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DESIGN AND IMPLEMENTATION OF THE ENP
ENVIRONMENTAL DATABASE USING ORACLE-

N. Rishe, D. Barton, M. Chekmasov, M. Chekmasova, K. Madhyanapu,
R. Rodriguez

High Performance Database Research Center, School of Computer Science,
Florida International University, U. S.A.

ABSTRACT

The joint project of the Everglades National Park and Florida International
University is aimed at constructing a set of databases which contains the
environmental data that has been collected in the Park from 1911 to date. These
data-sets describe trends in vegetation, land and marine fauna as well as the
physical parameters of the area. The design stage of the project is based on the
semantic binary model database approach which is being developed at the High
Performance Database Research Center at FIU. The implementation stage

consists of table creation, data loading, forms, user views and reports, as well as

Internet access support using ORACLE RDBMS.

The completion of the project will make valuable environmental data accessible
to the public through the World Wide Web and encourage new environmental
investigation projects both within the Park and in the area encompassing South
Florida. These investigations can include areas such as water management,
fisheries and air quality coptrol. Furthermore, this project would serve as an

ideal ground for incorporating satellite and aircraft data with existing textual
data to give a more comprehensive view of the development of South Florida.

* 
This research was supported in part by DoI (CA-5280-4-9044 of the National
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MTPE-O5), NSF (CDA-9711582, IRI-9409661, and HRD-9707076), ARO
(DAAH04-96- I -0049 and DAAHO4 -9 6 - | -027 8), NATO (HTECH.LG 93 1449),
and State of Florida.
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INTRODUCTION

The Everglades National Park is currently considered one of the most
environmentally sensitive regions in the United States. The problem of
monitoring this vast territory is increasingly important. Environmental surveys
have been performed in the Park for more than half a century, and the results of
these surveys need to be stored and managed in an efficient manner that is also
easy to use. To achieve this goal a joint project between Everglades National
Park @NP) and the High Performance Database Research Center (FIPDRC) at
Rorida International University has been established.

The joint project is aimed at constructing a general environmental database for
the Park. This general database is being implemented as set of 22 databases
containing about 300 tables with approximately 2000 helds that will store and
manage at least IGB of plain text data. Each of the 22 databases stores
information on a different type of survey that has been done in the Park.
Further, since the surveys are continually under way in the Park, new data will
be also placed into these databases.

Along with the improved use and management of this environmental data, the
ongoing research contributes towards better understanding and documentation of
historical data. It also will aid in future survey designs by allowing the
opportunity to check the data sets and correct the enors in them. Finally,
through the use of modern database technology, survey results can be made
available to public through Internet. Thus, new environmental surveys will have
a stronger research background and the data will be widely available for urban
planning and educational purposes.

The future continuation of the present project is even more exciting. Plans are
currently underway for the construction of a semantic database which will
integrate the present textual data with satellite images of the territory. This will
give a broader view of the development of South Florida.

The rest of the paper is organized as follows. Section 2 describes the main data
sets to be populated in the databases. Section 3 corresponds to the semantic
approach for the database design. Section 4 describes the implementation part
of the project. Section 5 discusses the applications of the environmental
database and considers further directions of project development.

THE DATA SETS AND DATABASES

In the scope of one paper it is impossible to describe all the data sets that will be

implemented in the project. Therefore, in this section we will concentrate on the
discussion ofthe largest data sets and the corresponding databases.



Environmfental surveys typically contain some general information such as a
description of the survey project, the names of investigators and technicians
performing the work, and the instruments that are used. For storing this type of
data a special Common database has been designed and implemented. There are

several tables in this database worth mentioning.

The Project table assigns a code to the survey and describes the project. The
Personnel table contains information about the people involved in the research.
This includes the ENP employees (i.e., biologists, laboratory assistants and
technicians) as well as personal information on contractors such as computer
specialists or airplane pilots. Although each person can be uniquely identified
by Social Security Number, the first, middle and last names are stored as well.
The Organization table contains information on organizations of interest to ENP.
It includes the names of organizations that order and perform the surveys as well
as Contact-information.

The special Equipment table describes instruments and tools used within the
survey. It includes serial and model numbers, accuracy, precision, resolution,
and the manufacturer's name. Location is among the most important general
tables. The results of the survey are highly dependent upon the position of the
measuring instruments or the place for collecting data. We have agreed to use

the Universal Transverse Mercator (IJ-[M) system to store the location
information. Nevertheless, the scientists sometimes use other coordinate
systems for recording data. To deal with this, special triggers are used to
implement algorithms that transform information from one coordinate system to
the other. They are designed in such a way that the user need not be concerned
with how the coordinates are stored in the database.

There are several look-up tables which contain helpful support information. For
example, the Measurement-unit table contains the description of all possible
units in which the data can be measured during investigations. These tables are

not related to the particular data sets.

The Common database plays an important role in synchronizing the other
databases. To illustrate this point we turn to the tables of part of the Common
database called the Taxonomy sub-schema. The Taxonomy table contains a set

of classification codes for animal and vegetation species. A composite
taxonomy code includes information on Category, Family, Genus, Species and
Subspecies for each particular species. This is accompanied by the common and
scientific, mainly Latin, name of the species. Usually each survey has its own
coding system for the species under investigation so one species may be
represented by several codes, each belonging to different systems. Since the
species code and the project code uniquely identify the particular species, we are

able to turn to the Taxonomy tables to find out the classical, worldwide
recognized name of the animal or plant. Thus, information about the object of
interest can be received from different databases using the Common one.



Now we turn to the discussion of the Physical data sets. At present
approximately 200 monitoring stations are found throughout the territory of the
Park. These stations automatically record the values of the physical parameters
at their locations on a daily, hourly and even 1O-minute basis. Depending on the
equipment installed, the following physical parameters are measured: water
temperature, salinity, pH, depth, conductivity, air temperature, relative humidity,
rainfall, evaporation, radiation, and wind speed and direction. As a result, a set
of valuable and precise data is growing every day. This continuous
investigation requires well-organized equipment maintenance and a good system
of data storage.

The process of collecting data and maintaining the instruments was implemented
in the Physical database. Here the concepts ofPhysical-observation-data-set and
Physical-observation play a key role in the design. This implementation has
resulted in the construction of corresponding tables which are, in turn, related to
other tables of both the Physical and Common databases. In particular,
Physical-observation-data-set is collected by implementing some analytical and
sampling methods by using sensor equipment and intermediate storage devices
on a particular location. Each has a person responsible for the data set.
Physical-observation is related to the coresponding data set and is determined
by the date-time and the recorded value. Depending on the physical parameter
measured, some specific characteristics are also recorded.

The next data set to be discussed here is the Creel Census. This data set
describes the fishing activities within the boundaries of the Park. Florida Bay is
an essential part of the Everglades National Park and until 1989 commercial,
recreational and guide fishing was allowed. Commercial fishing, however, was
subsequently forbidden. The data is usually collected by interviewing fishermen
and by counting, identifying and measuring the various fish species. The
boating activities in this area are also estimated. The compilation of this
information led to the construction of the Creel Census database. To formalize
the data collection process we used Interview-report as a key concept. Each
report is uniquely identified by a number and date. This makes it possible to tie
the fish measurements with information on the location, personnel and
equipment used. Moreover, the Park is issuing guide permits which are
identified by unique numbers related to the date of issue. This provides the
means to trace information about the activities of fishermen who are guiding
others during boat trips.

Shrimp is another database that is related to the marine activities in the Park.
The corresponding data set is collected at the rnarine observation stations. The
recording of the physical parameters plays an important role in this part of the
investigation. These parameters include surface water temperature, turbidity,
conductivity, salinity, pH, a measure of the dissolved oxygen, wind speed and
direction, cloud covering percentage and moon phase. Marine field observations



are perfofied with the special methods and devices which are described in the
database. Collection of a sample at a particular station and on a specific date is
a major source of information for the recording. It includes invertebrate, fish
and vegetation species. The quantity, weight, length, and gender of the species

caught are all stored in the database.

In addition, marine vegetation observations are performed with special sampling
devices and methods. The logic of the data collecting process was implemented
in the database design. The logical schema of the Shrimp database consists of
four sub-schemas that conespond to Marine Field Observations and Observation
Methods as well as Invertebrate, Fish and Vegetation observations.

Data is populated in several other databases as well. The Panthers database
stores the data received during the investigations of Florida panther behavior.
The Manatee database contains information on manatee aerial observations.
The SRF (Systematic Reconnaissance Flight) database stores data on white tail
deer, wading birds and alligator nests observations. Separate databases have
been created for Water and Soil Quality, Air Quality, Pine Demographic Study,
Water Quality Effects on Vegetation, East Everglades Exotic Plants, Wildlife,
Fire Ecology and other environmental surveys.

SEMANTIC APPROACH TO THE DATABASE DESIGN

Semantic design of a database is a construction of its conceptual schema. One
of the key advantages of the semantic approach is that it highlights the
functional logic of the constructed database. Another strength of the semantic
database design is in its clear and straightforward appearance. It proves to be

understandable by a person who is not familiar with the theory of databases and
storing data in computers. In the present project it serves an intermediate
language between the database designers and the biologists. The biologists,
being specialists in the environmental surveys and the main users of the
database, take an active part in the database design.

The central notion of semantic database design is the concept of an object. An
object is any real world entity that we wish to store information about in the
database. Objects are categorized into classes according to their common
properties. These classes, called categories, need not be disjoint - that is, one

object may belong to several of categories. Further, an arbitrary structure of
subcategories and supercategories can be defined.

We assume that the representation of the objects in the computer is invisible to
the user who perceives the objects as real-world entities. These objects can be

tangible, such as persons or cars, or intangible, such as observations, meetings,

or desires. At the design stage the database is perceived by its user as a set of
facts about objects. These facts are of three types: facts stating that an object



belongs tf,a category; facts stating that there is a relationship between objects;
and facts relating objects to data, such as numbers, texts, dates, images,
tabulated or anall'tical functions. The relationships between objects can be of
arbitrary kinds. For example, stating that there is a many-to-many relation
'address' between the category of persons and texts means that one person may
have an address, several addresses, or no address at all.

The semantic design can be implemented in either a semantic or relational
database. ln the present project we are constructing the relational database since
the initial data to be populated is represented in plain text format with a simple
structure. However, in situations where the structure of information is complex,
greater flexibility is required (objects with unknown identifiers, or objects
moving from one category to another, etc.), or non-conventional data is involved
(long texts, images, etc.) implementation in the semantic database is preferable.
We refer to [1] for a thorough discussion of the semantic modeling approach.

Let's turn to the example of semantic database design. Figure I represents a

sub-schema of the semantic design for the SRF survey database. The categories

Figure 1: Semantic sub-schema for Systematic Reconnaissance Flight survey.



are drawn in the boxes. The name of a category is written in-capital letters and

the name of its attributes and ranges are written in lowercase italic. The
relations between the categories are represented by the arrows. Each relation
has its own name.

Briefly this schema can be explained as follows. The SRF-SURVEY is
identifred by its start-date and survey-type. The survey is performed within the
PROJECT by the responsible ORGANIZATiON. The survey consists of a set

of FLIGHTs, performed on the aircraft of some particular AIRCRAFI-TYPE.
The flight crew is represented by the pilot and two observers, who are described
within the category PERSONNEL. The flight, in turn, is a set of SUBFLIGHTs.
Each subflight is performed along some particular TRANSECT, which has a
unique number and is determined by latitude. The transect also determines a set

of SURVEY-CELLs. The location of each particular cell is uniquely identified
by the cell-longitude and the latitude of the corresponding transect. Thus, the
cells determine a grid which covers the territory of the Park.

IMPLEMENTATION OF THE DESIGNUSING ORACLE

We want to emphasize that a construction of a correct semantic design of the
database is a key task in the whole development process. The design should
completely represent the ongoing survey and should be flexible enough for
adopting any changes which might affect the performance of future surveys of
this type.

The implementation of the semantic design in the tables of the relational
database is now an automatic process since the relational database model can be

considered a subset of the semantic model. The semantic model is less strict and
much more flexible. Available programming tools, created at the High
Performance Database Research Center (FIPDRC), are used to fully automate

the process. These tools take a description of the semantic database schema as

input and creates the corresponding relational database including basic forms
and reports.

With the semantic design of the databases approved we used the above
mentioned conversion tools for creating databases in ORACLE RDBMS. We
also used the basic forms and reports for creating custom forms and reports.

Loading data is the next important step in the development process. It is
possible to load the data into the ORACLE database in two ways. The first way
is manual data loading using the created forms. This approach, however, is
almost useless due to the massive amount of data that needs to be populated into
the database. Thus, the forms will mainly be used for making conections in the

loaded records and performing queries to the database. A more practical way
for our purposes is data loading by means of the ORACLE SQL*Loader tool. It



allows an-ORACLE user to automate the process by specifying the data file
format and the tables to be populated with the data.

As was mentioned previously, we dealt with a lot of historical data, some of
which was collected before the computer era and was not properly documented.
The SQl-xl-oader allowed us to find the errors and misprints in this data. While
loading data records the loader tool checks all the integrity and checking
constraints and rejects the records which do not fit into the database. An
essential part of the loading process is a joint analysis of the rejected records.
The database designers and biologists need to integrate their skills to find ways
to correct and populate these records to the database. This is particularly
important since the historical data is very valuable in that there is no feasible
means to return back in time and to re-collect this data. Comparison of the
historical and modern data gives a broad view of how the rapidly growing
human activities in South Florida affect nature.

The forms provide a user-friendly interface for making queries to the database.
Together with the forms, the user views are very helpful in retrieving data from
the database. Generally, a user view is a virtual table which contains the data
from several physical tables and at the same time provides the user with the
results of the desired query. We designed and implemented the user views to
calculate the elementary statistics on the data retrieved.

In this project there is one more reason for the design of the user views and
forms. Historically, different groups of scientists used various units of
measurement in the surveys. As a result the data collected includes numbers
using different scales. The data should be stored in a unique system of units,
however, the user should be able to retrieve data in the convenient form. For
example, suppose a person used to work with a latitude/longitude coordinate
system, but the data is stored in UTM coordinates in the database. The form
retrieves the data from the database and automatically transforms one coordinate
system to the other in such as way that the user is not concerned with what
format this data is actually stored in the database.

As was mentioned above, the ENP environmental database is physically a set of
databases. Nevertheless the databases are closely related to each other. This
structure makes the implementation part of the project more complicated in
comparison with the case of one database. Nevertheless it has certain
advantages from the database administration point of view. First, each
particular database is relatively small. Its structure is clear and easily
documented. Second, the general performance is increased since the user is
mainly interested in one subject at a time. Third, insuring security is a less
complicated task since it is evident that only certain users will have rights to
change the content of the database.



APPLImTION AND FURTHER DEVELOPMENT OF.THE PROJECT

The completion of construction of the ENP environmental database will achieve
several goals, and some of the benefits have already been obtained. In
particular, the valuable historical data is professionally stored, managed and
documented. The biologists are already starting to use the data for their research
work and the reports on environmental problems. They are also using the results
of the previous surveys to plan further investigations. It is well-known that
environmental surveys are expensive and proper planning of the research is
essential to reduce cost of the study.

Unfortunately, at present the database is used only by professionals and is not
available to public. All the supporting tools are designed to help biologists in
their research. At the same time specialists in other fields are interested in this
data. The data may help in decision making on water management, urban and
road construction, fisheries and air quality control. The data may be used for
educational purposes as well.

The most natural way to share the ENP environmental database is to allow
Internet access to it. The ORACLE Web Server package could be a supporting
tool for implementation. Of course, additional work should be done on the
design of a user interface for performing the database queries since, at this level,
it would be non-professionals interested in the data.

The present project is also an ideal ground for the futureresearch at the IIPDRC.
One of the aims at the HPDRC is the construction of a prototype of the semantic
environmental database which, in addition to the held observations already
obtained, will accumulate the available aerial survey, satellite remote sensing, as

well as demographic and cartographic data. The main goal is to integrate this
data in such a way that a comprehensive database of all information concerning
this important, environmentally critical area is available in a convenient, useful,
and timely manner.

AKNOWLEDGEMENTS

We would like to thank Bob Doren, Dave Buker, Darell Tidwell and other
scientists of the Daniel Beard Research Center, Everglades National Park for
their cooperation during our joint work on the project.

SELECTED B IBLIOGRAPIIY

Rishe, N. (1992). Database Design: The Semantic Modeling Approach.
McGraw-Hill.528 p.


