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Lakes are important environmental, economic and recreational resources in the Upper Midwest Region. 
Monitoring and protecting lake water quality are major concerns for many local and state agencies. However, 
because of expense and time requirements for monitoring, it is effectively impossible to adequately monitor more 
than a small fraction of this large resource by conventional field methods. The use of satellite remote sensing is a 
potentially cost-effective way to gather the information needed for regional water quality assessments in lake-rich 
areas like Minnesota and Wisconsin. Based on a strong relationship between Landsat TM bands 1 and 3 and Secchi 
disk transparency we have developed an image processing and classification protocol that has been applied to more 
than 500 lakes in the seven-county Twin Cities metropolitan area with images from 10 different years from 1973 to 
1998. This database has been used to assess spatial patterns along with temporal and seasonal trends in lake water 
clarity within the TCMA. The protocol also has been used for classification of lakes in west central Minnesota and 
eastern Wisconsin. As part of a NASA-sponsored Upper Great Lakes RESAC project, we are applying the 
procedure to statewide assessments of the much larger number of lakes (many thousands) in Minnesota and 
Wisconsin. Results for the statewide classifications and the development of an Internet MapServer application that 
will enable resource agencies and the public to access information on lakes are described. 

INTRODUCTION 

The Upper Great Lakes states of Minnesota, Wisconsin and Michigan have more than 30,000 inland lakes. The 
lakes are important environmental, economic and recreational resources. Accurate and timely information about 
lake water quality is critical to informed lake management and policy decisions. However, measurements of lake 
water quality are routinely made on only a small fraction of the thousands of lakes in the region. To expand 
conventional sampling and measurements to additional lakes is beyond the capabilities and budgets of the state and 
local agencies. 

Satellite remote sensing, however, has considerable potential as a way to economically acquire information on 
all but the smallest lakes in the region. Previous studies (e.g., Lillesand et al, 1983, Lathrop and Lillesand, 1986, 
Lavery et al., 1993, Kloiber, et a!., 2000) have found strong relationships between satellite-measured spectral 
responses and indicators of lake water quality, particularly Secchi disk depth (a measure of water clarity), 
chlorophyll a, and turbidity. However, the methodology has not been extended to synoptic assessments on a state or 
regional scale. 

Satellite imagery provides the only way to obtain synoptic coverage of a large number of lakes, and Landsat 
data is particularly well suited because it combines large area coverage with spectral bands and spatial resolution 
that is well-suited for water clarity assessment. Additionally, it provides an objective approach based on well
known physical principles. On the other hand, there are limitations to the approach. For example, it does not 
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