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CrabuabHbIe U30TOITHI YIJIepoaa B TOTUYHBIX KOJIbIIAX IePEBbEB MOTYT CIIY>KUTh MHIUKATOPOM MPOIILTBIX
KJIMMAaTUYECKUX U 9KOJOTUUECKMX U3MeHeHU. OqHaKO KIMMaTUIeCKU CUTHaJI, KOTOPBIN BbIpaxaeTcsl
B 3TOM MHIMKATOpE, BapbMPYyeT B 3aBUCMMOCTH OT peTMOHa M Buaa aepeBbeB. C 3TOI TOYKM 3peHMUSI,
EBponeiickas yactb Poccuu Bce eliie ocTaeTcsi MaJlou3y4eHHBIM PETMOHOM, Te ITOYTH HET UCCIeT0BaHu i
3aBUCHMOCTH U3MEHEHM I NM30TOITHOTO COCTaBa APEBECUHBI OT KJIMMaTUYECKUX MapaMeTpoB. B maHHOI pa-
060Te MPUBOAATCS MEPBbIe PE3yabTaThl MTOAOOHOTO UCCIENOBAHMS ISl KUBBIX J1€PEBHEB COCHBI OOBIKHO-
BeHHoM (Pinus sylvestris L.) B TBepuiikom 6opy SIpocnapisi. Bbiio n3amMepeHo COOTHOILIEHUE CTaOMIbHBIX
M30TOIIOB yrilepona (8C'3) B mpeBecHOil LIeITI0N03¢ OTAETBHBIX TONUYHBIX KOJEIl, H3BICUEHHBIX U3 IISTU
JepeBbeB, M paccuuTaHbl KoadduimenTsl Koppemsiimu dC'3 ¢ MeTeoposornyeckumMm mnapameTpamMu 3a
2010—2020 rr. [Toka3zano, uto 8C'? B IpeBecHO LeLTION03e MMeeT 3HAYNMYIO B3aUMOCBSI3b C TEMITEepaTy-
poii ¢ mas o ceHTa6ps (= 0.63, p = 0.037), c ocankamMu ¢ Mast 1o ceHTsIopb (r = —0.77, p = 0.051) u ¢ uH-
JIeKcoM cypoBocTtu 3acyxu [Taamepa ¢ Mast 1o ceHTa0pb (= —0.65, p = 0.032). DTH pe3yabTaThl SIBJISIIOTCS
MEpBBIM MPSIMBIM L0Ka3aTeIbCTBOM TOTO, 4To OC '3 B IpeBecHOIl LeTI0103¢ COCHBI OGBIKHOBEHHOI
B fpociiaBiie MOXET CIy>KUTb IoKa3aTejeM KoJaeO0aHUi BIaXKHOCTU TeIuIoro nepuopa. s Toro, 4Toobl
C/IeJIaTh BBIBOIBI O CTAOMILHOCTH KJIMMATUYECKOTO CUTHAJIa B 5TOM peTHOHE Ha TTPOTSKEHUU Beero XX Be-
Ka, HEOOXOIMMbI JOTOJHUTENbHbIE U3MepeHus. Takxke B CcTaTbe OIMMCHIBAIOTCS JIBE HOBBIE NPEBECHO-
KOJIbIIEBBIE XPOHOJIOTMY, OCHOBAaHHBIE Ha apXeOJIOTUMIECKUX M apXUTEKTYPHBIX MaTepHaiax u3 SpociiaB-
ckoit (1438—2019 rr.) u Kocrpomckoii (1283—2012 rr.) obisacteit. CorniacHO MojiydeHHbIM pe3yjibTaTam
0 KJIMMaTH4ecKoi uyBcTBUTEeNbHOCTH OC'? B IpeBecHOI! LIe/UTIoNo3e, 3T XPOHOIOTHH MOTYT CITyXKUTh Ma-
TepUAIbHON OCHOBO1 [IJ1s1 pEKOHCTPYKLIMI BJIaXXHOCTHA TOAWYHOTO Pa3pellieHusT B pErMoHe.

Karoueesnie cnosa: cocHa OOBIKHOBEHHasI, feHapoxpoHoorusi, EBponeiickas yactb Poccuu, 3acyxa, MHIEKC
cypoBocTH 3acyxu [laamepa
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1. INTRODUCTION

Classical dendroclimatic reconstructions based on
tree-ring width (TRW) or maximum latewood density
(MXD) data are usually limited to extreme environ-
ments, where tree growth is controlled by one strong
limiting factor. In non-boundary environments stable
isotopes can surpass classical tree-ring proxies, as they
are less dependent of ecoclimatic conditions and
hence usually have significant correlations with cli-
matic data (Gagen et al., 2004; Frank et al., 2015;
Esper et al., 2016, 2018). Stable isotope ratios in tree
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rings can be a good proxy for climatic changes in the
past, being a substitute or a complement for other pro-
xies (Loaderet al., 2013; Helama et al., 2021). East Euro-
pean Plain is located in temperate climate where den-
droclimatic signal in tree-ring width of conifers is
mixed and sometimes non-significant (Matskovsky,
2016; Solomina et al., 2017, Hughes et al., 2019;
Kuznetsova et al., 2022). Therefore, the development
of more climate-sensitive tree-ring proxies on this ter-
ritory is of primary importance.
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The process of photosynthesis is responsible for the
assimilation of atmospheric CO, by the tree (Hartl-
Meier et al., 2014). CO, fixation and, as the result, the
stable isotopes ratio in tree rings depends on the re-
gime of moistening, air humidity, temperature and il-
lumination of the territory (Nikolov et al., 1995; Fre-
deen, Sage 1999; Bunce, 2000). Due to various clima-
tic controls of isotope fractionation, various climatic
parameters have been reconstructed using stable car-
bon isotopes ratios: temperature in Central Asia
(Treydte et al., 2009), Turkey (Heinrich et al., 2013),
Finland (Gagen et al., 2007), Altai (Sidorova et al.,
2013); river flow in Siberia (Waterhouse et al., 2000),
droughts in Europe (Kress et al., 2010), Altai (Jiang
et al., 2020), and China (Kang et al., 2022); relative
humidity in China (Liu et al., 2018), fire frequency in
Oregon, USA (Voelker, 2019); sunshine duration
(Loader et al., 2013) and cloud cover (Gagen et al.,
2011) in Scandinavia.

According to the new data from annually-resolved,
long-lasting, tree-ring-based isotope records, long-
term hydroclimate trends, as well as interannual varia-
tions, can be better captured using stable isotopes than
by TRW or MXD (Biintgen, 2022). In that study, UIf
Biintgen argued that limitations of “growth-depen-
dent” (like TRW or MXD) parameters relate to natural
processes of adaptation to long-term climate changes,
whereas “growth-independent” carbon and oxygen
isotopic ratios from tree-ring cellulose can capture en-
vironmental variation well beyond the segment length
of individual tree-ring samples. This is another argu-
ment for an extensive development of such proxies in
different regions over the Globe.

Dendroclimatological studies based on stable iso-
topes in tree rings from Europe are numerous. As an
example of recent progress in this region, stable car-
bon and oxygen isotopes in oak wood have been used
to reconstruct droughts in central Europe over the past
2000 years with annual resolution (Biintgen et al.,
2021). However, in the European part of Russia, stu-
dies using proportion of stable carbon isotope C"
(8C") in tree rings for climatic reconstructions are still
rare. For instance, there is a study on the reconstruc-
tion of moisture conditions based on 8C" in tree rings of
archaeological wood from Yaroslavl (Panyushkina et al.,
2016). But there are still no data on the climate signal
in 8C" in this region. Neither there are studies com-
paring 6C" in tree rings of living trees to meteorologi-
cal observations.

In this paper we make first steps to fill this gap. We
collected tree-ring samples from living pines (Pinus
sylvestris L.) in Yaroslavl city, we measured and cross-
dated these samples to build tree-ring-width (TRW)
chronology. Then we measured 6C" in five individual
trees for the period from 2010 to 2020 and compared
these records to meteorological data to explore paleo-
climatic potential of this proxy. Moreover, we con-
structed long tree-ring chronologies for Yaroslavl and
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Kostroma regions based on archaeological and archi-
tectural materials to show the possible extension of
tree-ring-based climatic reconstructions in the region.

2. MATERIALS AND METHODS

2.1. Tree-ring materials. We sampled ten living
pines in the Tveritsky forest in the city of Yaroslavl
(57.65° N, 39.93° E) in September 2020 (site code A22S).
Two samples from each tree were taken at breast height
with a common increment corer (¢ 6 mm), and two
additional samples with a large diameter increment
corer (¢ 10 mm). They were placed in plastic con-
tainers for transportation to the laboratory of dendro-
chronology (Institute of Geography, Moscow).

Materials for the extension of tree-ring chronolo-
gies into the past in Yaroslavl and Kostroma regions
come from archaeological excavations and old woo-
den buildings. Materials for the Kostroma chronology
come from the archaeological excavations in the city
of Kostroma and from the wooden buildings from the
Kostroma Region. They include samples from the
church in Andreevskoye village (58.16° N, 41.30° E), two
buildings from the Museum of Wooden architecture of
Kostroma Region: house of Skobyolkin and the
church of Ilijah the Prophet. The other materials come
from the excavations (2013—2018) of fair buildings in
the center of Kostroma city (57.77° N, 40.93° E):
Melochniye ryady, Maliye Myasniye ryady, Muchniye
ryady. Kostroma archaeological and architectural ma-
terials were connected to the present by cross-dating
with living pines from the Kologriv district of Kostro-
ma region (58.83° N, 44.32° E, AD 1860—2012).

Materials for the Yaroslavl chronology come from
the archaeological excavations in the city of Yaroslavl
and from the wooden buildings from Yaroslavl region.
They include samples from the church of St. John on
the Ishnya river (57.18° N, 39.36° E), from four wooden
houses in Porechye-Rybnoye village (57.09° N, 39.39° E),
and the house in Cheluskintsev st., 7 in Yaroslavl. The
other materials come from the excavations of 2020—21
in the center of Yaroslavl, Volzhskaya embankment, 1.
Yaroslavl chronology was connected to the living pines
from Yaroslavl (AD 1869—2019) and from Bor-
isoglebsk district of Yaroslavl region (57.27° N,
39.15° E, AD 1864—2013).

The materials used for the development of the
Yaroslavl and Kostroma tree-ring chronologies were
described in details earlier (Engovatova et al., 2022).

2.2. Tree-ring-width measurements and cross-dating.
Laboratory preparation, measurements and further
analysis were carried out in the laboratory of dendro-
chronology of the Institute of Geography RAS, Mos-
cow. Increment cores were glued on the wooden
beams with perpendicular fiber direction (Stokes, Smi-
ley, 1968), and then sanded. Cuts from archaeological
wood were sanded. In some cases, when tree rings
were hard to distinguish after sanding, they were
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cleared by a razor blade. Then the samples were
scanned using a flatbed scanner, Epson Expression
1680, with a resolution range of 1500—3200 dpi. Ring
widths were measured using CooRecorder software
(Larsson, Larsson, 2016). This program calculates
distances between successive coordinates of the points
that were placed automatically or manually by an ope-
rator on the tree-ring borders. Detailed step-by-step
protocol of obtaining TRW measurements is available
on the web page of Cybis company (http://www.cy-
bis.se/forfun/dendro/helpcoorecorder7/index.htm).

Individual TRW series were transformed into decadal
Tucson format using CDendro software (Larsson,
Larsson, 2016). Process of cross-dating was carried
out in programs CDendro and COFECHA (Grissino-
Mayer, 2001). Cross-dated tree-ring series were then
standardized using negative exponential or negative or
zero slope linear function via ratio in dplR package in
the R environment (Bunn, 2008; R Core Team, 2021).
The chronologies quality of was estimated by means of
the Expressed Population Signal (EPS, Briffa, Jones,
1990), applying a 30-year moving window. EPS values
larger than 0.85 were used as a threshold representing
the periods of the chronologies suitable for recon-
struction (Wigley, 1984).

2.3. Stable carbon isotopes measurements. Cross-
dated cores were cut with a stationery knife under a
binocular — either single rings or separately earlywood
(EW) and latewood (LW) were cut. The cut samples
were transferred to the Laboratory of Radiocarbon
Dating and Electron Microscopy of the Institute of
Geography RAS. Alpha-cellulose from each sample
was extracted using a modified Jayme-Wise isolation
method (Boettger et al., 2007). 8C'3 were measured
from the alpha-cellulose samples using the precislON
IRMS mass spectrometry analyser (Isoprime, UK)
combined with the Vario Isotope Cube elemental
CHNS analyzer (Elementar, Germany) relative to a
high purity reference gas (CO,) calibrated according to
IAEA standard materials (IAEA-CH3-cellulose,
IAEA-600-caffeine). The Casein B2155, Urea B2174
and Sorghum Flour B2159 (Elemental Microanalysis,
UK) standards were used as working laboratory stan-
dards and for constructing the calibration curve.

2.4. Meteorological data. Monthly mean tempera-
ture and sums of precipitation at Yaroslavl weather sta-
tion (WMO code 27330) for the period 2010—2020
were taken from the website (http://www.pogodaikli-
mat.ru/history/27330.htm).

Monthly values of self-calibrated Palmer Drought
Severity Index (scPDSI) were obtained from the Uni-
versity of East Anglia Climatic Research Unit product
version 4.05 (Barichivich et al., 2021). This is a grid-
ded dataset with spatial resolution of 0.5°. The values
from the nearest grid-point to Yaroslavl were taken
(57.75° N, 39.75° E).

3. RESULTS AND DISCUSSION

3. 1. Tree-ring width chronology for living trees. TRW
chronology for living pine trees growing in Yaroslavl
covers the period AD 1869—2019. The period with
EPS values larger than 0.85 starts in AD 1905, where it
is covered by measurements from nine to eleven trees
(fig. 1). This chronology is the base for sampling indi-
vidual rings for 8C measurements and for cross-da-
ting of architectural materials in the region.

3.2. Long chronologies of archaeological and archi-
tectural materials. Cross-dating of 89 samples allowed
us to develop the Kostroma TRW chronology which
covers the period AD 1283—2012 (fig. 2). It was suc-
cessfully cross-dated with the Kirillov and Vologda
TRW chronologies (Karpukhin, Matskovsky, 2012)
(AD 1085-2012, t-value = 11.0). The highest sample
replication is for the 17" century, while the replication
in 18" and 19™ centuries can be easily increased by
materials we have collected from various wooden
buildings in the region. The replication for the 20" cen-
tury could be increased by samples from living trees in
the region. Earlier part of the chronology (13—15" centu-
ries) is harder to straighten by additional samples, as
the archaeological wood from this period is rare.

Yaroslavl TRW chronology consists of 81 samples
and covers the period AD 1438-2019 (fig. 2). It was
cross-dated with the Kostroma chronology (t-value = 4.8)
and Vologda chronology (t-value = 7.7). The most
problematic period for the chronology is the 19" cen-
tury, as it is not easy to get access to architectural wood
for this period. On the other hand, it will be easier to
extend this chronology into the past, as there are a lot
of archaeological materials from Yaroslavl city starting
from the 12" century.

Despite lower t-values for the mean chronologies,
individual samples from Yaroslavl are usually easily
cross-date against the Kostroma chronology, while
it is hard to cross-date them against the Vologda
chronology. At the same time, individual samples
from Kostroma are often easily cross-dated with the
Vologda chronology. All the three regions are located
in the boreal forest area (taiga), but Yaroslavl and
Kostroma are located on the southern ecological bor-
der of taiga (southern taiga), while Vologda is located
in the middle taiga. We argue that such cross-dating
connections may be explained by differing climatic
sensitivity of trees in these forests: more moisture sen-
sitive trees in Yaroslavl region and more temperature-
sensitive trees in Kostroma region. These consider-
ations may refine previously defined geographical
boundary between mostly temperature-sensitive and
mostly moisture-sensitive trees (Matskovsky, 2012;
2016) as passing between Yaroslavl and Vologda
(around 58.5° N). Kostroma region, which is located
to the east of Yaroslavl region and to the south of
Vologda region, should be considered as a transitional
region for the climatic signal in tree-ring width of co-
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Fig. 1. TRW chronology for living trees growing in Tveritskiy forest, the city of Yaroslavl. Upper panel shows tree-ring indices
(black line) smoothed by 32-year spline (red line) and sample replication (grey shading). Lower panel shows EPS values for

50-yr periods with 25-yr overlay.

Puc. 1. XpoHO0THST IIUPUHBI TOMUYHBIX KOJIEIT XXMBBIX J€PEBhEB, pacTymux B TBepuiikom 6opy Apocnasisa. CBepxy mokasza-
HbI MHIIEKCHI MPUPOCTa (YepHasi IMHUS), CIIaXXeHHbIe 32-JIETHUM CIUIaitHOM (KpacHasi JIMHUS) U HAITOJIHEHHOCTh 00pa3aMu
(cepas mTpuxoBka). CHU3y noka3aHbl 3HaueHus EPS 3a 50-1eTHue nepruoabl ¢ HajaoKeHueM B 25 JieT.
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Fig. 2. Yaroslavl (upper panel) and Kostroma (lower panel) TRW chronologies and their replication. Designations as in the fig. 1.
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Fig. 3. 5C" values measured in the cellulose of tree rings.
Coloured lines show series from individual cores. Solid
lines show the measurements from the whole ring, dotted
line shows the measurements from latewood, dashed line
shows the measurements from earlywood. Black line shows
the MEAN series of all the measurements.

Puc. 3. 3Hauenust SC'°, uaMepeHHbIE B LIETIONO3E TO-
IUYHBIX KoJjiell. LIBeTHbIe TMHUY MTOKA3bIBAIOT CEPUU U3
OTIENbHBIX KepHOB. CIUIOIIHbBIE TUHUU — KOJIBIO LETU-
KOM, KOPOTKUI MYHKTUP — ITO3IHSs APEBECUHA, IJIMH-
HBIM NIYHKTUP — paHHsA IpeBecuHa. YepHas JuHUSA —
YCPEIHEHHBIH PsIT 11T BCEX U3MEPEHMIA.

nifers. The difference in soil conditions may also be a
factor that alters primary climatic signal between
Yaroslavl and Kostroma forest stands.

3.3. Variations of stable carbon isotopes in tree rings.
Measured values of 8CB in cellulose of the sampled
tree rings are shown in the fig. 3. Ten to 11 rings have
been measured entirely from four cores; EW and LW in
ten rings of one core. Correlation analysis was carried
out between the series of measurements (table 1). Ba-
sically, all the initial measurements correlate well with

each other and with the MEAN (averaged) series, ex-
cept for the core A22S14A, which showed insignifi-
cant and even negative correlation values due to the
presence of a positive trend. The 8C! values in late-
wood are less correlated with the MEAN series than
the 8CP values in earlywood. This is logical conside-
ring that earlywood makes up most of the annual ring.
The maximum correlation with the MEAN series has
the core A22S16A. When removing the linear trend
from all the series, the minimum correlation with the
MEAN series has the core A22S13A, the maximum
correlation has the core A22S16A. The differences be-
tween 8C" values in the individual trees might be re-
lated to the micro-habitat, genetics or non-climatic
disturbances in the forest stands (Robertson et al.,
2002). Generally, changes in 8C" values in tree rings
are not related to the age of tree, especially out of the
juvenile period of the first 10—15 rings. However, tree-
ring isotope series can contain low-frequency non-cli-
matic trends (Loader et al., 2013). Sometimes the dif-
ferences between 6C! values in the individual trees
could also be explained by the slower growth of tree to-
wards the canopy (Loader et al., 2012). In further
studies, an increased replication of measurements in
every year might resolve the significance and the na-
ture of the differences in 8C'? values between the indi-
vidual trees.

Interannual variability of the 8C!3 values for each
tree (mean standard deviation = 0.6) is higher than in-
ter-sample variability for each year (mean standard
deviation = 0.57). This fact, along with the good syn-
chronicity of the measurements, indicates the pre-
sence of a common signal, which we may expect to be
of climatic nature.

3.4. Co-variations of stable carbon isotopes and me-
teorological parameters. We correlated the MEAN se-
ries of 6C? measurements with meteorological pa-
rameters — summer temperature, precipitation and
scPDSI (May to September period). Correlation coef-

Table 1. Correlation coefficients between SC'3 series. The coefficients for the initial series are shown above the diagonal,
for the detrended series (linear trend removed) — below the diagonal. Statistically significant values are shown in bold font

(@ < 0.05)

Ta6mma 1. KoadduimenTs! Koppensimu Mexay psoamu 0C 3. KoshdUIMeHT! 11 UCXOIHBIX PSIIOB ITOKa3aHbl Hal
IMArOHaJIblO, VISl PSITOB ¢ YOPAaHHBIM JIMHEMHBIM TPEHIOM — TIof AuaroHaablo. CTaTUCTUYECKM 3HAYMMBble 3HAYCHUS

BBIACISHBI ITOIYKMPHBIM 1mipudTom (p < 0.05)

13A 16A 15B 14A 11B LW 11B EW MEAN
13A - 0.708 0.695 —0.184 0.461 0.858 0.777
16A 0.159 - 0.931 —0.025 0.753 0.687 0.927
15B 0.176 0.842 — 0.024 0.729 0.632 0.911
14A 0.079 0.411 0.455 — 0.189 0.057 0.149
11B LW —0.381 0.471 0.438 0.654 — 0.478 0.793
11B EW 0.608 0.243 0.150 0.546 —0.128 — 0.848
MEAN 0.337 0.788 0.764 0.538 0.517 0.580 —
TEOMOP®OJIOTUA  Ttom 53  Ne 3 2022



JNEHAPOKJIIMMATUYECKHWH MMOTEHIIMAJI CTABMJIbHBIX U30TOITOB 79

ficients between the MEAN series of 8C" and mean
May to September temperature (T V—IX) are r = 0.63
(p = 0.037) and = 0.29 (p = 0.39) for the initial and
detrended data respectively (fig. 4). Correlation coef-
ficients between the MEAN series of 6C'* measure-
ments and total May to September precipitation (P V-IX)
are r = —0.77 (p = 0.0051) and » = —0.59 (p = 0.059)
for the initial and detrended data respectively. Cor-
relation coefficients between the MEAN series of §C!3
measurements and May to September scPDSI (V-1X)
are r=—0.65 (p =0.032) and r=—0.64 (p = 0.036) for
the initial and detrended data respectively. Our results
agree with the recent studies (Esper et al., 2018; Lu-
kac et al., 2021), where significant correlations of 3C'3
with temperature, precipitation and soil moisture were
found for different pine species in Sweden and Mon-
tenegro, respectively. In our case the highest correla-
tions were found between 8C" and precipitation.
However, the primary climatic factor that controls
8C" may change with microsite conditions (Esper et al.,
2018), as well as in time (Lukac et al., 2021).

We see exchanging influence of summer tempera-
ture and precipitation on isotopic composition of tree
cellulose. For example, in 2014 low precipitation and
average temperature led to higher 8C values, while in
2017 low temperature and average precipitation led to
lower 6C"3 values. Both temperature and precipitation
influence air moisture, thus affecting stomatal con-
ductance, which alters carbon discrimination (Warren
et al., 2001; Farquhar et al., 1989). Soil moisture, as
expressed in scPDSI, contrary to temperature and
precipitation has significant correlation values with
8CPB both for the initial and detrended series. More-
over, while the values of temperature and precipitation
come from the nearby weather station, scPDSI values
were acquired from a gridded dataset, which does not
include this weather station. Soil moisture measure-
ments from a nearby location are expected to correlate
better with the dC values.

For the analyzed period of 2010—2020 we see pro-
nounced trends in all the series: 8C" and summer
temperature (negative), precipitation and scPDSI
(positive). A part of the correlation of the series,
hence, is due to this trend. The trend in dC'* may be
due (at least partly) to the reduction of atmospheric
dC" due to admixture of fossil fuel CO, (Suess effect),
and due to a changing physiological response of trees
to increasing atmospheric levels of CO, (McCarroll et al.,
2009). However, even detrended dCP series show sig-
nificant correlation values with scPDSI, which reaf-
firms climatic sensitivity of 6C!® values in tree-ring
cellulose. Here we used simple linear detrending as the
length of our series is relatively short. However, more
sophisticated methods are used to account for Suess
effect in longer time series of 8C' variations (Keeling,
1979; Belmecheri, Lavergne, 2020).
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Fig. 4. Comparison of 8C 13 and climatic parameters. Black

line shows §C13 MEAN series, red line shows temperature
(V—=IX), blue line shows precipitation(V—IX), yellow line
shows scPDSI (V-IX). All the series were transformed to z-
scores.

Puc. 4. CpaBHeHME PSIIOB 8C 1 1 xmmmaTrueckux napa-

MeTpoB. UepHasi IMHUSI — CpeaHUE 3HAYCHUS 3CB 3a
KaXIblif TOII, KpacHasi JIMHUSI — TeMIlepaTypa Masi-CeH-
TSIOpSI, CUHSSI JTUHWUSI — WHBEPTUPOBAHHBIC 3HAYCHWUS
OCAJKOB Masi-CEHTSIOPSI, KesiTas JUHUS — WHBEPTUPO-
BaHHble 3HaueHUs1 scPDSI (mHnekca cypoBoctu 3acyxu

IMTanmepa) masi-ceHTsI6ps1. Bce ceprit HOpMUPOBAHBI.

We conclude that 6C' values in tree-ring cellulose
of Pinus sylvestris in Yaroslavl region is a moisture sen-
sitive proxy that has statistically significant connection
to summer precipitation and temperature (probably
through evaporation), as well as to soil moisture. Other
studies revealed differing climatic signal in 8C* for
this species — from summer sunshine in Northern Fin-
land (McCarroll, Pawellek, 2001) to summer (June-
July) precipitation at the Northern Caucasus
(Brugnoli et al., 2010). Our findings confirm the inter-
pretation of previously studied dC? series extracted
from archaeological materials (Panyushkina et al.,
2016) as a moisture sensitive proxy record.

However, the length of the studied 6C" record does
not allow us to make conclusions about the stability of
climatic signal in this proxy throughout the 20" centu-
ry. Longer isotopic records acquired from well-dated
tree rings of Yaroslavl region will shed light on this
question. Additionally, investigation of the relation-
ship between well-replicated early- and latewood dC13
series and meteorological parameters will allow to bet-
ter capture the seasonality in these proxies.

4. CONCLUSIONS
The main conclusions of this study are the follo-wing:

— the series of dC measurements from five trees
showed good co-variability;
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— 0CB values in tree-ring cellulose of Pinus sylvestris
in Yaroslavl region show positive correlation to sum-
mer (May to September) temperature, negative cor-
relation to May to September precipitation and May to
September scPDSI for the analysed period of 2010—
2020;

— the constructed long chronologies for Yaroslavl
(AD 1438-2019) and Kostroma (AD 1238—2012) re-
gions are potential sources of materials for future dC!3
measurements and long annually resolved reconstruc-
tions of moisture conditions in the region;

— cross-dating of tree-ring width series of archaeo-
logical and architectural samples from Yaroslavl,
Kostroma and Vologda regions showed that Kostroma
is connected to both regions while individual samples
from Yaroslavl are hard to cross-date against Vologda
samples;

— further studies should consider longer 6C" re-
cord to confirm our findings for the 2010—2020 period
and to explore the stability of climatic signal throughout
the 20 century.
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Stable carbon isotopes in tree rings may serve as an important proxy of past climatic and environmental
changes. However, the climatic signal that is expressed in this proxy vary across regions and species. European
Russia is still an understudied region, where a few studies on climatic signal in isotopic composition of wood
were undertaken. Here we provide the first results of such study for living Scots pines in the city of Yaroslavl.
We measured the ratio of stable carbon isotopes (8C) in wood cellulose of individual tree rings extracted
from five trees, and calculated correlation coefficients of §C'3 with meteorological parameters. The period
analyzed is 2010—2020. We showed that 8C' in wood cellulose has a significant relationship with May-Sep-
tember temperature (» = 0.63, p = 0.037), May-September precipitation (» = —0.77, p = 0.0051), and May-
September Palmer Drought Severity Index (r = —0.65, p = 0.032). These results are the first direct evidence
that 8C'3 in wood cellulose of Scots pine in Yaroslavl may serve as a proxy for the warm period moisture vari-
ations. Additional measurements are required to make conclusions about the stability of climatic signal in this
proxy throughout the 20" century. We also describe two new tree-ring chronologies based on archaeological
and architectural materials from the Yaroslavl (AD 1438—2019) and Kostroma (AD 1283—2012) regions. Ac-
cording to the obtained results on the climatic sensitivity of 8C!? in wood cellulose, these chronologies may

serve as a material base for annually resolved moisture reconstructions in the region.

Keywords: Scots pine, dendrochronology, drought, East European plain, PDSI
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