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[1] Measurements of tree ring width and relative density have contributed significantly to
many of the large‐scale reconstructions of past climatic change, but to extract the climate
signal it is first necessary to remove any nonclimatic age‐related trends. This detrending
can limit the lower‐frequency climate information that may be extracted from the archive
(the “segment length curse”). This paper uses a data set of ring widths, maximum latewood
density and stable carbon and oxygen isotopes from 28 annually resolved series of known‐
age Pinus sylvestris L. trees in northwestern Norway to test whether stable isotopes in
tree rings require an equivalent statistical detrending. Results indicate that stable oxygen and
carbon isotope ratios from tree rings whose cambial age exceeds c.50 years exhibit no
significant age trends and thus may be used to reconstruct environmental variability and
physiological processes at this site without the potential loss of low‐frequency information
associated with detrending.
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1. Introduction

[2] It has long been recognized that the physical growth‐
based proxies from the tree ring archive; ring width (RW) and
maximum latewood density (MXD) display trends that are
related to tree age. The presence or absence of such age‐
related trends in tree ring stable isotopes remains, however, a
matter of some debate [Esper et al., 2010;Gagen et al., 2007,
2008].
[3] Tree ring properties are often strongly linked (both

theoretically and empirically) with climatic variables and this
relationship can be quantified using instrumental meteoro-
logical data at annual resolution. Replication allows for the
calculation of signal strength and statistically defined confi-
dence intervals around any resulting reconstructions of past
climate. When, however, RW and MXD are used to recon-
struct long‐term climate, the age‐related trend must first be
removed. The effect of this detrending upon the resulting
chronology is that the maximum temporal frequency that can
be retained is constrained by the length of the individual tree
ring series. This “segment length curse” [Cook et al., 1995]
is a nontrivial problem as it particularly impacts upon tree
ring based climate reconstructions in the lower‐frequency

domain, which is of particular interest in the study of long‐
term climate change. The regional curve standardization
(RCS) method [Briffa et al., 1992] was developed to address
many of the problems associated with individual curve‐fitting
approaches. RCS is based upon the principle that where
specific sampling conditions are met, a common age‐related
trend can be identified and applied to all trees growing within
an area, regardless of age or growth period. Despite this
advance, the possibility remains that many physically based
tree ring reconstructions have failed to capture the true long‐
term variability of late Holocene climate [e.g.,Kaufman et al.,
2009].
[4] Stable isotopes from tree rings may offer the opportu-

nity to reconstruct climatic variables without recourse to
statistical detrending [McCarroll and Loader, 2004; Gagen
et al., 2007]. Evidence for the lack of long‐term age trends
is, however, limited. It is known that stable‐carbon isotopes
(d13C) demonstrate a clear “juvenile” trend during the first
(c. 50) years of growth, which can be objectively identified
and removed from any climate reconstruction [Loader et al.,
2007]. Gagen et al. [2007] demonstrated that the record
beyond this ‘juvenile’ phase of Pinus sylvestris L. from
northern Finland exhibited no age trends. In contrast, Esper
et al. [2010] identified a positive age‐related trend for d13C
from Pinus uncinata in the Spanish Pyrenees. Much of this
trend, however, appears to be related to a long (c. 100 year)
‘juvenile’ phase, which may be site/species specific, as the
period from 100 to 390 cambial years shows little or no trend
is obvious in their data. Research into age trends in stable
oxygen isotopes (d18O) is limited, and at present no ‘juvenile’
trend, similar to that observed in d13C has been identified.
Treydte et al. [2006] identified differing trends between
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biologically older and younger trees covering the same time
period, which they suggest may be age‐related, but that this
had little overall effect on the reconstruction produced. In
contrast, Esper et al. [2010] have recently reported a signif-
icant long‐term negative age‐related trend for d18O from
Pinus uncinata located in the Spanish Pyrenees.
[5] The cost and effort of producing a stable isotope

chronology is only justifiable as long as environmental
information is gained that could not be obtained more easily
from ring widths or densities [Hughes, 2002; Gagen et al.,
2011]. Retaining the low‐frequency component of long‐
term climate change would certainly justify the extra effort.
Equally, if tree ring isotopes do contain long‐term age trends
then these should be addressed to avoid bias. At present,
however, RCS does not provide a solution because it is rarely
feasible to produce the highly replicated isotope chronologies
that would be required to apply the method properly [Esper
et al., 2003]. Conversely, if there are no age‐related trends
in tree ring isotopes, subjecting them to statistical detrending
techniquesmay introduce the very problems of low frequency
signal retention that researchers have, hitherto, sought to
avoid.

2. Case Study: Forfjorddalen, NW Norway

[6] Tree cores were collected from an isolated community
of Scots pine (Pinus sylvestris L.), located close to the
northern limit for pine growth, at Forfjorddalen, northwestern
Norway (68°48′N and 15°44′E, 50 to 170m above sea level).
Scots pine is the major species used to reconstruct palaeo-
climate in northern Fennoscandia, utilizing both growth
proxies [Briffa et al., 1990, 1992; Campbell et al., 2007;
Eronen et al., 2002; Kirchhefer, 2005; Gouirand et al.,
2008; Grudd, 2008; Grudd et al., 2002; Helama et al.,
2002; Linderholm et al., 2010; Lindholm et al., 2009;
McCarroll et al., 2002; Tuovinen et al., 2009] and isotopic
proxies [Hilasvuori et al., 2009;McCarroll et al., 2003, 2011;
Sonninen and Jungner, 1995]. The site has been described in
detail by Kirchhefer [2001] and Young et al. [2010]. RW,
d13C and d18O were measured from the annual growth rings
of 28 individual trees of mixed ages. MXD measurements
were made from 17 of the trees used for the other proxies, but
the remainder were not suitable for densitometry. To keep the
sample size constant, a further 11 trees were selected for
densitometry. The trees were selected to match, as closely as
possible, the age and temporal structure of the other data sets.
Pith dates were determined by direct measurement or esti-
mates made for each tree core retrieved.
[7] Tree ring d13C records have been directly affected by

the changes in the d13C of atmospheric CO2 since the major
onset of industrialization (c. 1850 CE). The correction to
preindustrial d13C values of atmospheric CO2 is additive; the
correction values used in this study are those provided by
McCarroll and Loader [2004]. It has also become widely
accepted that the d13C values from tree rings have been
affected by a changing physiological response of trees to
increasing atmospheric levels of CO2 [Saurer et al., 2004;
Waterhouse et al., 2004; McCarroll et al., 2009; Treydte
et al., 2009]. The values in this study have been corrected
using the procedure proposed by McCarroll et al. [2009,
2010] and adopted elsewhere [Loader et al., 2008, 2010;

Kress et al., 2009; Rinne et al., 2010; Sidorova et al., 2010;
Young et al., 2010].

3. Methods

[8] Owing to the known presence of the “juvenile effect” in
carbon isotopes [Loader et al., 2007] few of the isotope series
analyzed were extended earlier than 50 cambial years, and
none were analyzed to the pith. Isotope data often exhibit
a significant between‐tree range in delta (d) values (2.0‰ is
not uncommon for d13C [Loader et al., 2007;McCarroll and
Pawellek, 1998, 2001]), although the interannual correlation
between trees remains high. This means that to determine a
precise mean value, and therefore age trend, a reasonable
level of series replication (sample depth) is required. We
therefore limited analysis of the isotope series to levels of
replication of n ≥ 10. In order to make direct comparisons
between the proxies we treated all the data in the same
manner. The data analyzed extend from 50 years from the
pith to the year when n is less than 10; a total series length
of 296 growth years for d13C and d18O, 358 for ring width
and 254 for density.
[9] Each segment was aligned by tree (cambial) age, using

the pith dates/pith estimates made for each tree core. The
mean of the aligned series was taken and a simple linear
function fitted. Ring width and maximum density series are
often fitted with more complex (and appropriate) functions
to allow accurate detrending that retains the optimum envi-
ronmental signal, but here we only apply a simple linear fit
to identify the presence or absence of trends in these data. To
establish whether the slope of the regression line is signifi-
cantly different from zero, we calculated the p value, with a
significance threshold of p < 0.05.

4. Results

[10] The results for RW and MXD series (Figure 1) show
pronounced and statistically significant (p < 0.001) age‐
related trends over the periods examined, and while negative
exponential (RW) and Hugershoff (MXD) functions are more
typically employed for detrending [Fritts, 1976; Warren,
1980; Grudd et al., 2002], the linear functions appear to be
appropriate for these data.
[11] The results for d13C and d18O (Figures 2 and 3) suggest

that there are no statistically significant age‐related trends.
The slope of the regression line for d13C is 0.0002 per mille
per year and is not statistically significant (p > 0.05). In these
data the observed trend would result in an isotopic offset of
0.05‰ over the 296 growth years analyzed, which is well
within the typical analytical error (±0.1 per mille) for a single
measurement of cellulose d13C [Loader et al., 1997, 2008].
The observed trend for d18O is even smaller, at −0.0001 per
mille per year, which would produce a difference of 0.03‰
over 296 years. The typical analytical error for a single mea-
surement of d18O is ±0.3‰ [Loader et al., 2008].
[12] While d18O values are presented in their raw un-

corrected form, d13Craw results have been corrected both for
changes in the isotopic ratio of atmospheric CO2 over the
industrial period (d13Catm) and for tree response to increased
CO2 concentration (d13Cpin). The first of these correc-
tions is an essential step and uncorrected data cannot be used
for calibration or palaeoclimate reconstruction. The second
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Figure 1. Age trends in the physical proxies aligned by cambial age: (top) ring widths and (bottom) max-
imum latewood density. Both are the mean of 28 individual series with a linear fit applied to them. Second-
ary y axes show the sample depth (bold lines). The equations for the linear trend fitted, the squared
correlation coefficients (R2) (between cambial age and the mean series), and the significance of the regres-
sion slopes (p value) are displayed.

Figure 2. Stable carbon isotope values aligned by cambial age and corrected for both changes in the iso-
topic ratio and amount of atmospheric CO2, since 1850 CE. (top) The mean of 28 individual series with a
linear fit applied to it. A secondary y axis shows the sample depth (bold line). (bottom) The regression line
from Figure 2, top, superimposed over the individual 28 stable isotope series.
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correction is not a simple additive one and involves an
element of detrending, which typically affects only the last
few decades of the series, so it is prudent to test whether there
is a significant age trend before this correction is applied
(d13Catm). When the above exercise was carried out on the
d13Catm data the result was a small but nonsignificant negative
slope (y = −0.0002x – 24.506; p > 0.05) leading to an isotopic
offset of −0.05 per mille over 296 years, which is well within
the typical analytical error of the method. The results for the
d13Catm data show that even prior to this correction the data,
at this location, contain no significant age‐related trends.

5. Discussion and Conclusions

[13] The data from the physical growth proxies presented
here (Figure 1) display strong age trends that have been
reported previously for these proxies. Given sufficient repli-
cation such trends can be dealt with successfully using stan-
dard dendrochronological methods [Fritts, 1976; Briffa and
Jones, 1990; Esper et al., 2003]. The stable isotope series
(Figures 2 and 3), in contrast, exhibit no statistically signifi-
cant age‐related trends that would require the application of
statistical detrending.
[14] The results presented here suggest that from cambial

ages of c. 50 to 350 years, stable carbon isotope ratios from
northern Fennoscandian Scots pine require no detrending.
It therefore seems reasonable to conclude that it is safe
to reconstruct climatic variables from this archive without
recourse to detrending. These results are in agreement with

those ofGagen et al. [2007, 2008] for d13C values from Scots
pine in northern Finland. The results for d18O are equally
unambiguous. The lack of any significant age trend in the data
examined suggests that they can also be used reliably without
any detrending. Our findings contrast with those of Esper
et al. [2010], who found a significant age‐related trend in
d18O from Pinus uncinata located in the Spanish Pyrenees.
The reasons for these different findings are not obvious,
but could reflect localized site/species effects. The contrast,
however, highlights the importance of rigorously interro-
gating tree ring isotope series prior to climate analysis to
identify any such nonclimatic trends. What remains clear is
that for the key climate archive species in Fennoscandia
(Pinus sylvestris L.), at least at this location, no significant
age‐related trends are apparent in either d13C or d18O.
[15] On the basis of the results presented here, and those

presented by Gagen et al. [2007, 2008], we conclude that the
stable carbon and oxygen isotope ratios of Scots pine trees in
northern Fennoscandia, after a juvenile phase of about 50 years,
do not change significantly with tree age. This means that
statistical detrending is not required, thereby removing the
attendant risk of loss of long‐term, low‐frequency climate
information. There is, in effect, no ‘segment length curse’ for
these archives.

[16] Acknowledgments. This work was conducted as part of the
EU‐funded Millennium project (017008), C3W and UK NERC NER/S/A/
2004/12466 (G.H.F.Y.) and NE/B501504 (N.J.L.).

Figure 3. Stable oxygen isotope values aligned by cambial age. (top) The mean of 28 individual series
with a linear fit applied to it. A secondary y axis shows the sample depth (bold line). (bottom) The regression
line from Figure 3, top, superimposed over the individual 28 stable isotope series.
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