SlI: «The 6th International Conference
Limnology and Freshwater Biology 2024 (4): 544-549 DOI:10.31951/2658-3518-2024-A-4-544 Paleolimnology of Northern Eurasia»

Short communication

Quantitative methods fo_r recionstructlon [ IMNOLOGY
of the Holocene paleoclimatic FRESHWATER
characteristics and vegetation changes BIOLOGY
based on palynological data from lakeand — —
peat sediments

Novenko E.Yu.'*, Andreev R.A.'?

! Institute of Geography of the Russian Academy of Sciences, Staromonetny lane, 29, Moscow, 119017, Russia
2 Lomonosov Moscow State University, Faculty of Geography, Leninskie Gory, 1, Moscow, 119991, Russia

ABSTRACT. The paper presents the results of a methodological study of the quantitative reconstruc-
tion of paleoclimatic characteristics (mean January and July temperatures, mean annual temperature
and precipitation) and forest cover within a 20 km radius of the study site using palynological data
from lake and peat sediments. The following quantitative methods have been tested: the best modern
analog technique, transfer functions as weighted averaging, weighted averaging partial least square,
and the Random Forest method, a meta estimator that fits a number of decision tree classifiers on
various sub-samples of the dataset. A database of subfossil pollen assemblages for northern central
Siberia (north of 60°C) was used as a training data set for model construction, containing 174 pollen
assemblages, climatic characteristics for the sampling area, and calculations of forest cover based on
remote sensing data. Leave-one-out cross validation was appy for testing of the methods. The results
showed that all models had the highest coefficients of determination (R2), the smallest errors and the
lowest uncertainty for the reconstruction of the mean July temperature. The developed methods were
applied to two key sites in Central Siberia, located in the vicinity of Igarka and the settlement of Tura
(Krasnoyarsk Region). The results obtained showed similar trends in the changes in palaeoclimatic
characteristics reconstructed by different methods, but a rather large variation in temperature and pre-
cipitation values at some time intervals.
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1. Introduction dataset should be regionally constrained and that the

methods should be tested on a regional database.

The objectives of the present study are to develop
and test quantitative methods for paleoclimate recon-
structions from pollen data of mean July and January
temperatures, mean annual temperature and precipita-
tion, and total forest coverage within a 20 km radius of
the study site for the area of northern Central Siberia.

Quantitative vegetation and climate reconstruc-
tions are an important part of the retrospective ana-
lysis of the natural environment. Data derived from
diatom, chironomid and isotope geochemical analyses
of palaeoarchives from marshes and lakes were used
to calculate quantitative parameters of the paleoen-
vironment. Reconstructions of climate and vegeta-
tion cover based on the results of pollen analysis are
commonly used. However, as numerous studies have
shown, the use of a data base consisting of palynologi-
cal assemblages from contrasting geographical regions
negatively affects the accuracy of quantitative recon-
structions. A number of researchers concluded that the

2. Material and methods

The following quantitative reconstruction meth-
ods have been tested for reconstructing forest cover and
palaeoclimate: the Best Modern Analogue Technique
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(MAT), based on a statistical search for fossil pol-
len assemblages of their closest modern analogues;
Weighted Averaging (WA), based on the construction
of a transfer function based on the relationship between
the ecological requirements of taxa and a climatic
conditions; Weighted Averaging Partial Least Square
(WAPLS), which also constructs a transfer function
but uses a different statistical method; and Random
Forest (RF), which builds models based on decision
trees. Table 1 shows the parameters of the models
used. Calculations of climatic characteristics and test-
ing of methods by leave-one-out validation are imple-
mented in the form of scripts in the R programming
language. The analogue package was used for the MAT
(Simpson and Oksanen, 2021), for WA and WAPLS -
rioja (Juggins, 2023), the RF package randomForest
(Liaw and Wiener, 2003). A database of subfossil pollen
assemblages for the north of Central Siberia (north of
60°N), which contains 174 sites, was used as a train-
ing dataset for constructing models. The database con-
tains information on climatic characteristics in the form
of a table for each surface sampling point (the mean
temperature in July, January, the mean annual tem-
perature, °C; average annual precipitation, mm; for-
est coverage within a radius of 20 km, %). The pollen
assemblages of 142 surface samples were taken from
the Eurasian Modern Pollen Database-2 (Davis et al.,
2020). In addition, the results of earlier palynologi-
cal analyses of surface samples from the Igarka, Tura,
Turukhansk and Vanavara regions (32 spectra) were
used. The sampling area of the surface samples con-
tained in the database covers the vicinity of Norilsk and
the Putorana plateau, the North Siberian Lowland in
the Khatanga region and the Central Yakutia. Climate
indicators (for the last 30 years) for these areas were
taken from the database of the All-Russia Research
Institute of Hydrometeorological Information - World
Data Center (RIHMI-WDC) for weather stations.

The current forest coverage within a radius of 20
km around the surface sampling point is determined
based on data from the WorldCover 2020 project (ESA
WorldCover project, 2021). The data represent layers
of landscape cover for almost the entire land area with
a spatial resolution of 10 m, classified based on satel-
lite imagery Sentinel-1 and Sentinel-2. An independent
statistical and visual assessment of World Cover project

Table 1. Results of leave-one-out cross validation

shows the high accuracy of the classification (82.1%
for Asia, ESA WorldCover project, 2021). The determi-
nation of forest cover within a radius of 20 km around
the surface sampling site was performed in the QGIS
software version 3.16, as well as using an additional
program in the R language.

The tests of the accuracy of the reconstruction
methods (standard error of prediction, RMSEP) and the
coefficient of determination (R?), as well as the selec-
tion of the most appropriate parameters of the models,
were carried out by leave-one-out cross validation. The
results of the verification are shown in Table 1.

3. Results and discussion

According to obtained results, MAT was shown
to have the highest cross-validated reconstruction
accuracy, outperforming the other methods for both
indicators and all parameters. The smallest errors and
the smallest variance, as well as the best coefficient of
determination, were achieved for the July temperature
for all models. Reconstructions of the mean annual tem-
perature show a relatively good accuracy. Annual pre-
cipitation is worse determined than the other indica-
tors. For the calculation of T, and T, ,aswellasP_,
MAT and RF give better results than WA and WAPLS.
The coefficient of determination (R?) for all parameters
in MAT and RF show a high proportion of the explained
variance (from 74 to 87% respectively).

However, the strong difference with other mod-
elsforT, , T, andP, raises doubtsabout the reliabil-
ity of these estimates, which requires further tests. In
general, the leave-one-out cross-validation results show
the ability of the models used to reliably reconstruct
trends in the dynamics of the mean July temperature
and forest coverage, and somewhat less reliably for T
and other characteristics.

The tested four methods of reconstruction of cli-
matic characteristics and forest coverage were used to
analyze the Holocene changes in vegetation and climate
in Central Siberia. The calculations are based on fossil
pollen assemblages from lacustrine and peat sediments
from two peatlands located near the town of Igarka
(Novenko et al., 2023) and the settlement of Tura. The
results obtained showed similar trends in the changes

Methods Climatic characteristics
RMSEP R2
Jul TJan Tann Pann ForESt Jul TJan Tann Pann ForeSt
cover cover
Best Modern Analogue 1,09 2,18 | 0,92 | 49,8 0,18 0,84 | 0,78 |1 0,87 | 0,81 0,68
Technique (MAT)
Weighted Averaging (WA) 1,24 3,33 | 1,43 | 79,2 0,18 0,78 1 0,48 | 0,68 | 0,47 0,66
Weighted Averaging Partial 1,15 3,17 1,5 | 86,3 0,18 0,81 10,53 0,65 | 0,39 0,66
Least Square (WAPLS)
Random Forest (RF) 1,24 2,34 | 1,06 | 51,4 0,2 0,78 10,74 | 0,82 | 0,78 0,61
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in paleoclimatic characteristics reconstructed by differ-
ent methods, but a rather large variation in tempera-
ture and precipitation values at some time intervals.

With the exception of individual peaks, the best
correspondence between the various methods was
found for the reconstruction of the mean July tempera-
ture in, the largest range of values for precipitation. To
refine the reconstruction, it is necessary to expand the
dataset of surface pollen assemblages.
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KoAnnuecTBeHHbIe MeTOAbl PEKOHCTPYKUUM
NaneOKAMMAaTHYECKHUX XapaKTepUMCTUK U
H3MEeHEeHHUH PAaCTUTeAbLHOCTH B rOAOLIeHe Mo
NaAMHOAOrHYECKHM AAHHbIM U3 O3€PHbIX U
GONOTHBIX OTAOXKEHMH

Hosenko E.}0.'*, AugpeeB P.A.!?

! Hncmumym ceoepaguu PAH, CmapomoHemHbiii nepeysiok, 0. 29, Mockaa, 119017, Poccua
2 Mockogckuti eocydapcmaeHHblll yHugepcumem umeHu M.B. JIomoHocoga, ceoepaguueckuti paxywmem, JleHuHckue eopsl, 0.1,
Mockea, 119991, Poccusa

AHHOTAIIUS. B craThe npeAcTaBjeHbl pe3yJibTaThl pa3pabOTKU KOJIMUECTBEHHBIX METOAOB PEKOH-
CTPYKIMH IaJIEOKJIMMaTUYeCKUX XapaKTepuCTUK (cpefHMe TeMIepaTypsl SHBAaps U HI0JIf, CpefHe-
rojoBas TeMIlepaTrypa, CpeJHEeroJoBble OCaAKKU) U NOJIM JIECOIOKPHITOM IUlomaay B paguyce 20 KM
(JtecucToCcTH) MO NAJIMHOJIOTMYECKUM JAaHHBIM U3 03€PHBIX M OOJIOTHBIX OTJI0KeHUH. [IpoTecTpoBaHbl
cJleyroliie MeTobl KOJIMYeCTBeHHbIX PeKOHCTPYKIMIA: MeTO/l JIy4lIuX aHajIoroB, B3BelleHHas HeJlu-
HelHasa perpeccus, perpeccus MeTOJOM HauMMEHbIINX YaCTUYHBIX KBaApaTOB, U METOJ CJIy4yailHOro
Jieca (Random Forest), cTposAmuii MoJesii Ha OCHOBE JlepeBbeB MPUHATUS pellleHUH. B kauecTBe Tpe-
HHPOBOYHOI BBIOOPKM [IJIs1 IIOCTPOEHUs MOJeJiell UCIoIb30BaHa 0a3a JaHHBIX CyO(OCCUIIBHBIX CIIOPO-
BO-TIBUIBLIEBBIX CIIEKTPOB AJiA ceBepa Cpenneii Cubupu (ceBepHee 60° c.m1.), koTopas comepxut 174
TOYKH, KJIMMaTH4ecKre XapaKTepUCTUKY AJI TEPpUTOpUM 0TOOpa Mpob 1 pacyeTsl JIECUCTOCTH 10 AaH-
HBIM JHUCTaHI[MOHHOIO 30HAVpoBaHuA 3eMun. i Bcex MoJesiell HauMeHble OMUOKN 1 HeOOJIbIION
1xX pasbpoc, a Takxe HauBbIcIITe KO3(GUIMEHTH JeTepMUHAI|MY 0JIyYeHbl AJ11 PeKOHCTPYKLNUY Cpef-
Hel TeMmnepaTrypsl UioJisa. PazpaboTaHHble METOAUKY ObLIM MpUMEHEHB! [JI JBYX KJII0OYEBBIX yYaCTKOB
B Cpenneii Cubupu, pacrojioXKeHHbIX B OKpecTHOCTAX . Urapka u noc. Typa (KpacHosipckuii kparti).
[TostyueHHBIE pe3ybTaThl IIOKa3aJyd CXOAHble TPeHAbl M3MEeHEeHUH NaeoKINMaTU4eCKuX XapaKTepu-
CTUK, PEKOHCTPYHMPOBAHHBIX Pa3JINYHBIMU METO[aMU, HO JOBOJIBHO 6OJIBbIION pa3bpoc 3HAUYeHUI TeM-
nepaTyp M OCagKOB Ha OTAEJIbHBIX XpPOHOCpe3ax.

Kiiouegeie cstoga: naneokJInMar, JIECUCTOCTb, MeTO/T JIyUIINX aHaJIOroB, TpaHchepHasa GYHKINA, METOL
ciyqariHoro Jieca, CpegHsas Cubupsb
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1. Beepenne U3 KOHTPACTHHIX (pU3uKo-reorpa¢puyecKux peruoHOB

OoTpuLaTeJbHO BJIMAET HAa TOYHOCTb KOJIMYECTBEHHBIX

KosinuecTBeHHBIE PEKOHCTPYKLIUM XapaKTepH-
CTUK PAaCTUTEJIBHOCTH U KJIMMAaTa — BaXXHOe HarpasJie-
HUe B PeTPOCIHEKTUBHOM aHAJIN3 Pa3BUTUsS KOMIIOHEH-
TOB IIPUPOJHOM cpenbl. [[J1A pacyéTa KOJIMYECTBEHHBIX
[apaMeTpoB CpeJbl B IPOILIOM HCHOJIb3YIOT HaHHBIE
JMaTOMOBOT'O, XMPOHOMUTHOTO, N30TOITHO-TeOXMIYe-
CKOT'0 aHAJIN30B I1aJIe0apXuBOB 60JIOT U 03€p. [Mupoko
PacIpoCTpaHeHB PeKOHCTPYKLIUM KJIMMAara U pacTh-
TeJILHOTO IMOKPOBa IO [JAaHHBEIM CIIOPOBO-IBLIBLIEBOTO
aHaim3a. Ho kak nokasaay MHOTOUHCJIEHHBIE UCCIIENO-
BaHUA, HCIOJIb30BaHUE NAJMHOJIOTUYECKUX CIIEKTPOB
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PEKOHCTPYKIMiL. JTO 0OYCJIOBJIEHO W3MEHUYHUBOCTHIO
COCTaBa CIIEKTPOB, IPUYPOUYEHHBIX K Pa3JIMYa0I[AMCSA
30HAJIBHO U CEKTOPHO TeppuropusaM. HcciieqoBaresnu
MPUXOAAT K BEIBOAY, YTO BRIOOpKA JOJIKHA OBITH peru-
OHaJIPHO OTpaHHWYeHa, a 3aTeM IPOTeCcTUpOBaHa Ha
pervoHaibHON ©Oa3e faHHbIX. llesb mMpecTaBIeHHOTO
HCccJIeJOBaHUA COCTOsIa B pa3paboTKe KOJIMYECTBEH-
HBIX METOJOB PEKOHCTPYKUUU NaJIeOKJIMMaTHYeCKUX
XapakTepucTUK (cpegHUe TeMIlepaTypbl sHBaps U
WI0JIs, CpeJlHerojioBas TeMIlepaTypa, CpeJHEeroJoBble
0ocaJIki) W JOJIA JIECOTIOKPBHITOH IUJIOIIAAU B pajuyce

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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20 kM (JIecuCTOCTH) MO MAaJIMHOJOTMYECKUM JaHHBIM
Iuis Tepputopun ceBepa Cpenteii Cubupu.

2. MaTepuanbl U MeTOADI

J71A peKOHCTPYKIMU JIeCUCTOCTH U MaJeoKJIU-
MaTa IIPOTeCTHPOBaHHl CJIeAyolie MeTOAbl Kojuye-
CTBEHHBIX PEKOHCTPYKLMI: MeTOJ JIy4IINX aHajoroB
(Modern Analogue Technique, MAT), ocHOBaHHBINI Ha
MaTeMaTH4YeCKOM IOHCKe AJIA UCKOIaeMBIX CIEeKTPOB
HauboJiee GJIM3KUX COBPEMEHHBIX aHAJIOIOB; B3BelleH-
Has HeJuHelHas perpeccus (weighted averaging, WA),
OCHOBaHHAasA Ha NOCTpOeHUU TpaHchepHON (YyHKIUU
13 pacyéTra 5KOJIOTMYECKUX NPUYyPOUYEHHOCTEeH TaKCo-
HOB K KJIMMaTH4YeCcKOMy [IOKa3aTeJIlo; perpeccus MeTo-
JIOM HavMeHBIIMX YaCTUYHBIX KkBanpaToB (weighted
averaging partial least square, WAPLS), Takxe CTpo-
Amasa TpaHcepHyo (PYHKINIO, HO C [IOMOIIBI0 MHOH
CTaTUCTUYECKOTO MeTOJa; a Takxe MeToAd Cciydail-
Horo Jieca (Random Forest, RF), cTtposmmii Momenu
Ha OCHOBe JiepeBbeB NPUHATUA pellleHUi. B Tabiuie
1 npuBefieHb MapaMeTphl UCIO0JIb30BaHHBIX MOJIeJIel.

PacueThl 1 TecTUpoBaHUE MeTOJOB IyTeM Iiepe-
KPECTHOM NpPOBEpKU peajii30BaHbl B BHJE CKPUIITOB
Ha sA3blKe nporpammupoBaHus R. [[ima MAT wucnosb-
3oBaH maketr analogue (Simpson and Oksanen, 2021),
nna WA u WAPLS - rioja (Juggins, 2023), RF — makeTt
randomForest (Liaw and Wiener, 2003).

B kadecTBe TpPEHMPOBOYHON BBHIOOpKU MJIA
IIOCTPOEeHUA Mojesell MHCHoJib30BaHa 0a3a JaHHBIX
CyO(dOCCHUIBHBIX CIIOPOBO-IBLIBIEBBIX CIIEKTPOB AJIA
ceBepa Cpenneli Cubupu (cepepHee 60° c.11.), KOTOpas
coaepxuT 174 touku. B Gase maHHBIX B Buje TaOJIMIIBI
A7 KaXJ0l TOYku 0TO6Opa MOBEPXHOCTHBIX MPOO Mpu-
Be/leHa MH(opManusA o KJIMMaTH4YeCKUX XapaKTepUCTH-
kax (cpeAHsAA TeMIepaTypa HI0JiA, AHBapsA, CpeJHero-
JoBas TeMmIieparypa, ‘C; cpeAHerofoBble OCaAKH, MM;
JnecuctocTs B paguyce 20 kM, %). ClIOpOBO-IIbLIbIIEBEIE
crekTpbl 142 TNOBEPXHOCTHHIX NMPOO B3ATH U3 0asbl
nauaeix Eurasian Modern Pollen Database-2 [Davis et
al., 2020]. [ToMUMO HHUX HCIIOJIb30BAHBI PE3YJIbTATHI
MaJIMHOJIOTHYeCKOr0 aHajil3a IOBEePXHOCTHHIX IpPo0
u3 patioHoB Urapku, Typsl, TypyxaHcka u BaHaBapsl
(32 cnekTpa), nojiyueHHble HaMH paHee. Teppuropus

oTOOpa MOBEPXHOCTHHIX IIPO0, cojepxaliuxcsa B Oase
JIaHHBIX, OXBaThiBaeT OKpecTHOCTH Hopusibcka u
minaro Ilytopana, CeBepocuOUpPCKYI0 HH3MEHHOCThb
B paiioHe XaTanru u lleHTpaJIbHOAKYTCKyl0 HHU3MEH-
HocTh. Kimmarnueckue mnokasareiu (3a IocjefgHue
30 JieT) 1S DAHHBIX TOYEK B3ATHI M3 0as3bl JaHHBIX
MUA-BHUUTMU pgiis meteocrannuii Wrapka, Typa,
TypyxaHck u BanaBapa.

CoBpeMeHHas JIeCcONOKphITasA IJIOMaab B pajgu-
yce 20 KM BOKPYT TOYKH OTOOpa MOBEPXHOCTHHBIX P06
orpejiejieHa Ha OCHOBe JNaHHBIX npoekra WorldCover
2020 (ESA WorldCover project, 2021). JanHble Tpef-
CTaBJIAIOT cOOOM cjou JjaHAmadTHOro MOKpoBa AJIA
TepPUTOPUN IIOYTH BCeH CyIMU C MPOCTPAHCTBEH-
HBIM paspemieHueM 10 M, kiaaccupuUIpOBaHHBIE Ha
OCHOBE ChEMKHM CO cnyTHUKOB Sentinel-1 u Sentinel-2.
HezaBucumas cratucrudeckas M BU3yasibHasA OlleHKa
WorldCover mnokaspiBaeT BBICOKYI0 TOYHOCTb IIPO-
BeféHHOU kiaccubukanuu (82,1% pana Asuu, ESA
WorldCover project, 2021). OnpenesieHre JIECUCTOCTU
B paguyce 20 KM BOKPYT MecTa 0TOOpa NOBEpXHOCTHBIX
npo6 BeimoJsiHeHO B I1O «QGIS» Bepcuu 3.16, a Takxe ¢
IIOMOII[BI0 BCTIOMOTraTeIbHOM IIporpaMMHI Ha s3bike R.

OneHka TOYHOCTA METOAOB PEKOHCTPYKIUU
(pacuér cpengHekBaJpaTUUeCcKOll OLIMOKU IpeAcKa3a-
HusA, RMSEP) u ux o0bsAcHsALIIEN criocoOHOCTU (K03d-
dunuent nerepmuHanuu R?), a Takxke moadbop Haubo-
Jiee TIOAXOMANIMX MapaMeTpoB Mojesiell Npou3BeeHbl
METOJOM IIepeKpECTHOU IIPOBEPKU C HCKIII0YEHHEM.
PesyspTaThl IpoBepKU IpuBeJeHbl B Tabiule 1.

3. Pe3yAbTatbl M MX 06Ccy)xpeHue

HauBeicmirie pe3syJibTaThl NpU  IepeKpECTHON
npoBepke mokaszanl MAT, umeronuil IpenMyIIecTBO
nepea APYyrMMU MeToAaMU [0 000UM IoKasaTesiAM U
IUIA BCceX MapamMmeTpoB. [[JiA BceX Mojejiell HauMeHb-
mue omubkyu 1 HeboJbIION UX pa3bpoc, a Takxe Hau-
BeICcIIe KO3)OGULMEHTH AeTepMHUHAIUU I0JIyYeHBI
A T, PeKOHCTPYKIMU CPEHErofloBOM TemIlepa-
TYphl TOKa3aJl1 OTHOCUTEJIBHO CpPeIHUIl pe3yJIbTarT.
T'opoBble ocafiky P | PEKOHCTPYHPOBAHbI XyXKe OCTasIb-
HBIX IIOKasaTesel. JleCcHCTOCTh pacCuMTaHa BCEMU
MOJeJIAMU C NPHUMEPHO OJIMHAKOBOHM TOYHOCTBIO. [[71A

Ta6snna 1. Pe3yJsibTaThl IepeKpECTHOI MPOBepKU ¢ HckmoueHueM (leave-one-out cross validation)

MeTton I[TapameTtpsl
RMSEP R2
T T T Jlecucrocts | T T T JlecucTocTh
HI0JT SAHB cp.roa ron HI0JT SAHB cp. ron ron
MeTo[ JIy4uIllX aHaJIOrOB 1,09 2,18 | 0,92 | 49,8 0,18 0,84 | 0,78 | 0,87 | 0,81 0,68
(MAT)
B3BemeHHasa HeJIMHENHAas 1,24 3,33 | 1,43 | 79,2 0,18 0,78 | 0,48 | 0,68 | 0,47 0,66
perpeccus (WA)
Perpeccus meToqom Hau- 1,15 3,17 1,5 | 86,3 0,18 0,81 10,53] 0,65 | 0,39 0,66
MEeHBIINX YaCTUYHBIX KBaJpa-
ToB (WAPLS)
Cryuaiineiii jec (RF) 1,24 2,34 | 1,06 | 51,4 0,2 0,78 10,74 | 0,82 | 0,78 0,61
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nokasaTeJiei T . u TCP' o @ Takxke Pm}1 MAT u RF
MOKAa3bIBAlOT pe3yjbTaThl Jiyunle, yeM WA u WAPLS.
KoadpurnueHTs AeTepMUHALUU 1A BCEX MTapaMeTpOB
y MAT u RF nokasslBaloT BBICOKYIO OJII0 OOBACHEHHO
nuctepcun (ot 74 go 87%). OgHako cujibHasA pasHULa
¢ apyrumu mofessamvu ana T, TCP. rox 4 Prm1 BBI3BIBAET
COMHEHUA B IOCTOBEPHOCTH AAHHBIX OIIEHOK, YTO Tpe-
OyeT JajbHENINX TeCcTOB. B LiesioM, pe3yJsbTaThl IIPo-
BepKH OTpaxaloT CIIOCOOHOCTh HCIIOJIb30BAaHHBIX MOJe-
Jlell HaA€XHO OTpaxaTb TPeHJbl ANHAMHKU CpefHel
TeMInepaTyphl 1I0JIA U JIECUCTOCTU U HECKOJIBKO MeHee
HaAEXHO OJ1s Tcp' ror

[IporecTupoBaHHble 4 MeToda PEKOHCTPYKIUU
KJIMMaTA4YeCKUX XapaKTepUCTUK U JIECHUCTOCTHU IIpH-
MeHeHHl [JI1 aHaji3a WU3MeHeHUI pacTUTEeJIbHOCTU U
kiamuMata B CpenHelt Cubupu B rosoneHe. PacueTs npu-
BeZleHbl 10 KCKOMaeMbIM CIOPOBO-NBLIBLIEBBIM CIIEK-
TpaMm U3 pa3pe30B TOPGAHBIX OOJIOT: KPyIHOOYIprUCTOE
6osioto B paiione Hrapku (Novenko et al., 2023) u
6os0T0 I'opHOe (Typa). [losyueHHBIE pe3yJIbTaThI TOKA-
3aJId CXOAHBIe TPeH[bl M3MeHeHH! IajleoKIuMaThyde-
CKUX XapaKTepUCTHK, HO JOBOJIbHO OOJIBIION pasbpoc
3Ha4YeHul TeMIlepaTyp M OCaJKOB Ha OTAEJIbHBIX XpO-
HOcpe3ax. 3a MCKJII0YeHHEeM, OTJeJIbHBIX IIMKOB, Hau-
Jiydlllee COOTBETCTBHE MeXAYy Pas3IMYHBIMUA MeTodaMu
BBIABJIGHO [JIA CpefHell TeMIlepaTyphbl WI0JIf, CaMBII
6oJ1b11I0M pa3bpoc 3HaUeHui — AJiA ocaAgKoB. [[jis yTou-
HeHNs PeKOHCTPYKLIUM HeoOXOAWMO pacUIMpATh Oasy
IIOBEPXHOCTHBIX CIIOPOBO-IIBLIBI[EBHIX CIIEKTPOB.

bAaaropapHoOCTH

UccienoBaHue BBHINOJIHEHO IMIPU  MOAAEpXKe
rpanta MuHoGpHayku P® (Cornamenue No 075-15-
2024-554 ot 24.04.2024).
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