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Development of the tree-ring width chronology of Betula tianschanica for the
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Abstract; In this study, a total of 40 cores from 20 birch trees ( Betula tianschanica) were obtained for one single site,
named as Haerhatigou (HEX) in the middle section of the Kaiduhe River watershed in August 2011. All the tree-ring cores
were naturally dried, mounted, surfaced, and cross-dated following standard dendrochronological procedures. Each ring-
width was measured with a resolution of 0.001 mm by a dendrometer ( Velmex Measuring System ). The quality control of the
cross-dating was carried out using the COFECHA program. Because of the low correlations with the master dating series, 5
cores from 3 trees were rejected. In the end, 35 cores from 18 trees were used for further analyses. The number of the absent
rings is 78, and the rate of the absent rings in the samples is 2.325%. The ARSTAN program was used for de-trending and
developing tree-ring chronologies. The age- and size- related variation of the tree-ring widths was removed by a single
detrending process applied on each tree-ring measurement; a negative exponential curve, a kind of conservative function.
After all these processes, three kinds of chronologies from one sample site were obtained; standard chronology (STD),
residual chronology ( RES) , and Arstan chronology ( ARS). The statistical characteristics of the HEX chronology are similar
to other birch chronologies’ in the previous studies. And the chronology can well represent the variety of the radial growth of

birch trees in the study area. The significant positive correlations in the original, high-, and low- frequency domain between
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the HEX chronology and a chronology of spruce trees (HE4) mean that the dominant climatic factors of two kinds of trees
are similar. Pearson correlation analysis was applied to investigate the relationship between the tree-ring width and the
climatic data during the calibrated period ( 1952—2011). The monthly precipitation and mean temperature from the
previous August to the current September and the average meteorological data in summer were used to assess how the
climatic elements influence the growth of birch trees in the study area. The results of the tree growth-climate responses show
that the HEX chronology was found to be positively correlated with the mean temperature of the previous December (r =
0.346, P<0.01, n=59), and to be negatively correlated with the mean temperature of the current June (r = -0.312, P<
0.01, n=60). Conversely, the relationships between the HEX chronology and the precipitation are not so strong. The
results of the power spectral analysis showed that the HEX chronology existed 2.1years and 4.0years cycles. The interannual
cycles (2. lyears and 4.0years) in our chronology fall within the range of some large-scale oscillation, such as quasi-
biennial oscillation (QBO) and El Nifio-Southern Oscillation (ENSO). The wavelet analysis demonstrated the existence of
significant ~50years cycles of variability. The ~50years cycle suggests a possible important connection of the solar activity
cycle (Gleissberg). The 50years cycle has been indicated by some previous studies in Changhai Mountains, Tianmushan
Mountains, Huangshan Mountains, and the Changting region in Fujian Province. The similar trend between the chronology
and the March Multivariate ENSO Index suggests that the variation of the HEX chronology has strong teleconnections with

the oscillations of land-atmospheric-ocean circulation systems.

Key Words: Kaiduhe River; Beiula tianschanica; tree-ring width; climatic response
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Fig.1 Location of the tree-ring sampling site in the study area and the meteorological station
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F1 RENHREEERFESE (A ILXE . 1920—2000 4)
Table 1 Statistical characteristics of the STD tree-ring width chronology ( common period: 1920—2000 A.D.)

i1l Statistic MR HRY HEX el B Statistic WK FEIA HEX
THFEHL Mean 0.96 SEXIR PIAHSE Mean correlation within a tree 0.79
F5ifE2E Standard deviation 0.35 SEHRTRIAH G Mean correlation between trees 0.29
YHUBE Mean sensitivity 0.32 {5 L Signal-to-noise ratio 5.93

—Br M1 First-order autocorrelation 0.49 55— T 7 2% Variance in first eigenvector 38.8%
JFBF-HIHH I Mean correlation between all series 0.31 FEAS BRI FME Expressed population signal 0.86

EPS > 0.85 HJ4EN) The year of EPS > 0.85 1910

1.3 [0k
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Fig.3 Climatic diagram for the Yanqi meteorological station (1952—2011)
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Table 2 First to tenth-order autocorrelations for the tree-ring width chronology

LEBS Y14
FEEERE Correlation coefficient 18 2 By 3 4 By 5B
Site code FEA First-order Second-order Third- order Fourth-order Fifth-order
Sample size
HEX r 0.453 " 0.203* 0.053 0.196 0.012
n 101 100 99 98 97
AHIC R AL
FEEERE Correlation coefficient 6 b 7 By 8 i 9 [y 10 By
Site code FEA G Sixth-order Seventh-order Eighth-order Ninth-order Tenth-order
Sample size
HEX r -0.112 -0.095 -0.015 -0.078 -0.190
n 96 95 94 93 92
 fR 2 K3k 0.05

22 RINMES T/ ZAZR R 58 BEAE R AR L 7 A

PN ATE HEX SRAE s AL 50 m, 4k BE e 1m) SR SEAHIRIAL , R SR 4R 1 21 #R, L3t 41 ARG F I
A2 (Picea schrenkiana ) FEAR™ | i 5 b SCHTIRAR TR A9 7 30 T 3X — 2= A2 R BE 2 (5 SO HE4 £oR) 1Y
PR S8 FEAE SR, A HEX AR R H A3 AT o (08 v AU 0B e #5242 AR R AT 3 (IS B A
B2 1| S g R N 8 S 018 1 S VT 1 5[ 7 N o € 2 18 A =188 1 7718 0 A o 2/ S R
RINHES TV A2 R 56 B2 AR R IR T I 25 B A Se vk, EL7E m Al b A DG My TR, X Py
Fe T8 BE AR AR — S B B DR LM 5 TR0 25 A2 B AR ] A K] RS2 AR BR 1) PRI 7~ ) 52

F3  FEAREMEN S R EERESIE ., SR TISN EEX R
Table 3 Coherence between two chronologies of birch and pine trees for the Kaiduhe River watershed. Results for the original, high-, and low-

pass filtered chronologies are shown

LSS

. . - Eog )85 TR A RAB,
Correlation coefficient Oricinal Hich f Low f
S = . T1Z1n. 1g] re: nc v 1re T
KA R Sample size sina gh Irequency ow frequency
r 0.48" 0.61" 0.49"
n 102 90 90

= AR B MK FA 0.01

2.3 BEARAE KA M R S B
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WAIRE B E MK (r=0.346,P<0.01,n=59) , 5244 6 H ¥R E BE A (r=-0.312,P<0.01 ,n=
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Fig.4 Simple correlations between the tree-ring width chronology and the meteorological data
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TERAFIE AR WA o FH, 3 — I g A TR 2 D X A 24 ) 4, AT A B8 0 20 B A 7 7 24 1
IS5 AR HER ARTERAE DA AR W UL SE AR HE o SRAE DI - SR 2 2 | T R B
IKBETIABR . RINMELE 6 H 3 iEAL T HRE A KA . 33X — I Bl A e b I s g AR 2 1 A+ 2 %, ] -+ 5
FiE, TR F R ATE R BB TR B ORI TH e, W B A S5 B 22 i 55, 3K 23 (i AR)
AW A R B3R, 55 22 3 TG 1 R B SR 8 FR TR, 3 B SR v B 3R | AT A28 AR 4> 1A
FEER S KAWL AERE R B LA 1) TLAE RS (Pinus morrisonicola Hayata) ") DA K AR EE K TT b X ) 5 2
¥ ( Pinus massoniana) " 25 B A2 [ A K6 TR AR w57 ARABL
2.4 WETIEAER M

SR AT PRI Y ik  HEX AR FRUEAT 8 43T, ok T fife < ik i) 0 BT P A 2 X L A
VAR R . ARSI A R R W] (18] 5a) , WAR4ERHEAT 2.1a(P<0.10) F1 4.0a( P<0.05) HY 22 AL 1HE A
195 /NS A3 AP 8 SR DN 8 R A A SRAG Y ~ 50a U 3l BT S B M AE AR R (8 5b) o Hir 2. 1a YEJSIH AT BE 2 F- it
2 “HEPIAE 3% " Quasi-Biennial Oscillation( QBO) B9 2 L, 177 4.0 478 JE AW AT BB S e 1 B /R Je s/’ T i 8l El
Nifio-Southern Oscillation( ENSO) (50 . DL b JEIATER $6 S 2 F 58 rh B H WL AE R AP AEAE 1) ~ 50a
P Bl 5 R FRTG S22 ] ( Gleissberg) Y 172 WEBIARM) & o 50a HYAE A HE A AN A3 H BEAE K L 1 X AR 52 <
o EE A ) A A AR R T 1 AT O R BT g s AR R R B, R A R BT
X R HER A% 1) A2 KAV AT RE 2 S Ak R S8 N6 (QBO Al ENSO) AR , i85 R BEAFAE S R G AN
B (FERK SN ) 152,

WEPEI% H 24E 40 ENSO #5%4 ( Multivariate El Nifio-Southern Oscillation Index, 1950—2011) "' 5 HEX 4F
FHEATAHICITHT | LAAE HE— 20RO RS S A6 7% 1 XTI X8R LA g A Ky s, 25 138101, 1 H & 4
H 270 ENSO #8805 HEX AR RAYHIC R B R (R 4) . 28 3a Wi P45, 1 H % 4 HZ 00 ENSO #5505
HEX AERBIAHCREBAYH P 7, Hoh,3 H 258 ENSO #8405 4R R A OC R 80U (r=0.45, P<0.001,
n=60) , HMEFTEAIRY 2 (E 6) .
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Fig.5 The result of power spectrum analysis ( The black line denotes power spectrum values, the red line is P<0.05, the blue line is P<0.10)
(a) The result of wavelet analysis ( Black contour is P<0.10) (b) The global wavelet power spectrum (c) ( The dashed line is P<0.10)

R4 PREEFRSZEAZITENSO BHBEXSNER
Table 4 Correlations between the tree-ring width chronology and the monthly Multivariate ENSO Inde

H 1> Month
1 H January 2 J1 February 3 J March 4 F April 5 7 May 6 J1 June
r 0.22 0.21 0.23 0.21 0.16 0.10
P 0.09 0.10 0.07 0.09 0.23 0.46
A 15 Month
7 H July 8 H August 9 H September 10 A October 11 A November 12 H December
r 0.05 -0.03 -0.03 0.01 0.02 0.00
p 0.71 0.83 0.83 0.96 0.91 0.99
3 #ig
Fss20r,
s s N T2
TEABIFFE R F) R TFHR ) 3l b B R 4R 11 20 BRAE ﬁgil 5
> > 23 TR g #1.0
15, 36 40 AR ISREAS BN T RIS K IOR PR B 5
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FEREAF T , FLREUS BT 4 WP I 1 R 1L e 23
4 e i 8
Vi B AR FEARRAIE . RIS T e~ A2 5 98 B2 4F —1@\%5
S AU PR G L 47 1 ) 535 TE AR e

WA BPF 57 X S5 5 A A2 1 2 K T 3 32 40015 00 PR ) e
R 20 o R A B BT B 2 R s, R L e 6 PREEER(a)5 3 ASIT ENSO JKE(b) ORI
IS SE g S B4R 12 AFY4E 6 A FYSIEE 3 Fig.6  Graphical comparison of the tree-ring width chronology
*H;’é _,_jl;%ﬂ(% EI(J *H %W\UKE% K1l ﬁﬁﬁ]‘%iﬁﬁ E/‘J (a) with the March Multivariate ENSO Index (b)

’ ° ENSO 5, & 5FH El Nifio-Southern Oscillation, % J JE/R JE 5/

2. 1a 4.0a MY 50a &AL HE IR, BETE XN BIEE  wirima
Fi AR AV AE R R I A AT BEAZ )2 QBO Fl ENSO AR
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