availability of associated data or information. 

In the Contaminated-Sediment databases for Boston Harbor, Gulf of Maine and other 
locations, rescue of historical data generated during the last 25 years or so is a one-time effort. 
Continuity into the future will be maintained by continually feeding newly released data into 
the database and issuing periodic updates. 

Validation by Interactive Data Screening (VALIDS) 
Quality assurance and validation needs scientific expertise to recognize problems in data 

quality and address "quality gaps" in the database documentation. Data is available from sources 



as divergent as permit applications, compliance records, surveys, and academic research. The 
degree of documentation, levels of detection, and overall quality of the analysis also vary widely. 
Despite the high degree of heterogeneity, we have found that scientific editing and thorough 
documentation allow consmction of a very usable database. Currently, there are more than 
2,300 sediment samples from Boston Harbor and nearby Massachusetts Bay in our database. By 
far the largest number of problems in data quality arise from gaps in documentation, especially 
location, and in clerical errors. Such errors can escape some standard quality control procedures 
and create major bias in data synthesis; however, they are relatively easy to detect using the 
Validation by Interactive Data Screening (VALLDS) technique, which uses sorting and graphics 
techniques to identify outliers, inconsistencies and other data that needs further inspection. These 
entries and their references can then be checked in detail and editorial comments attached. An 
important feature of the database is that it provides sufficient information with the data for the 
user to make her own decisions about the appropriateness of specific analysis for a given purpose 
and maintains a "paper-trail" so that the user can return to the original reference or analytical lab 
for clarification when needed. Figure 9 illustrates the editing procedure in a spreadsheet format 
as a sort on Cd or Hg by descending values. Values are tagged that have questionable data, 
questionably high concentration values from a single data source or lack locations. Figure 10 
illustrates graphical editing procedures where questionable information is identified by plotting 
of unreasonable locations or concentrations. 

Table 3. Batch validation procedure using VALIDS 

BRIEF OVERVIEW OF BATCH VALIDATION PROCEDURES 

Location reasonnble: a. Plot points - do they fall withim designated area? 
b. Sort on latitudes and longitudes or state plane coordinates to check for sample location and designation 
discrepancies 

Paper trail: Sponsoring, operating agencies, laboratories, dates, source references; if missing note authors or 
identified individwds, agencies for further search check 

Depth in sediment, sediment description and variability; note possible availability of additional data (e.g. texane) 
not given in report. 

Questionable sampling, parameters, pcedural details, e.g. ignition loss as a measure of organic content (clays gen- 
erally wntribute greater loss). Flag originating organization for examination of other data. 

Concentration values: reasonable range, units? Anomalons relationships, e.g. some contaminant constituents in 
unpolluted range, others in toxic range; toxic-range constituents in sediments from cored strata supposed to be 
unpolluted - sign of sampling, lab contamhation or systematic error? 

Cross plotting & comparison: e.g. values from same region but different data sources; comparison with well- 
qualiiied data seS anomalous values vs. data sources, cola-coded mapping of values - check anomalies. 

Discussion: Validation is an iterative process and continues from preSQeening through tbe display and synthesis 
stages. When many data are available one may more readily exclude questionable items from specific 
applications, using specific criteria to do so. 

Inclusions vs. exclusion: it is important to retain and propexly label questionable data, rather than eliminating them 
from the database. Why? 1) Criteria for acqiabiity may vary with user; 2) if suspect data are excluded future 
database users may add them to an expanded data set or use them independently, not realizing they have already 
been considered and questioned. 



Application 
The Contaminated-sediment database is used to study the distribution, transport, and fate of 

contaminants in the marine system. Histograms and maps illustrate how use of the database 
provides information about distribution and processes of contaminants that would be dacult to 
identify with the smaller datasets available from any individual study. The compilation allows 
identification of components or regions where samples are sparse (Figure 11). A histogram of all 
the samples for any given parameter (e.g., Figure 12) shows the scale of variability, which 
further inspection of the data can identify as due to differences in proximity to a source, 
geochemical processes such as variations in affinity for the contaminant to the sediment, 
variability in sediment composition, deposition or transport, or analytical uncertainty. 
Concentration values have a log-normal distribution. This means that a few erroneous values 
will not effect interpretations based on the average behavior as long as the measured average is 
representative of the true behavior. It also suggests that care should be taken to obtain 
representative results when selecting monitoring sites, monitoring contaminant levels and setting 
regulatory standards for near-shore waters and fisheries. For Boston Harbor, this compilation of 
data from over 500 references shows the relative proportion of samples having possible acute 
toxic side effects. Histograms are color-coded to show "effects-based toxicity levelstJ published 
by Long and Morgan (1990). More than 50% of the analyzed samples for at least six metals fall 
above the lowest acute toxicity threshold (Manheim and Hathaway, 1991). 

Assessment of the fate and persistence of contaminants in sediments must consider the 
composition, texture and sedimentary environment of the host sediment. Maps of the distribution 
of samples and concentration values (Fig. 13-15) help elucidate the transport paths of 
contaminants in the environment and identify heavily impacted areas. The concentration levels 
are patchy, reflecting variability in sedimentary environments (Knebel et al., 1991) and water 
depths. Contaminant accumulation can be focused in depositional areas that are a few meters 
away from rccky or sandy regions of little accumulation. The highest concentrations of metals in 
surface sediments occur where high sediment deposition rate coincides with a nearby source such 
as a combined storm-sewer outfall. The region having highest concentrations of contaminants is 
the Boston Inner Harbor, with values decreasing in the Outer Harbor, and towards Massachusetts 
Bay. 

0 -  

The contaminant data must be put in the context of the geological and physical features 
which effect the distribution and trans~ort of the contaminants. Su~emosition of the contaminant 
map on maps of sedimentary environments (Fig. 16) or bathymeG ( ~ i ~ .  17) is a helpful 
technique for analysis and display. Detailed bathymetry is necessary to interpret the sediment 
data and predict the transport of contaminants. The USGS is working with NOAA and state 
agencies to obtain good digital bathymetry for Gulf of Maine coastal regions. New visualization 
and data manipulation programs, both in-house ones, and commercial ones (e.g., GIs and data 
visualization applications), are also making it easier for scientists and resource managers to link 
parameters. 

summary 

The USGS Branch of Atlarrtic Marine Geology 
generates diverse types of marine data and information 
is committed to ~roviding earth science information and data to the communitv 
interacts with anh exchGges data with other agencies at the national and locafscale 
is currently exploring and testing new modes of data access and distribution 
our functionalmodel for databases is: 

distributed databases 



centralized (local) archives 
QNQC by complete documentation 
multiple distribution platforms 
collaboration at all levels 

The Contaminated-Sediment Database 
Is an example of one of the databases resident at the USGS 
Is a user-friendly archive of chemical data 
Successfully integrates heterogeneous data and provides QA 
Relies on and promotes collaboration and coo~eration 
Assures access by many through distribution ;ia multiple platforms (with tools) 
Provides a valuable scientific tool to the GOM community to address questions and 
concerns about contaminated sediments in estuarine and coastal waters 

Footnotes: 
IThe U.S.G.S. work complements and is closely coordinated with other research and monitoring studies in the area, 
including those supported by the ~assachuset&~Environmental Trust, the Massachusetts Bays &gram, the 
Massachusetts Water Resources Authority, the U.S. Environmental Rotection Agency, Region 1, and the New - .  - 
England Army Corps of Engineers. 

2primary collaborators in consmction of the Gulf of Maine Contaminated sediment database are Steve Jones and 
Larry Ward (Univ. New Hampsbii), Peter Larson (Bigelow Marine Lab). Gordon Wallace (U Mass Bostoa), John 
Fanington and Brnce Tilpp (Woods Hole Oceanographic Institution) and Biil Hubbard (Army Corps of Engineers). 

Use of any trade names in this document does not constitute endorsement of any pmicular product by the USGS 
or US governmeor 

4ER-~ is the metal concentration level at which 50 percent of the test sediments are found to bave consistent 
adverse effects on biota. ER-L is the metal cancenmtion level at which 10 percent of the test sediments are found to 
have consistent adverse effects on biota. These values are considered screening levels and are subject to revision. 
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Bay: Progress report on the Boston Harbor Data Management File. U.S. Geological Survey Open 
File Report 91-331, Woods Hole, MA. 



A Publication of the Federal Geographic Data Committee 

Building the National Spatial Data Infrastructure 
41 Y o / '  

.Ask 20 people to define the national spatial data infrastructure 
Im. and you are likely to get 20 definitions that vary i n  
.cope. application, responsibility, and format. The F e d a  
Geoeraohic Data Committee iFGDC) is h o w  
'ontensus on what the NSDI  i s  and whv i t  i c  & 
The FGDC envisions that the NSDI consists of organizations 
2nd individuals who generate or use soatial data. o f  the - 
technologies that facilitate use and transfer of spatial data. 
~ n d  of the actual data. The reasons we need the NSDI are 
to find. retrieve. create partnerships to collect. and make 
effective use of spatial data. 

in using the data. A draft metadata standard for consistency in 
documentation is being reviewed (see accompanying anicle). 
If members o f  the spatial data network can agree to use 
standards such as this or the Spatial Data Transfer Standard 
(SDTS) for data transfer. building another tier i n  the NSDI 
becomes possible. We can move one step closer to finding 
and retrievine data. - 

A third step in  infrastructure development is establishine 
partnerships for transferring data or for develooine 
common data bases. This step builds on previous actions o f  
communication and agreement to use standards. For many 

If you are reading this newsletter, you likely are a node in  : individuals or agencies. agreeing to create and use common 
the NSDI. On a basic level the infrastructure consists spatial data sets is a major achievement. Partnerships 
of individuals who are interested in geographic or to exchange (sell, trade. or share) data are common: 
\patial data: data users and producers. A critical partnerships to generate data are rare. WtII the NSDI 
first step in  developing the infrastructure i s  ever be one. agreed-upon set of spatial 
establishing the abilitv to communicate data representations o f  the Nation (for 
and building links among individuals and example. one road network) to which we 
-within the spatial data can all attach our own atuibutes for analysis'? 

---. . - - -  . .  ,ophisticated can communicate .-. .. - .. . . know the inherent accuracy o f  each 
electronically using vehicles such as "'/ coordinate and can select resolutions as 
Internet or propr ie tq  networks we see fit'? Or i s  the NSDI really a large 
wth in  agencies. Others can communicate by collection of multiple representations of spatial 
telephone or newsletters or conferences. Regardless of the reality that we hope to understand sufficiently to 
(means. the key is that knowledge about data availability i s  choose the representations that meet our needs? Probably 

the NSDI pm ly  encompasses both these concepts. and thih 
point wi l l  he debated in  many future forums. But the fact i 5  

that we and the data we collect are all components of the 
NSDI. Many of us have come to realize the benefits of havin: 
more cohesiveness within our spatial data communlr?. 

in: partnerships. making agreements. and 
icating what u e  know. We can all \hare the succrsq 

Figure 1 .  Newlsetter from the Federal Geographic Data Committee (FGDC) describing 
the National Spatial Data Infrastructure. The first steps are to 1) establish cornn~c:nication 
and build links; 2) facilitate data sharing through common procedures and s:a~dxds, and 

3) establish partnerships for transferring data or developing common databases. 



Figure 2. Page from the FGDC produced Manual of Geographic Data Products. The 
manual is a useful reference material that cross-indexes subject matter and types of prod- 

uct available from all federal agencies. 



. Information in the IMS 

Information contained: The IMS contains the data, information, and knowledge needed by 
the Branch. It contains information with a wide range of users, reliabilities, and fomats, 
including: 

a. Orieinal (raw) digital and analog data, and samples. with corresponding ancillary 
information. This is intended for use within the Branch. 

b. Documented, self-describing, intelligent data sets or infonnation, intended for 
in& use and release to scientists at cooperating institurions. 

c. Published, verified and refereed information, including highly reliable standard 
data sets of extensive general use. This is intended for dismbution to the sciendfic 
community. 

d. Svnthesized information produced by the combination of information from different 
sources and by the combination of information with model outputs, theories, and other 
forms of knowledge. This information represents our best undcnranding of the natural 
world and is used to address a wide variety of critical issues and for dismbution to the 
public. 

Infomation aualitv: The IMS assures the quality of its information by preserving the full 
information content of each dam set, documenting the reliability and history of ail 
information. and providing security so that information cannot bc altered improperly. 

Figure 3. Schematic of the data and information and management system (IMS) envi- 
sioned by the Branch Information and management Team ( BIMT). 



Figure 4. Three directorylmenu levels in the CD-ROM " A Geologic Map of the Sea Floor in W. Mass. Bay" that was 
produced at AMG and demonstrated at the workshop. CD-ROM allows publication and relatively cheap access to tabular data, 
explanatory text, and illustrative or interpretive graphic displays. Many USGS products are now available in CD-ROM. 



: . <  
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FiEue 5. The sediment texture database for the Atlmtic mrrpin (Hrthawr:, . 1993) con- 
tains data for 11900 samples at the locations indicated and is an ex;m;pjr .)I '  one of 
AMG's distributed databases. The data is currrntly availahir ~t ,~ .oug~? I?[c:nct via 

GOPHER or FlP and will soon be rvailable, accompmied b~ irilirp.at:. maps and 
display tools, in a CD-ROM. 

I 
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USGS Contaminated-Sediment Data Dictionary 

1 5  C M ~ M  long 

6 .  A portion of the Contaminated- Wiment data dictionary i:r u.d'.a~z\ . . .:. in 
parameter names, comphrehensive definitions, and flexibility. 



Statlon and miscellaneous lnformatlon 
entry identificatron sampling 

Local Row cr local ID Number Samp. Day1 
Unique Sample # Mol 
Preceding database sample ID Year1 
Repl. # to Samp. Day2 

location infonnation Mo2 
State Plane E Year2 
State Plane N Date q 
Latitude (decimal) Hour1 
Lat(deg)n Minl 
Lat(min)n Samp. Date 1 formatted 
Lat(sec)n to Samp. Date 2 formatted 
Lat Orig. position format and precision Tide 
Longitude (decimal) West Sample ID or original Sample Field Number 
Lon(deg)w Cruise ID 
Lon(min)w Orig. sta. # 
Lon(sec)w Core Or Grab # 
Lon Orig. position format and precision Sampling Device 
Original location in orig. format Datum, elev.' Sample type 
Navigational mode Depth In Core or sediment, when interval not given 
Time Delay 1 Depth interval. TOP of Core or sample (cm)' 
Time Delay 2 Depth interval. BOTTOM of Core or sample (cm) 
Sounding (m) Original Depth in sediment in original units if not cm 
Sounding (in original units, if not m) Original depth units 
Sounding original units Sediment depth comments 

paper-trail Sediment depth code 
Agency 1 (Sponsoring) Compositing Scheme 
Agency2 (Contracted) General Comments Pertaining To Sample 
Agency3 (Subcontracted) DescriptionlColor 
Agency4(Other) Estimated Volume of material to be disposed 
ID No. for source of lnformation w Reference Disposal Area Code 
Source of Information or Reference Proposed disposal area 
Original database ID content 
Regulatory File Number Metals and other inorganics analyzed? 
Project Name (I.E. Lex Atlantic) Organic contaminants analyzed ? 
State name Grain sizes analyzed? 
Quad name Bioassay data available? 
General location name Comments-Bioassay 
Specific name of location of water body Bio reference 
Area Code Other types of anal. in ref. but not in this database? 
Location Comments Comments- other analysis 

data entry day 
data entry mo 
data entry year 
entry date, formatted 
initials of data enterer 

Figure 7. List of some of the parameters or fields included in the USGS Contaminated- 
Sediment Database. The specific fields and parameters have been chosn,  basell on the 

frequency and format of information typically found in the literature, to avoid drnhiguity 
and to make the process of locating fields, entering data, and validating it as simple yet 

comprehensive as possible. There are more than 800 fields ; howev-r, fields can he added 
at any time to encompass additional information or only a subset car1 he used fc.; data en- 

try from a reference with limited information. 
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Metal and other inorganics data 
entry identification Ba (barium) pglg 

Local Row or ID Number Ba q 
Cover-Id Unique Sample Identifier (US#) Ba det. lim. 
Source of Information, Reference, or Ref. No. Ba original units 

analytical 
Metals Testing Lab 
Laborotory's sample ID number 
Laboratory's JOB number (metals) 
Analytical technique (metals) 

Analytical comments1 (metals) 
Analytical comments2 (metals) 
Replicate no - of n (metals) 
Total replicates n (metals) 
Testing Date (metals) 
Test month (metals) 
Test day (metals) 
Test year (metals) 

Other inorganic testing lab 
Laboratory's internal ID number (Other inorgs) 
Laboratory's Job number (Other inorganics) 
Analytical technique (Other inorganics) 
Analytical comments (Other inorganics) 

Replicate no - of n (Other inorganics) 
Total replicates n (Other inorganics) 
Testing Date (Other inorganics) 

Test day (Other inorganics) 
Test month (Other inorganics) 
Test year (Other inorganics) 

majors and trace metals 
Ag (silver) pglg 
A9 q 
Ag det. lim. 
Al (aluminum) pglg 
A1 q 
Al det. lim. 
Al original units 
Al value in original units, if not pglg 
As (arsenic) pglg 
As q 
As det. lim. 
Au (gold) pg/g 
Au q 

Ba value in original units 
Be (beryllium) pglg 
Be q 
Be det. lim. 
Ca (calcium) pglg 

Ca q 
Ca det. lim. 
Ca original units 
Ca value in original units, if not pglg 
Cd (cadmium) ~ g l g  

Cd q 
Cd det. lim. 
CI (chloride) pglg 

Cl q 
CI det. lim. 
CI original units 
CI value in original units, if not pglg 
Co (cobalt) pglg 

c o  q 
Co det. lim. 
Cr (chromium) pglg 

Cr q 
Cr det. lim. 
Cu (copper) pg/g 
c u  q 
Cu det. lim. 
Fe (iron) pglg 

Fe q 
Fe det. lim. 
Fe original units 
Fe value in original units, if not pgfg 
Hg (mercury) pglg 
H9 q 
Hg det. lim. 
K (potassium) pglg 

K q 
K det. lim. 
K original units 

Figure 7 continued 
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USGS contaminated BEDFORD STATEOF EMAP NWISl WATSTOR STORET 
sediment database INSTKLITE WASHINGTO 
parameter N 
Longitude (decimal) (-) 
= west long. 
Lon(deg)w LONG-DEGREE LON-DEG EVNTLNGD 
Lon(min)w LONG-MINUTES LON-MIN EVNTLNGM 
Lon(sec)w LON-SEC EVNTLNGS 
Lon Orig. position 
format and precision 
Original location in 
orig. famat, if unusual 
Datum, pos. 
Datum, elev. 
Navigational mode 

Agency 1 (Sponsoring) 
Agency2 (Contracted) 

AGENCY 
COLLECTING COLLECTIN 
AGENCY GAGENCY 
ANALYZING ANALYmG 
AGENCY AGENCY 

Agency3 
(Subconbacted) 
Agency4(Other) 
Source of Infamation, 
Reference, or Reference 
ID No. 
Original database ID 
Regulatory File 
Number 
Project Name PROJECT 

State name STATE 
Quad name 
General location name GEOGRAPHIC 

AREA 
Specific name of GEOGRAPHIC 
location of water M y  AREA 
Area Code 2 
Location Comments 

Analytical technique 
(Other inorganics) 
Analytical comments 
(Other inorganics) 
Replicate no - of n 
(Other inorganics) 
Total replicates n 
(Other inorganics) 
Ag (silver) udg 
A6 q 
Ag det. lim. 
A1 (aluminum) uglg 

PROJECT 

ANALMETH 

SILVER SILVER SILVER BOT 

ALUMINUM ALUMINUM ALUMINUM 
BOT MAT BOT MAT 

Al q 
Al det. li. 
Al original unils 

Figure 8. Exam~les  from the concordance (DRAFT) of fields for some national databases. 





Mercury in Boston Harbor Surface Sediments 

Mecury concentration in surface samples 
$ 0 0  . . . ' I " " I " . ' ~ . " . ' . . "  

[ml,  w M3.3 "VO * 

Figure 10a. A map illustrating VALIDS editing using graphical tools points cut values 
that differ greatly from those which are located nearby and samples that are "iocated" on 

land. Histograms identify samples having outlying concentration value;. 
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Frequency of Metal Values in 
Boston Harbor-Mass Bay sediment samples 

Figure 11. Histogram identifies components or, when done after sorting hy geographical 
area, regions where samples are sparse. The sample density varies greatly for various pa- 

rameters in the dataset. Coverage is good for V, Cr, Ni, Cu, .Zn, As, Cd, Hg, and Ph. 
Coverage for Fe, a useful geochemical parameter, is poor. 



Roston Harbor Sediments 
NO. of Samples ('USGS & EPA Region I Sources) 

.- 1M-V Effects - Based Toxicity Thresholds (Lmg 6 Morgan. 1090) I 

200 - 
- 

0 

Concentration 6 Dry Sediments 

1 ' * l ' . ' I  ' a . " . ' I  ' ' .'..,I w 

Figure 12. Histogram of all the samples for any given parameter showing spread of data. 
Concentration values have a log-normal distrihution. This means that a few erroneous 
values will not effect interpretations based on the average behavior. It also suggests that 

care should be taken to obtain representative results when selecting monitorir~g sites. 
More than 50% of the analyzed samples for at least six metals fall above the lowest acute 

toxicity threshold (Manheim and Hathaway, 1991). 
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I Figure 13. Distribution of samples and concentration values for lead in Boston Harbor. The 
region having highest concentrations of lead and mercury in surface sediments is the Boston 
Inner Harbor, with values decreasing in the Outer Harbor, and towards Massachusetts Bav. 



Mercury in Boston Harbor Surface Sediments 

-71.07 -71.03 -71.00 -70.97 -70.94 -70.90 -70.87 

Longitude "W 

Figure 14. Distribution of samples and concentrations for mercury in Boston Harbor. 



Mercury in Mass Bays Surface Sediments 

Massachuswtts Bay 
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I Figure 15. Distribution of samples and concentrations for mercury in the Mass Bays. 
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COPPER DISTRIBUTION AND SEDIMENTARY ENVIRONMENT 

IN BOSTON HARBOR 

SEDIMENTARY ENVIRONMENT COPPER CONCENTRATIONS (ugtg) 

[ EROSION LOW 0 30 

REWORKING MEDIUM 30 - 3'0 

ACCUMULATION 
' HIGH 310- 

COMBINED SEWER OVERFLOW 

Figure 16. Map of contaminant concentrations with sedimentary environments. The 
spread and patchiness in the concentration values is partly due to the patchllbc.ss in the 

sedimentary environment in Boston Harbor. contaminant accumulation car . .: focused 
in depositional areas that are a few meters away from rocky or sandy region3 8,f little ac- 

cumulation. 





EMAP 
5 An Approach to 

8 
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Ecological Research, ~oni tor ind 

and Assessment 



What Is .EMAP? 

A Research Program That Establishes 
the Scientific ~oundation 

A Mon if 0ring Program  hat Provides Data 
V n  All Ecological Resources Nationwide 

An Assessment Program That Translates 
Scientific Results Into Information Useful for 
Decision Making 



EMAP Resource Groups 

a Estuaries 

a Wetlands 

a Surface Waters 

a Great Lakes 

a Agricultural Lands 

a Arid Lands 

a Forests 

a Landscape Ecology 



i The EMAP Approach 

Regional Scope 

I Interagency Partnerships 

" = Ecological/Biological indicators 
Probability Based Sampling 

Long Term 



The Twenty Year Test 

" Will someone 20 years from now, not familiarwith 
the data or how they were obtained , be able to 
find datasets of interest and then fully 
understandand use the data solely with the aid 
of the documentation archived with the dataset?" 

Solving the Global Change Puzzle, 
National Academy Press, 1991. 

NRC Committee on Geophysical Data. 

\ 



EMAP Products 
Annual Statistical I 

Ecological Assessments 
(Single and Multi-resource) 

Standardized Methods 
and Quality Assurance 

On-line Computer Access 
to EMAP Information 
Management System I 
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lndicators 
Response lndicators 

o Benthic species composition, biomass and abundance 
o Fish species composition, size and abundance 
o Fish pathology/histopathology 

Exposure lnd icators 
o Sediment contamiants 
o Sediment toxicity 
o Fish tissue contaminants 
o Dissolved oxygen concentration 

Habitat lndicators 
o Water Temperature 
o Salinity 
o Water Depth 
o Sediment Characteristics 

o Water Clarity 



- = - - - m m - = ~ = ~ ~ m ~ ~  
Conceptual Data Levels and User Groups 

USERS 

Public Officials, Environmental 
Managers and the General 

Senior Scientists 
and Environmental 

Consumers 



Data Distribution Protype 
Experiment Under Way : Working with Chesapeake Bay Program, CES, EMAP 

Reporting and assessment, and Las Vegas to make the data available over the 
EPA network. 

. I I Access all 1990 data aggregates on-line using SAS interface. I 
Data Reside on 

Request for Data 

Temporary data 
file transferred 

Users run SAS JOB on 
Remote VAX . Data retrieved 

automatically from 
Narragansett 

C 



PC Prototype 

Interacts with VAX interface 

Allows user to print on a local printer 
connected to PC 

Allows download of data file 

Creates files which can be easily imported 
into Lotus 1-2-3, Excel, DBase, etc. 

Also has some graphics built in 



Information Management Framework 
System Name: EPA EMAP 

. . 
~ s e r s  Type Administrators 

NonPorlng r? 
F 

s Remote Sensing f? 
- 

Researchers lConsenrationists IPublic and IADP Staff 

Exs!mat:orr of GRMD - The contents of each cell indicate the interaction between 
th; p-o-oups'in the columns and the types of data in the rows. 
G = Gmerate data 
R = Read data 
M = Maintains data 
D = Delete d a t a  

Presenter: JOHN F. PAUL 
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EPA'8 Emfronmmtrl Monltorfng and -ant Program: 
AvrikMatv of B m d 4 d o  Environmental Data 

r k  Opportunities For U u  in 
Emrkonmantrl Mod@llng Appllcatlona 

Abstract 

mlEmhmedMonitomgMd-Progrcun~m 
odlededasubof e r n r i r o n m e n t P l d a t a ~ a f a r r ~ p e r b d f r o m ~  
systemsinthemid--end W d M e x i c o .  Datamanentlyavailablefw 
~useninduangenvironmenMmodekKsmdaSawbn,colleded 
using a pm4aWlyhsd crrmpPng design which allow unbiawd estimates 
ofthestahmand~ofecdogicdrewwces Th.p8mmbmcdlected 
were chosen a6 indbtom and indude both biotic Md sbktiG 
condkim measuma. An Mormetian management Syaem has been developed 
t o f a d l i t r t . t h o - . ~ , q u e l i l y ~ , ~ c m d  
diaWbuhddatatoavarimyofuser8.  end 
epplicsbillty~WdetlrformodeOngshrdiesiSPrawnted. EMAP-lauarh 
d a t a ~ a m ~ ~ t h n t c a n b e u s e d f c t r p l e d n g e n v i r a n m e n t e l  
shrdleeina-cmtext. A d d e d ~ ~ ~ t h a t ~ ~  
a n d ~ i n a ~ m a m e r , W ~ , c a n b e t r a c k e d  
tempally, md an acces&k through a variety of lnduding EPAL 
WideAnarwmk 

The Edmmmd Monitoring and Ibsessment -ram (EMAP) b an 
innovaahre natlomvick program dewlop4 by the tnrkonmental Proteaion 
Agency's (EPA) Ofka d fbsemh and DaWqmmt (ORD). EMAP was 

'U.S. Environmental FMectkm Agency, Narragansett, RI a2882 

'~merican Manageunent Systems. Inc.. Khgston, RI 02881 

118 



DRAFT 
designed in response to EPA's Science Advisory Board recommendation to 
implement a program to monitor ecological status and trends that would 
identify emerging environmental problems before they reach crisis proportions 
(SAB. 1988). EMAP is an integrated federal program, ORD is coordi ing the 

- planning and implementation of EMAP with other federal agencies indud i i  the 
Agricultural Research Service, the Bureau of Land Management, the U.S. Fish 
and Wildlife Service, the Forest Service, the U.S. Geological Survey, and the 
National Oceanic and Atmospheric Administration. EMAP objectives are to: 1) 
estimate the anent st-, trends, and changes in selected indicators of the 
condiion of the Nation's ecological resources on a regional basis with known 
statistical confidence; 2) estimate the geographic caverage and extent of the 
Nation's ecological resources with know statistical confidence; 3) seek 
associations between selected indicators of natural and anthropogenic 
stresses and indicators of condiion of ecological resources; and 4) provide 
annual stetistical summaries and periodic assessments of the Nation's 
ecological resources (EPA, 1993). 

The remainder of this paper will provide a d d i i  beckaround on 
EMAP-Estuaries including -eristics of Its sampling design aruiecological 
indicators: a descriPtion of the imwrtant features of Eshrarieg lnfonnation 
~ana~ement syst& a discussion of the usefulness of EMAP data for 
modeling a p p l i i  and an explarwdian of what data are d l a b l e  and how 
those data may be accessed. Details on EMAP-Eshtarlea can be found in 
Holland (1990). Paul ef el. (1QB2). Flogen ef a/. (1992) and Weisberg et a/. 
(1QW. 

EMAP is unique in many aspects, while drawing on the su- of 
other monitoring programs: 1) its scale is national and regional aaoss all 
ecological resources; 2) it is a long-term program; 3) EMAP use#, a probability- 
based sampling scheme that permits the estimation of resourw c o n d i i  with 
known confidence; and 4) EMAP emphasizes biological indicators. EMAP- 
Estuaries represents that pat of the overall program dealing with estuarine 
resources. In 1990 EMAP-Estuaries initiated a demonstration project in the 
estuaries, bays and saunds between Cape Cod, MA and Cape Henry, VA 
(Weisber~ et a/.. 1993). Mmitofing has continued through 1993. In 1991 
monitoring was initiated in the estuaries of the Gulf of Mexico and continues 
to this date. Pilot studies were initiated in the estuaries along the southeastern 
coast in 1993 and similar studies are planned in the Gulf of Maine and 
Southern Florida in 1994. Full implementation will indude all coastal areas in 
the United States. 

A unique aspect of EMAP is its reliance on a probability-based sampling 
design (Overton et a/., 1991). There are four essential features of the design 
for EMAP-Estuaries (Holland, 1990; Paul et a/., 1992): regionalization, 
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classification, index period, and statistical sampling. The regionalization 
scheme partitions the estuarine and coastal resources of the United States into 
geographical provinces with similar ecological properties which provide 
reasonable reporting units. The classification scheme defines certain 
subpopulations of interest within provinces that are functionally similar and can 
be sampled using a common approach (e.g.. large estuaries, small estuarine 
systems, and large tidal rivers). The statistical sampling allows for the 
determination of unbiased estimates of the status and trends of the estuarine 
ecological resources in a cost-effective manner. Figure 1 illustrates the 
systematic nature of the sampling design in the Virginian Province. The index 
period or sampling period for estuaries is in the summer (July-August) when 
the dissolved oxygen concentrations are at a minimum and biological activii 
at a maximum. 

EMAP monitors ecological indicators to assess status and trends in the 
condiion of the nation's ecological resources. These indicators are 
measurable environmental attributes that quantify ecological condiion or 
environmental stress (Hunsaker and Carpenter. 1990). Biotic condition 
indicators measured by €MAP-Estuaries indude: benthic species, abundance, 
community composition, and biomass; fish species, abundance, size, 
community composition, and incidence of gross external pathologies (e.g., 
growths, lumps, ulcers, fin erosion, etc.). Abiotic condition indicators 
historically have been the mainstay of environmental monitoring programs, 
because these indicators quantify the levels of stress to which organisms are 
exposed. They also provide many of the parameters needed to develop 
hydrodynamic and water quality models. Abiotic condition indicators 
measured by EMAP-Estum include: dissolved oxygen concentrations, water 
temperature, salinity, pH, depth. and water clarity; sediment characteristics; 
and sediment contaminants and toxicity. 

The success of any monitoring program depends upon the degree the 
data collected are wed to answer the questions for which the program was 
designed (Wok. et a/., 1987; NRC, 1990). EMAP is designed to assess the 
condition of the nations ecological resources. However, the Estuaries 
sampling design also allows questions to be answered for major classes of 
estuaries (8.g.. large estuaries) and certain large estuarine systems like 
Chesapeake Bay. The large volume of data collected can be used for a wide 
variety of analysis and interpretations. In order to Mectively manage this 
volume of data, EMAP-Estuaries has established a decentmliied Information 
Management System. All data collection, raw data processing, quality 
assurance and analysis is conducted on regional systems. The EMAP- 
Estuaries Information Management Center, located in Narragansett, RI, is 
responsible for standardizing information systems, cataloging the data 
available from regional systems, and for the storage and dissemination of 
aggregated data. 
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EMAP - ESTUARIES 
VIRGINIAN PROVINCE 

1990 - 1993 Sacs 

Figure 1. EMAP-Estuaries Probabilitygased Sampling Stations 
VKginian Biogeographic Province for the Period 1990-93. 

for the 

Information Manaaement Svstems 

The data being collected by EMAP-Estuaries is intended for use by a 
wide variety of data analysts and environmentel managers. The complmdty of 
the use of the data and the Variety of users requima that the data be 
processed and stored at a variety of levels of aggregation. The objecthre of 
the EMAP-Estuaries krformation Management System is to .develop a 
distributed information system which f~cilitateg the collection. processing, 
quality assurance, analysis, aggregation and distribution of data to e wide 
variety of users and at the appropriate technical level. Fylure 2 below 
illustrates the different data levels and the d i i e n t  user groups. The data 
aggregates (Dl through 04) are discreet data sets designed to meet the 
needs of primary users. 

Raw data (Dl) are generated through a s o p h i i  field computer 
system which f a d l i  .data collection and transfer to regional infomration 
centers. Thb component is the most highly distributed component d the 
system. The raw data coming into the regionel data center is processed and 
checked for gross errors. The processed data are then loaded into a data 
base system for further checking, -8 and aggregation. 

The regional information systems (D2) are currently implemented in SAS 
(SAS, 1990). The system is a completely normalied relation system. 
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USERS 

Data Volume Public Oflicials, Environmental 
Increase Managers and the General 

Public 

Unmr 
Senlor Suenbsts 

and Env~mnrnentpl 

lnformation 

Regional 
Information 

lnformation Number of 

Systems Data 
Consumers 

DATA Increases 

Figure 2 EMAP-Esftraries information management system conceptwl 
diagram for di ient  data levels and user groups. . 

Specifics of the technical design can be found in Rosen er a/. (1992). The 
systems are arrrentfy being convefted from SAS data bases to ORACLE data 
base to bnprove performance and simpli maintenance. The D2 data bases 
are stored on Digital Equipment Corp. (DEC) VAX computers and hteract on 
a peer to peer basis over a DEC Wde Area Network (WAN) supported by the 
EPA. 

Data aggregates (D3) developed by .the individuel regional data centem 
are sent to the EMAP-Eshlaries lnfomration Center in Nerraaansett RI. These 
data aggregatas indude summary results for each param& measwed at a 
particular station on a specific date. These aggregate data can be cross 
referenced on-line back to the raw data from which they were developed. This 
aoss referendng done over the distributed system using straight relation 
joins. Once the agpreaates are ioined to the raw data bath levels of resolution 
&e availaMe from&-system in the same data search. 

A central EMAP information system is under development. Results of 
data analysis and of analysts will be seated and stored as 
objects on the central information system which will be comected via a WAN 
to D3 and M. Summary data tables are planned with summary graphics and 
tools for using the EMAP data to determine regional distributions and for use 
in management decisions. 
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The potential usefulness and applicability of EMAP data for moddling 
studies will be presented by discussing three characteristics of the program 

. and illustrating with actual data. 

A primary EMAP objective is to report information on areal extent of 
conditions for large geographic regions. For EMAP-Estuaries, these regions 
are the biogeographic provinces. EMAP was not designed to fully describe 
what is happening on small, local scales; however, information that EMAP 
collects is actual data from individual sites at spedfied times, which can be 
utilized as are other individual datum. One does need to recognize that 
EMAP data were not designed to provide detailed description at local scales. 
As a result, multiple samples or replicates at sampling stations are typically not 
collected as part of EMAP field activiies. As an example of EMAP site data, 
Figure 3 shows the salinity, temperature, and dissolved oxygen vertical profiles 
collected at EMAP-Estuaries station VA90-026 (41' 0' 7.8' N, 73" 27 40.8' 
W) in Long Island Sound on 22 July 1990. 

In summary, EMAP site data can be viewed in terms of usefulness as 
any other individual site data. The added benefits are that EMAP data are 
collected and processed in a consistent manner, and that quality assurance 
(QA) for all the data is well documented and stored as part of the information 
management system. 

EMAP uses a probabilibased sampling design to select sites for 
sampling. Thus, sites are selected based upon their probability of occurrence 
in a specified statistical population. The population that EMAP-Estuaries 
describes is the total estuarine area in each of the biogeographic provinces. 
The provinces are further d i e d  into classes based upon physical 
characteristics of the estuarine systems. Samples in large estuaries are 
distributed according to the areal extent of each of the large systems. For 
example. ~hesa~eake Bay represents approximately 49% ofthe estuarine area 
in the Virginian Province and, therefore, approximately 49% of the sample sites 
in the province occur in Chesapeake Bay. 

The probability-based sampling design allows the individual sample 
values to be statistically combined in a rigorous fashion so estimates of the 
distribution of indicator values can be reported, along with estimates of the 
uncertainty about the distribution. For example, Figure 4 shows a cumulative 
distribution function (CDF), and 95% confidence estimates, for bottom ( im 
above the sediments) dissolved oxygen (DO) in Chesapeake Bay for the late 
summer period (midJuly to end of August) in 1990. The mean is 5.9 hgll, 
that is, 50% of the estuarine area of Chesapeake Bay had DO at or below this 
value. From this CDF, estimates can be made, for example, on the area of 
Chesapeake Bay below 5 mg/l (29 + 15 %) and 2 mgll (1 8 + 14 %), two 
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Temperature 

Sallnlly 

Figure 3. Example of EMAP-Estuaries stalion data from Long Island 
Sound (41' 0' 7.8' N, 73" 27' 40.8' W) for dissolved oxygen, 
temperature, and salinity collected on 22 July 1990.. 

..-., 
..._.--a 

Figure 4. Cumulative distribution function for EMAP-Estuaries bottom 
dissolved oxygen data from Chesapeake Bay during late summer of 
1990. Solid line'is mean estimate. and dotted lines are 95% confidence 
intends about the mean estimate. 
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commonly used values for estimating conditions of estuarine waters. The CDF 
in Figure 4 is based upon one year of data. The uncertainty estimates will 
decrease by approximately a factor of two as four years of data are used to 
construct the CDF. 

The usefulness of this amroach can be seen as follows. Environmental - -  - 

managers of the ~hesapeake' Bay watershed are instituting nutrient COntroIS 
to alleviate the low DO condiions in the bay. The critical DO values of concern 
for the organisms residing in the bay wat& are those typically below 2 mgj. 
There is interest in decreasing that area of the Bay which has, say, DO 2 
mg/l. EMAP data are designed to provide information to determine how 
extensive these low DO conditions are, and how these conditions change 
through time. For example, simulations from the Chesapeake Bay water qua l i  
model (Cerco and Cole, 1992) might indicate that A% of the bottom waters 
have DO 2 mg/l during the late summer period under existing nutrient 
loading conditions. H proposed loading reductions go into effect, then model 
simulations might indicate that these low DO waters are reduced to 6% of the 
bay. Power analyses could be conducted to see if such reductions would be 
detectable (Weisberg et al., 1993; EPA, 1992). The data provide for validation 
of the model predictions. Note that EMAP data would not provide detailed 
data on the annual dynamics in the bay, but rather would provide information 
during a critical period of the year, which can be tracked Chrough time. 

In summary, EMAP data provide estimates with known confidence for 
overall condition during a critical period (index period), that can be tracked 
through time. These data can provide long-term data sets suitable for model 
validation. 

Because EMAP data are collected across geographic provinces, the full 
range of values that are expected to occur in the estuarine waters of the 
provinces are represented in the data. Therefore, the distributional information 
available with E M ,  data provide a large-scale-environmental 'yardstick'. This 
can be used to make comparisons with smaller-scale studies to see how they 
fit within the ful range of data for the large geographic scale. Thus, EMAP 
data can be used to select 'reference' conditions for environmental studies, 
or can be used in a subjective, judgmental fashion to indicate whether a 
particular study area is representative of the 'best', vpical', or WorW 
conditions that are expected to occur. Figure 5 shows the CDF of Pb 
concentrations in the surfiaal bottom sediments for the entire Virginian 
Province from the late summer period in 1990. Mean Pb values are 
approximately 19 ppm, while less than 10% of the bottom area had 
concentration below 7 ppm and 90% of the bottom area had concentration 
below 50 ppm. 

In summary, EMAP data provide a comparative scale for conditions that 
are likely to be expected over large geographic scales, which place 
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Figure 5. Cumulative distribution function for EMAP-Estuaries total lead 
concentration in surfidal sediments for Virginian Province during late 
summer of lS90. Solid line is mean estimate. and dated lines are 95% 
confidence intends about the mean estimate. 

environmental studies in a regional context. 

The type and quantity of EMAP-Estuaries data available for possible 
modeling applications are summamed in Table 1. Data are accessible through 
a variety of pathways, which are summarized in Figure 6. The EPA DEC WAN 
and can be used to access appropriate EMAP-Esbraries data interactively from 
the node on which the user has an aCcount. An interface has been developed 
and tested which allows users to access data without knowing the locabion of 
the data. 

Users who do not have access to the EPA network may have access 
to the data through a d W n  interface which is being developed and tested. 
The prototype interface will allow any user with a PC compatible computer and 
a modem to dial into the EMAP-Estuaries Information Center and access 
appropriate data. Users will not be given accounts on the EMAP-Muaries 
system but will be provided mechanisms to access, download, and analyze the 
data. 

Data requests be Sent electronically or on paper forms to the 
EMAP-Estuaries Data Librarian. Upon approval from the Diredor of Operations 
the data can be loaded onto electronic media or sent via electronic mail to the 
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Figure 6. Diagrammatic representation of accessibility paths to the 
EMAP-Eshraries data 

Table 1. Summary of data availability through the EMAP-Estuaries 
lnfwmation Management Center'. 

'Table entries represent the number of probability-based stations for which 
data are available. VAESO, VA191, and Wl have completed QA VAl92 and 
WQ2 have not completed final QA VAJ93 and W93 are projected. Other 
station data are availat?le from EMAP special studies. 
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user. The EMAP-Estuaries Information Center has access to Internet electronic 
mail, therefore requests and delivery of the data can occur over Internet. 

EMAP-Estuaries has collaborated with NOAA's Strategic Environmental 
, Assessments Division to develop a stand alone desktop system which 

presents the EMAP-Estuaries data at the D3 level (NOAA, 1991). The system 
also incorporates data collected from other programs in with the EMAP data. 
The desktop system runs on a Macintosh .computer and is designed to 
facilitate integrative analyses, and interlace to mapping and other analytical 
tools. 

All users are requested to get authorhatian from the EMAP-Estuaries 
Director of Operations. He can be reached at 401 -782-3077. The Director of 
Operations grants appropriate access and f a c i l i i  the exchanpe of software 
arid data. 6 r  technical information on the content of the data i n d  hardware 
requirements contact the EMAP-Estuaries Data Librarian at 401-78231 84. 

EMAP-Estuaries is a developing nationwide research, monitoring, and 
assessment program that relies on ecological indicators and a probability- 
based sampling design to estimate the current status, trends, and changes in 
the condition of estuarine resources. Large quantities of envim mental data - ~ 

are mana~ed through an information management system and are available 
to different user groups through a variety of pathways. EMAP-Estuaries data 
are collected and processed in a consistent manner, providing added-value for 
modeling applications. The data provide estimates with known contidence over 
long-time periods which make them suitable for model validation. And finally, 
EMAP-Estuaries data provide a comparative scale for conditions wer large 
geographic scales, which can be used for placing environmental studies in a 
regional context. 

The information in this paper has been funded by the U.S. 
Environmental Protection Agency, it does not necessarily reflect the views of 
the Agency, and no ofkial endorsement s h d d  be inferred. JSR was 
supported through EPA Contract No. 6 6 4 1  -0005. Mention of trade names or 
commercial products does not constitute endorsement or recommendation for 
use. We want to acknowledge the assistance of the EMAP Vuginian and 
Louisianian Province personnel in providing access to the data used in this 
paper. This is Contribution No. **** of the Environmental Research 
Laboratory-Narragansett 
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lmking colleclivrly r all ind,calon wlll 
pmuidc informalion on lhc ctwnl of pmblcms 
snd ouirahtc cauvs of lhov mbl rmr  For . - .~ 
erampt. lhr consislen~sbwice of my long- 
Itvrd, bol~omduclling animals would andieale 
a ombbm. Such s woblcm wuld be due lo 
c&micsr po l l ~mo t  in lhe sedimends, low 
dissolved oxveon i n  the wale,. or oUrr facton. - ~~~~ ~. ~ 

such as d i a c g  or phyiml alunlion. 
lnforma~lon collctled by EMAP-NC uili allow 
scienl#ur u, explorc U r w  rrpociolions. 

Tlw. long-term nsNn of EMAP-NC will allow 
envimnmenlal managen to determine if 
wndilions arc impmving or gelling worse and 
to ~a lna te  if DOIIUL~W) w m l  praaices 
desigrrd to pmtcet our m a d  walen arc 
cNealvc. 

W - Eventually. lhe information galheed by 
M A P  for all cmsystemr WSU be used lo rcpon 
on the wrll-being of ihe narion'o cn\lnuunem. 
This informallon u i l l  also be u s d  lor mom 
comprchensivr rtudicr of how the ew,)slems 
inlcracl md. lhercfom. how ac"villcs in one 
~ms)stcm may afiecl olhcn 

PRO<.R~SS R~POPT Dunng lhc summer of IWI. sampl~ng began 
tn crlurnes lhmu huul ihe Vlrglnllll Roulnu 
Resvllr arc avalatlc fmm ihe addmss glrcn on 
Ur back of lhir bmchurr. Reviews by 
scicntisot and msstal managC#S have addmrwd 
assumptions. melhodology, acd findings fmm 
Ihc 1% and 1991 moniloring effons. 
Commenls and recommcndalions fmm lhese 
reviews are hclping lo determine future 
smolinc melhodoloav. indicalors. and -~ -. 
ma~ii~on'ng rites. 

ln  1991 sampling continued in Ihe Virginian 
Pmvincc and began in  estuaries pf h e  
Louisianian Biogeographic Pmvlncc. which 
comprim the Gulf o f  Mc r iw  fmm no& of 
Tampa Bay to lhe Mexican border. Repons 
on Ulenc sctivilies me available upon request. 

In 1992 sampltng wall mnunde in lhr 
v ~ ~ p ~ # ~ a n  MJ LOUISI~IYI Pmrlnces and r 
pllol pm,CLl Iesllng inltcrors ulll be 
cunduc~ed in Lake M~rhtgan 

A, an examplc of the lypt, of informallon lhll 
FMAP NC roll he able lo KpWl. Icl', l h k  a1 
uha! thc tMAP WIC~I~SLI h ~ t ~ .  obse-d in 6th 
d ~ a w  me orcurrcncc of fibh d l r a s  tr 
of~en recognved as me mcasurc of lhe 

- I D  

A USER NETWORK 

condilian of eoaslal walen. In 1990. in  excess 
of 2 S . W  fish wcre mllecled, which were 
slalislically representative of Ur enlire 
Virginian Pmvinee. EMAP scientisot found 
lhal less lhan 1% of Urse fish had visual 
external symptoms of disease (like tumon and 
lesim). m i s  incidcncc o f  visual u r d  
Symploms was confirmed wilh Ur 1991 
COUection iclivilies in lhc Virginian Rovince. 
and was also observed wilh lhe fish wUecIed in  
Ihe Louisianian P m v i m  in 1991. 

To assin government managen, scientisu. 
Cilizens. and OIhen who will benefit fmm 
EMAP-NC. a user netwok is being developed. 
me network will pmvide for w o m p s .  
I rmfcr  of moniloring data, and ihe exchange 
of informalianal malcrials, and will help 
ensure bat EMAP meem user needs. 

Everyone will bcnciit from lhe program when 
il is in  full owration. Scientists will have 
access lo cn;imnmenlal dam on a %ale never 
before available. Managen and legislatan will 
have lhe m c m  to determine h e  effecliveness 
of pollaion conrml measures. They will alw, 
have the information to dclcrmine which 
problems pose the greatesl Uucat l o  the 
nation's maslal wawn. aUowing lhem lo sel 
priorities for pollulion eontml aclivities. 
Every American. fmm fisherman lo business 
penon, will benefit because underspanding the 
real hcallh of our environmenl is crilical Lo 
developing a sound, long-term plan lo pmtect 
il. Only lhen can we assure an envimnmcnt 
that future generations em enjoy. 

c e r r l ~ o  Addilional information can be oblained by 
MORE INFORMATION writing lo lhe following: - EMAP-Nrsr Coastal 

United Stales Envimnmental Proleclion 
Agency 
27 Tanwell Drive 
Nuragansell. R1 02882 

Nalional Slstus and Trends Program 
Naliotul Oceanic and Almospheric 
AdminisIralion 
6W)I Emcaivc Blvd. 
Rockville. M D  20852 

Environmental 
Monitoring 

and 
Assessment Program 

Near Coastal Component 
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U.S. GLOBAL CHANGE RESEARCH PROGRAM 

A set of data and information management tools are in use by United 
States and international organizations. Activities initiated by the 
Interagency Working Group on Data Management for Global Change 
(IWGDMGC) resulted in a world-wide system for locating and accessing 
data and information. An International Directory Network was 
implemented through the Committee on Earth Observation Satellites 
(CEOS). 

The IWGDMGC established the Global Change Master Directory (GCMD) 
in 1990 to be the main service provided by U.S. government agencies 
to describe and locate data and information useful for the study of 
Climate and Global Change. The GCMD currently describes over 2200 
data sets. A standard format, the Directory Interchange Format (DIF) 
is used to describe and exchange information about data sets. The 
CONTACT field of the DIF refers the user to the holder of the data. If 
the data system described is available on-line, the user can be 
connected immediately to the system using the LINK option. 



INTERNATIONAL DIRECTORY NETWORK 

CEOS is concerned with the coordination of satellite operations and 
data from satellites. Using the GCMD software and data base, CEOS 
sponsored the implementation of the International Directory Network 
(IDN) with major coordinating directory nodes in the United States, 
Italy, and Japan. The directories are connected by communication 
networks and can LINK to each other and to cooperating directory 
systems and on-line data and information systems. 

An example of the world-wide interconnection capability is a user in 
the U.S. connecting to the Spotnmage satellite inventory system in 
Toulouse, France. A U.S. user can access the NOAA Environmental 
Services Data Directory, search for the description of the IDN directory 
at the European Space Agency (ESAPID) in Frascati, Italy, LINK to 
ESAPID and search it for the SPOTnMAGE description, and LINK to it. 
The user from U.S. may then do an inventory search for satellite data. 
This all happens over an international system of computer 
communication networks. 

GLOBAL CHANGE RESEARCH INFORMATION OFFICE 

In 1990, Congress passed and the President signed Public Law 101- 
606, the Global Change Research Act of 1990. The purpose of the 
legislation was "to require the establishment of a United States Global 
Change Research Program aimed at understanding and responding to 
global change, including the cumulative effects of human activities and 
natural processes on the environment, to promote discussions towards 
international protocols in global change research, and for other 
purposes." 

Under Title I1 (International Cooperation in Global Change Research) of 
the Act, Section 204 requires that a Global Change Research 
Information Office (GCRIO) be established. The stated purpose of the 
GCRIO is "to disseminate to foreign governments, businesses, 
and institutions, as well as citizens of foreign countries, 
scientific research information available in the United States 
which would be useful in preventing, mitigating, or adapting 
to the effects of global change." 



In May 1992, the the Subcommittee on Global Change Research (SGCR) 
of the Committee on Earth and Environmental Sciences (CEES) 
designated that the GCRIO be implemented within the Consortium for 

,International Earth Science Information Network (CIESIN). 

The services of the GCRIO are being established to allow users to 
access a variety of services: 

Telephone calls to GCRIO Customer Services staff 
in Washington DC and Saginaw Michigan 

Computer access to on-line GCRIO information services 
telephone dial-in access in Washington DC 

and Saginaw Michigan 
Internet access 

Electronic Computer Mail 
Postal mail access 
User services staff. 

The GCRIO services use the Global Change Data and Information 
System (GCDIS) under development for the U. S. Global Change 
Research Program, and other on-line data and information services 
including:. 

bulletin boards CD-ROM 
data browsing data directories 
data inventories information systems 
libraries on-line data 
on line data ordering on-line documents. 

The GCRIO is implementing a GOPHER menu system on the Internet 
which will identify these resources, and allow the user to connect to 
some of these on-line systems. 
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DATA MANAGEMENT USING ON-LINE DATA & INFORMATION TOOLS 

_INTERNATIONAL DIRECTORY NETWORK (IDN) 

COORDINATING NODES 
GLOBAL CHANGE MASTER DIRECTORY 
EUROPEAN DIRECTORY 
JAPANESE DIRECTORY 

COOPERATING NODES EXAMPLES: 
NOAA ENVIRONMENTAL SERVICES DATA DIRECTORY 
ClESlN CATALOG SERVICES 
CANADIAN DIRECTORY 

U.S. GLOBAL CHANGE RESEARCH INFORMATION OFFICE 
USE OF ON-LINE DATA AND INFORMATION SERVICES 
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U.S. GLOBAL CHANGE RESEARCH PROGRAM (USGCRP) 

FEDERAL COORDINATING COMMITTEE ON SCIENCE 
ENGINEERING AND TECHNOLOGY (FCCSET) 

COMMITTEE ON EARTH AND ENVIRONMENTAL 
SCIENCES (CEES) 

SUBCOMMITTEE ON GLOBAL CHANGE RESEARCH (SCGR) 

WORKING GROUP 1 OBSERVATIONS I DATA 
AND INFORMATION 
MANAGEMENT 

Observations L::"h 

- 
Process 

Modeling 
4 

and M M n g  
U.S. Global Pange  Research 

F..-- ---I A--hlbm-+*ve- 



WORKING GROUP 1 

DATA AND INFORMATION MANAGEMENT BY THE 

INTERAGENCY WORKING GROUP ON DATA 
MANAGEMENT FOR GLOBAL CHANGE (IWGDMGC) 

GLOBAL CHANGE MASTER DIRECTORY 1990 

DIRECTORY INTERCHANGE FORMAT ( D m  
METADATA STANDARD FOR DATA DESCRIPTIONS 

DIRECTS USER TO HOLDER OF DATA 

CONNECTIONS TO ON-LINE DATA SYSTEMS 

DIRECTORIES, INVENTORIES, DATA, 
INFORMATION, BROWSE, ORDERING 



COMMITTEE ON EARTH OBSERVATIONS SATELLITES (CEOS) 

WORKING GROUP ON DATA 

CATALOG SUBGROUP 

INTERNATIONAL DIRECTORY NETWORK (IDN) 

COORDINATING NODES 

U.S., EUROPE, JAPAN 

COOPERATING NODES 

CIESIN, CANADA, NOAA, SPOTIIMAGE 

CANADIAN 
DIRECTORY 

NOAA DATA SPOTIIMAGE 
DIRECTORY INVENTORY 

FRANCE 

N 

COORDINATING 1 6 DIFECTORY 
COOPERATING a DIRECTORY 0 Y?hM 

I INTERNATIONAL DIRECTORY NETWORK [IDN) SHOWING GLOBAL 
NElWORK CONNECTIONS TOPIRECTORIES AND DATA SYSTEMS 

I W  



NOAA DIRECTORY 

USES DIF FOR DESCRIBING DATA 

USES THE SAME VAX SOFIUrARE AS THE GCMD 
(TRANSFER TO WORKSTATION LATE 1992) 

AVAILABLE VIA 
NASA DECNET (SPAN) 
INTERNET 
DIAL-IN TELEPHONE INCLUDING 800 NUMBER 

SERVES NOAA MANAGEMENT, NOAA AND OTHER USERS 

CONTENTS AS OF SEPTEMBER 30,1992 

OVER 1200 DESCRIPTIONS OF NOAA DATA 

49 ENTRIES IN THE GUIDE SECTION 
15 CENTERS, 12 PROJECTS, 
7 SOURCES, 15 SENSORS 

............................................................................... 
Welcome to NOAA's Environmental Services Data Directory 

I. original Directory Interface (MU11 
(NO special terminal emulation required) 

I 
SORRY. THIS OPTION NOT WORXING TOMY. PLEASE CHECK BACK LATER. 

[ 2. New Directory Interface (MD2) -- TEST VERSION 1 
[ (Requires vt100 or higher terminal emulation) 1 

3. N m  !!! Manuals for using the N O M  Directory 

4. Connections to Other Environmental Data Systems 

5 .  Future Plans for the N O M  Directory 

6. Leave us your Comments, ~uestions, Suggestions 

- - -- - - - - ....................................................................... 
problem~ to Anne 0'~onnell at (202) 606-5012, odonnelleesdiml.nodc.noaa.qov _-_--_----------- .............................................................. 
Choice (0 = exit): 



..................... .......................... ________------ _______-__-------- 
connect to other ~nv i ronmen ta l  Data Systems 

show fu tu r e  connections NOTE: Brackets [ . . . I  

NOAA systems: 
N ~ ~ C  - National c l ima t i c  Data Center 

2 .  NOC - National ~ e o p h y s ~ c a \ D a t a  Center I 
I ,. ~~~c _ ~ ~ t i o n a 1  oceanographic Data Center I 
[ 4 .  NOAA Library I 

Other ~ ~ ~ t h  science/Global Chanqe Systems: 
5. Canada's G C N e t  
6. CIESIN'S gopher 
7 .  C I E S I N ~ S  Green Pages 
8 .  ESA - European space Agency 

[ 9 .  Fernorid - Federal  ~overnment  ~ n f o m a t i o n  I 
G C ~ D  - ~ l ~ b a l  Change f las ter  Directory 

ll. GLIs - ~ l o b a l  Land ~ n i o m a t i o n  System 
12. K ~ D A  - Kuwait Data Archive 
12. NASDA - Japanese space Agency ........................... .......................................... _______--- 

Choice (O = e x i t ) :  



I ZXAMPLE OF A FOREIGN METEOROLOGICAL DATA SET 

I FROM THE NOAA LIBRARY COLLECTION 

Entry ID: NCUXK)38 I E ~ T ~ I J ~ :  U i p t e  Data fq Ihe USSR.(17*- 1891) 
Originating cent;;: ~ O A A ~ N E S D ~ S ~ N O D C ~ L I S D  
~e : -1 700-0 1 -0 1 
-ate: 1891-12-31 
sen&-name: ANEMOMETER 
Sensor name: BAROMETER 
sensor-name: RAIN GAUGE 
sensor-name: THERMOMETER 
source-name: GROUND STATIONS 
~rou~ : -~u tho r  

First name: PETER 
~idde-name: L. 
Le7name: GRIMM 
Emall: INTERNET > GRIMM@NODC2.NODC.NOAA.GOV 
Email: NSIIDECnet > NODC2::GRIMM 
Phone: (202) 606-5008 
Group: Address 

Environmental Information Services 
NOAAlNESDlSlEIS Ex2 
Room 506 
1825 Connecticut Avenue, NW 
Washington, DC 20235 USA 

End Group 
End G;OUD 
 roc^: G t a  Center 

~ a t a - m e :  NOAAINESDISINODC/LISD > Library 
Information Services Div. 

Dataset ID: ClDB V872C. V872 
(3 - 
el 

Group: Data-Center-Contact 
Phone: 301-443-8330 
Phone: FAX 301 -4430237 
Group: Address 

NOAA Central Library 
6009 Executive Blvd. 
Rockville, MD 20852 

End Group 

Soft-cover and hard-cover books (4) 
COMPOSITION > CMUDS 
DYNAMICS > ATMOSPHERIC 

TEMPERATURE > Surface Temperature Frost 
Parameter: ATMOSPHERIC DYNAMICS > ATMOSPHERIC 
TEMPERATURE > Surface Temperature 
Parameter: ATMOSPHERIC DYNAMICS > CLOUD TYPES 
Parameter: ATMOSPHERIC DYNAMICS > PRECIPITATION 
Parameter: ATMOSPHERIC DYNAMICS > PRESSURE > Surface 
Pressure 
Parameter: ATMOSPHERIC DYNAMICS > WINDS > Surface 
Winds 
Parameter: GEOGRAPHY AND LAND COVER > ICE 
Parameter: GEOGRAPHY AND LAND COVER > LAKES 
Parameter: GEOGRAPHY AND LAND COVER > RIVERS > 
Streamflow 
Parameter: GEOGRAPHY AND LAND COVER > RIVERS > Watc 
Level 
Parameter: GEOGRAPHY AND LAND COVER > SURFACE 
VEGETATION > Harvest 
Parameter: GEOGRAPHY AND LAND COVER > SURFACE 
VEGETATION > Growth 



Parameter: HYDROLOGIC PARAMETERS > PRECIPITATION 
Parameter: HYDROLOGIC PARAMETERS > RIVERS > 
Streamflow 
Parameter: HYDROLOGIC PARAMETERS > RIVERS > Water 
Level 
Parameter: HYDROLOGIC PARAMETERS > RUNOFF 
Parameter: HYDROLOGIC PARAMETERS > TEMPERATURE > 
Surface Teinperature 
Discipline: EARTH SCIENCE > ATMOSPHERE 
~ r o u p :  Coverage 

Minimum Latitude: 30N 
Maximum- ~atitude: 80N 
Minimum-hngitude: 1OE 
~ a x i m u m l ~ o n ~ i t u d e :  180E 

End-Group 

Lace: ASIA > USSR 
Locat~on: ASIA > Russia 
Location: MID-LATITUDE 
Keyword: ANNUAL WEATHER DATA 
Kevword: FROST 
~ A w o r d :  GROWTH ---, - - -  
Keyword: HARVEST 
Keyword: MONTHLY WEATHER DATA 
Keyword: RUSSIA 
Keyword: SEASONAL WEATHER DATA 
Keyword: STREAMFLOW 
Keyword: SURFACE 
Keyword: SURFACE PRESSURE 
Keyword: SURFACE TEMPERATURE 
Keyword: SURFACE WEATHER DATA 
Keyword: SURFACE WINDS 

Keyword: USSR 
Keyword: WATER LEVEL 
Revision Date: 1992-05-10 - 
Group: Summary 
The title of these books are: 
Radical differences in the Climate of Russia 
Le Climat De L'Empire Russe et la Meteorologie en Russie et en 
Siberie 
(Written in French) 
The call numbers are: Cldb V872 Cldb V872c 
Number of books: 4 
These books are part of the foreign meteorological data collection held 
by the NOAA Central Library in Washington, DC. Information in this 
collection dates back to the 18th century for daily, monthly, seasonal, 
and annual tabular summaries, and the 19th century for weather maps. 
These data are the result of foreign exchange agreements, but the 
collection has not been updated since 1983. 
These hooks contain monthly, seasonal, and annual weather data tables 
for the USSR. These data are for the period 1700 to 1891. These 
tables contain the following surface data averaged over the period: 
mean monthly and seasonal average, maximum, and minimum 
temperature, pressure, cloudiness, precipitation, and wind direction 
frequencies; and mean annual temperature, rainfall, frost-free days, and 
days for formation and breakup of the ice on the rivers. 
In addition, there are tables containing data for mean harvest time and 
annual days of growth for rye, wheat, and oats. The data for individual 
years are seasonal and annual flow rates and levels of rivers and lakes. 
End Group - 



LIBRARY DATA DESCRIPTION SELECTED FROM THE NOAA DIRECTORY 
G.BARTON 202-606-4548 JULY 16. 1993 

TITLE > > > 
Daily and Monthly Temperature for Pem State College (1886 1913) 

BRIEF > > > 

The title of this bmk is: 
Annual Report of the Pmn State College Agricultural Experimental Station 

The call numher is: Clgf 385 S79 oe C2 

Numbcr of hooks: I 

This book is par1 of the foreign metwrological data collection held by the NOAA Central 
Library in Washington. DC. Informlion in this collmion d a m  back to the 18th century 
for daily, monthly, seasonal, and annual tabular summ~ries, and the 19th century for 
weather maps. 
These data arc the rreull of foreign exchange agreements, but the collection has not been 
upzd t d  since 1983. 
P - 

InYhcse summaries, definitions are: 

I .  Hourly/dailylmonthly/sensanallamual data - values determined for each consecutive 
period. e.g. monthly temperature data: Ian 19133, Feb 1900, etc. 

2. Long-term data -- values determined over a period of years, e.g. long-term monthly 
temperature data using Jan 1901. Jan 1902. etc. 

This book contains tables of daily and monthly surface temperature for Penn 
State College from 1886 to 1913. 

Tables contain the following data: 

- monthly mean (Liven hour) temperature 
- monthly absolute maximum and minimum temperature 

- long-term daily mean temperature. 

I Entry-ID: NCL00564 (MD Identifier: 3693) 

I Temporal Coverage: 
Fmm: 188&0141 

I Oeograpbic Covaye: 
Swthwest Extcnt: 40N.78W Northust Extent: 41N.nW 

Sourcc: 
GROUND STATIONS 

Sensor: 
THERMOMETER 

Stongc Medh: 
Hard Cover Book 

Diii. Subdiscipline: 
EARTH SCIENCE > ATMOSPHERE 

Loeation Keyword: 
MIPLATITUDE 
NORlW AMERICA>United Stam > Pennsylvania > Slate Colkbe 

Panmeter Gmp. PaIamclcr: 
ATMOSPHERIC DYNAMICS > ATMOSPHERIC TeMPERAllRE 

SurfaceTempenture 

Oaenl Kcywordr: 
DAaY DATA 
MONTHLY DATA 
PWNSYLVANlA 
S A T E  CrCLEGE 
SURFAce 
W A c e  7mWERATC)RE 
ImITED STATES 

a 
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NOAA DIRECTORY CAT- INTEROPERABILTY 

DESCRIPTIONS AND LINgS TO IDN NODES 

GLOBAL CHANGE MASTER DIRECTORY 
EUROPEAN SPACE AGENCY 
JAPANESE SPACE AGENCY 

LINKS TO NOAA DATA SY- 

STORM -0RY 
CI,IMATE ANALYSIS 
ERL DATA 
NODC INVENTORY SYSTEM 
KUWAlT DATA 



/ Using the International 
Directory Network 

SPOTIlmage 
U.S. User Inventory 

(France) 

lnternational 

Networ 

\ i 
(Europe) 

2G 

I 
\ 

GLOBAL C H A N G E  RESEARCH l N F O R M A T I  O N  OFF1  CE 

G C R l O  

Gerald S. Barton, Director 

• J 

I 
I 
I 
I 
1 
I 
1 

1125 K STRffl NW SUIIE 815 
U.S. GLOBRL CHANGE RESERRCH UI~SIING~ON oc 20Ie6  

INFORMRTION OFFICE 282-715-6620 fRH -6622 

GCRIO w a n t a r  m CIESIN far the CKS I~bcammltte. on S I O ~ ~ I  ~ h . 1 9  R.s..mh 

I 
I 



GCRlO 
GOPHER 

*GCRIO SERVICES 
INFORMATION 

USER SERVICES DIRECTORIES 
STAFF PERSON INVENTORIES 

i INFORMATION OFI-LINE COMPUTER I SYSTEMS 
DATA AND LIBRARIES 
INFORMATION DATA 

DATA 
ELECTRONIC MAIL ORDERING 

DATA 
POSTAL MAIL BROWSING 

I 
BULLETIN 

\ BOARDS 
CD-ROM 

ACCESS TO GCRlO SERVICES 
DOCUMENTS 

I 

GCRlO ESTABLISHEO BY 1998 PUBLIC LAW1 181-6B6 

THEGLOBALCHRNGERESEARCHRCIOF 1998 

I Section 204 requires G C R l O  

wall as ~IIIZCII .I I.& i.ontrl.s. rclslllllr n r e a r t l  lll.ma11.m 
s~allsble 11 Iha Ualted Staler whl t l  w e r l  be rr.lul In pr.ueiillmq. 
rnlll)rllng. .r adapting 1. the c l t r r t l  .I global rhmqr.' 

I AREAS OF EMPHASIS OF THE GLOBAL CHANGE RESEARCH RCI OF 1998 I 
1. Reduclng energy consumption 

2. Solar energy and renewable energy resources 

3. Replacements for  CFC and other ozone-depleting 
substances 

4. Conseruatlon o f  forest resources 

5. Ecological pest management, and pmPsr use of  
agrtcultural and lndustrlal chemicals 

6. Aecycllng and source reduction of  pol lutants 



GCRIO U.S. Global Change Research Information Office 
1825 K Street NW Suite 805 
Washington DC 20006 
202-775-6628 Fax 202-775-6622 

I 
GCRIO SERVICES 

The services of the GCRIO are being established to allow users to access a 
variety of data and information sources: 

I 
Telephone calls to GCRIO User Services staff 

in Washington DC 202-775-6607 fax -6622  
in Saginaw Michigan 5 17-797-2727 fax -2622  

Computer access to on-line GCRIO information services 
Internet access gopher.gcrio.org 

Electronic Computer Mail 
help@gcrio.org 
info@gcrio.org 

Postal mail access 

The GCRIO services use the Global Change Data and Information System 
I 

(GCDIS) under development for the U.S. Global Change Research Program, 
and other on-line data and information services including:. 

bulletin boards CD-ROM 
I 

data browsing data directories 
data inventories information systems 
libraries on-line data 

I 
on line data ordering on-line documents. 

The GCRIO is implementing a GOPHER menu system on the Internet which 
will identify these resources, and allow the user to connect to some of 

I 
these on-line systems. I 

GCRIO is operated by CIESIN for the U.S. Global Change Research Program 
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GCRIO U.S. Global Change Research Information Office 
1825 K Street NW Suite 805 
Washington DC 20006 
202-775-6628 Fax 202-775-6622 

U.S. GLOBAL CHANGE RESEARCH INFORMATION OFFICE 

In 1990, Congress passed and the President signed Public Law 101- 
606, the Global Change Research Act of 1990. The purpose of the 
legislation was "to require the establishment of a United States Global 
Change Research Program aimed at understanding and responding to 
global change, including the cumulative effects of human activities and 
natural processes on the environment, to promote discussions towards 
international protocols in global change research, and for other 
purposes." 

Under Title I1 (International Cooperation in Global Change Research) of 
the Act, Section 204 requires that a Global Change Research 
Information Office (GCRIO) be established. The stated purpose of the 
GCRIO is "to disseminate to foreign governments, businesses, 
and  institutions, a s  well a s  citizens of foreign countries, 
scientific research information available in the  United States 
which would be useful in preventing, mitigating, o r  adapt ing 
to the effects of global change. " 

In May 1992, the Subcommittee on Global Change Research (SGCR) of 
the Committee on Earth and Environmental Sciences (CEES) designated 
that the GCRIO be implemented within the Consortium for 
International Earth Science Information Network (CIESIN). 

GCRIO is operated by CIESIN for the U.S. Global Change Research Program 

150 
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BROCHURES DESCRIBING.ACCESS TO SERUICES 
ON THE INTERNATlONflL DIRECTORY NETWORK 

I 
I 

For information contact: 

Gerald S. Barton 
Director, Global Change Research Information Office 
1825 K St .  NUI Suite 005 
Washington DC 20886 
202-775-6628 fax-6622 
gbarton@mail.ciesin.org 
g.barton on OMNET 

November 3, 1993 



)(OM Envimnmental Services Data Directory: 
p link to worldwide information resources 
I 

The NOAA En-tal Serrrico mmt @.$DIM) of5c& WNS, the Wlde 
ata DirrctoIy (NOAADIR) provider a A m  IufonmtlOn S m ,  Is installed on 
to both mana%ng and accasing t h e ~ ~ t o p x w i d e l a ~ u r -  

obalchangedatainNOAA.IheDlrrc- eawtthac~crrtoaNLterromionof e 
tory is being used to doarmmt NOM the NOM DhWny, as well as the Na- 

tasrnanddatargnmuthatsupport ~ ~ t a l ~ a t i k f e u d s e r -  
abal change and other earth KLmce v~ce and the NOAA Plrodua C: 

studles. ~ t l o n ~ . U ~ a c s n l m c r r  
TO p m d e  improord access and t h e D ~ a t n ~ C O S t t h X O @ ~ -  
ad service to luers, the NOAA U d  tde~o-~tlon Symmr ruch 

vironmmtal M c e r  Data Dlrrcmrg as Internet or thmugh dtal-in telephone k 
has been installed on a Sun SPARC-10 liner including a n  800 number. 

lutation at NOAA'r Environmental The NOAA Directory is one of the 
emices Data and IufomaUon Manage- cbctorla h the Global Change Master 

d Access to woddwlde data directory bfomation h 
NOAA ENVIRONMENTAL SERVICES 

DATA DIRECTORY 
The NOAA Dlrf~tory is a tool for locating NOAA data sets. Yw can access the 
Directory using your P C  .- 

Terminal re~ngr :  
Full duplex, 8 birr, no pariw, one stop bit, 1200 baud 
Terminal hlpe: W-100 (preferred) 

In the washington, D:C. area 
and outside We Mted States, diak 202d06466S5ZO2-6064666, or 

202-234-7123. -7143. or -7033 

I 

In other areas of the United States, dial: 1-800-72k5511 
At the prompt XT-COMMAND, en- C ESDIMI 
(If you do not see the XT-COMMAND prompt, enter the break 
key s e m i  times until it appears.) 
At the prompt LOGIN:, en* noaadlr (use h r  care) 

Via I n m e t  
At the S prompt, enter: W E T  ESDIM1.NODCNOAA.GOV 
At the prompt USERNAME, enter: noaadlr (use lower Case) 

Vla d i n a  dial (1200 bod): 

When you end the session, enter the BREAK key. 
At the XT-COMMAND, enter: DIS 
Thlr disconnects the link to the Sun workstation, and you can hang up. 

D m  system- ~ r d  
International symm of - 
the Dlrrcmrg ht=ct=we W (DIF) 
for the urchange of data deMptlom 
baw#adirrcmrlaThe- 
Conmlme on Earth ORwPatit~~ satcl- 
l i t a ~ t h e L n ~ D l r e c -  
tory Network aDN) that has t h  
Coordinating Nodes (1) the NASA ~ . s -  
ter Dlrectocy~ (2) the EumpeanSplce 
Agency Dlrrctory in F-tL Italy; and 
(3) the Japanese Directory at the Na- 
tlonal Space Development Agency. 

W NOAA data deraiptions entered 
into the NOAA Directory are eanskned 
to the Global Change Master Directory 
maintained at the National S ~ a c e  Sd- 

I A system of menus and prompts guider users through each search session. HELP is 
available at any point in a session, or call Ceny Barton at 202-606-5012. 

ence Data Center. NASA ~odhard Space 
Flight Center, Greenbelt. Maryland. 
Through interco~ect lons  to the three 
IDN Coordinating Nodes, NOAA D M -  
tory users can a- worldwide data 
directory information 

The NOAA Dlmtory continues t o  
grow and now contains desaiptions of 
over 2,000 NOAA data sets. Recent addi- 
tions indude about 350 desaiptions of 
foreign meteorological data reporn in 
the &llectlons of the  NOAA C'enual 
Ubrary, Rockville, Maryland. - Gerrrld Barton 

Environmental Information Sdces  - N O M E S D I S  Ex2 
1825 Connectimr Avenue, NW 

Washington, D C  20235 . 

NOAA personnel who know of data sets that should be described in the Directory 
should contact their NOW Directory LO Team Member or call Ceny Barton a t  
202-606-5012. 

L 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and ~ t - ~ h e r i c  Admlnlrtratlon 

National Environmental Satellite, Data, and lnforrnatlon Sewlce 

lulv 19 93 



GLIS System Access 
Direct access to GLIS is through widearea 
networks and through dialup ~ m u n l c e t i o n s  
interfaces. GLIS is one of the principal dlsclpllntY 
nodes of the nalonal Global Change Data and 
tnlormatlon System (GCDIS). Access lo GUS is 
available through the Global Change Master 
DlrecMly, an element of the OCDIS. GUS also 
provides nelwork llnkaws to and from other eafth 
science informatlon systems. For funher aystem 
access information, please contact GUS User 
Asdstance. 

ISM W t l b *  PC .- 

Global Land Information Syatem a- 

GLIS Access Procedures 
Users wishing to perform graphic-based query 
functions can use an X terminal or X terminal 
emulator package on a PC. 

From 
I N 1  ERNET: STELNET xglis.cr.usgs.gov 

Users wishing to perform text-based query 
functions can use an alphanumeric terminal or 
a terminal emulalor package on a PC. 

Fmm 
NSIIDECNET: $SET HOST GLIS 

USERNAME: GLIS 

Fmm 
INTERNR: STEI.NET glls.cr.uSgs.g~v 

w STELNET 152.81.192.54 

D I M  Dial: Set modem to 8 bib, no parity. 1 
stop bit Mal: (605) 5948888 

GLlS User Assistance and 
Information on Obtaining 
Graphical Interface Software 

Telephone: l & c 5 2 0 ~ ~  (1-2524547) 
M mmmerclal: (605) 594-6099 

Wl: U.S. edo$caI Survey 
EFKXrMaCenter 
GUS Ussr Asstanca 
SiuorFaas.SD5nsBuSA 

The use d trade name5 daas nd imphl an e m h e  
men1 by the U.S OovemnenL 

* U.S. GPO 1S756.919 
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m e  CCRS Image Inventory 

The CCRS Image Inventory service provides users wilh cumnt information on 
rsw satellite images of Canada king archived r( CCRS. The foUowing 

satellites and senson arc being maintained in the catalogue: 

LANDSAT MSS (since 1972) 
LANDSAT TM (since 1984) 

SPOT PLA (since 1986) 
SPOT MLA (rincc 1986) 
N O M  AVHRR (since 1991) 
MOS MeSSR (since 1988) 

S W A T  SAR (1978) 

Them is also an invcntoty of N O M  AVHRR composite products at I km and 
4 km resolution generated on the GEOCOMP system u the Manitob. Remole 

g Centrc. An ERS-I SAR raw imagery catalogueof data aquirrd over . Canada wall soon be accessible. 

The Image lnvcntoty service a h  uscn lo surch the cataloguu using a 
number of p n m d c r . .  for example: satellite. sensor. acquisition date. 
latiluddlongitude or  tncWfnme. The search rcsulu contain addi l io~l  ddails 
such as cloud coverage. synchronization losses, that a n  useful to assess the 
gcncnl qualicy of the scene. Resulls from the catalogues can be viewed on 

screen immediately. A copy cdn also be rclumed via mail; Canada Pod. or E- 
mail; Inlema. NSI-DECna (SPAN). 

Mort imagery cabbguu  arc updated within two days of reception. 

To p laa  an o n k  for the images. users are d i w e d  to the SMRSS Products 

and Smiccr option on GCNct for the salcU'ue order desk details. 

The Internalional Directory Network (IDN) 
Directory Service 

The IDN provides diitory-level information on scientific data sas  available 
throughout the world. It is a valuable tool thd  cnabla murchers  to quickly 

identify, locate and possibly order specific data sds. lnformalion on socio- 
economic &la sets am currently being added. Thii on-line service is frcs and 

no aceounl is required. 

The information in the IDN is divided into five main disciplines: b l t h  science 
(gmscieace, hydrosphcrio, hiospherio, salcllitc m o l e  sensing. atmospheric 
sciences). Space Physics. Solar Physics. Planetary Scicna and Astronomy. 
Keywords. prcpared by s c ~ t i ~ s l ~ c s ~ r c h e n w i I h i n  each discipline, have been 

used to allow users to quickly identify required data. 

The following ir a sample of the information rclriwed in an IDN directory 

surch: data s a  description. geographic and temponl coverage. physical 
paramclers musured, data ccnlrc and contad when data ad  is archived. data 
r d  stongc fomul. wccss procsdurrr. technical KC~CICXICCS. 8nd information 
about the platform and sensor used to acquire the data set. Some directory 
cnlriu allow Ule user lo elcctmnically link to the archivedata ~ N r e  to access 
more information and possibly browse or order the data. 

Users who have valuable data sets to be included into the IDN should contact 
the GCNa Database Coordinator to acquire the directory-em submission 

format. 

The IDN is sponsored by the Committcc on %tth Observations Salellitcs 

(CEOS). 

April 1993 

April 1993 



Getdng ,Stmled with the c&g Ted-based Interface: 
p~ 

To oerlorm a directow search. tMe soarch followed bv a 
X-Windows Interface: 

To access the Catakg, select Data Dlrsctoly Swvlcas 
hnm fhe ClESlN Main menu saeen. The Basic search 
screen will a p p e a r ~ ~  ywr dlsplay. From thLs .screen you 
can enter search pammeters for the a!bSxtes shown and 
press the s- button to perform a directory search. Or, 
you can select Expen Dlrectoly Search to proceed to a 
screen @ere complex search spedRcations may be 
entered- the search is complete, a list of matches is 
presented, from whlch you can select a partkxllar DIF enby 
to way. 

~. . .. 
specification in the form attribute = value. Complex 
searches may be formed by using logical operators 
between pairs of search spedfications: & (and); I (or); - (but not). Parentheses can be used to group several 
search specifications to pmduce more complex queries. 
The following are some example queries': 

gpr search disciplina-earth sciwico 
gp, maarch discipline-h-alth L 

kayrord-todeity 
gp, maarch (k.yword-ozone I keyword-auroral - 

(location-europe) 

When the search is complete, a list of matches is 
presented. Type x for help on how to x r o l  through the list; 
type Q to return to the gp, prompt. The content of an ently is 
shown by typing Me appropriate command followed by the 
enlry number. Type ? for a list of available commands: use 
trrap for detailed lnstru&ns. 

Queries must be entered on a single line 

User Assistance and Informafion 

If you need assistance using the Catalog or would like more 
information, please contact: 

Polytechnic University Telephone: (71 8) 260-3230 
CiESlN Aclivltles FAX: (718) 260-3930 
Five Metrotech Center 
Brooklyn, NY 11201 E-mail: INTERNET w 
USA infoqp@poly.edu 

Data Catalog 
System 
(previously known as "GREENpages") 

Quick Reference Guide 

Polylechnlc University 
ClESlN Activities 

Revision 0.4 
April, 1993 



About the ClESINData Catalog System 

The ClESlN Data Catalog System (hereafter refered to as 
%e Catalog7 is a dlsWuted system pmviding wnvenlent 
access to cataloged Information. It was developed by the 
Consoltiurn for InternaUonaJ Earth Science Infamation 
~shvwk (CIESIN) ~ m ~ e d  at Polytedrnlc University. m e  
Catalog alms to assist users in locating and rehievlng 
Information wncemlng global rhange. 

Information currently acmssible through the Catalog 
indudes ClESlN mated enMes related to human 
dmenshns of g l W  change. The system is also 
seaml~ssly interoperable with the extensbe catalog of the 
G W  Change Master DIreclory (QCMD). Enbles are 
cumtty stored h me Dlmcmy lnterehange Format (DIF) 
standard w as plain text although h the near future other 
stmda&(sucharMARC)wll~k,avallable.Tha 
Catalog also provides sanples of some diredory entries to 
help the user locate and evaluate spedflc data of interest. 
Access to hvsnmfy lsvslmetadata is being lrrplemented. 

m e  Gala@ is a clienVsemr based system. The cllent 
pmgmUuns on a complter mnnededto the internet, 
communicating with varlous s e w  on me network 
Aasss is aveilable vla internet or modem dalup. 

The dsWvted nature of the s y s m  aliows for the linking of 
many locally managed data collecllw. Cunsntly, the 
Caktqtb composed of 5 "nodes (sewers). One node 
holds CIESIN's DIF enhies; another node wmmunkates 
directly with the GCMD (dentlswver based) database to 
reMeve its holdings; the remaining nodes are currently . 
utilhed fOr teSling PUlposB. 

Accessing the Catalog 

There are currenUy three client programs: 

0 X-Windows/Motif Graphical User Interface (GUI) 

0 Microsoft Windows PC Interface 

a Text-based query system (alpha-numeric interface) 

All are available from any host connected to the Internet, 
and the Windows and text-based systems also pmvide 
direct dial access. [Contaet ClESlN for information on how 
to obtain the Mlcmsoft Windows dient program.] 

In the following instructions, user input is indicated in bold 
font computer responses are in typewriter font 
(computer responses are abbreviated). 

Connecting via the lnternet: 

0 If you wish to use the X-Windows Interface, open an 
ztomwindow and type*~.t +siriu..poiy.~du (or 
z h o m t  +iaa.a30.3a.sa) 

0 t0ln.t siriun.poly..du 
(or t.1n.t iae.aa8.3a.6~) 

Connecting via Direct Dlal: 

a Set modem to 8 Mts, NO parity, 1 stop bit, 
Any baud rate up to 9600 

0 Dlal (718) 260-4000 

*. W e l c m  to the Polytechnic University Tenninal 
6er"erl *. 

Upon successful connection, access as follows: 

sunos UNIX Islrlur) 

lopin: cv 
Sun03 Release 

welcome to the Greenpages Service at Palytechnlc 
Unlver~ity 

Please enter your e-mail address (opcionall: 
<entar your e lsc t ron ic  m a i l  addrossr 

X-Windows access: 

If you're uslng X-Windows, the following is displayed: 
For X window access, enter your DISPLAY name. 
Othewlse, if you do not wish to use X, enter 
'"One'. 

DISPLAY idefault=youc.node.name:O.OI- 

If the default display shown is correct, press mmm. If not, 
enter the correct display (e.g., pc .mich.edu: 0 ) .  The 
tednal mnnedlon wll be dosed, and the ClESlNUUe 
screen wlR soon appear on your display. 

Text-based access: 

The following is displayed: 
Try: ' ? '  for a lint of comands 

'report' to send a report ta the 
greenpages manager 

gp running on host siriun 
using Isode 8.0 118 Irlriunl 
gP, 

Enter commands at this prompt 



1 New Master Director Znte~ace 
; O$ers Many ~nhancements 

Patricia ,Bailey and Janis Shipe, Hughes STX 

~hmughout the lifecycle of the Master Direc- 
tory (MD), the system and interface have 
evolved through interactive dialogue among 
system developers and science users. initially, 
the MD system was developed based on 
requirements consmcted by the Catalog 
Interoperability Working Gmup. This design 
and implementation included a database 
structure to store directory information, a data 
loader, and a user-friendly, menu-driven 
interface. Subsequent development tasks 
included a data extractor, data deletion utilities, 
database support utilities, and numerous 
reporting capabilities. 

The introduction of the MD into the intema- 
tional science community altered the scope of 
the MD task. The new International Directory 
Network (IDN) required special tools for 

I automatic transfer and loading of directory 

1 information between nodes. In addition, 

technical training and support were provided to 
each of the IDN nodes. The IDN environment 
along with the changing needs of the science 
community led to a second design initiative and 
new implementation. The current MD system 
design includes a clienvserver architecture and 
many enhancements as suggested by the 
science community. Several client applications 
are being developed including an alphanumeric 
client using JYACC Application Manager 
(JAM) and XWindows. Also, the original MD 
system is being convened to take advantage of 
the new client/server design. Currently, both 
the MDI interface and the new the JAM client 
are available to the user community via the 
NODIS system at the NSSDC. 

New features of the MD JAM client 
The new MD client has many enhancements 

that offer extended capabilities over Version 1. 

Data Set Information 

Su~plementary Information 

Exit the Directory 



r SUPPLEMENTARY MENU 
r REFERDlCE 

r PERSONNEL 
r DRTR CENTER 

r RTTRIBUTES en> 

Lines: 38 ut> lo>  
t r> 

. . ... . ., v - . . 

W W v V V W V W v v V W V v v v v V v W v V w v V w v V w w w V w w v v w v  - 
Neut Zoom Close Menu Bar Close 

Accessing the Master Directory 

1 
. . 2 -. , ., 

NSI/DECnet 
Set host NSSDCA 
Username: NODlS 
Select option #I from the menu 
Answer "YES" to use Version 2 

~u<fdown menus provide access to automatic 
help and valids, session output, user informa- 
tion profile and session preferences, as well as 
a GOT0 function. Titles resulting from a query 
may. be sorted by one of several available 
attributes. The information display is presented r ..:. 
on six "index cards" each containing a section 
of the directory entry. These cards may be 
zoomed to full screen display for easier ., 

viewing. 

Internet 
Telnet: 128.183.36.23 
Username: NODIS 
Select option #I fmm the menu 
Answer "YES to use Version 2 

Direct Dial 
Set modem to 8 bits. no parity 
1 stop bit for 300. 1200 or 2400 baud 
Dial (301) 286-9000 
For 9600 baud, dial (301 ) 286-4000 

. p*lnpt: ~ & p q j ~ b i i ,  ' . ~ k  . . . 

. ~ bpi: Call Gdmplete, 'you enter cCR> 
~sern6m;: NODIS 

. .". 
Answer to usevenion 2 

Where to get help 
Contact the Master Directory User Suppon 

Office (MDUSO) for help on any aspect of the 
MD. The MDUSO will drrect you to the 
appropriate MD team member who can asslsr 
you wrth questions about usrng the MD, about 
the specrfic contents of the MD, wlth prepanng 
new data entnes, and wrth establishing LINK 
connectrons. The MDUSO can be reached. 
(301) 513-1 687; NSYDECnet NCF::MDUSO; 
Internet MDUSO@nssdca.gsfc.nasa.gov 
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N e w  Features o f  MD V e n i o n  2 
Version 2 of the Master Directory has many enhancements which offer extended capabilities over Version 1. 
Pulldown menus provide access lo automatic help and valids. rerrion outpub user information profile and 
session preferences, as well as a GOT0 function. Titles resulting from a query may be sorted by one of aev- 
era1 availableattributes. The information display is presented on six "index cards" each containing a sec- 
tion of the directory entry. These cards may be zwmed to full screen display far easier viewing. 

A n  MD Informat ion  D i sp l ay  W i n d o w  

P i l e  Op t ions  Connsnt t  Goto Help 

T o t a l  Ozone and R a f l a c t i v i t y  from NIHBUS-7 TOUS (HDTOMS. CRIDIOHS> 

Th i s  TOMS ozone d a t a  s e t  c o n r i a t a  a f  two products :  

HDTOMS -- High Dens i t y  Tape from TOIlS (Level  11, N >  
CHIDTOMS -- Cr iddsd  Ozone from TOMS (Leuel  111. N >  

"VUVUVV"""VUV"UVVUU"UUYV""V"VVU"UUVV"VVV""""""""""""""" 

Nex- Zoom Close  I- Menu B a r  Cloas  
0\ 

Cata log  In teroperabi l i ty  
The Marler Directory war created ar part ol the overall Catalog 
Interoperability Project whose objective is to enable researchers to quickly 
and efficiently identify, obtain information about. and access data LINKS @ $  "?aOPERs from tlw MD interface represent the first mnpr step in inleroperabilily. 

= m - m - = ' m = m  

Access Procedures  
Using NSIiDECneE 

Set Host NSSDCA 
Usemme: NODIS 
Select Option bl from the menu 
Answer "YES" to use Version 2 

Usin= Internet 
~ e i e t  128.183.26.23 
Username: NODIS 
Select Option (1 from the menu 
Answer "YES" to use Version 2 

Via Direct Dial: 
Set modem to 8 bits, no parity, 1 stop bit 
For 3W.12W or 2400 baud. dial 301-286-9000 

, For %& baud,dial301-286-4000or I 

FIS 888-4WO 
Prompt: Enter Number, you enter " M D  
Prompt: Call Complete, you enter <CR> 

i Username: NODIS 
Answer 'YES" to use Version 2 

Where  t o  ge t  H e l p  fo r  t h e  M D  
Contact the Master Dxrectory User Support 
Offtce (MDUSO) for help on any aspect of the 
MD The MDUSO wtll dlrect you to the appro- 
orlate MD team member whocan asstst vou 
Lith ouestions about "sine the MD. =baht the ~~~ 

8 ~~ ~ 

rpeof~r contenls 01 the MD. wnth preparing 
new data entrws, and wtlh rslabllshlng LINK 
connecnons The hll)UW can be reached by 

Internet: MDUSOQnssdcagsfc.na=.gov 
Phone:301-513-1687 FAX:301-513-1608 

Master Directovy 
A Scienwc Data 
Infomation Service 

QUICK REFERENCE GUIDE 
Version 2 A lphanumer i c  In te r face  

MD User Support Oflice. 
Master Directory at N S S K  
C/O Hughes STX 
7601 Om Glen Drive. Suite 300 
Greenbelt. Maryland 20771 
USA 

Operated at NSSDC 
Nalional Spare Eience Data Cenler 
NASA Goddard Space Flight Center 
Greenbelt. MD2Ui7l USA 



Logging In  
Enter your first and last names in the fields In 

.. .'* 
The c m l r p  -(urn <CR> Is used to: 
- Mak a sckl ion 
- Undo a sckcfion 
- €ultra wlw 
- Acliulfr a comnmnd 

What is the Mate1 D i m t o ~ t  
-- 

ESCapc key squence6 (Hot Keys) are combina 
tion. of the EXaa (EX) kev and another kw 

TG hcw CMD) IS. &, a-,on-liru 
multldbapllnuy databace of WarmHon about 
b r th  and ~LUW sdmce d a h  holdings of potm- 

the L& In window. If vou area new user, a " 
window will open where you can enter iwr 

information; after you mmpktt lhlh a User 
Tutorial window will own whlch explains how 

used In sequence to activate frquently used 
functions In the MD. However, some Hot Keys 
are :mlv avalalhble in certain windows. When 

thl i n 1 ~ 1 ' t o  the sdentlfic rrrearehmmmuni- 
ty 'Ihe MD contllns hlgh ind des r r ipho~  of 
data sd holdinga of vuiour a p u i e s  and i d -  to use the  aster ~ireciorv. If vou &e a rewal wine a i  EX kev seauence. firs! Dress the ESC , , 

user, a w~ndow wall open which asks y w  to 
confirm your tdenl~ly If you do not wish to 

Note: Menu or item choke6 available for selec- 
tion are highlighted. A selmed ilem will be 
omeded bv an X. To undo a selection move to 

key ind then p r ~  t i e  second key. Do itof bold 
I k  ESCkydown when uringan ESC kry uqun!<r 
Listed below aresome frequently used Hot Keys 

hlti~ns. It .bo-ammlw supplementary d&p 
h about thew dam antem. u well as aden- 

leave name, log in as "Guest". 
ihe i t emuided  and press the <CR> agam 
The ilem Is now deselected ESC c d e a n  thcinput in thecurrent field 

ESC C dears input fields an thecurrent lorn 

ESC d page down 

ESC ESC dwescurrent windows and returns 
to the ~revious window; in some 

The MD& d d e a  automlic d O M ,  H o w  to Navigate i n  the  MD 
There are five basr tools used to navigate 
through an MD rcrsion 

- ~ ~ - ~  ~ 

cslled U N K S : ~  m n v  dthe data centma or - .--- - 
data systems holdtng lhr data sea Thee mn- 
Mdtons are available hom a slmple mmrmnd 
w)uch may be aaivated horn sevml plam In 

Command Buttonrare located withina win- - - ~ ~  ~~ ~ ~ ~ ~ 

dow and are used toamss  a function. Move 
the cum,  to the Command Button and prers spdaiized windows. mows to tlw 

C U X E  Command Button 
the Direcloy. 

Anow keys move thecursor in the direction of 
the arrow and are used to: 
-Mom brlrvrm ilrmr withi!! a window 
-Scroll lhmu J lcrl in a ntindow 

the <CR> toactivate its function 
ESC h opens the HELP function menut 

located on the Menu Bar 

LINKS or connects to a remote data 
system 

toggles between the Menu Bar and 
the current window 

opms the QUIT MD window 

clean and redisplays the screen free 
of system noise or messages 

activates the directory search 

Page "P 
opens the valid values window 

MENU BAR: activates the Menu Bar 

0 

- M m  loo Commond B~,llor, 
-Mow bturm Command Batlotn 

OK: acknowledge input s s c o m t  and 
activates subsequent functions 

ESC m - Mmolfof a Command Butlon 
-Mow bawnn Menu Bor findions 
. M m  M u e n  chaicrr inn Mtnu Bor menu 

CANCEL: d- the current window and 
returns to the previous window; does not ease 
any inputs made to a value entry field 

ESC q 

ESC r 

CLEAR: erases all inputs made toa value entry 
field and returns the c u m  to the first value 
entry field; de.wleclr all cho~ces made ~n a data 

The tab key is used to: 
-Mow Ion Commolld Btltlon 
-Mow Mnmn Comntnnd Bulfonr 
-Mow bellurrr~ fnfonnalioa Displny 
n,indotur 

ESC s 

ESC u 

ESC v 
set &arch selection 

SEARCH: initiates the d i m o r y  search ESC w opensa wtndow conlainnng help 
about thcnnrrenl wlndow 

We suggest that the tab key be used to move to 
a Command Button ar a general rule, even 
thoueh the arrow kevs mav also be used. Use 

ADD CRtTER1A:relurns to the Dala Set Search 
Key Selection window where you may wlpct 
additional tlems by which tosearch 

CLOSE: closes the current wsndow and returns 
to the prevtour wtndow 

ESCz enlarges the current Information 
Display window to full screen size; 
when used n second time, returns tt 
window to normal size ESCiab to move backwarri between 

Information Display windows. 

Use ESC hor ESC wto access help on using 11 
MDat any timeduring your MD session. The 
User Tutorial window. accessed from the Men 
Bar FILE functnon menu. gwer you an overvie 
of how lo use the Master Dtrr~tury 



4.BUUmN BOARD SYSTEM (8B) 
The bulletin board system provides a place 

for communication among EOC staff and earth 
observation data users The BBS contains five 
bulletin boards as shown below; 

~, 

-ION boards - New dimlow b& 
.. . rU&d.t* &c¶or!;boud - <.? : , , 

-UNK b a r d  
- S v n m  b o d  

- Comment boards - IDN mrnmnt bord 
- BBS m m  M 
- SINFONIA m m m n t  b v d  - Mhw c o n ~ m n l  b v d  

- Notification boards - NMDA bond 
- Ewnt b u d  
- F m  dircuuion board 

e - Svnam b a r d  
8 - Mission team boards - MOS b a r d  

-Em w 
- TRMM b a r d  

. . . . . .-. ,, . . . . - ADEOS board 

- SINFONIA Boards 
- UNDSAT owration rchsduls board 
- MOS - 1 o~r.tian rsheduls board 
-Svnem Owntor bord  

5.HOW TO ACCESS ,' 
' 1  

Earth scientists oi application .users can !!,:.f.. 
use EOC - IS through the following ways ;.:g.:'. 

..>" . ~ .  
NSI/DECnet 

t i t .  
>,;*..a < 

S SET HOST 4Y.950 3: $$., 
USERNAME : NASDADIR. : a , ,  ,-:, ::. ., . ." ~. 

INTERNET . 
i . . '? 

S Te lne t '  133.$6.72:1 
7, "$ 'p. 

USERNAME : NASDADIR 
..>, 

Direct Dial  . . . , . ,  , 
I:. 

Set modem t o  &bit ,  no  aritv. 1 stop 5: 
btt. x o n / o f t . g  200 - s % o o ~ ~ ~ . ( D E c , :  r , .  
Kanj i)  'e , c 

TEL : 81 - 492 >96 - 6400 
USERNAME : N~SDADIR 

Packet Swi tch ing 6 iot te1 Network 
DTE Number 44014437216 
USERNAME : N46DADIR 

6.USER SUPPORT NI)JBER 
PHONE:81 - 4 9 2 - 0 6 - 1 6 1 1  

FAX : 81 - 4 9 2 ~ 6 8  - 1001 

E - MAIL 
NSI/DECnet : 41950 : : NASDAPROO 
INTERNET : nasdaprodsnsaeoc. em. nasdado. i p  

MAIL : EOC/NASDA 
1401 NUMANOUE. OHASHI. 
HATOYAMA MACHI. HIKI - GUN. 
SAITAMA. 35.0 - 03  JAPAN 



1 BC - Information System (EOC - IS) 
EOC - IS is an on -line information 

system developed by National Space 
Developmennt Agenoy o f  Japan 
(NASDA) which provides an aid for 

earth dentists &. to study various 
topics in  the eartli science including 
changes in the global environment. 
EOC - IS contains the earth science 
data directory system (CEOS IDN : 
Committee on Earth Observation 
Satellites International Direotow 
~etwork),an inventory system and a 
bulletin board system (BBS).Through 
EOCIS. earth dentists can retrieve 
valuable information on earth science 
data (especially location, contact point, 
data quality etc. of earth obswation 

ZsateDite data). 

2CEOS IDN 
When earth Scientists or application 

users want to  know the data archive 
information that they need, it is 

sometimes difficult to determine. CEOS 
IDN is en lnternational Directry Network 
promoted by the Committee on Earth 
Observation Satellites (CEOS). CEOS IDN 
major nodes exist at the NASDA Earth 
Observation Center. NASA/Goddard Space 
Flight Center and the ESA Earthnet 
Programme Office. IDN contains 
summarized earth science data information 
(directory information) and has the 
following features : 

- Free of charge on -line data 
information service. 

- No special training needed for use. 
- Contains data center. project sensor 

and source descriptions. 
- Automated connections (LINKS) to 

other informetion systems. 

When earth scientists or application 
users want t o  conduct their research or 
their activities usinp earth observation 
satellite data, they must consult with 
information such as temporal/spatial 
coverage. cloud cover. data quality etc. 
to  determine the data they need. 

EOC Inventory system contains 
detailed information on earth 
observation satellites data archived at 
NASDA/EOC. Earth scientists or 
application users can retrieve them by 
using temporal. spatial end data qualitv 
keywords. The EOC inventory system 
has the following features ; 

-Full interactive system with no 
special training required 

- Path/row. longitude/latitude or 
area name retrieving method 

- Landsat 1.2.3 inventory information 
from all over the world 

- Landsat, MOS.SPOT. ERS and 
JERS inventory of data received at 
EOC 

-Near real time inventory information 
service 
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What is ESA PID? The Automatic " L I N K  
The European Space Agency's Prororype 
International Directory (ESA PID)  is a 
free. on-line information mstem ro serve . . 
the European ~ a r r h  science community 
which has research and operational data 
nee& and requires access to data 
management systems. 

ESA PID is a Directory 
which contains more than 1U)O Eanh and spaee 
seienee data set deswiplions, and summary infor- 
mation about Eanh and spm abservation data 
centers. on-iine syswns. scientific campaigns. 
instrumenu bnd plallms. 

% 
ESA PID is International 

It is ihe 'European Coordinating Node' of a 
world-wide nawok of d i e s ,  king spon- 
sored by the Commiuec on Eanh Observation 
Satellites. i.e. 

. idenlical copies of thc directory are maintained 
at NASA (USA) and NASDA (Japan): 

directory envies are reviewed by a panel of 
inwnalional ~v iewcn;  

- on-line access is provided via intmational net- 
works and via Eumpcan national mess poinu; 

. intedaces/linlrs are provided to many on-line 
catalogues and archives. 

ESA PID is a Prototype 
for ihe study and dmcbpment of future standards 
of directory functionality and d o g u e  inleropu- 
ability, and for (he collection of urcrquiremenls 
and feedback. , 

ESA PID has rhe capability ro "LJNK" directly to various on-line systems. This immediare 
connection allows access ro more informarion on a particular directory entry, and in some cases, 
ro browse or order daraof interesr. - 
The following is ihe list of links which can be established via ESA PID with no tekcommunication charges fop the user. 

Europe 
EPOCAT On-line ESA Eanhnet data availability catalogue (famerly LEDA) 
ESIS Europan ~ l n f o n n a t i o n  System 
EUMETSAT Ewopean rological SateU'ile Organisation 
QUEST Eumpan Space. Agency lnfonnation Reuicval Service 

North America 
ALI Univasity of Alaska Fairbanksll;eodata Cenler 
ARIN Aawpace R-h Infmnalion Network 
BBSO Big Bear Solar Observatory 
BRUNET BRUNET R e q w  Catalog 
CCRS Crnadian Ccnac for Remote Sensing 
DEWMSI GSFC Dymmia Expkuu Data NASA 
ElCS E n d c  Ion Crnnpo$tion Specmeter file 
GLIS Global Land lnformat~on Syslun 
GPLDS Goddard Pilot Land Data System 
IUE Inlanational Ulhaviolet Explorer Recessing Facilities 
LPI Lmm and Manwry lnsti~ute 
NCAROCEAN National Center Avrosphaic Research data availability catalog at OCEAN 
NCDS NASA Climate Data System 
NODC Nplional Ocmograph~: Data Center 
NODS NASA Ocean Data System 
NSSDC National Space Science Data Center 
OCEANIC Ocean Netwok Infomtion Center 
OMNIFlLE Ituuplanelary Medium Database management S y s m  (OMNI) file 
PDS Planemy Data System 
SAI Dynamic Explorer Auroral Imaging Database 
SEL NOAA Space Environment Labomory 
SSEOP Flight Scmce Su Office Photographic Data- 
s WRI southwest ~cscarc 7Y Institute 
TOMS Total Ounc Mapping Specmeter Data Systun 
UARS Upper Aunosphere Rcsarch SatelliY Cenval Data Handling Facility 
URI Unlvas~ty of Rhode IslandlAVHRR Inventory 
UTD Univasity of ' h a s  Dallas 

Japan 
JAPAN Wald Data Cenler- Q 
SERDIN Space Environment Reallime Data Intercommunication Network 



The National Geophysical Data Center 
David Divins 

The National Geophysical Data Center (NGDC) is composed of four divisions (solar- 
terrestrial physics, solid geophysics, information services; and marine geology and 
eeo~hvsics) and a ~aleoclimatolonv a rou~ .  Also located at NGDC arc the World Data Center A - -7 - 
fofeaih of'these &fore mentioned discidlines. 

The Marine Geology and Geophysics Division (MGG) has three primary data types, 
marine geology, marine geophysics, ahd bathymetry. Marine geology data basis includi 
sediment thickness, grain size. geotechnical ~rooerties, ~hvsical ~rooerties of sediments. 
petrology, core and sediment sr;nple descridtiois, and wefi logs.- ~ ~ a r i n e  geophysics is one large 
data base with over 37 million records of underway geo[physical information. Contained in this 
data base are digital navigation, bathymetry, magnetics, and gravity. Bathymetric data are in the 
several data bases. The National Ocean Service (NOS) hydrographic data base has over 40 
million soundings from the US EEZ. NGDC also maintains a multibeam/swath data bathymetric 
data base. 

MGG is the national archive for all marine geology and geophysical data collected with 
US funds. As a result institutions are required to send copies of their data to NGDC. When a 
data set arrives at MGG it first is entered into a center-wide data ingest program. This program 
tracks the data set and keeps track of what institutions are send data. Once in the system the data 
set is run through quality control programs to check for consistency and thatdata values fall 
within reasonable and acceptable levels. If errors are detected the contributor of the data is 
contacted and corrections are made if not too labor intensive. If a large number of errors are 
detected the data set is returned to the contributor, with a list of known errors for the contributor 
to correct. The clean data are then entered into the appropriate inventory. In the case of marine 
geology data, the collecting institution, ship, cruise id, sample, id, date, water depth, position, 
sampling device, and what analysis were performed. No data are stored in the inventory. The 
inventory is then used to perform searches based on any one or combination of the above 
parameters. The results of this search point to the appropriate digital files, paper reports, or 
microfilm. 

Distribution of the data to the user community is in three primary modes. The first, and 
perhaps the most popular, is CD-ROM. An entire data base is contained on a CD-ROM, along 
with inventory information and, most importantly, search and retrieval software. MGG now has 
the capability to provide a CD-ROM which is accessible, and usable on a PC, Macintosh, or 
UNIX platformloperating system. This development is extremely desirable since it allows MGG 
to make all of its digital data available to a majority of the user community. A second method of 
data distribution is on line. Currently this is limited to anonymous ftp transfers. The third 
method is custom searches and data products, for example custom color images. 

NGDC is currently headed in the on-line direction, that is, NGDC will soon have a 
bulletin board system populated with meta data and inventory information. The goal of this 
system will be a bulletin board populated with fully searchable data inventories and the actual 
data. 



Regional Marine Research Program IMS 
Working Group 1 Report 

~1en;~lierl 
MIT 
and 

Daniel Lynch 
Dartmouth College 

Charge: 
Determine the attributes of an IMS svstem that urovides access to both data and 

information and the means for integration of that data, h support of the goals of the Gulf of 
Maine Regional Marine Research Program. 

We organized the discussion around: 
Attributes 
Technology 
People 
Oversight 
Funding 
Recommendations 

Attributes Discussion: (Thurs.) 

Access by whom? 
We discussed the charge and decided to approach the problem of specifying the 

requirements that an IMS must meet from the point of view of "what will serve the researcher?" 
However, we recognize the importance of serving the broader community; there were opinions 
that a system which is adequate for the researcher has the fundamental information in it 
necessary for the other users, but additional processing and analysis of this data will generally be 
required to produce products they can work with. In addition, the user interfaces may very well 
look quite different. In terms of Rosen's diagram of data flow and users, then, we decided to 
concentrate on the bottom level: 

* A ** * 
* I ** * 

* ** * 
* R m h  Data ** *Scientists 

............................... 

With these considerations, we felt we should focus especially on the RMRP, the other working 
group was responsible for the broader interests. 

In addition, we tried to keep in mind not only the short term needs of the on-going 
projects and projects about to start, but also a longer term vision of regional data needs. The 
requirements for data exchange in an on-going research program may be more severe than for a 
system which deals only with historical data sets. The data bases are in various stages of 



processing, with replacements being made; the turn-around time must be short, since the data 
may be used for planning; data use must be coordinated to avoid any problems concerning 
ownership and publication rights. 

Access to what? 
The system needs to provide access to data at various levels, from raw, telemetered 

information to gridded, analyzed fields. It must include both historical data sets and new 
observations fresh from the ships. In addition to oceanographic data, we could see needs for 
information on river run--off, rainfall, etc. The data sets fell in four classes: 

Historical data 
Operational data 
RMRP-generated data 
Non-RMRP generated data [i.e. GLOBEC] 

To get a sense of the range of information, we discussed some of the data sets we foresee 
including. These can be summarized as follows: 

a) RMRP 
Historical 

nutrients, T, S, phytoplankton, contaminated sediments, streamflow, meteorology, 
wave climate 

New - .- .. 
hydrography, nutrients, biology (net data & other forms), drifters, moorings (PI & 
aeencies), AVHRR [~rocessedl, seawifs -- 

~ e a l - h e  
AVHRR [2x daily], buoys 

Models 
analyzed fields, simulations, data assimilation runs 

Bibliographic 
b) Outside RMRP 

Ooerational 

NCDC 
MEDS 

In addition to RMRP investigators' datasets, links to other groups - operational data 
streams, non--RMRP research programs, and large archives - will be important. 

In the course of this discussion, it became clear that it is important in some cases to 
include multiple versions of the same data. The AVHRR temperature field in its real-time form 
is useful for planning and for a quick impression of the situation at the time of other 
observations. On the other hand the more carefully analyzed and corrected SST products are 
important for modeling and fmal analyses of the environmental state. We need access to data at 
various stages of processing, with quality changing as the information becomes more refined. To 
be useful, these multiple data sets must be sufficiently documented that the user can understand 
the relationship between them and decide which to use. The raw data may not be on-line. There 
is a clear role for large archives of such information, perhaps on tape or optical media, so that the 
numbers can be reprocessed if someone desires. At the same time, the volume precludes storing 



the information in an on-line archive; rather, the data system should indicate that such 
information exists and where it can be obtained. 

The system must provide mechanisms for indicating data quality; these include data flags, 
a "pedigree" indicating the processing steps, and a bulletin board for feedback from other users. 
Some data sets may have quite detailed quality information, while it may be sketchy in other 
cascs - the system should encourage including such information, but not require i t  

From this, we see the need for the program to establish clear responsibility for archives, 
for maintenance of data sets, and for updating. An agreed--to and enforced data policy will be 
necessarv. both to encourage earlv submission of data for others in the Droeram and to Drotect the . - 
provide& (including appropriate procedures for referencing data sources in papers). It ihould lay 
out the obligation to contribute data, time frames for doing so, and limitations on access. While 
we want dak in the system prior to publication, the PI'S and users must understand fully their 
responsibilities and rights. The system should provide various levels of access - within the 
program, general scientific community, other users. 

These requirements indicate some of the role which must be played by a centralized part 
of the data management effort. Directories / catalogs I inventories must be maintained and must 
reflect the statusof various versions of the data set,~expected times when new versions will 
become available, and commentary on the changes. 

When? 
We discussed briefly the time scales for development of the IMS. With some 

observational programs underway, there is clearly a need for immediate action. Over a several 
year time scale, linkage with other programs such as GLOBEC will become important; thus, the 
design should factor in ways in which interchange of information with other programs can be 
best accomplished. The TOS effort will also have a prototype during that time. 

With What? 
Distributed data systems seem well-suited to the task, since we want to encourage 

exchange of preliminary data and information which the PI'S are still refining and modifying. 
The only way to accomplish this is to have the data system providing data from the PI'S own 
machine. Internet is the only widely-based network with adequate bandwidth that can provide 
the "highway" for the desired information. Many researchers are already connected to the 
network. On the other hand, it will also be necessary to provide points through which non- 
networked systems can gain access to the information, presumably by dialup. 



Attributes and Technology Summary (Thurs.) 

From the discussion of our group and the other working group, we can summarize the 
attributes of the IMS as : 

Attributes I functions 
. -Distributed 

network basedlnon-network access 
-Role for central data management effort 

directory, standards, data policy 
-Accessible 

ease of use, access controUrights, multiple platforms 
-Multiple data types 

historical profile metadata 
new obs. time series data 
real time images 
models 2 and 3D grids 
bibliographic text 

- Full of data 
easy to incorporate existing data systems 
easy to add new information 

- ~ u a l i k  information 
documentation, flags, user feedback, 
referenceable 

- Multiple versions 
documented 

- Links to other systems 
- Archive 

long term stability, on-line and off-line archives 
- Analysis procedures 

extensible 

From the computer science view, the IMS can be described as follows: 
-Architecture: distributed (db & users) 

node (directories, tools?) 
- Access link: network 

pt. of access 
link to other IMS 

- Client-server 

While the objects managed by the IMS have these characteristics: 
- Type - Characteristics for incorporation/ modification 
- Quality 
- Archival status 
- Suitable for analysis - Level of refinement 



The tools envisioned are user-oriented and include filters, common analysis and display 
routines (e.g. browse), and individual analysis and display tools (outside the domain of the IMS). 

Attributes 
- Client-server 
- Comprehensive 
- Long life 

Technology 
- Internet 

Server ************** 

Client -- *************** ,, 
*Application * -- * ____I  - 
* INetI - 
* l Int l 
* _ _ _ I  
*************** 

* Resource * 
I--- (DB) * 
INet I * 
I Int I * 
I___  * 
************** 

Server ************** 
* Resource' * 
I---- (DB) * 
I Net I * 
l Int l * 
I-- * ************** 

Technology 
- Internet: evolving medium of choice 
- CD/ROM: an important distribution mechanism 
- UNIX: Evolving OS of choice [data servers] 
- X: Graphics standard 

Discussion: (Fri.) 

We discussed briefly the operating system characteristics. The servers must be 
multitasking to satisfy requests without serious impact on the other uses of the machine. For 
servers, then, UNIX seems to be the current best choice. Clients, on the other hand, could 
operate on other systems, as long as they have appropriate Internet or phone access. 

People: 
We considered the GLOBEC plans for a data management office. Many of the roles they 

have envisioned for a data manager and a programmer seem also applicable to the RMRP 
program. For the data manager, we envision the responsibility to: 



-Track data: submission - archive 
-Provide information on submission procedures 
-Accept and verify "publication" of data to rest of program 
-Check conventions for naming, units, ... 
-Work with PI'S on QA 
-Ensure documentation 
-Own and manage directory 
-Disseminate info (Bulletin board) 
-Facilitate archival (timely I lawful) 
-Facilitate linkage 
-Publicize new objects I info exchange 

It is possible that these functions could be handled by some of the existing facilities, 
though it is imwrtant that the oversight remain with the groups described below. Programmer(s) - - - - 
wouB work atvarious sites to: 

-Aid in the decision whether to make or buy software for particular functions detailed 
helow - .-. 
-Interfaces to data objects (raw, model, derived) 

ORACLE 
MAP 

-Programs to transform/ process data 
-Network access ~ ~ ~ - ~ - ~ ~ - ~  

PC, MAC 
-System interfaces: other IMS's 
- ~ a t a  im~or t  to established vromams - - 
-~oftw& for 

Data providers 
Data users 

Whenever possible, existing software should be adapted to fit the needs. Again, the 
virtues of collaboration with other efforts seem obvious here. In addition, the system must have 
the flexibility that programmers can extend the individual data objects, the filters and 
transformation routines, and the interfaces. Scientists are often not interested in extensive 
database queries (and the updating problem so important in business is not a major difficulty, 
since science data sets are rarely updated but often referenced) - the important problem in getting 
the information into some program, whether commercial or user-written, where it can be 
examined and analyzed. 

Oversight: 
As the RMRP-IMS is developed and put into use, and as the community of both providers 

and users grow, it will be important to maintain oversight to ensure that the data manager efforts 
are serving the researchers and that the data is flowing up the triangle properly. We discussed 
the concerned parties which might make up an Oversight Board for the GOM-IMS: 

-Members of the A. B.. C. 
-PI'S (science, IMs) 
-RMR board @PA/ NOAA) 
-GLOBEC Georges Bank SC 
-Sea Grant 
-AFAP 
-CME 
-RARGOM 
-Users/ funders 



In addition, a Technical Steering Committee should be established immediately to 
recommend a direction for the IMS and to guide the funding agencies. In the short run, we 
would see this as some combination of PI'S, IMS experts, and members of the Board(?). In the 
longer run, presumably, the data manager and programmers would become part of the technical 
committee. 

Funding: 
While we did not spend a great deal of time on funding, we did suggest that much of the 

funding should go on getting the right people in place to ensure that the IMS system is developed 
in a timely way and will meet the needs. We also thoughtthat there could be considerable 
sharing of funds among the various programs in the region. Some possibilities for leveraging 
may exist, as well. 

Draft Recommendations --- RMRP group 

1) The agencies and scientists interested in the Gulf of Maine should commit themselves to 
constructing and maintaining a comprehensive regional information management system. The 
system needs in its final form to meet the needs of the whole range of users, from the researchers 
to the managers. It should facilitate transfer of information among and between groups. [5 years] 

2) A distributed system with a client-server architecture is most likely to meet the requirements 
for data management. The system should be based on the Internet, but have good access for 
people not on the network. Data servers will need to be multitasking machines (and therefore 
will initially be running UNK), but clients may very well run on other systems. [Immediate] 

3) It must be simple to add existing data systems to the GOM IMS, and links to AFAP and the 
developing GLOBEC system will be important because of the connections between the data sets. 
[Immediate] 

4) The system should merge smoothly with the distributed data system being developed under 
the aegis of TOS. That system is exoected to satisfy many of the technical reauirements  laced 
on ~ ~ [ G O M  system, and; in additioi, wil l  be connkted dosely to national ockanographk 
archives. [2 years] 

5) The system should be compatible with, and ultimately merge with, operational systems used 
by resource management, monitoring, and enforcement agencies in the region. [5 years] 

6) We need to form a Technical Committee immediately. The committee needs to investigate the 
possible ways of satisfying the requirements and what needs to be done in addition. When 
possible, existing efforts should be capitalized upon. Funds should be expended on value--added 
efforts if that is possible. The technical committee should track the system as it evolves and 
additional people added or subtracted as required. mmediate] 

7) A broader GOM--IMS Oversight Group should be formed to ensure that the technical 
committee is aware of the needs of various groups and that plans are developed to meet those 
requirements in a timely fashion. [6 months] 
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Paul ~ i u d r e a u  
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Augusta, ME 04333-0017 

Internet: Sowles@biome.bio.ns.ca 

The Charge: The working group on an Infomation Management System (IMS) for the Gulf of 
Maine was asked to identifv attributes of an IMS that orovides broad access to and utilitv of data 
and information relevant t6a  diverse Gulf of Maine community. The community includes 
researchers, resource managers, educators, non-government agencies and the public. This 
working group would make specific recommendations on the establishment of an IMS that 
facilitatestheiinkage of science and management and would complement the issues being 
addressed by the more focused Working Group 1 that was considering the specific needs of the 
research community. 

The Composition: The makeup of the group was in keeping with the charge. It included a 
diverse representation of 30 individuals from Federal and State govenunent agencies, 
Universities, other Regional Marine Research Boards and private sector organizations. This 
eclectic collection of interests provided a broad spectrum of experience and knowledge in data 
and information management. As an example of the range of experience, some members of the 
group were very experienced in the use of Internet and were involved in the development of new 
and powerful tools for handling distributed data base systems. Other members of the group were 
being exposed to the power of Internet for the first time. This made for some very interesting 
and challenging discussions. 

Day 1: The deliberations of the group began with a round table introduction and brainstorming 
session. In addition to presenting themselves to the group, everyone was asked to comment on 
their view of a IMS; with respect to the kind of things that would characterize an IMS and what 
they would do with such a System. The intent of this round table was several fold: 1) to develop 
a &orking relation among the group by ensuring that everyone felt comfortable with saying at - 
least a few sentences. 2) to develoo some common defitions and understanding regarding our 
charge and 3) to beg& defining an'IMs that would later become the recommen&ti&s to &e 
larger group. The list of items to come out of the round table included both qualities of the IMS 
such as user friendliness, and ease of access and functions such as archival storage and direct 
access to raw data (Table 1). 



Table 1. 
Attributes of a Gulf of Maine Data and Information System 
Identified by Working Group #2 

Qualities Built-in Funclionalities 

Responsive 
User Friendly 
Rugged 
Robust 

Analytical Capacity 
StorageIAccess Aggregation 
Acronym Dictionary 
Student Access 

Encourages Standardization Multiple FormatlPlatform Access 
PromotesIFacilitates Publication Data Referenceability 
High Quality 
Handles Multiple Data Types 
Easy to Enter InformatiodData 
Affordable 
Sustainable 
Efficient 
Expandable Capacity 
Accessible 
Non-intrusive 
Allows for Documentation 
Promotes Information Sharing 
Provides Transparent Network Access 
Bifocalism (?) 

Library 
TraceabilitylTrackability 
Ease of InformatiodData Entry 
Dynamic Directory/Inventory 
Communications 
User-Supplier Feedback Loops 
QA Documentation 
Access 
Standards 
Transparent Network Access 
Handles Metadata 
Preservation of Institutional Memory 
Domain Analysis (?) 

In addition to the above attributes, it was emphasized that for any system to succeed it must be 
administratively supported and maintained. 

During the discussions, it became clear that disagreements around semantics were a major 
stumbling block. One member of the group, not totally facetiously, even proposed that an 
acronym dictionary be developed. Other disparities involved the extent or scope of coverage by 
a term. For example, to some, access simply meant ability to have permission to use one 
another's data while to others access meant electronic connectivity to data and information 
through a user friendly system that actually processed and analyzed the data immediately upon 
request. The word standardization evoked differing interpretations; from a single detailed 
sample collection, analysis, and reporting protocol (command and control approach) which 
enabled transparent comparability to all other data, to a minimal burden level of simply adhering 
to existing protocol(s) when appropriate and possible. Interestingly, it appeared that in general, 
meaning to a user of data and information differed from that of a supplier. 

Consensus was nevertheless achieved the F i t  day on three topics: 
1. The system should be a distributed data and information system. From the morning 

presentations and our discussions it was obvious that the amount and diversity of data and 
information made it prohibitive for any single organization to consider amassing all data 
and information into a single location. There was also concern for the need to exercise 
some degree of control over some types of data and that a distributed database facilitated 
data referenceability. 



2. The system should take advantage of existing systems. Again, the morning plenary 
sessions convincingly presented the existing state of information management in the Gulf - -  - 
of Maine and beyond, as having a number of viable pieces already developed or under 
development, such that it would not be reasonable oi  responsible -to throw-out the existing 
work. 

3. . The most immediate need for and use of an IMS was for an electronic inventory. Such 
an inventory would be widely distributed in a variety of formats and would evolve into an 
on-line product which could eventually provide connectivity to some of the actual 
databases. 

Day 2: The second day began with the presentation of a "development plan" (Table 2.) that 
described the evolution of a Gulf of Maine IMS, from the present status auo throueh to the - 
establishment of an electronic database to a syskm with kal time come&vity. 

Tahle 2. - - -. - -. 
Continuum of IMS Functions and Requirements 

Ranging from Current Situation to Fully Staffed Data Center 
(from left to riiht,?eatures are cumulative and increase in development time and cost) 

Status Quo + + + -+ Long Term Goal 
Paper Lists 
&Ink& 

Admidstration 

Responsibility 

UnMed 
Paper 

LLsts & 
Internet 

Documentation 

Sbdards 

Steering 
ulmmittee 
Marketing 

Coordination 

Polides & 
Enforcement 
Data Types 

Unfortunately, as a result of the diverse experience of the working group to review existing 
technology and decide on the system to be used for the electronic data base and those who felt 
that such a decision was already indicated by an existing system, the discussion carried on until 
coffee break. 

EIemooic 
Mnctory 

Descriptive, 
QAIQC, Data 

Documatation 
Documentation, 

Geo-Referencing, 
Temporal 

Featurea 

Accre 

Compile 
Lists 

Up3ates 

~pecif;cation 

Current Research 

Ekctronic 
Di-r~ 

with 
Connectivity 

Metafile 
Structure 

Bulletin 
Board 

System 
S u m ~ l  

Maintenance 

Pointers 
Data Policy 

Historical 

Ekctmnk 
Directory 

nlth 
Resolulion 

of 

Standard 
Directory 
Structure 

Adaptability, with 
Ability to Evolve 

Operational 

Access 

Data Center with 
Standardized 
Centralized 
Archives 

System 
Development 

Comectivity with 
USR support 

Rderencibility 
P e d i i  

Directorystd's. 
Communications, 
Directories or 

Feedback Loop 

Raw Data 

Diffezences 

Libraries 

deal Time 
Std. Codes. 

Field Names, 
CME Policy & Mgt., 

RMRP (Research) 
Aggregation 

Steering Committee 
with Staff 
Data Enhy. 

Agpgation, 
hteqmtation, 
User Sumr t .  

Concordaoce 
(mapping) 

Archival 
Results &Processes 

Standard Codes, 
Field Names, 

Structures 



Following coffee and a number of small informal discussions, the group reconvened with better 
common understanding and a more relaxed mood. The remaining time proved very fruitful in 
arriving at consensus. Of note, the following were agreed to by the group: 

1. A working group should be set up to promote the implementation of an IMS. This 
group should be small, possibly 6 people, representing the Council, the Board and the 

, Association. This group would have the mandate to recruit the necessary technical 
expertise in the Region as it sees fit. The fust task of this group would be implement the 
electronic inventory. The group should meet as soon as possible, no later than a couple of 
months from the time of this meeting. 

2. A startup group should be set up to report to the meetings of the Council, Board and 
Association in the coming two months. These reports would ensure that the organizations 
are well appraised of the recommendations of this workshop and solicit commitment for 
establishment of a GOM IMS that would jointly serve the goals and mandates of all three 
organizations. 

3. Attendees of this workshop and others in the Region should become familiar with 
Internet and the role it might play in an IMS. This would start with the establishment of 
electronic communications aniong the group Such efforts would provide an educational 
benefit in the region to the potential of an MS. This would helv to maintain suvvort for 
the initiative frok all ageniies involved. Internet addresses of dl attendees shouid be 
distributed. 

4. Attempts should be made to connect with a few select high priority data bases. Such a 
list might include the following databases: 

NOAA Master Directory NOAA Meteorological Data Sfate/Provincial Coastlines 

Redtide Database Bathmay CME-Gulfwatch 

S h e w  Sanitation Surveys Swimming Beach Sanitation Bottom Type 
Surveys 

Circulation USGS Coastline 

5.) There was interest in convening another workshop similar to this as a good means of 
vromoting and maintaining communications and awareness of information management in and - 
kound th; Gulf of ~ a i n e -  



Recommendations of Working Group #2 

Ultimately, Working Group #2 endorsed the concept of and need for a Gulf of Maine 
~nformatibn ~anag imen t  system. The group reached consensus on a series of specific 
recommendations designed to make scientific information accessible to both scientists and 
r&burce managers in a-timely and meaningful manner. Working Group #2, therefore 
reclommends to the Gulf of Maine Steering Committee that the following set of principles be 
adopted and actions be initiated: 

Prindples to Adopt 

1.) Refine a long-range vision statement toward which we will deliberately proceed 
Working Group #2 settled on the establishment of a Gulf of Maine Information 
Management System that enhances our ability to answer scientific and management 
questions by facilitating the integration and synthesis of complex and diverse types of - - . . 
data and information. 

2.) Develop a system of distributed databases that recognizes the diversity of existing 
specialized database types. 

3.) Take advantage of and if necessary expand existing systems. Where an existing 
system was found to be deficient, the group supported sponsoring its modification and/or 
expansion. 

4.) Adopt Internet as the communications network of choice. 

Actions to Initiate 

1.) Form a "start-up" committee that presents the findings and recommendations of the 
overall workshop to the RMRB, CME, and RARGOM. The "start-up" committee should 
consolidate opinions expressed ftom each sub-workshop and recommend an overall 
implementation workplan inclusive of schedule. costs and responsibilities. This workplan 
will be completed by December 1993. 

2.) Form an ongoing GOM-IMS Working Group to develop and present a long range 
workplan which will move the Gulf of Maine community toward the larger goal of a gulf- 
wide information management system. 

3.) Develop Request for Proposals to establish an electronic Gulf of Maine Database 
Directory. 

4.) Immediately exercise Internet by 
...p ublishing a list of GOM Internet addresses in these proceedings. 
... Set up a GOM Bulletin Board 
... distribute the DIMC Directory ... identify and develop connectivity to high priority databases. 

5.) Host another workshop annually 
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Gulf of Maine Daia and ZnfoYntatiOn Systems Workshop 
University of New Hampshire 

AGENDA 

Wednesday, 3 November 1993 

4:OO-6:00pm Early Registration [New England Center (NEC) Hotel Lobby] 
6:OO-10:00pm Poster Set-Up [NEC Berkshire Room] 

6:30pm Dinner for Steering Committee Members/Working Group Chairs and 
Rapporteurs (SC/WGC&R) [NEC Dining Room] 

7:30pm Pre-Workshop SC/WGC&R Meeting [NEC Narragansett Room] 

Ihursday, 4 November 1993 

7:30am Continental Breakfast [NEC Gallery] 

8:OO-10:OOam Conference Registration [NEC Gallery] 

8:lSam PLENARY SESSION 1: BACKGROUND 
CHAIR - WENDELL. BROWN 

Berkshire Room] 

Welcome (Berrien Moore III) 
Introduction to Workshop Objectives and Activities @on Phelps) 

The Gulf of Maine Regional Marine Research Program (RMRP): History, 
Goals and Status - Bob Wall, Chair, Regwnol Marine Research B o d  

Role of a Data and Information System in the Gulf of Maine (GOM) 
RMRP - Don Phebs, Regional Marine Research B o d  Member 

A Context for Information Management Systems and User Needs: A 
User-Data Matrix -Jeff Rosen, Database Developer 

The User Community for a Gulf of Maine Information Management 
System -Maxine Schrnidf, Dafa and Information Managemenf Commitfee of 
the Council on the Marine Environment 



9:3oam PLENARY SESSION 2: EXISTING INFORMATION MANAGEMENT SYSTEMS 
CHAIR - MARILYN BUCHHOLTZ TEN BRINK [Berkshire Room] 

Academic research systems: 

9:dOam Joint Global Ocean Flux Study (JGOFS) System - Glenn Flied MIT 
9:55am XBrowse, Video Browser, in siru Retrieval systems - Peter Comihn, URI 
10:lOam Geographical Database Browser -Dr. John Unger, USGS 

10:25am - Coffee Break - Posters and demonstrations of information management 
systems can be viewed. 

Regional systems: 

10:4Oam EDIMS: Gulf of Maine CME - Wendell Brown, UNH 
10:55am CHESSE Chesapeake Bay Program -Joe Macknk, EPA 

Agency systems: 

1l:OSam Sediment Data Archive - Marilyn Buchhob ten Brink, USGS 
ll:20am EPA EMAP -John Paul, EPA 
ll:35am NOAA Earth Systems Data Directory - Geny Barton, NOAA-NODC 
ll:50am National Geophysical Data Center - David Divins, NOAA-NGDC 

12:15pm Buffet Lunch Break -[NEC Dining Room] 

Thursday Afternoon 

1:30pm PLENARY SESSION 3: WORKING GROUP MEETINGS [Berkshire Room] 
CHAIR - DON PH!SLPS 

Present working groups charges and outline the issues that will frame the 
discussions. 

2:OOpm Adjourn to Working Group Discussions 

3:30pm Coffee Break 

3:45pm Continue Working Group Discussions 

5:OOpm Conclude Working Group Discussions (for the day) 

5:30pm Reception [NEC Gallery] 



6:OOpm Buffet Dinner [NEC Dining Room] 

7:30pm PLENARY SESSION 4: WHERE DO WE STAND? [Berkshire Room] 
CHAIR - WEMIELL BROWN 

Working Group Chairs present summaries of discussions highlighting 
principal issues. 

9:OOpm Post-Plenary SC/WGC&R Meeting 

Friday, 5 November 1993 

7:30am Continental Breakfast 

8:OOam Reconvene Working Group Discussions 

10:lSam Coffee Break 

10:3Oam Continuation of Working Group Discussions 

12:30pm Buffet Lunch Break 

Friday Afternoon 

1:OOpm PLENARY SESSION 5: Summation 
CHAIR - BOB WAIL 

Summation of Working Group Deliberations 

Working Group Recommmendations 
Discussion of Next Steps 

3:OOpm Workshop Adjourned 

Friday, Late Afternoon 

3:30pm Post-Workshop SC/WGCBrR Meeting. 
Assignment of workshop proceedings responsibilities. 

[NEC Gallery] 

[Berkshire Room] 
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Dr. Matthew Liebman 
EPA Region 1 
WQE 
JFK Federal Building 
Boston, MA 02203-221 1 
telephone 
fax 
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The Gaea Project: An Overview 

, Nabil I. Hachem 
Michael A. Gennert 

Computer Science Department 
Worcester Polytechnic Institute 

Worcester. MA 01609-2280 

Abstract 

This paper describes the Gaea System, a Spatio-Temporal Database Management System 
under development at Worcester Polytechnic Institute. The long-term goal of the Gaea 
project is to develop an extensible, object-oriented data management and analysis system 
to be used by researchers in the field of global change. The current goal is to develop a 
prototype, which can be used by geographers in a user-friendly manner, yet permits integra- 
tion of heterogeneous and complex data types, and interactive development of sophisticated 
methods for data analysis, prediction, and display. Focus is on the object manipulation and 
analysis aspects of the system, and the management of "meta-data," that is, data about the 
data. 

Scientific Databases 
Manage data for scientific investigation 

Common problems transcending disciplines 

- Computational biology, chemistry, physics 

- Computer-aided design and manufacturing 

- Earth and space sciences 

- Geographic information systems 

- Medical imaging 

Scientists distracted by bits and bytes-prefer to deal with scientific concepts 

Current database systems designed for business-inappropriate for scientific users 



I General Abilities of Gaea 

I Deriving information about spatio-temporal objects 

Maintaining information on the evolution of data objects 

I Providing derivation semantics for data objects 

Providing a visual environment for browsing, querying, and analysis 

Providing user-extensible data and operator types 

1 Seamless Integration 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I NOAA 

DRTs ppw RCAF 1 
(Japan) 

EDRS RCAF 

(Europe) 

EOS RCAF 

(USA) 

Landsat w 
SWS: Scientific Workstation 
RCAF: Remote Computing and Analysis Facility 
EOS: Earth Observation System 
EDRS: European Data Relay Satellite 
DRTS: Data Relay and Tracking Satellite 
NOAA: National Oceanographic and 

Atmospheric Administration 



Example Use 

Define focus problem - dataset independent 

Select spatio-temporal region 

Browse available data 

Data may be distributed 

Derive new from acquired or derived data 

Capture system interaction automatically 

Visualize results 

Long Term Vision of the Gaea Architecture 

/ VISUAL FRONT-END \ 

f 1 Visual Environment Interface I \ 

I Meta-Data Manager 1 
Schema Meta-Data/ 

Semantics 
Layers 

Browser 

I I 

Data Abstraction 
GeneratorsIRecall I 

I Gaea KERNEL I 
Distributed Computing Database Backend 
Interface Interface 

rGiF-7 
Other analysis tools 

/ DISTRIBUTED I 
\ ANALYSIS TOOLS 

- 1  I 

Distributed 

DATABASE BACKEND 



Visual Front end 

Allow visual queries 

Primarily point-and-click operation 

Incorporate different interfaces 

Convert queries to general query language 

Display results 

Semantic Model 

Scientific Investigation 
("Is there any correlation between 
deforestation and carbon dioxide, 
rainfall and acidity of closed bodies 

References 
within the Amazon region over the 
last two decades?") 

A 
Meta-Aggregation 

supported-by 
Conclusions 

derived-from 

I EXPERIMENT (instance) I 
I Remote I A 

Sensing 

VHR 
MODIS-N 

Tropical 
LULC Forest 

I Hieh Level Semantics I 
Gaea Kernel 

Query processing 

Manage metadata 



Understand query semantics at 3 levels 

- Concept level-where user primarily works 

- Process level-network of processes 

- Systems level-lowest level of operators, includes implementation of ADTs 

Optimizations possible 

Derivation Management Layers 
.. 

0 Concept 9 Denvd-By 4 Process 0 class D Operator 

EXPERIMENT (instance) 

Deforestation 

High Level Semantics 

Example Derivation Process: P4 is used to derive LULC using unsupervised 
classification, while P3 is based on supervised classification. 

TM= {Cl]  
AVKRR ={C2] 
LULC=(C3,C4, 
NDVI={C5) 
MODIS-N = { C l l )  

Tropical Forest={C6,C7] 
Deforestation= (C8,C9,C 10) 
Dl={P3,P4] 

*I+-@ D2={P5 ] 
D3={P6,P7] 

PI0 D4={P8,W,PlO) 

Derivation Semantics Level 

Mapping of process P4 ,  unsupervised classification from the derivation 
level to the low level semantics: 

Low Level Semantics 



Analysis Tools 

Incorporate different software packages-AVS, Khoros, IDL, PV-WAVE 

DO NOT REWRITE! 

Encapsulate routines 

Describe tool with meta-data 

Operator Taxonomies 

Image-Function 
n 

Multispectral 

Principle Ffi&gm 
(Software basis) 

"operatoI 

Current Stat us 

Identified global change needs 

Designed extensible Gaea architecture: VE, Kernel, DB 

Developed model for temporal data 

Prototype nearing completion 

- data and operator models 

- data language 

- Gaea VE, including browser 

- Gaea kernel 

- Postgres backend 
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I I 
I 
I 

I 

I VISUAL ENVIRONMENT I 

I 
I 
I 

I Interpretor 

1 Meta-Data Manager 

Experiment 
Manager 

Derivation Manager u 
Data Typeloperator 

Manager 

I t I 
I GAEA KERNEL I '------------- ------------------------------- /  

I POSTGRES BACKEND 
I 

I I 
I I 
\ - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ 

Future Work 

Object editor 

New visual query language 

History mechanism 

Include operators from GIs, image processing, etc. 

Network access 

Optimization 

Applications 



Atlantic - Fisheries Adjustment Program 
(W p) 

Players: Ken Drinkwater, Don Lawrence, John Loder, 
Brian Petrie, Peter Smith (PCS; BIO) 
Fred Page, Steve Smith (MFD; STAB, BIO) 

Motivation: Need to predict long-term variability of 
coastal ocean environment in order to 
conserve and rebuild groundfish stocks 
(Hach6, 1989) 

Goals: 
1) determine s atial and temporal scales of 

T,S variab. f: 'ty on the continental shelf, 
2) understand the climatological variability 

on the continental shelf and its 
relationship to the fisheries, and 

3) establish a long-term monitoring program 
on the continental shelf. 

Tools: 
1) hydrographic (T,S) data base for the Gulf 

of Maine and Scotian Shelf, and 
2) climate indices data base 

Climate Indices: 
1) coastal SST, eg. St.Andrews, Boothbay 

Harbor, 
2) offshore SST from ships-of-opportunity, 
3) selected subsurface T,S eg. Prince 5, 

Station 27, lightships, 
4) river discharge, 
5) shelffslope water boundary, Gulf Stream 

"north wall" positions, 
6) sea ice indices. 
7j barometric pressure and air temperature, 
8) large-scale atmospheric indices, eg. NAO 



Hydrographic Data Base: I 
- data types: CTD, bottle, SST, BATFISH, TESAC, 

moored instrument 

- sources: MEDS 
NODC 
other (eg. UNH '86-'87) 

- rigorous QC at MEDS, then BIO 

- size: GoM S.S. 
stns. 88,988 82,566 
recs. 1,650,776 1,970,500 

- updates: monthly new data files; 
annual updates to data base 

- future expansion: GoSl (MLI) 
Newfoundland Shelves (NAFC) 

Emerald Basin Studies: 

- analysis of monthly mean temperature 
anomalies: 1945-88 

- 10-year cycle identified 
1) similar at all depths, 
2) regional coherence: MAB -- > LC, 
3) maximum variance at 100-150 m suggests 

an offshore source, 

Monitoring Proposal: opportunistic sampling of 
Emerald Basin hydrographic 
properties 



AFAP Database Station Positions Nov.1992 
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AFAP Database Station Positions (May. 1993) I 
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