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Abstract: The result of correlation analysis between tree-ring growth and climate is the key indicator in
dendroclimatic investigations. Combinations of different climate datasets with different tree-ring parame-
ters of Schrenk spruce (Picea schrenkiana Fisch. et Mey.), give different correlation results.

Samples for this study were collected in spruce forests of northern Tian Shan in the southeastern part of
Kazakhstan. Several combinations of monthly, daily, gridded and station climate data with earlywood (EW),
latewood (LW), total ring width (TRW) of young, old and mixed (old and young) trees were checked.

EW showed the best correlations with precipitation, LW with temperature and TRW with Standardized
Precipitation-Evapotranspiration Index (SPEI). Correlation analysis indicates that daily climate data in
combination with EW and LW provide best results. Strongest correlation with precipitation was found
for EW of old trees, for the period July 6® — November 3 (previous year), r = 0.64 (p<0.05). LW of age-
mixed trees showed correlation with temperature of current year. Strongest correlations: with average
temperature, for the period June 11% — August 4%, r = -0.67; with maximum temperature, for the period
June 25" — July 17%, r = -0.66 (p<0.05) and with minimum temperature for the period June 11* — August
4t r = -0.64 (p<0.05). TRW of young trees showed the strongest correlation with the Standardized Pre-
cipitation-Evapotranspiration Index 12, for June of current year, r = 0.61 (p<0.05). Finally a shifting of
strongest correlation between EW of mixed trees and precipitation was found. The strongest correlations
with gridded data were found in previous July and with station data in previous October.

This study provides new information for understanding the relationships between tree-ring growth and
climate in the Trans-Ili Alatau.

Keywords: Dendrochronology, Tian Shan, Schrenk spruce, Picea schrenkiana Fisch. et Mey, dendroclimatol-
ogy

Addresses: B. Zubairov, Humboldt-Universitit zu Berlin, Faculty of Mathematics and Natural Sciences,
Department of Geography, Berlin, Germany, e-mail: zubairob@geo.hu-berlin.de

K.-U. HeuRBner, Deutsches Archdologisches Institut, Scientific Department of the Head Office, Berlin,
Germany, e-mail: karl-uwe.heussner @dainst.de

H. Schréder, Humboldt-Universitédt zu Berlin, Faculty of Mathematics and Natural Sciences, Department
of Geography, Berlin, Germany, e-mail: hilmar.schroeder @geo.hu-berlin.de



120

Bulat Zubairov, Karl-Uwe HeuB3ner, Hilmar Schrdder

Introduction

The main goal of dendroclimatic investigations is
the reconstruction of different climatic parameters.
In order to do this reconstruction, we need to un-
derstand which climatic signal we have in our tree
rings. For this purpose we use correlation analysis,
but the results of this analysis always depends on
many parameters: sampling site, preparation of the
samples, standardization process and climate dataset
which are used, all these influence the final results
(Schweingruber, 1996). In order to start a new re-
search at a new place, we always have to check what
kind of information is stored in our samples. The
dendroclimatic investigations in Kazakhstan start-
ed in Soviet times and were especially intensive in
the southeastern part of Kazakhstan in Tian Shan
Mountains, where forests are dominated by Schrenk
spruce (Picea schrenkiana Fisch. et Mey.). The first
thorough dendroclimatic research in Kazakhstan us-
ing Schrenk spruce was conducted by Borscheva NM
from the 1970s to the 1990s. She found that sensitiv-
ity of Schrenk spruce grows from West to East, from
the Trans-Ili Alatau Range to the Kungey and the Ter-
skey Alatau Ranges, which is connected with a de-
crease of precipitation in this direction (Borscheva,
1983). In the mountains, variations of temperature
and precipitation regime are also highly influenced

by altitudinal zonation (elevation and topography).
In literature usually spruce forests in Tian Shan are
divided in three belts: lower — from lower tree lim-
it to 2100-2200 m a.s.l., middle - from 2100-2200
to 2400-2500 m a.s.l. and upper — from 2400-2500
m a.s.l. to upper tree limit, this division is based on
differences in climatic conditions (Roldugin, 1970;
Kolov et al., 2003). In northern Tian Shan the coef-
ficients of sensitivity for earlywood (EW), latewood
(LW) and total ring width (TRW), vary from 0.15 to
0.27 (Borscheva, 1983). According to Borscheva, in
general old trees have higher LW content, and show
higher sensitivity compared to young trees (Bor-
scheva, 1983). Correlation analysis showed that in-
crement of EW is influenced by cold-period weather
at both upper and lower tree-limits. For the LW for-
mation the dominant factors are precipitation from
June-July to August-September of the current year
and temperature from the second half of the sum-
mer to beginning of the autumn (Borscheva, 1983).
Borscheva showed that growth is influenced by pre-
cipitation and temperature, but the dominant factor
is autumn-winter precipitations of previous year and
current year’s spring precipitation. She found that
the influence of humidification and thermal condi-
tions of the previous vegetation year affects only the
annual variability through the formation of vegeta-
tive buds and needles (Borscheva, 1981a; Borscheva,

Table 1. Dendroclimatic studies in the Trans-Ili Alatau based on Schrenk spruce

Tree-
rin, Forest Detrendin, Climate  Meteorologi- T Climate-growth corre-
Reference profy belt Method ¢ dataused  cal station Climatic signal lation
type
Borscheva Lw Lower n/a Monthly n/a July-August precipi- With 5 years averaging,
(1983) station tation fromr = 0.38+0.18 to
data 0.70+0.22 (p<n/a)
Passmore etal. TRW  Middle n/a Monthly  Bolshaya Al-  Annual temperature r = 0.44 (p<n/a)
(2004) station matinka Lake,
data Mynzhilki and
Ust Gorelnik
Panyushkinaet TRW  Upper Hugershoff Monthly Narin April 6 — April 30 r =-0.61 (p<0.0001)
al. (2010) growth curve and daily mean temperature
station
data
Chen et al. TRW  Lower Cubic smoothing Monthly Almaty SPEI* (Vicente-Serrano  r = 0.647 (p<0.001)
(2017) spline, with 50%  station et al. 2010) (previ-
frequency-re- and grid- ous August — current
sponse at 70 years ded data January)
Zhang et al. TRW  Lower 100 yr - spline Monthly Almaty previous June — current  r = 0.63 (p<0.0001)
(2017) curve station May precipitation
and grid-
ded data
Panyushkinaet =~ TRW All  Cubic smooth- Monthly Almaty previous fall — current  r = from 0.4 to -0.6
al. (2018) forest ing spline, with station January — February (a=0.01)
belts 50% frequen- and grid- precipitation r = from 0.35 to 0.4
cy-response ata  ded data July - September pre-  (a=0.01-0.05)
wavelength of 2/3 cipitation r~0.3 (a=0.05)

the sample series
length

May - September
precipitation and tem-
perature

Significance estimated
by Monte Carlo method
(Meko et al. 2011)

*SPEI the Standardized Precipitation-Evapotranspiration Index.
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1981b; Borscheva, 1981c; Borscheva, 1981d; Bor-
scheva, 1983; Borscheva, 1986). Other researchers
have also noted the importance of the previous year
precipitation, which is explained by enhanced soil
moisture availability (Gan, 1970; Chen et al., 2017;
Zhang et al., 2017; Panyushkina et al., 2018). We
found only 5 published dendroclimatic studies con-
ducted in the Trans-Ili Alatau since the 1990s (Table
1), and in general all published results are in agree-
ment with Borscheva’s. But we can obviously see the
difference in input data, some researchers collected
samples at upper, and others at lower tree limits.
Some of them used only weather station data and
others also used gridded datasets. One group investi-
gated correlations with yearly, a second with monthly
and a third with daily climate data (Passmore et al.,
2004; Panyushkina et al., 2010; Zhang et al., 2017;
Panyushkina et al.,, 2018). Borscheva investigated
signals from EW and LW, whereas, other researchers
used only TRW. Taking this into consideration, we
set a goal to investigate how different combinations
of input data affect correlation results. Also, this will
be the first correlation analysis between EW, LW and
daily climate data in the Trans-Ili Alatau, we hypoth-
esize that this combination can provide the strongest
correlations and more precise seasonality window of
climatic signal in the tree rings variation.

Data and methods

Sampling site and chronologies
development

Schrenk spruce, (Picea schrenkiana Fisch. et Mey)
samples were collected in the lower tree limit (1970
m above sea level) of the Trans-Ili Alatau Range, Ka-
zakhstan (43.05°N, 76.45°E) near the Aksay gorge,
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in September 2016 (Fig. 1). Sampling was conducted
on a north-facing slope (inclined at 20-25°) with a
shallow soil layer following standard dendrochrono-
logical procedures outlined in Speer (2010). At least
2 cores from a total of 21 trees were sampled from
individuals without signs of injury or diseases, with
38 cores suitable for further analysis.

Cores were dried, mounted and polished with
progressively finer sandpapers. Prepared samples
were scanned at 1200 dpi and measured in Win-
DENDRO (Regent Instruments Canada Inc., 2009).
The WinDENDRO is a semi-automatic system. The
rings are detected based on light intensity differenc-
es and then checked visually on presence of false/
missed rings or misclassifications. Measurements
for EW, LW, and TRW were divided in groups based
upon tree age and includes, i) old trees (12 cores
from 7 trees with a mean segment length of ~150
years), ii) young trees (12 cores from 7 trees with a
mean segment length of ~77 years), and iii) mixed
old and young trees (38 cores from 21 trees with
a mean segment length of ~103 years). All series
were visually cross-dated in the TSAPWin program
(Time Series Analysis and Presentation for Dendro-
chronology and Related Applications; version 4.67c
© 2002-2011 Rinntech), checked using the CO-
FECHA program (Version 6.06P © 1997-2004 Ab-
soft Corporation) and corrected if it was necessary
(Holmes, 1983). Then the ARSTAN program (Au-
toRegressive STANdardization; MRWE Application
Framework © 1997-2004 Absoft Corporation) was
used for standardization and final data preparation
for further correlation analysis (Cook & Holmes,
1986). Datasets consisting of young trees were de-
trended by applying negative exponential curves,
and others were detrended using the smoothing
spline (step length 100). Young and old trees might
have such different trends on different time scales
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Fig. 1. Study region and photo from the site. The Digital Elevation Model (DEM) was obtained using the Advanced Space-
borne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) version 2 image
(Tachikawa et al. 2011). The map is generated by ArcGIS 10.3 (https://www.arcgis.com/)
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that different detrending methods were necessary
in order to minimize the individual non-climatic
signals (noise) and maximize the common climate
signal in the young and old trees. The mean inters-
eries correlations (Rbar), the expressed population
signal (EPS) and other statistics were used in order
to check the quality of our chronologies. For the
statistics analysis the dendrochronology program li-
brary (dplR) was applied (Bunn, 2008). The EPS of
0.85 has been chosen as an appropriate criterion to
ensure the reliability of our chronologies (Wigley et
al., 1984). In order to maximize the high frequency
signal the residual chronologies were chosen for cor-
relation analysis, removing autocorrelation from the
series using autoregressive modeling. Finally, adap-
tive power transformation was used to stabilize the
variance (Cook & Peters, 1997). This was done in
order to remove non-climatic variability, for example
age-related growth trends and to reduce the noise
caused by individual trees.

Climate setting and meteorological data

In analysis we used monthly and daily climate
data obtained from the KNMI climate explorer
(www.climexp.knmi.nl) (Trouet & Oldenbourgh,
2013) and from the USA National Snow and Ice
Data Center (NSIDC) (Table 2). Databases we used
include: the Global Historical Climatology Network
(GHCN)-Daily v.2 database (Menne et al., 2012),
Climate Research Unit (CRU) TS 4.00 (Harris et
al., 2014) and Central Asia temperature and pre-
cipitation data, 1879-2003 (Williams & Konovalov,

Table 2. Climate data

2008). We used data from the Almaty weather sta-
tion (WMO number 36870) because it is the near-
est station (straight-line distance to the sampling
site is 17 km). In order to exclude the influence of
different length of climate datasets on correlation
results, we limited the length of all climate datasets
and chronologies to the length of the minimal avail-
able period, from 1926 to 1982. Different climatic
parameters were taken into consideration, includ-
ing: precipitation, maximum, minimum and aver-
age temperature. Drought was investigated using
the Standardized Precipitation Evapotranspiration
Index (SPEI). The SPEI is basically a difference be-
tween potential evapotranspiration (PET) and pre-
cipitation, so for instance 12-month SPEI is a dif-
ference between PET and precipitation accumulated
over the 11 months before to the current month.
We did analysis with all SPEI datasets available on
the KNMI climate explorer, trying to find the best
correlations.

The climate in the region in general is character-
ized by strong seasonality in temperature with max-
imum in July and August, and bimodal precipitation
regime, with two peaks, one in April-May and sec-
ond in October-November (Fig. 2). The mean annual
air temperatures (MAAT) is around 9.1°C and mean
annual precipitation totals are about 620 mm, with
fluctuations ranging from 570 to 710 mm during the
period from 1894 to 2011. Also we should mention
that the bimodal precipitation regime recorded in Al-
maty is not so pronounced at higher elevations where
we have just one peak from April to August instead
of two.

Climate data Ob;z?i/ggon Coordinates Climatic parameters Data source
Almaty station 1926-1982 43.23°N, 76.93°E, Precipitation; Average, Maximum and KNMI climate explorer
(monthly data) 851 ma.s.l. Minimum temperature and USA NSIDC
Almaty station 1926-1982 43.23°N, 76.93°E, Precipitation; Average, Maximum and KNMI climate explorer
(daily data) 851 ma.s.l. Minimum temperature
Gridded data 1926-1982 43.05°N, 76.45°E, Precipitation; Average, Maximum and KNMI climate explorer
CRU TS 4.00 1973 m a.s.l. Minimum temperature and SPEI
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Fig. 2. Temperature and precipitation graphs for the period 1921-2003, left - monthly average, right — annual precipita-
tion totals and MAAT, based on the Almaty weather station
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The temperature has an increasing trend and the
rate became faster after 1982, whereas precipitation
had a decreasing trend at the beginning of the last
century, after that, the trend leveled and became a
nearly flat line from 1958 to 2010 (Cherednichenko
et al., 2015). Monthly data correlations, including
spatial correlations, were analyzed in the KNMI cli-
mate explorer, and daily data using the (CLIMTREG _
V4) program (Beck et al.,, 2013). The CLIMTREG
calculates correlations starting in July of the last year
running to the end of October of the current year.
The correlation starts with a 21 days window shifting
every time by one day. After this the program starts
calculation again but now with 22 days window. The
process continues until reaching 121 days. In the end
it presents the best correlation results which were
found. In order to check the temporal stability of the
climatic signal, the running correlation with 30 years
window and minimum number of years with data =
1 was applied. Spatial correlation analysis shows the
geographic representation of our chronology. It was
performed for the territory (35°-55°N, 45°E-95°E),
which covers the whole Central Asia, northwestern
China, western Mongolia and adjacent territories of
Russia. Climatic parameters investigated on spatial
correlations include precipitation, average, minimum
and maximum temperature and the SPEL. We checked
correlations for both previous and current years, be-
cause growth in the current year can be affected by
the precipitation and temperature conditions of pre-
vious year (Schweingruber, 1996).

Results
Chronologies and sensitivity

Three residual chronologies of EW, LW and TRW
were built for each group of trees. In total, eight
chronologies were taken into account for correlation
analysis. Due to insufficient values of EPS and Rbar,
LW chronology of young trees was excluded from the
analysis (Fig. 3). All other chronologies demonstrate
good quality and applicability for climate correlation
analysis, for the period 1926-1982. Chronology sta-
tistics obtained from the ARSTAN program are pre-
sented in Table 3. Data analysis revealed the differenc-
es in mean sensitivity among all datasets. In general
the LW shows higher sensitivity. EW and TRW have
more or less equal values that vary from 0.19 to 0.27.
The intercorrelation between individual measure-
ment series was lower for LW and higher for EW and
TRW. Rather high values of the variance in the first
eigenvector indicate similarity of signals reflected by
each group of trees. In all cases, the highest value
of mean sensitivity (MS) were found for young trees
whereas old trees show the lowest values, which is
interesting because contradicts the Borscheva’s find-
ings (Table 3).

Results of correlation analysis

Correlations between various tree-ring parameters
and all age groups with daily climate data revealed
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Fig. 3. Tree-ring residual chronologies and sample depth of all (a), old (b) and young (c) trees. EPS and Rbar statistics
calculated over a 30-year period lagged by 15 years (right). Green line — EW, redline — LW and blue line - TRW
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Table 3. Statistics for the residual chronologies

Chronology EW all EWold EW young LW all LW old TRW all TRW old TRW young
Chronology time span 1808-2016 1808-2016 1919-2016 1808-2016 1808-2016 1808-2016 1808-2016 1919-2016
Common interval 1967-2016 1906-2016 1967-2016 1967-2016 1906-2016 1967-2016 1906-2016 1967-2016
Number of trees and radii 21 trees 7 trees 7 trees 21 trees 7 trees 21 trees 7 trees 7 trees

38 radii 12 radii 12 radii 38 radii 12 radii 38 radii 12 radii 12 radii

MsS? 0.21 0.20 0.27 0.22 0.21 0.21 0.19 0.27
SDP 0.18 0.18 0.23 0.19 0.19 0.18 0.17 0.23
SNR¢ 29.10 9.49 13.16 16.66 6.81 32.00 11.24 14.50
1EVY (%) 58.09 59.00 67.39 42.77 48.59 60.74 63.38 70.78
Mean correlation between 0.53 0.53 0.61 0.36 0.42 0.55 0.57 0.64
all series

EPSe 0.97 0.90 0.93 0.94 0.87 0.97 0.92 0.94

3MS Mean sensitivity,

SD Standard deviation,

°SNR Signal-to-noise ratio,

4]EV Variance in first eigenvector ,

°EPS Expressed population signal,

Correlations are statistically significant (p<0.05).

Table 4. Strongest correlations between different climate datasets and chronologies of different age groups of trees. Pre-
cipitation correlated with EW, temperature with LW and the SPEI 12 with TRW (please note correlations increasing

from left to right)

Climatic CRU TS 4.00 CRU TS 4.00 Monthly station data Daily station data

parameter (only mixed trees) (all groups) (all groups) (all groups)
Precipitation 0.35%** 0.37** 0.43%** 0.64**

previous July July October previous July 6'-November 3
Average —0.48*** —-0.48*** —-0.52%** —-0.67***
temperature July July July June 11%-August 4%
Minimum —0.42%** —0.42%** -0.50%** —-0.64***
temperature July July July June 11%-August 4*
Maximum —0.50%** —0.50%** —-0.52%** -0.66***
temperature July July July June 25%—July 17
SPEI 12 0.53%** 0.61* B ~
June June

*young trees, **old trees, ***mixed trees, correlations are statistically significant (p<0.05).

Table 5. Correlation results in the CLIMTREG, between daily climate data and different age groups and tree-ring param-

eters
. . . Young trees Old trees Mixed trees
Tree-ring Climatic Number Number Number
¢ ¢ . . .
parameter parameter Period of days Period of days Period of days
EW Precipitation Previous July 6"— 119 Previous July 6" 120 Previous July 6*"-No- 120
November 2" November 3™ vember 31
LW Average B June 23-July 16® 23 June 11*-August 4* 54
temperature
Minimum B June 23 -July 20* 27 June 11%-August 4 54
temperature
Maximum B June 23-July 16% 23 June 25%—July 17* 22
temperatur (S
1.0 -
WM
< 0.5 1
E - — Precipitation SPEI 12
g ' ... : Fig. 4. The running correlation analysis (window size =
neg e 3 ears, minimum number of years with data = 1).
© s 30y ber of y h d 1
P e Correlation values for precipitation and SPEI 12 sig-
: ; : ; : ' — nals are significant during the entire observation period
1830 1940 1950 1960 1970 1980 (p<0.05) and temperature signals are significant only
Year until 1979
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stronger relationships than with monthly CRU data
or monthly station data (Table 4). The analysis re-
vealed that the TRW better correlates with the SPEI
12; EW yielded the strongest correlation with pre-
cipitation and LW with temperature (Table 5). Re-
sults of the running correlation analysis showed the
temporal stability of precipitation and SPEI 12 sig-
nals. The correlation values vary from 0.6 (p<0.05)
to 0.74 (p<0.001) and from 0.52 (p<0.01) to 0.74
(p<0.001), for precipitation and SPEI respectively.
In contrast, the temperature signal showed gradual
decreasing of correlation from 1926 to 1982 becom-
ing insignificant after 1979 (Fig. 4). The correlation
values vary from -0.76 (p<0.001) to -0.31 (p>0.2)
for minimum temperature, from -0.8 (p<0.001) to
-0.44 (p<0.05) for average temperature and from
-0.76 (p<0.001) to -0.27 (p>0.3) for maximum
temperature.

Spatial correlation

The spatial correlation with different climatic
parameters revealed that the best correlations are
mainly associated with the territory of Kazakhstan,
but some correlations are also found in the adjacent
territories of Kyrgyzstan and China (Fig. 5). Corre-
lations with temperatures show gradual changes
whereas precipitation and drought have more heter-
ogeneous patterns. The EW of old trees shows best
correlation with precipitation, and TRW of young
trees shows stronger and more precise correlation
with the SPEI drought index. Spatial field correla-
tions between temperature and old trees cover a
smaller area compared to mixed trees, which cover
a bigger territory stretching up to central Kazakh-
stan. Also it was noted that correlations with mixed
dataset provides better results compared to old and
young trees separately (Fig. 6).

Discussion

The weak statistical results of the LW chronology
of young trees can be due to so called “Divergence
Problem” and associated with reduction of sensi-
tivity and changes in the structure of temperature
signal in radial tree growth since the middle 20™
century (D’Arrigo et al., 2008). This assumption is
also supported by our running correlation analysis,
which showed the decreasing of the temperature sig-
nal. Higher values of MS and the variance in the first
eigenvector for young trees indicate higher depend-
ence on environmental conditions compared to old
trees. These results are also in agreement with the
results reported in Wu et al. (2013). According to
Borscheva (1983) differences in sensitivity between
trees of different age are connected to critical periods

of ontogenesis, middle age trees are characterized by
intensive seeding which make them more sensitive
to environmental changes. This could be the reason
why our young trees showed higher MS compared to
old trees. The ratio between latewood and earlywood
also has direct connections to sensitivity, the more
the latewood content the higher the sensitivity (Bor-
scheva, 1986).

Young trees show higher sensitivity to drought
conditions compared to old trees since this is a limit-
ing factor, which determines the vegetation period for
them. Old trees in contrast, have ample sunlight, ful-
ly developed root systems that assists in drought tol-
erance, but they are more sensitive to the availability
of water resources (Kozhevnikova, 1981). The com-
mon period when drought affects both age groups is
current June-July. Correlations with temperatures in
current July, especially with maximum temperature
is also in agreement with Borscheva’s results (1983)
which showed that, in July LW formation starts and
we see that temperature has the primal effect on this
process. Negative correlations with temperature in
July are also in agreement with results published by
Magnuszewski et al. (2015). It can be also consid-
ered as a manifestation of drought stress, because
low precipitation and high temperature can affect
the production of sugars (LaMarche, 1974). The LW
formation of old and young trees, which is driven by
temperature characteristics, starts and ends in differ-
ent time periods. Hence, if we do seasonal averag-
ing, we should use mixed datasets, since it can cover
the whole period of LW formation and better reflects
temperature changes. Such age-dependent differenc-
es in climatic sensitivity were reported for various
tree species (Vieira et al., 2009; Yu et al., 2008; Wang
et al., 2009; Rozas et al., 2009). There are many ex-
planations why this difference exists, for example
variations in the period of xylem growth (Rossi et
al., 2008), lower photosynthetic rates in older trees
(Bond, 2000), or increasing of hydraulic resistance
(Carrer & Urbinati, 2004).

Another interesting fact was a shifting of strongest
correlations values for precipitation. The CRU data
demonstrate highest values between EW and precip-
itation in previous July, whereas station data showed
strongest correlation with precipitation in previous
October. This shifting probably can be explained by
differences in altitude between station and sampling
site and also by some orographic features. In gener-
al the highest correlations were found in the peri-
od from previous July to previous November. This
shows that the previous year affects the content of
EW, and wet conditions are beneficial for trees, be-
cause this reduces evapotranspiration and helps to
save moisture for the next vegetation period which
is also in agreement of results reported by Chen et
al. (2017).
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The spatial correlations demonstrated a significant
influence of orography and difference in precipitation
regime. The Terskey Alatau and the Kungey Alatau
located further to the East and the South from our
sampling site are closed for entrance of northern and
northwestern air masses (Aizen et al., 1997; Bolch,
2007). This probably explains a difference in reaction
of Schrenk spruce in northern and central Tian Shan,
when MS grows with altitude in the Trans-Ili Alatau
(Roldugin, 1970; Kolov et al., 2003), but decreases in
the central Tian Shan in China (Wang et al., 2005).
Spatial correlations again demonstrated that each age
group of trees captures specific signals and combined
into a mixed dataset they provide better results.
However a considerable amount of uncertainty still
remains regarding what are the physiological reasons
of differences in climatic sensitivity between old and
young trees of Schrenk spruce in northern Tian Shan.
Therefore further efforts are required in order to clar-
ify this question.

Our results support our hypothesis. In all tests
with daily climate data EW and LW provide strong-
est correlations with precipitation and temperature
respectively. We see the obvious potential of using
various tree-ring parameters of Schrenk spruce, for
example in future dendroclimatic studies, since this
gives a possibility to reconstruct several climatic pa-
rameters using the same trees each time.

Conclusion

We investigated how different combinations of
climatic and tree rings datasets affect correlation
results based on data collected in the southeastern
part of Kazakhstan. For the first time, correlations
between EW, LW and daily climate data for Schrenk
spruce in the Trans-Ili Alatau (northern Tian Shan)
were investigated.

Results indicate EW correlates most strongly with
precipitation, LW responds best to temperature, and
total ring width is mainly drought sensitive. Analysis
using daily climate data demonstrated its perspective,
providing better correlation values and more precise
time intervals. Old trees yield better correlation re-
sults with precipitation. Mixed trees demonstrate
best results with temperature and drought records. A
shifting of strongest correlations in time was found,
between EW and precipitation, when we use CRU
data and station data. All this indicates the impor-
tance, of taking into consideration, which climate
datasets, tree-ring parameters and age group we use
in dendroclimatic research, because these have direct
influence on correlation results.

This study is a small step towards understand-
ing the relationships between climate conditions
and spruce forest growth in Southeast Kazakhstan.

In order to increase reliability of the analysis more
samples need to be collected, therefore this study
presents just a preliminary results. Moreover, based
upon our findings it is possible that trees in the mid-
dle and upper forest belts may also show varying
climate-growth relationships depending upon age
class. Implementation of new methods like stable
isotope and wood anatomy analysis can provide ad-
ditional climatic information and complement ring
width analyses.
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