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ABSTRACT

Dendroclimatic research faces the challenge of selecting appropriate detrending methods for retaining low-
frequency signals in temperature reconstructions. Among the numerous methods available to dendrochronolo-
gists, regional curve standardisation (RCS) and the signal-free approach in combination with RCS (SF-RCS) are
increasingly used to preserve the full spectrum of temperature variance in tree-ring data. Here, we apply RCS and
SF-RCS to tree-ring width (TRW) and maximum latewood density (MXD) datasets composed of only living and
combined living and relict trees from northern Scandinavia. Whereas RCS and SF-RCS produce highly similar
chronologies when applied to composite (living-plus-relict) datasets, particularly for MXD, both methods fail to
establish chronologies coherent with regional temperature trends when applied to living-tree datasets. Addi-
tional tests including pruning of well-replicated living-tree datasets, to approximate the heterogenous age-
structure of composite datasets, reveal improved results and coherent trends in MXD. While this demonstrates
the applicability of joint detrending and pruning techniques to retain meaningful low-frequency variance in
living-tree MXD chronologies, similar improvements were not achieved with TRW, likely because of the much
stronger age-trend inherent to this widely used proxy. Further tests with other tree species and in alpine envi-
ronments are needed to verify these findings. However, such assessments require an adjustment of tree-ring
sampling protocols to increase replication to 50+ trees per site including old and young individuals to facili-
tate data pruning.

1. Introduction

and MXD, leading to the potential removal of climatic information
(Briffa et al., 1996; Melvin, 2004; Melvin and Briffa, 2008). This prob-

The removal of non-climatic information from tree-ring width (TRW)
and maximum density (MXD) measurements is an important step in the
development of climate reconstructions (Fritts, 1976). This process is
commonly referred to as detrending, and numerous statistical ap-
proaches exist to estimate and remove the biological growth trends
contained in TRW and MXD measurement series (Cook, 1987, 1985;
Cook and Kairiukstis, 1990; Fritts, 1976). These tree-specific detrending
methods can be grouped into two classes: one consists of deterministic
methods fitting linear or curvilinear mathematical functions to the data
(Fritts et al., 1969); and the other comprises stochastic or data-adaptive
methods using low-pass filtering or smoothing splines (Cook and Peters,
1981). These detrending methods are, however, unable to ultimately
distinguish non-climatic from climatic low-frequency variance in TRW
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lem becomes especially evident when dealing with composite records
combining living and relict samples, for which individual detrending
methods may fail to retain long-term climatic trends on multi-centennial
to millennial timescales (Esper et al., 2012a). Efforts to resolve this issue
and reduce the loss of climatic information continue to produce new
methods and best practice recommendations (Briffa and Melvin, 2011;
Cook et al., 1995; Esper et al., 2003; Melvin and Briffa, 2008), adding to
the multitude of detrending options and available software programs,
each with specific requirements, benefits, as well as drawbacks.
Improved preservation of low-frequency signals is of key interest as it
allows for the assessments of long-term climate evolution (Esper et al.,
2016) and increases the accuracy of future climate change projections
(Wilson et al., 2016). Several detrending issues, however, complicate the
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accurate retention of low-frequency signals and require specific atten-
tion during data processing (Briffa et al., 1996; Briffa and Melvin, 2011;
Cook et al., 1995). The so-called segment length curse describes the
incapability of individual trees to reflect climate information beyond the
length of the tree-ring sample, resulting in a loss of low-frequency in-
formation in mean chronologies (Cook et al., 1995). One widely applied
method to tackle the segment length curse and preserve low-frequency
information in TRW and MXD chronologies is regional curve stand-
ardisation (RCS; Briffa et al., 1992; Esper et al., 2003). Instead of indi-
vidually fitting detrending curves to each measurement series, all series
are aligned by cambial age, and a single growth curve is derived, which
is smoothed using a statistical function. The resulting curve is then
applied to detrend the measurement series before these are reassigned to
their calendric date, and the chronology is produced (Esper et al., 2003).
Most importantly, a larger number of both living and dead samples
equally temporally distributed is required to accurately represent tree
growth throughout time.

Most publicly available datasets from the International Tree Ring
Database (ITRDB; Zhao et al., 2019) are shorter than 400 years (St.
George, 2014), and the most common sampling design focused on
mature and old trees at each site (Nehrbass-Ahles et al., 2014). This
coherent age structure and parallel aging of a limited number of old trees
limits the application of RCS, as the method’s strength lies in comparing
rings of the same cambial age that are distributed throughout a longer
period of time (Esper et al, 2003). A more recently introduced
detrending approach is the “signal free” (SF) approach (Melvin and
Briffa, 2008), which incorporates established methods such as RCS. The
application of SF-RCS has gained popularity as an alternative to classical
RCS detrending applied to living-tree and composite datasets (Cooper
et al., 2016; Matskovsky and Helama, 2014; Wang et al., 2014; Wilson
et al., 2012; Zhang et al., 2015). SF-RCS involves an iterative process to
estimate the detrending curve after removing the common climatic
signal from the measurements (Melvin, 2004; Melvin and Briffa, 2008,
2014). One advantage of this combined approach compared to RCS is a
reported decreased need for a wide temporal distribution of relict ma-
terial (Melvin and Briffa, 2014). However, the improvements from
applying SF-RCS to both TRW and MXD data as well as the limitations
with living-tree datasets, compared to composite living and relict
datasets, and methods to mitigate these have not been fully explored yet.

In this study, we assess RCS, SF-RCS, and classic individual-series
detrending applied to temperature-sensitive TRW and MXD data from
Northern Scandinavia and compare the resulting chronologies with long
instrumental temperature series. Through adjusting sample age and
replication of living-tree datasets, we mirror classical as well as com-
posite sampling approaches, allowing a detailed investigation of RCS
and SF-RCS detrending with respect to varying age structure and sample
replication.

2. Material and methods
2.1. Tree-ring data and detrending

For a comparison of RCS-based detrending methods, the target
dataset needed to fulfil several criteria: (i) high sample replication, (ii)
strong temperature signal, and (iii) consist of a single species. While a
high number of samples is required to investigate the effects of repli-
cation and age during detrending, a high-temperature sensitivity sup-
ports the translation of detrending effects on climate reconstructions and
comparison with instrumental records. Finally, using a single species
avoids bias possibly introduced through varying species-specific growth
patterns and climate responses. A region that is ideally suited for such a
comparison is Northern Scandinavia, hosting a long history of den-
droclimatological studies with many temperature-sensitive records of
various lengths (Biintgen et al., 2011; Esper et al., 2012a; Gunnarson
et al., 2011; Linderholm et al., 2010; Melvin et al., 2013).
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We selected two datasets, one consisting of living and sub-fossil Pinus
sylvestris samples from the N-SCAN network (Esper et al., 2012a, 2012b)
and a second collection of exclusively living trees from the same area
and species (Fig. 1; Biintgen et al., 2011). The N-SCAN collection con-
sists of 587 TRW and MXD series covering the period from 215 BCE to
2006 CE (Fig. 2) collected at 17 sites, three of which provide living-tree
and 14 sub-fossil material. The exclusively living material originates
from five sites including 792 TRW and MXD measurement series
extending back to 1475 CE. Samples were processed following standard
procedures and details can be found in the original publications (Biint-
gen et al., 2011; Esper et al., 2012a). All data were detrended using the
ARSTAN version 41 and RCSsigFree version 45 programs (Cook, 1985;
Cook et al., 2017a, 2017b). Average interseries correlation (rbar) was
calculated using Cofecha (Holmes, 1983), and all subsequent analyses
were completed using RStudio (R Core Team, 2022), treeclim (Zang and
Biondi, 2015) and dplIR (Bunn, 2008).

The composite TRW and MXD data were RCS and SF-RCS detrended
using residuals with power transformation, and ratios without power
transformation (Cook and Peters, 1997). All detrendings considered the
pith offset of each sample, had a 100-year smoothing spline applied to
the regional curve, and used one of three variations of variance stabi-
lization (none, RBAR based stabilization, RBAR and spline stabilization;
Frank et al., 2007). The resulting 12 chronology versions for each
method and parameter were averaged to create mean chronologies for
each of the four groups: TRW RCS, TRW SF-RCS, MXD RCS, MXD SF-RCS
(Supplementary Table S1).

The 792 samples of the five living-tree sites were merged (hereafter
designated full dataset), as demonstrated in Biintgen et al. (2011), and a
subset including only the oldest 69 samples with a minimum age of 250
years (hereafter old dataset) used to resemble the composition and age
structure of classic dendroclimatological datasets. The full and old
living-tree datasets were detrended using the same RCS and SF-RCS
approaches as applied to the composite dataset to produce 12 chronol-
ogy versions for each TRW and MXD. In addition, we applied negative
exponential (NegEx) detrending using the same power transformation
and variance stabilization variants, to add a classic method considered
for datasets composed of only living trees. The different chronology
versions (Supplementary Table S1) were again averaged to create mean
curves: TRW/MXD NegEx, TRW/MXD RCS, and TRW/MXD SF-RCS.

In an attempt to emulate the age structure of a composite dataset, we
used the full dataset truncated to rings older than 50 years and younger
than 150 and produced a subset of only 527 (of the total of 792 living-
tree) series including at least ten rings, hereafter referred to as the pruned
dataset. This process mirrors the age-band decomposition procedure
introduced by Briffa et al. (2001) to retain low-frequency variance in
tree-ring chronologies (Romer et al., 2021), though it does not neces-
sitate the re-combination of various age-bands into a single chronology
unlike the original method (Briffa et al., 2001) and other derived ap-
proaches (Scharnweber et al., 2019). The pruned dataset is character-
ized by an even mean age curve suited for RCS detrending (Esper et al.,
2016), and both RCS and SF-RCS were applied to this subset in line with
the procedures detailed above for the composite dataset.

2.2. Instrumental data and scaling

Monthly temperatures were extracted at four points centred around
68°N/24°E using the gridded 1.0°x1.0° Berkeley Earth Surface Tem-
perature Anomaly Field (Rohde et al., 2013) accessed through the KNMI
climate explorer (https://climexp.knmi.nl). The temperature data
(Supplementary Fig. S1) were analysed for potential trends using linear
regression and by comparing the first (1861-1870) and last decade
(1997-2006) of the calibration period. Correlations of the differently
detrended composite and living-tree chronologies with monthly average
temperature were calculated over a 146-year calibration period from
1861 to 2006.


https://climexp.knmi.nl
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P. sylvestris
distribution

Finland

Fig. 1. Pinus sylvestris network in northern Scandinavia. a, Fifteen sites used for TRW and MXD composite (blue) and living-tree chronologies (green). Orange area
indicates the distribution range of Pinus sylvestris. b, Picture of sub-fossil trees from a lake. c, Picture of living trees. d, Overview of the locations in Europe.

r800 r 1400
5 b
(o]
=
=
-
- =
< g
©
= L 0 o
600 g—
[]
o on
%)
o
Q
1S
(o]
(@]
Lo Lo
T T T T T T T T T T
-200 0 500 1000 1500 2000

Year CE

Fig. 2. Changes of replication across sites. a, Thin section showing three tree rings and density profiles (orange curve). b, Sample distribution of the composite
dataset in blue and the five living-tree sites in green, with each horizonal line representing one measurement series.
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Fig. 3. RCS and SF-RCS detrended composite chronologies from northern Scandinavia. a, TRW (top panel) and MXD chronologies (bottom) after RCS (blue) and SF-
RCS detrending (orange) scaled from 1861 to 1910 (grey area) to regional JJA temperature anomalies. Right panels show the same chronologies after smoothing
using 100-year spline filters. b, Box plots of the mean temperature changes of scaled TRW and MXD chronologies from 1861 to 1870-1997-2006 (green areas in
panel a) considering 12 different RCS (blue) and SF-RCS (orange) detrendings, dots indicate arithmetic means. ¢, 100-year smoothed RCS (blue) and SF-RCS (orange)
TRW and MXD chronologies after scaling the records from 1861 to 1910 (grey areas) to JJA temperature anomalies. Colored bands highlight the variance among the
12 different detrending versions. Bottom panel shows temporal replication changes.
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All TRW and MXD chronologies were scaled from 1861 to 1910 to
instrumental mean JJA temperatures and expressed as anomalies from
the same period. Timeseries were smoothed using 100-year splines to
support visual comparison among differently detrended chronologies,
TRW and MXD data, composite and living-tree data, and proxy and
instrumental data. Temporal changes of reconstructed temperature were
again assessed by comparing the means of the first (1861-1870) and last
decade (1997-2006) of the calibration period. Residuals between
reconstructed and instrumental temperatures were computed to eval-
uate trends and estimate the skill of differently detrended chronologies.

3. Results
3.1. Basic chronology statistics

Mean segment lengths vary considerably among the various datasets,
from 88 to 358 years for the living-tree chronologies, and 136 years for
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the composite chronology (not shown). Differences in mean interseries
correlations are overall small and centred at Rbargrw = 0.59 and
Rbaryxp = 0.65 for the composite chronologies, and Rbartgyw = 0.58
and Rbaryxp = 0.68 for the living-tree chronologies (supplementary
Table S2). Both the composite and living-tree mean chronologies show
statistically significant correlation (p < 0.05) with monthly and seasonal
temperatures from June-July, June-August, and July-August over the
1861-2006 calibration period (Biintgen et al., 2011; Esper et al., 2012a,
2012b). The numbers of significant correlations for composite TRW and
MXD chronologies are almost identical (19 and 20), but there are dif-
ferences in magnitude ranging from r = 0.45 in TRW up to r = 0.68 in
MXD (supplementary Fig. S2). Living-tree TRW chronologies show
weaker (r = 0.17-0.29) and fewer significant correlations (#7)
compared to MXD (r = 0.15-0.60; #23; supplementary Fig. S3).
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Fig. 4. RCS, SF-RCS and NegEx detrended living-tree chronologies from northern Scandinavia. a, TRW (top panel) and MXD chronologies (bottom) after RCS (blue),
SF-RCS (orange) and NegEx detrending (green) scaled from 1861 to 1910 (grey areas) to regional JJA temperature anomalies. Right panels show the same chro-
nologies and instrumental data (black) after smoothing using 100-year spline filters. b, Box plots of mean temperature changes of scaled TRW and MXD chronologies
from 1861 to 1870-1997-2006 (green areas in panel a) considering 12 detrendings. ¢, 100-year smoothed RCS (blue), SF-RCS (orange) and NegEx (green) TRW and
MXD chronologies after scaling the records from 1861 to 1910 (grey areas) to JJA temperatures. Colored bands highlight the variance among the 12 different

detrending versions. Bottom panel shows temporal replication changes.
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3.2. RCS and SF-RCS applied to composite data

RCS and SF-RCS produce larger differences among the 12 chronology
versions and between their means when applied to TRW, compared to
MXD (Fig. 3). During the 1861-2006 calibration period, the mean TRW
RCS and SF-RCS chronologies show only minor differences, yet these are
even smaller between the MXD chronologies (Fig. 3a). This conclusion is
supported by the residuals between the first and last decade of the
calibration period (1861-1870 and 1997-2006) revealing a larger
spread among TRW than MXD chronologies, independent of the
detrending approach (Fig. 3b). The TRW RCS chronologies show overall
greater mean variations than the TRW SF-RCS chronologies, whereas for
MXD, this association is reversed, i.e. the SF-RCS chronologies show
greater variability than the RCS chronologies. The similarity between
RCS and SF-RCS chronology variants remains smaller over the past 2000
in MXD compared to TRW but increases in both proxies during the most
recent decades (Fig. 3c).

3.3. Detrending of living-tree datasets and fit with instrumental
temperatures

As with the composite dataset, differences caused by detrending
living-tree datasets are greater in TRW than in MXD chronologies,
although both are larger compared to the composite dataset (Fig. 4). The
various chronologies appear largely in agreement during the calibration
period (1861-2006), yet major deviations become visible between the
TRW NegEx chronology after smoothing the data (right panels in
Fig. 4a). However, none of the three mean TRW and MXD chronologies
follows the instrumental temperature trend. The comparison of the first
and last decade of the calibration period (1861-1870 and 1997-2006)
reveals the largest spread in the TRW SF-RCS and RCS chronologies and
much smaller differences among the TRW NegEx chronologies (Fig. 4b).
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The same analysis shows very little spread among the MXD data. Across
the full period from 1521 to 2006, large differences are recorded be-
tween the TRW RCS and SF-RCS chronologies compared to the NegEx
chronologies (Fig. 4c). Variability among the 12 detrendings increases
back in time, a tendency that is more pronounced when applying SF-RCS
compared to RCS, while the NegEx shows relatively small differences.
Similar to the calibration period, MXD reveals less variability among the
12 detrendings back to 1521. Minor increases back in time are recorded
among the SF-RCS detrendings, but the mean timeseries are all in close
agreement over the entire period.

3.4. Pruned dataset detrending

The three versions of living-tree datasets show substantial differ-
ences in the number of samples and age structure (Fig. 5). The TRW SF-
RCS and RCS chronologies of the old dataset show similar patterns that
differ increasingly from the NegEx chronology back in time. The three
MXD chronologies share similar variability, except the SF-RCS chro-
nology which shows more positive values before 1750. These patterns
are also partially retained in the full dataset chronologies (middle panels
in Fig. 5), though the differences are overall smaller. Unlike the old
dataset, the MXD SF-RCS and RCS chronologies show close agreement
throughout the entire period with the NegEx chronology at an almost
constant offset. The pruned TRW chronologies largely agree in the mid-
section, but differences increase towards both the early and the late
chronology periods between NegEx and both RCS and SF-RCS chronol-
ogies. The pruned MXD chronologies are more similar, particularly SF-
RCS and RCS.

Comparison of the pruned chronologies with the composite chro-
nologies reveals larger differences in TRW compared to MXD (Fig. 6).
None of the TRW chronologies match the long-term trend in instru-
mental temperatures, a feature that also remains in the NegEx detrended
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Fig. 5. Influence of replication and age structure on NegEx, RCS and SF-RCS detrended chronologies. a, Temporal changes in replication. b, Mean age curves. c, 100-
smoothed TRW- (top) and MXD (bottom) chronologies after NegEx (green), RCS (blue) and SF-RCS detrending (orange) scaled from 1861 to 1910 to regional JJA

temperatures.
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and pruned (light green) datasets scaled from 1861 to 1910 (grey areas) to regional JJA temperatures (black). b and ¢, Same as in a, but for RCS and SF-RCS
detrended chronologies, respectively.



LK. Homfeld et al.

Dendrochronologia 85 (2024) 126205

a 5 _ TRW composite RCS b
composite RCS
0 composite SF-RCS
B 300
7 pruned RCS
—4- | # pruned SF-RCS
5 _ MXD composite RCS
O o ®
— [
> 200+
g -4 s
T ' ©
a 2
IS 5_ TRW pruned SF-RCS 3
e 2
5 0+ et L e T e E
-4 100
I
5 _ MXD pruned SF-RCS ’ ’
” o /IY.
I I
1900 2000 TRW MXD

Year CE

Fig. 7. Residual assessment. a, Residuals of differently detrended TRW and MXD chronologies regressed from 1861 to 2006 against instrumental JJA temperatures.
b, Summed absolute residuals of JJA temperatures and differently detrended TRW and MXD chronologies.

MXD data. Coherent long-term trends are recorded between the
instrumental and MXD data after detrending using RCS and SF-RCS. This
instrumental-proxy covariance is slightly larger in the pruned living-tree
dataset compared to the composite dataset.

3.5. Residual assessment

Considering the best-fit combinations, an assessment of proxy-
instrumental residuals reveals minor differences and insignificant
trends (p > 0.05) for RCS detrended composite MXD and TRW chro-
nologies as well as the pruned SF-RCS detrended living-tree MXD
chronology (Fig. 7). The fit is much weaker with the pruned TRW data,
and the residual trends are partly opposing between TRW and MXD
(supplementary Fig. S4). The various detrendings may cause magnitude
differences and are overall more pronounced in SF-RCS. Absolute re-
siduals are substantially larger in pruned TRW data compared to MXD
and the composite chronologies (Fig. 7b).

4. Discussion

RCS and SF-RCS have become firmly established as detrending
methods with improved preservation of low-frequency climate signals.
However, no study compared their influence on TRW and MXD com-
posite and living-tree datasets. Pseudoproxy experiments based on MXD
data were used to investigate differences between RCS, SF-RCS, and
individual curve detrending concluding that the latter two methods
introduced least bias in the final chronologies (Anchukaitis et al., 2013).
Other work showed that SF-RCS in combination with age-dependent
splines increased coherency between sites of temperature-sensitive
chronologies, while moisture-sensitive chronologies did not benefit
(McPartland et al., 2020). This study focused on the two most commonly
employed applications of RCS excluding numerous variants of the
original RCS (overview in Helama et al., 2017). Some of these variants
were developed for either TRW or MXD data, while others address
additional issues related to low frequency preservation (Bjorklund et al.,
2013; Helama et al., 2017; Nicault et al., 2010). Other more complex
RCS variations were not included as limitations associated with original
RCS remain standing in case of ensemble standardization (Shi et al.,
2020) or a number of method-specific limitations exist as noted for the

DIRECT method (Matskovsky and Helama, 2016). Inclusion of living
material of various ages and the large sample depth were used to bypass
correction measures for bias introduced by differing or unknown sam-
pling height (Autin et al., 2015). Our comparison of SF-RCS and RCS
applied to composite and living TRW and MXD datasets revealed little
evidence for a better performance of SF-RCS over RCS, but a generally
greater sensitivity of TRW datasets to different detrendings. Application
of data pruning is shown to substantially improve chronology covari-
ance and fit with instrumental target data and is particularly recom-
mended as an additional method for living-tree MXD datasets.

Largest detrending differences were found in TRW chronologies
during the 20th century, likely linked to the typically higher variance
changes inherent to TRW data (Esper et al., 2015) which either
remained unadjusted or were treated differently in the 12 detrendings
resulting in only minor differences between chronologies (not shown).
Despite identical treatment, these differences solely appear in the TRW
data where the spread between detrendings is much larger than in MXD
(Figs. 3 and 4). Melvin and Briffa (2014) reported less biased chronol-
ogies using SF-RCS than RCS for a composite TRW dataset. We, however,
produced highly similar chronologies when applying RCS and SF-RCS to
composite TRW data. The same is now validated for MXD, for which
another study already showed that RCS and SF-RCS created no
discernible difference in a temperature reconstruction (Esper et al.,
2014). Comparisons using several RCS and correction procedures
(Matskovsky, 2011; Matskovsky and Helama, 2014) applied to a com-
posite MXD dataset revealed only minor differences (Matskovsky et al.,
2014). However, such an ideal dataset structure composed of living and
dead trees is fairly uncommon, as most datasets consist of purely living
trees that synchronously age and thereby question the applicability of
RCS.

If samples cover a similar timeframe, low-frequency climate related
signals might be removed during detrending (Esper et al., 2003; Briffa
and Melvin, 2011). However, there are alternative methods to accom-
modate the use of RCS despite of differing growth rates, multiple origins
of sample material, and less than ideal age structures. Grouped or
multiple RCS divides the measurement series into subsets to establish
separate regional curves which are later re-combined (Esper et al., 2002;
Melvin, 2004). However, use of more than two groups entails a loss of
absolute amplitudes and some variation of low frequency signal (Briffa
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and Melvin, 2011; Helama et al., 2017; Melvin, 2004) and large differ-
ences were found for TRW chronologies produced by single RCS and
four-curve RCS (Sullivan et al., 2016). Meanwhile pruning truncates the
measurement series to emulate the age structure of composite datasets
and suit requirements for RCS detrending (Briffa et al., 2001). Our tests
using living-tree chronologies reveal larger differences in MXD, partic-
ularly with SF-RCS, than previously reported for composite chronolo-
gies. A fundamental problem of living-tree datasets is the typically much
shorter time period covered by the samples and the lack of young trees,
which opposes basic requirements of RCS detrending. Synchronous
aging causes a number of problems including the risk of removing
meaningful low-frequency climate information regardless of detrending
method (Melvin and Briffa, 2014). Our tests show that these limitations
account for both TRW and MXD with RCS and SF-RCS applied to
living-tree datasets characterized by monotonically increasing mean age
curves (see Esper et al., 2016 for an evaluation of mean age curve
trends).

This basic limitation can be mitigated by pruning living-tree datasets
to emulate the age structure of composite datasets. However, data
pruning does not only alter the age structure of a dataset, but also re-
duces sample replication and frequently the length of a chronology.
Even though we combined and used a rather large living-tree dataset for
pruning, replication still increased from a low number of samples at the
beginning to a higher number of samples towards present, a feature that
may generally distort climate signals (Melvin, 2004). The impact of
these issues can be seen in the regional curves, where the inclusion of
young trees in the full dataset and removal of these in the pruned dataset
results in noticeable changes of regional curves (supplementary Fig. S5).

Our results revealed negative effects and reduced covariance with
regional temperatures after pruning the living-tree TRW data. However,
contrary to the TRW chronologies, both data pruning and SF-RCS
detrending produce MXD chronologies with only negligible differences
compared to the composite and RCS versions. The pruned RCS and SF-
RCS MXD chronologies also capture the trends of regional temperature
data, as confirmed in the residual analysis. These marked differences
between TRW and MXD demonstrate that the age structure adjustments
conducted by pruning living-tree data in concert with RCS and SF-RCS
detrending worked only for MXD. While these tests appear overall
encouraging and support the prospect of preserving lowest-frequency
climate information in living-tree datasets, we need to acknowledge
that these results were achieved using a unique collection of homoge-
neous MXD site chronologies containing a rather strong and coherent
temperature signal (Biintgen et al., 2011). Overall, it is essential though
that trends in instrumental climate data are accurately captured in
tree-ring  chronologies.  Testing this, e.g, by employing
proxy-instrumental residual analyses (Fig. 7) is recommended particu-
larly when changing the age structure of datasets by pruning.

5. Conclusions

Our detrending exercises indicate that great caution is required when
detrending living-tree datasets and that these directly influence the
interpretation of paleoclimate reconstructions (Biintgen et al., 2021),
more so for TRW than for MXD data. Neither simple RCS nor SF-RCS
should be applied to such datasets as at best, it risks underestimation
of trends in the instrumental data and at worst the detection of opposing
trends as demonstrated in a residual analysis. We recommend sampling
old and young trees and data pruning as these techniques support pre-
serving potentially meaningful low frequency trends in living-tree
datasets. Comparison of RCS and SF-RCS applied to
temperature-sensitive tree-ring data revealed minor differences and the
applicability of both methods to TRW and MXD composite chronologies,
as well as pruned MXD living-tree chronologies. For TRW from solely
living trees, neither RCS nor SF-RCS produced robust results and
meaningful low-frequency trends coherent with regional temperature
data could not be achieved.
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