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Figure 3. Semantic subschema datesets for the salinity database. 

3. DATABASE IMPLEMENTATION 

The salinity database is implemented using Oracle relational database management system (RDBMS). 
There are several major reasons to choose Oracle RDBMS: (i) It's one of the leading database management systems 
on the market; (ii) The clients already use Oracle for other projects and have a proper license for software; (iii) 
Oracle provides numerous tools for developing database applications, and in particular the Internet applications (iv) 
Oracle provides technical support, which proves to be helpful for database maintenance. 

Based on the database design, the scripts were generated to physically create the salinity database tables 
and indexes, and to enforce the integrity and check constraints. The initial data was prepared and loaded using 
Oracle Loader tool. 

Data loading further continues with the database being already in operational mode. It was decided to 
provide the users with two ways to load data. Large portions of data are loaded via Oracle Loader. However, several 
formats for the data files have been predefined and data files to be loaded have to conform to one of these formats. 
An example of a format could be plain text format with comma separated values having certain order of columns. 



Another way to load data is manual loading via the Oracle forms . This approach is evidently slower but has certain 
advantages . The same forms for manual data entry may be used to do modifications of records already loaded to the 
database. 

As we mentioned before in most cases the users of the salinity database are interested in averaged salinity 
and temperature data over a particular area of Florida Bay and during a certain period of time rather than raw data 
stored in the tables SALINITY and TEMPERATURE. To request that sort of aggregation using SQL (structured 
query language), a complex query statement should be written. We can not expect that sort of technical knowledge 
from the salinity database users. It was decided to provide scientists with a set of userviews, which are predefined, 
parameterized complex query statements stored in the database. The user calls the userview with specific parameters 
and gets the results. 

With a set of raw salinity and temperature data steadily growing in the database, at some point in time the 
userviews provided will not meet the demands of the researchers to get aggregated data on the fly . When tables 
SALINITY and TEMPERATURE will be large enough, the processing of the userviews will take longer and thus 
will not be in real time. We are planning to solve this problem as follows. 

The userviews collecting daily, monthly and annual averages over the whole salinity and temperature 
datasets will be run in advance and the results will be physically stored in the database as snapshots. These 
snapshots should be periodically updated to reflect all the possible changes in raw data, which may occur over a 
certain period of time. The easiest way to organize the snapshots' updates is to assign a periodic job to Oracle 
RDBMS (say, once a week) to recalculate the averages. Keeping in mind that these calculations will take 
considerable amount of computer resources, the time for the job should be chosen when the database is used less 
intensively, say during the nights. Having the averages for the raw datasets pre-cached in the snapshots will allow 
the system to significantly speed up response time to user requests related to averages, since these requests will be 
run against snapshots with most of the calculations already done. 

4. WEB APPLICATION 

We will now discuss the Internet application, which allows users to query salinity database and get the 
results via browser. This project is still under development so some functionality is not yet supported through the 
web. The benefits to provide the Internet access to the database are evident. The data (or part of it if some data is 
considered sensitive) will be available to general public and may be used to increase public awareness of the 
environmental projects done in Florida Bay. In particular, students may use the data for their science projects. The 
web access will allow the researchers to have access to data much easier. At the same time additional technical 
problems related to security and slow bandwidth via the Internet should be resolved for the web application. 

When fully functional the application will assist users to start search for salinity and temperature data for particular 
basin(s) ifthe large areas are of interest. Ifthe user focuses on specific geographical area, the data search may start 
by choosing place(s), particular observation station(s) or coordinates (latitude/longitude). It will be also possible to 
get data associated with some particular study(ies). 

Figure 4 shows the query window of the web application for the salinity database when data search is 
conducted by basin(s). In this particular query we are concentrated in salinity data only. Thus the appropriate check 
box is clicked under Dataset. We are taking January 1999 as the time period we are interested in, the Starting date 
and Ending date are chosen on the form accordingly. We want to get daily averaged data and radio button in 
Average term is set on daily. We are ready to get data regardless of the water depth value where the measurement 
was taken: we click bottom, surface and intermediate check boxes under Depth . Finally, we are looking for the data 
from only one basin, Johnson Key Basin, which is chosen in the select list under Basin on the query form. 
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Figure 4. Query window of the web application for the salinity database. 

Figure 5 displays the results for our query as a table with four columns. Column Date indicates the date 
when measurements were performed. Column Depth indicates the water depth for the measurements . Here 's' stands 
for surface, and 'b' stands for bottom measurements. Column Parameter value gives the daily averaged value for 
salinity measured in PSU (practical salinity unit). Column Basin gives the basin name, and has the only value in the 
case of our query. 

Our sample query resulted only in few records, which can be easily analyzed on the screen ofthe Internet 
browser. However, in many cases the result set is expected to be thousands of records that need additional tools for 
further analysis. We are planning to provide two options for the user in this case. The first option is to download the 
result set as a file prepared in some commonly used format, say plain text with comma separated values. This file 
may be imported to any third party tool for further statistical analysis. This option will work as follows. The user 
will be asked to enter her e-mail address in the additional text box on the query form. When the user query is 
processed and the data file generated, the user receives e-mail with instructions how to download the file from the 
FTP (file transfer protocol) site, which supports the application. 

The second option is to provide tools for data analysis within the web application. This includes changing 
column orders and providing sorting capabilities for the result set. Additionally generation of graphics to illustrate 
the data is planned to be implemented as an option. Finally we are planning to support functionality of pivot tables. 
Pivot tables are tools to work with data in multi-dimensional manner. For example, we can consider time as one 
dimension for salinity data, a set of station ids as another dimension and type of observation dataset as a third 
dimension. With the pivot table the user will be able to study the dependencies between the data elements according 
to the dimensions chosen. Pivot table will display data in a matrix-like form and will allow user to manipulate this 
matrix. 
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Figure 5. Query results window of the web application for the salinity database. 

5. CONCLUSION 

Design of the database to store salinity patterns in Florida Bay demonstrates a successful attempt to summarize all 
the data related to the subject into one well-organized and easily accessed data source. Implementation of the 
database design using Oracle RDBMS gives scientists an additional tool to study and analyze salinity data. Creating 
web application will broaden and further ease access to the salinity database. The framework of this project may be 
extended to include datasets of other environment studies performed in Florida Bay and generally in South Florida. 
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