Science in the City: Urban Forestry Research
BY KATHLEEN L. WOLF

T

he term “urban
and community
forests” is used by professionals who work
with trees found in
urbanized settings—in
the center of cities and
towns, and in suburbs and rural communities. Landscapes that include
trees, parks, woodlots, greenbelts, natural areas and native forests—both
naturally occurring and planted—are
found in all communities. A quality
urban forest is integral to sustaining a
high quality of life in cities and towns.
What makes urban forests unique
from rural forests is the dominant role
of human activity in their creation, use
and management. Research, development and effective communication of
science-based knowledge are increasingly needed to sustain both natural
and human populations within built
environments.
Urban forests are diverse ecosystems that are receiving greater attention as city governments, organizations and citizens pursue environmental sustainability. Sustainability criteria for municipal urban forestry programs are based on three dimensions:
Vegetation Resource or attributes and
conditions of local trees and forests;
Resource Management meaning policy
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New studies are exploring the role of urban forestry in walkable places and
public health.

and field practices; and Community
Framework or the involvement and
interaction of constituent groups. This
article provides an overview of urban
forest research, including economic
findings, based on these sustainability
dimensions.
Vegetation Resource
Urban forestry could be considered
a version of precision forestry as
arborists seek to optimize the benefits
and functions of individual trees and
small groves. Arboriculture and plant
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scientists report on how trees grow in
highly urbanized places and have
learned about planting practices,
growth rates, water and nutrient needs,
pest and disease impacts, branching
structure and guidance through pruning, and root interactions with infrastructure. For example, use of structural soils is an evidence-based approach
to reducing tree and sidewalk conflicts.
Hazard tree science has identified
causes and conditions of failure-prone
trees, enabling cities and property
owners to reduce damage risk.
Urban foresters, particularly those
employed in the public sector, must
understand and conserve a composite
collection of trees or small groves,
including remnant patches of native
vegetation and planted trees, on public and private properties. The tragedy
of urban tree loss caused by Dutch elm
disease launched urban forestry practices. Studies have explored and made
recommendations about species mix
and stand age distribution across a city
or region in order to prevent disease
outbreaks. Citywide canopy cover
goals are based on studies of optimal
forest function.
Landscape-level analysis shows that
urbanization trends present major
threats to urban trees and natural
areas. In 2004, about 4.4 percent of the

total land area of the lower 48 states
was considered urban. By 2050, over
14 percent of U.S. land area will be
urban if current trends continue. Infill
development within cities reduces root
and canopy growing spaces. Mature
trees provide greater benefits and forest loss associated with new development is the overall greatest contributor
to large tree removal.
Resource Management
Urban forest management is politically complex. A local government
may take the lead with the “big picture” vision for a city or regional forest.
Best practices are carried out by multiple local governments, multiple
departments within a government and
private property owners within diverse
land use types (such as residential,
commercial and institutional).
Inventory and assessment is needed
to first understand the full scope and
condition of a natural resource, and
then plan for its preservation or conservation. Studies have explored the most
cost effective and efficient methods to
conduct citywide tree surveys, including sampling and citizen involvement
in data collection. A number of western states have also done assessments
across all their municipalities to collect
baseline data on forest condition and
management practices.
Meeting ongoing nutrient, pruning
and water needs of urban trees is cen-

Table 1. Average annual net benefits values per tree by size and city location.

small tree

medium tree

large tree

PNW cities, Westside

$1-$8

$19-$25

$48-$53

PNW cities, Eastside

$0-$9

$8-$19

$21-$32

tral to management. There are two
priority issues in many communities:
(1) invasive species; and (2) critical or
emergency events. Infestations of
invasive plants and insects have
reached epidemic proportions, as
increased global trade has aided introductions of damaging organisms from
other nations. Research aids managers with diagnostics, treatment and
eradication recommendations.
Critical events that threaten forests in
short time frames include fire, snow
and ice, and high winds. Studies are
exploring first response actions as well
as long-term, preventative and dam-

age management.
A comprehensive forest inventory
enables detailed evaluation of environmental services followed by economic
valuation modeling. Forested open
spaces, small groves and even individual trees, when analyzed across an
entire urbanized landscape, provide
substantial environmental services.
The Center for Urban Forest Research
conducted two benefit/cost analyses
for Pacific Northwest states and outcomes were consistent with other U.S.
regional studies. The direct costs of
urban street trees, such as planting,
pruning, removal, pest and disease
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Canopy cover across all parts of the
city generates environmental services such as improved air and water
quality.
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control, irrigation and miscellaneous
costs (such as litigation) were tallied.
Benefit values were then calculated,
including buildings’ energy savings
due to strategic tree placement,
reduced atmospheric carbon dioxide,
improved air quality, reduced
stormwater runoff and amenity benefits. Individual trees generate positive
net values over a 40-year life cycle (see
Table 1). The USDA Forest Service has
released the i-Tree suite of sciencebased software so that any community
can do urban tree valuation modeling.

Community Framework
Urban forests are typically widely
dispersed across multiple political
jurisdictions and are integrated within
multiple land uses. Stakeholder and
constituent responses to trees range
from the direct interactions of citizen
stewards, to property owners with land
development interests, to political
decision makers.
The Forest Service, International
Society of Arboriculture and National
Arbor Day Foundation recommend
using community policies and practices that have been derived from both
natural and social sciences research.
For instance, advisory tree boards are
promoted and studies have assessed
their activities and impacts, finding
them to be important political champions for tree programs. An emerging
research interest is the use of appropriate social models to test the outcomes and efficacy of management
decisions and plans.
There is no federal regulatory code
for urban forests (though the EPA
acknowledges tree planting as an
innovative technology to improve air
quality) and few states regulate urban
forestry either. Local governments
may adopt tree codes and regulations
to achieve community purposes.
Policy studies have described a range
of regulatory strategies and the degree

to which communities have implemented code types. Simple code
includes public tree responsibilities
and heritage tree recognition. More
elaborate laws indicate tree canopy
requirements, tree preservation practices during development and forest
mitigation procedures.
Social science studies reveal that
natural systems provide human services, making cities more livable and
vibrant. Contact with nature improves
human wellness and healing, worker
productivity, and mental functioning of
youth and community cohesion, and
reduces crime. These benefits appear
to underpin positive economic assessments. Residential property values are
enhanced by retention and presence of
trees and open space by up to 20 percent, rental rates are 7 percent higher
for commercial office properties having a quality landscape, and consumers report willingness to spend 912 percent more in downtown business
districts having streetscape trees.
Practical Applications
How does a manager make use of
urban forest research and science on a
daily basis? There are many opportunities! Imagine an urban forester is
hired by a mid-sized city to launch an
urban forestry program. She starts
with few resources, so prepares infor-
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Consumers report being willing to pay 9-12 percent more for products in
commercial districts having a quality streetscape.
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conducted in the Midwest and eastern United States. Funding for urban
forestry research and related technology transfer efforts has been historically low relative to the constituency
served in the west. Additional
resources are needed to keep pace
with regional population trends and
resulting forest issues. New research
can validate how well prior findings
apply in western regions and address
unique knowledge needs. However,
urban conditions are similar across
many places; current knowledge is a
good starting point to support local
policy and management. ◆
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Residential properties near quality trees, landscape and green spaces are
found to have 2-20 percent higher market value.

mation on environmental and human
services economics and makes a case
for an operating budget with the city
manager—request granted! An inventory is needed so studies about methods are reviewed, including current
data recording technologies and
research on how to boost motivation
and satisfaction of citizen volunteers.
While in the field the new manager
notices that street trees have long been
neglected, so a work plan is prepared
based on studies of structural and corrective tree pruning, and recommended pruning cycles.
Meanwhile, the inventory process
provided an overall profile of tree
species, ages and health on public
property; future plantings will
acknowledge evidence-based recommendations for urban forest structure.
The manager will contract out future

tree planting, so prepares planting
specifications based on best available
science. While ground-truthing the
inventory data the forester observes
that many private property owners are
topping trees, a particularly abusive
practice. The energetic manager
reviews studies concerning tree physiology, corrective procedures, and studies on citizen motivations and attitudes concerning topping to develop a
public information campaign.
Managers rely on quality, credible
science to inform their decision making, advocacy and action. Much of
the research reported here has been
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