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EXECUTIVE S U M W R Y  

New height-age curves were developed for lodgepole pine and interior spruce in B.C. using stem- 

analysis data from 106 and 109 plots, respectively. Differences from previously used curves are 

small, however, these new curves more closely follow the height-age patterns of dominant, 

undamaged trees in B.C. and should be implemented in Ministry Growth and Yield Programs. 

Future development of height-age curves for pine and spruce should concentrate on defining 

height-growth patterns at ages greater than 150 years of age. 
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1. INTRODUCTION 
1.1 Background 
Height-age curves have a very large impact on growth and yield prediction systems used in B.C. 

They are used to estimate the site index of forest stands from the measured height and age of site 

trees, and for estimating the height of trees and stands in growth models to predict volume and 

other tree and stand attributes for both managed and natural stands. The Ministry of Forests 

supports periodic updates of existing height-age curves to ensure the most recent and reliable 

information is used for estimating site index and for growth and yield prediction. Updates and 

revisions of curves usually occur when new data or analytical techniques are available. Recently 

new stem-analysis data have been collected for lodgepole pine and new ideas have been 

presented for the curve-fitting process. 

1.2 f xisting Height-Age Curves 

1.2.1 Lodgepole Pine 

The height-age curves used throughout B.C. for lodgepole pine were developed using stem- 

analysis data from 134 trees from Alberta and 54 trees from B.C. (Goudie 1984). Although these 

curves were developed from stem-analysis data, there was concern that height-growth patterns 

may be slightly different in Alberta and these curves may not accurately represent tree growth in 

B.C. The Ministry of Forests subsequently sampled 59 sample plots from throughout B.C. where 

four dominant, undamaged trees were taken from each plot. New curves were developed from 

these data (hereafter referred to as the 1993 curves), however, comparison to Goudie's original 

curves showed little difference U.S. Thrower & Assoc. Ltd. 1993a). The similarity of these curves 

has resulted in Goudie's curves still being most widely used in B.C. to avoid changing existing 

systems for little or no difference in the prediction of height or site index. 

1.2.2 Inferior Spruce 

The height-age curves used for interior spruce in B.C. were also developed primarily from 

individual tree stern-analysis data from Alberta (1 25 trees) and some from B.C. (32 trees) (Goudie 

1984). Similarly to pine, new curves were developed for interior spruce using stem-analysis data 

collected from in B.C. from 109 sample plots located throughout the Province U.S. Thrower & 

Assoc. Ltd. 1993b). These new curves (hereafter referred to as the 1993 curves) more closely 

reflect the height growth of trees in the B.C. data, however, differences from Goudie's original 

curves were generally small and were insignificant between about 10 and 80 years of age. The 

new spruce curves provide improved estimates of height and site index, however, Goudie's 

curves are still most widely used in B.C. Differences in the curves are relatively small except at 

very old ages where there are no data to indicate which curves more closely reflect actual height 

growth. 

111).~. ~hrower & Associates Ltd March 1994 
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1.3 Stem-Analysis and Curve-Fitting Procedures 
The stem-analysis procedures used in the development of most height-age curves currently used 

in B.C. involves cutting disks at predetermined heights to sample the full length of the trees. 

These section points occur, on average, in the middle of the growing season in which the section 

height is reached. Carmean's (I 972) method i s  used to adjust the height where the section i s  

taken upward to correspond to the end of the growing season in that year. The resulting height- 

age data reflect the height of the trees at the end of the year growing season in which the disks 

are sampled. 

This adjustment procedure introduces a problem in defining the intercept of the height-age curves 

when the 112 year of growth above breast height i s  not explicitly considered. Typically the origin 

of height-age curves is fixed at 1.3 m and age 0 years. This results in a bias of 112 years in the 

first year of growth. Practically this is of no importance, however, this small difference near the 

fixed origin of the curves may have a larger affect on the models ability to reflect height-growth 

patterns in later years. 

1.4 Objectives 
The objective of this project was to update the lodgepole pine and interior spruce height-age 

curves using new curve-fitting methods and to include the new lodgepole pine stem-analysis 

data. Specifically, the objectives were: 

1. To remove the bias of the curves at the origin by explicitly considering the 112 year of 

growth above breast height, and to be consistent with existing definitions of age and site 

index as applied in the field. 

2. To include the new lodgepole pine stem-analysis data in the revised curves. 

3. To compare the new curves with the 1993 revised pine and spruce curves and to 

Goudie's original curves. 

2. METHODS 

2.1 Plot Data 

2.1.1 Lodgepole Pine 

Three sources of data were used in this re-analysis of the lodgepole pine curves including 106 

sample plots (Table 1). This included the 59 plots collected by Industrial Forestry Service (IFS) 

used in  the development of the 1993 pine curves (J.S. Thrower & Assoc. Ltd. 1993a). The IF5 

data included four sample trees taken from 400 m2 plots collected under contracts in 1988 and 

1990. The first contract sampled stands greater than 100 years of age across the range of site in 

114 1.5. Thrower & Associates Ltd Marc/? 1994 
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the SBS and SBPS Biogeoclimatic zones. The second contract sampled older stands in the 

Kamloops and Nelson Forest Regions. These data are described in more detail in  the report of 

the 1993 revised curves U.S. Thrower & Assoc. Ltd. 19934. 

The new stem-analysis data for lodgepole pine included 45 plots collected for the development 

of growth intercepts 0.S. Thrower & Assoc. Ltd. 1993~) .  The data included three dominant trees 

taken from 300 m2 plots collected in the summer of 1993 from across the SBS zone. The new 

data also included two plots collected by weyerhaeuser Canada Ltd.' (WeyCan) to examine the 

height-age development of very old stands in the Merritt TSA. 

Table 1. Number of lodgepole pine stem-analysis plots by 5-m site index class, data source, and 
Biogeoclimatic zone. 
BEC Zone/ Site-Index Class (m) 
Source 5-m 10-m 15-m 20-m 25-m 30-m Total 
SBS 

I FS 2 4 6 14 5 3 1 

ICM 

2.1.2 Interior Spruce 
The data for the re-analysis of the spruce curves used the same 109 plots as in  the 1993 revised 

curves U.S. Thrower & Assoc. Ltd. 1993b). The three data sources were collected by the Ministry 

of Forests under contract to IFS, Sylva Management (Sylva), and the University of British 

Columbia (UBC) (Table 2). These data are described in more detail in  the report of the 1993 

revised curves U.S. Thrower & Assoc. Ltd. 1993b). 

Data collected under Contract to B.C. Min. For. Inv. Br., Victoria. Pers. Comm. Jon Vivian, Manager, Growth and 
Yield Section. 

1141.5. Thrower & Associates Lfd March 1994 
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Table 2. Number of interior spruce stem-analysis plots by 5-m site index class, data source, and 
Biogeoclimatic zone. 
BEC Zone / Site-Index Class (m) 

Source 5-m 10-m 15-m 20-m 25-m 30-m Total 
SBS 

IFS 
Sylva 
UBC 2 2 2 2 3 4 7 

IDF 
I FS 

ICN 

2 2  Preliminary Screening of the Data 
The stern-analysis data were screened to ensure they represented only height-growth patterns of 

undamaged, dominant trees. None of the lodgepole pine plots showed abnormal height-growth 

patterns and all trees and plots were included in the analyses. Several spruce plots showed 

height-age patterns indicative of stem damage and periods of prolonged height-growth 

suppression. This resulted in removing four of the 31 IFS plots (1 3%), five of the 20 Sylva plots 

(25%), and nine of the 102 UBC plots (9%). A more detailed description of the data and the 

screening procedures i s  given in the reports of the original revised curves U.S. Thrower & Assoc. 

Ltd. 1993a, 1993b). 

2.3 Plot Height-Age Curves and Site index 
Height-age curves were constructed to represent the average growth of the site trees in each plot. 

Carmean's (1 972) method was used to adjust the height where the stem-analysis disks were taken 

upward to correspond to the end of the growing season in which the section was taken. The 

height of each tree at each 5-year interval was then estimated by linear interpolation between 

these adjusted height-age points, The heights at common ages (5-year intervals) were then 

averaged for the three or four site trees in each plot to give an average curve for the plot. The site 

index of each plot was defined as the height of the plot-average curve at 50 years breast-height 

age. This corresponds to the average height of the site trees at the end of the growing season 

414 /.s. Thrower & Associates Ltd March 1994 
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indicated by the 50 '~  ring in an increment core. * The plot-average height-growth curves for the 

106 lodgepole pine plots and the 109 spruce plots are shown in Figures 1 and 2, respectively. 

Statistics for the height, age, and site index of the plots are given in Table 3. 

Table 3. Statistics for height, age, and site index of the 106 pine and 109 spruce sample plots for 

the data used in  the curve development (up to 130 years for pine and 145 for spruce). 
Minimum Maximum Average Standard Deviation 

Lodgepole Pine 

Height (m) 

Age (yrs) 
Site lndex (m) 

Interior Spruce 

Height (m) 

Age (yrs) 
Site lndex (m) 

2.4 Height-Age Models 
The height-age model used in this revision of the curves was the modified logistic function (Eqn. 

[ I  1). This model also was used in Goudie's pine and spruce curves and the 1993 curves. 

Alternate models were not tested because this function has given adequate fits to height-age data 

(with some limitations that are discussed later) and reasonable extrapolation characteristics in 

previous studies (Goudie 1984, J.S. Thrower & Assoc. Ltd. 1993a, 1993b, Thrower and Goudie 

1992). Using the same model formulation also allowed us to compare directly differences in 

fitting techniques from the previous curves. 

The height-age model was fit to the plot height-age data for each species using non-linear least 

squares. The modified logistic function is: 

(b + b In (ASl + b,) + bjln 61-1.3))) 

)-?I = 1.3 + (SI - 1.3) ( l + e  1 2 

(b + b21n ( A  + b, + b31n (SI-1.3)) ( l + e  1 1 

where: H is the average dominant height (m) of the three or four trees in each plot at five year 

intervals of breast-height age; SI is  site index (average dominant height age breast-height age 50 

It should be explicitly noted that the height of a tree at the end of the year represented by the 50th ring includes 49- 

112 years of growth. This is because the first node above breast height occurs, on average, 112 year above breast 

height (1.3 m). 
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years); As, is the reference age for site index (50 years); A i s  breast-height age (yrs); and bi are 

regression coefficients. 

2.5 Curve Comparisons 
The new curves were compared to Goudie's pine and spruce curves and to the 1993 revised 

curves U.S. Thrower & Assoc. 1993a, 1993b) using graphical techniques to examine bias in 

relation to age and site index. Goudie's curves were fit using data that was not adjusted using 

Carmean's correction, thus curve heights at a given age correspond to the middle of growing 

seasons. This introduces a positive bias of 112 year in the predicted height when age i s  defined 

as the height at the end of a growing season. The origin of the 1993 curves were adjusted so the 

first year above breast was at age zero. This introduced a negative bias of 112 years when age is  

defined in the same way. These biases are of no practical consequence because the method of 

application has remained the same regardless of the fitting method. Thus curve comparisons 

were done based on the method of application, i.e., the predicted height of the curve 

corresponding to the height at the end of the growing season in that year. 

444 1.s. Thrower & Associates Ltd March 1994 
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Breast - Height Age (yrs) 

Figure 1. Plot average height-age curves for the 106 lodgepole pine sample plots (vertical l ine is 

l imit  of the development data). 

Breast - Height Age (yrs) 

Figure 2. Plot average height-age curves for the 109 spruce sample plots (vertical l ine is l imit  of 

the development data). 
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3. RESULTS AND DlSCUSSlON 
3.1 Lodgepole Pine 

3.1.1 Formulated Neigh t-Age Curves 

The model describing the average height-age development of the equivalent of 1 OO/ha spatially 

distributed, dominant, undamaged lodgepole pine trees is: 

where: H is the average dominant height (m); SI i s  site index (average height at breast-height 

age 50 years); and A is breast-height age (yrs). The root mean-squared error (RMSE) of this 

formulation i s  0.97 m. Figure 3 shows the formulated curves superimposed on the average 

height-age curves of the 106 sample plots. 

3.6.2 Curve Comparisons 

General Comparison 

The new height-age curves were similar to Goudie's curves up to about age 100 years, then 

showed lower heights for a given site index (Figures 4, 5, 6). The 1993 curves over-predicted 

height at age zero because the model included an age correction that resulted in predicting 

heights greater than 1.3 m. However, the 1993 curves were similar to Goudie's at older ages, 

thus also showed higher heights than the new curves for a given site index. Residuals computed 

as the difference in the predicted height from the curves and the stem-analysis data show that the 

new curves more closely follow the overall height-age patterns of the data. The new curves are 

generally less biased after index age than both Goudie's and the 1993 curves (Figures 5, 6). 

When compared by 5-m site index classes the three formulated models showed similar height 

residuals (Figure 7). 

Before lndex Age 

The new curves do not follow the patterns of the height-age data more closely than the former 

curves before index age, and are very similar to Goudie's curves (Figure 6). The 1993 curves are 

biased at age zero because the height described in the model should be at age one year. 

Goudie's curves are less biased at age 5 years than the new curves and the 1993 curves. This is 

possibly because the modified logistic function usually under-predicts height in early years. The 

height at age 5 years in Goudie's formulation (i.e., 5 full years above the starting age of 112 years 

at 1.3 m) is tree height in the middle of the 6" growing year (i.e., age 5-112 years). This small 

theoretical over-prediction in the fitting of Goudie's curves may compensate slightly for the 

tendency of the model to under-predict height at early ages. The origin of the new curves is also 

theoretically correct and is  fixed at a height of 1.3 m at age 112 year above breast height. 

111j.~. Thrower & Associates Ltd March 1994 
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Extrapolation 

The new curves show heights slightly lower than Goudie's at the same age and site index beyond 

about 150 years. This difference is about 1 m at ages beyond 150 years at site index 10 m and 

beyond 200 years at site index 20 m (Figure 8). For site index 30 m, Goudie's curves were less 

than 1 m different from the new curves past 250 years of age. Difference from the 1993 curves 

were generally greater than differences from Goudie's immediately below and after index age, but 

were less at older ages. The 1993 model showed less bias before index age than the other 

models (Figure 6), thus this comparison applies only to the formulated curves which may differ 

from comparisons to actual height-growth patterns. 

There are only few data at older ages, thus these comparisons do not indicate which curves more 

closely reflect actual height-growth patterns. The lower bias of the new model at older ages but 

within the range of the data provides more confidence in the extrapolation of these curves. The 

new curves also seem to closely follow the two older Weyerhaeuser plots that extend beyond the 

range of the data included in the analysis (Figure 3). 

Carmean's Adjustment 

The similarity of the new curves and Goudie's curves supports the idea that Carmean's 

adjustment i s  not needed when formulating height-age curves. The difference in fitting 

methodology results in a small difference in the site index associated with a given stem-analysis 

curve. However, the height-age curve constructed using Carmean's adjustment should be exactly 

the same as when the adjustment is not used, but the origin is shifted by 112 year. 3 The only real 

difference in using the adjustment procedure is  how site index is assigned to the stem-analysis 

curve. This small difference then only affects the fitting of the curve as the predictor variable - 
site index - associated with a given curve may change if the adjustment i s  not used. 

When stem-analysis data are adjusted using Carmean's method, the height of the tree at index 

age (50 years on the curve) includes 49-112 years of growth. This occurs at age 50 in the tree. 

When the data are not adjusted using Carmean's method, the height of the tree at index age (50 

years on the curve) includes 50 years of growth, which occurs at tree age 50-112 years. This 

small difference affects only the fitting process - this will not affect application if the definition of 

site index remains the same, i.e., height at age 50 years, when age i s  defined as the number of 

rings included in a section taken at breast height. Thus no practical difference results from 

developing curves where the data are not adjusted using Carmean's method. However, it is 

theoretically correct to use the adjustment under the current definition of site index and we 

suggest that this procedure i s  used as standard practice. 

Personal communication with Gordon Nigh and Jim Goudie, Biometricians, Ministry of Forests, Research Branch. 

March 1994. 
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3.1.3 Prediction of Site Index 

The new height-age curves provide good estimates of site index beyond index age, but give very 

poor estimates below age 1 5 years (Figure 9). This i s  where growth intercepts should be used to 

estimate site index. When used to predict site index from height and age, the 1993 revised 

curves and Goudie's curves show larger differences from the known site index of these stem- 

analysis plots than the new curves. Theoretically, site index should not be estimated using 

height-age functions, however, they are commonly used for this purpose in  B.C. This is 

primarily to maintain compatibility with existing models and equations that use height and age. 

The difference between estimating site index with specifically functions or from height-age curves 

is usually very small, and probably of no practical importance. 

3.1.4 Years to Breast Height 

The relationship between the number of years to reach breast-height and site index did not 

change significantly from the 1993 curves with the addition of the 47 new plots (Figure 10). The 

average number of years to reach breast height (yrbh) can be predicted by: 

[2l yrbh = yrst +0.55+69.4/ SI 

where yrst is the number of years to reach stump height (0.3 m) (assumed as 2 years for lodgepole 

pine) and SI is plot site index. It should be noted this function predicts the year in  which breast 

height i s  reached, not the actual age. The height of 1.3 m will be reached, on average, i n  the 

middle of the year predicted by this function. Thus at the end of the year in which breast height 

is reached the trees wi l l  be taller than 1.3 m. To predict the time to reach 1.3 m, one-half year 

should be subtracted from the time given in  this function. 

1441.~. Thrower & Associates Ltd March 1994 
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Breast - Height Age (yrs) 

Figure 3. Formulated lodgepole pine height-age curves superilnposed over the 106 plot average 

stem-analysis curves. 

45 "1 

Breast - Height Age (yrs) 

Figure 4. The new lodgepole pine height-age curves (solid) colnpared to Goudie's (long-short 

dash) and the 1993 revised curves (short dash). 
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Aae - Corrected Model 

i 

New Model 

4 1 

Figure 5. Residuals of height by breast-height age for the 106 lodgepole pine plots (spider plots) 

for the new curves, Goudie's, and the 1993 revised curves. PosiLive residuals indicate under- 

prediction of the model. 
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Age - Correct4 Model 

New Model 

Figure 6. Mean and two standard errors of height residuals by breast-height age for the 106 

lodgepole pine plots and the new curves, Goudie's, and the 1993 revised curves. Positive 

residuals indicate under-prediction of the model. 
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Ass - Conscted Model 

Naw Model 

-1.00 1 
0 5 1 0  15 20 25 

Sit- Index Cl-a (m) 

Figure 7. Mean and two standard errors of height residuals by 5-m site index class for the 106 

lodgepole pine plots. Positive residuals indicate under-prediction of the model. 
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Figure 8. Difference from the new curves to Goudie's lodgepole pine curves (solid) and the 1993 

revised curves (dashed). Positive residuals indicate over-prediction of height cornpared to the 

new curves. 
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1 .oo - 

Figure 9. Kesiduals of site index predicted l r o ~ n  the lor~nula[cd lodgepole pine curves and the 
tem-analysis data from the 106 sample plots for the new curves (solid), Goudie's (short-long dash) 
and the 1993 revised curves (short dash). Positive residuals indicate over-prediction of the 

0.75 - 
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resloective curve. 
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Figure 10. Average number of years to reach breast height (1.3. m) for the 106 lodgepole pine 
sample plots. 
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3.2 lnterior Spruce 

3.2.1 Formulated Height-Age Curves 

The model describing the average height-age development of the equivalent of 1 OO/ha spatially 

distributed, dominant, undamaged interior spruce trees is: 

(1+e (10.1 654-1.4482 ln(50-0.5) -1.4002 In (SI-1.3))) 

[3 I W = 1.3 + (SI - 1.3) 
(1 + e (1 0.1 654-1.4482 In(A-0.5) - 1.4002 In (SI-1.3)) 

) 

where: H is the average dominant height (m); SI is  site index (average height at breast-height 

age 50 years); and A is breast-height age (yrs). The root mean-squared error (RMSE) of this 

formulation i s  1.02 m. Figure 11 shows the formulated curves superimposed over the 109 plot 

average height-age curves. 

3.2.2 Curve Comparisons 

General Comparison 

Difference between the new curves, Goudie's, and the 1993 curves are relatively small within the 

range of the data (up to age 145 years), however, the curves diverge as age increases (Figures 12, 

13, 14). The pattern of residuals was similar to Goudie's before index age, but more similar to 

the 1993 model after index age (Figures 13, 14). Differences by 5-m site index classes were also 

small, however, the new curves show slightly lower differences from the data in  the 10-m site 

index class (Figure 15). 

Before Index Age 

Differences before index age were small between Goudie's and the new curves (Figure 14). 

Goudie's curves used an origin of 1.3 m at age zero, and the new curves used an origin of 1.3 m 

at age 112 years. However, differences were small when compared using the age of the curve 

(which is consistent with how the curves are applied). The 1993 curves differed from the new 

curves at breast-height age zero because they included an intercept function that explicitly 

defined the height at age zero at various heights as above 1.3 m. The heights described by these 

origins (as a function of site index) correspond to heights at age one year. Thus the heights of the 

origin i n  the 1993 curves were biased by 112 year. 

Extrapolation 

The results suggest that the new curves provide a relatively good description of height-age 

patterns within the range of the data, however, trends suggest that these curves may under- 

. estimate height growth at older ages (Figure 11). When extrapolated to older ages the curves 

diverge (Figures 12, 16). At age 250 years, Goudie's curves under-estimate the height of the new 

curves by  about 1 m for site index 10, about 2 m for site index 20, and about 3 m for site index 

30 m. Differences between the new curves and the 1993 curves were large in the first 10  years at 
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site index 10, but were small for other sites and ages (Figure 16). There are no data at these older 

ages, thus these comparisons do not indicate which curves more closely follow actual height-age 

patterns. 

3.2.3 Prediction of Site Index 
The new curves did not predict the site index of the sample plots significantly better than 

Goudie's curves, however, they were somewhat better than the 1993 curves (Figure 17). All 

three curves probably give poor estimates of site index at older ages (beyond the range in these 

data) and under-estimate true site index. The convergence of the curves at older ages (Figure 11) 

means that differences in measured height of sample trees will result in proportionately larger 

differences in site index. Most height-age curves do not converge at older ages (e.g., the new 

pine curves - Figure 3), thus the application of these curves i s  more sensitive to errors in height 

measurements. 

3.2.4 Years to Breast Height 
The number of years to reach breast height did not change from the 1993 curves as the same data 

were used in this formulation (Figure 18). The average number of years for the three or four trees 

in each plot to reach breast height can be estimated as: 

[4] yrbh = yrst + 0.38 + 11 7.34 / SI 

where yrst is the number of years to reach stump height (0.3 m) (usually assumed to be 4 years for 

interior spruce) and SI is  plot site index. As noted for pine, this function predicts the year in 

which breast height is reached, not the actual age. The height of 1.3 m will be reached, on 

average, in the middle of the year predicted by this function. Thus at the end of the year in 

which breast height is reached the trees will be taller than 1.3 m. To predict the time to reach 

1.3 m, one-half year should be subtracted from the time given in this function. 
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Breast - Height Age (yrs) 

Figure 11. Formulated interior spruce height-age curves superimposed over the 109 plot average 

stem-analysis curves. 

Breast - Weight Age (yrs) 

Figure 12. The new interior spruce height-age curves (solid) compared to Goudie's (long-short 

dash) and the 1993 revised curves (short dash). 
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An0 - Corrected Model 

New Model 

Figure 13. Residuals of height by breast-height age for the 109 interior spruce plots (spider plots) 

for the new curves, Goudie's, and the 1993 revised curves. Positive residuals indicate under- 

prediction of the model. 
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me - Con-ted Model 

Figure 14. Mean and two standard errors of height residuals by breast-height age for the 109 

interior spruce plots and the new curves, Goudie's, and the 1993 revised curves. Positive 

residuals indicate under-prediction of the model. 
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Age - Corrected Model 

New Model 

Figure 15. Mean and two standard errors of height residuals by 5-m site index class for the 109 

interior spruce plots. Positive residuals indicate under-prediction of the model. 
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Site Index 20 

Figure 16. Difference from the new curves to Goudie's interior spruce curves (solid) and the 

1993 revised curves (dashed). Positive residuals indicate over-prediction of height compared to 

the new curves. 
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Breast - Height Age (yrs) 

Site Index (m) 

Figure 17. Residuals of predicted site index from the formulated interior spruce curves from the 

stem-analysis data from the 109 sample plots for the new curves (solid), Goudie's (short-long 

dash) and the 1993 revised curves (short dash). 

Figure 18, Average number of years to reach breast height (1.3. m) for the 106 interior spruce 

sample plots. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Lodgepole Pine 
The new lodgepole pine curves do not differ largely from Goudie's curves, and differ significantly 

from the 1993 curves only at age zero. However, the new curves may better reflect actual height- 

age patterns when extrapolated to older ages beyond the range in development data. The new 

curves also provide improved estimates of site index. These curves were developed on a large 

database of trees sampled across B.C., thus should provide good representation of average height- 

growth patterns throughout the Province. Although differences are small from the former curves, 

the new curves should provide for slightly better predictions of height and site index, thus we 

recommend that the new curves are implemented in Ministry Growth and Yield Programs. 

4.2 lnterior Spruce 
The new interior spruce height-age curves differ from Goudie's and the 1993 curves primarily at 

older ages, and the 1993 curves are biased at breast height age zero. These new curves were 

developed from a large database of stem-analysis plots sampled throughout the Province, thus 

should provide good representation of average height-age development of dominant, undamaged 

trees in B.C. The largest difference in these curves i s  at older ages extrapolated beyond the range 

of the data. Thus comparisons do not indicate which curves more closely follow actual height- 

growth patterns at older ages. However, residual patterns within the range of the data suggest 

that the best extrapolations are provided by the new curves. Thus we recommend that these new 

curves are implemented in Ministry Growth and Yield Programs. 

4.3 Further Development 

4.3.1 Stem-Analysis Data 

More stem-analysis data are needed for the further development of height-age curves for both 

spruce and pine. However, further work on these curves should concentrate on defining the 

growth patterns at older ages. There are more than enough data below index age to adequately 

describe average height-growth patterns of dominant, undamaged spruce and pine trees in B.C. 

However, there are currently not enough data beyond 125 years of age to model height growth. 

Further efforts in collecting stem-analysis data should be directed toward stands greater than 150 

years of age. Additional data for younger trees should be used only for validation of existing 

curves. 

The ability of the curves to accurately reflect height growth at ages beyond 150 years is of critical 

importance to forest management in B.C. The problem i s  most severe for interior spruce where 

almost one-half of the forested area is greater than 150 years of age (Table 4). The new interior 

spruce curves were formulated for data up to only 145 years, which therefore only applies to 
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approximately one-half of the spruce forests in  the interior. The problem is less severe for pine, 

however, there is still about 10% of the land area greater than 150 years of age. 

Table 4. Approximate area (ha) by Forest Region for lodgepole pine and interior spruce greater 
than 150 years of age. 

Lodgepole Pine Interior Spruce 
Forest Total Area Area Area % Total Area Area Area % 
Region (ha) >I50 yrs >I50 yrs (ha) >I  50 yrs >1 50 yrs 

Nelson 901,792 46,962 5% 509,259 308,857 61 % 

Prince Rupert 2,405,664 41 7,282 17% 1,764,454 1,009,088 57% 

Prince George 4,985,025 409,084 8% 5,294,328 2,128,083 40% 

Kamloops 1,343,886 142,681 1 1 % 564,950 372,008 66% 

Cariboo 3/61 4,128 548,040 15% 51 7,982 300,391 58% 

Total 13,250,495 1,564,049 12% 8,650,973 4,118,427 48% 

4.3.2 Curve-Fieing Mefhods 
This and previous studies have revealed the inability of the modified logistic function to 

accurately model height growth at early ages using the non-linear least squares fitting method. 

The model seems to take a more curvilinear shape immediately after breast height than actual 

height-age patterns to assume a shape more compatible with the data at older age. Efforts should 

be made to examine other models that are more capable of describing these early growth 

patterns. However, first a study should be conducted to examine the potential effects of these 

small difference in predicted height. Possibly the small bias in existing curves has no practical 

effect for field application or modeling. 
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