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Executive Summary 
 
This project tested a method to update Weyerhaeuser Company Ltd. (Weyco) Tree Farm License (TFL) 
35 inventory for the impact of mountain pine beetle (MPB) mortality in mixed lodgepole pine (Pl) stands. 
The methods were designed specifically for the conditions and business needs of TFL 35 as they relate to 
updating the inventory in these mixed-Pl stands. The methods were based on simple procedures to install 
and remeasure ground sample plots, provide information on the accuracy of the inventory at the time of 
plot installation, and focus on providing key strategic information in 3-5 years when these plots can be 
remeasured after the MPB epidemic is expected to subside. 
 
The sampled population included all stands indicated in the inventory as 1 to 60% Pl and age 61 years 
and older (age class 4+). The ground samples were clusters of nine prism plots located on a 50 m grid. 
The 14 sample points were randomly selected from 1.0 km grid points located in the target population. 
The sample data were compiled according to Ministry of Forests (MOF) procedures with our cruise plot 
compilation program (CruiseComp). Net volume was estimated using MOF loss factors. 
 
The analyses in this report are presented to demonstrate a process that could be used with a larger 
sample (this test sample was too small to provide a high level of confidence in the results). These 
analyses included comparison of overall volume for the entire target population and comparison of similar 
attributes for the sampled polygons. 
 
The major recommendations and results from this test are: 

1. The methods appear adequate to address Weyco’s business needs on TFL 35. 

2. Weyco should add more samples to provide a higher level of confidence in the results. 

3. The inventory volume over-estimates the live volume from the sample plots in the target 
population by about 90 m3/ha (37%). 

4. Most of the difference is net volume is from MPB mortality losses in Pl trees. Prior to the MPB 
attack this sample would have shown no meaningful difference in the standing live volume in the 
inventory. 

5. The sample estimates that the MPB has killed 38% of the Pl volume in these stands (about 15% 
of the total standing volume). 

6. The sample estimates that about 40% of stand volume in the target population is Pl, which is all 
at risk to mortality from MPB attack.
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1. INTRODUCTION 
1.1 TERMS OF REFERENCE 
This project was completed by J.S. Thrower & Associates Ltd. (JST) for Jamie Skinner, RPF of 
Weyerhaeuser Company Ltd. (Weyco), Kamloops, BC. The JST project team was Dan Turner, RPF 
(project manager and field supervisor), Jim Thrower PhD, RPF (project advisor), Dave Gilbert, RPF 
(technical support), and Hamish Robertson, RPF (technical support). The project was funded by BC 
Ministry of Forests’ (MOF) Forest Investment Account (FIA) program. 
 
1.2 BACKGROUND 
The current mountain pine beetle epidemic (MPB) is resulting in widespread mortality of lodgepole pine 
(Pl) throughout the BC interior.  The fast moving epidemic, mostly centered in north central BC, is now 
rapidly moving through the southern part of the province.  Weyco is concerned about the impact of the 
epidemic and resulting Pl mortality on the accuracy of the TFL 35 inventory.  The volume of green wood 
on the TFL and its availability for harvest will be dramatically reduced after the epidemic subsides, thus it 
is critically important to have an accurate inventory that reflects the MPB impacts to efficiently manage the 
remaining volume of live and dead mature trees. 
 
1.3 PROBLEM STATEMENT 
The problem addressed in this pilot project is that there are currently no methods focused at updating an 
inventory for MPB mortality, and specifically, the update of mixed-Pl stands.  Updating the inventory for 
pure Pl stands killed by the MPB could be done using methods similar to wildfire, where all trees in the 
area are considered dead and a new stand regenerating.1  Updating mixed-species stands, however, will 
be more difficult unless the exact proportion and size of Pl trees in mixed-species stands is known prior 
to, and the degree of mortality is known after attack. Ultimately, the inventory update for mixed-Pl stands 
will require adjusting the pre-attack volume and species composition (and possibly other attributes) to 
reflect the specific level of Pl mortality in individual stands. 
 
1.4 GOALS & OBJECTIVES 
The goal of this project is to develop and test a prototype method to update the TFL 35 inventory for MPB 
impacts in mixed-Pl stands. The objectives to meet this goal are to: 

1. Design a sampling method that focuses specifically on Weyco’s business needs for TFL 35. 

2. Install a small number of sample points on the TFL in the winter of 2005. 

3. Demonstrate analysis of the data. 

4. Document the sample design, results of the test, analysis methods, and recommendations for 
further modifications. 

5. Provide Weyco staff with the information to update the TFL inventory to reflect changes in stand 
volume and species composition within the target population. 

                                                      
1 Some forest practitioners expect that regeneration after the MPB kills a pure Pl stand will be slower and result in 
lower stocking than compared to a fire. 
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2. BUSINESS NEEDS 
2.1 PROCESS 
The business needs to be addressed by this pilot inventory update process were discussed among 
Weyco staff for about a six-month period. Our role was to advise Weyco staff of the pros, cons, and 
consequences (cost, technical, statistical, and other) of the different options and approaches. The 
following primary and secondary business needs were determined through this process. 
 
We are aware of some of the business needs of the Ministry of Sustainable Resource Management 
(MSRM) and Ministry of Forests (MOF) for inventory update; however, their needs were not specifically 
addressed in this process. This is because in previous discussions with MSRM and MOF staff, they 
expressed the view that they wanted this project to focus specifically on TFL 35, and if processes were 
developed that may have applicability elsewhere, they would consider them at that time. After initiating 
this project, the MSRM and MOF awarded D.R. Systems a contract to develop strategic options for 
inventory update related to MPB impacts at the provincial level, which is not related to this TFL 35 project. 
 
2.2 PRIMARY BUSINESS NEED 
Weyco’s primary business need for the TFL, as it relates to this project, is to establish a method to quickly 
and efficiently update the inventory for volume and species composition in mixed-Pl stands after the MPB 
epidemic subsides. The intent is that the information from the first measurement at time of installation will 
provide some information to assess the total risk of volume loss to the MPB, and to provide a framework 
to update the inventory and forecast timber supply on the TFL at the time of first remeasurement. 
 
2.3 SAMPLING OBJECTIVES 
Weyco’s objectives considered in developing this sample design were to install a set of ground sample 
plots on the TFL that: 

1. Focus on mixed-species stands with a Pl component of 1 – 60%.  

2. Can be easily and quickly measured in 3-5 years (after the MPB epidemic has subsided). 

3. Will give a rough check of the current inventory (at time of plot establishment) for net volume and 
the proportion of Pl (species composition). 

4. Can be upgraded (at time of remeasurement) to develop more precise estimates of net volume. 

5. Use simple and low cost field procedures at establishment and remeasurement. 

6. May link at time of remeasurement with shelf life models being developed by the Canadian Forest 
Service (CFS). 
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3. SAMPLE DESIGN 
3.1 OVERVIEW 
The key features of this sample design are: 

o The target population is all stands in the productive forest landbase (PFLB) with age class 4 and 
higher and with 1 to 60% Pl. 

o Sample points are selected from the 1.0 km grid created for the Change Monitoring Inventory 
(CMI) program on the TFL. 

o Ground samples are a cluster of nine prism plots on a 50 m grid centered at the sample point.  

o Prism plots are established using simplified MOF cruising standards. 

o All plots within each cluster are installed and measured. 
 

3.2 TARGET POPULATION 
The target population is all stands identified2 in 
the current TFL inventory with ages (in 2004) of 
61 and greater and with a Pl component from 1 
to 60% (Table 1, Figure 1, Figure 2). This area 
includes 10,024 ha which is 28% of the TFL 
PFLB and is 44% of the mature timber (age class 
4+). 
 
The rationale for this definition of target 
population is that younger Pl stands (age class 1-
3) are not at high risk of MPB attack and older Pl 
stands with greater than 60% Pl will likely be severely attacked and salvaged. Consequently, the existing 
inventory in these areas will probably be sufficient to make management decisions to deal with the MPB 
issue (at least in the short term). Stands with low Pl proportions (e.g., <20%) are included in the target 
population because they may contain more Pl than indicated in the inventory, thus not sampling them 
would leave uncertainty in the volume of these areas. 
 
3.3 SAMPLE POINTS 
The sample points were selected from the 1.0 km grid used for the TFL 35 CMI program.3  The CMI grid4 
included 82 points in this target population of mixed-Pl stands; 25 of those points were dropped and the 
remaining 57 were the sample frame from which sample points were selected for this test. The dropped 
points were because of fire (1), being within approved Forest Development Plan (FDP) blocks (16), and 
being located in planned blocks not yet approved (8). 

                                                      
2 The target population and the CMI grid were developed by Weyco’s GIS department. 
3 J.S. Thrower & Associates Ltd. 2002. TFL 35 growth & yield monitoring pilot project: An example analysis of first 
measurement results. Contract report to Weyerhaeuser Co. Ltd., Kamloops BC. Mar. 31, 2002. JST project 
WCK-075. 
4 The CMI sample grid is based on NAD 83 UTM Zone 10 coordinates on a 1.0 km grid. This grid was recreated by 
Weyco’s GIS department for this project. 

Table 1. Area (ha) of target population (identified in the 
box) in TFL 35 productive forest landbase by species type 
and age class.  

Species/Type AC 1-3 AC 4+ Total  

Non-Pl 2,369 7,025 9,394 27% 
Pl 1-60% 4,555 10,024 14,578 41% 
Pl 61-80% 2,581 1,157 3,738 11% 
Pl 80%+ 2,204 2,869 5,074 14% 
2003 Fires 896 1,752 2,648 7% 

Total 12,605 22,827 35,432 100% 
 36% 64% 100%  
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3.4 SAMPLE PLOTS & CLUSTERS 
Each sample is a cluster of nine variable radius (prism) plots located 
on a 50 m grid centered at the sample point (Figure 3). The center 
plot is the Integrated Plot Center (IPC) and the other eight are 
auxiliary plots (using VRI terminology). All plots in forested areas are 
installed in this design. The number of plots associated with the IPC 
will depend on the type of analysis. For example, a polygon level 
analysis would include only those plots located in the polygon 
containing the IPC. A population level analysis would include all nine 
plots (i.e., those in and outside the polygon containing the IPC).  
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Figure 1. Distribution of area in the target population by age class compared to other types. 
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Figure 2. Distribution of area for all stands with a Pl component (23,390 ha) by Pl proportion. The target population 
(blue bars) includes all stands with up to a 60% Pl. 
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Figure 3. The nine-plot sample 
cluster on a 50 m grid. 
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4. DATA COLLECTION 
4.1 SCHEDULE 
The ground sample plots were established and measured between Jan. 25 and Feb. 18, 2005. All areas 
were snow-covered and access was with 4x4 trucks with chains, snowmobiles, and snowshoes. 
 
4.2 SAMPLE SIZE 
We installed 14 sample plot clusters in this test.5 These clusters were randomly selected from the 57 
eligible CMI grid points in the target population. This sample of 14 plots is not enough to develop precise 
estimates, but is sufficient to demonstrate the process in this pilot test. 
 
There were potentially 126 plots in these 14 clusters (9 plots/cluster). Twenty-five (25) plots were located 
outside forested areas (20%) resulting in 101 plots installed. Five (5) of these 101 plots were border plots. 
 
4.3 DATA MANAGEMENT 
The sample cluster data were recorded on VRI header cards (CH) and the plot data were recorded on 
MOF cruise cards (FS205). The plot data were entered into our CruiseComp data entry module. 
 
4.4 CREW TRAINING 
We hired a third-party crew for this project. The crew leader had extensive cruising experience and the 
assistant less. We trained the crew by sending one of our experienced cruisers with the field crew for the 
first two days of fieldwork. During this time the crews were instructed on the methods and accuracy 
required for the project. During this training the crew completed one full plot cluster and part of another. 
 
4.5 QUALITY ASSURANCE 
On February 11, 2005 Jamie Skinner, RPF and Dan Turner, RPF checked two of the 13 sample clusters 
completed at that time. Both sample clusters exceeded the allowable error in missed trees, thus more 
clusters were checked. We subsequently revisited all of the 13 sample clusters established by the field 
crew. Dan Turner established the final sample cluster, completing the full batch of randomly selected 
sample points. 
 
4.6 FIELD METHODS 

4.6.1 Polygon Rejection 
No polygons were rejected in the field. Sample polygons could have been rejected in the field if the IPC 
was located in a flagged harvest boundary.  

4.6.2 Plot Cards 

The plot cards were: 

1. Sample point information - VRI header card (CH) for plot map, GPS information, and notes. 

2. Plot information - MOF cruise cards (FS205). 
 

                                                      
5 Sample size in this test was limited by available funds for this project. 
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4.6.3 Plot Location & Establishment 

CMI plot location and establishment methods were used for the IPC (Section 2.0 CMI Ground Sampling 
Procedures).6  The MOF timber cruising standards were used for the location and establishment of all 
auxiliary plots (Section 3.1 of the Timber Cruising Manual).7  The MOF timber cruising standards for plot 
and tree measurement standards were used on all plots.  
 
Witness trees were carefully marked to help ensure they can be relocated and measured in three to five 
years. Cedar survey stakes were used as plot centers and the witness trees marked with blue paint and 
double flagged about 2 m high and 60 cm apart. Bearing and distance from witness trees to the plot 
centers were marked on witness trees and plot cards. GPS coordinates were also collected at each tie 
point and IPC.  

4.6.4 Prism Selection 
A prism angle was selected before arriving at each plot center. This was done using visual estimates of 
basal area in the general stand area to give an average of approximately 6-8 trees in each plot. The same 
prism was used for all plots in each sample cluster. 

4.6.5 Border Plots 
Standard operational cruising procedures were used to split border plots. This test sample included 5 
border plots. Borders were considered as areas such as recent or regenerating cutblocks, road right-of-
way, and non-productive type changes. Adjacent forested areas were not considered border areas.  

4.6.6 Split Plots 
There were no split plots in this sample. All prism-selected trees were measured in all plots. 

4.6.7 Plot Measurements 
All plot measurements listed below were sampled and recorded to MOF cruising manual standards. Tree 
measurements were recorded using MOF cruise tally sheet (columns 2-57). All trees above 12.5 cm DBH 
were measured and included: 

1. Tree number (columns 25-26). 

2. Height (m) (columns 27-29). All trees were measured for height using a Vertex hypsometer. 

3. Species (columns 30-31). 

4. DBH (cm) (columns 32-35) (at 1.3 m above mineral soil on the high side). 

5. Tree class code (column 36). 

6. Insect code for Pl trees (column 61). We developed additional grey attack codes (4 - 6) to 
potentially help link with the CFS shelf life work currently underway. The standard codes were: 1 -
 Green attack; 2 - Red attack; and 3 - Grey attack (100% bark intact). The additional codes were: 
4 - 70-90% bark remaining; 5 - 40-70% bark remaining; and 6 - 0-40% bark remaining. 

                                                      
6 MSRM. 2004. Vegetation Resources Inventory: Ground Sampling Procedures. Version 4.5. March 2004. 
http://srmwww.gov.bc.ca/risc/pubs/teveg/vri_gs_2k4/vri_gs_2k4.pdf 

7  Ministry of Forests. 2004. Cruising Manual. Effective Date April 1, 2004. 
http://www.for.gov.bc.ca/hva/manuals/cruising/ 
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5. COMPILATION 
5.1 SAMPLE PLOTS 

5.1.1 Plots 
We compiled the plot data with our CruiseComp software (www.cruisecomp.com) according to MOF 
standards for operational cruising (www.for.gov.bc.ca/hva/manuals/cruising).  We output a file containing 
a compilation for each tree which we then processed using SAS. 

5.1.2 Net Volume 
Net volume was estimated in CruiseComp using the MOF loss factors8 based on tree class code 
recorded in the field. These results for live trees showed 13% decay, dead trees with 27% decay, for an 
overall average of 17% decay for all trees.9  

5.1.3 Utilization Level 
The utilization level of polygons (according to MOF standards) containing the sample point determined 
the utilization level for the compilation.  The merchantability limit of all species in Pl leading polygons was 
a 12.5 cm DBH with a 10 cm top and 30 cm stump, and 17.5 cm DBH for polygons leading in all other 
species. 

5.1.4 Species Composition 
Species composition was estimated as the proportion of net volume. 

5.1.5 Live / Dead Class 
Cruising standards are to code green and some red attack trees as live; however, we considered all trees 
with MPB attack as dead for this analysis. 

5.1.6 Cluster Average 
The average for each cluster was computed as the arithmetic mean of all plots in the cluster. This was 
used in the comparison of volume and species composition for the target population. 

5.1.7 Polygon Average 
The average for each polygon was computed as the arithmetic mean of the plots located within the target 
polygon in which the IPC was located. 
 
5.2 INVENTORY 
We generated a volume for each forest cover polygon in the target population using VDYP6.  The 
population average volume was then estimated as the area-weighted average of these polygons.  We first 
updated the age and height attribute in the Weyco inventory file to the end of the 2004 growing season to 
be consistent with the date of the ground sample.  The average volume for the target population in the 
inventory was 279 m3/ha with 32% of that being Pl.  

                                                      
8 Anecdotal evidence suggests that Weyco recovers about 10% less net volume at the scale from mature Pl on the 
TFL than is given in cruise estimates. There are reasons other than the errors in the loss factors why less volume 
could be delivered to the scales. For example, the cruise estimate includes all small pieces and tops that are often 
not recovered from the bush and thus are not scaled. Therefore, the suggestions of 10% less volume recovered at 
the scale does not mean the loss factors over-estimate net volume by 10%.  
9 This comparison could be done on gross merchantable volume, which would avoid the controversy associated with 
loss factors, NVAF, etc. However, VDYP does not produce estimates of gross merchantable volume.  
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6. ANALYSIS & RESULTS 
6.1 OVERVIEW 
The analytical methods and results in this section demonstrate how information can be extracted from the 
data collected under this sample design.  The sample size in this test was not large enough to give the 
high level of confidence needed to use this information for important management decisions. 
Management application of this process will require adding more sample plots to increase the confidence 
in the results.  This demonstration of analysis includes population level and polygon level comparisons. 
Other and possibly more detailed analyses could be used with data from the first remeasurement in 3-5 
years. 
 
6.2 POPULATION COMPARISON 

6.2.1 Live + Dead Trees 
The sample estimated 261 m3/ha of standing live and dead net merchantable volume compared to 
279 m3/ha of live in the inventory (Section 1 of Table 2).  This difference of 18 m3/ha (6%) is not 
statistically different.10  As most of the dead volume in the sample is MPB-killed Pl, this live + dead 
sample volume compares well to the pre-attack TFL inventory volume. 
 
The Pl proportion in the inventory was 32% (pre-attack) compared to the sample estimate of 39% (live + 
dead trees).  This sample estimate also is not statistically different from the inventory. 

6.2.2 Live Trees 
The sample estimated 209 m3/ha of live volume compared to the 279 m3/ha in the inventory (Section 2 of 
Table 2).  This lower sample volume is expected as the MPB is rapidly killing Pl trees (and thus reducing 
live volume) in these stands. This lower volume of live Pl trees reduces the sample estimate of the Pl 
proportion to 29% from the 39% estimated with live + dead trees, compared to the inventory (pre-attack) 
estimate of 32% Pl. 

6.2.3 Dead Trees 
The sample estimated 52 m3/ha of dead trees in the target population, which is 20% of the standing 
merchantable volume (Section 3 of Table 2).  MPB attacked trees account for 71% of the volume of dead 
trees (assuming that green attack is also dead), with about 73% of that MPB attacked volume being 
green attack. 

6.2.4 Pl Trees 
The sample estimated 61 m3/ha (29% of total net volume) of live Pl in the target population, compared to 
90 m3/ha (32%) in the inventory.  The inventory estimate is within the 95% confidence interval of the 
sample, indicating no statistically significant difference from the inventory estimate at this confidence 
level. Most or all of this additional 61 m3/ha of live Pl volume may be killed by continued MPB attack. 
 

                                                      
10 All references to statistical difference in this report are at the 95% level of confidence. 
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6.3 POLYGON COMPARISON 

6.3.1 Net Volume 

Live Trees 
The analysis showed a very weak relationship between the live volume in the sample plots compared to 
live volume given in the inventory with an R2 of only 0.05 (Figure 4,Table 3).  This is expected as these 
stands are undergoing rapid change from MPB attack, which should weaken this relationship as more Pl 
trees die. 
 
The slope of the relationship was 0.29, which was not statistically different from 0. This suggests there is 
essentially no meaningful relationship between the live volume given in the inventory and the sample 
average.11   

Live + MPB Killed Pl Trees 
Adding the volume of MPB killed Pl trees to the live volume improved the relationship only marginally with 
an R2 of 0.16 (Figure 4, Table 3). Again, the slope of the regression was not statistically different from 0, 
indicating no meaningful relationship between the two estimates. 

                                                      
11 The full interpretation of this relationship must consider within polygon variation (not addressed in this pilot test). 

Table 2. Sample statistics by category of trees. 
Inventory Sample (n = 14 plot clusters) 

Category of Sampled Trees 
In the Compilation Avg. 

(m3/ha)  Avg. 
(m3/ha)   1SE a 

(m3/ha) 
2SE b 

(%) 
95% CI
(m3/ha) 

1. Live + Dead         
Pl   101 39%  21 42 56 – 147 
Non-Pl   160 61%  19 24 118 – 201 
Total   261 100%  31 24 193 – 329 

2. Live Trees Only         
Pl 90 32% 61 29%  16 52 26 – 95 
Non-Pl 189 68% 148 71%  18 24 111 – 186 
Total 279 100% 209 100%  26 25 153 – 266 

3. Dead Trees Only         
MPB Killed Pl         

Green Attack   27 73%  10 76 5 – 49 
Red Attack   9 24%  5 122 -3 – 21 
Grey Attack   1 3%  1 96 0 – 2 
Total   37 100% 71% 11 62 12 – 61 

Pl–Not MPB Killed   4  8% 2 80 1 – 8 
Non-Pl   11  21% 5 84 1 – 21 
Total   52  100%    

a 1SE = One standard error. 
b  2SE = Two standard errors expressed as a percentage of the average (mean).  This approximates a half-width of the 95% 
confidence interval. 
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Live + All Dead Trees 
Adding all dead trees to the live tree volume did not improve the relationship with the same results and 
interpretation (Figure 4,Table 3). 

6.3.2 Pl Proportion 
The comparison of polygon and sample volume for the Pl volume proportion showed the same weak 
relationships as for all volume (Table 3); thus we did not include the associated graphs in this report. 
 
The interpretation of those results is the same where there is no meaningful relationship between the 
volume of Pl given in the inventory (for the polygon) and the volume in the sample (for a cluster of plots). 
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Figure 4. Relationship between polygon sample volume and inventory volume. Solid lines are the sample mean and 
95% confidence interval of the mean. The dashed straight line is the 1:1 relationship indicating perfect correlation 
between polygon volume in the sample and the inventory. 

Table 3. Statistics of fitting a simple linear regression model to the sample and inventory data (n=14 sample polygons) 
 Slope Intercept R2 RMSE 

All Volume     
Live Trees 0.29 127 0.05 99 
Live + MPB Killed Trees 0.57 100 0.16 103 
Live + All Dead Trees 0.62 103 0.16 110 

Pl Volume Only     
Live Pl Trees 0.17 44 0.02 65 
Live Pl + MPB Killed Pl Trees 0.43 59 0.07 79 
Live Pl + All Dead Pl Trees 0.46 60 0.08 83 
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7. DISCUSSION & RECOMMENDATIONS 
7.1 ADDING MORE SAMPLES 
We recommend that Weyco install more sample points to supplement this test sample of 14.  These 
additional samples will increase the confidence of the information extracted from the analysis and provide 
important information on how to consider and prioritize these mixed-Pl stands in conjunction with other 
MPB salvage operations. The sample packages for additional plots were completed as part of this test 
and are ready for implementation. 
 
7.2 CHANGES TO FIELD METHODS 
This test went well and the sample methods were implemented efficiently in the field.  We do not 
recommend any changes to the field methods used in this test for additional samples. 
 
7.3 IMPACT OF ADDITIONAL SALVAGE IN THE TARGET POPULATION 
These samples were located systematically with equal probability throughout the target population, thus 
removal of area from the target population from additional harvesting will not impact the sample design. 
This would, however, require reanalysis of the sample data.  
 
7.4 INTERPRETATION OF RESULTS 
We present the following comments as an example of how information and conclusions can be extracted 
from the results of this process.  These interpretations are preliminary as the sample size in this test is not 
large enough to provide high confidence in the information.  

7.4.1 Inventory Audit 
The volume of live + dead Pl trees in the sample was similar to the volume for live trees given in the 
inventory. This suggests that the TFL 35 inventory – prior to MPB attack – was reasonable for overall 
volume and Pl proportion in the target population sampled in this test. 
 
The results also show very little relationship between the sample estimate of volume and the inventory 
estimate.  Some of this difference in due to the impact of the MPB mortality that will weaken this 
relationship as trees within the stand die.  Another reason for this weak relationship at the polygon level is 
from the impact of within polygon variation that is inherent when comparing an estimate from a sample 
that is only part of a polygon (e.g., this plot cluster) to an estimate that includes the entire polygon (e.g., 
the inventory estimate).12  

7.4.2 Impact of the MPB 
This sample estimates that the MPB has killed 37 of 98 m3/ha (38%) of Pl in the target population, with 
the remaining 61 m3/ha likely to be killed over the next two to three years.  When considering all species 
in the target population, the MPB has already killed 15% of the standing volume (37 of 246 m3/ha).  If all 
Pl dies (which is highly likely), the total impact of the MPB in this target population will be to kill 40% of the 
standing volume in this area (98 of 246 m3/ha). 
 

                                                      
12 Within polygon variation could be estimated under a special project but is not within the scope of these methods. 
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7.5 FIRST REMEASUREMENT 

7.5.1 Strategic Focus 
The first remeasurement of these sample plots could be done in three to five years from now.  At that 
time, the MPB infestation should be declining rapidly as most of the mature Pl will likely be dead.  The 
first remeasurement could focus on addressing three key questions: 

1. What is the remaining live and dead volume (by category of grade as it relates to shelf life)? 

2. How will the dead wood volume change over time? 

3. Is the information from the update sample sufficient for strategic use at that time, or is a new 
inventory required? 

 
The amount of volume (and classification by grade) could be accurately estimated by remeasuring the 
plots installed under this test and the additional samples needed to increase confidence in the results. 
The issue of how the dead volume may change over time will not be addressed in this sample, but may 
be addressed by information currently under development by the CFS on predicting change in the shelf 
life of MPB killed Pl trees over time. The question of whether the information is adequate for strategic 
decision-making can only be addressed at the time of remeasurement.  

7.5.2 Approach to Remeasurement & Analysis 
The first remeasurement and analysis can be approached two ways:  

1. Focus on changes related only to tree mortality (mostly Pl trees). 

2. Focus on changes related to tree growth in addition to mortality. 

Remeasurement in Less Than 5 Years 
The selection of approach will depend on how much time has elapsed since the establishment 
remeasurement and how much money is available for remeasurement.  A remeasurement done within 
3-5 years may be best to take the first approach and not be concerned with tree growth over this short 
period of time.  These mature trees will not grow much over this time and measurement error will mask 
much of this change.  Field sampling for this approach is quick and simple, as it only requires tallying 
which trees died since the establishment measurement. 

Remeasurement in More Than 5 Years 
A remeasurement done after five or more years should consider tree growth, as many trees that were just 
under the diameter limit at the time of the establishment measurement will have grown into the prism plot. 
Fieldwork with this approach will require more time as the prism sweep must be repeated at each plot 
location to determine which trees have grown into the plot.  Heights and diameters of all trees will also 
have to be collected to estimate volume growth. 

Analysis 
Analysis of data from the first remeasurement could focus more on net merchantable volume of live and 
dead trees than was done in this establishment measurement.  Estimating net volume accurately was not 
a business need at this time, thus we relied on the MOF loss factors to estimate the deductions for decay. 
Anecdotal evidence suggests that cruise volume of Pl types on the TFL is close to the scaled volume, 
which provides some comfort in the estimates developed in this test.  However, other options to estimate 
net volume can be considered at the time of remeasurement such as using VRI net factoring rules (with 
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or without NVAF adjustments), special studies, or relationships with other studies or samples.  New 
methods should also be available from the CFS by then to estimate net volume and the shelf life of MPB 
killed Pl trees for different end-use products.13 
 
Additional considerations at the time of first remeasurement should include: 

1. How to use remote sensing images to stratify the landbase and adjust the inventory. 

2. New MOF and MSRM policies and methods on how to update provincial inventories for MPB 
attack (currently under development by the MOF and MSRM).  

 
7.6 UPDATING THE INVENTORY 
One of objectives of this project was to provide Weyco with information to update the TFL inventory (for 
internal use).  The intent was that the update may not be done following this test sample, but that 
procedures would be outlined to guide an update if this test sample is supplemented with additional 
samples, or if these plots are remeasured at a future time. 
 
The inventory update for MPB mortality in these stands should achieve two primary objectives: 

1. The overall volume of live trees should be the same in the inventory and the sample. 

2. The volume of Pl in individual polygons should be adjusted to reflect the sample. 
 
The matching of overall volume is achieved by adjusting individual polygons so that the overall inventory 
volume is equal to the sample.  This can be done many ways without violating statistical principles; 
however, we suggest that simple methods are used – at least to start.  When selecting a method to adjust 
the individual polygons, it will be important to keep clearly in mind how the information will be used. 
Probably the most important use will be to provide information to build yield curves to project the growth 
of these MPB attacked mixed-Pl stands for timber supply.  The information may also be used to help 
prioritize areas for salvage, which would require a reasonable estimate of where the dead volume is 
located, its current state of merchantability, and its expected shelf life. 
 
There are two approaches that could be taken in the adjustment: adjust only the Pl volume or adjust the 
total and the proportions of all species.  We suggest that the later will likely make best use of the sample 
data and provide a more complete answer.  In this process the first step is to adjust the total volume of 
the target population.  The next step is to adjust the total volume of each species (or only Pl).  Adjusting 
the total volume of each species will provide the species volume of each polygon.  An example of the total 
volume and species volume is given in the Lignum IFPA area VRI adjustment report.14   

                                                      
13 The CFS has initiated a program to develop shelf life models for Pl trees killed by the MPB 
(http://mpb.cfs.nrcan.gc.ca). 
 
14  See Section 3.4 and Figure 5 of the Lignum IFPA adjustment report: 
http://srmwww.gov.bc.ca/tib/vri/vri/reports&pub/tfl_analysis/lignum_vri_adjustment.pdf 


