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Estimate of the Area Affected Ecologically by the Road

System in the United States

RICHARD T. T. FORMAN
Harvard University, Graduate School of Design, Cambridge, MA 02138, U.S.A.

Abstract: In view of an extensive road system, abundant and rapidly growing vebicular traffic, and a scat-
tered literature indicating that some ecological effects of roads extend outward for >100 m, it seems likely
that the cumulative ecological effect of the road system in the United States is considerable. Two recent stidies
in The Netherlands and Massachusetts (U.S.A.) evaluated several ecological effects of roads, including traffic
noise effects, and provide quantitative evidence for a definable “road-effect zone.” Based on the approximadte
width of this asymmetric convoluted zone, I estimate that about one-fifth of the U.S. land area is directly af-
Sected ecologically by the system of public roads. I identify a series of assumptions and variables suggesting
that over time this preliminary estimate is more likely to rise than drop. Several transportation planning and
policy recommendations, ranging from perforating the road barrier for wildlife crossings to closing certain
roads, offer promise for reducing this enormouts ecological effect.

Estimacion del Area Ecologicamente Afectada por el Sistema Carretero de los Estados Unidos

Resumen: In vista de un sistema carretero extensivo, un abundante y creciente trdfico vebicular y una liter-
atura dispersa indicando que algunos efectos ecologicos de las carreteras se extienden mds alld de 100 m, parece
probable quie los efectos ecologicos acumulativos del sistema carretero en los Estados Unidos es considerable.
Dos estudios recientes en los Paises Bajos y Massachusetts (USA) evaluaron diversos efectos ecologicos de las car-
reteras, incluyendo efectos del ruido del trdfico y proporcionan evidencia cuantitativa parva una definible “zona
de efecto carretero”. En base a la amplitud aproximada de esta zona conpleja y asimétrica, estimé que alrede-
dor de una auinta parte del area terrestre de los Estados Unidos es directamente dafectada ecologicamente por el
sistema de carreteras piiblicas. Identifiqué series de conjeturas y variables que surgieren que a lo largo del
tiempo esta estimacion preliminar es mas probable que incremente a que disminiya. Diversos planes de trans-
portacion y recomendaciones politicas, que van desde perforar la barrera carrefera para propiciar el cruce de
vida silvestre basta el cierre de ciertas carreteras ofrecen la promesa de reducir este efecto carretero.

Introduction

The 6.2 million-km system of public roads in the United
States, used by 200 million vehicles, permeates and links
essentially every local area (National Research Council
1997). These roads and roadsides cover about 1% of the
land, equivalent in area to Austria or South Carolina. A
suite of ecological effects of roads involving species,
soil, and water has been identified, with effects varying
in distance outward from meters to kilometers (Ellenberg
et al. 1991; Forman 1995). The outer limits of these sig-
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nificant ecological effects along a road thus describe a
“road-effect zone” (Fig. 1; Forman et al. 1997; Forman &
Deblinger 1998, 1999).

A limited amount of evidence for the width of the
road-effect zone is available from Europe and North
America. Therefore, my objective was to estimate the to-
tal area or proportion of the United States ecologically
affected by the road system.

A road system of course has both positive and nega-
tive ecological effects, and understanding these helps to
identify solutions for transportation policy and planning.
Transporting people and goods efficiently between
points is a familiar advantage of roads to society. Less
recognized is the resulting ecological protection of the
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Figure 1. Road-effect zone along 10 km of a Massachusetts highway. Locations of kRey road effects are indicated by
arrows. Dashed lines border areas where forest and grassland bird communities are estimated to be affected by
traffic noise (effect-distance for most sensitive species is 680 m in forest and 810 m in grassland; M. Reijnen et al.
1995; R. Reijnen et al. 1995, 1996). Factors near the road that affect the width of a traffic-noise effect are indicated
by letters: (a) built area, (b) built area, (¢) downwind of (agricultural) grassland, (d) low area, (e) forest, (f) road
embankment, (g) forest, (b) road embankment, (i) built area, (j) road embankment and built area, (k) bill, (1)
JSorest, (m) built area, (n) forest, (o) low embankment by road, (p) built area, (q) road embankment, (v) forest, (s)
small bill, (t) forest, (1) grassland, (v) river, (w) open wetland area, (x) golf course, () bill, and (z) built area.
This section of Route 2, a four-lane divided bighway west of Boston that supports 50,000 vebicles/day, begins 2 km
west of Interstate Highway 95 and extends 10 km through Lincoln and Concord. Modified from a study of 25 km

along Route 2 (Forman & Deblinger 1998, 1999).

surrounding matrix against disturbance by convoluted
routes, “random searches,” or off-road vehicles. Another
example of an ecological benefit is the maintenance of
native grassland plants and of nesting sites on roadsides
in landscapes of intensive agriculture. In Australia a giant
green nature reserve borders the road network in many
agricultural landscapes (Forman & Alexander 1998).
Nevertheless, most of the ecological effects of road sys-
tems are negative, and their cumulative effect covers an
extensive area. Mitigation and transportation planning
solutions for most of the ecological effects exist in scat-
tered locations (Forman & Hersperger 1996; Canters
1997; Forman et al. 1997; Forman & Alexander 1998),
but the widespread use of such solutions awaits recogni-
tion by the scientific community, highly visible pilot
projects, and greater public understanding.

The road-effect zone is also promising as a basis for
transportation planning. Landscape ecologists and schol-
ars of related fields increasingly recognize ecological
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flows across the landscape as critical for long-term na-
ture protection (Forman 1995, 1999; Harris et al. 1996).
For example, groundwater, surface water, foragers, dis-
persers, migrants, pollinators, fire, heat energy, and sedi-
ments move across the heterogeneous landscape of
patches, corridors, and matrix. These flows and move-
ments create and maintain patterns from spatial to bio-
logical diversity. In contrast to this landscape-wide per-
spective, transportation engineers focus closely on the
road or highway itself and the critical narrow band
alongside. Road design and construction involve local
factors, such as roadbed particle sizes, erosion, sediment
flows, soil drainage, erosion, slopes, ditches, plantings,
bridges, and guardrails, and are accomplished according
to precise codes and practices. The spatial disconnect
between these ecological and engineering perspectives
is striking. The road-effect zone appears promising as a
middle ground, the spatial perspective that provides both
the ecological and engineering objectives of society.
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The ecological factors determining the road-effect
zone are related to species, soil, and water. Effects ex-
tend outward and can be linked directly to a specific
road. I excluded from my analysis the indirect ecological
effects of transportation, such as air pollutants in vehicle
emissions that accumulate in the atmosphere and cause
ecological effects often far from the source road (Na-
tional Research Council 1997).

The total area of the road-effect zone for a nation was
first estimated for The Netherlands by R. Reijnen et al.
(1995) and was based on avian community composition
in forest and agricultural grassland at varying distance
from main roads. Evidence indicates that traffic noise is
the major cause of the degradation of avian communities
near busy roads (M. Reijnen et al. 1995; R. Reijnen et al.
1995, 1996). The average density of Dutch main roads
(highways) is 0.3 km/km?, compared with an average of
0.13 km/km? for main (state-maintained) roads in the
United States and 1.2 km/km? for all U.S. public roads.
Traffic volume on Dutch main roads apparently ranges
from 10,000 to >100,000 vehicles per day, presumably
a higher average than in the United States. In addition to
more main roads and traffic, The Netherlands has pro-
portionally more built area, more open land, and less for-
est than the United States. This means that on average
traffic noise should affect a greater portion of The Neth-
erlands. Secondary roads and roads in urban areas appar-
ently were not included in the Dutch studies.

R. Reijnen et al. (1995) estimate that 10% of the land
area of The Netherlands is significantly disturbed ecolog-
ically by traffic noise. This estimate is based on the aver-
age effect-distances—distance that a significant effect
extends from a road—for all bird species combined. In
contrast, based on the most sensitive bird species,
which are of primary conservation importance, the au-
thors estimate that >17% of the land is disturbed. Avian
diversity is reduced and total bird density is one-third
lower in the areas affected by roads and vehicles. These
estimates are based on 1986 data, and, due to traffic in-
creases, the figures are projected to be 15-20% higher in
1999. Therefore road-effect zones apparently cover at
least 12-20% of The Netherlands.

A recent study measured and estimated nine ecologi-
cal variables along a 25-km, divided four-lane highway in
Massachusetts and incorporated the Dutch results in the
analysis (Forman & Deblinger 1998, 1999). All effects
believed to extend >100 m from the road were included
in the study: wetland drainage, stream channelization,
road salt in surface water bodies, planted roadside exot-
ics invading forest, moose (Alces alces), deer (Odo-
coileus virginiana), forest birds, grassland birds, and
vernal pool amphibians. The road-effect zone was then
mapped (Fig. 1), which highlighted its (1) asymmetry
(2) convoluted borders, and (3) occasional “fingers” pro-
truding from a border. Some effects such as traffic noise
appeared along much of the road length, whereas a few
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effects including stream channelization occurred only at
points along the road. Asymmetry of the zone results
from directional wind- and water-flow processes and
from differences in topography, land use, and habitat
suitability on opposite sides of the road. Thus the Massa-
chusetts and Dutch studies provide the basis for a pre-
liminary estimate of the total area ecologically affected
by a road system.

Estimate for the United States

Assumptions

To make an estimate of the total ecological effect of the
U.S. system of public roads, I made the following as-
sumptions:

(1) Total area of United States is 9,372,610 km>.

(2) Total road length includes 3,836,381 km of second-
ary roads in rural areas (county, town, township, federal
[U.S. Forest Service, U.S. National Park Service, and res-
ervations that are not part of the state or local highway
systems], and other local public roads), 1,237,198 km of
primary roads (under state control) in rural areas,
927,122 km of secondary roads in urban areas, and
178,394 km of primary roads in urban areas (Fig. 2a).

(3) All road length in rural areas and 25% of road
length in urban areas are roughly estimated to be near
natural ecosystems (for both primary and secondary
roads). Natural ecosystems include agricultural land
(which, for example, contains grassland birds of conser-
vation interest) but exclude built areas (thus ignoring
ecological effects there). Near natural ecosystems means
adjoining or close enough to produce road effects.

(4) Traffic volume (24-hour total, Monday through Fri-
day, half the vehicles going each direction, roughly esti-
mated averages) for primary roads in rural areas (high-
ways in towns, villages, and more remote areas) is 10,000
vehicles/day and in urban areas is 50,000 vehicles/day.

(5) Road-effect zones for primary roads (in both rural
and urban areas) are calculated as two times the effect
distances for the most sensitive bird species highlighted
in the Dutch studies (R. Reijnen et al. 1995, 1996). The
effect distance is 305 m for 10,000 vehicles/day in
woodland, 365 m for 10,000 vehicles/day in grassland,
and 810 m for 50,000 vehicles/day in natural ecosystems
in urban areas (average of results for forest birds and
grassland birds; Forman & Deblinger 1999).

(6) Road-effect zone for secondary roads is 200 m
wide, a rough estimate for a highly variable zone. Lower
traffic volume may be associated with localized short-
distance effects, such as most roadkills or road dust and
road salt effects on vegetation, whereas higher traffic
volume produces long-distance effects, including block-
ing wildlife corridors and subdividing populations into
smaller, less stable subpopulations.
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Figure 2. The (a) road length and
(b) area affected ecologically by
roads in the United States. Total
road length in the United States is
6.2 million km (Federal Highway
Administration terminology and
data for 1985). Area ecologically
affected is calculated based on es-
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Calculations based on the preceding assumptions indi-
cate that 19% of the total area of the United States is di-
rectly affected ecologically by roads and associated ve-
hicular traffic (Fig. 2b). A breakdown of this total by
road type and location shows that roads in rural areas
have by far the greatest total ecological effect (16.7% vs.
2.5% in urban areas). Primary and secondary roads have
the same total ecological effect (Fig. 2b), even though
primary roads are only one-quarter of the total road-net-
work length (Fig. 2a). Excluding Alaska (which has few
roads in a large area) and Hawaii means that 22% of the
contiguous United States is estimated to be ecologically
altered by the road network (Fig. 2b).

Variables that Lower or Raise the Estimate

It is useful to identify key variables that would lower or
raise these overall estimates. The following would be ex-
pected to lower the estimated area affected ecologically:
(1) Eliminate overlapping road-effect areas in the vicinity
of road intersections in rural areas and in high-road-den-
sity urban areas. (2) Ignore the most sensitive species
and calculate the effect-distance of primary roads based
on the density of all species combined (R. Reijnen et al.
1995, 1996; Forman & Deblinger 1999). (3) Calculate
the effect-distance based only on variables whose effects
generally extend meters to tens of meters outward, such
as roadbed erosion and heavy-metal effects on popula-
tions (Forman & Alexander 1998). (4) Assume that pri-
mary roads in rural areas have an average traffic volume
of <10,000 vehicles/day. For example, if traffic volume
is 5000 vehicles/day, the effect-distance decreases some-
what; if traffic volume is <3000 vehicles/day, the effect-
distance for avian communities may be less than that for
several other road effects (van der Zande et al. 1980; M.
Reijnen et al. 1995; R. Reijnen et al. 1996). (5) Reduce
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Urban

lands and on other data.

the road-effect zone width on secondary roads. If it were
halved to 100 m, for example, the total affected area in
the contiguous United States would be 18% instead of
22%. (6) Omit roads in agricultural and other human-
modified open landscapes even though sensitive grass-
land birds are present.

In contrast, the following key variables would be ex-
pected to raise estimates of the total U.S. area ecologi-
cally affected: (1) Include the effects of cutting or block-
ing of major long-distance wildlife corridors. (2) Include
the effects of subdividing previous large populations into
smaller populations occupying isolated patches distant
from the road in which the populations remain as less sta-
ble and more vulnerable to local extinction. (3) Add the
effects of human access to remote areas (due to the pres-
ence of roads) where overhunting or varied human distur-
bances occur, sometimes affecting large areas. (4) Include
areas by secondary roads subjected to certain long-dis-
tance effects, such as some stream and river channeliza-
tion, sedimentation downstream of bridges, altered water
tables, wetland drainage, and spread of planted roadside
exotic species into nearby natural ecosystems. (5) As-
sume that traffic volume on secondary roads in rural or ur-
ban areas exceeds an average of 10,000 vehicles/day, so
the road-effect zone based on the most sensitive bird spe-
cies would be greater than the 200 m used in calculations.
(6) Increase the road-effect zone for primary roads in rural
grasslands by using the most sensitive species actually re-
corded in the Dutch studies (it was presumed to be an
outlier and hence omitted from calculations), which
would triple the width of the road-effect zone. (7) Use
1999 in lieu of 1985 transportation data (total road length
has changed little; National Research Council 1997). With
rapid urbanization, however, urban road length has signif-
icantly increased and rural road length decreased. Also,
traffic volume has increased as people spend more time
driving. Therefore in 1999 more road length has higher
traffic volume than in 1985 and, consequently, greater
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ecological effect-distances would be used in the calcula-
tions. (8) Add the ecologically affected area by nonpublic
roads, including logging areas on private timberland, farm
and ranch roads, and driveways. (9) Include the effects of
off-road vehicles.

Comparing the lists of factors that may decrease or in-
crease the estimated ecological effect of roads suggests
that one-fifth of the United States land area is a conserva-
tive estimate of ecological effects. It is more likely that
future estimates based on additional data will rise rather
than fall. Also, if the effects of vehicular air pollutants
such as CO,, O;, and NOy (National Research Council
1997) were added, the cumulative effect of the road sys-
tem would be still greater.

Conclusion and Policy Implications

A significant portion of the ecological literature is doubt-
less based on studies within road-effect zones. In think-
ing about this literature and in designing research stud-
ies of the future; greater attention to the ecological
effects of roads is warranted. Roads, and especially traf-
fic, are increasing in the United States and worldwide.
Clearly, the estimate of total area affected ecologically is
a preliminary estimate. Better data sets and fuller analy-
ses should lead to better estimates in the future.

My calculations suggest some policy approaches that
could have a significant effect on reducing the huge area
affected directly by roads and vehicles. The following five
actions could make a difference. (1) Perforate the road as
a barrier to animal movement by using tunnels, under-
passes, overpasses, and other mitigation technology, thus
reducing the effects of blocking wildlife corridors and of
subdividing populations into smaller, less stable subpopu-
lations. (2) Close, and where ecologically important, re-
move logging and other roads in remote areas to reduce
the disturbance effects of human access. (3) Increase the
use of soil berms, plantings, depressed roads, and other
construction techniques to reduce the distance and area
ecologically affected by traffic noise. (4) Concentrate traf-
fic on primary roads, especially in rural landscapes, and
minimize the conversion of secondary roads from light- to
medium-traffic usage. (5) Reduce traffic noise by chang-
ing tire design, vehicle aerodynamics, road surface, pro-
portion of truck traffic, and total amount of vehicle miles
(kilometers) traveled. Such policy changes would rever-
berate through society, yet I suspect that the demand for
appropriate solutions to the ecological road-system ef-
fects that permeate the land is closer than we think.
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