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INTRODUCTION

British Columbia’s diverse geology, topography, biota and climate have given rise, with time, to a province blanketed with many soil landscapes.  These soil landscapes
 support a variety of terrestrial ecosystems, including the provinces’ commercial forests.  The forest industry, which operates largely
 on Crown land, has long been and, continues to be, the main economic engine
 for the province.  The long term viability of this forest industry is inextricably connected to the conservation and healthy maintenance of the soil environment.  
Soil conservation provides a critical foundation for sustainable forest management
. The foot print left by forest practices today will have consequences which can persist for many generations of flora, fauna and man (Kimmins et al. 2005).  This has been recognized by the provincial government of BC which establishes soil conservation as a priority when planning for, or conducting forestry operations throughout the province.  Since the 1970s, one of the objectives, in cooperation with the forest industry, has been to reduce the amount of soil disturbance by limiting the amount of permanent and temporary access structures on the landscape.  Controlling within block soil disturbance by matching harvesting systems to site attributes has been another crucial soil conservation objective.  It is this latter objective that is the focus of this Land Management Handbook.
Minimizing soil disturbance within the cutblock is important for ensuring the long term productivity and the hydrological functioning of soils.  However, it must also be recognized that purposeful soil disturbance is commonly prescribed to encourage natural regeneration or to facilitate artificial reforestation.  The practice of purposeful soil disturbance recognizes that some undisturbed sites constrain tree growth by the presence of one or more limiting factors.  
In BC growth-limiting factors
 for commercial tree species include: soil moisture (drought or excess); soil temperature; soil substrate (volume, chemistry, organic and mineral composition); climatic events (summer frost); competing vegetation (nutrients, light, press); and forest health factors (e.g., root rot). By understanding the growth limiting factors and the inherent soil sensitivity of a site, forest managers can apply the most appropriate harvesting or site preparation strategies
 to maintain or enhance site productivity without creating unnecessary or excessive impacts to the soil ecosystem. 
1.1 Climatic considerations

Soil conservation management is greatly influenced by climate.  Since climate varies both temporally and spatially it can be difficult to predict or manage for. However, climate, often expressed in terms of air temperatures and precipitation inputs, has been built into soil
 and ecosystem
 classification systems for BC.  Using information and interpretations provided within these classification systems can increase the probability for success when predicting forest management outcomes.  These interpretations are important but they can be modified by global changes in climate (e.g., “El Nino
 and La Nina”).
The macro-climates of BC are dominated by air masses originating from the Pacific Ocean (an immense reservoir of heat and moisture) and the Arctic.  Several mountain barriers aligned in a northwest to southeast direction intercept these air masses and determine the distribution and type of precipitation within BC (Valentine et al. 1981; Meidinger and Pojar 1991). Coastal BC receives high precipitation inputs predominantly comprised of rain, with little snowfall and many days of fog (Emilie et al. 2004).  Interior BC receives much less annual precipitation which is dominated by snowfall, rather than rainfall.  Transition areas can be described as rain on snow dominated climates. Macro-climates are also influenced by latitude and total amount of solar radiation.
These broad macro-climatic regimes have important implications for forest harvest planning in BC, often dictating the season(s) of operation.  Most harvest plans are based on the assumption that macro-climate will remain relatively stable throughout a forest rotation (up to 200 years).  However, predictions
 for an increased mean annual temperature of 1.5 - 4.5° Celsius by the end of the 21st century could see an overall increase in winter precipitation and possibly a decrease in summer precipitation.  These changes will have practical implications for forest activities and future forest productivity. The following examples of possible effects to BC harvest practices from future climate change were outlined in Spittlehouse and Stewart (2004).  Warmer winters will reduce the opportunities for winter logging in areas where the frozen surfaces of forest road and ice bridges are essential for site access, or where a protective snowpack is necessary (Pollard 1991; Donnelly 2001).  Harvesting restrictions could be imposed due to the increased risk of landslides under heavy rainfall. Water related infrastructure (culverts, bridges, wells) may be impacted by changes in the timing (earlier snow melt) of peak flow and water volumes (increased precipitation) in streams.    

Other predictions related to the interaction of climate change and BC commercial forestry include: reduced tree growth rates; increased risks from fire and pests; changes in wood quality and quantity; reduced regeneration success; and increased competition from exotic vegetation, insects and disease (Spittlehouse and Stewart 2004).  Spittlehouse and Stewart (2004) suggested that sustainable forest management will require an evaluation of how forest practices will respond to the future effects of climate change, and that anticipated global changes to climate should be factored into future long term planning
. 
Macro-climate is modified by slope, aspect and elevation (meso-climate).  These factors affect incoming solar radiation (i.e., south facing slopes vs. north facing slopes), and precipitation (i.e., snow accumulations deeper on leeward slopes). Meso-climate considerations will help to refine the timing (i.e., early or late season) and choice of harvesting system.  For example it may dictate the order of harvest within a drainage based on the need for frozen soil conditions.  Meso-climate is further modified by vegetation and soil type resulting in a micro-climate.  Detailed micro-climatic data
 is available for many biogeoclimatic zones in BC and can be useful when considering the consequences of soil disturbance from harvesting.

Climatic conditions at each successive scale influence the temperature and moisture attributes within soils, and, therefore directly influence the productivity
 and hydrological functioning of soils.  Forest practitioners have no control over macro-climate.  However, they have some control on the micro-climatic effects on soils by their choice of silvicultural system, harvesting systems and equipment, and the timing (seasonal to daily) of their activities. By using BC’s regional ecology guides
, this report and local experience, forest practitioners can make sound interpretations for planning and managing soil conservation with climate in mind.
1.2 Harvesting considerations -  altering soil ecosystems 
Commercial forests in BC are as varied as the soils on which they grow.  These forests range from low to high timber productivity depending on the interaction between biological, geological and hydrological (climatic) factors.  Although harvesting practices can do little to alter the long-evolved soil landscapes, they can affect geomorphic processes, site occupancy by flora and fauna (measured as site productivity) and the hydrologic cycle.  Timber removal which can modify water and nutrient cycling, and soil disturbance which can modify water pathways and plant succession, have the potential to significantly alter soil ecosystem functioning.

The magnitude of alterations from logging depends on many factors, which include but are not limited to: soil texture and depth; type, degree and amount of soil disturbance; and extent of canopy removal
 (Wass and Smith 1997).  For each of these factors there is infinite variability as well as interconnectedness. This complex interrelationship makes it difficult to study let alone predict outcomes from harvesting activities.  It is not surprising then, that research into management practices on soils is extremely complicated, often resulting in contradictory outcomes.  For example, despite many studies throughout BC, no consistent relationship has been established between tree growth effects relative to soil disturbance.  Some trends have been identified, particularly with soil compaction
, but no universal rules are applicable.  
Forest activities can have a considerable effect on the hydrological functioning of soils, both outside (off-site) and within (on-site) cutblocks.  Off-site effects include:  increased spring and total annual stream flow volumes; changes to timing and magnitude of stream flows; more rapid stream flow response to storms; mass wasting; and potential conversion of subsurface to surface water flow.  On-site effects which can alter hydrological regimes in soils include:  earlier snowmelt; modification of natural water flow pathways (i.e., roads, rutting, and compaction); changing water table; and less transpiration due to canopy removal (Winkler 2006).  The topic of forest hydrology is discussed in further detail in Chapter 3.
Tree productivity is directly affected by soil productivity which is inextricably linked to the movement and retention of water in the soil.  Changes to the water cycling in soils can have negative, neutral or positive consequences for site productivity.  For example, consider trying to establish seedlings in an exceptionally dry year on a drought prone site, downslope from a subsurface water flow that has been re-directed by a skid trail.  Planning for positive changes in site productivity through soil disturbance requires some understanding of forest hydrology, tree silvics, plant autecology, soil properties and site limiting factors.  This handbook can be used as a guide to identify soil properties and risks associated with post harvest mechanical treatments, however, the topic of site preparation for reforestation is not the focus of this handbook
.  

Soil ecosystems are complex and dynamic (change with time), exhibiting various degrees of resilience to man made impacts.  Determining that resilience by implementing the tools presented in this handbook will help reduce the occurrence of irreversible damage or detrimental soil disturbances.  A sustainable goal for forest practitioners with respect to soil conservation is to strive to keep impacts to a minimum or to mimic natural soil disturbance regimes. 
1.3   Brief history behind the BC forestry soil conservation ethic 
Forestry operations in British Columbia, both on the Coast and in the Interior have historically relied on ground-based harvesting systems to extract timber.  On the Coast until the early 1950’s, ground skidding with large tracked equipment (bulldozers) was common on all sites and under all weather conditions.  As operations moved onto steeper terrain, cable yarders came into use.  During the 1980’s, economic conditions and maturing second growth stands created renewed interest in ground-based operations (Senyk and Craigdallie 1997a).

Likewise, logging methods in the Interior have historically relied on tracked and wheeled equipment.  However, unlike the coastal trend to cable systems as slopes got steeper, interior operators chose larger ground-based equipment to help maintain machine stability (Senyk and Craigdallie 1997b).  The soil disturbances created by these widely used, ground-based practices created concerns about possible detrimental long-term effects.  In the Interior concerns were related to lost forest land productivity, on the Coast concerns were dominated by fish-forestry interactions.  

Interior synopsis

During the 1970’s to early 1980’s it was not uncommon to observe skid road soil disturbance levels over 20% by area, in the Interior (Krag et al. 1986).  With skid trail cuts of 0.5 to 1+ m depth, concerns about the effects of erosion, off site impacts, and site productivity lead to the development of soil disturbance and steep slope guidelines.  These guidelines were the topic of many workshops, committees, and draft policies. As these initiatives progressed, other soil disturbance concerns such as; displacement of fertile topsoil, creation of erosion channels, compaction, non-bladed skid trails and ruts were reviewed and included.

In 1989, Interim Harvesting Guidelines
 were put into effect for the BC Interior outlining maximum soil disturbance levels for cutblocks.  The guidelines placed heavy emphasis on pre-harvest planning as the primary mechanism for controlling soil disturbance.  With the exclusion of sensitive sites, 15 to 19% soil disturbance was allowed (dependent on Forest Region).  This percentage included landings but not haul roads. In 1990 and 1991 follow-up surveys
 in Nelson Forest Region demonstrated that the soil disturbance guidelines had been successful in attaining this goal.  Many surveyed blocks had less than 13% soil disturbance with ground-based harvesting systems (Thompson and Osberg 1992). In 1993 the Harvesting Guidelines were finalized.  These included a recommended maximum of 13% soil disturbance as well as provisions for rehabilitation of excavated and bladed trails. However, even with these guidelines in place there was no mechanism to ensure that they would be adhered to in practice.

Coastal synopsis

During the late 1960’s and early 1970’s concerns were being raised about the viability of the salmonid fishery in relation to the observed impacts from logging.  Recognition of the role played by logging and road building in initiating landslides was also increasing (Wilford and Sakals 2005).  In response, the Carnation Creek study on the west coast of BC, as well as the Slim-Tumuch project east of Prince George were initiated.  Both studies were aimed at evaluating the effects of logging on water quality, fish habitat and fish populations.  In the late 1970’s, fish-forestry interaction issues were becoming increasingly tense in steep terrain where hillslope stability was a problem
. A multi-drainage study was initiated in the Queen Charlotte Islands
 to observe and determine impacts from various logging practices on hillslopes, watersheds, and fish in the Pacific coast region.  All these projects contributed to the development and release of the British Columbia Coastal Fisheries/Forestry Guidelines
 in 1988. 
Need to continue this history leading up to next paragraph
During the mid 1980’s concerns included mass wasting, surface erosion, sediment from roads, rate of cut, now hydrology, fish/forestry interactions and the effectiveness  of constraints on logging.  In the early 1990’s another scientific water study was implemented under an independent panel of scientists. The Scientific Panel for Sustainable Forests in Clayquot Sound studied logging under stringent environmental guidelines.  
Concurrently in the late 1980’s BC pedologists and soil researchers were being exposed to the concept of long-term soil productivity studies (LTSP
). This exposure lead to several LTSP studies being established, starting in 1991, throughout BC.  Interim results from these studies have helped to shape soil conservation theory and practice in BC, but their complexity and longevity have much more to teach us. …… 
In 1995 the provincial government introduced Forest Practices Code legislation, policy and guidelines for soil conservation practices throughout British Columbia. This ensured a mechanism to enforce soil conservation standards and to provide a baseline of recommended field practices through guidebooks
.  Through a number of Forest Practices Code iterations, the guidelines became legal standards within regulation. The maximum area within a cutblock occupied by permanent access structures, the maximum amount of soil disturbance within the net area to be reforested (NAR), and the requirement to rehabilitate disturbed areas when maximum limits were exceeded were now legally enforceable. These requirements were tied to a hazard rating system for soils which assessed the risks for: compaction and puddling; surface erosion; surface displacement; soil displacement; and mass wasting.  

In January 2004, replacement legislation, the Forest and Range Practices Act (FRPA) and its associated regulations carried forward enforceable soil conservation requirements for BC.  FRPA legislation provided a “results-based” approach to soil conservation, stating that any soil disturbance on the landbase must not compromise the soils’ productivity or hydrological function or cause a landslide or gully process that results in a material adverse effect on identified resource values for which government has set objectives.  Three of the original five soil hazards, compaction, displacement and surface erosion were maintained in FRPA.  Limits exist for total area occupied by permanent and temporary access structures and other allowable soil disturbance within the block.  FRPA also includes a requirement to rehabilitate an area under specific circumstances.
In furthering their quest for improved soil conservation practices, British Columbian soil experts
 are now actively participating at national
 and global
 forums, sharing their knowledge as well as their learning on how best to protect the soil resource.  This is explored further in Chapter 6.

1.4   Purpose of Handbook
This Land Management Handbook is intended as a ‘least impact’ tool kit to assist forest practitioners with planning, developing and implementing strategies to minimize impacts from timber harvesting operations on the cutblock. The aim of the handbook is to provide a scientific basis for creating harvest prescriptions, choosing appropriate harvest systems/equipment and monitoring ground operations that will conserve the soil ecosystem.  More specifically it provides:
· information about the inherent properties and hazards
 associated with various forest soils common to BC (Chapter 2);

· information on harvesting equipment and methods, with emphasis on the primary transport phase, 
· harvesting system and equipment options relative to identified soil and terrain hazards(s); 
· procedures for fine tuning unforeseen soil hazards during field operations (Chapter 5);
· a  process to identify and evaluate risks, leading to better decisions with respect to conserving soils; and
· a common language for an adaptive management approach to soil conservation (Chapter 6). 
By understanding the soil characteristics and potential soil and terrain hazards on a site, coupling that with an understanding of the capabilities and limitations of harvesting equipment
, and then conducting field tests to monitor soil conditions during harvest operations, the reader should be able to prescribe and implement the ‘most appropriate’ harvesting strategy to conserve soils within any cutblock.

This handbook will not provide a ‘cookbook’ harvesting strategy for a given cutblock. Local knowledge of site conditions, climate, and equipment capabilities will be an asset in applying the information discussed.  

This document updates and extends Land Management Report 62: Developing Timber Harvesting Prescriptions to Minimize Site Degradation (Lewis et al. 1991). 

1.5 Scope of Handbook

This handbook represents a compilation of accepted management practices for soil conservation by providing a synthesis of forest soil information, knowledge and research relative to BC.  Although access structures
, permanent and temporary, have the greatest impact
 on the soil landscape, they are not the focus of this publication. Information relative to access infrastructure is included only where it facilitates further understanding of the topics in this report.  

Specific legislative, regulatory, permitting, licensing or other mandatory requirements for soil conservation in BC are also not discussed in this handbook. These requirements are frequently amended and quickly become out of date.  It is the responsibility of every forest practitioner to know and practice the current law associated with protecting British Columbia’s soils.  

While specifically targeted at ground- and cable-based harvesting operations, the contents of this handbook can also be applied to:  other forestry operations such as mechanical site preparation or aerial logging; other industries operating on forest soils, such as ranching, oil and gas, mining, and recreation; or other jurisdictions with similar soil landscapes to BC.

Soil productivity information is presented within the limited scope of commercial forest tree growth.  Soil productivity is interconnected with forest hydrology.  Both are complex subjects requiring greater study and understanding.  
1.6   Related information

1.6.1  Other soil hazard rating systems

The soil hazard assessments proposed in this handbook have been developed specifically for British Columbia.  Other soil hazard rating systems have been or are being developed in Canada and the United States.  Most notable and relevant to the BC forest practitioner would be the system developed by Weyerhaeuser
 for their Pacific Northwest operations in the United States.
Weyerhaeuser’s Western Timberlands sustainable forestry policy includes protecting soil stability and ensuring long-term soil productivity by 1) using equipment and practices appropriate to the soil, topography and weather to minimize erosion and harmful soil disturbance, and 2) using forestry practices and technology to retain organic matter and soil nutrients.  A risk rating system based on visual assessments of soil factors (Heninger et al. 1997) are rated for risk as Low, Moderate, High, Very High and saturation. The assessed soil factors include:  topsoil depth; moisture and permeability; texture and structure; and depth to water table.  Their combined ratings provide a result which determines whether they fall into one of five disturbance classes:  Class 0 – non-disturbed condition to Class 5 – disturbance of poorly drained soils can disrupt internal drainage and cause them to become saturated.  Weyerhaeuser has developed best management practices to minimize or eliminate Class 3-5 disturbance and manage Class 1-2 disturbance to acceptable levels.  Soil audits are conducted after harvest to determine the level of disturbance and accomplishment of the stated guideline standard.
This hazard system is specific to soils west of the Cascades Mountain range where soils typically have Ah horizons (typical of nutrient rich soils).  Its application to the BC context is therefore limited.

1.6.2  References
Many studies related to the subject of soil disturbance were commissioned by the BC provincial government and Canadian Forest Service starting as far back as the late 1970’s.  The results of these studies are provided in a number of publications (Wass and Smith (1997); Senyk and Craigdallie (1997a, 1997b); Conlin and van den Driessche (1996); Smith and Wass (1994); Commandeur and Walmsey (1993).  Further information on the effects on soils, impacts on forest productivity, and soil degradation as it relates to soil disturbance can be found in: Greacen and Sands (1980); Froehlich and McNabb (1984); Utzig and Walmsley (1988); Standish et al.(1988); Lousier (1990); Senyk et al.  (1995); Hunt & Associates (1998); McMorland and Corradini (1999); Douglas and Courtin (2001, 2002); Krzic et al. (2004); Prescott et al. (2000, 2004).
For guidance on individual equipment configurations and compatibility with site conditions, the reader should consult the FERIC (Forest Engineering Research Institute of Canada) handbook on “Harvesting systems and equipment in British Columbia” (MacDonald 1999). FERIC provides many other relevant reports on the topic of harvesting related soil disturbance including: Krag et al. 1991; Meek 1996; McMorland and Corradini 1999; and Sutherland 2003.
The Association of Professional Engineers and Geoscientists of British Columbia have produced helpful guidelines for professionals conducting terrain stability assessments or planning for road crossings in the forest sector.
The Forest Practices Board, BC’s independent watchdog for forestry, has published numerous reports based on special studies and forest tenure audits.  These reports provide useful recommendations on topics covered in this report.  Notable publications include: FPB- SR/31 (2007); IRC/50 (2001); IRC/26 (2000a); SIR/ll (2004a); ARC/66 (2004b); SIR/14 (2005a); SR/26 (2006); SIR/05 (2000b).
1.7   Planning and prescribing for soil conservation 

1.7.1  Landscape level planning 
Operating on Crown owned land presents planning challenges for industrial users of the forests.  Integrating social and environmental values, with economic and operational realities is not an easy task.   Forest users and overseers
 recognize that long-term land use planning is the best method to achieve land-use management objectives for an area (watersheds or larger) as well as the best option to achieve minimal soil disturbance on the landscape.
One of the most critical components of effective forest soil conservation is to minimize access development
 on the timber harvesting land base (FPB, 2004b).  However, road infrastructure is vital to the economy of BC.  The Forest Practices Board (2005b) estimated that there are some 400,000 to 550,000 kilometres of resource roads (non-highway) providing access for industrial, commercial and public forest users, with another 20,000 to 30,000 kilometres
 to be constructed annually over the next decade.  Roads, trails and landings, whether part of the permanent or temporary access network have long lasting, often permanent impacts on ecosystems.  The greatest impacts occur from the removal of productive land, the alteration of water movement and retention (water cycling) in the soil and additions of fine sediments to streams.  
It is difficult to develop long term harvesting plans that minimize overall access development without the benefit of a provincially coordinated access management strategy
.  However, logging development within large planning areas can still address the issue to some degree.  This type of landscape level harvesting plan is often referred to in British Columbia as a Total Chance Plan.  It considers not only immediate cutblock and road development but also future: timeframe; cutblock and road development; technology; equipment; markets; other resource users; and forest health issues.
The Total Chance Plan can provide an important bridge between strategic (e.g., land use plans developed with industry, government and social input) and operational planning (e.g., industry development area plans, road plan, logging plan). It should include temporal and spatial components of harvesting, as well as method of harvesting (Krcmar-Nozic et al. 1996).  It requires input from harvesting operators to help ensure the plan is viable and implementable.  Total Chance Plans may be developed for a planning horizon up to 10 or more years, but with changing factors such as global climate change, epidemic forest health issues, harvesting and milling technology, labour relations and government policies, the planner should expect adjustments.  Despite this uncertainty, the Total Chance Plan can provide an important basic structure around which orderly adjustments can be made (Breadon 1983).

Information on the total chance planning concept can be found in two FERIC publications by R.E. Breadon: “Timber Development Planning for the BC Interior: The Total-Chance Concept (1983), and “Forest Harvesting and Renewal Planning for the BC Interior:  An extension of the Total-Chance Concept (1990).

1.7.2  Stand level planning

Planning for soil conservation at the stand level starts with an assessment of possible hazards relative to the values at risk.  Harvesting prescriptions can then be analyzed in terms of meeting soil and other resource value objectives.  The analysis will include not only environmental, but also operational and economical constraints.  Selection of the best option is then implemented with supervision and monitored post harvest.  The option “not to harvest” is always an alternative.

Figure 1 presents a conceptual planning framework for soil conservation as presented in this handbook.  Inherent factors of the environment dictate the manageable factors that need to be applied to minimize soil disturbance.  

1.7.2.1  “High Quality” Field Data Collection and Interpretation

It is important to collect detailed, as well as accurate, pre-harvest ecosystem-level site data prior to choosing/finalizing any harvesting strategy for a cutblock.  This data directly influences the environmental and economic success of a chosen harvesting strategy. For example, not recognizing a Very High soil compaction hazard can lead to costly, unplanned shutdowns or penalties. Conversely, mis-identifying a site with a Very High soil compaction hazard, can lead to a more costly or more restrictive harvesting strategy. 

The timing of data collection is important.  Small intermittent water courses and subsurface water patterns are more obvious during or after wet weather. However, most ecological data collection occurs in summer when surface and sub-surface water flows can be less evident.  Indicator plant species then become critical to interpreting relative changes in soil moisture. On steep slopes these plant species can be useful in locating areas of potential instability or areas in need of special drainage considerations.

Quality data is of little value without adequate analysis and interpretation. To ensure high quality field data collection and interpretation forest managers should consult and become familiar with the following important supporting documents:

· Silviculture Prescription Data Collection Field Handbook, LMH 47 (and field forms FS 39), available from government forestry Branch offices inVictoria.

· A Guide for Management of Landslide-Prone Terrain in the Pacific Northwest, LMH 18 (Chatwin et al. 1994), (Crown Publications, Victoria).

· Karst Management Handbook for British Columbia, 2003, on the government forestry website.

· Forest Management on Fans: Hydrogeomorphic hazards and General Prescription. LMH 57, on the government forestry wesite.

· Regional ecoguides to Site Identification and Interpretation, LMH 54, 51, 39, 29, 29, 26, 24, 23, 22, 20, 17, 16, 15, 14, 12.  These often include anecdotal comments on seasonal soil conditions (Crown Publications, Victoria or on the government forestry website). 

· Regional guidelines for various practices (e.g. Armillaria Guidelines for the Nelson Forest Region by Norris et al. 1998), available from regional government forestry offices. 
· FPC Guidebooks for Silviculture Prescriptions, Soil Conservation, Rehabilitation, Soil Disturbance Hazards, Soil Conservation Surveys, Gully Assessment, Forest Road Engineering, Site Preparation and Mapping and Assessing Terrain Stability available from government forestry Branch offices in Victoria.

Equally as important as accurate data is accurate site stratification. Appropriate site stratification which integrates site factors, weather and climatic factors, harvesting and post harvest factors, and overall forest resource management objectives into ecologically homogeneous units will help facilitate a successful outcome.

Figure 1 .  Planning, managing, adapting and improving soil conservation for forest harvesting operations in BC.
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1.7.2.2 Stratification

Before the prescriber can evaluate soil sensitivity, the area must be stratified into ecologically homogeneous units, often referred to a “standards units”.  When standards units exhibit attributes with large variability they should be further subdivided into site types.  For example, if the range of slope in a standards unit is too great, two slope phases (site types) may provide a more accurate evaluation of soil sensitivity.  A thorough discussion of pre-harvest field stratification is provided in section 2.2 and 2.3 of LMH 47 mentioned in section 1.7.2.1.
Cutblocks often contain more than one standards unit or site types.  Cutblock layout requires careful consideration, since all forest users must live with the consequences for one or more rotations.  A systematic evaluation of ecological data, including an assessment of soil sensitivity, is a necessary precursor to good cutblock layout. 

The following are some practical suggestions for managing site type vs. standards unit.  If proposed operations differ only slightly between site types, then consider merging them into one standards unit.  If site types differ, but it is impractical to separate them, then consider merging them into one standards unit and tailor the prescription to the most sensitive component. If a contrasting site type is 1 hectare or larger, consider managing it as a separate standards unit.   Where the contrasting site type is small (i.e. < 1 hectare) consider excluding it from the cutblock.  If a contrasting site type lies on the edge of a currently proposed cutblock, perhaps it is better logged with an adjacent future cutblock (i.e., total chance planning).

1.7.2.3  Stand level field prescription development

Development of ecologically sensitive, economically realistic and professionally ethical prescriptions involves: the gathering of all pertinent site, resource, operational and economic information; the consideration of management objectives, policies and constraints; the adherence to applicable legislation, permit and licensing requirements; the generation of available options; and the selection of the prescription that best suits the situation. Figure 2 outlines a conceptual view of this prescription formulation process.

A prescription can be optimized when accompanied by a detailed map.  Spatially depicting areas requiring special attention within a cutblock can be an excellent form of communication between the planner and the implementor.  The map should clearly depict any areas with: high to very high soil hazards; machine free zones; and requirements for changes to harvest method or equipment.  The map should be accompanied by further written instruction where required.  

Two Forest Practices Code Guidebooks, the Silviculture Prescription Guidebook and the Logging Prescription Guidebook provide useful information on prescription and logging plan development.
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Figure 2.  Field prescription and map formulation process with emphasis on soil conservation.
� Valentine et al. (1981) provide an in-depth review of The Soil Landscapes of British Columbia.  This reference provides an important foundation for understanding the geology, vegetation, climate, landforms, surficial materials, soil climates and processes for five major physiographic areas in BC.  Soil landscapes are provided to the great group level.   


� Ownership in British Columbia – 96% public (provincial), 1% public (federal) and 3% private (Canadian Forest Service, The State of Canada’s Forests 2005-2006).


�The forest sector account for 14% of the employment and 15% of the economic activity of BC (Ministry of Forests, The State of British Columbia‘s Forests- 2004).  The forest industry accounts for 43% of the value of BC’s international exports and 51% of physical product exports (Baxter, 2005).


� A sustainable forest management definition, suggested by Mathey et al. (2005), is the maintenance of the ecological integrity of the forest ecosystem while generating desired services and products.


� Regional ecology guides often summarize common growth-limiting factors for various ecosystems (e.g., Braumandl and Curran 1992, Banner et al. 1993, Steen and Coupe´ 1998).


� A model to compare soil disturbance effects on growth limiting factors for site preparation prescriptions is available (Curran and Johnston, 1992).


� Valentine et al. 1981 use macroclimate to help define five major physiographic regions for BC.


� In British Columbia ecosystems are classified into biogeoclimatic zones (17 forested) which represent broad geographical areas of similar regional climate (Meidinger and Pojar 1991, DeLong and Meidinger 2003).  


� In El Nino years the west coast of BC will receive low snowpacks due to mild winter temperatures (Moore 1996 in Hudson 2000).


� The International Panel on Climate Change (IPCC) Third Assessment Report, fourth volume entitled Climate Change 2001: Synthesis Report provides these predictions in the Technical Summary by Working Group 1.


� A web tool is currently available through ClimateBC to provide current climate data and predict future climate data (six scenarios for three periods of time) for any specific latitude, longitude and elevation in BC.  The ClimateBC program can be obtained through the University of British Columbia Centre for Forest Gene Conservation (Spittlehouse 2006).


� This data can include:  annual precipitation; growing season precipitation; annual snowfall; annual mean temperature; growing season temperature; growing degree days; and frost free days.  


� Banner et al. (1993) indicate that macro and meso climates determine the overriding limiting factors for site productivity (length of growing season, rainfall, snowpack) over which there is limited control.


� Regional ecology guides incorporate meso- and micro-climatic factors.  The Nelson Region ecology guide (Braumandl and Curran 1992) also contains a climate section which describes seasonal soil conditions for the driest to the wettest site series.  


� Single tree removal to large clearcuts and, all combinations between.


� Correlations of negative tree growth effects have been linked to soil compaction in about 80% of studied logged sites in BC (Froehlich and McNabb 1984). Sites most affected are those with High or Very High compaction hazards or sites with Moderate compaction hazard with wet soil conditions at the time of operation.


� There is a wealth of research literature, handbooks and guidelines relating to site preparation topics in British Columbia available through the government forestry website (McKinnon and Mitchell 2002, Curran et al. 1993, 1990; Yole and Kranabetter 1996, Coates and Haeussler 1987, Heineman et al. 2003).    


�  B.C. Ministry of Forests (1989).  Interim Harvesting Guidelines for the Interior of BC.  Victoria, B.C.  Unpubl. Mimeo. 5 p.


� Using methods outlined in Curran and Thompson (1991).


� A series of winter rainstorms in 1978 triggered hundreds of landslides throughout the Queen Charlotte Islands.  Steep slope logging was blamed for accelerating mass wasting events delivering debris and sediment to salmon streams.


� In 1981 the Queen Charlotte Islands Fish-Forestry Interaction Program began.  It was interdisciplinary, designed to study the interactions between timber harvesting operations and mass wasting, and their effects on fish habitat.  


� A Handbook for Fish Habitat Protection on Forest Lands in British Columbia (Toews and Brownlee 1981) targeted at federal fisheries staff was also released; it was not intended as a guideline document for forest managers or the forest industry.  Heavy emphasis was placed on achieving aquatic protection through pre-harvest planning.


� During the 1980’s the US Congress passed legislation to ensure forestry did not permanently impair the productivity of the land.  In 1989 the details for the mandatory research component of the legislation (LTSP) were released.   Long-term soil productivity studies have been established world wide in an international collaborative effort (Holcomb 1996).  LTSP studies centre on two key soil properties, soil porosity and organic matter content (Sanborn 1996). 


� These guidebooks incorporated many of the specifics contained in the 1988 Coastal Fisheries-Forestry Guidelines as well as the 1993 Harvesting Guidelines. 


� Many in the employ of the provincial government.


� Canadian Society of Soil Science, Canadian Council of Forest Ministers, …….


� The Montreal Process, Soil Science Society of America, ………


� Hazard assessment keys, used to ‘predict’ soil behavior in relation to harvesting activity, are presented for five soil degrading processes:  soil compaction and puddling; soil displacement; forest floor displacement; surface soil erosion; and mass wasting.  These categories of disturbance are considered closely linked to hydrologic (drainage diversion, surface erosion, stability), and soil productivity impacts. Gully and landslide hazards are introduced, along with an assessment of risk of sediment delivery to streams. 


� FERIC Handbook No. HB-12, Harvesting Systems and Equipment in British Columbia (MacDonald 1999) is recommended as a companion reference to this report.


� There are numerous publications providing information and guidance for the planning, construction, maintenance, deactivation and rehabilitation of forestry roads (APEG/ABCFP 2005; APEGBC 2003; Carson and Younie 2003; Carson 2002; Ministry of Forests 2002a; Ministry of Forests 2002b; Gucinski et al.  2001; Ministry of Forests 2001; Ministry of Forests 1999a; Ministry of Forests 1999b; Ministry of Forests 1997;  Ministry of Forests 1980; Thompson 2000; Younie 1999).


� Tripp (1994) qualified this widely held belief by indicating that roads had the greatest impacts in terms of lost soil productivity and fine sediment introduction into streams, but they did not have the greatest impact to stream systems.  In terms of fish-forestry interactions he stated, based on a study of 126 cutblocks throughout the coast of BC, harvest operations, such as falling, bucking, yarding and clean-up on the block, caused most of the detrimental damages (LOD {large organic debris}and sediment loads, stream bed and channel scouring) to streams. 


� Note that Weyerhaueser operations in British Columbia use the soil hazard assessments outlined in this handbook (pers. comm. Sean Curry, Management Forester, Weyerhaeuser Company Limted, Kamloops, B.C., 2007).


� Ministry of Forests, and Range, Ministry of Environment, Ministry of Energy and Mines, Department of Fisheries and Oceans, and the Forest Practices Board of BC could all be considered overseers.


� Forestry, range, oil and gas, mining, commercial botanical and recreational industries operate on the same land area, but are administered by numerous government agencies, often with overlapping administrative boundaries.  Many government agencies operate in isolation of one another and there is no overall coordination for resource and associated access development in BC.  


�Estimates include road infrastructure for future growth in the oil and gas and mining sectors and salvage of trees impacted by the unprecedented wildfire and mountain pine beetle activity experienced within the first part of the 21st century.


�At, Hinton, Alberta, some Forest Management Areas are developing Long Term Access Plans over large areas with other industrial and non-industrial users.  Reducing the proliferation of an ad-hoc network of roads is seen as key to sustainable forest management practices (Bonar 2001). 
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