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Introduction

Urban trees are an important part of biodiversity
in urban areas, from cities to periurban suburbs
and exurbs. Trees are often the base or underly-
ing ecological support for other biota since they
provide habitat, food, and influence other environ-
mental conditions like temperature and moisture.
Urban trees provide diverse ecosystem services for
people, too, such as providing shade and cooler
temperatures, aesthetic value, increases in sense-
of-place and social cohesion, reductions in crime,
and improvements to physiological and psycholog-
ical health and well-being (1–3). In forested biomes,
urbanization usually means replacing trees with
roads, buildings, and other “gray” infrastructure.
In biomes that are not naturally forested, urban-
ization can mean the addition of trees such as in
Salt Lake City, UT, parts of Los Angeles County, or
Sacramento andDavis, CA.Managing urban forests
for societal and species’ needs is therefore highly
regionally and city-specific.

Urban trees are foundational for urban biodiver-
sity conservation. They provide habitat for a diverse
range of species, from birds and insects to mam-
mals, reptiles, and amphibians. By providing food,
shelter, and nesting sites, urban trees can increase
the abundance and diversity of other species in
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urban areas, and thus enhance alpha and beta biodi-
versity. In fact, in the early 1990s the former director
of the Iowa Department of Natural Resources com-
mented on how cities and suburbs provided some
of the only habitat for wildlife in midwestern states
like Iowa and Illinois because expansive agricul-
ture was inhospitable (4). The connectivity of urban
tree canopy (of any type), and urban forest patches
in particular, may create ecological variation that
contributes to diverse biological community com-
position (5,6). Overall, urban trees are essential for
conserving biodiversity by providing valuable habi-
tat and resources for wildlife (7–9).

The spatial distribution of urban trees is neither
uniform nor random. This is because individual
people, organizations, and societal rules and norms
shape where new trees are planted, where trees are
removed, and which trees are protected (10). The
fields of urban and community forestry have the
goal of discerning the spatial distribution of urban
trees, the complexity of managing urban trees, and
which communities do or do not steward urban
trees and forests.

A guiding theme from this body of work is
documenting how urban trees are unevenly dis-
tributed, and at different scales. For instance, at
the parcel scale, most urban land is residential. At
the neighborhood scale, higher-income areas have
more tree canopy cover than lower-income areas
(11,12), and predominantly White neighborhoods
have more canopy cover than predominantly Black
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neighborhoods (13). A long-term view reveals the
legacies of institutionalized racism (particularly the
policy of “redlining”) (14) on present-day distribu-
tion of urban vegetation generally (15) and urban
tree canopy cover in particular (16–19). There are, of
course, nuances in how these relationships among
income, wealth, and race at the household, neigh-
borhood, and municipal scales unfold. Regardless,
these patterns demonstrate important interactions
among income, wealth, race, and canopy cover
which typically lead to higher-income areas having
more trees and communities of color having fewer.
How urban trees are managed has important impli-
cations not only for conservation but also for distri-
butional and procedural environmental injustice.1

Indeed, urban trees were the first and are proba-
bly the best understood dimensions of inequities in
urban conservation.

We have four goals here: (1) introduce and
describe urban forestry, (2) explain why other
disciplines might be interested in urban forestry,
(3) illustrate how wildlife biologists can use urban
forestry in their studies, and (4) encourage con-
servationists to think mechanistically about how
urban vegetation, environmental justice, and urban
wildlife may interact. Here we describe urban
forestry, which requires us to differentiate among
different parts of an urban forest: street trees,
forested patches, and public vs private ownership.
This differentiation is important because these dif-
ferent components of the urban forest are managed
by different individuals and organizations, with
diverse and sometimes competing interests and
authorities. We also explain why other urban biodi-
versity researchers and practitioners may be inter-
ested in urban forestry, measuring urban forests,
and investigating how urban vegetation relates
to species distributions, composition, and biology.
Finally, we illustrate how history matters and how
urban forests and environmental justice might look
in the future.

1 Hoover’s and Scarlett’s chapter discusses the differences
between distributional and procedural (in)justice in urban
conservation.

Urban forests are spatially and socially
heterogeneous: ownerships and
management vary over small geographic
areas

Urban forestry is the practice of planting, manag-
ing, and conserving trees and other vegetation in
urban and suburban settings. It ranges from a dis-
ciplinary to a transdisciplinary field that can draw
on botany, horticulture, urban planning, geographic
information science, environmental sociology, and
diverse other sets of expertise. Urban forestry aims
to increase environmental quality by providing
shade and mitigating heat, controlling stormwater
runoff, beautifying the landscape, reducing crime,
and providing opportunities for community stew-
ardship. In doing so, this practice creates a healthier
andmore sustainable urban environment for people
and, often, other species.

Urban forestry is a critical component of urban
ecology, which is the study of how organisms inter-
act with the built environment, including people.2

Urban forestry is gaining popularity among elected
officials via the rise of “million trees” campaigns,
citywide tree canopy goals (often in response to
increasing weather extremes), and other ambitious
tree planting programs (20–25). For example, Beijing
added 50 million trees in just four years (26). The
entire urban forest consists of individual trees and
tree clusters managed by different entities, for dif-
ferent purposes, and with different outcomes (27).
We emphasize that an urban “forest patch” is an
aggregation of trees, also called a forested natural
area or urban woodland. But a forest patch may
comprise a mixture of trees in a park or several trees
in abutting residential properties, yet the various
trees in this latter kind of patch occur on different
parcels and thus have different managers. In urban
areas, most of the land is privately owned and res-
idential. Thus, conservation goals must be aligned
with the relevant authority and desires of thosewho
can manage particular urban trees.
Residential lands: As are the cities and suburbs

that harbor them, urban forests are heterogeneous
inmanyways (Figure 6.1). In forested biomeswhere

2 Lambert’s and Schell’s chapter briefly details the history
of urban ecology and conservation.
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Figure 6.1 Within the City of Baltimore (a), each parcel of land has a distinct owner. In Baltimore, like most urban areas, most of the land is
privately owned (b). There are diverse types of public and private land (c), and different owners have different motivations, capacities, and interests.
Land ownership says nothing about land cover. High-resolution, high accuracy, 12-class land cover from the Chesapeake Conservancy and partners
shows the spatial heterogeneity of land cover (d). The mixes of ownership and cover define constraints and opportunities for urban forestry.
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urbanization has occurred, trees live on all dif-
ferent types of land with varied types of owner-
ships. One of the most clear and consistent find-
ings from dozens of tree canopy assessments in
North America using high-resolution (≤1 m2) high-
accuracy (≥95%) tree canopy maps, is that (1)
most land is private residential, (2) most of the
tree canopy is private residential, and (3) most of
the opportunities for additional tree canopy are
also on private residential land. In New York City,
for example, there are approximately 750,000 pri-
vate residential landowners or “forest owners” (28).
Each ownermay have differentmotivations, capaci-
ties, and interests for treemanagement, which raises
exciting questions about human motivations for
urbannature3 and also complicatesmanagingurban
ecosystem services and biodiversity.
Street trees: Street trees have been heavily stud-

ied by urban foresters and arboriculturalists (29).
These are also the components of urban forests
that people probably most commonly experience.
Street trees are species diverse because tree popu-
lations often consist of locally native species and
imported horticultural varieties (30,31). In contrast
to residential land, which is managed by numerous
landowners, there tends to be one or few organiza-
tions charged with managing street trees in a given
municipality. The agency responsible for street trees
is usually a city’s Parks Department, but it is not
uncommon to be located within Departments of
Transportation or Public Works. Each agency has its
own mandate, history, and competing internal pri-
orities and vies for fundingwith other departments.
Understanding how a particular city’s government
and governance operate is essential to managing
street trees for conservation goals. Our experience
shows that convincing a mayor or parks depart-
ment commissioner of the value of street trees is
an entirely different task than trying to understand
tens of thousands—or hundreds of thousands—of
individual residential landowners and their man-
agement objectives for their front and back yards.
Without people, there would be no street trees. The
entire lifecycle of street trees from seed or clone, to

3 Larson’s and Brown’s chapter reviews how different
human motivations shape how society manages urban habi-
tats and biodiversity.

a nursery, to a sidewalk, and ultimately until it is
removed via chainsaw, chipped, and hauled away is
done by and for people. These attributesmake street
trees a unique component of urban forests.
Parks, open spaces, and forested natural areas: Trees

in parks and other open spaces are another impor-
tant and often-studied part of the urban forest.
Many parks have isolated trees or clusters of trees
in grassy open areas with little or no competition
from other trees which can influence the manage-
ment needs with respect to conditions like water.
There is growing interest in individual trees’ and
forested areas’ performance from a stormwater
management perspective (32,33). Forested natural
areas, sometimes called urban forest patches, natu-
ral area forests (34), and/or urban woodlands (35),
bear many similarities to forests in nonurban areas
with respect to species composition and structure
(35,36). Forested natural areas have spontaneous
regeneration, dead material is left to decompose,
and, although locatedwithin the built environment,
they are largely left undisturbed (34,35). Forested
natural areas face threats particularly from invasive
understory plants and vines (but also pest insects
and pathogens) and pressure from herbivory (e.g.,
from deer and other ruminants).

Patches can and do cross multiple property
boundaries, representing additional complexity
for management. In the greater Boston area, for
example, there are more backyard forested patches
and a greater forest patch area than in all public
parks combined, in part because there is so much
residential land (6,37). From an organismal perspec-
tive, a backyard forest patch is a single functional
unit. But from a management perspective, in the
case of a patch crossing multiple parcel bound-
aries (like several abutting vacant lots) the threat to
development is not the same. A contiguous patch
of forest in an Olmsted-designed park like Druid
Hill Park in Baltimore City does not face the same
development pressures or risk as do two dozen
smaller parcels owned by 24 different people—
even though as forested patches they may both
have similar size, species, structure, and age. Fur-
ther, multiple levels of government agencies own
and manage open spaces and/or forest patches
within a city. Visitors to patches on New York City
parkland find a sense of refuge, place attachment,
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and experiences with nature (38). Whereas, those
living adjacent to some forest patches in Baltimore
City are largely ambivalent about patches. The use
and experience of urban forest patches warrant fur-
ther attention among researchers and practitioners.
Forested natural area governance is complex and
varies geographically (39), especially with multi-
parcel forested natural areas. A growing trend in
urban conservation are urban land trusts which can
buy land, sell the development rights, and protect
forested areas from being developed.

Trees on residential properties, street trees, and
trees in parks (both in natural areas and on lawns)
with different owners and associated motivations
reflect just a few different examples for how trees’
site-level contexts, ownership, and management
interact to provide a different biological template
for other organisms. The intersections of owner-
ship, management, and biological context explain,
in part, the social and spatial heterogeneity found
in US cities’ urban forests.

Environmental injustice

The spatial distribution of the urban forest not
only relates to insects, birds, mammals, and other
wildlife, but also to people. As briefly mentioned
earlier, one of the most clear and consistent find-
ings from urban forestry is that (1) higher-income
areas have a higher tree canopy cover than nearby
lower-income areas (11,12) and (2) communities
of color tend to have less tree canopy cover than
White areas of cities and suburbs (13). Although
such patterns are increasingly being demonstrated
in other aspects of urban biodiversity (40), urban
forestry has paved the way in understanding the
linkages between class and racial inequities and
urban nature. Because of the diverse benefits and
ecosystem services provided by trees to people
in urban areas, the uneven distribution of canopy
coinciding with segregating communities along
multiple indicators of social status, race, and eth-
nicity in urban areas produces a distributional
environmental injustice.4

4 Hoover’s and Scarlett’s chapter discusses different forms
(e.g., distributional vs procedural) of justice and its relation-
ship to urban environments, including trees.

Understanding patterns of environmental injus-
tice requires understanding processes of environ-
mental injustice over time. Trees do not mature
instantly (10), and substantial research shows that
historic demographic data predict the present distri-
bution of tree canopy cover (41,42). Bluntly, we do
not get to recreate the urban forest every few years;
addressing environmental injustice today will mat-
ter today and tomorrow. The uneven distribution
of trees and urban vegetation in general (14), street
trees (30), and tree canopy cover (16–19) today may
be an example or result of structural racism (14),
as the distribution relates strongly to the history
of the racist government practice of redlining and
disinvestment in certain neighborhoods. This dis-
parity demonstrates a lack of access to the benefits
of urban trees, such as improved air quality, thermal
comfort, and stormwater retention, for those living
in lower-income neighborhoods. Likewise, house-
hold income and wealth do not occur instantly,
and the long-term interactions among race, income,
and wealth and their consequences for ecological
systems need to be understood to address con-
temporary inequities in urban trees. To address
these issues, some state and city governments have
begun to invest in programs to promote equitable
tree planting and species diversification in order to
ensure environmental justice for all their citizens.
Yet a recent analysis of more than 100 urban forest
management plans in the US showsmost plans only
briefly mention environmental justice (43).

Alongwith tree canopy in general and street trees,
the distributions of parks and open spaces—and
their urban forest patches—also vary by the socioe-
conomic status of residents. For instance, studies
across 10 US cities found that income and education
showed strong positive relationships with urban
woody vegetation like trees, whereas tree cover was
lower in neighborhoods with more Latino, Black,
and Indigenous households, and areas with lower
percentages of individuals without high school
degrees (44). A national synthesis of all publicly
accessible open space shows that (1) areas with
higher home value have more park access, except in
the Northeast; (2) areas with lower income inequal-
ity have greater park access; and (3) higher unem-
ployment is associatedwith greater park access (45).
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Given the inequities in the street tree distribu-
tion, tree canopy cover, and park access, and the
recognition of multiple benefits of urban trees, the
3–30–300 rule has been proposed. Briefly, the 3–30–
300 rule proposes that nature exposure from see-
ing nature, exposure from living among vegetation,
and accessing and recreating in green space each
provide benefits for human well-being. Therefore
everyone should be able to see, “3 trees from every
home, school, and place of work,” live in a neigh-
borhood with 30% tree canopy cover, and be within
300meters of the nearest park (46). There is a need to
develop the methods for measuring these heuristics
and implementing the guidelines, aside from mea-
suring tree canopy at the neighborhood level, which
is now well-worked out.

Global perspectives—climate change
and the world’s urban forests

Human-caused climate change is an ongoing threat
to Earth’s life support system. Urban forests are
poised to help buffer society and biodiversity
from some impacts of climate change such as
extreme heat and flooding. Yet those urban forests
themselves are also threatened by climate change.
Research has found that 70% or more of urban tree
species found in cities on every continent except
Antarctica are at risk from altered temperature and
precipitation patterns (47). The situation isworse for
equatorial or low-latitude cities where potentially
all urban tree species are at risk. The climate threat
is active and present given that this research found
that over half of urban tree species are currently
already exceeding their natural temperature and
precipitation regimes and 20%–40% of urban for-
est tree species around the world are expected to be
at enhanced risk from climate change in the places
where they are planted by 2050. This threat under-
scores an urgent need within cities and across cities
and regions globally to invest in climate-resilient
urban forests. Although urban forests are touted
for their ability to buffer impacts of climate change
like extreme heat, those same stressors may them-
selves threaten the world’s urban tree canopies. Yet,
there are also new frameworks for urban forestry
that use climate analog species to help planners

plant trees that are more resilient to changing cli-
mate conditions (48). These climate analogs can
begin accounting for the future temperature, precip-
itation, and pest/pathogen stressors brought with
climate change while also considering aesthetic and
biodiversity needs. Such climate analogs may not
necessarily be tree species that are native to a region
and so planting climate analogs in an urban for-
est may conflict with some conservation goals that
focus on native biodiversity. Conservation practi-
tioners working with urban planners and commu-
nity groups will have to grapple with a focus on
native tree species that may succumb to climate
changes and the reality that a non-native climate
analog tree may better persist. Even so, depending
on the geographic region, there may be opportuni-
ties for using assisted migration to plant “native”
species frommore climate-resilient portions of their
range.5 Ultimately, in many cases around the globe,
a tree is likely better than no tree in supporting
urban biodiversity and society. Given the need for
cities to be hospitable to most of humanity and to
play an active role in regional and global conserva-
tion efforts, a climate-resilient urban forest is more
imperative than ever.

Putting trees on the map

Managing the urban forest and all the biodiver-
sity and communities reliant on those trees neces-
sitates understanding where those trees are, and
where they are not. The clear and consistent find-
ingswith respect to tree canopy at the neighborhood
scale and income and race would not be possi-
ble without tremendous innovations in mapping
tools. The advent of high-resolution (≤1 m2), high-
accuracy (≥95%) land cover mapping (Figures 6.1
and 6.2) has allowed urban forestry to produce
incredible maps of the urban tree canopy and pri-
oritize equitable conservation measures (49–54).
Until these recent innovations, urban forestry—and
indeed urban ecologists more broadly—relied on
coarse, “mid-resolution” mapping data. Prior mid-
resolution mapping data were often at resolutions
of 30 m2. In practice, this coarse resolution made

5 Spotswood et al.’s chapter discusses translocations and
assisted migration as a powerful tool for urban conservation.
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Figure 6.2 New Haven, CT: mid-resolution, Landsat-derived (30 m2) estimates of tree canopy from the Multi-Resolution Land Characteristics
Consortium (https://www.mrlc.gov/data/type/land-cover) miss key patches of urban tree canopy (a) when compared to imagery (b). High-resolution
(1 m2), high-accuracy (≥95%) land cover created by the University of Vermont for the South Central Regional Council of Governments (https://
scrcog.org/) has higher categorical resolution as well (c). Zooming in (d) shows small and large street trees planted by the Urban Resources
Initiative (https://uri.yale.edu/) and maintained by the City of New Haven, and trees in abutting residential backyards. The same area (e) when
mapped with 30-meter data simply fails to capture human- and wildlife-relevant tree canopy.

https://www.mrlc.gov/data/type/land-cover
https://scrcog.org/
https://scrcog.org/
https://uri.yale.edu/
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it impossible to meaningfully map vegetation at a
practical scale for management.

Take for example trees along a backyard fence,
then a raised bed garden, followed by grass, then
the building footprint, a grassy front yard, a side-
walk with street trees, and then the road. All of that
spatial heterogeneity—ecologically and socially—
would be represented by one single number in
prior datasets, despite being several distinct man-
agement zones. Worse, often a 30-m2 pixel covers
multiple owners’ properties. Whereas these prior,
coarse data could not map where vegetation was
and where it was needed, newer mapping tools
provide trees, other vegetation, and various built
features like houses or roads at the parcel scale. As
described earlier, most trees andmost opportunities
for treemanagement are on residential land—which
are relatively small urban parcels—and so prior
data could not match the management units due to
size mismatches between parcels and pixels.

The now-industry standard land cover data are
created by a handful of universities and private
companies, and their partnerships. Examples
include Virginia Tech (55), UC Davis (37,56,57), the
University of South Florida (58–62), and Amer-
ican University (63–66). Private firms routinely
creating high-resolution urban tree canopy maps
include PlanIt Geo (https://planitgeo.com/)
and Earth Define (https://www.earthdefine.
com/). The Spatial Analysis Lab at the Univer-
sity of Vermont (UVM) is the leader in this area
(https://www.gisforscience.com/chapter11/v2/)
and has completed 87 land cover and/or tree
canopy change maps, covering 53 million acres,
with 1.4 trillion classified pixels (https://uvm.
maps.arcgis.com/apps/webappviewer/index.
html?id=fe15424caceb4dd294be816581ec2d77).

For example, the standard data from the UVM
have seven classes: tree canopy, grass/shrub,
bare soil, water, buildings, transportation
(roads/railroads), and other impervious surfaces
(parking lots, sidewalks, etc.). The Chesapeake Bay
Program’s freely available watershed-wide maps
span roughly 200 jurisdictions at a 1-meter resolu-
tion (https://www.chesapeakeconservancy.org/
conservation-innovation-center/high-resolution-
data/lulc-data-project-2022/). UVM is a core
partner on that project. Those data contain trees

over roads, trees over buildings, and trees over
other impervious surfaces so that the user can
flexibly combine tree canopy subclasses or imper-
vious subclasses to match the analytical needs of
the questions asked. Government agencies also
create similar data. For example, the Washington
Department of Fish and Wildlife has produced 1-m
resolution data for most of western Washington
and some of eastern Washington that allow for
mapping contemporary and changes in individual
trees and tree canopies in cities, suburbs, and rural
areas (https://hrcd-wdfw.hub.arcgis.com/pages/
canopy).

Further, many cities now have street tree cen-
suses, often for the first time (i.e., New York City,
New Haven, Baltimore City, Washington D.C.).
Unlike high-resolution tree canopy data, these cen-
sus data contain lat/long points of individual trees
and contain data about tree species, size, and condi-
tion. These digital inventories are tied to municipal
databases and may have volunteer engagement in
collecting the data. For instance, in the 2015–16New
York City street tree census (called “TreesCount!”),
over 2000 volunteers walked over 11,000 miles
to map over 660,000 trees across over 130,000
blocks; these volunteers completed one-third of
the city’s census (https://www.nycgovparks.org/
trees/treescount). Such repositories are helping pro-
duce platforms likeOpenTreeswhich are invaluable
public engagement tools and which capitalize on
data from over 200 sources and 20 countries cur-
rently, although these data are heavily biased to
North America, Europe, and Australia (https://
opentrees.org) (Figure 6.3).

The push for open data enables anyone to access
entire street tree inventories with a few clicks
of a mouse, which allows for innovative social
and conservation insights. For example, research
using Baltimore’s freely accessible tree census data
found that street trees include 59 unique species
that otherwise would not be there (31). However,
these data also showed that formerly redlined
neighborhoods comprise street trees that have
lower species diversity and have fewer old trees
(30). Although these data in Baltimore show local
organizations are dedicated to ameliorating the
distributional injustice, there is still a need for
continued effort that diversifies the trees planted,

https://planitgeo.com/
https://www.earthdefine.com/
https://www.earthdefine.com/
https://www.gisforscience.com/chapter11/v2/
https://uvm.maps.arcgis.com/apps/webappviewer/index.html?id=fe15424caceb4dd294be816581ec2d77
https://uvm.maps.arcgis.com/apps/webappviewer/index.html?id=fe15424caceb4dd294be816581ec2d77
https://uvm.maps.arcgis.com/apps/webappviewer/index.html?id=fe15424caceb4dd294be816581ec2d77
https://www.chesapeakeconservancy.org/conservation-innovation-center/high-resolution-data/lulc-data-project-2022/
https://www.chesapeakeconservancy.org/conservation-innovation-center/high-resolution-data/lulc-data-project-2022/
https://www.chesapeakeconservancy.org/conservation-innovation-center/high-resolution-data/lulc-data-project-2022/
https://hrcd-wdfw.hub.arcgis.com/pages/canopy
https://hrcd-wdfw.hub.arcgis.com/pages/canopy
https://www.nycgovparks.org/trees/treescount
https://www.nycgovparks.org/trees/treescount
https://opentrees.org
https://opentrees.org


THE ROLE OF URBAN TREE CANOP I E S 105

(a)

(b)

(c) (d)

Figure 6.3 Opentrees.org aggregates and serves standardized municipal street tree inventories (a). The map of Seattle, WA (b) can be
symbolized by genus (c) and species (d) among other attributes.

both for the biodiversity these urban forests can
support but also to enhance the resiliency of the
urban forest in marginalized communities against
pests and extreme weather, and in other cities, too.

These new tree census and land cover datasets
have been used by municipalities for goal set-
ting, monitoring, planning, prioritizing planting,
and other purposes (21,67,68). Beyond addressing
interesting questions in urban ecology, these map-
ping innovations have been instrumental in devel-
oping our foundational understanding of cities as
social-ecological systems, particularly by demon-
strating inequities in the distribution and qual-
ity of urban tree canopies across wealth and
racial boundaries (11–13). Further, if not for urban
tree and other vegetation data, studying and
managing urban biodiversity more broadly would

be substantially more difficult given that trees
provide essential habitat conditions for much urban
biodiversity.

Urban tree maps facilitate broader urban
conservation planning

Urban wildlife biologists can use high-resolution,
urban landscape tree and vegetation censuses in
at least two helpful ways when designing and
analyzing projects. At the design stage, a project
area can be divided into different levels of tree
canopy and/or impervious surface cover. It is sim-
ple and straightforward to obtain the area and
percentage of any land cover class (e.g., tree,
other vegetation, roads) or combinations of land
cover classes within various zones such as parcels,



106 URBAN B IOD IVERS I TY AND EQU I TY

districts, plots, watersheds, or conservation areas.
Geographic information system (GIS) software such
as ESRI’s or free software like QGIS and R can
summarize these land cover data easily and are
valuable for a multiplicity of urban biodiversity
projects including citizen science,6 for informing
sampling plans, or for prioritizing conservation
actions. For example, researchers may wish to
deploy camera traps in areas of high, medium, or
low tree canopy cover. Tree and other land cover
summaries can be added in after spatial data are
collected or conservation actions are underway. For
example, if there is an existing camera trap network,
land cover summaries within a range of buffer sizes
can be added later. High-resolution tree and land
cover data support statistical blocking (e.g., by lit-
eral neighborhood blocks with different tree levels)
and adding covariates that contextualize habitats.

Case study

In 2006, the Maryland Department of Natural Resources
developed the Urban Tree Canopy (UTC) program to
encourage cities to conserve and plant new trees to
improve the State’s waterways and the health of Chesa-
peake Bay. Baltimore City wanted to participate in the
UTC program. Before Baltimore City could establish a
goal, however, the City needed to quantify the amount
of existing and possible canopy cover for the entire City.
For this analysis, the City defined possible canopy cover as
areas that were not existing tree canopy cover and were
not roads, buildings, or water. The City also needed to
know how much of the existing tree canopy was in public
ownership, particularly parks and public rights of way in
the case of street trees. These questions required detailed,
parcel-level analysis. Because of the fine-grain spatial het-
erogeneity of cities, mid-resolution, remotely sensed data
(30 m) were insufficient for this analysis.
Through the Baltimore Ecosystem Study (BES, https://

baltimoreecosystemstudy.org/), new methods for combin-
ing high-resolution, remotely sensed imagery (>1 m) and
LiDAR data were developed to produce highly accurate
and visually representative data at the parcel level (69).
Visually representative data and parcel-level analysis were
two important requirements that decision makers had

6 Perkins et al.’s chapter details how to implement equitable
participatory science for urban biodiversity, which often uses
GIS tools.

for the development of these methods. The data product
needed to be visually representative at a parcel level in
order to convince decision makers and the general pub-
lic that the data were realistic and therefore legitimate
because the data corresponded to how they thought of
and perceived their environment. A tree should look like
a tree (round, but not too round) and certainly not a
pixel (blocky). Summarizing the land cover data within
parcels was important because a parcel is the basic unit
of decision making and management: parcels are legally
binding. The City needed to know how much of the
existing and possible urban tree canopy was under its
management and how much was associated with other
types of ownership or management.
The results from the new land cover map showed

canopy cover for the City was 20%, but that the cover
varied from 1% to 85% across different neighborhoods.
Given the combination of existing and possible canopy
cover by neighborhood, some neighborhoods could ulti-
mately have a canopy cover as high as 97% and as low as
29%. In terms of ownership patches, public ownership—
street trees and parks—contained only 20% of the exist-
ing canopy patches and 14% percent of the possible
canopy; while private ownership contained 80% of the
existing and 85% of the possible canopy cover. Thus, the
City’s urban tree canopy goal would be severely limited
if it depended only upon conserving existing trees and
planting new trees on public lands.
With this information, the City knew the extent of

existing and possible canopy cover and its distribution
by ownership type and by neighborhood. Yet, the City
did not know what the canopy goal should be. Recent
watershed research in the region had indicated watershed
health declined significantly when existing canopy cover
fell below 43% (70). Given that the City’s existing canopy
cover was 20%, and in consideration of how to “sell” its
canopy goal, the City has set a goal of nearly doubling its
canopy cover from 20% to 40% by 2036.

Social-ecological applications: who wants
urban trees and how to give them away

As described earlier, high-resolution land cover
analyses revealed that most land is private res-
idential, most tree canopy cover is private and
residential, and most of the opportunities for addi-
tional tree canopy are also on private residential
land. As well, at the neighborhood level, higher-
income and predominantly White areas have more

https://baltimoreecosystemstudy.org/
https://baltimoreecosystemstudy.org/
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tree canopy cover than their lower-income, commu-
nities of color counterparts (11–13). In recognition
of these two facts, many municipalities (71) have
begun giving free trees away. The rationale is to tar-
get residential lands, and by being free, the intention
is to reduce the barriers to access in lower-income
areas.

Research from Baltimore (72), Washington, D.C.
(60), and New York City (73) shows that these well-
intentioned programs ultimately end up deliver-
ing free or reduced-cost trees to high-income areas
with abundant tree canopy on residential land. Put
another way, the outreach strategies were extremely
effective in reaching one social group, but not oth-
ers. It is clear that in some areas people do not want
trees and/or distrust the government (74,75). In
NewHaven, CT, the number one reason for request-
ing a street tree was to replace an old one recently
removed (76). In Philadelphia, however, distribu-
tion was more even (77), possibly because the City’s
tree canopy goal was 30% per neighborhood. The rea-
sons for participating—or not—vary (71), and this
line of research has helpeddevelop best practices for
tree distributionprograms (78). In some cases, a sim-
ple phone call reminder can greatly boost follow-
through (79). Each of these programs was young
at the time of analysis and has been extremely
responsive to these analyses, and the administer-
ing groups have changed accordingly. Reanaly-
ses with updated data are needed to evaluate the
effectiveness of programmatic changes inspired by
these summaries coproduced with urban natural
resources managers.

Conclusions and looking forward

In ecology, focus on trees is associated with biomes
having sufficient rainfall to support these large,
usually water-demanding plants. Urban areas are
different from the ecological “addresses” of concern
with, study of, and management of trees and forest,
however. This is because people in cities and urban
places count trees among their important structur-
ing and functional components. Even in typically
arid climates and droughty soils, people have often
supplied extra moisture or found ways to modify
the habitat to support trees. This urban “love affair”
with trees means that people have successfully

reaped the benefits of arboreal plants in an extraor-
dinary number and variety of cities, suburbs,
towns, and villages worldwide, ranging from
seacoasts to mountain ranges and tropics to taiga.

The literature and experiences summarized
herein yield several insights about trees, some of
which point to their relevance to other disciplines
within urban sciences, such as wildlife ecology.
Other insights show the significant role that trees
and urban tree canopy have in setting policy and
satisfying goals of sustainability and resilience. We
cite eight insights about urban trees and forest.

(1) Urban trees, singly or in stands of several to
many trees, are an important contribution to
the biodiversity of cities, suburbs, towns, and
exurbs. Because people import species not origi-
nally present in the native biomes inwhich cities
are located, the tree species richness of the urban
forest may be greater than that of surround-
ing forests and woodlands. Such imported trees
may have been chosen for cultural familiar-
ity or significance, or for their ability to thrive
in the highly modified environments of cities,
including soil compaction and low aeration, soil
drought, and atmospheric conditions of pollu-
tion, extreme heat, or intense vapor pressure
deficits.

(2) All trees in an urban place, regardless of
whether planted or tended or not, are part of
an urban forest. Of course, an urban forest
is usually highly fragmented, with individual
specimen trees isolated in yards, parks, and
institutional lawns, and with patches of vol-
unteer woods in “waste” lands, vacant lots, or
along transportation corridors. Remnant forests
of notable extent appear in some cities on old
estate or plantation grounds, and new forests
are often planted in parks or as amenities in new
developments. Finally, of course, street trees,
including stately arches of canopy, blocks in
length, or widely spaced trees along sidewalks
of busy commercial thoroughfares, are also
part of the heterogeneous urban forest. Urban
forestry, as a research and practical field, is con-
cerned with all of these trees and conditions.

(3) Urban forests performmany services, and this is
especially so because they interdigitate with the
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spaces where people live, travel, and recreate.
Well-being, calming, recreation, nature obser-
vation, and interaction with other than human
organisms are key benefits that people often
experience as individuals. Aggregate benefits
emerge from heat mitigation and stormwater
control, for example. Notable is that urban for-
est supports other kinds of biodiversity. Birds,
mammals, and insects find shelter, nesting habi-
tat, and food in urban trees. Other plants, rang-
ing frommosses, ferns, epiphytes, and shrubs to
spring ephemerals, benefit from the structures
and conditions that trees create, either alone or
in stands. The interactions between trees and
the other plant, animal, and microbial residents
in cities, especially those in which evolution
may play a part, require additional research.
The services differ based on the size and
layering of particular parts of the urban forest.

(4) Urban forest and urban forestry are different
from “biomic” forestry for another important
reason. Understanding and managing the
benefits—and hazards—of the urban forest
is an integrated social-ecological process. The
presence and condition of every tree in a city or
town result from human decisions. Where trees
are planted, removed, or pruned are all deci-
sions and mean the social and the ecological are
inextricably linked in any consideration of the
urban forest. Ironically, it is human decisions
that lead to neglect and lack of management of
urban trees and stands as well.

(5) All forests are complex in their past and spa-
tial relationships, with differences in habitat,
herbivores, succession, and disturbance (and
more) influencing the distribution, health, and
success of individual trees and stands. How-
ever, there are additional layers of complexity
that must be accounted for in the urban forest.
How is the urban forest (including individual
trees) apportioned across different parcels?
Who manages or makes decisions about each
parcel—recognizing that the decision maker
may not be the property owner of record.
Each parcel will likely have its own history of
management of the urban forest, reflecting such
things as aesthetic or other values of the occu-
pants, or rules of a homeowners’ association, or

the life cycle of a family unit as it evolves from
raising children to retirement, or a business as it
moves from entrepreneurial vigor to a decline
in its market. The complexities just outlined
can be considered stacked layers that generate
virtually unique patterns of heterogeneity that
influence urban forests. One particular compli-
cation in urban forests is that what may look
like a continuous canopy of a single stand may
spread over several parcels. Conserving and
managing such multi-owner/multi-manager
stands requires formal arrangements across
ownerships, and may be facilitated by munic-
ipal policy that recognizes the social value of
contiguous forest canopy for biodiversity and
environmental quality.

(6) One implication of the fact that the urban
forest is a social-ecological entity, is that people
in different social, economic, gendered, or
racialized positions may interact with a single
urban forest stand or even individual tree in
very different ways. It is crucial to understand
the variety of perspectives that are in play
in a single place or forest. One-size-fits-all
policies, or management strategies, or values
about urban forest are likely to run afoul of the
social diversity of real places where people care
about, fear, or ignore trees.

(7) The great social heterogeneity affecting how
urban forests are viewed also affects who
benefits from them, and who suffers dispropor-
tionately from their presence, their condition,
or their loss. This highlights the urban forest
as a subject of environmental justice. What
communities control where trees are located
and who allocates resources to their care? What
communities are located at convenient dis-
tances from large stands in the urban forest, or
to tree-shaded sidewalks? What communities
can afford the costs or time for pruning, clean-
ing of leaf litter, and removal of deadfall? What
communities have members who participate in
professional activities associated with trees, as
compared to manual labor? And finally, what
are the origins of contemporary patterns of how
communities are associated with the urban for-
est? Much research has documented the role
of past activities in determining the location
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and composition of the current urban forest.
Residential redlining, industrial development,
transportation corridors, municipal investment
(or lack thereof), power line location and
maintenance, and past horticultural fashions
are among the many legacies of past decisions
and practices that may better explain the con-
temporary urban forest and how its benefits
and burdens are spatially apportioned than
contemporary actions. Contemporary actions
can, however, restore just urban forest relation-
ships, and can do so with respectful dialog with
communities and other stakeholders.

(8) One of the most pervasive themes we discuss
here is the productive complexity by which the
understanding of the urban forest to date has
been produced, and how that understanding
is applied to the real world. Understanding
the urban forest and ensuring that its benefits
are equitably shared, and its burdens likewise
are not concentrated on those with less power
and fewer resources, combine three activities.
The most fundamental component may be
improving the data on the urban forest. Remote
sensing was a major advance in the discovery
of just how pervasive and spatially fragmented
the urban forest was. Up until the advent of
remote sensing, the term “forest” in urban con-
texts was associated mainly with large tracts
in signature parks, such as the Ramble in New
York’s Central Park, or even larger stands in its
Van Cortlandt or Pelham Bay Parks, Portland’s
Forest park, or Boston’s Emerald Necklace, to
name a few. But urbanists also recognized early
on in the professional attention of arborists
and foresters that the trees along streets were
important to the structure, form, and life
of cities. Unfortunately, remote sensing of
the early generations of satellite technology
actually was blind to many of the trees that
contributed widely to the urban forest. This
was corrected by high-resolution imagery and
LiDAR. When these sensors were applied to
cities around the world, a much larger urban
forest appeared. When those remotely sensed
images were combined with LiDAR, trees and
canopy could be reliably differentiated within
the shadows of tall buildings. Thus, advances

in technology were key to understanding that
the urban forest was much more extensive, and
much more involved with private and small
property parcels, than the prior attention to the
public rights of way or large public and private
institutional grounds suggested.

Theory was a second player in the new discov-
eries about the urban forest. For example, urban
ecologists have shifted from an assumption that
cities comprised distinct natural components, such
as vegetation and streams, versus distinct socially
derived components, such as buildings, infrastruc-
ture, and impervious surfaces, to a view that cities
are constituted by hybrid social-natural patches.
This is a radical reconceptualization of the urban,
which interacted with the advances in data.

The third leg of the new urban platform is prac-
tice. Whereas ecologists in wild or rural places
have, throughout most of the history of their sci-
ence, largely ignored people, urban ecologists have
had to become people-savvy. In wild places it was
the assumed absence of contemporary human pres-
ence (along with ignorance of long histories of
Indigenous presence and management) that per-
mitted dismissal of the human from models and
the search for data. Urban ecologists may have in
their early days paid relatively scant attention to
people as environmental agents, but as the study
expanded to more cities, looked in greater his-
torical depth at how the contemporary form and
process of cities came about, and became more sen-
sitive to the needs of all communities—not just the
powerful economic or racialized elites, a new kind
of urban ecology emerged. This sequence can be
described as ecology IN the city, ecology OF the
city, and ecology WITH the city. Along this con-
tinuum, ecologists first stretched their disciplinary
boundaries to include other sciences, including the
social. And secondly, they began to be sensitive
to the diversity of communities, power relations in
environmental decision making, and the deep his-
tory of inequity and injustice that afflicted cities in
the US and indeed elsewhere in the world based on
colonialism, slavery, and other extractive labor and
resource systems. Environmental justice and envi-
ronmental racism, areas that emerged first in social
movements, have come to be important players in
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how ecologists understand and work in—and on
behalf of—marginalized communities.

These eight insights show the significance of
urban forestry understanding, data, and practices
as core pillars of understanding urban biodiver-
sity, and improving its benefit and linkages with
humans.
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