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ABSTRACT. There has been developed a 1103-year (AD 895 to 1999) regional tree-ring width chronology for Larix sibivica Ldb
at upper timberline (the elevation is 1900 to 2200 m) in the South- East of Altai region (Russia). The standard statistical methods
were used for the dendrochronological analysis. The statistical parameters of the chronology show a strong climalic signal to be
contained in radial growth variability. The climatic response-function analysis reveals that up to 90% of radial growth variability
is determined by climate. Such a climatic parameter as the mean temperature for the June-July explains 54% of tree-ring width
variability. The reconstruction indicate significant year-to-year-and long-term (cenhury) variations of the parameter during the
Jast millenninm. These fluctuations coincide with increase and depression of glaciers. The main periods of temperature decrease
were in the end of the 18th and middie of 19th centuries. Temperature increase occurred in the middle of the 4th and 20th
centuries were the most significant during the last millenium in Altai region. Comparisen of the reconstructed data on tempera-
ture regime for Altai region with the reconstrucied data on temperature regime for the northern hemisphere shows the same

periods with low and high temperatures (C olenul et al., 1995).
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lntraduction

The intensive dendrochronological research in the South of Si~
beria Mountains was initiated from 19935 by Iastitute of Forest
of SB RAS. The research area is located between 49°-52°N and
84°-89°E. One of the main goals of these investigations is to
reconstruct summer temperature variations at the upper timber-
line in Altai Mountains for the last millenium. Tree-ring width
chronologies are the best source of proxy climate data for the
late Holocene, because tree-ring width indicates and contains
the intra-annual and long-term variations of the environment.
Several local chronologies were developed for the different al-
titudes. The chronologies reflect the radial growth features of
Larix sibiricaat the upper timberline. The regional chronology
was developed by averaging indices of the local chronologics
and used for the following analysis.

Methods and material studied

The objects of the investigation were cores and dises from liv-
ing trees, dead trees and subfossil wood of Siberian larch ( Lai-
ix sibirica Ldb.) from uppertimberline in Altai Mountains. Larch
irecs are very sensitive to the climate changes. They are of old
age and grow under extreme condition. We used two cores from
every tree and not less than 8 trees for each site to build the local
chronology. Ring-widths were measured to the nearest 0.01 mm
and then all the cores were crossdated using plots of individual

ring-width series. Program COFECHA (Holmes, 1983) was used
for the best quality dating of every sample. The percentage of
missing rings ranges from 0.13 10 0.49% for different sites. Tree-
ring width series were standardized by negative exponent, trend
line or 128-year spline (Fritts, 1976) using the ARSTAN pro-
gram. Usual characteristics (standard deviation, mean sensitiv-
ity, autocorrelation) were used for the statistical and response
function analysis.

Results and analyses

The statistical parameters of the chironology show 2 strong cli-
matic signal to be contained in radial growth varaibility.
The summary of statistical results is given in Table 1.

The correlation coefficients between the local chronologies
are high (0.67-0.77) which helps to arrange them into the re-
gional chronolegy presented in Fig. 1a. The most significant
decrease of radial growth was found in the end of 17th and 18th
and in themiddle of 19th centuries. Improved growth occurred
in the middle ofthe 14th and from the end of 19th to the middle
20th centuries, The climatic response-Tunction analysis shows
that up to 90% of radial growth variability is limited by climate
(Fig. 2) and June-July temperature determines 54% of tree ring
width variability. June temperature is a general limiting factor
for radial growth at the upper timberfine which is similar with



122

NSt Niy ernnd At MS 50 R ARl SNR

[ 16 [[EET 1 LT 07 s 0 [{AE G4

r K} [EXI8 [EAR] 4% [ w3y nmn 027 82

X | 3R [l s ni3 ni an i 47

1 10 1% LUK TIR oy 0y 07 i 130

b s s (L. [RL 0n2s (T [ x] 042 151

" in 1330 s ddi 014 il n AR s

7 i2 1551 1 414 [(] ([ [IRE] [IE3 a7
R1d 138 Bs tony Hos 027 2% 073 037 i
Tab. 1. Statisucal parameters of the local (1 7) and regional

(R1:G) chronologies

Key NSt site number, Nir -+ number of trees. MS =
mean sensiivity. S standard deviation, R interser-
1es correlation coeflitient. AR Ist-order autocorrela-
tion coellicient. SNR - signal-tonotse ratio

other regions having short vegetation periods (Jacoby et al.,
1989).

I'he statistical model of the June-July temperature recon-
struction was verified for the period 1951-1980. High quality
of the reconstruction model confirms by the statistical parame-
ters (FF = 31.64, p < 0.0001, DW = 2.2). Synchronism between
the calculated and recorded temperature is 86% which is very
high value. Grounding on these results, we reconstructed sum-
mer temperature for the period from 1000 1o 1999, which indi-
cates the year-to-year and long-term (century) variations dur-
ing the last millennium. Amplitude of the reconstructed tem-
perature variation is 4.5 °C. The smoothed by 50-yr running
mean reconstructed Tune-July temperature is shown in Fig. 1b.
The main periods of decrease temperature are 1090-1130,
1220-1260, 16801720, 1790-1860. Most missing rings were
observed in the 17th and 19th centuries. Increase in tempera-
ture occurred within the periods: 1200-1220, 1310-1360,
1410-1440, 1505-1520, 1615-1630, 1740-1760, 1900-1950.
The analysis of the 1000 year tree-ring chronology shows that
periods of depression growth are closely correlated with gla-
cier expansion and temperature decrease (Kotlyakov, 1994).

Discussion and conclusions

Our results suggest that the temperature variations recon-
structed by regional tree-ring chronology rellect growth con-
ditions during the last millennium. it is confirmed by glacier
advances during the “Litle lee Age™. For example, low tree
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Fig. 1. (a) Indexed tree-ring width regional chronology for
the period 1000-1999 developed for Altai Mountains.
(b) Reconstructed June-July temperature is smoothed

by 50-yr running mean.

growth, temperature decrcase and maximum glacier advance
are found in the end 17th, end 18th to middle 19th when mos!
of trees fell down, On the other side. improved growth, tem-
perature increase and glacier depression happened at the same
time.

The June-July temperature is the general limiting lactor for
racial growth of Siberian larch at the upper timberline in Allai
Mountains.

The temperature decrease at the end of 17th, from the eng
ol 18th to middle 19th (maximum of "Little Ice Age™) and tem-
perature increase in the middle of 14th and 20th centurics wert
the most significant for the last millenium in Alai region.

I'ne potential application of the regional chronology is ar-
cheological, limnological, paleogeographical rescarch fields ang
monitoring of summer temperature changes.
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Fig. 2. Response function of Larix sibirica regional chro-
nology on monthly temperature (1) and precipitatior
(2). Variation explained by climate up to 90% (signif:
icant corrclation value is 0.3).
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