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5      AN ADAPTIVE MANAGEMENT APPROACH TO SOIL CONSERVATION

Adaptive management is a science-based management approach that enables a critical review of how well our actions achieve their objectives and, based on results of monitoring and evaluation efforts, suggest what steps are necessary to increase the chances for success.  Forest soil conservation should be based on an adaptive management process that guides where, how, and when forest practices are implemented.  Core components of this process include: reliable monitoring protocols for measuring and comparably describing soil disturbance, effective methods to predict the vulnerability of specific soils to disturbance and related mitigative measures, and quantitative research to build a database that documents the practical consequences of soil disturbance for tree growth and soil functions.
5.1  Sustainable forest management includes soil conservation
5.2  Criteria and Indicators
5.3  Common approach to monitoring

5.3.1  Implementation monitoring

5.3.2  Effectiveness monitoring

5.3.3  Validation monitoring

5.4  Common language facilitates adaptive management process

        5.4.1  Soil disturbance measures – proxies for reporting

        5.4.2  Cumulative limits for soil disturbance

5.5  BC’s Soil Disturbance Framework

5.5.1  Defining soil disturbance

The true, technical definition of soil disturbance is any disturbance that changes the physical, chemical, or biological properties of the soil (Lewis et al. 1991). Disturbance can either be positive, neutral, or negative depending on management objectives.

For the purposes of this handbook soil disturbance must be defined in more practical, measurable terms.  Providing common definitions for soil disturbance types facilitates information sharing, monitoring and compliance and learnings for improved soil conservation. 

Three general categories of site disturbance are recognized and discussed below, permanent access structures, temporary access structures, and soil disturbance within the harvested area.

5.5.2 Permanent Access Structures
Permanent access structures include on-block roads and landings that are reasonably required for timber harvesting and other forest management activities.  Specifically, a permanent access structure is one that:

· At the time of its construction is reasonably expected to provide access for timber harvesting and other activities that are not wholly contained in the cutblock, or

· Is constructed on or through, or contains materials that are not suitable for establishing a commercial crop of trees, and is also not an excavated or bladed trail.

Since permanent access structures will be netted out of the productive land base, the proportion of these proposed structures should be kept to the minimum level that is necessary to safely and efficiently provide access for harvesting operations. It stands unless another one has been approved, or unless there is no other practicable option due to: size; topography and engineering constraints; the safety of road users; the requirement in selection harvesting systems for excavated or bladed trails; or a requirement to provide access beyond the cutblock.

In areas with existing road networks, the determination of how much additional access may be required should reflect a commitment to minimizing the loss of growing site.

It should be recognized that safe road design may require the concentration of roads in some areas.  Wherever possible, therefore, such concentration should be offset by reducing permanent access construction in other areas so that, over the larger area, soil conservation objectives are still met.

5.5.2.1 Estimating the area occupied by permanent access structures
When estimating the area that will be occupied by permanent access structures, the width of the structures to be used will depend on what portion of the fill slope will be available for growing a future crop of commercial trees.  Widths are measured as horizontal distances taken from the top of the cut slope to the toe of the fill slope.  The fill slope can be included as part of a permanent access structure if the fill slope:

a) is a growing medium unfavourable for any of the tree species ecologically acceptable for the site; or 

b) will be kept free of trees to provide adequate visibility for safety purposes, or to facilitate snow removal operations on roads that will be used during winter.  Where the fill slope will be reforested, include only the width from the top of the cut slope to the outer edge of the running surface of the road.

Figure 5.  Note it would be useful to provide a picture of a road profile here depicting road width, cut slope, fill slope similar to those found in the Forest Road Engineering Guidebook.
For roads located on gentle terrain, the area occupied by the road includes the entire width to the outside edge of the ditches on either side of the road.

Fill slope soil material that is an unfavourable growing medium should not be included in the estimate of the area occupied by permanent access structures, if during deactivation it will be pulled back onto the excavated part of the road.

Where a cutblock will be located adjacent to an existing road but will not include the road, and the road provides some or all of the access requirements, the proportion of the cutblock area that may be occupied by permanent access structures should account for this existing access.  That is, the limit should account only for the structures that will have to be constructed within the cutblock, not existing access located outside of the cutblock boundary.  For example, if a cutblock boundary is located directly adjacent to, but outside of, an existing main haul road, and this provides all of the access necessary to harvest the cutblock, the maximum proportion specified in the prescription should be 0%.  

Where a new cutblock contains an existing road, the estimate of the proportion of the area occupied by permanent access structures must include the area of the existing road plus any additional permanent access structures proposed for the cutblock.  If the existing road is a main haul road, the total area occupied by permanent access structures will likely be much higher than if all the on-block roads had been narrow spur roads only.

Note that for roadside harvesting operations the portion of roadside work areas located outside of the road prism should not be included in the estimate of the area occupied by permanent access structures.  They are part of the productive landbase (see the section on “Roadside work areas”).

5.5.2.2 Fill slope soil material

When estimating permanent access structure occupancy the fill slope growing medium can be evaluated to determine whether or not the fill slope should be included in the road width estimate.   If fill slopes are to be part of the productive landbase, it should be reasonable to expect that seedlings will grow on these areas at a comparable rate to seedlings growing on adjacent undisturbed areas.

Unfavourable growing media

Unfavourable fill slope soils can present physical, chemical, and/or nutrient limitations to seedling growth.  The following types of fill slope materials commonly do not support seedling growth comparable to that of seedlings on undisturbed areas, and can reasonably be considered as unfavourable growing media:

· broken rock, rubbly talus, or rubbly colluvial deposits greater than 20 cm deep;

· unfavourable subsoil materials greater than 20 cm deep, such as dense, unstructured materials, calcareous or saline soils, and sands and loamy sands on some Interior sites in very dry biogeoclimatic zones;

· soil material that has been subjected to intense heat during the burning of roadside accumulations of woody debris (these soils often take on a red colour and lose their original structure);

· fill slopes with a greater than 70% slope gradient, or with other evidence of instability, where chronic soil erosion, dry raveling, or slumping is likely, making it difficult for seedlings to regenerate adequately.

It is best to include fill slopes comprising any of these materials in the estimate of the total proportion of the area occupied by permanent access structures, unless local experience confirms that these sidecast materials will support adequate seedling growth.

For further information on classifying favourable or unfavourable soil materials, refer to section 4.1.6, or consult with one of the Ministry of Forests and Range regional soil specialists.

5.5.3   Temporary Access Structures

Those on-block access structures that do not satisfy the criteria for being classified as permanent access structures, and are neither a pit nor a quarry, are considered to be temporary access structures.  They are only required only for a limited period during a specific forest management phase. 

It is best to propose minimal construction of temporary access structures only when rehabilitation has been deemed feasible to prevent soil erosion, avoid changes in drainage patterns, and restore soil productivity.

For areas where ground-based harvesting is being proposed, the sensitivity of the soil to disturbance can be assessed using the hazard keys for evaluating site sensitivity to soil disturbance.  Based on these assessments, a determination can be made as to whether site conditions will be suitable for conducting effective soil rehabilitation treatments.  Building temporary access structures in a manner designed to facilitate subsequent rehabilitation will increase the likelihood of the soil being restored to an acceptable level of productivity.   

Examples of construction techniques that can facilitate rehabilitation of temporary structures (other guidance respecting treatments is presented in the Soil Rehabilitation Guidance document), include:

· Where feasible, restrict the excavation depth to ensure that sidecast soil material in fill slopes is primarily productive topsoil, and to minimize effects on slope hydrology.

· Rolling grades or outsloped sections can be constructed to reduce the distance that surface water can flow down the running surface of the trail.

· Where it is necessary to remove topsoil from the surface of a temporary landing or road, stockpile the topsoil so that it can be re-spread over the disturbed area, helping to restore soil productivity.

· Place woody debris against downhill stumps immediately adjacent to the structure, in a cross-slope position.  This prevents excavated topsoil material from raveling down steep slopes, and makes it easier to retrieve for re-contouring or re-spreading during rehabilitation.

· Undertake drainage control measures to prevent soil erosion during and after construction, and until rehabilitation has been completed.

· Construct excavated or bladed trails with an excavator so that excavated soil material can be placed in a position where it can be retrieved for re-contouring the slope.

For many of the treatments noted above, a small excavator will generally be more successfully than a crawler tractor.  When crawler tractors are used it can be useful to focus on supervision and inspection of the construction and subsequent rehabilitation. This will be particularly critical on sites with unfavourable subsoils.

Use of temporary roads and landings can provide efficiencies during harvest by reducing skidding distances and reducing the amount of adverse (uphill) skidding required. It can be useful to determine the amount and types of proposed temporary access structures relative to safety and efficiency considerations.  

5.5.3.1  Excavated or bladed trails

An excavated or bladed trail is a constructed trail that has an excavated or bladed width greater than 1.5 m, and a cutbank height greater than 30 cm in mineral soil.  In general, the depth of cut into the mineral soil for these trails should typically not exceed 1 m (although there may be situations- for example, in hummocky terrain – where a short section of trail may have a greater depth of cut).

Where an unfavourable growing medium occurs less than 70 cm below the soil surface, the maximum depth of cut into the mineral soil should result in no more than 30% of the excavated material consisting of unfavourable subsoil.  This will ensure that the retrievable fill slope soil material consists mainly of productive topsoil.

5.5.3.2  Permanent vs. temporary: classifying access structures

The determination of whether an access structure should be classed as permanent or temporary is often contingent on: a) whether the structure is suitable for rehabilitation treatments, given the type of material through or with which it is constructed, and b) the period of time for which the structure will be required for forest management activities following harvest. 

The suitability of component materials for rehabilitation depends on such factors as: use of ballast, depth of excavation into unfavourable subsoil, soil texture, opportunities for stockpiling and retrieving topsoil, and amount of coarse fragments in the soil.  For example, on many coastal sites where rock work or ballasting is commonplace during road and landing construction, the large component of rock in the road or the depth of subgrade ballast used may make it unsuitable for rehabilitation.  In the northeast of the province, the rehabilitation of roads constructed on very fine-textured soils may not be practical, given the high costs of treatments that would be necessary to restore soil productivity.

If a road is not required for too long a period following harvesting, such that a crop of merchantable trees could be established on it by the time the adjacent cutblock area is ready for the next harvest, the road is likely a good candidate for rehabilitation.

For example, consider a spur road that is likely to be used to provide access for silviculture treatments for a 10-year period following harvesting.  If the next harvest were to occur when the trees on the cutblock were 120 years old, the trees planted on the area of the rehabilitated road would be 110 years old.  It is reasonable to assume that the trees on the former road would be of merchantable size, and therefore could be harvested concurrently with the rest of the cutblock.  In this case, the road would be proposed as a temporary access structure.  Of course, to avoid a delay in regenerating the area occupied by the temporary road, it may be more beneficial to rehabilitate the road sooner, enabling it to be planted concurrently with the rest of the cutblock.  Access to carry out the silviculture measures could be gained through an alternative means, if necessary (e.g., by a permanent road running through or adjacent to the cutblock, or through use of all terrain vehicles).

The on-block portions of main haul roads and branch roads (i.e., roads that pass through a cutblock to access other existing or planned cutblocks, or other forest management sites such as stand management areas or recreation sites) are best identified as permanent access roads.

On-block spur roads (i.e., those that end within a cutblock) should be considered as temporary access structures, unless:

· the materials used in the road construction make it unsuitable for rehabilitation, or

· future road use will preclude the establishment of a commercial crop of trees within the next rotation.  This could occur for any of the following reasons:

· there are future plans or reasonable expectations that extending the spur road will be necessary to access adjacent areas for harvesting or stand management treatments;

· the road will be required to facilitate a multiple-entry partial cutting silviculture system within the cutblock;

· it is reasonable to conclude that the spur road will be required after harvesting to allow forest management treatments on the cutblock for a long enough period such that a commercial crop of trees will not have sufficient time to become established (i.e., on the road area by the time of the next harvest).  For this to apply it is best to demonstrate that the spur road is actually necessary for access.  In many situations road access to the cutblock boundary or by a mainline or branch road that passes through the cutblock is sufficient for allowing most post-harvesting forest management activities (an exception may be on very large cutblocks). 

Most gravel pits and borrow pits are likely to be permanent due to the inherent difficulty in restoring site productivity on these excavated structures.

Excavated or bladed trails will most often be temporary access structures, unless they are required to be retained as permanent logging trails (e.g., to facilitate multiple entries in partial cutting operations).  Non-excavated logging trails may be identified as a temporary access structure most often where use of these trails could result in maximum soil disturbance limits being exceeded prior to their planned rehabilitation. If construction of a proposed backspar trail is likely to result in soil disturbance that satisfies the definition for an excavated or bladed trail, the backspar trail can best be considered as a temporary access structure.  
5.5.4  Soil Disturbance within the harvested area (cutblock)

An objective of minimizing the amount of soil disturbance is to ensure site productivity is maintained and impacts to other resource values are prevented or mitigated.  Harvesting and silviculture activities are best carried out such that the total amount of soil disturbance at any time during operations does not exceed the amount required to satisfy safety, environmental, operational, and economical constraints. 

Corduroyed trails are a type of temporary access structure.  They are constructed using logs and woody debris placed side by side to form a running surface at least 2 m in length capable of supporting machine traffic. Compacted areas are areas of compacted soil caused by harvesting/silviculture activities and comprise a minimum of 1 hectare in size. Gouges are subdivided into deep gouges, wide gouges, and long gouges.  Ruts are caused by machine traffic on soils with limited load-bearing strength.  Ruts are categorized in relation to the compaction hazard of the soil and the depth of the rut. Scalps are divided into wide scalps and very wide scalps.  These terms are defined largely by minimum size criteria and are illustrated in Appendix B.  Some of these categories, such as wide scalps, count as soil disturbance only on more sensitive sites (e.g., wide scalps are tallied only if they occur on sites with ‘very high’ hazard ratings). The Soil Conservation Survey Guidance document can be referred to for more detailed descriptions.
Since temporary access structures are considered part of the productive landbase, the area they occupy should count as soil disturbance.  Before standards units are delineated, site and soil data should be collected to characterize variability in site sensitivity.  The subsequent evaluation of mineral soil sensitivity involves working through hazard assessment keys for soil compaction and puddling, soil displacement, and soil erosion.  While it is best to consider each of these three soil disturbance hazards, the most restricting soil disturbance hazard identified within the area to be harvested should be the primary one considered when determining the limit to be disturbed.
In the Interior sensitive soils include any areas with a Very High hazard rating for soil compaction, soil displacement, or surface soil erosion. On the Coast sensitive soils include any areas with High and Very High hazard rating for soil compaction, soil displacement or surface soil erosion.  These hazards are discussed later in section 4.3.

Where soil sensitivity to disturbance varies significantly, it is best to stratify the cutblock into homogeneous standards units with separate limits established for each. Where the assessed soil sensitivity to disturbance varies significantly within any portion of the cutblock and it is not possible to establish separate homogeneous strata, the most restrictive hazard should be used to determine the sensitivity for that area.  This conservative approach will minimize the risk of harvest operations or silvicultural treatments that cause excessive or concentrated soil disturbance in the sensitive areas.

Use of temporary roads and landings can, in some cases provide efficiencies during harvest, mostly by reducing skid distances and reducing the amount of adverse skidding required. It is best to rehabilitate temporary access structures because they are not intended to be re-used before the next harvest, and can therefore grow a crop of trees. 

On sites where rehabilitation treatments have a good probability of being successful (i.e., site productivity commensurate with pre-harvest conditions) it may be appropriate to  construct extra temporary access structures.  Note however that since rehabilitation measures may not always be 100% successful it is generally recommended that the amount of additional disturbance be minimized.

5.5.4.1  Roadside work areas

Roadside work areas are located adjacent to haul roads and are used during roadside harvesting operations for such activities as decking, processing, loading, debris piling and debris disposal. Roadside work areas can be subject to concentrated and high levels of soil disturbance compared to other areas within the cutblock.  The width of a road side work area will vary depending on a number of factors, including: length of trees or logs forwarded to the roadside; whether processing, loading, or debris disposal is carried out by equipment operating from the roadway, or whether the equipment performing these tasks operates adjacent to the road within the cutblock. In practice it has been found that twice the length of the average height of the co-dominant tree on the site, times the length of the road is often the amount of work area sufficient to carry out the operation.  Whenever possible, it is advisable to reduce this width. 

To minimize the area occupied by roadside work areas and to reduce soil disturbance levels, the  roadway can be used as much as possible to carry out harvesting activities (e.g. by keeping the loader and excavator on the road while logs are being loaded and debris is being piled).  This practice is particularly important when operating on small or narrow cutblocks where roadside work areas may otherwise occupy a disproportionately large amount of the cutblock.

The roadside work area should be considered as a separate standards unit from adjacent areas in the cutblock, since higher levels of soil disturbance are likely to occur within roadside work areas.

It is best not to operate ground-based equipment on roadside work areas for debris piling during periods when there is insufficient soil strength.  This could result in excessive soil disturbance.

5.5.4.2  Forest Practices that may warrant higher than normal levels of soil disturbance
Within block soil disturbance may need to be higher than normally required if:

· the disturbance is unavoidable in the process of achieving other significant management objectives; and

· the proposed activities (responsible for the greater soil disturbance) will not cause or increase the risk of damage to other resources.

Following are six examples of forest practices that may be required to achieve free-growing stocking on some sites.  These practices would likely result in higher than normally acceptable soil disturbance.

· Salvaging wind thrown timber may result in high amounts of soil disturbance. Where feasible, it is best that rehabilitation measures be implemented to reduce the total soil disturbance.  It is recommended that soil disturbance caused by a wind throw event not be included in the assessment of total disturbance.  The objective is to minimize subsequent harvesting-related soil disturbance.

· Push-over harvesting or post-harvest stump excavations may be required to control the spread of root diseases.  Where these treatments are anticipated to cause excessive soil disturbance, rehabilitation and/or measures to mitigate this disturbance can be implemented to reduce soil disturbance.

· Producing very large mounds to create elevated planting sites has been successfully used to reforest wet sites on the Queen Charlotte Islands.  

· For vegetation control to be achieved in salal-dominated ecosystems, or on areas where thick forest floor development impedes seedling establishment and growth in wetter coastal biogeoclimatic units, higher levels of soil disturbance may be necessary.  In such cases, forest floor removal may be required over large areas.

· Site preparation treatments on backlog reforestation areas often include some extensive scalping of the soil to control competing vegetation that may prevent the regeneration of conifer crops.  Where these sites have deep, fertile soils, localized scalping may be acceptable.

· Site preparation treatments for establishing broadleaf species such as hybrid poplars may involve extensive scalping to control weed growth, and stump removal and other clearing operations to facilitate cultivation.
5.5.5  In block soil disturbance measures
5.3  Planning        (Text remaining from original LMH)
Kockx and Krag (1993) recommended that the process of designating trails should involve the harvesting contractor, especially on difficult sites where compromises between harvesting productivity and soil disturbance are required. Prework with the crews should specify:

- degree of latitude the contractor has to build extra skid roads

- opportunities and constraints for travelling off trails

- widening or repairing trails for safety

- what to do if unforeseen problems arise.

5.4  Monitoring

5.4.1 Guiding principles behind “quick surveys”

          Personal or supervisory monitoring

5.4.2    Reconnaisance (VIEW) walkthrough approaches
5.4.3 Compliance monitoring

5.5  Research

5.5.1  Areas requiring further innovation and study (research and operational trials)

A number of key areas still require further study to support the science behind the Forest Practices Code, or evolution thereof.  A number of these issues are being studied on our major installations where we are studying light compaction (the USFS designed, cooperative “Long-term Soil Productivity Study” sites; one is in the Invermere Enhanced Forest Management Pilot Project area).  Below is a partial list of some of the areas requiring and/or receiving further study, under various site conditions:

Compaction: level of traffic and how wet is too wet in terms of detrimental compaction when using lower ground pressure equipment (e.g. wider tires); definition of detrimental compaction on our soils (long-term tree growth studies needed).

Displacement of fertile topsoil and forest floor away from seedling microsites; implications of whole tree harvesting; coarse woody debris requirements for long-term productivity.

Implications of various disturbance types for slope hydrology (difficult to study).

Rehabilitation: how much topsoil is enough topsoil?, under what site conditions is simple ripping adequate?, rehabilitation techniques and feasibility for clayey soils, landing rehabilitation techniques; economics of rehabilitation.

Tradeoff between using Erosion versus Mass Wasting interpretations in determining guideline soil disturbance levels and suitability of excavated and bladed trails (the author prefers the Mass Wasting hazard).

Root rot treatment options and implications for soil properties and long-term productivity.

Implications of soil disturbance types under partial cutting re-entries.

Properties and behavior of calcareous soils and implications for forest management.

Where is it feasible to use hoe-chucking or feller bunching on cable ground?

Other harvesting issues will be addressed as identified by industry and district staff.

Any one interested in helping investigate these issues on BC soils is encouraged to contact the author or other soil scientists at the BCMOF; we can help in identifying potential industrial collaborators, etc.

From a global sustainability context, Vance (2000) indicated soil productivity principles from agricultural based research are highly relevant to sustainable forest management, particularly intensively managed forests. It has been well demonstrated in agricultural system that plant productivity alone can be a misleading indicator of sustainability (Burger 1996; Kneeshaw et al. 2000). Agricultural crop yields increases have occurred at the same time soil quality was decreasing. Yields were maintained and increased through improvements in areas such as pest management genetics.  Vance (2000) identified five sustainable site productivity principles based on agricultural research that are directly relevant to intensive forest management. They include:

· Soil organic matter is the link between most management systems and sustainable site productivity

· Nutrient deficiencies can be corrected

· Soil texture is a key variable affecting soil organic matter and site productivity

· Return of crop residues enhances soil organic matter and site productivity

· Productive cropping systems have environmental benefits (Vance 2000).

Just because the current rotation of trees are growing okay does not necessarily mean we are managing our soil in a sustainable fashion.  However, adherence to our guiding principles and continued monitoring of our research trials like the long-term soil productivity trials should help us demonstrate sustainable development on sandy and other soils.

5.5.2  Long term productivity

Compaction hazard based on texture, and measures like relative change in density are probably inadequate for investigating relationships with tree growth.  However, Skinner et al (citation) demonstrated a good relationship between clay content and soil aeration porosity, on both compacted and non-compacted soils. It seems clear that simple expressions of indices, like plasticity, perhaps combined with some measure of soil moisture during the growing season (e.g., Least Limiting Water Range (eg, Burger and Kelting 1998) need to be explored.

Tree growth results support the above observations.  For example, in a 15-year old stumping trial in southern B.C., Maynard and Wass (unpublished data) found that tree growth was significantly negatively affected on a soil with 12 % clay, as opposed to one with 4 % clay, where the opposite trend was apparent (Figures 1b and 1c).  Both these sites would be classified as gravelly sandy loam. Tree growth appears similarly unaffected by disturbance on the unreplicated Priest River LTSP site (Kranabetter et al. Cite this conference); the Priest River soil is also low in clay content in the surface horizons (Page-Dumroese, confirm with personal communication). Tree growth studies on landing rehabilitation (Bulmer and Curran 2000; Plotnikoff et al. 2000), and haul roads (Curran, unpublished data) are also consistent with these observations.  Table 1 demonstrates how the compaction at the clayier Gates Creek site is still apparent after 16 years; although some recovery is occurring, it is slow and the tracks would still be considered heavily compacted.  

Table 1. Bulk density (kg m-3) of 0-10 cm soil depth in 1981 and 1997

               among three treatments and two disturbances at Gates Creek. 

Treatment
Disturbance
Year

Prob>T






1981
1997



Non-stumped
Undisturbed
1231
1246
0.88




Track

1613
1405
0.001


Raked
             Rake

1469
1373
0.23




Track

1671
1469
0.03


Scalped 
Scalp

1119
1210
0.20




Track               1724    1420    0.000
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