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Satellite Tabulation

Marvin Bauer and Bruce Wilson

of Impervious Surface Areas

The past decade has been one of
steady growth across many areas
of North America including

Minnesota, and particularly in our lake
regions and associated communities as
exemplified in Figure 1, which is an
aerial photo of Spicer, Minnesota (with
Green Lake in the background). The
change in imperviousness from the
census time periods of 1990 to 2000,
shown in Figure 2, is about 36% (with
the red and yellow colors depicting the
highest areas of imperviousness – keep
reading for details) With future growth
projections as much as 100+ percent in
some areas over the next 30 years, there
is concern about the impacts to our
water resources as new developments of
homes and associated commercial/
industrial zones create new stormwater
discharges to lakes and streams. A major
factor in determining the potency of the
stormwater relates to the amount of
imperviousness – highways and streets,
parking lots, and rooftops within the
drainage areas.

Many studies have shown that the
amount of impervious surface area in a
watershed is related to the alteration of
streams and loss of fish habitat as well
as degradation of water quality and
wetlands (Schueler and Holland 2000).
In the case of stream impacts, ten
percent or less of drainage basin
imperviousness can begin altering
streambeds, negatively impacting
fisheries and critters (macroinverte-
brates), and decreasing important
infiltration of ground waters.
As the amounts of imperviousness
increase, the runoff velocities and
volumes increase, ripping away the
sides of the streams to carry eroded soils
downstream to sensitive lakes and
streams.

Figure 1. View of impervious surfaces in Spicer, Minnesota with Green Lake in background
(MDNR photo provided by Skip Wright).

Until relatively recently, the linkage
between impervious surfaces (or mostly
“car habitat” in the words of Tom
Schueler of the Center for Watershed
Protection) and impacts to receiving
waters was not fully realized. And, even
now, these impacts are only beginning to
be appreciated by developers, city
managers, councils, and industries as
they implement the U.S. Environmental
Protection Agency’s Phase II municipal
separate storm sewer system (MS4s)
permits. While managing to prevent/
avoid/minimize imperviousness is
preferable, most MS4 communities have
had little time to understand and
appreciate the ramifications of increases
in impervious surfaces to receiving

waters. MS4 communities are being
asked to improve stormwater
management via stormwater pollution
prevention plans (SWPPP). Each
regulated party determines the
appropriate pollution prevention
practices or “best management
practices” to minimize pollution for
their specific site. Recommended first
steps in BMP siting include:

1. advanced planning and mapping of
impervious areas within drainage
basins of sensitive streams and lakes;

2. locating existing runoff management
practices, potential buffer, and
conservation areas that would limit
interconnectedness of impervious
surfaces; and
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3. linking of several BMPs to provide
sequential treatment of stormwater
runoff.

The effectiveness of these efforts is
improved by having numerical/narrative
resource management goals for the
receiving water bodies for typical
pollutants. Advanced simulation models
such as P8 (Walker 1990) can offer
considerable assistance in estimating the
effectiveness of BMP treatment systems.

Figure 2. Spicer, Minnesota’s impervious surface percentages in 1990 and 2000 by
general categories (0–19%, 20–39%, and 40–100% cover) – keep reading for details.

Until satellite technologies were
available, impervious surface was
commonly calculated by using average
percent impervious values by land use
classes developed from parcel maps or
interpretation of aerial photography. For
example, single family residential is
35% impervious, commercial 85%
impervious, industrial 75% impervious,
and parks 15% impervious. However,
the estimated values may not accurately
represent any particular location due to

building and design variations, and it is
expensive to obtain the land use data.
And, if results are needed over larger
geographic regions, including multiple
cities, there will likely be differences in
methods and dates of data collection that
lead to inconsistencies in results.

Satellite Mapping of Imperviousness
Recently a number of researchers,

including the University of Minnesota’s
Remote Sensing and Geospatial
Analysis Laboratory, have investigated
the potential of satellite remote sensing
as a means to accurately and
economically map impervious surface
area. The approach developed and tested
by the University of Minnesota has
shown that digital multispectral satellite
imagery can be used to accurately
determine and map the amount of
impervious surface area. The methods
depict the degree of imperviousness
from 0 to 100% at the pixel level – 30
meters on a side or about a quarter-acre
for Landsat Thematic Mapper (TM)
data.

The method is based on a strong
relationship of the “greenness”
component of the “tasseled cap”
transformation of Landsat TM data to
the amount of green vegetation, and
therefore to the lack of green vegetation,
or impervious surfaces, in a pixel (or
quarter-acre cells). Although the
majority of Landsat pixels in an urban
area are mixtures of two or more cover
types, this method provides a means to
estimate the fraction of each pixel that is
impervious. Following conversion of the
six reflective spectral bands of the
Landsat data to greenness, a polynomial
regression model of the relationship of
greenness to percent impervious area is
developed. The relationship is
determined by carefully measuring the
amount of impervious surfaces in
selected sample areas from high-
resolution aerial photographs that are
registered to the Landsat imagery. An
example of the relationship of greenness
to impervious area is shown in Figure 3.
Once the regression model is developed
from a sample of approximately 50 sites
representing different kinds and amounts
of impervious areas, it is applied to all
of the pixels in the imagery that have
been classified as urban or developed. A
comparison of measurements from a
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Figure 5. Landsat classification of imperviousness for the
seven-county Twin Cities Metropolitan area for 2002.
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Figure 3. Relationship of Landsat “greenness” to
imperviousness for 2002.
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Figure 4. Comparison of Landsat estimates and measurements
of imperviousness.

second, independent set of samples to
the Landsat estimates of the amount of
impervious area is shown in Figure 4.
The accuracy or agreement between the
Landsat estimates and measurements
from the aerial photography has been
quite good – with average accuracy of
90% (as measured by R2) and standard
errors of 8–10%.)

The Landsat classification maps can
be transcribed into geographic
information system (GIS) data layers for
use by common planning and analysis

packages and used to generate maps and
summary statistics as well as inputs for
a variety of runoff prediction software
packages (from the “simple method” to
complicated hydrologic runoff models).
The satellite products can be developed
for different scale needs such as:
• Large county and regional

assessments such as the seven-county
Twin Cities Metropolitan Area
(TCMA). An example map of the
TCMA for 2002 is shown in Figure 5.
For the entire seven-county area, the
amount of impervious area increased

from 171,700 acres (9% of the total
area) in 1986 to 247,000 acres
(12.9%) in 2002. The trends in
percent imperviousness for each of the
TCMA counties, by ~ five year
intervals, are depicted in Figure 6.

• Smaller scale tracking of changes in
imperviousness over ~5 year intervals
for all 200 municipalities within the
Twin Cities Metropolitan Area. The
changes in impervious area due to
development from 1986 to 2002 for
Woodbury, a rapidly growing suburb
east of St. Paul, are readily apparent
in Figure 7.
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Figure 6. Changes in percent impervious surface area for the TCMA
counties, 1986 – 2002.
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• Statewide changes in imperviousness
– as are being completed for
Minnesota at this writing, for the
census years 1990 and 2000. Work is
also underway to define changes in
impervious cover from 1990 to 2000
census periods, for about 20 lake
watersheds in the heart of the
Minnesota Lake regions. We’ll report
back to you when that work is
completed.

Conclusion
We believe the satellite work is an

invaluable new tool for showing
cumulative impacts of urbanization. The
GIS data layers and associated maps can
be used to quantify imperviousness by
lake and stream drainage areas, model
runoff characteristics, and begin to
devise Best Management Practices
(BMPs) for rehabilitation goals or
protective purposes. Landsat satellite-
based impervious classification and
mapping provides a cost-effective way
to accurately assess the degree of
impervious cover over large geographic
areas and by municipality (e.g.,
probably less than $1000 per

Figure 7. Landsat classifications of imperviousness for the City of Woodbury, 1986–2002.

municipality for defining trends over
several years). One of our greatest
challenges in natural resource
management has been to show how to
balance the competing needs of growth
while protecting/restoring our water
support system of lakes, streams, and
groundwater. The satellite remote
sensing is helping us in this critically
important task.
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