
Watershed boundaries are controlled by topography and hydrologic processes and typically occur independent of political or socioeconomic boundaries. However, the 
boundaries of low relief, heavily urbanized watersheds may be influenced more by the urban environment (e.g. roads, railways, and built-up residential subdivisions) than the 
natural environment. High resolution light detection and ranging (LiDAR) topographic data has the capability to reveal subtle patterns on complex urban landscapes that 
influence surface flow direction and accumulation. For this study, sub-meter LiDAR data is used to delineate the boundary and stream network of the Rouge River Watershed in 
SE Michigan using ArcGIS Hydrology and Spatial Analyst tools. Examining the results of the analysis, we find that the watershed boundary and stream network more closely 
follows features of the urban environment than those of the natural environment. 
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Introduction

Methods
A mosaic of the area was assembled using 1.6 km2 raster tiles 

derived from high-resolution light detection and ranging (LiDAR) 
topographic data. Watershed boundary and stream network were 
delineated and extracted using ESRI’s ArcGIS 10.4 Hydrology 
toolset.

Data Analysis
1. Subdivide watershed boundary wherever it intersects a road 

and subdivide the stream network at confluences of the same 
stream order.

2. Generate multi-ring buffers around roads and railroads and 
overlay with single buffers around watershed boundary and 
stream network segments.

3. Calculate the percent area of each polygon for each buffer 
distance.  Calculate mean and standard deviation distances for 
each watershed feature segment; a lower standard deviation 
(σ) means a more parallel conformity to infrastructure. 

Results

Urban vs. Rural Watershed

Abstract
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References and Sources

Humans are particularly proficient at transforming landscapes, 
altering surface and subsurface hydrologic processes, soil 
functionality and quality, and topography.  The roads (linear 
disturbances) that humans build have an impact on human health, 
biological richness and integrity, and runoff organization and 
efficiency.

The environmental impact of roads has been evaluated based 
on damage assessment within the  road effect zone.  Recent studies 
suggest there is significant impact within 100-600 meters of a road; 
impacts include particulates, noise, light, and temperature 
variability. However, less is known about the zone of impact 
between a road and nearby streams; often, streams are modified to 
intersect roads at perpendicular angles, conform to the road 
pattern, or be completely removed from the surface.

Separating the road and stream networks in densely urbanized 
cities has been a substantial challenge, but recent advances in 
geospatial technology offer better opportunities to study the 
interaction between urban and natural processes.  High-resolution 
LiDAR data can distinguish between artificial and natural channels, 
as well as engineered structures in urban areas revealing the subtle 
conformities between the different types of landscapes. 

Study Area

• The same technique was applied to a more rural watershed in 
Michigan.

• As expected, much less of the boundary was near 
infrastructure and the stream network showed minimal overall 
influence from roads. 

Watershed Boundary
• The percent of roads and railroads within close proximity of the watershed boundary is highest in Main 1, Lower 2, and Upper, which include communities with a lengthy 

history of development and industrialization. 
• Lower 1, which contains some of the last remaining agricultural and natural land use areas, has a relatively low percent of road and railroads near or adjacent to the 

watershed boundary

Stream Network
• Streams within heavily populated watershed subsections, such as Main 2 (58% ISC), generally had a relatively low average standard deviation (𝜎 = 24), indicating reduced 

sinuosity and higher conformity.
• Lower 1, which is less developed (20% ISC), had a higher average standard deviation (𝜎 = 49), indicating more river meandering.

Limitations and Assumptions
• Consistent road effect zone regardless of road size or stream 

order

• Stream conformity was underestimated because the stream 
network was split at confluences of similar stream order

• Buffer width and conformity thresholds were subjective and 
based on anecdotal evidence regarding stream and road 
networks in Southeastern Michigan

Conclusion
• Urbanization plays a substantial role in influencing watershed 

and stream network shapes

• An urban watershed boundary can be seen as an evolving 
characteristic that development and management practices 
more than natural hydrologic processes

• High resolution topographic data has the ability to reveal 
landscape subtleties that are hidden in older datasets.  
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