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In this study, a barely used method to measure δ13C values from lignin methoxyl groups (δ13Cmethoxyl) of tree‐
rings is applied to high alpine larch trees to test their potential as a climate proxy. Thirty-seven larch trees
(Larix decidua Mill.) were sampled at a tree line site near Simplon Village in the Valais/Switzerland. Samples
were used to measure tree-ring width, and from five individuals, δ13Cmethoxyl was determined at annual resolu-
tion from 1971 to 2009, and at pentadal resolution from 1747 to 2009.
The physiological tree responses to increasing atmospheric CO2 concentration since 1850 and the corresponding
decrease in δ13C (Suess effect) were corrected using a range of published discrimination factors and approaches.
One of these approaches considers a flexible correction factor, whichminimizes the residuals with target climate
data.
Testing the response of thenew δ13Cmethoxyl proxy to climate revealed significant correlationswith June toAugust
temperatures, ranging from r= 0.56 to 0.75 for annually and from r= 0.41 to 0.87 for pentadally resolved data
depending on the correction methods. Tree-ring width also shows significant correlations with June to August
temperature. These results demonstrate the potential of δ13Cmethoxyl to serve as a summer temperature proxy
in high-elevation alpine environments.
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1. Introduction

Over recent decades, there have been numerous studies using stable
carbon and oxygen isotope ratios from tree‐rings (e.g., Daux et al., 2011;
Esper et al., 2015; Hafner et al., 2011; Konter et al., 2014; Kress et al.,
2010; Reynolds-Henne et al., 2007; Treydte et al., 2001; Wang et al.,
2011). In particular, the carbon isotope composition from tree‐rings
has been established as a suitable palaeoclimate proxy in the Northern
hemisphere (e.g., Becker et al., 1991; Kress et al., 2010; Leavitt et al.,
1995; Treydte et al., 2007). δ13C is sensitive to air humidity and soil
water changes at dry sites such as the inner Alpine valleys (Giuggiola
et al., 2015; Kress et al., 2010; Treydte et al., 2001). Summer irradiance
and temperature changes seem to have a stronger influence on the
δ13C at humid sites (McCarroll and Loader, 2004), e.g., at higher eleva-
tion sites at the boundaries of the upper species distribution (Hafner
et al., 2011; Reynolds-Henne et al., 2007). These differences are mainly
related to variations in stomatal conductance, controlled by soil and air
moisture and determining the tree's water-use efficiency (Frank et al.,
lmann).
2015;McCarroll and Loader, 2004; Saurer et al., 2014). For these isotope
studies, fewer trees are typically used, as time-series development is
expensive and the high-frequency climate signals are stronger com-
pared to tree-ring width (TRW) and maximum latewood density
data (MXD) (Daux et al., 2011; Hafner et al., 2011; Hartl-Meier
et al., 2015).

Most studies used cellulose to determine δ13C in of tree‐rings, but
also δ13C of lignin and whole wood have been measured to compare
the potentially changing climate signals retained in thesewood compo-
nents (e.g., Borella et al., 1998; Loader et al., 2003; Sidorova et al., 2008;
Wilson and Grinsted, 1977). An alternative approach is the measure-
ment of δ13C of ligninmethoxyl groups (δ13Cmethoxyl), an approach orig-
inally developed by Keppler et al. (2004) and optimized by Greule et al.
(2009). While this method does not require the time consuming cellu-
lose extraction, the amount of sample material is generally higher
compared to measurements based on cellulose and whole wood. Fur-
thermore, methoxyl groups are chemically stable and are not exposed
to any exchange after formation (Greule et al., 2009). The method was
recently tested in two studies for its applicability to serve as a climate
proxy (Gori et al., 2013; Mischel et al., 2015). Gori et al. (2013) com-
pared δ13C values from whole wood, cellulose and the lignin methoxyl
groups of Picea abies sampled at three south-alpine locations (900–
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1900 m above sea level). The results indicated a constant offset and
a high correlation of δ13C among the different wood components. How-
ever, the resulting δ13C time series do not contain a distinct climate sig-
nal from any of the three different wood components at the sampling
sites. This could be due to species and site specific conditions. A second
study (Mischel et al., 2015) investigated δ13Cmethoxyl values of Pinus
silvestris trees from amiddle rangemountain site in Germany and com-
pared these data with δ13C values from whole wood and α-cellulose.
The δ13C series from the different wood components correlate signifi-
cantly with each other and with climate variables such as temperature,
precipitation, vapour pressure deficit and infiltration. These partly het-
erogeneous results on δ13Cmethoxyl data as a climate proxy necessitate
further investigations.

Here, we applied the method established by Keppler et al. (2004)
and Greule et al. (2009) to thoroughly test the potential of δ13Cmethoxyl

from larch trees (Larix decidua Mill.) as a palaeoclimate proxy in a
high-elevation, temperature-constrained environment.
2. Materials and methods

2.1. Study area

The study site is located near Simplon Village in the Simplon region
in southern Switzerland (Fig. 1). The region bridges over the southern
main mountain range of the western Alps including the NNW–SSE-
oriented Simplon valley. It is one of the lowest passes in the Alps at
2005 m above sea level (asl).

Simplon Village and the sampling site are located south of the pass,
which acts as a climate divide between the dry inner alpine Rhône val-
ley in the north, and the Mediterranean influenced climate in the south
(Müller, 2005). Annual mean temperature at Simplon Village in 1495m
asl is 5.3 °C (1971–1996), and annual precipitation 1247 mm (1961–
2009) (www.meteoswiss.ch). The seasonal precipitation distribution
shows a bimodal pattern with highest precipitation sums in spring
(May) and autumn (October) and lower amounts in winter (January
and February) and summer (July) (Müller, 2005).
Fig. 1. Location of the Simplon region and meteorological
2.2. Sampling and TRW measurements

Thirty-seven larch trees (Larix deciduaMill.)were sampled in Septem-
ber 2010 at 2150m asl (46°13N, 8°04 E) close to the tree line on a south-
west-exposed slope (Fig. 1). The sampling site is characterized by a
typical, subalpine larch forest of low stand-density with shrubs and
herbs as understory. Two to three 5-mm increment cores were sampled
at breast height considering trees of all age classes (Nehrbass-Ahles
et al., 2014; Speer, 2010). The resulting 78 cores were cut perpendicular
to the wood fibers using a microtome (Gärtner and Nievergelt, 2010) to
generate a plane surface for a better visibility of the tree‐rings. TRW
wasmeasuredwith an accuracy of ±0.01mmusing a LINTABmeasuring
table equipped with TSAP-Win software. Cross dating of the individual
TRW series was performed visually and verified using the COFECHA soft-
ware (Holmes, 1983). Tree age-related growth trendswere eliminated by
calculating residuals from individually fitted negative exponential func-
tions after power transformation (Cook and Peters, 1997) and variance
stabilization (Frank et al., 2007) was performed with a 300 year spline
with the software ARSTAN (Cook, 1985).
2.3. δ13C values of wood lignin methoxyl groups

Five of the 37 trees and one core of each of these five trees were se-
lected for annually resolved δ13C measurements of wood lignin
methoxyl groups over the period 1971–2009. The years before 1971
were analyzed in blocks of five years, i.e., thin sections of the five tree
cores were cut with a microtome (Gärtner and Nievergelt, 2010) and
blocks of five consecutive tree‐rings cut from these sections for one iso-
topic measurement. The pentadal blocks were analyzed to test not only
the year-to-year but also the long-term variability of the proxy record.
For the measurement of δ13Cmethoxyl, the cut wood pieces of 0.4 to
3.7 mg were weighed into crimp glass vials (1.5 ml) using a Satorius
Research R200D microbalance (±0.01 mg).

Stable carbon isotope values of lignin methoxyl groups were
measured as CH3I released upon treatment of the dried wood samples
with hydriodic acid (HI) (Greule et al., 2009). The acid (0.25 ml,
stations in Switzerland (modified after Google earth).
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55–58%)was added to the sample in the glass vial. The vials were sealed
with crimp caps containing PTFE lined butyl rubber septa (thickness
0.9 mm) and incubated for 30 min at 130 °C. After heating, the vials
were allowed to equilibrate at room temperature (22 ± 0.5 °C, air-
conditioned room) for at least 30 min before 10–90 μl from the head-
space was directly injected into the gas chromatography–combustion–
isotope ratio mass spectrometry (GC-C-IRMS) system.

Measurements were performed with an HP 6890 N gas chromato-
graph (Agilent, Santa Clara, CA, USA) equipped with an A200S auto-
sampler (CTC Analytics, Zwingen, Switzerland), coupled to a DeltaPLUSXL
isotope ratio mass spectrometer (ThermoQuest Finnigan, Bremen,
Germany) via an oxidation reactor and a GC Combustion III interface.
For further details of the GC-IRMS measurements, refer to Greule
et al. (2009).

The isotope signatures were measured relative to a high purity CO2

reference working gas (Air Liquide, Düsseldorf, Germany). All δ13C
values are expressed relative to the international VPDB standard using
a CH3I working standard. The δ13C value of CH3I was calibrated against
international reference substances (IAEA-CH-6, IAEA-CH-7, NBS-22)
using an offline elemental analyzer (EA)/IRMS system (Iso-Analytical
Ltd., Sandbach, UK). The calibrated δ13C value in ‰ vs. VPDB for CH3I
was −69.27 ± 0.05 ‰ (n = 15, 1σ). This working standard was mea-
sured after every fourth sample injection. The analytical precision was
b0.3 ‰.

As this procedure represents solely a 1-point calibration, it has to be
pointed out that the δ13C data might be affected by an additional error
(“scale compression”). CH3I working standards with distinct isotopic
signatures spanning the full range of measured δ13C values were not
available for this study to eliminate or minimize this error. The authors
are aware that international comparability of stable isotope abundance
measurements ideally requires a 2-scale anchor calibrationwith accept-
ed isotope abundance values as recommended by the IUPAC guidelines
(Coplen, 2011).
2.4. Meteorological data

The response of the δ13Cmethoxyl and the TRW records to climate
was assessed by comparison with monthly resolved data of tempera-
ture, precipitation (1866–2009), and cloudiness (1966–2009) of the
meteorological station in Grächen (46°12′ N, 7°50′ E, 1605 m asl) and
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Fig. 2. JJA temperatures recorded in Grächen, Great St. Bernhard, Geneva, and Locarno from 1
precipitation data of the station in Simplon Village (46°12′ N, 8°03′ E,
1495 m asl; Fig. 1) for the annually resolved period 1971–2009.

The Grächen data were used because the station is located 15 km
west of Simplon Village (Fig. 1) and provides continuous monthly
time series from 1866 to 2009. The nearby weather station in Simplon
Village only provides temperature data from 1971 to 1996 and precipi-
tation data from 1971 to 2009. The June–August (JJA) temperature data
from theGrächen station are consistentwith thedata from the station of
Simplon Village as well as with those from the stations Great St.
Bernhard (2472 m asl), Geneva (420 m asl) and Locarno (366 m asl)
(Fig. 2).

To estimate the combined effects of low water availability and high
evaporative demand on δ13Cmethoxyl and tree growth, we also calculated
and applied the drought index (DRI) of Bigler et al. (2006):

DRI ¼ P–PET ð1Þ

with P being the monthly precipitation and PET the potential evapo-
transpiration according to Thornthwaite (1948). The index was calcu-
lated based on temperature and precipitation data from Grächen.

2.5. Correction of δ13Cmethoxyl values

Due to the anthropogenic burning of fossil fuel, the CO2 concentration
in the atmosphere increased from 280 ppmv at AD 1800 to 400 ppmv
today (Francey et al., 1999) (NOAA Mauna Loa CO2 Data,
www.co2now.org). Since the fossil CO2 has a lighter carbon isotopic com-
position than the atmosphere, the δ13C value of the atmosphere de-
creased from −6.4 ‰ (in 1850) to a current value of −8.3 ‰ (http://
scrippsco2.ucsd.edu/data/mlo.html), the so-called Suess effect (Keeling,
1979). This change in source δ13C has to be corrected for to investigate
the climatic signal in tree-ring δ13C values. This was here done using
the atmospheric δ13C data listed at www.climexp.knmi.nl and in
McCarroll and Loader (2004).

There is however also increasing evidence that trees respond physi-
ologically to the increasing CO2 concentration in the atmosphere (Feng
and Epstein, 1995; Kürschner, 1996; McCarroll et al., 2009; Saurer et al.,
2003; Treydte et al., 2009; Wang et al., 2011). This physiological re-
sponse depends on the relative increase of the internal leaf CO2 concen-
tration (ci) compared to the increase in atmospheric CO2 concentration
(ca). If ci increased at the same rate as ca (ca− ci = constant), this would
y = 0,0564x - 98,643 

y = 0,0604x - 113,62 
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971 to 2009 and Simplon Village from 1971 to 1996. Data source: www.meteoswiss.ch.
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result in a strong discrimination against 13C within the leaf, and thus
lower δ13C would be obtained. If, however, plants actively responded
to an increase in ca, by reducing stomatal conductance to save water
and maintain CO2 uptake, then ci increases would be reduced (propor-
tionally, i.e., ci/ca = constant), and no change in discrimination and
tree-ring isotopes would be observed (Farquhar et al., 1989; Saurer
et al., 2004; Treydte et al., 2009). Note that the physiological responses
are still controversial and seem to be different for different species and
locations (Feng and Epstein, 1995; Gessler et al., 2014; Kürschner,
1996; McCarroll et al., 2009; Treydte et al., 2009). We chose to apply
the following suite of corrections to evaluate the related uncertainties.

First, we corrected the tree-ring δ13Cmethoxyl data for the Suess
effect only. We then accounted for potential effects of discrimination
changes under elevated CO2 concentration by adding correction factors
derived from (i) Kürschner (1996), indicating a discrimination change
of 0.0073 ‰/ppmv CO2; (ii) Feng and Epstein (1995), indicating
0.02 ‰/ppmv CO2; and (iii) Treydte et al. (2009), indicating a flexible
factor and 0.012 ‰/ppmv CO2 in their study.

The PIN‐correction (Pre-industrial normalization; correcting δ13C
values with respect to 1850 AD) of McCarroll et al. (2009) was not
considered because our sampling design (annual resolution 1971–
2009; pentadal resolution 1771–2009) of δ13C is not applicable to this
correction method (D. McCarroll, personal communication). Further,
the δ13Cmethoxyl datawere detrendedwith a 10-year (annual resolution)
and 10-point (pentadal resolution) fast Fourier transformation (FFT)
filter, using the software Origin®, to emphasize high-frequency variance
in the data.

3. Results

3.1. Tree-ring width

The 78 sampled cores contained in 18,538 tree‐rings, the inter-series
correlation calculated using the COFECHA software reached r = 0.74.
This inter-series correlation is the average correlation of each series
with themean of all remaining series (Holmes, 1983). The five cores se-
lected for the δ13Cmethoxyl analyses contain 1203 tree‐rings and inter-
series correlation at r = 0.68. The TRW record of all series spans
445 years with a minimum replication of five trees, and the five cores
used for isotope analyses span 239 years with a minimum replication
of four trees. The mean TRW records of all and the five selected cores
correlate at r = 0.89 (p b 0.001), indicating that the sub-samples used
Fig. 3. TRWrecords of all trees, and thefive trees selected for δ13Cmethoxyl analyses. Individual rec
at a minimum replication of 5 trees for TRW of all trees and 4 samples for TRW of the five core
for δ13Cmethoxyl analysis represents the common signal of the site chro-
nology (Fig. 3). Hence, the chronology of all sampled trees was used to
assess the climate response in TRW and compared with the δ13Cmethoxyl

records.

3.2. δ13Cmethoxyl values, correction of the Suess effect and physiological
response

The raw δ13Cmethoxyl series of the five trees do not show a clear com-
mon pattern during the annually resolved period 1971–2009 (Fig. 4a),
as reflected by the insignificant inter-series correlation of r = 0.14
(p N 0.05; Table 1). In comparison, the TRW series of the same five
trees inter-correlate at r = 0.66 (p b 0.001; Fig. 4c). The annually re-
solved δ13Cmethoxyl series of the period 1971–2009 were averaged
over five-year blocks for comparison with the earlier δ13Cmethoxyl

data before 1971 that were measured at pentadal resolution. The
resulting low-resolution δ13Cmethoxyl series contain more variance
in common reflected by an inter-series correlation of r = 0.50
(p b 0.001; Table 1). The TRW of the pentadally resolved series
inter-correlate at r = 0.62 (p b 0.001; Fig. 4d). Importantly, the raw
δ13Cmethoxyl records do not significantly correlate with the corre-
sponding TRW records (Table 1).

After correction of the Suess effect (atmospheric correction,
δ13Cmethoxyl atmo), the δ13Cmethoxyl values appearmore enriched towards
present (Fig. 5), and the inter-series correlation of the annually resolved
data increases to r = 0.23 (p N 0.05). The inter-series correlation of the
pentadally resolved data, however, decreases to r=0.28 (p N 0.05). The
δ13Cmethoxyl values become even more enriched after correcting for the
physiological tree response following Kürschner (1996) (+K), Feng
and Epstein (1995) (+Fe) and Treydte et al. (2009) (+opt) considering
JJA temperatures as the best-correlating climate parameter and season.
This procedure resulted in corrections of 0.032 ‰/ppmv CO2 for
the annual resolved and 0.036‰/ppmv CO2 for the pentadally resolved
δ13Cmethoxyl data. These optimum correction factors are determined by
changing this factor from −0.05 to +0.05 ‰/ppmv CO2 in steps
of 0.001 ‰. The correlations of these differently corrected δ13Cmethoxyl

series to JJA temperature are tested for the highest one, which
results in the used correction factors. Applied to our data the optimum
correction is higher than the fixed corrections from Kürschner
(1996) at 0.0073 ‰/ppmv CO2 and Feng and Epstein (1995) at
0.02 ‰/ppmv CO2, as well as the corrections by Treydte et al. (2009)
at 0.012 ‰/ppmv CO2 and Wang et al. (2011) at 0.016 ‰/ppmv CO2.
ordswere detrendedusing negative exponential functions, and the recordswere truncated
s used for the δ13C analyses.
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Fig. 4. Individual δ13Cmethoxyl records of (a) the annually resolved period 1971–2009 and (b) the pentadally resolved period 1747 to 2009. Individual TRW records of the δ13Cmethoxyl cores
for (c) the annually resolved period 1971–2009 and (d) the pentadally resolved period 1747 to 2009.
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Table 1
Mean inter-series correlation (mean of the correlations of each series with each series) of annually resolved records and those derived frommeasurements of pentadal blocks. Correlation
with TRW record and with JJA temperature are shown for all δ13Cmethoxyl records (raw values and corrected and detrended records). Correlation coefficients with p b 0.001 are shown
in bold, p b 0.01 are underlined, and p b 0.05 are shown in italics. The degrees of freedom were reduced for calculation of the correlation coefficient between the δ13Cmethoxyl (mean of
the five series) and the TRW record as well as JJA temperature, due to lag-1 autocorrelation in both time series.

Raw
δ13Cmethoxyl

δ13Cmethoxyl

atmo

δ13Cmethoxyl

atmo+Kürschner

δ13Cmethoxyl

atmo+Feng

δ13Cmethoxyl

atmo+optimum

δ13Cmethoxyl

high frequency

Annual resolution (1971–2009)
Mean inter-series correlation n = 39 0.14 0.23 0.31 0.46 0.58 0.27
Correlation with TRW chronology n = 39 0.29 0.62 0.62 0.66 0.79 0.44⁎

JJA temperature n = 39 0.40 0.66 0.71 0.74 0.75 0.56⁎

Pentadal resolution
Mean inter-series correlation n = 41–51 (1806–2009)–(1756–2009) 0.50 0.28 0.32 0.52 0.73 0.29
Correlation with TRW chronology n = 48 (1771–2009) 0.08 0.57 0.71 0.54 0.66 0.67⁎

JJA temperature n = 29 (1866–2009) −0.20 0.59 0.75 0.86 0.87 0.41⁎

⁎ Correlations were the δ13Cmethoxyl as well as the TRW record and JJA temperature were detrended with a 10-year and 10-point FFT filter, respectively.
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The highest mean inter-series correlations is revealed in the optimum
corrected reaching r = 0.58 (p b 0.001) for the annually resolved and
r = 0.73 (p b 0.001) for the pentadally resolved series (Table 1). Low
mean inter-series correlations were found in the high-pass filtered
(10-year and 10-point, see Methods) data, reaching r = 0.27
(p N 0.05) in the annually resolved and r = 0.29 (p b 0.05) in the
pentadally resolved time series (Table 1). Application of the optimum
correction also changed the correlation between δ13Cmethoxyl and TRW
from r = 0.29 to r = 0.79 (p b 0.001) at annual resolution. For the
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Fig. 5. Effect of the correction of the physiological response to the increased atmospheric CO2 c
records, (b) the pentadally resolved records. Mean raw values indicate the raw δ13Cmethoxyl re
+Fe, and +opt are combined correction of the Suess effect and an increase in the discrimina
and Epstein, 1995), and self-derived values of 0.032 ‰/ppmv CO2 (a) and 0.036 ‰/ppmv CO
for comparison.
pentadally resolved data, the highest δ13Cmethoxyl/TRW correlation
(r = 0.71, p b 0.001) is recorded in the data corrected considering
Kürschner (1996) (Table 1).

3.3. Climate signals in TRW and δ13Cmethoxyl records

While the annually resolved TRW chronology correlates best
with mean temperatures of May–July (MJJ) (r = 0.68, p b 0.001) and
June–August (JJA) (r = 0.64, p b 0.001), the Suess effect corrected
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2 (b) for +opt (Treydte et al., 2009). The detrended TRW records of all trees are plotted
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δ13Cmethoxyl atmo record contains a clear JJA temperature signal (r=0.66,
p b 0.001) (Fig. 6a). Further, the δ13Cmethoxyl atmo data are negatively cor-
relatedwith summer (JA) precipitation. The TRWor δ13Cmethoxyl atmo re-
cords show no significant correlation with the drought index (DRI),
while the δ13Cmethoxyl atmo data reach correlations up to r = −0.66
(p b 0.001) with JA cloudiness and the TRW data r = −0.61 (p b 0.01)
with MJJ cloudiness (Fig. 6d).

Highest correlations for both the pentadally resolved TRW and the
atmospheric corrected δ13Cmethoxyl records were also found with sum-
mer temperatures (Fig. 7a), with the TRW data correlating at r = 0.73
(p b 0.001) to JJA temperature, and the δ13Cmethoxyl atmo data at r =
0.59 (p b 0.01) to JJA temperature. Spring (April–May) precipitation
and DRI data correlate at r=0.56 (p b 0.01) and r=0.57 (p b 0.01), re-
spectively, with the TRW data.

Highest correlations were found between JJA temperatures and the
annually and pentadally resolved δ13Cmethoxyl atmo and TRW records, in-
dicating that the climate parameter (temperature) and season (JJA)
are most indicative. The following correlations were calculated using
the δ13Cmethoxyl data corrected for tree physiological response with the
factor resulting from the approach of Treydte et al. (2009). For the annu-
ally resolved δ13Cmethoxyl series, the correlationwith JJA temperature in-
creased to r = 0.75 (p b 0.001; Table 1, Fig. 8a) after application of the
optimum correction. The strongest JJA temperature signal (r = 0.87;
p b 0.01; Table 1; Fig. 8c) is observed for the optimum corrected,
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pentadally resolved δ13Cmethoxyl data. However, the series corrected
using other discrimination factors result in significant and only slightly
lower summer temperature correlations: r = 0.71 (Kürschner, 1996)
and r= 0.74 (Feng and Epstein, 1995) for the annually resolved series;
r = 0.75 (Kürschner, 1996) and r = 0.86 (Feng and Epstein, 1995) for
the pentadally resolved series (Table 1). Considering the 10-year and
10-point high-pass filtered δ13Cmethoxyl and summer temperature data,
the correlations decrease to r = 0.56 for the annually and r = 0.41 for
the pentadally resolved data but still reach significance at p b 0.001
and p b 0.05, respectively (Fig. 8b and d).

4. Discussion

4.1. δ13C values of lignin methoxyl groups

The weak inter-series correlation of the annually resolved raw
δ13Cmethoxyl data in comparison to other δ13C studies (e.g., Konter
et al., 2014; Kress et al., 2010; Treydte et al., 2001; Treydte et al.,
2009) and the corresponding TRW series (Fig. 4) cannot yet be ex-
plained. Weak inter-series correlation but nevertheless high strength
of the climate signal has also been reported for wood anatomical
features such as vessel size records (Fonti et al., 2009). By contrast,
the significant mean inter-series correlation for the pentadally resolved
series is mainly caused by the dominating decrease in the long-term
trend due to the Suess effect. This is confirmed by the decrease of the
inter-series correlations after correction of the Suess effect (Table 1).
It has been demonstrated that the δ13C values of lignin methoxyl
groups contain a constant offset to the isotope values derived from cel-
lulose or whole wood of the same tree‐rings (Gori et al., 2013; Mischel
et al., 2015), and both the intra- and inter-annual δ13C variations are
highly similar between lignin and cellulose based measurements
(Wilson and Grinsted, 1977). Therefore, we can to the greatest possible
extent exclude any miss-interpretation of the long-term tree-ring δ13C
response to CO2 and climate due to the specific wood component
measured in this study. We can, however, not exclude that the slightly
higher discrimination factor used in the optimum correction applied to
thepentadally resolved time series couldbedue to an age-related increas-
ing trend in the δ13Cmethoxyl values comparable to the age-trend in TRW
data (Esper et al., 2010). Such trends might lead to lower δ13Cmethoxyl

values in young tree rings, although testing this hypothesis would re-
quire measuring δ13Cmethoxyl in many more, and differently aged trees.

The application of additional correction methods (Feng and Epstein,
1995; Kürschner, 1996; Treydte et al., 2009) results in increasing mean
inter-series correlations due to the increasing long-term trend in the an-
nually and pentadally resolved series. The alignment of the long-term
trends in δ13Cmethoxyl and TRW records results in the highest correla-
tions of r=0.79, considering the optimum corrected annually resolved
δ13Cmethoxyl record, and r = 0.71, considering the Kürschner (1996)
corrected pentadally resolved δ13Cmethoxyl record (Table 1). However,
also the high-pass filtered δ13Cmethoxyl and TRW records show signifi-
cant correlations reaching r = 0.44 at annual and r = 0.67 at pentadal
resolution.
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The correction method of Treydte et al. (2009) performing correla-
tion tests using a range of discrimination factors indicates that the cor-
rection of the Suess effect alone does not result in an optimal fit to the
long-term trend of the target instrumental data. Obviously, some of
the low-frequency signal is still suppressed by non-climatic trends,
which is hypothesized to be related to the increase of atmospheric
CO2 concentration and plant physiological reactions via leaf internal
13C discrimination changes (Feng and Epstein, 1995; Kürschner, 1996;
McCarroll et al., 2009; Treydte et al., 2001; Treydte et al., 2009; Wang
et al., 2011). The increase in the discrimination rate of 0.032 ‰/ppmv–
0.036‰/ppmv CO2 derived in this study is the highest among published
values. A possible explanation for the wide range of CO2-increase-related
discrimination changes could be the fact that water-use efficiencies in
different habitats and different tree species vary as well. Waterhouse
et al. (2004) showed that pine trees actwith higherwater-use efficiency
than beech and oak at a site in South Bedfordshire (England), while
Kloeppel et al. (1998) found larches to have a lower water-use efficien-
cy than evergreen conifers at the same site. Only recently, Saurer et al.
(2014) confirmed variations in the water-use efficiency between coni-
fers and deciduous species from several sites in Europe. It thus appears
unlikely that the correction factor remains constant among tree species.
We hypothesize that the relatively high discrimination of 0.032–
0.036 ‰/ppmv CO2 in this study is likely related to a less effective
water-use efficiency of larch (Kloeppel et al., 1998). It has to be noted
that the majority of studies with published discrimination factors used
evergreen conifers (Feng and Epstein, 1995; McCarroll et al., 2009;
Treydte et al., 2009; Wang et al., 2011). However, further work involv-
ing different tree species from different sites is needed to reduce uncer-
tainty in the correction of δ13C time series.

4.2. δ13Cmethoxyl and TRW response to climate

As expected, we found a clear summer temperature signal in TRW
chronology fromour high-elevation site. However, we also found signif-
icant temperature signals in δ13Cmethoxyl atmo and reduced correlations
with warm season precipitation and cloudiness data. Also, the TRW
chronology anti-correlated with the cloud cover observational data.
The combined signals are likely related to the regional synoptic associa-
tions including a negative correlation between summer temperature
and precipitation, as well as positive correlation between cloudiness
and precipitation. Further, cloudiness affects solar irradiance and air hu-
midity in connectionwith precipitation and evaporation. The correlations
with these latter parameters are overall lower though, indicating temper-
ature to be the main controlling factor of both TRW and δ13Cmethoxyl.
Drought signals are overall weak.

A similar pattern occurred in the pentadally resolved TRW and
δ13Cmethoxyl atmo records. These time series contain the expected sum-
mer temperature signal, but TRW additionally correlates positively
with spring precipitation and drought, which appeared surprising as
no such correlation is seen in the annually resolved data. The positive
correlations of the pentadally resolved records are likely driven by a
long-term increase in spring precipitation, accompanying the long-
term increase in summer temperature in the region. The correlations
with temperature are also higher than those with precipitation and
drought.

4.3. δ13Cmethoxyl as a climate proxy

The results of the differently corrected and detrended, annually and
pentadally resolved δ13Cmethoxyl records indicate this novel parameter to
be an appropriate proxy for summer (JJA) temperature at this high
alpine site. Also the high-frequency δ13Cmethoxyl series show that not
only the long-term trend supports correlation with summer tempera-
tures but also that year-to-year and pentade-to-pentade variations are
preserved in the δ13Cmethoxyl data (Fig. 8, Table 1). The correlation
with summer temperature and the non-appearing drought signals
indicate that methoxyl-based δ13C data are likely more closely related
to photosynthetic activity via the enzyme RuBisCo than to stomata con-
ductance. This finding might be restricted to relatively cool and moist
conditions at our high-elevation site. Stomatal conductance is relatively
high and the carbon assimilation rate, stimulated by temperature and
sunshine, seems to dominate the tree-ring δ13Cmethoxyl signal (Gagen
et al., 2007; McCarroll and Pawellek, 2001).

The strength of tree-ring δ13C from cellulose and whole wood as a
climate proxy was investigated in several studies in the Alps
(e.g., Daux et al., 2011; Gagen et al., 2006; Hafner et al., 2011; Kress
et al., 2010; Treydte et al., 2001). These studies suggest that local
hydroclimate conditions, particularly soil moisture and air humidity,
have a strong influence on δ13C. For example, relative humidity and
soil water content signals are revealed in tree-ring δ13C of dry sites,
whereas summer irradiance and temperature are controlling factors
at humid sites (McCarroll and Loader, 2004). These local climate
influences were also detected by Hafner et al. (2011), who analyzed
δ13Ccellulose in larch trees at the forest limit in the south‐eastern Alps,
indicating strong JA temperature (r=0.68) and weaker JA precipita-
tion signals (r = −0.47), similar to our findings. Reynolds-Henne
et al. (2007) reported a correlation coefficient of r = 0.56 between
δ13Ccellulose and July temperatures, using oak and pine samples from
moist sites (1412 mm) south of the main Alpine crest.

Due to the drier conditions in the Lötschental, a site only 30 km
north of the Simplon region, Kress et al. (2010) and Treydte et al.
(2001) found significant negative correlations to summer precipitation
and positive correlations to summer temperature, which were com-
bined to a drought index (Kress et al., 2010) leading to the highest cor-
relations for this site. This drought index (DRI) was also tested in this
study but did not lead to significant correlations with the δ13Cmethoxyl

data. Only for the atmospheric corrected δ13Cmethoxyl record, a correla-
tion of r = −0.45 (p b 0.01) was found for July/August precipitation.
These contrasting results are likely related to the local synoptic climate.
The Lötschental is a site valley of the inner alpine dry Rhône valley,
reaching only 900 mm of annual precipitation (www.meteoswiss.ch).
The sampling site in the Simplon valley is located on the southern site
of the Simplon Pass, which is acting as a climate divide. The Simplon val-
ley is more humid reaching 1247 mm of annual precipitation
www.meteoswiss.ch), due to orographic rainfall on the southern side
of the Alps. Therefore, the δ13C values from the tree‐rings at this site
are more closely related to temperature and irradiance.

The studies based on tree-ring δ13Ccellulose seem to confirm our find-
ings based on δ13Cmethoxyl, indicating that the applied lignin methoxyl
group method in this study (Greule et al., 2009) represents a useful
method for tree-ring stable isotope research and could potentially be
used as a climate proxy required less preparation effort than cellulose
δ13C. Further studies using δ13Cmethoxyl from different tree species and
from different sites are needed to enhance our knowledge.

5. Conclusion

For the high-elevation larch trees studied here, the physiological re-
sponse to increased atmospheric CO2 concentrationwas corrected using
different values for possible changes in discrimination. The optimum
correction factor at our site derived after Treydte et al. (2009) resulted
in a discrimination factor of 0.032 ‰/ppmv CO2 for annually resolved
and 0.036‰/ppmv CO2 for pentadally resolved δ13Cmethoxyl time series.
These values are higher than the discrimination factors in previous pub-
lications. The higher discrimination is probably related to a lowerwater-
use efficiency of larch trees in comparison to evergreen conifer species.

A significant JJA temperature signal is preserved in TRW aswell as
δ13Cmethoxyl data, the latter to be an alternative climate proxy in high-
elevation, alpine environments. Low and high-frequency variations
are preserved in δ13Cmethoxyl data. Our findings fit quite well to the pat-
tern established for δ13Ccellulose as a temperature proxy at moist sites in
the alpine region, where photosynthesis is the main influencing factor.
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As this newmethod is less time consuming in preparation than the ex-
traction of cellulose, it seems to be a useful alternative for palaeoclimate
reconstruction purposes.

Acknowledgments

We thank M. Gerold and his team from the forest district Simplon-
South for permission and support sampling trees. We thank S.
Holzkämper, D. Nievergelt, and J. Sonnberg for assistance in field, and F.
Benninghoff, E. Duethorn, J. Helms, andO. Konter for supportwith sample
preparation and laboratory work. K. Treydte acknowledges support by
the Swiss National Science Foundation (200021_130112 “ISOPATH”,
CRSII3_136295 “iTREE). This study was supported by the DFG (KE 884/
6-2). We thank T. Corrége for editorial work and two anonymous re-
viewers for improving themanuscriptwith their constructive comments.

References

Becker, B., Kromer, B., Trimborn, P., 1991. A stable-isotope tree-ring timescale of the Late
Glacial/Holocene boundary. Nature 353, 647–649.

Bigler, C., Bräker, O.U., Bugmann, H., Dobbertin, M., Rigling, A., 2006. Drought as an incit-
ing mortality factor in scots pine stands of the Valais, Switzerland. Ecosystems 9,
330–343.

Borella, S., Leuenberger, M., Saurer, M., Siegwolf, R., 1998. Reducing uncertainties in δ13C
analysis of tree rings: pooling, milling, and cellulose extraction. J. Geophys. Res.
Atmos. 103, 19519–19526.

Cook, E.R., 1985. A Time Series Analysis Approach to Tree Ring Standardization (Dendro-
chronology, Forestry, Dendroclimatology, Autoregressive Process). The University of
Arizona.

Cook, E.R., Peters, K., 1997. Calculating unbiased tree-ring indices for the study of climatic
and environmental change. The Holocene 7, 361–370.

Coplen, T.B., 2011. Guidelines and recommended terms for expression of stabel-isotope-
ratio and gas-ratio measurement results. Rapid Commun. Mass Spectrom. 25,
2538–2560.

Daux, V., Edouard, J.L., Masson-Delmotte, V., Stievenard, M., Hoffmann, G., Pierre, M.,
Mestre, O., Danis, P.A., Guibal, F., 2011. Can climate variations be inferred from tree-
ring parameters and stable isotopes from Larix decidua? Juvenile effects, budmoth
outbreaks, and divergence issue. Earth Planet. Sci. Lett. 309, 221–233.

Esper, J., Frank, D.C., Battipaglia, G., Büntgen, U., Holert, C., Treydte, K., Siegwolf, R., Saurer,
M., 2010. Low-frequency noise in δ13C and δ18O tree ring data: a case study of Pinus
uncinata in the spanish pyrenees. Glob. Biogeochem. Cycles 24, GB4018.

Esper, J., Konter, O., Krusic, P., Saurer, M., Holzkämper, S., Büntgen, U., 2015. Long-term
summer temperature variations in the Pyrenees from detrended stable carbon iso-
topes. Geochronometria 42, 53–59.

Farquhar, G.D., Ehleringer, J.R., Hubick, K.T., 1989. Carbon isotope discrimination and
photosynthesis. Annu. Rev. Plant Physiol. Plant Mol. Biol. 40, 503–537.

Feng, X., Epstein, S., 1995. Carbon isotopes of trees from arid environments and implica-
tions for reconstructing atmospheric CO2 concentration. Geochim. Cosmochim. Acta
59, 2599–2608.

Fonti, P., Treydte, K., Osenstetter, S., Frank, D., Esper, J., 2009. Frequency-dependent
signals in multi-centennial oak vessel data. Palaeogeogr. Palaeoclimatol. Palaeoecol.
275, 92–99.

Francey, R.J., Allison, C.E., Etheridge, D.M., Trudinfer, C.M., Enting, I.G., Leuenberger, M.,
Langenfelds, R.L., Michel, E., Steele, L.P., 1999. A 1000-year high precision record of
d13C in atmospheric CO2. Tellus 51 B, 170–193.

Frank, D., Esper, J., Cook, E.R., 2007. Adjustment for proxy number and coherence in a
large-scale temperature reconstruction. Geophys. Res. Lett. 34.

Frank, D.C., Poulter, B., Saurer, M., Esper, J., Helle, G., Treydte, K., E., Z.N., Schleser, G.H.,
Ahlström, A., Cias, P., Friedlingstein, P., Levis, S., Lomas, M., Sitch, S., Viovy, N.,
Andreu-Hayles, L., Bednarz, Z., Beringer, F., Boettger, T., D'Alessandro, C.M., Daux, V.,
Filot, M., Grabner, M., Gutierrez, E., Haupt, M., Hilasvuori, E., Jungner, H., Kalela-
Brundin, M., Krapiec, M., Leuenberger, M., Loader, N.J., Marah, H., Masson-Delmotte,
V., Pazdur, A., Pawelczyk, S., Pierre, M., Planells, O., Pukiene, R., Reynolds-Henne,
C.E., Rinne, K.T., Saracino, A., Sonninen, E., Stievenard, M., Switsur, V.R., Szczepanek,
M., Szychowska-Krapiec, E., Todaro, L., Waterhouse, J.S., Weigl, M., 2015. Water use
efficiency and transpiration across European forests during the Anthropocene. Nat.
Clim. Chang.

Gagen, M., McCarroll, D., Edouard, J.-L., 2006. Combining ring width, density and stable
carbon isotope proxies to enhance the climate signal in tree-rings: an example
from the southern French alps. Clim. Chang. 78, 363–379.

Gagen, M., McCarroll, D., Loader, N.J., Robertson, I., Jalkanen, R., Anchukaitis, K.J., 2007.
Exorcising the `segment length curse': summer temperature reconstruction since
AD1640using non-detrended stable carbon isotope ratios frompine trees innorthern
Finland. The Holocene 17, 435–446.

Gärtner, H., Nievergelt, D., 2010. The core-microtome: a new tool for surface preparation
on cores and time series analysis of varying cell parameters. Dendrochronologia 28,
85–92.

Gessler, A., Ferrio, J.P., Hommel, R., Treydte, K., Werner, R.A., Monson, R.K., 2014. Stable
isotopes in tree rings: towards a mechanistic understanding of isotope fractionation
and mixing processes from the leaves to the wood. Tree Physiol., 1-23.
Giuggiola, A., Ogee, J., Gessler, A., Rigling, A., Bugmann, H., Treydte, K., 2015. Improvement
of water and light availability after thinning at a xeric site: which matters more? A
Dual Isotope Approach. New Phytologist

Gori, Y., Wehrens, R., Greule, M., Keppler, F., Ziller, L., La Porta, N., Camin, F., 2013. Carbon,
hydrogen and oxygen stable isotope ratios of whole wood, cellulose and lignin
methoxyl groups of Picea abies as climate proxies. Rapid Commun. Mass Spectrom.
27, 265–275.

Greule, M., Mosandl, A., Hamilton, J.T.G., Keppler, F., 2009. A simple rapid method to pre-
cisely determine 13C/12C ratios of plant methoxyl groups. Rapid Commun. Mass
Spectrom. 23, 1710–1714.

Hafner, P., Robertson, I., McCarroll, D., Loader, N., Gagen, M., Bale, R., Jungner, H.,
Sonninen, E., Hilasvuori, E., Levanič, T., 2011. Climate signals in the ring widths and
stable carbon, hydrogen and oxygen isotopic composition of Larix decidua growing
at the forest limit in the southeastern European alps. Trees 25, 1141–1154.

Hartl-Meier, C., Zang, C., Büntgen, U., Esper, J., Rothe, A., Göttlein, A., Dirnböck, T., Treydte,
K., 2015. Uniform climate sensitivity in tree-ring stable isotopes across species and
sites in a mid-latitude temperate forest. Tree Physiol. 35, 4–15.

Holmes, R.L., 1983. Computer-assisted quality control in tree-ring dating and measure-
ment. Tree-Ring Bull. 43, 69–78.

http://scrippsco2.ucsd.edu/data/mlo.html.
Keeling, C.D., 1979. The Suess effect: 13Carbon–14Carbon interrelations. Environ. Int. 2,

229–300.
Keppler, F., Kalin, R.M., Harper, D.B., McRoberts, W.C., Hamilton, J.T.G., 2004. Carbon iso-

tope anomaly in the major plant C1 pool and its global biogeochemical implications.
Biogeosciences 1, 123–131.

Kloeppel, B.D., Gower, S.T., Treichel, I.W., Kharuk, S., 1998. Foliar carbon isotope discrim-
ination in Larix species and sympatric evergreen conifers: a global comparison.
Oecologia 114, 153–159.

Konter, O., Holzkämper, S., Helle, G., Büntgen, U., Saurer, M., Esper, J., 2014. Climate
sensitivity and parameter coherency in annually resolved δ13C and δ18O from Pinus
uncinata tree-ring data in the Spanish Pyrenees. Chem. Geol. 377, 12–19.

Kress, A., Saurer, M., Siegwolf, R.T.W., Frank, D.C., Esper, J., Bugmann, H., 2010. A 350 year
drought reconstruction from alpine tree ring stable isotopes. Glob. Biogeochem.
Cycles 24.

Kürschner, W.M., 1996. Leaf Stomata as Biosensors of Palaeoatmospheric CO2 Levels.
Utrecht University, Utrecht, p. 153.

Leavitt, S.W., Yu, L., Hughes, M.K., Rongmo, L., Zhisheng, A., Gutierrez, G.M., Danzer, S.R.,
Xuemei, S., 1995. A single-year δ13C chronology from Pinus tabulaeformis (Chinese
pine) tree rings at Huangling, China. In: Cook, G.T., Harkness, D.D., Miller, B.F., Scott,
E.M. (Eds.), 15th International 14C Conference. Radiocarbon, pp. 605–610.

Loader, N.J., Robertson, I., McCarroll, D., 2003. Comparison of stable carbon isotope ratios
in thewholewood, cellulose and lignin of oak tree-rings. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 196, 395–407.

McCarroll, D., Loader, N.J., 2004. Stable isotopes in tree rings. Quat. Sci. Rev. 23, 771–801.
McCarroll, D., Pawellek, F., 2001. Stable carbon isotope ratios of Pinus sylvestris from

northern Finland and the potential for extracting a climate signal from long
Fennoscandian chronologies. The Holocene 11, 517–526.

McCarroll, D., Gagen, M.H., Loader, N.J., Robertson, I., Anchukaitis, K.J., Los, S., Young,
G.H.F., Jalkanen, R., Kirchhefer, A., Waterhouse, J.S., 2009. Correction of tree ring stable
carbon isotope chronologies for changes in the carbon dioxide content of the atmo-
sphere. Geochim. Cosmochim. Acta 73, 1539–1547.

Mischel, M., Esper, J., Keppler, F., Greule, M., Werner, W., 2015. δ2H, δ13C and δ18O from
whole wood, a-cellulose and lignin methoxyl groups in Pinus sylvestris: a multi-
parameter approach. Isot. Environ. Health Stud. 1–16.

Müller, H.-N., 2005. Landschaftsgeschichte Simplon (Walliser Alpen, Schweiz) Gletscher-,
Vegetations- und Klimaentwicklung seit der Eiszeit. Institut für Geographie und
Geoökologie der Universität Karlsruhe (TH), Karlsruhe.

Nehrbass-Ahles, C., Babst, F., Klesse, S., Nötzli, M., Bouriaud, O., Neukom, R., Dobbertin, M.,
Frank, D., 2014. The influence of sampling design on tree-ring-based quantification of
forest growth. Glob. Chang. Biol. 20, 2867–2885.

Reynolds-Henne, C.E., Siegwolf, R.T.W., Treydte, K.S., Esper, J., Henne, S., Saurer, M., 2007.
Temporal stability of climate-isotope relationships in tree rings of oak and pine
(Ticino, Switzerland). Glob. Biogeochem. Cycles 21, GB4009.

Saurer, M., Cherubini, P., Bonani, G., Siegwolf, R., 2003. Tracing carbon uptake from a nat-
ural CO2 spring into tree rings: an isotope approach. Tree Physiol. 23, 997–1004.

Saurer, M., Siegwolf, R.T.W., Schweingruber, F.H., 2004. Carbon isotope discrimination
indicates improving water-use efficiency of trees in northern Eurasia over the last
100 years. Glob. Chang. Biol. 10, 2109–2120.

Saurer, M., Spahni, R., Frank, D.C., Joos, F., Leuenberger, M., Loader, N.J., McCarroll, D.,
Gagen, M., Poulter, B., Siegwolf, R.T.W., Andreu-Hayles, L., Boettger, T., Dorado
Liñán, I., Fairchild, I.J., Friedrich, M., Gutierrez, E., Haupt, M., Hilasvuori, E., Heinrich,
I., Helle, G., Grudd, H., Jalkanen, R., Levanič, T., Linderholm, H.W., Robertson, I.,
Sonninen, E., Treydte, K., Waterhouse, J.S., Woodley, E.J., Wynn, P.M., Young, G.H.F.,
2014. Spatial variability and temporal trends in water-use efficiency of European
forests. Glob. Chang. Biol.

Sidorova, O.V., Siegwolf, R.T.W., Saurer, M., Naurzbaev, M.M., Vaganov, E.A., 2008. Isotopic
composition (δ13C, δ18O) in wood and cellulose of Siberian larch trees for early Medi-
eval and recent periods. J. Geophys. Res. Biogeosci. 113, G02019.

Speer, J.H., 2010. Fundamentals of Tree-Ring Research. The University of Arizona Press,
Tucson.

Thornthwaite, C.W., 1948. An approach towards a rational classification of climate. Geogr.
Rev. 39, 55–94.

Treydte, K., Schleser, G.H., Schweingruber, F.H., Winiger, M., 2001. The climatic signifi-
cance of δ13C in subalpine spruces (Lötschental, Swiss Alps). Tellus B 53, 593–611.

Treydte, K., Frank, D., Esper, J., Andreu, L., Bednarz, Z., Berninger, F., Boettger, T.,
D'Alessandro, C.M., Etien, N., Filot, M., Grabner, M., Guillemin, M.T., Gutierrez, E.,

http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0005
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0005
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0010
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0010
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0010
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0045
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0045
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0045
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0050
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0050
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0065
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0065
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0070
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0070
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0080
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0080
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0080
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0085
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0085
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0085
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0090
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0090
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0090
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0110
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0110
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0115
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0115
http://scrippsco2.ucsd.edu/data/mlo.html
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0145
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0145
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0145
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0160
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0180
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0180
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0180
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0185
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0185
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0205
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0205
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0215
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0215
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0220
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0220
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0225
https://www.researchgate.net/publication/232791783_A_stable-isotope_tree-ring_timescale_of_the_Late_GlacialHolocene_boundary?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/232791783_A_stable-isotope_tree-ring_timescale_of_the_Late_GlacialHolocene_boundary?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/245975136_Drought_as_an_inciting_mortality_factor_in_Scots_pine_stands_of_the_Valais?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/245975136_Drought_as_an_inciting_mortality_factor_in_Scots_pine_stands_of_the_Valais?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/245975136_Drought_as_an_inciting_mortality_factor_in_Scots_pine_stands_of_the_Valais?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248798930_Reducing_uncertainties_in_d_13_C_analysis_of_tree_rings_Pooling_milling_and_cellulose_extraction?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248798930_Reducing_uncertainties_in_d_13_C_analysis_of_tree_rings_Pooling_milling_and_cellulose_extraction?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248798930_Reducing_uncertainties_in_d_13_C_analysis_of_tree_rings_Pooling_milling_and_cellulose_extraction?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248798930_Reducing_uncertainties_in_d_13_C_analysis_of_tree_rings_Pooling_milling_and_cellulose_extraction?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/259950476_A_TIME_SERIES_ANALYSIS_APPROACH_TO_TREE_RING_STANDARDIZATION_DENDROCHRONOLOGY_FORESTRY_DENDROCLIMATOLOGY_AUTOREGRESSIVE_PROCESS?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/259950476_A_TIME_SERIES_ANALYSIS_APPROACH_TO_TREE_RING_STANDARDIZATION_DENDROCHRONOLOGY_FORESTRY_DENDROCLIMATOLOGY_AUTOREGRESSIVE_PROCESS?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/259950476_A_TIME_SERIES_ANALYSIS_APPROACH_TO_TREE_RING_STANDARDIZATION_DENDROCHRONOLOGY_FORESTRY_DENDROCLIMATOLOGY_AUTOREGRESSIVE_PROCESS?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235665534_Calculating_unbiased_tree-ring_indices_for_the_study_of_climatic_and_environmental_change_The_Holocene_7359-368?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235665534_Calculating_unbiased_tree-ring_indices_for_the_study_of_climatic_and_environmental_change_The_Holocene_7359-368?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235015137_Can_climate_variations_be_inferred_from_tree-ring_parameters_and_stable_isotopes_from_Larix_decidua_Juvenile_effects_budmoth_outbreaks_and_divergence_issue?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235015137_Can_climate_variations_be_inferred_from_tree-ring_parameters_and_stable_isotopes_from_Larix_decidua_Juvenile_effects_budmoth_outbreaks_and_divergence_issue?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235015137_Can_climate_variations_be_inferred_from_tree-ring_parameters_and_stable_isotopes_from_Larix_decidua_Juvenile_effects_budmoth_outbreaks_and_divergence_issue?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235015137_Can_climate_variations_be_inferred_from_tree-ring_parameters_and_stable_isotopes_from_Larix_decidua_Juvenile_effects_budmoth_outbreaks_and_divergence_issue?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708692_Low-frequency_noise_in_d_13_C_and_d_18_O_tree_ring_data_A_case_study_of_Pinus_uncinata_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708692_Low-frequency_noise_in_d_13_C_and_d_18_O_tree_ring_data_A_case_study_of_Pinus_uncinata_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708692_Low-frequency_noise_in_d_13_C_and_d_18_O_tree_ring_data_A_case_study_of_Pinus_uncinata_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708692_Low-frequency_noise_in_d_13_C_and_d_18_O_tree_ring_data_A_case_study_of_Pinus_uncinata_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708692_Low-frequency_noise_in_d_13_C_and_d_18_O_tree_ring_data_A_case_study_of_Pinus_uncinata_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/276424580_Long-term_summer_temperature_variations_in_the_Pyrenees_from_detrended_stable_carbon_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/276424580_Long-term_summer_temperature_variations_in_the_Pyrenees_from_detrended_stable_carbon_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/276424580_Long-term_summer_temperature_variations_in_the_Pyrenees_from_detrended_stable_carbon_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/201169540_Carbon_isotope_discrimination_and_photosynthesis_Ann_Rev_Plant_Phys_Plant_Mol_Biol?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/201169540_Carbon_isotope_discrimination_and_photosynthesis_Ann_Rev_Plant_Phys_Plant_Mol_Biol?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/242527494_Carbon_isotopes_of_trees_from_arid_environments_and_implications_for_reconstructing_atmosphere_CO2_concentration?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/242527494_Carbon_isotopes_of_trees_from_arid_environments_and_implications_for_reconstructing_atmosphere_CO2_concentration?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/242527494_Carbon_isotopes_of_trees_from_arid_environments_and_implications_for_reconstructing_atmosphere_CO2_concentration?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228096645_Frequency-dependent_signals_in_multi-centennial_oak_vessel_data?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228096645_Frequency-dependent_signals_in_multi-centennial_oak_vessel_data?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228096645_Frequency-dependent_signals_in_multi-centennial_oak_vessel_data?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228688201_Adjustment_for_proxy_number_and_coherence_in_a_large-scale_temperature_reconstruction_Geophys_Res_Lett_34L16709?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228688201_Adjustment_for_proxy_number_and_coherence_in_a_large-scale_temperature_reconstruction_Geophys_Res_Lett_34L16709?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/227151706_Combining_Ring_Width_Density_and_Stable_Carbon_Isotope_Proxies_to_Enhance_the_Climate_Signal_in_Tree-Rings_An_Example_from_the_Southern_French_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/227151706_Combining_Ring_Width_Density_and_Stable_Carbon_Isotope_Proxies_to_Enhance_the_Climate_Signal_in_Tree-Rings_An_Example_from_the_Southern_French_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/227151706_Combining_Ring_Width_Density_and_Stable_Carbon_Isotope_Proxies_to_Enhance_the_Climate_Signal_in_Tree-Rings_An_Example_from_the_Southern_French_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/240738321_Exorcising_the_'segment_length_curse'_Summer_temperature_reconstruction_since_AD_1640_using_non-detrended_stable_carbon_isotope_ratios_from_pine_trees_in_northern_Finland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/240738321_Exorcising_the_'segment_length_curse'_Summer_temperature_reconstruction_since_AD_1640_using_non-detrended_stable_carbon_isotope_ratios_from_pine_trees_in_northern_Finland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/240738321_Exorcising_the_'segment_length_curse'_Summer_temperature_reconstruction_since_AD_1640_using_non-detrended_stable_carbon_isotope_ratios_from_pine_trees_in_northern_Finland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/240738321_Exorcising_the_'segment_length_curse'_Summer_temperature_reconstruction_since_AD_1640_using_non-detrended_stable_carbon_isotope_ratios_from_pine_trees_in_northern_Finland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248908228_The_core-microtome_A_new_tool_for_surface_preparation_on_cores_and_time_series_analysis_of_varying_cell_parameters?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248908228_The_core-microtome_A_new_tool_for_surface_preparation_on_cores_and_time_series_analysis_of_varying_cell_parameters?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248908228_The_core-microtome_A_new_tool_for_surface_preparation_on_cores_and_time_series_analysis_of_varying_cell_parameters?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/262928930_Stable_isotopes_in_tree_rings_Towards_a_mechanistic_understanding_of_isotope_fractionation_and_mixing_processes_from_the_leaves_to_the_wood?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/262928930_Stable_isotopes_in_tree_rings_Towards_a_mechanistic_understanding_of_isotope_fractionation_and_mixing_processes_from_the_leaves_to_the_wood?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/262928930_Stable_isotopes_in_tree_rings_Towards_a_mechanistic_understanding_of_isotope_fractionation_and_mixing_processes_from_the_leaves_to_the_wood?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/286220330_Improvement_of_water_and_light_availability_after_thinning_at_a_xeric_site_which_matters_more_A_dual_isotope_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/286220330_Improvement_of_water_and_light_availability_after_thinning_at_a_xeric_site_which_matters_more_A_dual_isotope_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/286220330_Improvement_of_water_and_light_availability_after_thinning_at_a_xeric_site_which_matters_more_A_dual_isotope_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/233914966_Carbon_hydrogen_and_oxygen_stable_isotope_ratios_of_whole_wood_cellulose_and_lignin_methoxyl_groups_of_Picea_abies_as_climate_proxies?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/233914966_Carbon_hydrogen_and_oxygen_stable_isotope_ratios_of_whole_wood_cellulose_and_lignin_methoxyl_groups_of_Picea_abies_as_climate_proxies?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/233914966_Carbon_hydrogen_and_oxygen_stable_isotope_ratios_of_whole_wood_cellulose_and_lignin_methoxyl_groups_of_Picea_abies_as_climate_proxies?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/233914966_Carbon_hydrogen_and_oxygen_stable_isotope_ratios_of_whole_wood_cellulose_and_lignin_methoxyl_groups_of_Picea_abies_as_climate_proxies?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/24399295_A_simple_rapid_method_to_precisely_determine_C-13C-12_ratios_of_plant_methoxyl_groups?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/24399295_A_simple_rapid_method_to_precisely_determine_C-13C-12_ratios_of_plant_methoxyl_groups?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/24399295_A_simple_rapid_method_to_precisely_determine_C-13C-12_ratios_of_plant_methoxyl_groups?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/251400185_Climate_signals_in_the_ring_widths_and_stable_carbon_hydrogen_and_oxygen_isotopic_composition_of_Larix_decidua_growing_at_the_forest_limit_in_the_southeastern_European_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/251400185_Climate_signals_in_the_ring_widths_and_stable_carbon_hydrogen_and_oxygen_isotopic_composition_of_Larix_decidua_growing_at_the_forest_limit_in_the_southeastern_European_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/251400185_Climate_signals_in_the_ring_widths_and_stable_carbon_hydrogen_and_oxygen_isotopic_composition_of_Larix_decidua_growing_at_the_forest_limit_in_the_southeastern_European_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/251400185_Climate_signals_in_the_ring_widths_and_stable_carbon_hydrogen_and_oxygen_isotopic_composition_of_Larix_decidua_growing_at_the_forest_limit_in_the_southeastern_European_Alps?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/269173327_Uniform_climate_sensitivity_in_tree-ring_stable_isotopes_across_species_and_sites_in_a_mid-latitude_temperate_forest?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/269173327_Uniform_climate_sensitivity_in_tree-ring_stable_isotopes_across_species_and_sites_in_a_mid-latitude_temperate_forest?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/269173327_Uniform_climate_sensitivity_in_tree-ring_stable_isotopes_across_species_and_sites_in_a_mid-latitude_temperate_forest?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235665554_Computer-Assisted_Quality_Control_in_Tree-Ring_Dating_and_Measurement?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235665554_Computer-Assisted_Quality_Control_in_Tree-Ring_Dating_and_Measurement?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235665554_Computer-Assisted_Quality_Control_in_Tree-Ring_Dating_and_Measurement?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248418910_The_Suess_Effect_13Carbon-14Carbon_interrelations?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248418910_The_Suess_Effect_13Carbon-14Carbon_interrelations?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/253816724_Carbon_isotope_anomaly_in_the_major_plant_C1_pool_and_its_global_biogeochemical_implications?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/253816724_Carbon_isotope_anomaly_in_the_major_plant_C1_pool_and_its_global_biogeochemical_implications?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/253816724_Carbon_isotope_anomaly_in_the_major_plant_C1_pool_and_its_global_biogeochemical_implications?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/226010148_Foliar_carbon_isotope_discrimination_in_Larix_species_and_sympatric_evergreen_conifers_A_global_comparison?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/226010148_Foliar_carbon_isotope_discrimination_in_Larix_species_and_sympatric_evergreen_conifers_A_global_comparison?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/226010148_Foliar_carbon_isotope_discrimination_in_Larix_species_and_sympatric_evergreen_conifers_A_global_comparison?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261840211_Climate_sensitivity_and_parameter_coherency_in_annually_resolved_d13C_and_d18O_from_Pinus_uncinata_tree-ring_data_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261840211_Climate_sensitivity_and_parameter_coherency_in_annually_resolved_d13C_and_d18O_from_Pinus_uncinata_tree-ring_data_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261840211_Climate_sensitivity_and_parameter_coherency_in_annually_resolved_d13C_and_d18O_from_Pinus_uncinata_tree-ring_data_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261840211_Climate_sensitivity_and_parameter_coherency_in_annually_resolved_d13C_and_d18O_from_Pinus_uncinata_tree-ring_data_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261840211_Climate_sensitivity_and_parameter_coherency_in_annually_resolved_d13C_and_d18O_from_Pinus_uncinata_tree-ring_data_in_the_Spanish_Pyrenees?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228342066_A_350_year_drought_reconstruction_from_Alpine_tree_ring_stable_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228342066_A_350_year_drought_reconstruction_from_Alpine_tree_ring_stable_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/228342066_A_350_year_drought_reconstruction_from_Alpine_tree_ring_stable_isotopes?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/284507189_Leaf_stomata_as_biosensors_of_paleoatmospheric_CO2_levels?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/284507189_Leaf_stomata_as_biosensors_of_paleoatmospheric_CO2_levels?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/222300815_Comparison_of_stable_carbon_isotope_ratios_in_the_whole_wood_cellulose_and_lignin_of_oak_tree-rings_Palaeogeo_Palaeoclim_Palaeoecol?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/222300815_Comparison_of_stable_carbon_isotope_ratios_in_the_whole_wood_cellulose_and_lignin_of_oak_tree-rings_Palaeogeo_Palaeoclim_Palaeoecol?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/222300815_Comparison_of_stable_carbon_isotope_ratios_in_the_whole_wood_cellulose_and_lignin_of_oak_tree-rings_Palaeogeo_Palaeoclim_Palaeoecol?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/222573034_Stable_isotopes_in_tree_rings_Q_Sci_Rev?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/249869219_Stable_carbon_isotope_ratios_of_Pinus_sylvestris_from_northern_Finland_and_the_potential_for_extracting_a_climate_signal_from_long_Fennoscandian_chronologies_Holocene?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/249869219_Stable_carbon_isotope_ratios_of_Pinus_sylvestris_from_northern_Finland_and_the_potential_for_extracting_a_climate_signal_from_long_Fennoscandian_chronologies_Holocene?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/249869219_Stable_carbon_isotope_ratios_of_Pinus_sylvestris_from_northern_Finland_and_the_potential_for_extracting_a_climate_signal_from_long_Fennoscandian_chronologies_Holocene?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/223601191_Correction_of_tree_ring_stable_carbon_isotope_chronologies_for_changes_in_the_carbon_dioxide_content_of_the_atmosphere_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/223601191_Correction_of_tree_ring_stable_carbon_isotope_chronologies_for_changes_in_the_carbon_dioxide_content_of_the_atmosphere_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/223601191_Correction_of_tree_ring_stable_carbon_isotope_chronologies_for_changes_in_the_carbon_dioxide_content_of_the_atmosphere_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/223601191_Correction_of_tree_ring_stable_carbon_isotope_chronologies_for_changes_in_the_carbon_dioxide_content_of_the_atmosphere_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/279962234_d2H_d13C_and_d18O_from_whole_wood_a-cellulose_and_lignin_methoxyl_groups_in_Pinus_sylvestris_a_multi-parameter_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/34688023_Landschaftsgeschichte_Simplon_Walliser_Alpen_Schweiz_Gletscher-_Vegetations-_und_Klimaentwicklung_seit_der_Eiszeit?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/34688023_Landschaftsgeschichte_Simplon_Walliser_Alpen_Schweiz_Gletscher-_Vegetations-_und_Klimaentwicklung_seit_der_Eiszeit?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/34688023_Landschaftsgeschichte_Simplon_Walliser_Alpen_Schweiz_Gletscher-_Vegetations-_und_Klimaentwicklung_seit_der_Eiszeit?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261570126_The_influence_of_sampling_design_on_tree-ring-based_quantification_of_forest_growth?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261570126_The_influence_of_sampling_design_on_tree-ring-based_quantification_of_forest_growth?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/261570126_The_influence_of_sampling_design_on_tree-ring-based_quantification_of_forest_growth?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708764_Temporal_stability_of_climate-isotope_relationships_in_tree_rings_of_oak_and_pine_Ticino_Switzerland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708764_Temporal_stability_of_climate-isotope_relationships_in_tree_rings_of_oak_and_pine_Ticino_Switzerland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708764_Temporal_stability_of_climate-isotope_relationships_in_tree_rings_of_oak_and_pine_Ticino_Switzerland?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/10584905_Tracing_carbon_uptake_from_a_natural_CO2_spring_into_tree_rings_An_isotope_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/10584905_Tracing_carbon_uptake_from_a_natural_CO2_spring_into_tree_rings_An_isotope_approach?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/229665956_Carbon_isotope_discrimination_indicates_improving_water-use_efficiency_of_trees_in_northern_Eurasia_over_the_last?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/229665956_Carbon_isotope_discrimination_indicates_improving_water-use_efficiency_of_trees_in_northern_Eurasia_over_the_last?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/229665956_Carbon_isotope_discrimination_indicates_improving_water-use_efficiency_of_trees_in_northern_Eurasia_over_the_last?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248803894_Isotopic_composition_d_13_C_d_18_O_in_wood_and_cellulose_of_Siberian_larch_trees_for_early_Medieval_and_recent_periods?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248803894_Isotopic_composition_d_13_C_d_18_O_in_wood_and_cellulose_of_Siberian_larch_trees_for_early_Medieval_and_recent_periods?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248803894_Isotopic_composition_d_13_C_d_18_O_in_wood_and_cellulose_of_Siberian_larch_trees_for_early_Medieval_and_recent_periods?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/248803894_Isotopic_composition_d_13_C_d_18_O_in_wood_and_cellulose_of_Siberian_larch_trees_for_early_Medieval_and_recent_periods?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/243780718_An_Approach_Toward_a_Rational_Classification_of_Climate?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/243780718_An_Approach_Toward_a_Rational_Classification_of_Climate?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230717786_The_climatic_significance_of_d13C_in_subalpine_spruces_Lotschental_Swiss_Alps_Tellus_53B593-611?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230717786_The_climatic_significance_of_d13C_in_subalpine_spruces_Lotschental_Swiss_Alps_Tellus_53B593-611?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230717786_The_climatic_significance_of_d13C_in_subalpine_spruces_Lotschental_Swiss_Alps_Tellus_53B593-611?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==


71D.F.C. Riechelmann et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 445 (2016) 60–71
Haupt, M., Helle, G., Hilasvuori, E., Jungner, H., Kalela-Brundin, M., Krapiec, M.,
Leuenberger, M., Loader, N.J., Masson-Delmotte, V., Pazdur, A., Pawelczyk, S., Pierre,
M., Planells, O., Pukiene, R., Reynolds-Henne, C.E., Rinne, K.T., Saracino, A., Saurer,
M., Sonninen, E., Stievenard, M., Switsur, V.R., Szczepanek, M., Szychowska-Krapiec,
E., Todaro, L., Waterhouse, J.S., Weigl, M., Schleser, G.H., 2007. Signal strength and
climate calibration of a European tree-ring isotope network. Geophys. Res. Lett. 34,
L24302.

Treydte, K.S., Frank, D.C., Saurer, M., Helle, G., Schleser, G.H., Esper, J., 2009. Impact of
climate and CO2 on a millennium-long tree-ring carbon isotope record. Geochim.
Cosmochim. Acta 73, 4635–4647.

Wang,W., Liu, X., Shao, X., Leavitt, S., Xu, G., An, W., Qin, D., 2011. A 200 year temperature
record from tree ring δ13C at the Qaidam Basin of the Tibetan Plateau after identifying
the optimum method to correct for changing atmospheric CO2 and δ13C. J. Geophys.
Res. Biogeosci. 116, G04022.

Waterhouse, J.S., Switsur, V.R., Barker, A.C., Carter, A.H.C., Hemming, D.L., Loader, N.J.,
Robertson, I., 2004. Northern European trees show a progressively diminishing
response to increasing atmospheric carbon dioxide concentrations. Quat. Sci. Rev.
23, 803–810.

Wilson, A.T., Grinsted, M.J., 1977. 12C/13C in cellulose and lignin as palaeothermometers.
Nature 265, 133–135.

www.climexp.knmi.nl.
www.co2now.org.
www.meteoswiss.ch.

http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0250
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0250
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0250
http://refhub.elsevier.com/S0031-0182(16)00002-X/rf0250
http://www.climexp.knmi.nl
http://www.co2now.org
http://www.meteoswiss.ch
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708756_Signal_strength_and_climate_calibration_of_a_European_tree-ring_isotope_network?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708699_Impact_of_climate_and_CO2_on_a_millennium-long_tree-ring_carbon_isotope_record_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708699_Impact_of_climate_and_CO2_on_a_millennium-long_tree-ring_carbon_isotope_record_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/230708699_Impact_of_climate_and_CO2_on_a_millennium-long_tree-ring_carbon_isotope_record_Geochim_Cosmochim_Ac?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/235902850_A_200-yr_temperature_record_from_tree-ring_d_13_C_at_the_Qaidam_Basin_of_the_Tibetan_Plateau_after_identifying_the_optimum_method_to_correct_for_changing_atmospheric_CO_2_and_d_13_C?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/30509367_Northern_European_trees_show_a_progressively_diminishing_response_to_increasing_atmospheric_carbon_dioxide_concentrations_Quat_Sci_Rev?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/30509367_Northern_European_trees_show_a_progressively_diminishing_response_to_increasing_atmospheric_carbon_dioxide_concentrations_Quat_Sci_Rev?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/30509367_Northern_European_trees_show_a_progressively_diminishing_response_to_increasing_atmospheric_carbon_dioxide_concentrations_Quat_Sci_Rev?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/30509367_Northern_European_trees_show_a_progressively_diminishing_response_to_increasing_atmospheric_carbon_dioxide_concentrations_Quat_Sci_Rev?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/31932400_13C12C_in_cellulose_and_lignin_as_paleothermometers?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/31932400_13C12C_in_cellulose_and_lignin_as_paleothermometers?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/31932400_13C12C_in_cellulose_and_lignin_as_paleothermometers?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/31932400_13C12C_in_cellulose_and_lignin_as_paleothermometers?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==
https://www.researchgate.net/publication/31932400_13C12C_in_cellulose_and_lignin_as_paleothermometers?el=1_x_8&enrichId=rgreq-4764c65c-c08b-46a7-bf53-e0443976f800&enrichSource=Y292ZXJQYWdlOzI5MTgwMjY0NDtBUzozMjE3NDQwNzY3NzEzMjhAMTQ1MzcyMTE3MzUwMw==

