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Analysis of the tree-ring width chronology of Qilian Mountains at different

elevation
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Abstract : Tree-ring cores taken from four sites at different elevations in the middle of the Qilian Mountains. in the arid and
semi-arid region of northwestern China., were used to develop four tree-ring width chronologies respectively using standard
dendrachronological methods. Three of these namely Heiwa. Tianlaochi and Meiyackou. are located in Sidalong, a catchments
of the Heihe River, in the Qilian Mountains. northwestern China. These three sampling sites lie very close 10 each other but at
the different elevation. The fourth site, Xishui. is about 60 km from Sidalong. 1t is the lowest elevation site and also located in
the catchment of the Heihe River in the Qilian Mountains. The tree ring cores were taken Picea crassifolia at the four differem
elevations. Results indicated that with increasing altitude the chronology fluctuation decreased.

The statistical character of the chronology shows that mean sensitivity (M. S.) and standard deviation (S.1). ) decreased
with increasing elevation. In other words. the response of tree growth to environmental changes is decreased at higher
elevation. The decrease of the correlation coefficients (R1, R2, and R3) indicates that the consistency of the tree’s response to
environment also decreases with altitude. The variance of the first eigenvalue (PC1) of each chronology also decreased with
altitude . showing that the information contained in the tree ring chronologies decreased. Therefore, the sensitivity and the
consistency of the tree’s response 1o the environment changes decreased with increasing altitude.

In order to understand the differing response of trees at different elevations to the environment changes. the correlation
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berween the chronology indices and precipitation and between air temperature in different seasons were calculated. The results
show that apart from the highest sample site at Meiyaokou. the indices of other three chronologies correlated to the spring
precipitation significantly. The chronologies of Xishui and Tianlaochi showed negative correlation with summer air temperarure
with different level of significance. Only the chronology of the highest elevation site has no significant relationship with the
meteorological data. The chronology of the low elevation site shows a stronger correlation with temperature rather than with
precipitation.

These results maybe due to that the restriction effect of the precipitation decreases with increasing elevation. Because the
precipitation increases with the elevation in this area. the effect of precipitation on the growth of the trees becomes weak,
However. air temperature is not a restriction factor. The measured results of the biological indices indicated that the stoma
density and the dry weight of the spruce leaves decreased dramatically above about 3000m. a.s.l. This is response to a reducing
in metabolism rate at high elevation. in order {or the trees 10 avoid the effects of the harsh environment as much as possible.
Hence, trees growing at high elevation show low sensitivity to the climate change in the study area. This conclusion is of
fundamental impertant for the tree-ring research in arid and semi-arid area. It is important to understand the relationship
between the climate change and the growth of the trees, in order to develop an appropriate ecological model of plant
environmental reactions and hence to establish a valid basis on which to reconstruet long-term climate change in the past over a
large scale.
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Table 1 S y of the pling locations
REHEH [iJ: S mHE KEn wEd
Name of the sampling sites Xishui Heiwa Tianlaocht Meiyaokou
B HEE Latitude and longitude N38°14' /E100°10" N38°27 /E39°57 N38°27' /ES9°57 N38°26' /ES9°57
B WF Elevation(m) 2550 2750 3100 3450
S AEKRTR ZEXRPTH 2 Ll niEKLER
EHFRIG R Location in the forest lower part Middle part Middle part Upper part
F A F Sample number 30 44 40 48
FFFI /5 Length of the series 135 230 170 252
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Table 2 The statistic character of the chronologies from different elevations
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RIS W SR Thelength o gy R2  R3 PCI(%) mean S.D. SNR  EPS
Sampling sites Elevation of the series
Pk Xishui 2550 135 0.297 0.690 0.880 0.824 73.13 1.014 0.354 31.659 0,969
B Heiwa 2750 230 0.1843 0.8651 0. 645 0. 851 67.42 0.990  0.257 34,322 0.972
K ¥ H Tainlaochi 3100 170 0.1241 0.431 0.421 0.728 40. 88 0.998 0.148 7.868 0. 887
#E 0 Meiyaokou 3450 252 0.1182 0.313 (.314 0.319 30.59 0.991 0. 105 1. 853 0. 649
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M. S. is mean sensitivity . R1 is the average correlation coefficient between different cores, R2 is the correlation ceefficient between different
trees, R3 is the correlation coefficient between different samples from the same tree, PCI is the variance in first eigenvalue,mean is chronology

common interval mean and S. D. is chronology common interval standard deviation
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Table 3 The result of the correlated analysis of the chronologies
index and meteorology data. The asterisk ( * ) represents the

coefficient passed the significance test {a=10. 01)
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Fig. 2 The stoma density and dry weight of the spruce needles

sampled from different elevations
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