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Introduction

The following summarizes my assessment of the soil impact potential of the proposed actions for the Pink Stone Environmental Impact Statement (PSEIS).  This document was prepared under contract by the Ecology Center Incorporated (ECI).  This report includes an overview of the affected area assessment of soil impacts in the PSEIS, a summary and critique of the existing soil quality standards implemented by the USFS, and an assessment of whether these soil quality standards can be effectively applied, enforced, and monitored by USFS personnel.  

The soil resource is identified in the PSEIS as being “key to the productivity” of the area; therefore maintenance of this resource is tantamount to protecting the forest as wildlife habitat, timber resource, and the watershed as a whole. The KNF was to assess the direct and indirect and cumulative effects of reduced soil productivity due to detrimental soil disturbance associated with the alternatives.  The purpose of first listing the soil quality standards and my critique of those standards is to put the utility of the standards into prospective prior to consideration of the application of those standards to the PSEIS.

Description and Critique of USFS Soil Quality Standards

The USFS adopted a program of soil quality monitoring in response to the National Forest Management  Act of 1976.  The policy was to design and implement management practices that maintain or improve soil quality.  Soil quality was to be maintained when erosion, compaction, displacement, rutting, burning, loss of organic matter, are maintained within defined soil quality standards.  Improvement of soil quality assumes that there has been some degradation of soil quality prior to recorded land management, but no specifics are given on how to achieve a net improvement in soil quality.

The Forest Service adopted a policy which allows for no more than 15% of any “activity area” to have “significant detrimental disturbance of soil surface layers.”  The KNF uses the 15% standard as a measure of tracking the impact of disturbance on soil productivity.  These activity areas are defined as land area affected by a management activity to which soil quality standards are applied.  These include all temporary roads, skid trails, and landings within the harvest units, but do not include standard logging roads. 

Standards for soil quality are somewhat difficult to identify and enforce partly because soil quality in itself is an amorphous term.  Regardless, the standards were defined as follows:  

“Design new activities that do not create detrimental soil conditions on more than 15% of an activity unit.  Where prior activities have resulted in detrimental effects of less than 15%, then additional project implementation and restoration must not cause a cumulative detrimental impact of greater than 15%.  If greater than 15% detrimental soil conditions exist from prior activities, then the cumulative effect of the project implementation and restoration must not exceed the conditions prior to implementation of those activities.”  

These standards were established to protect soil, timber, wildlife, riparian, and grazing resources.  The proper application of these standards was considered to require professional knowledge and judgement.   These standards are applied across the US, in spite of the fact that soils are extremely variable and respond differently to land management.  It is likely that such blanket application of standards is inappropriate ( Page-Dumroese et al., 2000) and should be reconsidered for a set of standards that allows for more regionally flexibility.

Detrimental soil disturbance is defined as including the effects of erosion, compaction, displacement, rutting, burning, loss of organic matter, and soil mass movement.  The following gives the FS definition of detrimental disturbance in each category, followed by an assessment of whether this standard can be effectively identified, measured, and enforced.  The actual standard or monitoring approach is briefly stated followed by a brief assessment of that standard. 

1) Compaction: Detrimental compaction is a 15% increase in natural soil bulk density.  The cumulative effects of multiple site entries on compaction should also be considered since compacted soils recover slowly.  It is considered that a 15% increase in compaction can be effectively assessed using standard bulk density measurements, resistance to penetration, or estimated with a tiling spade.

Assessment of compaction standard: Effectively identifying a 15% increase in bulk density over natural conditions is a difficult task.  Natural conditions are difficult to find in our managed, fire excluded forests.  It is not common to find “natural reference” forests.  Most stands are at least second growth forests and have been exposed to some degree of compaction.  Therefore the reference to natural makes this an almost non-enforceable standard.  Detecting a 15% increase in bulk density would be the same as identifying an increase from 1.0 g/cm3 to 1.15 g/cm3 density.  This difference could be measured using undisturbed core, sand cone, balloon, saran-coated clod, or nuclear densitometry (Blake and Hartge, 1986), but numerous replicates must be taken and applied in a statistically sound approach.  This type of time expenditure is out of the question for the extent of monitoring to be performed on most national forests.  Strictly from a time perspective, the spade or penetrometer approach makes more sense.  However, it is well accepted that most simple penetrometers do not give reliable measurements of soil strength or bulk density (Bradford, 1986).  Using either the penetrometer or the tile spade approach it would be extremely difficult to identify a 15% increase in bulk density especially given the spatial variability of natural soils.  Soils are clearly not a continuum on the landscape.  As moving across the landscape, a shift from silicate clay dominated soil to a volcanic ash capped soil would give a completely different response to penetration of a spade (especially under dry conditions) thereby discounting the meaning of the value attained by the user.  Finally, compaction is not limited to the surface soils.  Heavy equipment or hooves may create significant compaction to depths of over 12“.  It is not clear how compaction at depth would be measured using a tiling spade.  Surface soils (0 – 5 cm depth) exposed to regular wetting and drying cycles, freeze-thaw cycles, incorporation of organic matter, and small animal activity are bound to have reduced bulk density compared to soils at 5 – 15 cm depth which have not been exposed to as much annual disturbance.    The cumulative impacts of multiple site entries may be only recorded in total at some depth in the soil and would not be measured by tile spade analysis of the activity area.  It is well accepted that compaction at depth will persist for many years (e.g. Froelich et al., 1985).

2) Rutting: Wheel ruts at least 2” (5 cm) deep in wet soils are detrimental.

Assessment of rutting standard: The concern over wheel rutting in wet soils is acknowledged, but rutting in soils that are more often dry is also a significant concern.  These ruts channelize water and reduce vegetation growth.  It is not clear why rutting is only a concern in wet soils.  Who defines the soil as wet and when do the measures of wetness occur.

3) Severely-burned soil: Physical and biological changes to soil resulting from high intensity burns of long duration are detrimental.  

Assessment of severely burned soil standard: Severely burned soils are to be considered along with the additional impacts of forest harvest in terms of identifying when the 15% standard for soil detrimental impact is exceeded.  Although it is not spelled out in the soil quality standards, it appears that this impact along with the impacts of fire suppression activities is all factored into the net accumulation of soil detrimental impacts.  Here loss of surface organic matter could clearly constitute a soil disturbance in excess of 15% of the total activity unit.

4) Soil Erosion. Rills, gullies, pedestals, and soil deposition are all indicators of detrimental surface erosion.  Minimum amounts of ground cover necessary to keep soil loss to within tolerable limits (less than 1 – 2 t/a/yr) should be established locally depending on site characteristics

Assessment of erosion displacement standard: This is the section in which soil displacement measurement is to be defined, however, that is left to the monitoring section.  Visual estimates of displacement are to be used, however, it is clear that such measurements are subjective and unreliable and will likely underestimate this form of disturbance (see Geist et al., 1989).

5) Soil Mass Movement. Any soil mass movement caused by management activities is detrimental.

Assessment of mass movement standard: Measurement and identification of mass movement is not defined, but should be obvious to the forest management professional.

6) Soil organic matter guidelines: The loss of surface organic matter can cause nutrient and carbon cycle deficits and negatively affect physical and biological soil conditions.  Objectives for fine organic matter layer thickness and distribution should be determined locally based on similar soils or ecological types.  Benefits of course woody materials are to be integrated with wildlife, fire and other resources based on local objectives.

Assessment of organic matter loss standard: Locally determined objectives and reliance on similar soils or ecological types for surface organic matter thickness leaves more questions than answers.  This is clearly not a defensible standard and it is not clear how one would determine a detrimental impact given these vague guidelines.  There is also no discussion of mineral soil organic matter.  Mineral soil organic matter enhances aggregation, reduces bulk density, increases water holding capacity, increases cation exchange capacity, and increases nutrient capital.  The forest mineral soil actually contains significantly more total organic C than the forest floor of soils of Western Montana (e.g. Page-Dumroese et al., 2000).  Organic matter is clearly lost from forest floor and often from the mineral soil following wildfire or prescribed fire (Neary et al., 1999).  Organic matter is also lost from sites when net mineralization is stimulated by higher temperatures caused by opening of the canopy (Fisher and Binkley, 2000) and removal of understory (Busse et al., 1994).  

7) Monitoring methods. Visual methods are generally used to make initial evaluations of the effects of management activities on soils.  In most cases qualitative estimates of detrimental impact will be considered sufficient.

Assessment of monitoring approach: The monitoring of soil quality standards is poorly defined and qualitative measures of detrimental disturbance are generally considered to be sufficient.  Visual assessments of these standards are accepted except in the cases of defining benchmark sites or in calibrating of visual methods.  It is not clear how one could defend such qualitative and visual estimates when a standard of not more than 15% disturbance is the cut off.  Although I would guess that most all USFS employees would attempt to give a truly unbiased assessment of impact, it is possible that one could underestimate values simply to keep an activity area from exceeding a 15% detrimental soil impact rating.  It would be extremely difficult to prove that such estimates were too high or too low as the degree of disturbance is simply too subjective.  Measurements that are quantitative (e.g. bulk density or amount of exposed soil) thus create the only defensible standards.  

Operational precepts in a memo from Dale Bosworth (June 2000) clarifying soil quality standards. 

1) Heavy ground pressure equipment will create detrimental compaction if the travel over the same piece of ground 3 or more times

Assessment: Adams (1981) and later Brais and Camire (1997) demonstrated that compaction follows an exponential increase with number of passes.  Considering more recent harvest practices, Williamson and Neilsen (2000) assessed change in soil bulk density with number of passes and found 62% of the compaction to the surface 10cm to come with the first pass of a logging machine.  In fine textured soils Brais and Camire (1997) demonstrated that the first pass creates 80 percent of the total disturbance to the site.  Therefore it is not clear why 3 passes is considered to create detrimental disturbance by Bosworth (2000), when a single pass by such equipment would likely cause detrimental disturbance.  

2) Low ground pressure equipment with a ground pressure rating of 8 psi or les will not create detrimental compaction if their operations are dispersed across the activity area.

Assessment: Although it is true that detrimental impacts will be less with low-pressure equipment, detrimental impacts can still occur, and suggesting otherwise is misleading to those measuring impacts.  Sidle and Drlica (1981) found that bulk density increased 25 – 45% by multiple turns with low-pressure equipment.  This amendment would clearly convey the message that any units to be harvested with low-pressure equipment will not create soil disturbance, therefore all assessments involving low-pressure equipment have no estimate or an underestimate of potential soil disturbance.

3) Main skid roads used by dozers and rubber tired skidders … create detrimental soil compaction and displacement.

Assessment:  This amendment is again misleading in that it suggests that only main skid trails and this type of equipment can cause significant impact to soils.

4) Disturbance of soil and duff by dispersed mechanical harvester tracks generally does not cause detrimental soil impacts.

Assessment: It is not clear how this designation was made.  Clearly soil dispersed by harvester tracks would be more susceptible to erosion and would be an ideal place to monitor for an increase in bulk density.

5) Main skid roads should be spaced 75 – 100 feet apart except where converging at junctions or landings.  This spacing is equivalent to a 15% spatial effect per acre.

Assessment: This would indicate to me that all activity areas with such spacing of skid trails would have detrimental impacts of greater than 15% as most all skid trails would cause detrimental soil compaction and other site activities would cause additional site degradation such as erosion, displacement, loss of organic matter.

6) The number of landings located off main haul roads should be limited to one landing per 30 acres of harvest area.

7) Pre-existing landings and skid roads should be reused for re-entry to previously harvested timber stands if these skid roads and landings are located in acceptable locations.

Review of the Pink Stone Environmental Impact Statement

The reference soil conditions are acknowledged as being developed under a regime of frequent fires that would have been relatively low intensity, but with occasional high intensity fires.  These high intensity fires were considered to have caused more severe soil impacts such as hydrophobic soils and ultimately soil erosion.  Interestingly the PSEIS suggests that all past management activities resulted in a cumulative impact of less than 15% detrimental disturbance of the National forest system lands in the Pinkstone Decision Area. All units were described as having less than 14.5 % cumulative disturbance as skid trails and fuel breaks within these units received some type of “restorative” practice (e.g. tillage operations) and the disturbance associated with these practices are not considered in the calculation of percent land disturbance.  It is not clear how these alterations would influence productivity of soils.  It is likely that the restorative effort would improve infiltration and reduce soil bulk density, but tillage operations generally initially increase amount of exposed soil and simulate loss of nutrients (Fisher and Binkley, 2000).  Additionally, it is clear that any restoration efforts will not truly restore the soil to its native state, but may alleviate some of the management-induced impacts.  It is likely not appropriate to grant these “restored” units of land a cumulative impact of zero.  

Alternatives 2, 3 and 7 propose timber harvest; therefore units that had previous harvesting activity would have cumulative impacts associated with the proposed alternatives.  It is indicated that current ground based logging methods would cause less than 10% detrimental soil disturbance within these units. It is then suggested that cable and forwarder logging would cause even less disturbance than the ground based harvest.  We are led to believe that these would cause only 0 – 9 % disturbance of the soil resource. This type of broad generalization regarding disturbance appears to be based only on a net increase in soil compaction associated with these harvest systems and not on factors such as long term organic matter loss.  How can it be determined that ground logging activities will cause only 10% detrimental disturbance across the board?  These impacts would be totally site and time dependent.  Soil moisture restrictions are presented in the PSEIS, but it is not clear what these restrictions are based on and how they will be enforced.  I am certain that contractors will not be testing for 18% soil moisture conditions prior to work every morning.  Long-term impacts including loss of soil organic matter with time as a result of higher forest floor temperatures are not considered.   Based on the Bosworth (2000) letter, it is likely that the impact of low-pressure equipment and cable logging is not even factored into a net impact equation.  However, the work of Sidle and Drlica (1981) demonstrate that 15% of the total area is disturbed by skid trails and landings using low pressure equipment with 75% of this area being exposed to intermediate to severe compaction.  Bulk density increases averaged of 25% for downhill yarding and 42% for uphill yarding.  

Table 13 of the PSEIS provides the existing and cumulative impacts to the soil resource are summarized.  I am amazed to find that in no single unit was there any historic disturbance of over 8.5% and there is no cumulative impact of greater than 14.5%.  Is this just an amazing coincidence, has historic forest management been performed with such care as to not disturb the soil to any degree of more than 8.5%, or is the monitoring of historic impacts flawed?  Based on the soil quality standards that have been adopted, it is highly unlikely that historic forest management caused such limited damage.  This is especially disturbing because we are well aware that historic practices were much more damaging than current and soil compaction may last for 40 or more years. 

These numbers presented in Table 13 are also fairly precise, down to one decimal place, given the gross techniques used for the measurement of impact.  It is not clear how these values were established.  In reviewing soil disturbance values collected by Kuenen (1997), soil compaction was evaluated as “undisturbed,” “light compaction” and “heavy compaction” with only heavy compaction being considered as soil disturbance.  This form of ordinal data cannot be subject to statistical analysis, and is qualitative in nature.  Regardless it seems that some sort of clear guideline be given for these levels of compaction such as those given in Sidle and Drlica (1981).  These are based on a regression analysis of compaction and reduction in seedling growth and provide 3 categories of compaction with quantitative groupings of bulk density data.  It is possible that the apparently vague rating system used in monitoring, that numerous samples that would have constituted a >15% increase in soil bulk density would be inadvertently placed in the <15% soil disturbance category resulting in no net soil impact in excess of 15%.  This type of “rounding down” error would likely lead to no cumulative detrimental soil impact when it does actually exist.  Underestimation of this type of impact might be alluded to by Cullen et al. (1991) who described moderate and severe degrees of traffic as both resulting in significant increases in soil bulk density (both well in excess of a 15% increase in bulk density) in two of three soil types tested.   I recognize the need for a system that allows for timely estimate of soil bulk density, but it does not seem likely that use of such a coarse system can allow for assessment of soil impacts with such precision as described above.  Clearly the soil disturbance calculations are different for each unit and less management or use of low pressure equipment or cable logging is proposed for units that had heavy historic land use.   However, since a tractor will be used on 77% of the total land area to be harvested, it is unlikely that no activity units will have soil net bulk density increases in excess of 15%.

It is well understood that memory effects of soil compaction may last over 40 years (Froelich et al., 1985). Therefore it is difficult to understand how soils that were significantly impacted in the early 1990s or late 1980s have apparently recovered to the point that no one site has historic impacts in excess of 8.5%.  Additionally, soil impact at depth is apparently not monitored.  As described above, surface activities of animals and physical processes (freeze-thaw and wet and dry cycles) may loosen surface soils, but compaction at depth may last for much longer periods of time.  Consideration of the impacts at depth may alter the assessment of no impact over 15% on any of the units.

It is not clear why frozen soil harvest is not recommended on more units than 8 and 15.  Moist soil conditions could be present on many sites in any given year, perhaps it would have been more appropriate to suggest that winter harvest on frozen soils would be conducted on years when soil moisture exceeded some percentage of total soil water holding capacity.  The benefits of frozen soil harvest can be easily documented (Stone and Elioff, 1998).  However, here again, some safeguards for contractors would have to be put in place.  Equipment is allowed to operate on at least 24” of snow at any moisture level and regardless of soil temperature.  The 24” rule makes sense from a buoyancy perspective, however, if harvest is initiated on 24” of fresh snow, if soils are not frozen under the snow, it is likely that it will settle and melt down to significantly less than 24” within a few days.  We conducted a study with the USFS in 1998 in which an operator considered 18” of fresh snow in mid November to be sufficient to consider it a winter harvest.  The result was a significant increase in soil bulk density compared to a unit harvested in the fall under relatively low soil moisture conditions.

It is appropriate to restrict harvest under moist soil conditions, however, it is not clear how the 18%, 24% or 30% moisture values cited in the harvest design features section of Appendix 1 (Draft PSEIS) were established.  Since there is no citation associated with the establishment of the 18% threshold, it is difficult to determine whether it will be effective as harvest guideline. The influence of moisture on soil strength must be considered on a moisture potential scale not moisture content.  If this moisture content threshold is based on average soil moisture release curves generated for soils of the KNF, then they should be documented.  The potential for increased soil compaction with harvest under increased moisture conditions is well documented (e.g. Binkley and Fisher, 2000), but the moisture threshold would vary with soil type.  A value of 18% moisture would potentially be near saturation in a sandy loam, but be well below permanent wilt point and in a relatively high strength moisture condition for clay.  How would soil moisture be monitored on site and who will enforce abandonment of activities in the presence of moisture conditions in excess of 18%.  

Additionally, coarse fragment content and soil organic matter content (Williams and Neilson, 2000) plays a major role in determining the susceptibility of a soil to compaction.  Perhaps guidelines should also be prepared for soils that are more or less susceptible to compaction given their coarse fragment and organic matter status.

There is no evidence provided for why increased grazing within these units would cause only 1% added detrimental soil impact.  In the comments section, it is indicated that cattle will not occupy the open unit, which has been exposed to fire, and harvest and it is suggested that the value of 1% was based on expert opinion.  As long as anecdotal evidence is being accepted in such a document, it is clear from my experience with prescribed fire sites that cattle do indeed occupy units that have been exposed to fire and selection harvest.  Evidently they were attracted to our research units as a result of the increased density of forbs and graminoids compared with the ericaceous and woody understory of the unburned controls.  Cattle produce a surface pressure of greater than 20 psi, which is similar in magnitude to a rubber tire skidder.  If cattle are introduced into units with young lush vegetation, it is likely that cattle will cause some degree of increase in soil compaction.  Additionally, cattle grazing has been demonstrated to cause significant increases in soil strength and an average increase in soil bulk density of 6% in forest plantations of British Columbia (Krzic et al., 1999).  Although the authors do not suggest that this will have a detrimental impact on productivity, it should be added into the cumulative impact to the soil resource.

Road construction is clearly the single greatest impact of forest management on the soil resource, however, this is not considered as part of the activity area within the soil quality standards, and therefore is not calculated into the 15% soil disturbance value.  This is an odd oversight, but may have been intentional in terms of unavoidable detrimental and irreversible impact of logging roads on soil compaction and erosion.

The loss of soil organic matter standard is not really considered with any depth in the PSEIS.  Fires would have consumed a significant quantity of the forest litter and forest floor thereby already reducing this reservoir of nutrients and water holding capacity (Neary et al., 1999). Opening of the canopy with harvest operations would increase the soil surface temperatures thereby increasing the rate of decomposition of the forest floor and mineral soil organic matter (Binkley and Fisher, 2000).  This impact would be most severe in seed tree, shelterwood, and clear cut harvest units.  Given that Alternative 2 has a proposed 1,100 acres of clear-cut, and 1,400 acres of shelterwood harvest, this type of impact needs to be given more significant consideration.   Jackpot burning of slash indicates that nutrient capital remaining in slash will not be returned to the units and will further the impact of the harvests.  

Conclusions

It is difficult to assess how impacts will be determined and monitored given the lack of documentation of how soil quality standards would be identified and enforced.  Many of these soil quality indicators would be identified in a highly subjective and qualitative manner.  I personally believe that most government employees would make their best possible assessment of these standards in order to protect the soil resource, but I also believe that the standards were designed in such a manner as to not allow for adequate protection of this resource.  Effective assessment of the cumulative impacts of loss of soil organic matter, compaction due to harvest, compaction due to grazing, and displacement of soil would likely lead to detection of over 15% detrimental impact on units that otherwise would have been classified as well below this standard.  The sustainability of the forest ecosystem and sustained productivity of our forest resources are absolutely dependent upon the protection of the soil resource. The process of putting soil quality standards in place was an excellent first step, now they need to be made more quantitative, scientifically based, normalized to site characteristics, standardized for users, and enforceable. 
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