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a  b  s  t  r  a  c  t

Tree-ring  research  in  the  Altai-Sayan  Mountains  so  far only  considered  a limited  number  of  well-
replicated  site  chronologies.  The  dendroecological  and  palaeoclimatological  potential  and  limitations  of
large parts  of south-central  Russia  therefore  remain  rather  unexplored.  Here,  we present  a  newly  updated
network  of 13  larch  (Larix  sibirica  Ldb.)  tree-ring  width  (TRW)  chronologies  from  mid  to  higher  elevations
along  a nearly  1000  km  west-to-east  transect  across  the  greater  Altai-Sayan  region.  All  data  were  sampled
between  2009  and  2014.  The  corresponding  site  chronologies  cover  periods  from 440  to  860  years.  The
highest  TRW  agreement  is  found  between  chronologies  ≥2200  m  asl,  whereas  the  material  from  lower
elevations  reveals  overall  less  synchronized  interannual  to longer-term  growth  variability.  While  fluc-
tuations  in  average  June–July  temperature  predominantly  contribute  to  the  growth  at  higher  elevations,
arid  air  masses  from  Mongolia  mainly  affect  TRW  formation  at lower  elevations.  Our  results  are  indicative
for  the  dendroclimatological  potential  of  the  Altai-Sayan  Mountains,  where  both,  variation  in summer
temperature  and  hydroclimate  can  be robustly  reconstructed  back  in  time.  These  findings  are  valid  for  a
huge  region  in  central  Asia  where  reliable  meteorological  observations  are  spatially  scarce  and  tempo-
rally restricted  to  the  second  half of the  20th  century.  The  development  of  new  high-resolution  climate
reconstruction  over  several  centuries  to millennia  will further  appear  beneficial  for  timely  endeavors  at
the interface  of  archaeology,  climatology  and  history.

© 2015  Elsevier  GmbH.  All  rights  reserved.

1. Introduction

The Altai-Sayan Mountains are one of the largest mountain
systems of central Asia connecting the current-day territories
of Russia, China, Mongolia and Kazakhstan (Fig. 1). This region
plays an important role in the formation of climatic processes
that typically prevail over large parts of central and northern
Asia (Chen et al., 2012, 2014, 2015; Darin and Kalugin, 2012;
Sidorova et al., 2012). The combination of mainly undisturbed high-
elevation conifer forests (Oidupaa et al., 2004; Henderson et al.,
2006) and the abundance of well-preserved dry-dead wood make
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this region particularly interesting from a dendroclimatological
point of view (D’Arrigo et al., 2001; Kharuk et al., 2008; Kirdyanov
et al., 2012; Zhang et al., 2014; Davi et al., 2015). The annual incre-
ments of woody plants may  further reflect summer temperature
(Ovtchinnikov and Vaganov, 1999; Chen et al., 2012).

Dendrochronological research at the upper treeline of the
Altai-Sayan Mountains so far aimed at studying the temperature
response of trees and developing long composite chronologies
to ultimately reconstruct pre-industrial temperature changes.
Adamenko (1978) was the first dendrochronologists who studied
the growth of trees in this part of central Asia. A detailed overview of
studies is provided in Table 1. Over the last years, TRW chronologies
have been supplemented by additional dendroecological studies
and wood anatomical parameters such as maximum latewood den-
sity (Frank et al., 2007), stable isotopes (Sidorova et al., 2012), and
xylem structures (Fonti et al., 2013).
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Fig. 1. Location map  of sampling sites: Kokcy, Chind, Ak-ha, Jelo, Tute, Tara, Sukor, Mongun, Kolchan, Tan, Derzik, Kungur, Taris.

Table 1
Dendrochronological studies at the upper treeline of the Altai-Sayan Mountains.

Author Year Chronology Chronology period Elevation (m) Comment

Schweingruber 1994 Ust Koksa Hill 1581–1994 1750 Seven TRW chronologies of living
treesCeminsky pass 1611–1994 1450

Ust Ulagan Bog 1697–1994 1950
Aktasch Valley 1601–1994 2000
Jablonsky P. West 1761–1994 1400
Ust Ulagan Lake 1581–1994 2150
Kirisky Pass 1741–1994 1500

Ovtchinnikov and
Vaganov

1999 ALTA 1562–1995 2180 Five TRW chronologies of Larix
sibiricain  the AltaiALTB 1700–1995 2050

ALTC 1607–1995 2000
ALTP 1613–1996 2200
ALTS 1562–1996 2200

Ovtchinnikov et al. 2000 895–1999 2100–2200 The first millennial chronology for the valley Aktru

Magda and Vaganov 2001 1756–1974 1800 Two TRW chronologies for the
southern slope of Kurai ridge1681–1974 2000

Oidupaa et al. 2004,
2011

KRN 1580–2001 1800 TRW chronology for the Eastern Tannu-Ola range
ETU 1418–2001 2300 TRW chronology for the upland Sangilen
Tarys 904–2007 2000–2200 TRW chronology for the South-East Tuva

Myglan et al. 2012 Jelo 122–2006 2300 TRW chronology for North-Chuy range
Mongun At 359 BC–2009 AD 2300–2400 TRW chronology for the mountain massif Mongun-Taiga

Nazarov and Myglan 2012 769–2010 2200–2300 TRW chronology from Siberian pine for the valleys Aktru, Korumdu,
Maashei

Despite the large amount of studies carried out, several issues
remain unresolved. The so far developed TRW chronologies in
the Altai-Sayan region are not uniformly distributed in space and
time. Several chronologies are clustered within specific regions
with less than 40 km between different study sites (Ovtchinnikov
et al., 2000,b; Myglan et al., 2012a,b; Nazarov and Myglan, 2012).
Other region are only represented by single remote chronologies
with up to 600 km to the nearest TRW reference e.g., Mongun
(Myglan et al., 2012a,b) and Tarys (Oidupaa et al., 2011). In addi-
tion, chronologies extending no more than 300 years back in time
reveal a lack of temporal replication, e.g., Ust Ulagan Bog, Jablon-
sky P. West, Kirisky Pass. Recent updates are also missing for most
chronologies, limiting up to date growth trend research. Further-
more, only little agreement between chronologies located within a

100 km have been published e.g., ALTA and ALTP correlation of 0.31
(Ovtchinnikov and Vaganov, 1999).

Here, we present a newly updated network of 13 larch (Larix
sibirica Ldb.) TRW chronologies from mid- to high-elevation sites
along a nearly 1000 km west-to-east transect across the greater
Altai-Sayan region. The aim of this study is to estimate the spatial
variability in TRW and to define sites that appear most suitable for
reconstructing either summer temperature or precipitation.

2. Material and methods

2.1. Study area and site characteristics

A total of 13 sites was sampled between 2009 and 2014 in
the Altai-Sayan region to create a west-to-east transect of 825 km
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