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EXECUTIVE SUMMARY

Forests are dynamic ecosystems and are rarely in equilibrium.  This is due to natural and
anthropogenic disturbances.  Harvesting constitutes one of the major anthropogenic
disturbances.  If the dynamic of pure and even-aged stands was thoroughly investigated,
the dynamic of complex stands has only recently received the attention of forest
researchers and become a management priority.  Regeneration is a crucial component of
stand development cycle and constitutes the most important phase when exploring
management options and silvicultural alternatives.  The primary objective of this work is
to develop a natural regeneration model for PrognosisBC.  The specific objectives are to
validate the regeneration model using data from the moist wet Interior Cedar-Hemlock
(ICHmw2) subzone variant in the Nelson vicinity and other sources of data, and to select
and evaluate the choice of predictor variables. 

 The most similar neighbour (MSN) approach was used to predict regeneration for
Interior Cedar Hemlock (ICH), Interior Douglas-fir (IDF), and Montane Spruce (MS)
biogeclimatic ecosystem classification (BEC) zones in southeastern and central of British
Columbia.  Data used in this analysis were previously collected from the dry cool MS
(MSdk), the very dry mild IDF (IDFxm), the ICHmw2, dry cool IDF (IDFdk1, IDFdk1,
IDFdk2, IDFdk3, and IDFdk4), and the dry mild IDF (IDFdm2) subzone variants.  

Data collected from 122, 350, and 556 plots for the MS, ICH, and IDF zones respectively
were used in this study.  About 20 % of sampling was carried out on undisturbed and
clear-cut sites and the remaining 80% on harvest sites with different retention levels.  The
plots provide different ranges of residual basal area, number of residual trees, and site
factors such as aspect, elevation, geographic locations, and site series. Descriptive
analyses indicate that regeneration was highly variable within the study areas and that
species composition reflected pre-harvested conditions.  Averages regeneration of 9141,
6559, and 2238 stems per ha were found on the sites of the ICH, MS, and IDF
respectively.  Zonal sites had the highest densities.     

Within each zone, the MSN made use of the plots that have both regeneration and site
and overstory information (called reference plots) to predict regeneration of the plots that
have site and overstory information but assumingly lack regeneration information (called
target plots) by selecting the most similar plot.  The performance of the four MSN models
used to predict regeneration of three shade tolerant species groups by four height classes
was comparable.  However, the predictions of the MSN model that included the aspect as
a class variable among its set of auxiliary variables were superior.        
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1. INTRODUCTION

Complex (mixed species and/or multi-aged) stands are created by minor disturbances and
occur as mosaics of small single-cohorts, regularly distributed throughout the stand
(Oliver and Larson 1996).  These types of stand are very common in southeastern and
central of British Columbia (BC).  The increase use of partial cutting in BC aims to
mimic small-scale natural disturbances that increase or maintain species composition and
the structural and spatial complexity of the stands (J.S. Thrower and Associates 1995a).
While they provide high esthetic quality and wildlife habitat, protect community
watersheds, possess stable response to pest attacks and diseases, and have greater
biological diversity, predictions of future complex stands development are very
complicated.  

The Prognosis is a family of forest growth simulation models, now called the Forest
Vegetation Simulator (FVS), was originally developed to assist in projecting the complex
stands found in the Inland Empire area of Idaho and Montana in the United States (Stage
1973, Wykoff et al. 1982).  The model uses existing inventory data and forecasts future
stand conditions based on the expected growth and mortality of individual trees within
the stand.  The FVS has the capability of simulating wide range of conditions, starting
from bare ground, condition that often result from managed or natural major disturbance
regimes such as clearcutting or fire replacement disturbance, to structural and spatial
complex stands, that result from minor disturbance regime such as partial cutting.  The
FVS has many extensions added to its variants to model the influence of other disturbing
agents such as insects and disease on the tree growth.  The model constitutes the
framework for forest growth and yield modeling across the United States.      

Because of the great similarity between the forest ecosystems of southeastern and central
of BC and the northern Rocky Mountains region of the United States, the BC Ministry of
Forests has adopted the northern Idaho variant of FVS and adapted it for use in BC
(PrognosisBC).

The calibration of PrognosisBC has started in 1999 and the collected data from a number
of Biogeoclimatic Ecosystem Classification (BEC) subzone variants in the Nelson,
Kamloops, and Cariboo forest regions1 were used.  Permanent sample plot data gathered
on these sites were used to calibrate the large tree growth and mortality components of
the model (Robinson 1997, Temesgen and LeMay 2000, Zumrawi et al. 2002).  However,
lack of natural regeneration component has prevented the model from making long-term
projections following disturbances and has limited the full utilization of the model.  

                                                
1 As of April 2003, the Kamloops Forest Region became part of the Southern Interior Forest Region, which
is comprised of the original Kamloops, Nelson, and Cariboo Forest Regions, and the Robson Valley Forest
District.
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The calibration of the system of equations embedded in the original Prognosis model for
predicting regeneration revealed to not be a good predictor in the southeastern BC
(Boisvenue 1999).  However, a subsequent study showed that regeneration predictions
based on the imputation techniques was a viable alternative (Hassani 2002).  The use of
the most similar neighbour (MSN) to impute regeneration was developed and
successfully tested for the Interior Cedar-Hemlock zone of the southeastern on BC
(Hassani et al. 2003).                                

The specific objectives of this study were to (i) further develop the regeneration model
database; ii) select and evaluate the choice of predictor variables; and  (iii) evaluate the
regeneration model performance using independent data from the ICHmw2 subzone in
the Nelson forest region and other sources of data.  

2. METHODS

Sampling procedures

Study areas 

Forests within the Interior Cedar-Hemlock (ICH), Interior Douglas-fir (IDF), and
Montane Spruce (MS) biogeclimatic ecosystem classification (BEC) zones in
southeastern and central of BC constituted the study areas (Figure 1).  Data came from
eight BEC subzones/variants across the three BEC zones.  Data were collected for the
ICHmw2 in the summers of 1998 and 2000 (Boisvenue 1999, Hassani et al. 2003); for
the MSdk in the summer of 2002 (Hassani et al. 2002); for the IDFdk1, IDFdk2, and
IDFdk3 in the summer of 1999 (Cornel and Marshal 2000); and for the IDFdk4, IDFdm2,
and IDFxm in the summer of 2001 (Cornel and Marshal 2000, Froese et al. 2003).  

Montane Spruce (MS) zone

The MS BEC zone occurs on the mid-slopes of the Rocky Mountain Trench and the
Rockies south of Golden and the eastern Purcell Mountains south of the Spillimacheen
River (Braumandel and Curran 1992).  This region is found at mid-elevations and occurs
at elevations of about 1100-1500 m in wetter climatic areas, and at about 1250 to 1650 m
in drier areas (Meidinger and Pojar 1999).  

MSdk is one of the two MS subzones found in the Rocky Mountain Forest District2 and is
located more in the East Kootenay (Braumandel and Curran 1992).  Within the
Cranbrook Forest District vicinity, the MSdk areas occurs on mid-elevation slopes in the
Rocky Mountain Trench south of Spillimacheen River, on the valley bottoms and lower

                                                
2 As of April 2003, the Invermere Forest District became part of the Rocky Mountain Forest District,
comprised of the original Invermere and Cranbrook Forest Districts.



3

slopes of valleys on the eastern flanks of the Purcell Mountains south of the
Spillimacheen River; and on valley bottoms and lower slopes in the Rocky Mountains
south of the Kichinghorse River (Braumandel and Curran 1992).  Elevations range from
1200 to 1650 m on south aspects, and from 1100 to 1550 m on north aspects.  The
climate is continental characterized by cold winters with light snowfall, moderately short
and warm summers (Meidinger and Pojar 1999).  Morainal and glaciofluvial soils with
loamy or silty textures have developed on level slopes in valley bottoms, level and
depressional sites are covered by organic soils, and lower to level slopes support fluvial
soils with silty, loamy, or clayey surface texture (Braumandel and Curran 1992).    
 
Subalpine fir and hybrid spruce with minor amount of Douglas-fir (Pseudotsuga
menziesii var. glauca (Mirb.) Franco) are found on climax sites.  Seral species such as
lodgepole pine and western larch (Larix occidentalis Nutt.) were widespread throughout
the landscape of the subzone by the frequent stand-replacing fires.  Among other
common species found are western redcedar (Thuja plicata Donn), trembling aspen
(Populus tremuloides Michx.) and cottonwood (Populus trichocarpa Torr. & Gray).

Interior Cedar-Hemlock Zone (ICH)

The ICH BEC zone is the largest and the most productive zone in the interior of BC and
in the Southern Interior Forest Region.  Elevations range from 500 to 1450 m in the
northern part of its occurrence, and from 1200 to 1450 m in the southern part.  It extends
south into eastern Washington, Idaho, and western Montana of the United States.  The
zone has an interior continental climate, characterized by cool wet winters and warm dry
summers, and it is one of the wettest in the interior of BC (Ketcheson et al. 1991).  Soils
were developed as morainal, with loamy or silty surface textures and occur throughout
the subzone.  
 

The ICHmw2 is the most productive subzone and has the greatest tree species diversity of
all the zones in British Columbia (BC), and the second to the Coastal Western Hemlock
(CWH) in all of Canada (Meidinger and Pojar 1991, Braumandl and Curran 1992).
Although coniferous forests dominate the landscape, the vegetation of ICHmw2 presents
a high diversity of coniferous and deciduous.  Western hemlock (Tsuga heterophylla
(Raf.) Sarg.) and western redcedar (Thuja plicata Donn) are the climax trees species that
dominate the mature forests.  Along with the climax species, other trees species such as
white spruce, Engelmann spruce, and subalpine fir are commonly present and form
mature forests, whereas virtually serial species such as western larch, lodgepole pine,
Douglas-fir, white pine, trembling aspen, and paper birch are found on specific sites.
Together with this high diversity of tree species, ICHmw2 frequently includes substantial
understory vegetation.  
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Figure 1. Biogeoclimatic zones of British Columbia  

The combination of frequent forest fire, windthrow, insects, disease, slides, and
avalanches that occurred in the past had resulted in the development of complex stands
(Anonymous 1998; Boisvenue 1999).  Pest outbreaks are increasingly apparent in ICH
(Boisvenue 1999); the main pests reported are: laminated root rot (Phellinus weirii),
armillaria root rot (Armillaria ostoyae), white pine blister rust (Cronartium ribicola),
spruce beetle (Dendroctonus rufipennis), dwarf mistletoe (Aceuthobium americanum),
dwarf larch mistletoe (Arceuthobium laricis), spruce leader weevil (Pissodes terminalis),
hemlock sawfly (Neodiprion tsugae), and Douglas-fir beetle (Dendroctonus
pseudotsugae).

The Interior Douglas-fir (IDF Zone)

Interior Douglas-fir is a major and valuable component of extensive forest areas in
western North America (Herman and Levander 1990).  Douglas-fir constitutes the climax
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species of the forests of the IDF zone in the southern interior of BC (Hope et al. 1991).
The zone extends from Williams Lake in the north and continues to Washington, Oregon,
Idaho, and Montana to the south (Lloyd et al. 1990).  The zone dominates the low to mid-
elevation landscape of the southern interior Plateau and southern Rocky Mountain
Trench, and follows the valleys bottom of the Coast Mountains.  It is limited by the
Ponderosa Pine (PP) zone at lower elevations and by Mountain Spruce (MS) zone at
higher elevations (Hope et al. 1991).  

The IDF ranges in elevation from 350 to 1450 m and has a continental climate.  Frosts are
common in specific periods and substantial moisture deficit occur throughout the
growing season (Lloyd et al. 1990).  Zonal sites occur on morainal deposits and soils are
typically Orthic or Gray Dark Luvisols, and Eutric or Dystric Brunisols.  Soils are
medium to rich in nutrients and the humus forms are typically Hemimors or Mormoders
(Lloyd et al. 1990, Braumandl et al. 1992).      

Although, much of the landscape is occupied by mature forests of pure Douglas-fir,
mixed and uneven-aged stands are also found on an important portion of the IDF
landscape.  This was due to a history of disturbances from partial cutting, fire, insects, or
combinations of them.  Species mixture includes Douglas-fir and lodgepole pine or
Douglas-fir and ponderosa pine.  Other species such as trembling aspen, paper birch,
western larch, western redcedar, hybrid spruce can also be found on specific sites.  Table
1 lists species, scientific names, and species codes found in the study sites.  The
understory vegetation is generally dominated by pinegrass (Calamagrostis rubescens
Buckl.) (Lloyd et al. 1990).

Among the seven IDF subzones recognized in BC (Lloyd et al. 1990), three are
represented in this study.  The IDFdk subzone occurs at low to mid-elevations of the
central Interior Plateau.  The variant IDFdk1 occurs on the central and southern edge of
the Thompson Plateau, while the variant IDFdk2 occurs on the lee side of the Cascade
Mountains and the eastern part of the Thompson Plateau. The variant IDFdk3 is
concentrated on the Fraser Plateau, in the upper Deadman Valley, in the Camelsfoot
Range, and north of Aschcroft (Llyod et al. 1990).  IDFdk1, IDFdk2, and IDFdk3 occur
on the Southern Interior Forest Region.  The IDFdk4 occurs on the Fraser Plateau, along
either side of Chilcotin River Valley, west from Fraser River valley to about Chilanko
Forks (Steen and Coupe 1997, Steen 1987).  It is also found along the west side of the
Fraser River valley south of the Chilcotin River to about Lone Cabin Creek. Elevation
ranges from 1050 to 1350 m.  The Interior Douglas-fir Very Dry Mild (IDFxm) subzone
occurs on the Fraser and Chilcotin river valleys (Steen 1987).  In the Fraser River valley,
it occurs on the middle and upper valley slopes, whereas in the Chilcotin River valley it is
found on middle and upper slopes near Alexis Creek.  Elevation ranges from 800 to 1200
m.  Both IDFdk4 and IDFxm occur in the Southern Interior Forest Region.  The Interior
Douglas-fir Dry Mild (IDFdm2) variant extends along the Rocky mountain trench from
north of Golden south across the border with the United States (Sacenieks and Thompson
2000), and in the valley bottoms of the major tributary rivers (Braumandl et al. 1992). 
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The elevation ranges from 800 to 1200 m.  The variant occurs in the Rocky Mountain
Forest District.   

Table 1. Local and scientific names, and species codes for trees found in the study areas.

Local Name Scientific Name Code3 Zone
black cottonwood Populus trichocarpa Torr. & Gray Act ICH, MS
Douglas-fir Pseudotsuga menziesii var. glauca (Beissn.) Franco Fd ICH, IDF, MS
grand fir Abies grandis (Doug.) Lindl. Bg ICH
hybrid spruce Picea engelmannii Parry x glauca (Moench) Voss Sx ICH, IDF, MS
lodgepole pine Pinus contorta Dougl. Var. latifolia Dougl. Pl ICH, IDF, MS
paper birch Betula papyrifera Marsh. Ep ICH, MS
Ponderosa pine Pinus ponderosa Py ICH, IDF, MS
subalpine fir Abies lasiocarpa (Hook.) Nutt. Bl ICH, IDF, MS
trembling aspen Populus tremuloides Michx At ICH, IDF, MS
willow Salix sp. Wl ICH, MS
western hemlock Tsuga heterophylla (Raf.) Sarg. Hw ICH, MS
western larch Larix occidentalis Nutt. Lw ICH, IDF, MS
western redcedar Thuja plicata Donn Cw ICH, IDF, MS
Common juniper Juniperus communis Jr IDF
Douglas maple Acer glabrum Md ICH, MS
western white pine Pinus monticola Dougl. Pw ICH, MS
Rocky Mountain
juniper

Juniperus scopulina Rj IDF

western yew Taxus brevifolia Nutt. Tw ICH, MS

Sampling design and data collection

Sampling plan and procedures used to collect data were based on the design and
measurement protocols used in the development of regeneration component of the FVS
model4 (Ferguson and Crookston 1991).  

Using the Ministry of Forests integrated silvicultural information system (ISIS),
topographical mapsheets, and the inventory databases, the sampling frame was
constructed, which included all areas located within the targeted BEC subzones/variants.
As PrognosisBC will be mainly used to project future harvesting scenarios, the sampling
population included a high proportion (80%) of sites that were partially harvested within
the last 15 years for the IDFdk4 and IDFxm and between 5 to 25 years for the rest of the
variants.  The remaining stands were equally divided between clear-cut and undisturbed
stands.  Undisturbed and clear-cut stands were selected based on similarities in sites
characteristics to those partially harvested.  

                                                
3 Tree species codes follow the British Columbia Ministry of Forests, Inventory Branch Standards.

4 PrognosisBC was adapted from the Forest Vegetation Simulator (FVS) model initiated by Stage (1973) in
the US under the name Prognosis
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After identifying the potential sites, accessible polygons located within a reasonable
distance from the forest districts and presenting different site preparation techniques,
regeneration methods, ranges of slope, elevation, and the aspect were stratified by
combinations of these variables and were retained for further sampling.  Polygons were
then randomly selected from each stratum..  The sampling frame of the IDFdk3 was
comprised of three strata based on time since harvesting.  The strata were identified as:
(1) 1995-present, (2) 1990-1994, and (3) pre-1990.    
  
A stratified random sampling without replacement was used to sample within each
polygon of the IDFdk4 and IDFxm variants.  A three-point cluster was used where each
sample point within the cluster consisted of two nested fixed area plots (Figure 2).  The
location of the cluster was purposively determined. A 50-metre plot grid was randomly
dropped over the polygon and a random number generator was used to select the grid
point for the bottom left sample point of the cluster (anchor point).  The second sample
point was located 50 m at 90 degrees bearing from the anchor point.  The third sample
point was located at 50 m on a bearing of 330 degrees from the second sample point.  For
the remaining variants, within each selected polygon plots were systematically
established with a random start.  The number of plots per polygon and the distance that
separated them depended on the size of the polygon and the variability of the overstory
structure.  A minimum of two plots was sampled on more homogenous polygons.  Also,
an equal number of plots were established in the three strata of the IDFdk3.  In most
cases, plots were spaced 100 m apart and were located at least 50 m from the roads or any
existing openings to minimize edge effects (Landbeck 1965, Van Laar et al. 1990).  

At each installed sample point, a 2.07 m radius (0.00135 ha) circular plot along with four
satellite circular plots located in the cardinal directions from the plot centre were
established to sample regeneration (Figure 3).  For the IDFdk4 and IDFxm regeneration
was sampled on a 2 m radius plot (0.00126 ha).  Only the regeneration of the sample
point (center plot) was tallied and used for the IDFdk3, IDFdk4, and IDFxm.  Satellite
plots in the IDFdk3 were used to indicate only the presence or the absence of
regeneration trees.  Based on the sampling design used by Ferguson et al. (1986) and by
Ferguson and Carlson (1993), regeneration was defined as being at least 15 and 30 cm
tall for shade tolerant and shade intolerant species, respectively, and less than 2.0 cm
diameter at breast height (dbh).  All established species were recorded into four height
classes: (1) 15 - 49.9 cm; (2) 50 - 99.9 cm; (3) 100 - 129.9 cm; and (4) >130 cm. 
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Figure 2. Orientation and layout of the three-point cluster used in the IDFdk4 and IDFxm

Figure 3. Plot layout for sampling regeneration, small and large trees.  

Species composition, dbh and the number total per ha of residual trees were used to
characterize the overstory species composition.  They were used to estimate stand
variables and to study the effect of residual cover on regeneration establishment.
Residual trees were defined as trees with a dbh outside bark equals to 7.5 cm or greater.
For the IDFdk3, large trees were sampled from center plot using a prism with 5 m2/ha

True 
North

bearing 90
o

50 m

50 m

Stand 
     boundary

:- the 2 and 8 metre radius nested plots.

Anchor point

bearing 330 o

Large tree plot
(radius= 11.28m) Small tree plot

(radius = 3.99m)

Regeneration plot
(radius = 2.07m) Satellite plot

(radius = 2.07
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basal area factor (Figure 4), whereas for the IDFdk4 and IDFxm residual trees were
sampled within an 8 m radius (0.02 ha) circular plot.  For the remaining variants, residual
trees were sampled within an 11.28 m radius (0.04) circular plot (Figure 3).  Species and
dbhs were recorded for all tallied trees.  Any other relevant information, such as presence
of scars, diseases, fire signs and any other physical deformation, was also noted.  

satellite plots
(r = 2.07 m)
11.28 m from the centre
of the cluster.

prism sweep
(BAF = 5m2/ha)

small tree plot
(r = 5.64 m)

regen. plot
(r = 2.07 m)

Figure 4. Plot layout used for sampling in the IDFdk3

For each installed plot, the BEC site series was identified and recorded in-situ, along with
elevation, slope angle (percent), slope position, aspect (degrees), and site preparation
whenever it was noticeable.  Any other information deemed of importance within each
plot was also documented. 
       

 Data analysis 

The data collected during the five field seasons across the two subzones and six variants
were retrieved from the developed database.  This database is now completed and will be
linked to the natural regeneration prediction model (Appendix II).

For both natural regeneration and residual trees present, the species were grouped into
three shade tolerance groups.  The shade tolerant species group was composed of grand-
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fir, subalpine-fir, western redcedar, hemlock, spruce, and Rocky Mountain juniper5; the
shade semi-tolerant group included Douglas-fir and white pine; and the shade intolerant
group included lodgepole pine, larch, cottonwood, trembling aspen, white birch, Douglas
maple, and willow.    

Plot information, regeneration, and residual trees files were manipulated to provide
various data summary tables.  Data manipulation and regeneration modelling were
proceeded using MS Excel and SAS (Statistical Analysis Systems Institute, version 8.2).          

Descriptive analysis of regeneration

A descriptive analysis was first conducted to observe any effect of the overstory on the
regeneration.  Average number of residual trees and average regeneration trees per ha
(over the centre and the four satellite plots for most of the variants) by shade
tolerancegroups were computed for each of the three BEC zone.  The IDF zone included
IDFdk1, IDFdk2, IDFdk3, IDFdk4, IDFdm2, and IDFxm.  The ICH zone includes the
ICHmw2 variant and the MS zone includes the MSdk subzone.  To remove any effect
that may be caused by the difference in the time of disturbance, only those plots disturbed
between 15 and 20 years ago were selected.  At this time the regeneration dynamic tends
to become more stable.  

Most Similar Neighbour imputation modelling

The MSN (Moeur and Stage 1995, Moeur 2000) uses the most similar plot from a pool of
plots that have regeneration data (reference plots) to estimate regeneration in a plot that
supposedly lacks regeneration data (target plot).      

To test the accuracy of the predictions, data was split randomly and was evenly divided
into four sets of data (Snee 1977).  Each set represented target plots and was reserved as
test data.  The remaining 75% of the plots represented the reference set.  This approach
was repeated four times.  

The latest version of the MSN software (version 2.12) provided by Moeur (2002) was
used to conduct this analysis.  The dependent variables (Y set) that were used in the
analysis were the regeneration stems per ha (SPH) by species group and four height
classes.  The predictor variables (X set) used to estimate regeneration  were obtained
from different sources.  The sources include maps, stand records, the BC Ministry of
Forests’ silviculture database (ISIS), and the information collected in the field.  The
number of years since last disturbance was taken from the ISIS database and stand

                                                
5 Rocky Mountain Juniper is shade tolerant during seedling stage but becomes a shade intolerant species as
large tree.  It is classified a shade intolerant group as residual trees.
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records.  Using the information collected on residual trees (species, dbh, and total
number of trees) within each plot, residual basal area per ha (BA), number of residual
trees per ha (TPH), BA and TPH by shade tolerant groups, quadratic mean dbh (Qdbh),
along with crown competition factor (CCF) were derived.   

Site series identification, site preparation, aspect, elevation, and slope position were
recorded in the field during data collection and checked against stand records whenever
possible.  Because there were differences in the vegetation, climate, site and succession
among the BEC zones, and mainly soil moisture content within the zones (personal
communication with Klinka), site series were grouped separately at the subzone/variant
level into dry, zonal, and wet sites (Table 4). 

Table 2.  Site classes by subzone variant found within each BEC zone

Zone Subzone/variant Site class Site series
ICH ICHmw2 Dry

Zonal
Wet

03, 04
01
06, 07, 08

MS MSdk Dry
Zonal
Wet

02, 03
01, 04
05, 06, 07

IDF

IDFdk1

IDFdk2

IDFdk3

IDFdk4

IDFdm2

IDFxm

Dry
Zonal
Wet

Dry
Zonal
Wet

Dry
Zonal
Wet

Dry
Zonal
Wet

Dry
Zonal
Wet

Dry
Zonal
Wet

02, 03
04, 05, 01
06, 07

02
03, 04, 01
04, 06, 07, 08

02, 03, 04
05, 01
07, 08, 09

02, 03, 04
01, 05, 06
08, 09, 10

02, 03
01
05, 06, 07

02, 03, 04, 05
01
06, 07, 08, 09
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Site preparation was represented by different sets of indicator variables.  A set of five
(brushing, burning, mechanical, mixed, none), three (burning, mechanical, none), and two
(burning and none) indicator variables represented site preparation in ICH, IDF, and MS
zones respectively.  Slope position was represented by three indicator variables for the
three zones (lower, middle, and upper slope).      

Factor analysis was used to group independent variables and hence reduce the number of
independent variables used in the MSN matching process. Four different sets of variables
were used as auxiliary variables to predict regeneration in the MSN analysis.  Two runs
used different sets of independent variables. The other two used the first three factors that
were derived from the factor analysis.  Factors retained were derived from a factor
analysis that used the same sets of independent variables included as the auxiliary
variables in the first two MSN runs.  

Factor analysis is a technique that allows the reduction of a larger number of variables to
a smaller number of factors by simplifying complex and diverse relationships that exist
among the original variables (Dillon and Goldstein 1984).  Factor analysis was conducted
using PROC FACTOR procedure in the SAS system(version 8.2) to uncover three
common factors that connect together different subsets of independent variables.  

To account for the effect of the aspect, sine and cosine transformations with the
interaction with slope were included in the analysis (Stage 1976).  The predictors
variables used in the four MSN runs are given in Tables 3 and 4. 

Table 3. Regeneration variables used in the MSN analyses.

 Variables of Interest (Y)
Regeneration stems per ha 
for four height classes:
        1: 15-49.9 cm
        2: 50-99.9 cm
        3: 100-129.9 cm
        4: >129.9 cm;
by four species group:
        Shade-intolerant species
        Shade-semi-tolerant species
        Shade tolerant species
(12 variables of interest).
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Table 4. Auxiliary variables used in the four MSN analyses.

Overstory and Site Variables (X)
MSN 1 MSN 2

Number of years since disturbance Factor 1
Site classes (dry, zonal, and wet) as dummies Factor 2
Aspect (degrees) Factor 3
Aspect classes (N, S, and other) These factor are based on

the variables in MSN 1
Elevation (m)
Slope  (decimal)
Residual trees per ha by shade tolerant groups (TPH of
tolerant, TPH of semi-tolerant, and TPH of intolerant)
Residual basal area per ha by shade tolerant groups (BA of
tolerant, BA of semi-tolerant, and BA of intolerant)
Quadratic mean dbh (QDBH)
Crown competition factor (CCF)
Slope position:  lower, middle, and upper
Site preparation: depends on the zone;   burning, brushing,
mixed (brushing and burning),  mechanical, and none 

MSN 3 MSN 4
Number of years since disturbance Factor 1
Site classes (dry, zonal, and wet) as dummies Factor 2
T1= cosine (aspect in radians) * Slope (in decimal) Factor 3
T2= sine (aspect in radians) * Slope (in decimal) These factor are based on

the variables in MSN 3
Elevation (m)
Slope  (decimal)
Residual trees per ha by shade tolerant groups (TPH of
tolerant, TPH of semi-tolerant, and TPH of intolerant)
Residual basal area per ha by shade tolerant groups (BA of
tolerant, BA of semi-tolerant, and BA of intolerant)
Quadratic mean dbh (QDBH)
Crown competition factor (CCF)
Slope position:  lower, middle, and upper
Site preparation: depends on the zone; burning, brushing,
mixed (brushing and burning), mechanical, and none 

The similarity measure used to find the most similar neighbour was:  

( ) ( )jijiij XXXXD −Γ′ΓΛ′−= 22
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where Dij
2 is the squared distance between target plot i and the reference plot j, Xi is the

vector of the standardized values of the target plots, Xj is the vector of the standardized
values of the reference plots, Γ is the matrix of standardized canonical coefficients for the
X variables, and Λ2 is the diagonal matrix of squared canonical correlations between X
and Y variables.   Together, Γ′ΓΛ2  comprise a weight matrix.  These weights were used
to emphasize X variables that present higher correlations with the 12 regeneration
variables (Y; regeneration stems per ha by species group and height class).  

The performance of the four MSN predictions were compared using bias, mean absolute
deviation (MAD), and root mean-squared error (RMSE) values calculated over the 12
regeneration stems per ha variables between the observed versus estimated regeneration
values for the target data of each of the four datasets.    

The bias, mean absolute deviation (MAD), and root mean-squared error (RMSE) values
were computed as follows:
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where yij is the observed regeneration stems per ha for each target plot i and regeneration
variable j, ijŷ  is the estimated regeneration stems per ha, n is the number of target plots,
and m is the number of regeneration variables (12). 

3. RESULTS AND DISCUSSION

Regeneration composition

One thousand thirty eight plots were used in this analysis.  About 55% of the plots were
located in the IDF, 34% and 12% of the plots were sampled from the ICH and MS zones
respectively.  Regeneration was highly variables and ranged from 0 to 174,308 stems/ha
in the ICH, from 0 to 27,491 in the MS, and from 0 to 20,358 in the IDF.  The average
amounts of 
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Figure 5. Average regeneration and residual trees per ha by shade tolerant groups and
zone (n1: sample size of ICH, n2: sample sie of IDF, n3: sample size of MS).

regeneration were 9141, 6559, and 2388 stems per ha were found on the sites of the ICH,
MS, and IDF respectively.  These results were in accordance with other studies
conducted on the same zones (Delong and Butt 1994, Przeczek 2001).  Delong and Butt
(1994) found that 90% of the regeneration tallied in the ICHmw2 was established after
harvest.  It is likely that most of the regeneration found on these sites were established
after harvesting.  Shade tolerant species were most abundant in the ICH (51%), whereas
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shade semi-tolerant species, especially Douglas-fir, dominated the species composition
of the IDF sites (69%).  The majority of the established regeneration on the MS zone was
shade intolerant (64%).  Along with the lodgepole pine and larch, hardwood species were
also an important component of the intolerant species within the three zones.     

Regeneration and residual trees composition by site for the ICH 
zone (n1=21, n2=26, n3=8)
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Figure 6. Average regeneration per ha by shade tolerant groups and site for the ICH zone
(n1, n2, and n3 are sample sizes of the dry, zonal, and wet conditions respectively). 

A total of 247 plots were cut between 15 and 20 years after disturbance and were used to
study the influence of the overstory on the regeneration.  The IDFxm subzone was
excluded from this analysis because it has a very small number of plots that were
disturbed within the selected range of time since disturbance.    

Shade tolerant species predominated the regeneration and the overstory of the ICH,
whereas shade semi-tolerant species were abundant in both strata in the IDF sites (Figure
5).  Shade intolerant regeneration and residual trees mainly dominated the sites of the MS
zone (Figure 5).  This is a clear indication that species composition of the regeneration
reflected pre-harvested conditions where mature residual trees constituted reliable seed
sources. 
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When stratified by site, regeneration was more abundant on zonal sites in the three zones
(Figures 6, 7, and 8).  This finding was expected, as zonal sites possess the most optimum
conditions for establishment and growth of trees.  

Figure 7. Average regeneration per ha by shade tolerant groups and site for the IDF zone
(n1, n2, and n3 are sample sizes of the dry, zonal, and wet conditions respectively)
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Figure 8. Average regeneration per ha by shade tolerant groups and by site for the MS
zone (n1, n2, and n3 are sample sizes of the dry, zonal, and wet conditions
respectively) 

The MSN models

Twelve canonical variates resulted from the canonical correlations analysis on the 12
regeneration variables representing the Y variables, and the 25 plot information variables
for the ICH, the 24 variables for the IDF, and the 22 variables for the MS zones
representing the X variables.  Ninety percent of the inherent variation in the Y variables
was explained by the first seven canonical variates but only four variates were
significantly greater than zero for the ICH and IDF and three for the MS.  These variates
were retained in calculating the distances between plots.  The BA per ha of the shade
tolerant species group and CCF had the highest canonical coefficients on some of the
retained variates for the ICH zone.  Along with the CCF, BA of shade semi-tolerant
species group carried the highest coefficients on the variates for the IDF zone.  For the
MS zone, the CCF and the BA per ha of the three shade tolerant species groups displayed
the highest coefficients.  Therefore, they carried high weight for selecting the nearest
neighbour plot for regeneration imputation. 

Table 5. Bias, mean absolute deviation (MAD), and root mean-squared error (RMSE)
averaged over the 12 regeneration stems per ha variables and over the four
datasets for the four MSN analyses.  

 
Zone MSN1a MSN2b

Bias MAD RMSE Bias MAD RMSE
ICH -4 972 2,105 122 943 2,175
IDF -1 266 600 8 276 631
MS 58 740 1,422 -13 784 1,413

MSN3c MSN4d

ICH 33 932 2,068 18 1,050 2,313
IDF 5 256 577 4 265 587
MS 61 712 1,412 -26 798 1,543
          
The criteria used to compare the performance of predicting the regeneration among the
four MSN analyses are summarized in Table 5.  The results obtained with the two runs

                                                
a Analysis used individual independent variables as auxiliary variables but included the aspect as a class
variable (north, south, and other)
b Analysis used as auxiliary variables the first three factors derived from the factor analysis that was
performed on the same set of independent variables used in the MSN1 
c Analysis used individual independent variables as auxiliary variables but included cosine and sine
transformations of the aspect (radian) times the slope (decimal) instead of the aspect as a class variable 
d Analysis used as auxiliary variables the first three factors derived from the factor analysis that was
performed on the same set of independent variables used in the MSN2
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that used individual independent variables were quite similar and produced better
predictions than the runs that used factors as auxiliary variables.  As some variables
loaded on more than one factor, it was not possible to label the factors.  It was expected
that site and stand density and tree sizes variables would most heavily load on different
factors. 

When the statistics were summarized for the four datasets (Table 6 in the Appendix) and
were also computed on the 12 individual regeneration variables (Table 7 in the
Appendix), the comparison showed that the bias values produced by the MSN1 were the
smallest.  The MSN1 included the aspect as a class variable among the independent
variables.  The loss of accuracy experienced when using the factors as auxiliary variables
in the MSN3 instead if the independent variables set of the MSN1 was particularly
noticeable for the bias of the tolerant species height class 1 for the ICH zone (Table 7 in
the Appendix).  Compared to those produced by the MSN1, biases produced by the
MSN3 were quite high.  It appears that including more information about site and forest
cover information renders the analysis more robust in those conditions where there is
high number of species.  Also, the use of factors as predictor variables would probably
provide better results if the predictions were performed on individual species for the
stands that have few leading species such as the IDF.                    
  

4. CONCLUSIONS

The most similar neighbour approach was used to predict the regeneration in the complex
stands of southeastern and central BC.  This approach predicted regeneration by species
and height class in one step.  Data from three BEC zones (two subzones and six variants)
were used to validate the regeneration model.  

Four sets of independent variables were used as auxiliary variables in the MSN to predict
the regeneration.  Although the performance of the predictions that resulted from the four
MSN runs were comparable, those produced by the MSN that included the aspect as a
class variable among its set of independent variables were superior.      

Regeneration varied considerably from zone to zone, with the highest established density
found in the stands of the ICH and the lowest in the IDF.  Throughout the study areas, the
most abundant regeneration was found on zonal sites.  
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APPENDIX I

There were 2 types of variables used in the analysis..The term All refers to the individual
independent variables, whereas Factors refers to the three factors used as auxiliary
variables in the MSN runs. 

Identification of the variables used in Table 6:

Bias_T1 to T4: bias in the predicted regeneration of the  tolerant species height class 1 to
height class 4. 
Bias_S1 to S4: bias in the predicted regeneration of the semi-tolerant species height class
1 to height class 4. 
Bias_I1 to I4: bias in the predicted regeneration of the intolerant species height class 1 to
height class 4. 

Identification of the variables used in Table 7:

Abs_T1 to T4: mean absolute deviation of tolerant species height class 1 to height class
4. 
Abs_S1 to S4: mean absolute deviation of semi-tolerant species height class 1 to height
class 4. 
Abs_I1 to I4: mean absolute deviation of intolerant species height class 1 to height class
4. 

RMSE_T1 to T4: root mean square error of tolerant species height class 1 to height class
4. 
RMSE_S1 to S4: root mean square error of semi-tolerant species height class 1 to height
class 4. 
RMSE_I1 to I4: root mean square error of intolerant species height class 1 to height class
4. 
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Table 6. Bias averaged over the 12 regeneration stems per ha variables for the four datasets for each zone. 
 

Test Zone Variable Bias_T1 Bias_T2 Bias_T3 Bias_T4 Bias_S1 Bias_S2 Bias_S3 Bias_S4 Bias_I1 Bias_I2 Bias_I3 Bias_I4

1 ICH All 640 469 182 221 1028 233 73 78 -62 -392 -260 -581

 Factors 1925 599 225 282 1142 194 24 -5 -84 17 -57 -324

2 All 500 -222 -126 -186 -489 -61 -12 60 -34 114 20 3

 Factors 2489 -167 -96 -275 -244 -51 36 63 -17 225 135 391

3 All -372 -344 -77 -63 -13 -63 -43 14 399 70 -79 177

 Factors 1407 64 -20 -39 251 288 -9 39 492 -2 -122 54

4 All -189 68 -36 13 -213 -111 -13 -63 -346 53 -8 -170

 Factors -1412 -121 -58 -15 -357 -186 -10 -39 -362 -110 -23 -292

1 IDF All 22 25 7 30 -6 -21 -16 -30 63 2 20 -42

 Factors 24 20 10 30 -166 -80 17 97 66 32 17 -89

2 All 1 8 0 5 199 37 -28 -96 13 -2 8 -8

 Factors -29 -30 -16 -12 24 -46 -27 -93 29 12 19 16

3 All -28 -34 -19 -32 164 -59 -13 -175 -69 11 -9 -24

 Factors -78 -53 -16 -8 111 123 51 126 -123 -39 -26 -37

4 All 3 22 15 21 -12 -30 25 -74 -34 42 6 43

  Factors 12 16 15 -3 274 150 10 -130 -1 24 16 146

1 MSdk All -669 -241 -158 -283 576 246 14 -111 -585 -423 93 799

 Factors -167 -51 -70 -125 989 144 -5 -88 -79 -650 9 413

2 All 272 82 10 26 784 77 0 143 512 487 61 456

 Factors 118 -61 0 -133 164 118 -5 205 492 -15 5 -810

3 All -15 74 94 159 -466 -35 -30 -188 -238 173 5 451

 Factors -139 50 89 104 -149 -144 -10 -119 -659 277 79 -35

4 All 383 125 -5 -177 -125 72 43 326 -187 652 86 -551

  Factors 441 173 -14 48 72 0 43 158 -460 -125 -14 -671
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Table 7. Mean absolute deviation (MAD)  averaged over the 12 regeneration stems per ha variables for the four datasets for each zone. 
   

Run Zone
Variable 

Abs_T1 Abs_T2 Abs_T3 Abs_T4 Abs_S1 Abs_S2 Abs_S3 Abs_S4 Abs_I1 Abs_I2 Abs_I3 Abs_I4
1 ICH All 4183 1044 314 572 1829 550 160 263 984 831 476 1523
 Factors 3573 1011 339 623 1824 566 182 319 1385 584 317 1169
2 All 6673 933 345 535 1168 318 138 244 591 600 444 1667
 Factors 5679 984 338 603 1122 369 132 251 601 502 425 1382
3 All 3198 978 285 442 1269 628 172 258 1205 879 551 1506
 Factors 3527 845 263 491 1157 507 181 265 1019 811 537 1407
4 All 1394 578 300 523 1386 531 165 225 911 661 535 1678
 Factors 2584 800 304 541 1297 522 149 210 798 695 485 1578
1 IDF All 103 70 21 69 930 531 193 762 166 152 54 284
 Factors 109 65 20 79 1100 643 162 618 167 125 65 323
2 All 128 54 24 77 758 341 117 632 141 105 64 174
 Factors 153 95 40 94 936 429 131 634 149 109 55 182
3 All 107 70 38 91 819 490 186 739 151 110 50 196
 Factors 147 76 37 78 1131 468 144 544 183 153 58 296
4 All 90 57 27 68 1324 729 190 685 119 120 59 303
  Factors 102 57 27 82 1082 604 191 724 103 138 60 264
1 MSdkAll 1133 427 176 460 1802 413 42 316 780 1444 353 1783
 Factors 641 311 98 311 1407 543 70 265 1268 2080 474 2494
2 All 323 113 10 87 1163 497 51 379 1322 1337 359 1952
 Factors 415 195 20 205 1568 507 56 369 1240 1512 374 2593
3 All 669 352 104 426 1119 263 59 575 961 2006 342 1501
 Factors 773 406 109 510 476 510 40 376 1441 1902 307 1917
4 All 911 230 24 254 527 436 72 470 1587 2694 441 2766
  Factors 767 268 24 144 283 268 53 743 1908 2914 436 2023
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Table 8. Root mean-squared error (RMSE) averaged over the 12 regeneration stems per ha variables for the four datasets for each zone.  

Run Zone Variable RMSE_T1 RMSE_T2 RMSE_T3 RMSE_T4 RMSE_S1 RMSE_S2 RMSE_S3 RMSE_S4 RMSE_I1 RMSE_I2 RMSE_I3 RMSE_I4
1 ICH All 9856 2622 599 1035 3595 1119 308 485 1921 1494 922 2453
 Factors 8182 2531 699 1113 3520 1134 324 623 3156 1126 624 2004
2 All 21106 1682 617 818 2060 531 306 535 1265 1191 804 2947
 Factors 21423 2645 712 1112 2030 663 362 560 1242 1041 870 2683
3 All 10392 1723 501 694 2183 1248 357 510 2603 1476 970 2290
 Factors 9350 1651 525 774 1903 795 331 496 2192 1343 924 2479
4 All 2524 1042 517 973 2139 936 332 453 2043 1330 907 2616
 Factors 8165 1566 515 965 2058 1043 283 406 1702 1284 817 2446
1 IDF All 337 281 121 248 1872 1122 381 1425 530 390 165 812
 Factors 373 277 130 312 2097 1285 319 1187 528 333 200 974
2 All 309 156 68 227 1343 724 219 1251 447 257 181 478
 Factors 524 406 181 331 1752 973 258 1192 439 273 168 475
3 All 293 322 190 331 1616 1059 392 1457 538 342 160 504
 Factors 374 321 186 280 2190 1045 341 1095 541 383 166 878
4 All 304 291 176 255 2517 1474 408 1326 293 288 157 788
  Factors 291 302 174 291 1950 1196 345 1406 281 351 191 713
1 MSdk All 2648 900 598 1293 3371 808 120 759 1562 2477 610 3000
 Factors 1425 627 426 964 3104 996 168 795 2101 3523 685 3666
2 All 632 241 39 189 2294 960 117 850 2524 2607 685 3487
 Factors 745 422 55 447 2889 874 114 989 2347 2469 690 3767
3 All 1337 726 440 1093 2390 498 158 1688 1638 3934 742 2213
 Factors 1533 753 441 1136 968 977 138 1063 2177 3141 442 2714
4 All 2524 645 60 594 869 936 183 1284 2573 4465 861 3652
  Factors 2221 657 60 248 554 609 175 2008 2945 4714 859 3001
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APPENDIX II

Further Development of a Linkage Between a Regeneration Database and PrognosisBC

In 2002/2003 we developed a working prototype version of a regeneration database with live linkage to the PrognosisBC

growth model during simulation runs. The regeneration database houses a large number of observations of regeneration plots.
These observations are combined with other site information from the regeneration stand and simulated stand, to select the
most appropriate regeneration for the simulated stand. The matching algorithm uses MSN (“Most Similar Neighbor”) public-
domain statistical software.

This year we have continued to improve the accuracy and extent of the data in the regeneration database, to improve the
capabilities of the linkage to PrognosisBC, and to add interface control for users of PrognosisBC. The report documents
improvements made in the following areas:

1. database content has been increased and rigorously checked;
2. an Excel-based database entry template has been developed;
3. database relationships have been restructured;
4. a second database has been developed, to accommodate users who wish to develop customized runs;
5. US Forest Service technical approaches to similar problems were studied; and
6. a prototype user interface was developed for PrognosisBC.

1 – Database Content and Quality

The database was originally developed using MS Excel and included observations from the Interior Douglas-fir and Interior
Cedar Hemlock BEC zones. This year additional observations from the Montane Spruce zone were added, so that a total of
(37,000 trees, 1,000 plots, 5,000 subplots) observations are now available.
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A number of errors were discovered and corrected: duplicate entries and entries where inconsistent information was entered.
Subsequent analysis of the errors showed that these had arisen from the database-merging process or when new data was not
completely imported.

The database has now been placed under interim version control (MS Visual SourceSafe) and we plan to migrate to a product
that is more specifically oriented to database version control.
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2 – Data Entry Template

To facilitate the entry of new regeneration data we developed an Excel spreadsheet template that can be used to facilitate the
transfer of new regeneration information to the database. The system mimics the data collection card system currently used,
and could also be used for direct entry of field data. We expect that using this system will greatly reduce data entry errors. A
sample of one of the templates is shown below:
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3 – Regeneration Database Structure

The database structure has been improved so that it is slightly smaller and contains less redundant information. All category fields are
stored in more efficient sub-tables, which simplifies interaction with the database by other programs, makes queries more efficient and
helps to prevent errors from creeping into the data. The new database structure is shown below:
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4 – Factor Database

We added new “FactorScenario” tables to the current PrognosisBC parameters database, which stores interface content and menu choices
outside the compiled interface program. Corresponding entries are also created in the run results database. These new tables allow the
prototype user interface to provide users with an option to select and create alternative factor-based methods and weights for imputing
regeneration observations. Currently there is only one method for selecting regeneration, with canonical axis weights computed by the
MSN software. The default variables are:

• years since disturbance
• site class (dry, zonal or wet)
• aspect class (north, south or other)
• elevation
• slope
• residual TPH of shade -tolerant, -semi-tolerant and -intolerant
• residual BA of shade -tolerant, -semi-tolerant and -intolerant
• quadratic mean diameter
• crown competition factor
• slope position (lower, middle or upper)
• site preparation (none, burn, brush, mixed, mechanical)
• 
5 – Evaluation of Alternative Approaches

The US Forest Service is the original developer of the Prognosis model and continues to develop new functionality. One
approach that is currently under development also involves dynamic (run-time) linkages between the main Prognosis model
and support models to predict regeneration. We compared the approach used by PrognosisBC and the approach used by the
USFS, to see if their approach offered more flexibility or functionality.

If we were to adopt the USFS approach, the source code used to query the database, set up and run the MSN software and
extract the resulting regeneration data would be placed in an independent executable file, rather than being embedded within
the PrognosisBC source code. This might add the flexibility to call alternative programs, but has the potential risk of chaining 3
programs (PrognosisBC runs Regeneration Imputation Framework, which runs MSN). While possible in principle, our
experience with building a DLL-version of PrognosisBC suggests that it would make the software vulnerable to unexpected
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crashes that confuse and frustrate users. We concluded that while such a system might be more flexible, the current
arrangement is more robust to program crashes. 

6 – Interface Development

This year we have begun the development of a prototype interface to complement the existing “manual planting” interface that
allows users to provide their own estimates of regeneration, dependent on time or stand conditions. The new interface allows
users to activate the use of the database-derived regeneration estimates, and can be scheduled to run at specific times or when
user-specified conditions are met (e.g., when stand basal area falls below a certain level, or when trees/ha change by a certain
amount following a thinning). Manual planting can still be simulated.
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