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Errors in estimating tree age: implications for
studies of stand dynamics

Carmen M. Wong and Ken P. Lertzman

Abstract: Errors in estimates of tree ages from increment cores can influence age-class distributions, affecting infer
ences about forest dynamics. We compare methods of height correction of increment cores taken above ground level by
examining how resulting errors affect age-class distributions of ponderosaRimes(ponderosdougl. ex P. &

C. Laws.) and Douglas-firRseudotsuga menziesiar. glauca (Beissn.) Franco). We compared the sapling (corrections
based on the average basal age of breast high saplings) and the ground methods (corrections based on the-average dif
ference in age between ground and coring height) with a regression model we developed to overcome traditional as
sumptions of temporal and spatial homogeneity in early growth. Where early growth differed among mature trees or
between modern saplings and mature trees, the regression method estimated age better than the two other methods. All
methods of height correction over- or under-estimated tree age by at least 10 years and up to 30 years, indicating that
age cannot be related to independent events of periodicities less than 10-20 years, such as El Nifio, without accounting
for error. Monte Carlo simulations demonstrated that error from height corrections affected the shape of age-class dis
tributions by generating spurious regeneration pulses. We suggest that the magnitude of this error should govern the
width of analytical age-classes to scale interpretations within the confidence of age estimates.

Résumé: Les erreurs dans les estimés de I'age des arbres faits a partir de carottes peuvent influencer la distribution
des classes d’age affectant ainsi les inférences sur la dynamique forestiere. Nous avons comparé les méthodes qui cor-
rigent pour la hauteur des carottes prises au-dessus du sol en examinant de quelle facon les erreurs qui en résultent af-
fectent la distribution des classes d’age du pin ponderBgau¢ ponderosdougl. ex P. & C. Laws.) et du douglas

bleu (Pseudotsuga menziesiar. glauca (Beissn.) Franco). La méthode basée sur I'age basal moyen des jeunes tiges

dont la taille correspond a la hauteur de poitrine et la méthode basée sur la difféerence moyenne d’age entre le sol et la
hauteur de prélevement des carottes ont été comparées a un modele de régression que nous avons développé pour
contourner les hypothéses traditionnelles d’homogénéité temporelle et spatiale durant la phase de croissance juvénile.
Lorsque la croissance juvénile differe parmi les arbres matures ou entre les jeunes tiges actuelles et les arbres matures,
le modele de régression estime I'age mieux que les deux autres méthodes. Toutes les méthodes de correction pour la
hauteur surestiment ou sous-estiment I'adge de I'arbre d’au moins 10 ans et jusqu’'a 30 ans. Ceci montre que I'age ne
peut étre relié aux événements dont la périodicité est inférieure a 10-20 ans, tel El Nifio, sans tenir compte de I'erreur
d’estimation. Les simulations Monte Carlo ont démontré que les erreurs de correction pour la hauteur affectent la

forme de la distribution des classes d’age en générant des pulsations artificielles de régénération. Nous suggérons que
I'amplitude de cette erreur intervienne dans la détermination de la largeur des classes d'age pour ajuster I'interprétation
des résultats a I'intérieur des limites de confiance des estimés de I'age.

[Traduit par la Rédaction]

Introduction mate (Savage et al. 1996; Villalba and Veblen 1997) or

Approximate estimates are suitable for studies not concern
with relating tree establishment with independent tempora

. chronologies of disturbances (e.g., Romme and Knight

; . e.L981). Forest ecologists traditionally use peaks in static age-
ment for research in the disturbance ecology of many forestgy oo’ istributions to identify disturbance initiated cohorts or

eElulses of tree establishment (Johnson et al. 1994; Oliver and

: arson 1996). Errors in the dates of establishment can affect

data. However, more accurate estimates are needed for pype shape of these distributions (Palik and Pregitzer 1995).
poses such as estimating time since fire (Johnson ange,, oy dies on forest disturbance have evaluated the-sensi
Gutsell 1994) and for correlating tree establishment with cli tivity of their results to the degree of error in the estimates

of establishment dates.
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Gagnon 1997). Studies based on increment boring typicallgrowth rates of young trees to vary over time and space.
rely on cores taken at a predetermined height, such as bre&Studies that do not try to link tree age to independent data
height (1.3-1.4 m) or 20—40 cm above ground (e.g., Henrjike climate or disturbances, often simply report tree age at
and Swan 1974; Lorimer 1980; Veblen et al. 1991). Coringcoring height. This too, is only valid where trees have simi
at these heights is less laborious and avoids problems assotdr rates of early growth over time and space (Palik and
ated with boring at the base of trees where trees are moieregitzer 1995).

likely to have fire scars, rot, or flare beyond the size of the In this paper, we if develop a regression method for
borer making complete cores impossible (Frelich and Reiclineight correction that overcomes assumptions of temporal
1995; Stephenson and Demetry 1995). and spatial homogeneity in early growth ratds) ¢ompare

Boring at a specified height above ground, when used téhree methods of height correction (sapling, ground, ard re
estimate dates of establishment, encounters three possidiession), and therii( illustrate how to account for error
sources of error:if assigning calendar dates to tree rings,When interpreting forest dynamics from age-class distribu
particularly of species tending to have missing or false ringstions. We first test whether regression between early radial
(i) estimating the number of years to the pith on coresgrowth measured at breast height (1.3 m) and early height
which miss or fall short of the pith, andii) estimating the 9rowth can estimate the number of years mature trees re
number of years to grow to the height at which the tree isauired to grow to breast height in a ponderosa piRs
bored (Norton and Ogden 1990). The magnitude of error foPonderosabougl. ex P. & C. Laws.) — Douglas-fiRseude
each of these sources varies from a few years to a few ddsuga menzieswar. glauca (Beissn.) Franco) forest. Height
cades depending on patterns of tree growth and corinQrO‘_’Vth in young trees tends to be positively correlated with
height (Norton and Ogden 1990; Palik and Pregitzer 1995)_rad|al growth except when trees are stressed by moisture, in
Various methods have been used to minimize error from théry, or insect attack (Kulman 1971; Oliver and Larson
first two sources, such as visual or computer-assisted crods?96). Other variables, such as tree height and diameter at
dating to eliminate dating errors (Yamaguchi 1991; GrissinoRréast height (DBH), are thought to be poorly related to tree
Mayer and Holmes 1993) and modeling the number of miss29€ in multi-aged stands (Johnson et al. 1994). The sensitiv
ing years on cores that fail to hit the pith (Norton et al. 1ty of the regression model to cores that miss the pith was
1987; Duncan 1989; Stephenson and Demetry 1995: Villalb&!so examined. We then compare the three height correction
and Veblen 1997). Various methods are also used to heigif€thods (sapling, ground and regression, and uncorrected
correct cores not taken at ground level, but no study ha§at@) by analyzing the influence of the resulting error on
compared the adequacy of these methods. In this paper vpge-class distributions. In the ponderosa pine — Douglas-fir
compare various methods of height correction by assessijﬁrest the regression method should correct for coring

how resulting errors affect interpretations of forest dynamicd1eight more accurately than the other methods, because it re-
from age-class distributions. quires less assumptions of homogeneity in early radial

One of two methods is typically used for estimating agrowth. We illustrate how to account for uncertainty in dates
“height correction’h,), the number of years it takes a tree to of tree_establlshment _by using Monte Carlo simulations to
grow to coring heigch:[ One method of height correction in_determlne the appropriate resolution of age-classes for anal-

volves cutting saplings at the root collar and determining :%SIS' We also examine the hypothesis that uncertainty in

height correction from either the average basal age of sa eight corrections Is enough to cause Spurous peaks n age-
. . . . : " Rlass distributions at some resolution and that the sensitivity
lings of the coring height (*sapling method ). (e.g., Veblen el age-class distributions to error in tree ages may be more
al. 1991) or less commonly from a regression between san, ., nced at finer resolutions, i.e., using narrower classes
ling height and age (e.g., Mast et al. 1998). Some studies d, 540 _cjass distributions may cause more spurious pulses of
fined general categories of growth and used the average a e establishment than using wider classes

of fast-growing saplings for fast-growing mature trees, an '

the age of slow-growing saplings for slow-growing mature

trees (Romme and Knight 1981). Most methods using sapMethods

lings without stratifying for differences in site conditions or §tudy site and context

tree posmon_ in the canopy assume the growth conditions o We conducted this study in the lower canyon of the Nlaka’pamux
current saplings are similar to those experienced by Old?%

tein Valley Heritage Park in the interior of British Columbia,
canopy trees (Villalba and Veblen 1997). A second methottanada (50°18I, 121°40W). Forests here are open (mean density

is to add the average difference in age between pairs of core®g trees/ha) and transitional between the dry hot variants of the
taken at ground level and at coring height from mature tree®onderosa Pine (PPxh2) and the Interior Douglas-fir biogeoclimatic
to every sample (Henry and Swan 1974). We call this thesubzones (IDFxh2) of British Columbia’s biogeoclimatic classifica
“ground method.” Both the sapling and the ground methodgion system (Lloyd et al. 1990; Meidinger and Pojar 1991;
assume that an average of several trees accurately descridéacKinnon et al. 1992). We cored trees in seven natural stands
the early growth of any one tree. Averages provide accuraté8 ha total) dominated by Douglas-fir (73% of trees) and ponder
height correction only when variability in early tree growth CF’fa pmed (23%) Oln flat ”‘r’fr tergac_es, eack; b?“”ded bé’ th‘?fSte'”
is low and normally distributed (Palik and Pregitzer 1995). I;i/lver and steep slopes. This study is part of a larger study of forest

is likelv that th . .“disturbance in which we integrate patterns of tree establishment
is likely that these two assumptions of temporal and spatia,ith gata on low-severity fires to infer the relative roles of distur

homogeneity in early growth rates are violated in many for pances of different severity in the seven stands (Wong 1999). We
ests. Successional stage, microhabitat, genotype, topograpligred trees at ground and breast height and used these ages-to com
changing climate, and disturbance regimes can cause thpare three methods of height correction.
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Fig. 1. Components of the regression method for the height correction of increment cores. The number of years a tree requires to
reach breast heighty) was estimated from the early cumulative radial growth measured on the core taken at breast height. We added
h. to the ages of cores taken at breast height {age.) to obtain ages from height corrected ring counts. These were compared with
the age of cores taken at ground level (gagg

Early cumulative radial growth

Core taken at breast height

(age measured )

h . = Years to breast —

height
Core taken at ground level SeETE |
(age. ) (TSI s —"
% iotal :
Three methods of height corrections Sampling points were placed along a transect in each stand at regu
Height corrections of increment cores sampled above groundar intervals based on the number of sampling points and the size
level follow the general equation of the stand. At each sampling point, we cored and measured the
total tree height and DBH of the three closest trees that met the
[1] Ageneasured at coring height Ne * €estimate of years to pith  following criteria: () >5 cm DBH; (i) one of the three trees was a

fe.. o oE 208 different species than the other two; and)(one was >20 cm
estimate of missing/false rings oal  DBH. The 41 cored trees ranged from 6 to 46 cm DBH. We took

Because we used cross-dated cores that intersected the pith, we dgo increment cores from the same side of each tree; one at breast
not need to estimate years to the pith or missing or false rings. Foeight (1.3 m) and one at ground level (mean height 0.19 m). To
the sapling method we estimated the height correctighds the  core close to the ground, we dug pits in the soil in which the-han
average age of current saplings at ground level. The value, of dle of the increment borer could turn, used the handle of a 10-in.
was estimated from 15 ponderosa pine and 15 Douglas-fir sapling&crement borer (1 in. = 2.54 cm) on an 18-in. borer, or instead of
close to breast height randomly selected over the study area. Sap handle, used a ratchet to drill in the shaft of the borer and an ad
lings were 1.3 + 0.12 m high (mean + SD); approximately half justable wrench to extract the shaft. An adapter to connect the
were growing in relatively open space and half in patches of smalfatchet to the borer shaft was made from two 0.375-in. drive sock
trees. We cut these saplings at ground level and sanded and datets joined by a piece of 0.5-in. hex bar. We only used pairs of
basal cross sections using standard dendrochronological methodsres for analysis if both the ground level and breast height cores
(Stokes and Smiley 1968; Yamaguchi 1991). intersected pith or were within what we judged to be 1 year of the
For the ground method and to develop a height correctien repith. Cores were mounted, sanded, and visually cross-dated using
gression, we calculatel. from pairs of cores taken at ground level standard dendrochronological methods (Stokes and Smiley 1968;
and at breast height from 17 ponderosa pine and 24 Douglas-firamaguchi 1991) and existing tree-ring width chronologies
trees (Fig. 1). We stratified our sampling of these 41 trees aecord(Riccius 1998). The number of years to breast heightwas cal
ing to the number of trees sampled on each terrace in the largemulated as the absolute difference in age between each pair of
disturbance study. For example, 40% of the trees used for the diground level and breast height cores. For the ground methddr
turbance study were from one terrace, so we cored approximatelgach species was simply the average of this difference (Henry and
40% of the 41 trees used for the height correction on this terraceSwan 1974).
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For regression method, we used measurements of early radiathere the proportion in each date class was an average of the 1000
growth, height, and DBH of the 41 trees described above to descenarios.
velop regressions. We measured the widths of the first 15 rings on To examine the hypothesis that the sensitivity of age-class-distri
the cores taken at breast height using a sliding-stage micrometesutions to error is dependent on the resolution of analysis, we com
We examined the strength of least squares linear, log—linear, anpared the estimated and simulated distributions at two resolutions.
various nonlinear regression models (negative exponential, powe¥Ve used date classes of coarse (20 years wide) and fine (5 years)
and quadratic) regressions between years to breast height and thesolution. At each resolution wé) tested for significant differences
following variables: {) cumulative radial growth in the first 5, 10, in the shape of the estimated and simulated distributions (K-S test),
or 15 years on cores sampled at breast heightidtal tree height;  (ii) correlated the estimated and simulated proportions in each date
and (ii) DBH. We selected the final model based on the distribu class (Pearson coefficient), anid \ compared the apparent number
tion of the residuals, the magnitude of the mean square error (MSEnd position of pulses of tree establishment. For the latter, we iden

and the coefficient of variation (Ratkowsky 1990). tified pulses as bell-shaped peaks (Oliver and Larson 1996) where

the number of trees was at least 50% greater than the preceding
Sensitivity of height correction regression to missing date class for coarse resolution or the preceding four date classes
pith for fine resolution (Wells et al. 1998).

Since it is common for increment cores to miss the pith of a
tree, we examined the sensitivity of our model to errors arising
from this. When the pith is missed, information about the earliestr@Sults
years of a tree is not known. We evaluated how well later periods )
of radial growth estimate early height growth to assess the adeSapling and ground methods
quacy of cores that deviated from the pith by up to 15 years. To do Modern saplings took approximately twice as long to grow
this, we substituted the variable of cumulative radial growth in theto breast height as did the currently mature trees when they
first 5 years at breast height with later periods of 5-year growthyere saplings. On average, modern ponderosa pine saplings
e.g., growth from year 5 to year 10 and from year 10 to year 15of preast height were 35 + 10 years old (median 30) and
We calculated the error of each estimate of years to breast heightygdern Douglas-fir saplings were 37 + 11 years old (median

h., as the absolute difference between observed and estimated v. .
ues. We tested for differences in the distributions of error from us- 9). Based on the ground method, mature ponderosa pine,

ing each of these periods of growth in the regression with On average, rqulred 16 + 12 years (med!an 12) and mature
Kolmogorov—Smirnov two-sample test (K-S test). We are unawaré?0uglas-fir required 20 + 10 years (median 20; Fig. 2) to
of an existing correction for the K-S statistic for multiple compari- '€ach breast height when they were young.
sons.
Regression method

Comparing methods of height corrections The variable that best estimated the height correction of

To evaluate which method of height correction produced theincrement cores taken at breast height was cumulative radial
best estimates, we compared the distributions of residual errOgrowth in the first 5 years_ The re|ati0nship between years to

from each method (sapling, ground, regression) and reporting agfreast heighty) and cumulative radial growth during the
at coring height (uncorrected ages). Error of these estimates w.

calculated as the absolute difference between observed (age at grOLalfg§t 5 years on the breast height corg as best described

level) and height-corrected ages. Height correctidnpsgenerated a power function y( = ax®, wherea controls the SIope'
by each method were added to the age determined from each of tr?é‘db Inf_luence_s the shap_e of th_e curve). Other models_ using
41 cores taken at breast height. We tested for significant differ cUmulative radial growth in the first 10 or 15 years exhibited
ences between the distributions of error from each of the fouheteroscedastic residuals. Compared with the power-func

methods using the K-S test. We also compared interpretations dfon, other regression functions between radial growth and
age-class distributions resulting from the various methods of heighyears to breast height had lower MSEs, coefficients of varia

correction. tion, and poorer distributions of residuals. The power model
explained most of the variance in years to breast height for
Implications of uncertainty in establishment dates ponderosa pineR? = 0.70) but only about one-third of the

We analyzed the influence of error in estimates of tree age ofariance in that for Douglas-firR2 = 0.31; Fig. 3). Weak lin
the apparent number and position of pulses of tree establishment g5, relationships existed between years to breast height and

histograms. We first used the regression between radial growth ibotal tree height or DBH (height: alR2 values < 0 29p >
the first 5 years and years to breast height to estimate establis . . ) '
ment dates of the 466 Douglas-fir cored at breast height in thg)'026’ DBH: allR? values < 0.156p > 0.112).

larger disturbance study (Wong 1999). These corrected dates con o ] o )

stituted the estimated distribution of establishment dates. We comSensitivity of regression to missing pith

pared this estimated distribution with a simulated distribution The distributions of error from the regression between

representing the possible proportion of trees in each date class yfears to breast height and cumulative radial growth during
the height corrections were wrong. The simulated distribution waghe first 5 years on the breast height core were centered
created using Monte Carlo methods to simulate possible age-distrhyound zero for both ponderosa pine and Douglas-fir (mean
butions that included error from the regression method. To do thisgror .09 years; Fig. 4). For Douglas-fir, using radial growth

we defined the probability of a certain magnitude of error as 'tsmeasured progressively farther from the pith did not signif

frequency of occurrence when height correcting the present study’s S .
24 trees. For each of the 466 trees, we randomly selected an err&ﬁntly change the distribution of error around height correc

from this probability distribution, added this error to the estimated1OnS (Fig. 4; K-S test: alp values > 0.675). For ponderosa

establishment date, and placed the tree into an appropriate dafdne, the further radial growth was measured from the pith,
class. We did this 1000 times for each tree and summarized the réhe more our model tended to overestimate height cerrec
sults of the 1000 age distributions in one simulated distributiontions and, thus, total tree ages, but it did not significantly
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Fig. 2. Summary of the parameters used to estimate the numberFig. 3. Nonlinear regression between years to breast height and
of years to coring height:aj difference in years between ground cumulative radial growth (cm) in the first 5 years at breast height
level and breast height coredy) (cumulative radial growth in the (bh). Broken lines are 95% confidence intervals around estimated
first 5 years at breast height. Thick lines in the boxes are the values.

mean, and thin lines are the median; shaded and open boxes are

for ponderosa pine (PPh(= 17) and Douglas-fir (FD)r( = 24), a) 60 )
respectively. Open circles are values outside the 10th and 90th ) Ponderosa pine
percentiles. 50 4 - y= 10.094)(-0.993
' 2
60 R =0.697
< 40+
= 50 — a
z ) o :
g 40 — O o) g 30 —
F $
[ _ —
5 30 T —|— 20
o
8 T
> 10 —
= 0 | | | |
0 : i 60
b) Douglas-fir 0502
3 50 4 o y=13.994x
= -- 2
§ 4 b) R”=0.309
= o < 40 - @ n=24
3 2 s
2 2
T - o 3
g >
T
>
T
S i
E > 5
0 | I 0 | | | |
PP FD 0.0 0.5 1.0 1.5 2.0 2.5

o . Cumulative radial growth in first 5 years at bh
change the distribution of error (Fig. 4; K-S test: plal- g y

ues > 0.312).

For Douglas-fir, ranges of possible error from these two

Methods of height corrections differed methods were essentially the same (=12 to 26 years).
The four methods of height correction differed in their ac

curacy of estimates of years to breast height (Fig. 5). Age aError affected distributions of tree establishment
breast height underestimated total tree age by up to 50 yearsError in establishment dates can significantly change the
(mean error 16 years for pine and 20 years for Douglas-fir)shape of age-class distributions if the resolution of analysis
while the average age of saplings of breast height overestis too fine. This is illustrated when estimated age distribu
mated total age by up to 50 years (mean error 19 years fdions determined from height-corrected ring counts differ
pine and 16 years for Douglas-fir). In contrast, using thefrom simulated distributions that summarized possible- sce
ground or regression method resulted in distributions ef ernarios if these height corrections were wrong (Fig. 6). When
ror in estimates that were centered close to zero (mean erratass widths of 20 years were used (coarse resolution}, esti
0.05 and 0.09 year for pine and 0.29 and 0.09 year fomated and simulated distributions of dates of establishment
Douglas-fir). The distributions of error from the ground andwere not significantly different in location, dispersion, and
regression methods differed significantly from reporting theskewness (K-S tesp = 0.89; Fig. &). However, these two
age at coring height and the sapling methods (K-S tespr all distributions significantly differed when classes were 5 years
values < 0.001) but did not differ from each other (K-S test:wide (fine resolution) (K-S testp = 0.031; Fig. 8). The
p values > 0.240). However, for ponderosa pine, the range dfrade-off between error and resolution of data analysis is fur
possible error (-13 to 24 years) from the ground method wather emphasized in Figsb@&nd &l. When histograms of fine
greater than from the regression method (—15 to 12 yearsjesolution were used, there was greater deviation from a per
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Fig. 4. Comparing the distribution of error in estimates of years to breast height from our regression method when cores with pith
were used versus cores 10 or 15 years off pith at breast height. Values in parentheses are SDs.

Period of radial growth at breast height

Douglas-fir year0-5 year5-10 year 10 15
12 m@@nk0.09 (7.9) mean=1.2 (9.2) mean=0.99 (9.3)
w " —
& 9 - ]
o 6 —
[
Q0
E 35— |
Z — 1 —
0 - . . -
Ponderosa pine 9 mean=0.09 (6.4) mean=-3.3 (10.1) mean=-4.7 (10.8)
m ] " —
[0
£ 6 —
kS
o
o ]
- Sl | [
f 2
0 ] 1
[ [ [ [ [ [

40 20 0 20 4040 -20 O 20 40-40 -20 0 20 40

Magnitude of error (years)

fect correlation between the estimated and simulated propoests, have now been mostly excluded from the study area
tion of trees in each age-class, i.e., increased scatter arousthce 1936 (Riccius 1998). The sapling method, therefore,
the 1:1 relationship; Pearson coefficients: coarse (0.995), finkended to overestimate total tree age relative to the regres-
(0.954) (Figs. 6 and &l). sion model (Fig. 5). Some of this overestimation may be
Error in establishment dates and resolution of analysis afeaused by being unable to sample true age at ground level;
fected the number and position of regeneration pulses thdor the regression method we sampled age on average at
we were able to identify. When analyzing the coarse resolu20 cm above the ground, and root collars may be below
tion histograms, estimated and simulated distributions disground level. In boreal forests, root collars of spruce are
played the same number and position of regeneration pulselkely to be below ground because of adventitious root for
Using the criterion of proportions of trees 50% greater tharmation (DesRochers and Gagnon 1997). However, in our
the preceding date class, one pulse, establishing around 1858udy area these factors are unlikely to have caused the de
was identified for both estimated and simulated distributionsgree of overestimation observed from the sapling method
Under fine-resolution analysis, more pulses were identifiedbecauseif even at the slowest rate of height growth, it took
in the estimated distribution than the simulated simulationup to only 6 years to grow 20 cm in height (based on the ob
three pulses were identified in the estimated distributionservation that it took current Douglas-fir saplings 37 years to
originating in 1940, 1855, and 1795, while only one pulse ingrow to breast height (1.3 m)) and)(the soil and organic

1850 was identified in the simulated distribution. layers are too rocky and shallow to permit much organic
buildup around the root collar.

Discussion Why did the regression method estimate height cerrec
tions better than the ground method for ponderosa pine but

Each method has an appropriate context not for Douglas-fir? There are two possible answers. Pender

Why did the regression method estimate height cerrecosa pine may meet the assumptions of the regression method
tions better than the sapling method? The sapling method abetter than Douglas-fir. The regression method assumes early
sumes temporal and spatial homogeneity in the growth ratemdial growth is a good estimator of early height growth and
of young trees. If modern saplings are growing under condithat the cores taken at breast height record perfect informa
tions similar to the older overstory, then the average basdion about the early growth of that tree. For most shade-
age of saplings at the coring height should provide accuratatolerant species like ponderosa pine these are not unrea
height corrections. In our study area, modern saplings apsonable assumptions, because these species are not likely to
peared suppressed relative to growth rates exhibited by olddre suppressed in the understory as saplings. Douglas-fir, how
trees. These older trees likely established under differentver, is shade tolerant in these dry ecosystems and ean re
competitive regimes from modern saplings, because frequemhain suppressed in the understory. Periods of short suppression
low-severity fires, thought to historically maintain open-for during the first few years of a tree’s life may not have been
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Fig. 5. Estimates of dates of tree establishment (left columns) and error of these estimates (right columns) from observed dates (la

beled observed) for uncorrected data and three different methods used to estimate the number of years ponderosa pine and Douglas-fir

require to grow to breast height (bh). Methods aae réporting age at breast heighhb) (sapling; €) ground; and d) regression. Error

is expressed as observed — estimated values, and we indicate whether the method underestimates or overestimates observed dates of e

tablishment.
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recorded on some cores taken at breast height, i.e., earhomogeneity in radial growth between coring height and
growth may not be temporally homogeneous within a treeground level within a tree, the regression method predicted
Thus, radial growth on the innermost segment of the corgponderosa pine better than Douglas-fir (Fig. 5). This-sug
taken at breast height of such trees will overestimate the agests that the regression method estimates shade-intolerant
tual rate of early radial growth. This underestimates thespecies better than shade-tolerant ones.

number of years to coring height and may partly explain the Douglas-fir may also meet the assumptions of the ground
relatively poorer fit of the power function to the Douglas-fir method better than ponderosa pine. On our site, there was
data (Fig. 3). In other forests where competition, climaticlittle variability in the early height and radial growth of
stress, herbivory, insect defoliation, or injury can reduce théouglas-fir relative to ponderosa pine (Fig. 2). Because the
growth of seedlings for a few years (Kulman 1971; Carlsonground method assumes there is little spatial variability among
and Schmidt 1989; Clinton et al. 1997), this may be a largetrees during early growth, the ground method predicted
source of error and limit the applicability of the regressionDouglas-fir better than ponderosa pine. Since the range of
method. Because the regression method assumes tempoeaior in height corrections resulting from the ground and re
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Fig. 6. Comparing distributions of estimated and simulated dates of establishment of Douglas-fir using class widths of 20) gedrs (

years €). Open bars are estimated proportions of trees from height corrected ring counts. Solid bars are what the proportions -might actu
ally be if height corrections were wrong (calculated by adding expected error to height corrected ring counts with Monte Carlo simula
tions). Assessing the strength of the correlation between estimated and simulated proportions in matching date classes for class widths of
20 years If) and 5 yearsd). Class width of 20 years better represented the potential influence of error from height corrections.
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gression methods was similar (Fig. 5), it would have beervariable between mature trees. If we had enough samples,
more efficient to use the ground method instead of the redeveloping a regression for each stand or stratifying accord
gression method to height correct Douglas-fir cores. ing to site conditions may have increased the accuracy of
Each of the three methods of height correction considerefi€ight correction. The regression method does not work as
here requires certain assumptions about the growth of youngell when radial growth varies greatly between ground level
trees and, thus, will estimate better in certain circumstancegnd coring height within a tree. An alternative is to avoid
than others. The sapling method works when the growth rat8eight corrections by taking all increment cores as close to
of trees is the same over time and space. This is not true ifhe ground as possible and accepting the associated error.
many forests, particularly in ponderosa pine — Douglas-firThe magnitude of error, however, may be enough to influ
forests where stands have become denser because of climaggce interpretations of age-class distributions or preclude re
fire suppression, and grazing (Fulé et al. 1997). The grountpting dates of tree establishment to independent data
method works where the growth of young trees is similar(Fig. 5).
over space. This also is not true in many forests. For exam Error in height corrections limits inferences that can be
ple, Austrocedrus chilensi¢D. Don). seedlings in northern made from age-class distributions. All methods of height
Patagonia varied in height growth with microsite and thecorrection, even with the regression method, which involves
proximity of large trees (Villalba and Veblen 1997). If no-ev the fewest assumptions, over- or under-estimated height cor
idence exists to indicate that the radial and height growth ofections by at least 10 years and up to 30 years (Fig. 5). This
young trees has been temporally and spatially homogeneoulgvel of error does not permit relating tree establishment to
then the regression method provides a unique height correindependent events, such as El Nifio events, of periodicities
tion for each mature tree and, thus, overcomes these assunipss than 10 years. Even if age structure is not related-to in
tions. The regression method is appropriate for forests wherdependent events, error can affect conclusions about stand
(i) boring close to the ground is difficult or impossible, dynamics. For example, the ground and regression methods
(i) modern saplings are absenti)(modern saplings do not of height correction indicated that, for ponderosa pine, there
represent historical saplings, av) early growth was highly has been a gradual pulse of establishment beginning in 1940,
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whereas the actual ages indicate one very narrow window of his work is a component of a larger research project funded
establishment in 1961-1980 (Fig. 5). Additional sources ofin part by Forest Renewal British Columbia and the now de
error, such as estimating the number of years to the pith ofunct B.C. Ministry of Environment Graduate Fellowship.
cores that miss the pith, can increase this level of error antiVe would also like to thank the Global Forest Foundation
may in some forests, particularly with large trees like giantfor financial support (contribution No. GF-18-2000-98).
sequoias $equoiadendron giganteufkindley) Buchholz),

be larger than the error involved in height corrections
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