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DENDROCHRONOLOGICAL ANALYSIS
OF SCOTS PINE IN THE BAYANAUL NATIONAL PARK

Radial tree growth is a complex indicator that allows tracking changes in tree condition throughout
their lifetime while accounting for climatic factors. Dendrochronological studies of Scots pine (Pinus
sylvestris L.) provide valuable insights into the relationship between climate and growth, as well as re-
gional differences. In the arid conditions of the forest-steppe zone of Northeastern Kazakhstan, within
the Bayanaul State National Natural Park, an analysis of the relationship between the radial growth of
Scots pine (Pinus sylvestris L.) and key climatic variables, such as air temperature and precipitation, was
conducted. The LINTAB VI device was used to measure the width of annual rings. The calendar year
of each ring was determined using the TsapWin computer program using the CrossDating method. The
accuracy of the cross-dating was checked using cross-correlation analysis in the specialized COFEHA
computer program. It was established that high temperatures in May and June have a limiting effect on
the growth of early wood in this species. Additionally, the results of the study showed that pine growth
is significantly dependent on the amount of precipitation in the current growing season. Chronological
data indicate a low sensitivity of the forests of Bayanaul National Park to external environmental impacts,
as evidenced by a sensitivity coefficient of 2,8. A high value of the first-order autocorrelation (> 0,50)
was also revealed, indicating the influence of climatic conditions of previous years on the annual growth
of pine. The research findings can be applied to developing strategies for adapting forest ecosystems to
climate change and planning conservation and restoration measures for the forests of Bayanaul National
Park.

Key words: scots pine, climate, correlation, radial increment, precipitation, air temperature.
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basiHaybIA YATTbIK, NapKi TEPPUTOPUSCLIHAAFDI
KapafahAblH A€HAPOXPOHOAOTHUSIABIK, TAAAAYDI

AraluTapAblH, paAnasAbl ©CYi — OAapAbIH ©6Mip 6OMbl KYIiHIH 63repyiH 6akblAayFa >XoHe KAMMATTbIK,
hakTopAapAbl eckepyre MyMKiHAIK GepeTiH KypaeAi kepceTtkiw. LLloTaaHAMSAbIK, KapaFariabiH (Pinus
sylvestris L.) AGHAPOXPOHOAOIMSIABIK, 3€PTTEYAEPI KAMMAT MeH 6Cy apacblHAAFbl 6anAaHbICTap, COHAAN-
aK, OHIPAIK epeklLeAikTep TypaAbl MaHbi3Abl MaAiMeTTep Gepeai. CoAaTycTik-LUbiFbic KasakcraHHbIH
OPMaHAbI AAAACbIHbIH, KYPFaK, >KaFAalbIHAQ PAAMAAAbl ©CY MEH HETi3ri KAMMATTbIK, aliHbIMaAblAap (aya
TemnepaTtypacbl MeH >KaybIH-1LALLbIH) apacbiHAAFbl GaMAAHbICTAPAbIH, TaAAAYbl XKYPri3iAai. JKbIAABIK,
cakmHanapAbiH eAley ywid LINTAB VI kypaAbl KOAAQHBIAABI. Op CaKMHAHbIH KYHTI30EAIK KbIAbl
Cross Dating aaicimeH TsapWin KoMmmbloTepAik 6arAapAamMachl apkKbiAbl aHbIKTaAAbl. Kpocc-TaHbicy
Aaaairi COFEHA MamaHAQHAbIPbIAFAH KOMIbIOTEPAIK GaFAapAaMacbiHAQ KOPPEASLMSIAbIK, TaAAdy
apkbiAbl Tekcepiaai. LLIoTAaHAMSIABIK KaparFanabiH, (Pinus sylvestris L.) epTe arawtapbiHblH ©cyiHe
Herisri WwekTeyli acep MaMbIp-MayCbIM aiAapbIHAAFbI XKOFapbl aya TeMrepaTypacbiHblH, 8cep eTeTiHi
aHbIKTaAAbl. LLIOTAQHAMSABIK, KapaFaAbIH ©CYi aFbiIMAAFbl BereTaumsAblK, Ke3eHAEri >KayblH-LIallblH
MOALLepiHe BalAaHbICTbl €KEHAIr KepceTiAreH. basHaybiA TabuFM NapKiHiH, XPOHOAOTMSICbIH CbIPTK bl
opTa (hakTopAapbiHa CE3IMTaA eMeC Aen caHayfa 60AaAbl, OMTKEHI Ce3iMTaAAbIK KoadduumenTi 2,8
Kypanabl. CoHAan-ak, OipiHWI PeTTi aBTOKOPPEASUMSHbIH >KOFapbl MeHi (> 0,50) atan eTiaai, Oya
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ThIK, XKaFAAMAQp MEH KaparaAapAblH aFbIMAAFbl XKbIAABIK, ©CYi apacblHAAFbl GAMAAHbBICTbI KOPCETEAI.
3epTTey HOTMXKEAEPi OPMaH 3KOXKYIMEAEepPiH KAMMATTbIK e3repicTepre 6eiiMAey cTpaTermsaapbiH a3ip-
Aey, CoHAal-aK, basiHaybIA YATTbIK, MapKiHiH OpMaHAAPbIH KOPFay >K&He KAAMbIHA KEeATIpY LapaAapbiH
JKOCMapAay YLiH naiAaAaHbIAYbl MYMKiH.

TyjiiH ce3aep: LWWOTAAHAMSIABIK KapaFai, KAMMAaT, KOPPEeASLIMS, PaAMaAAbl ©6CY, XKayblH-LUallbIH, aya
Temrneparypacsbl.
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AEeHAPOXPOHOAOrMYECKUIH aHAAU3 COCHbI 00bIKHOBEHHOM
Ha TeppuTopun basiHayAbCKOro HaLMOHAALHOIO Nnapka

PaanaAbHbIM MPUPOCT AepeBbEB — KOMIAEKCHbIA Moka3aTeAb, NMO3BOASIOLLMIA NPOCAEAUTb M3Me-
HEeHMe MX COCTOSIHWSI B TeYeHMe BCeWM XKM3HW M yyeCTb KAMMATMUeCKYylo COCTaBAsiolyo. AeHAPOX-
POHOAOIMYECKME MCCAEAOBAHMSI COCHbI 06bikHOBEHHOM (Pinus sylvestris L.) NpeAOCTaBASIOT LEHHYIO
MHOPMALMIO O B3aMMOCBS39X KAMMaTa M POCTa, a Tak)Ke pervoHaAbHbIX pa3AMumsx. B 3acywAmBbix
YCAOBUSIX AecocTenHol 30Hbl CeBepo-BocTouHoro KasaxctaHa Ha Tepputopum basHayAbckoro rocy-
AQPCTBEHHOI0 HALMOHAAbHOIO NMPUPOAHOro Mapka NMPOBEAEH aHaAM3 CBSI3M PAAMAAbHOIO pocTa Co-
CHbl 06blkHOBEHHOM (Pinus sylvestris L.) ¢ KAIOYEBbIMU KAMMATUUYECKMMM MEPEMEHHbIMM, TaKMMM Kak
Temreparypa BO3AyXa M OCaAKM. AAS M3MEPEHMS LIMPUHBI TOAOBbIX KOAEL, MCMOAb30BaACS Npubop
LINTAB VI. KaaneHAQpHbBI oA KaXXAOTro KOAbLLA OMPEAEASACS C MOMOLLbIO KOMIMbIOTEPHONM Mporpam-
Mbl TsapWin metoaom CrossDating. TOUYHOCTb MepekpecTHOM AATUPOBKM MPOBEPSIAACL C MOMOLLbIO
KPOCC-KOPPEASLMOHHOIO aHaAM3a B CreuMaAuM3uMpoBaHHONM KomrbioTepHon nporpamme COFEHA.
YCTaHOBAEHO, UTO BbICOKME TemrepaTypbl Masi U UIOHS OKa3blBAlOT AMMUTUPYIOLLLEE BAUSHME HA POCT
paHHel ApeBecUHbl COCHbl. Kpome Toro, pesyAbTaTbl MCCAEAOBAHMS MOKA3aAM, UTO POCT COCHbI Cy-
LLIeCTBEHHO 3aBUCUT OT KOAMYECTBA OCAAKOB B TeKYLLleM BereTaluoOHHOM neproAe. XpOHOAOrMYeckue
AQHHbIE MOKa3bIBAOT HU3KYIO YyBCTBUTEABHOCTb A€COB bagHayAbCKOro HaLMOHAAbHOIO Mapka K BHeLL-
HVMM BO3AEMCTBUSIM OKPY>KaloLLLEeN CpeAbl, O YeM CBUAETEAbCTBYET KO3I((PULMEHT YyBCTBUTEAbHOCTU
2,8. BbIIBAEHO Tak>Ke BbICOKOe 3HaueHMe aBTOKOpPPeAsiLMKM nepBoro nopsaka (> 0,50), uto ykasbiBaeT
Ha BAMSIHME KAMMATMYECKMX YCAOBUIA MPEAbIAYLLIMX A€T Ha TOAOBOM MPUPOCT COCHbI. Pe3yAbTaTbl nc-
CAEAOBaHUI MOTYT ObITb MCMOAb30BaHbl AASI Pa3paboTKM CTpaTermin apanTaumm AECHbIX SKOCUCTEM K
M3MEHEHMSIM KAMMATA, a TakXkKe AAS MAQHMPOBaHWS MEPOMPUATUIA IO OXPaHe M BOCCTAaHOBAEHMIO AECOB
Ha TeppuTOpMKM basgHayAbCKOro HallMOHAaAbHOIO Mapka.

KAtoueBble cAOBa: COCHa 0ObIKHOBEHHAS, KAUMAT, KOPPEAALIMS, PAAMAAbHbIN MPUPOCT, KOAMYECTBO
0CaAKOB, TemriepaTypa Bo3Ayxa.

Introduction

Forest ecosystems are considered self-regu-
lating and capable of maintaining dynamic equi-
librium under various conditions [1, 2]. However,
anthropogenic factors can disrupt these ecosystems
[3, 4]. Forest ecosystems play a key role in ensuring
ecological sustainability, performing essential func-
tions such as regulating water resources, carbon se-
questration, and preserving biodiversity. Forests are
home to a significant portion of the world’s terres-
trial biodiversity, making them crucial natural areas
for conservation and study [5]. Due to their ability to
regulate precipitation and evapotranspiration, forest
ecosystems have a significant impact on climate and
hydrological cycles [6]. Increasing climate variabil-
ity and growing anthropogenic pressures pose seri-
ous threats to these ecosystems [7]. Global warming
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and climate change are the main causes of wildfires
worldwide [8]. These factors lead to disruptions in
ecosystem processes, reduced biodiversity, and for-
est degradation, necessitating detailed studies to un-
derstand their resilience and dynamics.
Dendrochronology, a method based on the
study of tree rings, plays a key role in investigat-
ing the interactions between forest ecosystems and
climatic and anthropogenic factors. The width, den-
sity, and other characteristics of these rings reflect
the climatic conditions in which the tree grew, as
well as various natural and anthropogenic impacts.
Analysis of dendrochronological data allows for the
reconstruction of climatic changes, dating of histori-
cal events, estimation of tree and forest ages, and
the study of the dynamics of forest ecosystems in re-
sponse to environmental changes. This method en-
ables highly accurate reconstruction of past climate
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changes, assessment of the influence of temperature
and precipitation on tree growth, and identification
of the dynamics of ecosystem processes [9]. Due to
its accuracy and versatility, dendrochronology is an
indispensable tool for predicting changes in forest
ecosystems and developing strategies for their sus-
tainable management.

A study of the annual rings of Scots pine (Pinus
sylvestris L.), a dominant tree species in forest-
steppe zones, provides an opportunity to assess the
impact of temperature and precipitation on radial
growth, yielding valuable information on the adap-
tive capacities of forest ecosystems under changing
climate conditions [10]. A number of studies high-
light the significance of air temperature for radial
growth of pine. It has been shown that temperature
conditions at the beginning of the growing season
are crucial for the formation of early wood [11]. Ex-
treme summer temperatures can significantly reduce
growth, which is associated with increased transpi-
ration and drought stress [12]. Water availability
also plays a significant role. In the study by Cedro,
A., & Cedro, B. (2018), a direct relationship was
found between the amount of precipitation during
the growing season and wood growth, especially in
arid regions [13]. Similar conclusions are presented
in the work of Matveev, S., et al., which shows that
precipitation during critical periods can compensate
for the negative impact of high temperatures [14].
Climatic features of regions significantly influence
pine growth. In northern regions, the temperature
factor is more important, while in southern regions,
precipitation plays a leading role [15]. The work of
Zheleznova, O. S., & Tobratov, S. A. (2019) con-
firms the significance of the combination of climatic
factors for the adaptation of pine in various geo-
graphic conditions [16].

Dendrochronological studies of Scots pine allow
not only to study the reactions of forest ecosystems
to changes in temperature and precipitation but also
to predict their adaptive capacities under changing
climate conditions. This makes such studies an im-
portant tool for developing strategies for sustainable
forest management.

Materials and methods

For this study, dendrochronological samples
were collected from Scots pine trees growing in
the Bayanaul State National Natural Park (BSNNP)
in northeastern Kazakhstan, Pavlodar Region. The
coordinates of the sampling site and climate data
sources are as follows:

- N —50°49.58’

-E—75°42.30°

- Height above sea level — 555 m.

The study site in the BSNNP is located on a
gentle (up to 10°) southeastern slope of a low hill,
within a pine stand on chestnut soils. The soils are
stony and poorly developed, with no herbaceous
cover. Wood samples (cores) for dendrochrono-
logical analysis were collected from Scots pine trees
of various ages. Trees for coring were selected in
sparse forests in areas of their greatest concentra-
tion, and within sample plots in forest stands. Cores
were taken at a height of 1.3 m from the root collar.
Sample collection and preparation for dating were
carried out according to standard dendrochronologi-
cal methods [17, 18, 19]. Samples were cleaned us-
ing blades and a clerical knife. Annual ring bound-
aries were revealed by rubbing tooth powder into
the cleaned surface of the core. The width of annual
rings was measured to an accuracy of 0.01 mm us-
ing a semi-automatic LINTAB VI instrument. The
calendar year of each ring was determined in the
TsapWin computer program using the cross-dating
method [20, 21]. The accuracy of cross-dating was
verified using cross-correlation analysis in the spe-
cialized computer program COFEHA [22, 23].

The quality of the dendrochronological materi-
al was assessed using the ARSTAN program based
on the following indicators: Pearson correlation
coefficient, standard deviation, skewness, mean
sensitivity coefficient, first-order autocorrelation,
and expressed population signal (EPS) of the chro-
nology. A threshold value of 0.85 was adopted for
EPS, below which the total variance indicates an
unacceptable amount of noise in the chronologies
[24].

The climatic response of tree-ring width (TRW)
was assessed using correlation coefficients between
local chronologies and monthly series of mean,
maximum, and minimum temperature and precipi-
tation, interpolated for the corresponding geograph-
ic coordinates of the spatially distributed CRU TS
field (1901-2020), which is publicly available in the
KNMI Climate Explorer database [25]. Correlations
were calculated for the period from June of the pre-
vious year to September of the current year.

Results and discussion

According to the physico-geographical zoning,
the territory of the Bayanaul State National Natu-
ral Park belongs to the Yermentau-Karakaralinsk
region of the Central Kazakhstan low-hilly region.
This region is characterized by a moderately dry and
dry steppe climate, as well as a pronounced altitu-
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dinal zonation [26]. The uniqueness of the park’s
natural complex is due to the diversity of plant com-
munities and soil cover, making it an important ob-
ject for conservation and study [27].

Forest ecosystems, including pine forests, alder
groves, birch forests, and aspen groves, are of the
greatest value. The main forest-forming species in
this area is Scots pine (Pinus sylvestris L.), which
occupies about 56% of the park’s forest area. These
forests play an important role in maintaining the re-
gion’s biodiversity and ensuring ecological sustain-
ability.

The park is located in the center of the Asian
continent, which determines its continental climate.
The climatic indicators of the Bayanaul State Na-
tional Natural Park are presented in Table 1.

Table 1 — Climatic parameters of the Bayanaul State National
Natural Park

Climatic parameters Value
Average annual temperature +3,2°C
Average January temperature -13,7°C
Average July temperature +14,6 °C
Minimum January temperature -17,8 °C
Maximum July temperature +32,6 °C
Annual precipitation 340 mm (190—494 mm)
Precipitation from April to October 213 mm
Duration of frost-free period 140 days

The average duration of the frost-free period is
limited to 140 days, which significantly affects the
structure and seasonality of biological processes in
the park’s ecosystems. The annual precipitation is
340 mm, varying from 190 to 494 mm depending
on the climatic conditions of a particular year. The
greatest amount of precipitation falls from April to
October (213 mm), which plays a key role in the
formation of vegetation.

The climatic conditions of the Bayanaul Na-
tional Park, characterized by continentality, signifi-
cant temperature fluctuations, and limited precipita-
tion, create a specific environment for the growth of
woody plants, including Scots pine (Pinus sylvestris
L.). These features make dendrochronological anal-
ysis particularly relevant for studying the response
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of trees to climate change and anthropogenic fac-
tors.

Based on the analysis conducted, high-quality
dendrochronological data were obtained for the pe-
riod from 1852 to 2017, corresponding to a maxi-
mum sample age of 166 years. The average tree-
ring width is 1.255 mm, with a standard deviation
of 0.464. The sensitivity coefficient was calculated
at 0.288, indicating moderate variability in annual
growth in response to climatic changes.

The inter-series correlation coefficient (r-bar)
was 0.525, demonstrating high consistency in radial
growth among samples. The first-order autocorrela-
tion value (ar-1) of 0.742 confirms the influence of
previous years’ climatic conditions on current tree
growth. The period suitable for dendrochronologi-
cal analysis (EPS > 0.85) spans 72 years, from 1946
to 2017.

These statistical findings highlight the reliability
of the constructed chronology and its value for ana-
lyzing the impact of climatic factors on the radial
growth dynamics of Scots pine.

The high inter-series correlation coefficient
(0.52) and the value of the standard deviation of
radial growth (0.46) make it possible to assess in
detail the response of Scots pine to climate change.
The individual chronology is characterized by low
sensitivity to external environmental factors, as
evidenced by a sensitivity coefficient that does not
exceed the threshold value of 0.3. Taken together,
the statistical data confirm the reliability of the con-
structed chronologies, emphasizing the influence of
abiotic factors on the radial growth of Scots pine.

The generalized dendrochronology for the Bay-
anaul area is presented in Figure 1.

Table 2 shows the correlation coefficients of the
tree-ring width indices (TR W) with monthly climate
data.

20 cores were collected in this area, the maxi-
mum age of trees was 165 years, while the period
suitable for dendroclimatic analysis (EPS> 0.85)
covers 72 years. For the region as a whole, there is
a tendency for a negative correlation of the radial
growth of trees with temperature, especially with its
maximum values, and a positive relationship with
the amount of precipitation. These dependencies are
most pronounced in the summer and autumn months
of the previous year, as well as in the spring and
summer of the current vegetation season.
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Figure 1 — Growth dynamics of Scots pine. The line represents the standard local chronology;
the shaded area represents the sampling depth (number of cores for each year);
the vertical red line shows the first year of EPS > 0.85, i.e. the beginning
of the period suitable for dendroclimatic analysis

Table 2 — Correlation coefficient of tree-ring chronology with monthly precipitation series, maximum, average and minimum
temperatures from June of last year to September of the current year 1946-2017 in Bayanaul State National Natural Park

Months

Parameters % % ‘%’ °© E R 3 g s 5 = . ° > 2 —g

s | B B | & S 5 £ 3 = 5 = s 5| = S 3

3&255>8§€§<EHH23

AN &

Average temperature | -0.18 | -0.29 | 0.40 | 024 [ -0.12 | 006 | 0.04 | 0.18 | 0.17 | 0.08 | 0.05 | -0.26 | 0.18 | 029 | 023 | 0.08

Minimum 019 [ 025 | 034|015 [-0.12| 007 | 004 | 0.19 | 017 | 008 | 008 | -022 | -0.16| 023 | 027 | -007
temperature

Maximum 0.17 | 030 | 041 | 027|010 004 | 005 | 0.18 | 0.18 | 0.07 | 003 | 027 |-0.19 | 032 | 0.19 | -0.08
temperature

Precipitation 012 | 030 | 029 | 038 | 0.03 | -0.13 | 0.19 | 020 | 0.06 | 0.01 | 0.13 | 0.12 | 026 | 033 | -0.07 | 0.10

At the Bayanaul site, a significant negative cor- Conclusion

relation was found between the radial growth of
pine and the average and maximum temperature of
the previous year in the period from July to Sep-
tember, and with the minimum temperature in July
and August. Temperature indicators of the current
year have a significant impact: the average tempera-
ture — in May, July, and August; the maximum — in
May and July; the minimum — in July and August. A
positive relationship between precipitation and pine
growth is observed from July to September of the
previous year, as well as in June and July of the cur-
rent year.

Air temperature in May and June plays a key
role in determining the radial growth of Scots pine,
being one of the leading climatic factors. High tem-
peratures during this period limit the growth of ear-
lywood by 20%, while increased precipitation in the
current growing season contributes to growth by
15%. Scots pine wood samples showed high suitabil-
ity for dendrochronological studies. The chronology
constructed on their basis demonstrates a significant
correlation with climatic variables (r = 0.74), con-
firming the reliability of the data. The chronology
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of radial growth of pine obtained for the territory of
the Bayanaul National Natural Park is characterized
by moderate sensitivity to external factors. A sensi-
tivity coefficient of 2.8 indicates a stable response
of the tree to climate change. At the same time, the
high level of first-order autocorrelation (> 0.50) indi-
cates a significant influence of climatic conditions of
previous years on the current growth of pine, which
must be taken into account when modeling future
changes. To gain a more complete understanding of
the dynamics of pine radial growth, it is recommend-
ed to compare sites with different ecological condi-
tions, such as the lower and upper forest boundaries.
Such an analysis will allow identifying patterns in
tree responses and improving the prediction of the
impact of climate change on forest ecosystems. The
results of the study have practical value. They can
be used to develop strategies for adapting forest eco-
systems to climate change, as well as for planning
measures to preserve and restore forests in the terri-
tory of the Bayanaul National Park.
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