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*  We describe new tree-ring width and maximum latewood density chronologies of Faxon fir.

»  Temperature is the most important limiting factor for the radial growth of Faxon fir.

*  The tree-ring width series captured the warming trends and allowed detecting the recent
warming in a long-term context, while the maximum latewood density series showed no
upward trend.

Tree-ring width (TRW) and maximum latewood density (MXD) data of Faxon fir (4bies faxo-
niana Rehd. et Wils.) were analyzed for five timberline sites in the western Qinling Mountains
and northeastern Tibetan Plateau, to investigate their relationships to climate change, especially
twentieth century warming. The cross-correlations among TRW chronologies at the low-frequency
band were higher, while the higher correlations among MXD chronologies were found at the
high-frequency band. Response analysis showed that the tree-ring formation of fir trees was sig-
nificantly and positively affected by temperature variations, while it was also negatively affected
by precipitation. The TRW series captured the warming trends and allowed detecting the recent
warming in a long-term context, while the MXD series showed no upward trend. We also found
the temperature sensitivity of the TRW series is unstable over space and time. The divergent
response between TRW and MXD might be caused by the seasonal variations of warming trends.
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1 Introduction

With an average elevation of more than 4000 m a.s.l., the Tibetan Plateau is one of the most sensi-
tive regions to climatic change (Zheng 1996). The Qinling Mountains is a major east-west moun-
tain range, and is also an important dividing line between warm-temperate and subtropical zones
in East Asia. The Qinling Mountains provide a natural boundary between the north and south of
China, and have an important role in climate and ecosystem processes. Timberlines of the Tibetan
Plateau and Qinling Mountains are characterized by severe climatic conditions (mean annual
temperature is 1.7 °C) and short growing seasons for plants. Therefore, trees from this region are
believed to be sensitive to climatic changes. As a part of the Shangri-La, the timberlines of this
region are covered by widespread forests dominated by various coniferous species that have great
potential for dendroclimatological studies (Wang et al. 2013). Dendroclimatological records from
the Tibetan Plateau and Qinling Mountains show that, despite a complex mountain terrain and
spatial differences in local temperature and tree-ring growth, it is possible to develop temperature
models using regional networks of tree-ring sites (i.e. Hughes et al. 1994; Garfin et al. 2005; Gou et
al. 2007; Liu et al. 2008; Liang et al. 2009; Fan et al. 2009; Wang et al. 2009). However, compared
to other continents, such as Europe and North America, the number of tree-ring investigation sites
from the Qinling Mountains and the northeastern Tibetan plateau is low, and no tree-ring density
study has been carried out in the western Qinling Mountains and northeastern Tibetan Plateau yet.

It is generally assumed in tree-ring studies that the approximate relationship between tree-ring
growth and the limiting climate factor is stable over time (Fritts 1976). However, recent research
results have reported problems with this assumption. Either formerly temperature sensitive tree
ring chronologies have reduced sensitivity to temperature at high northern latitudes (Briffa et al.
1998; Jacoby et al. 2000; Solberg et al. 2002), increased in sensitivity (Wilmking et al. 2005), or
even changed from positive to negative temperature sensitivity (Wilmking and Myers-Smith 2008).
In addition, many dendrochronological studies have revealed that radial growth of trees near the
timberlines increased under global warming (Ettl and Peterson 1995; Buckley et al. 1997; Peterson
and Peterson 2001). Thus, the warming trends and their effects on tree-ring growth have caused
wide public concern over the recent years (Briffa et al. 1998; Lloyd and Fastie 2002; Wilmking
et al. 2005; Driscoll et al. 2005; D’ Arrigo et al. 2004, 2008; Esper et al. 2010). To improve our
understanding of tree rings as proxies for large-scale climate reconstructions and to estimate the
ecological responses of trees to climate change, more detailed knowledge about the influence of
climate change on tree-ring growth is also needed.

In this study, we developed new chronologies of tree-ring width (TRW) and maximum late-
wood density (MXD) of Faxon fir (4bies faxoniana Rehd. et Wils.) trees grown at the timberline
of the western Qinling Mountains and northeastern Tibetan Plateau, China. The goals of this study
are: (1) to investigate the important controlling factors on the Faxon fir radial growth; and (2) to
assess the response of tree-ring parameters to recent warming.

2 Materials and methods
2.1 Study area

The study areas are located in the western Qinling Mountains and northeastern Tibetan Plateau,
China (Fig. 1). The climate of this region is strongly influenced by the Asian monsoon. The climate
of timberline area is characterized by cold, windy winters and wet summers. There are four vegeta-
tion zones arranged with elevation varying from 700 m a.s.l. to 3400 m a.s.l.. The fir forest extends
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Fig. 1. Locations of tree-ring sites and meteorological stations in the western Qinling Mountains and northeastern
Tibetan Plateau, China.

Lo e O L 2o oy

Fig. 2. Faxon fir forest at the timberline sites in the western Qinling Mountains and northeastern Tibetan Plateau,
China, and a typical Faxon fir tree sampled in this study.
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from 2600 m a.s.l. to 3400 m a.s.l., which is the altitudinal timberline. The timberline is actually
a zone of transition between fir forests and the alpine meadows, which is composed of fascicular
fir trees and tree islands. They are dominated by Faxon fir (Fig. 2). The soils in the study area are
mainly acid umber and podzolic soil. The study areas were chosen for the following reasons: (1)
the areas are unlikely to be affected by anthropogenic activity, (2) fir timberlines in this region are
typical fir timberline in China and (3) the zone is a transitional zone between the Tibetan Plateau
and warm temperature zone.

2.2 Tree-ring sampling and chronology development

During the 2006 and 2009 summer field seasons, Faxon fir trees were sampled at five timberline
sites (site code ZC, TLD, LLG, NQG and GGS). This network covers an area from northeastern
Tibetan Plateau in the west to the western part of the Qinling Mountains in the east, slopes range
from 10 to 50%, but are generally 20-35% and site elevations range from 3100 to 3350 m a.s.L.
To minimize non-climatic effects on the radial growth, only trees with no injury and disease were
sampled. In total 152 5-mm diameter cores and 130 10-mm diameter cores from 111 trees were
collected. Site information is listed in Table 1. All cores from the timberline sites ZC, TLD, LLG,
and GGS were processed for TRW and the 10-mm diameter cores from the timberline sites ZC,
NQG and GGS were also processed for MXD. Due to the serious damages during the transport
process, the cores from NQG site were not used for TRW.

After mounting and progressively sanding to >400 grit, the cores were subjected to standard
graphical dating methods (Stokes and Smiley 1968). After annual ring widths were measured to the
nearest 0.001 mm using a Velmex measuring system, we used the program COFECHA (Holmes
1983) to test the accuracy of crossdating of TRW. Cores were cut into 1.0=0.02 mm -thin sections
with a twin-blade saw (DENDRO CUT 2003), with the angles vertical to the wood fiber, adjusted
by a DENDROSCOPE. The thin sections were then put into a room with constant temperature and
humidity for at least 2 h before X-ray photography was taken in the same room (Wang et al. 2009).
The grey-scale variations of the X-ray film were then measured by the DENDRO2003 tree-ring
workstation with a resolution of 0.01 mm, and brightness variations transferred into g/cm? using a
calibration wedge (Eschbach et al. 1995). Relationships between the absolute (volume and mass)
and radiographic (X-ray) wood density were employed as correction factors (Schweingruber et al.
1978; Cleaveland 1986; Biintgen et al. 2010).

To remove non-climatic trends due to age, size, and stand dynamics (Fritts 1976) from the
raw measurements, each individual TRW and MXD series was fit with a cubic smoothing spline
with a 50% frequency response at 67% of the series length (Cook and Kairiukstis 1990). Stand-
ardization was performed using the ARSTAN program. The detrended data from individual tree
cores were combined into site chronologies using a bi-weight robust mean (Cook and Kairiukstis
1990). The bi-weight robust mean minimizes the influence of outliers, extreme values or biases
in tree-ring indices (Cook and Kairiukstis 1990). The variance in chronologies was stabilized in

Table 1. Information about the sampling sites in the western Qinling Mountains and northeastern Tibetan Plateau.

Site Latitude (N) Longitude (E) Trees/5-mm diameter cores/10-mm Elevation (m) Aspect Slope
diameter cores number

LLG 34°07" 103°48" 21/38/0 3120-3200 NW 10-50°

NQG 34°09" 103°31" 21/21/42 3100-3190 N 20-40°

TLD 32°56" 104°17° 24/48/0 3200-3280 E 20-30°

7C 34°26° 102°43" 23/23/44 3300-3320 N 20-40°

GGS 34°20" 102°59" 22/22/44 3310-3350 NE 30-40°
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the chronology compilation process with the Briffa Rbar-weighted method (Osborn et al. 1997),
which uses average correlations between series in combination with sample size each year to make
adjustments in the variance for changes in sample size. Final chronologies were truncated at <5
series. Inter-series correlation (Rbar) and the expressed population signal (EPS) were calculated for
50-year windows lagged by 25 years along the time-series to assess their signal strength (Wigley et
al. 1984). The ARSTAN program produces three versions of standardized chronologies: Standard,
Residual and Arstan. We used the standard version of the MXD and TRW chronologies, which
contains the common variations among the individual tree core series and retains low-through
high-frequency common variance, presumably in response to climate (Cook 1985).

2.3 Meteorological data and statistical analysis

Tree-ring series were filtered into low-and high-frequency signals using Gaussian-weighted digital
filters (LaMarche 1974). We used paired reciprocal filters to separate low-frequency variations
greater than 8 years from high-frequency signals less than 8 years (Fritts 1976). To assess the
growth controlling factors among the individual sites, the first principal components of tree-ring
data were obtained through the principal component analyses (PCA) over the common period of
the chronologies (1900-2008).

Climate data from the meteorological stations of Hezuo (data from 1958 to 2009), Maqu
(data from 1967 to 2008), Wenxian (data from 1959 to 2008) and Zhouqu (data from 1972 to 2008)
were employed to analyze the effects of climate on TRW and MXD at the different sites (Fig. 1). To
provide a more regional climate signal, the gridded monthly climate data was also obtained from
the Climatic Research Unit (CRU), East Anglia, UK (http://www.cru.uea.ac.uk) for the western
Qinling Mountains and northeastern Tibetan Plateau (averaged over 33—-35°N, 102—-105°E). As the
oldest weather station (Mingxian) in the region was established in 1937, we only used the CRU
data from 1937 to 2008 in further analyses.

The relationships between tree-ring indices and the climatic data were analyzed using the
program DENDROCLIM2002 (Biondi and Waikul 2004). As the growth of a tree may be affected
not only by the climatic conditions of the current growing season but also by those of the previous
growing season (Fritts 1976; Chen et al. 2010), both the previous and the current growing seasons
were included in the climate response analysis. The climate data used for the analysis included
monthly mean temperature and total monthly precipitation over a span of 15 months (previous July
to current September). To investigate the common growth response in more detail, we conducted
spatial correlations between first principal components (PC1) and the updated 0.5°% 0.5° gridded
temperature of CRU TS3.1 (Climate Research Unit) for the period 1937-2008 by the use of the
KNMI climate explorer (http://climexp.knmi.nl, Trouet and van Oldenborgh 2013).

3 Results

3.1 The characteristics of tree-ring chronologies

Table 2 gives the general statistics of the tree-ring chronologies from COFECHA and ARSTAN.
The mean correlation of the individual cores (with the master series) ranged from 0.42 to 0.55. The
highest mean correlation was found for TRW of site TLD and the lowest one is for MXD of site
ZC. The high correlation indicates good cross dating between sequences. The first-order autocor-
relation ranged from 0.18 to 0.74. TRW had higher first-order autocorrelations than MXD. This
implies that MXDs had lower sensitivities to previous year’s conditions than TRW.
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Table 2. Descriptive statistics for the standard tree-ring chronologies in the western Qinling Mountains and northeast-
ern Tibetan Plateau. TRW: tree-ring width; MXD: maximum latewood density; MS: the mean sensitivity; AC1: the Au-
toCorrelation order 1; SD: the standard deviation; SNR: the signal-to noise ratio; PC1: the first principal components;
EPS: the expressed population signal.

Site Type of parameter ~ Time span MS SD SNR  ACI R EPS PCl EPS>0.85, >5 series

LLG TRW 1598-2006 0.12 0.24 17.27 0.74 0.50 095 30.0 1650
TLD TRW 1737-2006 0.13 0.19 2141 0.66 055 096 313 1770
zC TRW 1650-2006 0.11 0.16 11.13 0.58 0.52 092 32.1 1685
GGS TRW 1603-2008 0.12 021 6.63 0.66 047 087 33.6 1635
zC MXD 1667-2008 0.05 0.05 6.77 028 042 087 26.6 1720
GGS MXD 1625-2008 0.04 0.05 332 040 051 085 386 1685
NQG MXD 1603-2008 0.07 0.07 726 0.18 054 088 385 1650

TRW chronologies exhibit relatively low mean sensitivities (MS, 0.11-0.13) and standard
deviations (SD, 0.16—0.24). These data indicate rather moderate interannual variations in the ring-
width series. The expressed population signal (EPS, 0.87-0.96) and variances in the first eigenvector
(VFE, 26.6-38.6%) indicate that the growth of different trees were responding to common factors.
The MXD chronologies had lower signal-to-noise ratio (SNR) and EPS than TRW chronologies.
The MXD indices exhibit low year-to-year variability, as emphasized by the low mean sensitivities
(0.05-0.07) and the standard deviations (0.04-0.07).

3.2 Cross-correlations of tree-ring series

Site chronologies for the common time interval 1900-2008 were established for the five sites,
and showed different growth patterns (Fig. 3). The cross correlations in Table 3 show highly
significant similarities among the chronologies. Virtually all of the coefficients between TRW
chronologies were positively significant. The three MXD chronologies also display significant
inter-site correlations. The cross-correlations among TRW chronologies were higher at the low-
frequency band, while the MXD of the GGS site was highly correlated with the MXD of other
two sites (NQG and ZC) at the high-frequency band. Principal component analyses revealed that
the first principal components of the TRW chronologies (PCltrw) and the MXD chronologies
(PClymxp) have eigen values >1.5 and account for 54.71% and 59.56% of the total variance,
respectively.

3.3 Climate—growth response

Tree-ring width data show higher correlations with temperature than with precipitation (Fig. 4).
The radial growth at the GGS site was positively correlated with July temperature. Significant
positive correlations between the radial growth and temperature at the LLG site were found in
July and September of the previous year, and in February, March, June and July of the current
year. The radial growth at the TLD site was significantly correlated with the current growing
season temperature (February, March, April, June and July), and with the previous summer and
autumn temperature. Significant positive correlations between the radial growth at the ZC site and
temperature were found in November of the previous year, and in June and August of the current
year. Significant negative correlations between the radial growth and precipitation of the previous
November are found at the GGS and ZC site. The June precipitation is also negatively correlated
with the radial growth at the TLD site. The April precipitation is also negatively correlated with
the radial growth at the ZC site.
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Fig. 3. Tree-ring chronologies of Faxon fir (1900-2008) from the five study sites. TRW: tree-ring width; MXD: maxi-
mum latewood density.
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Table 3. Cross-correlations for tree-ring indices before and after filtering during the common period (1900-2008).
TRW: tree-ring width; MXD: maximum latewood density.

Site GGS(TRW)  LLG(TRW)  TLD (TRW) ZC (TRW) GGS(MXD) NQ (MXD)
Unfiltered signals

LLG (TRW) 0.39**

TLD (TRW) 0.51%** 0.51%*

ZC (TRW) 0.46** 0.26** 0.22

GGS (MXD) 0.29%* 0.08 0.17 0.14

NQ (MXD) —0.23* 0.00 0.12 0.16 0.32%*

ZC (MXD) 0.07 0.03 0.11 0.40%* 0.38** 0.48**
Low frequency

LLG (TRW) 0.20* 1.00

TLD (RW) 0.36%* 0.55%*

ZC (TRW) 0.40%* 0.21* 0.27**

GGS (MXD) 0.23* 0.00 0.16 0.01

NQ (MXD) 0.10 0.34%* 0.02 —0.41%* 0.41%*

ZC (MXD) 0.26* 0.20 0.11 0.73** 0.02 0.12
High frequency

LLG (TRW) 0.16 1.00

TLD (TRW) 0.06 0.57** 1.00

ZC (TRW) 0.02 0.52%* 0.37%* 1.00

GGS (MXD) 0.02 0.20* 0.24* 0.29%%* 1.00

NQ (MXD) 0.03 0.05 0.10 0.02 0.35%* 1.00
ZC (MXD) 0.04 0.01 0.06 0.19 0.57** 0.66%*

* p<0.05; ** p<0.01

The MXD chronologies at the three sites show similar responses to temperature during the
warm season. We found strong positive correlations between MXD and temperature during the
warm season. However, the effective months differ among the sites: the MXD of the GGS site is
positively correlated with temperatures of the previous September and November, and July-August
of the current year; the MXD of the NQG site is positively correlated with August temperature; the
MXD of'the ZC site is positively correlated with temperatures of the previous November-December
and May-August of the current year. The MXD of the ZC and GGS site are negatively correlated
with the precipitation of the previous November.

The results of the response function and correlation analyses reveal that the PC1 gy is related
mainly to June—August temperature (p<0.01) (Fig. 5). Strong positive relationships (p<0.05) of the
PClrw with summer (July) and autumn (September and October) of the previous year and early
spring (March) temperature are also found. The PClyrw has a strong negative relationship with
June precipitation. We found strong positive correlations between PC1yxp and summer temperature
(July-August), whereas the PC1yxp is negatively correlated with March and August precipitation.

We screened PClrrw and PClyxp in correlation analysis with the seasonal combinations
of temperature and precipitation of CRU (1937-2008) from previous July to current September.
The strongest correlation was found between PC1yxp and August temperature (»=0.45, p<0.01),
while PClyrw displayed highest positive correlations with June—August temperature (»=0.49,
p<0.01). The results of spatial correlation analysis show that the PC1 of TRW and MXD corre-
late > 0.4 with temperature grid data in a large area of Central China (Fig. 6). Despite a complex
mountain terrain and spatial differences in local temperature and tree-ring growth, based on the
above analysis results, temperature is the most important controlling factor on Faxon fir growth
in the western Qinling Mountains and northeastern Tibetan Plateau.
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Fig. 4. Correlations of tree-ring chronologies of Faxon fir with climatic characteristics in the western Qinling Moun-
tains and northeastern Tibetan Plateau, obtained from simple correlations (bars). The dot lines indicate significant vari-
ables (P<0.05). TRW: tree-ring width; MXD: maximum latewood density.

PCl1rw showed significant increase in the radial growth under the global warming of 20th

century, and captured the warming trends and allowed detecting the most recent warming in a long-
term context (Fig. 7a). The divergence phenomenon was also observed in our study area during the
period 1970-1980 (Fig. 7d). The MXD of Faxon fir did not clearly lose its temperature sensitivity
in our study areas (Fig. 7b, c), while there is no upward trend in PClyxp.
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Fig. 6. (a) Spatial correlations between the gridded June—August temperature (CRU TS3.1) and the first principal
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tions between the gridded August temperature (CRU TS3.1) and the detrended PC1yxp for the period 1937-2008.
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4 Discussion
4.1 Climate—growth relationships at the sampling sites

The radial growth of Faxon fir at the timberline in our study area is highly correlated with tem-
perature, rather than with precipitation. At the high elevation sites (TLD and LLG), temperature
in March may be sufficiently warm to melt the winter snow cover, improving soil moisture and
initiating an early growing season, as indicated by the positive correlations between ring widths
and temperature in the month prior to the growing season (Fig. 5). In addition, higher early spring
temperature might advance the beginning of the growing season. The positive correlations between
PC11rw and the summer temperature suggest that the radial growth of Faxon fir at the timberlines
in the western Qinling Mountains and northeastern Tibetan Plateau is accelerated by high tempera-
ture in summer. The climate of this region is strongly influenced by Asian summer monsoon. The
windward slopes of study areas can receive adequate rainfall in the monsoon season. Although
summer is the hottest season of the year, moisture stress is no longer a problem because of the
beginning of monsoonal rains. Therefore, tree-ring widths of the species studied in our study area
are suggested to respond mainly to temperature. Warm temperature can lead to high radial growth

11
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at the timberline. In contrast, high negative correlation was found between June precipitation and
PCl1rrw. Enhanced precipitation may lead to related reduced temperature (Brauning and Mantwill
2004). The cloud cover also decreases light energy, which in turn brings about a reduction in the
photosynthetic production of plants (Takahashi et al. 2005, 2011). Moreover, at the colder ZC and
GGS site, lower winter and early spring temperatures accompanied by winter snowpack might
delay the beginning of the growing season, resulting in negative correlations of the radial growth of
Faxon fir with November and April precipitation (Fang et al. 2009). To sum up, the radial growth of
Faxon fir in the western Qinling Mountains and northeastern Tibetan Plateau is mainly controlled by
the temperature variations, while higher precipitation could result in decreased temperature, lead-
ing to significantly negative correlations between the radial growth of Faxon fir and precipitation.

Similar to PCltry, high positive correlation (p<0.001) was found between PClyxp and
summer temperature. Maximum latewood density is an annual ring parameter based on the highest
density of the cells formed at the end of the growing season (Parker and Jozsa 1973). Even though
cell division ceases at the end of the growing season, the thickening of cell walls of tracheids
continues. The climate of late growth season may directly affect the thickening of cell walls of
the last formed cells (Parker and Jozsa 1973). The values of MXD are mainly limited by the cold
temperature of the late growing season. Thus, it appears that the period of maturation of the last
formed cells corresponds to the months that yield significant correlations between MXD and late
temperature (August). In addition, the growth of trees may be affected not only by the current
climatic conditions of but also by those of the early part of the growing season. The climate of
the early part of the growing season also has a significant impact on the formation of MXD. The
strong correlations of MXD with temperature during the early vegetation period are also reported
from the northern latitudinal timberline and the high-elevation sites of Eurasia (Wang et al. 2001;
Briffa et al. 2002; Brauning and Mantwill 2004; Frank and Esper 2005; Biintgen et al. 2006). In
addition, MXD also showed the negative correlation with August precipitation. Wet and cold cli-
matic conditions strongly depress the growth of latewood.

4.2 Tree-ring growth and twentieth century warming

The tree-ring data in temperature sensitive regions of the middle and high latitude Asia, southwestern
China and Tibetan Plateau, including our study area have revealed the twentieth century warming
trend (Jacoby et al. 1996; Gou et al. 2007; Fan et al. 2008; Liang et al. 2009). However, we found
the relationship between PC1rw and June-August temperature to be weak and instable over time,
and tree-ring growth rate that does not parallel the increase in temperature in the recent years.
D’ Arrigo et al. (2008) have suggested that temperature beyond a warming-induced threshold may
negatively influence growth, largely due to decreasing net photosynthetic gains and temperature-
induced drought stress. This phenomenon was also observed in our study area (Fig. 7d). Although
tree-ring growth trend is similar to the warming trend during the period 1990-2008, caution is
advised, as the correlations between PC1rw and temperature during the late 20th century might
be inflated by this upward trend.

As described above, PC1yxp likely reflect climate conditions during a relatively short part of
the growth season when compared with PC1rw. Our analyses also confirmed a strong relationship
between PClyxp and August temperature across the network over the twentieth century (Fig. 7b).
As shown in Fig. 7, however, PC1rw has a upward trend and two prominent peaks in 1940s and
most recent years, and strong low-frequency signals were found in PCltrw. The divergences
between PClyrw and PClyxp may be caused by the physiological processes. The radial growth
was not only affect by the climate conditions of the current growing season, but also influence
by the growth and the climate conditions of previous years (Fritts 1976). In contrast, latewood
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thickening is mainly limited by the temperature of the later part of the current growing season
(Wang et al. 2001). Moreover, in both major [PCC assessments of climate change, the warming
trend is greater in winter and spring than in summer (Houghton et al. 1996; IPCC 2007). Despite
high correlation (#r=0.72, p<0.001), June-August showed significant low-frequency variability,
and August showed significant high-frequency variability. The divergent response of PC1tgrw and
PClymxp to warming trends may also be linked with the seasonal variation of warming trends. In
an attempt to test correlations, we therefore suggest to perform careful site selection over split
periods of long instrumental measurements, validate the obtained signal over independent periods,
and use appropriate tree-ring parameters that retain the true climate signals.

5 Conclusions

We have developed TRW and MXD chronologies of Faxon fir at the timberline sites in the western
Qinling Mountains and northeastern Tibetan Plateau, China. The cross-matching statistics between
trees for each parameter are relatively high. The climate response analysis shows that the MXD of
Faxon fir can potentially be exploited as an indicator for dendroclimatological studies because of
its strong responses to summer temperature. Tree-ring width series were strongly correlated with
June-August temperature. Our present results confirm the potential utility of maximum latewood
density and ring width of Faxon fir in the western Qinling Mountains and northeastern Tibetan
Plateau as proxy for temperature reconstructions. The variations of tree-ring parameters under
twentieth century warming were also assessed. Correlations with the temperature indicated sen-
sitivity for MXD, but less spatiotemporal stability for TRW. The divergent response of between
PClrw and PClyxp to warming trends is possibly related to (i) regional climatic/environmental
conditions, (ii) differences in physiological processes, and (iii) seasonal variation of warming
trends. Although our data provide some evidence of possible tree-ring growth change as a result of
twentieth century warming at timberline sites of the western Qinling Mountains and northeastern
Tibetan Plateau, the role of most recent global warming and seasonal variations of warming trends
on local tree-ring growth needs further research.
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