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3.2.1.6 Soils Resource 
This section addresses soil resource management. Soils are an integral part of ecosystems due to their 
function and the above and below ground interaction of organisms. Since it can take 800 to 1,000 years 
for one inch of soil to form, it is very important to minimize impacts to the soil resource. The National 
Forest Management Act states that management activities on National Forest System lands will not 
produce substantial and permanent impairment of soil productivity. The objectives of current national 
direction on National Forest System lands are 1) to maintain or restore soil quality and 2) to manage 
resource uses and soil resources to sustain ecological processes and function so that desired ecosystem 
services are provided in perpetuity. 
Over time, diverse lithology, structure, and climate have resulted in a spatially complex pattern of 
landforms and soils across the Nez Perce-Clearwater that responds differently to management actions. 
Most management activities and natural processes, such as recent wildfires, will affect soil resources to 
varied extents depending on site productivity and recovery. 
Impacts or signs of stress include: 

- surface and subsurface erosion 
- compaction 
- lack of ground cover and a dearth of coarse woody debris 
- high severity burns, or 
- mass movement. 

Future management actions can impact or restore the soil resource. By working with the site constraints, 
management can maintain and, where necessary, restore long-term soil quality, function, and 
productivity. Soil impairment can be moderated within acceptable limits to ensure sufficient soil 
recovery and regrowth of vegetation. Soils that are productive and functioning properly are resilient to 
natural disturbance and human caused stressors and provide for long-term ecological sustainability. 
This resource is not associated with a key issue. 
Relevant Laws, Regulations, and Policy 
Federal Laws 
Managing for soils was specified indirectly first in the Multiple-Use Sustained-Yield Act of 1960 and more 
directly in the National Forest Management Act as amended in 1976. The Multiple-Use Sustained-Yield 
Act of 1960 establishes the policy and purpose of the National Forests to provide for multiple-use and 
sustained yield of products and services while not resulting in permanent impairment of the productivity 
of the land. The National Forest Management Act (16 USC 1604) stipulates to: 

• “ensure…evaluation of the effects of each management system to the end that it will not 
produce substantial and permanent impairment of the productivity of the land.” 16 USC 1600, 
Section 6 (g)(3)(C) 

• “ensure that timber will be harvested from National Forest System lands only where- (i) soil, 
slope, or other watershed conditions will not be irreversibly damaged…” 16 USC 1604 (g)(3)(E) 

• “ensure that clearcutting, seed tree cutting, shelterwood cutting, and other cuts designed to 
regenerate and even-aged stand of timber will be used as a cutting method on National Forest 
System lands only where…. (v) such cuts are carried out in a manner consistent with the 
protection of soil, watershed, fish, wildlife, recreation, and esthetic resources.” 16 USC 1604 
(g)(3)(F) 
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Past forest plan standards, along with current guidance at the Regional and Washington office level, 
interpret the National Forest Management Act’s direction to manage for sustained soil productivity. The 
National Forest Management Act is the primary act that influences Forest Service soil management. 
Policy 
Within the Forest Service, the Washington D.C. Office established soil management direction in the 
Forest Service Manual 2500 series, Chapter 2550. The latest direction was published in 2010 and gives 
overarching direction and definitions for soil quality management and soil inventory (U.S. Department of 
Agriculture, Forest Service, 2010). Soil quality describes the capacity for soils to function. This direction 
describes the different functions of soils as soil biology, soil hydrology, nutrient cycling, carbon storage, 
and soil stability and support. Regionally, Chapter 2550 was supplemented most recently in 2014 and 
includes definitions and thresholds for soil monitoring of soil quality related to our local conditions. The 
Region 1 Soil Manual (USDA, 2014) outlines soil indicators related to disturbance along with thresholds 
by which disturbance could be severe enough to adversely affect forest growth. 
Operationally, the Forest Service mitigates actions using a series of design criteria in projects following 
standard best management practices in Forest Service Handbook 2509.22 (USDA, 1987), which mirrors 
many state practices. These practices overlap with more recently produced National Core Best 
Management Practices. 
State and Local Laws 
Idaho Forest Practices Act of 1974, as amended (Title 38, chapter 13, Idaho Code): The Idaho Forest 
Practices Act was created to assure the continuous growing and harvesting of forest tree species and to 
protect and maintain the forest soil, air, water resources, and wildlife and aquatic habitat. The Idaho 
Department of Lands administers the law and monitors forest activities for compliance. Forest 
management practices on federal, state, and private lands in Idaho must meet or exceed the 
requirements of the Idaho Forest Practices Act and complementary administrative rules 
(IDAPA 20.02.01). 

State and Local Plans 
Soil and Water Conservation Districts are organized by county. Their efforts are guided by five-year plans 
containing goals, priority projects, and activities. The five-year plans are associated with management 
actions on the Nez Perce-Clearwater. However, relevant practices regarding soil management are 
covered by either project mitigations or standard Forest Service best management practices. 
Methodology 
Spatial and Temporal Scale  
This programmatic forest plan analysis focuses on broad-scale estimated effects related to soil 
productivity on National Forest System lands. The analysis area for soils include all the lands within the 
boundary of the Nez Perce-Clearwater. This area represents where changes may occur as a direct result 
of Forest Service management actions. The analysis assumes a time period of roughly 15 years, the life of 
the plan. 
Past, Present, and Future Activities used in the Analysis  
Management and public use activities that have affected the soil resource include timber harvest and 
associated skid trails; landings and temporary roads; fuels reduction activities; landscape prescribed 
burning; livestock grazing; mining; road and trail construction; wildfire suppression operations; dispersed 
camping; introduction of invasive plant species; invasive plant treatment; and off-road motor vehicle 
use. 

  

https://swc.idaho.gov/district-resources/district-documents/five-year-plans/
https://swc.idaho.gov/district-resources/district-documents/five-year-plans/
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Methods and Assumptions 
Best available science was used to determine effects of implementing the revised forest plan to the soil 
resource. Literature sources that were the most recent, peer-reviewed, and local in scope or directly 
applicable to the local ecosystem were selected. Uncertainty and conflicting literature were 
acknowledged and interpreted when applicable. 
This analysis takes a programmatic look at the outcomes that may result from implementing the 
proposed management direction for each alternative over the life of the forest plan, an estimated 15 
years. For estimating the effects at the programmatic forest plan level, it is assumed that the types of 
resource management activities allowed under the action alternatives are reasonably foreseeable future 
actions to achieve the Forest Service mission. Since future activities locations are not known at the 
programmatic forest plan level, specific spatial and temporal effects to soil productivity cannot be 
determined. Therefore, impacts of potential management actions are considered as indirect impacts to 
soil productivity. Cumulative effects from adjacent management of other Forest Service units and state 
and private entities would not measurably impact soil productivity for this programmatic analysis. 
Scientific Uncertainty and Controversy 
Soil productivity relies on complex chemical, physical, and climatic factors that interact within the soil. 
These factors regulate the soil environment that sustains soil microbes and nourishes plants. For any 
given site and soil, a change in a key soil variable, such as compaction, soil loss, and nutrient availability, 
impacts potential soil productivity. The rebound after disturbance, such as from erosion or tractor 
compaction, will depend on climatic context for rebuilding organic matter and soil properties. Soil 
disturbance on dry sites recover slower than wet sites since rainfall accelerates regrowth of soil microbes 
and vegetation. This varied site recovery complicates using soil disturbance criteria. 
The Region 1 Soil Manual (USDA, 2014) set policy that Forests do not create detrimental soil conditions 
on more than 15 percent of an activity area. The 15 percent threshold was largely based on the 
collective judgment of soil researchers, academics, and field practitioners and the accepted inability to 
detect changes in productivity less than 15 percent using current monitoring methods (Powers, 1990). 
The thought was a decline of at least 15 percent was needed to detect a decrease in productivity 
(Powers, 1990). However, the Forest Service does not tolerate productivity declines up to this level but 
rather recognizes problems with detection limits. The policy does allow for professional judgment by soil 
scientists to factor in soil type and site recovery. 
The Forest Service also initiated a cooperative research project called the North American Long-Term Soil 
Productivity Study in the early 1990s to better understand soil disturbance impacts on productivity, 
including understanding site recovery. The study analyzes the effects of soil disturbance intensity against 
tree seedling growth and investigates the efficacy of soil disturbance proxy for soil productivity. The five- 
and ten-year results were published in the 2000s (Fleming et al., 2006; D. S. Page-Dumroese & 
Jurgensen, 2006; Sanchez et al., 2006). The ongoing Long-Term Soil Productivity Study provides the best 
available science to resource professionals. At ten years, no observed reduction in tree growth were 
detected as a result of compaction or organic matter removal in plots with soils generally similar to those 
found on the Nez Perce-Clearwater (Powers et al., 2005). These results provide short-term insight and 
involve many site- and soil-specific factors. Forthcoming long-term results, now 25 years on, will provide 
better information on harvest practices effects to soil productivity. 
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The lack of long-term study results and the acknowledgment that soil types recover at different rates to 
disturbance creates controversy on the judgment of “irreversible damage” as defined in the National 
Forest Management Act. The National Forest Management Act states to “insure [sic] that timber will be 
harvested from National Forest System lands only where soil, slope, or other watershed conditions will 
not be irreversibly damaged.” Irreversible commitments of resources equates to the consumption or 
destruction of nonrenewable resources, such as minerals or cultural resources, or the degradation of 
resources, such as soil productivity, which can be renewed only over long periods. 
Soil personnel continue to use professional judgment to assess conditions and prescribe treatments to 
recover productivity. Management can amend detrimental soil disturbance if soil processes remain in 
place and there is sufficient time for recovery. An example of irreversible damage to soils is when 
management activities excavate soil for temporary road construction that removes volcanic ash cap 
topsoil. Soil recovery could still occur in the remaining subsurface soils yet the exceptionally high 
porosity and water-holding properties of the Mazama ash cap would likely be irrecoverable. 
Measurement Indicators 
The forest plan analysis compares alternatives that vary the time period to complete similar levels of 
management treatments. Management treatments would primarily impact soils by generating soil 
disturbance from the mechanical equipment needed to conduct forestry operations. 
The following indicators and measures most contrast the affects from the alternatives: 

- soil productivity 
- protection of sensitive soils 

Soil productivity 
The Forest Service defines soil productivity as the capacity to sustain plant communities. Since soil 
productivity is difficult to measure and varies according to seral stage and site, the Forest Service uses 
soil disturbance criteria to evaluate soil productivity. These disturbance criteria provide benchmark 
values that relate to the capacity for soils to function, otherwise called soil quality. If disturbance 
intensity exceeds established thresholds, then the disturbance is considered detrimental and long-term 
soil productivity could be potentially impaired. 
Detrimental soil disturbance is defined by the intensity of compaction, rutting, displacement, severe 
burning, surface erosion, and mass failure (USDA, 2014). These conditions apply where the Forest 
Service intends to maintain a productive landbase. Management actions can impact soils by causing soil 
disturbance or recovery. The capacity of soils can be couched in functional terms: soil biology, soil 
hydrology, nutrient cycling, carbon storage, and the ability to resist erosion and support structures, both 
from natural and engineering terms. These soil functions become important when restoring soil. The 
following measures will be used to assess effects: 

• Detrimental soil disturbance (acres) 
• Soil restoration (acres) 

Alternatives were compared using proposed timber harvest objectives and the estimated proportional 
soil disturbance associated with the activity. Calculations assumed 15 percent detrimental soil 
disturbance, the high range of disturbance per acre based on Forest Monitoring (Bergstrom, 2018). For 
restoration, detrimental soil disturbance rates were used in addition to a 2 percent factor to account for 
legacy soil impacts within timber harvest units for a net restoration of 17 percent per acre. 
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Protection of sensitive soils 
Sensitive soils on the Nez Perce-Clearwater have attributes that make them particularly vulnerable to 
ground disturbance or susceptible to mass movement. Sensitive soil types include: grussic, hydric 
wetland soils, severely burned, soils with a volcanic ash layer, soils with high erosion potential, and soils 
prone to mass movement. Management mitigates operations on these soil types either by avoidance, or 
by limiting the level of soil disturbance from mechanical operations. 
Affected Environment 
Soil is the primary medium for regulating the movement and storage of energy and water and for 
regulating cycles and availability of plant nutrients (Quigley, Haynes, & Graham, 1996). Soils have 
biological, chemical, and physical properties that are fundamental to the productivity of forest 
ecosystems and play an integral role in the hydrological behavior of watersheds (Neary, Klopatek, 
DeBano, & Ffolliott, 1999). Other resource values, such as water quality and quantity, wildlife habitat, 
and biomass production, are often dependent on and closely related to properly functioning and 
productive soils. 
Soil has properties that result from the integrated effect of climate and living matter acting on earthy 
parent material, as conditioned by relief over a period of time. Although there are many different soils, 
each soil is the result of the interaction of the same five factors. These factors are the effect of climate 
on the parent material, the kinds of plants and organisms living in the soil, the relief of the land, the 
physical and chemical composition of the parent material, and the length of time it took for the soil to 
form. Within short distances, the combination of these factors varies, and, consequently, the soils that 
form differ in fertility, productivity, and physical and chemical characteristics. In mountainous areas, 
topography and elevation exert strong controls on soil development and productivity. The orographic 
effects increase moisture to higher elevations while cold temperatures dampen biologic activity. The 
dissected slopes create microclimates that advance soil formation in concave draws and decrease 
outward along with exposure to sunlight. 
The Nez Perce-Clearwater has a wide diversity of soil types from the minimally-developed, nutrient poor 
soil and rock complexes of the steep mountain slopes and ridges to the deep, fertile soils of the lower 
valleys. The diverse and productive soils of the Nez Perce-Clearwater are described, characterized, and 
classified in the soil surveys: Clearwater National Forest (Clearwater National Forest, 1983) and Soil 
Survey of Nez Perce National Forest Area (Green, 2007). Data is available digitally through web soil 
survey (USDA NRCS 2018a, 2018b). 
Geologic Time and Parent Material 
Most soils on the Nez Perce-Clearwater were formed during the Holocene geological epoch, about 
10,000 years ago. The bedrock in the area, which provides soil parent materials upon weathering, was 
emplaced over much longer periods of time. 
The belt supergroup rocks of the precambrian age (more than 600-million years old) were laid down in a 
seabed and subsequently metamorphosed. These rocks are mostly schist, gneiss, and quartzite. 
Metasedimentary rocks form sandy loam, loam, and silt loam textured soils. 
The Seven Devils Volcanics were extruded in the southwestern part of the Nez Perce National Forest and 
are of the Permian and Triassic Age (208 to 286 million years old). These volcanics are intensely folded 
and faulted metamorphosed rhyolitic rock flows associated with shale and limestone. Rhyolitic rocks are 
mostly hard, well-fractured andesite. Soil derived from rhyolitic rocks is loamy and contains many hard, 
angular rock fragments. Subsoil clay accumulations are associated with rhyolitic rocks. 
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The Idaho batholith granitics intruded into the Belt rocks during late Cretaceous time (66- to 110-million 
years ago). The intrusion formed the areas mountain ranges and resulted in much faulting. Most of these 
rocks are quartz monzonite, granodiorite, and granite. These rocks weather to sandy loam or loamy sand 
or to sand. The Belt rock bordering the Batholith was altered and deformed by the intense heat and 
pressure of the intruding magma. These changed rocks metamorphosed into a variety of mica schists 
and gneiss and can be found bordering the granitic rocks of the Batholith. More granite and other fine 
grained igneous rock were intruded into the existing belt and batholith rocks during early Tertiary time 
(60-million years ago) and Eocene time (45 to 55 million years ago). 
Miocene basalt flows (13 to 25 million years old) overlie portions of the western part of the Clearwater 
National Forest and the western and southwestern corner of the Nez Perce National Forest. Basalt is a 
hard, commonly well-fractured bedrock. Soil derived from basalt is loam to clay loam and contains many 
hard, angular or subangular rock fragments. Soil with subsoil clay accumulations is associated with 
basalt. 
Approximately 100,000 years ago, the climate cooled. Mountain cap and alpine cirque glaciation began 
sculpting the higher elevations of the Clearwater and Bitterroot Mountains. Most of the high mountain 
lakes were formed by alpine cirque glaciers during this period. As the climate warmed, the alpine glaciers 
receded and disappeared around 10,000 years ago. 
Most soils have surface layers formed in loess that has been influenced by volcanic ash. The most 
significant and influential layer of this loess was deposited on the Nez Perce-Clearwater approximately 
6,700 years ago by the eruption of Mount Mazama, or Crater Lake, in Oregon. Additional loess that has 
been influenced by volcanic ash was deposited by eruptions of Mount Saint Helens and Glacier Peak. 
These ash deposits range from over 36-inches thick in depressions to very thin deposits that may be 
mixed with underlying materials on steep southerly aspects at lower elevations to no deposits remaining 
on the most southerly end of the Nez Perce-Clearwater. The ash deposits produced highly productive 
soils with excellent water-holding characteristics (Geist & Cochran, 1991). 
Natural and historic disturbances 
Common landscape-scale natural disturbances to soils in terrestrial ecosystems are wildfire, floods, and 
storms. These natural disturbances act independently and together in affecting surface erosion and 
landslide processes. Storm events can uproot trees exposing soils to erosion processes. Floods can 
rapidly remove and replace soils along slopes and in riparian areas. Wildfires combust surface organic 
matter and forest canopies that removes the forest duff creating bare soil vulnerable to runoff and soil 
erosion. Landscape fire is common across the Nez Perce-Clearwater, with several largescale events 
occurring over the past century in 1910, 1919, 1934, and, most recently, 2015 (Morgan, Heyerdahl, & 
Gibson, 2008). The active geology has set up over-steepened slopes prone to failure and sediment 
transport. Across the Nez Perce-Clearwater, wildfire advanced geomorphology by rejuvenating fans and 
advancing slope formation. The landscape fire events, in particular, explain most of the sediment 
transport to streams during the Holocene (Kirchner et al., 2001). High intensity rainfall, along with winter 
and spring saturating storm events following the fires of the early 1900s, produced high rates of soil 
erosion. Brushfields along the steep breaklands of the Lochsa River serve as legacy markers of wildfire 
activity. 
The natural range of variation for these post fire mass wasting events is wide but extremes are relatively 
rare. Typical patterns for runoff events that trigger mass wasting failure occur roughly every 20 years, 
although 2 spring saturating events have occurred in the last 5 years. 
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Other extremes noted include intensive mining in the late 1800s that included hot broadcast burning 
and hydraulic mining and extensive sheep grazing in which over two million sheep and goats grazed over 
the time period from 1911 to 1953. In more recent history, timber harvest and road construction from 
1960 to 1990 created substantial amounts of ground disturbance, which is still evident on the landscape. 
Soil resource condition and monitoring 
The majority of soils on the Nez Perce-Clearwater are in a natural condition, particularly in designated 
wilderness and inventoried roadless areas, which cover approximately 54 percent of the Nez Perce-
Clearwater. Soil productivity has been altered to varying degrees where past land use has occurred. 
These human-caused stressors include timber harvest and associated skid trails; landings and temporary 
roads; fuels reduction activities; landscape prescribed burning; livestock grazing; mining; road and trail 
construction; wildfire suppression operations; dispersed camping; introduction of invasive plant species; 
invasive plant treatment; and off-road motor vehicle use. 
The greatest impacts to the soil resource have resulted from log yarding and temporary road 
construction associated with timber harvest. Yarding actions compact and displace soil from skidding 
logs using ground based equipment or skyline systems. Road building and landing construction removes 
surface soil. In addition, timber extraction reduced ground cover, altered vegetative conditions, 
decreased infiltration rates, increased runoff and surface erosion rates, and diminished site productivity 
depending on the intensity and efficacy of operations. While these impacts have not been eliminated in 
current practices, the Forest Service has decreased these types of effects noticeably through the use of 
best management practices. 
It is estimated that detrimentally disturbed soils occur on approximately 30,000 to 50,000 acres. 
Detrimental effects on soils are not always permanent with regards to vegetation re-growth and depend 
primarily on soil texture, parent material, aspect, and the level of disturbance. Although recovery time is 
typically between 30 to 70 years (Dykstra & Curran, 2002; Froehlich & McNabb, 1983; Froehlich, Miles, & 
Robbins, 1985), loss of ash in areas where the ash augments the growing environment could see longer 
recovery rates. 
Soil monitoring on the Nez Perce-Clearwater has primarily targeted timber harvest operations. 
Monitoring ensures management actions maintain site productivity by limiting detrimental soil 
disturbance and complies with the Clearwater National Forest Plan (F. S. U.S. Department of Agriculture, 
1987), the Nez Perce National Forest Plan (U.S. Department of Agriculture, Forest Service, 1987), and the 
Region 1 Soil Manual (USDA, 2014). 
In 2008, a field review was conducted on four timber sales on the Clearwater National Forest that 
covered a variety of soil types and logging systems (Archer, 2008). Results found that soil conditions 
following timber harvest depended on the harvest system and fuels treatment used. Skyline yarding 
resulted in the least detrimental soil disturbance compared to tractor systems. For tractor yarded units, 
soil moisture, the type of fuel treatment, and operator efficacy were the biggest factors in soil 
disturbance. Skyline harvest led to a 0 to 7 percent detrimental soil disturbance, with most of the 
disturbance from severe burning following harvest. Tractor harvest led to 8 to 22 percent detrimental 
disturbance after harvest. Site preparation treatment disturbance was from excavator piling and follow-
up burning. 
In 2009, post-harvest soil surveys on the Clearwater National Forest were conducted on 11 ground-based 
harvest units and 10 skyline units; all surveys were harvested during the summer (Reeves, Page-
Dumroese, & Coleman, 2011). Results showed skyline systems led to 1 percent detrimental soil, while 
ground based harvest led to approximately 13 percent detrimental soil disturbance. 
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Between 2011 and 2017, post-activity soil disturbance was monitored on 140 activity units associated 
with 24 timber sales (Bergstrom, 2018). This effort resulted in approximately 3,200 acres being assessed 
using the national soil disturbance monitoring protocol (D. S. Page-Dumroese & Jurgensen, 2006). In 
addition to determining the amount of soil disturbance, estimates of the areal density of coarse woody 
debris were carried out in the same activity units. 
From 2011 to 2017, post-harvest soil disturbance monitoring occurred on 45 units that were logged 
using ground based equipment and 19 skyline units. Monitoring data from the Nez Perce-Clearwater 
indicated that detrimental soil disturbance ranged from 0 to 10 percent using skyline harvest systems 
and 0 to 29 percent using ground based systems. Mean values for detrimental soil disturbance 
associated with ground based systems and skyline systems were 9 percent and 3 percent, respectively. 
Irrespective of logging method used, the range in detrimental soil disturbance was 0 to 37 percent. The 
mean detrimental soil disturbance was 7 percent over the same period of time. 
Regional direction (USDA, 2014) for organic material recommends following guidelines outlined in 
Graham et al (1994), which recommends maintaining between 7 to 33 tons per acre of coarse wood 
material depending on habitat type, moisture regime, and aspect. Post activity monitoring found coarse 
wood levels were overall low; 33 percent of the harvest units met minimum coarse wood thresholds. 
Overall monitoring showed an average 7 tons per acre and ranged between 0 to 55 tons per acre. 
Although Keane et al (2013) found the methods to calculate coarse wood material imperfect, the 
monitoring data indicates a trend of coarse wood levels below recommended amounts within post-
harvest and site preparation activities. 
The impacts from forest management continue to be offset by best management practices that either 
avoid or minimize the intensity of timber harvest operations. However, over the past 20 years, active 
restoration of soils have increased soil recovery. Since the early 2000s, the Nez Perce-Clearwater has 
actively restored temporary roads associated with timber harvest units. Restoration actions decompact 
soils, recontour slopes, and add organic matter to improve soil conditions and accelerate recovery. Since 
the mid-1990s, the watershed restoration program has obliterated hundreds of miles of historic harvest-
related skid trails, non-system roads, and landings. Beginning in 2012, a number of timber harvest 
projects included design measures to restore detrimental soil disturbance on skid trails and landings, in 
addition to temporary roads. Skid trail, landing, and temporary road decommissioning following harvest 
activities utilize methods similar to Forest Service system road decommissioning. Methods have been 
shown to improve soil structure and soil porosity based on road decommissioning trials on the 
Clearwater National Forest. Local research by Lloyd et al (2013) found these techniques improved 
infiltration rates and soil bulk densities to values similar to never-roaded areas at 1, 5, and 10 years 
following decommissioning. In this same study and timeframe, soil organic matter, total carbon, and 
nitrogen pools and processes increased to levels similar to never-roaded surfaces. Across a range of sites, 
a Clearwater Forest Plan Monitoring Report (U.S. Department of Agriculture, Forest Service, Northern 
Region, 2009) documented an increase in vegetative cover from 18 percent the year after 
decommissioning to 64 percent 10 years after decommissioning. Since 2005, the Nez Perce-Clearwater 
has restored approximately 840 acres within harvest units, while approximately 14,000 acres were 
restored by decommissioning legacy non-system roads such as jammer roads. 

Climate impact 
Changing conditions on the landscape that result from a warming climate, such as increased wildfire 
potential, may have an impact on soil function, long-term ecological sustainability, and the ability to 
provide ecosystem services. Climatic changes are expected to differentially affect tree species and their 
distribution on the landscape, as well as some of the pathogens that act upon them (Keane et al., 2018). 
There is also significant concern that climate change effects combined with altered disturbance regimes 
caused by fire exclusion will change ecosystems (Hessburg, Agee, & Franklin, 2005). 
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Over the last 50 years, average spring snowpack, or the April 1st snow water equivalent, has declined and 
average snowmelt runoff is occurring earlier in the spring. These trends are observed in north central 
Idaho, the entire Pacific Northwest, and much of the western United States. 
The relationship between soil and anthropogenic climate change is twofold. First, anthropogenic climate 
change may affect the soil resource. Second, soil has the ability to either store or release greenhouse 
gases, thereby potentially influencing climate change. The potential impacts of anthropogenic climate 
change on the forest soil resource are not well known at this time. Warmer, wetter winters may result in 
large areas of reduced trafficability for winter harvest operations, a common soil protection practice on 
the Nez Perce-Clearwater. Increased frequency and severity of summer droughts could threaten effective 
vegetation cover through increased wildfire and pathogen and insect activity. Literature suggests that 
opportunities may exist to manage the soil carbon pool (Harmon & Marks, 2002; Johnson & Curtis, 2001; 
Yanai, Currie, & Goodale, 2003). However, predicted soil carbon response to anthropogenic climate 
change is extremely uncertain at this time (Friedlingstein et al., 2006; Todd-Brown et al., 2013). 
Sensitive Soils 

Disturbance from wildfire and active management can have a disproportionate effect on soils with poor 
recovery. These soils have sensitive characteristics that vary from higher susceptibility to compaction, 
being prone to soil erosion after loss of ground cover, and having the majority of nutrient base stored in 
the topsoil. The soils and conditions listed below outline the majority of the sensitive soils and 
conditions found across the Nez Perce-Clearwater. 
Granitic Soils 
Grussic soils weather from granitic bedrock that produces many fine, gravel-sized particles of weakly 
consolidated rock. Approximately half the Nez Perce-Clearwater has granitic bedrock. However, 
weathered gruss occurs on roughly four percent of the Clearwater National Forest (165,000 acres) based 
on Clearwater landtype information (Wilson et al, 1983). Particles from the weathered rock easily crush 
between fingers demonstrating the erodible nature. Bared or disturbed subsoils where this gruss is 
exposed easily erode and are highly susceptible to mass wasting. Once exposed the loose substrate does 
not revegetate readily. The loose aggregate produces extremely well drained conditions but results in 
droughty soils and poor fertility. Thus, the surface organic layers on grussic soils have higher proportional 
fertility than typical forest soils. 
Hydric Soils 
The National Technical Committee for Hydric Soils defines hydric conditions as formed under saturation, 
flooding, or ponding long enough during the growing season to develop anaerobic conditions in the 
upper part of the soil profile (USDA NRCS, 2018c). These soils either saturate or inundate long enough 
during the growing season to support the growth and reproduction of hydrophytic vegetation. Hydric 
soils are a primary indicator of wetlands and are used to assess compliance with Executive Orders 11988 
and 11990, directives relative to the management and disposition of floodplains and wetlands. Hydric 
soils occur across the landscape in areas along stream channels, on floodplains, and in isolated springs 
and seeps. These wet conditions are more prone to rutting and compaction. 
Severely Burned Soils 
Wildfire, prescribed burning, and site preparation burns following timber operations have the potential 
to severely burn soils. These soils have higher sensitivity to ground disturbance because of the change in 
soil biological and physical properties. Soil burn severity is the effect of a fire on ground surface 
characteristics, including char depth, organic matter loss, and altered color and structure (DeBano, 
Neary, & Ffolliott, 1998). Soils with high burn severity become vulnerable to compaction from loss of soil 
structure and can erode readily from lack of soil cover and reduced ability to infiltrate rainfall. Severely 
burned soils are identified using the Field Guide for Mapping Post-Fire Soil Burn Severity (Parsons, 
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Robichaud, Lewis, Napper, & Clark, 2010). Recovery of severely burned soils depends on the inherent 
productivity of a site and is based on factors such as soil type, available water, and adequate 
temperature for growth. Wildfires typically result in 4 to 10 percent high soil burn severity, while 
prescribed fires generally create much less because burning usually occurs during cooler and moist 
conditions (USDA, 2013). Soils recover more slowly where severely burned; a western Montana study 
showed high burn severity revegetated within ten years compared to quicker rates in low and 
moderately severe burns (Lewis et al, 2017). Timber harvest units typically have either burn piles 
scattered across the unit or maintained at the landing. Site preparation burns range from 1 to 3 percent 
severely burned soil based on Clearwater National Forest monitoring (Archer, 2008). Impaired soil 
conditions within burn pile scars can persist for several decades due the concentrated heating (Jiménez 
Esquilín, Stromberger, & Shepperd, 2008) (Rhoades et al, 2015). 

Landslide Prone Soils 
Soil mass movement is defined as the detachment and downslope movement of soil or the surface 
mantle in the form of debris slides or avalanches or deep-seated rotational failures or slumps (USDA, 
2014). Landslide is the general term used to describe mass movement events including slides, slumps, 
soil creep, debris flows, topples, and falls of soil and rock. Landslides most likely re-occur in the same 
location because of geologic bedrock orientation and contacts. In the oversteepened topography so 
prominent in the river country of the Nez Perce-Clearwater, soil mass movement is a natural disturbance 
process. However, periodic, sufficient sized storms have the potential to induce mass movement in stand 
replacing burns (Meyer et al, 2001), as well as unburned areas when sufficiently saturated (McClelland et 
al., 1997). Warm weather fronts during winter and spring can quickly melt snow that supersaturates 
slopes causing failure. During these conditions, concave hollows concentrate moisture that can produce 
debris flows (Wondzell & King, 2003). 
Currently, potential mass failure is described as landslide prone in the Nez Perce and Clearwater National 
Forest plans. The Nez Perce National Forest defines landslide prone as areas with slopes steeper than 60 
percent and with mapped landslide deposit landtypes (U.S. Department of Agriculture, Forest Service, 
2007). The Clearwater National Forest delineates landslide prone terrain (U.S. Department of 
Agriculture, Forest Service, 2007) based on a slope break of 55 percent and the landtype 50 series, which 
are slump and earthflow landtypes (Clearwater National Forest, 1983). Together, landslide prone exists 
on approximately 857,000 acres, covering approximately 22 percent of the Nez Perce-Clearwater. 
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Table 1. Percent of Mapped Areas on Nez Perce-Clearwater Occurring on Landtypes with High or Very 
High Erosion Hazard Potential by Erosion Type 

Erosion Type Evaluation for rating 

Percent of 
mapped area 

with high /very 
high rating 

Surface erosion 
potential 

Considers raindrop splash and overland flow erosion on soils bared of 
vegetation but which retain the root mat and soil structure. This 
potential is used for predicting surface erosion following prescribed or 
natural fires. The presence of the Mazama volcanic ash cap plays an 
important role in surface erosion potential since this material is 
extremely permeable, has a high water holding capacity, and is seldom 
associated with overland flow. 

17 percent 

Mass wasting 
potential 

Evaluates the relative potential for mass soil movement caused by 
gravitational forces. It involves the movement of regolith as a coherent 
mass along a slippage plane created due to subsurface water 
concentration. 

22 percent 

Subsurface 
erosion 
potential 

Considers raindrop splash and overland flow erosion where the subsoil 
has been exposed or where the surface soil has been severely disturbed 
and mixed with the subsoil. 

24 percent 

CITE: (Clearwater National Forest, 1983; U.S. Department of Agriculture, Forest Service, 2007) 

During storm and flood events in 1995 and 1996, over 860 landslides occurred across the Clearwater 
National Forest. The majority of the landslides were triggered by a heavy rainfall season with rain-on-
snow events. Over half of the landslides documented were associated with roads. Based on a review of 
the landslides, McClelland et al (1997) identified five factors to assess landslide potential: geologic 
parent material, elevation, aspect, slope angle, and landform. The highest landslide erosion potential 
occurs on border zone metamorphic parent materials; less than 2,000 to 4,000 feet elevations; south 
and southwest aspects; greater than 56 percent slope angles; and mass wasted slopes and breakland 
landforms. 
Highly Erosive Soils 
Soils that have a high or very high erosion potential are also considered sensitive. Soil erosion hazard 
potential is classified by landtype and subdivided by erosion type, which includes surface erosion, mass 
wasting, and subsurface erosion. Surface erosion follows disturbance events that remove groundcover, 
such as wildfire or after timber harvest. Landtypes help distinguish which areas are predisposed to 
higher erosion risk. Landtypes are given ratings of low, moderate, high, and very high depending on 
characteristics such as parent material, slope, aspect, and landform. As the rating increases the potential 
risk of erosion also increases. Soil erosion affects soil quality, function, and productivity and can deliver 
to streams. Landtypes and associated erosion hazard ratings were mapped across the Nez Perce-
Clearwater, minus wilderness areas. Table 1 shows the percent of the mapped areas occurring on 
landtypes with high or very high erosion hazard potential by erosion type when soils bared by fire and/or 
saturating storm events occur. Using the landtype mapping, 17 percent of the Nez Perce-Clearwater has 
conditions that could potentially have high and very high erosion hazard. Roughly 24 percent of the Nez 
Perce-Clearwater has subsoils that could have high or very high erosion hazard when bared during road 
building. It should be noted that erosion hazard is minor when these soils have natural forest ground 
cover. 
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Erosion hazard mapping has advanced since the initial efforts in the 1980s. At the project level, 
managers can now spatially determine erosion hazard rates and amounts. The landtypes provide a 
broadview context, whereby actual risk depends more on slope, groundcover, soil type, and the storm 
event (W. J. Elliot, 2013; Wondzell & King, 2003). 
Ash Cap Soils 
Soils with a surficial volcanic ash deposits, or ash cap, are another group of sensitive soils on the Nez 
Perce-Clearwater and are instrumental to the high productivity of the Nez Perce-Clearwater. Using forest 
mapping, ash soils cover approximately 825,000 acres, or 20 percent of the Nez Perce-Clearwater, and 
increase in depth to the north and west. Elevationally, ash occurs from 1,000 to 5,900 feet (Kimsey et al, 
2006). 
Volcanic ash is composed of angular shards of glass. If these angular pieces remain undisturbed, they 
settle and become interlocked forming a very cohesive layer that is resistant to weathering. These soils 
are characterized by a low bulk density, high water holding capacity, and high cation exchange capacity 
that can lead to a concentration of nutrients. 
The primary ash topsoil was laid down 7,700 years ago by volcanic eruptions from Mount Mazama and 
to a lesser degree recent eruptions from Mount Saint Helens and Glacier Peak (McDaniel et al, 2018). 
The original deposit was one to two feet thick, with most accumulation either in depressions or areas 
protected from erosion (Clearwater National Forest, 1983). Much of the ash has either eroded away or 
mixed with topsoil. Ash becomes rare on many steep southerly aspects or on high elevation areas that 
have experienced historic, high intensity wildfires (Clearwater National Forest, 1983). Where present, 
volcanic ash has increased soil productivity due to high water holding capacity and resistance to erosion. 
The ash deposited on the Nez Perce-Clearwater tends to have fine particles forming loam and silt loam 
textured soils. The high water holding capacity is arguably the most important feature of the ash cap 
locally. The ash was deposited over rocky and sandy coarse textured soils with relatively low water 
holding capacities in north and central Idaho and, therefore, the majority of the plant-available water in 
this landscape is held in the ash cap. The presence of thick ash can sustain growing conditions beyond 
what otherwise the climate would limit. 
Soil surface layers formed in ash and loess are an excellent medium for plant growth. Soils with the 
thickest loess surface layers tend to be the most productive. An ash-influenced surface layer resists 
erosion when undisturbed but, once bared and compacted, can have higher risk for soil loss. Ash caps 
are extremely susceptible to decreased soil quality due to compaction, erosion, and soil mixing (D. Page-
Dumroese, Miller, Mital, McDaniel, & Miller, 2007). Ashy soils do not recover from compaction as quickly 
as other soil types. Since volcanic ash is not replaced, the effects of erosional losses of the ash cap can be 
permanent. 
Shallow and Infertile Soils 
Shallow soils have a depth less than 20 inches deep and are susceptible to erosion and detrimental 
effects from management actions because of inherently low fertility due to carrying much of the 
productive capacity in the thin topsoil. These soils generally have weak development, relatively little 
organic matter, and, therefore, have low nutrient levels. Soil displacement and loss disproportionately 
affects productivity. Furthermore, shallow soils have higher erosion risk since runoff can concentrate 
laterally along the interface between the bedrock layer and soil material. 
The existing Forest Plan Standard 5 in the Clearwater Forest Plan calls attention to potential erosion and 
productivity loss on shallow infertile soils and compacted till in the Powell area. The latter case is a 
concern because of raised water tables where transpiration decreases from tree removal. The higher 
water table could exacerbate soil piping, sloughing, and overall erosion loss. 
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The oversteepened slopes common on the Nez Perce-Clearwater produce many areas with shallow, 
nutrient poor soils. These soils tend to be on south facing slopes, along steep breaklands that adjoin 
streams and rivers, and along alpine ridges and glacial carved side slopes. Soil mapping underestimates 
these shallow soils at 152,000 acres, largely because mapping is poor in the steep, rocky wilderness 
areas where soils have higher glacial influence and rock outcrop. 
Environmental Consequences 
The land management plan provides a programmatic framework that guides site-specific actions but 
does not authorize, fund, or carryout any project or activity. Because the land management plan does 
not authorize or mandate any site-specific projects or activities, including ground-disturbing actions, 
there can be no direct effects. However, there may be implications, or longer term environmental 
consequences, of managing the Nez Perce-Clearwater under this programmatic framework. 
The environmental consequences analysis for the soils resource focuses on timber harvest associated 
activities that have measurable impacts to soils over the next planning cycle on National Forest System 
lands within the administrative boundary of the Nez Perce-Clearwater. Other management activities, 
such as livestock grazing, dispersed camping, invasive plant treatment, prescribed fire, fuels treatments, 
and fire suppression operations, can also cause ground disturbance and detrimentally impact soils. The 
scale of the disturbance is small enough and distributed such that comparisons between the alternatives 
would only be slight. Thus, the effects of these activities are only discussed in the ‘Effects to Soil 
Resource from Other Resources’ section. 
No Action Alternative 
Since the Nez Perce and Clearwater National Forests combined in 2012, it has been difficult to provide 
consistent soil management administration across the combined Nez Perce-Clearwater because the 
direction from the two forest plans differ. This inconsistency mainly impacts forest management 
planning. The two plans do not have the same avoidance mitigation for sensitive soils. This is particularly 
poignant on excluding landslide prone areas. The plans also do not have adequate criteria for conserving 
organic materials after timber harvest. Current planning efforts rely on contemporary studies for 
recommendations. Similarly, slope restrictions for ground based harvest equipment have not considered 
new equipment and logging systems updates. Finally, both 1987 plans do not clearly articulate 
restoration activities that have evolved since the 1980s. Rather, the plans focus on avoidance and 
minimization and not on active reclamation to maintain and improve existing soil conditions. 
Soil impacts from timber harvest operations may not noticeably differ between the Nez Perce and 
Clearwater since implementation uses common contract language and best management practices. 
However, plan differences can influence decisions on where and how to conduct forest management 
between the two Forests. One example is that the Clearwater National Forest has more flexibility when 
managing in past harvest areas with extensive past disturbance. On the Nez Perce portion, the forest 
plan caps detrimental soil disturbance at 20 percent, while the Clearwater National Forest relies on the 
Region 1 Soil Manual. Forest plans without numerical definitions for soil disturbance thresholds defer to 
soil manual direction. The Region 1 Soil Manual allows for improving soil condition when existing soil 
disturbance exceeds 15 percent areal coverage (USDA, 2014). 
Indirect Effects 
Timber harvest and associated actions would continue as the management activity that produces the 
highest amount and level of ground disturbance. Timber harvest and associated actions can remove or 
modify ground cover and surface organic material; remove or modify topsoil and/or the volcanic ash 
layer through soil erosion, displacement, compaction, rutting, mixing, or severe burning; expose or mix 
subsoil; and increase mass movement potential. Since there is no requirement for soil restoration, 
detrimental soil disturbance from historic activities would remain. Restoring soils after timber harvest 
occurs on some projects but is not required. 
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Soil restoration outside of timber harvest units was conducted through the watershed restoration 
program, primarily as non-system road decommissioning. This activity would still occur under the No 
Action Alternative as long as the Nez Perce-Clearwater continues to prioritize watershed restoration 
activities. 
Soil productivity 
The primary management strategy over the last few decades is limiting activities that detrimentally 
disturb soils. Since timber harvest and associated activities tend to create the most soil disturbance, it is 
the focus of the soils effects analysis. On both Forests, detrimental soil disturbance is calculated using 
the national soil disturbance monitoring protocol (D. S. Page-Dumroese, Abbott, & Rice, 2009a, 2009b). 
Standard 1 in the Clearwater National Forest Plan requires bulk density measures, which have high costs 
in time and money. Since 1999, the Clearwater has used soil detrimental disturbance, as defined in the 
Region 1 Soil Manual (USDA, 2014), as a proxy and limits the amount of detrimental soil disturbance to 
15 percent of an activity area. In areas already exceeding 15 percent, detrimental soil disturbance and 
ground disturbing activities are allowed if treatments restore soil and leave a net improvement in soil 
quality. 
The Nez Perce National Forest Plan Standard 2 limits detrimental soil disturbance to 20 percent of an 
activity area using similar indicators as those described in the Region 1 Soil Manual (USDA, 2014). 
However, this has become problematic, as it is less restrictive than the regional guidance and it does not 
offer the ability to conduct ground disturbing actions on areas over 20 percent even if soil restoration is 
included. Site specific amendments to the Nez Perce Plan have occurred in order to enter areas 
exceeding 20 percent detrimental soil disturbance, thus allowing for multiple resource objectives while 
showing an upward trend in net soil conditions through soil restoration. 
Additional issues relate to the need to harvest timber in areas with legacy soil disturbance. Over the last 
planning cycle, due to forest succession, silviculture has increasingly proposed treating stands previously 
harvested. More target stands are in their second rotation from forest clearing in the 1950s and 1960s. 
Because historic harvest methods created higher soil disturbance, the effects to soil productivity still 
persist. In many instances, the summation effects of proposed harvest and existing detrimental soil 
disturbance becomes difficult to remediate to levels compliant with either the Clearwater or Nez Perce 
1987 plans. Some timber sale projects have included soil restoration to achieve a net decrease of 
detrimentally disturbed soil to meet forest plan standards. Unfortunately, post-harvest surveys using the 
national soil disturbance monitoring protocol (D. S. Page-Dumroese et al., 2009a, 2009b) indicate that 
the restored soils are still technically considered determinately disturbed by definition. For example, a 
temporary road that was decompacted, fully recontoured, and overlaid with organic material receives 
the same detrimental disturbance rating as a road not treated, despite the treatment having improved 
soil functions. In this example, the restored temporary road is far more productive than the untreated 
road. 
Other current soil management not included in the existing forest plans but used to meet the intent of 
the standards include: 

• Avoidance of ground disturbance or removal of trees on landslide prone areas, which includes 
areas over 55 to 60 percent slope, as defined in an earlier forest plan revision process (U.S. 
Department of Agriculture, Forest Service, 2007) and as required by PACFISH and INFISH. 

• Limitation of ground based harvest systems to slopes less than 35 percent, unless exempted by 
field review by a soil scientist. 

• Retention of down wood material as recommended by Graham et al, (1994). 
• Utilization of timber sale contract provisions, national core best management practices, regional 

soil and water conservation practices, and adherence to Idaho Forest Practices Act guidance. 
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Plan direction does not provide contemporary environmental controls that reflect changes in logging 
systems. For example, the soil standards in both 1987 plans do not designate slope steepness. Instead, a 
tacit understanding has operations limit ground based equipment to less than 35 percent except for 
short pitches. The measure is conservative and potentially ground based harvest could operate on 
steeper slopes without the adverse soil effects reflective of past dated equipment. 
Finally, the forest plan direction does not include adequate criteria for maintaining soil organic matter. 
Soil organic matter is extremely important in regulating soil function for plant nutrition and water 
(Jurgensen et al., 1997). In these primarily montane soils, the forest floor and thin topsoil makes up a 
large proportion of the productive capacity. Page-Dumroese and Jurgensen (2006) outlined the variable 
amounts of nitrogen and carbon – two essential elements for productivity – in habitats that cover the 
Nez Perce-Clearwater. Their work underscores the importance while also giving baselines for these 
important nutrients. Similarly, research was completed during the last planning cycle that gives explicit 
ranges for coarse wood debris (Graham et al., 1994). These recommendations acknowledge the strong 
above ground and below ground connections between ecto and endo mycorrhizae for tree and 
understory growth (Harvey, Jurgensen, Larsen, & Graham, 1987) (Perry et al, 1989). These 
recommendations endure due to the long-term work that went into describing these ranges and the re-
enforcement by more recent research of explicit connections across tree fungal networks. 
The amount of detrimental soil disturbance generated in the new planning period is estimated to be 555 
acres per year (Table 2) based on forest monitoring information (Bergstrom, 2018) and projected acres 
of proposed timber harvest. To contrast, action Alternatives W, X, and Y have higher amounts of 
potential soil disturbance due to the higher acres of proposed treatment identified in the Forestlands 
objectives. Alternative Z has the same predicted amount as the No Action alternative. 
Protection of sensitive soils 
The Nez Perce National Forest has a general plan component to avoid erosion while the Clearwater 
National Forest has four specific plan components to address damage to ash soils and soil loss from 
erosive conditions and unstable environments. These discrepancies complicate compliance across the 
Nez Perce-Clearwater for sensitive soils. One of the most important conditions that causes confusion is 
landslide prone. The action alternatives would standardize this approach and would provide better over-
arching protection. 
Cumulative Effects 
Past actions and foreseeable future actions primarily affect soils at the site location. Influence from 
adjacent management on private, state, or federally managed areas would have undetectable effects on 
site-specific soil conditions. 
Action Alternatives 
The objectives of current national direction on National Forest System lands are 1) to maintain or restore 
soil quality and 2) to manage resource uses and soil resources to sustain ecological processes and 
function so that desired ecosystem services are provided in perpetuity (U.S. Department of Agriculture, 
Forest Service, 2010). The Nez Perce-Clearwater proposes to focus soil management on these objectives 
and move away from the current disturbance tracking as described in the No Action alternative. The Nez 
Perce-Clearwater plans to continue using soil resource information for designing projects since soils give 
vital information on vegetation growth. The no action and action alternatives would continue to rely on 
soils resource specialists for project planning. The engagement of the soils specialists in projects would 
ensure soil management objectives. The Nez Perce-Clearwater would continue stewarding soils resource 
layers as part of the national cooperative survey. 
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The new plan action alternatives propose the following desired conditions based on the understanding 
of natural disturbance regimes and ecosystem processes: 

• FW-DC-SOIL-01. Soil productivity and function contributes to the long-term resilience of 
ecosystems. 

• FW-DC-SOIL-02. Soil organic matter and down woody material support healthy microbial 
populations, protect soil from surface erosion, facilitate soil moisture retention, provide 
nutrients, and maintain soil development and biochemical processes. 

• FW-DC-SOIL-03. Volcanic ash-influenced soils are intact and retain unique properties, including 
high soil porosity and high water and nutrient holding capacity. 

Soil management traditionally involves avoiding risks for soil erosion and physical impairment from 
machine operations. The action alternatives would carry forward and expand sideboards that mitigate 
impacts. Proposed standards and guidelines were developed to limit impacts on sensitive soils, reduce 
the amount of new soil disturbance, increase the amount of restoration of impaired soils, and provide 
thresholds for ground cover and coarse wood material. Project specific best management practices and 
design features shall be incorporated into land management activities as a principle mechanism for 
protecting soil resources (FW-STD-SOIL-03). The proposed desired conditions, standards, and guidelines 
are common to all action alternatives. 
Indirect Effects 
Soil productivity 
Timber harvest and associated actions such as temporary road, skid trail, and landing construction would 
continue as the management activity that produces the highest amount and level of ground disturbance 
over the next planning period. The majority of timber harvest would occur on lands designated as 
suitable for timber production in the revised forest plan. These activities occur primarily in Management 
Area 3 and portions of Management Area 2. The exact location of future timber harvest will depend on 
road access and site-specific forest conditions. However, uncertain disturbance events, such as insect 
and disease outbreaks or wildfire, will also influence location and extent of harvest. 
The Nez Perce-Clearwater proposes that all land management activities be designed and implemented in 
a manner that maintains soil function and productivity (FW-STD-SOIL-01). The plan focuses on outcomes 
to achieve this standard through a mix of mitigation that includes avoidance, logging systems design, 
retaining sufficient organic matter and coarse wood on the soil surface, and actively reclaiming past and 
current impaired soils on skid trails, log landings, and temporary roads.  
Damage to soils would be limited by:  

• Using existing or past disturbed areas (MA2 & MA3-GDL-SOIL-02), which would be restored after 
use. 

• Treating areas of impaired soil function from past management activities to restore long-term 
soil productivity and function (MA2 & MA3-GDL-SOIL-03). 

• Decommissioning temporary roads to restore soil function (MA2 & MA3-GDL-SOIL-05). 
• Rehabilitating soil function created through future management activities to maintain long-term 

soil productivity (FW-STD-SOIL-02). 
With the emphasis on restoring soil disturbance at a site, the tactic could reinforce best practices 
through operators that improve post-harvest results. Forest monitoring and reports show that conditions 
after timber harvest and fuels reduction can weigh heaviest on operator skill (D. S. Page-Dumroese, 
Jurgensen, & Terry, 2010). This strategy was tested and found effective on three recent projects:  Lochsa 
Thin, Iron Mountain, and Lodge Point projects (USDA, 2019). Based on these findings, tractor harvest 
could be reduced below the 10 to 15 percent average. Furthermore, the Nez Perce-Clearwater’s use of 
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restoration measures has evolved over 25 years of decommissioning roads. The Nez Perce-Clearwater’s 
proven restoration practices, together with the encouragement of operator best practices, would 
increase soil recovery rates. These practices increase soil recovery rates by addressing soil chemical, 
hydrologic, and biologic function for plant growth (see Appendix 4). 
Although not currently a forest plan standard, the Nez Perce-Clearwater has limited ground based 
harvest systems to slopes less than 35 percent unless exempted by a soil scientist. Over the last 20 years, 
ever improving timber sale contract provisions and best management practices have been developed to 
minimize the impacts from ground based harvest systems. Concurrently, advances in machine 
technology have led to the creation of equipment that is less ground disturbing. Using limitations similar 
to those described in the Idaho Forest Practices Act best management practices handbook (UI Extension 
Office, 2015), the Nez Perce-Clearwater proposes guideline MA2 and MA3-GDL-SOIL-01, which includes 
the following: 

• Ground-based equipment used for vegetation management should only operate on slopes less 
than 45 percent to protect soil quality. 

• Log skidding equipment should only operate on slopes less than 35 percent to limit detrimental 
soil disturbance. 

• Exceptions can be authorized where soil, slope, and equipment are determined appropriate to 
maintain soil functions. 

Despite these environmental controls, harvest actions will still leave levels of detrimental soil 
disturbance. Table 2 shows the acres of potential detrimental soil disturbance and soil restoration by 
alternative for the 15-year planning period. Estimated amounts of detrimental soil disturbance vary by 
plan alternative proportional to harvest levels. Estimates use the high range assuming 15 percent 
detrimental soil disturbance per acre. 
To offset adverse effects from timber harvest, the Nez Perce-Clearwater proposes restoration of 
impaired soils on 630 to 2,380 acres annually depending on alternative (Table 2). The restoration 
indicator adds a factor to account for restoration of legacy disturbance from past harvest. This soil 
restoration would occur either within or adjacent to timber harvest units. Other soil improvements 
would be achieved through FW-OBJ-WTR-02, FW-OBJ-WTR-04, and FW-OBJ-RMZ-01. The No Action 
Alternative does not have this level of soil restoration integrated in the timber harvest program. 
The Nez Perce-Clearwater restoration strategy would address legacy impacts from past forest 
management when conducting forest treatments. Future management activities are expected to re-
enter previously harvested stands in their second rotation. Old yarding templates and landing areas not 
used by current timber sales would be reclaimed as part of a net improvement approach. This strategy 
follows current policy in the Region 1 Soil Manual (USDA, 2014) to have management actions leave the 
soil with an increased rate of recovery upon completion of the activities where existing conditions 
exceed 15 percent detrimental soil disturbance. 
The action alternatives all incorporate thresholds for managing organic matter and maintaining sufficient 
groundcover to control erosion. Currently, analysis relies on published findings for managing forest 
residues such as down wood, slash, and forest floor. Forest management and public use activities often 
disturb or remove ground cover and organic material. This condition allows for erosion where soils are 
friable or where storm flows can concentrate. Although overland flow and surface erosion are rare in 
Rocky Mountain forests (Wondzell & King, 2003), evaluation of Nez Perce-Clearwater soil data shows a 
majority of the plan area has soils easily eroded if ground cover or the forest floor is removed on steep 
or compact surfaces. Cover is important since vegetation and forest litter intercept rainfall and slow 
runoff to allow rainfall to infiltrate into the soil. As determined through use of Disturbed WEPP, a soil 
erosion model amended for forested environments, soil erosion rarely occurs if groundcover exceeds 85 
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percent cover (William J. Elliot, Hall, & Graves, 1999). Guideline FW-GDL-SOIL-02 establishes a post-
implementation ground cover target of 85 percent aerial extent to retain soil moisture, support soil 
development, provide nutrients, and reduce soil erosion. Ground cover consists of vegetation, litter, fine 
organic matter, coarse woody material, and rock fragments larger than three-fourths inch in diameter in 
contact with the soil surface. 
The retention of coarse woody debris, which is material greater than three inches in diameter, is 
essential to maintaining soil organic matter, soil productivity, and sustainable forest ecosystems (Graham 
et al., 1994). Guideline MA2 and MA3-GDL-FOR-01 outlines ranges of coarse wood material levels that 
should be maintained or restored by potential vegetation type. Ranges vary from 7 to 15 tons per acre in 
warm dry forests to as much as 17 to 33 tons in warm moist forests. It is recognized that management of 
organic matter for soils productivity can conflict with fuel hazard objectives. The coarse wood ranges 
identified in guideline MA2 and MA3-GDL-FOR-01 fall within the optimum ranges prescribed by Brown et 
al (2003) to balance fuels and soils needs. 
The continued trend of greater wildfire, along with more emphasis on prescribed burning for restorative 
purposes, is expected. Fire scars now dominate the landscape across much of the Nez Perce-Clearwater. 
Much of future fire may burn through recovering areas that experienced moderate or severe wildfire. 
Burning through past fire areas that have “jackstrawed” dead trees could produce heat that penetrates 
deeper into the soil because of longer burn durations. There is concern that this heating can sterilize 
soils and impede forest growth. Research has shown that despite this heating, reburn rarely sterilizes 
soil; rather, recovery is controlled by fire severity, tree overstory level, soil texture, and the timing of the 
burn (Hebel, Smith, & Cromack, 2009; Neary et al., 1999)(Smith et al, 2017). Fire re-organizes the soil 
community where generalist species dominate early on (Egerton-Warburton, Graham, & Hendrix, 2005; 
Jiménez Esquilín et al., 2008)(Reazin et al, 2016). With time, the soil microbe community evolves in 
complexity and the soil condition improves as vegetation recolonizes the site and organic matter stocks 
rebuild. 
With projected increased wildfire, fire suppression activities could impact soils from the creation of 
mechanical fire lines and excavation of safety zones. Fire suppression repair efforts often occur with the 
onset of winter since wildfires now burn late into fall. These rehabilitation measures can greatly improve 
soil and vegetation recovery, if done correctly. The Nez Perce-Clearwater Forest Plan addresses this 
critical rehabilitation period by including fire suppression activities in standard FW-STD-SOIL-02, which 
directs reestablishment of soil function according to site potential (see Appendix 4). 
Protection of sensitive soils 
The new Forest Plan would address sensitive soils at the project level through a combination of 
avoidance and mitigation, depending on the circumstance. The protections rely on soil expertise and will 
not vary by alternative for most cases. However, two primary soil types stand out to an extent that the 
Nez Perce-Clearwater proposes sideboards for management. The first case is for landslide prone areas 
while the second is for conducting salvage timber harvest after wildfire. 
The Nez Perce-Clearwater contains over 800,000 acres of lands prone to mass movement. In order to 
reduce the likelihood of management activities originating from mass movement, the Nez Perce-
Clearwater proposes guideline FW-GDL-SOIL-01 – to maintain soil stability, ground-disturbing 
management activities should not occur on field verified mass movement areas. Vegetation 
management activities may be authorized to provide for long-term slope stability. 
Because unstable areas are considered a riparian management zone, all the plan components regarding 
riparian management zones would pertain to mass movement areas. The avoidance strategy for active 
management in landslide prone areas comes with some caveats. Avoidance of lands with mass 
movement potential could lead to higher rates of instability in the long-term when factoring in fire risk. 
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In cases where historic fire suppression has created excessively dense vegetation departed from the 
natural forest state, a future fire could burn severely that increases the mass wasting hazard. For 
example, in ponderosa pine stands that are adapted to frequent underburns, the exclusion of wildfire 
and restrictions of timber harvest have resulted in stands highly departed from natural conditions. 
Legacy trees that survived historic fires and provided slope stability are now overcrowded by less fire 
tolerant species. Further, without frequent fire, forest floor layers are deeper than normal and tree roots 
have grown up into these layers. Once a wildfire burns through these stands, there is a high likelihood 
that most of the trees would not survive, resulting in a higher risk for mass movement from less live 
rooting and severe burn with so much fuel. Thinning of trees in ponderosa pine stands could make the 
stand more resilient to wildfire and provide slope stability in the long-term. See Appendix 4 for 
management approaches and potential design measures that could be used for vegetation treatments in 
areas with high mass movement potential. 
The Nez Perce-Clearwater also acknowledges the risks associated with road and trail construction on 
landslide prone areas. To address this risk, the Nez Perce-Clearwater proposes guidelines that limit the 
construction of new and relocated roads and trails on lands with high mass wasting potential (FW-GDL-
ARINF-04 and FW-GDL-ARREC-04) and a guideline that provides direction on routing road drainage away 
from potentially unstable hillslopes (FW-GDL-ARINF-09). 
Salvage harvest operations that occur after a wildfire have the potential to detrimentally disturb soils 
and cause long-term impairment. Because salvage harvest occurs on soils that have already been 
impacted by wildfire, soils are less resilient to additional impacts from ground disturbance. This is 
especially true in areas where soils were severely burned, altering the soil chemical, biological, and 
physical properties. In order to protect these soils, the Nez Perce-Clearwater proposes to maintain long-
term soil productivity when conducting post wildland fire vegetation management activities, avoiding 
permanent soil impairment on soils that have verified high soil burn severity (MA2 and MA3-GDL-SOIL-
04). 
Cumulative Effects 
Past actions and foreseeable future actions primarily affect soils at the site location. Influence from 
adjacent management on private, state, or federally managed areas would have undetectable effects on 
site-specific soil conditions. Legacy disturbance from past and present management actions could affect 
the soil condition where future management activities are planned. 

Effects to Soil Resource from Other Resources 
Fire Management 
The fire management program is diverse and impacts soils differentially. Fire effects related to prescribed 
fires, fuels treatments, and fire suppression operations are discussed in this section. Fire effects from site 
preparation is discussed in the ‘Effects to Soil Resource from Timber Harvest’ section. 

Landscape Prescribed Fire 
The Nez Perce-Clearwater is characterized as fire-adapted or fire-dependent and, thus, requires periodic 
fire to maintain a healthy, resilient condition. Within these ecosystems, prescribed fire can help restore 
and sustain long-term environmental health. A prescribed fire is a planned fire intentionally ignited by 
fire specialists to meet management objectives. Landscape prescribed fire is analyzed differently than 
the prescribed fire that is conducted for fuels treatments or site preparation after timber harvest. 
Landscape prescribed fires are conducted at a larger scale and are used to reintroduce fire disturbance 
on the landscape and to meet a variety of vegetation, wildlife, and watershed desired conditions. Fire 
specialists develop site specific burn plans that consider many factors, including climate. Prescribed fires 
allow for a better controlled scenario when compared to a wildfire occurring under extreme climate 
conditions. 
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Effects to soils from landscape prescribed fire are similar to that of wildfire. Effects would vary depending 
on the management objective. Underburning in drier potential vegetation types results in low and 
moderate burn severity that retains much of the soil groundcover and forest floor. A mixed burn severity 
prescription in more moist potential vegetation types could lead to increased soil erosion and loss of 
ground cover in areas of moderate to high burn severity, generally in less than three years, depending on 
remaining ground cover. High burn severity from prescribed fire is generally 4 to 10 percent of an activity 
area (USDA, 2013). This post-burn condition is highly variable spatially and decreases over time (Doerr et 
al., 2006). 

Due to active fire suppression tactics, fire has been excluded on much of the Nez Perce-Clearwater over 
the last 100 years. Prescribed fire would promote the reestablishment of fire-adapted ecological 
processes. Reintroduction of fire can improve soil condition by creating a net increase in available 
nutrients, both in terms of the products of fire contained in ash residue and the higher decomposition 
rates after the fire. Almost immediately, burning increases the amount of mineral nitrogen levels for 
plants and soil organisms (Choromanska & DeLuca, 2002; Hart, DeLuca, Newman, MacKenzie, & Boyle, 
2005), which is a limiting nutrient in most forest ecosystems (Binkley, 1991). In drier habitats, this 
increase can be detected as much as 50 years after fire occurrence (McKenzie, Gedalof, Peterson, & 
Mote, 2004). Burning also increases charcoal production that conditions soils, increasing water-holding 
capacity and providing exchange sites for plants and soils to acquire nutrients (DeLuca & Aplet, 2008). 

Although there is a potential for temporary loss of ground cover and soil erosion, the effects are within 
the natural range of variation. The reintroduction of fire provides more beneficial effects to the soil 
resource than negative effects. 

Fuels Management 
The Nez Perce-Clearwater would continue to treat fuels in the wildland urban interface using a 
combination of mechanical thinning or masticating; machine piling and burning; hand thinning, piling, 
and burning; hand thinning and chipping; and underburning. 

The effects to soils from the use of ground based mechanized equipment can cause varying degrees of 
removal or modification of vegetative cover and surface organic material; removal or modification of 
topsoil and/or volcanic ash layer through soil erosion, displacement, compaction, rutting, or mixing; or 
exposure or mixing of subsoil. Depending on the degree of disturbance, soil quality, function, and 
productivity can be impaired. Burning of piles can impact soils through long duration heating towards 
the center of the piles. These impacts can be severe enough to alter soil structure and reduce nutrients 
to the extent where soils and vegetation recover very slowly over time. The effect can be moderated by 
creating smaller piles and burning during cooler conditions. 

Acknowledging that fuels treatment often requires the use of ground-based mechanical equipment and 
that impacts to the soil resource would be similar to those discussed in the Timber section, the same 
plan components would apply. See ‘Effects to Soil Resource from Timber Harvest’ analysis below. 

Forestlands guideline MA2 and MA3-GDL-FOR-01, specifying a minimum retention level of coarse wood 
material, can often conflict with the intent of fuel treatments. By maintaining coarse wood at the lower 
end of the range and leaving larger diameter materials, both components can be met. The intent is to 
create a condition that prioritizes public safety, promotes forest resilience to wildfire, and still allows for 
functioning ecological processes. 

Another guideline regarding retaining a minimum level of soil organic matter and groundcover (FW-GDL-
SOIL-02) can also conflict with the desire for reduced ground fuels. The loss of vegetation due to treating 
fuels is not far removed from natural processes since fire regularly removes vegetation by volatizing 
biomass. However, the impact may vary by site type. Areas with organic soils in topsoil that grow 
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abundant grasses and forbs on dry sites likely experienced frequent fire. In these areas, treating fuels 
aligns with ecological processes and the soils have a higher proportional amount of organic matter in the 
mineral soils to buffer the removal of vegetation. Underburning to maintain the benefits of fuels 
treatment in drier habitats would have minimal impact and in some cases be beneficial. 

For moist vegetation types, the fuels treatment may not directly align with natural cycles. Treating fuels 
temporarily removes dense growth but the moist conditions favor quick regrowth. Repeated removal of 
vegetation to mitigate fire hazard would be out of sequence with the long periods between fires that 
these vegetation communities typically experience. The reduction in vegetative ground cover and 
organic matter outside of natural ranges could impact soil function and productivity. 

Fire Suppression Operations 
Wildland fire management consists of actions that are applied to wildfires based on a number of factors 
such as safety, economics, social considerations, and anticipated environmental effects. When a wildfire 
occurs, the first priority is the protection of human life and the safety of public and firefighters. All 
alternatives would have similar direction for fire suppression operations, so the effects are common to 
all alternatives. Management strategies and methods vary depending on which management area a 
wildfire occurs. Wildfires occurring in locations within Management Area 1 and Management Area 2 may 
be managed as resource benefit fires and less active suppression actions occur. In locations within 
Management Area 3, more active fire suppression methods are used. 

Since it is nearly impossible to predict the extent and location of future wildfires, quantifying the effects 
to the soil resource is difficult. Wildland fire management occurring on Management Area 3 lands would 
have greater impacts than on Management Area 1 and Management Area 2 lands, as more ground 
disturbing methods are used. Fire suppression operations, such as the construction of machine fire lines 
and establishment of large fuel breaks, can cause loss of ground cover, soil compaction, rutting, or 
mixing of topsoil. Depending on the extent of ground disturbance, soil erosion could occur and soil 
functions could be impaired. In some instances, the creation of fuel breaks can cause equal or greater 
impact to soil resources than timber harvest activities. In emergency situations, equipment is used on 
steeper slopes than generally occurs during timber harvest operations and equipment operators may be 
less experienced. 

Proposed forest plan component FW-STD-SOIL-02 would mitigate the disturbance created by fire 
suppression operations – In order to maintain long-term soil productivity, impaired soil function created 
through management activities, including fire suppression, shall be rehabilitated to reestablish soil 
function to the appropriate site potential. 

Infrastructure 
Intensively developed sites such as mines, developed recreation sites, administrative sites, rock quarries, 
and trails or system roads (U.S. Department of Agriculture, Forest Service, Northern Region, 2014) are 
not considered part of the productive land base as soil quality and function are impaired. Although not 
evaluated for effects to soil productivity, roads can impact sensitive soils, increasing surface and 
subsurface soil erosion and contributing to mass failures. 

The Nez Perce-Clearwater would continue to reduce the National Forest System road system to the 
levels established in the travel plans (Bergstrom, 2018). Future road building would likely be confined to 
realignment or relocation, although new roads could be constructed to reach currently inaccessible 
areas. The road system, including miles, management level, and location, is the same for all alternatives; 
however, road use would vary by alternative. 
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Proposed guidelines limit the construction of new and relocated roads and trails on lands with high mass 
wasting potential (FW-GDL-ARINF-04) and riparian and wetland areas where hydric soils occur (FW-GDL-
ARINF-08). Guideline FW-GDL-ARINF-09 provides direction on routing road drainage away from 
potentially unstable hillslopes. Guideline MA2 and MA3-GDL-SOIL-05 directs that when roads are 
decommissioned, soil function appropriate to site potential shall be restored using demonstrably 
effective methods. Appendix 4 of the Draft Forest Plan outlines well established methods for road 
decommissioning. 

To reduce erosion and potential road prism failures, a series of road treatments are proposed. They 
include road maintenance, road reconstruction and improvement, and road decommissioning or 
placement of roads into intermittent stored service. The proposed miles of treatment varies by 
alternative and corresponds with the estimated level of increased road use. 

Invasive Species Treatment 
Invasive plants are often treated using an integrated approach with a combination of control types that 
include manual, biological, cultural, and chemical methods. Manual treatment, which is essentially hand 
pulling, can result in localized soil disturbance as plants are removed. It is very labor intensive and costly; 
thus, only a small number of acres per year could be treated using this technique. There are no effects to 
the soil resource from biological control methods, as there is no disturbance of ground cover or soil. 
Cultural methods generally involve enhancing the desirable vegetation to minimize invasive plant 
invasion. Planting or seeding desirable species to shade or out-compete invasive plants are common 
cultural treatments. 

Effects from herbicide application depend on the type, extent, and amount of herbicide that is used. 
Chemical persistence in the soil profile depends on the soil texture, infiltration rate, chemical half-life, 
local climate, and the size of the treatment area. Effects of herbicide treatment to the soil resource 
would be localized. Applications would occur at the appropriate time of year, considering targeted 
species and environmental factors. Adverse impacts to soils are controlled through limits on herbicide 
type and application rates outlined in various NEPA documents. 

Livestock Grazing 
Impacts to the soil resource from livestock grazing are localized but tend to be highest near riparian and 
wetland areas, which contain sensitive hydric soils. Proposed standards and guidelines FW-GDL-GRZ-01, 
FW-STD-ARGRZ-01, FW-STD-ARGRZ-02, FW-STD-ARGRZ-03, and FW-GLD-ARGRZ-01 call for grazing 
permittees and resource managers to monitor and adjust grazing practices as necessary to promote 
healthy riparian ecosystems. FW-GLD-ARGRZ-03 requires the Forest Service and permittees to protect 
spring developments from livestock trampling. 

Soil trampling and trailing can cause soil compaction and loss of vegetation cover, which reduces soil 
function. Soil disturbance increases susceptibility to invasive species. Combined with the fact that 
livestock are transporters of invasive plant seed, invasive species could exponentially spread across 
allotments and surrounding areas. Salting sites are particularly disturbed due to the loss of vegetative 
cover, organic material, and topsoil. Salt leaching can contaminate the soil, making it difficult for 
vegetation to reestablish. 

Proposed standards and guidelines are designed to protect upland and riparian resources, minimize risks 
for noxious weeds, and provide overall guidance for livestock management. In addition, specific 
allotment management plans and/or annual operating plans provide instructions to grazing permittees 
designed to ensure adequate riparian and upland resource protection while providing for the 
sustainability of forage. These plans, and the direction they contain, are site specific for each allotment 
and not part of this analysis. Allotment Management Plans identify specific management actions 
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required by the permittee and may include entry and exit dates; pasture rotation; utilization standards; 
range improvement construction, reconstruction and maintenance; salt placement; closed areas; and 
required monitoring. 

Sustainable Recreation 
Intensively developed, sites such as developed recreation sites and trails, are not considered part of the 
productive land base, as soil quality and function are impaired. Dispersed recreation and off-road vehicle 
use associated with dispersed sites can negatively impact the soil resource. The Clearwater National 
Forest travel plan allows for off road travel to dispersed sites for 300 feet off system roads. The Nez Perce 
National Forest travel plan allows for off road motorized travel in certain areas. 

If infrastructure is insufficient for developed recreation, then recreational use may shift to dispersed 
recreation sites. The result of this could be additional and unregulated deleterious effects on the soil 
resource. Dispersed camping and day use could remove ground cover and top soil. Down wood material 
could be removed for firewood use. Impacts from user-created trails to and within the dispersed area 
may include rutting, erosion, and loss of ground cover from trampling of vegetation, vegetation removal, 
and soil compaction. These disturbances reduce overall soil quality, function, and productivity. 
Recreational use is expected to increase in all alternatives and, with the increased use, impacts would be 
expected to increase. These impacts are localized and occur on less than one percent of the Nez Perce-
Clearwater. 

Timber Harvest 
Timber harvest and associated actions would continue as the management activity that produces the 
highest amount and level of ground disturbance over the next planning period. Timber harvest and 
associated actions include temporary road, skid trail, and landing construction; general heavy equipment 
operations; and site preparation. The exact location of future timber harvest would depend largely on 
factors related to road access and site-specific forest conditions relative to the integrated desired 
conditions as outlined in the forest plan. However, uncertain disturbance events, such as insect and 
disease outbreaks or wildfire, could also influence location and extent of harvest. 

Timber harvest requires the use of machinery that can compact and displace soils (Cambi, Certini, Neri, 
& Marchi, 2015; D. S. Page-Dumroese et al., 2010). Timber harvest and associated actions can remove or 
modify ground cover and surface organic material; remove or modify topsoil and/or the volcanic ash 
layer through soil erosion, displacement, compaction, rutting, mixing, or severe burning; expose a mixed 
subsoil; and increase mass movement potential. These disturbances can lead to a loss of soil quality, 
function, and productivity. This is especially concerning when soil impairment occurs on sensitive soils, 
including grussic soils, soils with a volcanic ash layer, and soils with a high erosion or mass movement 
potential. 

The intensity and extent of impacts are managed by timber sale contract provisions and best 
management practices. The Forest Service evaluates the effectiveness of forest best management 
practices by comparing disturbance extent against soil quality thresholds. When soil disturbance 
surpasses these thresholds, then long-term impairment could occur and the disturbance is considered 
detrimental to soil quality (USDA, 2014). Forest monitoring on the Nez Perce-Clearwater has shown that 
the highest soil disturbance occurs when using ground-based harvesting and skidding methods. Within 
an activity area, typically defined as a treatment unit, timber harvest over the next planning cycle will 
likely impact soils at the same disturbance intensity as over the last 15 years. Nez Perce-Clearwater soil 
monitoring over this period found that logging systems result in detrimental soil disturbance on a 
percent area basis of 8 to 29 percent for ground-based harvest systems, 1 to 10 percent for skyline, and 
less than 2 percent for helicopter yarding (Archer, 2008; Bergstrom, 2018; Reeves et al., 2011). 
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Harvest Operations 
Soil disturbance during timber harvest cannot be avoided but it can be managed. The Nez Perce-
Clearwater proposes that land management activities shall be designed and implemented in a manner 
that maintains soil function and productivity (FW-STD-SOIL-01). Proposed standard FW-STD-SOIL-03 
requires project specific best management practices and design features shall be incorporated into land 
management activities as a principle mechanism for protecting soil resources. 

In addition, all detrimental soil disturbance areas would be targeted for soil restoration, regardless of the 
cause. This would be accomplished by limiting new soil disturbance through use of existing or past 
disturbed areas (MA2 & MA3-GDL-SOIL-02), which would be restored after use; treating areas of 
impaired soil function from past management activities in order to restore long-term soil productivity 
and function (MA2 & MA3-GDL-SOIL-03); decommissioning temporary roads to restore soil function 
(MA2 & MA3-GDL-SOIL-05); and rehabilitating impaired soil function created through future 
management activities in order to maintain long-term soil productivity (FW-STD-SOIL-02). The Nez Perce-
Clearwater proposes restoration of impaired soils on 555 to 4,040 acres annually depending on 
alternative (Table 2). These acres will occur primarily within or adjacent to timber harvest units. Other 
soil improvements will be achieved through FW-OBJ-WTR-02, FW-OBJ-WTR-04, and FW-OBJ-RMZ-01. 

The Nez Perce-Clearwater’s reduction in miles of National Forest System roads has increased the reliance 
on temporary roads to access timber. Temporary roads, excavated skid trails, and landings are considered 
100 percent detrimental disturbance with reduced soil productivity until vegetation, organic matter, and 
hydrologic function are restored. The greatest disturbance associated with the activities is the 
displacement or mixing of the topsoil, including the Mazama ash cap, during excavation. Restoration 
following use would promote recovery of soil structure, water infiltration, aeration, root penetrability, 
and soil biological activity, as observed using road decommissioning techniques on the Nez Perce-
Clearwater (Lloyd et al., 2013). 

A recent shift in timber practices that may increase soil disturbance over the next planning period 
includes the use of cable assisted logging, which is a mixed ground-based and skyline system on grounds 
with greater than 45 percent slope. In these steep areas, feller bunchers harvest the trees and skyline 
systems yard the material to landings. Monitoring has shown mixed results ranging below and above 
what is typical of ground-based equipment operations. 

Site preparation 
Methods for reducing slash material after timber harvest include machine piling and burning or 
broadcast burning. Machine piling equipment can create additional ground disturbance if the equipment 
leaves designated skid trails. Impaired soil conditions within burn pile scars can persist for several 
decades due concentrated heating (Jiménez Esquilín et al., 2008) (Rhoades et al, 2015). The effect can be 
moderated by creating smaller piles and burning during cooler conditions. 
Broadcast burning removes slash and understory vegetation to facilitate reforestation but has had 
negative consequences by consuming the forest floor and leaving scant groundcover. It is also used in 
conjunction with whole tree yarding that removes fuel even before the burning. 
Depending on slope, vegetation type, slash amounts, and tree retention levels, broadcast burns can 
produce a varying range of soil burn severities. Moderate to high severity burns consume most of the 
ground cover, smaller diameter down wood, and sometimes tree boles and roots. Fires that heat soils to 
high temperatures can volatilize organics and produce a hydrophobic layer that contributes to higher 
rates of runoff and more soil erosion. 
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Current findings from the Forest Service’s long-term soil productivity study suggest that the extent of 
negative impacts from vegetation management activities is related to soil texture and organic matter (D. 
S. Page-Dumroese et al., 2010; Powers et al., 2005) but often as confounding variables. For example, 
coarse-textured soils appear resistant to compaction (Gomez, Powers, Singer, & Horwath, 2002) but are 
also nutrient poor and particularly at risk to treatments that remove the forest floor (D. S. Page-
Dumroese & Jurgensen, 2006; D. S. Page-Dumroese et al., 2010). Forestry research has underscored the 
importance of organic matter by documenting the soil benefits of downed wood (Graham et al., 1994; 
Harvey et al., 1987), forest floor, and soil organic matter (Jurgensen et al., 1997). However, at this time 
the Nez Perce-Clearwater has no clear guidance on target levels by habitat or soil type since organic 
matter levels vary in step with forest succession. The Rocky Mountain Research Station has initiated 
studies to establish minimal necessary amounts of organic matter by habitat type. In the interim, the 
following proposed guidelines are used to conserve the forest floor and coarse wood levels: 

• FW-GDL-SOIL-02 – Establishes a post-implementation ground cover target of 85 percent aerial 
extent to retain soil moisture, support soil development, provide nutrients, and reduce soil 
erosion. 

• MA2 and MA3-GDL-FOR-01 – Describe ranges of coarse would material levels be maintained or 
restored by potential vegetation type based on Graham et al (1994). 

Salvage Harvest after Wildland Fire 
Salvage harvest is a type of timber harvest that occurs after wildfires. The intent is to harvest dead and 
dying trees to recover the existing economic value and/or to remove hazard trees for safety purposes. 
Salvage harvest is addressed specifically because of potential for long-term soil impairment. Because 
salvage harvest occurs on soils that have already been impacted by wildfire, soils are less resilient to 
additional impacts from ground disturbance. This is especially true in areas where soils were severely 
burned, which alters the soil chemical, biological, and physical properties. Generally the commercial 
value of trees is lost in areas that have severely burned so salvage harvest is not pursued where these 
occur in larger areas. Issues arise in areas where there is a mosaic of moderate and high burn severity 
and there is a commercial component left in the moderately burned areas. 
The classification of post-fire soil condition is based on fire-induced changes in physical and biological 
soil properties. During post-fire assessments, there has been an intentional effort to use the term “soil 
burn severity” to differentiate post-fire soil properties from fire effects on vegetation, such as tree 
mortality, and/or general fire effects on long-term ecosystem health (Parsons et al., 2010). 
The following description for high soil burn severity is taken from Debano and others (1998): 
High soil heating, or deep ground char, occurs, where the duff is completely consumed and the top of 
the mineral soils is visibly reddish or orange on severely burned sites. The char layer can extend to a 
depth of 10 cm or more. Logs can be consumed or deeply charred, and deep ground char can occur 
under burned logs. Soil textures in the surface layers is changed and fusion evidenced by clinkers can be 
observed locally. All shrub stems are consumed and only the charred remains of large stubs may be 
visible. 
In order to protect these soils, the Nez Perce-Clearwater proposes that, when conducting post wildland 
fire vegetation management activities, to maintain long-term soil productivity avoid permanent soil 
impairment on soils that have verified high soil burn severity (MA2 and MA3-GDL-SOIL-04). Further, 
guidelines FW-GDL-SOIL-02, MA2-GDL-FOR-01, and MA3-GDL-FOR-01 require maintenance of ground 
cover and coarse would material. Additionally, project specific best management practices and design 
features shall be incorporated into land management activities as a principle mechanism for protecting 
soil resources (FW-STD-SOIL-03). 
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Water Resource and Fisheries Management 
In addition to the soil restoration objectives proposed in the timber sale activity areas (Table 2), the Nez 
Perce-Clearwater proposes 2,500 to 5,000 acres soil and watershed improvement, depending on 
alternative. Soil improvement activities on existing disturbed areas are expected to accelerate soil 
recovery and result in immediate or near-term improvement within approximately one to five years. 
These improvement activities would also provide support for continued long-term recovery of soil 
functions and productivity. 

Summary of Consequences 
Table 2. Soil Quality and Productivity Summary of consequences by alternative 

Measurement 
Indicator 

Alternative  
No Action Alternative W Alternative X  Alternative Y Alternative Z 

Detrimental soil 
disturbance 
acres 

555 1,890 2,100 1,125 555 

Soil restoration 
acres 

0 2,140 2,380 1,270 630 

Conclusion 
To maintain and, where necessary, restore long-term soil quality, function, and productivity, it is 
important that activities causing impairment to the soil resource be managed within acceptable limits. 

Land-use forest practices have affected soil functions and these functions are intertwined, making it 
difficult to discuss them separately. This plan would increase the amount of environmental screens to 
mitigate adverse soil effects from forestry activities. Flexibility is extended to slope limits as long as soil 
desired conditions and standards are met. The new plan also expands direction by not only adding levels 
of protection by avoidance and minimization but by promoting active restoration to maintain long-term 
soil productivity. 

The past forest plan standards, along with current guidance at the Regional and Washington Office level, 
interpret the National Forest Management Act’s direction to manage for sustained soil productivity. The 
proposed forest plan would continue to manage for long-term soil productivity as described in desired 
condition (FW-DC-SOIL-01) – Soil productivity and function contributes to the long-term resilience of 
ecosystems. 

Management strategies that provide for ecological sustainability include mitigating the effects of 
stressors; maintaining or restoring ecological integrity; or incorporating adaptation strategies to reduce 
vulnerability. By restoring or maintaining functioning soils, ecosystems will have greater adaptive 
capacity to withstand stressors and recover from disturbances with minimum loss of function, especially 
with changing and uncertain environmental conditions and extreme weather events. 
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The following key points summarize the conclusions for the soils resource: 

• The action alternatives contain desired conditions, standards, and guidelines that would ensure 
that soil functions are maintained to a greater extent than the current forest plan. The new 
forest plan provides consistent soil direction. 

• The revised forest plan brings forward and formulizes minimization and avoidance criteria to 
limit soil impairment. 

• There is added flexibility for ground based slope steepness to account for advances in harvest 
equipment. 

• The focus on outcomes involves active soil restoration. Added language on the elements of soil 
productivity will allow for better prescriptions. Additionally, there is direction to treat soils with 
impaired soil function from past management activities to facilitate long-term productivity. 

• Adopted conservation measures of groundcover and organic materials after timber harvest and 
prescribed burning would limit erosion while ensuring soil function.  
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