
Executive Summary 
 

Project MO75015 – Modeling Natural Regeneration in Mountain Pine Beetle Impacted 
Stands. 

 
 
Proponent:   Dr. Peter Marshall, RPF 
          Professor, Forest Resources Management Dept. 
          University of British Columbia 
 
Co-Investigators: Dr. Valerie LeMay, RPF 
   Professor, Forest Resources Management Dept. 
          University of British Columbia 

 
Dr. David Coates, RPF 
Research Silviculturalist,  
BC Ministry of Forests and Range 
 
Dr. Abdel-Azim Zumrawi, RPF 
Scientist, Research Branch 
BC Ministry of Forests and Range 

 
 
Project Purpose and Management Implications 
 
Because of the large number of hectares impacted by Mountain Pine Beetle (MPB; 
(Dendroctonus ponderosae) in British Columbia, some stands will not be salvage-logged and 
planted following beetle attack. Consequently, the accurate projection of future timber production 
in MPB-affected stands will depend in part on our ability to estimate natural regeneration 
following MPB disturbances. 
 
This project targets critical areas of uncertainty associated with the prediction of natural 
regeneration following MPB attack in non-salvaged stands. Our aim is to estimate the amount of 
natural regeneration that will occur in MPB-attacked lodgepole pine (Pinus contorta var. latifolia 
Dougl.) dominated stands that have not been salvaged, and to add regeneration prediction in these 
stands as a module to an existing growth and yield model, PrognosisBC (Snowdon 1997, Zumrawi 
et al. 2002, LeMay et al. 2006).  In order to achieve this, overstory and understory tree data are 
being collected in lodgepole pine-leading stands that were attacked by MPB in the few decades 
leading up to the present attack to augment limited data collected previously by Natural 
Resources Canada (NRC). The intent is to sample over a considerably wider range of site and 
stand conditions than are present in the NRC data. 
 
The NRC data and the data collected to date for this project have been added to an MPB-affected 
stands regeneration database for use with PrognosisBC. The data will also be used to develop a 
new regeneration model that will be a hybrid between SORTIE-ND (Coates et al. 1999; 2003), a 
light-mediated growth and yield projection model, and PrognosisBC.  



 
 
Project Start Date, Length, and Linkages 
 
This project is of two years duration, starting April 1, 2006 and ending March 30, 2008.  For the 
first year, the project was linked to a project funded for the 2005-2006 and 2006-2007 fiscal years 
by Natural Resources Canada (MPBI Project #8.35 – Modeling Natural Regeneration Following 
Mountain Pine Beetle Attacks in Southern and Central Interior of British Columbia), which 
involved several of the members of the research team for this project. The MPBI project 
contributed the NRC data, provided the preliminary analyses for the use of the statistical 
approach followed, and covered the cost of creating a regeneration database linked to 
PrognosisBC that combined the NRC data and the data collected to date for this project. The cost 
of testing the imputation approach for predicting regeneration was shared between the two 
projects. 
 
For the second year, this project is linked to an FSP project funded for the 2007-2008 and 2008-
2009 fiscal years (Project Y081048 – Estimating Natural Regeneration and Yield in Pine-
Dominated Stands Following Mountain Pine Beetle Attack Using SORTIE-ND and PrognosisBC 
in a Hybrid Modelling Approach). The data collected last year and in the coming field season 
under the auspices of this project (M075015) will provide the foundational data for the analyses 
and model development under project Y081048. 
 
 
Methods Overview 
 
Sampling Design 
 
Sampling for the first year of this project took place between June and August, 2006, in the 
vicinity of Williams Lake. Topographical maps, inventory data, MPB survey data (if available) 
and other available records, including local knowledge, were used to identify potential sites for 
sampling. Potential sites were stratified by time of MPB disturbance, stand age and density, 
Biogeoclimatic Ecosystem Classification (BEC) subzone, and species composition. A random 
sample of polygons (stands) from each possible combination of these variables was selected for 
further sampling. Two to six sample points were located within each stand using systematic 
sampling with a random start. Sample points were established at least 50 metres from road, 
landing or other openings to reduce edge effect. Adjacent sample points were at least 50 m apart. 
The number of sample points within a stand and the distance between sample points depended on 
the area of the stand and the degree of structural variability available. Stands with higher 
structural variability were sampled more heavily than more homogenous stands. 
 
A plot was located at each sample point. Each plot consisted of seven circular sub-plots: one for 
large trees (11.28 m radius), another for small trees (5.64 m radius), and five for regeneration 
(2.07 m radius). In the large tree plot (overstory trees), all trees ≥ 7.5 cm diameter at breast height 
(DBH) were measured. Each dead standing or downed tree was classified into a decay class. 
Height to live crown (m) was measured for all live trees. Species, DBH (cm), and height (m) of 
each standing tree, live or dead, were recorded. For downed trees in decay class 7 or greater, 



species, DBH, and height were recorded. For trees with broken tops, the height to the broken top 
(m) was measured, and the total height of the tree was estimated. Crown width was measured 
along two axes at right angles for two trees selected randomly for each species. In the small tree 
plot, all trees from 2 cm to < 7.5 cm DBH were included and species, DBH, status (live or dead), 
visual estimate of live crown ratio (live only), and height was recorded for each tree. In the 
regeneration subplots, the number of live seedlings less than 2 cm DBH and over 15 cm in height 
were recorded by species into four height classes: 1) >0.15  to ≤ 0.5 m; 2) >0.5 to ≤1m;  3) >1.0 
to  ≤1.5 m; and 4)  >1.5 m in height and < 2.0 cm DBH.    
 
Analyses 
 
The overstory conditions at each plot shortly after time of attack were reconstructed using the 
measures of live and dead trees in the large tree plot. Two time of MPB-attack cohorts were 
present in the data collected: (1) attack approximately 25 years ago; and (2) attack approximately 
8 years ago. Each live tree was grown back in time by subtracting estimated 10-year diameter 
growth (DG), using functions previously fitted by Zumrawi (2005). For plots that were 25 years 
post-MPB attack, this process was repeated for three intervals, with the third period prorated at 
half of the estimated growth rate. Since measures of competition are used in the DG functions, 
these were summarized for each 10-year interval and used in estimating the DG. For plots that 
were 8 years post-MPB attack, the 10-year DG was prorated for 8 years. Once DBH shortly after 
the attack was estimated for each live tree, heights were estimated from DBH using existing 
regression equations (provided by Zumrawi). These were localized for each tree by multiplying 
by the ratio of measured height to estimated height for the 2006 measures. For dead trees, the 
decay class was used to decide whether the tree was live or dead shortly after attack. For all trees 
that were alive at some point after the MBP attack, the crown ratio was estimated using crown 
ratio functions developed for this area. Ten-year DG was then estimated using the estimated 
crown ratio. The same process was followed for trees that were alive at the time of sampling. An 
estimated tree-list of all live and dead trees greater than or equal to 7.5 cm DBH was therefore 
obtained for each plot shortly after attack, and coupled with the regeneration (less than 7.5 cm 
DBH) measured in 2006, 8 or 25 years following MPB attack.   
 
Regeneration was predicted using multivariate nearest neighbour imputation (Hassani et al. 2004, 
LeMay and Temesgen 2005). In this approach, data are divided into reference data (where all 
attributes are available including the variables of interest (Y) and auxiliary variables (X) and 
target data (where only the X variables are available). A search of the reference data is used to 
find neighbours with X attributes similar to that of the target observation. For imputing 
regeneration, the auxiliary (X) variables measured for the target stand were overstory variables 
measured at Time 1, following disturbance. The MSN imputation program developed by Moeur 
and Stage (1995), and extended by Crookston et al. (2002) was used for all imputations. 
 
Based on preliminary analyses, the X variables included: elevation; live stems per ha and basal 
area per ha by three species classes (conifer except pine, pine, deciduous); crown competition 
factor (CCF); quadratic mean diameter (QMD); and stems per ha, basal area per ha, and QMD for 
standing dead pine (snags). Since the numbers of years following MPB-attack varied, years-
since-disturbance (YSD) was included as an X variable. Site series was also included. The 
selected regeneration variables (Y variables) were regenerated stems per ha by three species 



groups (conifer except pine, pine, deciduous), in four size classes (0 to 0.5 m height; 0.5 to 1 m 
height; 1 to 1.5 m height; and 0 to 7.5 cm DBH) for a total of 12 variables.  
 
To evaluate the results of regeneration imputation, the combined plot data for each BEC zone 
were randomly divided into four approximately equal sets of data prior to MSN analysis (Snee 
1977). One of these four sets (25% of plots) was the target data, considered to have only 
overstory variables, and the remaining 75% of plots were used as reference data, with both 
overstory and regeneration variables. Analyses were repeated four times, once for each set of 
target data. 
 
 
Project Scope and Regional Applicability 
 
Data collection in Year 1 of this project was conducted on stands attacked by the MPB in the 
early 1980's and late 1990s in the vicinity of Williams Lake. In the second year of this project, we 
will sample similar stands in the southern interior of BC (primarily the Kamloops area). This will 
extend the regeneration database that is being built for MPB-attacked stands to a series of 
subzone/variants for which there is little data at present. This, in turn, will allow the incorporation 
of natural regeneration into projections of future stand development using PrognosisBC for these 
stands, as well of the use of these data for other research into estimating the amount of 
regeneration following MPB attack. 
 
 
Interim Results 
 
Sampled stands were located in the IDF, SBPS, MS, and SBS BEC subzones. A total of 175 plots 
from 55 stands were sampled (Table 1). 
 
 

Table 1. Distribution of sample plots by BEC zone. 
 

BEC Zone No. of Stands No. of Plots 
IDF 16 58 

SBPS 32 100 
SBS 5 13 
MS 2 4 

All Zones 55 175 
 
Using the data collected in this project, together with the dataset provided by the NRC, simple 
statistics concerning the amount of regeneration by size class and species group were calculated. 
These summaries indicated that the average amount of regeneration per ha was quite high, and 
predominantly pine and deciduous species, with a few other conifers mixed in (Table 2). Out of 
the 138 plots in IDF, only two plots had no regeneration, and both were plots measured 16 years 
after disturbance (CFS dataset). Only one plot in the SBPS/SBS had no regeneration (collected in 
this project – 25 years since disturbance). However, regeneration is highly variable in space and 
there may have been regeneration in the stands, even though these few plots showed no 



regeneration. Forty-two percent of the plots in the IDF, and 37% of the plots in the SBPS/SBS 
had no pine regeneration, with the majority of these being measured 16 years after disturbance. 
Forty-five percent of the plots in the IDF, and 64% of the plots in the SBPS/SBS had no non-pine 
conifer regeneration. There were no deciduous species among the regeneration in 19% of the IDF 
and 40% of the SBPS/SBS plots.    
 

 
Table 2. Average observed regeneration (stems per ha) by BEC zone, size class, and species 

group. 
   

Size Class BEC 
Zone 

Species 
Group 11 2 3 4 All 

C2 437 162 60 153 812 
P 863 500 306 456 2125 
D 2150 794 368 595 3907 IDF 

ALL 3450 1456 734 1204 6844 
C 91 42 24 83 240 
P 763 438 214 723 2138 
D 638 372 225 730 1965 

SBPS 
& 

SBS ALL 1492 852 463 1536 4343 
 
1: Size classes: 1=0 to 0.5m in height; 2=0.5 to 1m in height; 3=1 to 1.5m in height; 4=0 to 7.5cm in DBH; 
2: C=conifers (except pine); P=pine; D=deciduous   

 
 
LeMay et al. (2007) provides detail on the MSN analyses conducted for imputing levels of 
regeneration using the data collected in Year 1 of this study combined with the NRC data. 
Although there remained considerable variability in the projections, they were relatively unbiased. 
The bias in regeneration amount for all plots was -43 stems per ha for the IDF zone and -59 stems 
per ha for the SBPS/SBS zones. These are relative to averages of 6842 stems per ha (-0.6% bias) 
and 4343 stems per ha (-1.3% bias), respectively, for the two BEC zone groupings. Bias and root 
mean square error values were lower than those obtained using the NRC data alone (as reported 
in LeMay et al. 2006, Section 3.3), indicating the expected improvements because of a larger 
reference dataset.     
 
 
Next Steps 
 
The second year of this study will involve collecting regeneration data in similar stands to those 
sampled in the first year, but which are located in the southern interior of BC. These data will be 
used to expand the regeneration database appropriate for MPB-attacked stands to include a wider 
range of ecological conditions. The analyses conducted using the combined Year 1 and NRC data 
will be repeated with the expanded database. It is anticipated that there will be further 
improvements in our ability to predict the quantity of natural regeneration following MPB attack 
as a result of expanding the database. 
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