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The response of tree-ring chronologies of Schrenk spruce ( Picea schrenkiana
Fisch. et Mey.) to climate change at high- and low- elevations of the eastern
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Abstract; Tree-ring samples from Schrenk spruce ( Picea schrenkiana Fisch. et Mey.) were collected from high- and low-
elevations of the eastern Tianshan Mountains, Xinjiang. Three detrending methods ( smoothing spline, negative exponential
function, and regional curve) were used to develop tree-ring width chronologies. The characteristics of these chronologies

and the relationship between radial growth and climate change at different elevations were compared. The results showed that
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(1) detrending method had little effect on the reliability of the chronologies, and the chronologies from low elevations
contained more reliable climate change information. (2) The radial growth at high elevations positively correlated with the
mean temperature from June to September; the correlation coefficient for the standardized tree-ring chronology and
temperature in July was 0.553 (P<0.01, n=58). The temperature in the summer may be the main limiting factor for the
radial growth of these trees at high elevation. Meanwhile, the radial growth of trees at low elevation was positively correlated
with precipitation in spring, and negatively correlated with mean temperature in the spring. Higher temperatures and lower
precipitation in the spring combined to cause a drought in the early growing season. Furthermore, the drought in the spring
limited the radial growth of trees. (3) The regional curve method retained more low-frequency information in the tree-ring
standardized chronology, but the advantage was not obvious. There were higher correlation coefficients in the low-frequency
of the chronologies between high elevation and low elevations. In summary, the negative exponential function method may be
more suitable than the smoothing spline and regional curve methods for dendroclimatology studies on the eastern Tianshan

Mountains.

Key Words: Schrenk spruce ( Picea schrenkiana Fisch. et Mey.); eastern Tianshan Mountains; tree-ring; climate

response ; detrending method
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Fig.1 The map of tree-ring sampling sites and meteorological station on the eastern Tianshan Mountains
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Table 1 Environmental information of the tree-ring sampling sites

RAHH e HRIE(N) SIE(E) /RS PR/ L
Sampling location Code Latitude Longitude Tree/ core Elevation Canopy density
K TSS 43°18’ 93°40' 24/48 2620 0.4
PR XHS 43°32 92°55' 26/52 2317 0.7
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Table 2 Main characteristic parameters of the standardized tree-ring chronology

tEF 7G55 XHS KUl TSS
Chronology SPL NEP RCS SPL NEP RCS
¥R Standard deviation 0.291 0.29 0.302 0.248 0.282 0.328
{52 I Signal to noise ratio 51.9 35.24 40.07 31.55 17.1 12.29
XU E Mean sensitivity 0.291 0.291 0.285 0.184 0.185 0.19
— [ B #H% First-order auto-correlation 0.292 0.309 0.459 0.575 0.71 0.806
BEAR X AR e Expressed population signal/% 98.1 97.2 97.6 96.9 94.5 92.5
S5 —4F [ 4 T 43 L Percentage of first eigenvector/ % 60.3 49.2 51.1 49.8 32.8 24.4

SPL. # 5% BRAT4E 2 Smoothing spline function chronology; NEP ; 71 8 %0 4F 3¢ Residual chronology; RCS: [X 38 fill £& 5 #fE b 4F % Regional curve

stardardization chronology
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Fig.3 Comparison of tree-ring width chronologies developed by spline function, negative exponential function and regional curve method
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Table 3 The Correlation coefficients between the tree ring chronologies and climatic data

A 5E Temperature P10 P11 P12 Cl C2 c3 c4 (o8] C6 C7 c8 C9
TSS SPL
NEP O O O O O
RCS O O O O O
XHS SPL, @)
NEP @)
RCS @)
[% 7K #H5& Precipiation P10 P11 P12 Cl c2 c3 C4 (o} C6 c7 c8 C9
TSS SPL O
NEP O
RCS
XHS SPL ) O |
NEP ) O @)
RCS ) O O

P . [4F Previous year;C: 244F Current year; A AR IEAIC, R EGE T 0.01 B2 EERK; @ ACRIEHSE, MR BGE T 0.05 A9 &
Fr s O ARSI AHC REGET 0.01 19 8 PR ; O AR MAHIE MR BRI 0.05 1Y B & R

2.3 PR TR AR R AR G
2.3.1 AN BT RS G B AR LA F AU S

Wt B SCR I AR S AR R IT S SR G B 2, B AR ER B 25 H 5 2 A RS 58 R AR R X
A Al 7 B RHURR T SCH IR AR AR A SR RN 1 A8 B 2 Bk it . AR 4 R UL R AR B 48 Bl R 4
WA FR 2R ATy A A 46 T8 B AR v Al AT R AE A | e AR B AR S 2 W i, 38 B R D ik XA R Y 5
M E R AL, N S AT, ol FH DX 3l 2 S B 34 TR B AR 58 S BE AR v A AR 2 BT 5 (I 28 e 2 e i
T WA T 22202 15% , Ui Wl FH X B 4k e o0k ik 2 JL e i Ah 2 #1071k BRSO B R4 90 B AF 3R
T 2 B

R4 IMEEBFEFH AR EERELERESN . SMMEAMEX
Table 4 Correlation of tree-ring width standardized chronology developed by three detrended methods at all frequency, high frequency and

low frequency

H38 Frequency RCS—NEP NEP—SPL SPL—RCS
N All-frequency 0.924 0.986 0.906
45k High-frequency 0.989 0.997 0.98
AR Low-frequency 0.972 0.991 0.941

RCS—NEP A3 KX I 2k 4 2 5 SR B R §UAE R AR G s NEP—SPL. AR SR B R B4 R 5 M 45 SRR A E ; SPL—RCS AR S s B4R
F 5 X 2 AR FAH G

K5 3IMEEBAETHOMNEREETELERERFASSRNATEBTSLL

Table 5 Percentage of variance of tree-ring width standardized chronology at high- and low- frequencies developed by three detrended methods

125 43 L Percentage of variance/ % SPL NEP RCS
AT J5 2 Variance of low frequency 29.5 30.3 45
E )T 22 Variance of high frequency 52.4 50.4 40

2.3.2 P fIRIREA B T RE BR AL AR R A IR S
H135 6 Al A i ARTRR BB HE AR SR AEARAIUIAN 5 28 i K, iU, 2 A AR A RO R 48 8 1 8 4
TEARI R A AR AR, 16 R BT AE — i 22 5%
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Table 6 Correlation coefficient of standardized chronology of tree-ring width at high- and low- elevations in all-frequency, high-frequency and

low-frequency domains

iR i TR AR R
Chronology All-frequency High-frequency Low-frequency
TSS—XHS 0.451 0.602 0.872

3 e

3.1 AN EERIE R R

P4 T B A R A A rh AN ) R B AR SR T AT N, AT Rl i — R R iR AL
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1921 4F 1944—1958 4 1975—1982 4E A 1997—2003 4, 1R B AR e 4 K1 = AN )3 5 i 5%, H A % LT
AHALAY T 525 B e, 2055 TE T ARG R & A R 2 IR 5 B, TR MR 5 1 el X 1 R AR fk 7
A BRI,

RT HREEGEUERERERNRMBESHESHITE

Table 7 Comparison of the extremely low values and historical events in the common year of the standardized chronology

SL[R]BR ARAE X (7] Dy sh 4 B L A AT
Low value interval Historical events Locust
1882—1885 4F — 1882
1909—1911 4 1910 4F  ZR R IR 22 EL il 59 A T 1909
1933—1934 4f 1934 4%, [ B B S0 —
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1963—1967 4E 1963 48, [ B2 RLRCR AL 9 ... —

1974 4F , &I K2 MR ER T2,

1974—1978 N s . _
978 1978 4, 1 T F 5L AT I B A SR
1986 4F- , My 25 4 [X 37 T 5K ...
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i 1980 4F AR A T 5 IA T K.
1991—1992 4% 1991 4F frim+5 a3 U2 3r 1140 Jioc... —
4 Hig
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