
An Aquatic Data
Warehouse Project
Designed to eventually act

as a central storage and 

clearance facility of water 

quality data of many types

(Left) A generalized data flow for the contents of the database. 
(Right) A prototype web browser interface for spatial and 
temporal querying of the dataset. Complete access to the raw 
data would be granted to authorized users.
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Data Sources
Dr. T. Ehlinger (Biology Department, University of Wisconsin – 
Milwaukee) has been monitoring several rivers within the Lake 
Michigan watershed.  Monitoring of these sites has been more or 
less continuous for the past two years, and will continue for at least 
the next several years. These measurements are made at a high 
frequency using automated in situ sensors, loggers and cell phone 
transmission to the laboratory, allowing for accurate 
characterization of long-term conditions within these rivers, as well 
as short-term dynamics.  Such measurements are critical for 
distinguishing real, long-term ecosystem change from natural 
ecosystem variability. 

The Milwaukee Metropolitan Sewerage District (MMSD) 
has a long series of data for a number of rivers within the 
watershed, as well as the Milwaukee Harbor and the nearshore 
waters of Lake Michigan immediately adjacent to the harbor.  
These data extend back to 1975, and are available at daily to 
weekly intervals for the period of 1980 to present.  This data set 
includes a large number of parameters (Table 1).  The river data 
have been partly analyzed to examine historic trends of water 
quality in the Milwaukee, Menomonee and Kinnickinnic Rivers 
(MMSD 1997), but no similar analysis has been conducted for 
harbor or lake water. Since 1979 the MMSD has sampled Lake 
Michigan to evaluate any potential impacts its Wastewater 
Treatment Plants’ discharge might have on the Lake. Also these 
results are used for making facility improvements. Samples are 
collected at 41different locations with three strata being sampled at 
each location.  

The Great Lakes WATER Institute (University of Wisconsin – 
Milwaukee) initiated a regular monitoring program for Lake 
Michigan and the Milwaukee Harbor in 1998.  These data as well 
as many other data streams from various projects at the UWM 
WATER Institute will be included in this database.

Individual research projects, theses and dissertations 
amassed significant data on the physical, chemical and biological 
nature of the harbor and lake that date back to the mid 1960’s.  
These data will be identified in the database, although the 
reconstruction of a complete metadata record may not be possible 
for all studies.  

Linnwood Water Purification Plant also provides a long term, 
high resolution data source for the project.  The plant draws water 
from Lake Michigan at a depth of 15 m, 1.6 km offshore.  These 
data have been collected from 1939 until the present, and are a 
valuable record of conditions in the lake over the past 6 decades.  
For much of this period, data have been collected on a daily basis.  
The most extensive data set includes water temperature, water 
chemistry, turbidity, and phytoplankton species composition  In 
addition, other chemistry data are available for certain periods 
(Ca2+, Mg2+, Na+, K+, Fe3+, NH4+, SiO2, Cl-, SO42-, NO3-, 
NO2-, chlorinated acids, pesticides, PCB’s, carbamates, 
aldehydes, TTHM, haloacetic acids, haloacetonitriles, chloral 
hydrates and total organic halides).

Four separate databases outlined above are in different formats.  The 
historic Linnwood data exist partly in digital format, and partly in hard copy 
format.  The MMSD data and the river monitoring data collected by T. 
Ehlinger are stored in Microsoft Access format.  The data collected by the 
WATER Institute monitoring program are stored primarily in spreadsheets 
(Excel).  We propose to increase the utility of these data and facilitate data 
access by:

1.	Combining  these four separate databases into one relational database.

2.	Designing a database program, using Oracle software, to allow for efficient 
querying and management of the database. This software will include a user 
interface to simplify its operation by various data users.  Because the USEPA 
Great Lakes National Program Office (GLNPO) also manages its data in an 
Oracle database, our program will be compatible with their lake-wide 
monitoring program.  The user-interface will be in a GIS format, utilizing GIS 
spatial databases that were developed several years ago by A. Brooks with 
support from WDNR (Fig. 3).  These databases will include an inventory of 
sediment contaminants within the Milwaukee Harbor.

3.	Developing a web site through which the larger community of researchers, 
managers and educators will be able to access the data.  An advantage of 
Oracle is that it provides an internet-ready platform for building and deploying 
Web-based applications.

Database program applications and user interfaces will be developed 
in several categories:

-	 A network application for general users to browse the data and view the 
corresponding graphs, etc.
-	 A web-based application through a password-protected connection for 
researchers and educators. Controlled access to database content will allow 
public users to browse non-sensitive data and scientific collaborators the 
ability to share data from ongoing projects. 

Project Description

Aquatic habitats within Wisconsin have changed dramatically 
over the past century, and continue to be altered.  Changes 
include increased loads of nutrients, sediment and 
contaminants, altered hydrology, and exotic species 
introductions.  Although there is a general awareness of these 
changes, their impact at the ecosystem scale is not well 
understood.  For example, little is know about how changes in 
tributary water quality affect water quality and the flora and 
fauna in the nearshore waters of Lake Michigan.  While a 
significant amount of data exist for tributaries and nearshore 
waters, the disparate nature of these data, along with 
difficulties in data access, have prevented a holistic approach 
to understanding temporal dynamics at the ecosystem scale.

Currently there are a number of institutions collecting 
information on the physical, chemical and biological properties 
of riverine and lacustrine systems in the Milwaukee River 
watershed.  We propose here to organize and consolidate data 
collected by three institutions that are collecting environmental 
data along a hydrologic gradient from the watershed 
headwaters, through the Milwaukee River and the Milwaukee 
Harbor to the nearshore waters of Lake Michigan.  In addition, 
we propose to develop database applications that will facilitate 
data querying and data access using stand-alone and network 
applications.

Objectives:	
1) Collate a disparate set of databases related to the 
biological, chemical and physical properties of water in the 
Milwaukee River watershed region.

2) Design a database program that simplifies access to data 
archives and allows for data queries.

3) Make the above data available for access by the larger 
community of managers, researchers, educators and the 
general public through the development of user interfaces and 
access via internet

Temporal Span:
	 	 The various data sets cover time periods of different 
lengths, dating back to as early as 1939. The details for each 
data source are provided below.

The geographic coverage of this program overlaps the 
nearshore area monitored by the MMSD, and extends offshore 
to a 100 meter deep pelagic station located 10 miles northeast 
of the Milwaukee Harbor.  Parameters monitored by this 
program include a broad suite of physical, chemical and 
biological variables, as well as several process measurements 
such as phytoplankton photosynthesis and bacterial 
productivity.

A pelagic monitoring buoy is moored 
on a triangular anchor system in 109 m of 
water.  It is equipped for both meteorological 
measurements and water quality 
measurements (profiling surface to bottom).  
Data are logged on the buoy, and 
transmitted via cell phone back to the 
WATER Institute twice per day.  These data 
are currently archived at the WATER 
Institute, but there are plans to make the 
data available to other researchers, 
managers and the general public via the 
Internet within the next 9 months.

Buoy:  Guardian Series, Model G2000
-	 Total Displacement:  2750 lb. (1249 kg)
-	 Air Weight:  834 lb. (379 kg)
-	 Reserve Buoyancy:  1916 lb. (870 kg)
-	 Total Height:  15’ 6”  (4.7 m)
-	 Diameter:  5’ 2”  (1.57 m)

R.M. Young Meteorological Station
-	 Wind Monitor, model 05106
-	 Temperature Probe, 41342VC
-	 Gill multi-plate radiation shield 41002
-	 Barometric Pressure Sensor 61201
-	 Electronic Compass 32500

GPS	 - Garmin GPS-36

Water Quality Sonde
-	 YSI Multiprobe 6600-D
-	 depth, temperature, conductivity, pH, 
dissolved oxygen, turbidity, chlorophyll 
fluorescence, under water irradiance (PAR)

Telemetry System
-	 Cellular, CTM-2400
	
Location:	 43o 12.547’ N,   
87o 39.363’ W.   Maximum 
Depth at Location:  109 m

(Left) Temperature data from three steams showing decreased 
amplitude and increased temperature as urbanization increases. 

 (Right) a YSI 
multi-sensor 
datalogging 
sonde used for 
high resolution 
data collection.


