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This project is a component of a larger study involving hydrologic water quality modeling of the Lower Chippewa
River Watershed. This presentation explores land use/land cover (LULC) changes the watershed has witnessed 
over a 20 year period. In order to examine the ramifications of LULC dynamics within the watershed, land use maps 
were produced for the decennial years 1990, 2000, and 2010. Expansion of population and its associated implications
for settlement and infrastructure can exert significant stress on forest, agricultural, and green space land uses. Using
a hybrid classification approach that encapsulates linear spectral unmixing and expert system algorithms, eight LULC 
classes were produced for the Lower Chippewa River Watershed. Results of the study demonstrated that residential,
commercial, industrial, and institutional land uses increased at the expense of agriculture and forested areas. Being 
able to quantify LULC, a correlation matrix can be used wherein the percentages of LULC can be used as a predictor 
variable and the water quality parameters as the response variable. This type of study is instrumental to land use 
planners as it uncovers potential negative implications of changes in LULC so that remedial actions can be instituted to 
obviate such impacts.  
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The Lower Chippewa Valley watershed
is located in Western WI and makes contact 
with 16 counties. The watershed is a 
diversified area of forest, grassland, 
wetlands, agriculture, urban, and water 
resources. The total area is 1,252,912.68
hectares in size (1 hectare = 10,000 m²).
Agricultural land and forests make 
up the majority of the watershed 
and offer invaluable resources. The area
boasts many public forests, recreational 
land, and access to many wonderful streams
and lakes. Population is also on the rise within the
watershed which puts the natural areas
and even the hydrologic processes at risk.

A special thanks to Dr. Cyril Wilson for his patience and knowledge throughout the
duration of the project and also to ORSP for funding a portion of the project.

Landsat Thematic Mapper (TM) satellite imagery was downloaded for each of the years. Landsat images are available
in 6 reflective bands at 30 meter spatial resolution. In a “false color” image, vegetation appears in shades of red, 
urban/built-up areas in cyan, and water as black. The satellite scenes went through pre-processing which involves 
geomtrically correcting each scene to a spatially accurate digital raster graphic and then a mosaic and subset was 
performed to extract the area of interest. An unsupervised classification known as ISODATA was performed on the 
1990 and 2010 image in which the computer breaks the image into 250 sets of clusters. Each set of clusters share very
similar reflectance signatures to which the user assigns a specific LULC class. For this project, eight LULC classes were 
used: Water, Forest, Agriculture, Grass/Range, Industrial, Commercial, Institutional, and Urban (Residential/Roads). 
The 2000 image then underwent a supervised classification called Linear Spectral Unmixing because the radiometric 
properties were too poor for an unsupervised classification. With this method, the user selects certain portions of the 
multidimensional feature space containing the “pure” pixels for each LULC class and then the analyst hardens the 
image based on the selections for each class. After the initial stage of classification, it was readily apparent that certain
portions of the image contained noticeable amounts of error. To mitigate these errors, advanced classifiers were used 
to clean up the image. Polygons were manually cut around the erroneous areas and then converted to the correct 
LULC class. Ancillary data was gathered to determine areas of commercial, industrial, and institutional land use in order
 to correctly classify these areas.
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The results from this study illustrate a steady increase in urban sprawl within the Lower 
Chippewa River watershed over the 20 year time period. Areas showing the biggest changes 
include the city of Eau Claire, the corridor between Eau Claire and Chippewa Falls, Menomonie,
and Rice Lake. Residential areas consistently expanded and saw the largest change in this
20 year period reporting a gain of 50,245.74 hectares (+194%). It should be noted that road
networks were included in this class and were picked up far better in the 2010 image. Forest 
areas have declined over the past 20 years netting a loss of 69,228.27 (-12%) hectares. 
Agricultural areas have also slightly declined, mostly around the urban areas. The total loss of 
agricultural land between 1990 - 2010 was 17,698.05 (-3%) hectares. Much of this change can
be attributed to urbanization. The Grass/Range class expressed a decline from 1990-2000 but
then jumped sharply by 2010. This class was very difficult to classify based on radiometric
properties and therefore led to a sporadic fluctuation. Due to time constraints, an accuracy
assessment was not feasible. With that, an accuracy of 85% or greater is the acceptable level
in the Remote Sensing community. Once this level has been achieved, the results can then be
used to model future growth through a predictive algorithm. The implications of this study
suggest that this area within the watershed will continue to develop at the cost of native and
agricultural land as well as potentially affecting the hydrologic characteristics. 
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“False Color” TM Satellite Image

Radiometric quality a�ected by cloud cover and atmospheric interference 
which led to some misclassi�cation error.
Coarse spatial resolution.
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1990
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2010

Hectare Totals
1990 2000 2010

Water 27,388.71 20,307.33 23,206.32
Forest 571,090.50 566,397.81 501,862.23
Ag 561,694.68 564,265.71 543,996.63
Grass 64,398.06 51,028.56 103,812.66
Residential 25,877.43 47,916.81 76,123.17
Commercial 1,307.25 1,539.99 1,906.83
Industrial 605.43 866.88 1,224.18
Institutional 547.92 586.80 780.66
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Menomonie
Eau Claire Chippewa Falls

Limitations

Unable to perform accuracy assessment.


