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ABSTRACT 

The Northern Interior Vegetation Management Association (NIVMA) is a forest industry co-
operative initiated by major forest products companies in northern BC and Alberta, the BC Ministry of 
Forests, the Canadian Forest Service, the University of British Columbia and the University of Alberta. 
NIVMA uses a common monitoring protocol to track plantation and managed stand development and 
performance. Since 1996, over 800 installations have been established across BC and Alberta using the 
Treatment Regime Evaluation Numerical Support (TRENDS) protocol. 

 
The data from the BC installations have been used to build a series of early stand simulation 

models which can be used to project the growth of very young stands to expected stand structures 10-15 
years after harvest. The output from these models can then be used as the initial stand conditions for long 
term stand models like TIPSY or PROGNOSISBC. In this way, stands regenerated under various 
operational conditions can be linked to realistic long-term growth and yield predictions. This model 
simulates the early growth of conifer stands in the stand initiation stage of stand development. This is the 
phase of stand establishment before crowns close and before competitive mortality begins. During the 
initiation stage, some plants die and others increase in size, while others continue invading. Oliver and 
Larson (1996) state that a stand’s development pattern is largely determined during this stage. 
 
The NIVMA model includes eight submodels that represent growth in different ecosystems, levels of site 
productivity and growing space.  After the stand initiation stage, a stand enters the stem exclusion stage. 
The NIVMA model produces stand structures that represent the later stages of the stand initiation phase. 
These stand structures will define future development and can be input to computer models that 
simulate stand development starting at the stem exclusion stage. TASS, TIPSY and PROGNOSIS are 
examples of these models. 

 
The NIVMA model uses transition matrices to simulate stand dynamics during the stand initiation stage. 
Transition matrices assume the presence of a Markov process. The basis of a Markov process is that the 
regenerated stand can be classified into a finite number of different states. Then the probability of trees 
moving from one state to another over a fixed time period is estimated. 
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1.0 INTRODUCTION 

The Northern Interior Vegetation Management Association (NIVMA) is a forest industry co-
operative initiated by major forest products companies in northern BC and Alberta, the BC Ministry of 
Forests, the Canadian Forest Service, the University of British Columbia and the University of Alberta.  
NIVMA uses a common monitoring protocol to track plantation and managed stand development and 
performance. Since 1966, over 800 installations have been established across BC and Alberta using the 
Treatment Regime Evaluation Numerical Support (TRENDS) protocol. 

 
The data from the BC installations have been used to build a series of early stand simulation 

models which can be used to project the growth of very young stands to expected stand structures 15-20 
years after harvest. The output from these models can then be used as the initial stand conditions for long 
term stand models TIPSY or PROGNOSIS. In this way, stands regenerated under various operational 
conditions can be linked to realistic long-term growth and yield predictions. 

 
This paper describes the methods used to develop models; the resulting models; and discusses 

their use. Conclusions and management implications are presented in the final section. 
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2.0 METHODS 

The NIVMA model uses transition matrices to simulate stand dynamics during the stand 
initiation stage. Transition matrices assume the presence of a Markov process. The basis of a Markov 
process is that the regenerated stand can be classified into a finite number of different states. Then the 
probability of trees moving from one state to another over a fixed time period is estimated. 

 
The Markov property can be described by three definitions. 

 
Definition 1 

Only the present state gives any information about the future behaviour of the process. 
Transition probabilities only depend on which state the process is in. 
 

Definition 2 
The probabilities of moving from one state to another do not vary with time. 
 

Definition 3 
Transition occurs only from one state to another during a fixed time period. 
 
The NIVMA model defines three possible states for each tree as: 
 

1) remaining in the same height class for a fixed time period; 
2) moving up one height class over a fixed time period; 
3) dying during a fixed time period. 

 
The proportions of trees in each state for any given height class will sum to one. 
 

Markov processes have been used many times to model tree and other populations. For example, 
Neyman et al (1956) divided the life of a flour beetle into a finite number of states. They adopted various 
postulates about the probabilities of beetles surviving from one state to another in a given unit of time. 
The matrix containing these transition probabilities is called a transition matrix. Leslie (1945 and 1948) 
added the fecundity of a female in each life cycle state for any organism to the transition probabilities. 
The result is often called a ‘Leslie Matrix’ and occupies a special niche in population biology related to 
equilibrium population structures. 

 
For stands of trees, Rudra and Filmer (1970) assumed the movement of trees through diameter 

classes to be a Markov process. He defined K states corresponding to K diameter classes. The elements of 
his transition matrix denoted the probability that a tree of size i will move to size j during one time 
period. Data from a permanent sample plot of Pinus radiata were used to construct the transition matrix. 

 
Usher (1966) used a modification of the Leslie population matrix to investigate the dynamics of an 

all-aged Pinus sylvestris forest. In his work the states were also diameter classes, and data on the 
regeneration of seedlings were used in place of the usual fecundity estimates of a Leslie matrix. Usher 
used the latent vector associated with the largest latent root of the matrix to predict a stable forest 
structure, and the largest latent root to predict the maximum sustainable rate of harvest. Much later, 
Usher (1992) expanded the use of transition matrices to model plant succession.  Ward and Stephens 
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(1997) used transition probabilities to describe the movement of Betula  alleghaniensis  trees through four 
crown classes in 25-85 year old yellow birch stands. Bekele (2000)  used transition matrices to describe the 
plant population dynamics of Dodonaea augustifolia and Olea europaea in dry afromontane forests of 
Ethiopia. Bekele used height classes as the states. 

 
 Other authors have viewed successional vegetational change as a Markov process. This project 

will use transition matrices to model the dynamics of newly regenerated forest stands. We will not be 
modelling the large scale process of plant succession. For completeness we have included reference to 
work on plant succession. The general logic is the following. First, assume that all the different plant 
communities which can occur on a given land area can be defined and denoted as vegetational states. For 
any one of these communities we can say it undergoes some trial (from its environment) during a finite 
period of time. At the end of the period the community either remains the same or it has changed into 
one of the other communities that can occur on the same area. If it is said that the probability of a 
particular outcome on any trial depends only upon the outcome of a preceding trial, then the vegetational 
changes may be represented by a matrix of transition probabilities or by an equivalent probability tree. In 
the matrix, the elements are the probability of vegetation in state i, changing to vegetation state j in one 
time period. 

 
The vegetation states may be recurrent, transient, absorbing, periodic or persistent. For example, 

the classical climatic climax stage would be represented by an absorbing state whose transition 
probability is 1. Once the system reaches that state, it remains there permanently. If the elements of such a 
matrix are known then the results of three theorems given by Kemeny and Snell (1959) can be used to 
investigate the existence and composition of a stable arrangement of states, and to find the average 
number of time periods taken to go from state i to state j. The monoclimax and polyclimax theories of 
plant succession can both be represented by transition matrices. Cyclical change can also be represented 
by matrices in which the states are ordered cyclically (Feller (1968)). These have no absorbing states and 
no equilibrium or stable arrangement of states exists. 

Linking the Transition Matrix Model to Stand Models 

 Figure 1 provides a schematic of the link between matrix model and stand model. 
 
 

 Stephen Smith & Associates Inc. 



  4  

Figure 1: Linking the Matrix Model to a Stand Model 
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 The output from the matrix model is a table showing the number of live stems in each height 
class and diameter class, at the age representing the end of the stand initiation phase. 
 
 The PROGNOSIS model accepts stand tables as input, but requires stem numbers by diameter 
class. As part of this project, for each species, using data from the TRENDS database, height/diameter 
relationships were determined. This enabled the height classes of the matrix model to be translated into 
diameter classes. The mid point of each diameter class and its stem numbers can then be input directly 
into PROGNOSIS. By the end of the stand initiation phase it is expected that future stands will develop 
entirely from those trees over 1.3 metres in height (the point of diameter measurement used by 
PROGNOSIS and other stand models). 
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 TIPSY does not accept stand tables as input. To link the matrix model to TIPSY, the average 
height of the 100 tallest trees is calculated and the total stem numbers noted. Successive iterations of 
TIPSY should be run to produce a stand whose species distribution, height and stem numbers is the same 
as the matrix model output for the matrix model output stand age. This TIPSY stand represents the 
matrix model output. Long term TIPSY projections for this stand represent expected yields from the 
output of the matrix model. 
 
 Once the links have been made between the matrix model and the initial stand conditions for the 
stand model, the long term projections from the stand models should be a realistic long term forecast of 
timber yield and stand structure at harvest, of the operationally regenerated stands.  
 
 The TRENDS database contains 72 separate tables. Much time in this project was spent: 
 

 exploring the content and structure of the 72 tables; 
 identifying and developing database queries to select required data from existing tables and to 

construct new tables from joining selected parts of different database tables; 
 producing databases containing all required information for developing the NIVMA models. 

 
Eventually a sequence of database queries taking information from 11 database tables was 

developed. These tables were: 
 

 Administration and History: Plot Header 
 Repeatedly Measured Tree: Annual Increment Measurements 
 Eco-classification: Zone, Subzone, Variant 
 Administration and History: Harvesting/Disturbance History 
 Administration and History: Site Prep History 
 Administration and History: Artificial Regeneration History and Source 
 Administration and History: Stand Tending History 
 Soil Description: Depth to Restricting Layers and/or Unfavourable Subsoils 
 Vegetation Description: Layer Summaries (by Date and Quadrant) 
 Repeatedly Measured Tree: Header 
 Repeatedly Measured Tree: Yearly Measurements. 

 
In addition, information about stands before harvesting was obtained from two tables: 

 
 Stand Description: Plot Header 
 Stand Description: Tree Measurements. 

2.1 HEIGHT CLASS BOUNDARIES 

The Markov process requires class boundaries to be set so that a single transition from one state 
to another occurs in a fixed time period. Height classes were chosen to be not so small that a tree can 
change two or more height classes in one growing season, and not so big that no tree ever grows into the 
next height class during one time period. For these reasons: 

 
 initial height classes were often smaller than later height classes; 
 each of the eight model groups has a unique set of height class boundaries. 

 Stephen Smith & Associates Inc. 



  6  

 
There are eight submodels in the NIVMA model. Each submodel has the height class boundaries 

shown in Table 1, for all species in the submodel. 
 
 

Table 1: Height class boundaries 
 

Height classes (cm) Submodel 
1 2 3 4 5 6 7 

1 0-40 41-126 127-212 213-298 299-384 385-470 >470 
2 0-33 34-106 107-179 180-252 253-325 326-398 >398 
3 0-30 31-101 102-172 173-243 244-314 315-385 >385 
4 0-34 35-106 107-178 178-250 251-321 332-392 >392 
5 0-25 26-89 90-153 154-217 218-281 282-345 >345 
6 0-23 24-46 47-89 90-132 133-175 176-218 >218 
7 0-30 31-73 74-116 117-159 160-202 203-245 >245 
8 0-26 27-54 55-92 93-130 131-168 169-206 >206 

 

2.2 TRANSITION PROBABILITIES 

Transition probabilities were calculated from the Repeatedly Measured Trees (RMTs) in the 
TRENDS database.  The structure of each transition matrix is shown in Table 2. 
 
 

Table 2: A Representative transition matrix 
 

Height class as time t+1 Height class 
at time t 1 2 3 ... N 

1 P11 P12   P1n

2  P22 P23  P2n

3      
:      

N    Pn-1,n Pnn

 
 
 In Table 2: 
  
 P11 = probability of a tree staying in height class 1 for one year; 
 P12 = probability of a tree moving from height class 1 to height class 2 over a one-year period; 
 P1n = probability of a tree in height class 1 dying during the year. 
 The probabilities P11 to P1n will sum to one, as will the probabilities on each row. 
 
 The procedure for calculating transition probabilities was: 
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 use repeated measurements of tree height and leader growth from the same tree as if they were 
independent samples; 

 within each submodel sort trees by species and height class; 
 for each species/height combination count the number of trees that died, remained in the height 

class, and moved up to the next height class in one growing season; 
 express these counts as proportions of the total live and dead trees in the height class. 

 
Once these proportions (probabilities) are calculated, the structure of a stand at time t can be 

projected to a forecast structure at time t+1 by multiplying the stand table (stem numbers in each height 
class) at time t by the transition matrix. Figure 2 gives a schematic of this multiplication. 

 
 

Figure 2: Projecting the stand from time t to time t+1 
 

n1t     n2t . . . .                  nmt
p11   p12 . . . . . . . . p1m

p22 . . . . . . . .              p2m

pmm

n1t     n2t . . . .                  nmt

regenerated stand table
at time t transition matrix

regenerated stand table
at time t+1  

 

2.3 EIGHT SUBMODELS 

Stands in different biogeoclimatic zones and in different growing conditions might be expected to 
grow differently. They would have different transition matrices. Using TRENDS database queries and a 
statistical technique called discriminant analysis, eight model groups were identified. Table 3 shows the 
descriptive variables used to define each group. 
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Table 3: NIVMA model group definitions 
 

Group Zone 
Species found in 

highest number of 
installations 

Base tend 
Number of 
modelling 

installations 
1 SBS Pli - 234 
2 SBS Fdi - 12 
3 SBS Sx Brushing 28 
4 ICH Fdi - 21 
5 ICH Sx - 11 
6 ESSF Pli - 19 
7 ESSF Sx - 40 
8 BWBS Pli - 12 

Total    377 
 
 
Within each biogeoclimatic zone (except BWBS) discriminant analysis was used to classify each 

installation into the pre-determined groups using the variables: 
 

 total conifer stems per ha; 
 conifer species percent by installation and year; 
 soil depth to restrictive layer by installation; 
 percent vegetation cover, non woody shrubs, herbs and mosses (average by year for each 

installation); 
 pre-establishment site index (average by species for each model group). 

 
The discriminant analysis also tells us how to take a new stand and, based on its values for the 

classification variables, assign the new stand to the model group that is most similar. 
 
These variables are input by the user to the NIVMA model for each stand. The model uses these 

variables to assign the new stand to the most similar model group within a given biogeoclimatic zone. 

2.4 RESULTS OF THE DISCRIMINANT ANALYSIS 

There is only one subgroup within the BWBS zone, so no analysis was required there. Within the 
SBS zone there are three subgroups. There are two in the ICH zone and two in the ESSF zone. 

 
Every separate installation in Table 3 was labelled with its group number. Linear discriminant 

analysis was used to calculate the Mahalanobis distances between each case in a group and the centre of 
that group. The closer a case is to the centre of one group (relative to its distance to other groups), the 
more likely it is to be classified as belonging to that group.  

 
Tables 4 to 6 show the classification functions for each group. 
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Table 4: Group classification function coefficients for the SBS biogeoclimatic zone 
 

Group number Variable 
1 2 3 

Constant -50.664 -53.616 -50.106
Species % 0.014 0.013 0.046
Depth to restricting layer 0.227 0.204 0.210
Total stems/ha 0.0 0.0 0.0
Species number 5.816 5.135 5.80
Species BHSI (group average) 3.593 3.890 3.442
% non wood shrubs, herbs and mosses 0.306 0.306 0.348

 
 

 
Table 5: Group classification function coefficients for the ICH biogeoclimatic zone 

 
Group number Variable 

4 5 
Constant -27878.95 -5299.017 
Species % 6.702 2.941 
Depth to restricting layer 1.069 0.604 
Total stems/ha -0.001 0.0 
Species number -804.887 -312.497 
Species BHSI (group average) 2670.335 1154.013 
% non wood shrubs, herbs and mosses 0.590 0.237 

 
 
 

Table 6: Group classification function coefficients for the ESSF biogeoclimatic zone 
 

Group number Variable 
6 7 

Constant -202.202 -359.416 
Species % 0.106 0.153 
Depth to restricting layer 0.001 -0.097 
Total stems/ha 0.002 0.002 
Species number 27.818 36.988 
Species BHSI (group average) 31.110 42.463 
% non wood shrubs, herbs and mosses 0.623 0.618 

 
 
 Each case is classified into the group within a given biogeoclimatic zone whose classification 
function yields the highest score. The classification matrices for this analysis show how often the 
classification functions correctly classified the cases. Table 7 shows these matrices. 
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Table 7: Classification matrices 
 

Group 
Number 

% correctly 
classified 

1 41 
2 85 
3 89 
4 100 
5 100 
6 100 
7 100 

 
 

To assign a new case to one of the model groups: 
 

 choose the candidate groups that fall into the same biogeoclimatic zone as the new case; 
 within this zone calculate the classification function scores for each group; 
 assign the new case to the group whose classification function score is highest. 

2.5 METHOD FOR RESPONDING TO DIFFERENT SITE INDICES 

The NIVMA model responds to changes in site index by changing the length of the time period 
required to move trees from one state to another. This is analogous to changing the speed at which 
successive frames in a movie are viewed. For example, if a man were filmed taking 10 seconds to walk 
across a street, at 15 frames per second he would occupy 150 frames. Each frame is a state and running 
the film shows him moving from one state to the next. Slowing the film speed will increase the time taken 
to go from one frame to the next. Speeding up the film reduces the transition time from one state to the 
next. 

 
Stands of trees, over a wide range of sites move through the same height classes or states. Fast 

growing trees on high sites move faster through the states. Trees on low sites move slower. The transition 
period for high sites is shorter than it is for low sites. 

 
This idea of a set of developmental states that are common, is supported by the well known 

observation that even-aged forest stands of similar height and average dbh exhibit a similar stand 
structure regardless of age or site. A further expression of this idea is age independent yield tables, for 
example, USDA Bulletin 201, The Yield of Douglas Fir in the Pacific Northwest (1961), by Mcardle, Meyer and 
Bruce. Stand density management diagrams are based on the principle that stands with the same average 
sized tree and the same density have the same structure regardless of age or site. This is another way of 
saying that stands move through the same set of states but 

 
In the NIVMA model, the basic transition period is one year for the average site index of the 

installations used to calculate transition probabilities. When stands are entered into the model whose 
years to breast height is different from the base site index, then the length of the transition period is 
recalculated. In this way, the transition probabilities remain unchanged and the integrity of the Markov 
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process is preserved. Site index values higher than the NIVMA installation average will receive shorter 
transition periods. Lower site index values receive longer transition periods. 

 
In addition to this calculation, the NIVMA model includes a site index calibration process using 

the entered site index and the actual entered height and age for each species. In this process: 
 

 the actual years to breast height are calculated for the entered height/age combination for the 
actual stands; 

 the expected years to breast height is calculated for the entered site index value; 
 the difference between actual and expected years to breast height is added or subtracted to the 

site index reference age of 50; 
 for the entered site index value, the height at  the modified reference age is calculated; 
 this adjusted site index is labelled site index for yield projection on the NIVMA model output. 

 
For example, the actual height and age for a species may indicate that its actual time to breast 

height is 10 years. However, for the entered site index the expected years to breast height may be only 
eight years. Here the actual stand will reach breast height two years later than its site index label 
indicates. In this case the NIVMA model calculates height at 48 years from the Ministry of Forest’s (MOF) 
height curve. This height is used as the downward adjusted site index to be used in yield projection. 
Species that are shorter than MOF expectations will have their site index adjusted downwards. Species 
that are taller than expected will have their site index adjusted upwards. The adjustments are based on 
differences in years to breast height. 

 
In the NIVMA model, each species in the same stand may have a different transition period. This 

is shown in the model output. For the whole stand, the average transition period weighted by species 
stems per ha is calculated. Site index for the whole stand is for the species with the greatest number of 
stems. 

2.6 HEIGHT GROWTH BELOW BREAST HEIGHT 

In the NIVMA model, years taken to reach breast height (1.3 metres), relative to years to breast 
height for the base data set, is used to adjust the Markov process time period. To forecast years to breast 
height for stands shorter than 1.3 metres requires a height growth function from germination to 1.3 
metres. As part of the NIVMA model, a height function was derived from first principles and its 
parameters were estimated from the NIVMA repeatedly measured tree data. 

 
Derivation of Early Height Growth Model 
 
 ∆h ≈ dh = b0  + b1h (1) 
 ∆t dt 
 
 where: 
 h = tree height at time t  
 b0, b1 = parameters. 

 
The assumption behind equation (1) is that early height growth is a linear function of height. 
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 Rearranging variables gives: 
 
        dh     = dt  (2) 
    b0  + b1h 
 
 Integrating both sides of (2) gives: 
 

    cthbb
b

+=+ )ln(1
10

1

 (3) 

 
 where: 
 ln = natural logarithm 
 c = constant of integration  
  

 when:   t = 0, h = 0 and,  cb
b

=0
1

ln1
 

 
 Substituting into (3) for c gives: 
 

     0
1

10
1

ln1ln(1 b
b

thbb
b

+=+   

  
 Rearranging terms and raising to the power e gives: 
 

  [ ]11

1

0 −=
tb

t e
b
b

h  (4) 

 
 Equation 4 is the height growth function used in the NIVMA model for heights up to 1.3 metres. 
 
Estimating Height Growth Function Parameters 
 
 In the NIVMA database, start height and height increment were recorded for thousands of trees. 
The NIVMA models include subalpine fir, Douglas fir, lodgepole pine and spruce. The parameters b0 and 
b1 were estimated by fitting equation 1 to height and height increment data. These data extended well 
beyond 1.3 metres in height. Table 8 summarizes the linear regression parameter estimates. 
 
 

Table 8: Height Growth Parameters 
 

Species Sample size b0 b1 r2

Subalpine fir 866 6.360 0.0006 0.000028 
Douglas fir 2989 2.245 0.244 0.406 
Lodgepole pine 11071 7.562 0.301 0.485 
Spruce 8184 4.214 0.207 0.312 
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 In Table 8 the linear fit was highly significant except for subalpine fir. For this species the mean 
annual height increment of 6.325 cm was used instead of the parameter estimates shown in Table 8. 
 
 Figures 3-6 show the scatter plots and fitted functions from Table 8. 
 
 
 FIGURE 3 
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 FIGURE 4 
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 FIGURE 5 
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 FIGURE 6 
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3.0 RESULTS 

The results of this project were: 
 

1) a spreadsheet model 
2) two extension workshops and a workbook. 

3.1 THE SPREADSHEET MODEL 

The spreadsheet model contains ten worksheets: 
 

 Input (START_HERE) 
 Allocation to correct submodel, input error messages, generate starting stand distribution 

(POWER) 
 Submodel 1 (1) 
 Charts for submodel 1 (CHART 1) 
 Submodel 2 (2) 
 Charts for submodel 2 (CHART 2 ) 
 Submodel 3 (3) 
 Charts for submodel 3 (CHART 3 ) 
 Submodel 4 (4) 
 Charts for submodel 4 (CHART 4 ) 
 Submodel 5 (5) 
 Charts for submodel 5 (CHART 5 ) 
 Submodel 6 (6) 
 Charts for submodel 6 (CHART 6 ) 
 Submodel 7 (7) 
 Charts for submodel 7 (CHART 7 ) 
 Submodel 8 (8) 
 Charts for submodel 8 (CHART 8) 

 
In addition to its other functions, a starting stand stem number distribution by height class is 

generated using a normal distribution. Standard deviation is calculated as a function of average input 
height. If necessary, the normal distribution is truncated at zero height. 
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Input worksheet 
 
 Figure 7 is a screen shot of the input worksheet. A detailed description of using this worksheet is 
contained in Appendix I, NIVMA Model Workbook. 
 
 

FIGURE 7: Data Input from WORD 
 

 
 
 
 

The user: 
 
 enters the stand description 
 enters expected ingrowth 
 enters the free growing criteria 
 is assigned to a submodel group 
 mouse-clicks on the tab with the assigned submodel group number. 
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Table Output Worksheet 

A selection of the table output for submodel 1 corresponding to the input shown in Figure 7 is 
shown in Figure 8. 

FIGURE 8: Tabular Output from WORD 

 
 

 
 
Separate tabular output for each species is displayed and tabular output for the whole stand, 

including all species components. 
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Chart Output Worksheet 

 
For each submodel two charts are derived from the tabular output. These are shown in Figure 9. 

 
FIGURE 9: Graphical Output from WORD 

 
 

 
The left hand chart is a layer graph of stem numbers by height class over time. Each layer 

represents the number of stems in a single height class. The sum of all the layers equals the total number 
of stems. As time passes, the total stem number changes as does the relative contribution of each height 
class. In Figure 9 the 0-40 cm class provides 75% of the total stems in the initial stand. Eleven years later it 
provides about 16% of the total stems. 

 
The right hand chart shows the number of stems that are above the free growing heights as time 

goes by. For each species, the number of stems greater than the species free growing height is counted. 
Then these numbers for each species are summed for the whole stand and shown in the graph. 

 
Using The Model 
 
 Two extensions workshops were conducted at UNBC, Prince George, March 3, 2005. A workbook 
was prepared for these which describes how to use the model and provides several worked examples. 
This workbook is presented as Appendix I. 
 
 The model provides results for pure and mixed stands of subalpine fir, Douglas fir, lodgepole 
pine and spruce in four interior biogeoclimatic zones. 
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4.0 DISCUSSION 

Oliver and Larson (1996) state that the development pattern of a forest stand is largely 
determined during the stand initiation stage. Stand development patterns during stand initiation differ 
from later stand development when competition is primarily among woody species. During the stand 
initiation stage: 
 

 a wide range of herbaceous and woody plants grow together; 
 many more species, as well as individuals, interact than during later stages; 
 the relative range of ages of competing plants is greater than during later stand developmental 

stages; 
 the small sizes of all plants magnify the effects on growth caused by subtle variations in the 

micro-environment; 
 the stand environment changes rapidly during this stage compared with that of older stands 

because the biogeochemical cycle is still reacting to the previous disturbance and because the 
growing plants are changing it; 

 the growing space is not completely occupied by existing plants as it is during later stages. 
 

In spite of its importance, the stand initiation stage has not been modelled seriously for 
operationally established commercial forest stands. The NIVMA project probably represents the strongest 
modelling effort in BC to date. 

 
The NIVMA model includes the coniferous component of operationally regenerated commercial 

stands. The user inputs a real stand from regeneration survey cards. With the model the user can 
estimate: 
 

 if the survey site index label is consistent with actual stand growth and structure; 
 when a very young stand will reach free growing; 
 the effect of known factors impeding stand growth; 
 the effect of a proposed treatment on future stand growth. 

 
The model also produces stand structures for input into timber yield stand models. 
 
The NIVMA TRENDS database has two features that provided challenges to the modeller. The 

first is that when site preparation or stand tending treatments were applied to the operational stand being 
sampled, no untreated controls were established. The second is that only the commercial tree species of 
interest to silviculturalists were included in the repeatedly measured trees. Competing hardwood species, 
for example, were not included. However, total stems per hectare of all species and in all layers, were 
counted. 

 
These two features of the database influenced the model design and dictated a particular strategy 

for estimating the effects of: 
 

 known factors impeding stand growth; 
 proposed treatments on future stand growth. 
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The approach taken was to build a model that can detect growth impedance or enhancement in a 
real stand, whatever its cause, and modify future development accordingly. This approach views the new 
stand structure and growth as an expression of all the factors in its growth environment. Examples of 
impeding factors are brush competition, high water table, competition from deciduous species, and 
shading, shallow soils. Examples of enhancing factors are fertilization, brushing treatments, and site 
preparation treatments. 

4.1 ESTIMATING THE EFFECT OF KNOWN GROWTH FACTORS 

The structure of the NIVMA model enables the projection of future growth for stands of different 
treatment histories. 

 
For example, if a stand has been impeded by brush competition, or by competition from 

deciduous trees, or by competition from grass swards, any effects will be expressed in stand heights for a 
given age and in the conifer densities. 

 
Entering impeded stand data into the NIVMA model will cause the transition period to be 

increased for a given entered site index. This will happen because the projected years to breast height for 
the impeded stand will be greater than expected for the entered site index. Therefore, the stand will be 
projected to grow more slowly than a stand whose growth has not been impeded. 

 
If stand data from an unimpeded stand on the same site index are entered, this stand will grow 

faster. The difference in growth projections in these two stands represents the effect of the impeding 
factor, e.g., competition from brush, grass or deciduous species. 

 
The difference does not represent the response to a treatment that removes the competition 

because the unimpeded stand never suffered from competition. 
 
 The same approach can be used for estimating the effect of treatments that are thought to 
enhance stand development. 

4.2 ESTIMATING THE EFFECT OF A PROPOSED TREATMENT 

The effect of a proposed treatment on a specific stand can be estimated by: 
 

 assuming the treatment will release the stand and add X cm annual increment to tree height over 
the next Y years; 

 adding this increase in height and age to the starting conditions for the impeded stand; 
 projecting stand growth. 

 
The difference between the stand projected after adding the effect of release, and the projection 

for the original impeded stand is a measure of the response to the treatment. For example, in a brushed-in 
spruce stand the stock may be five years old and only 20 cm high on a site index of 22. The NIVMA 
model will project the growth of this impeded stand. 
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Assume that brushing will add 40 cm of height growth over the next two years. Then the treated 
starting stand for the NIVMA model would be seven year-old stock with a height of 60 cm. The NIVMA 
model will project the growth of this stand. Even better, get height growth response measurements from 
a real treated stand. 

 
The difference in stand growth and years to green-up between these two stands is an estimate of 

the response to the brushing treatment. 
 
Alternatively, the user could look at a future height/age combination that would be required to 

alleviate the problem and see if you could realistically achieve the required increment with any specific 
treatment. 

 
Fill planting can be simulated by the NIVMA model. Consider the size of the stock that you 

would use for fill planting.  Compare their height with the first height class on the results table.  If the fill 
planting stock fits within this height class, enter the expected number of trees to be planted, in the year 
that they would be planted, into the Ingrowth section of the model.  For example, if the stock you intend 
to plant is 25 cm tall and the lowest height class ranges from 0-26 cm, enter the number to be planted per 
hectare in the year they are to be planted.  However, if the stock you intend to plant is 35 cm tall, enter 
them in the model one year earlier than you expect to plant them, to account for the fact that the model 
will add them all to the lowest height class in the year they are entered. 

4.3 FACTORS TO CONSIDER WHILE USING THIS MODEL 

We can currently only model the coniferous portion of the stand because there are not enough 
hardwood Repeatedly Measured Trees in the TRENDS database. 

 
We can only model to the zone level because there are not enough TRENDS installations to make 

reliable models at the subzone level. 
 
Some groups only model certain species.  This is because there is only sufficient data for those 

particular species in the TRENDS database within those zones or site index groupings.  Licensees 
contributing to the TRENDS database decided to focus their expenditures on their primary "crop" species. 
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5.0 CONCLUSION AND MANAGEMENT IMPLICATIONS 

The NIVMA model is a powerful tool for modelling the stand initiation stage of forest 
development. Some management implications of its use are: 

 
 stands that might have difficulty reaching free growing can be identified early enough that 

remedial actions can be taken; 
 the user can select silviculture prescriptions to produce stands with attributes that the model 

shows to be successful; 
 the model can be used to connect young stand structures with their potential performance over 

the rotation to help develop results based free growing standards for use in forest stewardship 
plans; 

 one can use the model to predict the future success of current silviculture practices, which can 
support your forest certification programs; 

 if TRENDS installations continue to be measured in the future, these models could be re-
calibrated with older date. 

 
 If the model is used to help identify situations where a proposed expensive treatment is not 

required, then significant silvicultural cost savings and efficiencies could be realized. 
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Section 1 Introduction 

 
The Northern Interior Vegetation Management Association (NIVMA) is a forest industry 
co-operative initiated by major forest products companies in northern BC and Alberta, 
the BC Ministry of Forests, the Canadian Forest Service, the University of British 
Columbia and the University of Alberta. NIVMA uses a common monitoring protocol to 
track plantation and managed stand development and performance. Since 1996, over 
800 installations have been established across BC and Alberta using the Treatment 
Regime Evaluation Numerical Decision Support (TRENDS) protocol. 

 
For more information on NIVMA and the TRENDS protocol, visit www.nivma.bc.ca. 

 
 

1.1 Purpose of the Model 
 

The data from the BC installations has been used to build a series of early stand 
simulation models which can be used to project the growth of very young stands to 
expected stand structures 10-15 years after harvest. The output from these models can 
then be used as the initial stand conditions for long term stand models like TIPSY or 
PROGNOSISBC.  In this way, stands regenerated under various operational conditions 
can be linked to realistic long-term growth and yield predictions. 

 
This workbook is designed to accompany a ½ day workshop that will present the 
models that have been developed and allow practitioners to use their own data to test 
the models. 

 
For more information on the use of this model and the applicability of the results, please 
contact the model developer: 

 
Stephen Smith PhD, RPF  
President, Stephen Smith & Associates Inc  
2641 Orchard Ave  
Victoria BC V8S 3B2  
Tel: 250-592-1066  
Email: smithforestry@shaw.ca  
Website http://members.shaw.ca/smithforestry 
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1.2 Workshop Objectives: 
 
The objectives of the workshop are as follows.  As a result of this workshop: 
 

1. Attendees will have increased knowledge of the models that have been 
developed based on the NIVMA TRENDS dataset. 

2. Attendees will be able to use the model and apply the results of the models in 
their operational context. 

3. Attendees will be able to interpret the output from the models and be able to use 
that output to help them make management decisions. 

4. Attendees will be able to use the output generated by the models as inputs into 
the TIPSY models. 

5. Attendees will be able to recognize the limitations of the models and their data 
inputs, understand the implications and effects of their assumptions and have 
appropriate levels of confidence around the results generated. 
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Section 2 Model Description 

 
 

2.1 Overview of the Model 
 

This model simulates the early growth of conifer stands in the stand initiation stage of 
stand development. This is the phase of stand establishment before crowns close and 
before competitive mortality begins. During the initiation stage, some plants die and 
others increase in size, while others continue invading. Oliver and Larson (1996) state 
that a stand’s development pattern is largely determined during this stage. 
 
The NIVMA model includes eight submodels that represent growth in different 
ecosystems, levels of site productivity and growing space.  After the stand initiation 
stage, a stand enters the stem exclusion stage. The NIVMA model produces stand 
structures that represent the later stages of the stand initiation phase. These stand 
structures will define future development and can be input to computer models that 
simulate stand development starting at the stem exclusion stage. TASS, TIPSY and 
PROGNOSIS are examples of these models. 

 

2.1.1 METHODOLOGY 

 
The NIVMA model uses transition matrices to simulate stand dynamics during the stand 
initiation stage. Transition matrices assume the presence of a Markov process. The 
basis of a Markov process is that the regenerated stand can be classified into a finite 
number of different states. Then the probability of trees moving from one state to 
another over a fixed time period is estimated. 
 
The Markov property can be described by three definitions. 
 
Definition 1
Only the present state gives any information about the future behaviour of the process. 
Transition probabilities only depend on which state the process is in. 
 
Definition 2
The probabilities of moving from one state to another do not vary with time. 
 
Definition 3
Transition occurs only from one state to another during a fixed time period. 
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The NIVMA model defines three states as: 
 
1) remaining in the same height class for a fixed time period; 
2) moving up one height class over a fixed time period; 
3) dying during a fixed time period. 
 
The proportions of trees in each state for any given height class will sum to one. 

 
2.1.1.1 Height Class Boundaries 
 
The Markov process requires class boundaries to be set so that a single transition from 
one state to another occurs in a fixed time period. Height classes were chosen to be not 
so small that a tree can change two or more height classes in one period, and not so big 
that no tree ever grows into the next height class during one time period. For these 
reasons: 
 
 initial height classes were often smaller than later height classes; 
 each of the eight model groups has a unique set of height class boundaries. 

 
Transition probabilities were calculated from the Repeatedly Measured Trees (RMTs) in 
TRENDS database, where height measurements were taken for the same tree over 
successive years. The structure of each transition matrix is shown in Table 1. 

 
Table 1: A representative transition matrix 

 
Height class as time t+1 Height class 

at time t 1 2 3 ... n 
1 P11 P12   P1n
2  P22 P23  P2n
3      
:      
n    Pn-1,n Pnn

 
In Table 1: 

 
P11 = probability of a tree staying in height class 1 for one year; 
P12 = probability of a tree moving from height class 1 to height class 2 over a one-year 

period; 
P1n = probability of a tree in height class 1 dying during the year. 

 
The probabilities P11 to P1n will sum to one, as will the probabilities on each row. 
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The structure of a stand at time t can be projected to a forecast structure at time t+1 by 
multiplying the stand table (stem numbers in each height class) at time t by the 
transition matrix. Figure 1 gives a schematic of this multiplication. 

 
Figure 1: Projecting the stand from time t to time t+1 

 

n1t     n2t . . . .                  nmt
p11   p12 . . . . . . . . p1m

p22 . . . . . . . .              p2m

pmm

n1t     n2t . . . .                  nmt

regenerated stand table
at time t transition matrix

regenerated stand table
at time t+1  

 
 

From the TRENDS database, repeatedly measured trees were sorted into the chosen 
height classes. Then, for each conifer species, the number of trees dying, moving up to 
the next height class, or staying in the same height class were counted. These counts 
were then expressed as proportions, or probabilities to be inserted in each transition 
matrix. 
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2.1.1.2 Eight Model Groups 
 
Stands in different biogeoclimatic zones and in different growing conditions might be 
expected to grow differently. They would have different transition matrices. Using 
TRENDS database queries and a statistical technique called discriminant analysis, eight 
model groups were identified. Table 2 shows the descriptive variables used to define 
each group. 

 
Table 2: NIVMA model group definitions 

 

Group Zone 
Species found in 
highest number 
of installations 

Base tend 
Number of 
modelling 

installations 
1 SBS Pli - 234 
2 SBS Fdi - 12 
3 SBS Sx Brushing 28 
4 ICH Fdi - 21 
5 ICH Sx - 11 
6 ESSF Pli - 19 
7 ESSF Sx - 40 
8 BWBS Pli - 12 

Total    377 
 

For each group, 25% of the installations in Table 2 were set aside for evaluation 
purposes. The remaining 75% were used to make the models. 

 
Within each biogeoclimatic zone (except BWBS) discriminant analysis was used to 
classify each installation into the pre-determined groups using the variables: 

 
 total conifer stems per ha 
 conifer species percent by installation and year 
 soil depth to restrictive layer by installation 
 percent vegetation cover (average by year for each installation) 
 pre-establishment site index (average by species for each model group). 

 
The discriminant analysis also tells us how to take a new stand and, based on its values 
for the classification variables, assign the new stand to the model group that is most 
similar. 
 
These variables are input by the user to the NIVMA model for each stand. The model 
uses these variables to assign the new stand to the most similar model group within a 
given biogeoclimatic zone. 
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2.1.1.3 Model Responses to Changes in Site Index 
 

The NIVMA model responds to changes in site index by changing the length of the time 
period required to move trees from one state to another. This is analogous to changing 
the speed at which successive frames in a movie are viewed. For example, if a man 
were filmed taking 10 seconds to walk across a street, at 15 frames per second he 
would occupy 150 frames. Each frame is a state and running the film shows him moving 
from one state to the next. Slowing the film speed will increase the time taken to go from 
one frame to the next. Speeding up the film reduces the transition time from one state to 
the next. 

 
For stands of trees, over a wide range of sites they move through the same height 
classes or states. Fast growing trees on high sites move faster through the states. 
Trees on low sites move slower. The transition period for high sites is shorter than it is 
for low sites. 

 
This feature of stand development explains why even aged stand structure for a given 
height and dbh is similar, independent from age and site index. 

 
In the NIVMA model, the basic transition period is one year for the average site index of 
the installations used to calculate transition probabilities. When stands are entered into 
the model whose years to breast height is different from the base site index, then the 
length of the transition period is recalculated. In this way, the transition probabilities 
remain unchanged and the integrity of the Markov process is preserved. Site index 
values higher than the NIVMA installation average will receive shorter transition periods. 
Lower site index values receive longer transition periods. 

 
In addition to this calculation, the NIVMA model includes a site index calibration process 
using the entered site index and the actual entered height and age for each species. In 
this process: 

 
 the actual years to breast height are calculated for the entered height/age 

combination; 
 the expected years to breast height is calculated for the entered site index value; 
 the difference between actual and expected years to breast height is added or 

subtracted to the site index reference age of 50; 
 for the entered site index value, the height at  the modified reference age is 

calculated; 
 this adjusted site index is labelled site index for yield projection on the NIVMA model 

output. 
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For example, the entered height and age for a species may indicate that its actual time 
to breast height is 10 years. However, for the entered site index the expected years to 
breast height is only eight years. In this case the NIVMA model calculates height at 48 
years from the Ministry of Forest’s (MOF) height curve. This height is used as the 
adjusted site index to be used in yield projection. Species that are shorter than MOF 
expectations will have their site index adjusted downwards. Species that are taller than 
expected will have their site index adjusted upwards. The adjustments are based on 
differences in years to breast height. 

 
In the NIVMA model, each species in the same stand may have a different transition 
period. This is shown in the model output. For the whole stand, the average transition 
period weighted by species stems per ha is calculated. Site index for the whole stand is 
for the species with the greatest number of stems. 
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2.2 Entering Site and Stand Variables 
 

Begin at the "Start Here" tab. 
 

Definitions of input variables: 
 

• Species Percent: enter the percentage of each coniferous species to represent their 
proportion of the total Coniferous Stems.  The percentages must sum to 100.  Use 
zero (0) or the ‘delete’ key for species not present in your stand.   

 
• Average Height: enter the current average height by species.  Estimate the heights 

for species with unknown heights.  Be sure to enter an age AND height for each 
species present in your stand.  

 
• BH50 Site Index: enter the site index from your best available source.  Site indices 

will be calculated automatically for the other species. 
 

• Total Age of Stock: enter the sum of plantation age plus the stock age for each 
species. 

 
• BEC Zone: enter BWBS, ESSF, ICH, or SBS.  These are the zones for which there 

are currently sufficient TRENDS data to be grouped in this model. 
 

• Conifer Stems per hectare: Enter total coniferous stems per hectare according to 
the Inventory Label for the stand.  This should include total conifers, not only 
countable conifers. 

 
• Depth to Restricting Layer: This is an optional field.  If no entry is made, the model 

runs using the average depth to restricting layer for the installations within the 
specific model group. 

 
• % Small shrub, herbs, & mosses: This is an optional field.  Enter an estimate of 

the average vegetation cover for the site, including shrubs, herbs, and mosses.  This 
is simply a grouping variable and is used to indicate "lots" of vegetation versus "a 
little" vegetation.  See the exercises below for more information on the effects of 
changing the percent vegetation cover.  If no entry is made, the model runs using 
the average percent vegetation cover for the installations within the specific model 
group. 

 
• Expected Ingrowth by Year: enter the stems per hectare of ingrowth that are 

expected by species by year.  Year 1 equals 0 Yrs from now.  This is an optional 
field. 
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• Free Growing Criteria: enter the minimum free growing height by species.  This is 
used to calculate the number of trees above free growing height in the results table.  
The free growing stems per hectare is for your reference only.  It is not used in any 
calculations. 

 
 

2.3 Interpreting the Results 
 

The model will determine which group your stand matches based on your input 
variables. 

 
Mouse-click on the numbered tab that corresponds to your assigned group to see 
the results.  Be sure to click on the correct Group's results, as results will show 
on all tabs. 

 
On this tab you will see results tables for each species in your stand and a table for the 
whole stand. 

 
• Stock Age for the individual species starts with the age that you entered in the Start 

Here tab.  Therefore, this could be different for each species.  Subsequent ages are 
shown to one decimal place and indicate the age at which that species reaches a 
certain number of stems per hectare depending on the age and height entered in the 
Start Here tab.  These ages are calculated by comparing the growth expected on 
your stand with the average for the model group.  If your stand exactly matches the 
average for the model group, the ages will be Starting Age, Starting Age + 1, 
Starting Age + 2, etc.  If your stand is perceived by the model to be growing better 
than the average, the ages will be Starting Age, Starting Age + <1, Starting Age + 
<2, etc.  Conversely, if your stand is perceived by the model to be growing slower 
than the average, the ages will be Starting Age, Starting Age + >1, Starting Age + 
>2, etc.  Exercise 2.3.1 below illustrates this model feature. 

 
• Stems per hectare are given for each year by height classes.  These height classes 

are determined by the model as discussed in the Model Description above.  
Therefore, the results from one Group will be different to another Group. 

 
• The # > FTG ht is the number of stems that are above the Free Growing height 

criteria for that species.  They are NOT necessarily Free Growing trees.  These trees 
do not come from survey results where they have been assessed as being healthy, 
well-spaced, and free of competing vegetation.  They are simply trees above the 
designated minimum Free Growing height criteria. 

 
• Dbh by height class is provided by species and the entire stand for use in 

PROGNOSISBC. 
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• Yrs from now is the reference year for the whole stand.  They are an average of the 
years between the individual species ages weighted by the species' proportion in the 
stand. 

 
• Stock Age for the whole stand is an average of the individual species ages 

weighted by the species' proportion in the stand.  Occasionally, the model will 
display columns of zeros for the oldest Stock Ages and Yrs from now.  This indicates 
that the trees in the stand are out of the model's range, and are at the stage of stand 
development where competitive mortality begins. 

 
• Site Index for Yield Projection is given by species and for the whole stand.  This is 

calculated by comparing the years to breast height for the stand described by the 
height and age entered in the Start Here tab with the years to breast height for the 
nominal site index entered in the Start Here tab.  Use this Site Index when entering 
your stand attributes into TIPSY or PROGNOSISBC. 

 
• Two graphs are provided for each Model Group on the Chart tabs.  The first graph 

shows the stems per hectare over time by height class for the whole stand while the 
second graph shows the number of trees above free growing height over time.  Note 
that often the shape of the graphs will not change; however, the years across the 
bottom will.  Be careful to select the Chart tab that corresponds to the Model Group 
number assigned to your scenario. 

 
The following exercises are designed to help you understand how the model works and 
to how interpret the model results. 
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2.3.1 The effects of Changing Average Height 
 

Scenario 1: Enter the following scenario criteria: 
• Lodgepole pine: 100% 
• Ave. Ht.: 35 
• SI: 18 
• Total age of stock: 3 
• BEC zone: SBS 
• Conifer Stems per ha: 2000 
• Depth to restricting layer: blank 
• % small shrub, herbs, & mosses: blank 
• no ingress 
• minimum FG height for pine: 2 
• target stems per ha: 1200 

 
What model Group does this stand belong to? 

 
 

Look at the Total stems/ha and the number of stems greater than Free Growing height 
(# > FTG ht) compared to Yrs from now.  Keep track of these results either by printing 
the results page or by copying these specific rows of results to a blank worksheet.  
(Note: to prevent the copied values from changing when you run the next scenario, use 
the Paste Special function and choose Values). 

 
 

What is the Site index for yield projection for this stand? 
 
 

Answers to Scenario 1: 
 

This stand belongs to model group 1. 
 

Yrs from now 0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0 8.8 99.6 110.4 11.2 

Total stems/ha 2000 1982 1964 1945 1925 1905 1884 1865 1846 1828 1812 1797 1783 1770 1759 

#>FTG ht 0 0 20 64 130 213 308 412 519 627 732 833 928 1015 1096 

 
The Site index for yield projection is pine 18. 
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Scenario 2:  Change the Average Height to 45 cm and view the results. 
 

What do you notice about the Total Stems/ha between scenarios 1 and 2? 
 
 

What do you notice about the # > FTG ht between scenarios 1 and 2? 
 
 

What do you notice about the Yrs. from now?  How do you explain this? 
 
 

What is the Site index for yield projection for this stand? 
 
 

Answers to Scenario 2: 
 

Yrs from now 0 0.7 1.4 2.1 2.8 3.6 4.3 5.0 5.7 6.4 7.1 7.8 8.5 9.2 10.0 

Total stems/ha 2000 1983 1964 1942 1921 1899 1879 1860 1842 1826 1811 1798 1787 1777 1768

#>FTG ht 0 0 53 141 250 371 496 620 739 851 955 1049 1135 1211 1279

 
 

The Total stems/ha change slightly from Scenario 1 to Scenario 2, indicating a slight 
difference in the mortality curve for trees of this height and age. 

 
There are considerably more trees above Free Growing height in Scenario 2 compared 
to Scenario 1 as a result of the taller starting height. 

 
The Yrs from now are less in Scenario 2 than in Scenario 1.  The taller average starting 
height at the same age indicates that this stand is performing better than the stand with 
the shorter average height.  As described under Stock Age in section 2.3 above, the 
model "speeds up" the stand development for stands growing well, and slows down the 
stand development for stands whose growth appears to be impeded for any reason.  

 
The Site index for yield projection for this stand is pine 19. 

 
 
Key Points to Remember.  When the initial height is changed: 

• The stems per hectare might change, or they might not, depending on the 
magnitude of the change. 

• The Site index for yield projection may or may not change depending on 
the magnitude of the change. 

• The Yrs from now WILL change to reflect the change in the expected 
performance of that stand. 
 
 

16 



    

2.3.2 The Effects of Changing the Entered Site Index 
 

Scenario 3:  Starting with scenario 2, change the site index for pine from 18 to 20 and 
view the results. 

 
What model Group does this stand belong to? 

 
 

What do you notice about the total Stems per hectare? 
 
 

What do you notice about the number of trees above Free Growing height? 
 
 

What do you notice about the Yrs. from now?  How do you explain this? 
 
 

What is the Site index for yield projection for this stand? 
 
 

Answers to Scenario 3: 
 

This stand belongs to model group 1. 
 

The total stems per hectare do not change from Scenario 2 to Scenario 3. 
 

The number of trees above Free Growing height does not change from Scenario 2 to 
Scenario 3. 

 
The Yrs from now have not changed.  The "nominal" Site Index that is entered into the 
Start Here tab is not used to calculate the speed of stand development. 

 
The Site index for yield projection for this stand is pine 20.  This indicates that the years 
to breast height for the age and height of the stand entered in the Start Here tab is not 
significantly different from the years to breast height for the nominal Site Index entered. 
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Scenario 4:  Starting with scenario 3, change the site index for pine from 20 to 22. 
 

What model Group does this stand belong to? 
 

 
What do you notice about the total Stems per hectare? 

 
 

What do you notice about the number of trees above Free Growing height? 
 
 

What do you notice about the Yrs. from now?  How do you explain this? 
 
 

What is the Site index for yield projection for this stand? 
 
 

Answers to Scenario 4: 
 

This stand belongs to model group 2. 
 

The total stems per hectare and the number of trees above free growing height are 
different than for site index 20 because this stand is represented by a different model 
group and therefore a different set of TRENDS installations. 

 
The Yrs from now have changed for the same reason that the stems per hectare have 
changed.  The results table turns to zeros earlier than some other results tables 
because the trees in this stand are at the stage of stand development where competitive 
mortality begins, which is beyond the range of this model. 

 
The Site index for yield projection for this stand is pine 22. 

 
Key Points to Remember.  When Site Index Changes: 

• Always check which model group your results are in. 
• The stems per hectare WILL NOT change, unless the change moves your 

stand to a different model group. 
• The Yrs from now WILL NOT change, unless the change moves your stand 

to a different model group. 
• The Site index for yield projection might change, depending on the species 

composition, age and height of your stand and the model group it is 
allocated to. 
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2.3.3 The Effects of Changing %Vegetation Cover 
 
The % Vegetation Cover is a grouping variable, similar to species composition, 

site index, BEC Zone, and depth to restricting layer.  It is used to determine the model 
group that best reflects your stand. 

 
 

Section 3 Connecting NIVMA Model Results To Tipsy  

 
3.1 Connection to TIPSY 
 
Open TIPSY Version 3.2 and select Create a New File. 
 
Enter "Scenario 1" as the Project Title.  You can change this title for future scenarios by 
clicking "Edit" on the TIPSY toolbar and selecting "Title & Geography". 
 
Enter Prince George for the Region and District.  Enter the Zone, and Species 
Composition to correspond with Scenario 1 from Exercise 2.3.1 above.  Use the "Site 
index for yield projection" from the results table in the NIVMA model for Scenario 1.  
Enter the initial Total Conifer Stems from Scenario 1 into "Density" on the Stand 
Specifications screen in TIPSY. 
 
Keep the Operational Adjustment Factors (OAFs) at the defaults for now. 
 
Set the Table Specifications from 0 to 20 in steps of 1 year. 
 
Click OK twice to run the model. 
 
Open the "Stand, Stock or VPT" table. 
 

 
Select Stand Table (# trees). 
 
Compare the total trees per hectare by year from TIPSY with the results from the 
NIVMA model.  Keep in mind that TIPSY is showing Plantation Age and your NIVMA 
results are showing Stock Age, which includes Plantation Age plus the Age of Stock at 
Planting. 
 
Plantation Age (TIPSY) = Stock Age (NIVMA) - Age of Stock at Planting 
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If we assume that our stand entered into Scenario 1 in the NIVMA model was planted 
with 1+0 stock, how do the stems per hectare compare with the TIPSY results? 
 
 
A sample of the results at different ages from the two models is presented below. 
 
NIVMA Results 
Stock Age 3 6.2 10.2 13.4 
Stems/ha 2000 1925 1828 1770 
 
TIPSY Results 
Age 2 5 9 12 
Stems/ha 1984 1954 1918 1888 
 
 
At Plantation Age 12, the NIVMA model is reporting fewer stems per hectare than 
TIPSY.  We can adjust TIPSY to more closely match the NIVMA results using TIPSY's 
Operational Adjustment Factors (OAFs). 
 
"TIPSY yields reflect the potential yield of a specific site, species and management 
regime given full stocking.  OAFs are applied to potential yields, with inherent 
assumptions, to make them reflect an operational environment."1 
 
"OAF 1 affects the magnitude of the yield curve and is constant across all ages"2.  This 
is where you would account for open pockets within the stand due to rock, water, or lack 
of regeneration.  An OAF 1 of 0.9 will result in a 10% reduction in yield across the entire 
rotation.  "The impact of OAF 2 accelerates with age."3  This accounts for elements 
such as disease, pests, and decay.  For more information on OAFs and their use, click 
on Help in the TIPSY program. 
 
To adjust the OAFs, click on Edit in the TIPSY toolbar and select Stand Specifications. 
 
Reduce OAF 1 and OAF 2.  Click OK.  The Stand, Stock table will be recalculated. 
 
Continue adjusting the OAF values until you get the number of stems at age 12 close to 
the 1770 trees per hectare reported by the NIVMA model.  We have now adjusted 
TIPSY to mimic the stand that we input into the NIVMA model in Scenario 1. 
 
To grow this stand out to rotation, click on Edit in the TIPSY toolbar and select Table 
Specs.  Set the table to run from 0 to 100 in steps of 10 years.  Click OK. 
 
Open the "Yield" Table. 
                                                           
1 Nussbaum, A. 1997 Operational Adjustment Factors for use in TIPSY version 2.1. B.C. Ministry of 
Forests Research Branch. 
2 TIPSY 3.2 Help 
3 ibid. 
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Make changes, if you wish, to the merchantability limits.  Click OK. 
 
The results in this table can be compared to pre-harvest cruise data for the stand or 
some other volume standards, and used to evaluate the expected performance of your 
stand that you input into the NIVMA model. 
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Section 4 Using The Model To Make Management Decisions 

 
The structure of the NIVMA model enables the projection of future growth for 

stands of different treatment histories. 
 
For example, if a stand has been impeded by brush competition, or by 

competition from deciduous trees, or by competition from grass swards, any effects will 
be expressed in stand heights for a given age and in the conifer densities. 

 
Entering impeded stand data into the NIVMA model will cause the transition 

period to be increased for a given entered site index. This will happen because the 
years to breast height for the impeded stand will be greater than expected for the 
entered site index. Therefore, the stand will be projected to grow more slowly than a 
stand whose growth has not been impeded. 

 
If stand data from an unimpeded stand on the same site index are entered, this 

stand will grow faster. The difference in growth projections in these two stands 
represents the effect of the impeding factor, e.g., competition from brush, grass or 
deciduous species. 

 
The difference does not represent the response to a treatment that removes the 

competition because the unimpeded stand never suffered from competition. 
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Scenario 5:  Enter data for one of your own stands into the NIVMA model. 

 
According to the NIVMA model, are there sufficient stems above free growing height 
within a suitable time frame to meet your needs? 

 
 

Are these the results that you were expecting? 
 
 

Enter the data for this same stand into TIPSY.  Adjust TIPSY's OAFs (or the initial 
density) so that the number of trees per hectare closely matches the NIVMA results for 
the same plantation age.  Run TIPSY out to rotation.  What do you notice about the total 
and merchantable volumes at rotation?  Are these what you were expecting?  How do 
these volumes compare with the volumes reported for the cruise of the pre-harvest 
stand on this site? 

 
 

What can you do if it appears that your current stand will not reach your designated 
indicators of success? 

 
 

To simulate brushing in the model:
This model cannot tell you what the results of brushing a particular stand will be 
because the TRENDS installations are randomly located across the landscape.  There 
are not treatments and controls.  However, the effect of a treatment can be estimated 
by: 

 
 assuming the treatment will release the stand and add X cm annual increment to 

tree height over the next Y years; 
 adding this increase in height and age to the starting conditions for the impeded 

stand; 
 projecting stand growth. 

 
The difference between the stand projected after adding the effect of release, and the 
projection for the original impeded stand is a measure of the response to the treatment. 
For example, in a brushed-in spruce stand the stock may be five years old and only 20 
cm high on a site index of 22. The NIVMA model will project the growth of this impeded 
stand. 

 
Assume that brushing will add 40 cm of height growth over the next two years. Then the 
treated starting stand for the NIVMA model would be seven year-old stock with a height 
of 60 cm. The NIVMA model will project the growth of this stand. 

 
The difference in stand growth and years to green-up between these two stands is an 
estimate of the response to the brushing treatment. 
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Alternatively, you could look at a future height/age combination that would be required 
to alleviate the problem and see if you could realistically achieve the required increment 
with any specific treatment. 

 
Also, you could consider the change in survival expected from doing a brushing 
treatment.  Although you cannot change the probabilities within the matrix that 
determine the shape of the stems per hectare curve over time, you could simulate 
increased survival by increasing the initial stems per hectare. 

 
To simulate fill planting in the model:
Consider the size of the stock that you would use for fill planting.  Compare their height 
with the first height class on the results table.  If the fill planting stock fits within this 
height class, enter the expected number of trees to be planted, in the year that they 
would be planted, into the Ingrowth section of the model.  For example, if the stock you 
intend to plant is 25 cm tall and the lowest height class ranges from 0-26 cm, enter the 
number to be planted per hectare in the year they are to be planted.  However, if the 
stock you intend to plant is 35 cm tall, enter them in the model one year earlier than you 
expect to plant them, to account for the fact that the model will add them all to the 
lowest height class in the year they are entered. 

 
To simulate fertilizing in the model: 
Similar to estimating the effects of brushing, you could estimate the increase in growth 
that you could expect from fertilizing, enter these estimated future heights and ages and 
evaluate the results. 

 
How could you use this model to save money?

 
Are there stands that you might consider thinning where the model suggests that it 
would not be necessary? 

 
Are there stands that you considered brushing where the model indicates that there will 
be sufficient survival and volume production without a treatment? 

 
Could this model help in determining in which year you should be brushing?  For 
example, if the model indicates that trees will be of free growing height by a certain age, 
you could schedule your brushing treatment to coincide with this time. 

 
Are there some sites where you think you could plant fewer trees and still meet the 
required targets? 
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Section 5 Review And Discussion 

 
5.1 Factors to consider while using this model: 

 
We can currently only model the coniferous portion of the stand because there is   not 
enough hardwood Repeatedly Measured Trees in the TRENDS database. 

 
We can only model to the zone level because there are not enough TRENDS 
installations to make reliable models at the subzone level. 

 
Some groups only model certain species.  This is because there is only sufficient data 
for those particular species in the TRENDS database within those zones or site index 
groupings.  Licensees contributing to the TRENDS database decided to focus their 
expenditures on their primary "crop" species. 

 
 

5.2 Potential beneficial uses of the model: 
 

Stands that might have difficulty reaching Free Growing can be identified early enough 
that remedial actions can be taken. 

 
You can select silviculture prescriptions to produce stands with attributes that the model 
shows to be successful. 

 
You can use the model to connect young stand structures with their potential 
performance over the rotation to help develop Results Based Free Growing standards 
for use in Forest Stewardship Plans. 

 
You can use the model to predict the future success of current silviculture practices, 
which can support your forest certification programs. 

 
If TRENDS installations continue to be measured in the future, these models could be 
re-calibrated with older data. 
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	1.2 Workshop Objectives:
	The objectives of the workshop are as follows.  As a result 
	Attendees will have increased knowledge of the models that h
	Attendees will be able to use the model and apply the result
	Attendees will be able to interpret the output from the mode
	Attendees will be able to use the output generated by the mo
	Attendees will be able to recognize the limitations of the m
	2.1 Overview of the Model
	This model simulates the early growth of conifer stands in t
	The NIVMA model includes eight submodels that represent grow
	The NIVMA model uses transition matrices to simulate stand d
	The Markov property can be described by three definitions.
	Definition 1
	Only the present state gives any information about the futur
	Definition 2
	The probabilities of moving from one state to another do not
	Definition 3
	Transition occurs only from one state to another during a fi
	The NIVMA model defines three states as:
	remaining in the same height class for a fixed time period;
	moving up one height class over a fixed time period;
	dying during a fixed time period.
	The proportions of trees in each state for any given height 
	2.1.1.1 Height Class Boundaries
	The Markov process requires class boundaries to be set so th
	initial height classes were often smaller than later height 
	each of the eight model groups has a unique set of height cl
	Transition probabilities were calculated from the Repeatedly
	Height class
	at time t
	Height class as time t+1
	1
	2
	3
	...
	n
	1
	P11
	P12
	P1n
	2
	P22
	P23
	P2n
	3
	:
	n
	Pn-1,n
	Pnn
	In Table 1:
	P11 = probability of a tree staying in height class 1 for on
	P12 = probability of a tree moving from height class 1 to he
	P1n = probability of a tree in height class 1 dying during t
	The probabilities P11 to P1n will sum to one, as will the pr
	The structure of a stand at time t can be projected to a for
	From the TRENDS database, repeatedly measured trees were sor
	2.1.1.2 Eight Model Groups
	Stands in different biogeoclimatic zones and in different gr
	Group
	Zone
	Species found in highest number of installations
	Base tend
	Number of modelling installations
	1
	SBS
	Pli
	-
	234
	2
	SBS
	Fdi
	-
	12
	3
	SBS
	Sx
	Brushing
	28
	4
	ICH
	Fdi
	-
	21
	5
	ICH
	Sx
	-
	11
	6
	ESSF
	Pli
	-
	19
	7
	ESSF
	Sx
	-
	40
	8
	BWBS
	Pli
	-
	12
	Total
	377
	For each group, 25% of the installations in Table 2 were set
	Within each biogeoclimatic zone (except BWBS) discriminant a
	total conifer stems per ha
	conifer species percent by installation and year
	soil depth to restrictive layer by installation
	percent vegetation cover (average by year for each installat
	pre-establishment site index (average by species for each mo
	The discriminant analysis also tells us how to take a new st
	These variables are input by the user to the NIVMA model for
	2.1.1.3 Model Responses to Changes in Site Index
	The NIVMA model responds to changes in site index by changin
	For stands of trees, over a wide range of sites they move th
	This feature of stand development explains why even aged sta
	In the NIVMA model, the basic transition period is one year 
	In addition to this calculation, the NIVMA model includes a 
	the actual years to breast height are calculated for the ent
	the expected years to breast height is calculated for the en
	the difference between actual and expected years to breast h
	for the entered site index value, the height at  the modifie
	this adjusted site index is labelled site index for yield pr
	For example, the entered height and age for a species may in
	In the NIVMA model, each species in the same stand may have 
	2.2 Entering Site and Stand Variables
	Begin at the "Start Here" tab.
	Definitions of input variables:
	Species Percent: enter the percentage of each coniferous spe
	Average Height: enter the current average height by species.
	BH50 Site Index: enter the site index from your best availab
	Total Age of Stock: enter the sum of plantation age plus the
	BEC Zone: enter BWBS, ESSF, ICH, or SBS.  These are the zone
	Conifer Stems per hectare: Enter total coniferous stems per 
	Depth to Restricting Layer: This is an optional field.  If n
	% Small shrub, herbs, & mosses: This is an optional field.  
	Expected Ingrowth by Year: enter the stems per hectare of in
	Free Growing Criteria: enter the minimum free growing height
	2.3 Interpreting the Results
	The model will determine which group your stand matches base
	Mouse-click on the numbered tab that corresponds to your ass
	On this tab you will see results tables for each species in 
	Stock Age for the individual species starts with the age tha
	Stems per hectare are given for each year by height classes.
	The # > FTG ht is the number of stems that are above the Fre
	Dbh by height class is provided by species and the entire st
	Yrs from now is the reference year for the whole stand.  The
	Stock Age for the whole stand is an average of the individua
	Site Index for Yield Projection is given by species and for 
	Two graphs are provided for each Model Group on the Chart ta
	The following exercises are designed to help you understand 
	2.3.1 The effects of Changing Average Height
	Scenario 1: Enter the following scenario criteria:
	Lodgepole pine: 100%
	Ave. Ht.: 35
	SI: 18
	Total age of stock: 3
	BEC zone: SBS
	Conifer Stems per ha: 2000
	Depth to restricting layer: blank
	% small shrub, herbs, & mosses: blank
	no ingress
	minimum FG height for pine: 2
	target stems per ha: 1200
	What model Group does this stand belong to?
	Look at the Total stems/ha and the number of stems greater t
	What is the Site index for yield projection for this stand?
	Answers to Scenario 1:
	This stand belongs to model group 1.
	Yrs from now
	0
	0.8
	1.6
	2.4
	3.2
	4.0
	4.8
	5.6
	6.4
	7.2
	8.0
	8.8
	99.6
	110.4
	11.2
	Total stems/ha
	2000
	1982
	1964
	1945
	1925
	1905
	1884
	1865
	1846
	1828
	1812
	1797
	1783
	1770
	1759
	#>FTG ht
	0
	0
	20
	64
	130
	213
	308
	412
	519
	627
	732
	833
	928
	1015
	1096
	The Site index for yield projection is pine 18.
	Scenario 2:  Change the Average Height to 45 cm and view the
	What do you notice about the Total Stems/ha between scenario
	What do you notice about the # > FTG ht between scenarios 1 
	What do you notice about the Yrs. from now?  How do you expl
	What is the Site index for yield projection for this stand?
	Answers to Scenario 2:
	Yrs from now
	0
	0.7
	1.4
	2.1
	2.8
	3.6
	4.3
	5.0
	5.7
	6.4
	7.1
	7.8
	8.5
	9.2
	10.0
	Total stems/ha
	2000
	1983
	1964
	1942
	1921
	1899
	1879
	1860
	1842
	1826
	1811
	1798
	1787
	1777
	1768
	#>FTG ht
	0
	0
	53
	141
	250
	371
	496
	620
	739
	851
	955
	1049
	1135
	1211
	1279
	The Total stems/ha change slightly from Scenario 1 to Scenar
	There are considerably more trees above Free Growing height 
	The Yrs from now are less in Scenario 2 than in Scenario 1. 
	The Site index for yield projection for this stand is pine 1
	Key Points to Remember.  When the initial height is changed:
	The stems per hectare might change, or they might not, depen
	The Site index for yield projection may or may not change de
	The Yrs from now WILL change to reflect the change in the ex
	2.3.2 The Effects of Changing the Entered Site Index
	Scenario 3:  Starting with scenario 2, change the site index
	What model Group does this stand belong to?
	What do you notice about the total Stems per hectare?
	What do you notice about the number of trees above Free Grow
	What do you notice about the Yrs. from now?  How do you expl
	What is the Site index for yield projection for this stand?
	Answers to Scenario 3:
	This stand belongs to model group 1.
	The total stems per hectare do not change from Scenario 2 to
	The number of trees above Free Growing height does not chang
	The Yrs from now have not changed.  The "nominal" Site Index
	The Site index for yield projection for this stand is pine 2
	Scenario 4:  Starting with scenario 3, change the site index
	What model Group does this stand belong to?
	What do you notice about the total Stems per hectare?
	What do you notice about the number of trees above Free Grow
	What do you notice about the Yrs. from now?  How do you expl
	What is the Site index for yield projection for this stand?
	Answers to Scenario 4:
	This stand belongs to model group 2.
	The total stems per hectare and the number of trees above fr
	The Yrs from now have changed for the same reason that the s
	The Site index for yield projection for this stand is pine 2
	Key Points to Remember.  When Site Index Changes:
	Always check which model group your results are in.
	The stems per hectare WILL NOT change, unless the change mov
	The Yrs from now WILL NOT change, unless the change moves yo
	The Site index for yield projection might change, depending 
	2.3.3 The Effects of Changing %Vegetation Cover
	The % Vegetation Cover is a grouping variable, similar to sp
	3.1 Connection to TIPSY
	Open TIPSY Version 3.2 and select Create a New File.
	Enter "Scenario 1" as the Project Title.  You can change thi
	Enter Prince George for the Region and District.  Enter the 
	Keep the Operational Adjustment Factors (OAFs) at the defaul
	Set the Table Specifications from 0 to 20 in steps of 1 year
	Click OK twice to run the model.
	Open the "Stand, Stock or VPT" table.
	Select Stand Table (# trees).
	Compare the total trees per hectare by year from TIPSY with 
	Plantation Age (TIPSY) = Stock Age (NIVMA) - Age of Stock at
	If we assume that our stand entered into Scenario 1 in the N
	A sample of the results at different ages from the two model
	NIVMA Results
	Stock Age
	3
	6.2
	10.2
	13.4
	Stems/ha
	2000
	1925
	1828
	1770
	TIPSY Results
	Age
	2
	5
	9
	12
	Stems/ha
	1984
	1954
	1918
	1888
	At Plantation Age 12, the NIVMA model is reporting fewer ste
	"TIPSY yields reflect the potential yield of a specific site
	"OAF 1 affects the magnitude of the yield curve and is const
	To adjust the OAFs, click on Edit in the TIPSY toolbar and s
	Reduce OAF 1 and OAF 2.  Click OK.  The Stand, Stock table w
	Continue adjusting the OAF values until you get the number o
	To grow this stand out to rotation, click on Edit in the TIP
	Open the "Yield" Table.
	Make changes, if you wish, to the merchantability limits.  C
	The results in this table can be compared to pre-harvest cru
	The structure of the NIVMA model enables the projection of f
	For example, if a stand has been impeded by brush competitio
	Entering impeded stand data into the NIVMA model will cause 
	If stand data from an unimpeded stand on the same site index
	The difference does not represent the response to a treatmen
	Scenario 5:  Enter data for one of your own stands into the 
	According to the NIVMA model, are there sufficient stems abo
	Are these the results that you were expecting?
	Enter the data for this same stand into TIPSY.  Adjust TIPSY
	What can you do if it appears that your current stand will n
	To simulate brushing in the model:
	This model cannot tell you what the results of brushing a pa
	assuming the treatment will release the stand and add X cm a
	adding this increase in height and age to the starting condi
	projecting stand growth.
	The difference between the stand projected after adding the 
	Assume that brushing will add 40 cm of height growth over th
	The difference in stand growth and years to green-up between
	Alternatively, you could look at a future height/age combina
	Also, you could consider the change in survival expected fro
	To simulate fill planting in the model:
	Consider the size of the stock that you would use for fill p
	To simulate fertilizing in the model:
	Similar to estimating the effects of brushing, you could est
	How could you use this model to save money?
	Are there stands that you might consider thinning where the 
	Are there stands that you considered brushing where the mode
	Could this model help in determining in which year you shoul
	Are there some sites where you think you could plant fewer t
	5.1 Factors to consider while using this model:
	We can currently only model the coniferous portion of the st
	We can only model to the zone level because there are not en
	Some groups only model certain species.  This is because the
	5.2 Potential beneficial uses of the model:
	Stands that might have difficulty reaching Free Growing can 
	You can select silviculture prescriptions to produce stands 
	You can use the model to connect young stand structures with
	You can use the model to predict the future success of curre
	If TRENDS installations continue to be measured in the futur

