
Project Overview 
 
The overall objective of this project was to calibrate the main component models 

of PrognosisBC to allow its use in the SBS and SBPS BEC zones in the central 

interior of the province. Models and data presented in the enclosed report were 

incorporated into the PrognosisBC growth and yield simulator version 3.0, and will 

be subsequently tested and validated within the context of the simulator. Official 

release of the new version of the model will follow model testing.   

A two-day training workshop was offered in Kamloops, BC in February 2005 to 

introduce users to version 3.0 of the PrognosisBC software.  This report and 

associated data will be made available through the Ministry of Forests growth 

and yield website as well as the PrognosisBC web site at the University of British 

Columbia.  
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Abstract 
 
 
This report presents the large tree radial increment models, small tree height 

growth models and tabular mortality models selected for use in the Sub Boreal 

Spruce biogeoclimatic zone of central British Columbia. A non-linear model was 

used to model large tree dbh growth as a function of initial dbh, site factors, 

stand density and non-spatial measures of the relative position of the subject 

tree in the stand. Mortality models were based on tabular imputation by tree dbh 

and stand basal area classes. Small tree height growth was modeled using a 

non-linear model form as a function of initial height and non-spatial measures of 

the relative position of the subject tree in the stand. Data from repeated 

measures on permanent sample plots, as well as temporary sample plots, were 

used to fit the selected models to each major species separately.  Non-linear 

estimation techniques were used to estimate the species-specific parameters for 

each model. Residual analysis was used to evaluate the goodness of fit of the 

models. The selected models were incorporated into the PrognosisBC growth and 

yield simulator for further testing and validation and will subsequently be 

released in future versions to extend the model applicability to the Sub-Boreal 

Spruce and Sub-Boreal Pine-Spruce biogeoclimatic zones.  
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Introduction 
 
The forestry sector in B.C. and around the world is undergoing several changes 

that will affect the way we manage our forests. The harvesting practices of the 

past are being replaced today by alternative harvesting options (e.g., single tree 

selection and partial cutting) for which extensive research is urgently needed.  

Although a range of silvicultural systems are now being used in B.C., the impacts 

of these new practices on growth and yield and tree species composition are not 

fully known.  Growth and yield models that are able to predict complex stands 

are a better choice for simulating non-clearcut harvesting options than models 

developed for simple stands.  

 

With this in mind, PrognosisBC has been adapted to BC from the United States 

(Stage 1973, and Wykoff 1982) to project the complex stands found in 

southeastern and central British Columbia.  PrognosisBC is best used for 

projecting an existing stand from a ground-based inventory. The model’s 

strengths include its ability to simulate almost any form of harvesting—from clear 

cutting to partial cutting—and to simulate the impacts of a host of forest health 

issues (e.g., root disease and mountain pine beetle). To date, the model has 

been calibrated for, and has been used in, a number of subzones in the Interior 

Douglas Fir (IDF) and Interior Cedar Hemlock (ICH) biogeoclimatic (BEC) zones 

(Temesgen and LeMay 2000, Robinson 1997 and Zumrawi et al. 2002). However, 

due to lack of funding and data, the model has not yet been calibrated for the 

Sub-Boreal Spruce (SBS) and Sub-Boreal Pine Spruce (SBPS) zones.  

 

The former Timber Enhancement Supply Committee (TESC), a group of forest 

industry partners and government agencies in the Cariboo, collected juvenile 

height growth and large tree radial increment data from Douglas-fir-leading 

stands in the SBS in 2002 for the specific objective of calibrating PrognosisBC for 
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these BEC zones. These data and permanent sample plot (PSP) data available 

from the Ministry of Sustainable Management will enable the calibration of the 

major growth and mortality component of PrognosisBC for these regions. 

 

This project builds on the modeling efforts that have been conducted by the 

authors and others over the past four years (Temesgen and LeMay 2000, 

Zumrawi et al. 2002 and Zumrawi et al. 2003). These include developing radial 

increment, height growth, live crown and mortality models in a number of BEC 

subzones. The growth sub-model of PrognosisBC is comprised of two parts: a 

small tree component (for trees < 7.5 cm dbh), and a large tree component. The 

small tree component is height-driven, where juvenile height growth is first 

predicted and radial increment is estimated using the inverse of the model’s 

height-diameter functions. The large tree component is diameter-driven and 

radial increment of large trees is used as an explanatory variable to drive height 

growth and mortality. Logistic as well as tabular mortality models are used in the 

simulator to project tree mortality.   

 

The overall objective of this project was to calibrate the main component models 

of PrognosisBC to allow its use in the SBS and SBPS BEC zones in the central 

interior of the province. Models and data presented in this report were 

incorporated into the growth and yield simulator.   

 

The specific objectives of this study were to: 

 develop radial increment and height growth models for mixed-species stands 

in the SBS and SBPS zones; 

 develop non-catastrophic mortality models for the major species found in  

complex stands in the SBS and SBPS zones;  

 incorporate the new models into the PrognosisBC software; and 

 document the data, analysis, resulting models and software programming 

changes. 
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Data 

 

Data for developing the large tree dbh increment models and mortality models 

was obtained from the provincial permanent sample plot database. Small tree 

height growth models were developed from temporary sample plot data collected 

in 2002. 

 

Permanent Sample Plot Data  

The provincial PSP database was queried for sample plots with repeat 

measurements in the Sub-Boreal Spruce (SBS) and Sub-Boreal Pine-Spruce 

(SBPS) zones. PSPs that were re-measured at 9 to 11 years intervals were 

selected for use in this study. This was intended to minimize the effect of 

extrapolating 10-year radial increment for longer or shorter growth intervals. 

Selected plots were also limited to those that had been consistently measured to 

a 2 cm minimum dbh, provided that the plot had not been recently partially 

harvested or otherwise disturbed.  

 

The PSP database provides detailed site information at the plot level including 

BEC classification, elevation, aspect, slope and slope position. All trees in the plot 

were tagged and measured for total height, dbh, percent live crown, tree class 

(dead or alive) and crown position and any observable damage agents (insect or 

diseases).   

 

A total of 8 PSP with repeat measurements were found in the SBS zone. The 

database contained no PSPs with repeat measurements in the SBPS zone (at 

least two measurements are required). These data were used to develop the 

large tree radial increment models and non-catastrophic tabular mortality 

models. 
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Temporary Sample Plot data 

Small tree height and large tree radial increment data were collected by forest 

industry collaborators in 2002 in the SBS zone. Douglas-fir leading stands in the 

SBSdw1 and SBSdw2 variants within the former Cariboo forest region (Anon 

2002), which had not been partially cut during the observed growth period, were 

used for plot locations. 

Sampling Procedure 

For each stand, a three-point cluster was used to assess within stand variability. 

Two nested fixed area plots, of 2 m and 8 m radii, were placed at each sample 

point. The 2 m plot was used to sample natural regeneration and saplings 

greater than 15 cm in height and up to 7.5 cm in dbh. The 8 m plot was used to 

sample all trees greater than 7.5 cm dbh. These data were used to develop the 

small tree height growth models. Fifty of these cluster plots were available for 

use. 

 

In the 2m-radius plot, information was collected on live trees, as well as trees 

deemed to have been alive 10 years ago (based on the Provincial Wildlife Tree 

Classification system). Trees less than 2 cm dbh and greater than or equal to 15 

cm in height were dot tallied by species; all trees with a dbh between 2.0 and 

7.5 cm were measured for dbh and recorded by species. For trees with less than 

2 cm dbh, only the height and, if sampled the height growth, were recorded. 

Coniferous species within the 2m plots were sub-sampled for 5-year height 

growth. Sample trees must have had at least 5 years height growth and be less 

than 7.5 cm dbh. No height growth was measured for hardwood species, but 

heights were recorded.  

 

In the 8m-radius plot, information was collected on live trees and trees deemed 

to have been alive 10 years ago (based on the Provincial Wildlife Tree 
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Classification system). All trees 7.5 cm dbh and greater were measured for dbh 

and the species was recorded. Both conifers and hardwoods were sub-sampled 

for height, 10-year radial increment, and tree vigour. Snags or dead trees were 

coded. 

 

Data Screening 

 

Radial Increment and Mortality Data 

The PSPs were measured to different minimum dbh standards at different times. 

This creates inconsistency in estimating stand level variables at different points in 

time, thus affecting the use of these stand variables in modeling diameter 

increment and tree mortality. The PSP database was screened to select 

undisturbed plots that were consistently measured to a minimum dbh of 2 cm. 

Older PSP measurements with a minimum dbh measurement of 9.0 or 12.5 cm 

were rejected, as their dbh distribution would lack an important component of 

the sapling layer.   

As the objective was to model 10-year radial growth, selected PSPs were limited 

to those measured at intervals of 9 to 11 years to avoid extrapolation of radial 

increments over longer or shorter growth intervals.  

Only eight PSPs with repeat measurements located within the 100 Mile House 

Forest District met the above screening criteria and were selected for use in this 

study.  There were no acceptable PSPs in the SBPS zone.  

The final modeling dataset consisted of a total of 646 records with repeat 

measurements covering three BEC site series (01, 05 and 06) in the SBSmm 

variant. The species that were identified were Populus tremuloides (AT), Abies 

lasiocarpa (BL), Thuja plicata (CW), Pseudotsuga menziesii (FD), Pinus contorta 

(PL), and Picea engelmanii x glauca (SX).    
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Juvenile Height Growth data 

The large tree and small tree data from the temporary sample plots were merged 

by cluster and plot to allow for the computation of stand level variables for each 

plot. The stand level variables were then merged with the dataset containing all 

tree observations. As the objective was to model 5-year height growth of small 

trees, all trees that had been sub-sampled for 5-year height growth, were placed 

into a model-building dataset. Of these data, only one cluster of 3 plots was in 

the SBPS zone. This cluster was dropped from the dataset, as there were not 

enough observations to model 5-year height growth. An additional 15 plots were 

dropped from the modelling dataset due to the lack of site variables (either the 

BEC variant and/or site series were not recorded).  

 

The major species that were identified were Abies lasiocarpa (BL), Pseudotsuga 

menziesii (FD), Pinus contorta (PL), Picea mariana (SB), and Picea engelmannii x 

glauca (SX). As there were only 14 observations for PL, it was not possible to 

model the 5-year height growth for this species. Due to data limitations and as 

the growth patterns of SB and SX are similar, data from these two species were 

combined. Site series was used to place each plot into one of three moisture 

classes (Dry, Modal or Moist), based on the forest site identification guide for the 

former Cariboo Forest Region (Steen and Coupe, 1997). 

 

The final dataset consisted of 35 clusters, containing a total of 67 plots and 196 

individual tree records. Of these plots, 47 were in the SBSdw1 subzone, and 20 

were in the SBSdw2 subzone. Frequency counts of the modelling datasets by 

species, BEC variant and moisture class is given in Appendix 1. 
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Methods 

 
 
Large Tree Radial Increment Models 
Individual tree and stand level variables were summarized and different 

transformations of radial increment, including dbh growth and basal area growth, 

were computed to evaluate different forms of the dependant variable. Stand 

level variables included stand basal area (BA) and crown competition factor 

(CCF). Trigonometric transformations were used to create variables that 

characterized the combined effect of plot aspect and slope. Basal area in trees 

larger than the subject tree (BAL) was computed to provide a measure of the 

tree relative position in the stand. 

Trees less than 7.5 cm dbh were removed from the modeling dataset following 

the computation of stand level variables. Species with less than 30 observations 

remaining were also removed. These were AT with 4 observations and CW with 

15 observations. 

A range of univariate statistics were computed by species for the dependent and 

independent variables to determine where deficiencies existed in the dataset.   

Linear and non-linear model forms were considered, but the final analyses were 

based on the exponential model form used in the IDF version of PrognosisBC 

(Zumrawi et al. 2002). The selected model form was: 

)6543210( 2DBHBDBHBSASPSBCRBBALBCCFBBEXPDG ∗+∗+∗+∗+∗+∗+=  [1] 

where: 

 DG  = 10 year diameter growth (centimeters) 
 CCF  = Crown competition factor at the start of the growth period 
 BAL  = Basal area in trees larger than the subject tree at the start of 

growth   period (m2) 
 CR = Live crown ratio at the start of growth period 
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 SASPS  = Sine of the aspect (degrees) multiplied by the plot slope in 
percent 

 DBH  = diameter at breast height at the start of the growth period 
(centimeters) 

 B0, B1,….B6 = parameters to be estimated 
 

A linearized form of equation [1] was used to screen potential explanatory 

variables. Both tree dbh growth and basal area growth were considered as 

potential dependent variables. The selected explanatory variables represented 

site, stand and individual tree factors.  DBH, CR and BAL are individual tree 

variables that represent size, vigor, and tree relative position, respectively. Plot 

aspect and slope within the two SBS subzones were used to account for site 

differences. CCF represents a measure of the overall stand density.  

Equation [1] was fitted for each species separately. Nonlinear estimation 

techniques were used to estimate the final model parameters using SAS (SAS 

Institute). Residual analysis was used to evaluate the model goodness of fit.  

 

Tabular Mortality Models 

A tabular imputation approach was used to model periodic annual competition-

induced mortality. In each PSP, the number of trees that died between two 

consecutive measurements was enumerated by species, dbh class, and stand 

basal area class. Estimates of the mean and standard deviation of periodic 

annual mortality by species, dbh class and stand basal area class were 

computed. Species with few observations were dropped from the analysis. 

Small Tree Height Growth Models 

Individual tree and stand level variables were summarized. A series of scatter 

plots were then generated for each species to examine the correlations between 

5-year height growth (HTG) and potential explanatory variables. Outliers that 

could not be corrected from filed cards resulted in the plot being rejected.  
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The high correlations between 5-year height growth and the ratio of total height 

to CCF in larger trees (CCFL) and BA in larger trees (BAL) led us to consider a 

simple two-parameter nonlinear model with a single explanatory variable 

(HT/CCFL or HT/BAL). The simple 2-parameter model form is as follows: 

2
1
BxHTG Β=           [2]  

where:  
 x  = HT/CCFL or HT/BAL  
 B1 & B2  = parameters to be estimated 

In addition to equation [2], other nonlinear model forms, including variations of 

the Richards’s growth function (Richards, 1959) were also evaluated and fitted 

for each species separately. These model forms are given in Table 1. Nonlinear 

estimation techniques were used to estimate the final model parameters using 

SAS (SAS Institute). Residual analysis was used to evaluate the model goodness 

of fit and to select the final model form. 

Table 1: Nonlinear equations test for modeling small tree  HTG 

Model Model Form 

Gompertz HTG = b0 exp(– b1 exp(–b2*HCCFL))        [3] 

Logistic HTG = b0 / (1 + b1 exp(–b2*HCCFL))       [4] 
Richard’s HTG = b0 / (1 + b1 exp(–b2*HCCFL)) 1/b3   [5] 

Modified 
Richard’s 

HTG = b0 / (1 + b1 exp(–b2*HCCFL))       [6] 

Modified 
Richard’s 

HTG = b0/((1 + (b1*EXP((-b2*HCCFL)  + 
(b3*(CCFS/CCFL))))))                             [7] 

Modified 
Richard’s 

HTG = (b0 + (b1*HT)) /((1 + (b2*EXP((-
b3*HCCFL)  + (b4*(CCFS/CCFL))))))        [8] 

Weibull HTG = ( b0 – b1 exp(–b2*HCCFL b3))         [9] 
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A modified form of the Richards’s growth function (Equation [8] in Table 1) was 

selected as the final model form for modeling juvenile height growth. In Equation 

[8], the asymptote or potential growth is a function of total height at the 

beginning of the growth period.  The modifier is a function of total tree height 

and measures of relative tree position. In this formulation, the relative position of 

the subject tree is expressed as the ratio of total tree height to the CCF in trees 

larger than the subject tree (HCCFL), as well as the ratio of CCF in trees smaller 

than the subject tree (CCFS) and CCFL.  
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Results and Discussion 
 
Large Tree DBH Increment Models 
 

A summary of the data used in fitting Equation [1] is given in Table 2.  

 
Table 2.  Summary statistics of key variables in the large tree radial 

increment modeling data.    
                                                                        

Species and variable No. of 
Observations 

Minimum Mean Maximum Standard 
deviation 

Douglas fir 105     
Diameter (cm.)  7.80 30.14 77.00 15.53 

Diameter growth (cm.)  0.0001 1.53 4.49 1.07121 
Crown ratio  0.10 0.42 0.70 0.145 

Stand basal area 
2

 39.280 44.502 48.089 3.650 
Subalpine fir 35     

Diameter (cm.)  7.70 15.97 36.80 7.87 
Diameter growth (cm.)  0.0001 0.78 4.59 1.04 

Crown ratio  0.10 0.41 0.90 0.227 
Stand basal area 

2
 31.869 41.528 48.089 3.749 

Lodgepole pine 404     
Diameter (cm.)  7.50 20.25 41.90 7.18 

Diameter growth (cm.)  0.0001 0.67 2.71 0.51 
Crown ratio  0.10 0.24 0.60 0.104 

Stand basal area 
2

 28.488 32.673 48.089 4.548 
Engelmann spruce 50     

Diameter (cm.)  7.50 21.71 50.10 10.18 
Diameter growth (cm.)  0.0001 1.14 4.30 0.93 

Crown ratio  0.10 0.53 0.90 0.172 
Stand basal area 

2
 36.896 42.153 48.089 3.334 

 

The final parameter estimates and their standard errors for Equation [1] are 

given in Table 3 for BL, FD, PL and SX.   
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Table 3.  Parameter estimates for Equation 1 and associated standard 
errors (in parentheses).             

 

The parameter estimates in Table 3 are consistent with expected biological 

trends for the four species modelled. The positive first derivative and negative 

second derivative with respect to dbh indicate that growth increases with dbh at 

a decreasing rate. Competition from above as measured by BAL is more 

significant for shade intolerant and semi-tolerant species. The two shade tolerant 

species SX and BL are more sensitive to the overall stand density as measured by 

CCF. As expected growth increases with tree vigour as measured by the percent 

live crown (CR). Predicted 10-year dbh growth rates for various levels of the 

explanatory variables are given in Appendix 3. The sensitivity analysis curves 

(Appendix 3) indicate that the trend of diameter growth over dbh is more rapid 

and pronounced in shade intolerant species. For most species dbh growth seems 

to peak at about 20 - 25 cm dbh.  

Residual analysis showed that the selected model fit the data well and that there 

were no trends in the residuals across predictor variables. For each species, a 

table of mean actual and predicted 10-year dbh growth, along with mean 

residual values and their associated t statistics by SIBEC/site series, aspect and 

dbh classes, are given in Appendix 4.  

Parameter BL FD PL SX 
B0 0 0.00793 (0.6454) -1.2421 (0.3181) -1.4917 (1.0011) 
CCF -0.0152 (0.00249) -0.00654 (0.00169) 0 -0.00079 (0.00440) 
BAL 0 -0.00312 (0.00619) -0.0202 (0.00414) 0 
CR 3.1925 (0.3283) 0.926 (0.3145) 1.6043 (0.3171) 2.4255 (0.6293) 

SASPS 0 0.00327 (0.00232) 0.00955 (0.00278) 0 
DBH 0.0737 (0.0630) 0.056 (0.0133) 0.0630 (0.0234) 0.0113 (0.0384) 
DBH2 -0.00182 (0.00180) -0.00044 (0.000119) -0.00112 (0.000443) 0.000226 (0.000632)
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Small Tree Height Growth Models 
 

Summary statistics for key variables, by species and soil moisture class, are given 

in Appendix 2. There was great similarity in performance among the different 

model forms. A comparison of the most promising model forms is given in Table 

4, based on mean squared errors (MSE).  

 

Table 4:  Comparison of the performance of selected small tree HTG 
model forms based on mean squared error (MSE). 

 
  

Species  FD BL SX 
Model Form mean squared error (MSE) 
Equation [5] 197.4 N/C 652.1 
Equation [6] 259.8 374.2 675.2 
Equation [7] 261.5 378.1 646.1 
Equation [8] 266.7 384.5 655.1 
N/C =No Convergence obtained. 

 
Equation [8] was selected as the final model form because its performance was 

comparable to other models and it fit the data well across the range of small tree 

heights.  The final parameter estimates for Equation [8] are given in Table 5. 

 

Table 5:  Final parameter estimates for the small tree 5-year height 
growth model equation [8] for FD, PL and SX in the dw1 and 
dw2 variants of the SBS. 

 
Species No. of 

observations 
b0 b1 b2 b3 b4 MSE 

FD 55 172.1 -0.3657 11.8295 102.4 0.5829 266.7 
BL 64 272.8 -0.8451 22.5817 88.5901 -0.7802 384.5 
SX  77 157.0 -0.1435 8.8508 68.3412 -4.0851 655.1 
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Residual analysis showed that the selected model (equation [8]) fit the data well 

and that there were no trends in the residuals across predictor variables. For 

each species, a table of mean actual and predicted 5-year dbh growth, along 

with mean residual values and their associated t statistics by height classes are 

given in Appendix 5. Sensitivity analyses (Appendix 6) show that the model 

performance was stable and within acceptable biological limits across a wide 

range of predictor variables. 

 

 Tabular Mortality Models 
 
Mean periodic annual mortality estimates and associated standard deviations are 

given in Table 6 by four dbh classes and three stand basal area classes for FD, 

PL and SX. Due to the limited data, it was not possible to extend the tabular 

imputation to more than two dimensions to include other classifying variables.  

 

Non-catastrophic mortality is highly correlated with tree size and stand density; 

hence, the choice of DBH and BA as classification variables. PSPs with excessive 

endemic mortality or damage were excluded from this study. Few PSPs met the 

screening criteria for inclusion in the mortality dataset. There were no plots with 

BA < 20 m2/ha or > 50 m2 /ha.  

 

In general, mortality increased as BA increased and for a given stand BA class, 

smaller trees had higher mortality rates than bigger trees. However, there were 

cases where this general trend was not observed and higher mortality rates were 

observed in a larger dbh class within the same density class. This could be 

attributed to the wide basal area classes (10 m2) used in this study or to 

unexplained endemic mortality caused by insect or disease agents. There are 

many cells in the mortality matrix that has no PSP data. A smoothing algorithm  

similar to the one used in version 3.0 of PrognosisBC could be used to populate 
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the empty cells. In that algorithm, tree size is given precedence over stand 

density for choosing a most similar neighbour.  

For example for FD, there were no data in the 20-30 m2/ha basal area class. The 

four dbh classes could be assigned mortality rates based on the observed 

mortality (mean and variance) in the corresponding classes in the 30-40 m2/ha 

class. However, since the estimates in the latter class are based on a single PSP, 

the over all variance may be substituted to impute the mortality rates in this 

example.  

 
 
Table 6:  Mean and standard deviation of annual mortality (%) by basal 

area and diameter classes in the PSP of the SBS. 

 
 Basal Area 

Classes   20-30 m2/ha 30-40 m2/ha 40-50 m2/ha 
   Diameter Classes DBHCLS DBHCLS DBHCLS 
 Species Mort a b c d a b c d a b c d 
 Douglas-fir Mean     0.33 1.11 0.40 0.71  0.30 0.14 0.35
   Std. dev.     - - - 0.49  0.27 0.06 0.15
  No. PSP     1 1 1 4  2 3 2 
               

 
Lodepole 

pine Mean 0.21 0.72 0.06  0.17 0.46 0.23 0.15  0.25 0.17  

   Std. dev. 0.03 0.54 -  0.02 0.39 0.14 0.03  0.13 0.11  

    No. PSP 2 14 1  3 8 5 2  6 2  

               
 Spruce Mean     0.16 0.22    0.25 0.25  
  Std. dev.     0.10 0.09    0.14 -  
  No. PSP     2 6    3 1  
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Conclusion 

 
Despite data limitations, biologically sound and statistically robust radial 

increment models for large trees (larger than 7.5 cm dbh), height growth models 

for small trees (less than 7.5 cm dbh), and tabular mortality models were 

developed for the major coniferous species in the SBS BEC zone. These models 

have been incorporated in the PrognosisBC growth and yield simulator and will 

subsequently be tested and validated collectively through yield projections and 

management scenarios. 
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Appendixes 

 

Appendix 1 
 
Frequency Counts for the Small Tree Height Growth Modeling Data by 

Species, BEC Variant and Moisture Class 

 
 
BL Frequency count Table by BEC variant and moisture class 
 

  Site Series - Moisture Class  
  Dry Wet Zonal Total 

DW1 14  6  39  59 SBS 
Variant DW2 0  0  5  5 

 Total 14 6 44 64 
 
 
 
FD Frequency count Table by BEC variant and moisture class 
 

  Site Series - 
Moisture Class 

 

  Dry Zonal Total 
DW1 10  28  38 SBS 

Variant DW2 16  1  17 
 Total 26 29 55 

 
 
SX(+SB) Frequency count Table by BEC variant and moisture class 
 

  Site Series - Moisture Class  
  Dry Wet Zonal Total 

DW1 5  23  23  51 SBS 
Variant DW2 9  2  15  26 

 Total 14 25 38 77 
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Appendix 2 
Summary Statistics for Key Variables in the Small Tree Height Growth 

Data by Species, BEC Variant and Moisture Class 

FD 
Moisture 

class Statistic 
HTG 
(cm) 

Height 
(m) CCF 

BA 
(m2/ha) 

BAL 
(m2/ha) CCFL 

QMD 
(cm) 

Dry N 26 26 26 26 26 26 26 
Dry MIN 3.5 0.16 61.20446 11.40398 11.40398 61.20446 3.746422
Dry MAX 166 8.15 258.8889 47.20809 47.20809 258.8889 8.690265
Dry MEAN 41.38462 1.965 168.824 32.33056 31.59575 161.5088 5.164866
Dry STD 39.6286 2.032713 55.45052 11.51539 11.26909 52.52251 1.433698

         
Zonal N 29 29 29 29 29 29 29 
Zonal MIN 5 0.15 73.87794 14.22406 14.22406 73.87794 3.058272
Zonal MAX 200 7.02 250.3647 51.55266 51.55266 250.3647 6.12314 
Zonal MEAN 62.82759 2.203621 156.9482 30.80573 29.48652 143.4112 4.470002
Zonal STD 57.92194 2.297195 66.40523 13.53513 13.1425 60.7107 0.885132
 
BL 

Moisture 
class Statistic 

HTG 
(cm) 

Height 
(m) CCF 

BA 
(m2/ha) 

BAL 
(m2/ha) CCFL 

QMD 
(cm) 

     
Dry N 14 14 14 14 14 14 14
Dry MIN 4 0.15 257.0803 61.56762 61.36512 255.0746 4.678751
Dry MAX 25 4.48 312.739 82.40367 82.40367 312.739 7.118658
Dry MEAN 11.39286 0.889643 299.8072 74.98194 74.841 298.7095 6.422574
Dry STD 7.057943 1.169804 16.0584 6.97496 6.87526 16.03804 0.730004
     
Wet N 6 6 6 6 6 6 6
Wet MIN 10 0.15 119.7984 26.55664 26.55664 119.7984 4.396949
Wet MAX 178 5.78 169.4985 41.1998 41.1998 169.4985 5.552019
Wet MEAN 41.75 1.275 144.3627 32.76352 31.94779 139.0806 5.233178
Wet STD 66.94307 2.21192 24.81457 6.913169 6.571854 21.65879 0.419323
     
Zonal N 44 44 44 44 44 44 44
Zonal MIN 4.5 0.165 93.33124 19.30738 18.49738 86.55674 3.820891
Zonal MAX 175 6.74 323.2468 82.01707 82.01707 292.2403 10.04709
Zonal MEAN 36.10227 1.88875 199.5221 46.74179 45.84533 192.0169 5.99452
Zonal STD 37.25081 1.672521 49.43175 13.34856 12.76212 42.26213 1.57142
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SX 

Moisture 
class 

Statistic HTG 
(cm) 

Height 
(m) 

CCF BA (m2/ha) BAL 
(m2/ha) 

CCFL QMD (cm) 

Dry N 14 14 14 14 14 14 14
Dry MIN 11 0.19 89.26623 24.81223 24.81223 89.26623 4.327924
Dry MAX 180 7.5 201.5658 56.77859 56.32297 198.746 7.782278
Dry MEAN 45.75 1.944286 130.7761 32.95498 32.26779 126.5148 5.278567
Dry STD 49.68081 2.361377 30.46692 8.169343 8.333635 30.83884 0.81485
    
Wet N 25 25 25 25 25 25 25
Wet MIN 8 0.17 54.63708 11.69848 8.462852 36.86847 3.038745
Wet MAX 175 6.4 227.1526 59.34535 59.34535 185.7845 8.235489
Wet MEAN 63.14 2.1408 118.5668 27.30308 26.21738 112.1857 5.235705
Wet STD 55.53368 1.759498 52.59321 14.13635 14.02964 50.13767 1.368603
Zonal N 38 38 38 38 38 38 38
    
Zonal MIN 6.5 0.165 69.11221 13.43199 7.785313 47.89115 3.145632
Zonal MAX 210 6.66 270.1172 82.01707 79.53645 257.8419 10.04709
Zonal MEAN 54.01316 2.076579 147.6383 32.88222 31.85735 141.077 4.933063
Zonal STD 57.17345 2.024413 64.06914 17.41178 17.57423 65.89224 1.574885
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Appendix 3 
 

Sensitivity Analysis Curves for Equation [1] using the Mean, Minimum 
and Maximum Values of Predictor Variables in the Modeling Data. 
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Appendix 4 
           Residual analysis showing mean observed and predicted DG, 

mean residual and associated T statistics by BEC, dbh and aspect 
classes.  

FD 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 105‚   18‚ 1195‚   28‚  1.53‚  1.55‚-0.019‚ -0.3‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚SIBEC     ‚SERIES    ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚18        ‚1         ‚  92‚   20‚ 1192‚   29‚  1.53‚  1.56‚-0.035‚ -0.6‚ 
           ‚          ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚          ‚5         ‚  13‚    0‚ 1219‚   23‚  1.53‚  1.44‚ 0.091‚  0.5‚ 
           Šƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 105‚   18‚ 1195‚   28‚  1.53‚  1.55‚-0.019‚ -0.3‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚DBH class (cm)       ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚10-20                ‚  29‚   17‚ 1196‚   41‚  0.76‚  0.83‚-0.075‚ -0.7‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚20-30                ‚  28‚   22‚ 1190‚   34‚  1.18‚  1.20‚-0.028‚ -0.3‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚30-40                ‚  22‚   19‚ 1194‚   21‚  1.99‚  1.79‚ 0.199‚  1.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚40-50                ‚   9‚   10‚ 1206‚   13‚  2.06‚  2.16‚-0.094‚ -0.7‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚50-60                ‚   9‚   15‚ 1199‚   10‚  3.00‚  3.04‚-0.045‚ -0.1‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚60-70                ‚   2‚    0‚ 1219‚    6‚  2.34‚  3.01‚-0.673‚-31.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚70+                  ‚   3‚   15‚ 1199‚    0‚  3.69‚  3.48‚ 0.218‚  0.9‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚<10                  ‚   3‚   23‚ 1189‚   43‚  0.12‚  0.63‚-0.510‚ -2.5‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 105‚   18‚ 1195‚   28‚  1.53‚  1.55‚-0.019‚ -0.3‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚ASPECT Class (R)     ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚1.6                  ‚  67‚   28‚ 1182‚   29‚  1.38‚  1.41‚-0.031‚ -0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚6.3                  ‚  38‚    0‚ 1219‚   26‚  1.78‚  1.78‚ 0.001‚  0.0‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
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BL 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚CCFL ‚ELEV ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚  35‚   26‚  140‚ 1186‚  0.78‚  0.80‚-0.012‚ -0.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚SIBEC     ‚SERIES    ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚15        ‚5         ‚   5‚    0‚  109‚ 1219‚  0.56‚  0.50‚ 0.060‚  0.3‚ 
           ‚          ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚          ‚6         ‚   2‚    5‚  111‚ 1250‚  4.22‚  4.20‚ 0.017‚  8.9‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚18        ‚1         ‚  28‚   32‚  147‚ 1176‚  0.58‚  0.61‚-0.027‚ -0.4‚ 
           Šƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚CCFL ‚ELEV ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚  35‚   26‚  140‚ 1186‚  0.78‚  0.80‚-0.012‚ -0.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚DBH Class            ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚10-20                ‚  15‚   27‚  146‚ 1185‚  0.74‚  0.82‚-0.081‚ -0.8‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚20-30                ‚   8‚   23‚  105‚ 1192‚  1.56‚  1.43‚ 0.135‚  0.8‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚30-40                ‚   2‚    0‚   88‚ 1219‚  0.14‚  0.27‚-0.129‚ -9.9‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚<10                  ‚  10‚   32‚  169‚ 1177‚  0.36‚  0.36‚-0.002‚ -0.0‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
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PL 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 404‚    6‚ 1234‚   20‚  0.67‚  0.68‚-0.007‚ -0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚SIBEC     ‚SERIES    ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚18        ‚5         ‚ 310‚    4‚ 1236‚   20‚  0.65‚  0.65‚-0.004‚ -0.2‚ 
           ‚          ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚          ‚6         ‚  69‚    5‚ 1250‚   20‚  0.70‚  0.72‚-0.028‚ -0.5‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚21        ‚1         ‚  25‚   34‚ 1173‚   27‚  0.91‚  0.90‚ 0.012‚  0.1‚ 
           Šƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 404‚    6‚ 1234‚   20‚  0.67‚  0.68‚-0.007‚ -0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚DBH Class            ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚10-20                ‚ 181‚    5‚ 1234‚   25‚  0.53‚  0.52‚ 0.007‚  0.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚20-30                ‚ 161‚    5‚ 1239‚   16‚  0.86‚  0.85‚ 0.013‚  0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚30-40                ‚  29‚   12‚ 1216‚   13‚  0.95‚  1.01‚-0.066‚ -0.9‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚40-50                ‚   5‚   10‚ 1219‚    5‚  1.43‚  1.12‚ 0.313‚  0.9‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚<10                  ‚  28‚    6‚ 1229‚   29‚  0.13‚  0.35‚-0.218‚ -7.9‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚ 404‚    6‚ 1234‚   20‚  0.67‚  0.68‚-0.007‚ -0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚ASPECT Class         ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚0                    ‚  73‚    0‚ 1250‚   19‚  0.68‚  0.68‚-0.001‚ -0.0‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚1.6                  ‚ 149‚   13‚ 1211‚   20‚  0.67‚  0.66‚ 0.014‚  0.4‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚2.4                  ‚ 161‚    3‚ 1250‚   21‚  0.68‚  0.70‚-0.019‚ -0.6‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚6.3                  ‚  21‚    0‚ 1219‚   22‚  0.61‚  0.70‚-0.096‚ -1.1‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
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SX 
 
           „ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ† 
           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚  50‚   22‚ 1190‚   33‚  1.14‚  1.13‚ 0.015‚  0.1‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚SIBEC     ‚SERIES    ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚15        ‚5         ‚  13‚    0‚ 1221‚   29‚  1.20‚  1.34‚-0.141‚ -0.8‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚18        ‚1         ‚  37‚   30‚ 1179‚   35‚  1.12‚  1.05‚ 0.069‚  0.5‚ 
           Šƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
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           ‚                     ‚    ‚      Mean       ‚  DG  ‚PRED  ‚   RESID    ‚ 
           ‚                     ‚    ‡ƒƒƒƒƒ…ƒƒƒƒƒ…ƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒ…ƒƒƒƒƒ‰ 
           ‚                     ‚ N  ‚SASPS‚ELEV ‚ BAL ‚ Mean ‚ Mean ‚ Mean ‚  t  ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚All                  ‚  50‚   22‚ 1190‚   33‚  1.14‚  1.13‚ 0.015‚  0.1‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
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           ‚30-40                ‚   6‚   26‚ 1184‚   15‚  1.26‚  1.32‚-0.054‚ -0.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚40-50                ‚   1‚    0‚ 1219‚   25‚  1.43‚  2.95‚-1.518‚    .‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚50-60                ‚   1‚    0‚ 1219‚   22‚  4.11‚  1.95‚ 2.157‚    .‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚<10                  ‚   4‚   17‚ 1196‚   41‚  0.74‚  0.71‚ 0.028‚  0.1‚ 
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           ‚All                  ‚  50‚   22‚ 1190‚   33‚  1.14‚  1.13‚ 0.015‚  0.1‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚ASPECT Class         ‚    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‰    ‚     ‚     ‚     ‚      ‚      ‚      ‚     ‚ 
           ‚1.6                  ‚  30‚   37‚ 1169‚   35‚  1.03‚  1.01‚ 0.027‚  0.2‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚2.4                  ‚   1‚    2‚ 1250‚   32‚  4.30‚  2.87‚ 1.429‚    .‚ 
           ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒƒˆƒƒƒƒƒ‰ 
           ‚6.3                  ‚  19‚    0‚ 1219‚   31‚  1.15‚  1.23‚-0.079‚ -0.4‚ 
           Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒƒ‹ƒƒƒƒƒŒ 
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Appendix 5 
           Residual analysis showing mean observed and predicted HTG, 

mean residual and associated T statistics tree height classes.  
 
SX 
 Residuals 

 
No. 

Observations CCFL   CCFS HT HTG PRED      mean t 
ALL  77 129 6 2.07 55.47 56.22  -0.750 -0.3 

         
HT CLASS         
0.00- 0.25 9 124 0 0.19 13 17.8 -4.802 -3.4 
0.25-0.50 12 145 0 0.39 17.79 19.37 -1.573 -0.8 
0.50-1.00 16 132 0 0.7 19 23.56 -4.563 -2.5 
1.00-2.00 8 134 0 1.39 36.88       36.40 0.476 0.1 
2.00-4.00 21 109 9 3.16 98.48       93.15 5.329 0.7 
4.00-6.00 5 124 28 5.07 112.80      120.98 -8.178 -0.5 
6.00-8.15 6 164 23 6.52 118.33      117.91 0.421 0 

 
 
 

BL 
 Residuals 

 
No. 

Observations CCFL   CCFS HT HTG PRED      mean t 
ALL  64 210 6 1.61 31.32 31.45 -0.22 -0.1 

         
HT CLASS         
0.00- 0.25 8 221 0 0.19 10.25 12.53 -2.27 -1.6 
0.25-0.50 15 229 0 0.36 11.27 13.46 -2.19 -1.8 
0.50-1.00 13 213 0 0.67 17.69 15.31 2.38 1.0 
1.00-2.00 7 205 0 1.40 21.29 21.48 -0.19 -0.0 
2.00-4.00 13 175 0 2.95 55.54 54.39 1.144 0.1 
4.00-6.00 7 218 29 4.66 78.21 80.52 -2.30 -0.2 
6.00-8.15 1 263 60 6.74 99.00 90.40 8.598 . 
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Appendix 6 
 

Sensitivity Analysis Curves for Equation [8] across a  range of CCFL. 
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