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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 (2008) 

Madison County  (2008) 

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 

 

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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Natural Assets 



GREEN INFRASTRUCTURE 

Infrastructure (n): the substructure or underlying foundation…on which the continuance 
and growth of a community or state depends. 

Infrastructure: What’s in a name? 

Presenter
Presentation Notes
Just like gray infrastructure (roads, utilities, schools, etc) – green infrastructure enables our basic ecological function
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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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Natural Assets Also Support Cultural Assets 
Natural assets support the landscape context of important historic and cultural features.    

Presenter
Presentation Notes
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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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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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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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improving air quality. 
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Benefits  
• Combating global 

warming (carbon 
sequestration) and 
improving air quality. 

• Protects and preserves 
water quality and 
supply. 

• Provides stormwater 
management, hazard 
mitigation. 

 



GREEN INFRASTRUCTURE 

Benefits  

• 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. 
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• 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. 
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GREEN INFRASTRUCTURE 

• Combats 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 through 
recreation access. 

• Conserves working landscapes. 

Benefits  
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Trees and Water 
 
Protecting surface water sources 
and aquifer recharge zones with 
forest cover reduces the cost of 
drinking water treatment.  
 
A survey by the American Water 
Works Association found that a 10% 
increase in forest cover reduced 
chemical and treatment costs of 
drinking water by 20%. (Ernst et al. 
2004)  

Presenter
Presentation Notes
Study link: http://www.ci.slc.ut.us/Utilities/NewsEvents/pdf/Op0504_1.pdf
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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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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.Green infrastructure planning is not an entirely new concept and the principles that form the basis for the concept arose from multiple disciplines. The term itself was first coined in Florida in 1994 in a report to the governor on land conservation strategies and was intended to reflect the notion that natural systems are important components of our “infrastructure.” Since it is generally accepted that we have to plan for grey infrastructure, the idea of also planning to conserve or restore "green infrastructure," was seen as a way to help people recognize our natural resources as an important component of community planning. 
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What happens when a forest 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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Graphic Credit: VA DCR 

 Measures of habitat fragmentation 
Take height of the tree canopy and multiply x 3  

= needed interior forest 

Ex. If forest canopy = 100 feet tall then need 300 foot 
transition zone before reaching the interior.  
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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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If forests become more fragmented 
then we have less natives, more 

invasives… 
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Important for reducing heat, 
sequestering pollutants and carbon  
(Cool Counties and Mayors Climate 
Change Initiatives) = livable cities. 

Provide more attractive areas for 
development, historic districts, 
commercial areas opportunities for 
people to interact with nature. 

A study by the University of Washington  
found that people shopped longer and 
more often in tree-lined retail areas and 
spent about 12 percent more money. 

 

 

Tree Canopy Values  

Presenter
Presentation Notes
Trees also:Provide habitat and food for wildlifeRemove particulate pollution from the atmosphereSequester carbon and mitigate global climate changeAbsorb and filer runoff and protect water qualityConserve land by preventing soil erosionMitigate urban heat islands, reduce energy demandIncrease property valuesImprove children’s performance in schoolReduce levels of domestic violenceAttract  shoppers and tourists, andReduce  mental fatigue and stress.Source: Urban Forestry News, Spring 2004 
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Assessment and Mapping   
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 VA Natural Landscape Assessment – Forest Habitats 

 Cultural Model – Historic Resources  
 Vulnerability Model -- -Growth predictions and threats  

 Forest Economics Model –  Economically viable forests  

 Agricultural Model – Lands suitable for farming 

 Recreation Model – Trails, Parks, Hunting and Fishing 

 Watershed Integrity Model  

 Ecological Integrity 
For general information: www.dcr.virginia.gov/natural_heritage/vclnagrn.shtml 

For simple maps: http://www.vaconservedlands.org/gis.aspx 

Virginia Modeling Tools 
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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, Joe Webber at VA DCR 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.
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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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Who can use corridors? (300 meters is ideal…) 
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Forest Conservation Value:  Virginia Department of 
Forestry (DOF) has established a relative Forest 
Conservation Value (FCV) for all of the forestland in the 
state. FCV ranks forests based on the following: 
 
Forest benefits + level of land conversion threat = FCV 
 
Ranked low to high as 1 – 5 .   Ranks 4-5 = High FCV 
 
FCV 4-5 = high priority for land conservation action such as 
conservation easements, Purchase of Development Rights 
(PDRs) or Ag-Forestal Districts (AFDs). 
 
Data layers are available to download: 
http://www.dof.virginia.gov/gis/datadownload.htm 
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Strategic Land Planning  
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Where to develop? 

 
Smart 
Growth = 

Using 
Existing (grey)  
Infrastructure 

 
 
But is this enough? 

 



GREEN INFRASTRUCTURE 

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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Clustering = 
setting buildings 
closer together 
to conserve 
green space 
Within a subdivision, clustering 
can add to open spaces and 
provide an amenity for wildlife 
and recreation. But which land is 
protected and how it is connected 
are critical.   
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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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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 

Targeting easements  

 

Green Infrastructure Planning Applications 

Public 

Private 

Regulatory Voluntary 
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1) Asset Mapping (what are the existing ecological, cultural and 
economic assets) 

 
2) Risk Assessment (which of the assets above are at risk) 
 
3) Opportunities (what kind of community do we want? what 

projects, programs, policies to ensure assets conserved?) 
 
4) Policy Implementation (adoption of asset maps, strategy 

maps, integrate into comprehensive plans, park plans etc.)  

 Overview of GI 
Planning Steps 
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Enlisting Decision Makers and Community 
Planning 
commissions  

Boards of 
supervisors 

Landowners 

General 
public 

Interest 
Groups 

Developers 
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Applying statewide models 
to the local level 
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9 jurisdictions 
2,165 square miles 
Population > 970,000 

The Richmond Region in Virginia 

Presenter
Presentation Notes
We will show you our work in planning district 15.Planning Districts are a Government body created by General Assemblyin 1969 (Virginia Area Development Act) to:“[P]romote the orderly and efficient development of the physical, social and economic elements of the district.”Updated in 1995 (Regional Cooperation Act)Solve mutual problems that cross boundary linesDistricts defined by Virginia Department of Housing and Community Development  Richmond Region Partners:Project Partners Included:Green Infrastructure Center Inc. and E2 Inc. TeamRichmond Regional Planning District  The Capital Region Land ConservancyRichmond Region’s Counties and CitiesDepartment of ForestryDivision of Historic ResourcesDivision of Natural Heritage, DCRCoastal Zone Management Program



GREEN INFRASTRUCTURE 
forested land cover 



GREEN INFRASTRUCTURE 
forested land greater than 10-acres 
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Since 2000, a great deal of development occurred in the 
region. We used aerial photography and building location 
data to identify cores that had new development. 
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We buffered them in GIS to delete the area of impact for 
each new building, then determined the remaining area.  
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GREEN INFRASTRUCTURE 
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County Scale Demonstration: New Kent 
Themes important for the county: 
 
 Forested Lands and 

Agricultural Soils 
 

 Water Resources and Riparian 
Habitat 
 

 Ecological Cores for Habitat 
 

 Natural Resource-Based 
Recreation 
 

 Heritage Resources and Rural 
Character 
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 Updated 2007 
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 Core Connections 
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Prime Agricultural Soils 
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Once you have your assets (e.g. 
intact forests, farm soils) the 
question is… 

   
What strategies are needed to 

ensure the best assets are 
conserved? 
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Which forests “intact” now and future? 

Small parcels fragment forest into 
many owners 

Large parcels create contiguous 
forest blocks 

We use local parcel data to determine current and future intactness.    

Timber Asset = Contiguous Large Forested Parcels (>25 acres). A wildlife asset = > 100 acres 

Presenter
Presentation Notes
We helped the county to assess which areas were viable for timber and wildlife management.
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Working Lands – distribution of large parcels 
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Prime Ag Soils and  
Farm Tracts 
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Sustainable Timber Management 
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Recreation and Heritage 



GREEN INFRASTRUCTURE What’s protected/least changeable? 
 

Where are easements potentially needed?  
 

Protected Lands 



GREEN INFRASTRUCTURE 

Forest Assets Network 
and Protected Areas 
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Zoning and Future Land Use Planning 
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What may be lost?  

Network and Approved Large Development Areas 
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Accomack County Project 

Presenter
Presentation Notes
Accomack County Ecological Integrity: Forests, Wetland and Dune SystemsWe need to determine what resources should be conserved and connected to ensure that green infrastructure assets and ecosystem services are maximized as the county grows.  The county has conducted a “McHargian” study to look at key assets, such as soils, and to suggest where growth should occur, based on a village and cluster concept. The seafood industry is also vital to Accomack’s future and the county will need to ensure that growth patterns do not result in excessive runoff and negative impacts to hard clam aquaculture.  There have been many other studies conducted such as for wading birds and other wildlife, but there is no one comprehensive strategy that links all these studies together into a master plan for how to grow, what to conserve and where to recreate. 
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You’ll love our nature! 

To download the final report visit:   http://www.gicinc.org/Accomack.htm 
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Green Infrastructure Assets 



GREEN INFRASTRUCTURE 

Asset Maps 

• Habitat & Wildlife Conservation 
• Water Quality 
• Working Lands & Waters 
• Recreation Access and Trails 
• Cultural Resources / Sense of Place 
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Priority habitat and 
wildlife conservation 
areas. 
This map shows what is 
protected or least likely 
to change (purple)  and 
areas that need special 
attention to allow the 
habitats to remain 
connected (green). 
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Accomack Agriculture and Forestry 

Presenter
Presentation Notes
 The natural land assets are also important to the county’s economy. In 2007, more than 62,000 acres of county land were in agriculture and forestry uses. Migrant workers are a vital part of the labor force.  Issues arise regarding schooling and medical care for migrant families.  Tomatoes are a major crop but there are concerns regarding the plastic sheets they use to kill weeds on the fields (plastic = impervious surface) and chemical runoff into ditches.  
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Landscape components 
for agriculture include: 
Prime soils and  
Agriculture/Forestal 
Districts (AFD) 
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Forestry landscape 
components include: 
  Forest cover  
  Tidal marshes 
 
Identification of 
forested parcels in GI 
network large enough 
to manage for forestry 
and wildlife.  
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Accomack 
Water 

Resources 
and Fisheries 
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Landscape 
components that 
contribute to water 
quality include: 

 
Riparian buffers 
Forested 
watersheds 
Protected 
headwater areas 
and wetlands 
Protected 
wellheads 
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Working water 
assets support 
fishery and 
recreation economy. 
 
Components include: 
    Water access 
    Watersheds 
    SAV 
    Oyster, clam beds 
    Fishery mgmt.   
     areas 
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Accomack 
Recreation  

Presenter
Presentation Notes
From Wikipedia” Misty of Chincoteague is a 1947 book by American author Marguerite Henry, based on the true story of a Chincoteague Pony named Misty. Set on the coastal island of Chincoteague, Virginia, the book tells the story of the Beebe family and their efforts to raise a filly born to a wild horse. The book won the Newbery Honor.The horse on which the book was based was foaled in 1946 on Assateague Island, sired by Pied Piper, out of a dam called Phantom. Misty was a pinto horse whose coloration included a large patch of white on her side, shaped like the United States. Her hoof prints are in the sidewalk outside the Roxy Movie Theatre in Chincoteague. Misty died in 1972 after spending part of her life at Marguerite Henry's Wayne, Illinois home. Her body and that of her foal Stormy have been preserved via taxidermy and can be seen at the Beebe Ranch.”  The annual pony roundup at Chincoteague Island is big business. 40,000 people attend to watch the 3 minute swim.  Many then bid for them at the pony auction held the following Thursday. According to the National Park Service “The Chincoteague Volunteer Fire Dept. began to hold the pony swim, auction and carnival in 1925. At the carnival, approx. 70 yearlings and younger ones are auctioned off. The unsold (adult ponies) will swim back to their home, Assateague Island the next day. The tradition began when the town of Chincoteague needed fire equipment in order to protect itself from local fires.” 
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Nature-based 
recreation assets 
include: 

Conservation 
lands with public 
access 
Parks 
Birding and 
wildlife trails 
Water trails 
Water access 
points 
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Accomack Historic Sites  
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Natural landscapes 
provide important 
context and scenic 
qualities to heritage 
and cultural 
resources including: 
 

Historic districts  
  and buildings 
Cultural events 
Scenic roads 
Viewsheds 
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Opportunity Maps 

What strategies could the county pursue to conserve and take 
advantage of its green and blue infrastructure? 
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Accomack 
Development 

Issues 

Mounded septic system 

Presenter
Presentation Notes
In Accomack soils that work well for septic systems are also best for farming so there can be a conflict over demand for farms or vacation homes.
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The recharge 
area that 
provides fresh 
water to the 
county’s drinking 
water aquifer is 
part of the 
county’s blue 
infrastructure.   

Presenter
Presentation Notes
Strategies for Conserving Connectivity and Water RechargeRiparian Ladder Rungs:  Promote east-west connectivity of habitat through preservation and restoration of GI “rungs.”Coastal Corridor:  Promote seaside and bayside habitat integrity through preservation of GI in key storm surge zones.Recharge Windows:  Preserve rural land use in order to conserve groundwater recharge and landscape character.
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The future land use 
map shows where 
extra care will be 
needed to ensure 
that connections are 
maintained as the 
county develops. 
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How can foresters help counties                         
conserve green infrastructure? 

Where are there opportunities to add more stewardship plans within 
the green infrastructure network?  
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Parcel Strategy: strategically conserving green infrastructure 

   Existing      
riparian 
buffer  
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Parcel Strategy: strategically conserving green infrastructure 

   Conventional 
Development 
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Parcel Strategy Ex: strategically conserving green infrastructure 

   Existing      
riparian buffer 
preserved by 
clustering 
development  
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Parcel Strategy: Comparison 

# of Lots # of Lots 
Parcel 
(acres) 

Conventional Development                   
(1 lot/acre) 

Clustered Development    
(1.5 lots acre) 

A (32) 26 39 
B (38) 30 45 
Total 56 84 

Presenter
Presentation Notes
Graphic is based on a scenario developed for Accomack County under their existing cluster ordinance. The left image shows the potential for conventional development to disturb the green infrastructure. Conventional development, under Village Residential zoning, may be constructed at 1 lot per buildable acre. Although development is not permitted inside the protection zone, there is no requirement for conserving open space outside of the protection zone and so the green infrastructure corridor may be destroyed in order to achieve the maximum buildable potential of the property - 26 lots on Parcel A and 30 lots on Parcel B. Notice that the development area (shown in orange) extends all the way to the edge of the required RPA and that the green infrastructure network could become fractured by the development.The image on the right shows the potential for clustered development to conserve the green infrastructure network. Clustered development may be constructed at 1.5 lots per buildable acre and requires that 40% of the buildable land be conserved as open space. Notice that the development area is balanced in this example with a 40% conservation area (shown in grey stippling) that closely follows the green infrastructure network. Although the conservation area does not cover the entire network, it conserves the majority of the corridor. In the remaining development areas, Parcel A has the potential for 39 lots and Parcel B has the potential for 45 lots. For more on this project please visit http://www.gicinc.org/accomack.htm
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County, town and regional planning 
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They need to have better data for decision making.  We tell them: 

You don’t write blank checks so you shouldn’t give away resources 
without knowing their value.  Most people will not choose to be 
without information when given the choice. 

A map of key forests or a green infrastructure map does not make 
one do something, but it does help with establishing priorities. 

 

 
 

 

 

Why do planners need better information? 
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Virginia’s Comprehensive Planning 
 § 15.2-2230. Comp Plans reviewed at least once every 5 years.  

 “…careful and comprehensive surveys and studies of the existing conditions 
and trends of growth, and of the probable future requirements of its territory 
and inhabitants.” “…guiding and accomplishing a coordinated, adjusted and 
harmonious development …which will, in accordance with present and 
probable future needs and resources, promote the health, safety, morals, 
order, convenience, prosperity and general welfare of the inhabitants…  

 

Zoning must be “in accordance” with comprehensive 
plans – so comp plans should include maps of key 

natural assets.   
  

 

 

Presenter
Presentation Notes
It’s important to include plans for conserving our green infrastructure just as we do for our grey infrastructure in comprehensive plans to create healthful communities.We already include roads, utilities and buildings and sometimes park lands, but there is very little on the infrastructure we need to stay healthy and create sustainable communities!
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How often do planners incorporate forest 
information in their comprehensive plans? 
 35 out of 68 Comp Plans reviewed include the number 

of forested acres within the county.  
 19 counties were given a score of 4 for their thorough 

discussion of the environmental benefits associated 
with forestland.  

 18 counties were given a score of 4 for their thorough 
discussion of the economic benefits associated with 
forestland.  

 6 counties were given a score of 4 for their thorough 
discussion of the social benefits of forestland.  

 

This data were collected by University of Virginia’s Institute for Environmental Negotiation under 
a grant from the Virginia Department of Forestry.  The scale ranking is from 0-4. 
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Discussion 
How can you help your counties be more 

strategic in forest land conservation? 
 
How could you be more strategic? 

 
Next we will work with maps to develop 

scenarios and strategies to do this! 
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To review example projects: 
 

GIC Inc. 
921 Second St. SE 

Charlottesville, VA, 22902 
434-975-6700, #222 

info@gicinc.org     www.gicinc.org 
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