
Forest Estate Planning:  

Using Tree Lists and/or Stand and Stock Tables  

Executive Summary1

 
This report provides an introduction as to how stand and stock tables and/or tree lists 
might be incorporated into estate planning of large forested landscapes (e.g. > 100,000 
hectares).  Tree lists and stand and stock tables are defined.  The importance of utilizing 
stand and stock tables in forest estate planning is discussed in relation to the current 
practice of relying on whole stand statistics without incorporation of individual tree 
details.  Methods for assigning stand and stock tables to inventory polygons and methods 
for updating these with time are briefly discussed.  A simple method is described for 
developing stand and stock table projections through time based on the use of transition 
matrices. It is recommended that such an approach be adopted in forest estate planning 
for the purpose of projecting stand and stock table attributes through time.  This simple 
technique is recommended over more detailed (and perhaps accurate) approaches 
involving tree lists as result of the lower demands on computing capacity and as a result 
of the need to better account for natural disturbances within the same general forest estate 
planning framework.  

                                                 
1 Prepared for Canadian Forest Products Ltd., Prince George, B.C. by ForesTree Dynamics Ltd., Victoria, B.C. 
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Introduction 
 
The purpose of this paper is to discuss a few details of how stand and stock tables and/or 
tree lists might be incorporated into the forest estate planning of large landscapes (e.g. > 
100,000 hectares) within British Columbia. 

Definitions 
 
A tree list represents stand conditions with reference to individual tree species, diameters 
and numbers per hectare.  When available they also include tree heights and estimates of 
volume per tree (or net volume adjustment factors), as well as perhaps log size and grades 
assessments.  Other attributes, such as whether or not the tree is alive or dead, may be 
described, perhaps with additional distinguishing features, according to some system of 
tree classification.  
 
A stand table is defined as a tabular summary of a tree list according to the numbers of 
trees by species and diameter class. This description may be extended to include tree 
class information.   
 
A stock table is similar to a stand table but with basal area or volume used as a substitute 
for the number of trees in a stand table.   
 
Stand and stock kinds of information are generally combined into a singular tabular 
summary, referred to as a stand and stock table (Table 1).  These tables are important for 
the development of silviculture prescriptions, particularly in cases where the silviculture 
system is other than clearcutting.  They are often extended to include log size and grade 
information for the purpose of stand valuation, harvest scheduling, and log supply 
forecasting. 
 
Tree lists have the advantage that they are a more accurate representation of stand 
conditions, but it is more difficult to interpret them in the process of stand management 
decision-making when compared with stand and stock tables. 
 
Reasonably reliable representations of tree lists and stand and stock tables kinds of 
information are increasingly important to the successful management of forests and yet 
until recently, this information has either not been available in large landscapes (e.g. > 
100,000 ha) or available but unreliable (imprecise) due to poor stratification.  For 
example, one way to classify stands is according to their species composition, age, 
height, crown closure and site index, but this may not be enough to characterize a 
reasonably precise estimate of the distribution of trees by diameter class.  The question 
we need to ask is first is: “Why should we care?”
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Why Are Stand And Stock Tables Important? 
 
Knowledge of the distributions of within-stand tree characteristics is important to 
assessing the suitability or availability of species habitat.  It is important to the 
understanding of natural disturbance processes such as fire and bark beetles, and how 
these agents interact with tree, stand and landscape conditions to manifest change with 
time. It is important to the configuration of sawmills, to the delivery of the right log to the 
right mill at the right time (harvest scheduling and wood supply allocation) and at the 
right price (ensuring that the marginal cost of delivery is greater than or equal to the 
expected revenue to ensure a continuing and viable enterprise).  The processes of 
individual tree growth, mortality, reproduction and establishment are also influenced by 
the proximities of individual trees relative to their size and species, so that such 
information is preferred as the basis for forecasting reasonably possible future forest and 
stand conditions when compared with simply using whole stand (strata based) average 
characteristics.  Given that trees are the dominant feature of forested landscapes, that in 
managing forests (including wilderness) our main objective is to produce desired future 
forest conditions in terms of how trees are spatially distributed (to account for between 
stand variation) with respect to their species and sizes, and given that knowledge of such 
features is important to forecasting expected changes with time, tree lists and/or stand and 
stock tables should be recognized as being a critical element to obtaining success rather 
than as a luxury that can be easily dispensed with for the purpose of developing strategic-
level plans.  The consequence of dispensing with such details is that important 
operational information is over-looked; the end result is that inventories and strategic 
planning are limited in terms of the forest management kinds of issues that can be dealt 
with in operationally meaningful sorts of ways.  They may provide suitable information 
to support the determination of rate of cut, but they are not likely to be valuable (and 
certainly not as valuable as they could be) in terms of identifying species habitats, 
developing suitable harvesting prescriptions (and silviculture regimen and standards), 
developing suitable harvesting schedules and wood supply allocations, and providing 
sufficiently detailed information to better ensure appropriate sawmill design, etc.  As a 
result, it has been common to develop site-specific forest management policies and 
guidelines without engaging in (or being able to engage in) meaningful analyses of what 
their broader long-term, forest-level implications might be. This has ultimately led to 
operational practices that are difficult to reconcile with the attainment of strategic goals 
and vice-versa, the development of strategic goals that while perhaps appropriate in 
general, are difficult to verify as to whether or not they are being met relative to what 
actually happens on the ground.  The utilization stand and stock tables in forest estate 
planning is important to overcome these weaknesses.    

Initializing Inventory Polygon Stand and Stock Tables 
 
 There are several ways of producing stand and stock table kinds of information suitable 
for use in forest and stand management planning.  For small areas or larger areas that are 
intensively managed, it is possible to stratify stands according some kind of inventory 
type classification, usually split along the lines of species composition, age, height, and 
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crown closure.  Each of the types is then sampled to produce an average stand and stock 
table. Conditions are updated following major disturbances such as harvesting and stands 
(and sometimes the same set of plots) are reassessed periodically, and accordingly the 
inventory is updated.  As the area under control of forest management increases and as 
the variety of stand conditions increase, this process requires modification. 
 
The first modification required in more complex forests is to extend the definition of 
forest types to represent this broader set of circumstances. The Cumulative Distribution 
Approach to stand structure classification was developed so that simple, easy to measure 
attributes (tree species and diameters) can be used to clearly distinguish one type from 
another, such that there is no overlap in the different distributions of tree (species and) 
sizes when moving from one class to the next.  In other words, there is a definitive way to 
distinguish one class from another based on measurement rather than requiring that a 
vote, consensus or arbitration be used to establish the correct type where two or more 
classifiers are involved.  Classification is needed so that those operating in relation to the 
inventory can make realistic interpretations of what is likely to be found on the ground, 
and in the event they find that the inventory does not correspond with such conditions are 
able to reasonably and reliably correct it, in most cases without having to establish plots.   
 
The second modification is based on the fact that ground samples have been established.  
Since it is not be possible to visit every stand in an inventory, there must be a way of 
relating plot-level observations to stand-level attributes for the purpose of making 
(reliable) estimates of stand and stock table attributes.  This requires that a wide variety 
of stand conditions be collated within a sample database. It is preferred that such samples 
be established using stratified-random sampling techniques to ensure that the range of 
initial forest conditions are well represented.  These samples in combination with the 
stands they represent are to be used to infer (impute) stand and stock tables (or tree lists 
from which stand and stock tables can be derived) for those polygons that are without 
samples. Selected stand and stock table attributes, or more preferably the probability of 
occurrence of stand structure classes can be related to inventory polygons attributes.  
Another option is that data may be simply summarized by strata, an important component 
of which is stand structure class.  
 
Cruise plot data may also be used to infer inventory polygon stand and stock table data.  
Such data is often limited because only merchantable stems are tallied (say ≥ 12.5 cm 
dbh) leaving the description of understories open to speculation.  Another problem with 
cruise data is that it is not likely to be representative of the more general population of 
(merchantable) stands, thereby limiting the range of successful extrapolation.  Finally, the 
relationship of cruise data or the associated stand structure classes with inventory 
polygon attributes may be unknown; it may be difficult to make reliable estimates of 
those attributes using the cruise data itself.  This inability to link cruise and inventory 
attributes can be remedied with careful inventory management and planning.  The main 
advantage of cruise data is that it is routinely collected. It is also collected in such a way 
as to better represent stand-level characteristics.  In other words the potential gap in 
information, that occurs when establishing a small number of plots to represent a large 
polygon area, is reduced or eliminated.            
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Stand structure classification provides one (non parametric) method of generating tree 
lists and stand and stock tables.  Another common procedure for generating similar kinds 
of data is to first describe the joint distributions of numbers of trees by diameter using a 
known distribution, such as the Weibull distribution for example.  This distribution is 
defined by 3 parameters, each of which can be related to inventory attributes based on 
known plot-polygon relationships.  Furthermore, a system of stand structure classification 
could be constructed using these parameters, perhaps including an accounting for species-
x-size relationships (each species within a stand would have its own Weibull 
distribution).  The main disadvantage of this process is that information about the real 
nature of the distributions is lost. This is caused by imposing a parametric point of view 
that limits the potential range of distributions relative to the unconstrained non-
parametric perspective. The Cumulative Distribution Approach to stand structure 
classification utilizes non-parametric techniques.   
 
Beyond the initial assignment of stand and stock table attributes, there is a need to update 
these from time-to-time. Since it can be expensive to re-measure plots at regular and 
short intervals in order to update the inventory (in addition to updating for disturbances 
that will require the establishment of new plots and the retiring of old ones), it is also 
necessary to update the stand and stock tables, at minimum for “regular” growth and 
mortality, using an individual tree growth model that can be initialized using a tree list.  
As plots are re-measured, the old forecasted tree list attributes are replaced with the 
measured attributes and the forest inventory can be updated accordingly. 
 
The remainder of this paper discusses alternative approaches to using stand and stock 
tables in forest estate planning. 

Stand and Stock Tables In Forest Estate Planning 
 
In forest estate planning there is a need to forecast expected future inventory stand and 
stock table attributes (for the moment excluding consideration of natural disturbances) 
starting with initial conditions in conjunction with some direct (site index) or indirect 
(ecological or soil classification based) measure of site productivity.  There are two main 
options as to how this might be done.   
 
In the first instance, stand and stock tables are viewed as a convenient way to summarize 
tree lists – tree lists provide the basis for forecasting future stand conditions when they 
are used as input into an individual tree growth model.  In the second instance, tree lists 
are abandoned in favour of using stand and stock tables as the basis for input into a 
growth model and as the basis for summary.   
 
The main advantage of tree lists is that they provide the most accurate description of 
initial and future stand conditions; they can be projected into the future more realistically 
when compared with results using stand and stock table projection.  The main 
disadvantage is that they require the use of much more computer memory as a result of 
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requiring a large number of records to begin with, so as to represent the initial tree list, 
and the need to expand the number of records as the simulations progress with time due 
to the processes of tree mortality and ingress (wherein new trees are added to the list). 
 
The main advantages of using stand and stock tables are that they are more compact and 
many of the attributes such as volume and basal area per tree for example, can be held 
constant; only the numbers of trees assigned to each class need change.  This reduces the 
number of records that must be maintained at any point during the simulation, the amount 
of computer memory and the number and complexity of computations required to make 
stand projections through time. Unfortunately it may come at the cost of having to adopt 
a system of growth projection that is perhaps generally correct, but less realistic in terms 
of its description of growth and mortality, and in terms of its representation of response 
versus treatment relationships2.    
 
Some of the advantages of stand and stock tables may be diminished if there is a need to 
incorporate forecasts of changes in tree status following mortality.  Such a requirement 
means that the time of death remains important throughout the simulation, and as a result 
the stand and stock table will also need to be expanded with time as the simulation 
proceeds, albeit it will grow at a slower rate than would a tree list because there are fewer 
records to begin with. 
 
Regardless of whether we are talking about using tree lists or stand and stock tables as the 
basis for forecasting future forest conditions, this process represents a significant shift 
from the more traditional sorts of timber supply modeling.  In particular, it is proposed 
that the growth model becomes an integral part of the simulation, rather than being used 
in advance to generate growth curves that are then used as lookup tables to advance the 
progression of stands from one year to the next.  Such an integration of growth and yield 
with forest estate models would avoid the necessity of having to develop transition rules 
so as to move a stand from one growth trajectory to another depending on the kind and 
intensity of treatment and on the timing of when it is applied.  This has the advantage of 
enabling the analyst to concentrate more on the forest management issues themselves and 
less on the mechanics of how best to represent those issues in an (overly) abstract world. 
Having said that, this does not preclude representing stand and stock tables in a 
traditional yield curve format, with transition rules being specified in relation to 
disturbances. Most assuredly this would increase the up-front cost in terms of initializing 
the forest estate model to address a particular set of issues. It would generally require 
aggregation of stands into “analyses or planning units” (due to the amount of memory 
that would be required to store all feasible combinations of treatments and responses) that 
in turn, may lead to introduction of unrealistic and unnecessary constraints into the 
forecasts of reasonably possible future forest conditions.  It would seem that the desire to 
include more tree-level details in forest estate modeling should be accompanied by the 
desire to include the growth projection system as part of the model, thereby enabling 

 
2 This is an issue that needs more research since systems of stand table projection have largely been abandoned since perhaps the 
1970’s in favour of using tree lists as inputs into individual tree growth models.  
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analysts to concentrate on modeling other aspects of the problems or issues that they are 
trying to address. 

An Example of Stand Table Projection 
Gadow and Hui (1999) provide a useful review of stand table projection techniques. For 
the purposes of forest estate modeling it is desirable to adopt a simple stand and stock 
table modeling framework, that can be calibrated using either actual data or simulated 
data from individual tree models.  The simplest framework involves the use of transition 
matrices wherein certain proportions of trees are estimated as moving from one class to 
the next.  Diameter classes are defined according to a uniform width (unlike Table 1 
where the width of the classes varies from one class to the next), and the width is set such 
that it is impossible for trees to skip a class in proceeding from 1 time step to the next 
(Table 2). It is generally assumed that trees are evenly distributed across the dange of 
diameters within a class.   
 
More generally such a stand table projection system can be represented in the form of a 
transition matrix (Figure 1) where each column represents the diameter class from which 
a certain proportion of trees are moved and each row represents the diameter classes to 
which they are allocated.  The columns in shown in the transition matrix add up to 1 
(except the last column) indicating that no trees die.  If the proportions summed to a 
value less than 1 then a certain amount of mortality would be expected to occur and could 
be accounted for.  Ingress might also be accounted for by adding trees into the lower 
class at the first time step. Several matrices may be required where mixed species are 
involved – one for each species. 
 
Kolstrom (1992; cited in Gadow and Hui, 1999) estimated the probability (pi) that a 
randomly selected (Norway spruce) tree in the i-th 4 cm would move to the next higher 
class during the next 5 years as follows: 
 

ep dBBd

i

**0007.0)ln(*55.0)ln(*861.01.2 −−+−=       

 
where, 
 
 d is the midpoint of diameter class I 
 B is the basal area 
 
A similar kind of relationship might be developed for predicting mortality, and 
consideration might be given to adjusting this equation to account for differences in site 
productivity. 
 
As suggested earlier, a basic transition matrix driven model may be sufficient to capture 
most of the elements of tree growth without having to alter the remaining diameter class 
statistics such as the average volume per tree.  The evolution towards a more 
comprehensive growth modeling technique perhaps leads to the conclusion that it would 
be better to use tree lists as the basis for forecasting future stand conditions rather than 
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stand and stock tables. The relative strengths and weaknesses of these two approaches has 
already been discussed.  There is no free lunch. 

Conclusion and Recommendations  
In considering the options available for incorporating tree level details into forest level 
plans, I recommend that a simple stand and stock table projection system be implemented 
rather than resorting to tree lists and the use of more complex (and perhaps more 
realistic) individual tree growth models.  Part of the reasoning behind this 
recommendation relates to the lesser demands on computer memory and processing time.  
While these limitations have been decreasing at a dramatic pace with improved design of 
computers, there are other factors to consider.  Perhaps analysts should be focusing on the 
impacts of large-scale landscape-level processes caused by wind, fires, insects and 
diseases. My own opinion is that these considerations are at least as important as 
improving the methods of growth and yield forecasting; the tree level detail encompassed 
within stand and stock tables may enhance considerably our understanding of how these 
processes are likely to influence landscape characteristics with and without human 
intervention through the building of roads and the harvesting of timber.           
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Table 1.  A stand and stock table derived using CANFOR cruise data, for MAPSTAND 93F050_22_232593 in Supply Block F.  Each of the attributes is described relative to diameter class (DCLASS, 
cm)3, tree species (SPECIES) and whether or not the tree is alive or dead (LDSTATUS)4. Other attributes are commonly included in stand and stock tables, including tree height and live crown percent.  
The LDSTATUS attributes may also be expanded to include additional qualitative features like decay, vigour and form class, and so too log size and grade distributions of volume.   
 
DCLASS SPECIES LDSTATUS QMD VBAR TPH BPH WSV VCU VCUD VCUDW VCUDWB TOPV STUMPV TTREES TBA TWSV TVCU TVCUD TVCUDW TVCUDWB TTOPV TSTUMPV 

15 PL L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20 PL L 21.1 10.3 11.0 0.4 4.3 4.0 4.0 4.0 3.9 0.1 0.1 143.8 5.0 56.4 51.6 51.6 51.6 50.7 1.9 1.4 
20 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25 PL L 24.7 9.8 109.4 5.2 54.4 51.0 51.0 51.0 49.9 1.1 1.2 1425.2 68.2 709.4 664.7 664.7 664.7 650.5 14.3 15.3 
25 PL D 25.0 10.9 111.2 5.5 62.7 59.3 59.3 59.3 57.7 1.1 1.7 1448.9 71.1 816.7 773.2 773.2 773.2 751.3 14.5 21.9 
30 PL L 30.2 10.8 110.1 7.9 89.5 85.1 85.1 85.1 83.1 1.1 2.2 1434.4 102.8 1166.1 1108.3 1108.3 1108.3 1083.4 14.3 28.7 
30 PL D 31.5 13.4 4.6 0.4 5.0 4.8 4.8 4.8 4.7 0.0 0.1 60.2 4.7 65.1 62.7 62.7 62.7 61.1 0.6 1.6 
36 PL L 36.4 11.3 65.3 6.8 80.1 76.6 76.6 76.6 75.2 0.7 2.0 851.0 88.4 1044.0 997.7 997.7 997.7 979.9 8.5 25.8 
36 PL D 34.8 7.5 10.0 1.0 7.5 7.1 7.1 7.1 7.0 0.1 0.3 130.8 12.4 98.2 92.9 92.9 92.9 90.9 1.1 3.3 
45 PL L 41.4 12.2 6.9 0.9 11.8 11.3 11.3 11.3 11.1 0.1 0.3 89.7 12.1 153.3 147.9 147.9 147.9 145.0 0.9 3.8 
45 PL D 40.8 3.7 1.0 0.1 0.5 0.5 0.5 0.5 0.5 0.0 0.0 12.8 1.7 6.8 6.1 6.1 6.1 6.0 0.1 0.4 
55 PL L 54.2 11.0 2.0 0.5 5.3 5.1 5.1 5.1 5.0 0.0 0.1 26.2 6.0 68.8 66.5 66.5 66.5 65.2 0.2 1.8 
55 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
65 PL L 60.6 10.0 2.4 0.7 7.2 6.9 6.9 6.9 6.8 0.0 0.2 31.4 9.1 93.4 90.2 90.2 90.2 88.3 0.3 2.8 
65 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
75 PL L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
75 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
90 PL L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
90 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

120 PL L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
120 PL D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

                                                 
3 The diameter classes are labeled using an integer value located at the midpoint of the class, so that for example DCLASS = 15 represents a class that extends from 12.5 cm dbh to 19.999… cm dbh.  
Also notice that after the 30 cm dbh class, the width of the classes is expanded, with the 36 cm class extending from 32.5 cm dbh to 39.999… cm dbh.  The 45 to 75 cm classes have a range of 10 cm. 
The 90 cm class has a range of 20 cm. The 120 cm class includes everything that is greater than or equal to 110 cm dbh.  The selection of diameter classes is generally a matter of choice, but see the 
discussion on selection of classes for the purposes of stand and stock table projection.  
4 The following attributes are referred to in the table: quadratic mean diameter (QMD, cm), volume-to-basal area ratio (VBAR, m), trees per hectare (TPH, #ha-1), basal area per hectare (BPH, m2ha-1), 
whole stem volume (WSV, m3ha-1), close utilization merchantable volume (VCU, m3ha-1) net of 10 cm diameter top (TOPV, m3ha-1) and 30 cm tall stump (STUMPV, m3ha-1), and close utilization 
volume net of decay (VCUD), net of decay and waste (VCUDW), and net of decay, waste and breakage (VCUDWB).  The column headings starting with the number of trees (TTREES, #) represent the 
respective per hectare figures (in this case TPH) multiplied by the stand area (ha).    
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Table 2. A hypothetical stand with 21 trees distributed over five diameter classes (mrij = 
movement ratio, i.e. proportion of trees moving from class I to class j; n1j = initial number 
of trees; n2j = number of trees after one time step)5. 
 
dj mrij n1j n2j
14 0.25 4 3 
16 0.5 8 5 
18 0.4 5 7 
20 0.25 4 5 
22 0.20 0 1 
Total  21 21 
 
 
 

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

1
5
7
5
3

0
4
5
8
4

*

8.025.0000
075.040.000
0060.050.00
00050.025.0
000075.0

 

 
Figure 1. A matrix representation of Table 2. The transition matrix on the left is 
multiplied by the number of living trees in each class (n1j) to produce the resultant 
number of trees remaining in a class (n2j) after a fixed time interval6.   

 

                                                 
5 Table copied from Gadow and Hui (1999), Table 4-5, p 80.  
6 Note that there is a long history of using transition matrices in population biology.  Two excellent introductions to these concepts 
are, Case (2000) and Vandermeer and Goldberg (2003).  
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