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►► Green InfrastructureGreen Infrastructure
DefinedDefined
Benefits Benefits 
Identification & Mapping Identification & Mapping 

►► AnalysisAnalysis
State ModelState Model
Asset Inventory MethodologyAsset Inventory Methodology
Charles City County Green Charles City County Green 
Infrastructure AssetsInfrastructure Assets

►► Planning for the FuturePlanning for the Future
Existing Protection MeasuresExisting Protection Measures
OpportunitiesOpportunities

►► ImplementationImplementation
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January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

““Strategically planned and 
managed networks of natural 
areas, working landscapes and 
other open spaces that conserve 
ecosystem values  and functions 
and provide associated benefits to 
human populations”

What is What is 
Green Infrastructure?Green Infrastructure?

‐ Benedict, Mark A. and Edward T. McMahon. Green Infrastructure: Linking Landscapes 
and Communities. Washington, D.C.: Island Press, 2006.
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January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

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

GrayGray GreenGreen



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Green Infrastructure ServicesGreen Infrastructure Services
►► Protection of water Protection of water 

quality and supplyquality and supply
►► Stormwater management, Stormwater management, 

hazard mitigationhazard mitigation
►► Carbon SequestrationCarbon Sequestration
►► Air Quality ProtectionAir Quality Protection
►► Temperature Moderation: Temperature Moderation: 

Heat Island EffectHeat Island Effect



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Green Infrastructure ServicesGreen Infrastructure Services
►► Preserves biodiversity and wildlife Preserves biodiversity and wildlife 

habitathabitat
►► Conserves historic landscapesConserves historic landscapes
►► Protects working lands, forests Protects working lands, forests 

and farmsand farms
►► Improves quality of life and Improves quality of life and 

fitness through access to fitness through access to 
recreationrecreation

►► Preserves rural characterPreserves rural character



January 2010January 2010
Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Some Economic ConsiderationsSome Economic Considerations……

► “Estimated value of all economic benefits generated by a single 
acre of wetland: $150,000 to $200,000”.

► “…every $1 appropriated in the annual national parks budget, 
the national park system generates at least $4 for state and 
local economies.”

► “…the estimated total value of the world’s ecosystems services is 
$33 trillion annually.”

► “ …when 60 percent of the watershed is forested, average 
annual (water) treatment costs are $297,000. When only 10 
percent is forested, average annual costs rise to $923,450.”

► “The forestry organization American Forests estimates that trees 
in the nation’s metropolitan areas contribute $400 billion in 
stormwater retention alone.”



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

The Inventory: Mapping Green The Inventory: Mapping Green 
Infrastructure AssetsInfrastructure Assets

►► Working LandsWorking Lands
FarmsFarms
ForestsForests
FisheriesFisheries

►► River & Stream River & Stream 
CorridorsCorridors

►► WetlandsWetlands
►► Marshes & SwampsMarshes & Swamps
►► Meadows & PasturesMeadows & Pastures
►► ParksParks

Photo: Tom Rawinski / Photo: Tom Rawinski / ©© DCR Natural HeritageDCR Natural Heritage

http://www.vcu.edu/rice/natural/harrison.htmlhttp://www.vcu.edu/rice/natural/harrison.html

http://rivermud.blogspot.com/2009/04/chichttp://rivermud.blogspot.com/2009/04/chic
kahominykahominy‐‐riverriver‐‐fishing.htmlfishing.html



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

The Inventory: Mapping Green The Inventory: Mapping Green 
Infrastructure AssetsInfrastructure Assets

►► Cultural SitesCultural Sites
►► Historic ResourcesHistoric Resources
►► TrailsTrails
►► ViewshedsViewsheds
►► Scenic Rivers Scenic Rivers 
►► Scenic BywaysScenic Byways
►► WatershedsWatersheds
►► Birding and Wildlife Birding and Wildlife 

TrailsTrailshttp://www.virginiacapitaltrail/html/http://www.virginiacapitaltrail/html/

http://www.jamesriverplantations.org/Westover.htmlhttp://www.jamesriverplantations.org/Westover.html

http://www.flickr.com/photos/andrewbain/2057004713/http://www.flickr.com/photos/andrewbain/2057004713/
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ECOLOGICAL 
COMPOSITE

Ecological Composite Model = 
Ecological Integrity Ranking 1 - 5

Image Courtesy VA Dept. of Conservation and Recreation

Area and Diversity
Of Wetlands

Important Geologic Types

Remoteness
Size of Interior

Perimeter/Area Ratio

Old Growth Forest

Wildlife Action Plan
Tier 1 Essential Habitats

Natural Heritage
Element Occurrences
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2000 regional map2000 regional map

Richmond & Richmond & 
Crater Region Crater Region 
Intact CoresIntact Cores

20002000



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

1. Use existing structure data, aerial photography 
and ecological core GIS data to identify newly 
constructed structures not accounted for in the 
model data

Method to Update Cores



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

2. Digitize points over newly constructed structures 
as identified using the aerial photography.



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

3. Buffer structures that intersect the ecological cores 
with 100 meter buffers.



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

4. Remove structure buffers from ecological cores.
5. Recalculate core acreage, eliminate remaining 

core fragments below acreage threshold.
6. Recalculate ecological integrity score.



Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure PlanningNovember 15, 2010

Richmond & Richmond & 
Crater Region Crater Region 
Intact CoresIntact Cores

20072007
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2000 regional map2000 regional map

Richmond & Richmond & 
Crater Region Crater Region 
Intact CoresIntact Cores

20002000
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Charles City County Intact Cores 2007Charles City County Intact Cores 2007



Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure PlanningNovember 15, 2010

A Unique OpportunityA Unique Opportunity: : 
7 Years in a Changing Landscape7 Years in a Changing Landscape

Charles City CountyCharles City County

20002000
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A Unique OpportunityA Unique Opportunity: : 
7 Years in a Changing Landscape7 Years in a Changing Landscape

Charles City CountyCharles City County

20072007



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

County Green Infrastructure AssetsCounty Green Infrastructure Assets



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Regional Green Regional Green 
Infrastructure Infrastructure 
Opportunities Opportunities 

MapMap

Insert here



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Steps
for County-Level Planning

► Phase I:  Data Collection & Research
► Phase II:  Asset Mapping (ecological, cultural, 

economic)
► Phase III:  Risk Assessment (what assets at risk)
► Phase IV: Opportunities= what kind of 

community do we want? (what policies, 
programs, projects can be implemented?)

► Final Report:  Asset maps, opportunities maps, 
strategies for localities to consider)



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Existing Charles City County Measures
► Chesapeake Bay Protection Act – County ordinance adopted 1983

RPA
RMA

► Tidal Wetlands Act – Charles City County Wetlands Board & 
Regulations

► Erosion and Sediment Control Ordinance – 1980
► Floodplain Overlay District
► Site Plan Ordinance – 1994
► Wastewater Treatment Systems:

2004: 45 Homes connected
2009: 25 Additional homes connected

► No-till Farming Systems – Innovative Cropping Systems (ICS)
* 90% of Charles City County farmers NEVER till *

Source: Charles City County Draft Comprehensive Plan, August 200Source: Charles City County Draft Comprehensive Plan, August 20099



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Utility of Green Infrastructure Planning

►► Informing local comprehensive plansInforming local comprehensive plans
►► New ordinance developmentNew ordinance development

Basis for upBasis for up--zoning or downzoning or down--zoningzoning
►► Trail, greenway, and blueway planningTrail, greenway, and blueway planning
►► Park and open space planningPark and open space planning
►► Heritage tourism and viewshed protectionHeritage tourism and viewshed protection
►► Prioritizing lands for conservationPrioritizing lands for conservation

Purchase or Transfer of Development Purchase or Transfer of Development 
Rights ProgramsRights Programs
Site design for cluster developmentsSite design for cluster developments



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

Informing Land Use Decision-making

FRAGMENTED: FRAGMENTED: Even wellEven well--
intentioned land use intentioned land use 
planning approaches can planning approaches can 
result in the fragmentation result in the fragmentation 
of the countyof the county’’s highs high--value value 
natural assets.natural assets.

CONNECTED: CONNECTED: A green A green 
infrastructure planning infrastructure planning 
approach allows for approach allows for 
development and growth at development and growth at 
the same scale, while also the same scale, while also 
ensuring that the countyensuring that the county’’s s 
natural assets remain intact natural assets remain intact 
and welland well--connected.connected.



January 2010January 2010 Charles City County Green Infrastructure PlanningCharles City County Green Infrastructure Planning

For  more information, contact

Jackie Stewart, AICP
Director, Planning and Information ServicesDirector, Planning and Information Services
RRPDC
jstewart@richmondregional.org

Sarah Stewart, Senior Planner
RRPDC
(804) 323-2033
sstewart@richmondregional.org

Robins Foundation
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Goochland County

Green Infrastructure Planning

Robins Foundation



June 16, 2010 Goochland County Green Infrastructure Planning
June 16, 2010June 16, 2010

► Green Infrastructure

 Defined

 Benefits 

 Identification & Mapping 

► Analysis

 State Model

 Asset Inventory Methodology

 Goochland County Green 

Infrastructure Assets

► Planning for the Future

 Existing Protection Measures

 Opportunities

► Implementation
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June 16, 2010 Goochland County Green Infrastructure Planning

Infrastructure (n): the substructure or underlying 

foundation…on which the continuance of growth of a 

community depends.

Gray Green



June 16, 2010 Goochland County Green Infrastructure Planning

“Strategically planned and 
managed networks of natural 
areas, working landscapes and 
other open spaces that conserve 
ecosystem values  and functions 
and provide associated benefits to 
human populations”

What is 

Green Infrastructure?

- Benedict, Mark A. and Edward T. McMahon. Green Infrastructure: Linking Landscapes 
and Communities. Washington, D.C.: Island Press, 2006.



June 16, 2010 Goochland County Green Infrastructure Planning

We owe our existence to green infrastructure…



June 16, 2010 Goochland County Green Infrastructure Planning

Green Infrastructure Services

► Protection of water 
quality and supply

► Stormwater management, 
hazard mitigation

► Carbon Sequestration

► Air Quality Protection

► Temperature Moderation: 
Heat Island Effect

http://images.google.com/imgres?imgurl=http://www.schneiderism.com/wp-content/uploads/2008/05/rhino-water-drop-picture.jpg&imgrefurl=http://www.schneiderism.com/tag/global-distribution-of-water/&usg=__gwBshJXXYTjpharLxX3dARuyUM4=&h=333&w=500&sz=14&hl=en&start=19&um=1&tbnid=OwOX7EC3hglrUM:&tbnh=87&tbnw=130&prev=/images%3Fq%3Dwater%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-Address%26um%3D1


June 16, 2010 Goochland County Green Infrastructure Planning

Green Infrastructure Services

► Preserves biodiversity and wildlife 

habitat

► Conserves historic landscapes

► Protects working lands, forests 

and farms

► Improves quality of life and 

fitness through access to 

recreation

► Preserves rural character



June 16, 2010 Goochland County Green Infrastructure Planning

Some Economic Considerations…

► “Estimated value of all economic benefits generated by a single 
acre of wetland: $150,000 to $200,000”.

► “…every $1 appropriated in the annual national parks budget, 
the national park system generates at least $4 for state and 
local economies.”

► “…the estimated total value of the world’s ecosystems services is
$33 trillion annually.”

► “ …when 60 percent of the watershed is forested, average 
annual (water) treatment costs are $297,000. When only 10 
percent is forested, average annual costs rise to $923,450.” 

► “The forestry organization American Forests estimates that trees 
in the nation’s metropolitan areas contribute $400 billion in 
stormwater retention alone.”



June 16, 2010 Goochland County Green Infrastructure Planning

► Coastal Zone 

Management Program 

Grant – Sustainable 

Communities

► Create a regional green 

infrastructure asset 

map and prioritized 

green infrastructure 

opportunities

► “Update” state model 

data

The Origins of the Project



June 16, 2010 Goochland County Green Infrastructure Planning

The State Model

►Identification

►Inventory: Map existing 
assets

►Rank & Prioritize areas to 
protect

►Function

►Significance

►Vulnerability



June 16, 2010 Goochland County Green Infrastructure Planning

State Modeling Tools

► VA Natural Landscape Assessment – Forest Habitats

► Cultural Model – Historic Resources

► Vulnerability Model – Growth Predictions and Trends

► Forest Economics Model – Economically viable forest

► Agricultural Model – Lands suitable for farming

► Recreation Model – Trails, Parks, Hunting and Fishing

► Watershed Integrity Model

► Ecological Integrity



June 16, 2010 Goochland County Green Infrastructure Planning

VA Conservation Lands Needs Assessment:

Core Prioritization in Virginia

Image Courtesy VA Dept. of Conservation and Recreation



June 16, 2010 Goochland County Green Infrastructure Planning

ECOLOGICAL 

COMPOSITE

Ecological Composite Model = Ecological Integrity Ranking 1 - 5

Image Courtesy VA Dept. of Conservation and Recreation

Area and Diversity

Of Wetlands

Important Geologic Types

Remoteness

Size of Interior

Perimeter/Area Ratio

Old Growth Forest

Wildlife Action Plan

Tier 1 Essential Habitats

Natural Heritage

Element Occurrences

State Model Factors



June 16, 2010 Goochland County Green Infrastructure Planning

1. Use existing structure data, aerial photography and 

ecological core GIS data to identify new structures

not accounted for in the model data

2. Digitize points over new structures identified from 

aerial photography.

Method to Update Cores



June 16, 2010 Goochland County Green Infrastructure Planning

3. Add 100 meter buffer around structures that 

intersect the ecological cores.



June 16, 2010 Goochland County Green Infrastructure Planning

4. Remove structure buffers from ecological cores.

5. Recalculate core acreage, eliminate remaining 

core fragments below acreage threshold.

6. Recalculate ecological integrity score.
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Richmond & 

Crater Region 

Intact Cores

2007



June 16, 2010 Goochland County Green Infrastructure Planning

► Removal of 1 patch causes 

habitat loss, habitat diversity 

loss, & potential reduction of 

population or localized 

extinction

► With habitat connections, more 

is always better

► Splitting of large habitats can 

have drastic effects on interior 

species

Connectivity is key…
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Theme

Maps
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Regional 

Green 

Infrastructure 

Assets
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Regional Green 

Infrastructure 

Opportunities
Insert here



June 16, 2010 Goochland County Green Infrastructure Planning

► Began October 2009

► Incorporate 3D Modeling to expand analysis and 
planning capabilities of the project

► Two pronged approach:

 Urban – Work with City of Richmond on a 
Green Infrastructure asset map; can be used 
as a model of other urbanized localities in the 
region

 Rural – Work with individual localities to 
educate and add implementation measures to 
local plans/ordinances

Green Infrastructure Phase II…



June 16, 2010 Goochland County Green Infrastructure Planning

Steps 
for County-Level Planning

► Phase I:  Data Collection & Research

► Phase II:  Asset Mapping (ecological, cultural, 
economic)

► Phase III:  Risk Assessment (what assets at risk)

► Phase IV: Opportunities= what kind of 
community do we want? (what policies, 
programs, projects can be implemented?)

► Final Report:  Asset maps, opportunities maps, 
strategies for localities to consider)



June 16, 2010 Goochland County Green Infrastructure Planning

The Inventory: Map Existing Green 

Infrastructure Assets
► Working Lands
 Farms

 Forests

 Fisheries

► River & Stream 
Corridors

► Wetlands

► Marshes & Swamps

► Meadows & Pastures

► Parks



June 16, 2010 Goochland County Green Infrastructure Planning

The Inventory: Map Existing Green 

Infrastructure Assets

► Cultural Sites

► Historic Resources

► Trails

► Viewsheds

► Scenic Rivers 

► Scenic Byways

► Watersheds

► Birding and Wildlife 

Trails



June 16, 2010 Goochland County Green Infrastructure Planning

A Unique Opportunity: 

7 Years in a Changing Landscape

2000
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A Unique Opportunity: 

7 Years in a Changing Landscape

2007
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Goochland County Green Infrastructure Assets

Goochland 

County Intact 

Cores 2007



June 16, 2010 Goochland County Green Infrastructure PlanningMarch 17, 2010March 17, 2010 Goochland County Green Infrastructure PlanningGoochland County Green Infrastructure Planning

Goochland County Green Infrastructure AssetsGoochland County Green Infrastructure Assets

Richmond-Crater Region
Green Infrastructure Assets

Protected Lands (public holdings & easements)

Connected High Value Landscape

Intact Landscapes

Tree Canopy

Major Rivers

Urban Developed Land

Nature-Based Recreation

Scenic Byways
Nature-Based Recreation (Public Access)
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Existing Goochland County Measures

► Water Quality & Conservation

 Plan of Development Review process

 Stormwater Management planning & 

permitting (DCR administers)

 Point-source Discharge Permitting

 Wetlands Regulations

 Open space requirement in all but one 

residential district

Source: Goochland County Comprehensive Plan, February 2009

Photo credit: Deb Silbert
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Existing Goochland County Measures

► Floodplain uses restricted in Zoning 

Ordinance

► Comprehensive Plan supports environmental 

preservation

► Water Supply Plan being written

► 2% of land area in conservation 

easements

Source: Goochland County Comprehensive Plan, February 2009
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Potential Goochland County Measures

Improve how open space requirements can be better 

integrated with surrounding parcels

FRAGMENTED: Even well-

intentioned land use planning 

approaches can result in the 

fragmentation of the county’s 

high-value natural assets.

CONNECTED: A green 

infrastructure planning approach 

allows for development and 

growth at the same scale, while 

also ensuring that the county’s 

natural assets remain intact and 

well-connected.



June 16, 2010 Goochland County Green Infrastructure Planning

Change current setback requirements that 

currently range from 75-175 feet which can 

cause buildings to encroach into potential 

conservation or buffer space to the rear of a 

parcel.

Official designation of the James River as a 

Scenic River

Low Impact Development 

Potential Goochland County Measures



June 16, 2010 Goochland County Green Infrastructure Planning

Applying Green Infrastructure Planning

► Informing local comprehensive plans

► New ordinance development

 Basis for up-zoning or down-zoning

► Trail, greenway, and blueway planning

► Park and open space planning

► Heritage tourism and viewshed protection

► Prioritizing lands for conservation

 Purchase or Transfer of Development 

Rights Programs

 Site design for cluster developments



June 16, 2010 Goochland County Green Infrastructure Planning

We owe our existence to green infrastructure…

Remember…



June 16, 2010 Goochland County Green Infrastructure Planning

For  more information, contact

Jackie Stewart

Director, Planning and Information Services

RRPDC

jstewart@richmondregional.org

Sarah Stewart, Senior Planner

RRPDC

(804) 323-2033

sstewart@richmondregional.org

Robins Foundation

mailto:jstewart@richmondregional.org
mailto:sstewart@richmondregional.org


Green InfrastructureGreen Infrastructure PlanningPlanningGreen InfrastructureGreen Infrastructure PlanningPlanning

November 9, 2010November 9, 2010 Town of Ashland Town of Ashland Green Infrastructure PlanningGreen Infrastructure Planning
Robins Foundation



►►Green InfrastructureGreen Infrastructure
DefinitionDefinitionatat DefinitionDefinition
Benefits Benefits 
Identification & MappingIdentification & Mapping
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►►AnalysisAnalysisyy yy
State ModelState Model
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Town of Ashland Green Town of Ashland Green 
Infrastructure AssetsInfrastructure Assets

►►Planning for the Future & Planning for the Future & 
ImplementationImplementationh
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November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning
November 9, 2010November 9, 2010

ImplementationImplementationhh



Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Photo CreditPhoto Credit: Tom Saunders, VDOT, Traffic at I: Tom Saunders, VDOT, Traffic at I--95 and Downtown 95 and Downtown 
ExpresswayExpressway

Photo CreditPhoto Credit: Tom Saunders, VDOT, Traffic on I: Tom Saunders, VDOT, Traffic on I--95 95 
at Broad Street Bridgeat Broad Street Bridge

November 9, 2010November 9, 2010 Town of Ashland Green Infrastructure PlanningTown of Ashland Green Infrastructure Planning



Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

November 9, 2010November 9, 2010 Town of Ashland Green Infrastructure PlanningTown of Ashland Green Infrastructure Planning



Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Air QualityAir Quality

November 9, 2010November 9, 2010 Town of Ashland Green Infrastructure PlanningTown of Ashland Green Infrastructure Planning



Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Ai  Q liAi  Q liAir QualityAir Quality

Loss of Critical Loss of Critical Loss of Critical Loss of Critical 
HabitatHabitat

November 9, 2010November 9, 2010 Town of Ashland Green Infrastructure PlanningTown of Ashland Green Infrastructure Planning



Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Air QualityAir Quality

L  f C iti l L  f C iti l 

Photo Credit: Adventure HillPhoto Credit: Adventure Hill

Loss of Critical Loss of Critical 
HabitatHabitat

Loss of Working Loss of Working 
LandsLands Photo Credit: Ashland Berry FarmPhoto Credit: Ashland Berry Farm

November 9, 2010November 9, 2010 Town of Ashland Green Infrastructure PlanningTown of Ashland Green Infrastructure Planning

LandsLands



Infrastructure (n): the substructure or underlying 
foundation…on which the continuance of growth of a 

i  d dcommunity depends.

GrayGray GreenGreenyy

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



What is What is 
Green Infrastructure?Green Infrastructure?

““Strategically planned and 
managed networks of natural managed networks of natural 
areas, working landscapes and 
other open spaces that conserve 

t  l   d f ti  ecosystem values  and functions 
and provide associated benefits to 
human populations”human populations

‐ Benedict, Mark A. and Edward T. McMahon. Green Infrastructure: Linking Landscapes 
and Communities. Washington, D.C.: Island Press, 2006.

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



ConnectivityConnectivity is key…is key…
►► Removal ofRemoval of 1 core1 core causes causes 

habitathabitat loss, habitat diversity loss, habitat diversity 
l  & t ti l d til  & t ti l d ti f f loss, & potential reductionloss, & potential reduction of of 
population or localized population or localized 
extinctionextinction

►► With habitat connections, more With habitat connections, more 
i  l  b tti  l  b ttis always betteris always better

►► Splitting of large habitats can Splitting of large habitats can ►► Splitting of large habitats can Splitting of large habitats can 
havehave drastic effects on interior drastic effects on interior 
speciesspecies

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



Green Infrastructure ServicesGreen Infrastructure Services
►► Protection of water Protection of water 

quality and supplyquality and supply
►► Stormwater management  Stormwater management  ►► Stormwater management, Stormwater management, 

hazard mitigationhazard mitigation
►► Carbon SequestrationCarbon Sequestration
►► Air Quality ProtectionAir Quality Protection►► Air Quality ProtectionAir Quality Protection
►► Temperature Moderation: Temperature Moderation: 

Heat Island EffectHeat Island Effect

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



Green Infrastructure ServicesGreen Infrastructure Services
►► Preserves biodiversity and wildlife Preserves biodiversity and wildlife 

habitathabitat
►► C  hi t i  l dC  hi t i  l d►► Conserves historic landscapesConserves historic landscapes
►► Protects working lands, forests Protects working lands, forests 

and farmsand farms
►► Improves quality of life and Improves quality of life and 

fitness through access to fitness through access to 
recreationrecreation

►► Preserves rural characterPreserves rural character

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



We owe our existence to green infrastructure…We owe our existence to green infrastructure…

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning



Some Economic Considerations…Some Economic Considerations…

► “Estimated value of all economic benefits generated by a single 
$ $acre of wetland: $150,000 to $200,000”.

► “…every $1 appropriated in the annual national parks budget, 
the national park system generates at least $4 for state and p y g $
local economies.”

► “…the estimated total value of the world’s ecosystems services is
$33 trillion annually ”$33 trillion annually.

► “ …when 60 percent of the watershed is forested, average 
annual (water) treatment costs are $297,000. When only 10 
percent is forested  average annual costs rise to $923 450 ” percent is forested, average annual costs rise to $923,450.  

► “The forestry organization American Forests estimates that trees 
in the nation’s metropolitan areas contribute $400 billion in 
t t  t ti  l ”

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning

stormwater retention alone.”



The Origins of the Regional The Origins of the Regional 
Project Project Phase IPhase I

►Coastal Zone 
M t P  

Project Project –– Phase IPhase I

Management Program 
Grant – Sustainable 
CommunitiesCommunities

►Create a regional green 
infrastructure asset infrastructure asset 
map and prioritized 
green infrastructure 
opportunities

► “Update” state model 

November 9, 2010November 9, 2010 Town of Ashland Green Town of Ashland Green Infrastructure PlanningInfrastructure Planning

data



The State ModelThe State Model

►Identification
►Inventory: Map existing ►Inventory: Map existing 

assets
►Rank & Prioritize areas to ►Rank & Prioritize areas to 

protect
►Function►Function
►Significance
►Vulnerability
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State Modeling Suite
► VA Natural Landscape Assessment – Forest Habitats
► Cultural Model – Historic Resources
► V l bilit  M d l G th P di ti  d T d► Vulnerability Model – Growth Predictions and Trends
► Forest Economics Model – Economically viable forest
► Agricultural Model – Lands suitable for farming► Agricultural Model Lands suitable for farming
► Recreation Model – Trails, Parks, Hunting and Fishing
► Watershed Integrity Modelg y
► Ecological Integrity
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VA Conservation Lands Needs Assessment:
Core Prioritization in Virginia
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Ecological Composite Model = Ecological Integrity Ranking 1 - 5
State Model FactorsState Model Factors

Natural Heritage
Element Occurrences

Area and Diversity
Of Wetlands

Wildlife Action Plan
Tier 1 Essential Habitats

ECOLOGICAL 
COMPOSITE

Important Geologic Types

Old Growth Forest

Remoteness

Size of Interior

Perimeter/Area Ratio
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1 U  i ti  t t  d t  i l h t h  d 

Method to Update Cores
1. Use existing structure data, aerial photography and 

ecological core GIS data to identify new structures
not accounted for in the model data

2. Digitize points over new structures identified from 
aerial photography.
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3. Add 100 meter buffer around structures that 
intersect the ecological coresintersect the ecological cores.
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4. Remove structure buffers from ecological cores.
5. Recalculate core acreage, eliminate remaining 

core fragments below acreage thresholdcore fragments below acreage threshold.
6. Recalculate ecological integrity score.
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Richmond & Richmond & 
2000 regional map2000 regional map

Richmond & Richmond & 
Crater Region Crater Region 
I  CI  CIntact CoresIntact Cores

20002000
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Richmond & Richmond & Richmond & Richmond & 
Crater Region Crater Region 
I  CI  CIntact CoresIntact Cores

20072007
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ThemeTheme
MMMapsMaps
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Regional Regional 
Green Green Green Green 

Infrastructure Infrastructure 
AssetsAssetsAssetsAssets
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Regional Green Regional Green Regional Green Regional Green 
Infrastructure Infrastructure 
OpportunitiesOpportunities

Insert here

OpportunitiesOpportunities
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Green Infrastructure Phase II…

► Began October 2009
► Incorporate CITYgreen modeling to expand ► Incorporate CITYgreen modeling to expand 

analysis and planning capabilities of the project
► Two pronged approach:

Urban – Work with City of Richmond on a 
Green Infrastructure asset map; can be used 
as a model of other urbanized localities in the 
region
Region – Work with individual localities to 
educate and add implementation measures to educate and add implementation measures to 
local plans/ordinances
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Steps Steps 
for Local-Level Planning

► Phase I:  Data Collection & Research
► Phase II:  Asset Mapping (ecological, cultural, ► Phase II:  Asset Mapping (ecological, cultural, 

economic)
► Phase III:  Risk Assessment (what assets at risk)
► Phase IV: Opportunities= what kind of 

community do we want? (what policies, 
programs, projects can be implemented?)p og a s, p ojects ca  be p e e ted?)

► Final Report:  Asset maps, opportunities maps, 
strategies for localities to consider)
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The Inventory: Map Existing Green The Inventory: Map Existing Green 
Infrastructure AssetsInfrastructure AssetsInfrastructure AssetsInfrastructure Assets

►►Working LandsWorking Lands
Farms/Community Farms/Community / y/ y
GardensGardens
ForestsForests
FisheriesFisheriesFisheriesFisheries

►►River & Stream River & Stream 
CorridorsCorridors

►►WetlandsWetlands
►►Marshes & SwampsMarshes & Swampspp
►►Meadows & PasturesMeadows & Pastures
►►ParksParks
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The Inventory:The Inventory: Map Existing Green Map Existing Green 
I f t t  A tI f t t  A tInfrastructure AssetsInfrastructure Assets

►►Cultural SitesCultural Sites
►►Historic ResourcesHistoric Resources
►►TrailsTrails
►►ViewshedsViewsheds
►►Scenic Rivers Scenic Rivers 
►►Scenic BywaysScenic Byways
►►WatershedsWatersheds
►►Birding and Wildlife Birding and Wildlife 

TrailsTrails
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7 Years in a 7 Years in a 
20002000

Changing Changing 
LandscapeLandscape
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7 Years in a 7 Years in a 

20072007

Changing Changing 
LandscapeLandscape
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Town of Ashland Green Infrastructure AssetsTown of Ashland Green Infrastructure Assets

Town of Town of 
Ashland Ashland 

Intact Cores Intact Cores 
20002000
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Town of Ashland Green Infrastructure AssetsTown of Ashland Green Infrastructure Assets

Town of Town of 
Ashland Ashland 

Intact Cores Intact Cores 
20072007
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Town of Ashland Green Infrastructure AssetsTown of Ashland Green Infrastructure Assets

Richmond-Crater Region
Green Infrastructure Assets

Protected Lands (public holdings & easements)

Connected High Value Landscape

Intact Landscapes

Tree Canopy

Nature-Based Recreation

Scenic Byways
Nature-Based Recreation (Public Access)Nature Based Recreation (Public Access)
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Applying Green Infrastructure Planningpp y g g

►► Informing local comprehensive plansInforming local comprehensive plans
►► New ordinance developmentNew ordinance development

Basis for upBasis for up zoning or downzoning or down zoningzoningBasis for upBasis for up--zoning or downzoning or down--zoningzoning
►► Trail, greenway, and Trail, greenway, and bluewayblueway planningplanning
►► Park and open space planningPark and open space planning
►► Heritage tourism and Heritage tourism and viewshedviewshed protectionprotection
►► Prioritizing lands for conservationPrioritizing lands for conservation

Purchase or Transfer of Development Purchase or Transfer of Development pp
Rights ProgramsRights Programs
Site design for cluster developmentsSite design for cluster developments
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Applying Green Infrastructure Planning
Improve how open space requirements can be better Improve how open space requirements can be better 

integrated with surrounding parcelsintegrated with surrounding parcels

FRAGMENTED: FRAGMENTED: Even wellEven well--
intentioned land use planning intentioned land use planning 
approaches can result in the approaches can result in the 
fragmentation of the county’s fragmentation of the county’s fragmentation of the county s fragmentation of the county s 
highhigh--value natural assets.value natural assets.

CONNECTED: CONNECTED: A green A green 
infrastructure planning approach infrastructure planning approach 
allows for development and allows for development and 

th t th   l  hil  th t th   l  hil  growth at the same scale, while growth at the same scale, while 
also ensuring that the county’s also ensuring that the county’s 
natural assets remain intact and natural assets remain intact and 
wellwell--connected.connected.
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RememberRemember……
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We owe our existence to green infrastructure…We owe our existence to green infrastructure…



For  more information  contactFor  more information, contact

Sarah Stewart
Senior Planner
RRPDC
(804) 323-2033
sstewart@richmondregional.org
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Robins Foundation



Green InfrastructureGreen Infrastructure PlanningPlanningGreen InfrastructureGreen Infrastructure PlanningPlanning
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►►Green InfrastructureGreen Infrastructure
DefinitionDefinitionatat DefinitionDefinition
Benefits Benefits 
Identification & Mapping Identification & Mapping 

w
h

w
h

Identification & Mapping Identification & Mapping 

►►AnalysisAnalysisyy yy
State ModelState Model
Asset Inventory MethodologyAsset Inventory Methodologyw

h
y

w
h

y
Chesterfield County Green Chesterfield County Green 
Infrastructure AssetsInfrastructure Assets

►►Planning for the Future & Planning for the Future & 
ImplementationImplementationh

ow
h

ow
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Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Photo CreditPhoto Credit: Tom Saunders, VDOT, Traffic at I: Tom Saunders, VDOT, Traffic at I--95 and Downtown 95 and Downtown 
ExpresswayExpressway

Photo CreditPhoto Credit: Tom Saunders, VDOT, Traffic on I: Tom Saunders, VDOT, Traffic on I--95 95 
at Broad Street Bridgeat Broad Street Bridge
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Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality
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Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Air QualityAir Quality
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Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Ai  Q liAi  Q liAir QualityAir Quality

Loss of Critical Loss of Critical Loss of Critical Loss of Critical 
HabitatHabitat
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Local land use planning impact on the environmentLocal land use planning impact on the environment

Traffic CongestionTraffic Congestion

Water QualityWater Quality

Air QualityAir Quality

L  f C iti l L  f C iti l 

Photo Credit: Adventure HillPhoto Credit: Adventure Hill

Loss of Critical Loss of Critical 
HabitatHabitat

Loss of Working Loss of Working 
LandsLands
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Infrastructure (n): the substructure or underlying 
foundation…on which the continuance of growth of a 

i  d dcommunity depends.

GrayGray GreenGreenyy
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What is What is 
Green Infrastructure?Green Infrastructure?

““Strategically planned and 
managed networks of natural managed networks of natural 
areas, working landscapes and 
other open spaces that conserve 

t  l   d f ti  ecosystem values  and functions 
and provide associated benefits to 
human populations”human populations

‐ Benedict, Mark A. and Edward T. McMahon. Green Infrastructure: Linking Landscapes 
and Communities. Washington, D.C.: Island Press, 2006.
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ConnectivityConnectivity is key…is key…
►► Removal ofRemoval of 1 patch1 patch causes causes 

habitathabitat loss, habitat diversity loss, habitat diversity 
l  & t ti l d til  & t ti l d ti f f loss, & potential reductionloss, & potential reduction of of 
population or localized population or localized 
extinctionextinction

►► With habitat connections, more With habitat connections, more 
i  l  b tti  l  b ttis always betteris always better

►► Splitting of large habitats can Splitting of large habitats can ►► Splitting of large habitats can Splitting of large habitats can 
havehave drastic effects on interior drastic effects on interior 
speciesspecies
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Green Infrastructure ServicesGreen Infrastructure Services
►► Protection of water Protection of water 

quality and supplyquality and supply
►► Stormwater management  Stormwater management  ►► Stormwater management, Stormwater management, 

hazard mitigationhazard mitigation
►► Carbon SequestrationCarbon Sequestration
►► Air Quality ProtectionAir Quality Protection►► Air Quality ProtectionAir Quality Protection
►► Temperature Moderation: Temperature Moderation: 

Heat Island EffectHeat Island Effect
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Green Infrastructure ServicesGreen Infrastructure Services
►► Preserves biodiversity and wildlife Preserves biodiversity and wildlife 

habitathabitat
►► C  hi t i  l dC  hi t i  l d►► Conserves historic landscapesConserves historic landscapes
►► Protects working lands, forests Protects working lands, forests 

and farmsand farms
►► Improves quality of life and Improves quality of life and 

fitness through access to fitness through access to 
recreationrecreation

►► Preserves rural characterPreserves rural character
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We owe our existence to green infrastructure…We owe our existence to green infrastructure…
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SSomeome EEconomicconomic CConsiderationsonsiderations……

► “Estimated value of all economic benefits generated by a single 
$ $acre of wetland: $150,000 to $200,000”.

► “…every $1 appropriated in the annual national parks budget, 
the national park system generates at least $4 for state and p y g $
local economies.”

► “…the estimated total value of the world’s ecosystems services is
$33 trillion annually ”$33 trillion annually.

► “ …when 60 percent of the watershed is forested, average 
annual (water) treatment costs are $297,000. When only 10 
percent is forested  average annual costs rise to $923 450 ” percent is forested, average annual costs rise to $923,450.  

► “The forestry organization American Forests estimates that trees 
in the nation’s metropolitan areas contribute $400 billion in 
t t t ti  l ”
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The Origins of the Regional The Origins of the Regional 
ProjectProject

►Coastal Zone 
M t P  

ProjectProject

Management Program 
Grant – Sustainable 
CommunitiesCommunities

►Create a regional green 
infrastructure asset infrastructure asset 
map and prioritized 
green infrastructure 
opportunities

► “Update” state model 

November 9, 2010November 9, 2010 Chesterfield County Green Chesterfield County Green Infrastructure PlanningInfrastructure Planning

data



The State ModelThe State Model

►Identification
►Inventory: Map existing ►Inventory: Map existing 

assets
►Rank & Prioritize areas to ►Rank & Prioritize areas to 

protect
►Function►Function
►Significance
►Vulnerability
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State Modeling Tools
► VA Natural Landscape Assessment – Forest Habitats
► Cultural Model – Historic Resources
► V l bilit  M d l G th P di ti  d T d► Vulnerability Model – Growth Predictions and Trends
► Forest Economics Model – Economically viable forest
► Agricultural Model – Lands suitable for farming► Agricultural Model Lands suitable for farming
► Recreation Model – Trails, Parks, Hunting and Fishing
► Watershed Integrity Modelg y
► Ecological Integrity
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VA Conservation Lands Needs Assessment:
Core Prioritization in Virginia
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Ecological Composite Model = Ecological Integrity Ranking 1 - 5
State Model FactorsState Model Factors

Natural Heritage
Element Occurrences

Area and Diversity
Of Wetlands

Wildlife Action Plan
Tier 1 Essential Habitats

ECOLOGICAL 
COMPOSITE

Important Geologic Types

Old Growth Forest

Remoteness

Size of Interior

Perimeter/Area Ratio
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1 U  i ti  t t  d t  i l h t h  d 

Method to Update Cores
1. Use existing structure data, aerial photography and 

ecological core GIS data to identify new structures
not accounted for in the model data

2. Digitize points over new structures identified from 
aerial photography.
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3. Add 100 meter buffer around structures that 
intersect the ecological coresintersect the ecological cores.
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4. Remove structure buffers from ecological cores.
5. Recalculate core acreage, eliminate remaining 

core fragments below acreage thresholdcore fragments below acreage threshold.
6. Recalculate ecological integrity score.
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Richmond & Richmond & 
2000 regional map2000 regional map

Richmond & Richmond & 
Crater Region Crater Region 
I  CI  CIntact CoresIntact Cores

20002000

January 2010January 2010 Chesterfield County Green Chesterfield County Green Infrastructure PlanningInfrastructure Planning



Richmond & Richmond & Richmond & Richmond & 
Crater Region Crater Region 
I  CI  CIntact CoresIntact Cores

20072007
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ThemeTheme
MMMapsMaps
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Regional Regional 
Green Green Green Green 

Infrastructure Infrastructure 
AssetsAssetsAssetsAssets
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Regional Green Regional Green Regional Green Regional Green 
Infrastructure Infrastructure 
OpportunitiesOpportunities

Insert here

OpportunitiesOpportunities
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Green Infrastructure Phase II…

► Began October 2009
► Incorporate CITYgreen modeling to expand ► Incorporate CITYgreen modeling to expand 

analysis and planning capabilities of the project
► Two pronged approach:

Urban – Work with City of Richmond on a 
Green Infrastructure asset map; can be used 
as a model of other urbanized localities in the 
region
Region – Work with individual localities to 
educate and add implementation measures to educate and add implementation measures to 
local plans/ordinances
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Steps 
for County-Level Planning

► Phase I:  Data Collection & Research
► Phase II:  Asset Mapping (ecological, cultural, ► Phase II:  Asset Mapping (ecological, cultural, 

economic)
► Phase III:  Risk Assessment (what assets at risk)
► Phase IV: Opportunities= what kind of 

community do we want? (what policies, 
programs, projects can be implemented?)p og a s, p ojects ca  be p e e ted?)

► Final Report:  Asset maps, opportunities maps, 
strategies for localities to consider)
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The Inventory: Map Existing Green The Inventory: Map Existing Green 
Infrastructure AssetsInfrastructure AssetsInfrastructure AssetsInfrastructure Assets

►►Working LandsWorking Lands
FarmsFarms
ForestsForests
FisheriesFisheries

►►River & Stream River & Stream 
CorridorsCorridors

►►WetlandsWetlands►►WetlandsWetlands
►►Marshes & SwampsMarshes & Swamps
►►Meadows & PasturesMeadows & Pastures►►Meadows & PasturesMeadows & Pastures
►►ParksParks
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The Inventory:The Inventory: Map Existing Green Map Existing Green 
I f t t  A tI f t t  A tInfrastructure AssetsInfrastructure Assets

►►Cultural SitesCultural Sites
►►Historic ResourcesHistoric Resources
►►TrailsTrails
►►ViewshedsViewsheds
►►Scenic Rivers Scenic Rivers 
►►Scenic BywaysScenic Byways
►►WatershedsWatersheds
►►Birding and Wildlife Birding and Wildlife 

TrailsTrails
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7 Years in 7 Years in 

20002000
7 Years in 7 Years in 

a Changing a Changing 
LandscapeLandscape
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7 Years in a 7 Years in a 

20072007

Changing Changing 
LandscapeLandscape
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Chesterfield County Green Infrastructure AssetsChesterfield County Green Infrastructure Assets

Chesterfield Chesterfield 
County County 

Intact Cores Intact Cores 
20002000
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Chesterfield County Green Infrastructure AssetsChesterfield County Green Infrastructure Assets

Chesterfield Chesterfield 
County County County County 

Intact Cores Intact Cores 
20072007
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Chesterfield County Green Infrastructure Chesterfield County Green Infrastructure 
AssetsAssetsAssetsAssets

Richmond-Crater Region
Green Infrastructure Assets

Protected Lands (public holdings & easements)

Connected High Value Landscape

Intact Landscapes

Tree Canopy

Nature-Based Recreation
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Nature-Based Recreation (Public Access)



Applying Green Infrastructure Planningpp y g g

►► Informing local comprehensive plansInforming local comprehensive plans
►► New ordinance developmentNew ordinance development

Basis for upBasis for up zoning or downzoning or down zoningzoningBasis for upBasis for up--zoning or downzoning or down--zoningzoning
►► Trail, greenway, and blueway planningTrail, greenway, and blueway planning
►► Park and open space planningPark and open space planning
►► Heritage tourism and viewshed protectionHeritage tourism and viewshed protection
►► Prioritizing lands for conservationPrioritizing lands for conservation

Purchase or Transfer of Development Purchase or Transfer of Development pp
Rights ProgramsRights Programs
Site design for cluster developmentsSite design for cluster developments
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Applying Green Infrastructure Planning
Improve how open space requirements can be better Improve how open space requirements can be better 

integrated with surrounding parcelsintegrated with surrounding parcels

FRAGMENTED: FRAGMENTED: Even wellEven well--
intentioned land use planning intentioned land use planning 
approaches can result in the approaches can result in the 
fragmentation of the county’s fragmentation of the county’s fragmentation of the county s fragmentation of the county s 
highhigh--value natural assets.value natural assets.

CONNECTED: CONNECTED: A green A green 
infrastructure planning approach infrastructure planning approach 
allows for development and allows for development and 

th t th   l  hil  th t th   l  hil  growth at the same scale, while growth at the same scale, while 
also ensuring that the county’s also ensuring that the county’s 
natural assets remain intact and natural assets remain intact and 
wellwell--connected.connected.
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RememberRemember……

November 9, 2010November 9, 2010 Chesterfield County Green Chesterfield County Green Infrastructure PlanningInfrastructure Planning

We owe our existence to green infrastructure…We owe our existence to green infrastructure…



For  more information  contactFor  more information, contact

Sarah Stewart
Senior Planner
RRPDC
(804) 323-2033
sstewart@richmondregional.org
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Robins Foundation
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