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Abstract

Data from the Site Index – Biogeocli-
matic Ecosystem Classification (sibec) 
project show that estimated site index 
declines with breast height age for 
some species. Since the true site index 
should be independent of age, this 
trend requires some investigation. 
This project looks at the effect of time 
trends in tree dominance (based on 
tree diameter) on site height and site 
index. Experiment ep165 provided 
Douglas-fir (Pseudotsuga menziesii 
var. menziesii) data and a young stand 
monitoring sample provided data for 
lodgepole pine (Pinus contorta var. 
latifolia) and interior spruce (Picea 
glauca × P. engelmannii). Site height 
and site index both declined slightly 
as the stand aged, but not enough to 
cause the amount of decline noted 
with these data and elsewhere. As this 
analysis is not definitive, further work 
on this issue should be considered.

Introduction

Site index in British Columbia is 
based on site height and breast height 
age, where site height is the height of 
a site tree. A site tree is the largest-
diameter tree of the target species in 
a .1-ha plot, provided it has other 

characteristics that ensure that the 
height growth of the tree reflects the 
productivity of the site (B.C. Ministry 
of Forests and Range 9). Several 
models exist to estimate site index. 
One of these, the Site Index – Bio-
geoclimatic Ecosystem Classification 
(sibec) model, correlates site index 
to biogeoclimatic site series (Mah and 
Nigh 3). A downward trend in 
estimated site index in the sibec data 
has been noted for some species when 
estimated site index is plotted against 
breast height age. However, the true 
site index should be independent of 
age, making this trend an issue that 
needs closer examination.

One possible cause of this trend in 
site index is a time trend in dominant 
height (Magnussen and Penner 1996). 
A time trend in dominant height oc-
curs when trees change their degree of 
dominance over time. In the context 
of site index in British Columbia, 
dominance is the rank of a tree in the 
diameter distribution for the target 
species. Since a site tree is the largest-
diameter tree of the target species, any 
change in its dominance will terminate 
its status as a site tree and a tree with a 
historically lesser dominance will be-
come the site tree. A change in domi-
nance could happen, for example, if a 
site tree died or its growth slowed due 
to some factor such as insect attack. 





Under the assumption that trees with 
greater dominance are faster growing, 
site index would decrease if a less 
dominant tree became the site tree. 

This possible source of the trend 
in site index is examined in two ways. 
The effect of changes in dominance on 
site height is examined with coastal 
Douglas-fir (Pseudotsuga menziesii 
var. menziesii) data. A decrease in site 
height over time will lead to a decrease 
in site index since site height and site 
index are positively correlated for a 
given age. Lodgepole pine (Pinus con-
torta var. latifolia) and interior spruce 
(Picea glauca × P. engelmannii) data are 
also examined to determine the effect 
on site index if the largest-diameter 
tree loses its status as the site tree and 
the second, third, or fourth largest-
diameter tree becomes the site tree.

Data

The Douglas-fir data come from 
ep165, a thinning and pruning 
experiment (de Montigny and Nigh 
14) near Chilliwack, British Colum-
bia. This experiment has two blocks 
of 8 × .1-ha plots, giving 16 plots in 
total. The trees were 11 or 1 years old 
when the experiment was established 
and the plots were re-measured for di-
ameter and height at 4-year intervals 
from 199 to 1. The treatments 
were applied before the first mea-
surement was taken. Therefore, the 
first measurement reflects the post-
treatment diameter distribution.

The lodgepole pine and interior 
spruce data come from a young stand 
monitoring (ysm) project (B.C. Min-
istry of Forests, Lands and Natural 
Resources Operations 16) around 
Prince George, British Columbia. The 
.4-ha ysm plots were established on 
a 1 × 1 km grid. In addition to the 
standard measurements, the top four 
(or three if four trees were not avail-
able) largest-diameter trees of each 
species within one .1-ha sector of 
the plot were measured for diameter, 

height, and breast height age. The field 
crews noted whether the additional 
trees were valid site trees (i.e., they 
had all the characteristics of a site tree 
except for being the largest-diameter 
tree of the target species). The growth 
intercept models for lodgepole pine 
(Nigh 1997) and interior spruce (Nigh 
4) were used to estimate site 
index from the height and age of each 
tree. There were 145 lodgepole pine 
observations and 154 interior spruce 
observations. 

Methods

The Douglas-fir data analysis examines 
the percent difference between the site 
height at each measurement and the 
average height of the trees that were 
identified as being site trees at the last 
measurement in 1. The basis of this 
analysis is that this difference would 
be zero if the site trees did not change 
their dominance as the stand aged and 
values that are different from zero are 
due to a change in dominance over 
time. Any increase or decrease in site 
height would have a parallel increase 
or decrease in site index.

The data were analyzed by first 
calculating the site height for each plot 
at each measurement. The trees were 
sorted by descending diameter for each 
plot and measurement. Site height was 
calculated in two ways: as the average 
height of the 1 largest-diameter trees 
(sh1, corresponding to one tree per 
.1 ha, which is roughly equivalent 
to the definition of site height in Brit-
ish Columbia) and the height of the 
largest-diameter tree in the plot (sh1). 
Two versions of  site height were cal-
culated because sh1 does not respond 
to changes in tree dominance the 
same way that site height as defined 
in British Columbia would, which 
would respond more like sh1. To see 
this, suppose that trees ranked 1 and 
 switched positions in the diameter 
ranking. This would have no effect 
on sh1 because both trees are still 

site trees but it would have an effect 
on sh1. sh1 and sh1 are baseline site 
heights for this analysis, although nei-
ther meets the standard definition of 
site height (see opening paragraph for 
this definition). Next, the site trees in 
1 were identified, and for all plots 
and measurements, the average heights 
of the largest-diameter and of the 1 
largest-diameter cohort of 1 site 
trees were calculated, giving variables 
ah1 and ah1, respectively. The per-
cent difference between the site height 
and the average height of the 1 
site trees at each measurement was 
calculated as 1 × (sh1 – ah1) ÷ sh1 
or 1 × (sh1 – ah1) ÷ sh1 for each 
plot. The plot-level percent differences 
were then averaged by measurement. 

The ysm data were analyzed as a 
completely randomized design with 
diameter rank (first, second, third, and 
fourth) as a categorical predictor vari-
able and site index as the response. The 
two species were analyzed indepen-
dently of each other. Procedure mixed 
in sas (sas Institute Inc. 11) was 
used for the analysis. The data were 
analyzed in two ways: with all trees 
and only with trees identified as being 
valid site trees. All trees are analyzed 
under the assumption that whatever 
was invalidating the tree as a site tree 
at the time of measurement may 
not be apparent in later years. This 
may happen, for example, if the tree 
moved from an intermediate crown 
class into a dominant or co-dominant 
crown class, or if some minor stem 
damage had occurred that would not 
be visible in the future due to stem 
radial growth. The null hypothesis 
for these analyses is that site index is 
the same across the top four ranked 
trees and the alternative hypothesis is 
that there is a difference in site index 
for at least one of the top four ranked 
trees. This analysis shows the change in 
site index that would occur if the site 
tree changes over time, assuming that 
the site index expressed by each tree 
remains constant over time.
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Results

The results for the Douglas-fir analy-
sis are in Table 1. This table shows 
the percent difference between sh1 
and ah1 and between sh1 and ah1 
for the six measurements. A positive 
value indicates that the site height of 
the site trees at the measurement is 
greater than the average height of the 
cohort of trees identified as being site 
trees in 1. The percent difference 
for the 1 measurement is zero be-
cause the site height and the average 
height of the cohort of 1 site trees 
are the same for this measurement. 
These results indicate that the site 
index will drop slightly over a -year 
period as the site trees switch domi-
nance because the site height in 199 
is greater than the average height of 
the cohort of trees that were identi-
fied as being site trees in 1. The 
percent change in site height is more 
variable when one site tree is selected 
as opposed to 1 site trees.

The results of the analysis of the 
ysm data for lodgepole pine and 
interior spruce are in Table . This 
table presents the means and their 
standard errors for the site indexes of 
the four largest-diameter trees by di-
ameter rank and species. Results are 
for all trees and for only those trees 
that were identified as being valid site 
trees. The only significant difference 
(α = .5) in site index between the 
ranks is for all lodgepole pine trees 
(i.e., both site trees and non–site 
trees). In this case, the site index 
from the largest-diameter tree is dif-
ferent from the site index from the 
third and fourth ranked trees. Nev-
ertheless, there is a slight downward 
trend in site index for both species as 
site index is estimated with progres-
sively smaller-diameter trees.

Discussion/Conclusion

The results of this study show that 
changes in tree dominance may 

contribute to a downward trend in 
site index as age increases. However, 
both analyses indicate that changes 
in tree dominance have only a small 
effect on site height and site index. 
A plot of the ysm data shows that 
the trend in site index with age for 
interior spruce is strong but is non-
existent for lodgepole pine (Figure 
1). For the spruce data in Figure 1, 
the site index decreases by about 
.5 m/yr—a substantial decrease. 
Therefore, the data analysis does not 
support the notion that this kind of 
decrease in site index is occurring 
due solely to changes in tree domi-
nance. There must be other factors 
at play that contribute to this trend. 
This analysis is relatively small and is 
not definitive. The ysm plots should 
be monitored over time and a more 
detailed look at the site trees may 

reveal the cause in the trend in site 
index, particularly for the spruce site 
trees since they exhibit a strong trend 
in site index (Figure 1). 
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table 1 Results of the Douglas-fir analysis. The average and standard deviation (sd) of 
the percent change in site height as compared to the average height of the 2010 
cohort of site trees are shown by measurement. The results for both methods of 
selecting site trees (i.e., based on one and 10 trees) are presented.

One site tree 10 site trees
Measurement 

year Average sd Average sd
1990 0.79 8.91 1.86 4.15
1994 –0.14 10.50 0.57 3.03
1998 1.38 6.66 –0.24 1.79
2002 –0.37 2.44 –0.56 1.44
2006 0.61 1.79 –0.09 0.59
2010 0.00 0.00 0.00 0.00

table  Results of the ysm data analysis. The mean and its standard error (se) of the site 
indexes for the first, second, third, and fourth largest-diameter trees for all trees. 

Lodgepole pine Interior spruce

All trees Valid site trees All trees Valid site trees

Diameter 
rank Mean se Mean se Mean se Mean se

First 20.91 0.34 21.10 0.35 23.13 0.70 23.65 0.80
Second 20.59 0.34 20.85 0.35 22.94 0.69 24.06 0.77
Third 19.82 0.34 20.10 0.35 22.60 0.69 23.81 0.81
Fourth 19.66 0.36 19.95 0.37 22.23 0.74 23.50 0.83
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