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The Green Infrastructure Center (GIC) is 
the technical services provider and we 
wrote the proposal to fund the project 

with the Florida Forest Service.
The 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 
Researching new methodologies

Helping communities create strategies

www.gicinc.org
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Tree Canopy Project: Trees to manage 
stormwater and other benefits too!

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

6 southern states:
VA, NC, SC, GA, FL, AL

FL: Jacksonville, Orange Coutny, 
Miami Beach
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Project Goals
This project was 
initiated to help 
Jacksonville map, 
evaluate, protect and 
restore its urban forests 
for improved 
stormwater 
management and clean 
water.
Urban forests are a vital tool in 
managing and reducing runoff. 

Presenter
Presentation Notes
To better document the ecosystem services trees provide such as, cleaner water, air, shade, stormwater uptake and aesthetic valuesFor example, American Forests found that trees in metropolitan areas across the country provide a stormwater retention value of $400 billion by removing the need to construct and maintain traditional retention facilities (1997)National studies indicate that land conserved for stormwater retention and flood prevention “show an eight-to-one dollar savings ratio versus man-made flood-control structures” (McDonald 2015).Following major storms such as Hurricane Katrina, Superstorm Sandy and other events, many southern cities suffered extensive damage to urban canopies.  Yet, despite spikes in stormwater-caused flooding, tree replacement was usually not the solution. The need to better link urban canopy to stormwater management was clear.
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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 on line now!

http://www.gicinc.org/trees_stormwater.htm

http://www.gicinc.org/trees_stormwater.htm
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What is green infrastructure?

Left shows the gray infrastructure including buildings and roads (left). Classified 
high-resolution satellite imagery (right) adds a green infrastructure data layer 
(trees and other vegetation).  
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Term Origin …
Florida coined the term 
“Green Infrastructure.”
in a 1994 report to the 
governor by the Florida 
Greenways Commission. 
It was  intended to show 
that natural systems are 
important components of 
our “infrastructure.”

Univ. of Florida built a model 
to show key assets.

“The Commission’s vision for Florida represents a new way of looking at conservation, an approach that 
emphasizes the interconnectedness of both our natural systems and our common goals and recognizes that the 

state’s ‘green infrastructure’ is just as important to conserve and manage as our built infrastructure.”

Presenter
Presentation Notes
12 years later in 2006, the U.S. EPA began calling everything to manage stormwater (bioswales, green rooftops) green infrastructure.  This led to confusion. Today we are referring to natural systems as green infrastructure.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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Green Infrastructure Planning 
Requires Thinking About How to 
Connect the Landscape 
Not just key 
habitat 
patches but 
how we 
connect 
them!

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 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 …
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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 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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Impacts from Lack of 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! 

0

0.5

1

1.5

2

2.5

Forested Parking lot

Total Rainfall
Infiltration
Runoff

Time

St
re

am
 F

lo
w

Vegetated 
watershed

Paved watershed



GREEN INFRASTRUCTURE CENTER INC.

As land 
cover 

changes, so 
does 

stormwater 
infiltration 

…
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Water flow strategies

How do we make this…        function like this?
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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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Tree canopy effectiveness is …

• Highest during short, 
low intensity storms

• Lower as rainfall 
amount and intensity 
increases
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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.)

Presenter
Presentation Notes
While this project’s primary purpose is to identify tree canopy, a useful ‘byproduct’ is also other land use classes like impervious surfaces, bare earth, etc.!
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Results! How well canopied is Jacksonville? 
Tree Canopy = 42%
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But …an area downtown area is only 
12.2%, so it varies a lot!
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Land cover by Watershed
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Calculating Stormwater Uptake by Trees –
It’s complicated!

Tree Over Lawn

Tree Over Parking Lot

Tree Over Street

Tree Over Natural Forest Cover
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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:

𝑅𝑅 =
𝑃𝑃 − 𝐶𝐶𝑖𝑖 − 𝐼𝐼𝑎𝑎 2

𝑃𝑃 − 𝐶𝐶𝑖𝑖 − 𝐼𝐼𝑎𝑎 + 𝑆𝑆

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)

Presenter
Presentation Notes
https://www.chesapeakebay.net/channel_files/23663/urban_tree_canopy_ep_report_for_wtwg_review_081816_clean.pdf
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Different land cover 
types result in different 
rates of runoff
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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.

Most engineers, public works staff 
understand how to apply this approach.
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Curve numbers for trees in different 
conditions.  

Presenter
Presentation Notes
We added a curve number for mostly natural forest as some cities, such as  Jacksonville, still have intact (non-urban) forests.



GREEN INFRASTRUCTURE CENTER INC.

Rainfall Interception

We need to analyze trees 
based on the conditions of 
the setting and soils by 
watershed (HUC10).

Benefits are typically 
modeled on a tree-by-tree 
basis. We need to be able 
to apply benefits on a per 
unit area basis…
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The GIC stormwater calculator models the benefit of 
maintaining or increasing 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. 
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Changing the event storm (rainfall vol.) changes the 
amount of water captured. Can also model adding more 

trees (PCA = possible canopy area).
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Can also model runoff from the loss of trees…           
how much more water runs off! 
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Can model land pollution uptake or runoff for nitrogen, 
phosphorus and sediment.  This shows the water quality 

impacts for adding or losing trees! 
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Optimal 
places for 
canopy 
retention.

The darker 
green are 
areas where 
trees take up 
more water.
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Street by street analysis. How green are 
the city’s streets with canopy?
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Here is the street by 
street map!
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Where Can We Fit Trees?
Possible Planting Areas
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35

Possible Planting Area vs. 
Potential Tree Canopy
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Planting area 
available by 
watershed
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Annual Average Benefits

USDA Forest Service, Center for Urban Forest Research

Using GIS, we can estimate where it’s 
possible to plant trees, and the benefits of 
doing so.

Factor Dollar Value

Total benefits/year $4

Total costs/year $30

Palm trees have low benefits 
and high costs. Palm 
Benefits/Costs: Ex. Sabal Palm

Palms have the 
highest nutritional 
requirements of 
any plant grown in 
the state of Florida 
(Broschat 2010a).

Presenter
Presentation Notes
Tree Image at left from “Large Tree Argument”: USDA FS  Graphic at right of planting area from GIC.Using GIS, we can be more precise with estimates about where trees can possibly be planted, as well as what size of tree may be most appropriate (based on space availability and utility conflicts). These estimates help inform cost projections for tree planting and maintenance to create realistic goals and budgets. 
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All potential 
planting 
areas are not 
created 
equal.  
Optimal Tree 
Planting 
Locations  

If planting 
for 
stormwater, 
choose these 
locations.



GREEN INFRASTRUCTURE CENTER INC.

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?

Presenter
Presentation Notes
We need this information to make recommendations for using trees to abate urban runoff. 
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Policy: What 
proposed code 

changes did 
the team 
develop?

This is a summary only.        
A longer report was provided 

to the city in 2019.  
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How did 
the city 
score?
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Integration
The city has an 
excellent urban forestry 
program! 
https://www.coj.net/trees
But there is always more 
that can be done!

https://www.coj.net/trees
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A spreadsheet is used to track each 
city’s codes and forest management
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During construction require tree 
protection fencing placement that 

best ensures tree survival. 
• Current COJ codes 

required tree protection 
fence placement only 6’ 
from the base of any 
tree.

• Tree protection best 
practices recommend 
tree protection fence 
placement at a 
distance of 1.5’ per 
DBH inch from the 
trunk of three. 
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During construction require sturdy 
tree protection fencing. 

• Current COJ codes 
require plastic tree 
protection fencing three 
feet high.

• Tree protection best 
practices recommend 
6’ sturdy metal fencing 
to adequately protect 
trees in high risk 
construction settings or 
trees of special 
significance (e.g. 
historic trees).
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• Urban trees 
typically only live 
for seven years. 

• Increase tree 
survivability by 

providing 
adequate soil 
volume and 
drainage.

Require at least 1,000 cubic feet of 
soil volume for new tree plantings. 
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Conduct a land cover 
assessment every four years.

 Compare tree canopy levels over time.
 Understand where tree loss is occurring and be able to 

take mitigation steps. 
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• Set clear measurable goals with actionable steps for a 
municipality’s urban forest.

• Link urban forestry goals to those of other 
departments (including Planning, Parks and 
Recreation, Public Works etc.)

Develop an 
Urban Forest 
Management 
Plan for the 
City of 
Jacksonville.
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Develop a Forestry Emergency Response 
Plan

• Include sections and document protocol on tree risk 
assessment completion on city-owned property. 

• Include sections on risk management and pre-disaster 
response

Presenter
Presentation Notes
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Reduce parking space 
requirements and increase parking 

lot perviousness.  

 Some parking lots have excess spaces and therefore excess impervious 
surfaces and more stormwater runoff. 

 Use Low Impact Development (LID) technology to increase parking lot 
perviousness, provide more shade, and increase parking lot attractiveness. 
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• Establish city trees role as infrastructure to receive 
federal aid for post-storm clean up efforts. 

• Credit urban trees in the stormwater utility fee to 
promote more urban tree plantings. 

Link the city’s 
urban trees to 
stormwater
infrastructure.
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• Establish neighborhood 
community tree planting 
campaigns. 

• Partner with local business 
for discount coupons on 
trees and tree materials. 

Encourage tree 
plantings on 
private property. 
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• Shade trees provide more shade and habitat than 
palm or crepe myrtle counterparts. 

• Shade trees require significantly less maintenance 
than palms. 

Encourage 
shade tree 
plantings on city 
property. 
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Work with developers to shrink 
the development footprint.

 Do not permit lot line to lot line clearing. Require retention of healthy 
clusters of trees. 

 Look for opportunities to minimize impervious surfaces. 
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Discussion 
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GIC Inc.
320 Valley Street

Scottsville, VA, 24590
434-286-3119
www.gicinc.org

Firehock@gicinc.org
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