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Abstract 
 
The purpose of this study was to determine whether or not the stand structure class 
definitions developed for use by Lignum Ltd. (Moss, 2003; Farnden et. al. 2003) in the 
Cariboo Region of British Columbia would add any new information when compared 
with more traditional cruise stratum definitions (e.g. PL 831-16).  Canadian Forest 
Products Ltd. (Prince George) provided cruise data consisting of 25462 plots with 1799 
distinct types and 694 different strata.    It was concluded that while the original 17 stand 
structure classes do bare significant differences within the various cruise-strata, there is 
potential to gain further precision with fewer strata and more classes; this can be 
achieved by developing a new classification that minimizes within group variation with 
respect to the joint distributions of tree species and sizes (diameter). It has been estimated 
elsewhere that approximately 200 classes would be required to do this effectively. 
 
It is recommended that the new classification be developed (step 2). There is some 
(small) risk that the process used to develop the original classification will not function in 
the same way after species differences are incorporated into it, and therefore that the 
proposed project might fail to produce the desired outcomes.  
 
The ultimate goal of this work is to enhance inventories (step 3) with more details about 
the distributions of trees with respect to the occurrences of species and tree sizes. There is 
an increased risk that as a result of pursuing step 2, certain types will be found in the 
inventory for which there is no corresponding structure class, because to date no cruise 
plots have been established in stands with anything that is even close to having those 
characteristics.  However, such information might be useful for knowing where to 
concentrate more ground sampling effort.   If on the other hand, step 2 is not successful, 
then step 3 can still be completed using the original stand structure classification as the 
first order of distinguishing differences amongst polygons, and then using traditional 
strata definitions as second order of discrimination to obtain a higher level of precision.  
So regardless of whether or not step 2 succeeds, step 3 can be achieved to some level of 
satisfaction and reliability. 
 
The details of these findings and recommendations are described in more detail herein.  
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Introduction 

Stand structure classification can be used to characterize similarities amongst or 
differences between stand and stock tables more precisely.  In this study (step 1) we set 
out to classify each of the cruise types contained within the Canadian Forest Products Ltd 
(Canfor) database into one or other of the 17 available classes.  The purpose of this study 
was to determine whether or not the stand structure class definitions developed for 
Lignum Ltd. (Moss, 2003; Farnden et. al. 2003) for use in the Cariboo Region of British 
Columbia would add any value in terms of new information when compared with more 
traditional cruise stratum definitions.  For example, a traditional cruise stratum might be 
defined as follows: PL 831-16.  “PL” refers to the tree species composition; in this case 
the composition is 100 % lodgepole pine.  The remaining figures pertain to age class (8: 
141-250 years old)1, height class (3: 19.5 – 28.4 m tall), stocking class (1: mature 
residual-distributed 26 to 75% by area or volume), and site index (16: metres in height at 
50 years old measured at breast height).   The question that we set out to address was, do 
stands or types2 within a stratum tend to fall within only 1 structure class, or more.  If 
more, then the stand structure classification adds more precision to stratum definitions. 
Such an outcome would be produced (and was produced) because different stand 
structure classes would have different distributions of trees by diameter class and because 
current strata definitions would be found to be not very precise in this respect, even 
though there may be many more strata than there are stand structure classes.  More 
precision in the estimates of stand and stock table can be important for better forecasting 
of log-quality supply as well as for better characterization of wildlife species’ habitats. 
 
This project first involved building and testing a computer algorithm to classify plots 
based on the initial classification and then using the algorithm to classify each type in the 
Canfor cruise database.   
 
Depending on the success of this work in terms of developing a consistent classification 
algorithm and in subsequently adding new information to that already embodied in the 
strata-based definitions, a decision is to be made as to whether or not it would be 
worthwhile to develop a new classification (step 2) that explicitly optimizes for both 
species and tree size differences rather than just size differences (independent of species) 
as was done in the original classification.  Such a classification would have the added 
benefit of increasing the precision with which certain species were assigned to certain 
size classes while at the same time accounting for the over-all distribution of trees within 
a class. Following successful completion of step 1 or 2, the last step (step 3) in the 
                                                 
1 Information in parentheses derived from Ministry of Forests, Revenue Branch (2004). 
2 A type is defined herein as a uniquely defined stratum (e.g. PL 831-16) identified within a particular license, permit and block. 
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proposed process is to extrapolate the cruise data to inventory types to infer the most 
probable stand structure class given certain inventory polygon characteristics (e.g. 
species, age, height, stocking class and site index).  This enables the assignment of more 
precise stand and stock tables to each polygon in the inventory in accordance with the 
predicted stand structure class.  This process differs from the assumed match of stand 
structures with polygon characteristics because consideration is given to how each of 
these variables should be weighted in determining the most probable class. 
  
In order for step 1 to be declared successful, the algorithm referred to above had to 
produce a consistent classification of the plot data used originally to develop the 17 
groups.  If this was not feasible, or if the classification failed to add any new information, 
then the project would be abandoned. If it was successful, then an evaluation was to be 
made as to whether to proceed to the second step of developing a species specific 
classification or go directly to the third step of extrapolation.  In order to proceed with the 
second step it is required that there be enough data available to substantially expand the 
number of classes so as to accommodate species differences. 

Methods 

The first step was to develop and test a classification algorithm designed to take any new 
plot or set of plots (in this case belonging to a cruise-type) and relate them back to the 
original set for the purpose of identifying which stand structure class most closely 
matched with the new data.  The process compared the new cumulative basal area and 
cumulative trees per hectare distributions (see figures 9 and 10 for an example of what 
these look like) with the ones already classified and included in a database.  There were 
422 plots with associated distributions in the original stand structure database.  New 
cumulative distributions were to be compared with each of the 422 plots and summarized 
into one number for each pair representing the magnitude of their differences.  The 
differences are then summed with respect to each stand structure class (indicated in 
association with each of the original plots) and divided by the number of plots (originally 
identified) in the class to compute a mean difference for each stand structure class3.  
Finally, the new observations were assigned to the stand structure class that has the 
minimum mean difference.  To begin with this process was tested to ensure that it was 
working by comparing each of the original plots – as if they were new plots - with all of 
the others (including itself and as if they were the original set), computing the mean 
difference, finding the minimum, and observing whether the resulting classifications were 
the same in each case as that assigned to begin with.  Once this was confirmed, the 
process could then be used to reliably classify the remaining strata. 
 
The cruise data was supplied by Canadian Forest Products Ltd. in Prince George (Table 
1).  Data was provided in 5 different Microsoft ACCESS tables (Table 2).  The primary 
subdivision used in the classification was the type, this being defined as the same type 
(CC_TYPEID) within a uniquely identified license, cutting permit, and block of timber.  

 
3 In retrospect this could have been speeded up by simply computing average distributions for each of the original classes and then 
comparing each of the new plots with the average. 
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All of the plots were identified within each type.  Only the trees that were living were 
used to classify stand structures (Tree classes 1,2, 5, 6 and 8).  The numbers of trees per 
hectare associated with each tree, and so too the basal area per hectare, were compiled 
based on the chosen prism for each plot and whether or not the plot involved a full (360 o) 
or half (180 o) sweep of the area.  These statistics were then divided by the number of 
plots in each type.  Cumulative trees per hectare and basal areas were then estimated for 
all the trees greater than or equal to a give diameter threshold, starting at the minimum 
dbh (e.g. 12 cm where the minimum size of tree was identified as 12.5 cm dbh) and for 
each additional increment (13, 14, 15 …) up to a maximum of 140 cm dbh (the maximum 
diameter associated with plots used in the original classification).    As with the original 
classification each of the cumulative distributions were rescaled so that the maximum and 
minimum values associated with each cumulative distribution fell between 0 and 1 
(Moss, I.S. 2003).  These rescaled cumulative distributions provided the actual basis for 
comparison with the original set for the purpose of determining which was the most 
probable stand structure class.  The comparisons were truncated at the minimum dbh 
recorded for each plot so that the lack of recorded trees below that threshold would not 
enter into the estimation of the differences with the plots of known stand structure, these 
having observations down to 0 cm dbh. 
 
All of the programs developed to complete these analyses were developed in Python 2.3 
(see Lutz and Ascher, 2004).         

Results 

Can the algorithm be relied upon to properly classify stand structures? 
After each of the original 422 Lignum plots were classified using the prototype 
algorithm, it was found that 1 of them (LGM1-186-001) was assigned to a class that 
different from the expected assignment.  When this plot was removed from the 
classification dataset, a 100% success rate was obtained, i.e. the observed stand structure 
was equal to the expected one in all cases.  This algorithm was then used to classify the 
each of the cruise types. 

Do stand structure classes add information to strata definitions?  
There were 1799 cruise types that had a minimum of 1 plot and a minimum of 1 tree.  
There were 25462 plots associated with these types – indicating that on average there are 
14 plots per type.  There were 693 different kinds of strata.  Lodgepole pine is by far the 
most dominant species in terms of the proportional representation of each type in terms of 
basal area.  This is followed by interior spruce, subalpine fir and Douglas-fir. 
 
All stand structure classes were represented in the database (Table 3 and Figure 1) with 
stand structure class 12 being by far the most dominant followed by classes 6 and 10.  
Together these 3 classes account for 61 % of the 1799 types.  
 
The average number of stand structure classes per stratum is 1.73.  Forty percent of all 
the 693 strata are represented by 2 or more stand structure classes; 19% are represented 
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September 16, 2004 

3



Stand Structure Classification: 
Characterization of Cruise Types Using 17 Classes 

 

                                                

by 3 or more classes (Table 4).  The PL(S) 831-16 stratum represented 21 different types 
spread across 8 different stand structures.  Observing only the 100 strata with at least 4 
types, the mean number of stand structures within a stratum is 3.8.  For this group there is 
an average of 8.58 types per stratum.  The probability of assigning each plot to one of the 
same four classes at random is very low4 indicating that certain strata tend to represent 
certain kinds of stand structures and not others.  Nevertheless, the fact that the observed 
breadths of stand structures within a stratum remains quite broad indicates that there is 
potential to obtain increased precision in characterizing stands using the stand structure 
classification. 

Are the characteristics of the classes consistent with those of the original 
classification? 
The average basal area per hectare and trees per hectare for all types within a stand 
structure class fall within the ranges expected in accordance with the initial classification 
given that the cruise plots were compiled with a minimum tree diameter of 12.5 cm (in 
most but not all cases; Figures 2 and 3).  Lorey’s average tree height5 (Figure 4) tends to 
increase with stand structure class, with some apparent anomalies in classes 1 and 3 that 
are a result of the 12.5 cm dbh limit; most of the trees in classes 1 to 3 tend to represent 
plots where many (most) of the trees have smaller diameters.   
 
Average stand age was estimated by taking the average ages of all the trees bored within 
a type and of the dominant species; these figures were extracted from the sample tree 
database. Stand age tends to follow what are presumed to be the succession pathways 
between each type, but there is considerable overlap in structure class distributions 
(Figure 5). 
 
Mean and maximum tree dbh are also consistent with what is expected.  In general as 
stand structure class increases, the average dbh is expected to increase as is the maximum 
dbh (Figures 6 and 7) and the range in dbh (Figure 8).  A plot of the minimum dbh is not 
shown because it tended to be relatively constant across all classes. 
 
Lastly, the average cumulative distributions with respect to basal area and trees per 
hectare are consistent with what is expected, albeit some of the distributions appear to be 
quite erratic due to the small number of types in those classes, and the small number of 
plots in those types (Figures 9 and 10). 

Discussion 

The characteristics of the classes are consistent with the original classification as 
expected because many of the statistics are either directly included in the process for 
classification or are strongly related to them.  The distribution of stand basal area by tree 
size is the dominant variable in the original classification; this statistic has an obvious 

 
4 The probability of assigning a plot to 4 of the 17 classes equals 4/17 or 0.23.  The probability of assigning all 8 plots to one of the 
same 4 classes is equal to 0.23 to the power of 8, or 4 x 10-6, a very small number indeed. 
5 Lorey’s average tree height weight’s the height by individual tree basal area per hectare, thereby giving more importance to large 
diameter trees than smaller ones in computing the mean. 
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connection to all of the remaining variables.  Accordingly, the exercise of reviewing these 
relationships seems somewhat redundant, but the purpose was to ensure that there were 
no obvious errors made in the compilation. 
 
The question arises as to whether it is worthwhile attempting development of a more 
precise classification (step 2) that includes consideration of the distributions of trees with 
respect to tree size (diameter) and species.  This was not attempted with the original data 
in part due to the small numbers of plots (422) and the need to use the classification to 
characterize stands with species compositions for which there were few or no samples. 
To accommodate differences in species the numbers of classes would also have to be 
substantially increased to obtain the kinds of precision desired and this would perhaps 
make the classification unwieldy for use in the field.   In this case the sample size is big 
enough to accommodate the expansion.  The primary application is as an enhancement of 
the inventory rather than as a tool for use in the field.  The concern that some types may 
not be adequately represented remains a concern but perhaps there are methods that can 
be used to identify new types as new cruise data becomes available.  It therefore seems 
reasonable to proceed with step 2.  There is some risk (albeit low in my opinion) that by 
introducing species into the algorithm that the algorithm itself will be less effective or not 
effective at all in producing a good (reasonably precise) classification.  This risk has to be 
weighed against the opportunity of increasing the precision of classification as it relates 
to the distributions of trees with respect to both tree sizes and species within a stand.  A 
more precise classification has the potential to provide better resolution of stand 
characteristics as they relate to the inventory.  In so doing it is hoped that assessment of 
stands in terms of habitat characteristics might be improved as might harvest scheduling.  
 
A further consideration in this discussion is whether the 693 strata identified in the cruise 
data are really necessary – perhaps more precision can be obtained with a lesser number 
of types (e.g. 200).  This precision would be obtained by using better techniques to define 
those types in the first place, in this case the algorithm would be a modified version of the 
one used to develop the original classification.  It is believed that such increases in 
precision will indeed be obtainable. 

Conclusion   

It is recommended that step 2 be undertaken, expanding the classification to better 
discriminate amongst stands with respect to both species and tree size.  In order to 
accomplish this goal it is estimated that the number of groups may have to be expanded 
to perhaps 200 or more, with an average of approximately 9 types per class.  If a more 
reliable system of classification can be developed, then there will be a number of options 
available for enhancing the inventory with the tree level details necessary to produce 
stand and stock tables.     
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Table 1.   The distribution of cruise-plots by supply block and B.C. Ministry of Forests’ 
Districts. 

 
Supply 
Block 

District Number of Plots
 

A Fort St James 2553
B Fort St James 5317
D Vanderhoof 5759
E Prince George  2194
F Prince George  6826
G Prince George  1002
H Prince George  380
TFL 30 Prince George  1984
  
Total  26019
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Table 2.   Brief description of raw data. 
 
Table Name Description 
dat_Tree This contained all of the tree-level data. PLOT_ID was used as the key, 

this referring to the UTM (NAD 83) coordinates of each plot.  Only 
trees assigned to Tree Classes 1,2,5, 6 and 8 were used for classification 
into stand structures*. 
 

dat_Links This table was used to determine which PLOT_ID’s were associated 
with which uniquely defined combination of CC_LICENSE, 
CC_PERMIT, CC_BLOCK and CC_TYPEID**. 
 

dat_Plot This table provided information for each PLOT_ID on the size of the 
prism used, whether the plot was a full or half plot and the minimum 
dbh limit that applied to the cruise. These data were used in 
combination with the tree data (dat_Tree) to produce the cumulative 
basal area and trees per hectare curves associated with each type 
(dat_Links).  
 

dat_Sample This table provided some tree ages that were bored in the field at breast 
height and adjusted to a total age base on site index. The keys for this 
table PLOT_ID and TREE number in combination with the same keys 
in dat_Tree. 
  

dat_GIS_INFO This table was not used in the analyses. It provides Forest Cover 
attributes associated with each plot (PLOT_ID).  These data may or 
may not be useful when it comes time to linking stand structure classes 
to the inventory, depending on whether or not that it can be confirmed 
that these labels are representative of what was in the inventory 
preceding the harvest and last updated (projected) to within 1 or 2 years 
before the harvest. 
 

*
The tree classes are defined as follows (Ministry of Forests, Revenue Branch, 2004): 1-Older immature; 2-Older immature, suspect; 

3-Older immature, dead potential; 4-Dead useless; 5-Mature; 6-Live useless, 7-Mature, dead potential; 8-Younger, immature, 9-
Younger immature, dead potential. 
**

License, permit and block are conventionally used in British Columbia to uniquely identify harvest areas.  Numbering conventions 
are adopted under each License such that any harvest block will be uniquely defined by permit and block, regardless of whether it has 
been cut, is being cut or is proposed for cutting. An example of a CC_TYPEID is as follows: PL(FD) 831-16. 
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Table 3.  The numbers and proportions of types observed by stand structure class. 
 

Stand 
Structure 

Class 

Number of
Types 

 

Proportion of 
Types 

 
1 3 0.2 
2 1 0.1 
3 57 3.2 
4 7 0.4 
5 97 5.4 
6 340 18.9 
7 20 1.1 
8 1 0.1 
9 116 6.4 
10 270 15.0 
11 120 6.7 
12 501 27.8 
13 7 0.4 
14 114 6.3 
15 45 2.5 
16 94 5.2 
17 6 0.3 

Total 1799 100 
 

Table 4.  The numbers of stratum with 1,2,3 … n different stand structures. 
 

Number of 
Stand Structures 

Per Stratum 
Number of

Stratum 
Proportion of 

Stratum 
1 418 60.2 
2 142 20.5 
3 80 11.5 
4 26 3.7 
5 15 2.2 
6 8 1.2 
7 4 0.6 
8 1 0.1 

All 694 100.0 
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Figure 1.   The number of types by leading species and stand structure class in the Canadian Forest Products Ltd. cruise-data base. 
There are 1799 types in total.  
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Figure 2.   Basal area per hectare by stand structure class 
(based on 1799 cruise types for all trees ≥ 12.5 cm 
dbh).  The boxes represent 
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Figure 3.   Trees per hectare by stand structure class. 
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Figure 4.  Lorey’s mean tree height by stand structure class. 
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Figure 5.  Average dominant tree age by stand structure class. 
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Figure 6.  Mean tree diameter by stand structure class.  
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Figure 7.   Mean maximum tree diameter by stand structure 
class. 
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Figure 8.  Expected range in merchantable tree diameter 
(maximum minus minimum dbh) by stand structure 
class. 
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Figure 9.   Average cumulative basal area (m2 ha-1) by stand structure class, with numbers of observations noted in parentheses. 
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Figure 10.   Average number of trees per hectare (# ha-1) by stand structure class, with numbers of observations noted in parentheses. 
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