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Executive Summary 
 
The purpose of this study was to estimate the coefficients of variation for a selected set of 
attributes representing a variety of inventory types associated with the Lignum Limited (now 
Tolko Industries Ltd) 600,000 hectare Vegetation Resources Inventory (completed in 2000), 
located in the vicinity of Williams lake, British Columbia.   The stand types represented in this 
inventory are heterogeneous often being characterized as “complex”, or “multi-aged”.  These 
stands are for the most part dominated by Douglas-fir and/or lodgepole pine. 
 
Monte Carlo techniques were used to generate a “pseudo-forest” representative of the actual 
inventory, but providing additional details on stand and stock table distributions of trees by 
diameter.  One key to producing these stand and stock table details is the ability to consistently 
define differences and similarities in the distributions of trees by diameter - this was obtained 
prior to this study through development of a system of stand structure classification.  The key 
inventory polygon stand and stock table attributes referred to in this report are: 
 

• Basal area per hectare 
• Stems per hectare 
• Merchantable volume per hectare 
• Whole tree volume per hectare 

 
This report focuses on the Monte Carlo process and its potential for assigning plots to polygons 
such that the sum of the plot-level attributes correspond to a reasonable degree with the inventory 
polygon statistics that were derived through aerial photo interpretation.  A good correspondence 
was found between plot and polygon based statistics, particularly as it relates to estimates of total 
merchantable volume per hectare. 
 
This report also describes the within polygon percent coefficient variation associated with the 
above-mentioned attributes.  Such information may be used for determining the numbers of plots 
necessary to achieve a desired level of precision. 
 
Given that the results were found to be reliable, it is recommended that the methods used to 
extrapolate plots from known points to unknown points in the inventory (barring the use of 
random selection) be applied for the purpose of operationally determining polygon stand and 
stock tables.  Such a process should provide a better account of the wide variety of stand stock 
tables that realistically exist in the inventory, when compared with initial methods of 
extrapolation.   
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A Characterization of The Variability 

Of Selected Vegetation Resources Inventory Attributes 

Using Monte Carlo Simulation 

Introduction 
Forest inventories are used to reveal a wide variety of forest and stand attributes.  For 
example it may be important to know how many large diameter trees are available for 
cavity nesting bird habitat.  Alternatively, what are the numbers of trees per hectare 
greater than 30 cm in diameter within 95% confidence limits?  This may be useful for 
configuring a sawmill to match with wood supply profile.  The purpose of this report is to 
provide a preliminary indication of the answers to these kinds of questions for stands 
delineated in the Lignum Limited Vegetation Resources Inventory (VRI) in the Cariboo 
portion of British Columbia. 
 
In 2000, Lignum Limited (today owned by Tolko Industries Ltd.) located in Williams 
Lake, BC completed a 600,000 plus hectare VRI to standards set by the Ministry of 
Forests.  In Phase I, this Inventory involved stratification of aerial photos and labeling of 
polygons according to a wide variety of attributes, including species composition, 
numbers of stems per hectare, basal area per hectare and volumes per hectare.  In Phase 
II, sample plots were established to be statistically representative of the population of 
stands (polygons) in the inventory.  These plots were used to estimate total statistics for 
the inventory as a whole (e.g. total basal area and merchantable volume). The inventory 
polygon estimates for a range of attributes were then adjusted so that they added up to the 
sample based estimates.   
 
While the VRI was being completed, Lignum also established approximately 300, 1/10th 
hectare, fixed area Permanent Sample Plots (PSP’s) and 220 combined fixed and variable 
radius plots (also referred to as Stand Structure plots), approximately 140 of which were 
located at the same points as the Phase II VRI plot centers.  The Stand Structure plots 
were larger than these plots for the purposes of collecting more detailed stand structure 
information at each point, including both small and large tree details.   
 
The PSP and Stand Structure plots were used to develop a stand structure classification  
to enable field-based practitioners more reliably characterizing the distributions of trees 
by diameter (Moss, 2004).  The need for such a classification was highlighted by the fact 
that that many of the stands in the inventory were variable in terms of their stem size 
distributions; while there were recognizable differences between these stands, there was 
no way to consistently describe them (Harmeny Systems Ltd. 2003).  With a formal 
system of classification in place each polygon in the inventory could be assigned a unique 
stand structure class that in turn, provided stand and stock table statistics1.
                                                 
1 A stand table describes the numbers of trees by diameter class for each stand, stand type, or stand 
structure.  A stock table describes the basal area and/or volume per hectare.   
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Given the stand and stock table assignments, it would have been possible to characterize 
the variability of stand structures within a class, but there was concern that this would 
lead to an under-estimate of both within and between polygon variability.  It was 
proposed that a better (more conservative) estimate of the variability could be obtained 
using Monte Carlo techniques, particularly since there was information on the 
probabilities that a given polygon-plot pair is associated with other polygons having 
various levels of attribute expression (e.g. basal area, quadratic mean diameter, site index, 
etc.).  Monte Carlo techniques have commonly been used to explore this kind of 
variability, or in the words of Mooney (1997): 
 
 “The principle behind Monte Carlo simulation is that the behavior of a statistic in 

random samples can be assessed by the empirical process of actually drawing lots 
of random samples and observing this behavior.  The strategy for doing this is to 
create an artificial “world,” or pseudo-population which resembles the real world 
in all relevant respects.” 

 
In this study the probability distributions originally developed to extrapolate plot and 
associated stand structure information from known points in the inventory (polygons with 
plots established) to unknown points (polygons without any plots established) was used 
instead to generate a pseudo-population of plots within each polygon every polygon so as 
to better represent within and between polygon variation in a few key attributes.    

Methods   
The following polygon attributes were used to develop the probability that two polygons 
belonging to the same stand structure class and therefore may be represented with the 
same plots: 
 

• Live tree basal area per hectare 
• Number of live trees per hectare 
• Quadratic mean diameter 
• Site index 
• Number of tall fir (>25 m) per hectare 
• Lorey’s mean tree height 

 
Old polygons (where sample plots were established) were compared with other old 
polygons to determine the probability that two polygons belonged to the same stand 
structure class according to their ground plot information.  A Monte Carlo process was 
then introduced to assign plots associated with the old polygons to each new (and old) 
polygon. In this process plots were selected from the top 10 most similar, old polygons 
with the degree of similarity being established based according to the estimated 
probabilities of association with the new polygons.  From the list of 10, individual 
polygons were then selected at random with an equal probability of selection.  Where a 
selected old polygon had more than 1 plot, then 1 of the plots was selected at random 
with an equal probability of selection. In this way a minimum of 5 plots was selected at 
random to represent each polygon, with a maximum of up to 1 plot per hectare (see 
Appendix I). 

ForesTree Dynamics Ltd. 
March 30, 2005 

2



 

 
In the second step, stand stock table statistics were compiled for each plot (Appendix II).  
These statistics were summarized by inventory type group that in turn were defined 
according to the following attributes: 
 

• Leading species 
• Stand structure class 
• Site class 

 
In this report results are further summarized to represent differences in stand structure 
class alone.  Statistics for live and dead trees were reported separately for the following 
attributes: 
 

• Basal Area Per Hectare 
• Merchantable Volume Per Hectare 
• Stems Per Hectare 
• Whole Stem Volume Per Hectare 

 
Statistics were also generated for each plot for trees greater than or equal to specified tree 
diameter thresholds (Appendix 2), however they are only reported herein relative to a 
minimum diameter threshold of 0 cm dbh.   
 
Within and between polygon variation was estimated by inventory type group for each of 
the attributes and then summarized by stand structure class.  Up to a maximum of 20 
plots per polygon was used this analysis.  No area weighting was applied in the process 
of deriving statistics by inventory type, with the consequence that small polygons with a 
proportionately large number of samples relative to their area have a greater weight in the 
outcome relative to larger polygons.  Very large polygons (> 20 ha.) are correspondingly 
underweighted.  The affects of area weighting are not thought to be significant in terms of 
the results described below. 
  
Although most of the details of how these statistics were calculated are included in 
Appendix II, there is one point the needs to be emphasized here.  The whole stem 
volumes were calculated using Ministry of Forests (1976) whole stem volume equations 
derived from the Forestry Handbook (Watts, 1983) and applied in this study to trees 
greater than 7.5 cm dbh.  Secondly, merchantable volumes have been calculated by 
multiplying the whole stem tree volumes for trees greater than or equal to 12.5 cm dbh by 
0.741 (living trees) or 0.35 (dead trees).  These reduction factors were developed by 
comparing whole stem with merchantable volumes (≥12.5 cm dbh) as recorded in the 
VRI inventory; they appeared to be very reliable for stands with an average diameter 
greater than 20 cm.  In short, the volumes represented in this study are approximations 
relative to the standard practice of using taper equations. 
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The focus of this report is on:  
 

• The degree to which the plot-based representations of polygon statistics estimated 
as a result of the Monte Carlo process reflect the original inventory-based polygon 
statistics2.   

• The within polygon coefficients of variation (WCV) associated with each 
attribute.  

 
The coefficient of variation can be described as the average, absolute difference of each 
plot attribute relative to the mean value - expressed as a proportion or (in this case) a 
percentage of the mean. A coefficient > 100% indicates that the attribute has a 
distribution with relatively large deviations from the mean.  Such variability requires 
more samples to obtain a given degree of reliability or confidence relative to attributes 
with lower coefficients of variation or in other words, more narrow distributions from the 
mean.  Given knowledge of the coefficient of variation and of the mean for a given 
attribute (i.e. given knowledge of the standard deviation) and the number of samples 
upon which it is based, it is a simple task to estimate the number of samples that would 
be required to obtain a desired level of precision.  

Results 
The area represented by each stand structure class in the VRI is described in Figure 1.  
Stand structure class 1 represents 22% of the forested types, followed by classes 3 (16%) 
and 13 (9%).  Stand structure class 1 represents stands that are generally short, of low 
basal area per hectare (Figure 2) and even-aged, perhaps with some residual tree volume.  
Stand structures 2 to 11 become progressively larger and generally have more basal area 
and continue to be “even-aged”.  Stand structures 13 to 16 are uneven-aged, and 
generally increase from a low to high levels of stocking.  Stand structure 17 is uneven-
aged and has a low level of stocking.  Stand structures 5 and 12, while occurring in the 
original classification, were eliminated in the process of extrapolating stand structure 
classification to the inventory.  This occurred because the inventory stand structure 
classification involved considerable within polygon variation that, thereby causing two of 
the ground-level classes to disappear3.  The original assignment of stand structures to 
inventory classes was designed to ensure that: when two polygons had similar attributes, 
they would belong to the same stand structure class – hence the narrow range of the 
between polygon variation and the wider range of plot variation described in Figure 2. 
 

                                                 
2 Variable Density Yield Projection (VDYP) equations are commonly used in British Columbia to estimate 
inventory polygon volumes based on the relationship of estimated stand volume (derived from plots) given 
stand basal area, height, age and site index (derived from photo interpreted statistics).  This process used 
originally to assign stand structure classes to polygons in many respects, but it does not explicitly account 
for differences in tree size distributions in developing that process.     
3 The best way to think of this is that there are two systems of classification – a ground level classification 
that minimizes within class differences in the distributions of trees by diameter class – and an inventory 
system of classification that is modified from the ground-level version to accommodate observed within 
polygon variation. 
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Figure 1.   The area (hectares) by inventory stand structure class in the Lignum 
Vegetation Resources Inventory. 
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Basal Area Per Hectare 
The mean basal area per hectare derived from the randomly assigned plot data for each 
inventory stand structure class follows the same pattern as the one derived from aerial 
photo interpretation (Figure 3).  There are differences in the plot and polygon based 
estimates of basal area relative to differences stand structure class as was expected 
(Figure 2). However, the plot-based estimates indicate more basal area than the polygon-
based estimates (Figure 4).   
 
The plot-based estimate of basal area per hectare is associated with a percent coefficient 
of variation that declines on average from a maximum of 84.4 % at a rate of 1.46 % per 
m2 of basal area (Figures 5 and 6).  For example, a stand with a basal area of 35 m2ha-1 is 
expected to have an average percent coefficient of variation of 33.5 %; this equates to a 
standard deviation of 11.7 m2ha-1.  Given that there is an average of 10 plots per polygon, 
plot basal area per hectare ranges from between 7 and 60 m2ha-1 (t = 2.26) within any one 
polygon, 95% of the time.  The average basal area of 35 m2 ha-1 has an associated 
standard error of 3.7 m2ha-1 indicating that the average ranges from 27 to 42 m2ha-1, 95% 
of the time4.       

Stems Per Hectare  
The difference between inventory polygon- versus plot-based estimates of number’s of 
live trees per hectare is substantial (Figure 7).  This is not surprising since the plot-based 
observations include many small trees that may not be seen by aerial photo interpreters; 
the trees are either too small or obscured from clear view by a few large trees.  This may 
also account for the differences between polygon and plot based estimates of total basal 
area (Figure 4).   
 
There is a high degree of variability associated with the estimates of total trees per 
hectare (Figure 8), with coefficients of variation ranging from 72% to 142%. 

Merchantable Volume Per Hectare 
Plot based merchantable volume estimates closely approximate those estimated using 
original inventory polygon data (Figures 9 and 10).  The area weighted average volume 
per hectare over the whole inventory is 96.7 m3ha-1 using the polygon estimates versus 
100.6 m3ha-1 using the plot-based estimates, with a difference of 3.9 m3ha-1. However, the 
polygon estimates also include some dead tree volume. On average there is an additional  
                                                 
4 The standard error (SE) of the mean is calculated as follows:  SE = SD * (1/ sqrt(n)), where SD is the 
standard deviation, sqrt indicates the “square root” and n is the number of samples.  Standard deviation 
describes the degree to which individual observations vary from the mean. Standard error is used to 
describe the variation associated with the mean statistic.  Increasing the number of samples has negligible 
effect of the standard deviation (and therefore the coefficient of variation), but it can be used to reduce the 
standard error (Iles, 2003).  To estimate the number of samples (n) required to produce an estimate within a 
desired SE, the following formula may be used: n = (SDunits / SEunits)2.  If in the example above, the desired 
SE was plus or minus 1 m2ha-1 then the number of plots per polygon required would be equal to (11.7/1)2 or 
137.  This would reduce the confidence interval of the mean basal area per hectare to +/- 1.96, 95% of the 
time (t = 1.96).  This demonstrates how sample size estimates can be derived from knowledge of the mean 
and the percent coefficient of variation.   
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 Figure 4.   Plot versus polygon average basal area per hectare for each inventory 
stand structure class. 
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Figure 3.   The mean live tree basal area per hectare associated with inventory stand 
structure class as estimated using aerial photo interpretation, versus using 
plot data in the Monte Carlo simulation. 

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40 45

Polygon Basal Area (m3 / ha)

Pl
ot

 B
as

al
 A

re
a 

(m
3 

/ h
a)

PLOT = 11.15 + 0.74 * POLYGON
Adjusted rsq:  0.811

13

3

2

14 7

17

8
10

15

4

11

6

9
16

Inventory Stand Structure

45



 

ForesTree Dynamics Ltd. 
March 30, 2005 

4

Figure 5.  rcent coefficients of variation for live tree basal 
area per hectare by inventory stand structure class.   

Figure 6.   The within polygon % coefficient of variation versus mean plot basal area 
per hectare for each inventory stand structure. 
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Figure 10.  Plot versus polygon merchantable volume per hectare for each inventor
stand structure class. 
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6.3 m3ha-1 of dead tree merchantable volume in the inventory, indicating that there is 
slightly more volume accounted for in the plot-based estimates.   In making these 
comparisons it should be remembered that the plot-based estimates are biased as a result 
of more weight being given to smaller polygons (with a minimum of 5 plots per hectare) 
and less weight being given to larger polygons (with a maximum of 20 plots per hectare) 
when compared with the average (10 plots per hectare). However, this bias is not 
anticipated to be large.  While the polygon estimates have already been adjusted based in 
a random sample (VRI Phase II plots) so that the global estimate of the average volume 
per hectare is quite reliable, such estimates may still might vary by stand structure class 
as indicated by the differences in plot versus polygon based estimates (Figure 10).   
 
The fact that the two estimates of merchantable volume are so close seems to support the 
previous conclusion that photo interpreters tend to under-estimate total stems per hectare 
and basal area per hectare.  If the photo based estimates of basal area and stems per 
hectare were compared with merchantable stems only (i.e. ≥ 12.5 cm dbh), the match 
would in all likelihood be closer than indicated above (while the merchantable volume 
comparison would remain unchanged). 

e maximum percent coefficient of variation associated with merchantable volume per 

ven
merchantable v s been excluded from the volume 
related estimate.  Using an average volume of 100 m3ha-1 the expected coefficient of 
variation is 68.5%, indicating a standard deviation of +/- 68.5 m3ha-1.  The associated 
standard error is equal to 21.7 m3ha-1 (n= 10), indicating that the average volume per 
hectare ranges from 51 to 149 m3ha-1 (t = 2.26), 95% of the time.  With 300 plots the 
standard error could be reduced to 4 m2ha-1, such that the average volume would range 
from 92 to 108 m3ha-1, 95% of the time (t = 1.96).  A sample size of 300 corresponds 
roughly with the number of samples used to estimate the total volume in the Lignum 
VRI.  Based on this estimate, the polygon-based average merchantable volume per 
hectare is within an acceptable range of the plot-based estimate.   

Whole Stem Volume Per Hectare 
Lastly we come to plot-based estimates of whole stem volume (Figure 13).  These 
parallel the merchantable volume estimates, particularly since the latter were derived 
from the former, but whole tree estimates include trees less than 12.5 cm dbh, down to a 
minimum of 7.5 cm dbh.  The dead tree whole stem volumes can be seen to be a 
relatively small proportion of the total volume (Figure 13)5.  
 
The live whole tree volume coefficients of variation (Figure 14 and 15) also correspond 
closely with those for merchantable volume (Figure 11 and 12), notwithstanding that the 
coefficient of variation in merchantable volume is much higher than for whole stem 
volume for inventory stand structure 1. The coefficients of variation in dead tree volume  

                                                

 
Th
hectare (95.59; Figures 11 and 12) is larger than the maximum for basal area (84.42; 
Figure 6) e  after inventory stand structure 1 (CV% = 140; mean live tree 

olume per hectare = 20 m3ha-1) ha

 
5 This situation may change rapidly as a result of the catastrophic outbreak of bark beetles. 
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Figure 11.  The within polygon percent coefficient of variation associated the plot 
based estimates of the live number of trees per hectare. 
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Figure 13.  The mean live and dead tree whole stem volume per hectare associated 
with inventory stand structure class as estimated with plot data. 

Figure 14.  The within polygon percent coefficient of variation associated the plot 
based estimates of the whole stem volume per hectare. 
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The within polygon % coefficient of variation versus mean live tree plot Figure 15.  
whole stem volume per hectare for each stand structure class. 

Figure 16.  tree plot 
whole stem volume per hectare for each stand structure class. 
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(Figures 14 and 16) are much higher than for live tree volume (Figures 12 and 13), 
frequently exceeding 100 %. 

Discussion 
How realistic are these estimates of the true within (and between) polygon variation in 
inventory statistics?   
 
The results in this report follow after a first attempt at solving the problem, wherein plots 
were selected at random and in proportion to their probability of occurrence from across 
the entire set of polygons (201) rather than from only the top 10.  The first attempt was 
deemed a failure, insofar as the correspondence between the mean inventory polygon and 
plot-based attributes was poor.  The plot-based attributes tended toward the mean to a 
degree that seemed unrepresentative of the inventory, particularly at the extremes.  The 
methods derived for use in this second attempt were a direct response to those findings.  
The decision to limit the plots eligible for assignment to polygons to the top 10 was 
dictated by the idea that too few plots would lead to highly variable results (precisely 
because there is considerable within polygon variation) and more plots would cause the 
results to regress toward the mean as was found with the first attempt.  It was also 

ictated by the knowledge that there were approximately 20 plots representing each of 
e original inventory stand structure class; this could be reduced to 10 when introducing 

lexibility into the process of deciding which plots were best associated with which 

expression of a ed a 
reasonable reflection of reality. 
  
Iles (2002) undertook an empirical field-based study of within-polygon variation using 
the same inventory, reporting coefficients of variation relative to the median values rather 
than the mean as was done in this study.  Trees greater than or equal to 4 cm dbh were 
observed in his sample plots.  He reported the median based percent coefficients of 
variation for basal area and stems per hectare.  Using graphical interpretation of his 
results, the within-polygon coefficient of variation in basal area per hectare was 
approximately 35% relative to a sample size of 10 plots; with increasing numbers of 
samples the coefficient tended toward a minimum of 30%.  These results are consistent 
with the estimates for an average basal area of 35 m2ha-1. 
 
Iles’ (2002) also estimated of the coefficients of variation for stems per hectare. With a 
sample size of 10 he found this coefficient to be approximately 60%, which is low 
relative to the range (72% to 142%) found herein. 
 
In general the plot-based average basal area and stems per hectare exceeded the polygon- 
based estimates.  However, polygons with low aerial photo based estimates of basal area 
per hectare, also had low plot-based estimates. The two estimates are reasonably well 
correlated.  No similar comparison was made with respect to trees per hectare, in part 
because the plot-based estimates far exceeded the polygon-based estimates.  Given that 
photo interpreters are making rough estimates, constrained by an inability to see small 
trees, neither of these findings seems to be surprising.  In fact the plot-based estimates 

d
th
more f
polygons.   The results reduced the degree of differences between the plot and polygon 

ttributes, providing increased confidence that the results are inde
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may be closer to reality, particularly when it is considered that the plot-based 
merchantable volume estimates are so close to those derived from the inventory.  
 
It is to be noted that polygon estimates of volume were first assigned using equations that 
relate plot-level observations of volume (to various merchantability limits) to estimates of 
average polygon attributes such as species type group, basal area, site index, height, age, 
etc.  These initial assignments were then adjusted (using the Boston Bar protocol) to be 
consistent with the total inventory volume based on a sample of approximately 300 
Vegetation Resource Inventory, Phase II sample plot-clusters.  The plot data used in this 
Monte Carlo study (1996-2002) spans the period of time during which the plot data was 
collected for the purpose of inventory adjustment.  The fact that on average the 
merchantable volume estimated from extrapolating data from known points to unknown 
points corresponds so closely with those derived through the inventory adjustment 
process, suggests that the extrapolation method upon which this study is based is reliable.  
The advantage of using the extrapolation techniques over the traditional means of 
assigning volumes to the inventory is that more stand structure details relating to species 
and size (diameter) distributions can be retained with reference to each polygon. 
 
To be clear, the method used in this study to assign plots to polygons was different from 
the method used originally to assign inventory stand structure classes (Harmeny Systems 
Ltd. 2003).  Ignoring the random component, in this study candidate plots were derived 
from the 10 most probable plots associated with each polygon based on the application of 
equation 1 (Appendix I).  What seems to be suggested by the results is that this approach 
to assigning plots to polygons can produce reliable results. Furthermore, this kind of 
process for allocating plots to polygons enables the resultant polygon plot data to be 
compiled according to the original system of stand structure classification, rather than 
having to modify the classification to account for the within polygon variability 
associated with a given stand structure class assignment. Labels can thereby be produced 
that are open to being verified as being correct in the field; if such labels are found to be 
incorrect, then the correct label can be identified and substituted instead6.  

Conclusion  
The original purpose of this project was to characterize the reliability of the inventory 
using Monte Carlo techniques.  In order for this to be successful, there needed to be a 
close correspondence between plot- and polygon-based statistics.  Without this 
correspondence there was no way to confirm whether or not these results could be 
described as “realistic”.  After failing the first time, the Monte Carlo process was 
modified, producing what appeared to be very realistic estimates of inventory stand 
structure class polygon attributes.  It is concluded that the stand and stock table attributes 
associated with each inventory type and the statistics used to summarize them can be 

                                                 
d 

efl  a 
fixed set of plots ociated with each and 

ery polygon were assigned; in each case these could be compiled and classified according to the original 
stand structure classification, ensuring that field and office labeling procedures have only 1 definition, 
rather than having to refer to an “original” and “inventory” stand structure classification.   

6 In the original system of assigning stand structures to inventory polygons the classification was adjuste
in advance to r ect within polygon variation, and then labels were assigned to the polygons along with

associated with those labels.  In this study, the plots most likely ass
ev
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used in support of strategic and tactical forest planning.  As an added bonus, it is 
 these same methods may be used to redesign the process for exconcluded that trapolating 

plots from known points (polygons with samples) to unknown points (polygons without 
samples) in the inventory.  This will help to produce an inventory with stand structure 
labels that can be verified in the field.  In addition, the resultant polygon plot assignments 
will ultimately produce a wider array of stand descriptions, providing a more realistic 
representation of the range of stand conditions observed in the field.   
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Appendix I.  Monte Carlo Assignment of Plots 

Input Variables 
 

e 

by the 

a 

orey’s mean tree height (i = 3). 
 ∆SI  Difference in the normalized site index (i = 4). 

 of 

 

c   Constant 
bi   Slope coefficients associated with variable ‘i’ 
D  Absolute weighted difference in polygon attributes 
P  The probability that two polygons, one with at least 1 sample and th
   other with none (0), belong to the same stand structure class. 
P’ The probability, P, assigned to a known polygon-plot pair, divided 

sum of the probabilities across all known polygon-plot pairs.    
PC  The sum of probabilities (Σ P’) assigned to each known polygons such 

that the assigned random number is less than or equal to the number  
assigned to a given plot-polygon pair.  

∆LBPH  Difference in polygons with respect to the normalized live tree basal are
per hectare (i = 1). 

∆LTPH  Difference in the normalized live trees per hectare (i = 2). 
∆HTL  Difference in the normalized L

 ∆TFIR  Difference in the normalized number of tall Douglas-fir (i.e. > 25 m;  
i = 5). 

 ∆QMD  Differences in the normalized Quadratic mean diameter (i = 6). 
 wt  The weight assigned to each known plot-polygon pair, where the sum

the weights adds up to 1 for each polygon. 
 SPG  The species group assigned to each polygon. 
 ISG  The originally assigned inventory stand structure group. 
 PSG  The stand structure group originally assigned to each plot.  

quations E
 

D =  c + b1 ∆LBPH + b2 ∆LTPH + b3 ∆HTL + b4 ∆SI + b5 ∆TFIR + b6 ∆QMD EQ(1) 
 
P = exp(D) / (1 + exp(D)) * wt       EQ(2) 
 

Coefficients 
 
c    0 
b1  - 2.762 
b2  - 0.293 
b3  - 1.376 
b4  - 0.276 
b5  - 0.565 
b6  - 1.576 

Given a unit of difference in each and every one of the polygon attributes (i = 1 to 6), the 
attribute with the most negative coefficient (this being ∆LBPH associated with b1) makes 
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the greatest contribution toward determining the magnitude of the difference (see EQ’s 
(1) and (2)). 

Definitions 
 
Inventory polygon A polygon in the inventory. 
 
Polygon attributes Attributes identified using capital letters under section “1”  

above. 
 

Known polygon  A polygon with at least one established sample point. 
 
Normalized attributes Inventory and known polygon attributes are normalized with  

  
bers  
rences  

 

, a 
 of the weights 

h polygon.  In preparing the raw data, the dependent variable was set equal 
o polygon-sample points in a pair belonged to the same stand structure class, 

or it was otherwise set equal to 0. 

 

on pair.  Sort the plot-polygon pairs from lowest to highest value. 

a new polygon (without samples) in accordance with the degree of difference (D) 
between the inventory polygon attributes and those associated with each of the known 
polygons. 

reference to the known polygon attributes.  Each of the  
attributes is ranked from lowest to highest and then the rank is
divided by the maximum rank to convert the values to num
between 0 and 1.  Hence the maximum and minimum diffe
associated with each known polygon are equal to 1 and 0 
respectively (see page A1-4) 

 
Plot-polygon pair A known polygon associated with a given plot that was 

established inside the polygon, and that has been assigned a  
stand structure group (PSG).    

Notes 
 
The logit model (EQ 1 and 2) was developed using a pairwise comparison of 201 polygons 
with 301 observed sample points.  Where there was more than 1 sample point per polygon
weight was assigned to each polygon-sample point pair such that the sum
added to 1 for eac
to 1 where the tw

Algorithm to assign plots to polygons. 

1. Select an inventory polygon. 
 
2. Assign a random number (uniform distribution; between 1 and 0) to each known plot-

polyg
 

3. Estimate the probability (P) of associating each one of the old polygons (with samples) to 

 
4. Select the 10 old polygons that are most likely to be associated with the new polygon. 

 
5. Randomly select polygons from the selected 10 using a uniform distribution.  Where 

there is more than 1 plot per polygon, randomly select 1 of the plots using a uniform 
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distribution. Select a minimum of 5 plots per new polygon, and beyond that up t
maximum of 1 plot per hectare. 

o a 

 
6. Repeat steps 1 to 5 for all inventory polygons.   
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Appendix 1 
Table. Normalized variables and values 

 
BAPH RBAPH SPH RSPH LHT RLHT SI RSI TFIR RTFIR QMD RQMD 

0.0 0.000000 0 0 0.0 0.000000 0.0 0.000000 0 0.000000 0.0 0.000000
0.8 0.003333 10 
1.7 0.020000 219 

0.003322 2.3 0.003322 5.9 0.003322 1 0.583333 1.7 0.003333
0.006645 3.6 0.006645 6.2 0.009967 2 0.630000 3.0 0.006667

3.3 0.023333 293 0.009967 4.2 0.009967 6.9 0.019934 4 0.693333 3.5 0.016667
4.2 0.026667 366 0.013289 0.706667 4.3 0.030000
5.9 0.040000 380 5.1 0.033333
6.7 0.043333 439 
7.5 0.050000 475 667
8.4 0.053333 512 0.053333

10.0 0.090000 549 
10.9 0.096667 585 0.083333
11.7 0.126667 658 00
12.6 0.133333 732 3333
13.4 0.156667 768 3 25 0.796667 6.5 0.106667
14.2 0.160000 797 
15.1 0.163333 805 89701 9.3 0.083056 29 0.833333 6.7 0.116667
15.9 0.183333 878 7.0 0.136667
16.7 0.193333 888  0.146667
17.6 0.266667 892 0.150000
18.4 0.283333 907 333
19.2 0.323333 914 000
20.1 0.343333 951 0.163333
20.9 0.350000 966 
21.8 0.426667 1002 
22.6 0.443333 1024 0.976667 9.7 0.180000
23.4 0.450000 1046 9.8 0.186667
25.1 0.480000 1061 10.0 0.190000
25.9 0.586667 1097 10.3 

1170 0.448505 12.2 0.212625 11.7 0.222591  10.5 0.200000
 1195 0.48505 12.3 0.215947 11.8 0.232558  10.6 0.203333

28.4 0.630000 1200 0.495017 12.4 0.219269 11.9 0.242525  10.7 0.213333
29.3 0.640000 
30.1 0.666667 .259136
31.0 .245847 12.2 .262458 11.3 
31.8 .249169 12.3 .265781 11.6 
32.6 0.730000 1356 0.574751 13.6 0.282392 12.5 0.292359  11.7 0.253333

14.0 0.289037 12.6 0.302326  11.9 0.256667
0.58804 14.1 0.292359 12.9 0.308970  12.1 0.260000

35.1 0.850000 1405 0.604651 14.3 0.308970 13.0 0.332226  12.3 0.280000
36.0 0.866667 1426 0.607973 14.6 0.318937 13.1 0.335548  12.4 0.300000
37.7 0.338870 13.2 0.368771  12.5 0.306667
38.5 0.348837 13.3 0.372093  12.6 0.333333
40.2 0.355482 13.4 0.385382  12.7 0.346667
41.8 0.365449 13.5 0.398671  12.8 0.353333
44.3 0.378738 13.6 0.408638  12.9 0.356667
50.2 0.382060 13.7 0.428571  13.2 0.360000
51.9 1.000000 1683 0.654485 15.8 0.385382 13.9 0.441860  13.3 0.366667

 
 

  1902 0.697674 16.3 0.401993 14.3 0.495017  13.9 0.383333

4.3 0.016611 7.0 0.023256 5
0.023256 5.1 0.029900 7.1 0.026578 6 0.726667 
0.026578 5.2 0.033223 7.8 0.029900 7 0.740000 5.3 0.043333
0.033223 5.5 0.039867 7.9 0.033223 9 0.743333 5.4 0.046
0.039867 5.7 0.049834 8.4 0.036545 10 0.746667 5.6 
0.046512 6.0 0.063123 8.6 0.039867 12 0.756667 5.9 0.066667
0.063123 6.1 0.066445 8.8 0.043189 15 0.780000 6.0 
0.076412 6.2 0.069767 8.9 0.046512 16 0.783333 6.3 0.1000
0.109635 6.5 0.073090 9.0 0.053156 18 0.786667 6.4 0.10
0.166113 7.3 0.083056 9.1 0.06312

0.17608 7.8 0.086379 9.2 0.076412 26 0.823333 6.6 0.110000
0.179402 8.3 0.0
0.219269 8.4 0.093023 9.5 0.106312 31 0.843333 
0.292359 9.0 0.102990 9.8 0.119601 37 0.846667 7.4

0.890000 7.9 0.295681 9.4 0.106312 9.9 0.126246 38
0.299003 9.8 0.122924 10.1 0.132890 49 0.893333 8.2 0.153

97 10.1 0.126246 10.2 0.136213 54 0.930000 8.5 0.1600.308
0.318937 10.4 0.136213 10.3 0.156146 61 0.940000 9.0 
0.368771 10.9 0.149502 10.5 0.169435 74 0.970000 9.3 0.173333
0.372093 11.1 0.162791 10.7 0.176080 75 0.973333 9.6 0.176667
0.375415 11.4 0.166113 10.8 0.189369 86
0.398671 11.5 0.172757 10.9 0.196013 98 0.986667 
0.401993 11.7 0.179402 11.2 0.199336 110 0.990000 
0.405316 12.1 0.196013 11.3 0.209302 184 0.993333 0.196667

26.8 0.600000 
27.6 0.606667

1244 0.498339 12.5 0.222591 12.0 0.249169  10.8 0.216667
1258 0.524917 13.1 0.242525 12.1 0  11.0 0.236667

0.676667 1273 0.534884 13.3 0 0  0.246667
0.690000 1317 0.541528 13.5 0 0  0.250000

33.5 0.733333 1361 0.584718 
34.3 0.836667 1390 

0.893333 1463 0.611296 14.8
0.916667 1485 0.631229 14.9
0.926667 1522 0.634551 15.1
0.943333 1536 0.637874 15.3
0.966667 1593 0.644518 15.5
0.986667 1609 0.647841 15.6

 1756 0.664452 15.9 0.388704 14.0 0.465116  13.5 0.373333
 1829 0.69103 16.1 0.398671 14.1 0.491694  13.7 0.376667
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Appendix 1 
Table. Normalized variables and values 

BAPH RBAPH SPH RSPH LHT RLHT SI RSI TFIR RTFIR QMD RQMD 

  0 0.714286 16.5 0.411960 14.5 0.501661  14.1 0.386667194

  2048 0.717608 16.6 0.418605 14.6 0.531561  14.4 0.390000
21 0.734219 16.7 0.428571 14.7 0.544850  14.6 0.403333
95 0.740864 17.1 0.445183 14.8 0.558140  14.8 0.413333

   15.0 0.430000

 429  15.1 0.456667

  
 80000

  2633 0.7940 0.491694 15.5 0.611296  15.4 0.486667

  2641 0.803987 18.1 0.508306 15.6 0.631229 15.5 0.496667

   0.510000

  2660 0.817276 18.3 0.528239 15.8 0.681063 15.7 0.536667

 333

  2707 0.83056 0.546667

  2743 0.84053 3

  2926 0.85049

  3007 0.87707

  3563 0.88039 .590000

  3658 0.88372 53  17.3 0.600000

  4097 0.89701 20.2 0.598007 17.2 0.790698  17.4 0.603333

  0.613333

  4404 0.90365 6667

  4535 0.90697 8  17.9 0.630000

  4682 0.910299 21.0 0.651163 17.9 0.833887  18.0 0.640000

 4841 0.913621 21.1 0.657807 18.1 0.853821  18.1 0.650000

 5121 0.923588 21.2 0.661130 18.2 0.857143  18.2 0.653333

  5364 0.933555 21.5 0.667774 18.5 0.860465  18.5 0.670000
33

6667

0.744186 19.9 0.903654  19.7 0.733333

    23.8 0.747508 20.0 0.906977  19.8 0.770000
33555  20.1 0.773333
36877  20.4 0.786667

4 0.803987 20.7 0.940199  20.6 0.813333
5 0.807309 20.8 0.943522  20.9 0.826667

000

  21.3 0.860000

  

 000

 00

    25.8 0.853821 25.9 1.000000  23.1 0.890000

  26.0 0.857143 23.4 0.893333
000

  26.3 0.897010 23.8 0.933333
6667

 6667

  21

  21
2198 0.770764 17.2 0.468439 15.0 0.568106

 2263 0.777409 17.3 0.471761 15.2 0.571
2268 0.787375 17.5 0.478405 15.3 0.591362  15.2 0.466667

 2338 0.790698 17.6 0.488372 15.4 0.607973  15.3 0.4
2 17.7

 
2655 0.813953 18.2 0.524917 15.7 0.667774  15.6

 
 2692 0.827243 18.7 0.534884 16.0 0.691030  15.9 0.543

5 18.8 0.544850 16.1 0.700997  16.1 
2 19.1 0.554817 16.2 0.727575  16.3 0.55333
8 19.3 0.574751 16.4 0.740864  16.5 0.573333
6 19.5 0.581395 16.5 0.764120  16.7 0.580000
9 19.7 0.588040 16.8 0.777409  17.1 0
1 19.8 0.591362 17.0 0.7840

4389 0.900332 20.3 0.614618 17.4 0.800664  17.5 
4 20.4 0.631229 17.6 0.803987  17.8 0.62
7 20.8 0.634551 17.8 0.82059

 
 

  5852 0.943522 21.9 0.681063 18.7 0.873754  18.7 0.6733

  5889 0.953488 22.8 0.707641 18.8 0.883721  18.9 0.680000

  7022 0.963455 22.9 0.710963 19.0 0.887043  19.0 0.68

    23.0 0.727575 19.3 0.890365  19.1 0.693333

    23.2 0.737542 19.5 0.893688  19.4 0.726667

    23.5

    23.9 0.750831 20.3 0.9

    24.2 0.780731 20.4 0.9

    24.

    24.

    24.6 0.810631 20.9 0.953488  21.0 0.836667

    24.7 0.813953 21.2 0.960133  21.2 0.840

   24.9 0.817276 21.5 0.970100

  25.0 0.820598 22.1 0.980066  21.4 0.863333

    25.1 0.837209 22.7 0.990033  21.9 0.866667

   25.2 0.840532 22.9 0.993355  22.0 0.870

   25.7 0.850498 25.8 0.996678  22.7 0.8800

   
    26.2 0.880399  23.5 0.920

   
    27.1 0.906977  24.4 0.93

   27.2 0.910299  25.2 0.94
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Appendix 1 
Table. Normalized variables and values 

BAPH R D BAPH SPH RSPH LHT RLHT SI RSI TFIR RTFIR QMD RQM

 0.916944  25.7 0.960000   27.6

    28.1 0.926910  27.0 0.966667

 27.9 0.983333

    28.9 0.950166  29.6 0.993333

    29.8 0.960133  45.6 1.000000

    30.2 0.963455   
    32.2 0.986711   
    35.1 0.993355   

    28.2 0.933555
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Appendix 2 
Formulas and Calculations 

Appendix m d a lati

VR y s  
 
Ve t u  I  I  w  d n th  p  t e
spe , u e  c
 
Leading inventory polygon species we ll : 

A, AC, AT, BL, CW, EP, FD, , PL, PY, S, SB 

St t la  m
 
Site classes were defined using site index (SI; m es ht 0 re
ag  f
 

L S
P 8 12
M 12
G S

Pl
 
Fo r s te a i e C
assignm o  p :
 
 B B a  h
 M M t  v e c
 S S r ta
 WSVPH Whole stem
 
All statistics are summ p e  a  (D) trees.  A  p o
att e  f > m T  <  dbh were assigned a 
W H iv o v calculated usi g
fol n o
 
 L  (D b g  Equati  
 
         

2.  For ula’s an  C lcu ons 

I T pe De ignations

geta ion Reso rces nventory (VR ) types7 ere efined i is roject by he l ading 
cies  stand str ctur  and site lass.   

re as fo ows
 

 HW, JR
 

and s ructure c sses were nu bered 1 to 17, excluding: 5,12 

etr  in heig at 5  years b ast height 
e) as ollows: 

   I < 8  
    ≤ SI <   
    ≤ SI < 18 
   I ≥ 18  

ot Data 

ur polygon att ibute  were genera d from plot d ta follow ng th  Monte arlo 
ent of pl ts to olygons  

APH  asal are  per ectare 
VPH  erchan able olume p r he tare 

PH  tems pe  hec re 
 volume per hectare 

arized se arat ly for live (L) nd dead ll olyg n 
ribut s are reported or trees  0 c  dbh8.  rees  7.5 cm
SVP  of 0 m3.  Ind idual tree wh le stem olumes were n  the 
lowi g functional f rm9: 

og10(VPT) = a + b  Lo1 g10 BH) + 2 Lo 10(HT) on 1 

                                        
7 N e v  ur h j  do not constitut an d
sta  d i h . M f ai ource Manageme  d
8 D a h h s llo  0, 12.5, 17.5, 32 , 6
82.5.  e  te
9 Susan . Watts (Ed 3 b ri o Published by: The F
Undergraduate So e c r , U  iti bia, Vancouver, .C  4
434. 
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Appendix 2 
Formulas and Calculations 

Where
 
Log 10  a m
VPT  3)
DBH   di  at breast he t 
HT  t ) 
a,b1,b   e b ) 
  
Table 1. Whole o n ters by species 
  
SPEC S  I R DBH 

 

is the b se 10 logarith  
is volume per tree (m  
is tree ameter (cm) igh
is total ree height (m

2 are tree species param ters (Ta le 1

 stem v lume equatio  parame

IE NTE CEPT HT
AC cottonw 64 1.735180 ood -4. 8431 1.135601
AT t li  41 1.894760 
BL s 29 1.872930 
CW w r a 17 1.759950 
EP p  b 44 1.090956 
HW w r 39 1.942900 
LT l   35 1.723600 
PL l 34 1.822760 
SB b sp 29 1.872930 
SW w s 29 1.872930 
SX interior 29 1.872930 
VV w 44 1.090956 

remb ng aspen -4. 9728 1.053730
ubalpine fir -4. 1919 0.998274
este n red ced r -4. 8431 1.019080
aper irch -4. 1420 1.052050
este n hemlock -4. 4633 0.990275

arch - tamarack -4. 0486 1.135270
odgepole pine -4. 9504 1.108120
lack ruce  -4. 1919 0.998274
hite pruce -4. 1919 0.998274

 spruce -4. 1919 0.998274
ild cherry -4. 1420 1.052050

 
Merch ntable v c e  t  ≥  dbh by mult l  w
stem v lumes b 1 e r a ee e reduction fa o e
devel ed by c m n   a c ab mes (≥12.5 cm d s
record a ared to be very reliable, particularly fo s
an average diame r n cm

Stand and Stock Table Statistics 
Stand nd stock table tatistics p   r o the followin m
diameter thresholds: 
 
Table 2. Diameter class limit i f at
 
Diam er Class Lower Lim  

a olumes were cal ulat d for all rees  12.5 cm ip ying hole 
o y 0.74  (live tre s) o 0.35 (de d tr s). Thes ct rs w re 

op o pari g whole stem nd mer hant le volu  bh) a  
ed in the inventory; they ppe r tands with 

ter g eater tha  20 . 

 a   s  were roduced with espect t g inimum 

n orm ion. 

et  it (≥) 
0 0 
1 12  
2 17  
3 32  
4 42  
5 62  
7 82.5 

.5

.5

.5

.5

.5

 

 A2-2



Appendix 2 
Formulas and Calculations 

Inven S s De e om lo ata
 
Calculation of means standard d t efficient of variations, coeffi e  
standard errors 
 
Let 
    
i  = 1,2,3 … n polygons within an inventory type 
j   1,2,3 … m plots in a polygon 
 
Ni. is the number of plots in polygon i, where Ni. ≤ 20 
P. is the number of polygons in an inventory type  
N.. is the total number of plots in all polygons in an inventory type  
Xij  is an attribute, X, observed in polygon i, plot j for a given inventory type. 
Xi. is the sum of the attribute values for polygon i 
X.. is the sum of the attribute values for all polygons 
Ai. is the area of polygon i 
A.. is the sum of polygon areas i within an inventory type 
C is a correction term 
TSS is the total sum of squares 
BGS is the sum of squares of the polygon attribute differences from the mean polygon 

attributes 
WGS is the sum of squares of the differences of the individual plot attributes relative to 

the mean value for a given polygon 
TDF is the total degrees of freedom 
BDF is the between polygon degrees of freedom 
WDF is the within polygon degrees of freedom 
GM is the grand mean attribute value across all plots 
TSD is the standard deviation of the grand mean 
BSD is the standard deviation of the polygon attributes with respect to the grand mean 
WSD is the standard deviation of the plot attributes with respect to the polygon means 
TSE is the standard error of the grand mean 
BSE is the standard error of the polygon attributes with respect to the grand mean 
WSE is the standard error of the plot attributes with respect to the polygon means 
 
Percent coefficient of variation (TCV, BCV and WSV) is calculated by dividing the 
standard deviation (TSD, BSD, WSV) by the grand mean and then multiplying by 100. 
 
Percent standard error (BSEPCT, WSEPCT) is calculated by dividing the standard error 
(BSE, WSE) by the grand mean (GM) and then multiplying by 100. 
 
   

 

tory tati tics riv d Fr  P t D  
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Appendix 2 
Formulas and Calculations 

NC
..

=       Equation 
X

ij
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∑ ij

2

210

 

 

CXTSS
ij

ij −= ∑ 2      Equation 3 

∑ −= CN i.

X 2

BGS i.      Equation 4 

 
Equation 5 

= NF 6 

BGSTSSWGS −=      

 
 
 

1−TD       Equation 
..

 
 

. −= P 1BD   F     Equation 7 

 

 
 

PNWDF ...
−=       Equation 8 

 

5.0
⎞

⎟
⎠

⎜
⎝TDF

⎟= STSD     ⎜
⎛ TS  Equation 9 

 
 

 
5.0

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=

BDF
BGSBSD      Equation 10 

 
  

5.0

⎟
⎟
⎞

⎜
⎜
⎛

= WSSWSD      Equation 11 
⎠⎝WDF

                                                 
10 This equation and the ensuing equations were derived from: Steel, R.G.D. and J.H. Torrie. 1960. 
Principles and procedures of statistics.  McGraw-Hill Book Company, Inc., New York. 
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Appendix 3.  

tatistics 

Site class (Good, Medium, Poo
T f plots in an invent

LY N ns in an invent
LY Average number of plots per poly  invent
A  T  inventory ty
AN Area weighted average polygon value for the indi
AN M  given N plots
 Standard deviation of the plot att en N p
  P ent of variation: (GSD/GMEAN)*
  Total degrees of freedom: N-1 

D  W standard deviatio
V  W on percent coefficie tion: (W AN)

DF  Within polygon degrees of freedom:  N - NPOLY 

 

WSVPH Whole stem volume per hectare (m3ha-1) ≥ 7.5 cm dbh 
re (m3ha-1) ≥ 12.5 cm dbh, 30 cm tall 

trees 

 inventory type ined by a unique combination of SPGR, ISS and SITE. 

lygon attributes AN, AREA, NPOLY) are derived from the photo-interpreted 
entory. 

t attributes (all ) are derived as a result of the Monte Carlo process of assigning 
ributes. 

TABLES INCLUDED UNDER SEPARATE COVER 

Detailed Inventory Stand Structure S
 
Abbreviations 
 
ISS  Inventory stand structure class 
SPGR  Species group indicated by leading species 
SITE  r, Low) 
N he number o ory type. 
NPO umber of polygo ory type. 
PPO gon in an ory type 
ARE otal area (ha) in an pe 
IME cated attribute 
GME ean plot attribute   
GSD ributes giv lots. 
GCV ercent coeffici 100 
GDF
WS ithin polygon n 
WC ithin polyg nt of varia SD/GME *100 
W
BSD   Between polygon standard deviation 
BCV  Between polygon percent coefficient of variation (BSD/GMEAN)*100
BDF  Between polygon degrees of freedom: PPOLY-1 
BAPH  Basal area per hectare (m2ha-1) 
SPH  Stems per hectare (# ha-1) 

MVPH Merchantable volume per hecta
stump, 10 cm top, net of waste breakage and decay. 

L  Live trees 
  Dead D

 

Notes 
 
An  is def
 
Po  (IME
inv
 
Plo
tt

others
a
 

 A3-1


	Executive Summary
	Table of Contents
	List of Figures
	List of Figures (cont.)
	Introduction
	Methods
	Results
	Figure 1.   The area (hectares) by inventory stand structure
	Figure 2. The within polygon variation in plot basal area pe

	Basal Area Per Hectare
	Stems Per Hectare
	Merchantable Volume Per Hectare
	Figure 3.   The mean live tree basal area per hectare associ
	Figure 4.   Plot versus polygon average basal area per hecta
	Figure 5.  The within polygon percent coefficients of variat
	Figure 6.   The within polygon % coefficient of variation ve
	Figure 7.  The mean number of live trees per hectare associa
	Figure 8.   The within polygon percent coefficient of variat
	Figure 9.  The mean live tree merchantable volume per hectar
	Figure 10.  Plot versus polygon merchantable volume per hect







	Whole Stem Volume Per Hectare
	Figure 11.  The within polygon percent coefficient of variat
	Figure 12.  The within polygon % coefficient of variation ve
	Figure 13.  The mean live and dead tree whole stem volume pe
	Figure 14.  The within polygon percent coefficient of variat
	Figure 15.  The within polygon % coefficient of variation ve
	Figure 16.  The within polygon % coefficient of variation ve







	Discussion
	Conclusion
	References
	Appendix I.  Monte Carlo Assignment of Plots
	Input Variables
	Equations
	Coefficients

	Definitions
	Notes
	Algorithm to assign plots to polygons.

	Appendix 2.  Formula’s and Calculations
	VRI Type Designations
	Plot Data
	Stand and Stock Table Statistics
	Inventory Statistics Derived From Plot Data

	Appendix 3.
	Detailed Inventory Stand Structure Statistics
	Notes


