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GREEN INFRASTRUCTURE 

The mission of the nonprofit 
Green Infrastructure Center is to 
help localities evaluate their 
natural assets and manage them 
to maximize ecological, economic 
and cultural returns.  

We conduct green infrastructure 
planning at the regional, county, 
city and town scales. 

www.gicinc.org 
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GIC field tests in Virginia  
 Charlottesville City (2006) 

Madison County  (2007) 

Lynchburg City(2008) 

New Kent County (2009) 

Crater and Richmond Regional Planning 
Districts (2009) 

Staunton City (2009) 

Accomack County (2010) 

Nelson County (2011) 

City of Richmond (2010-11) 

Richmond Bellemeade Watershed (on-going) 

These field tests are used to inform our 
planning guide now underway for VA, NC , AR. 

 

We also provide consulting to 
other regions, such as the New 
River Valley PDC, Northern Va. 
Regional Commission and 
Rappahannock Rapidan 
Regional Commission.  
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Thanks to Our Current Funders! 
 
 
 
 
 
 
 
 
 
 

http://www.bluemoonfund.org/
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Green Infrastructure Principles 

“An interconnected network of a wide range of landscape 
elements that  

support native species,  

maintain natural ecological processes,  

sustain air and water resources, and  

contribute to the health and quality of life for communities 
and people.” 

 

Source: Green Infrastructure: Linking Landscapes and Communities, Benedict and 
McMahon (2006) 

Presenter
Presentation Notes
An interconnected network of a wide range of landscape elements needed for environmental, social, and economic sustainability
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Natural Assets are Green Infrastructure 
Green infrastructure includes all landscape elements that support our existence.    

Presenter
Presentation Notes
An interconnected network of a wide range of landscape elements needed for environmental, social, and economic sustainability
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Soils suited for forestry or 
agriculture provide an 
ecosystem service and 
their locations vary and 
should be considered in 
land planning.   
 

While Virginia’s forests have increased in 
acreage overall  in the past 70 years, the 
state is losing an average of 16,000 acres 
annually to land conversion.  

And, while total acreage is important, the 
quality and intactness of these forests 
also matters. Forest fragmentation 
remains the greatest threat to southern 
forests. 
 

Natural Assets Include Land Suited for Farms or Forestry 

Presenter
Presentation Notes
Figures cited from Va. Dept. of Forestry. The pictures in this slide are from Madison County VA.  The top photo is a farmer gathering Hay in Shelby in Madison.
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Natural Assets Also Support Cultural Assets 
Natural assets support the landscape context for historic and recreation features.    

Presenter
Presentation Notes




GREEN INFRASTRUCTURE 

Why do we need to plan for green infrastructure? 
Impacts of poor or no planning on environment  

Traffic congestion 
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Impacts of poor or no planning on environment  

Traffic congestion 
Water quality 
Air quality 
Loss of critical 
habitat 
Loss of working 
lands 

While you viewed this slide, America lost another 3 acres of open space 
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• Combats global 
warming (carbon 
sequestration) and 
improving air quality. 
 

Benefits of the forest …  
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Benefits of the forest …  
• Combating global 

warming (carbon 
sequestration) and 
improving air quality. 

• Protects and preserves 
water quality and 
supply. 

• Provides stormwater 
management, hazard 
mitigation. 

 



GREEN INFRASTRUCTURE 

Benefits of the forest …  

• Combats global warming 
(carbon sequestration) and 
improving air quality. 

• Protects and preserves 
water quality and supply. 

• Provides cost-effective 
stormwater management 
and hazard mitigation. 

• Preserves biodiversity and 
wildlife habitat. 



GREEN INFRASTRUCTURE 

• Combating global warming (carbon 
sequestration) and  improving air 
quality. 

• Protects and preserves water 
quality and supply. 

• Provides stormwater management, 
hazard mitigation. 

• Preserves biodiversity and wildlife 
habitat. 

• Improves quality of life and fitness 
by access to recreation. 

Benefits of the forest …  
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Why Green Infrastructure Plans Now? 
Growth and land use conflicts 

U. S. Region Pop. Change Change in 
Urbanized 
Land 

Midwest 7.06% 32.3% 

Northeast 6.91% 39.10% 

South 22.23% 59.61% 

West 17.02% 48.94% 

Total U.S. 17.02 % 47.14% 
Farm Photo Credit: Conservation Fund 

Presenter
Presentation Notes
Source: Fulton, Pendall, Nguyen, Harrison: Who Sprawls Most: How Growth Patterns Differ Across the U.S., July 2001
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Where to develop? 

 
Smart 
Growth = 

Using 
Existing (grey)  
Infrastructure 

 
 
But is this enough? 
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Typical plan = 

Save ½ 
Build ½ 

 
 

While this approach 
is simple, it does not 
conserve our best 
resources.  
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Need to consider: 
 

What are all 
the assets? 

 

Grey + Green = 

Smart + Green 
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Here’s the problem when cluster 
developments don’t look outside the parcel: 
 



GREEN INFRASTRUCTURE 

 

 

Green infrastructure approach 
helps keep corridors intact. 
 

Undeveloped 
parcel: PDR, 
TDR, 
Easement? 
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Green Infrastructure Network 
A green infrastructure network is made up of connected core 
habitats and connecting corridors that help animals, seeds, and 
people move across the landscape.     

 

Presenter
Presentation Notes
Green infrastructure planning connects intact habitat blocks through a network of corridors to allow people, wildlife and plants to move across the landscape.  A connected landscape makes species less susceptible to extinction while allowing for both conservation and recreation.
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 Who prefers interior forest cores?     

Birds, e.g. cerulean warbler, 
Scarlet tanager 

Mammals, e.g. black bear, 
bobcat, n. flying squirrel 

Amphibians, e.g. spotted 
salamander  
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Who can use these corridors? (300 meters is ideal…) 
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 Who causes trouble at the edges?      

Brown Headed Cow Bird  

Invasive plants/trees 

Domestic (and wild) cats 

 

 

http://www.invasive.org/eastern/images/1536x1024/2307231.jpg
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What kinds of forests will we have? 
More fragmented, less natives, 

more invasives… 
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Ecological Principles  
by Alisa Hefner, Skeo Solutions 
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patch relatively homogeneous nonlinear area that differs 
from its surroundings  

edge outer portion of patch where the environment differs 
significantly from the interior 

corridor strip of particular type that differs from the adjacent 
land on both sides  

mosaic spatially heterogeneous, uneven, and occur as a non- 
random distribution of objects 

= 

Presenter
Presentation Notes
These components can range in size, function, structure and dynamicsFor example, a patch can be several hundred acres or as small as a single treeWork involves researching these components to better understand design implications at multiple scalesFor each component we can look at function, pattern, structure, and dynamic. 
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patch 
Larger patches - more interior species, 
larger population, more habitat types, protect 
stream networks, provide core habitat and 
escape cover for large animals, and permit 
near natural regimes 

Smaller patches - more edge species, smaller populations, 
less habitat types, interrupt extensive stretches of matrix and 
act as stepping stones for species movement, and provide 
special habitat for some species.  

Design implications of ecological patterns 

Presenter
Presentation Notes
In order to create an ecological framework,  need to understand the design implications for these ecological patterns. For example, large patches have large benefits whereas small patches have small supplemental benefits
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patch The selection of patches for conservation 
should be based on their 1) contribution to 
the overall system, i.e. how well the location 
of a patch relates or links to other patches 
within the landscape or region; and 2) 
unusual or distinctive characteristics, e.g. 
whether a patch has any rare, threatened, or 
endemic species present.  

Design implications of ecological patterns 

Presenter
Presentation Notes
And the selection of patches for conservation should consider the patch’s overall contribution to the mosaic – how connected it is and if it has any unusual or distinctive characteristicsConnectivity and rareness/uniqueness. A patch is also called a “core” by the planning profession.
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patch & edge A more convoluted patch will have more 
edge habitat, less interior species and the 
more interaction, whether positive or 
negative, there is between the patch and the 
surrounding matrix.  

 

An ecologically optimum patch provides 
several ecological benefits and is generally 
spaceship shaped with a rounded core for 
protection with curvilinear boundaries and 
fingers for species dispersal.  

Design implications of ecological patterns 

Presenter
Presentation Notes
The bottom diagram illustrates the ecologically optimum patch – rounded core for protected interior habitat and curvilinear boundaries and fingers to disperse species. Ideal shape is rounded, the less convoluted or linear the better
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Design implications of ecological patterns 

corridor 

Width and connectivity are the primary controls on 
the five major functions of corridors: habitat, 
conduit, filter, source, and sink. 

Similarity in structure is probably adequate in most 
cases for interior species movement between large 
patches. 

When a corridor is broken, a cluster of stepping 
stones (small patches) can provide connection and 
alternate routes– size and spacing is dependent on 
the species utilizing corridor. 

Streams are natural corridors and the width of the 
vegetative corridor should reflect the stream 
category and surrounding influences.  

Presenter
Presentation Notes
The wider and more connected the betterAlternatively, stepping stones (small patches) can be also link patches
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Dividing a large patch into two smaller patches… 
 

 Removes interior habitat 

 Reduces interior species population 

 Reduces diversity of interior species  
Image source: Dramstad, Wenche E., et al. Landscape 
Ecology Principles in Landscape Architecture and Land 
Use Planning. Washington D.C., Island Press, 1996. 
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What happens when a patch is removed 

Causes habitat loss 

May reduce habitat diversity 

May reduce population size of                
species dependent upon that habitat type 

Image source: Dramstad, Wenche E., et al. Landscape 
Ecology Principles in Landscape Architecture and Land 
Use Planning. Washington D.C., Island Press, 1996. 
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Species protection in Virginia 

 

 •  Wood turtles 
•  Karner blue butterfly 
•  Prairie tiger moth 
•  Bald eagles  
•  Hill's thistle  
•  Eastern massasauga    

 rattlesnakes 
•  Red-shouldered hawks  
 

http://museum.gov.ns.ca/mnh/nature/turtles/thumbs/images/76.jpg
http://www.prairiefrontier.com/pages/butterflies/kblarge.jpg
http://animaldiversity.ummz.umich.edu/site/resources/washtenaw_audubon/pcd4614_093.jpg/view.html
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a landscape-scale GIS analysis for identifying, prioritizing, and linking natural habitats in Virginia 
 
www.dcr.virginia.gov/natural_heritage/vclnagrn.shtml 
 

Virginia Natural Landscape Assessment 
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Length of 
Streams in 

Interior 
Forest 

 
Ecological Integrity 

 

Variety of 
Unmodified 

Wetlands 
 

Depth of 
Interior 

Total Area 

Conservation 
Site B-rank 

Index Area of 
Wildlife 

Action Plan 
Tier 1 

Essential 
Habitats 

Topographic 
Relief Index 

Core 
Isolation 

Index 

SCU and T&E 
Waters Index 

Image: VA Dept. of Conservation and Recreation 
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VCLNA Fragmentation Layer 

Image: VA Dept. of Conservation and Recreation 

Presenter
Presentation Notes
Due to the 30-meter resolution of the NLCD, some types of fragmentation were not visible in the imagery.For example, a forested area with narrow roads might appear as unbroken forest, because the canopy may cover the roads.  In order to get a better approximation of the actual fragmentation in the landscape, I developed this fragmentation layer.It is made up of data about pipelines, power lines, railroads, and roads.Magenta = pipelineDark Yellow = power lineBrown = railBlack = road
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Fragmented Land Cover Image 

Image: VA Dept. of Conservation and Recreation 

Presenter
Presentation Notes
Joe Weber of DCR used the fragmentation layer from the last slide to eliminate from the analysis any intersecting pixels in the NLCD.  This produced the fragmented NLCD layer.
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Cores 

Image: VA Dept. of Conservation and Recreation 

Presenter
Presentation Notes
Joe Weber of DCR then added back the 100 meter transition zone to create the core areas, shown in dark green.
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Corridor Analysis 

Image: VA Dept. of Conservation and Recreation 

Presenter
Presentation Notes
Joe Weber of DCR then used the suitability layer to create a cost-distance layer, which represents the least-cost-paths between cores.  For example, the shortest distance from one side of a mountain to the other might be to go straight over the top, however it might be faster and easier to go around the base of the mountain, i.e. the route around the mountain would be the least-cost-path.  Note that there is a finger identifying a lower-cost route here.  That’s the riparian area pointed out in the previous slide.



GREEN INFRASTRUCTURE 

Corridor Analysis 

Image: VA Dept. of Conservation and Recreation 

Presenter
Presentation Notes
The resulting corridors, shown here in yellow, went right through that finger.
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Nelson County, VA 

Nelson County is 
more than 2/3 
forested. Forest 
cover is key for good 
water quality and 
quantity.   

Presenter
Presentation Notes
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Why is Nelson 
County so special? 
311,784 acres of habitat cores 
 
249,274 acres are outstanding 
(red) to very high quality (orange). 
 
See example core at left (red 
core) has: 
 
20,406 acres 
14 element occurrences 
5,523 drinking water acreage 
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 Themed Maps 
 There is one base map for intact forests and then a 

series of themed overlays. Forests serve as the base 
map and show under each of the others. 

Forests: wildlife and forestry uses 

Water: water quality and human resources 

Agriculture: high value ag soils and ag uses 

Culture, Heritage, Recreation: historic and scenic 
assets, natural resource-based recreation   
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Green Assets: 
Forests and 
development 
patterns 

 

Cores Updated for 
New Development 
(2000-2007) 
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This map shows the 
highest value cores 
and connected 
corridors = 
High Integrity Cores  
Connector Patches 
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Agriculture Assets: Soils & Slopes 

Presenter
Presentation Notes
Most soils good for row crops are in the floodplains.  Farms in floodplains can have water quality impacts if there are no vegetated buffers along streams. Steeper sloped areas are better for fruit and vineyard use.
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 Tourism Planning 
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Culture, 
Heritage and 
Recreation 
Assets by 
Watershed 

“The water in this 
region is an integral 
part of the success of 
our brewery process.”  
Taylor Smack, Owner, Blue 
Ridge Mountain Brewery  
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Protect the Viewshed 
(which in Nelson, is also the “brewshed”) 
 
 

 

This view of the Priest and Three Ridges from Wintergreen Resort is 
an asset that supports Wintergreen.  It is common that views that 
support local recreation enjoyment are not managed by the 
business that depends on that view… 

Presenter
Presentation Notes
(most successful program in Montgomery County Maryland more than 40,000 acres)http://www.nnrg.org/news-events/news/king-county-transfer-of-development-rights-programhttp://www.ci.redmond.wa.us/insidecityhall/planning/compplanning/transfer2.asp 



GREEN INFRASTRUCTURE 

City of Charlottesville 
(small city example)   

Fall 2006 partnership with UVA 
Class, GIC and E² Inc. for city 
comprehensive planning 

 

Tree Canopy and Street Trees  
Streams and Stormwater 
Trails and Linkages 
Green Building  
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Transportation planning: 
roads and trails  

 

 Change from circuit to network 
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 Stream buffers are 
important for green 
infrastructure networks   

Meadow Creek 

Moore’s Creek 
Rivanna River 
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Goal: 100 foot buffer 

GIS to evaluate impacts 
based on buffer widths of 
50, 75 or 100 feet. 

 Not to impact > 30% 
existing structures. 

 

Urban Buffer Plan 
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Moore’s creek in Charlottesville – Before restoration 

May need to restore eroded 
streams. 

Planting trees in the 
floodplain is key.    

After – Habitat and geometry restored to natural patterns.   Wow! 
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 Mapped forest 
canopy in GIS by 
digitizing aerial 
photos. 
 
Set goals for 
future canopy 
Today = 31.6 % 
Future =  40 % 

Tree Canopy 

Presenter
Presentation Notes
Urban Tree Canopy (UTC) AnalysisDetermine existing tree canopy coverCharlottesville’s urban tree canopy covers approx. 2,096 acres (31.6%) of the city’s total land area (6,656 acres)American Forests recommends 40% tree coverCalculate benefits provided by urban forestAbsorbs and filters more than 203,665 lbs. of air pollutants each yearStores up to 90,194 tons of carbon in biomass
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Next: Where can we put new trees to get to 40%? 
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Street Trees: 
Simple Method 
  Street tree inventory 

and gap list for 5 
neighborhoods.  
 
484 new locations for 
trees found. 

  
 

Presenter
Presentation Notes
Trees include diverse range of native and non-native speciesMajority of street trees found in generally good condition.  Significant number of older trees will require maintenance or replacement in coming years.There are plenty of open locations, or “gaps,” in street tree network where new trees could be planted =  484 gaps for the 5 downtown neighborhoods.
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CITYgreen for          
Site Level Plans  

Developed by American Forests 
Land cover distribution  
Air pollution removal 
Carbon storage and 

sequestration  
Stormwater management 

savings 
• Water quantity (runoff) 
• Water quality 

(contaminant loading) 
Alternate scenarios 

 

Presenter
Presentation Notes
What does CITYgreen do? CITYgreen analyzes a number of features, beginning with land cover distribution, which determines what percentage of an area is tree canopy.Built-in modules analyze the different types of services trees provide including:	how many pollutants are being removed from the air	how much carbon is being stored	how much stormwater is being intercepted and how this translates into stormwater management savingsCITYgreen can also create “what-if” scenarios by comparing different land use and land cover scenarios. These alternate scenarios illustrate what would be lost if trees were cut down and what would be gained if more trees were plantedLarge Area (>20 acres) = Classified satellite or infrared aerial imagerySmall Area (<20 acres) = Vector data (polygons) created by hand-digitizing features from aerial photographContact: http://www.americanforests.org/productsandpubs/citygreen/
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Pollution Removal 
Values 

• 84.9% of 13.5-acre 
park is covered by 
trees 

• Pollution removal 
value: $2,694/year 

• Stormwater control 
value: 
$15,000/year 

Presenter
Presentation Notes
CITYgreen produces easy to read reports demonstrating the value of trees. At this park, trees comprise 84.9% of the 13.5-acre site. It is estimated that these trees remove over 1,000 lbs of pollutants each year. The value of this pollution removal is estimated at $2,700 annually. To calculate these costs, CITYgreen relies on the indirect costs borne by society, such as rising health care costs and reduced tourism revenue. CITYgreen also calculates the benefits provided by trees in decreasing stormwater volumes. At Greenleaf Park, this value is approximately $15,000/year, which is based on the cost of stormwater facilities that would be needed if the trees were removed from the site. Trees also reduce stormwater runoff, prevent erosion, and encourage rainfall to soak into the ground to recharge underground water supplies. The value of stormwater control is equated to the cost of building retention structures that provide equivalent services. 
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Park Example:  City Green 
for Tree Planning 

Existing Conditions  modeled in 
CITYGreen 
Quarry Park, Charlottesville, VA 

 Doubles carbon 
sequestration 

from 63 to 104 
tons! 

 

 Alternative conditions  modeled in 
CITYGreen to add more trees. 
 

Modeler – Jonah Chirenza 

  Helps meet Mayor’s 
Climate Change 

Agreement  

Presenter
Presentation Notes
CITYgreen is a software tool for planners, landscape architects, engineers, developers, community groups, and regulatory agencies that helps make the economic case for green infrastructure by quantifying the important role that trees play in improving water quality, sequestering carbon, removing pollutants from the air, and capturing and filtering runoff.While there are other tools available for quantifying ecological resources, CITYgreen focuses on trees and the cost benefits associated with trees. ArcGIS ExtensionLand cover classification Utilizes extensive databaseUSFS UFORE data collectionNRCS soil databaseValues assigned based on specific preferences and data for reference city (with similar climate)
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Summary of Charlottesville Results 
 Tree canopy assessment and canopy goals  
 “Tree City USA” and DOF urban forest 

management plan grant 
 Tree survey and gap analysis methods 
 Forested stream buffer protection expanded 
 DOF adopts city as 1 of 5 Ches. Bay Model Cities 
 New trails connections and trail design standards 

to protect water quality. 
 New stormwater requirements and programs and 

green building goals too! 
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Park and open space planning  

Identify lands for PDR or TDR 
programs 

New ordinance development 

Species protection  

Heritage tourism and viewsheds 

Ag and Forestal Districts 

Transportation planning: roads/trails  

 

 

Green Infrastructure Planning Applications 

Public 

Private 

Regulatory Voluntary 
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Where might future parks be located based on population 
centers, need to protect key habitats or species, 
opportunities to increase recreation or site interpretation? 

 

 Park and open space planning 

Presenter
Presentation Notes
As residential population increases, so will demand for open space and recreation.Parks can meet multiple values: recreation, economic, ecological, drinking water supply protection, buffering urban or industrial areas, site remediation etc.Pair park sites with population areas as well as choosing lands more suitable for natural areas than development.
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PUD example 
William Taylor Plaza  
(Ridge and Cherry, Cville, VA) 
 
60,000 square feet requested for 

50 apartments 
40,000 square feet commercial 
= 100,000 square feet on 2.9 

acres 
 
Proffer examples: 
 22% of space “arboretum” 
 LEED building 
 Possible use of LID strategy 

 
Rezoning to PUD from 

Residential, Commercial   
 

Presenter
Presentation Notes
This site has an “arboretum” which is a way of saying they left 3/5 of an acre in trees.PUD Enabling Legislation: North Carolina Gen. Statutes Sec. 153A-344.1; 160A-385.1	
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Species Protection (Virginia examples) 

 

 •  Wood turtles 
•  Karner blue butterfly 
•  Prairie tiger moth 
•  Bald eagles  
•  Hill's thistle  
•  Eastern massasauga    

 rattlesnakes 
•  Red-shouldered hawks  
 

http://museum.gov.ns.ca/mnh/nature/turtles/thumbs/images/76.jpg
http://www.prairiefrontier.com/pages/butterflies/kblarge.jpg
http://animaldiversity.ummz.umich.edu/site/resources/washtenaw_audubon/pcd4614_093.jpg/view.html
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 Tourism Planning 
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Small companies, especially those 
that are have well paid and skilled 
workforce place a strong importance 
on the “green” of the local 
environment. Crompton Love and Moore, 1997 

The creative class: artists, media, 
lawyers, analysts, make up 30 percent 
of the U.S. workforce and they place 
a premium on outdoor recreation and 
access to nature. Florida, 2002 

 

Meta Message:  

More trails = a better tax base! 
 

 

Green Assets: for job development 
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Replanting with natives (e.g. Chestnut 
project at Lesesne State Forest) 

Remove invasives such as tree of 
heaven or mustard plant. 

Participate in programs such as “Don’t 
move firewood.” 

Encourage residents to plant non-
invasive species. 

Think about connections even at the 
small backyard scale – a network for 
birds, bees and butterflies can flow 
through an urban neighborhood too! 

 

 

Habitat Protection at Site Scale 
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What is stormwater? 

Water generated from 
storms (by frequency e.g. 2 year 

storm, 10 year storm, 50 year storm).   
 

Most systems 
designed to treat the 
two year storm. Excessive stormwater is 

eroding the soil from these 
trees 
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Paved Areas Can Cause 
Extreme Flows 

1. Impervious surfaces 
prevent rain 
infiltration, causing 
greater  runoff 
volume and velocity. 
 

2. Storm flows peak 
sooner in the stream 
at higher volumes. 
 

3. Higher volumes and 
velocities of runoff 
lead to more flooding 
and damages – the 
firehose effect!  
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Approaches to Stormwater Management 

Best -- Utilize smaller scale biofiltration 
throughout development. 

Good -- Detention Pond works in areas 
where you have room to maneuver. 

Better -- Improve pollution removal by adding 
wetland benches and plants to existing 
ponds. 
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Filterra Box 

Green Rooftops 

Parking lot biofilter 

Downspout filtration 

Rain Barrel 

Porous pavers 

Urban Impacts = Need to Retrofit Using Low Impact Development 
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 The goal is to manage 
runoff at the source with 

many small scale controls 
that infiltrate, filter, store, 

evaporate, and detain 
runoff.  

 
 
 
 
 
 
 
 
 
 
 
 

hen done right, these sites just look like 
gardens… 
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Trees and Water 
 
Estimates for the amount of 
water a typical street tree 
can intercept in its crown, 
range from 760 
gallons/tree/year to  
4000 gallons/tree/year 
depending on species. 
 

Presenter
Presentation Notes
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Replanting with natives (e.g. Chestnut 
project at Lesesne State Forest) 

Remove invasives such as tree of 
heaven or mustard plant. 

Encourage residents to plant non-
invasive species. 

Find ways to infiltrate water in the 
garden. 

Think about connections even at the 
small backyard scale – a network for 
birds, bees and butterflies can flow 
through an urban neighborhood too! 

 

 

Site Scale Conservation … 
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End 
Project Reports for Nelson are on line at: 
 

http://www.gicinc.org/projects 
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