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Abstract
In this study, we investigated the potential influence of central and eastern Pacific sea surface temperatures (SSTs) on the unstable
relationship between earlywood δ18O and climatic factors in the southwestern China from 1902 to 2005. The results show that the
strength of the climate signals recorded in the earlywood δ18O series has declined since the late 1970s. This reduction in signal
strength may have been caused by the changes in the local hydroclimate, which is associated with the increasing SSTs in the
central Pacific Ocean over recent decades. Alongside these increasing SSTs in the central Pacific, southwestern China has
experienced more droughts, as well as more severe droughts through the late spring and early summer during the central
Pacific (CP) El Niño years than during the eastern Pacific (EP) El Niño years in recent decades. This increased drought frequency
may have weakened the response of earlywood δ18O to climate variables.

1 Introduction
Tree ring proxies (e.g., ring width, ring density, and stable isotopes) have been widely used to investigate long-term climate
variations (Liang et al. 2008; McCarroll and Loader 2004; Yang
et al. 2013). However, unstable correlations between climate and
tree ring proxies have been found for tree ring width (Coppola
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et al. 2012) and density (Briffa et al. 2004) time series, as well as
for stable isotopes series (Treydte et al. 2007; Bale et al. 2010).
Some studies have reported the contribution of twentieth century
global warming to these unstable relationships between climatic
variables and tree ring proxies (Reynolds-Henne et al. 2007;
D'Arrigo et al. 2008). A stable relationship over time is crucial
to the climate reconstructions. Therefore, assessing the stability
of the relationship between climate and tree ring proxies is an
important aspect of generating robust climate reconstructions.
The stable oxygen isotope composition (δ18O) preserved in
tree ring cellulose is derived from the soil water, which ultimately originates from precipitation; consequently, δ18O series provide a record of changes in the local climate conditions
(Gessler et al. 2009; Offermann et al. 2011). An increasing
number of studies have shown that tree ring δ18O can be used
to reconstruct the history of regional hydroclimate variations
(Treydte et al. 2006; Tsuji et al. 2008; Li et al. 2011; Sano et al.
2012; Rinne et al. 2013), as well as evaluate variability in
atmospheric circulation patterns (Roig et al. 2006; Brienen
et al. 2012; Liu et al. 2012; Saurer et al. 2012) in monsoon
areas or high-latitude regions. Nevertheless, the interpretation
of δ18O in tree rings is complicated by the potential influence
of regional climate shifts on oxygen isotopes (McCarroll and
Loader 2004). Few studies have investigated the relationship
between tree ring δ18O and climate variables over time
(Reynolds-Henne et al. 2007; Schollaen et al. 2015).
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Recent studies have proposed that El Niño events are
caused by increasing sea surface temperature (SST) in tropical
parts of the central and eastern Pacific Ocean (hereafter,
central and eastern Pacific SSTs; Ashok and Yamagata
2009), which show different long-term spatial and temporal
patterns (Ren and Jin 2011; Tedeschi et al. 2012).
Southwestern China experiences a typical monsoonal climate
region that is influenced by the Indian summer monsoon and
the East Asian summer monsoon during the summer wet season (Zhang et al. 2011, 2014) and is closely linked to variations in Pacific SSTs (Zhao 1997). Furthermore, the region has
been strongly affected by monsoon droughts; in particular,
drought events in late spring and early summer have increased
in intensity and frequency over recent decades, and have
caused widespread economic and agricultural losses (Liu
and Wen 2006). Many researchers have reported that the
teleconnections between the warming in different part of
Pacific and the seasonal climate in south China are different
(Feng and Li 2011; Weng et al. 2011; Zhang et al. 2011,
2014). It would be valuable to distinguish the specific influences of central and eastern Pacific SSTs on the increase in
drought severity during the late spring and early summer over
southwestern China.
We recently measured tree ring cellulose δ18O (separately for earlywood and latewood) in the Yulong Snowy
Mountains of southwestern China (27° 6.1′ N, 100° 13.4′
E, ca. 3260 m above sea level (a.s.l.); Fig. 1). The results
showed that the earlywood δ18O is dominated by the climate
conditions that prevail between late spring and early summer (May–July), and the growing season for the earlywood
of the Lijiang fir was determined to be May–July to facilitate the following analysis (An et al. 2012). Here, we aimed
to (1) evaluate the stability of the relationships among tree
ring cellulose δ18O and climate variables (temperature, precipitation, relative humidity, and so on) over the instrumental period 1951–2005 and (2) distinguish between the possible influence of central and eastern Pacific SSTs on the
unstable relationship between earlywood δ18O and climate
variables.

2 Materials and methods
The climate in the study region is influenced mainly by the
Indian summer monsoon and East Asian summer monsoon
in summer season and the southern branch of the westerlies
circulation in winter season, respectively (An et al. 2012;
Fig. 1). In July 2005, we collected tree ring cores from
dominant Lijiang fir trees in temperate forest (27° 6.1′ N,
100° 13.4′ E, ca. 3260 m.a.s.l., An et al. 2012) in the
Yulong Snowy Mountains (Fig. 1). Earlywood and latewood cellulose were extracted separately. For a detailed
description of the extraction and analysis of the earlywood
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and latewood, see An et al. (2012). An et al. (2012) concluded that climate variations over the May–July period are
the dominant controls on earlywood δ18O in any particular
year. Herein, we further examine the temporal stability of
the relationship between earlywood δ18O and climate variables during May–July, and attempt to identify the controlling mechanism. We considered the following climate
parameters: monthly mean temperature, precipitation, and
relative humidity, and these data were obtained from nearby Lijiang station (26° 52′ N, 100° 13′ E, 3260 m.a.s.l.),
which is ~ 15 km away from our sampling site (An et al.
2012; Liu et al. 2012).
The correlation (Pearson’s r) and partial correlation were
calculated between the climate variables and the earlywood
δ18O to investigate the climatic significance of the earlywood
δ18O. The 21-year moving correlation was used to detect the
temporal stability of the relationship between δ18O and climate variables. We also investigated the relationship between
earlywood δ18O and Palmer drought severity index (PDSI;
Palmer 1965), which has been widely used to evaluate the
hydroclimatic status in many areas, including the Asian monsoon region (Fang et al. 2009; Li et al. 2011). We used the
PDSI network developed by Dai et al. (2004), which is based
on meteorological records for global land areas on a 2.5° ×
2.5° grid (available at http://www.cgd.ucar.edu/cas/catalog/
climind/pdsi.html). The gridded PDSI values were extracted
from a nearby grid point (27° N, 100° 15′ E), which is close to
our sampling site (27° 6.1′ N, 100° 13.4′ E). The spatial
correlation between the PDSI and earlywood δ18O was
calculated to evaluate the spatial representativeness using the
gridded PDSI values. We also used the 0.5° gridded monthly
standardized precipitation–evapotranspiration index (SPEI)
data set, also from a grid point close to our sampling site
(27° 6.1′ N, 100° 13.4′ E; http://sac.csic.es/spei/index.html).
The PDSI is a drought index based on soil water balance
equation (Palmer 1965), and the SPEI is a drought index based
on the monthly difference between precipitation and potential
evaporation (Beguería et al. 2010; Vicente-Serrano et al. 2010;
Xu et al. 2015).
To explore the teleconnection of the Pacific SSTs and local
hydroclimate, we further used the NINO3 (eastern Pacific: 5°
N to 5° S, 150° W to 90° W) and NINO4 (central Pacific: 5° N
to 5° S, 160° E to 150° W) SST indices series (Kaplan et al.
1998). Furthermore, we identified seven EP (eastern Pacific)
El Niño (1963, 1965, 1972, 1976, 1982, 1987, and 1997) and
seven CP (central Pacific) El Niño (1969, 1977, 1991, 1994,
2002, 2003, and 2004) events based on the studies of Zhang
et al. (2011, 2014). Moreover, the superposed epoch analysis
(SEA) was used to distinguish between the possible connections of the regional hydroclimate with the central and eastern
Pacific SSTs. The SEA technique is used to resolve significant
signal-to-noise problems (Brier and Bradley 1964). Each
event year is taken as a key or zero window year. The values
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Fig. 1 Location of the study site in the Yulong snowy mountains of southwestern China (red triangle). Blue arrows indicate the dominant westerly
airflow in winter; red arrows indicate the Indian summer monsoon (ISM) and East Asian summer monsoon (EASM) that dominate in summer

of the time series for this 0 year and for a window of years
before and after the event years are superposed and averaged
over the series time span (Brier and Bradley 1964; Mass and
Portman 1989). The Monte Carlo randomization test was used
to test the significance of the relationship.

3 Results
3.1 Tree ring δ18O and climate
In a previous study, we found that the dominant climatic controls on earlywood δ18O are temperature and relative humidity
during the early monsoon season (May–July) (An et al. 2012).
According to the instrumental record, the mean temperature
for May–July showed an obvious increasing trend between
1951 and 2005 (0.10 °C/decade, p = 0.05), but no significant
trend was found in precipitation variations between 1951 and
2005 (Fig. 2a). The May–July relative humidity and PDSI
showed a slight decreasing trend over the same period

(Fig. 2a, b). The correlation analysis showed that the earlywood δ18O significantly is correlated with temperature (r =
0.52, n = 55, p < 0.001) and relative humidity from May to
July (r = −0.50, n = 55, p < 0.001), but correlated only weakly
with precipitation (r = −0.26, n = 55, p < 0.1; Fig. 2c) over the
same period. We also found significant negative correlations
between earlywood δ18O and the PDSI values i for May–July
(r = −0.43, p < 0.01) over the instrumental period of 1951–
2005 (Fig. 1c). The correlation coefficients between the earlywood δ18O and vapor pressure deficit (r = −0.34, n = 55,
p < 0.05) and SPEI (r = −0.33, n = 55, p < 0.05) were also
significant, but relatively weak (data not shown).
Partial correlation analysis was used to detect the dominant
limiting factor for earlywood δ18O (Table 1). No significant
correlation was found between tree ring δ18O and climatic
variables when May–July temperature was controlled
(Table 1). However, the results showed that when other climate variables were controlled (including precipitation, vapor
pressure deficit, PDSI, and SPEI; Table 1), the earlywood δ18
O series was significantly and positively correlated with the
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Fig. 2 Trends in a instrumental
temperature and PDSI, and b
precipitation and relative
humidity (b) during the early
growing season (May–July)
between 1951 and 2005. Linear
regression lines are shown. c The
earlywood δ18O series from 1902
to 2005. The horizontal red solid
lines represent the mean values of
earlywood δ18O during the
periods 1902–1979 and 1980–
2005. The panel in (c) shows the
correlation coefficients between
earlywood δ18O and climate
variables for the May–July
period: ns = not significant; *p <
0.05; **p < 0.01

May–July temperature (|r| ≥ 0.35, p < 0.001). The partial correlation analysis showed that the influence of relative humidity and PDSI on earlywood δ 18 O was also significant
(Table 1). These results indicate that the temperature and humidity conditions between May and July were the dominant
limiting factors controlling the oxygen isotopic fractionation
in the earlywood.
We explored the 21-year moving correlation to examine
the stability of the relationship, between earlywood δ18O
and the dominant limiting factors: i.e., temperature, relative

humidity, and PDSI. The results showed that the correlation
between earlywood δ18O and temperature, and earlywood
δ18O and relative humidity began to decrease in the late
1970s and the late 1980s, respectively (Fig. 3a). We also
calculated the 21-year moving correlation between earlywood δ 18O and the gridded CRU TS 3.22 temperature,
and earlywood δ18O and the PDSI values which extended
back to 1902. For temperature, the correlations were mostly
positive but weak until the 1940s, followed by a shift to
significantly positive correlations from the 1950s to the late
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Table 1 Partial correlations
between the earlywood δ18O and
the May–July climatic parameters

Controlled variable

δ18O vs.
TEM

TEM
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δ18O vs.
PRE

δ18O vs.
VPD

δ18O vs.
RH

δ18O vs.
PDSI

δ18O vs.
SPEI

0.02 ns

−0.13 ns

−0.09 ns

−0.13 ns

−0.18 ns

−0.23 ns

−0.45**
−0.41**

−0.38**
−0.34*

−0.24 ns
−0.17 ns

−0.17 ns

−0.10 ns

PRE
VPD

0.47**
0.44**

−0.06 ns

RH

0.22 ns

−0.10 ns

0.14 ns

PDSI
SPEI

0.35**
0.46**

−0.13 ns
−0.11 ns

−0.19 ns
−0.19 ns

−0.31*
−0.40**

−0.23 ns
−0.37**

TEM, PRE, VPD, and RH are the mean temperature, precipitation, vapor pressure deficit, and relative humidity,
respectively, from May to July. ns not significant
*p < 0.05; **p < 0.01

1970s. However, from the late 1970s onwards, the positive
correlations became weak and non-significant (Fig. 3b). A
weakening relationships between earlywood δ 18 O and
May–June PDSI since the late 1970s were also evident
(Fig. 3b). The spatial correlation between earlywood δ18O
and PDSI further demonstrated that earlywood δ18O can
represent regional hydroclimate conditions to some extent
(Fig. 4). Therefore, we used PDSI variations to evaluate
hydroclimate variability in the following analysis.

Fig. 3 a The 21-year moving
correlation coefficients calculated
between earlywood δ18O and
instrumental climate variables
(mean temperature, total
precipitation, and relative
humidity) for May–July between
1951 and 2005. b The 21-year
moving correlation coefficients
between earlywood δ18O and the
mean temperature from the CRU
TS dataset and PDSI variations
for May–July between 1902 and
2005

3.2 Relationship between CP and EP SSTs
and earlywood δ18O
The earlywood δ18O was significantly correlated with the
NINO3 SST index (eastern Pacific SST: r = 0.45, n = 104,
p < 0.001) and the NINO4 SST index (central Pacific
SST: r = 0.49, n = 104, p < 0.001; Fig. 5a, b). The 21year moving correlations show complicated changes in
the linkages between the earlywood δ18O and the two
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Fig. 4 Spatial correlations
between tree ring δ18O and
regional gridded PDSI (May–
July) between a 1902 and 2005,
and b 1951 and 2005. Only values
significant at p < 0.10 are shown.
The red dot in each panel
indicates the sampling site

indices (Fig. 5c). From 1920 to 1960, the correlations
between the earlywood δ18O and NINO3 SST index are
very low, while the correlations between the earlywood
δ18O and NINO4 SST index are relatively high, with
some periods even exceeding the 95% confidence level.
However, the relationship between the earlywood δ18O
and both the NINO4 SST and NINO3 SST indices follows
a decreasing trend from the 1970s and 1980s,
respectively.
The spatial correlations were also calculated between
the central and eastern Pacific SST and earlywood δ18O.
The earlywood δ18O is positively correlated with the central and eastern Pacific SST from 1902 to 1979 (Fig. 6a),
but the correlations with eastern Pacific SST weaken from
1980 to 2005 (Fig. 6b). The lost teleconnection signal
from 1980 to 2005 may be partly attributed to the inhomogeneity of interpolation induced by the absence of early observations. Meanwhile, it gives clues that the

correlations between the weak relationships between earlywood δ18O and climate variables may be related to this
lost teleconnection.

4 Discussion
4.1 Temporally unstable climate signal recorded
in earlywood δ18O
Many studies have found a temporally unstable climate
response in tree ring width, density, and isotopic chronologies at high-latitude sites (Briffa et al. 2004; ReynoldsHenne et al. 2007; Treydte et al. 2007; Bale et al. 2010;
Coppola et al. 2012; Rozas and García-González 2012). In
this study, we also found that the climate–earlywood δ18O
relationship was temporally unstable, even against the
background that the earlywood δ18O values are controlled

Unstable relationships between tree ring δ18O and climate variables over southwestern China: possible impacts...

397

Fig. 5 Comparisons between the
earlywood δ18O and the a NINO3
and b NINO4 indices, and c the
21-year moving correlations
between earlywood δ18O and the
NINO3 and NINO 4 SST indices.
The indices were normalized to be
dimensionless using SPSS
software

primarily by the climate conditions between May and July
(An et al. 2012). Such non-stationary relationships appear
to depend on climatic and non-climatic, as well as natural
and anthropogenic, factors that have covaried with each
other over time (e.g., D'Arrigo et al. 2008). According to
previous studies, the influence of non-climatic factors
(e.g., canopy environmental parameters) on long tree ring
δ18O time series may be minor on a global scale (Treydte
et al. 2007; Brienen et al. 2012), as well as in southwestern
China (Grießinger et al. 2011; Shi et al. 2012). Moreover,

our sampling site has been rarely affected by anthropogenic activities, as it is remote from centers of population (He
et al. 2002). In addition, to reduce the possible effects of
stand competition, we collected only dominant and opengrown Lijiang fir trees (An et al. 2012) without external
evidence of non-climatic growth disturbances (Coppola
et al. 2012). Therefore, we believe that the non-climatic
or anthropogenic influence on tree ring δ18O, especially
on earlywood δ18O is small with respect to the variations
in long-term trend.
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Fig. 6 Spatial correlation patterns
between the NCDC SST v3b
ERSST data (from the previous
September to the current
February) and a earlywood δ18O
for 1902–1979, b earlywood δ18
O for 1980–2005, c regional
PDSI (May–July) for 1902–1979,
and d regional PDSI (May–July)
for 1980–2005. Only values
significant at p < 0.10 are shown

Excluding the effects of stand composition, the moving
correlation analysis indicates that most of this signal reduction
was caused by changes in local hydroclimatic variability.
Generally, the climate signal preserved in tree ring δ18O is a
mixture of local effects (e.g., regional precipitation intensity)
and large-scale atmospheric circulation effects (e.g., changes
in isotopic composition during the transport of water vapor;
Gessler et al. 2014). The Lijiang fir is shallow-rooted, and

precipitation is likely to be a much greater component of its
source water rather than a mixture of groundwater and precipitation (Waterhouse et al. 2002). In particular, the isotopic
oxygen signal of earlywood is derived mainly from Indian
monsoon precipitation (An et al. 2012), which is closely
linked to variations in Pacific SSTs from the previous
September to the current February (Mooley and Munot
1997; Kumar et al. 1999). The breakdown of earlywood δ18
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Table 2 Extremely dry and wet years detected in the earlywood δ18O
chronology and their association with classified ENSO warm and cold
events from Quinn and Neal (1992). Extremely dry or wet years are
defined as years in which the earlywood δ18O value was at least 1σ
(1.75‰) higher or lower than the average
Extremely dry years

Warm
events

Extremely
wet years

Cold events

1919

1918

1904

1903

1937

–

1905

1904–1905

1958
1973

1957–1958
1972

1907
1909

1906
1908

1977
1979

1976
–

1910
1911

1909
–

1982
1983
1992

1982–1983
1982–1983
1991–1992

1925
1927
1929

1924
1927–1928
1928

1994

1993–1994

1933

1933

1998
1999
2002

1997–1998
1997–1998
2002

1934
1938
1949

1933–1934
1937
1947

2003
2005

–
2004

1989

1988

En dash (–) indicates there is no warm or cold events during the extremely
dry or wet years

Fig. 7 Composites of regional PDSI (May–July) for a CP El Niño event
years and b EP El Niño years. The actual years for which data are shown
are listed in the BMaterials and methods^ section

O correlations with climate parameters since the late 1970s
corresponds to the timing of anomalous warming over the
central Pacific, i.e., NINO4 SST. In other words, the unstable
climate signal may be ultimately associated with atmospheric
circulation patterns linked to Pacific SSTs.

4.2 Possible influence of CP SST anomalies
The climate shift of the late 1970s was induced by increases in tropical central and eastern Pacific, and Indian
SSTs (Pillai and Mohankumar 2010). The SST variations
in the central and eastern Pacific are dominated by different mechanisms (Burgers and Oldenborgh 2003), and
two types of El Niño events have been distinguished
using SST anomalies centered in the central and eastern
equatorial Pacific (CP El Niño and EP El Niño events;
Yang et al. 2011). SSTs over the central and eastern
Pacific and Indian Ocean experienced evident changes
related to a climate shift in the late 1970s (Pillai and

Mohankumar 2010). Over recent decades, with increasing SST anomalies over the central Pacific, the relationship between the Indian monsoon and the warmest SST
anomalies over the eastern Pacific has been weakening
since the 1980s (Kumar et al. 1999). Kumar et al. (2006)
proposed that India rainfall is influenced by warming and
cooling over the central Pacific rather than over the
eastern Pacific. Myers et al. (2015) found high correlations between the CP El Niño events and weakening of
the central Indian summer monsoon. This indicated that
El Niño events with the warmest SST anomalies in the
central Pacific contributed more to the changes in
hydroclimate over the Indian monsoon region than did
events with the warmest SSTs in the eastern Pacific.
Zhang et al. (2014) found that with more and frequent CP
El Niño and less EP El Niño, the frequency of autumn
droughts in southern China has significantly increased after
the early 1990s. In terms of the present study region, the regional PDSI is negatively correlated with the NINO3 SST
(r = −0.43, n = 104, p < 0.01) and the NINO4 SST (r =
−0.39, n = 104, p < 0.01). Moreover, we found that remarkably severe droughts occurred during the CP El Niño years
(Fig. 7a), rather than the EP El Niño years (Fig. 7b).
Moreover, the spatial correlation patterns showed no relationships between regional PDSI and central and eastern Pacific
SST between 1902 and 1979 (Fig. 6c), whereas they show a
significant negative correlation between regional PDSI and
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Fig. 8 a–d Chronology and dry
and wet events in SEA. Extreme
dry and wet years are listed in
Table 2. Each dry or wet year is
taken as a key or zero window
years. Time series values for this
0 year and for a window of years
before and after the event years
are superposed and averaged over
the chronology time span. A
Monte Carlo randomization test
was used to determine the
significance of the relationship

central Pacific SST between 1980 and 2005 (Fig. 6d). This
indicates that the composite difference in Pacific SSTs has
played an important role in the decadal-scale changes in
hydroclimate over southern China.
We used SEA (Brier and Bradley 1964; Mass and Portman
1989) to identify the possible linkage between local dry and wet
events and the central and eastern Pacific SSTs. We defined an
extremely dry or wet year as a year in which the earlywood δ18
O value was more or less than 1σ (1.75‰) outside the longterm average. Between 1902 and 2005, 15 extremely dry years
and 14 extremely wet years were detected in the earlywood δ18
O chronology (Table 2). The NINO 3 and NINO 4 SSTs values
of the 15 extremely dry years and 14 extremely wet years were
averaged, respectively. The SEA analysis showed that both the
departures from the mean value curve and rank of percentiles of
SST were evident (p < 0.01), indicating a significant relationship between δ18O and central and eastern Pacific SST variations (Fig. 8). The SEA also revealed that the dry and wet
events recorded in earlywood δ18O were registered during the
analyzed period, and the mean values of the NINO4 (central
Pacific) SSTs exceeded the significance level of 99% (Fig. 8c,
d). It indicated that with the abnormal increasing of central
Pacific SST since the late 1970s, the subsequent more CP El
Niño events play an important role on regional spring droughts.
The increasing drought stress may have weakened the sensitivity of earlywood δ18O to climatic factors and thus led to
its reduced response of changes in the climate variables. This
indicates that the weakening climatic signal in the earlywood

δ18O time series could be a result of the changing pattern of
Pacific SST, which started in the central Pacific. Similarly,
Schollaen et al. (2015) revealed the significant influence of
CP El Niño events, but no clear signal of EP El Niño events,
on Javanese tree ring δ18O in Indonesia. However, the response of local climate to Pacific SST variations shows regional and seasonal differences, even within the Indian monsoon area (Shi et al. 2018). Therefore, additional research is
required to develop a better understanding of the influence of
Pacific SST variations on regional hydroclimatic changes, and
thus on the variations in the intensity of the climate signals
recorded in paleoproxies over time.

5 Conclusions
In conclusion, the earlywood δ18O from Yulong Snowy
Mountains is controlled mainly by climate conditions between
May and July, as indicated in our previous study. However, in
the present study, we found that the response of earlywood δ18
O to climate variations during May–July was not stable, and
has weakened since the late 1970s. Our detailed analysis demonstrated that this unstable relationship could possibly be
caused by a regional hydroclimate shift since the late 1970s,
which was influenced more by variations in central Pacific
SSTs than in eastern Pacific SSTs. More severe droughts have
been detected during CP El Niño events than during EP El
Niño events. This may suggest that the variations in the SST
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anomalies in the central Pacific have a greater effect on the
hydroclimate of late spring and early summer than do the
warming SSTs in the eastern Pacific, and thus also have a
possible impact on the reduction in strength of the climate
signals preserved in the earlywood δ18O.
However, the stability of the climate signal recorded in
paleoproxies is a basic principle of paleoclimate reconstruction. The results of the present study show that the relationship
between climate variables and proxies could be unstable, and
thus, caution is needed in the future climate analysis and climate reconstruction, especially when the calibration or verification period is too short to span the entire range of climate
variations, at least in terms of earlywood δ18O in southwestern
China. Moreover, it should be noted that this study focused on
a single alpine massif, and more studies will be necessary to
understand the detailed mechanisms associated with the effects of Pacific SSTs on the climate–isotope relationships in
southwestern China over larger scales.
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