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Urban Tree Canopy Assessments: Creating a Nationwide Precedent
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Trees and forests, including those in cities, have tremendous positive impacts on water quality. Water quality is critically important to human and
aquatic health. (Image Credit: Morgan Grove)

If you’re like many in the forestry
community, you may have heard
people give many reasons for
wanting to plant trees in city
neighborhoods. “They make the
neighborhood beautiful”, “they clean
the air”, and “they provide shade”
are among some of the more common
responses for why trees benefit the
local community. Often, paying it
forward is a common theme: the
idea that planting a tree today can
improve lives tomorrow. But how
about the idea of paying it forward,
spatially? Have you ever heard
someone respond by saying “I want
to improve water quality for people
I haven’t even met, who live in rural
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areas 100 miles away?”

Research by the U.S. Forest Service
and partners is showing us just how
substantially trees help us to pay it
forward, spatially: a tree planted

in the city can be a huge benefit

for water quality downstream —
sometimes, those downstream areas
are rural lands adjacent to a river or
bay. In fact, investments in urban
research, sometimes thought to come
at the expense of more rural research
and management needs, can yield
substantial benefits for both urban
and rural areas. So what may have
been considered a zero-sum game is
now a win-win. What follows is the
story of how the Urban Tree Canopy
Assessment suite of tools helps us

SUMMARY

The Urban Tree Canopy (UTC) suite of
tools consists of high-resolution mapping
methodology that integrates green and
gray land cover data with critical social,
economic, and environmental information
to inform sustainability and resilience
policy, planning, and management.

The UTC suite of tools came about as a
direct result of collaboration among the
Chesapeake Bay Forestry Workgroup, the
U.S. Forest Service, and other partners.
UTC is now used in dozens of cities, and
has been used to create and inform tree
planting and other goals that improve
quality of life for millions of people.
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to better understand what, where,

and how to prioritize urban tree
investment, to create substantial water
quality benefits for all communities,
whether urban or rural.

City Stream, Country Stream

Like many of our U.S. Forest Service
urban research investments and tools,
the origins of the Urban Tree Canopy
Assessment suite of tools started with

a conversation among scientists and
managers. In Maryland and surrounding
states, the health of the Chesapeake

Bay is an issue of great importance.

The Chesapeake Forestry Workgroup
coordinates, develops, and implements
plans and projects which focus on

the contributions of forest lands to
improving ecosystem health and
economic vitality. The group includes
state representatives and many partner
organizations and has been led by the
U.S. Forest Service Northeastern Area
since 1992. In the early 90s, the group
identified that forest buffers were critical
to the health of the Bay. Typically,
enhancing forest buffers involves
planting trees along streams that flow
through farms to increase capture and
improve filtration of nutrient-laden
water runoff, thus improving the water
that flows into the Chesapeake Bay. In
urban areas, however, urban streams
have been highly modified — they exist
underground, in pipes, and in deeply-
incised channels, and barely resemble
their rural counterparts. A conversation
among scientists and managers revealed
that it may not be scientifically correct
to assume that urban riparian areas
function in the same way as rural ones.
Perhaps, they considered, streams in
very different contexts — running
through a large forested area vs. running
near a small patch of trees near the side
of a road in Baltimore — not only look
different, but function differently as
well?

To answer this question, scientists
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Aerial map of the Chesapeake Bay, showing the six state (plus Distict of Columbia) area that
constitutes the Chesapeake Bay Watershed. (Image credit: Chesapeake Bay Program.)

with the Baltimore Ecosystem Study, a
foundational partner of the U.S. Forest
Service in Baltimore, began to compare
the function of urban versus rural
streams. A forested area near a rural
stream will act as a nitrogen “sink,”
trapping and absorbing excess nitrogen
and preventing it from entering the
waterway. Nitrogen is essential for plant
and animal growth, but an excess of this
nutrient in waterways can cause adverse
health and ecological effects. In rural
contexts, the forest acts as a beneficial
sponge, absorbing and protecting the
waterway from an overabundance of
nutrients. When the scientists examined
urban riparian areas, however, they
discovered that these areas had the
potential to function as sources, not
sinks, of nitrogen. This had to do with
the modified hydrologic connectivity of
the watersheds. Streams in cities have
been highly modified. Many urban
streams are piped underground to allow

roads, buildings, and parking lots to be
built, or they experience such extreme
influxes of stormwater running off of
impermeable surfaces that they become
highly channelized, leading to “hydrologic
drought” in urban riparian soils. This
occurs because the deeply eroded and
channelized streams create a lower water
table; tree roots, concentrated near the
soil surface, do not reach the water table
to effectively filter nutrients and soil
processes that remove nitrogen no longer
occur when the water table is inaccessible
(see Fig 1). Ultimately, these circumstances
reduce the ability of urban riparian

areas to harvest and retain nitrogen, and
to survive. Therefore, excess nitrogen
may run into waterways and create
serious problems for aquatic organisms,
ecosystems, and human health.
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Figure 1. In urban areas, an abundance of impermeable surface means that little stormwater is absorbed into the ground, and instead runs off into streams
in large and intense pulses. This leads to streambank erosion and highly incised streams. The surrounding water table, which is connected to the stream'’s
baseflow, drops significantly as the bottom of the stream cuts into the earth. Trees and soil ecosystems are literally left *high and dry” — they are cut off
from the water table and no longer absorb or transform nitrogen. These modified urban riparian areas may no longer function as strong nitrogen sinks.

(Image credit: Ken Belt).

Better Living through Urban
Tree Canopy Cover

Confirming that urban riparian areas
function dramatically differently from
rural ones demonstrated that planting
trees in these areas was not going to
solve the water quality problem. The
Forestry Workgroup concluded that
urban forest restoration, rather than
targeting riparian areas, would yield
improved results for water quality. What
began as a tree planting goal (e.g., plant
a certain number of trees by a certain
date) turned into a goal to increase
total tree canopy cover. This would
work to encourage both restoration and
conservation of the tree canopy. The idea
was that increasing tree canopy across
a town or city would create important
hydrologic and nutrient cycling
benefits to the Bay, because previous
research had demonstrated how

urban trees reduce stormwater runoff
and reduce the flow of stormwater
through interception, evaporation, and
transpiration. Since stormwater can
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be a vector that carries litter, pollution
(such as oil and gas residues from the
street), pesticides, and nutrients (such as
fertilizers), reducing large pulses to the
Bay would help water quality.

As the Forestry Workgroup discussed
how to expand tree cover over cities,
including Baltimore and suburban
areas, they realized that they needed

to know how much tree canopy they
had already, where it was located, and
where else they could plant trees. While
some satellite data existed to show
urban tree cover at a very coarse (30 m)
resolution, the kind of high-resolution
data that the managers needed to answer
their questions, garner resources, and
prioritize tree planting investments did
not exist. U.S. Forest Service scientists
and partners, including Morgan Grove,
Jarlath O’Neil-Dunne, and Dexter Locke,
realized what a critical information

gap this was, and how important high-
resolution spatial data was to informing
both the policy and practices that could
make a difference for Chesapeake Bay

water quality. From these conversations,
the Urban Tree Canopy (UTC) suite of
tools was born. The UTC suite is a high-
resolution mapping methodology that
integrates green and gray land cover
data with critical social, economic, and
environmental information to inform
sustainability and resilience policy,
planning, and management. UTC
mapping resolutions yield approximately
1,000 times as much information as the
previous 30 m resolution data and a UTC
assessment can accurately map trees

as petite as 8 feet tall - this represents

a major advancement in mapping
technology, and the information it
provides allows for much more detailed,
accurate, and advanced decision-making
(see Fig 2).

Informing Policy and
Practice

The UTC Assessment has helped to
inform the City of Baltimore’s policy
goal of achieving 40% tree canopy cover
(from 27% currently), and in turn has
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fostered tree planting and prioritization
practices that will enable success. For
example, one of the major findings in
Baltimore is that a) most of the land

is private residential, b) most of the
canopy is on private residential, and c)
most of the opportunities for additional
greening are also on private residential
land. Knowing this helps managers
target planting efforts accordingly by
engaging the right partners. In other
words, we know that improving water
quality requires working on land, and
working on land requires working with
people. Knowing where the greatest
opportunities lie helps managers target
planting efforts accordingly by engaging
the right people and partners. And as
more trees are planted in parking lots,
along streets, in parks, and in yards,
water quality begins to improve. These
trees can also have positive impacts

on quality of life, property values,

crime rates, quality of life, localized
temperature (by ameliorating urban heat

island effect), biodiversity, and more.

Since the first UTC assessment was
developed for the City of Baltimore, these
data are now being produced and used
at state and regional levels, including
for the entire multi-state Chesapeake
Bay watershed. The State of Maryland
has adopted the UTC assessments as its
standard for all urban and rural lands
and requires the state’s Department

of Natural Resources to conduct an
assessment of forest and land cover
change for the entire state and to submit
a report to the state legislature. To date,
87 UTC assessments have been conducted
in the United States and Canada,
covering approximately 37,800 square
miles, 1,900 communities, and 40 million
people (2013 Census). These data are
integrated with municipal data systems
for local decisionmaking in general and
other assessment tools in particular,
such as the Forest Service’s iTree suite

of software tools to model ecosystem

% Tree Canopy

Esn, HERE, Delorme, Mapmyindia, ©
OpenStreethap contributors, and the GIS user
community

Fig 2. Map showing tree canopy cover in the city of Baltimore. The UTC suite of tools, which enable
the creation of maps such as this, came about as a direct result of the collaboration among the
Chesapeake Forestry Workgroup, the U.S. Forest Service, and other partners. (Image Credit: US

Forest Service)
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service values and EPA’s EnviroAtlas
system for assessing the health impacts
of trees and other vegetation in urban
areas.

Tree Planting as a Creditable
Best Management Practice

The policies and practices enabled by
the work of the Chesapeake Forestry
Workgroup and the UTC suite of tools
have been so effective that they have
resulted in regulation changes. From
2014-2016, the science behind the
Expanded Urban Tree Canopy practice
was reviewed and, in September 2016,
an updated credit was adopted by the
Chesapeake Bay Program. Under the
updated credit, cities receive TMD6
credits (as well as institutional and
financial backing) for tree planting

and urban tree canopy enhancement.
This not only improves water quality

in the Bay, it improves lives and well-
being in Baltimore and beyond. Now,
those planting trees in Baltimore (or
other cities) can feel good knowing that
their investments help not only their
community, but also communities many
miles away, since rural areas adjacent
to the Bay benefit by improved water
quality enabled by uniquely urban
research investments. The scientists and
practitioners with the U.S. Forest Service
and the Chesapeake Forestry Workgroup
are working with partners so that the
lessons learned and positive outcomes
for water quality and urban forest
investments that were enabled by the
UTC suite of tools can be used to improve
stormwater management and water

quality nationwide.


http://www.itreetools.org/
https://www.epa.gov/enviroatlas
https://www.nrs.fs.fed.us/urban/utc/
http://www.chesapeakebay.net/
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Figure 3. This image shows A) National Landcover Database (NLCD) tree canopy cover, available at 30 m resolution. Using B) LIDAR and C) Parcel data
yields D) an Urban Tree Canopy (UTC) assessment which accurately accounts for tree canopy (or lack thereof) in each parcel and shows trees as petite
as 8 feet tall. (Image credit: Jarlath O’Neil Dunne)

KEY FINDINGS

- Water quality is critically important to human and aquatic health, and improving water quality requires
working on land. Specifically, trees and forests have tremendous positive impacts on water quality.

- Not all land is the same: Urban ecosystems are heavily modified and we cannot assume that they
function in ways similar or identical to rural ecosystems. Studies have demonstrated that trees in urban
riparian areas are not as effective at reducing nitrogen and other pollutants.

« Impervious surfaces—found in abundance in urban and suburban areas - negatively impact water
quality. Green infrastructure and trees can reduce impervious surface area, mitigate stormwater runoff,
and improve water quality in local streams and waterways as well as larger downstream areas (e.g. the
Chesapeake Bay).

+ Working on land requires working with people, especially in an urban context. The UTC suite of tools
can help identify opportunities for increasing canopy; because the data is spatially explicit, managers can
better determine with whom they must work to reach their goals.

MANAGEMENT IMPLICATIONS

- A more effective strategy for decreasing stormwater runoff and improving water quality in urban
areas involves planting trees throughout the city rather than targeting urban riparian areas. Trees
help reduce stormwater runoff via interception, evaporation, transpiration, and nutrient uptake. Trees
planted throughout the city can effectively slow stormwater surges and remove nitrogen better than
their counterparts in compromised urban riparian zones.

+ The Urban Tree Canopy (UTC) suite of tools has enabled Baltimore and many other cities (including
New York, Philadelphia, Los Angeles, Denver, and Detroit) to create policy and implement practices to
achieve greater urban tree cover. A UTC assessment has been completed for the entire multi-state
Chesapeake Bay Watershed and has become a significant tool to help plan, implement, and monitor
enhancements in tree canopy and translate those enhancements into water quality improvements.

- Increasing urban tree canopy throughout cities creates a host of benefits beyond water quality,
including reducing the heat island effect, improving well-being and neighborhood satisfaction,
increasing biodiversity and, in some cases, reducing crime.

-Uniquely urban research investments can yield new knowledge that helps us to manage urban areas
and rural areas more effectively, to the benefit of both urban and rural populations.
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Purpose of “Current Urban Field Station
Topics”:

To provide scientific information to people who make
and influence decisions about urban natural resources
stewardship. The NRS Current Urban Field Station Topics
is published regularly and collaboratively by the Urban
Forests, Human Health, and Environmental Quality
research work unit and the Communication and Science
Delivery staff at the Northern Research Station.

About Us:

Forest Service Scientists work at the forefront of science
to imporve the health and use of our nations natural
resources, as well as as well as our nation’s forest and
grasslands. More information about the Northern
Research Station can be found here: http:/nrs.fs.fed.us/
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