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Abstract

Urban forestry research promises to continue to be an integral part of the growth
and development of forestry in urban and urbanizing areas of the United States.
The future is expected to bring increased emphasis on research in support of the
care of trees and other plants, ecological restoration, and comprehensive and
adaptive management across the landscape. Particular emphasis will be needed on
research to guide new developments in the comprehensive health of urban vege-
tation; ecological restoration techniques; resource inventory and monitoring; dia-
logue among forest resource owners, managers, and uses; collaboration among
agencies and groups; understanding of how forest configurations influence forest
use and benefits; knowledge about urban forest health; and dissemination of in-
formation about urban forests and their management. It is the integration of the
landscape, ecological, and tree/plant-care research that will provide for the com-
prehensive and adaptive management needed to sustain urban forest structure,
health, and benefits over the long term.
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Introduction

Urban forestry research is alive and thriving in the United States, due, in part, to

widespread recognition of the increasing importance of forests in urban and ur-
banizing areas, as well as the realization that research is critical to much-needed
improvements in the management of these resources. Many factors are operating
to increase the scope and complexity of urban forestry research, and these pose
new challenges for the future. The purpose of this paper is to outline the status,
challenges, and opportunities for urban forestry research in the United States.
Since research has been and promises to continue to be intertwined with the
growth and development of urban forestry in the United States, our discussion
starts with an overview of developments in urban forestry.

Urban Forestry

Urban forestry involves the management of trees and associated resources in ur-
ban and urbanizing areas. This management may be planned and undertaken at
several scales, ranging from the individual tree to the metropolitan landscape.

Individual trees and plant communities

In urban and urbanizing environments, individual or small groups of trees can be
valuable for many different purposes (Dwyer et al. 1992). Value can be measured
in economic, esthetic, psychological, social, and ecological terms. The high val-
ues of trees in an urban environment, combined with significant threats to their
growth, development, and survival have led to significant advances in the field of
arboriculture. These advancements include a wide range of practices that help to
improve tree selection, planting, growth, maintenance, and protection. Maintain-
ing tree health is becoming more important than trying to remedy symptoms of
poor tree health (Harris 1983, Anonymous 1997).

The interest in a comprehensive approach to plant health care is growing, and
there is increasing attention to the 'landscape below ground' as a key component
of tree health and care (Watson and Neely 1994, Neely and Watson 1998). The
emphasis on tree health has been fueled, in part, by increasing concern over dam-
age and liability associated with hazardous trees.

As more attention is given to trees in diverse environments throughout the ur-
ban system, important challenges emerge for sustaining tree health in a wide
range of environments, some of which pose significant challenges for sustaining
healthy plants (i.e., limited rooting space, soil compaction, tree damage, air pol-
lution, etc.). Urban sites rarely provide environmental and plant growth condi-
tions found in the natural habitat. Increasing advocacy for use of native plants in
urban landscapes often overlooks the poor match between the plant material and
the site.
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Individual land holdings and trees are not isolated in urban areas. The home-
owner soon learns that a neighbor's trees affect his property and vice versa. Wel-
comed shade on the house or unwanted shade on the vegetable garden are often
from a neighbor's tree rather than one's own. Cooling shade from street trees dur-
ing an afternoon walk down the block and around the neighborhood may begin to
build an individual's awareness of landscape trees on a community scale. As in-
creasing numbers of individuals and groups become involved in tree planting and
care throughout urban and urbanizing areas, there is a critical need for disseminat-
ing tree care information to a wide range of audiences using a broad range of
methods.

Management of prairies, savannas, and other natural ecosystem remnants with-
in urban areas presents resource management challenges different from manage-
ment of developed landscapes. Ecosystem management rarely focuses on
individual trees. Efforts to restore pre-settlement vegetation in these systems have
received significant attention in recent decades and have resulted in increased
study of the development of plant and animal communities in urban ecosystems.
The practice and science of ecological restoration are developing rapidly to ad-
dress the challenges associated with the restoration, management, and protection
of these diverse areas that include prairies, savannas, woodlands, and forests.

The thousands of publicly and privately owned trees and other plants along
streets, in gardens, parks, campuses, and natural areas, together provide the entire
community with economic, esthetic, psychological, social, and ecological bene-
fits. More than any other forest, the building block of the urban forest is the indi-
vidual tree, but the aggregate effects of these individual trees and associated
resources can have a major impact on our communities.

Comprehensive and adaptive management across the landscape

There is increased attention to comprehensive and adaptive management of for-
ests across the urban landscape (Dwyer and Nowak in press, Dwyer et al. in
press). The diversity of urbanforest resources and their extension across land us-
es, property lines, and political boundaries call for management programs that
bridge jurisdictions and employ multiple disciplines. Among the fields that may
be involved in urban forest planning and management are forestry and arboricul-
ture, ecology and wildlife management, entomology and pathology, hydrology
and soils, meteorology and atmospheric science, landscape architecture and rec-
reationmanagement, psychology and sociology, planning and economics, andpo-
litical science.

Given the unique and varied character of urban forests found in particular set-
tings, effective management requiresdifferent forest management strategies with-
in an urban environment (for example, by land use, land ownership, degree of
development, and population density) and among urban areas (with different
ecoregions, populations, and other attributes). Because of the complex land uses,
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ownerships, and resources, a "one-size fits all" urban forest management scheme
is not appropriate.

A key element in managing urban forests in a regional context is the coordina-
tion of activities among different owners and managers across jurisdictions. The
participation of multiple stakeholders in urban forest management requires a fo-
rum to help link forest structures and their management throughout and beyond
the urban system. Such collaborative stewardship should involve not only owners,
users, and managers of natural resources, but also individuals and groups involved
in the management of other urban components (for example, commercial devel-
opers, city planners, utilities, and residents). Collaboration among a wide range of
decisionmakers who affect urban forest resources provides opportunities for those
involved to identify common interests, resolve potential problems, and coordinate
efforts to meet multiple objectives.

The diversity and connectedness of forest resources across an urban system de-
mand comprehensive approaches to their planning and management. The com-
plex interrelationships between urban forest components and air and water
quality, wildlife habitat, utilities and other infrastructure, and the overall esthetic
character of the community support the adoption of an ecosystem-based approach
to natural resource policy, planning, and management.

Because urban forests are dynamic systems, their management must also ac-
commodate rapid changes in the extent, health, and use of resources over time.
Implicit in adaptive management of urban forests is the ability to monitor progress
and evaluate the effectiveness of management decisions. By monitoring the ef-
fects of program activities on the extent, health, and use of the resource, by iden-
tifying areas for improvement, and by modifying management plans to address
problems, adaptive management provides the flexibility necessary to sustain and
enhance important forest resources in changing urban environments.

Research Emphases

The advantages of improvements in individual plant care, ecological restoration,
and comprehensive and adaptive management of urban forests are clear. Howev-
er, the implementation of these improvements can be a difficult challenge for ur-
ban forest managers (Dwyer et al. in press, Dwyer and Nowak in press). A high
level of research support will be required in the following areas: improving com-
prehensive health of urban vegetation; improving ecological restoration tech-
niques; improving resource inventory and monitoring; improving dialogue among
urban forest owners, users, and managers; fostering collaboration among agencies
and groups; improving the understanding of how forest configuration influences
forest use and benefits; increasing knowledge about urban forest health; and im-
proving the dissemination of information about urban forests, their benefits, and
their management.
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Comprehensive health of urban vegetation

Because of the increased attention to management of vegetation throughout the
urban environment, researchers working to enhance plant health face new chal-
lenges that range from planting trees adjacent to structures to planting in former
toxic waste sites. Increased concern over planthealth and the high cost of dealing
with unhealthy plants are good reasons for increased research on sustaining and
improving plant health. New techniques for plant health monitoring and informa-
tion dissemination need to be developed to support comprehensive plant health
care. There may also be a need for new developments such as specialized root-
stocks for small trees, soil amendments, innovative approaches for planting on
difficult sites, and new tools for detecting structuralproblems in standing trees.

Ecological restoration techniques

With increased interest in restoring a wide range of diverse plant communities in
urban areas, and controversy over the appropriateness of some techniques for cre-
ating and maintaining these communities, there is an increasing need for research
to guide ecological restoration efforts. Important needs include research that will
help predict the future growth and development of these communities under var-
ious resource management programs. Also needed are restoration techniques that
are acceptable to site users and nearby residents (Gobster 1997).

Improving inventory and monitoring of the urban forest resource

Comprehensive inventory and monitoring of the urban forest resource is needed
to provide an essential base for understanding diverse urban resources and how
they change over time, as well as for helping to improve resource management
and resulting benefits. Research is needed that will support the development of
new inventory andmonitoring systems to"1) address the lack of critical urbanfor-
est resource information; 2) identify forces for change in the urban forest and their
influence on the extent, use, and management of urban forest resources; 3) pro-
vide a starting point for the development of predictive models to estimate the
growth and development of urban forests in the future; 4) collect information that
is essential to the implementation of importanturbanforest-related projects, such
as air and water quality models; and 5) monitor the rates of change, extent, and
health of urban forests, providing a foundation upon which evaluations of adap-
tive management programs may be based.

To accommodate the dynamics of resource components, techniques for com-
prehensive inventories of urban forests need to be developed that involve contin-
uous, long-term monitoring. The establishment of permanent field plots and
continuous datacollection within urban areas is necessary to obtain long-term in-
formation about change in the urban forest resource. This monitoring has been
started in a few cities (e.g., Syracuse, NY, and Baltimore, MD) as partof USDA
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Forest Service research as well as the National Science Foundation's long-term-
ecological research (LTER) programs. Comparisons of repeated inventories may
be used to monitor forest health, observe natural resource trends, and evaluate the
effectiveness of management programs at multiple landscape levels. Frequent in-
ventories of urban forest structure in diverse areas are necessary to achieve an ad-
equate understanding of this complex and important resource, as well as to help
develop partnerships and guide comprehensive and adaptive management.

Improving dialogue between forest resource owners, managers, and users

Given the large number of stakeholders involved, the diverse and dynamic char-
acter of their interests and activities, and the potential for their actions to have a
substantial impact on the urban environment, an effective dialogue among urban
forest owners, managers, and users is critical. The dialogue must serve complex
needs. Interaction must occur among groups that are disproportionately experi-
enced and educated in urban-forest-related disciplines, and have a broad range of
valid concerns. Despite some heroic efforts, this dialogue is seldom effective, and
research is needed to guide new efforts at building and sustaining a useful dia-
logue.

Improved participation of urban forest owners and users in decisionmaking is
important for several reasons. First, the values, attitudes, and concerns of urban
residents provide the foundation for determining what urban forest structure and
benefits should be sustained. Thus, participation of owners and users in identify-
ing the goals of urban forest management is fundamental to creating a sustainable
urban forest. If citizen input is omitted from the management framework, the
process is unlikely to achieve urban forest sustainability. Further, because individ-
ual urban residents control a substantial portion of the urban forest, their under-
standing of how their activities influence the urban ecosystem is crucial to
sustaining desired benefits. Open dialogue among the involved parties not only
clarifies management issues, but also creates a mechanism that will enhance in-
formation sharing and technical assistance to landowners and community resi-
dents. As part of this partnership, managers also have a heightened ability to
reduce detrimental human forces for change in the urban forest such as improper
pruning, unnecessary tree removal, and damage to trees.

Fostering collaboration among agencies and groups

Given the large number of public agencies, not-for-profit groups, private firms,
and other organizations that influence urban forests, their management, and use,
the actions of many entities often have far-reaching implications for the structure,
functions, and benefits of urban vegetation. Consequently, collaboration among
these players is critical for working toward urban forest sustainability. Collabora-
tion requires knowledge about the partners.For example: What are the goals and
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objectives of urban landowners? Are they willing to participate in cooperative
management programs involving multiple holdings?

There is a strong need to develop methods for collaboration among the many
agencies and groups that focus on particular components of the urban forest, in-
cluding single trees or other plants, restoration of urban plant communities, and
various other components (i.e., street trees, parks, preserves, greenways, etc.).
Also needed are improved methods of collaboration among public and private
groups concerned with the urban forest.

Urban forestry can play a critical role in enhancing the sustainability of the ur-
ban community as a whole. Urban renewal and community revitalization pro-
grams have several dimensions to which urban forest management can make
Significant contributions (Dwyer and Schroeder 1995, Feldman and Westphal
1999). Urban trees can contribute to urban improvement programs through micro-
climate improvement, pollution prevention and mitigation, local economic devel-
opment, and city beautification. The participation of urban residents in urban
forestry programs can also facilitate community organization and empowerment,
which subsequently strengthen the vitality of the area. The contribution of urban
forests to the quality of the urban environment and the inherent links between ur-
ban forestry and other components of urban and surrounding systems enhance the
desirability of integrating urban forestry with the activities of other agencies and
groups. Because the management of urban forest resources can improve the envi-
ronmental and social well-being of communities, the collaboration among multi-
ple groups to meet common goals is an important emphasis for the future. But it
is clear that collaboration among these diverse agencies and groups does not just
happen on its own; special efforts are needed to make it happen and continue into
the future. There is much to be learned from evaluating the successes and failures
in previous collaborative efforts. This area is closely tied to the generation and
distribution of information about forests and their management and use, since the
availability of improved information is essential to collaboration.

Improving the understanding of how forest configuration influences forest
use and benefits

Urban forest benefits are directly dependent on the configuration of vegetation
and its location with respect to other natural and human-made attributes of the ur-
ban environment (urban forest structure). To achieve community goals, managers
need to design and work toward an appropriate vegetation structure to provide de-
sired benefits. This task requires an understanding of how forest configuration in-
fluences the flow of benefits. Knowledge about the relationship between forest
structure, function, and benefits enables managers to develop management objec-
tives and programs that reflect community interests, and allows them to determine
the scale at which management efforts must be implemented to attain community
goals.
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The most desirable configuration of the urban forest resource depends on the
conditions and management goals unique to each location. Because the desired
benefits from urban forests vary among individual communities and across land
use types and landowners, the best configuration of trees to provide the needed
benefits for one area can differ markedly from the forest structure required to meet
the goals in another area. For example, obtaining particular benefits from trees in
an urban park site (e.g., to provide shade) requires a different landscape design
than what is needed to secure urban forest benefits in a residential (e.g., to reduce
energy use) or transportation setting (e.g., pollution removal).

Urban forest structure influences the provision of important benefits at several
different geographic scales. The large-scale or landscape configuration of the ur-
ban forest is important for providing significant benefits to broad areas, including
air and water quality, and wildlife habitat. Alternatively, small-scale configura-
tions may be primarily designed for local, more immediate benefits, such as es-
thetics, microclimate, energy conservation, or opportunities for outdoor
recreation. These local-level effects often combine to affect the entire region.
Since urban forests are often managed at multiple scales, management decisions
need to consider the complex interactions of management objectives and forest
structure in meeting local and regional needs.

Critical research on the linkages between urban forest structure and benefits
needs to be conducted in a wide range of environments and at multiple scales. The
task is substantial given the complexity of the urban forest and the urban environ-
ment, as well as the wide range of important benefits that can be provided. How-
ever, without this important information, managers and planners lack critical
guidance for how to develop plans and programs that will provide desired bene-
fits. Models that help predict benefits based on urban forest structure are likely to
be particularly useful. It is important to recognize that various configurations of
the urban forests have important implications for forest health and associated
maintenance/management.

Researchers are linking forest benefits with the structure of the urban forest
through innovative modeling efforts. A new Urban Forest Effects (UFORE) mod-
el that utilizes tree cover and field data from across the urban ecosystem quantifies
urban forest structure and associated functions (for example, impacts on air qual-
ity and greenhouse gases) across a variety of urban areas (Nowak and Crane in
press). Previously developed models that predict scenic beauty, perceived safety,
and probability of human use as a function of forest structure can also be instru-
mental in developing comprehensive management plans to enhance and maintain
the beneficial functions of urban forests (Dwyer et al. 1989, Lein and Buhyoff
1986, Schroeder 1982, 1983, 1986, 1988, 1989, Schroeder and Anderson 1984,
Schroeder et al. 1986, Schroeder and Cannon 1983, 1987). A critical need in the
modeling efforts is to build dynamic models that estimate changes in benefits as
the forest changes over time. This requires improved information on the growth
and development of trees and forests.
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Increasing knowledge about urban forest health

Inherent in sustaining urban forest benefits is preserving the health of the re-
source. This emphasis area represents a continuing effort to maintain a healthy
and functioning urban forest system as a vital component of sustaining urban for-
est benefits. This area addresses several critical concerns associated with the vi-

tality and perpetuity of urban forests and their surrounding environment. In
addition to targeting the key factors that directly affect tree and forest health, this
emphasis area also includes research and development efforts to identify and deal
with the indirect impacts of human activities (disturbance and pollution) on the
extent and condition of urban forests. This research can provide managers with
the means necessary to attain their management objectives in light of environmen-
tal and human threats to urban forest health.

A recent Urban Forest Health Needs Assessment Survey conducted by the
USDA Forest Service Northeastern Area State and Private Forestry (Pokorny
1998) found a disparity between the high level of interest on the part of urban for-
estry professionals in preserving the health of urban forests, and the shortage of
programs that specifically address and actively implement urban forest health
management and preservation. Less than 25 percent of these professionals ranked
the current general health of the urban forest in their state or city as good or better.
The most frequently cited adverse impacts on the current condition of urban for-
ests were specific tree health problems. This survey suggests a need for more tree
health-related research.

Some of the most immediate and direct concerns in maintaining the health of
urban forest resources are natural forces, including insects and disease, invasive
species, fires, and storms. Extensive losses of urban trees due to these threats in
the past have forced managers to expend significant percentages of their budgets
on containment, treatment, clean up, and replacement activities. Such reactionary
management can eventually become counterproductive, as efforts to sustain de-
sired forest structure, functions, and benefits are forgone to support damage con-
trol. Development of programs to encourage prevention measures and cooperative
response to disaster events can allow managers to pursue their management ob-
jectives while dealing with forest health issues (Andresen and Burban 1994).

The conditions under which we often expect trees to grow in urban areas
present a far greater and more chronic problem than individual natural disasters
or disease problems. Poor quality soils, restricted spaces, extreme environmental
conditions above and below ground, and pollution all contribute to poorer health
and shorter life expectancies (Watson and Neely 1994, Neely and Watson 1998).
Additional research is needed to learn how to provide the critical elements of the
natural environment to trees in urban environments. Developing trees more adapt-
ed to harsh urban environments could also result in healthier trees (Ware 1994).
A combination of tougher trees and more tree-friendly landscapes will undoubt-
edly be the most successful approach for sustaining urban tree health.
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Research can play a critical role in developing tree and forest health programs
and methods for increasing their cost effectiveness. Arboriculture is a labor-inten-
sive industry operating in a limited pool of available labor (Thaler-Carter 1998).
Two approaches hold the most promise for improved tree care and tree health. A
better understanding of tree biology, targeting a better match between trees and
urban environments, and improved tree health may reduce the need for tree care
services. Increased use of technology may help tree care operations to become
more efficient. Efforts to maintain forest health are especially critical in urban ar-
eas, given the importance of urban forests, the high level of public scrutiny of
these forests (including their health), and the difficulty and high cost of restoring
forest health. Concerns for the implications of hazardous trees have also given in-
creased impetus to research on tree health.

The recent establishment of long term ecological research in urban environ-
ments (Baltimore, MD, and Phoenix, AZ), funded, in part, by the National Sci-
ence Foundation, has affirmed the importance of researching natural
environmental processes in urban settings. The research questions that are funda-
mental to the LTER projects will move both researchers and managers toward im-
proved understanding and management of specific factors that threaten forest
health in urban areas. Some of the key questions now being addressed include:
How will the structure and function of an urban forest change over time, given a
range of management and ecological restoration techniques? How does urbaniza-
tion impact the soil, water, air, and meteorological conditions that influence urban
forest growth and development? How does natural plant succession in urban areas
differ from that in rural areas? What are the lifespans of different urban tree spe-
cies, and what environmental and management factors affect the lifespans and
health of urban trees?

Improving the dissemination of information about urban forests and their
management

The key to adaptive management is applied learning: a process that is fundamen-
tally driven by a continuous influx and application of new information (Bormann
et al. 1994, Lee 1993, Maser et al. 1994). Thus, a critical responsibility of manag-
ers and researchers is to provide stakeholders, decisionmakers, and users with in-
formation and sources for information to enhance community-wide planning and
management. The effective distribution of information is an essential precursorto
users' (homeowners, planners, educators, and researchers) ability to sustainurban
forest benefits. As groups generate new information on urban forest structure,
functions, and management technologies, the need for areliable mechanism to en-
sure its dissemination in a useful form and timely manner continues to grow. Re-
search can play a key role in helping to develop these dissemination systems, as
well as the means for getting feedback from users on the effectiveness of the in-
formation and their likely future needs.
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Improving the dissemination of urban forest information is an important ele-
ment of comprehensive and adaptive management of urban forests for a number
of reasons. Primarily, educating public and private landowners and groups about
urban forest benefits, tree and forest health issues, and management/maintenance
options enables them to make informed decisions in the urban forest planning
process. Residents who are aware of the benefits and costs associated with urban
vegetation are more likely to achieve maximum net urban forest benefits related
to their environment and community well being. Similarly, residents who have
sound information about tree selection, planting, maintenance, and preservation
are more likely to be effective managers of the urban forest. Improved dissemina-
tion of information can also be a useful tool for coordinating management efforts
across the community. Public education on maintenance techniques, urban forest
health issues, and other management topics offers foresters and others in public
and private organizations an opportunity to influence the management of vegeta-
tion outside of their immediate responsibility. Because the activities of private
residents and other landowners affect a large portion of the urban forest resource,
informational programs aimed at these audiences provide managers with a means
to enhance benefits from a significant portion of the resource.

While essential to the comprehensive and adaptive management of urban for-
est resources, improved information exchange can also be a critical component of
general environmental education for all ages. Circulating pamphlets, providing
literature, and hosting public workshops about natural resource issues within the
community may generate awareness of similar issues beyond urban areas. These
efforts may encourage environmentally responsible behavior among residents, or
may prompt citizens to volunteer their resources and efforts toward natural re-
source-related causes outside of their communities. Learning how to best accom-
plish this information exchange amid the complexity of the urban forest, urban
environment, and information flows in urban areas is a major challenge for re-
searchers.

Summary and Conclusions

The management and use of urban forests is becoming more complex, the out-
comes are becoming more significant to people, and an increasing number of in-
dividuals and groups are becoming involved in the planning and management
process. These changes have increased the need for scientific information to guide

important decisions abou_anagement and use. As the scientific questions
have increased in number, significance, and complexity, a wider spectrum of sci-
entific disciplines has become important to urban forestry research. There is an in-
creasing trend towards managers and researchers working collaboratively to
identify and solve problems. These partnerships have become a powerful influ-
ence on urban forests and forestry, and have placed new demands on researchers
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for answers to complex questions about urban forest management and use. Re-
searchers from many different disciplines are working together, often in teams, to
tackle complex problems that range from mitigating urban heat islands, to protect-
ing natural areas in the face of rapidly expanding urban developments, to helping
guide the restoration of urban ecosystems. Expansion of the scope, complexity,
and scale of urban forestry has brought increased attention to a landscape perspec-
tive for urban forestry research.

Sustaining forest structure, health, and benefits throughout the urban ecosys-
tem over the long term will require comprehensive and adaptive management ap-
proaches. Implementing these approaches will require increased involvement of
urban forestry research. It will be particularly critical that research supports im-
provements in the following: comprehensive health of urban vegetation; ecologi-
cal restoration techniques; resource inventory and monitoring; dialogue among
forest resource owners, managers, and users; collaboration among agencies and
groups; understanding of how forest configurations influence forest use and ben-
efits; knowledge about urban forest health; and dissemination of information
about urban forests and their management.

As research on urban forests and forestry increases in scope and complexity,
the boundaries between urban forestry, arboriculture, landscape architecture, and
other areas tend to blur. As urban forest management becomes more comprehen-
sive and the issues addressed mirror those in rural areas, linkages with research in
ex-urban areas also increase. The urban-rural linkages also increase as we recog-
nize that many of the physical, biological, and social processes that influence for-
ests operate across the urban to rural continuum.

Future urban forestry research efforts are likely to be most effective if they in-
volve collaboration with managers, teams involving researchers from a wide
range of disciplines, and a focus on multiple scales across the urban landscape
(i.e., from single trees to urban and urbanizing landscapes) in support of collabo-
rative and adaptive management. This integration of the landscape, ecological,
and tree-care research in urban forestry will provide for comprehensive and adap-
tive management to sustain urban forest structure, health, and benefits over the
long term.
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