The
Holocene
http://hol.sagepub.com/

A 622-year regional temperature history of southeast Tibet derived from tree rings
Bao Yang, Xingcheng Kang, Achim Bräuning, Jian Liu, Chun Qin and Jingjing Liu
The Holocene 2010 20: 181 originally published online 27 November 2009
DOI: 10.1177/0959683609350388
The online version of this article can be found at:
http://hol.sagepub.com/content/20/2/181

Published by:
http://www.sagepublications.com

Additional services and information for The Holocene can be found at:
Email Alerts: http://hol.sagepub.com/cgi/alerts
Subscriptions: http://hol.sagepub.com/subscriptions
Reprints: http://www.sagepub.com/journalsReprints.nav
Permissions: http://www.sagepub.com/journalsPermissions.nav
Citations: http://hol.sagepub.com/content/20/2/181.refs.html

>> Version of Record - Feb 25, 2010
OnlineFirst Version of Record - Nov 27, 2009
What is This?

Downloaded from hol.sagepub.com at UNIVERSITAETSBIBLIOTHEK on February 13, 2013

The Holocene 20,2 (2010) pp. 181–190

A 622-year regional temperature
history of southeast Tibet derived
from tree rings
Bao Yang,1,2,3,* Xingcheng Kang,1 Achim Bräuning,3 Jian Liu,4
Chun Qin1 and Jingjing Liu1
( 1Key Laboratory of Desert and Desertification, Cold and Arid Regions Environmental and
Engineering Research Institute, Chinese Academy of Sciences, 260 Donggang West Road, 730000
Lanzhou, China; 2MOE Key Laboratory of West China’s Environmental System College of Earth and
Environment Sciences, Lanzhou University, Lanzhou, Gansu, China; 3Institute of Geography,
University of Erlangen, Kochstrasse 4/4, D-91054 Erlangen, Germany; 4State Key Laboratory of Lake
Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing, 210008, China)
Received 10 April 2009; revised manuscript accepted 22 August 2009

Abstract: A tree ring-width record spanning from AD 1377–1998 was developed from Tibetan juniper
(Cupressus gigantea) growing at sites north of the deep gorge of the Yarlung Tsangbo River of southeast Tibet.
A linear regression model between ring width and mean January–June temperature accounts for 35% of
January–June temperature variance for the period 1961–1998. Based on this model, we reconstructed
January–June temperature variation history for the study region during the past 622 years. Warm conditions
occurred during AD 1385–1418, 1443–1466, 1482–1501, 1523–1548, 1570s, 1705–1759, 1770–1790,
1851–1888, 1910s, and 1938–1965, and periods of relatively cold years are identified for AD 1419–1442, 1470s,
1502–1522, 1550–1569, 1610–1640, 1680–1700, 1760s, 1791–1850, 1900s and 1965–1995. Spatial correlation
between tree rings and observed temperatures indicates that the reconstruction is representative of temperature
change for southeast Tibet. Regional cold conditions during AD 1625, 1685, 1760, 1800–1850, 1890–1930 and
1965–1995, and warm conditions during 1710, 1730–1750, 1850–1890 and 1930–1960 can be identified in the
eastern Tibetan Plateau. Our reconstruction shows good agreement with modelled regional temperatures derived
from an ECHO-G model simulation. Common cold periods around 1470, 1685 and 1845 corresponding to the
Spörer Minimum, the Maunder Minimum and the Dalton Minimum periods of low solar activity and increased
volcanic activity were identified, indicating that solar and volcanic activity played an important role in temperature change of this region. The discrepancy between modelled and reconstructed temperatures was noted around
1965, reflecting that temperature decrease in the late 20th century (1965–1995) is anomalous.
Key words: Climate change, temperature reconstruction, tree ring-width record, Tibetan Plateau, the Asian
summer monsoon, forcing mechanism.

Introduction
The Tibetan Plateau (TP) is one of the Earth’s most imposing
topographic features, which affects the large-scale atmospheric
circulation over Asia, including the monsoon over South Asia and
the South China Sea. Many studies deal with seasonal, annual and
interannual aspects of climate change (temperature and precipitation
*Author for correspondence (e-mail: yangbao@lzb.ac.cn)

variations) on the TP, along with the associated Asian summer
monsoon variability (Webster et al., 1998; Liu and Chen, 2000).
However, instrumental records from meteorological stations are
sparse and limited to the most recent 40–50 years, which provides
only a limited temporal perspective on natural climate variability
and is too short to investigate multi-decadal or longer climate
oscillations on the plateau. Therefore, regional climate reconstructions are of great relevance to detect the temporal and spatial
extent of the ongoing climate changes, and to test whether these
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changes are still within the range of the natural climate variability.
Tree rings as one of high-resolution proxies can provide annually
resolved, exactly dated proxy climate information, and therefore
have been widely used for temperature reconstructions covering
the past several centuries and millennium for northeastern TP
(Kang et al., 1997; Liu et al., 2005; Liu et al., 2006, 2009; Gou
et al., 2007). In the past decades, many temperature-related
chronologies were also developed for southern TP (Wu et al.,
1981, 1988, 1990; Bräuning, 2001, 2006; Yang et al., 2003, 2009;
Bräuning and Mantwill, 2004; Bräuning and Grießinger, 2006;
Fan et al., 2008, 2009; Liang et al., 2008, 2009). However, most
of these temperature-sensitive tree-ring records from the southern
TP only span the past 300 years respectively, and are still insufficient to study the patterns of regional climate variability at multidecadal and centennial timescales.
Here we report a new temperature reconstruction for the Linzhi
region in southeast Tibet, derived from a ring-width chronology of
Tibetan juniper (Cupressus gigantea) growing at elevations of
3100–3400 m. The temperature reconstruction extends existing
records further back in time, and it spans the last 622 years. The
reconstruction provides a good opportunity for revealing regional
climate changes in southeast Tibet and evaluating recent warming
from an historical perspective.

Study area
The study area is located north of the deep gorge of the Yarlung
Tsangbo River in the eastern part of the TP, dominated by the South
Asian summer monsoon climate during the growth season. The
location of the sampling site, Bajie town of Linzhi county (29°22′N,
94°16′E) is shown in Figure 1. Here it is known as “Tibetan juniper
Kingdom”, with an area of approximately 67 000 m2. At the nearby
meteorological station (29°40′N, 94°20′E, 2992 m a.s.l.), the mean
January and July temperatures are 0.36°C and 15.7°C, respectively.
Mean annual precipitation amounts to 741 mm, with 76% of

the annual precipitation falling during the summer period from
May–September for the period 1961–2000 (Figure 2). However,
trees growing on the mountain ranges are expected to receive considerably higher amounts of rainfall than the amount indicated by
the meteorological station located in a valley.

Material and methods
In total, 46 cores from 28 trees were extracted from living trees
with increment corers, during a fieldtrip on October 1998. The
tree species investigated is Tibetan juniper (Cupressus gigantea), which grows in open stands on south-facing slopes.
Samples were air-dried, fine-sanded and cross-dated using
standard dendrochronological techniques (Stokes and Smiley,
1996). The ring width of each tree core was measured to the
nearest 0.01 mm. The cross-dated tree-ring series were qualitychecked with the COFECHA program (Holmes, 1983). Two
steps were taken to remove the biological age inherent in the
raw data series. An exponential or linear regression curve of any
slope was first applied in each tree ring-width series, and then
the resulting tree-ring sequences were detrended with a cubic
spline with a 50% frequency-response cutoff equal to 67% of
the series length. The final tree-ring chronology was calculated
by residuals between raw measurements and fitted values.
To remove bias caused by so-called heteroscedasticity, a data
adaptive power transformation was applied to the data prior to
removing biological trends (Cook and Peters, 1997). These
procedures resulted in dimensionless index series, which were
averaged to a standard site chronology by a bi-weight robust
estimate of the mean to minimise the influence of outliers (Cook
et al., 1990). Before calculating the final chronologies, we stabilised the variance to minimise the effect of changing sampling
size through time by the method described by Osborn et al.
(1997). All the calculations were carried out with the ARSTAN
program (Cook and Kairiukstis, 1990).

Figure 1 Map showing the locations of the tree-ring site at Linzhi (triangle 7) in this study, Linzhi climate station (flag) and other tree-ring sites
(triangles 3–5, 8) and sample areas (rectangles 1, 2, 6). 1, the northeastern part of the eastern TP; 2, the eastern part of the eastern TP; 3-4, the
Hengduan Mountains; 5, the source region of the Yangtze River (south Qinghai); 6, the north side of the Yarlung Tsangbo River in southeast Tibet;
8, the south side of the Yarlung Tsangbo River in southeast Tibet
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Figure 2 Climate diagram for the Linzhi station in the northern bank
of the deep gorge of the Yarlung Tsangbo River

We used the subsample signal strength (SSS) (Wigley et al.,
1984) with a cutoff value of 0.85 to assess the confidence of the
chronology due to decreasing sample depth in the early portion of
the chronology. The threshold corresponds to a sample depth of
6 trees (10 cores) and allows the chronological development for
the period AD 1377 to 1998.
For the purpose of highlighting the spatial representation of climate change, monthly temperature and precipitation data used for
the calibration of the tree-ring climate relationships were obtained
from one co-ordinate (30°15′N, 94°45′E) of the 0.5 × 0.5 gridded
data set of CRU2.1 (Climate Research Unit) (Mitchell and Jones,
2005). The grid point has a time span of 1901–2002, but we only
use the data starting at 1961, because the earliest and continuous
instrumental observations of nearby meteorological stations did
not begin before this time. The correlation analysis was conducted
by the use of the KNMI climate explorer (Royal Netherlands
Meteorological Institute; http://climexp.knmi.nl). Correlation
coefficients and response functions (Fritts, 1976) between the
ring-width chronology and monthly maximum, minimum and
mean temperature as well as precipitation were calculated for the
period 1961–1998. The response function was carried out by using
the software DENDROCLIM 2002 (Biondi and Waikul, 2004). To
test the validity of our climate-growth model, we used a leaveone-out verification test (Michaelsen, 1987) using the Pearson
correlation coefficient (r), reduction of error (RE) and sign-test
statistic, since the common period of climate and tree-ring data is
rather short. The RE is a measure of shared variance between the
actual and modelled series.

Results and discussion
The chronology has a mean segment length of 441 years,
indicating that decadal, inter-decadal as well as century-scale
variability can be preserved (Cook et al., 1995). The mean correlation between trees (Rbar = 0.294), signal to noise (SNR) ratio
(SNR = 13.32), mean sensitivity (MS = 0.255), variance in the
first eigenvector (VFE = 0.33), and expressed population signal
(EPS = 0.93) indicate that the chronology is sensitive to climate
change and contains a strong common signal probably related to
climatic forcing of tree growth.
The relationship between monthly means of precipitation and
temperature and tree growth was examined for the period from
previous October–September of the growth year over the
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common period 1961–1998. The results of the correlation and
response function analysis are shown in Figure 3. It can be seen
that the chronology correlates positively with mean, maximum
and minimum temperature for the first 6 months of the current
growth year, whereas they are weakly and negatively correlated
with monthly precipitation in previous November–December
and current January–June and positively correlated with monthly
precipitation in current July and August. It should be noted that
the correlation with precipitation was not statistically significant at the 95% confidence level. Tree growth is especially sensitive to winter and spring temperatures. The strong influence of
temperatures during winter preceding tree growth is a common
feature in high-altitude tree-ring series. It is generally explained
by a shorter vegetation period after a cold winter, due to delayed
melting of soil ice, delayed warming of the soil until temperatures
of >5°C are reached, which are needed for physiological root
activity, or by damage of photosynthetic active plant mass
by extremely low temperatures (Körner, 1998). The positive
correlation with spring temperature is reasonable due to the fact
that high temperatures in the spring season of the growth year
favour formation of early wood cells, which account for the
majority of the total ring width. The negative correlation with current August temperature might be explained by the fact that
increase in evaporation due to high temperature in August reduces
water availability of cambial activity and therefore tree growth
in summer. Results of response function analyses confirm this
relationship with similar variations to correlation coefficients
(Figure 3), although response values between ring width and
temperature during some months are slightly lower. The
response values are significant in February, April and June of
the growth year at 95% confidence level for mean and minimum
temperature, and February and June for maximum temperature,
whereas response values are insignificant for precipitation.
Besides monthly temperatures, we investigated the correlation coefficients between ring widths and various seasonal
assemblages of temperature and precipitation to determine the
appropriate season for reconstruction. High correlations of
ring width with maximum and minimum temperatures are
noted during January–June of the growth year, with correlation
coefficients of 0.546 and 0.505, respectively. The total precipitation during the June–August season shows a weak positive
correlation of r = 0.302 (p < 0.10) with ring width. The highest
correlation was found with mean temperature averaged from
January–June of the current growth year (r = 0.587, p<0.001).
This climate/tree growth relationship is consistent with earlier
dendroclimatological study in this region (Wu et al., 1990) and
the central Hengduan Mountains (Fan et al., 2008, 2009), but
contrasts with those found at semi-arid juniper sites in the
northeastern part of the TP (Zhang et al., 2003; Sheppard et al.,
2004; Shao et al., 2005a,b; Liu et al., 2006), and to semi-arid
juniper sites in central and eastern Tibet (Bräuning, 2001),
where pre-growing season temperature is negatively correlated
with radial growth. The mean temperature for the period from
January–June of the growth year was chosen for final reconstruction in this study.
Based on a linear regression model, we computed a mean
January–June temperature reconstruction. This regression model
accounts for 34.5% of the observed instrumental temperature variance during the period from 1961–1998. Although the explained
variance is not very high, low-frequency as well as high-frequency
temperature variations are adequately captured by the reconstruction (Figure 4). It is seen that the decrease during 1990–1997 and
1965–1968 and increase during 1972–1976, 1985–1988 and
1979–1981 recorded in observed instrumental temperatures are
captured by estimated values derived by the reconstruction model.
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Figure 3 Correlation (straight line) and response function (dashed dot line) between the Linzhi ring-width index chronology and monthly values
of (a) mean, (b) maximum,(c) minimum temperature and (d) precipitation. The horizontal dotted lines indicate the 95% significance level for the
correlation function, respectively. Response functions significant at the 0.05 level are marked with an asterisk

To test the validity of our model, we used the leave-one-out verification test (Michaelsen, 1987) for the full period of available
temperature data. The reduction of error have a positive value
(0.345) higher than 0.30 (Table 1), thus confirming the reliability
of the derived reconstruction (Fritts, 1976). The statistics of signtest and correlation coefficient between the recorded data and the
leave-one-out-derived estimates are significant at 99.9% confidence levels (Table 1). Model residuals are normally distributed
within reason, showing low insignificant autocorrelation (serial
correlation = –0.03), with a non-significant Durbin–Watson statistic (DW = 2.06). All these results support the robustness of the
reconstruction model.
It is noteworthy that our reconstruction can represent regional
temperature variations. The correlation between tree rings and
regional gridded CRU2.1 data set (Mitchell and Jones, 2005) for
the period 1961–1998 shows that the Linzhi ring-width record is
a reasonable proxy of temperature change in southeast Tibet
(Figure 5a). Spatial correlation fields were similar for the
instrumental (Figure 5b) and reconstructed temperatures.
The reconstructed January–June temperature values for
southeast Tibet are presented in Figure 4b. The reconstruction
shows distinct low-frequency variations during the past 600 years.
Several periods of marked higher temperatures occurred during
the AD 1385–1418, 1443–1466, 1482–1501, 1523–1548, 1570s,
1705–1759, 1770–1790, 1851–1888, 1910s, and 1938–1965.
Periods of relatively cold years are identified for AD 1419–1442,
1470s, 1502–1522, 1550–1569, 1610–1640, 1680–1700, 1760s,
1791–1850, 1900s and 1965–1995, which represent the cooling in
southeast Tibet. Among them, the interval AD 1419–1442 was the
most severe cold episode in this region over the past 622 years,

with the lowest temperature below –0.5°C relative to long-term
average. Not surprisingly, compilation of the most recent radiocarbon ages for the ‘Little Ice Age’ moraines in southeast Tibet and
the Himalaya suggested that glaciers advanced at AD 1400–1430
(Yang et al., 2008). The first and last decades of the 17th century
were the most prolonged cold periods for this region during the last
600 years, the cooling of which was comparable to that in the first
half of the 19th century. In addition, a pronounced negative temperature trend from 1965–1995 is observed in this region.
Climate model simulations can be used to gain insight into the
mechanisms that caused these climate variations. The temperature
variation history in China was simulated over the last millennium
by an ECHO-G model. The ECHO-G climate model is a coupled
global ocean-atmosphere model, which consists of the spectral
atmospheric model and the global ocean circulation model with the
horizontal resolutions being 3.75° (atmosphere) and 2.8° (ocean) in
both latitudes and longitudes (Von Storch et al., 2004; Liu et al.,
2008, 2009). We carried out two millennial integrations with the
ECHO-G model. One was a control experiment simulating internal
climate oscillations, and another was the simulation driven by three
external forcing factors of solar activity, greenhouse gas concentrations and volcanic activity. Here the average of monthly temperature from January–June resulting from the externally forced
simulation was compared with our temperature reconstruction. It is
found that our reconstruction was basically consistent with a modelled temperature series from the grid covering our sampling site,
particularly with regard to decadal and multi-decadal timescales
(Figure 6). These periods of the coldest years occurring around
1470, 1685 and 1845 during the ‘Little Ice Age’, noted in both
reconstructed and simulated series, corresponded well to the Spörer
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Figure 4 (a) Comparison between observed (solid line) and reconstructed (dotted line) January–June temperature in southeast Tibet during
the period 1961–1998. The reconstruction captures 34.5% of the actual temperature variance. Horizontal dotted line indicates the mean value
of the meteorological record. (b) Reconstructed mean January–June temperature departures relative to the whole series for the southeast Tibet
and the replication. The smoothed line is the 11-year FFT filter

Minimum, the Maunder Minimum and the Dalton Minimum periods of low solar activity (Bard et al., 2000) and increased volcanic
activity (Crowley, 2000), respectively. This broad agreement suggests a connection between regional temperature change and external forcing factors of solar as well as volcanic activities. An
exception is that during the 20th century, modelled temperature
exhibits a remarkable rising trend whereas the reconstructed temperature fluctuates around the long-term mean. Moreover, the cooling below the average from 1965 onwards, demonstrated in the

reconstruction, contrasted with slight reduction and temperature
above the average displayed in modelled curve. It is also noted that
the variation amplitude in difference between reconstructed and
modelled temperature values increased rapidly. These anomalies
suggest that the dominant forcing of temperature variability in this
region switched from natural to anthropogenic around 1965. From
this perspective, we suggest that the downward temperature trend
occurring during the late-20th century is clearly anomalous. This
decreasing temperature trend since around 1960 should not be seen

Table 1 Leave-one-out validation statistics for the common period 1961–1998. R is correlation coefficient; r is the correlation coefficient between
the recorded data and the leave-one-out-derived estimates. Sign test is sign of paired observed and estimated departures from their mean on the basis
of the number of agreement/disagreements; RE is the reduction of error, any positive value indicates there is some sense in the reconstruction
(Fritts, 1976). DW is Durbin–Watson test statistic for residual autocorrelation, Linear r is the correlation of linear trends in residual series.
Period
1961–1998

R

R2

R2adj

F

DW

r

Sign test

RE

0.587**

0.345

0.327

18.96**

2.06; linear r=−0.03

0.584

31/7**

0.345

* Significant at p < 0.05, ** significant at p < 0.01.
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Figure 5 Spatial correlations of (a) Linzhi ring width and (b) instrumental January–June temperature for Linzhi station, with regional gridded
January–June temperatures for the period 1961–1998

Figure 6 Comparison between (a) reconstructed (solid line) and simulated January–June temperature (dashed line) departures and (b) their
11-year FFT filtered values, for the southeast Tibet. The temperature departures are relative to the whole series
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as an indication of the so called “divergence problem” (D’Arrigo
et al., 2008). The divergence problem is mainly a phenomenon of
higher latitudes and is not typical for lower latitudes (Briffa et al.,
1998; Cook et al., 2004; Büntgen et al., 2008; Büntgen et al.,
2009). A nearby mean summer temperature reconstruction (AD
1765–2006), derived from four Georgei fir ring-width chronologies
at the timberlines in southeast Tibet, captures recent warming since
1961 with the last decade 1996–2006 being the warmest period,
although it also shows a cold interval during 1960–1995 (Liang
et al., 2009). Stalagmite δ18О records from South China indicated
that intensity of the Asian summer monsoon decreased abruptly
since around 1960 (Wang et al., 2005; Zhang et al., 2008),
reflecting weakening thermal contrast between Asia and the
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tropical ocean linked to regional temperature change. We assumed
that the divergence could be attributable to the exclusion of aerosol
forcing in the simulation model. It is expected that aerosols play a
more important role in regional climate change, with the increase
in anthropogenic aerosol loading since the industrial revolution.
Several temperature-sensitive tree-ring series have been developed
from the eastern TP for the past several centuries (Figure 1 and
Figure 7). Through using maximum latewood density (MLD) data
derived from 271 spruce, fir and larch trees at 22 temperaturesensitive sites, Bräuning and Mantwill (2004) established late
summer (August–September) temperature sequences for four subregions outlined from northeast–southwest of the eastern TP,
respectively. The four growth regions consist of southeast Tibet,

Figure 7 Comparison of various temperature-sensitive reconstructions in the eastern TP during the past 400 years. (a) Late summer (August–September)
temperature reconstruction in the northeastern part of the eastern TP (Bräuning and Mantwill, 2004); (b) late summer (August–September) temperature
reconstruction in the eastern part of the eastern TP (Bräuning and Mantwill, 2004); (c) late summer (August–September) temperature reconstruction in
the north side of the Yarlung Tsangbo River in southeast Tibet (Bräuning and Mantwill, 2004); (d) mean summer (June–August) minimum temperature
reconstruction in the source region of the Yangtze River (south Qinghai) (Liang et al., 2008); (e) annual (October–September) mean temperature reconstruction in the central Hengduan Mountains (Fan et al., 2008); (f) April–September mean temperature reconstruction for the central Hengduan
Mountains (Fan et al., 2009); (g) late summer (August–September) temperature reconstruction in the south side of the Yarlung Tsangbo River in southeast Tibet (Bräuning and Mantwill, 2004); (h) January–June temperature reconstruction in southeast Tibet in this study. All series were normalised for
their long-term average, and smoothed with 11-year low-pass filter to highlight low-frequency fluctuations. The horizontal lines are long-term means.
Cold periods are shaded in grey

Downloaded from hol.sagepub.com at UNIVERSITAETSBIBLIOTHEK on February 13, 2013

188

The Holocene 20,2 (2010)

including the north and south parts of the Yarlung Tsangbo River,
and northeastern and eastern parts of the eastern TP. Liang et al.
(2008) reconstructed the Nangqian mean summer (June–August)
minimum temperature for the source region of the Yangtze River on
the TP (eastern parts of the eastern TP) over the past 379 years. This
reconstruction accounts for 27.4% of the total variance of the mean
summer minimum temperature in the calibration period 1957–2002.
To the east of East Tibet, Fan et al. (2008) reconstructed annual
mean temperature (October–September) in the central Hengduan
Mountains of northwest Yunnan Province for the past 250 years,
using five tree ring-width chronologies. Recently, a warm-season
(April–September) temperature reconstruction was developed for
the central Hengduan Mountains during the period 1750–2006,
based on a MLD chronology derived from two high-elevation sites
(Fan et al., 2009).
All the reconstructions of temperature change were scaled to a
mean of zero for better visual identification of periods of aboveaverage and below-average growth. The 8 tree-ring series were all
smoothed with an 11-year FFT approach to highlight the lowfrequency climate signals. It is found that our temperature reconstruction shows consistent patterns of warm/cold variations to
other temperature reconstructions (Figure 7). Discrepancies are
probably partly due to different seasonal responses of the tree-ring
data used in different reconstructions. These extended cold
episodes noted in our reconstruction around AD 1800–1850,
1890–1930 and 1965–1995 are contemporaneous with cooling in
nearly all other regions of the eastern TP, despite seasonal differences in the various temperature reconstructions, although some
differences can be seen in the amplitude, persistence and phases of
cooling. The above cold intervals were also recorded in a 242year-long reconstruction of mean summer (June–August) temperature derived in southeast Tibet (Liang et al., 2009), close to our
study site. However, the relative warmth during the first half of the
19th century, indicated in the late summer temperature record of
the eastern part of the eastern TP and during 1900–1920 in the late
summer temperature record of southeast Tibet, point to regional
differences from the general pattern, which probably reflect the
influence of different branches of summer monsoon circulation
affecting temperature at high elevations (Bräuning and Mantwill,
2004). A cold period 1890–1930 was also reported for the central
Himalaya by Cook et al. (2003), western Sichuan (Shao and Fan,
1999) and north Tibet (Thompson et al., 2006; Yao et al., 2006).
The regional cool episodes during 1800–1850 and 1890–1930 also
corresponded with stationary stages or short re-advances that
occurred between AD 1807 and 1820 and at the beginning of the
20th century at Lhamcoka Glacier in the Chola Shan of northeast
Tibet (Bräuning, 2006); that occurred in 1813–1852 and before
1931 at Bomi Glacier in the eastern Nyainqentanglha Range
(Wang and Fan, 1987; Yang et al., 2008); and that occurred in the
Gongga Shan during 1900–1920s and from the middle 1960s to
the early 1980s (Su et al., 1992; Yao et al., 2004). The regional
cooling trend during AD 1965–1995 was also reported in dendroclimatological studies for the central (Cook et al., 2003) and western (Yadav and Singh, 2002; Yadav et al., 2004) Himalaya and the
TP (Briffa et al., 2001). As a result, a glacier advance between AD
1951 and 1987 on Mt Gyalaperi near Namche Barwa in southeast
Tibet was identified (Bräuning, 2006).
Other short regional cold conditions around AD 1625, 1685 and
1760 occurred synchronously in each part of the eastern TP.
Likewise, warm conditions around 1710, 1730–1750, 1850–1890
and 1930–1960 coincided with each other between the compared
records. It is noted that two monsoon-fed temperate glaciers of
Gyalaperi and Lhamcoka in southeast Tibet experienced glacier
advances in AD 1760–1780 based on tree-ring study (Bräuning,
2006), which corresponded to below-average summer temperatures
in southeast Tibet. Nevertheless, north Tibet and the central

Himalaya witnessed a more severe and persistent cooling around
1730–1770, indicated by ice-core δ18О records (Thompson et al.,
2000, 2006), which was somewhat different from the cooling noted
in the eastern TP, reflecting the relevance in regional climate
forcing. The warmth from 1930–1960 was also detected for
north Tibet reflected by ice core δ18О records (Wang
et al., 2006; Yao et al., 2006; Thompson et al., 2006; Kang et al.,
2007), for Northwest Sichun Province of South China (Shao and
Fan, 1999), for East China and West China (Yang et al., 2002; Ge
et al., 2003; Tan et al., 2003; Wang et al., 2007), and recorded in
temperature composites in the central and western Himalaya (Cook
et al., 2003; Yadav et al., 2004).
The common large-scale climate signals found in our reconstruction and the other temperature records suggest that our reconstruction represents broad-scale regional climatic variations on
decadal to centennial timescales.

Conclusions
High-resolution temperature reconstructions spanning the last
several centuries and millennia are necessary for evaluating and
understanding current climate warming at local, regional and
hemispheric scales. Our temperature reconstruction not only
improved spatial coverage of proxy records in the high-elevation
and mountainous areas of the TP, where existing instrumental
observations are short and scarce, but also extended existing
temperature reconstructions further back into the late 14th century
in southeast Tibet. After investigating the relationship between
monthly means of instrumental data and tree growth for the common period 1961–1998, we find that mean temperature from
January–June of the growth year is a controlling factor for tree
growth at this site, and therefore reconstructed mean temperature
history for the study region during the past 622 years. Spatial
correlation with CRU2.1 data set and comparison with other temperature-sensitive proxy records nearby indicate that our reconstruction represents regional temperature variations in southeast
Tibet at annual, decadal and centennial timescales. Regional cold
conditions during AD 1800–1850, 1890–1930 and 1965–1995 are
identified in the eastern TP, which corresponded well with glacial
advances that occurred in northeast Tibet, southeast Tibet and the
Gongga Shan. In particular, the regional cooling in southeast Tibet
occurred during AD 1965–1995 and regional warmth from
1930–1960 wase detected over a large geographical region, reflecting broad-scale climatic anomalies.
The ECHO-G climate model is employed to simulate temperature variations in southeast Tibet for the last millennium. Results
show that our January–June temperature reconstruction show
good agreement with the modelled temperatures during the last
600 years, with the exception of the late 20th century. It is concluded that temperature variations were connected with solar and
volcanic activity prior to the 20th century, and afterwards anthropogenic activity was predominantly responsible for the climate
change in this study region.
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