
interior travel corridors. Currently, many of the private lands
immediately adjacent to the Stanislaus boundary already have
housing densities greater than 64 units per square mile, in the
exurban/urban category (fig. 6). Consequently, most of the pro-
jected increases in rural housing unit density would occur sever-
al miles from the national forest boundary. One exception to this
general pattern is projected increases in housing density devel-
opment to the exurban/urban category on currently rural 
lands that are adjacent to the southwestern boundary of the
Stanislaus. Recreation management issues identified for this 
forest are likely to increase with continued development. These
issues include the establishment of user-created trail systems
and a decline in availability and quality of recreational opportu-
nities (USDA Forest Service 2003a). 

14

Huron-Manistee National Forest, Michigan
The Manistee portion of the Huron-Manistee National Forest 
lies in the northwestern portion of the lower peninsula of
Michigan. Compared to the Bitterroot and the Stanislaus
National Forests, the ownership of the Huron-Manistee National
Forest (particularly within the Manistee portion) is unconsoli-
dated, consisting of a few large blocks and many smaller blocks
of noncontiguous federal lands. The result is significant inter-
mixing of privately owned lands and federally managed lands.
Currently, many areas immediately adjacent to National Forest
System lands have rural I and rural II housing densities (fig. 7).
However, projections of housing density for 2030 indicate sub-
stantial expansion in the extent of rural II and exurban/urban
housing density in nearly all privately owned areas immediately
adjacent to national forest parcels. Development-related issues

Figure 8—Housing density near portions
of the National Forests in North Carolina
(Pisgah and Nantahala National Forests),
2000 and 2030. Source: Theobald 2004a,
2004b.
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Research indicates that roads with
moderate traffic volume have the high-
est rates of wildlife mortality, whereas
roads with higher traffic volumes pres-
ent the greatest barriers to wildlife
movement. Traffic volumes are increas-
ing to these critical levels on highways
both on and off public lands, with large
increases in areas with rapid develop-
ment near national forests and other
public lands (Jacobson 2006).

on the Huron-Manistee include user conflicts and the loss of
public access (USDA Forest Service 2006c); these issues are
likely to increase with additional development near the bound-
aries.

National Forests in North Carolina
The Nantahala and the Pisgah National Forests are both located 
in western North Carolina, near the Great Smoky Mountains
National Park and the Blue Ridge Parkway. Both forests fall
within the broader administrative unit known as the National
Forests in North Carolina. The federal lands managed by these
two forests are located in a number of separate blocks of non-
contiguous ownership. Currently, most areas immediately
beyond the boundaries of these national forests have housing
densities categorized as rural II, although some areas of exurban/
urban housing density do currently occur adjacent to National
Forest System lands around Asheville and Franklin. Projections
of 2030 housing density indicate significant increases adjacent
to the national forest boundaries (table 2, fig. 8), particularly in
the southern and central portions of the area. Lesser increases
are projected near National Forest System land in the north-
eastern portion of the area considered here. 

IMPLICATIONS

I ncreased development and accompanying landscape alter-
ation on private rural lands adjacent to national forests and
grasslands will have significant implications for the man-

agement and conservation of public land resources, ecological
services and products, and social and cultural amenities
(Johnson and Stewart 2007, Radeloff et al. 2005a, REO 2002).
The following examples are among the specific consequences
that may be associated with increased housing density on the
peripheries of National Forest System lands. 

Impacts on Native Fish and Wildlife Habitats 
and Populations
Wildlife populations on public lands—especially threatened 
and endangered species—can be at heightened risk from several 
factors associated with increased housing development on near-
by private rural lands (Bass and Beamish 2006, Danielson et al.
1997, Deem et al. 2001, Ewing et al. 2005, Lepczyk et al. 2003,
Manolis et al. 2002, Radeloff et al. 2005a, Riitters et al. 2002,
Riley et al. 2003, Servheen 2006, Singleton et al. 2002). For
example, wildlife may be excluded from usable habitats outside
the national forest or grassland boundary or be otherwise affect-
ed by the fragmentation (Butler et al. 2004, Plantinga et al.
2007), degradation, or loss of those habitats. Wildlife also may
suffer higher levels of mortality or displacement from increased
traffic on both national forest and public roads (Jacobson 2006).
They may experience disturbance or changes in behavior caused
by the presence of people, roads, noise, or light; and they may
be preyed upon by pets or other predators attracted to newly
opened forest edges. Housing developments and associated
roads may prevent wildlife from migrating or moving through
areas outside forest boundaries and thus affect species that rely
on a variety of ecosystems or large areas to survive. Migratory
fish that spawn in National Forest System streams also can be
affected by changes in water quality associated with develop-
ment.
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Nationally, more than 50 percent of recreation use comes from those
living within 30 straight-line miles of a national forest boundary
(Stynes and White 2005). Public lands may become used even more
heavily as nearby private lands become developed (USDA Forest
Service 2006a).

Increased housing development near forest boundaries can lead to additional damage from unmanaged recreation, such as this bank 
erosion caused by off-highway vehicles on the Arapaho-Roosevelt National Forest.
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Remnant sagebrush stand on the
west side of the Bitterroot Valley,
Montana, where abundant native
sagebrush communities once
played host to a variety of birds,
butterflies, and other wildlife both
on and off the nearby Bitterroot
National Forest. Today most
Bitterroot sagebrush communities
are gone; remaining sagebrush
stands are threatened by devel-
opment activity and competition
from plants used for livestock 
forage (Daniel 2006).

Impacts From Invasive Plant 
Species
The health of national forest and grass-
land ecosystems can be affected by inva-
sive plant species, which can find new
points of entry into National Forest
System lands through adjacent fragmented
lands, new roads, and recreation trails
(Dickens et al. 2005, Holway 2005, Sieg 
et al. 2005, Yates et al. 2004). Invasives
can compete with and replace native
plants, reduce plant diversity, and cause
other disruptions to ecosystem function. Diseases and insects
can be introduced into wildland protected areas by nursery
plants used in nearby landscaping; for example, widely used
rhododendron (Rhododendron spp.) and camellia (Camellia
spp.) plants can be hosts to the pathogen that causes sudden oak
death in native oak (Quercus spp.) trees (Koch and Coulston, in
press).

Impacts on Recreation Access and Management
Access for the general public to national forests and grasslands 
is a growing concern. In 1999 it was reported that about 14 
percent of National Forest System land had limited public 
access and that managers were seeing significant reductions in
access on many national forests (Peterson and Williams 1999).
Housing development may lead to additional decreases in
access to public lands, especially national forests, for recreation
and other uses if roads on or across adjacent private lands are
closed to the general public when new residents move in. Such
restrictions may shift recreational use to other locations on
National Forest System lands that do not have adequate infra-
structure for increased recreation. Alternatively, increased hous-
ing development near National Forest System lands could lead
to proliferating entry points, easier access, and increased usage
of recreation services on National Forest System lands (Johnson
and Stewart 2007), with accompanying challenges for effective
recreation management. Unmanaged recreation has been cited
by the Chief of the Forest Service as one of the top four threats
to the Nation’s forests (USDA Forest Service 2006b).
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Impacts on Fire Management
Potential for wildland fires is higher along the boundaries of 
forests where the human population has grown significantly
(GAO 1999). Increased numbers of houses and people can be
associated with more frequent ignitions (Cardille et al. 2001;
Prestemon and Butry, in press; Radeloff et al. 2005b), especially
in the Eastern United States, where nearly three-quarters of the
area burned in wildland fires in federal forests from 1986 to
1996 were caused by human-related ignition sources (Prestemon
and Butry, in press). Increased housing density can also be
accompanied by an increase in air pollution, which has been
shown to increase susceptibility of a forest to wildfire (Grulke et
al., in press). A proliferation of houses increases the number of
structures needing protection, complicates public land fire man-
agement and suppression, and drives up management costs
(DellaSala et al. 2004, Grace and Wade 2000, Heuberger and
Putz 2003, Podur et al. 2002, Radeloff et al. 2005b, Russel and
McBride 2003). 

Some 60 percent of all housing units built in the
1990s in the United States were constructed
within the wildland-urban interface (Alig et al.,
in press, Radeloff et al. 2005b). Such houses can
require intensive resources to protect them from
wildland fire.

A recent study of patterns of wildfire occurrence in
Alabama found that most wildfires occurred in counties
with population sizes between 10,000 and 63,000 or
total road length (interstate highway, U.S. highway, and
county road) from about 156 to 200 miles (Chen 2007).
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National forests and grasslands provide vital recreational opportunities for the American public.
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Social and Economic Considerations
The presence of increased housing development near National 
Forest System lands can reduce open space and alter aesthetic
qualities that contribute to recreation experiences (Clark and
Stankey 1979). Increased human populations have been associ-
ated with an increase in crime on public lands, such as vandal-
ism, drug activity, assaults, and illegal garbage dumping (Tynon
and Chavez 2006, Whittaker 2006). Increased public access and
activities on public lands could also create heightened concerns
and higher costs for management of cultural resources.

In the West, most fishing and hunting occurs on public lands, bring-
ing important economic benefits to local communities (U.S. Fish and
Wildlife Service and U.S. Census Bureau 2001, as cited in Sonoran
Institute 2006).

Impacts on Water Quality and Hydrology
Water bodies and shorelines are among the sensitive areas
likely to experience more environmental stress with increased
human activity (Johnson and Beale 2002). Development along
rivers and streams can cause excessive and unnecessary damage
to banks, beds, and riparian vegetation and waterways; degrade
water quality; interrupt hydrologic cycles; and affect watershed
function upstream or downstream from the development activity
(Schweitzer 2006). Increased housing density also creates more
impervious surfaces, which lead to more runoff and increased 
risk of water pollution on both private and public lands (Zipperer
2002).

Impacts on Boundary Management
Increased housing density in areas adjoining National 
Forest System lands can enhance the potential for encroach-
ment, trespass, and unauthorized use and occupation of the
public’s land and resources. Encroachments onto national
forests and grasslands can transform publicly owned environ-
ments into privately claimed backyards, lawns, flower and
vegetable gardens, playgrounds, garbage dumps, and personal
storage sites—potentially destroying or significantly damaging
a natural environment. Among the most significant impacts on
National Forest System lands from development and urbaniza-
tion on adjoining private lands include illegal private road
building, timber harvest, and user-created off-highway-vehicle
trails on national forests and grasslands.

The Forest Service faces management challenges associated
with control of property lines along the rapidly spreading
wildland-urban interface. Limited funding, resources, and
workforce have not kept pace with increased development 
on adjoining non-National Forest System lands. The Forest
Service estimates that control of property lines for approxi-
mately 1 million acres of public land has been heavily com-
promised because of encroachment and trespass by adjoining
landowners (Cunningham 2006).

Impacts on Other Federal Land Use Planning
and Administration
Increased development activities on private lands in the 
vicinity of National Forest System boundaries can compli-
cate resource planning on National Forest System lands and
make land use planning and administration more expensive.
Additional private landowners adjacent to national forests and
grasslands means more neighbors with whom the Forest
Service needs to coordinate in arranging access for fire man-
agement and recreation, managing ecosystems jointly across
the landscape, and other management issues. Laws (such as
the National Environmental Policy Act and the Endangered
Species Act) and regulations (such as 36 CFR 212.55(b))
require the Forest Service and other land management 

Developments along water courses can impact water 
quality and hydrology.
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Trash dumping on national forests and grasslands associated with increased human populations can have detrimental impacts on streams
and other resources.

agencies to include the environmental effects of neighboring
land uses when analyzing cumulative effects of federal actions.
Travel management plans for public lands are also required to be
compatible with existing conditions in nearby populated areas. 

SUMMARY AND CONCLUSIONS

I ncreased housing development in rural areas bordering
America’s National Forest System lands could alter the 
ecological, social, and economic resources and services 

provided by those public lands and increase their management
costs. The many natural amenities of lands located close to 
protected areas such as our national forests and grasslands are
attracting more and more homeowners. This study estimates
future housing density on rural lands at three distances from
National Forest System boundaries. 

Nine national forests and grasslands are projected to experience 
increased housing density on at least 25 percent of private lands
at one or more of these distances by 2030, posing potential chal-
lenges to forest and grassland management and conservation.
Thirteen national forests and grasslands are projected to experi-
ence housing density increases on over a half-million acres of
rural lands within 10 miles of their boundaries. Nationwide, some
21.7 million acres of private rural lands adjacent to national

forests and grasslands are projected to experience change owing
to increased housing development. Much of this land is next to
national forests in the Eastern United States. 

The findings of National Forests on the Edge can help direct 
our attention to places where changes to National Forest System
lands could be substantial. This report also helps to describe
potential effects of development near National Forest System
lands. Such an understanding can help scientists, resource man-
agers, and communities anticipate potential impacts, plan for
prudent growth, and implement policies that take into consider-
ation the implications for national forests and grasslands on the
edge of development while the windows of opportunity for
effective conservation action remain open.

Future research to address data limitations of this effort could 
include:

h Compilation of nationally consistent data on private 
inholdings for all National Forest System lands, to 
enable more accurate estimates of housing density 
increases.

h Estimates of housing density increases on private lands 
that are currently at or above 65 units per square mile,
because this type of increase can also affect National 
Forest System lands.
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h Estimates of housing density increases on lands adjacent 
to national forests in Alaska and Puerto Rico.

Strategic, collaborative approaches are needed at local, state, 
regional, and national levels to help guide development in ways
that reflect people’s needs and values and are complementary to
or consistent with the protection of resources and services on
national forests and grasslands (USDA Forest Service 2006a).
Current examples include:

h Keeping land in forests through such programs as the 
Forest Service’s Forest Legacy Program. 

h Concentrating growth in existing towns and clustering 
development away from environmentally valuable land. 

h Protecting private forests with conservation easements 
or tax incentives.

h Coordinating among landowners to control the spread 
of noxious weeds or address other resource issues. 

The Forest Service is committed to working in partnership with 
landowners, local communities, and their governments to help
maintain working landscapes, conserve critical open space, and
keep National Forest System lands healthy and able to sustain
ecological, social, and economic benefits far into the future.
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METRIC EQUIVALENTS
When you know: Multiply by: To find:

Feet 0.3048 Meters
Acres .405 Hectares
Miles 1.609 Kilometers
Square feet .0929 Square meters
Square miles 2.59 Square kilometers
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APPENDIX

INTRODUCTION
National Forests on the Edge projected development of rural 
private lands within three distances of national forests and
grasslands in the conterminous United States. The projections
were made for private lands surrounding external forest and
grassland boundaries, defined here as the outer boundary within
which a national forest or grassland was established (referred 
to as “proclamation” boundaries for some forests). Internal
boundaries distinguish lands actually managed by the federal
government as national forests and grasslands from private
lands or “inholdings” found within external boundaries.
External boundaries were used for this study because there 
is no national-level geospatial database of private land located
within national forest and grassland external boundaries.

The housing density categories used for this study are identical 
to those in the first Forests on the Edge report (Stein et al.
2005a, 2005b). However, the terms used have been changed
slightly: 
• Rural I (lands with 16 or fewer housing units per square

mile). 
• Rural II (17 to 64 housing units per square mile).
• Exurban/urban (65 or more housing units per 

square mile). 
• Private land is defined to include all lands not classified 

as public by the Protected Areas Database (described 
further below).

• Increase in housing density was defined to mean shifts
from rural I to rural II or from either rural category to 
the exurban/urban category, based on the projected 
increase in the number of housing units per unit area
between 2000 and 2030. 

Housing Density Projections
Housing density projections were based on past, current, and 
projected statistics on housing density and population, road 
density data, past growth patterns, locations of urban areas, and
other factors that were used in analyses for the first Forests on
the Edge report (Stein et al. 2005a, 2005b; Theobald 2005). 

Housing density was estimated by first drawing from historical 
and current housing densities at a fine grain to examine spatial
patterns of development. Using the historical and current hous-
ing density patterns as data inputs, a projection (simulation)
model of future housing density patterns to 2030 was developed
based on county-level population projections generated by NPA
Data Services, Inc. (2003).

Nationwide estimates of population and housing density were 
computed from the U.S. Department of Commerce Census
Bureau’s block-group and block data for 2000 (U.S. Census
Bureau 2001a). To estimate current housing density patterns,
housing densities were computed by using dasymetric (density
measurement) mapping techniques described in detail in 

previous work (Theobald 2001). Essentially, blocks were refined
by using public land information and water polygons (from
Census Bureau). Public land information was derived from the
Protected Areas Database (PAD) (DellaSala et al. 2001), v.2—
an ArcInfo polygon coverage compiled by the Conservation
Biology Institute (CBI). The PAD contains boundaries of most
federal and state owned/managed protected areas in the conter-
minous United States and Alaska, and includes county, city, and
private reserves where data are available. Portions of census
blocks found on public land were removed, as were portions of
blocks identified as streams, rivers, ponds, lakes, and reservoirs. 

Based on these refined census block geographies, the number 
of housing units per block, obtained from the 100 percent data
from the 2000 Census Summary Tape File 1 (U.S. Census
Bureau 2001b), were allocated throughout the refined blocks.
The allocation of housing density is weighted to reflect the
probable heterogeneity of the placement of houses that are more
likely to be located near roads and less likely in portions of
blocks distant (greater than about 1 km [0.62 mi]) from roads;
the weighting is based on road density (computed using an 
800-m [2,624-ft] radius moving neighborhood). 

Road density was classified into four arbitrary categories that 
distinguished different levels of development: very low (0.0 to
0.25 km/km2 [0.0 to 0.15 mi/mi2]), low (0.25 to 1.0 km/km2

[0.15 to 0.62 mi/mi2]), medium (1.0 to 5.0 km/km2 [0.62 to 3.1
mi/mi2]), and high (greater than 5.0 km/km2 [3.1 mi/mi2]).
Weights of 1, 2, 3, and 4 were assigned to very low to high
(respectively) levels of development and were used to allocate
housing density values to cells within a block. Housing density
estimates for 1990 were generated from the “Year Housing
Built” question from the sample data Summary File 3 data set
(U.S. Census Bureau 2001c). These data are provided at the
block-group level and were adjusted to ensure that the sum of
units by block groups in a county equaled the counts from
decadal census by using established methods (Hammer et al.
2004, Radeloff et al. 2001, Theobald 2001).

The Spatially Explicit Regional Growth Model (SERGoM ) v1 
(Theobald 2005) was used to model the full urban-to-rural spec-
trum of housing densities. It uses a supply-demand-allocation
approach and assumes that future growth patterns will be similar
to those found in the past decade. Four basic steps were used in
SERGoM v1 to project future patterns on a decadal basis. 

First, the number of new housing units in the next decade was 
forced to meet the demanded quantity associated with the pro-
jected county-level population. Population growth was convert-
ed to new housing units by the county-specific housing unit per
population ratio for 2000. Population estimates were obtained
from a demographic-econometric model (NPA Data Services
2003). 

Second, a location-specific average growth rate from the previ-
ous to current time step (e.g., 1990 to 2000) was computed for
each of four density classes: urban, suburban, exurban, and



26

rural. These growth rates were computed for each 100-m [328-
ft] cell, using a moving neighborhood (radius = 1.6 km [.9936
mi]) that allows within-county heterogeneity and cross-county
and state boundary growth patterns to be captured. Also, new
housing units were spatially allocated based on these locally
determined growth rates, which assumes that areas of future
growth are likely to be near current high growth areas or “hot
spots.”

Third, the distribution of new housing units was adjusted 
according to accessibility to the nearest urban core area. That is,
urbanization and conversion to urban and exurban land use typi-
cally occurs at locations that are nearer to urban core areas but
that are on the fringe where land is undeveloped. Accessibility
is computed in terms of minutes of travel time from urban core
areas as one would travel along the main transportation network
(major roads and highways). An urban core area is defined here
as a contiguous cluster larger than 100 hectares (247 acres) at
urban housing density. The distribution of housing density was
then adjusted by creating a weight surface based on travel time
from urban areas and was used to modify the location of new
housing units computed in the first step. 

Fourth, the new housing density was added to the current hous-
ing density, which makes the assumption that housing density
does not decline over time, which is reasonable to represent 
patterns of expansion in suburban and exurban areas but may
underrepresent areas that are in fact declining in housing den-
sity through urban decay or expansion of commercial land use
into residential areas.

Analysis Procedures
A raster layer of projected changes in housing density (100 m 
by 100 m [328 ft by 328 ft]) was created from spatial layers of

year 2000 and projected year 2030 housing densities (Theobald
2004a, 2004b, 2005). A cross-walk table was developed to
translate the change categories in the raster layer to the housing
density category changes considered in this report (i.e., rural I to
rural II, either rural to exurban/urban). 

Based on a spatial database of National Forest System lands 
(USDA Forest Service 2000a), buffer polygons were created 
for three distances from the external boundaries of individual
administrative national forests: 0 to 2 mile, 2 mile to 3 miles,
and 3 to 10 miles. Owing to the existence of disconnected forest
parcels that are administered by the same national forest, some
buffers overlapped within individual national forests. These
overlapping buffers were dissolved. As a result of the shape and
arrangement of the forest parcels, each national forest typically
had several hundred forest buffer polygons. The buffers of adja-
cent national forests that overlapped one another were identified
but not dissolved. 

Using the projected change raster layer, the numbers of private 
land acres were tabulated for all forest buffer polygons for the
following sets of changes: changes from rural I to rural II, from
either rural to exurban/urban, and those acres not changing
housing density classes. Forest-level estimates of the number of
acres changing and not changing housing density classes within
the three distances considered were constructed by summing the
tabulated acres of each forest buffer polygon for each adminis-
trative national forest. National-level results were computed by
summing across all forest buffer polygons within the distance
categories, after accounting for acres in forest buffer polygons
that overlapped between forests. Accounting for overlapping
forest buffers between forests avoids double counting of acres 
in the national-level results. 
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“Forests, farms, ranches, and other open spaces are 
being rapidly developed as more people are choosing to 

live at the urban fringe and in scenic, rural areas. 
This development is affecting our ability to manage 
the National Forests and Grasslands as well as our 

ability to help private landowners and communities 
manage their land for public benefits and 

ecosystem services.”

—Forest Service Chief Abigail Kimbell (2007)

F orests on the Edge, a project of the U.S.
Department of Agriculture, Forest Service, aims 
to increase public understanding of the contribu-

tions of and pressures on America’s forests, and to cre-
ate new tools for strategic planning. Our first report,
Forests on the Edge: Housing Development on America’s
Private Forests (Stein et al. 2005a), identified private
forested watersheds most likely to experience housing
development. This second report identifies national
forests and grasslands most likely to experience
increased housing density on rural private lands along
their borders.

Future studies will examine:

h Threats to private forest contributions—presenting 
data related to private forest benefits such as water

quality, timberland, and wildlife values, as well 
as threats such as development, fire, insects pest
and diseases; and air pollution.

h Detailed descriptions of top watersheds of concern.

h Development projections for private forest lands in 
Alaska, Puerto Rico, the Virgin Islands, Hawaii, and
the Pacific Islands.

For further information on Forests on the Edge, contact:
Susan Stein, U.S. Department of Agriculture, Forest
Service, Cooperative Forestry staff, 1400 Independence
Avenue, SW, Mailstop 1123, Washington, DC 20250-1123.
(202) 205-0837. sstein@fs.fed.us.
http://www.fs.fed.us/openspace/fote/
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