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ABSTRACT

Radial growth characteristics of a high-elevation shrub species, sea buckthorn (Hippophae rhamnoides),
were investigated at four sites in a river valley at altitudes ranging from 3,333 to 3,820 m a.s.l. close to the
terminus of the July First Glacier in the western Qilian Mountains of northwestern China. Radial growth of the
sea buckthorn was significantly and positively correlated with the mean monthly temperature in June of the
current growing season. Based on the fact that fluctuations in the shrub’s radial growth and the glacier’s equilib-
rium-line altitude (ELA) are affected by climatic variables, a tree-ring width chronology of the four sites was
used to reconstruct the ELA from 1950 to 2003. The resulting ELA model explained more than 55.3% of the
variance in the ELA of the July First Glacier series. On a decadal time scale, the cumulative-departure curve of
the reconstructed ELA series showed an increasing trend from the 1950s to the mid-1960s, followed by a
descending trend from the mid-1960s to the mid-1970s. The ELA appears to have remained stable from the
mid-1970s to the mid-1990s, but has displayed dramatic variations during the past decade.

Keywords: tree-ring analysis, dendrochronology, dendroglaciology, July First Glacier, equilibrium line
altitude (ELA), Hippophae rhamnoides, shrub growth.

INTRODUCTION

The response of vegetation to regional climate
change has received increasing attention in climate
change studies. A variety of approaches have been
used to study past climate change, such as ice and

*Corresponding author: xiaosc@ns.lzb.ac.cn

lake sediment cores and tree-ring records. Studies
have investigated several shrub species (Grissino-
Mayer 1993), Tamarix spp. (Chen 1996; Yang et
al. 1996; Xiao et al. 2005), Reaumuria soongorica
(Xiao et al. 2006), and sea buckthorn (Hippophae
rhamnoides) (Schweingruber 1996), and most
have used dendrochronology to study climate
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change (Lipp et al. 1996), lake level changes (Be-
gin and Filion 1995; Xiao et al. 2005), and river
flow changes and forest dynamics (Friedman et al.
1996; Schweingruber 1996; Stromberg 1998).
Shrubs have shorter lifespans than trees, and thus
offer a shorter time span for the interpretation of
climatic conditions. However, their location close
to habitat extremes where no trees are found
makes them useful and sensitive tools for under-
standing recent environmental trends and the com-
bination of factors involved in stand dynamics and
local conditions (Begin and Filion 1995). In ad-
dition, the sampling of discs allows accurate cross-
dating using two or more radii on the same plane.
However, sampling of these shrub discs will com-
pletely destroy the shrub, so this approach should
be judiciously applied, especially in ecologically
fragile areas.

Glacier fluctuations have frequently been used
as indicators of past climate variations over a
range of time scales (Benn and Lehmkuhl 2000).
However, most glacier records cover only short pe-
riods (typically, the late 20th Century). Palaeocli-
matic reconstructions based on the limits of former
glaciers commonly use estimates of the associated
equilibrium-line altitude (ELA). This line marks
the position where, over a period of 1 year, the
accumulation of snow is exactly balanced by ab-
lation of the glacier (Paterson 1994; Shi 2000).
Glacier ELA is thus sensitive to variations in pre-
cipitation and air temperature; it increases with de-
creasing snowfall or increasing frequency of
above-freezing air temperatures, and vice versa
(Benn and Lehmkuhl 2000). Fluctuations in ELA
therefore provide an important indicator of glacier
response to climate change, and allow reconstruc-
tions of former climates and the prediction of fu-
ture glacier behavior. As a consequence, former
ELAs provide a potentially powerful method of
quantifying palaeoclimates in regions where other
forms of evidence are lacking (Benn and Lehm-
kuhl 2000).

However, direct measurements of glacier mass
balance and ELA are labor-intensive, expensive to
obtain, and relatively rare as a result of these prob-
lems. As an alternative, tree growth patterns have
been used to reconstruct glacier behavior and mass
balance, with encouraging results (Watson and

Luckman 2004; Larocque and Smith 2005). Be-
cause precipitation and temperature directly influ-
ence tree growth, glacier mass balance, and ELA,
synchronous responses in these parameters are ex-
pected. Thus, tree-ring records can be used to con-
struct robust proxy records of glacier mass balance
and ELA (Larocque and Smith 2005). Where trees
are not available for sampling, shrubs may provide
a viable alternative.

The purpose of the present study was to exam-
ine the response patterns of shrub radial growth to
climate change at the July First Glacier in the
western Qilian Mountains of northwestern China,
and to reconstruct past ELA fluctuations using
shrub-ring chronologies. If the approach provides
reliable data, the shrub-ring record will improve
our understanding of regional climate variability
on an inter-annual scale in the western Qilian
Mountains. The proxy record may also provide in-
formation useful for water resource planning by
local governments.

DATA AND METHODS

Study Area

The Qilian Mountains are located at the north-
eastern edge of the Qinghai-Tibetan Plateau in
northwestern China (Figure 1). The western part
of the Qilian Mountains, with elevations �4,000
m a.s.l., is the water source for many of China’s
interior river systems, including the Beidahe River,
Shulehe River, Danghe River, and Hartenhe River
(Liu et al. 2002). The mountains include a total of
650 glaciers. The area covered by this icefield is
about 290 km2, and the ice volume is about 10.37
km3. Meltwater from the glaciers accounts for
about 15.5% (range: 1.8 to 35.6%) of the flow of
the above mentioned rivers during warmer seasons
(Wang et al. 1984).

Climate, Glacier Mass Balance, and ELA in
the Western Qilian Mountains

Mean annual air temperature in the western Qil-
ian Mountains is �2.9�C, and the annual total pre-
cipitation averages 283 mm/year (normals from
1957 to 1995 recorded at the Tuole meteorological
station, 38�49�N, 98�25�E, 3,360 m a.s.l.). Precip-
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Figure 1. Location of the study site in the western Qilian Mountains of northwestern China.

Figure 2. Climate characteristics in the western Qilian Moun-
tains. The total percentage of precipitation (82%) that occurs
from May to September, which also represents the growing
season (mean monthly temperature �5�C, shown by the hori-
zontal line in the graph), is also shown.

itation in the Qilian Mountains is monsoonal, and
thus occurs mainly in the warmer season (from
May to September), which accounts for 82% of
the total annual precipitation (Figure 2). Rainfall
occurs from June to August, and this period ac-
counts for about 30% of the total precipitation
from May to September (Gao and Yang 1984). As
shown in Figure 2, the air temperature is �0�C
from May to September in the Qilian Mountains,
and late May to August is the primary growing
season, with temperatures �5�C. The glaciers in

the Qilian Mountains display a strict continental
character. Therefore, changes in glacier mass bal-
ance occur mainly during the warm season be-
cause precipitation is affected by the monsoon that
occurs mainly during the warm season (Kang and
Ding 1981; Wang et al. 1984; Pu et al. 2005).

Changes in the glacier’s mass balance and ELA
result from the combined effects of rainfall and
temperature during the warm season. In the study
area, there are four main climatic types that result
from different annual combinations of cold and
warm temperatures with wet and dry weather (Fig-
ure 3). For example, in the wet-cold year 1983,
total rainfall from June to August was 292 mm,
but the mean monthly temperature was only 7.8�C.
In contrast, total rainfall in the warm-dry year
1961 was only 127 mm, but the mean monthly
temperature was 10.0�C. A positive net mass bal-
ance for glaciers generally occurs in wet years,
whereas a negative net balance occurs in warm
years (Kang and Ding 1981).

Previous studies of historical documents, tree
rings, ice cores, and glacial moraines have shown
that the glaciers in the Qilian Mountains have ad-
vanced from A.D. 1428 to 1531, from A.D. 1622
to 1740, and from A.D. 1797 to 1865 during the
Little Ice Age (Xie et al. 1984; Yao et al. 1990;
Zhang and Wang 1995).
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Figure 3. The relationship between mean monthly air temper-
ature and total precipitation from June to August in the western
Qilian Mountains, northwestern China.

Table 1. Characteristics of the sampling sites in the western
Qilian Mountains, northwestern China.

Site Code

HC1 HC2 HC3 HC4

Latitude (N) 39�28� 39�20� 39�16� 39�18�
Longitude (E) 97�39� 97�42� 97�43� 97�42�
Elevation (m

a.s.l.) 3333 3620 3820 3584
Average stand

height (cm) 80 70 50 130
Relative height of

the terrace
above the main
river bed (cm) 50–70 50–120 20–80 70–120

River course Northward Eastward Westward Northward
River valley

width (m) 500 10–20 300 500

Records of glacier mass balance and ELA are
generally sparse and cover only short periods in
the Qilian Mountains. The July First Glacier (gla-
cier inventory code 5Y437C18) is the biggest gla-
cier in the west branch of the Beidahe River sys-
tem (Wang 1980). Site observations of mass bal-
ance and ELA for the July First Glacier were car-
ried out in 1959, from 1974 to 1979, and from
1983 to 1988 (Wang et al. 1984; Liu et al. 1992).
Liu et al. (1992) interpolated the missing ELA val-
ues from 1956 to 1988 based on a significant cor-
relation between summer surface temperatures at
the July First Glacier meteorological station and
the Jiuquan meteorological station (upper air tem-
perature at 650 hPa).

Study Sites

The climate in the Qilian Mountains has a typ-
ical continental character and presents a distinct
vertical zonality. The vegetation also shows zon-
ality. Moving from low to high elevation, the veg-
etation patterns in the western Qilian Mountains
begin with a mountain desert belt (2,000 to 2,600
m a.s.l.), then continue with a mountain steppe belt
(2,600 to 3,350 m a.s.l.), subalpine steppe (3,350
to 3,900 m a.s.l.), and alpine cold-desert meadow
(above 3,900 m a.s.l.). Because total annual pre-
cipitation in the western Qilian Mountains is gen-
erally less than 300 mm, there is insufficient mois-
ture to support forest, thus the woody vegetation

is dominated by shrubs such as sea buckthorn,
Caragana stenophylla, and Salix matsudana (Wu
1984; Wen and Zhang 2002).

Field investigations were undertaken during the
summer of 2004 in the Liuquangou River valley,
which is fed by meltwater from the July First Gla-
cier. At our study sites in the river valley, only sea
buckthorn is found between 3,000 and 4,000 m
elevation, and it usually forms dense, homoge-
neous stands accompanied by grasses such as Das-
iphora fruticosa and Potentilla spp. We sampled
four sites (HC1, HC2, HC3, and HC4) with dif-
ferent aspects and elevations (Table 1). HC1 is the
lowest-elevation site, and HC3 is the highest site;
both are located about 1.5 km from the July First
Glacier and at a relative elevation of about 400 m
below its terminus.

The shrub stands are generally found on a ter-
race 20 to 120 cm above the main river bed. The
soil in these stands is bouldery debris, with coarse
sand filling the interstices. A very thin layer of
shrub litter sits on the soil surface, and soil has a
low water-holding capacity (Figure 4). The main
roots of sea buckthorn are distributed mostly in the
upper 20 cm of the soil. Sea buckthorn is a dioe-
cious perennial deciduous shrub with a wide eco-
logical spectrum. Sea buckthorn is found from 2�
to 123�E and from 27� to 69�N (Hu 2006), and can
grow near the polar tree limit, near river beds in
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Figure 4. Sea buckthorn stands and a typical tree-ring sequence
on the stem cross-section at the HC4 sampling site in the Liu-
quangou River valley in the western Qilian Mountains. The
view is looking north from the terminal moraine of the July
First Glacier. Note the bouldery debris that forms the soil and
the sensitivity of sea buckthorn’s radial growth to environment
changes.

temperate zones, and on very dry slopes near the
Mediterranean coast (Schweingruber 1996); it has
even been found above 5,200 m elevation in the
Qinghai-Tibetan plateau because of its ability to
tolerate low-fertility soil, its drought resistance,
and its strong ability to sprout from its roots (Hu
2006). The mean annual temperature where sea
buckthorn is found in the Qilian Mountains ranges
from �4.2 to �5.7�C. Natural pure stands of sea
buckthorn generally occupy floodplains, river ter-
races, and alluvial fans (Hu and Zheng 2005).

Dendrochronological Analysis

At each site, at least 20 old shrubs were selected
and discs were collected from the base of each
stem. In the laboratory, the sample discs were air-
dried, planed, and sanded with progressively finer
sandpaper (grit ranges: 100, 240, 500, and 1,000)
to enhance the visibility of the boundaries between
the annual rings. Some discs required additional
planing to ensure that the cross-sections were per-
pendicular to the stem. Tree rings on each disc
were crossdated visually using skeleton plots along
two to three radii. False and missing rings were
easily identified by comparing the two to three ra-
dii used in each cross-section. Ring widths were
measured along two radii with a Lintab tree-ring
measurement system to the nearest 0.01 mm. A
few discs were measured along only one radius
because of their extreme eccentricity.

The measured tree-ring sequences were then re-
checked using the COFECHA software (Holmes
1983). Segments that were not significantly cor-
related within discs were remeasured and corrected
or otherwise omitted from further analysis in order
to prevent undetected missing rings, misinterpreted
false rings or operator error affecting the chronol-
ogies. Tree-ring chronologies were standardized to
remove growth trends that occur as a result of var-
iations in tree physiology or in stand dynamics.
All standardized chronologies were developed us-
ing the ARSTAN software (Fritts 1976; Cook and
Peters 1981; Grissino-Mayer et al. 1996). This
procedure involved the fitting of linear or nega-
tive-exponential curves to the ring-width series.
The dimensionless series were then averaged to-
gether using a method based on bi-weighted robust

means to produce standardized ring-width chro-
nologies for each sampling site. Chronological sta-
tistics, such as the mean sensitivity (a measure of
the annual variability in tree rings), serial corre-
lation (a measure of the amount of common signal
among tree-ring sequences), signal to noise ratio
(a measure of the strength of the common signals
relative to the uncommon signals that represent
noise), and autocorrelation (a measure of the as-
sociation between growth in the previous year and
that in the current year), were obtained to describe
the characteristics of the tree-ring chronologies.

Values of the subsample signal strength (SSS)
provide a useful statistical tool for determining the
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sample size needed to capture the theoretical pop-
ulation signal of tree-ring variation (Larocque and
Smith 2005). We used SSS values above 0.80 to
identify a cut-off year in the chronologies, above
which there was sufficient sample robustness to
reconstruct a reliable time series (Wigley et al.
1984).

We also combined the samples into a regional
chronology for use in our dendroclimatological
analysis when the site chronologies were signifi-
cantly correlated.

Dendroclimatological Analysis

Response-function analysis was used to quantify
the relationship between tree-ring chronologies
and climate variables using DENDROCLIM2002
software (Biondi and Waikul 2004). The total
monthly precipitation and mean monthly temper-
ature over a 13-month period from September of
the previous year to September of the current year
were used as predictor variables to determine the
significance of their effects on concurrent ring
growth. Correlation between the sites using the
standardized tree-ring indices and the glacier data
(mass balance and ELAs in 1959, from 1974 to
1977, and from 1983 to 1988 by Liu et al. (1992))
for the July First Glacier was assessed using SPSS
version 11.5 software (SPSS Inc., Chicago, Ill.)
because the glacier data were short and discontin-
uous time series. Significant variables (p � 0.05)
were selected to verify potential dendroclimatolog-
ical relationships. The significant variables were
then combined with the ring-width indices to re-
construct a time series that predicted past climate
series and glacier ELA series. Linear regression
was used to establish the relationships between cli-
mate and the ring-width index, and the proportion
of the variance that was explained by the regres-
sion was also calculated to assess the reliability of
the conversion equation. The reduction of error
(RE) statistic is commonly used to test the accu-
racy of a regression model (Fritts 1976; Wu 1990),
so we calculated that statistic for our model. In
addition, we used the interpolated glacier ELA se-
ries (Liu et al. 1992) to assess the reconstructions.
The cumulative-departure method was introduced
to interpret phase changes in the reconstruction

curve over large time scales (Gou et al. 2001; Yan
et al. 2003).

RESULTS

Ring-Width Chronologies

Ring-width chronologies for H. rhamnoides
were developed for each of the four study sites.
The ring-width chronologies extended back to
1931, 1946, 1949, and 1918, respectively, at the
HC1, HC2, HC3, and HC4 sites. The cut-off years
determined based on the SSS (SSS � 0.80) were
1950, 1947, 1952, and 1938, respectively, for the
HC1, HC2, HC3, and HC4 sites (Figure 5). Al-
though there were many differences between the
four chronologies for the four sites, there were
nonetheless similar patterns such as the presence
of characteristic narrow rings in the same pointer
years, such as 1965, 1974, 1995, and 2001.

The chronological statistics are presented in Ta-
ble 2. The mean sensitivity ranged from 0.221 to
0.310, indicating that high inter-annual variability
was present in the ring widths and that the chro-
nology was sensitive to yearly environmental
changes. The values of the correlations among all
radii (0.240 to 0.432) and discs (0.232 to 0.423),
and the signal to noise ratios (5.287 to 12.475),
suggest that the individual shrubs at each site pre-
served evidence of common environmental sig-
nals, but also of other effects such as competition
between individuals. The high first-order autocor-
relations (0.545 to 0.701) suggest the existence of
low-frequency variation in the chronology caused
by the propagation of climatic effects from one
year to the next.

The relationships among the four chronologies
showed significant coincidences between the HC4
chronology and the HC2 and HC3 chronologies.
The Pearson correlation coefficients were 0.52 (n
� 56) and 0.38 (n � 55), and the two-tailed tests
showed significance at p � 0.0001 and 0.004, re-
spectively (Table 3). The HC1 chronology was not
significantly correlated with the HC2, HC3, and
HC4 chronologies (p � 0.42, N � 56). Thus, the
regional chronology HC was developed using all
of the samples from the HC2, HC3, and HC4 sites
but excluding samples from HC1 (Figure 5).
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Figure 5. Ring-width chronologies for sea buckthorn (SSS �
0.80) at the HC1, HC2, HC3, and HC4 sampling sites near the
July First Glacier in the western Qilian Mountains, northwest-
ern China. HC represents the regional chronology established
from the HC2, HC3 and HC4 sampling sites. Data from HC1
was excluded because it was not significantly correlated with
the other sites (Table 3).

Relationships between Climate and Shrub
Growth

Response of Radial Growth to Mean Monthly
Temperature and Total Monthly Precipitation

The results of our response-function analysis
showed that only the regional chronology (HC)
presented a significantly positive correlation with
air temperature in July of the current year (Figure
6); none of the four chronologies showed a sig-
nificant correlation with the mean monthly tem-
perature and total monthly precipitation (data not
shown). Because the regional chronology was so
short, there was no value in reconstructing the
mean monthly temperature.

Radial Growth and Glacier ELA

We also compared the glacier’s ELA with shrub
radial growth. Correlations between the five chro-
nologies and ELA for the July First Glacier were
analyzed for 1959, from 1974 to 1977, and from
1983 to 1988. The results showed that the HC1
chronology was significantly negatively correlated
with ELA (r � �0.744, p � 0.022, n � 9). The
correlation coefficients of the other chronologies
were not significant (p � 0.05). The ELA for the
period from 1950 to 2003 was reconstructed using
linear regression based on the HC1 chronology
(Figure 7). Analysis of the model statistics and
evaluation of the residuals indicated that HC1 had
significant predictive power: it explained 55.3% of
the variance. The RE statistic between the recon-
structed and observed data was as high as 0.999,
indicating that the ELA reconstruction for the July
First Glacier was reliable.

To understand phase changes in the ELA on a
decadal time scale, the reconstruction curve was
analyzed using a cumulative-departure method
(Figure 8). The cumulative-departure statistic is in-
terpreted as follows: a positive cumulative depar-
ture means that the ELA value increases, and that
the glacier is thus receding farther up the moun-
tain, whereas a negative departure means that the
ELA value decreases and the glacier is advancing
down the mountain. The curve for the ELA of the
July First Glacier showed a rising trend from the
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Table 2. Characteristics of the four growth-ring chronologies in the western Qilian Mountains, northwestern China.

Site Code

HC1 HC2 HC3 HC4

Chronology length (years) 72 (1931–2003) 57 (1946–2003) 54 (1949–2003) 84 (1918–2003)
Discs/radii 23/42 18/36 26/50 33/62
Mean sensitivity 0.310 0.255 0.287 0.221
Correlation among all radii 0.249 0.432 0.343 0.240
Correlation between discs 0.237 0.423 0.331 0.232
Correlation within discs 0.633 0.698 0.762 0.654
Signal to noise ratio 5.287 12.475 8.898 8.465
First-order autocorrelation 0.545 0.643 0.579 0.701

Table 3. Correlation coefficients matrix for the four site chro-
nologies.

Chronology

HC1 HC2 HC3

Pearson correlation �0.18
HC2 Significance (two-tailed) 0.18

N 56
Pearson correlation �0.01 0.16

HC3 Significance (two-tailed) 0.93 0.23
N 55 55
Pearson correlation 0.10 0.52** 0.38**

HC4 Significance (two-tailed) 0.42 0.0001 0.004
N 56 56 55

** Correlation is significant at p � 0.01 (two-tailed test).

Figure 6. Response-function coefficients for the relationships
between radial growth of sea buckthorn and the monthly mean
air temperature and total monthly precipitation for the regional
climatic data set (from September in the previous year to Sep-
tember in current year) from 1959 to 1996. Open bars are tem-
perature, filled bars are precipitation, and asterisk is signifi-
cance at the 0.05 level as tested by bootstrap method.

1950s to the mid-1960s, whereas a declining trend
was evident from the mid-1960s to the mid-1970s.
After the mid-1970s, the ELA remained relatively
stable. In the most recent decade, the interannual
range in the curve was very large compared with
the values from the 1970s and 1980s.

DISCUSSION AND CONCLUSION

The results of the response-function analysis re-
flected the strength of the linear relationship be-
tween climatic data and ring width (Fritts 1976).
The radial growth of the shrubs responded differ-
ently to environmental change at different sam-
pling sites. The four shrub stands grow on sites
with different aspects and elevations, suggesting
that characteristics of the microclimate (such as
sunlight duration, length of the growing season,
and precipitation) varied among the stands. The

HC regional chronology was successfully extract-
ed from common information in the sequences at
three of the sampling sites, and an enhanced com-
mon signal was revealed by the response-function
analysis.

Figure 2 shows that the growing season, which
corresponds to the period during which the tem-
perature is higher than 5�C, occurred mainly in
June, July, and August in the western Qilian
Mountains. The high temperature in June would
activate growth of the shrubs and extend the grow-
ing season. Simultaneously, soil moisture would
be supplied through melting of the snow cover and
of the frozen earth. July and August are hotter
months, and are also the rainy season, so the tem-
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Figure 7. ELA curves for the July First Glacier in the western
Qilian Mountains and for Glacier No. 1 in the Tianshan Moun-
tains. OB, observed series (1959, 1975–1977, and 1983–1988;
Wang et al. 1984; Liu et al. 1992); REC, reconstructed series
(from 1950 to 2003); IN, interpolated series (from 1957 to
1988; Liu et al. 1992); GN1, Glacier No. 1 in the drainage area
of the Urumqi River in the Tianshan Mountains (from 1960 to
2003; Yang et al. 2005).

Figure 8. The cumulative-departure curve for the reconstructed
glacier ELA of the July First Glacier, western Qilian Moun-
tains.

perature and soil moisture were sufficient for shrub
growth. Thus, the response analysis showed a sig-
nificant positive relationship between ring width
and the mean monthly temperature in June of the
current year. This result was similar to those of
previous studies, in which the temperature of the
growing season played an important role in tree-
ring growth near the cold high-elevation treeline
(Jacoby et al. 1985; Zhang and Hebda 2004).
However, our results differed from previous stud-
ies that showed annual radial increment being fur-
ther controlled by precipitation and temperature
prior to the growing season near the treeline in the
central Tianshan Mountains (Wang et al. 2005),
and that showed spring precipitation as a signifi-
cant factor for tree growth at high-elevation sites
in the central Qilian Mountains (Gou et al. 2005).

Glacier ELA is sensitive to changes in both air
temperature and precipitation, and was therefore
expected to be closely correlated with the ring-
width chronology. Rigorous verification of the re-
constructions in our study is problematic owing to
the limited duration of the ELA time series (i.e.
only 9 years). Although correlation analysis sug-
gested a significant relationship for one site, the
lack of sufficient historical data prevented us from
partitioning the time series in half for model cal-
ibration and verification of the predicted values.
To overcome the limited availability of instrumen-
tal data, we compared our reconstructions with the
interpolated series based upon the upper air tem-

perature model developed by Liu et al. (1992) for
the July First Glacier. The results showed a sig-
nificant correlation for these two time-series (r �
0.37, p � 0.038, n � 32; Figure 7), and that they
presented similar changes on a decadal scale.

Change in glacier ELA is significantly nega-
tively correlated with fluctuations in glacier mass
balance (Liu et al. 1992), such that years with ris-
ing reconstructed series of ELA corresponded to
negative values of mass balance, whereas declin-
ing years corresponded to positive values of mass
balance.

A shift in glacier mass balance and ELA in 1968
was documented by Liu et al. (1992) based on an
interpolated series. A shift in 1967 was also re-
ported by Kang and Ding (1981) based on their
analyses of upper atmospheric conditions at 500
hPa above the Qilian Mountains. Our study
showed that change to occur in 1965. Subsequent-
ly, the glacier mass balance and ELA entered a
stable period after 1973 (Figure 8). This shift in
glacier mass balance from negative to positive on
a decadal scale is similar to the results for other
representative glaciers in China, such as Glacier
No. 1 in the drainage area of the Urumqi River in
the Tianshan Mountains (Yang et al. 2005; Figure
7), and was also synchronous with data for other
glaciers worldwide (Liu et al. 1992). The changes
in glacier mass balance and ELA have responded
sensitively to global climate changes (Kang and
Ding 1981; Liu et al. 1992; Pu et al. 2005). The
observed results at the Tuole meteorological sta-
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tion near the July First Glacier since 1974 showed
that the 1970s had more rainfall and lower tem-
peratures than in previous periods, which likely
contributed to glacier accumulation. In the 1980s,
however, temperatures were higher than in the
1970s, and precipitation was similar to that in the
1970s. This suggests that the glacier mass balance
was in a stable state. During the past few decades,
the climate shifted from a warm-dry pattern to
warm-humid (Shi et al. 2002). This trend resulted
in increased glacial ablation, and during this pe-
riod, the reconstructed ELAs fluctuated widely.

The glacier had a negative mass balance during
winter in some years, with values even more neg-
ative than those during summer such as 1975/
1976, 1976/1977, and 1984/1985 (Liu et al. 1992),
although the ablation and accumulation of the July
First Glacier occurred mainly during the warm
season. The behavior of the glacier during the cold
season could not be recorded in the growth rings
because shrub radial growth ceases during this pe-
riod.

The regional chronology showed that shrub ra-
dial growth in the river valley at three high-ele-
vation sites (HC2, HC3, and HC4) showed a sig-
nificant positive correlation with the mean month-
ly temperature early in the growing season (June)
of the current year, and this phenomenon has a
clear biological meaning. We also attempted to re-
construct the ELA of the July First Glacier using
the low-elevation site chronology HC1, and the re-
constructed ELA series showed a similar trend to
that in other records on a decadal scale from 1950
to 2003. Reconstruction of a robust proxy record
of glacier change from shrub growth-ring data thus
appears to be a promising alternative where trees
are unavailable for sampling, but will require fur-
ther work and a longer series of instrument records
in future studies.
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