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INTRODUCTION
In 1997 the Transition Zone Working Group
(TZWG)1  initiated a study of  plantation perform-
ance in the Coast-Interior Transition, which is in
the Sub Maritime Seed Planning Zone on the
south coast of British Columbia (BCMOE and
BCMOF 1995). Free-growing survey data��sup-
plemented by data from measurements of  se-
lected plantations�were gathered and analyzed.
The study involved the creation of  a plantation
performance database containing information
about stocking, growth, and vegetation. The da-
tabase is described in Scagel et al. (2001) and Hunt
(2002). The database has continued to expand,
and emphasis on height growth has increased. The
main objective of  the database is to develop a
tool for assessing plantation performance rela-
tive to similar plantations.

This Extension Note describes results of  the
database updates, presents examples of   height/
age and diameter/age curves, describes a
downloadable charting tool Normals02.xls, and
recommends steps for further development of
the database.

2002 RESULTS
Since 2000, the database has grown by about 60%
and now contains over 72 000 height measure-
ments (Table 1). Additional data were obtained
from operational free-growing surveys, compli-
ance surveys, and targeted surveys funded by the
Forest Investment Account. In general, trees were

measured as follows: 20 sample trees closest to
plot center per strata, plus the tallest trees per plot.
Three height increments were usually measured
for each tree species of  determinate growth. Origi-
nally, all the data came from Squamish Forest
District, but since 2000, data from Chilliwack
Forest District have been added.

Most of the sample trees are <10 years old (Fig-
ure 1), and variability increases considerably for
sample trees >8 years old.

The majority of  the measured trees are planted
(72%), although Ba, Hw, Hm, and Pli are predomi-
nantly natural (Table 2).

The database consists of  70% sample trees and
30% tallest trees (Table 3). In some cases, the sam-
ple and tallest trees are the same. The dataset of
tallest trees generally shows a level of  high per-
formance. However some site series have small,
variable datasets of  tallest trees. And, in a few
instances, the mean heights of  sample trees can
be greater than the mean heights of  the tallest
trees.

CHARTING TOOL NORMALS02.XLS
A calculator Excel file, Normals02.xls for generat-
ing height/age and diameter/age charts is avail-
able from the Squamish Forest District website
at: http://www.for.gov.bc.ca/vancouvr/district/
squamish/Silviculture/SilvStart.htm.

Users can plot data from sample plantations
against the average height/age curves for selected
site series and species. Some diameter/age curves
are also included. This plantation assessment tool
is a decision aid for determining if  treatments may
be required. It also has value as a due diligence
step for confirming that a plantation is on track
and does not require an intervention.
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1 The Transition Zone Working Group is a collective of
representatives from government and industry that was
formed in 1990 to improve silviculture in the Coast-Interior
Transition, exchange ideas and reports, and co-ordinate
research trials and other co-operative efforts.
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An example showing a sample plantation plotted against the
database average height is shown in Figure 2 where plantation
92G089-503 is growing near the lower standard deviation for
Fdc in the CWHds1 01. The lower standard deviation of  the
database mean crosses just below 225 cm at Year 11. The plan-
tation may achieve minimum height at late free growing. Fur-
ther monitoring is likely required to ensure that the plantation
continues on track. If  there is a likelihood that problems exist,
an intervention would be prudent.

Some example height/age and diameter/age curves modified
from Normals02.xls are shown in Appendix A. Table 4 shows an
overview of  the curves in Appendix A, including sample sizes
and calculations for the year at which minimum heights are ob-
tained in relation to the Vancouver Forest Region Establishment to
Free Growing Guidebook (BCMOF and BCMOE 2000).

Analysis of  the database showed there are five site series/spe-
cies combinations where minimum heights are reached after early
free growing: Fdc in the CWHms1 01, ms1 04, and ms1 06; and
Ba in the CWHvm2 04 and vm2 05. There are 38 combinations
where minimum height is reached at or before early free grow-
ing. These calculations are based on average tree ages, with no
allowance for regeneration delay (RD=0). Normals02.xls includes

an adjustment for regeneration delay which can move the en-
tire curve over by the selected number of  years.

Using a regeneration delay of  one year, it is estimated that 16
out of  50 site series/species combinations will have a lower
standard deviation that does not exceed the Guidebook mini-
mum height at late free growing. It should be noted that in
many cases, the 150% brush rule is more constraining than mini-
mum heights in achieving free growing, but information on the
height of  surrounding brush is not included in the database.

The curves in Normals02.xls and Appendix A are not smooth
and often have dips or bumps. These bumps are largely due to
splicing data from different eras, different management regimes
and natural variation among sites. To improve their look, the charts
in Appendix A have been modified by editing out some of  the
later years that have small sample sizes and high variation.

Normals02.xls allows the user to select and compare the per-
formance of  sample trees and tallest trees. Planted and/or natu-
rally regenerated trees can also be selected. The charts in Ap-
pendix A show sample planted trees for Cw, Fdc, and Sx, and
sample natural trees for Ba.

DATABASE GAPS AND FURTHER SAMPLING
There has been considerable discussion about what constitutes
a stable curve, and the suitability of  average growth curves.
Scagel et al. (2001) originally recommended 20 strata and 20
trees/strata for stable curves. Earlier versions of  the TZWG
height normals calculated the average of  all trees pooled over
all surveyed trees (e.g., sample and tallest trees) for each year
(Scagel et al. 2001). There was some discussion in the group
about combining sample and tallest trees as previously reported
since this biases the average growth upwards.

citamilcoegoiB
enozbus aerA

)ah(
atartS
).on(

seerT
).on(

thgieH
stnemercni

).on(
mdHWC 555 67 0281 2765

1sdHWC 1312 512 6044 68231

1smHWC 9016 534 5719 07072

1mvHWC 612 52 745 0451

2mvHWC 526 25 9631 5544

mxHWC 062 81 974 659

wmFSSE 504 25 9021 7304

wwFDI 177 101 1522 9697

1mmHM 274 72 528 8992

2mmHM 5701 75 6641 1134

latoT 91621 8501 74532 49227

Table 1. Summary of sample sizes in the TZWG plantation
performance database.

Figure 1. Age distribution of height increments.

Table 2. Distribution of planted and naturally regenerated
trees.
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To avoid inefficient use of  resources, further additions to the
database to fill gaps should be targeted to priority site series and
species. Effort should be concentrated on sites series where there
are existing large sample sizes with gaps, where significant har-
vesting has occurred, and where problems achieving free grow-
ing are anticipated.

It is recommended that any further development of  the data-
base should focus on the dataset of  planted and sample trees.

Emphasis should be placed on site series/species combinations
where the lower standard deviation of  the mean is not expected
to surpass minimum height at late free growing, given a regen-
eration delay of  one year.

Emphasis should be placed on site series/species combinations
where there are less than 20 strata, fewer than 400 increments,
and preferably standard error of  the mean is greater than 10.
Currently there are 10 �stable� site series/species combinations
that have greater than 20 strata and 400 increments with a stand-
ard error less than 10 up to age 8. One should consider that the
database is the best available information, and the standard er-
ror criteria may not require heavy weighting in some cases.

CONCLUSIONS
This database is a very large compilation of  tree growth data
from the Coast-Interior Transition, which is in the Sub Mari-
time Seed Planning Zone on the south coast of British Colum-
bia (BCMOE and BCMOF 2000). The main objective of  the
database is to provide a tool for assessing plantation perform-
ance relative to similar plantations. Users can download the chart-
ing tool Normals02.xls from the Squamish Forest District website
and plot data from sample plantations against the average height/
age or diameter/age curves for selected site series and species.

Example charts for the main site series/species combinations
are shown in Appendix A. This plantation assessment tool is a
decision aid for determining if  treatments may be required. It
also has value as a due diligence step for confirming that a plan-
tation is on track and does not require an intervention.

Table 3. Distribution of sample trees and tallest trees.

citamilcoegoiB
enozbus

etiS
seires

seertelpmaS
).on(

seerttsellaT
).on(

seertlatoT
).on(

mdHWC 10 0841 427 4022

mdHWC 20 901 901
mdHWC 30 331 35 681

mdHWC 50 2961 378 5652
mdHWC 70 103 703 806
1sdHWC 10 1026 0151 1177
1sdHWC 30 6981 967 5662
1sdHWC 40 932 041 973
1sdHWC 50 208 114 3121
1sdHWC 60 291 59 782
1sdHWC 70 905 761 676
1sdHWC 90 313 32 633
1sdHWC 21 01 01 02
1smHWC 10 77021 0605 73171
1smHWC 20 37 82 101
1smHWC 30 626 032 658
1smHWC 40 5362 7561 2924
1smHWC 50 7741 548 2232
1smHWC 60 6911 458 0502
1smHWC 70 381 97 262
1smHWC 80 3 3 6
1smHWC 11 64 2 84
1mvHWC 10 114 124 238
1mvHWC 30 63 93 57
1mvHWC 50 162 931 004
1mvHWC 60 901 111 022
1mvHWC 41 7 6 31
2mvHWC 10 9481 447 3952
2mvHWC 30 042 221 263
2mvHWC 40 272 601 873

2mvHWC 50 803 682 495
2mvHWC 60 242 99 143
2mvHWC 70 88 14 921
2mvHWC 90 14 71 85

mxHWC 10 759 759
wmFSSE 10 7412 7801 4323

wmFSSE 30 78 75 441
wmFSSE 40 06 06 021
wmFSSE 50 522 281 704
wmFSSE 60 021 021
wmFSSE 70 6 6 21

wwFDI 10 6863 3111 9974
wwFDI 20 731 401 142
wwFDI 30 0241 576 5902

wwFDI 40 184 851 936
wwFDI 50 77 27 941
wwFDI 60 92 71 64

1mmHM 10 9451 558 4042
1mmHM 20 53 72 26
1mmHM 30 902 91 822
1mmHM 40 04 04 08
1mmHM 50 611 211 822
2mmHM 10 4532 7701 1343
2mmHM 20 05 05 001
2mmHM 30 64 73 38
2mmHM 40 514 78 205

2mmHM 60 03 03 06
2mmHM 80 001 53 531

latoT 33405 17812 40327

Ave ra g e  T re e  He ig h t

0

50

100

150

200

250

300

350

400

450

500

1 2 3 4 5 6 7 8 9 10 11 12

Age  (y)

H
e

ig
h

t 
(c

m
)

CW Hds 1 01 Fdc Databas e  mean Min. h t.

Ear ly  FG Late FG 92G089-503

Figure 2. Example assessment of plantation 92G089-503.
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Table 4. Summary of height/age and diameter/age charts in Appendix A.
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koobediuG sdradnatS
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GFE
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)mc(
mdHWC 10 cdF P 42 0911 042 7 8 11 003

50 cdF P 33 4431 723 8 8 11 004
70 cdF P 8 351 8 8 11 004

1sdHWC 10 wC P 34 492 5 8 11 051
cdF P 08 1613 668 7 8 11 522

30 cdF P 73 9021 793 6 8 11 051

1smHWC 10 aB N 811 7461 5 8 11 57

wC P 621 716 6 8 11 051
cdF P 061 1363 439 9 8 11 522

xS P 301 0823 965 6 8 11 001

40 wC P 71 743 451 8 8 11 002

cdF P 91 226 181 11 8 11 003

xS P 12 306 8 8 11 521

2mvHWC 10 aB N 32 868 8 11 41 571

wmFSSE 10 xS P 63 2641 434 8 21 02 001

wwFDI 10 cdF P 24 9181 583 6 9 51 051
30 cdF P 12 455 7 8 51 051

1mmHM 10 aB N 91 1011 5 51 02 06

2mmHM 10 aB N 03 404 4 51 02 06
10 xS P 82 5321 5 51 02 001
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APPENDIX A.
HEIGHT/AGE AND DIAMETER/AGE GROWTH CURVES

FOR SAMPLE TREES OF SELECTED SUBZONES, SITES SERIES AND SPECIES
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Squamish Forest District, Vancouver Forest Region, 42000 Loggers Lane, Squamish, BC, Canada, V0N 3G0, 604-898-2100
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Squamish Forest District, Vancouver Forest Region, 42000 Loggers Lane, Squamish, BC, Canada, V0N 3G0, 604-898-2100
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Squamish Forest District, Vancouver Forest Region, 42000 Loggers Lane, Squamish, BC, Canada, V0N 3G0, 604-898-2100
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Squamish Forest District, Vancouver Forest Region, 42000 Loggers Lane, Squamish, BC, Canada, V0N 3G0, 604-898-2100
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Squamish Forest District, Vancouver Forest Region, 42000 Loggers Lane, Squamish, BC, Canada, V0N 3G0, 604-898-2100
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