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Abstract: Dendroclimatology is one of the most important methods for reconstructing past climate change. Owing to the
characteristics of precise dating, annual resolution, and comparability with meteorological observational data, tree-ring data
have been widely used as important archival material in paleoclimatic research. We selected Siberian spruce ( Picea obovaia
Ledeb) trees with little or no apparent evidence of human or other disturbances for sampling. Tree-ring chronologies at six
individual sites were developed for Siberian spruce from the Upper Irtysh River, and then a regional tree-ring chronology
(RTC) was established based on all of the detrended data obtained from individual tree cores of the six sites. We analyzed
the correlations between the RTC chronology and the meteorological data of the Fuyun weather station. The results showed
that precipitation was the main factor limiting the radial growth of spruce trees in this region. The RTC chronology showed

the highest correlation with precipitation from the previous July to June of the current year. Based on the results of
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correlation analysis, we reconstructed annual precipitation patterns ( July-June) of the Upper Irtysh River basin from 1722
to 2012. The precipitation reconstruction explained 55.1% of the instrumental precipitation variance during the period of
1963—2012. During the past 291 years, there were nine wet periods and eight dry periods. The wettest period occurred from
1984 to 2008, and the driest period occurred from 1877 to 1891. The period 1829—1876 was the most extended wet period ,
while the period 1807—1828 was the most prolonged dry period. Power spectrum analysis indicated the existence of some
decadal (21.6- and 24.3-year) and interannual (2.1-, 2.3- and 3.2-year) cycles. A moving t-test indicated that an abrupt
change of precipitation occurred in 1876—1877 and 1983 in this region. The results of spatial correlation analysis indicated
that our precipitation reconstruction correlated well (r>0.6) with the July—June precipitation gridded data over a large area
of the Altay region, with the highest correlations occurring in the Southern Altay Mountains. When compared with other tree
ring based precipitation reconstructions from the surrounding area, our results showed a similar trend in the variation of

drought and precipitation.
Key Words: Upper Irtysh River; Picea obovata Ledeb; tree-ring width; precipitation reconstruction
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Fig.1 Location of sampling sites and meteorological stations in the upper stream section of the Irtysh River
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Table 1 General information of the sample sites in the upper stream section of the Irtysh River

P R H4iRE/N ZBE/E T/ m AL (BR/E)
Sampling sites Code Latitude Longitude Altitude Sample size

H A5 Xiashike XSK 47°42'07" 88°59'06" 1216 26/47

B BB EEAK Talidesayi TLD 47°48'38" 88°59'47" 1272 31/58

WM LRI Xietekekuoyihan XTK 47°40'52" 89°06'10" 1681 29/52

AR IRV Kayierte south station KYS 47°30'51" 89°38'47" 1625 27/53

KM 4t Northeastern Dagiao DEN 47°25'17" 89°38'49" 1445 34/62

A uf $EiEIL Northern Koktokay KKT 47°16'49" 89°47'39" 1663 32/46
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FEAE RS 0.001mm 1Y Measure)2X A% % T I ek 22 0 D et A 8 9 B, SR FHAT R RN BU 12k iME A7 28 e 48,
J£F COFECHA "™ FEFF i F 738 B AF i P il . SR FH ARSTAN 4F W i B2 17 |7 4F 36, 78 B AL AR R 1t 72
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Table 2 Correlation coefficients between the tree—ring standardized chronologies

4E3 Chronology XSK TLD XTK KYS DEN KKT
XSK 1
TLD 0.652%* 1
XTK 0.660 " 0.668 ** 1
KYS 0.715** 0.621** 0.739** 1
DEN 0.728** 0.604 ** 0.675** 0.794** 1
KKT 0.521%* 0.522** 0.564 ** 0.599 ** 0.590** 1

# x FoRFHC R EORIE 0.01 19 2 F MK

2 3G T AR5 58 B AR RO GETHRRAE , v DU, DX 58 1 37 EL A 46 e 1) ST S8 B0 B b
HE2E , R WIZHE X PRI E = A2 A5 98 B2 AR A 32 e I 7 O BR TR VE AR . 38 v AR AS AR A WA
()% A Z [ A e 5 B A8 A BAT B i — Bt . A DL P AEAE S0 BE 0.85 JbRife %5 51 1722 485 7] ]
TARMEELE,

F3 HURSTHUN LRFAAR L =42 XS0 35 EAR AL E R (RTC) MSEIHHFE
Table 3 Statistical features of regional tree—ring width standardized chronologies of Picea obovata Ledeb in the upper stream section of the

Irtysh River

i Statistic RTC
S BUEE Mean sensitivity 0.34
FrifE2E Standard deviation 0.39
— [ A H12€ First-order autocorrelation 0.50
1] S 56 R 2X Mean correlation between trees 0.34
Hi— E SN T 25 BB % Variance in first eigenvector 36.9
{EMELE Signal-to-noise ratio 15.8
FEA BRI FEME Expressed population signal 0.94
SSS>0.85 HYAL LA 4T First year of SSS >0. 85 1722
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Fig. 2 Mean monthly temperature and precipitation of
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Fig.3 The correlated analysis of the regional chronology and meteorology data
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Table 4 Statistical characteristics of verification of reconstructed precipitation from previous July to current June
I} BZ Time S, S, RE t
1963—2012 37(337,35™") 32(327,347") 0.515 5.29
# Ferlad 0.05 AR, + « Fomilid 0.01 A9 RE K

2.3 [FBKEBIT I RE

PG R FRATE R T 1722—2012 4R S5 Wil L i X s 280l AR 7 225948 6 ARk aE
KIPF( 5) XA HNZR W T iZ X 291 43R A9 TR I s 0, AR 38 FF B 8 A< 4 e Rl 4 [ K it ) S
PRAE B BE E 43R >30% M IRIAE , <-30% R T 545, #fe st 2 291 4F T RAR G LA 37 4F VAR 0y
39 4%,

300
250

200 kN i

150

Bk & Precipitation/mm

100

B 5 FURFHLALIFHX 17222012 £ L5 7 AZLE 6 ARKEERFI (ML) 11 £EBF Tl (%) MMELK(H#E)
Fig.5 Precipitation reconstruction from previous July to current June ( thin line) for the upper stream section of the Irtysh River,11-year

moving average ( thick line) ,the long—term mean of 1722—2012AD ( horizontal solid line)
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Table 5 The wet-dry periods of precipitation over the past 291 years in the upper stream section of the Irtysh River

S A/ ROREF I/ % g A/ BRBFEAR/ %
Wet period Number of year Maximum anomaly Dry period Number of year Maximum anomaly
percentage percentage

1727—1731 5 11.9 1732—1741 10 -21.3
1742—1750 9 13.1 1751—1768 18 -21.6
1769—1787 19 22.6 1788—1798 11 -15.4
1799—1806 8 17.4 1807—1828 22 -27.7
1829—1876 48 23.4 1877—1891 15 -29.9
1892—1895 4 11.2 1896—1909 14 -15.7
1910—1942 33 14.7 1943—1955 13 -21.4
1956—1964 9 10.5 1965—1983 19 -18.1
1984—2008 25 23.5

x6 FRFEHALFMR EE7AZELE 6 ARKEERFIPHREER
Table 6 The abrupt years of the reconstructed precipitation series in the upper stream section of the Irtysh River from previous July to

current June

2R h
HERPIEIZE S A7 6]
. 10a 15a 20a 25a 30a Abrupt change
Slide step -
direction
KAL) 1876—1877 1876—1877 1876—1877 1876—1877 1876—1877 GEADKS
Abrupt change years 1983 1983 1983 1983 1983 SUAEA
3 g

3.1 SERERES T
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17 28 AT . S5 RFRT, SRR (18 6(a) ) M AR (B 6 (b)) 5 CRU ¥l =5 [MIAH G 37 14 431 1L
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PE X R L X BRI AR Bt A AT
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