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 What is green infrastructure

 Trees as green ‘stormwater’ 
infrastructure 

 Methodology to calculate 
stormwater uptake

 Case example – how do we 
use it to plan for more trees?

 Code/policy audits

 Questions/Options to review

Today



Who is GIC?

The Green Infrastructure Center (GIC) is 
a nonprofit organization that helps
communities evaluate green assets and 
manage them to maximize ecology, 
economy and culture. 

We do this by:

Building landscape models

Teaching courses and workshops 

Research into new methodologies

Helping communities create strategies

www.gicinc.org



What is green infrastructure?

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



Green Infrastructure Definition Expands

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!



GIC created state guides for green infrastructure 

planning and we built habitat models for VA, NY, AR, 

and SC, NY and a national guide for this planning.



The GIC’s state models formed the basis for a national map of habitat cores –

GIC created the code for Esri’s map -- free to everyone to use!   

http://www.esri.com/about-esri/greeninfrastructure

National Cores Model

http://www.esri.com/about-esri/greeninfrastructure


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

Why we work on connecting landscapes….The problem of developments 
that protect green space without thinking about connections beyond 
parcel boundaries …



Project Structure

The GIC partnered with 6 states to 
design the project and is the 
coordinator and technical service 
provider. 

The Southern Region of the USFS is 
funding the work, matched by the 
states and GIC.

6 southern states:

SC, NC, GA, FL, AL, VA

12 localities



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



Trees: the original –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 3000 
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



Project Partner Case Example: 

Charleston, SC



Project Considerations

■ Major Storms

– Hurricanes

– Flood events

■ Sea Level Rise

■ Tidal Flooding

■ Extreme Heat

■ Staff capacity and budgetary constraints



Original High Tide Water Lines High Tide Water Lines Over City Now

Geography



Tidal / Nuisance Flooding

New 2016 Flood Data

NOAA May 2017

50



Impacts of Sea Level Rise

Land Cover Inundated by 1.5 ft. SLR

Acres % of cover

Wetlands 19,540 83.2%

Trees 820 1.6%

Impervious 222 1.7%

Pervious 166 1.2%

Bare earth 106 2.4%

Buildings 15 0.4%

Data: GIC Landcover, NOAA Coastal Services Center Sea Level Rise Data: 1-6 ft Sea Level Rise Inundation Extent,

City of Charleston Sea Level Rise Strategy (2015)



Charleston using 
Entire Toolbox

STORM WATER DRAIN MURAL

 Some areas won’t be improved 
by costly engineering 

 Other tools in the toolbox

e.g. Green Infrastructure!



Community engagement!

 New tree canopy and impervious 
land cover data

 Code audit and recommendations 
to strengthen current ordinances 
based on data and best practices

 Community input and education

 Data can help inform budget and
maintenance schedules?



Paved Areas Can 
Cause Extreme Flows

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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Water flow strategies

How do we make this…        function like this?



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 …

Flooding in Charleston

Urban Pavement Impacts



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



First, How Much Canopy Do We Have? 

Using Image Classification

Image classification is the process of breaking an image into spatial land coverages (including 
tree canopy, other vegetation, impervious surfaces such as buildings, streets and parking lots). 



Field Checking Photo Recon



Purple = City of Charleston









Results! 
How well canopied are we?

Including water and wetlands Only land area included



Historic Downtown













Street by street analysis. How green are 

the city’s streets?



40

Possible Planting Area vs. 

Potential Tree Canopy



Where Can We Fit Trees?
Possible Planting Areas



Lots of room to add trees



Stormdrains are key – are they at capacity? 



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



Calculating Stormwater Uptake 
by Trees – It’s complicated!

Tree Over Lawn

Tree Over Parking Lot

Tree Over Street

Tree Over Natural Forest Cover



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



Stormwater Calculator Example



Stormwater Calculator Example

Also calculates Nitrogen, Phosphorus and Sediment Reductions



Example: What did we find when 
analyzing spatial data?



Church Creek
■ 3,069 acres

■ Tree canopy 56%

– Developed over pervious 

35%

– Developed over impervious 

2%

– Forest areas 19%

■ Pervious 22%

■ Impervious 13%

■ Bare earth 3%

■ Wetlands 3%

■ Water 3%

PPA



Land Cover
Church Creek Example

Source Data Creating LandCover Layer

• NAIP – Leaf on Imagery

• “Grey” Infrastructure from existing 

sources and identified from Imagery.

The two inputs are combined. Key 

class includes Landcover over 

Impervious Surfaces.

2.8%

18.6%

17.0%54.5%

1.3%
2.7% 3.2%

Total Tree Canopy is 55.8% of AOI



Potential Planting Area 
Church Creek Example

Areas that CAN NOT be planted are excluded

Wetlands Ballfields

Roads Canal

Waterbodies Cemeteries

Stormwater Ponds Floating/Emergent Aquatic Vegetation

Stormwater Pipes Golf courses

Sidewalks Industrial Cooling Pond

Airports Isolated Freshwater Swamp

Canals Marshes

Parks and Trails Rock Quarries

Railroads Sandhill Lake

Buildings Sawgrass

Sinkhole Lake

Resulting in Areas that CAN be Planted

An additional 10.6% of Church 

Creek Watershed’s land area 

can be planted with Trees.



Potential Canopy Area 
Church Creek Example

• Current Tree Canopy is 55.8%

• Potential Planting Area

10.6% Land Area has room for Trees to 

be planted. 

• Potential Canopy Area
Once grown the resulting planted trees are 

estimated to give 13.4% Canopy 

increase.

• Potential Planting Spots

Using a Tree Planting Scenario expecting 

to get 20 and 40 foot diameter trees that 

would be:

13,123 Trees with 40 feet diameter 

plus

19,494 Trees with 20 feet diameter

PPA (Potential Planting Area)

PPS (Potential Planting Spot)

PCA (Potential Canopy Area)



Stormwater Uptake Calculations: 
Change Scenarios

Modeling Increased Development in the Incorporated Area

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



How do we protect 
or plant more trees? 

Codes and Policy Audits answer 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!



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



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

• This 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.



Charleston is working to provide 
options to live with its street trees.

This walkway was built to go over the roots so this live oak and people can co-exist!



Develop an effective stormwater utility 
fee to fund stormwater maintenance 

and tree planting.

Most cities do not give credit for tree planting – this should be changed.



Strategy: 
Plant more trees

Image Credit: University of Florida

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



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 and we will do similar analysis for Charleston.

Example: Type of Analysis for Private 
Sector



Mature Tree Preservation

Versus

Mature v. Immature



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. 



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



Urban Forestry Budget

 Does the locality have a 
dedicated budget for tree 
planting and maintenance?

 For example, it is common that  
resources allocated for trees 
are through fines and fees only.

 Cities often only practice  
reactive forest management 
because of limited resources.

 Resiliency can be increased by 
allocating funds and acting in a 
proactive management mode, 
e.g. prune before storms, 
remove hazards, plant buffers.

Urban Forestry  Funding

General Fund Generated 

Revenue Fund

Staff Positions & 

Vehicle / 

Equipment Costs

Planting & 

Maintenance 

New Trees



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.



Peer Review

End of June: 

 Review the Calculator Tool Method: live webinar and follow up 

comments (if needed). 

 Review the Codes, Ordinances and Policies Audit Tool: Are 

we reviewing all the right things, what score should each get? 

What are best urban forest management practices, exemplary 

urban forest plans?)

End of July: 

Revise method as needed, tweak the tools

Early 2019: 

Share  the tools and findings from this project.

If interested to peer review either tool contact:                  

Firehock@gicinc.org or 434-244-0322

I need cleaner 

water!

mailto:Firehock@gicinc.org


End

Karen Firehock, Exec. Director, GIC
www.gicinc.org firehock@gicinc.org

http://www.gicinc.org/

