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Abstract: Pinus sylvestris L. (Scots pine) is the main forest tree species in Burabai National Park. Trees here 
grow under continental climate conditions. There are no dendroclimatological studies based on Scots pine 
of this region. The purpose of this study was to find the relationships between tree-ring widths and climate. 
For this purpose, a total of 176 cores from 100 Scots pine trees were collected. After measuring tree-ring 
widths, standard chronology building methods were used, and three site chronologies were constructed. 
Correlation coefficients between tree-ring widths with temperature and precipitation were calculated. Pre-
cipitation from October of the previous year to July of current year had a positive influence on tree-ring 
widths and August–September precipitation have the opposite effect. Temperature in the winter had pos-
itive effect for tree-ring growth but significantly negative during summer. Effects of climate changes on 
tree-ring widths were observed. The variation and sensitivity of tree-ring widths increased after 1940s. An 
increasing trend in precipitation, temperature, and tree-ring widths were clearly observed. In conclusion, 
tree-rings of Scots pine in Burabai are highly sensitive to growing site conditions and are affected by climate 
changes. 
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Introduction

Dendroclimatology is one of the most important 
tools to understand the nature of climate and its 
changes. Hughes (2002) stated that the climate sig-
nal on tree rings can be seen at spatial scales ranging 
from a few hectares to a hemisphere, and at temporal 

scales from a few hours to centuries in atmospheric 
circulations. In recent years, hemisphere-wide tree 
ring-based climate data are getting produced. George 
and Ault (2014) stated that summer precipitation is 
the most important positive factor affecting tree-ring 
widths in the mid-latitudes, while summer tempera-
ture has strong negative influence. Wilson et al. (2016) 
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performed a large scale May to August temperature re-
construction and long term changes for the Northern 
Hemisphere showing temperature has an increasing 
trend in recent centuries. Cook et al. (2015) described 
the effects of Medieval Climate Anomaly and Little Ice 
Age based on tree-ring reconstructions by studying 
megadroughts in Europe and the Old World.

In different regions of the world, dendroclimato-
logical studies revealed valuable local climate history 
information. D’Arrigo et al. (2000) performed annu-
al temperature reconstruction in Mongolia and stated 
that there is an increasing trend in temperature after 
the 1800s. Numerous dendroclimatological studies 
were performed in northern Europe (e.g. Esper et 
al., 2007; Kausrud et al., 2010; Corona et al., 2010; 
Tegel et al., 2010; Büntgen et al., 2011; Büntgen 
et al., 2016; Gogou et al., 2016; Luterbacher et al., 
2016; Xoplaki et al., 2016; Holmgren et al., 2016), in 
the eastern Mediterranean basin (e.g. Touchan et al., 
2005; Touchan et al., 2007; Akkemik & Aras, 2005; 
Akkemik et al., 2005; Akkemik et al., 2008; Köse et 
al., 2011; Köse et al., 2013), in central Asia (e.g. Yuan 
& Li, 1999; Yuan et al., 2001; Esper et al., 2002; Yuan 
et al., 2003; Chen et al., 2009; Chen et al., 2010), in 
the southern Urals (Agafonov & Kukarskikh, 2008) 
and in Siberia (Rigling et al., 2001; Babushkina et al., 
2015; Shah et al., 2015). 

However, Kazakhstan has been the subject of very 
few dendroclimatological studies. Pugachev (1986) 
explained that the growth of Pinus sylvestris in the 
steppe forests of Turgai (Kustanai region, Kazakh-
stan). Chen et al. (2010) reconstructed tree-ring 
density-based summer temperature for the time span 
of 1600–2002. Dyakonov and Retejum (2015) stated 
that the 1920s reflected major tree-ring anomalies 
including a huge famine event. This event caused 
7–8 million deaths in Ukraine, Russia, Kazakhstan 
and China. The recent dendroclimatology study in 
Kazakhstan was on tree ring-analysis of Pinus sylves-
tris from Shalday Pine Forest in the northeastern Ka-
zakhstan (Mapitov & Zhumadina, 2016). This study 
reveals that May precipitation has a significantly pos-
itive effect on tree-ring growth, while May tempera-
ture has significantly negative influence. 

Burabai Region is one of the most important for-
est areas of Kazakhstan. This region has a wide Pinus 
sylvestris forest, which is pure and mixing with Betula 
alba in some parts. Because of the lack of dendrocli-
matological studies in Burabai Region of Kazakhstan 
and having old Pinus sylvestris forests, the purpose of 
the present study was (1) to build tree ring chronol-
ogies of Pinus sylvestris for this region, (2) to deter-
mine the relationships between tree-ring widths and 
climatic parameters (mean monthly temperatures 
and total monthly precipitation), and (3) to find the 
effect of climate change on tree-ring widths. Accord-
ing to the Synthesis Report 2014 of IPCC published 

in 2015, temperature has been increasing in most 
parts of the world. Precipitation increase will not be 
uniform and will be more in higher latitudes when 
temperature will be increasing uniformly. One of the 
most important changes in climate is the increase in 
the frequency of extreme events after 1950 (IPCC, 
2015). We expect that dendroclimatological studies 
will provide useful information on climate change in 
Burabai Region, where dendroclimatological results 
are lacking and instrumental records scarce.

Study area

Burabai Region, which is one of the National Nat-
ural Parks of Kazakhstan, is located in north-central 
Kazakhstan, and covers an area of 129,000 ha includ-
ing forests, lakes, and villages (Fig. 1). Pinus sylvestris 
is the main tree species in this forest with an area 
of 65%. 31% of the area is covered by Betula pendu-
la L., and the remaining 3% with Populus tremula L. 
and 1% with shrubs (Fig. 2). These three species 
grow naturally in the forests we studied, while it is 
possible to see Pinus sylvestris plantations around cit-
ies. It is located on the territory of Akmola, in the 
most elevated part of the northern margin of Kazakh 
Hummocks. In the northern part, it reaches its max-
imum elevation (Mount Kokshetau, 947.6 m a.s.l.). 
Further to the south, there is Mount Burabay (690.0 
m a.s.l. and Mount Zheke-Batir (826.2 m a.s.l.) In 
the southern part of the mountain chain, elevation 
starts to decrease to 400–500 m a.s.l. There are many 
lakes in Burabai Region called Borovoye, Shchuchye, 
Chebachye, Maybalyk and Katarkol. The climate is 
sharply continental, with hot summers and hard dry 
winters. The annual precipitation is 250–295 mm in 
the lowland and up to 400 mm in the hilly part (Fig. 
3). The stable period with average daily tempera-
tures higher than 5°C lasts from late April to early 
October, and the snow cover is established from Oc-
tober to April. The average temperature in June is 
18–20°C, its average maximum ranges 38–40°C. The 
coldest month is January and average temperature in 
this month is –17 to –18°C (the absolute maximum 
–30°C) (Petrova & Sultangazina, 2015). 

Material and Methods
Chronology development

Tree-ring samples were taken from three different 
sites in Burabai Region (Fig. 1; Table 1). A total of 
176 cores from 100 natural trees of Pinus sylvestris 
(Fig. 4) were extracted using increment borers. All 
samples were sent to the Laboratory of Tree-Ring 
Research at Forestry Faculty (Istanbul University) 
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for standard dendrochronology analysis. The cores 
were mounted on carriers and sanded to see tree-
ring borders clearly. Before measuring, each core was 
sectioned 10-year segments to see possible problems 
visually and then tree-ring measurements were per-
formed by using LINTAB-TSAPWin Measuring Sys-
tem (Rinntech, Germany).

COFECHA Program (Holmes, 1983) was used 
for each site separately to check for potential prob-
lems and the quality of the measurements. ARSTAN 
Program (Cook, 1985) was run to build site chro-
nologies. First, each ring-width series was detrended 
by fitting a negative exponential regression function 
to remove non-climatic trends such as age related 

trends (Cook, 1985). Then, the each detrended se-
ries were combined into site chronologies using bi-
weight robust mean (Cook et al., 1990). We used 
residual chronologies for further analysis, removing 
autocorrelation from individual detrended series 
using autoregressive models. The correlation coeffi-
cients and coefficient of agreement (Gleichläufigkeit 
-GLK) value (Eckstein & Bauch, 1969) were calculat-
ed to show similarities between three site chronolo-
gies. Significant and very high correlations were en-
couraged us to build a regional residual chronology 
using all samples from three sites.

The following descriptive statistics for the chronol-
ogies, such as correlation coefficients, signal-to-noise 

Fig. 1. The study region where is Burabai National Park and sampling areas

Table 1. Site information where was collected samples

Site code Site name Elevation (m) Slope (%) Aspect Latitude (N)
Longitude (E) Soil depth Core/Tree number

AKP Akylbai Plain 360–440 15 Flat plain site N 53°02'13.5
E 70°08'12.4

Deep 57/34

AKT Akylbai Top Mountain 750–850 35 South-Southwest N 53°01'21.6
E 70°09'30.8

Shallow 32/17

BAR Barmashino 460–470 15 Flat plain site N 52°58'9.3
E 70°16'36.7

Deep 87/49

Total 176/100
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ratio (SNR), mean sensitivity, and variance of the first 
eigenvector, were calculated for common intervals to 
show the quality and characteristics of the chronol-
ogies. SNR explains strength of the common signals 
among trees in the investigated population (Cook et 
al., 1990). Mean sensitivity (Fritts, 1976) was calcu-
lated to measure the sensitivity of the series:

Annual sensitivity Si = 2 (Xi–Xi–1) / (Xi+Xi–1)

Mean sensitivity (MS) = ∑|Si| / (n–1)

where Xi and Xi–1 are tree-ring widths in the years of 
i and i–1. n is the number of tree rings. Fritts (1976) 
stated that the reason of yearly changes on tree-ring 
width is climate and in extreme changes sensitivity 
ratio increases. Bunn et al. (2013) stated that mean 
sensitivity was conceived as a statistic that would in-
dicate if a series was useful for crossdating or respon-
sive to climate. In this study, we calculate the magni-
tude of year-by-year sensitivity of tree-ring series to 
find if there is any change in sensitivity.

We used the threshold that the expressed popula-
tion signal (EPS) > 0.85 (Wigley et al., 1984), to de-
cide minimum sample depth of each site chronology.

Radial growth – climate relationship

Monthly climate data was obtained from KNMI 
Climate Explorer for the period of 1950 to 2014, which 
is the time span of available meteorological records 
in the region for latitudes and longitudes 50–54°N 

Fig. 2. General view of a mixed forest in the Burabai Region composed of Pinus sylvestris and Betula pendula

Fig. 3. Climate diagram of Burabai Region. Annual precip-
itation is about 300 mm and the much rainy season is 
June to August
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× 69–72°E, respectively. Correlation coefficients 
were calculated between tree-ring chronologies and 
monthly mean temperature and total precipitation 
from October of the previous year to September of 
current year (Fritts, 1976) to find out the effect of 
climate on radial growth of Scotch pine in the region. 
We also ran the bootstrap correlation to evaluate the 
influence of climate variation. DENDROCLIM2002 
Program (Biondi & Waikul, 2004) used the bootstrap 
correlation and response function methods were pre-
ferred to calculate correlation coefficients between 
tree-ring chronologies and monthly mean tempera-
ture and total precipitation from October of the pre-
vious year to September of current year.

The most important climatic factors effecting 
Scots pine radial growth were also compared visually 
to the regional chronology during the instrumental 
period. For finding extreme years/periods 1-standard 
deviation (SD) of average of the mean chronology 
were calculated, and the years over 1-sd were consid-
ered as wet years, and those lower 1-sd as dry years. 

Results and Discussion
Site chronologies

Three site chronologies were built for Burabai Re-
gion (Fig. 5). COFECHA results of samples obtained 
from three sites showed missing rings in certain 
years, while almost no double ring was found (Ta-
ble 2). Rigling et al. (2001) stated that trees young-
er than 100 years in Siberia tend to produce IADF. 
We rarely observed intra-annual density fluctua-
tion (IADF) caused by double ring formation in the 

younger parts of the trees growing in only low plain 
site, BAR. On the contrary, the numbers of deter-
mined missing rings are higher in AKP (35) and AKT 
(34) than that in BAR (5). The BAR site is located 
on the bottomland and on deep soil (Fig. 2). Because 
of this, tree-ring widths are wider in general and the 
number of missing rings is very low. On the contrary, 
the AKT site is on the top of the mountain and shal-
low soil, and also composed of older trees (Fig. 4). 
AKP site, which is located in lower land, is similar in 
number of missing rings to AKT site. For that reason 
the number of missing rings are too many in these 
two sites (Table 2). 

Limited number of tree-ring chronologies of Pinus 
sylvestris was available for Kazakhstan (Mapitov & 
Zhumadina, 2016). With this study, we contribute to 
a tree-ring network of Kazakhstan with three sensi-
tive tree-ring chronologies of the species. The long-
est chronology (AKT) covers the years of 1772–2014, 

Fig. 4. Old Pinus sylvestris trees sampled in AKT site (left) and Pinus sylvestris trees in BAR Site (right)

Table 2. The number of trees having missing rings in the 
sites and the region 

Years AKP AKT BAR The region
1795 – 1 – 1
1953 – 3 3 6
1965 1 1 – 2
1967 1 2 1 4
1977 7 2 – 9
1984 3 – – 3
1987 5 – – 5
1990 5 6 – 11
1991 4 17 – 21
1998 3 1 – 4
2004 6 1 1 8
Total 35 34 5 74
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Table 3. Chronology statistics for residual version from ARSTAN Program

AKP AKT BAR

Chronology time span 1861–2014
(34 trees 57 radii)

1772–2014
(17 trees 32 radii)

1825–2014
(49 trees 87 radii)

Mean 0.99 0.99 0.98
Mean sensitivity (MS) 0.27 0.23 0.24
Common interval 1928–2012 (26 trees 43 radii) 1884–2013 (17 trees 31 radii) 1904–2014 (39 trees 71 radii)
Correlations among all radii 0.50 0.47 0.50
Correlations between trees 0.49 0.46 0.80
Correlations within trees 0.70 0.65 0.71
Correlations radii vs mean 0.71 0.69 0.71
Signal-to-noise ratio (SNR) 25.34 14.46 39.07
Agreement with population chronology 0.96 0.94 0.98
Variance in first eigenvector (%) (1EV) 52.54 48.70 51.72

All correlations are statistically significant (p≤0.001).

Fig. 5. Residual versions of the three site chronologies and the regional chronology produced from these three site chro-
nologies, and core depths
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and the shortest one (AKP) 1861–2014. The BAR 
chronology time span is from 1825 to 2014. 

Chronology statistics obtained from Arstan pro-
gram were given in Table 3. All correlations between 
trees, within trees and their mean are significant. 
Both signal-to-noise ratio and the variance in the 
first eigenvector are rather high for all chronologies 
(Table 3). These higher values indicate that trees at 
each site share a similar signal. This high similarity 
is may reflect similar environmental factors, such as 
climatic variations. The mean sensitivity of the resid-
ual site chronologies are calculated as 0.23 for AKT 
site, 0.24 for BAR site, and 0.27 for AKP site. Scots 
pine trees have a very wide distribution area and 
therefor produce different sensitivity values. Rigling 
et al. (2001) stated that the sensitivity of the tree-
ring chronologies ranges 0.18–0.33 in Swiss stands, 
0.29–0.52 in Russian stands on shallow soils on solid 
rocks and 0.17–0.22 in sand dunes, and 0.21–0.25 
in south-central Siberia (Babushkina al., 2015). It 
is 0.22–0.23 in the west Black Sea region of Turkey 
(Akkemik et al., 2008). The sensitivity of the site 
chronologies in the study sites is at a medium level. 

Results for EPS > 0.85 revealed 6 trees (1887–
2014) in AKP site, 7 trees (1824–2014) in AKT site, 
and 6 trees (1858–2014) in BAR site. Thus the inter-
val, 1887–2014 (EPS > 0.85) is common for all three 
sites and may be used in further analyses. 

We found very high and statistically significant 
(p  <  0.001) correlation coefficients and Gleichlau-
figkeit values among the site chronologies (Table 4), 
which show that the trees share common climate sig-
nal in Burabai Region. This result is not surprising 
because of the geographical proximity of these sites. 
Therefore, we also built a regional chronology (Fig. 
5) using all measurement series for dendroclimato-
logical analysis. 

Tree-ring width and climate 
relationships

Correlation coefficients between pre-whitened 
tree-ring indices for each site and also regional chro-
nology, and gridded monthly mean temperatures 
and total monthly precipitation for October of the 

previous year to September of current year were cal-
culated (Fig. 6). 

Monthly mean temperature is generally positive-
ly correlated with tree-ring growth from October of 
the previous year to April of current year, while it is 
significant in November of the previous year for all 
sites. Similarly, the effect of precipitation is positive 
and generally significant in this month (Fig. 6). Trees 
experience very cold winters in central Asia and first 
frost occurs in November (Babushkina et al., 2015; 
Shah et al., 2015). Both higher temperatures and 
higher snow coverage in November can reduce frost 
effect and lead larger ring formation in Burabai Re-
gion. Babushkina et al. (2015) found similar positive 
effect of precipitation in this month and emphasized 
significant protective role of snow coverage on root 
system against first frosts in central Asia. 

Quite the reverse, temperatures from May to Au-
gust have generally a negative influence on tree-ring 
widths in all sites, but this effect was significant 
only for the trees from the AKP site for the period of 
May to July (Fig. 6). Mapitov and Zhumadina (2016) 
found that May temperature is one of the most lim-
iting factors for the trees in Shalday pine forest in 
northeast Kazakhstan. Our study showed that in ad-
dition to high temperatures in May, high tempera-
tures in June and July also lead Scots pine to produce 
narrow rings in Burabai Region. This result showed 
that Burabai Region has dry and continental condi-
tions for tree–ring growth of Scots pine. 

Precipitation is also a very important factor affect-
ing tree-ring widths in the Burabai Region. In gen-
eral, total precipitation from the October of the pre-
vious year to the July of current year has a positive 
influence on tree-ring width. This positive effect is 
mostly significant in November of the previous year 
and during the period of April–July trees need precip-
itation almost whole year, because the area receives 
very little precipitation during the year (Figs. 3, 6). 
Our results are consistent with previous dendrocli-
matological research carried out near the study area. 
For example, Shah et al. (2015) stated that month-
ly precipitation from August of the previous year to 
September of the current year is the most important 
restricted factor on tree-ring growth of Pinus sylvestris 
in central Siberia and has a significant positive corre-
lation. Babushkina et al. (2015) also stated that pre-
cipitation from September of previous year to July of 
current year (except August) has a positive influence 
on tree-ring widths of Scots pine in south-central Si-
beria. Mapitov and Zhumadina (2016) also showed 
significantly positive influence of precipitation on 
tree-ring width in the northeast of Kazakhstan. 

Because the area has a short but a very dry sum-
mer, trees are negatively affected from high tempera-
tures in summer. In this region, annual precipitation 
is rather low (~300 mm). Moreover, about half of 

Table 4. Correlation coefficients and Gleichlaufigkeit values 
among the site chronologies and their regional chronol-
ogy

Gleichlaufigkeit values (%)
AKP AKT BAR Regional chro.

C
or

re
la

ti
on

 
co

ef
fic

ie
nt

s AKP 1 69 78 85
AKT 0.69 1 67 77
BAR 0.79 0.66 1 79
Regional Chro 0.89 0.91 0.87 1

All values are statistically significant (p≤0.001).
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Fig. 6. Correlation coefficients between tree-ring site and regional chronologies with mean monthly temperatures and 
total monthly precipitation from October of the previous year to September of current year. Bold columns show the 
significant months at least at the level of 95%
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Fig. 7. Regional chronology and average temperature from October (t-1) to April, average temperature from May to Au-
gust, total precipitation from October (t-1) to July, and total precipitation from August and September. Vertical dotted 
lines show extreme positive years, and solid lines show extreme negative years given in Table 5
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annual precipitation (154.3 mm) falls in the grow-
ing season, during May to August (Fig. 3). Average 
temperature is 17.7°C for these months. Together 
with a low precipitation for radial growth, high tem-
peratures cause water losses by evapotranspiration 
during those hot summer days. Because this time 
interval is the growing season, trees need more rain 
and lower average temperatures for these summer 
months (May to August) (Fig. 6). 

For a better understanding of the collective effect 
of precipitation and temperature on tree-ring width 
in a given year, the most important climatic factors 
mentioned above were compared visually with the 
regional chronology (Figs. 6, 7). Here, four groups 
of climatic factors were depicted: (1) mean temper-
atures from previous October (t-1) to current April 
(having positive impact on radial growth), (2) mean 
temperatures from May to August (leading to a neg-
ative response), (3) total precipitation from previ-
ous October (t-1) to current July (having a positive 
impact) and (4) total precipitation from August to 

September (with negative impact). For comparison, 
we indicated the extreme negative (dry) and posi-
tive (humid) years (Table 5) with vertical lines (Fig. 
7). For instance, in the year 2012 Scots pine trees 

Fig. 8. A) Year-by-year sensitivity of mean chronology. The sensitivity is getting increase after 1950s; B) Extremity of the 
mean tree-ring chronology. The vertical line shows the arbitrary treshold in the year of 1940. The extremity is lower 
before 1940s, and getting increasing after this time (Wider arrows show long extreme periods)

Table 5. Extreme negative and positive years from 1866 to 
2014

  Extreme negative years Extreme positive years

19
40

–1
86

6 1869–1870 1886
1872 1889
1900 1907
1916 1922
1931  

20
14

–1
94

1

1952–1955 1944–1947
1965 1971–1973
1967 1979–1981
1977 1993

1989–1991 1995
1998 2007–2009
2004 2011
2012  
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produced narrow rings in the region. For this year, 
both temperature (October (t-1) to April) and pre-
cipitation (October (t-1) to July) values, which had 
positive influence on radial growth, were lower than 
the average, while summer precipitation, which had 
a negative influence, is higher than the average. For 
2007, tree-ring width was extremely wide. This was 
a year of high temperatures and precipitation. This 
has a positive influence, increasing tree-ring width 
together with low summer temperatures and low late 
summer precipitation (Fig. 7). In most of the years, 
a wide or a narrow ring formation can be explained 

as the collective effect of both temperature and pre-
cipitation in the same year. In 1977 and 2004, simi-
lar collective effects of temperature and precipitation 
cause narrow ring formation in the region. Moreover, 
some of the trees have missing rings in these years 
(Table 2). 

We observed distinct trends in the regional chro-
nology, which could be attributed to climate change:

Tree-ring widths are increasing slightly (Fig. 7). 
Instrumental records show that total precipitation 
from October of the previous year to July of the cur-
rent year, and average temperature from October of 

Table 6. Correlation coefficients among the site chronologies and the regional chronology for the periods 1866–1940 and 
1941–2014. Correlations are slightly higher in second period

 
 

1866–1940 1941–2014
AKP AKT BAR Regional chro. AKP AKT BAR Regional chro.

AKP 1 1
AKT 0.68 1 0.71 1
BAR 0.78 0.71 1 0.80 0.76 1
Regional chro. 0.87 0.86 0.95 1 0.91 0.85 0.96 1

All values are statistically significant (p≤0.001).

Fig. 9. The correlations between the regional chronology and monthly temperature and precipitation calculated using the 
method moving interval method
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the previous year to April of the current year are in-
creasing (Fig. 7). Increase in tree-ring widths start-
ing in the 1940’s is parallel with the trend in these 
climate parameters. Results of correlation coeffi-
cients between tree-ring widths with this precipita-
tion and temperature showed that these events have 
positive influence on tree-ring width. On the contra-
ry, summer temperatures, resulting in dry conditions 
and producing narrow rings, are also increasing. 
Tree-ring chronologies showed a similar increasing 
trend in recent decades in the Northern Hemisphere 
(Cook et al., 2015, George & Ault, 2014, D’Arrigo 
et al., 2000). Meteorological records for the period 
of 1950–2015 showed that total precipitation from 
previous October to current July, which has positive 
influence on radial growth, is increasing. Converse-
ly, August–September total precipitation, which has 
negative influence on radial growth, is decreasing. 
In this case, both of these changes may also have a 
collective positive influence on tree-ring width and 
contribute to increase in sensitivity.

Sensitivity of tree rings is increasing. 1940 can be 
accepted as an arbitrary starting year of increasing 
sensitivity. Sensitivities were calculated for each year 
in a window centered at this year (1866–1940 and 
1940–2014). Mean sensitivity for the standardized 
series (1866–2014) is 0.23; 0.20 for 1866–1940 peri-
od and 0.26 for 1940–2014 (Fig. 8A). The correlation 
coefficients among all site chronologies and region-
al chronology are slightly higher in 1941–2014 than 
in 1866–1940 (Table 6), as well. This can be inter-
preted as trees responding to drivers (precipitation 
and temperature) more efficiently after 1940s. Mov-
ing interval method results showed some changes 
from 1950s into the last decades. This change can be 

clearly seen as an increasing trend in April–June pre-
cipitations and May–June temperatures from 1950s 
till 2010s (Fig. 9).

Year-by-year sensitivity of October to July total 
precipitation, which effects radial growth positive-
ly, agree with tree-ring sensitivity. An opposite rela-
tion between the sensitivity of temperature and tree 
rings is clearly observed, especially in extreme years 
(e.g.1977, 1991, 1999 and 2003), because the effect 
of temperature on tree-ring width is significantly 
negative (Fig. 10).

Frequency of extreme years is increasing (Fig. 
8B; Table 5). The number of negative extreme years 
from 1866 to 1940 is 6 versus 13 during the period 
of 1940–2014. When duration of extreme negative 
years is generally 1 or 2 years long before 1940s, it 
ranges 1 to 4-years after that. Its duration is 4 years 
long between the years 1952 and 1955, and 3 years 
between 1989 and 1991. It is clear that both the fre-
quency and duration of the extreme negative years 
are increasing. The missing rings given in Table 2 are 
recognized in these extreme negative years (Fig. 8B). 
These years are generally more sensitive than others 
are and cause increased sensitivity in recent decades. 
The numbers of positive extreme years before 1940 
is only four and all these events are of one year du-
ration. However, after 1940 the number of extreme 
positive events increased abruptly (up to 16). It looks 
obvious that extreme positive events are increasing 
in Burabai Region. Their durations are generally 
one or two-year period (Fig. 8B). The longest posi-
tive extreme period was 4 years long, covered 1944–
1947. This finding also confirmed that the reasons 
of increasing trend in tree-ring widths are increasing 
with both temperature and precipitation in Burabai 

Fig. 10. Year-by-year sensitivity of October to July total precipitation, October to March temperature and the regional 
chronology. Precipitation effects radial growth positively, agree with tree-ring sensitivity, whereas an opposite relation 
between the sensitivity of temperature and tree rings is clearly observed, especially in extreme years (e.g.1977, 1991, 
1999 and 2003)
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Region. As also indicated in IPCC Report (2015), 
extreme events are getting more frequent in recent 
decades in the region. Increasing sensitivities and an 
increasing trend in extreme years also supports this 
conclusion.

Conclusion

Burabai Region has large Pinus sylvestris forest ar-
eas located on both bottomlands and mountain are-
as. Collected samples produced the longest tree-ring 
chronology covering the years of 1699–2014. Chro-
nology statistics revealed very high and significant 
correlations. This implies that trees respond strongly 
to similar events in Burabai Region. In the Burabai 
Region, under continental climate conditions, there 
is a strong relationship between tree-ring widths 
with both temperature and precipitation. Trees posi-
tively respond to warm winter temperature and high 
amount of total precipitation except August–Septem-
ber. Although it is difficult to explain the negative 
effect of August–September precipitation, high pre-
cipitation of these months may cause a shortened 
growing season. Dendrometer measurements in 
these regions may help to resolve this issue. Oppo-
site effects of summer precipitation and temperature 
on tree-ring widths are clearly shown. When temper-
ature increases in summer, and precipitation decreas-
es, tree-ring widths also decrease. On the contrary, if 
temperature decreases in summer and precipitation 
increases then the tree-ring widths increase. Reverse 
effects of precipitation and temperature in the same 
months causes the formation of narrow or wide rings.

In Burabai Region climate is changing. Both tem-
perature and precipitation show an increasing trend 
from 1940s on. We also can conclude that the num-
ber of extreme events tends to increase in Burabai 
Region. The number and duration of positive ex-
treme years are on the rise after 1940. The results 
may suggest that Pinus sylvestris in Burabai region will 
grow faster in the near future. However this posi-
tive tendency seems to be disrupted at much drier 
sites of Burabai (e.g. Akylbai Mountain top). This is 
because drought causes very narrow ring formation 
or missing ring for the trees in mountainous sites. 
High number of missing rings in the trees indicated 
an increasing risk for the trees. Information on the 
relationships between tree-ring width and climate, 
and ring growth pattern of Pinus sylvestris may be ap-
plied to modify forest management practices in this 
recently changing and challenging environment.
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