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Abstract Forest roads are a necessary element for accessing
forestry resources, but their impact on the environment can be
significant. Forest roads can cause a variety of impacts on
local wildlife that may lead to extirpation: facilitating the
spread of invasive organisms, causing death or harm by vehi-
cle strikes, and changing the behavior of animals to their det-
riment. Roads create improved access to forests, which can
increase predation rates from hunters. Animals may move to
avoid traffic noise, increasing their vulnerability to predation
by other animals. One of the most significant impacts of forest
roads is on water quality, through both catastrophic and chron-
ic sources of water pollution, primarily from sediment. While
it is not the case that every road will cause any or all of these
impacts, for those that do, mitigation measures can be used to
lessen these negative effects. These mitigation measures must
begin during the location phase of the road and should con-
tinue through construction, use, and maintenance of the roads.
Application of these mitigation measures allows forest man-
agers to minimize the impacts from their forest roads when
necessary.

Keywords Forest roads . Environmental impacts .Mitigation
measures

Introduction

The existence, development, and maintenance of forest roads
have both positive and negative effects. Many of the benefits
are generated from improved access to both extractive and
non-consumptive resources that are produced from our for-
ests. Non-consumptive resources include access to hunting,
camping, wildlife viewing, and general site seeing—all of
which use forest roads.

Improperly designed, constructed, or maintained forest
roads can have a significant impact on the environment.
Roads can be vectors for the spread of diseases or noxious
weeds. They can both directly and indirectly harm terrestrial
wildlife. Perhaps the largest impact from forests roads is on
water quality, through both chronic and acute deposition of
sediment that can limit the beneficial uses of water and harm
aquatic organisms in waters that originate from forests. Many
of these impacts can be minimized through the adoption of
mitigation measures that change the manner in which roads
are designed, built, maintained, and used. These mitigation
measures might result in additional costs but can lessen the
environmental impacts from forest roads.

This paper will describe both the benefits and impacts
that can occur from forest roads and will describe mitigation
measures to lessen the damage forest roads cause. The goal
is to provide a review of mitigation opportunities to forest
road managers, in order to assist them in lessening the im-
pacts from their forest roads when they occur as well as
promoting sustainable management of forests. The paper will
primarily focus on examples from North America, as that
has been the source of much of the research cited, but will
occasionally use international examples where possible and
applicable. The intention is not to suggest that all roads
produce all of the outlined impacts, but to provide a descrip-
tion of some common impacts that occur from forest roads,
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and to suggest some mitigation measures that can reduce
these impacts.

The Costs and Benefits of Forest Roads

Awell planned, designed, constructed, and maintained forest
road can be a valuable asset to a landowner. Access to extrac-
tive resources is the first step in the forestry supply chain,
eventually allowing forest products to be transported around
the world. These supply chains can be entirely owned by the
same firm (vertically integrated) or owned by a combination
of multiple independent organizations such as the landowner,
logging and hauling contractors, and various manufacturing
facilities (mixed-ownership supply chains) [1]. A mixed-
ownership supply chain creates additional difficulties with
managing forest roads, because the cost and benefits of road
management are usually spread among multiple parties, often
unequally. For example, a road could be built to a lower stan-
dard, creating a savings in construction costs that are offset by
higher hauling costs, due to the resulting longer travel times.
In a mixed-ownership supply chain, however, this road con-
struction benefits the forest landowner, who typically pays for
road construction, while the added cost for hauling is placed
on the trucker. The trucker may not be aware or able to dis-
tinguish between the different road standards and thus might
plan for a road of average quality, thereby underestimating
their costs. Subsequently, their bid will not accurately reflect
road conditions, and the landowner will not have an incentive
to improve those conditions. A vertically integrated firm does
not need to be concerned about the transference of cost and
benefits among the parties in the supply chain, as they are all
contained within the same firm. Forestry supply chains that
are composed of multiple firms must balance costs and bene-
fits among the actors in the supply chain. If the actors in these
supply chains are unable or unwilling to share data, then the
ability to apply alternative and potentially mitigating road
practices can be compromised. Troncoso [2••] showed that
decoupling the forest from the manufacturing facility resulted
in a 5 % reduction in net present value over a 25-year planning
period. The ability to share product demand information in the
vertically integrated firm was the key to the improvement.
Thus, when describing investment in forest roads, it is impor-
tant to consider what parties are responsible for the cost of the
mitigation measures and what parties will benefit from those
measures. Since these are often different parties, all parties
will need to understand the magnitude of the potential savings
and costs before they can distribute them equitably. Data col-
lection and sharingmay be needed to capture the benefits from
the alternative practices.

There are many variables to consider when constructing
efficient forest operations. Determining the appropriate road
density and total length of road to area to optimize forest

operations requires knowing the extraction costs of these op-
erations. Extraction costs include components such as the
skidding or yarding, road, and landing constructions costs.
To lower extraction costs, the interaction between roading
and skidding costs must be accounted for in the analysis.
The lower the skidding costs, the farther apart the roads can
be constructed, as logging itself can consume a greater portion
of the total extraction costs.

There are optimization models to determine how to lower
extraction costs, which include logging, hauling, landing con-
struction, and road construction costs [3–6]. These models
compute optimal spacing and road standards to support com-
mercial operations at the lowest extraction cost. The methods
currently developed are designed for gentle ground where
there are a multitude of possible road locations. Figure 1 is
an aerial photograph from New Zealand’s plantation forest in
the country’s North Island. The small dots are landings for
collection and processing of tree boles. This area has gentle
terrain and demonstrates the use of road and landing spacing
solutions to assist in determining the optimal road density in
large commercial operations. In many parts of the world
where the ground is steep, however, there are limited options
for roads. Nevertheless, one can consider roading and logging
costs simultaneously in steep terrain to develop extraction
models that minimize the combined costs.

Forest roads may be one of the most used recreational
features in a forest. They can facilitate many functions, includ-
ing providing driving challenges, allowing site seeing, and
facilitating an opportunity to observe wildlife or other esthet-
ically pleasing vistas. Roads can also provide access to favor-
ite hunting or camping sites [7]. However, forest roads may
need additional care in their design to safely allow for recrea-
tional passenger vehicles, which might not be well suited for a
forest road designed exclusively for trucks. There can be a

Fig. 1 An example of road and landing spacing for plantation forests on
New Zealand’s North Island [used with permission via Google’s
guidelines]
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need to alter the design standards of many roads to better
accommodate smaller vehicles that might not be as visible as
the traffic associated with logging trucks, whose drivers often
use radios to warn one another of their location. Additionally,
there may be a need to educate all forest road designers on
how to minimize accidents when the traffic on these narrow
roads contains both commercial and recreation traffic. This
can include items such as increased sight distance along
curves or a wider or more frequent construction of turnouts
on narrow roads to allow vehicles to safely pass.

The Environmental Impacts of Forest Roads
and the Methods to Mitigate these Impacts

There are many negative environmental impacts from forest
roads. These impacts can decrease or negate many of the ben-
efits derived from forests. Roads can facilitate the introduction
of noxious pests and often have both direct and indirect im-
pacts on wildlife. Roads can impact water quality though both
chronic and acute sources of pollution, as well as through
altering floodwater patterns. Roads are commonly seen as
the pathways to environmental degradation, but a commit-
ment to implementation of mitigation measures can reduce
many of the impacts associated with forest roads, allowing
management and use of our forests while protecting forest
ecosystems. There are a variety of possible mitigating mea-
sures that can be deployed during design, construction,
hauling, and maintenance of roads.

Noxious Pests

Noxious pests include pathogens and plants (weeds). These
introduced, non-native organisms can spread rapidly through
their introduced landscapes, as they often lack any environ-
mental control to limit their expansion. Noxious pests can
have a tremendous impact on native plants and wildlife. An
example is the spread of the root pathogen, Phytophora
latoralis, a fungus that infects yellow cedars such as the Port
Orford cedar (Chamaecyparis lawsoniana). The spores from
the fungus travel in water and attack these trees by girdling the
roots, causing mortality. The spores are commonly dispersed
along the roads. The access provided by the road allows con-
taminated soil attached to vehicles and heavy equipment
from infected areas to become dislodged and deposited on
the road surface. The spores are then carried into streams with
storm water that runs across the road, creating new infection
sites [8].

Noxious weeds can result in significant financial and envi-
ronmental damage. Olson [9] has estimated the annual cost of
invasive plants in various countries: $4 billion in Australia,
$100 million in New Zealand, €103 million in Germany, and
$34.5 billion in the USA. Noxious weeds contribute to this

damage in a variety of ways; their spread can reduce foraging
opportunities for livestock and wildlife species or limit the
opportunities for native plants to thrive, harming the ecologi-
cal resiliency of the environment. Noxious weeds are com-
monly spread along roads. Seeds of noxious weeds are often
attached to the fur of animals, the clothing of people, or in
various ways to vehicles. Often, these seeds are contained in
vegetation, such as straw mulches, that are often spread along
roads to control erosion. The exposed soil following road
construction is often the ideal site for these aggressive colo-
nizing species.

Thus, one control mechanism for noxious pests is to require
sanitation permits on logging equipment and trucks from other
areas. Permitting must be followed by inspections to ensure
that vehicles have no vegetation or remaining soil attached to
their equipment when they enter a new area. These restrictions
can extend to trails; Valachovic et al. [10] have found the
spores that transmit sudden oak death are transported in the
mud attached to soles of hiking boots. Thus, places to clean
boots at trailheads may be necessary to control these invasive
organisms.

Exposed sites such as cut and fill slopes still need protec-
tion from erosion; therefore, it may be necessary to use alter-
native mulches to protect road fills from erosion while miti-
gating the harm from noxious pests. Even the use of certified
weed-free straw has been documented to increase the abun-
dance of non-native species occurring on these construction
sites following treatment [11]. Foltz [12••] tested three types
of wood mulches for their effectiveness in reducing erosion
from the unprotected fills following construction. One was
straw, while the other two were derived from wood products,
wood shreds, and wood strands.Wood shreds are made locally
from logging residue that is processed in a tub grinder and can
be produced in the same forest where the mulch will be
spread. Wood strands are a by-product of veneer manufactur-
ing and are made by shredding wood to a common thickness
and length. The first-year results showed no statistical differ-
ences in tree growth, sedimentation, or ground cover from the
two wood-based mulches when compared to straw, and the
wood-based mulches reduced the opportunities for invasive
plants to spread through the road prism [12••].

Impacts to Wildlife

Forest roads can impact wildlife in both direct and indirect
ways. Some of these impacts can occur on low volume roads,
while others may be more common on higher-standard roads
that allow increased traffic speed. The direct impacts are pri-
marily through vehicle strikes that kill or maim animals, while
the indirect effects are a result of habitat modification or
changes to the use of existing habitat. Mitigation methods
can include alternative road locations, regulation of vehicle
speed through wildlife high-use areas, seasonal restrictions
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that limit noise during breeding or rearing seasons, and design
modifications to reduce road impacts perceived by animals. In
some cases, it may be necessary to construct specialized fea-
tures to allow wildlife to cross the road.

Direct Impact to Wildlife

Vehicle strikes can result in a significant impact on wildlife
populations, especially on higher-standard roads through for-
ested areas where vehicles travel at a higher speed. Traffic on
these larger forest roads can be one of the leading causes of
mortality to large animals. One example is the endangered
Florida panther (Felis concolor coryir): vehicle strikes ac-
count for 10 % of population mortality [13]. Vehicles strikes
have also had a significant impact on river otters (Lutra lutra)
in Germany and badgers (Meles meles) in the United
Kingdom. Marsh and Jaeger [14] list the mortality rates for
small vertebrates; the range in the data is large but can reach
37 % of the mortality rate for some animals, such as spotted
salamanders (Ambystoma maculatum).

Vehicle strikes are not limited to larger animals crossing the
road on the ground. Hundreds of millions of birds are struck
by vehicles annually [15]. DeVault [15] used brown-headed
cowbirds (Molothrus ater) in an experiment to test the birds’
responses to vehicles traveling at different speeds and with
different sight distance between the birds and the vehicles.
This study used simulated vehicles similar to those used in
human-vehicle interaction studies in order to not harm the
birds. As expected, DeVault found as the vehicle’s speed in-
creased, the birds were increasingly unable to escape being
harmed [15].

Analysis of vehicle strike data shows evidence of spatial or
temporal patterns to these incidences. They most often occur
in areas of high animal density or on common migration
routes. For example, amphibians’ mortality due to vehicle
strikes is high where roads are appurtenant to wetlands [14],
thus avoiding these locations when locating roads is one avail-
able mitigation measure.

Case [16] has stated that speed and traffic volumes are two
of the more important variables in predicting vehicle strikes. It
is often road segments with moderate traffic and high speed
that produce the highest mortality rates. High traffic volume
keeps many animals from attempting to cross roads, as these
roads can be perceived as a barrier to the animals. These ve-
hicle strikes also can pose a safety hazard for the vehicle
occupants.

There are several mitigation measures that can reduce the
impacts of vehicle strikes on wildlife. One is to work with
wildlife professionals to identify migration routes and, if pos-
sible, locate roads to minimize intersections with these com-
monly used routes. Vehicle speed can be reduced through
these migration areas if the road cannot be located elsewhere.
Seasonal restrictions might be considered to limit traffic

during critical times, such as mating or migrating seasons,
when animals may be most vulnerable. Finally, managing
roadside vegetation can make road right-of-ways less attrac-
tive places for wildlife to congregate.

Indirect Impact to Wildlife

Indirect effects of roads on wildlife do not necessarily directly
harm an individual animal but prevent or limit the animal from
its natural movement or activities. Roads can be a physical
barrier to some animals. Burrowing invertebrates are especial-
ly vulnerable, as they are unable to navigate across the road
due to the dry surface or the compacted subsoil. There are a
variety of causes for why animals avoid roads; these behaviors
can be grouped into two categories: avoidance of vehicles in
general and merely the avoidance of road-based emissions,
such as fumes or noises [17••].

Shepard et al. [18] provided a literature review of the im-
pact of roads on a variety of species from large mammals
(such as wolves and grizzly bears) to small invertebrates (such
as beetles) to document the impact of roads on wildlife move-
ment through their preferred habitat. In a capture-mark and
recapture study, for example, Keller and Largiadèr [19] were
able to show that only one of the 742 large, flightless beetles
that were recaptured had crossed a six-meter wide road. They
were able to show that these types of forest roads contributed
to a significant difference in the genetic makeup among the
local invertebrate population in a Swiss forest, and that this
genetic difference was caused by forest roads [19]. Thus, the
isolation caused by roads can contribute to a reduction in
species diversity within the forest. Langton [20] modified
small culverts to allow amphibians to cross below roads,
which may be a mitigation for road-caused isolation.

Indirect impacts are not limited to small animals or inver-
tebrates. In North America, Roosevelt elk (Cervus elaphus
roosevelti) have been found to be impacted by road use. The
traffic noise associated with roads was sufficient to cause elk
to alter their behavior. The noise disrupts their feeding patterns
and makes them move, which increases their vulnerability to
predation from a variety of animals, such as mountain lion.
When gates were installed on the road, they eliminated all but
managerial traffic. The reduction in noise reduced the need for
elk to move and their survival rates increased [21].
Additionally, the gates reduced elk losses to illegal hunting
by limiting vehicle access to the area [22]. For those animals
that avoid roads due to traffic noise, gates or other road closure
techniques can reduce some of the disturbances that stress the
animals.

Impacts on Aquatic Resources

Forests are often the originating sources of water for urban
areas, and high-quality water is becoming a scarce and
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valuable resource in many parts of the world.Many forests are
habitats for species that contribute to large commercial and
sport fisheries, including Pacific or Atlantic salmon
(Oncorhynchus spp. or Salmo spp.). Often, the highest value
good produced by a forest may not be its timber resources but
its clean, cold water that supports valuable fisheries or domes-
tic water supplies.

The impact of forest roads on water quality can be grouped
into acute and chronic sources. Acute sources of water pollu-
tion are associated with road failures that reach water primar-
ily through debris slides. Chronic sources of pollution can be
from the cut or fill slopes, the ditch, or the surface of the road.
This sediment is usually delivered through the road’s own
drainage system.

In the USA, forest roads have been subject of recent litiga-
tion that reached the highest court in the USA. The controver-
sy surrounded the methods used to regulate sources of pollu-
tion under the US Clean Water Act, 33 U.S.C. 1251–1387.
This case involved determining whether the pollution from
ditch system associated with forest roads was a point source
of pollution as defined by the act. One that has pollutant
(sediment) transferred using a discrete conveyance (ditches)
and deposit in the waters of USA and in non-exempt cases
would require a National Pollution Discharge Elimination
Permit, (NPDES) [23•], [24]. The case was resolved by
allowing the Environmental Protection Agency (EPA) the dis-
cretion to categorize the pollution from forest roads as
stormwater from an exempt source. However, this case
highlighted the increased public concern about the quality of
water originating from forests and the contribution of forest
roads to impairing water quality.

Forest roads in the Pacific Northwest region of the
USA have been shown to increase the peak flow of storm
events. The greater connectivity of roads to streams allows
stormwater to be more efficiently delivered to streams, caus-
ing higher peak flows [25]. This is often combined with
poor stream crossing designs from improperly installed cul-
verts in streams. These poor designs can cause scour in the
stream channel below the pipes, resulting in a barrier to
movement upward from the culvert. This has been shown
to eliminate access to kilometers of suitable fishery habitat
in streams.

Many forests exist in steep rugged terrain, examples in-
clude: The Rocky Mountains, the Cascades, and the Coast
range of North America, and the mountains of New Zealand.
These areas have the peculiar combination of steep slopes,
significant rainfall events, and weak geological material that
make landslides a common problem. Roads, especially those
constructed using side-casting techniques (where excavated
material is simply pushed over the edge of the roadway), are
especially vulnerable to landslides. This fill material is not
compacted or stabilized in any way and often rests in uncon-
solidated piles on steep slopes. When this material becomes

saturated, its strength is reduced until the material fails; often
this occurs during large precipitation events (Fig. 2).

The mitigation efforts for these types of roads can occur in
the location stage of the road planning, as overly steep slopes
may be avoided. The problems can also be mitigated during
initial construction with the use of end-haul techniques that
load excess material and haul it to stable disposal sites. As one
might expect, end-haul techniques can result in a significant
expense through the costs of hauling large amounts of surplus
material on steep roads to distant disposal sites [26]. However,
a study in coastal Oregon (USA) showed a significant reduc-
tion in landslide frequency and size when end-haul techniques
were used [26]. For roads that have already been constructed
using side-casting techniques, much of this material can often
be retrieved using hydraulic excavators, which is then loaded
into dump trucks and hauled to disposal sites. If a road is being
decommissioned, then the side-cast material can be placed on
the road surface. Often, these piles are planted with trees to
encourage rapid colonization and promote stabilization of this
material. The cost for this work can be high; examples from
western Washington (USA) required 135 h to pull side-cast
material from 2.6 km of road [27].

The chronic sources of sediment impacting the environ-
ment are produced from all parts of the road prism; these
impact water quality and ultimately impact fisheries.
Juvenile Coho salmon (Oncorhychus kisutch) have been doc-
umented to avoid turbid water once it reached a level of 70
Nephelometric Turbidity Units (NTU) [28]. This turbidity can
be caused by sediment from the road surface, the cut and fill
slopes, and the ditch surface [29••]. The amount of sediment
generated depends on several factors: the condition of the
road; the maintenance practices for the ditch; the amount of
exposed surfaces on the cut and fill slopes; the soil texture,
with finer soils being more erosive than coarse soils; and the
climate as it influences the amount, type, and intensity of
precipitation events.

Fig. 2 A road prism with a crowned cross section with side-cast material
on the edge of the road
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Fahey and Coker [30] categorized the amount of sediment
produced from forest roads in the Marlborough Sounds in the
northern part of New Zealand’s South Island. Their results
indicated that little material was produced from the cut bank.
The major contributions of sediment were from the side-cast
fill and the road surfaces. These areas produced a mix of
material sizes, including a significant volume of fine-grained
materials less than 2 mm in diameter. This fine-grained mate-
rial is the type of material most detrimental to the survival of
aquatic organisms [31], and it is an example of the chronic
sediment that can be continually produced by forest roads.
Luce and Black [29••] had similar results, finding that bare
soil from the road prism resulted in a 7.4 factor increase in
sediment yield from a forest road.

There are a number of factors that influence the amount of
sediment produced from the surface of the road. Aggregate
quality is one; in forestry, heavy loads on the road can both
fracture and abrade the rock and create smaller particles.
Figure 3 shows an example of weak aggregate that is being
rapidly degraded during hauling and then washed from the
road during wet-weather hauling.

Precipitation transports smaller particles from the road sur-
face though the drainage system and ultimately to streams.
Foltz and Truebe [32, 33] found that aggregates rated as
Bmoderate^ produced 4 to 17 times the sediment compared
to Bgood^ (strong) aggregate. Thus, testing aggregate and
eliminating the weaker rock can limit the generation of these
sources of chronic sediment. This is especially important on
road segments where it is impossible to hydrologically discon-
nect the road from the stream. This mitigation measure can
increase road construction complexity and cost, but it is pos-
sible to reduce environmental impacts by being selective
about what rock is selected and where it is placed.

Brown et al. [34•] showed the placement of an aggregate
surface on a stream crossing resulted in a large reduction in
sediment delivered to streams when compared to native soils

crossings in the Piedmont region in Virginia (USA).
Extending their example further, high quality rock could be
used on sections of roads that remain hydrologically connect-
ed to streams while lower quality rock can be used in places
where the road is hydrologically disconnected to streams.
Thus, the highest quality and likely most valuable rock can
be saved for use in the most critical places, decreasing costs.

It is not just the aggregate that influences the impact from
the forest roads but the interaction between the road surfacing
and the subgrade. Both contribute to supporting large vehicle
loads [35]. Many forest road subgrades are not built using
traditional civil engineering techniques that control compac-
tion by applying water or drying techniques to reach the opti-
mal water content to promote efficient compaction of the sub-
grade. In fact, many in the forest industry believe that heavy,
tracked forestry equipment will suffice for compaction; how-
ever, this equipment is designed for low ground pressure and
does little to improve the bearing strength of the soil. The
result from these uncontrolled construction practices is sub-
grade soil densities that are significantly below typical target
values. For example, 90 % of standard Proctor levels could be
achieved if construction practices were better controlled [36].
Weak subgrades have insufficient strength to fully support the
heavy wheel loads of fully laden logging trucks. Ruts are
quickly formed when the road’s surface fails either due to its
subgrade or due to the entire road structure. These ruts pro-
duce higher amounts of sediment, as water is more likely to
flow down the rut rather than to the ditch. Studies have shown
that rutted roads produce double the sediment of roads without
a rutted surface when subjected to heavy truck traffic [36].

The mitigation efforts for these types of impacts can in-
clude alternative construction, use, and maintenance practices.
One of the simplest methods to reduce the impact of sediment
from forest roads is to hydrologically disconnect ditches from
streams and allow water from the ditch, road surface, and cut
slope (with its sediment) to be diverted into an armored outlet
in the forest and not into a stream. There will always be some
portion of a road that cannot be hydrologically disconnected,
but the goal is to remove as much of the sediment-containing
water as possible from a ditch and avoid interacting with a
stream system.

Improved construction practices such as controlled compac-
tion can reduce rut formation on forest roads. Construction
activities that apply aggregate testing practices can identify
rock sources that might not be suitable for hydrologically con-
nected sections of roads and use proper aggregate instead. This
method may be able to reduce the amount of sediment being
produced during hauling. However, road segments using these
construction techniques can require a greater level of engineer-
ing skill in their design and construction, which might not
currently be available in all forestry operations.

Another mitigation measure to reduce sediment from forest
roads is to use low-pressure tires when hauling wood. Low-Fig. 3 Erosion from surface material during hauling
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pressure tires have a larger contact area with a road, lowering
the stress transferred from the vehicle to the road surface.
Lower stress reduces the wear rate of the aggregate material.
Foltz and Burroughs [37] showed a significant reduction in
sediment yield with use of low-pressure tires, with 1.6–1.71
times more sediment produced when hauling with conven-
tional highway tire pressure on aggregate roads as compared
to low-pressure tires. Similarly, Moore et al. [38] showed that
hauling with low-pressure tires could reduce sediment by up
to 84 %. One problem with using lower tire pressure systems
on wood-hauling trucks is that its cost is born by the truck
owner, as the increased rolling resistance can increase fuel
consumption and tire wear, while its benefit accrues to the
forestland owner through less road wear. Thus, finding an
equitable compensation arrangement for both the trucker and
landowner is necessary to balance these costs and benefits, but
this can be difficult due to difficulties in quantifying the value
of reduced sediment production and in identifying the change
in rock wear rate.

Conclusion

Active forest management relies on its transportation sys-
tems. Roads provide access to the various resources gener-
ated from forests. Forest roads are generally developed for
extractive resources, but forest roads enhance many of the
non-consumptive uses of the forest. However, forest roads
impact many aspects of the environment and can have the
greatest environmental effect through facilitation of the
spread of noxious weeds, through impacts to wildlife and
through contamination of water resources. In essence, roads
can facilitate the spread of harmful agents, prevent the move-
ment of species, or be a source of pollution. While the ap-
plication of various mitigation measures may increase the
hauling, construction, or maintenance costs of roads, these
measures can lessen the road’s environmental impacts. This
work will often require working with a variety of profes-
sionals such as forest pest experts, hydrologists, geologists,
or wildlife biologists to help develop the appropriate mitigat-
ing measures to reach a balance for these impacts.
Ultimately, however, applying appropriate mitigation mea-
sures will allow access to forestry resources with the least
amount of environmental degradation possible.
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