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Montana, and New Hampshire; states
with the lowest average urban tree
cover are Wyoming, New Mexico, and
North Dakota. States with the highest
proportion of their total tree cover
across the state occurring in urban
areas include New Jersey, Massachu-
setts, and Connecticut.

Three factors help to explain varia-
tion in percentage of tree cover among
urban areas across the United States:
ecoregion type, population density,
and land use. Based on an analysis of
all urban areas in the conterminous
United States, urban tree cover tends to
be highest in urban areas that devel-
oped in forested ecoregions (34.4 per-
cent), followed by grasslands (17.8 per-
cent), and deserts (9.3 percent). These
results are consistent with previous es-
timates of urban tree cover by ecore-
gion types (based on aerial photo inter-
pretation of 58 US cities), where tree
cover averaged 31.1 percent in forest
cities, 18.9 percent in grassland cities,
and 9.9 percent in desert cities (Nowak
et al. 1996).

Percentage of tree cover in urban
areas tends to decrease as population
density increases in all ecoregion types
(forest: » = —0.37; grassland: »=—0.25;
desert: » = —0.18). This pattern is con-
sistent with results from an earlier
analysis of 58 US cities, which showed
that the percentage of total green space
(bare soil and vegetation cover) in cities
tends to decrease with population den-
sity, regardless of ecoregion type (» =
-0.64) (Nowak et al. 1996).

Percentage of tree cover in urban
areas tends to increase with increasing
city area in forest and grassland areas,
but tends to decrease with city area in
desert areas. This pattern is likely a re-
flection of the distribution of land uses
in cities, which is a significant determi-
nant of the amount of local tree cover
{Nowak et al. 1996). As city area in-
creases, the amount of vacant land is
likely to increase. In forest and some
grassland areas, vacant lands tend to fill
with trees through natural regenera-
tion. As vacant land in desert regions
generally does not support natural tree
regeneration, increased vacant land
tends to decrease the overall percentage
of tree cover in large desert cities.

The number of trees within urban

areas of the United States is estimated
to be 3.8 billion (ranging between 2.4
and 5.7 billion based on minimum and
maximum city tree-cover density esti-
mates). This estimate is much higher
than an earlier estimate of 660 million
urban trees, which was based on the
conservative assumption that 10 non-
street trees exist for every street tree in
cities (Kielbaso 1990). With an esti-
mated 60 million US street trees in
urban areas (Kielbaso 1990), results
from this assessment suggest that an
average of about 62 nonstreet trees
exist for every street tree in urban areas
across the country. This national ratio
is similar to that found in Qakland (57
nonstreet urban trees per street tree)
(Nowak 1991); but is higher than the
ratio found in Chicago (9) and Cook
and DuPage Counties, Illinois (34)
(Nowak 1994b).

States with the highest estimated
total tree population in urban areas in-
clude Georgia, Alabama, and Ohio
(table 2). States with the lowest urban
area tree populations are Wyoming,
North Dakota, and Rhode Island. Dif-
ferences in state urban tree population
totals are a function of the amount of
urban land in the state and average pet-
cent tree cover within urban areas of
the state. To obtain better estimates of
state urban forest population totals,
field data are needed to determine ac-
tual urban tree population density
within the state. Current state esti-
mates are based on a national average
from limited field samples.

Individual City Population Estimates

Superimposed on broad regional
variations in urban forest structure are
significant local variations among and
within cities. Although limited data
exist on urban forest structure in par-
ticular cities (#able 1), this type of local
data is essential for understanding
local-scale variations and structure, and
fundamental to improving urban forest
management. Current estimates of in-
dividual city tree populations range
from 1.2 million trees in Boston to 9.4
million trees in Atlanta (teble 1).
Wichin cities, tree population charac-
teristics vary by land-use type (Nowak
1994a, 1994b).

To assist foresters and others who

plan or manage the urban forest, the
Urban Forest Effects (UFORE) model
has been developed to quantify urban
forest structure and selected functions
(e.g., carbon storage and sequestration,
air pollution removal) based on field
sampling of tree parameters (Nowak
and Crane 2000). More research is
needed on the structure of forests in in-
dividual cities, how urban forest struc-
ture and health change over time, and
how structure is linked to important
forest benefits.

Influences on Natural Resources

As urban development continues to
expand over the landscape, the interre-
lations among urban growth, urban in-
fluence, and natural resoutce systems
will become increasingly important.
Many cities, particularly in the South-
east, are surrounded by forestland. The
expansion of these cities is likely to
have a significant impact on the extent,
use, and management of adjacent for-
est resources. For example, increased
population density has been found to
reduce the availability of timber from
forestlands (Barlow et al. 1998; Wear et
al. 1999). Residential developments
around cities also can limit access to
public and private lands for outdoor
recreation (Ewert et al. 1993). As ur-
banization spreads into less-developed
rural areas, a growing percentage of the
nation’s natural resources will become
part of urban forest ecosystems, and in-
creasing amounts of forestland outside
these systems also will be subject to
urban influences.

The expansion of urban areas has
particularly important implications for
the use and management of public
holdings, including national forests,
national parks, and state- and locally
administered natural resources. As
urban residents frequently travel to ex-
urban areas for outdoor recreation, the
demands placed on forest ecosystems
in close proximity to growing urban
centers pose difficult challenges for
natural resource managers. Heightened
resource use, increased mobility or ig-
nition of potential hazards (for exam-
ple, insects and disease, fire, invasive
species), conflicts regarding recre-
ational opportunities, and seasonal and
permanent home development can
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greatly complicate the issues that must
be addressed in protecting the healch
and sustainability of these valuable
areas. Thus, urbanization is likely to be
one of the most significant forest influ-
ences of the 21st century.

Conclusion

The urban forest resource is com-
plex, expanding in extent, and increas-
ing in national and local significance.
The resource and its management has
a substantial impact on the health and
well-being of urban residents who live,
work, and spend most of their leisure
time in urban areas. The urban forest
also influences how urban residents ex-
petience, perceive, and relate to natural
resources across the urban-to-wilder-
ness spectrum.

The information presented in this
article is the beginning of an effort to
assess the urban forest at a national
scale as part of the USDA Forest Ser-
vice’s strategic planning efforts. Addi-
tional information is needed on the
structure and function of the urban
forest at the national, regional, and
local scales, as well as on the interrela-
tionships among structure, functions,
and benefits provided to individuals
and communities. This information is
critical given the increasing importance
of urban forests as a component of our
nation’s natural resources.
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