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Project leader

The Green Infrastructure Center is leading the 
project! We are a non-profit company working 
in multiple states.

The GIC helps communities evaluate green 
assets and manage them to maximize ecology, 
economy and culture. We do this by:

Providing community assistance

Building landscape models

Teaching courses and workshops 

Research into new methodologies

www.gicinc.org



Some examples of recent work in urban landscapes… 

Summerville, SC Hot Springs, AR Wilmington, NC Richmond, VA

Re-linking nature and 

history in a rapidly 

developing town

Revitalizing a city at the 

intersection of history, 

health and nature

Using green 

infrastructure to soak up 

stormwater and 

revitalize the city 

Urban revitalization in 

a post-industrial city –

regreening, regrowing, 

healing landscapes



Tree Canopy Project: Trees to 
manage stormwater and other 
benefits too!

The GIC partnered with forestry agencies 
in 6 states to obtain funds from USDA 
Forest Service to demonstrate how to 
utilize trees for stormwater management.

Virginia Cities in the Bay’s drainage: 
Harrisonburg, Lynchburg and Norfolk

This project has been going on for almost 
two years and is finishing up now. 

6 southern states:

VA, NC, SC, GA, FL, AL



Project Goals

This project is helping the cities evaluate, protect 
and restore their urban forests for improved 

stormwater management and clean water.

Urban forests are 
a vital tool in 
managing and 
reducing runoff.



Project Outcomes

 Map of the city’s urban forest and 
possible planting areas.

 Method for linking urban forest systems 
to urban stormwater management.

 Calculating stormwater uptake by trees 

 Recommendations for how the city can 
adopt new programs, codes, processes 
to better integrate the city’s  trees as 
part of stormwater management

 Sharing the work – a case booklet and 
presentation detailing methodology, 
lessons learned, best practices



What is green 
infrastructure?

Map of a portion of Harrisonburg showing gray infrastructure including buildings and 
roads (left). Classified high-resolution satellite imagery (right) adds a green 
infrastructure data layer (trees and other vegetation) .  



Many have heard of Green 

Infrastructure as …

best management practices

In 1994, Florida coined the term green infrastructure to describe its 
wetlands, rivers, dunes, and forest habitats. In 2006, EPA added 
BMPs such as raingardens to the definition.  The key is to first 
consider natural infrastructure (trees, forests, rivers) protect them
and connect them, build in the least impactful manner, then mitigate 
impacts.  So, first conservation, then mitigation.

Rain gardens
Permeable pavers Filterra Boxes



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!



We can keep land connected and drainages intact with 
development, but only if we plan at a larger scale.

The problem of developments that protect green space without thinking 
about connections beyond parcel boundaries …



 Trees clean air – trees absorb 
pollutants, VOCs, filter runoff, cool the 
county. 

 Well being and mental health - -people 
heal faster when they can see or access 
green. 

 Less crime occurs near trees.

 People will exercise if they can access 
green where they work or live.

 People shop longer and more often in 
tree-lined retail areas and spend about 
12 % more.

 Companies, especially those that are 
have well paid and skilled workforce 
place a strong importance on the 
“green” of the local environment.                              

Trees have many benefits!



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 tree can 
intercept in its crown, range 
from 760 gallons to 4000 
gallons per tree per year, 
depending on species.



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



Trees Can Reduce Flooding

• Tree canopies can temporarily detain 
rainfall and gradually release as 
throughfall

• Potentially increases soil infiltration 
capacity (Asadian and Weiler 2009).

throughfall –
ability of tree 
canopy to detain 
rainfall & gradually 
release over time



Tree canopy effectiveness is

• Highest during short, low 

intensity storms

• Lower as rainfall amount and 

intensity increases



Not Enough Trees and Too 
Much Impervious Surface?

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

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

3. Higher volumes and 
velocities of runoff 
lead to more flooding 
and damages – the 
firehose effect! 
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As land 
cover 
changes, 
so does 
stormwater
infiltratoim
…

Data Source: US EPA



Water flow strategies

How do we make this…        function like this?



Measuring The Trees –

Using Image Classification

Image classification is the process of breaking an image into discrete ‘classes’, with one of the most 
common applications being to identify land use classes (urban, agriculture, forest, etc.)



Our Process

■ Data sources

– NAIP

– LiDAR

– Local Data

■ Land cover classification 
process

– Land Image Analyst (LIA)

– Feature Analyst

■ Spatial analysis

■ Incorporating soil data

■ Storm water runoff estimation

■ Setting tree canopy goals



The Land Image Analyst (LIA) 
software package was developed 

by the USDA Forest Service 

Chesapeake Bay Program with 

technical support from GDA 

Corp to better address the need 

for specialized GIS tools, and to 

improve the accuracy of land 

cover mapping and land cover 

change monitoring.   

• FREE

• Can be used stand-

alone, OR

• Easily compatible 

formats to use with 

ArcGIS or QGIS.

• Best applied smaller 

areas or cities.

If you need to create a canopy map…

https://www.chesapeakebay.net/
http://www.gdacorp.com/


The Green Infrastructure Center is supporting the 

Chesapeake Bay Program to promote/support this 

tool and provide guidance to its development as 

user feedback and support needs are identified.

• GIS Tools
• Image Classification
• Statistical Analysis
• Compatible with other software



Quickly create tree canopy and 

integrate with existing datasets. 

.shp (Shapefile) can be used as 
training sites and results can be 
exported to compatible raster 

formats. (.tif)



Training events to be scheduled soon. We will also 

have multiple videos on YouTube to show how to 

use the tool.



Harrisonburg 

VA 

Example 

Tree Cover



Types of tree canopy cover

Tree Over Lawn

Tree Over Parking Lot

Tree Over Street

Tree Over Natural Forest Cover



Harrisonburg Land Cover



29

Where Can We Fit Trees?

Possible Planting Areas



Possible Planting Area vs. 

Potential Tree Canopy



31

Future scenarios – Where can we plant trees for maximum 
benefits? For example, revitalize a commercial corridor?

Using PPA to inform strategic goal setting



Potential planting area data

NAIP Image Possible Planting Area (PPA)

Possible Planting Spots (PPS)* Possible Canopy Area (PCA)



Results:



What would it take to reach 

certain canopy goals?
Percent of PPA Covered New TC (Sq. Ft.) New AOI TC % Small Trees Medium Trees Large Trees Total Trees

1% 750,777 26.82% 466 289 153 908

2% 1,501,554 26.98% 933 579 307 1,819

3% 2,252,331 27.15% 1,399 869 460 2,728

4% 3,003,108 27.31% 1,866 1,158 614 3,638

5% 3,753,885 27.47% 2,333 1,448 767 4,548

6% 4,504,661 27.64% 2,799 1,738 921 5,458

7% 5,255,438 27.80% 3,266 2,027 1,075 6,368

8% 6,006,215 27.97% 3,733 2,317 1,228 7,278

9% 6,756,992 28.13% 4,199 2,607 1,382 8,188

10% 7,507,769 28.30% 4,666 2,896 1,535 9,097

11% 8,258,546 28.46% 5,133 3,186 1,689 10,008

12% 9,009,323 28.63% 5,599 3,476 1,843 10,918

13% 9,760,100 28.79% 6,066 3,765 1,996 11,827

14% 10,510,877 28.96% 6,533 4,055 2,150 12,738

15% 11,261,654 29.12% 6,999 4,345 2,303 13,647

16% 12,012,431 29.29% 7,466 4,634 2,457 14,557

17% 12,763,207 29.45% 7,932 4,924 2,611 15,467

18% 13,513,984 29.62% 8,399 5,214 2,764 16,377

19% 14,264,761 29.78% 8,866 5,503 2,918 17,287

20% 15,015,538 29.95% 9,332 5,793 3,071 18,196

21% 15,766,315 30.11% 9,799 6,083 3,225 19,107



How green are the city’s streets?

This example is for Harrisonburg, VA 



How much stormwater do 
the trees take up?

Benefits are typically 

modeled on a tree-by-

tree basis. We need to 

be able to apply benefits 

on a per unit area 

basis…

We need to analyze 

trees based on the 

conditions of the setting 

and soils by watershed.



Presents a method for using a ‘curve number’ 

approach for different land cover types to 

determine infiltration and runoff.

We settled on TR 55 to calculate!



The NRCS Runoff Curve Number (CN)

 A coefficient used to 

estimate runoff from 

precipitation, 

accounting for losses 

due to canopy 

interception, surface 

storage, evaporation, 

transpiration and 

infiltration

 Curve numbers have 

been developed for a 

variety of land covers 

and soil conditions



Forestry Work Group Study

Tree canopy works to reduce the proportion 
of precipitation that becomes stream and 
surface flow, also known as water yield. 

The Hynicka and Divers study (1996) 
modified the water yield equation of the SCS 
model by adding a canopy interception term 
(Ci), resulting in:

𝑅 =
𝑃 − 𝐶𝑖 − 𝐼𝑎

2

𝑃 − 𝐶𝑖 − 𝐼𝑎 + 𝑆

Where R is runoff

P is precipitation

Ia is the initial abstraction,

S is the potential maximum retention after runoff begins 
for the subject land cover. ( S = 1000/CN – 10)



Curve Number Selection

Major factors determining CN are

 The hydrologic soil group (defined by surface 
infiltration rates and transmission rates of 
water through the soil profile, when thoroughly 
wetted)

 Land cover types

Hydrologic condition – density of vegetative 
cover, surface texture, seasonal variations

 Treatment – design or management practices 
that affect runoff



CN by land cover and HSG

Cover
HSG – Hydrologic Soil Group

A B C D

Forest open space 30 55 70 77

Urban tree canopy 37 59 72 78

Urban pervious 39 61 74 80

Impervious 98 98 98 98

Bare earth 72 82 87 89

Forested open space 

has understory 

vegetation, leaf litter 

and more porous 

soils = lower runoff

Hydrologic Soil Groups

A low runoff potential - high rates of infiltration & water 

transmission

B moderate runoff potential - moderate rates of infiltration 

& water transmission

C moderately high runoff potential - low rates of infiltration 

& water transmission

D very high runoff potential – very low rates of infiltration & 

water transmission,   due to high water tables, high clay 

levels, clay pans, or shallow soils



Method Overview

■ Using GIC’s high-resolution land cover / tree canopy maps 

to better estimate a composite CN for each watershed

■ Estimating how increasing tree canopy according to our PPA 

can decrease (i.e. improve) the composite CN

■ Using WinTR55 to estimate peak stormwater overland flows 

using current and projected composite CNs

■ Using pollutant load reductions estimates from the 

research studies to get rough estimates of water quality 

benefits provide by tree canopy



Stormwater Uptake Calculations: 
Change Scenarios

Modeling Increased Development in the Incorporated Area

That’s 5,327,259 bathtubs of stormwater!



Stormwater Uptake Calculations: 
Change Scenarios

That’s 4,693,418 bathtubs of stormwater!

Modeling Possible Canopy Area and Stormwater Benefit in the 
Incorporated Area



The GIC stormwater calculator tool 
models the benefit of maintaining or 

increasing the urban canopy. 

The calculator tool shows how much runoff will occur if 
new trees are planted or existing trees are preserved. 
 Build the use of the tool into the development process. 

 Understand which landscapes and parcels take up the more stormwater. Protect 
those parcels. 



Spatial Representation of Stormwater Calculator Results



Individuals actions can 
make a big impact!

 ~47,500 parcels with 
single family homes

 ~31,000 of these have 
room for at least 1 tree

 If everyone planted a 
single tree, they would 
intercept 62 million 
gallons of rainwater 
every year (1.5 million 
bathtubs!)

Each tree icon represents a possible tree planting location that avoids buildings, 
underground utilities, and other infrastructure. Tree spacing is 30 feet.

This example is for Norfolk, VA.

Example: Type of Analysis for Private 
Sector – this was done for Norfolk



NAIP Imagery

Cape Charles 
VA



Available Land Cover Dataset (VGIN)



Urban Tree Canopy Added using LIA



Known Flooding Spot “Ground Zero”



Known Flooding Spot “Ground Zero” 

contributing area



Potential Planting Area



 Tree Canopy = 17.1%

 Potential Canopy = 30.33%

 Puddle = 38,000 gal. from 

Storm Event of 2.95 inches

 If plant 100% of the PPA, the 

amount of water going into 

flooded area would be 

reduced by 11%

 Rooftops account for 1 million 

gallons.

 Puddle alone = 77 Cisterns



Flat roofs could be converted 

to green roofs ($$$$) or, 

cisterns could be added (lot 

less $)



Possible cistern locations 



Next question: What 
policies and 
practices are 
needed? 

Codes and Policy Audit answers two questions:

Do city policies allow too much impervious area? 

For example does the city mandate excessive parking area? 

Does it provide incentives to reduce impervious area?

Can the city manage and expand the urban forest?  
For example, are tree care and management well funded and implemented? 

Does the city have a strategy for planting trees in areas most in need?



A spreadsheet is used to track each 
city’s codes and forest management



Changing Codes Example: Reduce 
Imperviousness in Parking Lots

How? 
 Match parking requirements to demand and sizing requirements 

 Add trees to parking lots – shaded pavement lasts longer!



Variable Space Sizing

Not all of us drive this 

Some of us drive this.



Reduce Supersized Streets

 Increase imperviousness

 Decrease stormwater uptake

 Increase urban heat island effect



Clearing Land

Example from a pilot city:
 Ordinance allowed lot line to lot 

line clearing
 Revised ordinance proposes tree 

canopy requirements by district

– 0% Downtown District
– 10% Traditional Character 

District
– 25% Suburban Character 

District
– 15% Coastal Character 

District

While this is better than before, 
the downtown should not be 0!



Tighten the Development Footprint

The perimeters of parcels are excellent 
opportunities to plant trees and connect habitat. 
 Minimize the development footprint and build the future of the urban forest. 



Redesign Streets as Complete 
‘Green’ Streets

Complete green streets 
allow for 

 Treatment of 
stormwater on site

 Reduction of 
urban heat island 
effect

 Beautification: 
increase in 
downtown foot 
traffic 

 Habitat corridors



Infiltration and Trunks – need more 
room to allow water to reach roots!



Adequate Planting Area 

This small tree has 
permeable pavers for high 
traffic areas.          

The pavers can be 
removed as the trunk 
grows, while air and water 
can still reach the roots. 

A general rule:  1000 cubic 
feet soil vol. per tree.



 Stormwater flow can be 

integrated into the 

streetscape in a way that 

provides multiple benefits 

– traffic calming, 

pedestrian safety and 

landscaping.

 Think outside the box:

 Allow flexibility for not 

meeting canopy 

requirements by 

planting projects such 

as pocket parks 

Benefits of Trees In Developed 
Areas



Use steel tree protection fencing in 
place of orange mesh where tree 

damage during construction is likely. 

Protect as much of 
the root zone as 

possible. 



Accommodate Large Trees 

Larger trees offer 
greater benefits – so 
think carefully when 
setting planting goals 
for streets!

Consider using 
suspended pavement 
systems, rather than 
just choosing small 
trees! Trees will pay 
back your investment!  



Tree Protection in Wetlands

• One city attempts to 

save trees in fill 

conditions in 

wetlands. 

• This tree won’t last 

long – faux 

protection is not 

worth short term 

gain. Instead, tighten 

development 

footprint and save 

more intact woods.



Require a tree removal permit for 
privately owned trees over a specified 

DBH. 

Privately owned trees 
make up the majority of 
the urban forest. 
 Develop ways to start discussions 

about protection and care for 
privately owned trees. 

 Note: In most instances, localities 
grant these permits. 



Require trees over a specified DBH to 
be shown on development plans. 

Site planning should take 
all natural resources on 
the site into 
consideration. 
 Often, when working with an 

arborist, many trees on-site can be 
saved (such as shifting the location 
of the parking lot) and add to the 
value of the new development. 



Urban Trees Under Stress

• Are trees monitored 
and post development 
for survival? 

• Is a process in place to 
maintain records on 
tree care requests, 
inspections, 
evaluations, and 
mitigation of risk? Is it 
being consistently 
used/updated?Tree in a mall



Develop a forestry emergency 
response plan. 

Municipalities typically plan well 
for the removal of vegetation 
and debris directly following a 
storm. However, much less 
foresight is typically put into 
replanting after a storm. 

Develop a forestry emergency 
response plan which addresses 
funding and timelines for 
replanting following a storm.



Develop tree canopy goals by 
watershed. 

Knowing the current 
tree canopy coverage 
and possible planting 
area, develop tree 
canopy goals for the 
community. 
 Determine how tree canopy 

coverage goals will be met. 

 Determine benchmarks for and 
ensure adequate funding for 
achievement of tree canopy 
coverage goals. 



Urban Forestry Data Collection 
and Monitoring

Planning for the urban forest first requires 
understanding its composition and distribution. 
 Use an urban forestry software to collect urban forestry data

 Implement the data collection process as a part of the urban forestry program

 Note: This recommendation would require additional funding. 

Versus



Tree Protection Fence Location

Specification for current tree protection fence is often 
not sufficient to adequately protect roots.
 Expand requirement for tree protection fence to 1.5’ per DBH inch

 Ensure enforcement

Versus



Adopt a stream buffer ordinance

A 100-foot wide buffer removes more than 90% of 
nitrogen, phosphorus and sediment from overland 
runoff. 
 A stream buffer filters and cleans water before it enters our streams

 Allow green infrastructure to do the work for us!



Strategy: 
Plant more trees

Image Credit: University of Florida

Voluntary planting is key as most open 
spaces are on private property!



Help the Community Plant Trees

Volunteer planting is key as most open spaces are on private property! The GIC has 
planted trees on both public and private property. Cities usually need to launch a 
planting campaign to meet planting goals. Above are images of GIC volunteers and 
staff planting trees for stream buffers and safe routes to school.  



GIC and partners created an Arboretum at 
McGuire Veterans Hospital as a healing site 

for patients, staff and visitors.



Hope you’ve made it this far…



■ Does your community have a tree canopy layer and a plan to 

manage its urban forest?

■ Have your used your tree canopy to plan for watershed protection?

■ Would you like to audit your community’s codes to see if you are as 

pervious – infiltrative – as possible?

■ What are your challenges and needs?

Questions?



GIC Inc.

440 Premier Circle, Suite 220

Charlottesville, VA, 22901

434-244-0322

www.gicinc.org

Firehock@gicinc.org

Scrivani@gicinc.org

mailto:Firehock@gicinc.org
mailto:Scrivani@gicinc.org

