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ABSTRACT

Average shoreline retreat rates in excess of 10 m/yr and land loss rates of about 100 km?/yr are
common for the Mississippi River delta and chenier plains. These changes have immense environmental,
economic, social, political, and public safety ramifications for the state and nation. To assess the
potential risk these factors pose to Louisiana citizens, coastal information regarding direct and indirect
causes needs to be compiled. Although much coastal information exists, Louisiana has neither a central
GIS repository for coastal data nor an organized mechanism by which this information can be identified,
accessed, or shared. In response, the LSU Coastal Geoscience Laboratory, the LSU Department of
Geography and Anthropology, the LSU CADGIS Research Laboratory, and others, through funding
provided by the U.S. Geological Survey, are developing the Louisiana Coastal GIS Network (LCGISN).
LCGISN was created to facilitate the identification and exchange of geographic data pertinent to research,
planning, and management in the Louisiana coastal zone. To accomplish this mission, LCGISN is
developing a spatially indexed cataloging system that will include a framework, procedures, and
guidelines for documenting hard copy and digital data such as maps, aerial photography, satellite imagery,
videotape surveys, reports, and other coastal-related data. The first working version of LCGISN is
complete and is known as alpha (version 0.1).
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INTRODUCTION

In response to Louisiana’s coastal land loss problem, the U.S. Geological Survey (USGS) developed
a cooperative research initiative with Louisiana State University (LSU) to investigate critical processes
of barrier beach erosion and wetland loss. This joint effort focused on understanding the problem from
a geomorphic, stratigraphic, process, and cultural impact point of view (Davis, 1992; McBride et al.,
1992; Williams et al., 1992; List et al., in press). In addition, other local, state, and federal projects are
underway to study and map additional natural and cultural resource characteristics of the coastal zone.
The product of these various research activities is one of the largest multidisciplinary coastal data sets in
the United States. A considerable amount of these data have been collected, analyzed, and archived;
however, much of the information is not cataloged properly or linked effectively. Furthermore, these
data come in a wide variety of media types, including digital maps, high-resolution seismic profiles,
vibracores, aerial videotape surveys, satellite imagery, tabular records, high- and low-altitude
photography, and field surveys. Unfortunately, much of the digital data is unknown to other agencies
or inaccessible because of software format and hardware platform differences. To organize these diverse,
multi-agency data sets into a functional access system, the USGS committed funds to establish the
Louisiana Coastal GIS Network (LCGISN) for data identification, dissemination, and where possible,
retrieval (see McBride et al., 1990, 1991a; Hiland et al., 1991, 1992; Davis et al., 1992).

Various capabilities and components of the LCGISN, especially the work completed by the Technical
GIS Group on alpha, are highlighted in this report. Alpha represents the first working version of
LCGISN over a distributed network in a Unix environment and will be used for internal review of
functionality, consistency, and ease of use. Once the alpha version is fully tested and revised, a beta
version is planned for limited release in summer 1993, and the first public release is scheduled for 1994

(figure 1).
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Figure 1. LCGISN development plans over the next two years (years 4 and 5).
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Project Mission and Goals

The LCGISN Technical GIS Group has outlined a general framework for project development that
has led to a better understanding of project goals by the potential user community. The primary mission
of LCGISN is to establish a spatially indexed cataloging system to facilitate the identification and
exchange of geographic data pertinent to Louisiana’s coastal zone. Specific goals of the project include
the following:

1. Develop a cataloging framework for documenting hard copy and digital data such as
maps, aerial photography, imagery, reports, and other coastal-related data,

2. Develop a computerized information system that enables users to search cataloged data by
subject, location, keywords, or other common criteria,

3. Identify and locate priority data sets,
4. Establish procedures and provide guidelines for cataloging available data,

5. Expand the developed information system into a distributed network capable of serving
remote users,

6. Publish a newsletter and establish a computerized bulletin board for communication
among users,

7. Establish digital data transfer policies and procedures,

8. Develop a plan for future operation and support of LCGISN.

ORGANIZATIONAL FRAMEWORK OF LCGISN

The LCGISN consists of four major components: 1) a Management Council, 2) a Network Core
Group, 3) a Technical GIS Group, and 4) two independent advisory groups (figure 2). These interactive
components are centered around the LSU Coastal Geoscience Laboratory (CGL) (formerly part of the
Louisiana Geological Survey), which is the headquarters for LCGISN.

Management Council

The council was established in the fall of 1989 and meets at least twice a year. At the meetings, the
Technical GIS Group presents a progress report of LCGISN developments and usually includes a
computer presentation. This synopsis provides the council with an opportunity to discuss issues and
concerns pertinent to LCGISN as well as their own GIS activities. This allows coordination among the
most important organizations working in Louisiana’s coastal zone. At the end of the meeting, council
members are asked to present a summary of their agencies’ GIS activities and make suggestions to
improve LCGISN. The Management Council not only provides guidance for the LCGISN, but provides
a necessary forum for current and future coastal GIS activities in Louisiana.
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Figure 2. Major organization components of the LCGISN (after McBride et al., 1991).

In year three, the LSU Coastal Geoscience Laboratory organized two LCGISN Management Council
meetings. The first meeting convened on 27 February 1992 at the LSU Union. DeWitt Braud, formerly
of Decision Associates and currently with the Department of Geography and Anthropology, chaired the
meeting. Represented organizations included the LSU Coastal Geoscience Laboratory, USGS, U.S. Fish
and Wildlife Service, U.S. Army Corps of Engineers—New Orleans District (USACE-NO), Department
of Natural Resources—Coastal Management Division (DNR-CMD), DNR Coastal Restoration Division
(DNR-CRD), LSU CADGIS Research Laboratory, and the LSU Department of Geography and
Anthropology. The two major topics discussed at this meeting were 1) clarifying the purpose and major
goals of LCGISN as described above and 2) future support of LCGISN. The second meeting was held
on 21 October 1992 at the LSU Howe-Russell Geoscience Complex. This meeting concentrated on alpha
(version 0.1) and consisted of three slide lectures and a full computer presentation. In addition to the
above-mentioned list, other organizations represented included the Louisiana Governors Office for Coastal
Affairs, Department of Environmental Quality, Barataria-Terrebonne National Estuary Program (BTNEP),
Louisiana State GIS Task Force, Coalition to Restore Coastal Louisiana, and LSU Coastal Studies
Institute.

Advisory Groups

Two advisory groups were organized at the Sixth Annual Workshop on Remote Sensing and
Geographic Information Systems (RS/GIS) for Coastal Management in April, 1990. Coastal zone
managers and others were asked to participate in the Coastal Users Advisory Group, while the
Technical/Applications Advisory Group provides input on GIS hardware, software, and networking.



Co-chairpersons for the Coastal Users Advisory Group were Karen Wicker, Coastal Environments, Inc.,
and Sharon Balfour, Louisiana Department of Transportation and Development. Nelson May served as
chairman for the Technical/Applications advisory group. These groups continue to meet during the
annual RS/GIS workshop.

Network Core Group

LCGISN functions around the concept of sharing information. To insure data sets are integrated into
the network, LCGISN was built around a core group consisting of LSU’s remote sensing and geographic
information system research laboratories (CADGIS Research Laboratory, Coastal Geoscience Laboratory,
Remote Sensing and Image Processing Laboratory, Earth Scan Laboratory, and the Department of
Geography and Anthropology) as well as the Louisiana Department of Natural Resources, Coastal Zone
Management Division. A successful working relationship exists among these organizations and personnel
working on the LCGISN. This association is further enhanced through the LSU RS/GIS Coordinating
Council, a multi-disciplinary council which facilitates the coordination of remote sensing/GIS-related data
and research. The LCGISN is also represented on the State GIS Task Force. Although the GIS Task
Force is concerned with all aspects of GIS activity within Louisiana, LCGISN’s operational framework
may serve as a model to assist the State GIS Task Force in organizing a diverse number of state agencies
into an efficient information access system.

Technical GIS Group

The driving force behind LCGISN is the Technical GIS Group, which is responsible for developing,
implementing, and operating the system. This committee meets bi-weekly and consists of experts in
computer mapping and GIS, remote sensing, computer programming, systems design and management,
database design, coastal geomorphology, geography, and library science. Presently, the Technical GIS
Group is divided into seven components (figure 3). Each component is directed by one or more task
leaders. The interface development and programming task is led by Farrell Jones, who is assisted by two
"C" programmers (see Interface Design...p. 8). The base map construction task is headed by DeWitt
Braud with assistance from Matt Hiland, Farrell Jones, Jay Arnold, and Randy McBride (see Satellite
Image... p. 17). The cataloging standards task is directed by Michael Carpenter and is assisted by a
graduate assistant (see Cataloging Framework...p. 15). LCGISN coordinates its efforts with several
federal, state, local, and private organizations, and this broad task is handled by Lynda Wayne and Randy
McBride (see Emerging Metadata Issues...p. 24). Data acquisition efforts are led by Anthony Lewis,
with assistance from Jay Arnold and Lynda Wayne (see Data Resource Inventory...p. 18). The
hypsography digitizing project is a cooperative effort with the USGS National Mapping Division in Rolla,
Missouri, and is jointly monitored by Matt Hiland and Farrell Jones (see Contour Digitizing...p. 22).
Finally, the database table design and implementation task is headed by Henry Streiffer, with help from
the entire Technical GIS Group (see Database Design...p. 15).

At the bi-weekly Technical GIS Group meeting, task leaders give a status report and discuss problems
that have been encountered and appropriate ways to solve them. These meetings serve as an open forum
to keep the Technical GIS Group members informed about progress on each individual task.
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Figure 3. Development components of the LCGISN Technical GIS Group.

INTERNAL MANAGEMENT STRUCTURE

Because LCGISN is becoming increasingly complex, the internal management configuration was
refined and divided into several components. By following this organizational approach, project
personnel can manage LCGISN’s diverse and distinct elements more efficiently. The following personnel
are part of the Technical GIS Group.

Project Coordinator

The project coordinator, Randy McBride, is responsible for managing and directing the different
components of LCGISN weekly. These tasks include the following: 1) chair the GIS Technical Group
(which meets every two weeks), 2) prepare and manage the budget, 3) participate in interagency
meetings, 4) coordinate publication of the LCGISN newsletter, and 5) produce progress and final reports.
Overall, he coordinates all of LCGISN’s diverse elements and is the primary contact for the LCGISN
project.

Technical Supervisor

Matt Hiland is the technical supervisor and is responsible for software development, database design
and implementation, graphical user interface implementation, incorporation of existing digital data sets



into LCGISN, monitoring of the hypsography digitizing project, and hardware and software decisions.
He coordinates closely with the GIS manager as described below.

Applications Supervisor

Lynda Wayne, applications supervisor, evaluates system usability and functionality, identifies and
locates available resources and contacts, develops data catalog methods and documentation, and introduces
LCGISN to potential users. Overall, she strives for the effective use of LCGISN by users. The technical
and applications supervisors are the primary liaisons with the programmers to ensure program execution
and completion. Furthermore, these two supervisors act as a team in cooperation with the principal
investigator.

GIS Manager

Farrell Jones, CADGIS Research Laboratory, serves as the GIS manager. His duties include system
development, management, and operations; software implementation; computer and network trouble
shooting; equipment maintenance; menu interface; programming and networking needs; database structure
and fields; and dataset transfer and translation programs.

Cultural and Natural Resources Specialist

Don Davis specializes in cultural and natural resource data sets pertaining specifically to Louisiana’s
coastal zone. He is responsible for locating, organizing, and incorporating important and hard-to-find
coastal data sets, especially at the local and parish level (e.g., oil and gas activities, sulphur mining,
fisheries industry, marsh management, soils, pollution, etc.) into LCGISN and coordinates with Lynda
Wayne. He also will coordinate with similar activities underway at USFWS for incorporation into
LCGISN.

Library Scientist

Michael Carpenter, School of Library and Information Science, was added to LCGISN’s Technical
GIS Group in year three to coordinate the library/cataloging effort. He coordinates his efforts with Lynda
Wayne and has been working on three aspects of the project: 1) developing a framework for cataloging
spatial data, 2) cataloging appropriate coastal materials in the custody of the LSU Coastal Geoscience
Laboratory, and 3) developing a geographical retrieval methodology for cataloged materials. The library
scientist is responsible for recommending the most suitable cataloging strategy and for furnishing specific
cataloged data based on the recommended strategy.

PROJECT RESULTS: ALPHA VERSION 0.1

In October 1992, the Technical GIS Group presented the first working version of LCGISN known
as alpha. Below is a synthesis of the work completed by the Technical GIS Group as it pertains to alpha.



LCGISN: Concepts and Functional Design

Although access to information has always been critical to the decision-making process, the use of
computers in library catalogs, database management systems, GIS, data collection, and many other
applications has increased the amount of available information and the importance of its organization.
While the rate of data collection continues to accelerate, professionals are realizing that information is
useless if it is inaccessible to those who need it (see Morris, 1988; Holmes, 1990). Many automated
systems exist for information searches. Libraries have on-line catalog search systems; the USGS has an
extensive index of aerial photography records; and others too numerous to mention are available. But,
most of these systems are text-based searches; users must key in subjects, titles, authors, key words, or
geographic coordinates to locate references. Programmers of these automated search systems generally
have not taken advantage of advances in computer graphics and GIS technologies to provide access to
spatially located data.

LCGISN will enable users to search for cataloged data by subject, location, key words, and other
common criteria. However, LCGISN is more than just a spatially indexed cataloging system; it also
provides a graphical user interface as well as digital maps and images for interactive definition of
geographic locations. Hence, a user can perform textually and spatially based queries by combining
locational information with typical searches (e.g., subject, location, key word) (figure 4). The user
interacts with a menu interface that guides search criteria selection. Spatial criteria are set by displaying
a base map consisting of several familiar locational references (e.g., parish boundaries) as well as high-
resolution Landsat Thematic Mapper satellite data.

Textual search criteria are specified using a separate series of menus for each data type. Defined data
types are maps, aerial photography, imagery, literature, audio/visual, and geotechnical. On the menus,
users can define common criteria such as author, publisher, subject, and date or data specific items such
as cloud cover, filter type, and season. These criteria choices are translated to a Structured Query
Language (SQL) statement and submitted to the Oracle Relational Database Management System.

The alpha version focused on perfecting searches for aerial photography records. A user logs onto
the system via the Welcome Menu, which provides access to new user information, e-mail, bulletin
board, and the Main Menu (figures 5 and 6). From the Main Menu, users can find information on
LCGISN members, enter the Contacts Search Menu, or access the Search Menu (figure 7). The
Search Menu displays all current search criteria and provides search management functions such as
saving a set of criteria, retrieving a previously saved search, and manually editing the current criteria as
well as providing access to the Search Criteria Menu (figure 8). The Aerial Photography Search
Menu (figure 9) is accessed from the Search Criteria Menu and provides for the selection of the desired
criteria by which to search for aerial photography.

For the alpha version, there are three principle means of defining a geographic area of interest. First,
a user can use a mouse to draw a box on the LCGISN base map (i.e., visual image for orientation).
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Figure 4. Conceptual diagram showing LCGISN functions and work flow (Hiland et al., 1992).

Users can also key in specific coordinates (figure 10) or select from a list the name, USGS number, La.
Dept. of Transportation & Development (DOTD) number, or moniker of a USGS 7.5-min. quadrangle
map (figure 11). After setting geographic and search criteria, the program executes the current search
and all matching records are displayed. If no suitable data references (e.g., aerial photography) are
available for a particular area or subject, there is an extensive data base of potential contacts (individuals
or agencies) that can be searched.

Interface Design and Development

An interface for a computer application provides a means of communication between the application
software and the user. In the case of LCGISN, interface refers to the mechanism by which a user gains
access to information stored in the LCGISN data base. This mechanism is composed of menus designed
by the Technical GIS Group and implemented by the LCGISN programming staff. Through the menus,
the user conveys what information should be found in the LCGISN graphic files and database tables. In















criteria selection are available: buttons and scrolling lists. Buttons are used when a menu presents
limited choices (figure 6). When too many values are possible for a particular criterion, a list of choices
is activated by button, and users select a value(s) from the list by clicking on them with a mouse (figure
9). Flexibility in accepting user input is an important part of a user friendly system. For example,
scrolling lists are available for several items. However, for many of these, a key-in field also is
available. On some menus, there are fields marked other, which will allow for requests that may not be
normal but are still valid requests. Flexibility, however, can be a disadvantage—the more flexible a menu
is, the more complicated it may be. A user confronted with too many options may find a menu too
cumbersome or confusing to use. Therefore, menus are often broken into submenus to reduce the
number of options presented to users at one time.

i mpl tion

The LCGISN model for hardware and network design is described in figure 12. It consists of a
central storage and processing system (server), which holds LCGISN resources (interface program,
database tables, graphic [design] files). A user can gain access over the network to all LCGISN
information through a user friendly menu interface. These menus will pop up on the user’s PC, Unix
workstation, or Macintosh (assuming the user is running X-Windows), and the user can access
information such as maps or database tables.

USERS
SERVER § UNIX
ORACLE %
RDBMS
o T egey [fmee 5]
x ISN I iy x
5 INTERFACE |21 opyene —__[Elsvstem7
MICROSTATION é (MACINTOSH)
DESIGN x
FILES
§ OTHERS
x

Figure 12. Hardware and network model for LCGISN.
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Below is a list of tools being used by LCGISN to implement the interface design.

Network protocol: TCP/IP

File sharing software: NFS

Windowing standards: X-Windows

Graphic user interface: OSF Motif

Database management system: Oracle (through RIS)

Database query language: SQL

Vector graphics: MicroStation

Raster graphics: Under evaluation but probably Intergraph Imager
Forms generator: 1/Forms

Many of these tools are standard in the computer industry. TCP/IP is the network protocol most Unix
workstation vendors have implemented on their systems. The Network Filing System (NFS) from Sun
MicroSystems has become a de facto standard for file sharing on an ethernet network. X-Windows is
a graphics package that will be standard on all Unix workstations in the near future. X-Windows is
available for personal computers and Macintoshes. Although X-Windows will not be used with the alpha
version of the menu interface, it is planned for the beta version. With X-Windows, it is anticipated that
LCGISN graphics will be displayed on any microcomputer or workstation regardless of manufacturer.
Menu graphics are designed with the use of Intergraph I/Forms, a tool used to modify an application
interface or create a new interface. Soon, I/Forms will become X/Forms when Intergraph moves from
its Environ V window system to X-Windows.

The software that drives the menus is written in the programming language C. Software designed for
accessing vector graphics and the data base is written in MicroStation Development Language (MDL).
MDL is a combination of C programming and over 1,000 procedures for displaying and manipulating
graphics and the associated data base within MicroStation. Raster graphics also will be manipulated in
C, with routines from an as yet undetermined library.

MDL is used to manipulate database tables through the Relational Interface System (RIS) from
Intergraph. This provides LCGISN the possibility of expanding the number of database management
systems available from various vendors. Currently, Oracle is the relational database management system
for LCGISN. RIS can also access Ingres, Informix, IBM DB2, and DEC rdb. All interaction with RIS
and the database management systems is through use of the Structured Query Language (SQL).

LCGISN will not provide the analysis capabilities found in a GIS because its primary purpose is to

assist in locating data. However, Intergraph Modular GIS Environment (MGE) is used by the menus to
manage vector graphics and database tables. GIS functions could be added at a future date if desired.

Software Design Concept

The programming concept behind LCGISN is based on a client-server model (figure 13). The user
communicates with the system through the client (menus—I/Forms) by supplying data to a form. The

14
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Figure 13. Programming framework based on a client-server model.

forms client in turn processes request of the user by sending appropriate messages to the forms server
(MDL program) using Inter-Process Communication (IPC). The server controls the resources that
comprise LCGISN (Note: In this case, server refers to a software programming concept and not computer
hardware). The resources include the database tables and spatial data stored in design files.

Database Design

Much time has been devoted to developing an ideal data base for cataloging information for the
Louisiana coastal zone. Creating this data base involved extensive research and lengthy discussions as
to what should be included: how to maximize efficiency, how to best populate the data base, how to
satisfy requests, and how to handle all data types. The result was a superset of attributes sufficient to
catalog most geographic products. Using this set of attributes, organizations involved with the Louisiana
coastal zone can organize and initiate data cataloging to suit their internal needs, while meeting LCGISN
data catalog standards (see Hiland et al., 1992; appendix A).

Cataloging Framework
Cataloging data holdings will be an enormous task. For example, it is estimated that basic cataloging
will take at least 10 minutes per item. For 1,000 items, this amounts to 21 working days. Therefore,

it is imperative to balance simplicity, ease, and speed of data entry with the benefits derived from
entering extensive data about each item. Because of the time and energy invested in this project, the
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Technical GIS Group has acquired a certain level of expertise that can benefit users in setting up an
information management system for their particular environments and needs. For interested participants,
LCGISN will provide software (Unix, DOS, or Macintosh platforms) and appropriate documentation for
cataloging data. The participating organization will need to determine the proper fields to use for their
boldings, human and financial resources available to catalog these holdings, goals for search and retrieval
of data, and any additional fields required to meet library or internal organizational requirements. Data
entry software can be customized to help data entry personnel. The contributing organization’s personnel
would then proceed with data entry, providing copies of the database records to be loaded into LCGISN.
Eventually, all participating organizations will be able to search the same data base for information
pertinent to their coastal zone work. This is expected to lead to an increase in interagency cooperation,
a decrease in duplication of effort, and more efficient use of limited funds.

It became apparent early in the design phase of LCGISN that adherence to a national cataloging
standard would offer many advantages such as the ability to exchange records with a national data base
and easily share data with libraries around the country. We have chosen to use USMARC as that
standard. USMARC is the United States implementation of the MARC (MAchine Readable Cataloging)
format for communicating cataloging and bibliographic data through such networks as On-line Computer
Library Center (Network Development and MARC Standards Office, 1987, 1988). The contents of the
data, as communicated in the USMARC format, are determined by reference to the internationally
accepted Anglo-American Cataloguing Rules (Joint Steering Committee for Revision of AACR, 1988).
Included in the ambit of these rules are procedures for title transcription, general descriptions of the
objects being cataloged, and the form of heading for author and title access points to the descriptions.
Other fields, such as theme, are not covered by the cataloging rules.

USMARC has certain mandatory fields; fields without which, it will not accept a record for
cataloging, and required fields or fields that must be supplied if the information is available. In some
cases, these fields may be of little interest to the user, and attempts will be made to minimize their
impact. However, their inclusion will be beneficial for the entire catalog. Adherence to national
cataloging standards will make the data in LCGISN usable nationwide without fear of requiring users to
learn a new system. It also will have the beneficial effect of creating records in LCGISN compatible with
those in other, nationally based bibliographic data bases.

To ensure consistency in the names of authors, corporate bodies, and other terms, authority lists need
to be established. An authority list contains the form of name used in the catalog, together with references
from synonymous but unused forms of names. For example, the established form of heading for the
United States Geological Survey might well be "U.S. Geological Survey"; the authority table would
contain a reference from the acronym form of name, USGS, which will not be used in the catalog. Use
of two or more forms of a name has the undesirable effect of returning incomplete search results.

LCGISN members are aware of the amount of work required to accurately catalog data and will
provide a framework to assist users in deciding what fields would be best for their locations; priority of
data sets for entry; the design of data entry procedures, forms, and screens; and automation of data entry
where possible. Other important decisions include whether to catalog individual items or collections of
items as single entries. Collection level cataloging offers the user a quick way to roughly catalog some
of their least used holdings. In other words, it may be less timely to add one entry to indicate that a map
library has a collection of 1,500 photos of the Mississippi River taken in 1943 rather than recording
separate entries for each photo.
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Satellite Image and Land/Water Interface as Part of LCGISN Base Map

Construction of the LCGISN digital base map is nearly complete and consists of several raster and
vector data layers, including: 1) 1990 satellite image as raster backdrop, 2) land/water interface derived
from satellite data, 3) USGS 7.5-min. quadrangle boundaries, 4) state political and legal boundaries (e.g.,
state, parish, coastal zone), and 4) major transportation routes (e.g., roads, railroads). Below describes
the processing of the satellite data and how the land/water interface was derived.

ion of Composi tellite I

Acquisition of recent (1990) Landsat Thematic Mapper (TM) data for the State of Louisiana by the
Louisiana Department of Natural Resources (DNR) offered an opportunity to incorporate a unique satellite
image backdrop into the LCGISN spatial data base. Raw or unaltered TM data is delivered
geographically rectified by EOSAT Corporation, which means the data are located with geographic
coordinates such as latitude and longitude, for easy incorporation with other spatially referenced data.
The TM data have a ground resolution of 30 m and are divided into seven spectral bands (three visible,
three reflective infrared, and one thermal infrared). The bands can be combined in various ways to
simulate natural color and pseudo-infrared images similar to aerial photography to the user. These
composite images are usually constructed with three of the seven bands. The resultant image is referred
to as a true color or 24-bit image.

Three bands were chosen for the LCGISN base map, which uses two reflective infrared bands and
a visible band to simulate a natural color image while retaining the superior benefits of reflective infrared
to penetrate atmospheric haze and distinguish land from water. Such an image offers a unique locational
reference that provides LCGISN users with an accurate and updated representation of the land cover,
land/water interface, and environmental condition of the Louisiana coastal region. The image has a large
amount of interpretive value and visual appeal. Associated with other information, the image backdrop
will assist in locating areas of interest, identifying areas of change or concern, and providing an
invaluable reference that places vector GIS data in the context of its surroundings. Such imagery has
already proven useful in assisting the functions of state and federal agencies and university researchers
concerned with the problems in the Louisiana coastal zone.

Because of copyright restrictions, the TM data cannot be provided to LCGISN by Department of
Natural Resources in its raw form. For this and other reasons related to processing speed and disk space
requirements, it is desirable to reduce the 24-bit, three-band raw images to 8-bit single band images
referred to as GIS files. The 8-bit GIS image is created in such a way that it closely simulates the
appearance of the original raw image. Such files are not restricted for distribution by EOSAT because
they cannot be used to recreate the raw data. Aside from improved access speed and reduced disk space
requirements, the 8-bit file also is easier to process, and portability is simplified. In addition, it provides
faster plotter output and unique data manipulation. The improved processing speed and easier handling
is particularly important within the network environment in which LCGISN will operate. This reduction
technique is not intended to supplant 24-bit images, but it does have utility for a wide variety of
applications.

In addition to the TM raster images, base map data for the LCGISN includes the USGS 7.5-min.
quadrangle map boundaries, which are equipped with full quadrangle names, numerical codes, unique
abbreviated monikers, and other useful information related to dates and location of the quadrangle. Other
base map data include major legal boundaries for state, parish, and public lands and the USGS DLG data
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that include principle transportation routes and other geographic information digitized from 1:100,000-
scale quadrangle maps. These data will be significantly enhanced in association with the TM color image.

Development of Land/Water Interface

TM data are unusually well suited for generating a land/water interface because of the strong contrast
between land and water in the reflective infrared portion of the electromagnetic spectrum. Water absorbs
reflective infrared radiation, and vegetation is a strong reflector, making an ideal combination to map land
versus water and thus generating an interface. Because of the strong land/water contrast, the interface
is easy to visually discern. However, outlining the interface and measuring its extent in selected areas
is difficult and complicates information extraction from satellite data, but it is possible using a
combination of image processing techniques.

These image processing techniques involve edge enhancement via convolution filtering; binary
classification of the data using a clustering algorithm; various operations using recoding, overlay, and
density scan functions; creation of a land/water boundary with the use of roving scan windows; and
filtering of the boundary file to characterize cell adjacency patterns that can be used to calculate lengths
using an aggregate formula (see appendix B).

Binary classification involves running an unsupervised classification algorithm to generate 255 spectral
classes and categorize them as land or water. This is an intricate procedure in some areas because of
tidal fluctuations, wetness, seasonal variations, prevailing weather conditions, and the difficulty in
assigning transitional areas as either land or water. From scene to scene, there is a high variability in
the range of water and land classes, and the result captures the nature of the land/water boundary at only
a given moment in time. Significant problems are presented by tidal stages, broken marsh, floating
vegetation, heavy sediment-laden waters, exposed mud flats, and marsh burn scars to name the most
important. Some of these problems must be resolved individually. The result is a land/water interface
that delineates the shoreline for the entire coastal zone. The shoreline could be updated with the
acquisition of future satellite data using the same procedure. The image can be viewed or plotted in
context with other data; shoreline lengths and densities can be calculated; changes in shoreline position
can be observed or documented; and the data can be vectorized for use in a vector GIS. Although
measurements are possible and fairly easy, mensuration and analytic functions will be unavailable initially
through LCGISN.

Data Resource Inventory and Acquisition Efforts

Efforts are underway to locate and inventory data as part of a spatially indexed cataloging system and,
where possible, access digital data sets pertinent to LCGISN. The status of previously identified most
important data sets is summarized in table 1. These data were identified and ranked by 18 federal, state,
and university organizations during a Dataset Decision Workshop held at LSU in November 1989 (see
McBride et al., 1991b).

Several of these data sets have been obtained, including:

Air photo summary record system (APSRS) data (USGS)
Digital Line Graph (DLG) files (USGS)

7.5-min. quadrangle sheet information (LA DNR)

Oil and gas wellhead location data (LA DNR)

Geographic Names Information System (GNIS) records (USGS)
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Table 1. Status of LCGISN priority data sets (identical numbers mean equal ranking).

19

Data Themes

USGS Quadrangle Maps

* features DNR/USGS in progress 1/2 digitized - need transiation

* 5-ft contours LCGISN/USGS in progress about 1/3 digitized
Spatial Index

* LCGISN LCGISN Alpha version spatially and textually based

(Oct. 1992) scarches

* quadrangle index DNR complete transiation needed
Water Quality DEQ available reference info needed
USFWS-NWEC

* 1956 & 1978 USFWS complete reference info needed

* 1988 USFWS in progress digitizing and editing
Bydrography

* DLG LCGISN in progress transiating

* 1990 land/water LCGISN in progress entire coastal zone

interface derived from TM imagery

Geology

* state geologic map CADGIS (LSU) in progress digitizing and editing

* engineering geology USACE complete Atlas (May et al., 1984)
Mineral Extraction

* minerals LGS/USGS incomplete not in digital format

* oil and gas LGS/USGS incomplete not in digital format

DNR available reference info needed

Land Use

* 1978 State Planning complete translation to LCGISN complete

DOA

Biological Surveys

* vegetative type DWF complete transiation needed
Topography <5 ft. unknown uaknown sources needed
Bathymetry

* project specific USGS/LGS complete Ship Shoal to Sandy Pr.

USGS/LGS Seafloor Change
Atlas (List et al., 1992)

* NOAA chars NOAA in progress digitizing at NOAA
Soils (detailed)

* Barataria - SCS/BTNEP in progress data collection will begin soon

Terrebonne
F Point Source DEQ available reference info needed l

Land Loss

* 1932/58/74/83/90 USACE complete Atlas (May and Britsch, 1987)

* 1956/78/84 USFWS complete Atlas MMS, 1991)




Table 1 (continued).

8 Meteorology Southern Regional available transiation needed, }
Climate Center in database format
asu)
Canal & Pipeline
* pipelines LGS incomplete funding needed
* wellhead DNR available transiation in progress
Regulatory
* state DEQ/DNR available reference info needed
|| * federal EPA available reference info needed :
I
9 Geomorphology |
* barrier islands LGS/USGS complete USGS/LGS Shoreline Change |
Atlas
Land Cover (McBride et al. 1992)
* 1984 classed TM DNR complete reference info needed
image
Ownership
* state State Lands DOA available LIS under development
* federal USGS available not in digital format
|
Ecological Sensitivity !
* habitat USFWS/DWF available reference info needed |
* archaeological CRT restricted availability based on project ||
10 National Resource “
Imventory SCS available reference info needed
Census/TIGER CADGIS (LSU) in progress translating and editing
Potable Water DEQ available reference info needed
DHH available reference info needed
Recreation
* scenic rivers DWF available reference info needed
* state Parks CRT available reference info needed
* national Parks USGS/NPS in progress digitizing
* fishing commercial maps available not in digital format
Economic Zones
* Industry RSIP (LSU) complete reference info needed
(Miss. River Corridor)
Land. Arch. complete reference info needed
(LSU)/ DEQ
* Other DED available reference info needed
11 Naturally Occurring DEQ available reference info needed
Radiologic Material
(NORM)
12 Disease & Mortality DHH in progress environmental health GIS,
reference info needed
— —  —————————~—————~+———




® Geological long-range inclined asdic (GLORIA) sonar data (USGS)
® Non-hazardous Oilfield Waste pit GIS (NOWGIS) data (see Arnold, in press)

Scientists have concentrated on incorporating the first four of the above data sets into LCGISN for
release with the alpha version of LCGISN. The remainder will be added to the system based on priority
as determined by the LCGISN Technical Group. Following is a description of the data sets and an
explanation of their roles in LCGISN.

Air Photo Summary Record System (APSRS) Data

APSRS is a USGS Earth Science Information Center (ESIC) data system for determining the
availability of aerial photography meeting specified criteria over a given geographic area. The July 1990
version on CD-ROM contains over 2.3 million records referencing data that describe the holdings of 555
contributors from federal, state, and local government agencies, universities, and private industry.

APSRS data for the Louisiana coastal zone, a total of 47,432 records, were downloaded via ASCII
format onto an Intergraph workstation for incorporation into LCGISN. With the records loaded in the
data base, the system can be queried to produce a list of available aerial photographs for a specific
geographic area, date, type of sensor, or a combination of these and other search fields. The output
includes ownership information to facilitate data acquisition.

Digital Line Graph Files

DLG data are digital map files produced by the USGS as part of the National Mapping Program and
are distributed by the National Cartographic Information Center (NCIC). The files are arranged by
category such as hydrography, transportation, and boundaries, and include attribute codes that act as a
legend for map features. DLG files are supplied to the user in a standard format that can be translated
into a format compatible with the employed system. LCGISN staff are incorporating 1:100,000-scale
hydrography and transportation DLGs into the system. This data structure produces topologically
structured maps for use in a GIS. Custom parameter files that specify color, level, and weight of DLG
features to be translated are being used to translate the data into Intergraph format for use with LCGISN.
The files cover the area concurrent with 7.5-min. quadrangle maps and contain information on
hydrography, roads and trails, railroads, and pipelines and transmission lines.

7.5-min. Quadrangle Sheet Information

Map files digitized for the Louisiana Energy Information System from USGS 7.5-min. quadrangle
sheets are being translated for use with LCGISN. This data set contains approximately 275 map files for
the following parishes: Calcasieu, Cameron, Jefferson, Lafourche, Orleans, Plaquemines, Rapides, St.
Bernard, St. Charles, St. James, St. John, St. Mary, Terrebonne, and some miscellaneous quadrangle
sheets.

Approximately one-half of the files have been translated into Intergraph format for testing with alpha.

Coupled with contour data digitized by the LCGISN (see Contour Digitizing...p. 22), this offers a
comprehensive representation of USGS 7.5-min. quadrangle maps of coastal Louisiana.
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A subset of the graphics portion of the DNR Office of Conservation oil and gas wellhead location data
set has been prepared for use with alpha. This data set contains wellhead locations for the coastal zone,
cut from a larger data base of oil and gas well information for the state. The coastal zone subset
comprises approximately 53,000 elements that represent oil and gas well location and status. Permission
to use these data and statements of data accuracy and timeliness are pending.

hi nf i Recor.

LCGISN will provide access to USGS GNIS information for geographic names associated with the
Louisiana coastal zone. GNIS is an automated data system developed to standardize and disseminate
information on geographic names. The data set provides primary information for all known places,
features, and areas in the United States identified by a proper name. The GNIS names and locations for
the Louisiana coastal zone are used to assist in defining a geographic area of interest.

logical Long-range Inclined Asdic (GLORIA r D

Information from a CD-ROM of GLORIA sonar data for the Gulf of Mexico will be incorporated into
LCGISN. Created by the USGS, NOAA, and NASA, this data set provides long-range, side-scan sonar
data for the Exclusive Economic Zone (EEZ). The system is owned and operated under contract to the
USGS by the Institute of Oceanographic Sciences in the United Kingdom. Also available are 1:250,000-
and 1:1,000,000-bathymetric contours for overlay purposes. These were digitized from NOAA'’s
bathymetric map series. The GLORIA data will be housed in the LCGISN vector-file data base.

Non-hazar Id W, i W Da

On completion, NOWGIS, a GIS for Non-hazardous Oilfield Waste (NOW) pits in Cameron,
Vermilion, Terrebonne, and Plaquemines parishes will become part of LCGISN. Site locations were
digitized from USGS 7.5-min. quadrangle sheets with NOW pit locations mapped from aerial
photography. There are currently 646 NOW pit sites in the data set (see Arnold, in press).

Contour Digitizing for the Louisiana Coastal Zone

Although LCGISN is not intended to be a data collection agency, a critical need was expressed for
elevation information in the Louisiana coastal zone. Therefore, when the LCGISN project was initiated
with USGS National Coastal Geology Program, an additional cooperative agreement was created with the
USGS National Mapping Division. Under this agreement, LCGISN members agreed to digitize all
hypsography (elevation features including contour lines, contour labels, spot elevations, spot elevation
labels, levees, and side road grades) for the Louisiana coastal zone from USGS 7.5-min. quadrangle
maps. The contour interval for these maps is generally five feet, and no contours are available for less
than five feet. At the completion of this project, the digitized hypsography will be available from USGS
as part of their Digital Line Graph (DLG) data base.

The coastal zone defined for this project includes three hundred ten, 7.5-min. quadrangle maps south
of Interstates 10 and 12. This area is divided into four zones (figure 14). Zone four was completed first,
and work will proceed from east to west. For each quadrangle map, the USGS Mid-Continent Mapping
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Center in Rolla, Missouri, sends LCGISN two published paper copies and one bromide (stable base)
sheet. The bromide copy is printed with only hypsography to make digitizing faster, easier, and more
accurate.

The maps are digitized using RETSAM 32 software, which was developed by USGS specifically for
digitizing quadrangle maps. It is based on MicroStation software from Intergraph Corporation and runs
on an Intergraph InterView 220 at the LSU CADGIS Research Laboratory. Each person works on one
map at a time to ensure consistency within the map. Several digitizing parameters and error checks have
been established by USGS and are strictly adhered to. Once a person finishes a map, it is proofed by
the digitizer and another person familiar with the project. The proofed and corrected files are stored both
in MicroStation design files and in a customized format for use by USGS in the conversion to DLG.
After a set of maps has been completed, backup copies are made, and the files are copied onto floppy
disks for submission to USGS. The floppies as well as the bromide sheets are returned, and USGS
personnel check the files for errors. If any are found, the bromide sheets are returned to LCGISN with
instructions for corrections.

As of 30 August 1992, 115 (37%) of the maps had been digitized, with zone four completed and zone
three nearing completion (figure 14). Digitizing has been in progress for about one year. All
hypsography for the Louisiana coastal zone should be completed by August 1994 and will be available
from USGS in DLG format.
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Figure 14. Progress of LCGISN hypsography. Cross-hatching represents area completed.
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Emerging Metadata Issues

There is great emphasis on the production of digital information for use in GIS and other automated
information management programs. There is less emphasis, however, on the documentation of data
content, quality, and structure of these digital data sets. As a result, data usefulness is greatly
diminished, and the susceptibility of data to misapplication is great. Problems associated with poor
documentation become increasingly more significant as technological improvements enhance the ability
to share and transfer digital information (see Tosta, 1992a, b, and c).

In June 1992, the Federal Geographic Data Committee (FGDC) sponsored an information exchange
forum in Reston, Virginia, to discuss the need for improved digital data documentation, also referred to
as metadata. Representatives from government agencies, universities, and the private sector participated
in the forum and shared ideas, concerns, and suggestions for improved metadata coordination. Small
working groups were organized to discuss issues of spatial metadata content, access, and standards.

The primary issue to emerge from the forum was the need for a set of essential metadata elements
that could serve as an operational model for use in geographic information systems, in data catalogs, and
for data transfer. The elements were to be generated using examples of existing metadata and the draft,
"Spatial Data Transfer Specification,” proposed by ASTM, formerly the American Society for Testing
and Materials (the acronym is now used independently). Examples of the proposed elements are shown
in table 2.

An ad hoc group was formed to develop the model. The group met in July during the Urban and
Regional Information Systems Association (URISA) conference to review metadata examples provided
by governmental and university organizations, including LCGISN, the Florida Growth Management Data
Network Coordinating Council, the Wisconsin Land Information Program, and the U.S. Army Corps of
Engineers. A preliminary list of elements was derived, and detailed definitions were generated for each
element. The proposed metadata model was submitted to the FGDC for further review and was recently
released in draft form (Federal Geographic Data Committee, 1992).

In addition to the metadata model, the forum also identified the need for 1) coordination with the
Library of Congress machine readable cataloging (USMARC) data elements, 2) a standardized keyword
hierarchy, and 3) vendor cooperation in developing tools to prompt for and automatically generate

Table 2. Spatial Metadata Elements

LOCATION LINEAGE GENERAL DICTIONARY QUALITY
projection data version scale data set identifier positional
parameter accuracy

control points processing steps temporal character theme identifier attribute accuracy
resolution reason for dates data schema consistency

processing structure (logical and
(entity/attribute topological)
organization)
extent (minimum source data description/ imagery parameters completeness
and maximum descriptions keywords (source, media,
coordinates) etc.)




metadata. These issues will be addressed during future meetings to be held in association with URISA,
American Society for Photogrammetry and Remote Sensing (ASPRS), American Congress on Survey and
Mapping (ACSM), and GIS/LIS conferences. LCGISN developers have been working through metadata
issues such as these since the program’s inception. We are, and will continue to be, an active member
of the FGDC metadata ad hoc group. Our continued participation enables LCGISN to assist in the
development of national standards, benefit from the shared experiences of similar organizations, and stay
at the forefront of emerging metadata issues.

SUMMARY AND FUTURE DIRECTION

LCGISN represents an information access system that provides users a mechanism for locating spatial
and textual data from multiple sources for Louisiana’s coastal zone. Organizationally, it consists of a
Management Council, Network Core Group, Technical GIS Group, and two independent advisory groups
(coastal users and technical/applications). One of the top-ranked data sets identified for inclusion in
LCGISN is a spatial index/bibliography for available data relating to Louisiana’s coastal zone. Such an
index will link true geographic location to maps, imagery, photographs, names, and bibliographic
references to allow spatially defined searches for geographic information. An essential function of
LCGISN is to act as a communication center for existing GIS's and lead users to spatial data available
in different formats and media types.

Initially, the prototype user interface was designed, tested, and refined using HyperCard running on
a Macintosh. Unix workstations and GIS software were acquired, and the network core group was
connected through LSU’s campus-wide ethernet. The Management Council and two independent advisory
groups were established and integrated with LCGISN. In October 1992, the first working version of
LCGISN was completed and is known as alpha. This version operates over a distributed network in a
Unix environment. Currently, implementation of a user interface (Intergraph I/Forms) onto Unix
workstations running X-Windows is in progress. The major data sets identified and ranked will be further
assessed and, where possible, imported into the system. In the future, work will focus on refining the
user interface, cataloging various types of media, importing additional digital data sets, refining a
computer bulletin board, and regularly publishing a newsletter. A beta version will be available for
selected users to test in the Summer of 1993 and by 1994, LCGISN will exist as a fully functioning
system.
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ABSTRACT

The coastal wetlands of Louisiana have been the focus of numerous studies by various
organizations. The United States Geological Survey (USGS) has funded the Louisiana Geological
Survey (LGS) and Louisiana State University (LSU) to establish a spatially indexed cataloging
system to facilitate the identification and exchange of geographic data pertinent to the Louisiana
coastal zone. Access to this information is critical for managers, planners, and researchers to
make informed decisions concerning the future of the coastal zone. The Louisiana Coastal GIS
Network (LCGISN) will allow users to interactively define an area of interest on a map, then
proceed through a user-friendly menu system to define search criteria such as author, title, and
subject. The system will then return a list of references to data sets, information on obtaining
these data sets, and contacts within various organizations dealing with applicable data (Hiland et
al. 1991).

Several federal and state agencies have shown an increased interest in procedures for
cataloging and organizing all types of information. LCGISN has utilized experts in the fields of
remote sensing, geographic information systems, cartography, geography, geology, and library
science to develop a relational data base design that provides for recording, searching, and
retrieving information specific to various data types (e.g. aerial photography, satellite imagery,
maps, geotechnical, literature, audio/visual). Various database tables, fields and column joins
needed to accomplish this complex task are discussed in this paper.
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INTRODUCTION

In Louisiana, research on coastal erosion and wetland loss has led to the accumulation of
large amounts of information covering many subjects in a wide variety of inedia and formats.
LCGISN is a spatially indexed cataloging system created to facilitate the identification and
exchange of these data sets. To accomplish this mission, members of LCGISN have established
the following goals:

® develop a cataloging framework for documenting hard copy and digital data sets
such as maps, aerial photography, imagery, reports, and other coastal-related
data;

¢ develop a computerized information system that enables users to search data by
subject, location, keywords, or other common criteria;

o identify and locate priority data sets;

e establish procedures and provide guidelines for cataloging available data;

¢ expand the developed information system into a distributed network capable of
serving remote users;

e publish a newsletter and establish a computerized bulletin board for
communication among users;

o establish digital data transfer policies and procedures;

¢ develop a plan for future operation and support of LCGISN.

The key to the spatially indexed cataloging system is that a geographic area of interest can
be defined interactively on a graphically displayed map. This location information is then
combined with typical searches (e.g., subject, location, keyword) to retrieve database records
documenting existing data (Figure 1). The user interacts with a menu interface that guides
him/her through selection of search criteria. Spatial criteria are set by displaying a background
map consisting of several familiar data sets, as well as a classified thematic mapper image. Then,
the user interactively specifies location criteria using one of several options. These include using
a mouse or cursor to draw a box on the map, keying in latitude and longitude values, and keying
in or selecting from a list the names of USGS 7.5-min. quadrangle maps. Textual search criteria

Help Mall
Define User Environment Menu interface Bulietin Board
LCGISN information LCGISN Contacts

| (o] Ny
Set Background Set Spetie! Sot Taxtunl Types  Keywords
Transportation  Thematic Mapper Flaids  Locetion
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N
Interactive Location Specificstion - —_——— - N
Poitical Poirt < saL tnput / Output
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Figure 1. LCGISN Schematic Diagram
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DATABASE DESIGN

The following sections present the seven basic data collection types that LCGISN has
identified, database tables designed to catalog each, and fields required to locate data sets
geographically. In addition to the seven main tables, there are several additional tables dealing
with different storage formats of the same data set (hard copy, vector, and raster), multiple copies
of the same data set (holdings), and linking data sets to organizations or people for acquisition
information. Also, provisions are made for recording information about the creation of records,
user login information, and user environment information.

Basic Data Types

Maps. Maps are representations of locations and spatial relationships on the earth. All
maps have a scale, transformation (such as representing a curved surface on a flat surface), and
symbology for representing reality (Robinson et al. 1984). Maps are probably the most basic and
widely used form of geographic information, and although some people provide different
definitions for printed and digital maps (Burrough 1986), most characteristics of maps are
common to both.

Mandatory fields for a map record are title and author of the map. Required fields include
publisher, theme or subject, scale, and geographic location. A full listing of the fields for the
maps database table is given in Table 1. A further discussion of the geographic location fields
is given below.

Photography. The distinction between photography and imagery was a topic of much
discussion. The consensus is that photography includes all data captured on film as individual
frames, while imagery implies data captured digitally. Therefore, a scanned aerial photograph
is still cataloged as a photograph, with provisions made for specifying the storage format of the
data.

The mandatory fields for photography are similar to those of maps. One important note is
that the definition of author for photography can be confusing. The LCGISN defines the author
of photography as the sponsoring organization, agency, or person. A separate field is supplied
to record the organization actually taking the photographs. For example, if a federal agency hires
a contractor to fly photography for a federal project, the federal agency is listed as the author and
the contractor is listed as the photographer. Other important fields include percentage of cloud
cover, altitude or scale, sensor class, type of film, and date or season (Table 2).

Linked to the photography table is the photograph frame table (Table 3). This allows
cataloging of photography by roll of film or by individual frame. Information that is identical
for every frame on a roll of film is recorded once in the photography table, and then each frame
has a separate, smaller record.

Imagery. As mentioned above, imagery implies digitally captured data. This includes data
captured by radar scanners, multi-spectral scanners, and digital cameras. Imagery also includes
hard copies of multi-spectral data such as prints of TM scenes available from EOSAT.

The mandatory fields are similar to those for maps and photography. The author is defined
as the sponsoring agency, with provisions made for identifying the actual source of the imagery.
Some important fields are platform type, spatial resolution, number of spectral bands, and scale
(Table 4).

Literature. In addition to geographic data, there is a large amount of literature pertinent to
the Louisiana coastal zone that is not currently catalcged. These include conference papers,
journal articles, and agency reports. Also, certain important books and articles concerning the
coastal zone should be included, although they are already cataloged in libraries. The LCGISN
table for cataloging literature is largely based on the USMARC standard, with additional fields
added for geographic location. Mandatory fields include title and author. Other fields include
edition statement, publication information, description of the item, and subject headings. Details
of the literature table are still under development.

Audio/Visual. Audio/visual materials include videotape, slide shows, movies, overhead

23



projector plates, and television shows. The table for cataloging audio/visual items is also largely
based on the existing USMARC format and still under development. Fields of note include a
description of accompanying material, subject headings, and geographic location.

Geotechnical. The geotechnical table is intended to record the existence of various types
of field-collected data such as vibracores, seismic tracklines, and sediment samples. The
mandatory fields are similar to others. Some important fields include geographic location, subject
headings, and others still under development.

Tabular. Many data sets pertinent to the coastal zone exist in a data base or spreadsheet
format. Included in these are climate data, pollution records, and lease records. This table is
also still under development. However, certain important characteristics have been identified
such as number of records, frequency of update, and software used for database management.

hi jon

One of the most critical elements to the success of the LCGISN data base is the recording
of geographic location information for each item cataloged. To assist the user in finding all
information pertinent to a geographic area of interest, several methods of specifying the location
represented or described by an item are needed. Also, the same set of geographic location fields
should be included for each data type to insure consistency and efficiency in performing searches.
The geographic location fields are illustrated in Table 1.

A minimum bounding rectangle (MBR) is the first level of geographic location. A separate
field is given for the maximum northern, southern, eastern, and western extents of the cataloged
item. A user draws a box on the background map to define an area of interest, and the
coordinates of the geographic area of imterest are compared to the coordinates stored in the
database table.

Another method of specifying a MBR is by USGS 7.5-min. quadrangle maps. A quadrangle
map table stores information about the maps and digitized quadrangle boundaries are available
as a background map. Users will be able to select from a list, key in the names of, or select
from the displayed map the quadrangle maps that cover their area of interest. The MBRs from
the corresponding records will then be used to search for other records.

Work is in progress on utilizing the USGS Geographic Names Information System (GNIS)
to assist in searching a geographic area. The GNIS is an index of all names occuring on USGS
7.5-min. quadrangle maps. It includes both jurisdictional names (cities, states, counties) and
geographic names (rivers, islands, lakes) and has latitude and longitude values for each name.
It is planned to allow users to select from a list of names, or key in a name, and then search the
data base using the coordinates defined for that name. Other potential geographic search
mechanisms include graphically selecting a political boundary from the map and defining a point
and proximity range.

Data Storage Methods

There are three basic data formats for cataloged items: hard copy, vector, and raster. For
example, an organization may have a published copy of a 7.5-min. quadrangle map. They also
may have scanned this map for use as a raster backdrop for overlaying other maps. In addition,
they may have a digitized vector copy. Each of these maps is the same map entity, representing
identical information with identical symbology; however, there are differences that need to be
recorded. To deal with this situation, LCGISN is implementing database tables that record
information unique to the data format.

Hard Copy. The hard copy table is for use with printed materials. This may include film
positives or negatives, photographic prints, printed maps, and printed satellite imagery scenes.
The primary mandatory field is a link from this table to the map, photo, or image it represents.
Some of the required fields are material of the copy, scale of the copy, projection, datum, and
printing date (Table 5).

Yector. The vector table contains fields unique to vector copies of data. This can include
digitized maps, vectorized raster data, and vector data generated from analysis. The primary
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mandatory field is a link from this table to the map, photo, or image it represents. Some of the
required fields are source scale, units of resolution, and vendor format (Table 6).

Raster. Raster data can include satellite imagery, scanned data, and rasterized vector data.
Once again, the primary mandatory field is a link to the entity the raster data represents.
Required fields include vendor format, pixel size, and number of bands (Table 7).

Holdings Tables

It may often be the case that copies of the same data set are owned by several organizations.
It may also be helpful for a user to know ownership of these copies to facilitate acquisition of the
data. The solution to this situation is in the LCGISN holdings tables.

Currently, there is a separate holdings table for hard copy, vector, and raster data (Tables
8,9,10). Holdings tables for other data types such as literature and tabular are still under
development. The main mandatory field is a link from the holdings table to the data storage
record it represents. In other words, if one agency digitized a map and gave a copy of the vector
data to another agency, the map would be recorded in the data base once, with one vector copy
record, and two vector holdings records. Other information recorded in the holdings tables
includes sale status of an item, its cost, and a link to the organization that owns it.

Other Tables

Other tables used in LCGISN to enhance efficiency and utility include the subject,
organization, people, user, terminal, and cataloger tables. The user and terminal tables record
information unique to each user such as network address, billable time, and hardware
configuration. Because the networking aspects of LCGISN are not yet in place, these tables are
still under development. However, the organization, people, and cataloger tables have been
defined in detail.

Subject. Recording of subject headings is a very difficult process. Determining an
extensive authority list of subjects requires much time and effort, as well as coordination with
the library science community. The concept currently being discussed is one that allows
catalogers to key in a term, or select a term from a list, that describes the thematic content of an
item. Up to six terms can be selected for each item. The subject fields for maps, photography,
imagery, literature, audio/visual, geotechnical, people, and organization have a relational join to
the subjects database table. Each term in the thesaurus has a record that contains such
information as parent (broader) terms, child (narrower) terms, sibling terms, and synonyms.
Thus, the hierarchical nature of the thesaurus is built into the relational database structure and
is both efficient and easy to update.

Organization. The organization table is meant to contain detailed information about an
organization. This includes federal, state, and local agencies, private companies, and educational
institutions. Although the same organization may be referenced in several places within the
system, only one record of that organization will be kept. For example, a state agency may be
listed as a contact for information, the author of a map, and a location for vector data holdings.
A unique code will be established for the organization and will be recorded in each table in a
field that points to the same record in the organization table. Certain fields in the organization
table are mandatory. These include a unique organization code and the name of the organization.
Required fields include an address, phone number, type of organization, and divisions and
subdivisions (Table 11). Organizational hierarchies are built into the data base by listing parent
and child organizations in the table and linking these fields to other organization records. For
example, the U.S. Geological Survey (USGS) is a division of the Department of the Interior.
In the record for Department of the Interior, a link will be made to records for all of the agencies
in the Department. In the record for USGS, a link will be made to the record for its parent
organization. This allows a user to retrieve contacts records for USGS and related agencies when
a search is performed on Department of the Interior.

People. The people table is similar in concept to the organization table, except that it
records individuals rather than groups. A unique code for each person and the person’s name
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are mandatory, while required information includes address, phone number, and link to an
organization (Table 12).

Another important aspect of the organization and people tables is the subject themes fields.
When a user selects subjects for a data search, these themes are also used to search the people
and organization tables. Then, in addition to any available data in the data base, the user also
finds people and organizations involved in their subject of interest.

Cataloger. Finally, the cataloger table is used to record the creation of records in the
LCGISN database (Table 13). The mandatory fields are a unique cataloging session number, the
name of the person loading the records into the LCGISN data base, the date the records were
entered, and the name of the person who created the records for submission to LCGISN. Every
record in every table within LCGISN will contain the cataloging session number. The person
responsible for locally cataloging the organization’s data is recorded and linked to the people
table. The person who actually enters the records into the LCGISN data base will also be
recorded and linked to the people table. This allows for documentation and quality control of
data entry. Figure 3 is a schematic diagram of the database tables and their relationships to each
other. As stated above, all tables have a field that links to the cataloger table. Lines in the
figure represent relational joins between tables.
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Figure 3. Schematic diagram illustrating relational joins between database tables. Different line
styles are for clarity only.

NATIONAL METADATA STANDARDS

With the current proliferation of digital information, there is a growing emphasis on
documenting the ancestry and quality of digital data. It is becoming apparent to many GIS users
that, without proper documentation, the usefulness of digital data is greatly diminished and its
susceptibility to misapplication is enhanced. To increase interagency cooperation and data
sharing, it is important not only to have data format standards such as the Spatial Data Transfer
Standard (SDTS) but also standards for digital data documentation, or metadata. The Federal
Geographic Data Committee (FGDC) is currently leading the development of standards for
metadata, and LCGISN is one of several organizations that participated in an Information
Exhange Forum recently sponsored by FGDC. An ad hoc group was formed to develop a model
for a set of essential metadata elements. In addition to the metadata model, the forum also
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identified the need for coordination with the Library of Congress USMARC data elements, for
a standardized keyword hierarchy, and for vendor cooperation in the development of tools to
prompt for and/or automatically generate metadata. These issues will be addressed during future
meetings to be held in association with URISA, American Congress on Surveying and Mapping,
American Society for Photogrammetry and Remote Sensing, and GIS/LIS conferences.

The LCGISN staff has been working through metadata issues such as these since the
program’s inception. LCGISN will continue to be an active member of the FGDC’s Metadata
Ad Hoc Group to assist in the development of national policy, benefit from the shared experiences
of other similar organizations, and stay at the forefront of emerging metadata standards.

CONCLUSION

LCGISN is currently at the end of the third year of a five-year study. Many components
of the system have been addressed, but every detail is not complete. Continued interaction with
potential users and peers in the GIS community will guide the evolution of the system in a
positive direction. The initial implementation, or alpha version, of LCGISN is scheduled for
completion in September 1992. This version will provide basic spatial and textual search
capabilities on an Intergraph workstation accessing an Oracle data base over an ethernet network.
The next step will be to refine the basic search mechanisms and move the software to X-Windows
so that any workstation on the network will be able to access LCGISN. A beta version is due
for completion in August 1993, and the first release of LCGISN to the Louisiana coastal
community will be in August 1994.
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Table 1. Relational database table for documenting maps. * indicates fields for identification
of geographic location that are repeated in photography and imagery tables.

Field Name Description

:
:

mp_link unique map sequence number int M
mp_ct_link  link to cataloger table int M
mp_ct_date  date of creation of this record timestamp M
mp_title title of map char(230) M
mp_author author of map char(230) M
mp_publisher publisher of map char(230) R
mp_datepubs  starting date of publication timestamp R
mp_datepube ending date of publication timestamp R
mp_type type of map (plan, topographic, etc.) char(12) (0]
mp_extent extent of item (number of sheets,

volumes, etc.) char(40) (0]
mp_series series statement char(20) (o]
mp_bulk bulk catalog statement char(20) (0]

mp_subject  link to subject table (there may be up to
six subjects, the exact number is

yet to be determined) int
mp_sourcel  source of map information char(20)
mp_source2  source of map information char(20)
mp_source3  source of map information char(20)
mp_accuracy accuracy statement char(40)
mp_progress  is work in progress? char(4)
mp_database is there a database attached? char(4)
mp_upatefreq map update frequency char(32)

mp_datecol  date of collection of map information timestamp
mp_daterev  date of revision of map information  timestamp
mp_history  ancestry (description of compilation)  char(230)

mp_disclaim disclaimer statement char(230)
mp_edition edition information char(20)
mp_notes general notes char(230)
*mp_qd_link link to quad table int
*mp_country country of the map area char(40)
*mp_state - state of the map area char(2)
*mp_parish  parish (county) of the map area char(40)
*mp_otherref other geographic reference char(40)

*mp_placenam general place name from Geographic
Names Information System (GNIS) char(40)

Q0000000000 000 O0O0O00O0OO0OO0OO0OO0OO0OO0OOOOO0OOO™

*mp_specnam specific place name from GNIS char(40)
*mp_regionup next larger geographic region char(40)
*mp_mbrunits input units of minimum bounding

rectangle (MBR) char(4)
*mp_zone zone of map (state plane or UTM) char(8)
*mp_centx x of centroid int
*mp_centy y of centroid int
*mp_mbrwx  western-most x location int
*mp_mbrex  eastern-most x location int
*mp_mbrny  northern-most y location int
*mp_mbrsy  southern-most y location int
mp_hc_link  link to hard copy table int
mp_vc_link  link to vector table int
mp_rs_link  link to raster table int
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Table 2. Relational database table for documenting photography

Field Name
ph_link
ph_ct_link
ph_ct_date
ph_title
ph_author
ph_publisher

ph_pubcontact
ph_phototaker
ph_orgcontact

ph_datestart
ph_dateend
ph_series
ph_bulkcat

ph_generation

ph_intentlk

ph_sourcel
ph_source2
ph_source3
ph_accuracy
ph_plattype
ph_platname
ph_project
ph_cloudcov
ph_compcov
ph_quadctr
ph_pctgdcov
ph_sensclass
ph_stereo
ph_sideover
ph_fwdover
ph_numrolls

ph_numframes

ph_filmtype

ph_camerainfo

ph_corrinfo
ph_foclength
ph_altitude
ph_altdim
ph_origscale
ph_ratioscale
ph_relscale
ph_history
ph_disclaim
ph_notes
ph_fr_linkr

ph_fr_linkf

Descripti
unique photo sequence number
link to cataloger table

date of creation of this record
title of aerial photography

agency sponsoring aerial photography
where to obtain/purchase photos
contact person to obtain/purchase

organization taking photos
phototaker contact person
start date of photos
ending date of photos
series statement

bulk catalog statement
original or copy

Field Type
int

int
timestamp
char(230)
char(230)
char(40)
char(40)
char(40)
char(40)
timestamp
timestamp
char(40)
char(40)
char(10)

link to subject table (there may be up to

six subjects, the exact number is

yet to be determined)

source of photos

source of photos

source of photos

accuracy statement

platform type

platform name

project code or mission number
percentage of cloud cover
holes in coverage?

is photography quad centered?
percentage of quad covered
sensor class

is photography stereo?
percentage of side overlap
percentage of forward overlap
number of rolls

number of frames

film type (BW, color IR, etc.)
camera information
correction information

focal length

altitude

dimensions of altitude
original scale of photography
ratio scale (1:x)

scale relative to original
ancestry

disclaimer statement

general notes

link to frame table if this record

is for a roll of film

link to frame table if this record

is for a specific frame

int
char(20)
char(20)
char(20)
char(40)
char(10)
char(64)
char(64)
int
char(4)
char(4)
char(4)
char(30)
char(4)
int

int

int

int
char(20)
char(128)
char(128)
char(20)
int
char(4)
char(20)
int

int
char(230)
char(230)
char(230)

int

int

*geographic location fields are same as specified in Table 1
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Table 3. Relational database table for documenting individual photography frames

Field Name
fr_link
fr_ct_link
fr_ct_date
fr_rolinum
fr_framenum
rf_datecoll
fr_notes
fr_hc_link
fr_vc_link
fr_rs_link

Descripti
unique sequence number

link to cataloger table

date of creation of this record
roll number

frame number

date of collection

general notes

link to hard copy table

link to vector table

link to raster table

B E’E

ooooxwwgng

timestamp
int
int
timestamp
char(230)
int
int
int

*geographic location fields are same as specified in Table 1

Table 4. Relational database table for documenting imagery

Field Name
O0Uim_link
im_ct_link
im_ct_date

im_author
im_taker
im_publisher
im_plattype
im_platname
im_type
im_datestart
im_dateend
im_series
im_bulk
im_intentlk

im_sourcel

im_source2
im_source3
im_accuracy
im_header
im_id
im_path
im_row
im_numbands
im_scale
im_spares
im_sparesunit
im_tempres
im_specres
im_cloudcov
im_quality
im_format
im_history

Description

unique sequence number

link to cataloger table

date of creation of this record
title of imagery

organization sponsoring imagery
organization collecting imagery
organization distributing imagery
type of platform

name of platform

type of imagery

start date of collection

end date of collection

series statement

bulk catalog statement

Field Type

int

int
timestamp
char(230)
char(230)
char(230)
char(40)
char(10)
char(64)
char(40)
timestamp
timestamp
char(40)
char(40)

link to subject table (there may be up to

six subjects, the exact number is
yet to be determined)

source of imagery (if compiled
from more than one)

source of imagery

source of imagery

accuracy Statement

header information

image ID

path

row

number of bands

scale (regional, local, etc.)
spatial resolution - IFOV

units of spatial resolution
temporal resolution

spectral resolution

percentage of cloud cover
NASA band quality

image format

ancestry (description of compilation)

40

int

char(20)
char(20)
char(20)
char(40)
char(80)
char(13)
char(4)
char(4)
int
char(8)
int
char(4)
char(32)
char(32)
int

int
char(20)
char(230)

5
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Table 4. (continued)

Field Name Description M/R/O
im_disclaim  disclaimer statement char(230) o
im_ntoes general notes char(230) o
im_hc_link  link to hard copy table int o)
im_vc_link  link to vector table int 0
im_rs_link link to raster table int o

‘g;ographic location fields are same as specified in Table 1

Table 5. Relational database table for documenting printed (hard copy) version of data sets.

Field Name Description Field Type M/R/O
he_link unique sequence number int M
he_ct_link link to cataloger table int M
hc_date date of creation of this record timestamp M
hc_publisher  publisher of printed material char(40) R
hc_printed date printed timestamp o
he_revised date revised timestamp O
hc_material  material of copy (paper, film, etc.) char(12) o)
he_color color, sepia, b&w, etc. char(12) 0o
hc_sizecat size category (common sheet sizes) char(8) 0
hc_size dimensions of item char(12) 0]
hc_units units for dimensions of itme char(12) 0
hc_ident local name for item char(20) 0]
hc_hdatum horizontal datum char(40) o)
hc_vdatum vertical datum char(40) (0)
hc_projection map projection char(40) o
hc_ellipsoid ellipsoid char(40) 0)
hc_corrected method of geographic correction char(64) 0]
hc_scaletype type of scale on item char(4) 0]
hc_scaletext  written scale char(20) 8]
hc_ratioscale ratio scale int R
hc_notes general notes char(230) 0
hc_holdlink  link to hard copy holdings table int o

Table 6. Relational database table for documenting vector version of data sets

Field Name  Description Field Type M/R/Q
ve_link unique sequence number int M
ve_ct_link link to cataloger table int M
vc_ct_date date of creation of this record timestamp M
vc_type type of vector data char(4) 0
vc_numpoly  number of polygons int o)
vc_numline  number of lines int o)
vc_numpt number of points int o
vc_numbits  number of bits per coordinate int o)
vc_scale source scale int R
vc_filesize size of file in bytes int 0)
vc_resolution  units of resolution char(10) o)
vc_vendor vendor format char(20) 0]
vc_dbatt database attached? char(4) 0
vc_structure  data structure char(20) (0]



Table 6. (continued)

Field Name
vc_hdatum
ve_vdatum
vc_projection
vc_ellipsoid
vc_corrected
vc_notes
vC_progress
ve_hlink

Descripti
horizontal datum

vertical datum

map projection

ellipsoid

method of geographic correction
general notes

work in progress?

link to vector holdings table

Fleld Type
char(40)
char(40)
char(40)
char(40)
char(64)
char(230)
char(2)

int

OOOOOOOOE

Table 7. Relational database table for documenting raster version of data sets

Field Name
rs_link
rs_ct_link
rs_ct_date
rs_rast
rs_header
rs_filesize
rs_numbands
S_NUmrows
rs_cols
rs_numbits
rs_pixelx
rs_pixely
rs_pixelunit
rs_hdatum
rs_vdatum
rs_projection
rs_ellipsoid
rs_corrected
rs_resamp
rs_class
rs_numclass
rs_classmeth
rs_vendor
1s_type
rs_pixelt
rs_notes
rs_progress
rs_hlink

Description

unique sequence number

link to cataloger table

date of creation of this record
rasterized from vector?
header/description

size of file in bytes

number of bands

number of rows

number of columns

number of bits per pixel

x pixel size

y pixel size

units of pixel size

horizontal datum

vertical datum

map projection

ellipsoid

method of geographic correction
resampled?

classified?

number of classes

method of classification
vendor format

type of raster data (LAN,COT,etc.)
pixel type (disc., cont., dicot.)
general notes

work in progress?

link to raster holdings table

42,
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int

int
timestamp
char(4)
char(230)
int

int

int

int

int

int

int
char(12)
char(40)
char(40)
char(40)
char(40)
char(64)
char(4)
char(4)
int
char(20)
char(20)
char(20)
char(20)
char(230)
char(4)
int

-
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Table 8. Relational database table for recording holdings of printed (hard copy) data sets

Field Name Description Field Type M/R/O
hh_link unique sequence number int M
hh_ct_link link to cataloger table int M
hh_ct date date of creation of this record timestamp M
hh_org_link link to organization table (place

that owns this item) int M
hh_pubdate  date item was created if

locally produced timestamp R
hh_avail availability of item char(40) 0]
hh_location  item location (specific location

of item for local use) char(40) (o)
hh_salestatus item sale status char(40) o
hh_cost cost of item char(10) (o)

Table 9. Relational database table for recording holdings of vector data sets

Field Name Description

'E
:

vh_link unique sequence number int M
vh_ct_link link to cataloger table int M
vh_ct_date date of creation of this record timestamp M
vh_org_link  link to organization table (place

that owns this item) int M
vh_pubdate  date item was created if

locally produced timestamp R
vh_avail availability of item char(40) 10)
vh_location  item location (specific location

of item for local use) char(40) (0]
vh_salestatus  item sale status char(40) (o)
vh_cost cost of item char(10) o)

Table 10. Relational database table for recording holdings of raster data sets

Field Name  Description Field Type M/R/O
rh_link unique sequence number int M
rh_ct_link link to cataloger table int M
rh_ct_date date of creation of this record timestamp M
rh_org link  link to organization table (place

that owns this item) int M
rh_pubdate date item was created if

locally produced timestamp R
rh_avail availability of item char(40) (o)
rh_location  item location (specific location

of item for local use) char(40) 0]
rh_salestatus item sale status char(40) (0]
rh_cost cost of item char(10) (0]
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Table 11. Relational database table for recording organization information

Field Name
or_link
or_ct_link
or_ct_date
or_name
or_division
or_subdiv
or_unit
or_parent
or_numchild

or_type

or_profile
or_abbrev
or_moniker

Description

unique sequence number

link to cataloger table

date of creation of this record
name of organization

name of division

name of subdivision

name of work unit

link to a parent organization
number of child organizations
type of organization (federal,
state, private, etc.)

description of organization

official abreviation of organization
moniker used for system reference

or_lk_prevnam link to previous organization name
or_lk_succnam link to succeeding organization name

or_address
or_box
or_city
or_parish
or_state
or_zip
or_phone
or_fax
or_attention
or_email
or_geocoord
or_histinfo
or_firstlog
or_lastlog
or_defloc
or_defscript
or_environ
or_tottime
or_curtime
or_cursess
or_update
or_notes
or_subject

street address

post office box number

city

parish (county)

state

zip code

phone number

fax number

person of attention

email address

geographic coordinates of organization
historical information

first login from organization
last login from organization
default location

default script

login environmental information
total time used

current billable time

current number of sessions
last update of record
general notes

Field Type
int

int
timestamp
char(230)
char(230)
char(230)
char(230)
int

int

char(20)
char(230)
char(20)
char(4)
int

int
char(40)
char(20)
char(40)
char(40)
char(2)
char(10)
char(20)
char(20)
char(40)
char(30)
char(20)
char(230)
timestamp
timestamp
char(16)
char(128)
char(128)
real

real

int
timestamp
char(230)

link to subject table (there may be up to

six subjects, the exact number is
yet to be determined)

o

int
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Table 12. Relational database table for recording information about people
Eield Name Description

pe_link unique sequence number int M
pe_ct_link link to cataloger table int M
pe_ct_date date of creation of this record timestamp M
pe_Iname last name char(30) M
pe_fname first name, middle name or initial char(30) M
pe_courtitle  courtesy title (mr., ms., dr., etc.) char(5) o)
pe_born birth date timestamp (o)
pe_jobtitle job title char(40) (o)
pe_duties function/duties char(40) (o)

pe_interest link to subject table (there may be up to
six subjects, the exact number is

yet to be determined) int R
pe_reasonl reason person is in database char(20) 0]
pe_reason2  reason person is in database char(20) 0]
pe_reason3 reason person is in database char(20) (o)
pe_reason4  reason person is in database char(20) o
pe_reasonS  reason person is in database char(20) 0
pe_org organization to which person belongs,

link to organization table int R
pe_deptunit  person’s department or unit char(40) 0]
pe_address]  primary street or box address char(40) O
pe_cityl primary city char(40) 0)
pe_parish1 primary parish (county) char(40) 0)
pe_statel primary state char(2) o
pe_zipl primary zip code char(10) o
pe_phonel primary phone number char(20) 0]
pe_other! primary phone is Home/Work/Other  char(1) o)
pe_geocoord] primary geographic coordinates char(20) (8]
pe_address2  secondary street or box address char(40) o)
pe_city2 secondary city char(40) 0
pe_parish2 secondary parish (county) char(40) 0
pe_state2 secondary state char(2) 0
pe_zip2 secondary zip code char(10) (o)
pe_phone2 secondary phone number char(20) o)
pe_other2 secondary phone is Home/Work/Other char(1) (8]
pe_geocoord2 secondary geographic coordinates char(20) 8]
pe_wrkphone work phone (if not already listed) char(20) o)
pe_workfax  work fax (if not already listed) char(20) 0
pe_workemail email address char(30) 0
pe_othernum  other phone number char(30) o)
pe_history historical personal information char(230) o]
pe_parentorg  organization contributing record char(40) (o)
pe_update date of last update timestamp R

E
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Table 13. Relational database table for recording cataloger and data entry information

Field Name Description Field Type  M/R/O
ct_link unique sequence number int M
ct_namelk person entering records into database,

link to people table int M
ct_date date information was entered timestamp M
ct_personlk  person cataloging data on location,

link to people table int M
ct_entrylk person entering data on location,

link to people table int M
ct_orglk organization cataloging data,

link to organization table int M
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