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Surface erosion can be initiated by forest practices such as 
timber harvest, road construction, and site preparation. A va- 
riety of management and control measures can help reduce 
this erosion. Surface erosion is generated by soil and opera- 
tional conditions that are conducive to or cause disturbance 
and compaction. By using good operational and management 
techniques to minimize the extent to which distmrbance and 
compaction occur, we can control the amount of surface ero- 
sion from managed forest lands, insure high standards of water 
quality, and protect the forest land base for future timber pro- 
duction. 
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On-Site and Off-Site Impacts 
Before examining the impacts of forest management practices 

on surface erosion, it is appropriate to ask the question "Why 
should we be concerned with surface erosion?" One of the most 
important impacts of surface erosion on forest lands is the decrease 
in site productivity caused by loss of nutrient-rich surface soil. In 
addition, surface eroded sediment deposited in upland draws or 
pockets will be susceptible to future surface erosion or mass wasting. 
Aside from these on-site problems associated with surface erosion, 
sediment may be transported off site and into stream systems. 
Stream studies in the Pacific Northwest and southeast Alaska have 
shown that porous streambed gravels provide an efficient "trap" for 
fine sediment. These and other studies have indicated that this ma- 
terial can significantly reduce the survival of salmon and steelhead 
eggs. Sediment loads in stream systems can have a variety of nega- 
tive impacts on such downstream users as municipalities, industries, 
agriculture, recreational users, and domestic water systems. For 
instance, the life of water pumps in an irrigation system will be 
considerably shortened by pumping sediment-laden water, not to 
mention the possible reduction in infiltration rate of land continu- 
ally irrigated with such water. Although the relative costs of such 
downstream impacts are sometimes difficult to assess, usually the 
downstream users must bear this financial burden. Thus, it is im- 
portant that best management practices be adopted in timber 
harvesting, road building, and site preparation in order to minimize 
surface erosion. The Forest Practices Acts for Oregon, Washington, 
and Idaho include regulation of non-point source pollution, such as 



surface erosion, from forest lands by encouraging best management 
practices. (Non-point source pollution is not traceable to a clearly 
identifiable point such as an industrial waste discharge pipe.) Tech- 
nical education programs are needed for both timber operators and 
forest practice officers to insure the effectiveness of these Acts. 

The Basic Surface Erosion Process 
In an undisturbed forest environment typical of the Pacific 

Northwest, rainfall feeds stream systems largely by underground 
movement through soil macropores or by flowing along the soil- 
bedrock interface, especially in the shallow soils often found in 
steep, forested terrain. These macropores (Figure 1), which include 
such things as freeze-thaw cracks, decayed root channels, inter- 
aggregate pore spaces, earthworm passageways, and small animal 
burrows, permit rapid movement of water and nutrients through 
the soil, especially during nearly saturated conditions. Since the infil- 
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Figure 1.    Macropores provide channels for rapid movement of subsurface 
water. 



tration or water intake capacity of these undisturbed forest soils is 
almost always higher than any experienced rainfall rate, the entire 
amount of water falling on the forest floor moves into the soil and 
overland flow rarely occurs. Thus, under natural forested conditions 
surface erosion is almost nonexistent. However, when forests are 
managed for commercial timber production, certain harvesting, 
road building, and site preparation practices cause soil disturbance 
and soil compaction, which tend to alter this high native infiltration 
capacity of forest soils. 

Surface erosion begins with the detachment of individual soil 
particles from the soil mass at these disturbed and compacted sites. 
Individual particles are then transported downslope some distance, 
depending on their size and energy of flowing water. Finally, sedi- 
ment is deposited on the slope or in the streambed. Surface erosion 
should not be confused with mass soil movement, another form of 
erosion on forest lands. Mass wasting events, such as landslides and 
slumps, tend to be large and are often initiated rather rapidly by 
increased moisture conditions. 

Soil Disturbance and Compaction 

Soil disturbance occurs when the forest litter layer (usually the 
surface 1-6 inches) is removed, exposing the underlying bare min- 
eral soil to the erosive forces of raindrop impact. More severe dis- 
turbance involves the breakdown or alteration of this mineral soil 
structure. "Splash erosion" on a sloping bare soil surface can gradu- 
ally move substantial sediment downslope. In addition, when this 
exposed soil is subjected to raindrop impact, soil aggregates or 
structural units tend to break down and fine particles often filter 
into inter-aggregate pore spaces, thus reducing infiltration capacities. 

Soil compaction decreases the number of macropores and thus 
restricts water and nutrient movement through the soil. The po- 
tential for soil disturbance increases with increasing soil moisture 
content, but maximum soil compaction potential occurs at moisture 
contents much less than saturation. Thus, even during the drier 
summer months many subsoils would be highly susceptible to 
compaction. 

When soil disturbance and compaction have reduced infiltra- 
tion capacities to the point that rainfall rates commonly exceed them, 
overland flow can occur. As surface water flows downslope it con- 
centrates and its velocity increases, leading to the formation of rills 
and gullies on the exposed sites (Figure 2). 



Figure 2.   Rills on cut slopes indicate active erosion. 

Impaft of Timber Harvesting 
During timber felling, minor on-site compaction may occur 

due to the weight of trees falling on the soil surface; however, in- 
creases in surface erosion caused by timber felling alone are gen- 
erally negligible. Some soil disturbance may occur when trees are 
felled directly into stream channels or draws; however, major stream- 
bank damage occurs if the timber is yarded from these sites with 
tractors. Properly designed streamside buffer strips or "leave areas" 
in which few or no trees are harvested insure protection from ac- 
celerated streambank erosion caused by indiscriminate timber 
felling and yarding. Harvesting commercial trees near streams can 
be accomplished with a minimum impact on the streambank by 
using directional felling techniques such as hydraulic jacks and 
cable-assisted felling. 



The particular method of yarding can have a significant im- 
pact on the amount of soil disturbance and compaction incurred at 
a given site. Table 1 shows these effects from four yarding methods 
used in clearcut operations in the Pacific Northwest. Comparative 
figures for tractor, highlead, skyline, and balloon yarding show that 
tractor logging produces more than twice the soil disturbance as 
highlead yarding and almost six times the disturbance as balloon 
logging. Soil compaction among the various yarding methods varies 
even more dramatically, with tractor logging causing about three 
times the soil compaction as highlead yarding and about eight times 
the compaction as skyline yarding. 

Table 1.   Relative Impacts of Four Yarding Methods on Soil Disturbance and 
Compaction in Pacific Northwest Clearcuts 

Yarding method Bare soil Compacted soil 

Percent Percent 

Tractor    -   35 26 
Highlead .    15 9 
Skyline __   12 3 
Balloon      6 2 

1 Adapted from Swanston and Dymess (1973). Stability of Steep Land. Journal 
of Forestry, Vol. 71  (May) for Pacific Northwest conditions. 

Since tractor logging causes far greater soil disturbance and 
compaction than other yarding methods, it is important to investi- 
gate the causes of these impacts so their effects can be minimized. 
Tractor logging is generally done either with rubber-tired skidders 
or crawler tractors on slopes up to 35 percent. On-site impacts 
created by the use of this equipment depend greatly on operating 
conditions. During relatively dry summer periods both types of 
skidders can be used with minimal soil disturbance. Soil compac- 
tion, on the other hand, can occur during summer logging, since 
the subsoil often retains enough moisture to be susceptible to com- 
paction. For instance, tractor logging on clay to clay loam textured 
soils such as the Apt, Honeygrove, and Jory series found in the 
Coast Range and Cascades can cause subsoil compaction even when 
the surface soil appears relatively dry. In high rainfall areas, the 
moisture content of these soils at depths greater than 6 inches 
rarely drops below levels needed for maximum compaction. 

Crawler tractors tend to compact soil less severely than rubber- 
tired skidders because their weight is distributed over a larger area 
of soil. On the other hand, crawler tractors have a greater potential 



for soil disturbance than rubber-tired skidders, especially during 
slightly moist periods. Tractor cleats or grousers churn deeply into 
the soil during turns and uphill operations, causing the more easily 
erodible mineral soil to be exposed. Rubber-tired skidders may lose 
traction on steeper slopes during slightly moist conditions, requiring 
chains for most efficient operation. During wet conditions both 
types of skidding should be avoided on clayey or silty soils to pre- 
vent extensive soil disturbance. 

Equipment operators have a great deal of control over the ex- 
tent to which the soil is disturbed and compacted during skidding 
operations. Operators can greatly minimize the extent of soil com- 
paction to the total area by utilizing the same skid trails many times 
over. This could be accomplished by preplanning and flagging skid 
trails to insure operator recognition for repeated entry. The tractor 
should stay on the skid trails at all times. Trees should be felled to 
the direction of the skid in a herringbone fashion for ease of re- 
moval. Logs are then winched up to the tractor and skidded out to 
the haul road. By doing this, skid trails actually become part of the 
permanent road system and the extent of compaction and site de- 
gradation to the total area is minimized. A recent study in northern 
California showed costs incurred by using preplanned skid trails 
and winching to be 29 percent greater than conventional tractor 
skidding; however, the extent of soil compaction in the total area 
was reduced threefold. Increased site productivity as a result of 
reduced soil compaction may more than offset these initially higher 
logging costs. 

Operators can avoid creating excessive soil disturbance simply 
by keeping the tractor blade off the ground at all times except when 
pushing logs. The blade should not be used as a braking mechanism 
for crawlers going down steep slopes, and likewise should not be 
used by rubber-tired skidders to improve traction going up steep 
slopes. Operators should avoid equipment passage in upland swales 
or intermittent streams when at all possible. Even when dry, these 
areas are a direct sediment-transporting link to lower lying streams. 
Surface erosion from these areas will occur during the wet winter 
months if they are disturbed and compacted during logging opera- 
tions. 

Another site where operators should avoid using tractors is in 
or around major streams (Figure 3). Equipment operation in these 
areas drastically disturbs streambanks and stream bottoms, pro- 
viding an immediate and long-lasting sediment source to flowing 
water. 
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Figure 3.   Tractor yarding near streams can create a potential erosion site. 

To avoid excessive soil disturbance and compaction, a good 
rule of thumb is to restrict tractor yarding to slopes less than 35 per- 
cent. On steeper slopes, cable logging methods should be used to 
minimize these erosional impacts. Skyline systems are particularly 
effective means of minimizing soil disturbance and compaction on 
very steep sensitive sites, since logs are either partially or totally 
suspended above the soil surface during much of the yarding 
process (Figure 4). Aerial logging methods such as helicopter and 
balloon provide harvesting capabilities with minimal environ- 
mental impact in steep isolated areas too hazardous for conven- 
tional cable systems. These more expensive harvesting methods 
sometimes can be used successfully during salvage operations, such 
as following fire or insect infestation, in areas where road systems 
are minimal. On more gently sloping sites, the use of low ground- 
pressure vehicles should be considered as an alternative to con- 
ventional logging on compactible soils. Decreased compaction and 
soil disturbance has been observed using these flexible-tracked 
vehicles. 

Uphill cable yarding is more desirable from the standpoint of 
surface erosion protection than downhill yarding. Cable roads in 
downhill highlead systems tend to converge at one point down- 
slope, thus concentrating any overland flow that is generated from 
these areas. Uphill systems, on the other hand, tend to disperse 
water across the slope (in the downslope direction) by the nature 
of their road layout. 
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Figure 4.   Skyline systems suspend logs, reducing soil disturbance. 
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Impaft of Road ConStruftion 
Roaded areas, by and large, are the greatest source of surface 

eroded sediment from managed forests. This is especially true dur- 
ing the first year following road construction. The extent of surface 
erosion from roaded sites is influenced by the resistance of the bare 
soil material to erosion on cuts, fills, road surfaces, and ditches. Soils 
of the silty to fine sandy textures tend to be more erodible than 
those with higher clay and organic matter contents. 

The extent of surface erosion from roaded areas is also in- 
fluenced by the amount and energy of flowing water. This erosive 
energy of flowing water is increased with increasing road and slope 
gradients. Roads lying low on hillslopes tend to collect more water 
due to the larger upslope contributing drainage area. Also, the 
amount of water that flows to roaded sites can be greatly affected 
by seepage from road cuts. Studies on shallow, coarse-textured soils 
in the Idaho batholith indicate that cut-bank interception can con- 
stitute greater than seven times the water produced from road sur- 
face runoff. 

A third factor that influences erosion from roaded areas is the 
sediment trap efficiency of the land between the road system and 
the downslope streams. Dense understory vegetation, such as en- 
countered in the Coast Range, will tend to trap some of the surface 
eroded sediment from roaded sites and prevent immediate transport 
into the stream. The sediment trap efficiency of the more sparsely 
vegetated slopes in eastern Oregon and Washington and the Idaho 
batholith is much lower. 

Since roaded areas represent potential erosion sites, it is im- 
portant to recognize the amount of land used for roads by various 
logging systems. Comparative summarized data for haul roads are 
shown in Table 2. Ground-based logging systems, including crawler 
tractor and rubber-tired skidder, utilize considerably more land 

Table 2.   Land Utilized for Haul Roads by Various Logging Methods1 

Logging method Area in haul roads 

Percent 
Skyline   2 to   3.5 
Highlead     --  6 to 10 
Tractor      10 to 15 
Single-drum jammer    18 to 24 

1 Adapted from Froehlich (1978). The physical effects of timber harvesting 
on forest soils. Proc. Soc. Am. For. Nat. Convention. Albuquerque, NM (for Pacific 
Northwest conditions). 

9 



area in their haul road systems than highlead or skyline systems. 
Single-drum-jammers, a special type of short-span (200-300 feet) 
cable system, devote the largest amount of land to haul roads. 
These systems, previously popular in Idaho and Montana, are now 
used less frequently for hillside yarding. 

Use care in road construction practices in steep forested ter- 
rain to insure adequate stream protection from surface erosion. 
During the initial clearing phase of road construction, pay special 
attention to weather conditions and avoid soil disturbance when 
possible. This is especially important when constructing roads near 
streams. On steep erodible sites in high rainfall areas, it is im- 
portant to construct a temporary drainage system during clearing 
to minimize waterflow over disturbed areas. Brush cleared from 
the road rights-of-way can be piled at slope breaks to act as sedi- 
ment filters. Earthwork and grading should follow clearing opera- 
tions immediately in order to shorten the period of maximum site 
disturbance. During storms or periods of excessive soil moisture, 
curtail earthwork operations and take protective measures, such 
as piling brush on disturbed areas. In addition, it is important to 
keep sidecast material away from stream floodplains. 

Following road construction, many portions of these sites re- 
main susceptible to svirface erosion and require special corrective 
measures. One major source of surface eroded sediment from road 
systems is exposed cut and fill slopes, which are often very steep 
and difficult to revegetate. Erosion features, such as rills and small 
gullies, indicate that these areas are major sediment contributors. 
Special measures, such as hydro-seeding, mulching, and fertilizing, 
may need to be implemented to revegetate steep cut and fill slopes 
in certain areas so as to prevent surface erosion and allow seeded 
grasses and legumes time to establish. For example, in western 
Oregon and Washington on steep cut slopes (greater than 1:1) re- 
ceiving 40 to 60 inches of precipitation per year, a 'possible seed 
mixture would be annual ryegrass, creeping red fescue, birdsfoot 
trefoil, New Zealand white clover, and tall fescue, seeded at rates 
of 5, 5, 2, 2, and 10 pounds per acre, respectively. A typical fertilizer 
application on such newly seeded sites would be 250 pounds per 
acre of ammonium phosphate (16-20-0). Some acid sites may re- 
quire liming. In order to control erosion during the first winter and 
to allow seedling establishment, apply straw or fiber mulch at a 
minimum of 3,000 pounds per acre on the steep slopes. Benches and 
terraces on long steep cut slopes, especially at drier sites, provide 
a more suitable environment for seedling establishment and reduce 
the velocity of overland flow (Figure 5). Roughening the soil sur- 
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Figure 5. Terracing cut slopes will help reduce surface water velocity, thus 
reducing erosion. 

face on more gently sloping exposed sites also will provide a de- 
sirable seedbed. When gullies have been allowed to develop on 
bare portions of fill slopes, their further development may be im- 
peded by installing porous check dams, which tend to catch sedi- 
ment and some debris while allowing water to pass through. 

Another source of surface eroded sediment is unpaved or 
unrocked road surfaces, which concentrate water because of their 
compacted nature. When wet, road surfaces are highly susceptible 
to disturbance by traffic. Thus, it is desirable to divert water off 
road surfaces as quickly as possible, either by crowning the road or 
sloping it inward or outward. Soil-aggregate or asphalt surfacing of 
haul roads greatly reduces this erosion problem. Water diversion 
from skid trails can be accomplished by water bars. Water bars 
should be compacted with a relatively nonerosive fill material to 
insure their functioning longevity. Proper maintenance is an es- 
sential part of minimizing erosion from road surfaces. Road grading 
during dry periods and limiting access in very wet weather are two 
ways of accomplishing this. A special problem in many areas is the 
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operation of off-road vehicles, such as 4-wheel drives and dirt bikes, 
during the wet season. Unless these activities are curtailed by 
limiting access, they can provide a substantial source of surface 
eroded sediment as well as deteriorate the haul road system. 

Road drainage systems can be another source or cause of sur- 
face erosion. Severe scouring of drainage ditches can occur if water 
is allowed to reach high enough velocities. Fine sandy and silty 
soils are most susceptible to ditchline erosion, with coarse gravels, 
cobbles, and bedrock being least susceptible. Ditchline erosion on 
the inslope portion of forest roads can be minimized by installing 
an adequate number (and size) of cross drains, thus not allowing 
water to build up excessive velocities in ditches. If roads must be 
built in highly erodible soils, special drainage measures, including 
armoring ditches with rock or asphalt or orienting culverts at 
oblique angles with the ditchline, may be needed to control erosion. 
Since some ditchline sedimentation will occur at most sites, it is 
desirable to install some type of simple catchment structure at the 
inlet of relief culverts (Figure 6). Relief culvert and ditchline clean- 

Figure 6.    Some type of filter structure will help protect culvert inlets from 
sedimentation and debris. 
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Figure 7.    Downspouts help dissipate the energy of water flowing off roads. 

ing are an essential part of the maintenance program for forest 
roads. Cross drain outfalls should be protected by riprapping or by 
using water energy dissipators such as downspouts to prevent 
erosion from fill materials (Figure 7). Discharge from relief cul- 
verts should not be allowed on highly erodible slopes or directly 
into streams. 

A final source of sediment from roaded areas involves stream 
crossings, such as major culvert installations. During installation the 
operator should minimize equipment contact with stream channels. 
Fill material should be compacted adequately by the operator in 
order to firmly seat the culvert. In some cases, upstream face pro- 
tection of the culvert fill, such as armoring, may be needed to cur- 
tail erosion. Outfall protection, such as riprapping, may be desir- 
able to impede excessive stream bottom scouring. 

A foresighted approach to watershed protection is advanced 
planning of road systems. It is desirable to minimize the mileage 
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and width of roads built in a timber harvest unit, as well as the 
number of steep grades. Of course these concepts are not always 
compatible and trade-offs must be made in the interests of timber 
harvest and watershed protection. Road grades in steep terrain 
should be varied in conformance with natural slope contours when 
possible to reduce water velocity on road surfaces and in drainage 
ditches. In the advance layout of a road system, stay clear of natural 
drainages whenever possible. Use ridge-top road locations when 
feasible. Road location plans should take advantage of natural log 
landing areas on slopes, so as to reduce the amount of soil dis- 
turbance needed to construct such sites. Avoid road building, if 
possible, on highly erodible sites. Soil surveys should be consulted 
to aid in locating these areas. Finally, the importance of adequate 
drainage design preplanning cannot be emphasized too strongly. 

Impaft of Site Preparation 
A final type of forest practice that can have a major impact 

on surface erosion is site preparation—specifically, slash burning 
and mechanical scarification. Slash burning is conducted by for- 
esters following logging, before replanting, to remove excessive 
debris from the soil surface. Scarification is practiced to prepare 
favorable soil physical conditions for new seedling survival and to 
reduce competition from brush. While these two procedures may 
aid regeneration, the extent to which they are practiced can greatly 
affect the potential for surface erosion. 

The amount of surface erosion generated by slash burning is 
generally proportional to the severity of the burn. The most severe 
bums occur on drier sites typical of eastern Oregon and Washington 
and southwest Oregon. During a relatively hot or severe slash burn, 
hydrophobic or water-repellent conditions are created in the sur- 
face soil, greatly reducing the infiltration rate. In addition, portions 
of the litter layer are entirely consumed by fire, exposing much 
of the underlying bare mineral soil to the forces of raindrop im- 
pact and overland flow. During extremely hot slash fires, some of 
the organic matter within the mineral soil, which acts as a cement- 
ing agent for soil aggregates, is destroyed. As a result, soil particles 
can be detached during intense rainfall and eroded away. In ad- 
dition to increasing the rate of surface erosion, hot slash fires tend 
to upset the balance of nutrient cycling and cause a measurable loss 
of soil nutrients (especially nitrogen) during the first few years 
following the bum. 

One method of slash burning commonly practiced in the Pacific 
Northwest is the broadcast burn. Usually this can be accomplished 
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in the Coast Range and Cascades with minimum detrimental im- 
pact, providing that the underlying soil is moist and fuel loads 
are not too large. However, increases in sediment production have 
been measured in western Oregon following severe broadcast burns 
with high fuel loadings. Burning on moist soils will prevent com- 
plete destruction of the protective litter layer and minimize the 
organic matter volatilization from the soil. Single-grained soils, such 
as those derived from granitic material and volcanic ash, are most 
susceptible to surface erosion following burning. 

Another site preparation procedure is to pile and burn slash. 
Although this method limits the extent of ground area that is dis- 
turbed by severe burning, the equipment used for piling slash often 
disturbs and compacts surrounding areas, thus leaving the site in 
a highly erodible condition. If piling is done, it should be ac- 
complished with light machinery or by hand to reduce soil dis- 
turbance and compaction. 

Consider non-burning alternatives for site preparation. Spread- 
ing residue on the soil surface, by small machines or by hand, provides 
protection from surface erosion by reducing the energy of rain- 
drop impact and acting as a series of "mini check dams" to prevent 
sediment transport downslope. Avoid accumulation or spreading 
of residue in upland draws that would be susceptible to sluice outs 
or debris torrents. In cases where excessive large debris have ac- 
cumulated in these steep upland draws following logging, it is de- 
sirable to cable yard some of this material out of these critical mass 
erosion sites. 

The practice of mechanical scarification in site preparation 
may have either a positive or negative effect on surface erosion. 
Deep ripping of the soil normally is accomplished by pulling a 
one- or two-tonged ripper behind a crawler tractor. Although infil- 
tration capacities are initially increased in the ripped areas, additional 
compacted areas are produced by the heavy equipment tracks. 
Light scarification commonly is accomplished with a brush blade 
on a crawler tractor. Mineral surface soil may be disturbed if area 
is bladed too deeply. Compaction may occur, depending on the 
soil and size of the equipment. Excessive ripping or scarification 
in areas where the forest Utter layer is still intact may increase sur- 
face erosion. Although some light scarification and selected ripping 
can be beneficial in terms of regeneration, the ultimate impacts on 
surface erosion are questionable when using conventional equip- 
ment. The use of lower ground pressure equipment should be con- 
sidered for such operations. 
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