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• What spatial scales are important?
• Does urban cover interact with other variables?
• Temporal scales of stream recovery?

Source:  CWP (Center for Watershed Protection). 2003. Impacts of Impervious Cover on Aquatic Systems. 
Watershed Protection Research Monograph:39-49.



UVM-VTANR Project Objectives:

1. Complete Phase I  and II assessments for 
streams in spring and summer 2005

2. Develop a research project with data 
specific to the stormwater impacts and the 
evolving needs of the Stream Geomorphic 
Assessement (SGA) protocol
● Spatial scale-dependent responses to urbanization
● Temporal scale of macroinvertebrate response







SGA Phase I – GIS & Remote Sensing

Slope and Slope and 
SinuositySinuosity
Soil TypesSoil Types
Buffer WidthBuffer Width
Valley GeometryValley Geometry
Preliminary Preliminary 
Stream TypeStream Type
ManMan--made made 
drainagedrainage
Total Impervious Total Impervious 
Area (TIA)Area (TIA)



SGA Phase II - Field Measurements:

CrossCross--Section Geometry (1Section Geometry (1--3 3 
measurements per reach)measurements per reach)
Bank erosion dimensionsBank erosion dimensions
Substrate sampling (pebble ct.)Substrate sampling (pebble ct.)
Buffer & corridor conditionsBuffer & corridor conditions
Main channel culverts & Main channel culverts & 
stormwaterstormwater outfallsoutfalls
RGA & RHA for current RGA & RHA for current 
geomorphic and aquatic geomorphic and aquatic 
habitat conditionshabitat conditions
Results from VTANR Results from VTANR BiomonBiomon--
itoringitoring Program (since 2000)Program (since 2000)



Effect of Total Impervious Area (TIA) at Multiple Spatial Scales:

• Independent high-gradient reaches from each watershed (n = 17) 

• Simple and multiple linear regressions using other natural watershed variables
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• TIA highly correlated between 

scales (p < 0.01)

• Watershed TIA best predictor

• TIA alone is often best predictor

Results:



Response of High-Gradient 
Reaches to Upslope TIA:

• ~5% TIA threshold

• no significant change at        
TIA > 10% (n = 6; p = 0.48)

• channel slope and 
drainage area interacts 
with TIA (ANCOVA; p < 0.05)



Response of High-Gradient 
Reaches to TIA:

• drainage area interacts with 
TIA (ANCOVA; p = 0.001)

• Steep, headwaters reaches   
are most susceptible to urban 
impacts and rapid channel
widening



Temporal Scale of Urban Impacts
on Biotic Communities:

Can we make inferences about the temporal 
scale of biotic recovery using channel evolution 
stage observations?

Can biotic communities recover following natural 
or human-induced channel restoration?



Biotic Response at 5% TIA in High-Gradient Reaches



Biotic Response to Urban Channel Evolution
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Recovery?

Biotic Response to Urban Channel Evolution



Summary & Conclusions:

Watershed TIA has greatest influence on stream 
conditions in northwestern Vermont (5% threshold)

High-gradient, headwaters channels are more sensitive 
to the impacts of urbanization than lower-gradient 
reaches

Recovery of biotic communities following incision-
dominated channel adjustment processes may be 
especially dependent on the recovery of dynamic 
equilibrium conditions 
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