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Climate response of tree growth along an altitudinal gradient in the Changbai

Mountains, Northeast China
CHEN Li', YIN Yunhe', ZHAO Dongsheng', YUAN Quanzhi*, WU Shaohong' "

1 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
2 Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100094, China

Abstract: Trees growing at the margins of their species’ distributional ranges are considered to be the most sensitive to
environmental factors. In tree species distributed across wide elevational gradients and playing vital roles in local
ecosystems, altitudinal variation in growth conditions may be of great importance for sustainable forest management. The
importance of altitudinal gradients is thus often emphasized. To investigate climate-growth relationships at different
elevations, tree-ring width chronologies of Larix olgensis and Pinus koraiensis were developed from four and six sampling
sites , respectively, at different elevations of a north-facing slope in the Changbai Mountains of northeastern China. Ten final
residual chronologies were produced. Mean sensitivity ( MS) and standard deviation (SD) were used to describe interannual
variability in ring width as a proportion of local mean ring width. The signal-to-noise ratio (SNR) served as an expression of
the strength of the observed common signal among trees. All chronologies had relatively high MS, SD, and SNR values,
which reflected the sensitivities of trees to environmental conditions. There were no consistent trends in statistical
characteristics of tree-ring chronologies along the elevational gradient. For L. olgensis, all values decreased with increasing
elevation, reaching a minimum at the mid-elevation site; increases in these values were then observed above the mid-
elevation site, which suggested that trees in the mid-elevation site had a complacent growth pattern. For P. koraienstis, all

values increased with increasing elevation, reaching a maximum at the mid-elevation site, and then decreasing. Hierarchical
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clustering analysis was used to highlight differences in radial growth among sites and to determine radial growth associations.
For L. olgensis, chronologies were classified into two groups—Ilow and high elevation—, while P. koraiensis chronologies at
large were categorized into three groups—low, intermediate, and high elevation. Correlation and response functions were
analyzed to determine primary climatic influences on growth. The bootstrap method was used to test significance. Monthly
mean temperature and monthly total precipitation were used for the analysis. Our results suggest that along the elevational
gradient, both species may respond in different ways to local climate change. March and June temperatures and previous
November temperatures appeared to be the primary limitations to L. olgensis growth under either high or low elevation
chronologies. Our data demonstrate that temperature is the dominant factor limiting growth at high elevations. At low
elevations, no significant correlations with the current year’s climatic conditions were discerned. The previous year’s
October temperatures and June precipitation affected P. koraiensis at high elevations. This lag in response suggests that a
relatively warm autumn may favor the following year’s growth. Precipitation in the previous year, temperature of the current
year, and current spring temperatures had the greatest contributions to P. koraiensis growth at either intermediate or low
elevations. In both species, lag effects were observed in growth responses to climate forces. Comparing the two species, L.

olgensis is cold-tolerant, whereas P. koraiensis is warm-loving. The elevational differences in responses of L. olgensis and P.

koraiensis to climate that were uncovered in this study should assist future regional dendroclimatological studies.

Key Words: Larix olgensis; Pinus koraiensis; altitudinal gradient; tree ring; climate change; climate response
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Table 1 Description of the sampling sites
AL Lhf )t i34 /m i B BEA R (B BER)
Site code Latitude Longitude Elevation Time span No. trees/radii
L1 42°22' 128°23' 730 1816—2007 27/54
L2 42°22' 128°01’ 794 1824—2007 29/62
L3 42°08’ 128°27' 1258 1809—2007 24/49
L4 42°04' 128°04' 1790 1745—2002 29/59
H1 42°45' 127°58' 598 1893—2007 29/58
H2 42°24' 128°05’ 760 1869—2007 32/65
H3 42°22' 128°23' 772 1856—2007 30/60
H4 42°21' 128°21' 830 1802—2007 33/66
H5 42°23' 128°22' 995 1747—2007 33/68
H6 42°08’ 128°27' 1258 1818—2007 30/61
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Table 2 Statistics of common interval of residual chronologies

FE AR Site code L1 1.2 L3 L4 HI1 H2 H3 H4 H5 H6
mean 0.991 0.990 0.999 0.991 0.986 0.989 0.991 0.987 0.992 0.995
MS 0.176 0.229 0.168 0.284 0.171 0.185 0.198 0.190 0.217 0.141
SD 0.149 0.185 0.154 0.233 0.145 0.150 0.169 0.155 0.181 0.120
acl 0.134 0.072 0.034 0.078 0.006 0.136 0.103 0.101 0.210 0.101
rl 0.300 0.478 0.346 0.433 0.347 0.400 0.389 0.435 0.359 0.319
2 0.561 0.697 0.532 0.623 0.570 0.560 0.616 0.618 0.621 0.536
13 0.295 0.474 0.341 0.429 0.341 0.397 0.384 0.431 0.353 0.314
SNR 20.186 46.770 21.162 42.783 17.039 38.690 28.590 46.142 29.154 22.062
EPS 0.953 0.979 0.955 0.977 0.945 0.975 0.966 0.979 0.967 0.957
pel/% 34.4 49.7 37.1 45.1 37.6 41.8 40.9 45.0 38.1 34.2

s mean ; 4E FFE BT ; MS . UK Mean Sensitivity ; SD : #5722 Standard Deviation ;acl ; —By H 4115 2250 Autocorrelation Order 1st ;rl:
FTA P HIAH I R EL Mean correlations among all radii; r2 : 4 P9 #H 5& R L Between trees; 3 : ¥ [H] 4 3¢ R %0 Within trees; SNR ; {5 [t Signal-to-Noise
Ratio; EPS : FEZ & S et Express Population Signal ; pel : 25— 32 A2 B /7 2% B Variance 1st Eigenvector
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Fig.1 Ring-width chronologies of Larix olgensis
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Fig.4 Dendrogram of hierarchical clustering analysis of

Fig.2 Ring-width chronologies of Pinus koraiensis
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Fig.6  Results of correlation analysis for the relationships
between the residual chronologies of Pinus koraiensis and

monthly climatic factors
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