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Abstract

Introduction
In the 20th century, the Rouge River Watershed experienced a large
population boom. Sections of the Rouge River were buried, channelized,
and otherwise altered in attempts to curb flooding and stream flashiness;
increase access for industry; and add usable land for construction. The
Rouge River Watershed was chosen as an area of study due to the high
population density, high amounts of impervious surface, large amounts
of high density residential, commercial, and industrial land use, and
obvious modifications to the stream network.

Study Area

The geomorphology of urbanized watersheds have been impacted by land use changes made as humans further develop the landscape. The Rouge River Watershed, which includes portions of the city
of Detroit and its suburbs, experienced rapid urbanization with the development of the automobile industry. With this development came modification to the stream network which will be highlighted in
this study. Through the georeferencing of aerial photographs from 1949, a historic stream network was digitized for comparison to current watershed conditions. The watershed’s past and present stream
order, stream density, proximal imperviousness, and sinuosity were analyzed in relation to the geographic distribution of land use, impervious surface cover, and population density. Stream deserts,
areas of zero stream density, and the absence of low order tributaries correlate to areas exhibiting high percentages of developed land, and also the location of historic streams. Larger changes in
sinuosity between 1949 and the present corresponded with large percentages of developed land as well. Using these methods, areas of major modifications to the stream, which may be targets for
remediation projects, can be located. These techniques were developed in respect to the Rouge River watershed, but can be applied to other urban watersheds to designate natural and developed areas.

Methods

Results
The Upper sub-watershed has been digitized with 1949 stream data and
compared to the current day. There has been significant modification to this
sub-watershed as can be seen from the figures below. In order to validate the
stream desert concept, stream density was compared between 1949 and
present day and expressed as a percent change. Areas with greater than 100%
change correlate well to areas determined to be stream deserts. Sinuosity was
similarly compared, using the magnitude of change in sinuosity from 1949 to
2013 to determine impacted areas. These areas were compared to land use
and found to be mainly occurring in areas that are now developed, relating
urbanization to the changes in sinuosity over time.

The study area includes the entirety of the Rouge River Watershed in order to analyze various stream network characteristics to assess levels of urbanization. Six
methods of analyzing urbanization were used, including two methods developed specifically for this purpose: Stream Desert and Stream Convergence Angle. A
combination of stream line data from the Federal Emergency Management Agency (FEMA), National Land Cover Database (NLCD), USGS LiDAR digital
elevation models, and aerial photographs from 1949 were used. Stream line data from FEMA was used to determine stream order according to the HortonStrahler method and watershed boundaries were derived from DEMs; the relationship between stream order and impervious surface was examined; stream desert
identifies areas where a lack of tributaries is caused by urbanization using two different methods; proximal imperviousness measures the amount of impervious
surface in close proximity to streams; sinuosity was measured and compared to historical data; and stream convergence angle measures the angle at which two
tributaries converge. Each of the above methods of assessing urbanization was compared and validated using a historical stream network derived from aerial
photos.

Sub-watersheds

Stream Order

The figure to the left shows the percent change
in stream network density since 1949. Areas
shown in red represent greater than 100%
change over time and relate well to areas
defined as stream deserts, validating the
concept.

Stream Desert

.

The Rouge River Watershed covers 467 square miles in Southeast Michigan and is comprised of
parts of Wayne, Oakland, and Washtenaw Counties. It contains all four branches of the Rouge
River; Upper, Middle, Main, and Lower and flows into the Detroit River at its mouth.

Sub-watersheds of the Rouge River derived from digital
elevation model (DEM).

Sinuosity

Horton-Strahler stream order using modified
FEMA stream line. The highest order stream
is a 6th order stream in the Rouge River
Watershed.

Stream Convergence Angle

Stream desert determination using the stream density method.
Stream network density was compared to land use
classifications to determine stream deserts. Areas shown in red
are areas with high amounts of developed land use and low
stream network density.

Population Density and Stream Order

The figure to the right shows the
magnitude change in sinuosity since
1949. Areas shown in red represent
higher magnitude change and
therefore highly urbanized areas.
When compared to present day land
use, the high magnitude changes
occur in areas of developed land
use.

.

Historical Aerial Photos
In order to validate many of the models used to quantify urbanization and examine
stream network characteristics, a comparison to historical data was necessary. Using
DTE’s collection of aerial photographs, over 300 aerial photos were georeferenced in
ESRI’s ArcGIS 10.1, spanning the entire Rouge River Watershed. Once spatial data
was assigned, the photos were mosaicked together to form a single raster. The stream
line was manually digitized to provide a basis for comparison to the present day stream
network. In providing actual historical stream networks in a usable format, each
method of quantifying urbanization can now be validated.

Conclusions

Step #1: Interpret aerial photograph and digital elevation model (DEM).

Sinuosity was derived by dividing the stream
network into localized segments and running
the “Calculate Sinuosity” tool developed by
ESRI’s “Team Python.” Lower sinuosity
occurs in areas of high urbanization.

Stream convergence angle assesses areas in the watershed
where two tributaries converge or where the river turns at
near perpendicular angles. Angles close to 90° are
indicative of heavily modified areas, as can be seen
above.

Developed Land and Stream Order

Historical aerial photographs from 1949 were georeferenced and
mosaicked to provide coverage of the entire watershed. The
stream line from 1949 was digitized (shown in red) and compared
to the current day stream line (shown in blue).

Anthropogenic development has modified and disconnected large sections of
the Rouge River Watershed. These modifications have severely impacted the
hydrologic function of the watershed. By implementing a number of different
parameters for measuring stream network characteristics, we were able to
identify several factors as indicators of urbanization in a watershed. In order
to validate the methods we developed t0.00o ensure their representativeness
of urbanization, we used georeferenced historical aerial photos to digitize the
historical stream network of the Rouge River Watershed as it was in 1949.
Areas identified as impacted by urbanization in the present day were
compared to the same areas in 1949 to determine the extent of urbanization
and the validity of our methods. We were able to demonstrate multiple
impacts of urbanization on the watershed, develop new methods of analyzing
urbanization, and identify areas that are potentially vulnerable to future
urbanization.

Population density was evaluated using census block data
and compared to the prevalence of 1st, 2nd, and 3rd order
streams. Lower order streams are much more prevalent in
areas with lower population density.
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Aerial Photos (1949) mosaicked over
Rouge River Watershed

Stream data from 1949 (red)
overlaid with 2013 stream data
(black)

Percent developed land was calculated using NLCD land use
and census block data. The majority of low order streams
were found in areas of low developed land use.
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