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Best Available Science 

 

 Stewart et al. 2010 

o Both coarse and fine woody debris play an important role in maintaining slope stability, 

reducing the impact of raindrop erosion, and slowing surface runoff (Laudenslayer et al. 

2002). 

o Slope steepness, soil characteristics and cover, and rainfall intensity each affect soil 

vulnerability to erosion (Grigal, 2000). When management activities expose mineral 

soils, the potential for soil erosion is enhanced. 

 

 Cram et al. 2007  

o Slope steepness contributes to the likelihood of soil damage during forest thinning. Soils 

on steep slopes (26-43%) were more vulnerable to damage [deep tire ruts and mineral 

soil exposure] from logging equipment [harvester/forwarder: “harwarder”].  

 Assume worse damage on slopes >43% 

o Steep slopes with exposed mineral soil exhibited a fourfold increase in runoff and a 22 

fold increase in sedimentation. 

o When soils sustained only low to moderate disturbance [soil cover < 50%], post-thinning 

sediment yield was not enhanced relative to untreated sites. 

o As slope increased above 30%, deep tire rutting appeared to be inevitable (given specific 

equipment and soil type). However, operators of heavy mechanical equipment could 

perform test runs on slopes and soil types to determine the rutting threshold and 

subsequently avoid such slopes and soil types. 

o Given similar vegetation cover types and soils, forest prescription guidelines and on-site 

priorities [should] be focused on not necessarily avoiding all traffic but rather on 

minimizing severe surface disturbance [large areas of exposed bare soil] particularly on 

steep slopes. 

o Although exposed soil is subject to runoff and erosion, the confluence of adjacent litter 

and slash piles will help slow runoff and promote infiltration. 

o Scattering slash, straw mulching, and erosion control blankets can cover exposed 

mineral soil resulting in increased infiltration, and reduced runoff and sedimentation 

(surface remediation at highly disturbed sites, Robichaud et al. 2005) 

 

 Bennett 1982 

o Burning slash leads to greater soil erosion on steep slopes than on moderate slopes.  

o “In the Oregon Coast Range, prescribed fires in heavy slash after clearcutting produced 

noncohesive soils that were less resistant to the force of gravity. Dry ravel on steep 

slopes (greater than 60 percent) that were prescribe-burned produced 118 yard
3
/acre (224 

m
3
/ha) of surface erosion compared to 15 yard

3
/acre (29 m

3
/ha) on moderate slopes with 

burning, and 9 yard
3
/acre (17 m

3
/ha) where burning was not done after clearcutting. 

Sixty-four percent of the erosion, as dry ravel, occurred within the first 24 hours after 

burning.” 
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 Wondzell 2001 

o Management activities associated with prescribed fires that disturb the soil surface may 

have substantial effects on erosion and stream sedimentation. For example, dry ravel 

should be expected following mechanical fuel treatments if those treatments remove logs 

that are storing sediment on hillslopes. Additionally, soil disturbance (Beschta 1990, Gill 

1994, Wilson 1999) resulting from mechanical fuel treatments prior to burning, building 

or re-opening roads for access to sites to be burned (Ketcheson and Megahan 1996,  

Trombulak and Frissell 1999, Jones et al. 2000), or construction of fuel breaks may 

increase erosion much more than would prescribed fire alone. 

 

 Neary et al. 2005  

o The burning of concentrated fuels (for example, slash, large woody debris) can cause 

substantial damage to the soil resource, although these long-term effects are limited to 

only a small proportion of the landscape where the fuels are piled. These types of fire 

use should be avoided whenever possible. 

o High severity fires occurring during slash burning not only volatilize nutrients both in 

vegetation and from surface organic soil horizons, but heat is transferred into the soil, 

which further affects natural biological processes such as decomposition and 

mineralization and recolonization of ectomycorrhizae [soil sterilization] 

o Wright and others (1976) found that as slope increased in a prescribed fire, erosion from 

slopes accelerated. If at all possible, the vegetative canopy on steep, erodible slopes 

needs to be maintained, particularly if adequate streamside buffer strips do not exist to 

trap the large amounts of sediment and nutrients that could be transported quickly into 

the stream channel. 

o Limiting fire severity, avoiding burning on steep slopes, and limiting burning on 

potentially water- repellent soils will reduce the magnitude of the effects of fire on water 

quality. 

o Slash Spreading—Slash spreading covers the ground with organic material, interrupting 

rain impact and trapping soil. It is a common practice after timber sales, but it can also 

be used on burned slopes where dead vegetation is present. Slash is often used to 

rehabilitate firebreaks and dozer firelines. It is also used in moderately burned areas 

where there is more material available to spread, or below an intensely burned slope or 

area of water repellent soils. To be effective, slash needs to be cut so it makes good 

contact with the ground. 

 

 Campbell 2011 (OSU) 

o One of the most common erosion control practices is leaving slash and surface duff on 

site to reduce soil exposure, which is consistent with fire management and reforestation 

objectives designed to protect the soil surface from rainfall impact and runoff and 

minimize soil compaction and displacement during harvesting. 

 

 Harrison et al. 2011 (OSU) 

o Retain at least 30% of the fine woody debris on slopes conducive to ground-based 

harvesting and 50% or more on steeper slopes. 
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BMPs from other states 

 

 Oregon 

o OAR Chapter 629, Division 623 describes protection measures for forest operations that 

occur on steep slopes vulnerable to shallow, rapidly moving landslides. Harvest and road 

building activities associated with biomass removal would be designed to minimize risk 

to public safety where vulnerable landforms occur. 

 Other rules to protect public resources? 

 

 Maine 

o Leave as many tops and branches as possible on: 

 low-fertility sites, 

 shallow-to-bedrock soils, 

 coarse sandy soils, 

 poorly drained soils, 

 steep slopes, and 

 other erosion-prone sites. 

 

 Connecticut 

o When planning the design of the skid roads and trails avoid steep slopes and unstable 

soils. 

o Brush and slash may be placed in skid trails and on slopes to slow water flow and retain 

sediment. 

 

 Pennsylvania 

o Limited Resource Zones are too steep (>40% slope), too wet, or too rocky to be practical 

for typical forest management activities and have limited biomass potential. 

o Foresters should exclude feller bunchers on steep slopes due to seedling damage 

potential 

 

 Missouri 

o Avoid skidding on shallow soils (0- 20 inches to bedrock) and on steep slopes greater 

than 35% while harvesting woody biomass. 

 

 Minnesota 

o Avoid additional biomass harvest from erosion-prone sites (e.g., those sites on steep 

slopes of 35% or more) over and above the tops and limbs of trees normally removed in 

a roundwood harvest under existing timber harvesting guidelines. 

o Soils with the highest inherent erodibility contain high proportions of fine sand and silt, 

low amounts of soil organic matter, and slow permeability… these soils tend to erode 

easily when disturbed or exposed, especially on long slopes or slopes greater than 10%. 

o Other erosion control measures commonly associated with steep slopes and dry washes 

include: 

 Design skid trail and road layouts for water control prior to the harvest. 

 Embed slash in skid trails before concentrated skidding. 

 Harvest progressively from back to front, with water control structures installed as 

cutting progresses. 
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 Harvest on frozen ground when feasible. 

 Minimize roading and soil displacement. 

 Avoid cabling logs across the wash (bank damage) where feasible. 

 Use directional felling techniques when possible. 

 Utilize appropriate equipment to minimize soil impacts. 

 

 

Summary 

 

 Mineral soil exposure and erosion increase with slope steepness 

 Slash retention is needed to minimize soil erosion and protect water quality, especially on 

steep slopes, highly disturbed soils, and burned sites 

 More slash should be retained on steeper slopes 

 Interplay between soils, disturbance, and water quality BMPs 

 Slash or prescribed burning leads to greater soil erosion on steep slopes than on moderate 

slopes 

 Burning slash piles can substantially damage and sterilize soils under the piles 

 

 

Discussion Questions 

 

Unstable slopes 

 

 What equipment is being used on what slope gradients in WA? 

o How is this determined? 

 

 Why are steepness thresholds so much lower in other states (35-40%) than in WA (65-

70%)? 

 

 How common is prescribed burning in WA? 

o Is it more prevalent on steep slopes? 

 

Water quality/RMZs 

 

 Is slash being removed from unbuffered Type Ns and Np reaches? 

o Under what circumstances? 

o How much? 

 

 Is slash being removed from buffered Type F reaches? 

o Under what circumstances? 

o How much? 

 

 How is sufficient large woody debris maintained in unbuffered Type Ns and Np streams? 

o Sensitive sites, landslides, blowdown, no removal… 

 

 No FP Rules for cumulative effects of traditional harvest at the watershed scale 

o Is the need for such rules greater when biomass harvest is added? 


