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Outline
• Mapping & Monitoring change

– Mid-Atlantic
– New England

• Ecosystem Impacts
– Resource lands
– Stream biota

• Core roadless areas
– Habitat connectivity

• Modeling Future change
– Alternative Scenarios 



Chesapeake Bay 
Largest Estuary in 
US @ 7,000 km2

Average Depth 6m

Watershed
168,000 km2

(64,000 mi2)

Mid-Atlantic 
Region



Population growth 
is offsetting incremental restoration gains 

Over 15M inhabitants of the Bay Watershed as of 2005

Greatest need is for 
current information on land use change & 
projections of where future change will occur.

Officially an 
“Impaired Watershed”

under the Clean Water Act



Monitoring the 
Urbanization 

Process 

Satellite imagery essential

Landsat Image
Mosaic

20 scene area
3 seasons / year

Repeat as needed

Philadelphia

Washington

Pittsburgh



Aerial Photos 3m to 30m Grid %Impervious Cover

Development of “Training Data” for Satellite Mapping

Mapping the Urban Environment
Impervious Surfaces



Richmond, VA

10%           20          40           60           80      100%

Year 2000 
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Change in Urban Areas 

Impervious Cover Change
1990-2000

(reds & yellows)

Northern VA



Urbanization in the Greater 
Baltimore – Washington

D.C. area since 1986

Washington Post 20 km



Year 2000 
Types of

Land Cover / 
Land Use



Impacts: 
Changes in 
“Resource 

Lands”
since 1990

Forests
>334 km2

(120 mi2)

Agriculture
>888 km2

(320 mi2)

Wetlands
>2 km2



County Contribution to Total Resource Land Loss





Impacts: Water Quality, 
Stream Ecosystems, 
Aquatic Biodiversity

Maryland Biological Stream 
Survey

(over 1000 
sampling 
locations)

Weighting

Land Cover Information



Classification Tree model for 
Sensitive Taxa (EPT)





Assessments of
Watershed

Health Rankings

1) Impervious cover
2) Tree cover within 

stream buffer zone 
3) Landscape 

configuration

Excellent rating:  < 6% impervious,  >65% tree buffers
Good rating:       <10% impervious,  >60% tree buffers

Restoration Targets



Next Steps
Link Land Use Model with

Grid-based Hydrology Model

Focus on Upper Delaware 
(ERMN)

Alternative Development 
Scenarios

Simulate the Influence of
Low Impact Development 

techniques
Landscape Configuration

Buffer Zones



Identifying Remote Roadless Areas / 
Core Habitat



Management Status of Core 
Roadless Areas



Example Connectivity 
derived from graph theory



Partners & Collaborators

Research Assistance

Financial Support





Future Scenarios
Predictive Modeling of the Urbanization Process

Urban Growth Model (“SLEUTH”)
• Simulates urban extent (not intensity)
• Grid (cell) based (like imagery)
• Growth rules (dispersion, edge, roads, etc..)

Calibration (rate & pattern matching)
Prediction 

Simulate implications of policy & 
management decisions



SLEUTH Applications in the United States



SLEUTH model calibration
The greater Baltimore – Washington DC metropolitan area, circa 2000

mapped modeled





Modeling Segments

• 168,000 km2 @ 30m =
~200 million cells..

• iterative process >>CPU

Regional Model
Calibration & Predictions
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