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MAXIMUM DENSITY

Background:

Although the requirement to juvenile space high density regenerated stands is not explicit in current provincial legislation, threshold maximum density numbers are defined within stocking standards in Forest Stewardship Plans (FSP’s). The resulting spacing practices are considered in the context of timber supply modelling.

[bookmark: _GoBack]There are gaps in our understanding and differences in interpretation about what the threshold density is that will have a significant impact on timber supply. This was highlighted in the policy letters from the Regional Executive Directors (REDs) in 2006 and 2007 effectively increasing maximum density thresholds from 10,000 for all species compositions to 20,000 and 25,000 countable conifers per hectare of lodgepole pine leading stands (>80% pine in the inventory) in the North and South, respectively. Literature reviews of North American publications, as well as the new research recently completed by Weyerhaeuser and Forests for Tomorrow (FFT) in the Cascades and Okanagan in 2016, have been considered during recent exploration of this topic. The discussion around maximum density versus repression density, historical standards, and extrapolating the research has made it difficult to incorporate the findings into stocking standards consistently across the province. As the science is debated and further investigated, how the density control obligation is applied to licensees is inconsistent across the province. Furthermore, the cost of the juvenile spacing treatment is not fully recognized in the provincial appraisal system.   

The recent Repression Density Decision Key (RDDK), originally developed with FFT to guide treatments on non-obligation areas, incorporates the new research and distinguishes between two types of stand initiation: post-harvest and post wildfire. Post wildfire regeneration germinates within multiple months (i.e. a relative ‘single point in time’) when compared to conventional post-harvest regenerated (PHR) stands where natural ingress begins, then continues to fill in over several years. The Repression Density Decision Key indicates that fire originated pine stands with less than 50,000 dominants and co-dominants/ha have a low probability of going into repression, significant enough to warrant treatment, whereas, post-harvest regenerated stands have a low probability of going into repression at densities up to 150,000 dominants and co-dominants/ha. Further investigation is likely required to inform us of repression impacts across additional ranges of site indices as well as some of the less understood species, including western larch and Douglas-fir. Currently, there is evidence on some sites that suggests post wildfire ingress with well distributed western larch may out-compete pine and likely not enter into repression at all, depending on site index. It is important to highlight that the Repression Density Decision Key only applies to even age stands and not multi-storied Douglas-fir stands.

The concept of having a post spacing density is a Forest Practices Code (FPC) legacy and may in fact result in negative impacts on timber supply due to increased risk of forest health issues. Its application is inconsistent across the province and it should be removed from district stocking standards where it still exists. Historical spacing treatments, with these post treatment density targets (i.e. <2000 post spacing sph), have arguably reduced stand densities too low and as a result, these stands have suffered negative forest health impacts and show poor wood quality characteristics. Spacing density guidance could be provided that considers wood quality, forest health factors, climate change, wildlife habitat and creating commercial thinning opportunities. Ideally this would occur regionally and through an Integrated Stewardship Strategy (ISS), or enhanced Landscape Level Planning process, to incorporate local forest health issues as well as any additional Management Unit (MU) level objectives.


Impact:

The cost of spacing was once comparable to the cost of planting. This translated into negligible financial impacts to licensees as blocks that had to be spaced did not require planting and costs were generally covered by the silviculture appraisal allowance. Since the Interior Appraisal Manual (IAM) Log Cost Survey utilizes cost data on a rolling five year time frame, in the first five years after harvest, it is difficult to account for spacing costs. In addition, wildfire salvage is not carried out by all licensees or in all years, consequently, incorporating spacing costs into Silviculture Appraisal costs would artificially increase the allowance on the majority of blocks.

The scale and magnitude of the maximum density issue is very important to understand. While it is considered small at less than 1% of the regenerated stands in the province, and primarily affects areas burned by wildfire, there is potential for it to be a significant issue at the block level. For example, 10-25% of the burned area within the fire perimeters of the 2003 Kootenay and Okanagan wildfires was considered to be above maximum density. Where the post wildfire regeneration density was found to be extremely high stand treatment cost in the range of $1750 to $5000 per hectare have been experienced. Based on the volume recovered through harvesting the damaged stand this equated to a cost of approximately $14 to $20 cost/m3 that is not recognized in the appraisal allowance. 

It was also identified that the current ocular method of estimating densities and species compositions, which aligns with guidance in the provincial Silviculture Surveys Manual, may be significantly underestimating stand density. This may mean that we do not have an accurate description of the maximum density issue. Although wildfire regeneration of lodgepole pine is the primary issue, high density natural regeneration of other species including western larch and Douglas-fir is also a concern.  

Summary of Key Issues & Options:
Definitions:
(i) Maximum Density:  Number is defined in Policy or within Forest Stewardship Plans.
(ii) Repression Density:  Is defined as the potential for loss of site index.

1. Funding: The cost of maximum density spacing in wildfire salvage scenarios is a significant added expense that is not accurately reflected in the appraisal allowance.  Therefore, it penalizes licensees that salvage timber following wildfire disturbances.  
2. Inconsistent Definition of Maximum Density and Repression Density: The maximum density policy which defines excess density thresholds varies across the province. Maximum density policy incorporates the concept of repression, or loss of site index based on excess conifer competition due to very high densities, and adds social values, timber supply objectives, and other considerations. Repression is unique to the site, and is not one singular threshold, however maximum density policy is an attempt to create universal thresholds to manage spacing treatments under licensee obligation. Even maximum density policy, which attempts to standardize spacing treatment thresholds, is inconsistently applied across the province. Using recent regionally developed stocking standards as an example:
a. The Cariboo Regional Stocking Standards stipulate that where salvage harvesting has occurred following a wildfire disturbance, the free growing obligation holder is exempt from maximum density spacing. Where not exempt, the maximum density standards for even aged stands are 25,000 countable conifers/ha where pine is >80% of the inventory composition and 10,000 countable conifers/ha for all other species compositions.
b. The Thompson Okanagan Regional Stocking Standards states that maximum density is based on the number of dominant and codominant trees per hectare. The identification of sites expected to reach repression densities and therefore requiring treatment will be completed as per the Repression Density Decision Key.


3. Objective of Density Control Treatment:   
a. To ensure financial investments in juvenile spacing treatments are based on scientifically supported decision making and will consider an acceptable Return on Investment (ROI). 
b. The repression density spacing objective is to minimize potential site index losses. 
The Repression Density Decision Key defines the requirement to space to ensure significant investment will result in sufficient benefit by considering ROI and potential site index losses or gains. The RDDK recognizes there is not one number that determines repression thresholds, and considers productivity losses and potential gains, which then informs investment decisions. This may require further work by Ministry of Forests, Lands, Natural Resource Operations & Rural Development (MoFLNRORD) to identify appropriate discount rates and their effect on (ROI) calculations, and how this could apply to Industry Appraisal (IA) obligation openings.  
c. The maximum density spacing objective is maintain or enhance an economically valuable supply of commercial timber for British Columbia’s forests, achieve the piece size, favorable wood products, volume and age assumptions in the provincial Timber Supply Review (TSR) at the Management Unit level and to ensure a continued supply of merchantable timber. 
Maximum density spacing seeks to maintain or enhance an economically valuable supply of commercial timber from British Columbia’s forests.
4. Optimum timing: The best timing of spacing treatments for stands entering repression is early in the stand’s development, before crown closure and well before the expiry of the free growing window.  This is important for post wildfire regeneration.

Current Recommendations from the ISSC:

1. Clarify the distinction between maximum density spacing and repression density spacing.
2. Create a consistent, fair approach to how we define maximum density obligations across the province, for both post wildfire salvage regeneration and post-harvest regeneration.
3. Provide an exemption to current spacing obligations for Licensees participating in post wildfire salvage of timber.  This is intended to create provincial consistency and to align with the work of the Regional Stocking Standards Working Groups.
4. Eliminate the provincial maximum density thresholds for post-harvest regenerated stands to align with the thresholds in the (RDDK). This will result in spacing obligations exempted, although the RDDK concludes there is a small probability of repression in stands with more than 150,000 dominant and co-dominant stems per hectare.
 

Actions and Further Work Required (RDWG sub-committee):

1. Using the review of the current scientific information in the Repression Density Decision Key about maximum and repression density from experts, to identify where it applies, assumptions, and impacts on future timber supply considering a variety of species, site indices, densities, future timber supply (piece size, volume, age). This includes a review and understanding of the Repression Density Decision Key to evaluate ROI and prioritize treatments.
· Identify what gaps in knowledge exist. Identify what research is needed to better understand the site index impacts of high density stands and cost-benefit of treatment given a range of tree species and site indices;
· Develop recommendations to update current thresholds defining maximum density on non-wildfire blocks, which are currently 20,000 and 25,000 countable conifers/hectare pine leading, 30,000 countable conifers/hectare for all species across Weyerhaeuser areas, and 10,000 countable conifers/hectare for other species compositions provincially. This will consider utilizing the decision thresholds of 150,000 dominants and co-dominants/ha for PHR stands as defined in the RDDK;
· Determine if and where utilizing the Repression Density Decision Key will achieve timber supply assumptions or what the risk is to utilizing it to define maximum density for non-wildfire sites.
2. Develop a process to ensure high density stands are evaluated by the RDDK to help guide objective investment decisions and facilitate optimal spacing treatments at the management unit level (cost effective, prevent repression and growth loss, satisfy other management objectives). The process should:
a. identify areas with site index losses greater than two meters;
b. identify areas with ROI thresholds of two percent or greater;
c. consider other management unit objectives;
d. consider risk of unnecessary spacing treatments.

3. Provide recommendations as to how the RDDK can be used as a tool within regime based silviculture standards, which are expected to support objectives identified within the Landscape Level Planning process. Testing and refining the RDDK in pilot level silviculture regimes would provide additional information for improvements to decision making and treatment costing. 
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