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3,000 square feet

3” soil medium
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Extensive (v. Intensive)

10 species         
(mostly sedum)
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Green Roof Research QuestionsGreen Roof Research Questions

• Is runoff volume reduced?

• Are pollutant concentrations and 
loads affected? 





Results (USGS) Results (USGS) –– (Publication Pending)(Publication Pending)
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Green Roof retained over 90% of rainfall



• Green roof delays runoff and can retain up to 100% 
of rainfall (up to 2 inches!).

• Antecedent dry conditions are main driver in how 
much rainfall is retained.

• Effect on pollutant concentrations vary, but annual 
loads likely reduced due to volume reduction. 

• Possible exception – phosphorus, especially during 
establishment years…

Water Quantity and Quality Results (USGS) Water Quantity and Quality Results (USGS) 
Green RoofGreen Roof
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Clustered lots:
28 out of 38 acres 
of area preserved 
as open space

Narrow 
roads

Shared Septic 
System

All roofs to 
drywells

Rain gardens

grass pavers/ 
grass swale

Native 
Vegetation
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LID Subdivision Research QuestionsLID Subdivision Research Questions

Runoff comparisons between:
– As-built LID development
– Clustered-only development (modeled)
– Conventional layout (modeled)
– Undeveloped condition



Total Site RunoffTotal Site Runoff
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Peak RunoffPeak Runoff
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• Runoff from all types of development increased 
relative to forest condition.

• Cluster development runoff patterns were closer to 
forested condition than to conventional 
development.

• Runoff patterns from a cluster development with 
enhanced LID stormwater practices were even 
closer to those of the forested condition.

• Preservation of open space is the driving factor.

Runoff Patterns Runoff Patterns –– LID SubdivisionLID Subdivision



��3�
�����
4�����#
�������������3�
�����
4�����#
�����������



Flexi-Pave

GravelPave

Bioretention Cells

Porous Asphalt

Permeable Pavers

Vegetated Water 
Quality Swales

Image downloaded from Google Earth™

Standard Asphalt

LID Parking Lot RetrofitLID Parking Lot Retrofit





Permeable 
Pavers

Bioretention

Porous 
Asphalt





Gravelpave

Flexi-Pave
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Parking Lot Research QuestionsParking Lot Research Questions

• Is groundwater quality negatively impacted 
under the permeable paving?

• Are beach closures due to fecal bacteria 
reduced (or eliminated)? 



• No indication of groundwater 
impairment as a result of pervious 
paving.

USGS Results:

Town Board of Health Results: 

Parking Lot Parking Lot 

• Beach closures appear reduced.
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Pavers

Pavers
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LID Neighborhood Retrofit LID Neighborhood Retrofit 
Research QuestionsResearch Questions

• Is runoff volume reduced?

• Are pollutant concentrations and loads 
affected? 



• For small storms (� 0.26 inches), LID features 
are reducing runoff volume and fully retaining 
many… although variability too high for 
statistical significance.

• For larger storms, pre- and post-LID conditions 
perform similarly.

• 60% of all storms sampled were small storms.

• Water quality samples biased toward larger 
storms, and no differences in concentrations or 
loads were discerned.

LID Neighborhood Retrofit Results LID Neighborhood Retrofit Results -- USGSUSGS
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Project WebsiteProject Website

www.mass.gov/dcr/watersupply/ipswichriver/index.htm

or:
Google: “Ipswich Targeted Watershed”
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