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Abstract
To assess the growth of the uneven-aged stands of Douglas-fir in lhe Interior Douglas-fir zone of British
Columbia, and the factors innocncing the growth, dala from 92 permanent sample plots were obtained.
Volwnes rnnged from 3 to 496 m1/ha. with a mean of 94 m1Jha. Annual growth rotes varied from ·1.8 to 9.5
m3jha, with a mean of 3.3 m3/ha. Factors included in the analysis were the following: harvesting method (three
classes), biogcoclimatic sub7..onc (two classes), time since harvest, and the stand variables of lrcCS per ha. basal
area per ha, and quadratic mean diameter. Statistical analyses and visual examinations of scauergmms were
applied to plot data compiled according LO two utilization limits: uees with a diamclCt of9.1 em and larger. and
trees with a diameter of 17.5 em and larger.

For the 9.1-cm utilization limit data, results of analyses of covariance indicated significant differences
among harvcsting methods and biogcoclimatic subzones. The data were accordingly divided into four groups
with statistically significant differences. A volume growth equation was next derived for each group using the
stand variables as independent variables. For two groups (stands harvested using the diameter limit method. and
unharvested stands in the dk biogeoclimabc subzone), the number of trees per ha was statislically signifK:allt
while for a third group (unharvested stands in the xh biogeoclimatic subzone), the number of IreeS per ha as
well as quadratic mean diameter were significant Another group (stands harvested using the faller's selection
melhod) had no significant independent variables. Considering this result. and since the data base for the
faller's selection method included only nine plots with considerable variability in volume growth, this method
was excluded from further analysis.

For the 17.5-em utiliz.a1ion limit data, only three groups had statistically significant differences. One of
these groups, stands harvested using the faller's selcction method. was subsequently excluded from further
analysis for the reasons stated above. For the remaining two groups (stands harvested using the diameter limit
method. and unharvested stands), only the number of trees per ha was statistically significant.

While some trends are apparent. they are not well defined and the accuracy of the growth predictions is
low; this result is attributed to defteiencics in the data and to natural variability within stands in the interior
Douglas-flf zone.

i.



Resume
Pour tvaJuer la vilesse d'accroissemcnt de pcuplcmcnls de Douglas d'agcs differenlS dans la zone inttrieure de
la Colombic-Srilannique et Ics (aetcurs pouvant innucr sur eet accroissemcnl, des donrltcs ont cte recueillies!J.
pamr de parcclles-&:hanLillons pcrmanentes. Le cubage variait de 3 fA 496 m]/ha. la moyenne etan! de 94
mJ/ha. Le 13UX d'accroissement annuel variail entre -1,8 CI 9.5 mJ/ha, la moyenne elam de 3.3 mJjha.
L'analysc teoait compte des facteurs suivants : methode de nXolte (trois types). sous-zone bio~limatique

(deux types), temps Ccoule depuis la demiere recolte, variables de peuplcmenl par unite d'hect.are, surface
tcmere par unite d'hecwe et diamette de Ia lige de surface terrib-e moyenne. Des analyses Slatistiques et des
cxamens visuels des diagrammes de dispersion ont eft appliquts aux donotes recueillies sur les parcelles
recoll.6es selon deux types de coupe au diamctre minimal: 9,1 em de dia.mtJe el plus. ct 17,5 em et plus.

Dans Ie cas des coupes au diamtue minimal de 9.1 cm, les rtsuhats des anaJyses de la covariance micnt
sensiblcment dimrents d'une ~Ihodede recolte , I'autre et d'une sous-zone biog6x:limatique 1t I'autre. Les
donntes furcnt done rtpanies en quatre groupes de coupe presentam des 6cans statistiquemefll significatifs.
line 6quation de I'accroisscment du eubage a ensuite CtC formul6e pour chacun de ces groupes, les variables de
pcuplcment ttant prises comme variables indCpendantes. Pour deux de ces groupes (peuplernents recoltes scion
la mtthode de coupe au diarnetre minimal et pcuplernents non recoltts dans la sous·zone biogeoclimatique dk),
Ie nombre d'arbres par unitt d'hecwe ctait statistiquemcnt signirIC3tif alors que pour un troisibne groupe
(pcuplemenlS non recoltts dans la sous-zone biogOOclimatique xh), Ie nombre d'arbres par unitt d'hectare et Ie
diarnetre de la Lige de surface terrierc moyenne ctaient significatifs. Le qua~megroupe (pcuplements r6c0Jtes
scion la methode de 5tlection par Ie bueheron) ne prtscntait aueune variable indtpendante significative.
Compte tenu de ces resultats et Ciani donne que la base de donnees concernant Ies peuplements recohts scion la
methode de s6lection par Ie bUcheron n'avait e16 constiture qu'l!: partir de neuf parcclles caracterisees par des
Ccarts d'accroissemenl consid&ables, I'analyse de cette m6thode de recolte n'a pas tlt poursuivie.

Dans Ie cas des coupes au diametre minimal de 17,5 em, seuls trois groupes de donRl~.es presentaiem des
6carts Staustiquement significaufs. L 'analyse de I'un de ces groupes (peuplements rtcoltts scion la methode de
s6lccLion par Ie bucheron) ne fut pas poursuivie pour les m!mes raisons que ej·dcssus. L'analyse des deux
aulres groupes (peuplements recoltts selon la methode de coupe au diamclrC minimal et peuplemems non
r6cohes) revela que seulle nombre d'arores par unite d'hectare etait statistiquement significatif.

Si certaines lendances ont po elre degagees de cene analyse, cclles·ei ne sont pas nettcmcnt dCfinies et Ie
degre d'cxaculude des previsions d'occroisscmcnt est rclativemenl bas du fail des dCficiences des donnees et de
la variabilitc nalurelle des pcuplemenls a I'inltrieur de la zone de Douglas in16rieure.
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Introduction
Douglas-fir (PseudotJuga menzies;i (Mirb.) Franco
var. glauca) is a commercially imponam species in
the British Columbia interior. It has been harvested
extensively during the last half century, mosl1y for
lumber. Harvesting methods have ranged from high
grading through diameter limit cutting (Q the current
faller's selection method.

The interior Douglas-fir occurs naturally in
uneven-aged siands and should be managed
accordingly. Better knowledge of the growth and
silviculture of the Douglas-fir is necessary to manage
these stands properly, and to increase productivity
and economic returns. However, lhe scarcity of
pennancnt sample plOLS and research installations has
resulled in a lack of reliable infonnaLion.

The purpose of this study is to develop a data
base containing Douglas-frr stand growth data, to use
this data base to assess the effect on stand growth of
differences in harvesting method, time since harvest,
site quality and selecLed stand parameters, and \.0 use
the outcome of the assessment to derive a simple
stand growth model.

The study is IimiLed in scope to pure Douglas-flf
stands in the dry belt of the British Columbia interior.
Site quality assessment is Iimiled by data scarcity \.0

the two main biogcoclimatic subzones, IDF (Interior
Douglas-fir) dk and xh (Lloyd et ai. 1989). Stand
parameters comprise number of stems, basal area,
and quadratic mean diameter. The harvesting
methods category comprises the faller's selection
method, Lhe diameter limit method (all trees above a

specified diameter arc harvested), and no harvest. In
the faUer's selection method, trees may be removed
throughout the entire range of diameters. The main
objective of the faller's selection method is to
develop an uneven-aged stand that can support
integrated forest land usc (Johnstone 1985).

The Interior
Douglas-fir Zone

The main portion of the lDF zone is situaLed in Lhe
Fraser and Thompson Plateaus, extending from
Williams Lake in the nonh to the southern end of the
Okanagan Valley (Figure I). To the east, a narrow
band follows the Columbia River. The total area is
approximately 4.5 million ha.

The IDF zone has been described by the British
Columbia Ministry of ForcsLS (1988). It is the second
warmest forest zone of the dry soulhern interior,
occurring in the rain shadow of the Coasl, Selkirk
and Purcell mountains. Douglas-fir is Lhe dominant
tree species. Fires have frequently resulted in even
aged lodgepole pine (Pinus contorla Doug!. var.
laLifolia Engelm.) stands at higher elevations, and
ponderosa pine (P. ponderosa Laws.) is the common
seral tree of the lower elevations. Pinegrass
(Calamagroslis spp.) and feathermosses
(Hylocomium splendens (Hedw.) B.S.G.),
Pleurotium schreberi (Brid.) Milt.), Ptifium crista
caslrensis (Hedw.) De NoL) dominate the
understory. Soopolallie (Shepherdia canadensis (L.)
NutL) and kinnikinnick (Arctostaphylos uva-ursi (L.)
Spreng.) are common shrubs. Along its drier limits,
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Figure 1: Interior Douglas-fir Zone. (Circled numbers indicate number of plots in thmlocaLion.)



the zone often becomes savannah-like, supporting
bunch grasses including rough fescue (Festllca
scabrella Torr.) and bluebunch wheatgrass
(Agropyron spkallll1l (Pursh) Scribn. & Smith). This
zone is important for summer livestock range as well
as mule deer and elk habitat Johnstone (1985) states
that Lhe dry-belt has an arid climate with soils lhat are
frequently thin and excessively drained. The forests
often have an open stocking and an uneven-aged
composition. They are also slower growing and
relatively less productive than the remaining stands
in the inlerior. Additional delailed infonnation about
the lDF zone is given by Lloyd tt al. (1989) and
MilChell and Erickson (1983).

The IDF zone is divided into subzones and
variants according to temper.uLR, precipitation, and
site Quality. The most extensive and economically
imponanl subzones - and those in which the plots
of this study are located - are subzones dk (dry,
cool) and xh (xeric. hot). Subzone dk (Table I) is the
largest one, at 2.5 million ha. It occupies the highcst
elevation and as a result is the coolest and has the
shortest frost-free period and the most precipitation.
It has two variants: the Thompson Plateau variant in
the Kamloops Forest Region, and the Fraser Plateau
variant in the Cariboo Forest Region.

Past Work
Data Availabilily
Johnstone (1985) assessed the problems in estimating
the growth and yield of interior dry-belt stands. He
stated that reliable growth and yield data for uneven
aged interior £ir stands are lacking; the only
published information relevant to the dry-bell is
Clark's (1952) study of the Douglas-fir-ponderosa
pine types in the Okanagan. Johnstone (1985)
considered American sources of little help because,
as Barber (1980) found. infonnation on silviculture,

growth and yield of interior Douglas-fir is scarce.
Johnstone listed several sources of data but
concluded that most were of doubtful value. Of 105
permanent sample plots established by the British
Columbia Ministry of Forests in pure, untreated
Douglas-flJ' stands, most had yet to be remeasured.

Johnstone reviewed growth and yield research
installations in the British Columbia interior. (W.O.
Johnstone 1987. The present status and proposed
plans for managed stand growth and yield research
installations in the British Columbia Interior. British
Columbia Ministry of Forests, Research Branch,
KaJamalka Research Station, Vernon, unpublished
report, 13 p.). Of the 12 long-established
installations, only one (an espaeement study)
includes Douglas-rtr. Of 11 more recent instaUatioos,
two include Douglas-flt.

Growth Studies
Along with the scarcity of suitable data - possibly
because of it - few growth and yield studies have
been undertaken. JohnstOne (1985) stated that the
lack of knowledge applicable to uneven·aged
management in British Columbia is appalling, given
the substantial local imponanee of this method in the
interior dry-belt.

In the study by Clark (1952), 153 sample plots
were established in four Okanagan locations. three of
whkh had been logged selectively. He used the data
- whkh included increment core measurements 
in a stand table projection method to determine
stocking and growth. Average gross growth ranged
from 2.8 to 3.9 m]ha·1yr l on the four sites. Clark
found that mortality ranged from 33 to 45% of the
gross growth and stated that it could be avoided by
logging, e.g., by removing all trees of merchantable
size (dbh>28 em). Such heavy logging would also
increase the growth raLC of the residual stand. Ten
years later. plots from three of the locations were

TaMe 1. Characteristics of major IDF subzones

Soil
Biogeoclimatic Average Average moisture Frost free Mean annual
subzone Area elevation- Precipitation- defICit- period- temperntW'C-

(1000 ha) (m) (mm/l") (monthslyr) (days) (0C)

dk 2450 1200 425 5 75 4

xh 600 1000 375 5 100 6

Both 3050

- Based on Lloyd ~l al. {I 989), and Mitchell and Erickson (l983)
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remeasured and actual growth rales calculated (Clark
1962). The resuhs confumed Ihe estimates from lhe
stand table projection method; gross growth rates
ranged from 2.610 3.6 m3ha·1yrl.

Johnstooe (1985) derived sland and stock tables
from faller's selection method cutting permit data
and a diameter growth equation from Clark's (1952)
data. and combined the two in a stand table
projection. The resulting gross growth rate of 1.8
m3ha-1yr l was considerably smaller lhan Clark's.
The difference may be auributable 10 differences in
site Quality and stand struclure. However,
Johnstone's cUlling permit data indicated that the
harvests had removed a high proportion of the
original stand (55% of the trees, 59% of !.he basal
area) and had substantially altered the stand sU"Ucturc,
contrary to Ihe purpose of the faller's selection
method.

Pope and Talbot Ltd. (Timber supply analysis
report for Tree Farm License #8, management and
working pian #7. Unpublished internal report, 1986,
34 p.) used existing inventory data and yield tables to
do a timber supply analysis for Tree Farm License #8
in the southern interior. Some of the stands included
in the analysis were uneven-aged mixed Douglas-fir
and larch_

Smith used data from plots established by
Lignum Lid. of Williams Lake 10 develop a stand
growth projeclion system. (S.M. Smith. 1987. A
stand growlh projection system for dry belt Douglas
fir. UnpUblished report produced for Lignum Ltd., 29
p.) In !he system, ingrowth, stagnation, growth by 5
cm diameter classes, and mortalily were derived from
probability equations. In one test, the model was used
to simulate the effcct of spacing. The result indicated
that the spaced stand yielded 2.4 times as much
timber as the unspacc<l stand after an 85-year growth
projection period.

Data Sets
Data Acquisition
Three data sets were acquired:

1. Data from 63 permanent sample plots
established by the British Columbia Ministry of
Forests were obtained. All had been remeasured
once, hence data from 63 measurement intervals
were available. Most permanent sample plots were
established in 1977 and remeasurcd in 1987; a few
came from research installations. A subset of 12 plots
was established in cooperation with Balco Ltd. (now
Talco Ltd.) near Kamloops. Most of the plOLS were
harvested using the diameter limit method which

prevailed in the IDF zone prior to 1977. Some of the
p10Ls were harvested as early as 1956.

2. In 1984, Lignum Ltd. of Williams Lake
evaluated results of a 1978 thinning in three stands.
They established a permanent sample plot in the
thinned pan and another in the control pan of each
stand. Increment cores were extracted and trees
outside the plots were felled for stem analysis, and
the resulting data were used to derive stem diamelers
back to 19n. These were in tum used to estimate
plot volumes and growth for the two 6-year periods
1972-78 and 1978-84. Since the control stands
previously had been logged using the diameter limit
method, they were classified as such. A report on the
establishment of the plOLS and analysis of the data
was produced by (D.W. Ormerod. 1986. Analysis of
Lignum Ltd. interior Douglas-fir spacing.
Unpublished report produced for the British
Columbia Minisuy of Forests Research Branch, 4 p.).

In 1980, an old-growth stand was harvested
using the faller's selection method and two
permanent sample plots (harvested and unharvested)
were established. These were remeasured in 1987.
Measurements and compilations were similar to
those of the preceding plots. In total, five plots and
eight measurement intervals were available.

3. R.L. Korol of the University of Montana
established 24 permanent sample plots in 1986 in Ihe
Kamloops area. In 1987, increment cores were
exlraCLCd from all trees within the plots, and trees in
the surrounding stands were felled for stem analyses.
From these, tree diameters from the past 25 years
were measured at 5-year intervals. As for the Lignum
plots. volumes and growth data were also compiled.
However, where plots had been harvested,
compilations were limited 10 the years after harvest.
A total of 100 measurement intervals were available.
Most Korol plots arc unharvested.

In some cases, where clusters of small plOLS had
been established, they were combined to fonn one
permanent sample pIal Size of the permanent sample
plots ranged from 500 to 1500 m1.

Plot locations are shown in Figure 1. While the
central portion of the IDF zone is well covered, few
are near the limits and none is in the Columbia River
Valley_ Of the 92 plots, 65 (and 119 measurement
intervals) are located in subzone dk. while 27 (and 54
measurement intervals) are in subzone xh.

Data evaluation and compilation
First, the classification of each pial was checked.
Particular attention was paid to the harvesting
method and date. Plots were visually inspected, local

3



foresters were interviewed, and old cutting pennits
were examined.

The biogeoc:limatic subzones used to classify lhe
plots by site were next obtained from maps compiled
by the British Columbia Ministry of Forests.
Conversion from an old to a new classHication
system was nc<:essary.

One concern was that the plots might differ in
their characteristics due 10 the methodology used to
obtain the data, i.e., that they might differ by
ownership. A scauergram of volume growth over
volume by ownership categories was produced. It
revealed no trends or palterns; hence no significant
differences due to methodology were assumed to
exist.

The extent to which the plots were uneven-aged
was also evaluated: graphs of number of stems per ha
by diameter class were produced, q-values (see e.g.,
Leak 1963) were calculated, and in(lividual tree ages
were obtained where possible. No plots were deleted
foc being even-aged.

The Lignum and Korol data sets, being
constructed from increment cores and stem analysis
data, did not have any data on ingrowth and
mortality. Mortality estimates were obtained by
constructing. from the remeasured Ministry of
Forests permanent sample plots. equations giving the
probability of monality by 5-cm diameter classes for
specified periods. lbese equations were used to add
"mortality trees" to lhe initial Lignum and Korol data
sets. No cOlTections for ingrowth were attempted
since any changes in volume and increment would be
minimal.

For the Lignum data, another problem was that
past diameters were derived only for selected crop
trees in the main plots. However, subplot data
included past diameters of all trees. The growth rates
derived from these were used to obtain past
diameters of noncrop trees in the main plots. Since
growth rates might differ with diameter, this step was
done by diameter classes.

The minimum meastued dbh varied with the data
sets, the highest one being 9.1 em. To put the data on
a common basis, trees with a diameter less than 9.1
cm were discarded.

The individual tree data were next used to
compile tree and plot characteristics, as follows.

1. Procedures devised by the British Columbia
Ministry of Forests (1. Braz, Inventory Branch,
British Columbia Ministry of Forests. personal
communication) were used to develop a height
diameter equation: plots were stratified by
biogeoclimatic zone, growth type and site class, and
a regression equation (modified Weibull function)
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was fitted to each stratum data SCI. For each tree
lacking a measured height, a height was derived from
lhe equation.

2. Tree volume equations used by the British
Columbia Ministry of Forests (1976 whole stem
cubic metre volume equations) were used to calculate
individual tree volumes.

3. Tree volumes, number of trees, and basal
areas were summarized within each plot and
convened to per-hectare values for two utilization
limits: all trees with a diameter 9.1 cm or larger. and
all trees with a diameter of 17.5 cm or larger.

4. Growth data were obtained by subtracting
volumes measured on successive datcs. To facilitate
comparisons, a 5-ycar growth interval was adopted as
standard. This required a conversion from other
intervals for some plots. The conversion was done by
calculating the average annual growth rate which was
lhen multiplied by five.

Figure 2 provides a visual check of the plot data
and an opportunity to spot outliers. While most plots
cluster around a volume growth of 3 m]ha-lyrl and a
volume of 100 m}ha- I , a few plots deviate
significantly_ The two (Balco) plots showing growth
rates approaching 10 m}ha·1yr· 1 are located on
superior sites and have been harvested. The one
(Lignum) plot with a volume approaching 496 m}ha· l

is located in an Old-growth forest which has never
been harvested. One plot shows a negative growth
rate because a large tree died between measurements.

Plot characteristics are summarized in Tables 2
and 3 by harvesting method for the two utilization
limits. The most significant features are the high
averages and narrow ranges of basal area, quadrntic
mean diameter and volume in plots harvesled by the
faller's selection method. The small ranges arc likely
related to the small sample size. The unharvested
plots have, as expected, more stems per ha than the
harvested plots. The large volume range of the
unharvested plots is caused by one plot, the lignum
old-growth plot, having a volume of 496 m}ha· l .

Apart from that plot, the volume range is similar to
those of the other two harvesting methods.

The penultimate step was the creation of a data
base containing a standard set of data for each plOl
The data base was used to compile a plot summary
data set (Appendix).



Results
A primary tool in analysing the data was the General
Linear Model Procedure (PROe GLM) (SAS
Institute Inc. 1985). II will handle discrete
classiricatory variables as well as continuous
independent variables. Considering the incomplete
cross-classification of the data set, orthogonal
contrasts were used in GLM to separate cell means.
In addition to GLM. regression analysis was camed
out using procedures STEPWISE and RSQUARE
for exploratory analysis. and procedure REG for
confirmatory analysis, followed by plotting (using
procedure OPLOT) with visual inspection of the
plots. All statistically significant differences were at
the 99% level (p=O.ot).

Lowe.r Utili7.ation Limit
The first set of statistical analysis were analyses of
covariance. in which the main and interaction effects
of harvesting method and biogcoclimatic sub·zone
were evaluated using onhogonal contrasts.

Initial volume (at the start of the growth interval)
was used as an independent variable in these
analyses, yielding volume growth means adjusted to
correspond to the overall mean for initial volume.

Significant differences in volume growth were
detected between plots harvested using the faller's
selection method and plots harvested with the
diameter limit method, and between plots harvested
with the faller's selection meLhod and unharvested
plots; these differences were presenl regardless of the

biogeoclimatic subzone of the plots. Significant
differences were also found between unharvested
plots of subzones dk and xh. Finally, significant
differences between unharvested plots and plots
harvested with the diameter limit method were
present for subzone dk, but not for subzone xh.

These results may be interpreted by reference to
the mean growth values of Table 4: the volume growth
in the plots harvested with the faller's selection
method, at 5.0 and 4.1 m]ha'[yrl in subzoncs dk and
:th, respectively, is higher than in the other plots while
the volume growth in !he Wlharvested plots of subzone
xh (2.6 m1ha·1yrl) is lower.

In a subsequent analysis with uecs per ha. basal
area per ha and quadratic mean diameter as
independenl variables, regression coefficients were
found to differ among plots with different harvesting
methods but not among plots in different
biogeoclimatic subzones, nor among interaction
effects. Therefore, plots with the three harvesting
methods were grouped separately because of mean
and regression differences, and subzones were
grou~d separately for unharvested plots because of
mean differences, resuiling in the following four
groups:

All plots harvested with the faller's selection
method;
All plots harvested with the diameter limit
method;
Unharvested plOlS in the dk subzone; and
Unharvested plots in the xh subzone.
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A second analysis of covariance which included
the above groups as well as lhe previous independent
variables (time since harvest, trees per ha, basal area
per ha, and quadratic mean diameter) was run. The
analysis showed lhat lhe time since harvest had no
significant effect on volume growth while the
remaining three variables did.

Plotting volume growth against time since
harvest. trees per ha, basal area per ha and quadratic
mean diameter by groups (Figures 3, 4, 5 and 6)
illustrates these relationsh"ips. The relationship
between volume growth and time since harvest
(Figure 3) is constant for plots harvested with lhe
faller's selection and diameter limit methods,
confinning the lack. of significant correlation; time
since harvest was lherefore deleted from subsequent
analyses. Some positive trends are apparent in
Figures 4 and 5.

To confinn these assessments and convert lhem
into usable equmions, a set of forward elimination,

stepwise regressions were run. For each group, up to
two variables (of trees per ha, basal area per ha, and
quadratic mean diameter) were selected for inclusion
in the equation. The results are as follows.

I) For plots harvested with the faller's selection
method, no independent variable was significant, i.e.
the growth rate was not significantly conelated with
nurnbec of trees per ha, basal area per ha, or quadratic
mean diameter. This result is COntrary to normal
growth patterns and, while it may be explained by the
small sample size (nine plots), small range of the
independent variables, and high variability in volume
growth (Figures 3-6), the data must be considered
unreliable. Accordingly, plots harvested using the
faller's selection method were excluded from further
analyses.

2) For plots harvested with the diameter limit
method and for unharvested plots in the dJc: sub7.0ne,
trees per ha was significant, while for unharvested
plolS in subzone xh the significant variables were

Table 2. Plot characteristics· for a 9.I-cm utilization limiL. by harvesting method.

Stem frequency Basal area Qu8dralic mean Volume
(noJhI) (m2/ha) diameter (em) (m]/ha) Measurement

Harvesting No. of Intervals
method ave. range ave. range ave. range Ive. range PlO"

Diameter limit 443 67 -1367 I' I - 45 2D 11 - 46 84 3 - 303 66 84

Faller's selection 532 383 - 800 19 9 -40 21 IS - 32 131 48 - 303 9 II

Unharvested 142 200-1650 19 2- 60 18 11 ·30 "' S -496 17 78

All S07 67 -1650 l' 1- 60 '" II - 46 94 3 -496 92 113

• At initial measurement.

Table 3. Plot characteristics· for a 17.S-cm utilization limil by harvesting method.

Stem frequency Basal area Quadratic mean Volume
(noJha) (m1/h1) diameter (em) (m]/ha) Measuremenl

Harvesting No. of Intervals
method Ive. range ave. range ave. range ave. range Plol.'l

Diameter Iimil 165 1 - 650 10 0-39 27 0·47 69 0- 276 66 84

Faller's selection 19' 50 - 300 l' 3 - 37 31 21 ·42 III 21 - 292 9 II

Unharvested 181 I • 413 12 0-54 1A 0-42 83 0-431 17 78

All 171 I • 650 II 0-54 27 0-47 7. 0-431 92 113

• At initiaJ measurement.

•
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Table 4. Stand growth (m~a·lyr'"l) by biogcoclimatic subzone and h....esting method·

Biogeoclimatic Diameler Faller's
Subzone limit sel~tion Unharvested All

dk 3.2 '.0 3~ 3.4

,h 3.6 4.1 2.6 3.2

80", 33 4.4 3.2 33

• Trees >9.1 em in dbh

Table S. Volume growth equations· for a 9.1-em utilization limit

Group Equation Sample
Sitt

R' Standllfd error of e5timate
(mJtta'Iyr'"I) (% of mean)

Diameter
limit
harvesting
m,<hod

Unharvested
stands in
subzonedk

Unharvested
stands in
subzone xh

VGR_I.35+O.0055OTPH-O.00000286TPH1

VG R=-0.314+O.00812TPH-OJXX)OO29111'H1

VGR=-I.90+0.00152TPH+O.183QMD

81

38

24

0.28

0.60

0.47

0.8

1.0

0.7

2S

28

24

• VGR = volume growlh (m'ha'lyr'"l)
TPH = trees per ha
QMD = quadratic mean diameter (an)

Table 6. Volume growlh (mlha·1yrl) from equations p-esenloo in Table 5·

Trees per hocwe Quadratic
Group m~

100 300 '00 700 900 1100 1300 ISOO diameter

Diameter limit 1.9 2.7 3.4 3.8 4.0 3.9 3.6
harvesting method

Unharvested stands 1.9 3.0 3.9 4.6 '.1 '3 '3
in subzone dk

Unharvested stands 1.6 1.9 2.2 2~ 2.8 3.1 IS
in subzone xh

2~ 2.8 3.1 20

3.4 3.7 2S

• Trees >9.1 em in dbh.

9



Table 7. Volume gro.....th equllions- fOl" • 17.5-cm utiliulion limit

en,,,p Equation Sample
S.. .' Standard error of estimate

(m'h."')'T"') (% of mean)

DiamelQ"
limit
hazvcsting

~""'"
UnhaJ1lcsted
'W><b

VCR .. 0.90 + O.<Xl91JTPH

VCR:: 1.76 ... O,()0463TPH

84

64

0.40

0.14

1.49

2.36

60

80

• VCR ::
TPH
QMD ::

volume growth (m'ha'lyr-l)
trees per ha
quadratic mean diameter (em)

trees per ha and quadratic mean diameter. The
equations for these three groups (Table 5) were used
to derive growth Tatc tables for different values of
trees per ha and quadratic mean diameter (Table 6).

Higher Utilization Limit
The statistical analyses done for the plol dala
compiled to the smaller utilization limit (9.1 em)
were repeated for the larger limit (17.5 em). The
results were similar with two exceptions. First. the
difference between (he two subzones of the
unharvested plots was no longer statistically
significant; hence. equations for only two groups
were constructed: plots harvested with the diameter
limit method. and unharvested plots_ Secondly, the
quadratic mean diameter was no longer a significant
independent variable in the equations. 1be new .set of
volume growth equations (Table 7) was used to
derive growth rate tables for different values of trees
per ha (Table 8).

Discussion and Conclusions
The basic data set suffers from a number of
deficiencies: incomplete coverage of parameter
combinations and geographic locations. different
measurement periods and procedures, and variability
in harvesting intensity and quality. As an exampLe. the
stem analysis methods used to obtain the Korol and
Lignwn data cannot provide in growth and monaIity
data; such data are available only from the plots
established by the British Columbia Ministry of
Forests.

Fortunately, ingrowth is of lillLe consequence in
estimating volume growth and mortality is minor
(less than 1%). so this deficiency does nol disqualify
the Korol and Lignum pennanent sample plots from
use. The deflCiencies create considerable "noisc" in

10

the data which makes it difficult to determine
relationships and trends and decreases the accuracy
of the estimates.

These deficiencies in the data are compounded
by a natural variability within IDF stands. For
example, some uneven-aged stands include pockets
of dense. small, seemingly even-aged trees. Slem
diameter frequency distributions and q-values fitted
to them support the apparent even-aged nature of the
pockets. However, frequency distributions by age
look no diITerent for them than for the remainder of
the stand. indicating thai they are indeed uneven
aged. Another characteristic of these plots is the
relatively rapid increase in trees per ha with time, a
result of many small trees moving into the measured
size class (9.1 cm and larger).

Site qualily is known to have considerable
innuence on tree and stand growth, yet the results
emerging from this study are not clear.

Analyses of the unharvested plots indicate that
Douglas-fir grows better in the dk subzone than in
Ihe xh subzone. However, this indication is not
supported by the results for the harvested stands.

One possible reason is thai the biogeoclimalic
subzones are 100 broad to quanlify differences in
volume growlh. The possibilily that tussock moth

T_ble 8. Volume growth (mltl.·tyr-l) from
equations presented in Table 7-

Trees per her.:we
Group

100 300 500

DiameteT limit 1.8 2.7 ,.,
harvesting method

Unharvesled stands 2.2 32

- Trees >173 em in dbh.



(Orgyia ps~udoullga(a (McD.)) infestations may
have reduced the growth rate of plots in the xh
subzone was also investigated; no evidence of
infestation or of growth loss was apparent

1be volume growth equations (Tables 5 and 7)
all include trees per ha as an independent variable
because the statistical analyses indicated that it had a
higher correlation with volume growth than the other
two variables, basal area per ha and quadratic mean
diameter. However. the analyses also showed that the
differences were slight; the other two variables were
almost equally good. The variability of the data is
such that the true relationship can only be
approximated.

The relationships between volume growth, trees
per ha, and quadratic mean diameter (Tables 5,6.7
and 8) appear reasonable: as trees per ha and
quadratic mean diamctcr increase. so does volume
growth up to a point where the stand becomes too
dense. then it levels off or decreases. Within the
range of the sample plot dala (Tables 6 and 8) the
predicted growth values also appear reasonable,
ranging from 1.6 to 5.4 m3ha·1yr l .

The precision of the estimates is indicated by the
standard errors of estimates in Tables 5 and 7. For a
9.I-cm utilization limit data (Table 5), the standard
errors are 24-28% while for a l7.5-cm limit. the
errors are much higher at 6Q.80%. A standard enor
of 25% indicates that. two times out of three. the true
value will be within 25% of the estimated mean. For
example, if a stand with 500 trees per ha is harvested
using the diameter limit method, the true growth rate
(at a 9.1-cm utilization limit) will likely be in the 2.6
4.2 m3ha·1yrl range.

The growth rates oblained here are similar to
those oblained previously. Clark (1952) found the
growth rates to range from 2.8 to 3.9 m3ha· 1yr· 1,

while Johnstone (1985) derived a rate of 1.8
m3ha·1yr1• However, mean annual increment values
used by the British Columbia Ministry of Forests in
timber supply analysis repons currently range from
3.7 to 4.4 m3ha-1yrl for good sites. For medium sites,
the range is 2.0 to 2.7 m3ha· t yrl.

The equations of Tables 5 and 7 comprise a
simple stand based growth model. To use it requires
the following input data:

I) aspecifled utilization limit (9.1 or 17.5 cm);
2) harvesting method (diameter limit harvesting or

no harvest) and, for unharvested stands with a
utilization limit of 9.1 cm. biogeoclimatic
subzone (dk or xh). This information can be
obtained from harvesting records and maps;

3) number of trees per ha and. for unharvested
stands in subzone xh with a utilization limit of
9.1 em, quadratic mean diameter. "These data are
available (rom provincial forest inventories but
only for stands that have been field sampled.
However. by aggregating similar stands into
groups that include field plot data. approximate
growth estimates may be obtained for stands not
sampled in the field.
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