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The Green Infrastructure 
Center’s  mission is to help 
communities evaluate their 
green assets and manage 
them to maximize ecological, 
economic and cultural 
returns.  
We do this by: 
Technical and mapping consulting 
Teaching courses and workshops  
Research into new methodologies 

 
www.gicinc.org 

 



GREEN INFRASTRUCTURE CENTER 

  Where We Work 
Launched in Virginia, the GIC has conducted 15 projects from multi-
county regions, to counties, cities, towns and watersheds. We also 
work in NY, AR, NC and SC. We can work anywhere!  

Our planning guides are based on seven years of field testing. We can 
build a model for any state to map green infrastructure connections. 

To view GIC’s projects and case studies visit: www.gicinc.org/projects 
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Slide Show Topics 
 Why We Need Multi Scale Thinking  

 Green Infrastructure Defined 

Planning at Multiple Scales:   

                 Region/City/Watershed/Site 

 Making the Case  
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Why do we need better multi-scale planning? 
When we don’t do this we get…  

Traffic congestion 
Poor water quality 
Bad 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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First Question: Where 
to develop? 

 
Smart 
Growth = 

Using 
Existing (grey)  
Infrastructure 

 
 
But is this enough? 

 



GREEN INFRASTRUCTURE CENTER 

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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Traditional Development 
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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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We can keep land connected with development but only if we 
plan at a larger scale. 
 

 
The problem of clusters that don’t look beyond  parcel boundaries 
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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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A planimetric map of a Washington DC shows a neighborhood’s gray 
infrastructure including buildings and roads (left). Classified high-
resolution satellite imagery adds a green infrastructure data layer (trees 
and other vegetation) (right).  Source: American Forests 

What is Green Infrastructure? 

Presenter
Presentation Notes
In green infrastructure planning we look at the community from a natural systems perspective -- evaluating and restoring natural underpinnings of the built environment to create healthful and resilient communities – both ecosystems and “peoplesystems”.
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Origin of the 
Term “Green 
Infrastructure”  
 

 
Florida coined the term 
“Green Infrastructure.” 
in a 1994 report to the 
governor on land 
conservation strategies.  
 
It was intended to reflect 
the notion that natural 
systems are important 
components of our 
“infrastructure.” 

Presenter
Presentation Notes
Green Infrastructure Precedents: Florida Ecological Network ProjectFlorida’s leadership in strategic conservation planning and green infrastructure dates to the 1970s, and the state’s green infrastructure initiative has served as the model for most green infrastructure projects in the nation, including analyses by the states of Maryland and Virginia, the New Jersey Conservation Foundation, the Saginaw Bay Greenways Collaborative, the Chesapeake Bay Program, and U.S. EPA. The state’s green infrastructure efforts date to 1991, when several nonprofit organizations and citizens collaborated to develop the Florida Greenways program. In 1994, the program’s successor, the Florida Greenways Commission, issued a report, which called for a greenways system comprised of two networks: an Ecological Network, consisting of ecological hubs, linkages and sites along rivers, coastlines and across watersheds; and a Recreational/Cultural Network, with trail corridors connecting parks, urban areas, working landscapes and cultural/historic sites.In 1995, the greenways initiative transitioned from an NGO-led program to a government-based program, funded by the state legislature, led by the Florida Greenways Coordinating Council (FGCC), and with the Florida Department of Environmental Protection (FDEP) as the state’s lead agency. FDEP contracted with the University of Florida to develop the physical design of a statewide greenways system. Today, FDEP’s Office of Greenways & Trails (OGT) is working to establish a statewide system of greenways and trails for recreation, conservation, and alternative transportation based on the findings of this work. 
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When Did GI Definition Expand to Include 
BMPs? 
 
2006: the U.S. EPA begins calling integrated best management 
practices -- previously referred to as Low Impact Development 
(LID) strategies -- “Green Infrastructure.”  This led to confusion!  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Used in concert – 
best management 
practices such as 
biofilters, no mow 
zones, permeable 
pavers, filterra 
boxes, downspout 
protection and 
green roofs can 
significantly 
reduce urban 
runoff impacts. 

Presenter
Presentation Notes
http://cfpub.epa.gov/npdes/home.cfm?program_id=298
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LID applies structural methods to 
counter human induced changes 
to the land at a site scale. 
  

 First Conservation: Evaluate existing green 
infrastructure assets. First, prevent stormwater, then 
mitigate. (MI Low Impact Development Manual, 2008) 
 

 Second Mitigation: LID is mitigation and is applied at 
the site scale after resources are protected to counter 
any potential hard surface impacts. 
 

LID is not a license to develop anywhere.  
 Low Impact Development is not no impact development. 
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Trees: the original 
green infrastructure! 
 
Trees give us cleaner air, shade, 
beauty and stormwater benefits at 
a cost that is far cheaper than 
engineered systems! 
 
Estimates for the amount of water 
a typical street tree can intercept 
in its crown, range from 760 
gallons to 4000 gallons per tree 
per year, depending on species. 
 

Presenter
Presentation Notes
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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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 Traditional 
Development 

Green Infrastructure 
Based-Development 

   Plan for grey   
   infrastructure first (roads,   
   stormwater pipes) 

First, assess natural 
features and functions 
and protect them. 

   Green spaces in    
   leftover lands (e.g. steep  
   slopes and floodplains) 

Plan for parks, trails, 
habitat connections 
before siting buildings.  

   Work within confines of  
   parcel = pocket parks,  
   inner trails, gated     
   systems 

Connect land and water 
habitats to region and 
across ownerships 
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Green Infrastructure Planning For A Connected 
Landscape  

It’s about 
connecting 
the 
landscape!  

Not just key 
habitats but 
how we 
connect 
them! 

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 CENTER 

How to Calculate Interior Habitat           

Take the average tree 
height @ 100 feet and 
multiply by 3 to get edge.  
Subtract that to learn what 
remains and whether there 
is enough area to 
constitute a core. If 
smaller, it may still be a 
key “patch” or “site.” 

Interior = Total Area – 3(h) 
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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  

Presenter
Presentation Notes
Cerulean warblers prefer mature deciduous forests with large trees and a closed canopy. Scarlet Tanager’s breed in mature deciduous forests and mixed deciduous-coniferous forests. They nest in oak, pine-oak, oak-hickory, beech, hemlock-hardwood, and occasionally pure eastern hemlock forests. Breeding Scarlet Tanagers prefer large forest tracts with large trees.The population of black bears is recovering. The Northern flying squirrel prefers conifer forests and the Southern flying squirrel prefers deciduous forests. The habitat ranges of these two species vary, but cover most of North America. Spotted salamanders live in mixed pine-hardwood forests, bottomlands and oak forests.
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Species Protection in Michigan 
 

 
• Karner Blue Butterfly 
• Kirtlands Warbler 
• Canada Lynx 
• Indiana Bat 
• Eastern Massasauga    

 Rattlesnakes 
 

Presenter
Presentation Notes
These are species listed as threatened or endangered in Michigan.  Unfortunately there are many more.  The goal is to restore habitats for these species to return their populations to healthy numbers while also ensuring that new species are not added to this list.

http://www.prairiefrontier.com/pages/butterflies/kblarge.jpg
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Length of 
Streams in 

Interior 
Forest 

Area of 
Wetlands & 
Grasslands 

 

Depth of 
Interior 

Total Area 

A mix of 
elevations Diversity 

of USDA 
STATSGO 

Soils 

Topographic 
Relief Index 

Area of 
Surface 
Waters 

Diversity of 
Gap 

Analysis 
Program 

Land Cover 

Core rank 

We can build a model of habitat cores and rank them           
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Example: 
This map 
shows the 
highest value 
cores and 
connected 
corridors = 
High Integrity 
Cores  
Connector 
Patches 
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Each core area has a 
data table telling 
what it contains… 
See example high ranked core 
at left has: 
 
 4,469 acres 
 6 soil types 
 6 habitat types 
 4.5 acres of wetlands 
 2.5 acres of surface water 

 

Presenter
Presentation Notes
A model and set of GIS instructions can be created for any state to use to create their own habitat cores.
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Dividing a large 
core into two 
smaller cores = 
less interior 
habitat 

 

Presenter
Presentation Notes
Removes interior habitatReduces interior species populationReduces diversity of interior species 
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More Edge = More Impact Zones 

Presenter
Presentation Notes
Edge allows air, wind and potential human disturbance to impact the core.  The more edge there is, the more impact potential there is.
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 Who Causes Trouble at the Edges?      

Brown Headed Cow Bird  

Invasive plants/trees 

Domestic (and wild) cats 

 

 

Presenter
Presentation Notes
Predators, invasive plants and some birds can disturb native flora and fauna.  

http://www.invasive.org/eastern/images/1536x1024/2307231.jpg


GREEN INFRASTRUCTURE CENTER 

Type of Edge Matters Too! 
The hard edge (top) is not as conducive to supporting 

species’ diversity as the bottom soft (more gradual) edge. 
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Corridors May Not Be Uniform.           
The ideal is 100 meters of safe space in the middle 

and 100 meters of edge.                               

minimum width = 300 meters wide 
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Who Can Use Corridors? (300 meters is ideal…) 
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When Direct Corridors Are Lost, Some 
Species Can Still Hop Across. 
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If cores or 
patches are too 
far apart, or if a 

core is lost, 
species may 

become 
isolated and 
decline over 

time. 

When Cores Are Lost, Species May Decline 

Presenter
Presentation Notes
When corridors or cores and patches are lost, species lose safe space to navigate the landscape.  Isolation can lead to decline over time.  For example, if a disease wipes out a species in one area, the area may not be repopulated if species from other areas cannot reach it.  Sometimes these areas are called “sinks” – areas that essentially become an island because there are no safe or accessible patches or corridors to navigate to the area.  Sometimes development can isolate an area and block species movement.
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Benefits of Conserving Green 
Infrastructure  

 Conserving working lands such 
as farms and forests, that 
contribute to the economy. 

 Protecting and preserving    
water quality and supply. 

 Providing cost-effective 
stormwater management and 
hazard mitigation. 

 Preserving biodiversity and 
wildlife habitat. 

 Improving public health, quality 
of life and recreation networks. 
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1) Set Your Goals: What does your community/organization value? 
 
2) Review Data – What do we know or need to know, to map identified values? 
 
3) Map Your Community’s Ecological and Cultural Assets – Based on the goals 
established in Step One and data from Step Two.  
 
4) Risk Assessment – What assets are most at risk and what could be lost if no 
action is taken?  
 
5) Rank Your Assets and Determine Opportunities – Based on those assets and 
risks you have identified, which ones should be restored or improved?  
 
6) Implement Opportunities – Include natural asset maps in both daily and long-
range planning (park planning, comp plans, zoning, tourism and economic development, 
seeking easements etc) 

 Six Steps for Green  
Infrastructure Planning 
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How Do We Conserve Green Infrastructure 
at Multiple Scales? 
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A Case 
Example 

from 
Virginia 

 
Region 
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Land Cover 
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Forested Land greater than 10-acres 
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Identify Trends & 
Priorities 

2000 2007 
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Forests prioritized by ecological integrity 
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Highest ecological integrity 
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County Scale           Example Plan 
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City Scale:  Virginia  
Richmond City Green Infrastructure 
Assessment 
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City: Develop citywide green infrastructure 
network based on suitability of vacant 
parcels. 
 
Planning District: Create interactive 
database to evaluate suitability of vacant 
parcels for various goals. 
 
Neighborhood: Develop concept plans and 
prototypes to connect neighborhoods to the 
city’s green infrastructure network. 
 
Project: Provide case studies and strategies 
that can be implemented to enhance 
Richmond’s green infrastructure network. 

Implementation Approach: Planning 
Across City Scales 
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First: Richmond Regional Planning District Commission  
maps city green assets = city green print 
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City Green Print 
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City Scale Opportunities 
 

The 2009 regional green infrastructure assessment revealed a 
significant decline of green infrastructure over the last decade due to 
sprawling development outside the city. 

 
The City of Richmond includes over 9,000 vacant parcels. 

 
Many of these sites can be used to expand the green infrastructure 
network and increase infiltration! 
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October  2010 

City: Land Cover: 
 

42% Tree Canopy 

23% Other Vegetation 

24% Non-Building 
Impervious 

11% Building 
Impervious 
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Vacant parcel inventory, 
grouped by: 

• vacant lots 

• vacant structures 
• vacant properties 
   (parcels that have 
    unknown status) 
 
= 9000 vacant parcels 

City: Citywide Vacancy 
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These parcels met criteria that support 
the following goals: 
 
• Protect Priority Conservation Areas 
• Improve water quality  
• Increase park access 
• Support greenway development 
• Identify network opportunities 

Potential citywide 
green infrastructure 
network based on 
ecological suitability 
of vacant parcels 
through the city.  
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Broad Rock selected 
based on analysis of 
vacant parcel 
inventory and input of 
city staff.  It has 
significant ecological 
assets + high priority 
watersheds + vacancy  

Choosing 
Priority 
Areas 

Presenter
Presentation Notes
The Richmond City’s Broad Rock District districts currently has: • Significant acreage of Priority Conservation Areas• Some of the least acreage of park land• Extensive acreage of vacant properties• The highest watershed priorities for the cityThe planning district offers an opportunity to:• Leverage city stormwater planning efforts • Work with Bellemeade Oak Grove Elementary School and Bellemeade Community Center• Leverage community efforts to develop the James River Trail and enhance the Jefferson Davis Corridor• Offer planning assistance to historically underserved neighborhoods
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How can we link regional green infrastructure to local projects? 
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How can we link regional green infrastructure to local projects? 
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How can we link regional green infrastructure to local projects? 
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Vacant parcels can provide corridor opportunities to re-green and 
reconnect the urban landscape. 
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If each parcel leaves or replants a green strip, they can be connected for form 
a corridor – urban greenway trails can be created within an urban fabric. 
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Look for other ways for existing parcels to link to greenways. 
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Watershed (dashed 
boundary) shows the 
land that drains 
upper Goodes Creek 

 
Goodes Creek drains 

into the James River  
 
Model for other city 

watersheds 

Watershed Scale: Upper Goodes Watershed 

Presenter
Presentation Notes
The light pink area is the school district. The dark pink area is where a new LEED certified school was proposed to be built.  These aspects provided additional community centers for planning and engagement.
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Urban Watershed 
Storm system 

carries water 
through the 
watershed 

Inlets or storm 
drains (green 
circles) 

Outfalls (orange 
triangles) 
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Water flow strategies 
How do we make this…          function like this? 
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Site Scale 
Sites change focus, but still need to connect to larger scales. May include 
restoration. 
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Trees and woodlots 
 
Habitat patches 
 
Streams and wetlands 
 
Trails and smaller parks 
 
Still can connect to larger networks … 

 Smaller scales … 
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Site Scale: Green Infrastructure Toolkit 
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The community 
developed ideas for 
a walkable 
watershed in 
December 2011.  
 
There are new 
plans for the creek 
and park and new 
sidewalks planned. 
 
Some of these 
ideas need 
implementation. 
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Demonstration Projects 
 City Owned Land Adjacent to A New Green School             

 

Upper Goodes Creek 

Restore the stream channel and in-stream habitat 
Convert a concrete ditch into a stepped bioswale 
Replant the understory and stream buffer 
Remove invasive species 
 Increase accessibility 

Presenter
Presentation Notes
This park is right next to the new Oak Grove Bellemeade School in southside Richmond, which opened in 2013. This park has become a habitat restoration demonstration site and outdoor learning lab.
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Urban Trails to School 
 
Within the span of one generation, 
the percentage of children walking or 
bicycling to school has dropped from 
50% in 1969 to just 13% in 2009. 
Safe Routes to School National Partnership 2012  
 
Yet just 20-30 minutes of exercise 
per day can dramatically increase 
both health and attention spans!      
American Journal of Cardiology, 2007 
 
In Bellemeade, 80 percent of 
children live within a 10-15 minute 
walk of the new green school  
opened in Jan. 2013. 
 
We are looking to re-green their 
urban routes and to create new 
access to school through the park! 
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Continues to 
Goodes Creek 

 
 
 
 
 

Dimensions 
 

Inclined concrete 
channel length: 62 ft. 
Flat concrete channel 
length:  474 ft. 
Total length: 536 ft.  
Width: 10 ft. 
Total Approximate Area 
for Retrofit: 5,360 ft.  

 

 

Implementation Project: Stepped Bioswale  
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Implementation Project: Stepped Bioswale 
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Implementation Project: Bioengineering 

Strategy 
1. Remove steep slope on 

banks 
2. Mobilize community 

members to plant bundles of 
woody plant cuttings into 
trenches parallel to the 
creek. 

3. Stabilize severe erosion 
areas with log or other 
structures, especially the 
corner near football field. 

4. Plant trees along the stream 
for shade and stability. 
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Implementation Project: Creek Restoration 
Eroding Creek    Creek Bioengineering 

Example from a Moore’s Creek here = restored 
creek with plants, riffles and accessibility. 

Current Creek in Park 
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Partnerships Are Key 
 Richmond government 

can not take on and 
solve watershed 
problems alone. 

 Partnerships with 
nonprofit groups, 
businesses and 
community members are 
key to achieving goals to 
clean our waters. 

 We formed a Watershed 
Coalition to make 
partnerships work! 
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Watershed Coalition Formed to Clean up the 
Streams and Create a Healthy Safe Community 

Consists of members and partner agencies. 
 

Members   Partner Agencies 
Bellemeade Neighborhood   Richmond Dept. of Public Utilities, Stormwater 
Oak Grove Neighborhood  Richmond Dept. of Public Works 
Hillside Court    Richmond Grows Gardens Initiative 
Jefferson Davis Neighborhood Fire Department 
Green Infrastructure Center* Dept. of Parks, Recreation and Community Facilities 
James River Association  City Council  
Alliance for Chesapeake  Bay Police Department 2nd Precinct   
Citizen Members at Large 
Youth Representatives 
Oak Grove Bellemeade School 
Gene’s Supermarket 
Trinity United Methodist Church 
Mayor’s Participation Action and Communication Team  
 
GIC coordinates the coalition. More info at http://www.gicinc.org/projectbellemeade.htm 
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Watershed Coalition Focused On: 

Clean Environment 
and Healthy Waters 

Green Streets Safe Walkable Communities 

Parks and Green Spaces Blight to Beautification Urban Forest 
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Trash Cleanups 

Presenter
Presentation Notes
6 cleanups since 2012. the 1st one only had 8 people and the last one had 45. over 300 bags collected total
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Storm Drain Labeling & Rainbarrels 

Presenter
Presentation Notes
83 markers installed by James River Association and community volunteers who also cleaned storm drains. Also many rainbarrels!
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Community Tree Planting 

Presenter
Presentation Notes
Trees were planted along new ‘safe routes to school’, along the creek to create 100 foot stream buffers and at the veterans hospital to create healing walks for recovering vets.
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GIC Coordinated building the nature trail, replanting buffers  

Presenter
Presentation Notes
This nature trail will allow residents and children to explore the riparian zone and will restore the stream buffer, becoming an outdoor learning lab.
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