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GREEN INFRASTRUCTURE CENTER 

The Green Infrastructure Center helps 
communities evaluate their green 
assets to maximize ecological, 
economic and cultural returns.  
We do this by: 

Building landscape models 
Teaching courses and workshops  
Research into new methodologies 

Helping communities create strategies 
 

We’re located here in your region! 

Presenter
Presentation Notes
GIC Starts: Karen
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Planning and Zoning 101 
Planning for our          
“Green Infrastructure” 
Benefits of GI Planning 
Examples:  
 Albemarle 
 Charlottesville  

Slide Show Topics 
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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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Land use controls: zoning 
 States have broad “residual” power to legislate 

for the health, safety, morals and general 
welfare of their citizens. Also called the “police 
powers” and provides the authority for zoning. 

 States usually delegate these police powers to 
localities, but state law still takes precedence 
over local laws.   

 As part of these “police powers” we have the 
ability to prevent “nuisance.” Zoning can use 
the police powers to prevent nuisance.  

 Zoning: residential, commercial, rural, PUDs 
 

 
 

Presenter
Presentation Notes
In the U.S. – the Constitution takes precedence over state constitutional or statutory law.  However, most land use laws are state statutes or local ordinances.  Zoning is not required. Some states do not have zoning, and while most counties in VA have zoning, some such as Floyd, do not.
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Rezoning: Change Rights 
 Rezoning sought by landowner to enable them to 

do something different – must choose an existing 
zoning class (e.g. change R1 to R3). 

 Re-zonings must be in accordance with the 
comprehensive plan.  

 Do our comprehensive plans include key natural 
assets and areas to conserve? 
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Albemarle Zoning 

Most of the County (white) is Rural 
Area. Growth is limited to urban ring 
around Charlottesville, Crozet and 29 
North. RA zoning requires larger lots – 
purpose to encourage rural uses and 
discourage sprawl. 
 
See ALBEMARLE COUNTY CODE 
18-10-1, Zoning Supp. #105, 1-10-18 
CHAPTER 18. ZONING 
SECTION 10. RURAL AREAS DISTRICT  
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Charlottesville 
Zoning 

Charlottesville seeks to encourage 
denser development.  It has tried to 
protect neighborhoods, historic 
districts etc. while promoting vibrant 
commercial areas, multi-modal 
transportation and a healthful 
environment.  
 
The city is currently adopting a new 
comprehensive plan to lay the table 
for how it plans to continue to 
develop/redevelop. 
 
http://www.charlottesville.org/departm
ents-and-services/departments-h-
z/neighborhood-development-
services/comprehensive-plan 
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As we grow/redevelop, we should consider our 
green infrastructure 

A map of a city (left) shows a neighborhood’s gray infrastructure including 
buildings and roads. Classified high-resolution satellite imagery (right) adds a 
green infrastructure data layer (trees and other vegetation) .   
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Benefits of Conserving Green Infrastructure  
 Preserving biodiversity and 

wildlife habitat. 
 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. 

 Improving public health, quality 
of life and recreation networks. 

Presenter
Presentation Notes
Forest in southern Albemarle near Totier Creek Reservoir.
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 Zoning Tools and Comp Plans 
 Park and open space planning  
 I.d. lands for PDR or TDR programs 
 New ordinance development 
 Species protection  
 Heritage tourism and viewsheds 
 Ag and Forestall Districts 
 Easements 
 Transportation plans: roads/trails  
 Land management 

 

 
 

Green Infrastructure Planning Applications 

Public 

Private 

Regulatory Voluntary 
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Green Infrastructure Planning Requires 
Thinking About How to Connect the 
Landscape  

It’s about 
connecting the 
landscape!  

Not just key 
habitat patches 
but how we 
connect them! 

The more 
connected the 
landscape, the 
more resilient it is! 

Presenter
Presentation Notes
Green infrastructure planning connects intact habitat cores or ‘patches’ through a network of corridors to allow people, wildlife, plants, and water to move across the landscape.  A connected landscape makes species less susceptible to extinction while allowing for both conservation and recreation.
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We need to protect habitat cores to 
conserve ‘interior habitats.’           

Take the average tree 
height e.g. @ 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) 

Presenter
Presentation Notes
Cores can also include other attributes that contribute to their ranking including soil quality and diversity, presence of rare species prevalence of surface waters, changes in elevation that increase habitat types, size etc.. 
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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 in eastern North America. 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 in Arkansas is recovering after a near-disappearance from the state. 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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Corridors Connect Cores        
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 the Corridors? (300 meters is ideal…) 
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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.  

                    

However, sometimes 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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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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Case Examples:   
Connecting and 
conserving intact 
landscapes to conserve 
biodiversity, clean water 
and livability.  

GIC has conducted more than 20 
projects in VA. Today we will show 
Albemarle County and City of 
Charlottesville which received technical 
assistance from GIC for green 
infrastructure planning. 
Funded by a grant from the USDA 
Forest Service and the Virginia 
Department of Forestry. Albemarle and 
Charlottesville matched the grant with 
in-kind (staff and volunteer hours).  
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Albemarle Model: improves 
on the state model by creating 
a finer grained picture – using 
1 meter resolution rather than 
30 meters. 
At 726 square miles, the 
county is one of the largest in 
Virginia.  We can’t survey every 
inch of the county – we can 
model the habitat that is most 
likely to support native species.  
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A landscape from 
above (complexity!) 
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Land Cover 
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Where is the 
interior 
habitat? 

 
Identify 
Distinct 
Habitat 

Cores, and 
Supporting 
Fragments 
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Habitat Fragment = 10 – 99 acres 
Small = 100 – 999 acres 
Medium = 1,000 – 10,000 acres 
Large = 10,000 acres or larger 

 

Countywide 
Summary 

 
 179 areas meet the criteria 

for core habitat (> 100 
contiguous acres of 
interior forest) 
 
This area accounts for 
44% of forested land in the 
county 
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Dark green = Park 
 
Pink = Conservation 
easement 
 
Orange = Open space use 
agreement parcels 
 
Light blue = Water 
protection ordinance 
buffers 
 

What’s 
protected? 

Presenter
Presentation Notes
Protected Lands
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Cores Will Need 
to Be Updated 
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Biodiversity Work Group 
Important Sites in Orange 
 
 

Results help to place 
site-scale surveys in 

context 
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Which Cores are Most 
Important for 
Connectivity? 
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Habitat maps can be 
used to inform 
comprehensive plans, 
transportation plans, 
economic 
development plans 
and more.  
  
Strategy 4g: Provide 
information to potential 
land subdividers on 
the importance of 
protecting habitat 
when creating lots for 
development. 
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Collection of Nature-
based Recreation 

Data 
 
 

Popular running routes were created by GIC to 
better represent recreation assets in the county 
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Wineries, Cideries, 
and Breweries 

 
• Can be landscape 

dependent as 
people visit them 
for beverages and 
views! 

• Part of the rural 
area economy 
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Comp 
Planning 
 
Habitat maps can be 
used to inform 
comprehensive plans, 
transportation plans, 
industrial development 
plans and more.  
  
Albemarle County VA 
is using the maps to 
inform future growth 
and development.   
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Relation to Comprehensive Plan:  
 
Albemarle’s ecosystems and natural resources will be 
thoughtfully protected and managed in both the Rural and 
Development Areas to safeguard the quality of life of present 
and future generations.  
 
 

Strategy 4a: Develop an Action Plan for Biodiversity to protect 
significant areas of biological importance in the County.  
 

Strategy 4b: Regularly repeat the land use/land-cover data-
gathering process (as begun in 2009) for the purpose of 
monitoring landscape changes 

Presenter
Presentation Notes
From the County Comp Plan:Relationship to the VisionAlbemarle County’s natural resourcesare essential parts of its rural heritageand scenic beauty. These finitefeatures help to support the County’stourist economy and are enjoyed byresidents and visitors alike.Preservation of these features is thehighest priority for residents.Creating high quality developmentand building, and maintaining infrastructurein the Development Areascan help attract new residents to theDevelopment Areas instead of to theRural Area. Preserving the Rural Areafrom residential development, in turn,preserves natural resources.
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Strategy 4a and 4b have now 
been achieved! 
Data and maps have been 
created to inform the new 
Biodiversity Action Plan and will 
inform future updates to the 
comprehensive plan.  
Maps can be used for daily 
planning in working with 
landowners and developers to 
conserve as much intact and 
connected high value 
landscape as possible.   
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CP Obj. 4: Protect the biological diversity and ecological 
integrity of the County in both the Rural Area and Development 
Areas.  
 
Locally endangered examples: 

 
•  James spiny mussel (Pleurobema 

collina) 
• Northern Long eared bat (Myotis 

septentrionalis) 
 
Protect RTE + preventing listings! 
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Protecting Water Supply   
Forests also protect surface 
water sources and aquifer 
recharge zones and reduce the 
cost of drinking water treatment. 
  
American Water Works 
Association found a 10% 
increase in forest cover reduced 
treatment costs for drinking 
water by 20%. (Ernst et al. 
2004)  
 
Intact Forests Protect Water 
Supply and = cheaper water 
treatment 

CP Objective 1: Ensure clean and 
abundant water resources for 
public health, business, healthy 
ecosystems, and personal 
enjoyment by preventing shortages 
and contamination.  

Totier Creek Reservoir, Albemarle 

Presenter
Presentation Notes
Study link: http://www.ci.slc.ut.us/Utilities/NewsEvents/pdf/Op0504_1.pdfTotier Creek is a 66-acre Albemarle County Parks reservoir. It has largemouth bass, bluegill, redear sunfish, and channel catfish.
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Drinking Water 
 

• How does the 
landscape 
support water 
quality and 
drinking water 
sources? 
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CP Obj 2: Protect air quality. Protecting Air 
Quality   
Forests remove volatile organic 
compounds, particulate matter 
and sequester carbon – trees 
are the lungs of Albemarle 
County. 
 
Even at the neighborhood 
scale, trees significantly 
improve air quality.  
 
Well treed landscapes = 
healthier communities.  
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Green Assets = Real Estate $$$ 
$ Having a park within 1,500 feet of a home 

increased its sale price between $845 - $2,262 
(in 2000 dollars).  Economic Benefits of Recreation, Open Space, Recreation Facilities and 
Walkable Community Design, 2010 

$ The larger the park, the more significant the 
property value increase. (ibid) 

 Parks = better tax base = $! 

$ Large natural forest areas have a greater 
positive impact on nearby property prices 
than smaller urban parks or developed parks 
such as playgrounds, skate parks or golf 
courses.  

    Bigger intact forests/natural areas = more $! 
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Small companies, especially those 
that are have well paid and skilled 
workforce place a strong importance 
on the “green” of the local 
environment.                              
Crompton Love and Moore, 1997 

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

 

Natural assets attract better 
paid jobs and thus a better tax 
base = $ 
 

 

 

 

 
 
 
 

Job development 

Presenter
Presentation Notes
New company provides river trips.



GREEN INFRASTRUCTURE CENTER 

The maps can help 
inform where future 
parks might be 
located based on 
population centers, 
need to protect key 
habitats or species, 
opportunities to 
increase recreation 
or site 
interpretation. 
 

 Park and Open Space Planning 

Presenter
Presentation Notes
As residential population increases, so will demand for open space and recreation.Parks can meet multiple values: recreation, economic, ecological, drinking water supply protection, buffering urban or industrial areas, site remediation etc.Pair park sites with population areas as well as choosing lands more suitable for natural areas than development.
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Heritage Tourism 
Heritage Tourists spend – 
on average – about 2.5 
times more than all other 
types of tourists.  They 
want to hike, see and touch 
history and they prefer to 
stay in close to where they 
visit.  CP Economic Development 

Strategy 1c: Promote tourism that 
helps preserve scenic, historic, and 
natural resources.  
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Viewshed Protection For tourism and 
heritage, identify 
views where visual 
character is 
important.   
 
GIS tools, such as 
spatial analyst can 
create a digital 
elevation model to 
understand what is 
visible from where.   
 
While voluntary, more 
analysis could be 
conducted. Monticello 
has worked with local 
developers to disguise 
rooftops and minimize 
building visibility.                                                            
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In urban areas focus on: 
Trees and woodlots 
Habitat patches 
Streams and wetlands 
Trails and smaller parks 
 
Still can connect to larger networks … 
 
Albemarle County’s strategy is to protect 
the rural area and rural economy by 
encouraging growth in the urban ring 
and discouraging additional suburban 
developments in the rural area.  And it’s 
working! 

 Smaller scales still need open spaces… 
Considerations for the Urban Ring 
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Now how does 
this type of work 
apply to the  
City of 
Charlottesville? 
Aerial View 
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Aerial 

Gray Infrastructure Network 
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 

Key Open Space/Protected 
Assets (nodes) 
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 

Key Open Space/Protected 
Assets (nodes) 

Trail Network 
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 

Key Open Space/Protected 
Assets (nodes) 

Trail Network 

Large Supporting Tree 
Canopy Patches 
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 

Key Open Space/Protected 
Assets (nodes) 

Trail Network 

Large Supporting Tree 
Canopy Patches 

Creating “Green Threads” 
throughout City  
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Aerial 

Gray Infrastructure Network 

 

 

Base Green Infrastructure 
Assets 

Key Open Space/Protected 
Assets (nodes) 

Trail Network 

Large Supporting Tree 
Canopy Patches 

Creating “Green Threads” 
throughout City  
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Water is also part of Green Infrastructure  
    But we often neglect it … 

We build in the floodplain -- parking lots along streams allow 
contaminants to reach surface waters and speed water flows. 
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 Stream buffers are 
important for green 
infrastructure networks   

Meadow Creek 

Moore’s Creek 
Rivanna River 
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Stream Buffers 
• 71.7% tree canopy coverage in 

protected stream buffers (by 
code) 

• All stream buffers have 
71.4% coverage 
 

• Ownership (all buffers) 
• City owned: 24.7% 
• On School Grounds: 

1.7% 
•  On UVA Grounds: 7.1% 
• Private/Other: 66.5% 
 

• Protection (all buffers) 
• 52.6% within protected 

stream buffer, on steep 
slopes, under 
conservation easement, 
or in a park 
 

 
 

Presenter
Presentation Notes
New Meadow creek planting
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+ 
Buffers can’t 
solve lack of 
stormwater 
management  

= 
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Water flow strategies 
How do we make this…          function like this? 
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One acre of pavement releases 36 
times more runoff than a forest.  
 
During a rainfall event of one inch, one 
acre of forest will release 750 gallons 
of runoff, while a parking lot will 
release 27,000 gallons (PennState 

Extension).   
 

This parking lot could be retrofitted so we get 
less of this  
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• Most of the city’s runoff is 
not treated as it pre-dates 
stormwater regulations. 

• We can redesign 
streetscapes to slow and 
clean stormwater. 

• Stormwater flow can be 
integrated into the 
streetscape in a way that 
provides multiple benefits 
– traffic calming, 
pedestrian safety and 
landscaping. 

Water flow strategies 
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Yards are great sites for trees – most of the city lands are 
residential so that is where we can have the greatest impact! 

 Plant trees to protect and enhance buffer for waterways. 
 Create multiple opportunities for water infiltration. 
 Improvements to increase habitats for people, animals, fish. 
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Filterra Box 

Green 
Rooftop 

Parking lot biofilter 

Downspout filtration 

Rain 
Barrel 

Porous pavers 

Urban Impacts = Need for Mitigation 
Using Low Impact Development 
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Charlottesville interactive map 

City Green Interactive Web Page 
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Trees: the original – 
and best – 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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Urban Tree Canopy 
20% of annual 
rainfall or > 
retained in crown 
(Xiao et al., 2000) 

Delays runoff up 
to 3.7 hours 

    infiltration 
capacity of soils 
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0% 10% 20% 30% 40% 50% 60% 70%

Starr Hill

10th & Page

Rose Hill

The Meadows

Barracks Road

North Downtown

Martha Jefferson

Jefferson Park Avenue

Belmont

Fifeville

Woolen Mills

Ridge Street

Venable

Lewis Mtn

Locust Grove

Greenbrier

Fry's Spring

Johnson Village

Barracks/Rugby

Tree Canopy Coverage of 
Neighborhoods and Their Streets 
(within 50ft of road centerlines) 

Total Canopy Coverage Canopy Coverage of Streets

Presenter
Presentation Notes
Neighborhood TC?
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South First Street 
56% Tree Canopy 

Friendship Court 
9.5% Tree Canopy 

Westhaven 
25% Tree Canopy 

Michie Drive 
21% Tree Canopy 

Public/Assisted Housing 
What about social equity? 
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Strategy:  
Plant more trees 

Fall Tree Sale, Image: Charlottesville Area Tree Stewards 

Slide Credit: UVA Green Lands Class, 2015 
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Estimating Tree Planting Feasibility 
 Possible Planting Area 
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What would it take to reach certain canopy 
goals? 

(Using the Starr Hill neighborhood) 
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Even in developed landscapes, we can keep habitat connected 
and drainages intact, but only if we plan at a larger scale. 
 

Green infrastructure plans connect corridors before development … 
 
 



GREEN INFRASTRUCTURE CENTER 

Charlottesville ‘green’ CP Updates 
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 Prioritize parcels for tree conservation – meet 
with owners before site plans are finalized to find 
ways to save as many trees as possible and to 
plant new ones. 

 For street trees, invest in tree planting wells that 
allow larger trees along with structural soils that 
allow larger tree support – trees will pay us back 
in sales and property tax increases! 

 Consider how to better engage private 
landowners – since most city land is residential 
we have the greatest impact there! Plant your 
yard with native species, trees, raingardens! 

 

 

 

 
 
 
 

In conclusion …for the City 
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In conclusion …for the County 
 

Map the habitats and assets first – plan for roads to 
avoid them and pathways to enjoy them. Adopt maps 
into policy documents and add to county GIS – use 
them everyday!  
 
Identify the most important assets – high quality ag 
soils, forests, views, water supply and recharge areas 
and ensure they are protected (buffer then, change 
zoning, add incentives, educate the public). 
 
Identify hazards and avoid building in those areas, let 
nature be your buffer (don’t build in floodplains, avoid 
steep slops, cluster development and conserve open 
space). 
 
Adopt green policies and open space plans for the 
urban ring too – it should be livable and desirable! 
 

 

 

 

Presenter
Presentation Notes
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Green Infrastructure Center Inc. 
440 Premier Circle, Suite 220 

Charlottesville, VA, 22901 
434-244-0322   www.gicinc.org 

Firehock@gicinc.org 

Let’s 
Discuss 
Ideas! 
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