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Introduction
This document outlines an analysis framework intended for designing reforestation standards
developed as part of the PhD work of Craig Farnden. It starts with a conceptual description of
reforestation standards, moves into a description of the analysis framework, and provides a
description of the silviculture survey simulator that lies at the heart of the framework. A proof-
of-concept case study is then presented, followed by a discussion of the types of problems that
might be addressed using the tools presented.
The work presented herein is far from completed; this document represents a contractual
deliverable and a milestone requirement for funding under the Forest Investment Account. It is
expected that all of the work components of this project will continue to evolve over the next two
to three years, both in response to government and industrial reviews and to the academic
requirements of a PhD dissertation.

The Context for Reforestation Standards
Forest management is the art and science of balancing the flow of extractive goods and services
with maintaining the forest as a whole in a desirable state. Every management action that
foresters undertake should ultimately be linked to some vision of this balance (the forest
management objectives). As part of the forest management process, we must identify how
individual activities impact on future stand structures, and be cognizant of how local structures
are summed at the landscape unit and larger scales.
Assessing the contribution of individual stands to the larger forest condition (as quantified by
forest landscape objectives) is often fraught with uncertainty, particularly at an early age. Over
the time span from regeneration to maturity, forest stands undergo massive changes. Given this
uncertainty and the fact that by far our largest opportunity to shape future forest condition occurs
at the harvest and reforestation stages, it is critical that we know the conditions to create in young
stands (the reforestation objectives) such that our forest landscape objectives are likely to be
achieved.
For isolated case studies, forest managers address such questions by selecting a growth model
capable of simulating future stand attributes closely related to management success. They would
then collect an appropriate sample of trees and other stand data necessary to initiate one or more
simulations of stand development. Predicted outcomes from the model could then be used to
assess the degree to which the future stand is likely to conform to desired conditions. If there is a
close match between the desired and predicted outcomes, the manager would be satisfied that the
stand in question is appropriately structured to achieve stated management objectives. If not, the
manager must decide whether to impose treatments to change the stand to a more desired
structure, or to accept a less-than-desired future outcome.
Evaluations such as this are relatively time consuming and expensive. Where similar evaluations
are required on a regular basis, the time and cost quickly becomes impractical. To avoid such
situations forest managers frequently look for simple indicators, requiring inexpensive
measurements, that are closely correlated to and consistently predict future outcomes. Metrics for
the indicator generally have acceptable and unacceptable ranges of values, with the thresholds
that bound the reforestation objective and define limits of acceptability becoming reforestation
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standards. In situations where there are multiple classes of acceptable conditions, there may be
standards defining the bounds of each class.
The most common type of reforestation standard is a stocking standard. These are threshold
indicators of whether or not a juvenile stand of trees is sufficient to occupy most of the available
growing space and to produce a near optimum crop of timber. Stocking standards typically
evaluate the relatively frequency of “stocked” plots (plot area contains at least some minimum
number of acceptable trees) and relate this statistic to achievement of timber yields. Tree
acceptability requirements are commonly based on species, health, tree form and inter-tree
spacing.
In the larger context, reforestation standards can be designed that evaluate many stand
parameters other than just stocking, aimed at the achievement of forest management objectives
other than just timber yields. Examples of stand structures or elements that may be desirable
under certain circumstances and that extend beyond just stocking include:

• the need for gaps in a forest canopy, with specific gap sizes and spatial distributions,
• the need for certain species compositions and patterns of inter-mixing,
• the need for certain vertical structures such as multiple cohorts and/or multiple layers,

and
• the need for discreet canopy elements such as snags, or crowns of irregular shape or

coarse (wolfy) structure.
, Standards with a perspective beyond simply timber production have been developed for a few
cases in BC by adapting existing stocking standards. An example is the set of guidelines for
managing lowland grizzly bear forage habitat in BC (BC Ministry of Forests 2001).
Increasingly, required stand level features are being tied to broader scale attributes. In such
cases, considerable variability may be acceptable or even desired on a stand-by-stand basis.
Expansion of the perspective for reforestation objectives to the landscape or larger scales, using
ledger or GIS systems to track cumulative accomplishments, is becoming a necessity. The
overall goal, of course, is good forest management. The starting point is the definition of
appropriate objectives and finding practical mechanisms for achieving them.

The Analysis Framework
An analysis framework has been developed that is an extension of the modeling process outlined
for a single case study above. The framework is composed of the following steps:

1. A range of juvenile stand conditions (Figure 1), representing the outcomes of a
reasonable set of possible reforestation plans, is generated within a newly developed
silviculture survey simulator. Stand stem maps can be generated at the scale of
operational cutblocks (i.e. 5 to 30 ha) and can encompass trees size, species and spatial
variability induced by factors such as natural regeneration patterns, terrain position and
ecosystems, and treatment history (i.e. logging pattern).



An Analysis Framework for Developing Regeneration Standards Relative to Forest Management Objectives

3

200

220

240

260

280

300

300 320 340 360 380 400
Distance (m)

D
is

ta
nc

e 
(m

)

 

300

320

340

360

380

400

0 20 40 60 80 100
Distance (m)

D
is

ta
nc

e 
(m

)

Figure 1. Comparison of spatial variability in stem maps.
Illustrated are two spatial patterns that might be generated in spruce-aspen stands to
evaluate metrics capable of quantifying such mixtures into a meaningful statistic. A
complete evaluation would consider many more variations on this theme to encompass
the full range of mixtures that might actually occur. In these stem maps, spruce are the
dark green dots, aspen are the lighter green circles.

2. Each potential stand is evaluated within the simulated framework using one or more
existing and/or proposed survey metrics (Figure 2).
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Figure 2. Example of survey plot.
Plots are superimposed on the simulated stand, and trees measured/tallied as per
normal survey procedures. Plots can be located randomly or on a grid, and compiled
into standard reports. In the illustrated plot, trees are tallied by main (red) plot
quadrant. Spruce trees are further evaluated for aspen competition in a tree centered
(black) sub-plot. To be tallied as contributing to stocking in a main plot quadrant, they
must be free of competition for 2 m in all sub-plot quadrants, and at least 5 m in 2 sub-
plot quadrants. The illustrated tree satisfies the 5 m requirement in only 1 sub-plot
quadrant, and could not be tallied.



An Analysis Framework for Developing Regeneration Standards Relative to Forest Management Objectives

4

3. Random samples from the simulated stand (Figure 3) are used as treelists or stem maps to
initiate projections of future stand conditions using existing growth models (i.e. MGM,
SortieND, TASS III)
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Figure 3. Generation of stem maps for growth model initiation.
Stands can be sampled to generate treelists for initiating growth simulations. In this
case, a relatively small plot is used to generate a treelist for the Mixedwood Growth
Model (MGM), a distance independent, individual tree model ideally suited for boreal
mixedwoods. Small samples are required for distance independent models so that
individual simulations reflect localized stand conditions. A distance dependent model
such as SortieND is able to utilize (and actually requires) a much larger plot while still
maintaining sensitivity to spatial variability in stand conditions.

4. Projected stand conditions are compared to desired conditions, and assessed either for
success/failure or placed into classes reflecting a range of desired conditions (Figure 5).
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Figure 5. Evaluation of model predictions.
The projected stand condition is assessed against a management objective (in this case
species composition). In a success/failure scenario, a threshold would be used to
determine acceptability of the stand. In this case for example, the stand would fail to
meet a requirement of at least 50% conifer volume. In a scenario where a wide range of
conditions is desired, the stand would be placed in a species composition class, and
included in a tally of similar aged stands on the landscape to assess overall landscape
condition.

Species Diameter (cm) Trees/ha) Height (m) Total Age BHAge
Sw NA 100 0.62 6 NA
Sw NA 100 0.65 7 NA
Sw NA 100 0.56 6 NA
At 3.3 100 3.31 8 5
At 3.2 100 3.28 8 5
At 3.3 100 3.79 9 6
Sw NA 100 0.64 7 NA
Sw NA 100 0.8 8 NA
Sw NA 100 0.75 8 NA
Sw NA 100 0.69 7 NA
At 1.7 100 2.42 6 3
At 3.5 100 3.46 8 5
At 2.8 100 3.07 7 4
At 2.6 100 2.96 7 4
At 3.1 100 3.24 8 5
At 2.3 100 2.77 6 3
At 2.1 100 2.64 6 3
At 2.7 100 2.98 7 4
Sw NA 100 0.67 7 NA
Sw NA 100 0.97 10 NA
At 3.7 100 3.56 8 5
At 2.7 100 2.98 7 4
At 3.4 100 3.39 8 5
Sw NA 100 0.59 6 NA
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5. Reforestation metrics are correlated to measures of achievement of future management
objectives (Figures 6 & 7).
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Figure 6. Comparison of survey metrics.
Two different survey systems are assessed for their ability to predict future species
composition. Both work, but the correlation for Survey Metric ‘B” is much better,
providing a lower risk of misclassifying stands relative to achievement of future
objectives.
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Figure 7. Definition of reforestation standards.
Based on a relationship between the measure of management success and the
silviculture survey metric, surveyed stands can be classified, in this case into species
composition classes.

The framework described here is similar in principle to a process formerly applied successfully
for simply structured conifer stands by Bergerud (2002). It is intended to form part of a larger
program of adaptive management, whereby management practices are continuously vetted and
improved as better tools and techniques are found, and ongoing monitoring of outcomes
indicates the degree to which are initial predictions are accurate.

The Survey Model
The stand level silviculture survey simulator is being built within the Microsoft Excel
environment using the VBA programming language. The simulator is intended to have the
following attributes:

Conifer

Conifer Mixedwood

Deciduous Mixedwood

Deciduous
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• It will operate at the scale of typical harvest openings
• It will include a diversity of commonly used and proposed survey plot options, sample

designs and methods for evaluating individual crop tree suitability; it will be flexible to
produce a wide range of stand level metrics for a diversity of management objectives

• It will encompass a wide range of tree species and spatial diversity
• It will allow for effects of brush species, terrain and ecosystem units on stocking and

competitive position of individual trees
Use of the Microsoft Excel environment allows for easy distribution to users and ready access to
a wide variety of reporting and charting formats.
Stand structures in the model are controlled using a combination of multi-scale horizontal
complexity layers, species composition, and vertical stratification. In various combinations, these
features can be used to generate most stand structures that might be found in British Columbia.

Horizontal Complexity
To generate stem maps that reflect species and spatial diversity at a cutblock scale, 7 layers of
information are currently utilized, each reflecting a different pattern or scale of variation:

1. Terrain Position
The stem map can be stratified by terrain position using Voronoi polygons (Figure 8).
Points representing terrain summits within the stem map and a 200 m surround are
assigned randomly or at user selected positions. Polygon boundaries representing valleys
or draws are defined using lines whose points are equidistant to the nearest two summit
points.

Figure 8. Voronoi polygons as the basis for terrain units.
Illustrated are Voronoi polygons based on random points within the stem mapped area
(dashed line) and a surrounding zone of influence. Red dots represent terrain summits,
and polygon boundaries represent valleys between.
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Voronoi polygons can be further subdivided to reflect slope position (Figure 9). Any
point within a polygon can be classified based on the radial distance from the summit
relative to the radial distance on the same bearing to the polygon boundary. Six terrain
positions are recognized. While this zonation is intended to mimic the classification of
crest, upper, mid, lower, toe and depressional slope positions, it can also be used for other
purposes such as defining large scale clusters of trees with graduated edges.

Figure 9. Stem map with trees colour coded by terrain position.

2. Affected Aspect
Within terrain position classes, portions of the Voronoi polygons having an aspect within
a specified range can be identified and treated as a separate stratum (Figure 10). Any of
the stocking variations identified for the main portion of the polygon can be adjusted
independently.

Figure 10. Stem map with reduced stocking on a south aspect.
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3. Large Patches with Matrix  - 1º Horizontal Structure
Similar to terrain position, large-scale patches and linear features can be defined using
Voronoi polygons. Instead of six zones, this layer uses only two. Polygon centers can be
used as large-scale patches, and linear features (matrix) can be identified using the
polygon boundaries (Figure 11). Patch size versus linear feature width is controlled by
specifying the percentage of the total area covered by each feature type.

Figure 11. Stem map illustrating use of Voronoi polygons to define linear features.
In this case, the linear features have a different stand composition than the remainder of
the stand. Note that parameters can be specified such that effect of linear features on
composition can be varied by terrain position.

4. Large Discrete Patches  - 2º Horizontal Structure
Similar to terrain position and the large patches with matrix, large discrete patches are
generated using Voronoi polygons. In this case, however, once the polygons have been
divided into two zones, only the central zone is utilized. The result is a set of discrete
patches (Figure 12) that are non-overlapping. Large patches are defined based on a mean
number of centers in a 10 ha area and the percentage of the total area covered.
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Figure 12. Use of large patches for spatial diversity.
Large patches can be superimposed over a stem map, and trees added or subtracted by
species. In this case, the dense clumps might represent clonal aspen patches in a conifer
plantation.

5. Small Scale Patches (3 layers) - 3º Horizontal Structure
Small-scale patches are circular units with randomly located centers. Patch radii are
drawn from a normal distribution with the mean and standard deviation specified by the
user. These patches are used to add and/or subtract trees from a simulated stand to create
spatial diversity (Figure 13). Within each of the 3 small-scale layers, patches can overlap,
but the effects of overlapping patches within a discrete layer are not additive.
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Figure 13. Use of small-scale patches for spatial diversity.
Randomly spaced trees (left) have been re-arranged (right) to create small-scale spatial
diversity. In this case, trees removed from one set of patches were replaced in another
set with different random centers.
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These complexity layers are controlled through an input form on an Excel worksheet (Figure 14).
Included on this form are entries to specify cutblock size, relative area occupied by each terrain
position, definition of the “affected aspect”, and size/distribution of the various horizontal
structure features. A final segment of the form (lower right) allows the effect of any of the
horizontal structure layers to be partially or wholly attenuated by terrain position (i.e. if 4000
trees/ha are added to the stand in large discrete patches, this can be reduced to a lower number on
lower slopes and in depressions to reflect poorer suckering success on wetter sites).

Figure 14. Input form for specifying horizontal variability features.

Vertical Structure and Species Composition
Species composition and vertical structure are also controlled through a series of input forms.
Separate forms are used to specify planted trees (Figure 15) with a semi-regular distribution
versus natural trees (Figure 16) with variations on a random distribution. In both cases, ten
records (rows) are available, which can be used either for different species, different species
specifications in different terrain positions and/or different layers or cohorts within a species. For
multiple layers, more than one row can be used for each species with different tree size, density
and spatial criteria.
For planted trees, the entire stand is assumed to be planted to the same density, and is
apportioned by species using percentages by terrain position and aspect. Adjustments to density
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due to mortality can be specified in a random pattern by terrain position or in a clumped pattern
using complexity layers.
For natural trees, density is specified as trees/ha by species, terrain position and aspect, and is
initially specified by terrain position and aspect. Further adjustments are made by adding or
subtracting trees by terrain position, aspect and/or complexity layers.

Figure 15. Input form for planted trees with regular spacing.

Figure 16. Input form for naturally regenerated trees with variations on a random
distribution.
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Surveys and Growth Model Inputs
Survey plots can be scattered randomly or arranged on a grid with a random starting point. For
each plot center, a subset of the stem map sufficiently large to contain the plot is extracted to a
separate system and analyzed for the appropriate presence and spatial arrangement of trees based
on the objectives and design of the survey. Algorithms have been designed to include surveys
based on stocked quadrats, the BC Ministry of Forests’ well-spaced concept, and Dr. Phil
Comeau’s mixedwood survey.
Using a similar procedure as for survey plots, subsets of the main stem map can be extracted to
use as treelists for initiating growth simulations in separate models. The size of discrete treelists
can be adjusted to suit the needs of the model in question. For distance independent models such
as PrognosisBC or MGM, many relatively small treelists are required that reflect localized
competitive conditions. For distance dependent models such as TASS or SortieND, much larger
treelists may be accommodated and may even be required.

Current Status and Required Work
In its current form, the survey simulator is relatively crude. Several features such as additional
species layers for natural regeneration, algorithms for some survey methods, and algorithms for
extracting treelists have only been partially implemented. There are also several highly desirable
features that have been identified but for which algorithms have yet to be developed.
One of the largest needs in the current system is to ensure that individual tree parameters are
matched to local stand conditions. To a large extent, this involves calibration of sub-models to
generate height adjustments, and to predict diameters and crown width parameters based on
density and overtopping vegetation. In many cases, work-arounds have been implemented to
generate tree statistics needed for a particular survey methodology in the short term.
Work that is of most immediate need and likely to be addressed in the short term includes:

1. Quantification of spatial distributions
2. Collection and analysis of reference data for natural regeneration of target species

(starting with aspen) to calibrate spatial distributions. A likely source of data is an
existing set of 70 mm stereographic photo pairs in young plantations.

3. Assembly of data from existing research projects and published sources for quantifying
dimensional characteristics of trees relative to their competitive positions.

4. Generation of spatial variability using push-pull methods (tree locations are shifted
toward attractors or away from repulsors).

5. Ongoing improvements to survey and stem map generation algorithms.
6. Ongoing improvements to overall structure of the software.

Proof of Concept - A Case Study for Intimate Mixtures of
Spruce and Aspen
In the Sustainable Forest Management Plan (SFMP) for the Fort St. John Code Pilot Project,
licensees made commitments to design a forest management system that recognizes the natural
variability of ecosystems and attempts to emulate patterns of natural disturbance. Part of this
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process is a provision to allow evaluation of reforestation success at the landscape level for
activities undertaken at the stand level. Major Forest Types based on species composition have
been identified, with targets for each based on historic occurrence by Landscape Unit.
For the mixedwood portions of these landscapes, past practices and standards have been
primarily based on the concept of “unmixing-the-mix”. Following this strategy, conifer and
deciduous species are managed separately in discrete patches at scales ranging from “large”
(cutblock level) to “micro” (small patches or strips), with a minor component of cutblocks (10%)
being managed to intimate (tree level) mixtures on a trial basis.
At the micro and intimate mixtures scales, uncertainty regarding appropriate reforestation
standards is problematic. Strong patterns of succession in these stands make future outcomes
relatively unpredictable in the absence of intensive and often complex modeling efforts. Where a
weakly defined process including growth simulation studies, various inputs of professional
opinion and trial-and-error has resulted in satisfactory stocking standards for even-aged,
predominantly single species stands, similar efforts have largely failed for spruce-aspen
mixtures. Problems have included uncertainty in stand level targets, diverse professional opinion,
the lack of an effective survey methodology and weak links to growth & yield models.
The case study presented here uses the newly developed silviculture survey simulator to explore
the feasibility of developing a set of mixedwood reforestation standards that could be used for
evaluating intimate mixtures of spruce and aspen. Within the simulator, a mixedwood survey
procedure proposed by Dr. Phil Comeau at the University of Alberta is utilized to assess juvenile
stand conditions. For growth predictions, the Mixedwood Growth Model (MGM), also
developed at the University of Alberta, is utilized. Together, these tools are applied within the
proposed analysis framework to develop a predictive indicator of species composition (%) by
merchantable volume at a reference age of 80 years.

Developing the Stands
A set of 36 stands was developed within the survey simulator. The range of variability was
designed to evaluate a wide range of aspen stocking while keeping the spruce component
relatively constant:

• Spruce was assumed to be planted with an initial density of 1200 trees/ha with 10%
random mortality.

• Mean spruce height before adjustments for suppression was 1.2 m with a standard
deviation of 0.2 m. Mean aspen height was 3.0 m with a standard deviation of 0.6 m.

• Aspen density and distribution was varied according to two factors: percent of area
covered by large clonal clumps, and background density. Clonal clumps were assumed to
contain 4000 trees/ha, reducing gradually to 400 trees/ha over the outer 10 m of the
clumps. Coverage by clonal clumps ranged from 10 to 90% in 10% increments.
Background density levels included 0, 50, 200 and 800 trees/ha. The combination of 9
levels of clonal clump coverage and 4 level of background density resulted in 36
variations in aspen horizontal variability.

Each stand covered an area of 25 ha (500 m x 500 m), and was assumed to have homogenous site
conditions. The total number of trees by stand ranged from approximately 70,000 to 140,000
stems.
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MGM Simulations
The distance independent nature of MGM necessitates simulating these stands with a large
number of sample treelists to represent the spatial variability. Thirty-six samples were selected
using 5.64 m radius plots (100 m2) on an 80 m grid. Once the sample treelists were selected,
additional attributes had to be generated as follows:

• Aspen and unsuppressed spruce were both assumed to have a site index (BHage 50) of
20 m. For spruce overtopped by aspen, an adjustment was developed to derive a localized
MGM site vector1 based on aspen densities (N) within the same 5 m pixel cell:

€ 

SiteVector =10 −0.000035×N +1.285( )

• Spruce heights were adjusted for suppression where heavily impacted by overtopping
aspen. Based on aspen densities (N) within the same5 m pixel cell, a height adjustment
factor was developed as:

€ 

AdjustmentFactor =
SiteVector

20
• DBH for each tree was calculated as a function of height, maximum tree height within 5

m and local density (M) within 5 m:

€ 

DBH =
Height

0.000022 ×M + 0.98( ) × MaxHt
Height

× 0.2 + 0.9
 

 
 

 

 
 

Within the denominator, the first set of brackets generates a height/diameter ratio based
on density, and the second set generates an adjustment factor ranging between 0.9 and 1.1
based on relative tree height.

• Age and breast height age were estimated from height using a quadratic approximation of
the site index curves.

Each sample was simulated independently in MGM, with yield tables for the 36 samples in a
stand blended to generate a final yield table.

                                                  
1  MGM site vectors are similar in concept to site index, but are based on observed rather than potential growth. This
concept is used in MGM to account for the effects of overtopping vegetation.

IMPORTANT NOTE:
Serious problems were encountered in attempting to use the current release of the Mixedwood
Growth Model (MGM 2005A). A pre-beta release of MGM 2007 was instead used for this
proof-of-concept work. This version of the model has not yet been fully vetted by the
developers, and they cautioned that it must not be used for any commercial or public policy
development work! The results from these model runs, therefore, must be considered only for
general trends, and absolute yields or other values should be treated with appropriate caution.
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Surveys
Each stand was sampled using 36 survey plots on an 80 m grid with a random starting point.
Plots followed a variation of the mixedwood survey methodology proposed by Dr. Phil Comeau
at the University of Alberta. In this system, the main plot has a radius of 3.99 m, and is divided
into quadrants on N-S and E-W axes. Quadrants are tallied as unstocked (0), aspen (1), spruce
(2) or aspen-spruce (3) based on presence of acceptable trees. For each spruce, a tree-centered
subplot was established with a radius of 5 m, and divided into quadrants with axis orientations so
as to maximize the cumulative distance to the nearest aspen in each of the 4 quadrants. For a
spruce to be considered acceptable, the minimum distance to any aspen was 2 m, with a
minimum cumulative distance of 14 m2.
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Figure 17. Diagram of Comeau’s mixedwood survey plot.
Dark green dots are spruce and the lighter green circles are aspen. The red lines
represent the main 3.99 m radius plot, and the black lines represent a tree-centered sub-
plot with a 5 m radius. The spruce being assessed in the illustrated sub-plot would be
considered acceptable, with two radii at 5 m and the other two exceeding 2 m for a total
exceeding 14 m.

For each stand, survey metrics were compiled based on the percentage of quadrants in each
stocking category.

                                                  
2 While no formal methodology for this system has been adopted, a more common criterion for acceptability is 2
quadrants with a minimum distance to the nearest aspen of 2 m, and 2 quadrants with a minimum distance of 5 m.
There has also been some discussion of whether or not the 2 quadrants at 5 m need to be adjacent. In his earliest
work on this topic, Comeau showed little difference in light availability between a 5522 arrangement and a 4433
arrangement. Since a cumulative distance of 14 m was considerably easier to code and the impacts of this option are
likely small, it was chosen for this preliminary work. Other options will likely be tested in the future.
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Results
For each stand, the composite yield curve was analyzed to derive predicted species composition
by merchantable volume at a reference age of 80 years. These values were then plotted against
survey statistics for the same stands to explore their value in predicting species composition.
Four variations on the survey statistic were evaluated, with various combinations either including
or excluding unstocked quadrants, and including or excluding stocking class 3 (mixed stocking
of spruce and aspen) quadrants.
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Figure 18. Scatter plots of survey statistic versus species competition.
The top two charts include all survey quadrants in the denominator to derive
percentages, while the bottom two exclude unstocked quadrants. The charts on the left
included only stocking class 2 quadrants (containing only spruce) in the numerator,
while those on the right include both stocking class 2 and 3 (all quadrants with an
acceptable spruce).

SE = 0.073

SE = 0.068 SE = 0.056

SE = 0.060

In interpreting these charts, please keep in mind the caution on the bottom of
page 14.
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The best results, based on evaluation of the root mean squared error (SE), were obtained when
the unstocked quadrants were excluded and the mixed quadrants were included. Obtaining better
results when the unstocked quadrants were excluded was expected, as there is no information on
likely site occupancy from adjacent areas, if any, by either species. These quadrants would
therefore contribute uncertainty to the prediction of overall species composition. Improved
results with the inclusion of the mixed plots were also expected, and this tends to help validate
the survey design. Such a result demonstrates that spruce accepted in the mixed quadrants are
indeed having a noticeable impact on species composition at stand maturity.
Once the best survey metric has been selected, the appropriate regression line can be used to
derive thresholds that are useful for management interpretations (regeneration standards) and
decision-making processes. For the current case study, species composition classes based on
percentage of conifer volume are being applied (Figure 19). In operational application, these
standards would be used to classify stands using regeneration survey metrics for their expected
contribution to landscape level species composition at maturity. This would be accomplished
using a ledger system, where the area surveyed in each class would be summed, and the total
area in each class assessed against landscape targets.
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Figure 19. Definition of regeneration standards.
Class boundaries in the definition of the target stands at age 80 can be translated into
class boundaries for the regeneration standard. In this case, the classes are based on
percent of conifer merchantable volume in the projected stand at age 80: 0 to 25% (D),
25 to 50% (DC), 50 to 75% (CD) and 75 to 100% (C).

Discussion
This case study has demonstrated the utility of the analysis framework for developing
regeneration standards for relatively complex situations. Developing such standards for intimate
mixtures of spruce and aspen has been problematic for many years, and the methodology here
appears able to provide a workable solution.

D DC CD C
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Specific to this problem, there are several avenues that appear fruitful for further work. First and
foremost is to reproduce the yield curves used in this analysis in a final release version of MGM
2007 so that an operationally applicable set of standards can be developed. It would also be
useful to expand the work in the following manner to add confidence to the results:

• replicate the yield curves using an alternate model such as SortieND
• expand the analysis to include a wider range of tree spatial patterns
• run multiple surveys on each stand to test for consistency of results
• test for survey intensity effects – how many plots are required to reliably classify a stand?
• test for frequency of misclassification as affect by stand structure and survey intensity
• test for alternate survey methods that are simpler to apply but that will provide similar (or

better?) results
While all of these issues are interesting, particularly from an academic perspective, a lack of
action on any one (or all) of them should not preclude application of the system. Validation with
the updated MGM model should be a sufficient level of progress for operational use. Resource
managers frequently are willing to use tools that provide a much lesser degree of certainty than a
scientist would prefer to offer. Indeed, many stocking standards have been developed and
applied in the past with a much less certainty.

Where To From Here?
The survey simulator, the analysis framework and potential application will undergo further
development work over the next two years as part of the PhD work of the author. Specific topics
for some of this work have been outlined above on this page and on page 12. Some of these will
be formally included in an academic research proposal for the PhD work in April/May 2007,
while others may be undertaken as requirements or contractual deliverables related to continued
FIA funding of this work. Further consultations with Canfor, other interested industrial parties
and Forest Practices Branch, BC Ministry of Forests and Range will be used to develop
priorities.
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