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KunroueBsbie ciioBa: Moeny (heHOIOTHIECKOTO Pa3BUTHS; METEOPOIOTHIECKHE ¥ (PEHOIOTHIECKHe TPEHIbI,
TPaBSHUCTBIE OJHOJICTHUKY; 3anagHas Cuoups

Momusayus u yen». GeHONOTHS PaCTCHUH SIBISCTCS OMHUM U3 HaJle)KHBIX OMOWHINKA-
TOPOB III00ANBHOTO U3MEHEeHUs knumarta [ 1]. MHOrounciieHHbIe HCCIeJOBaHUS B yMe-
PeHHBIX 3KocucTeMax CeBEepHOTO IOTYIIapHs COTIIACYIOTCS C 0’KUIAEMBIMH CMEIICHH-
MU (a3 pa3BUTHS B COOTBETCTBHU C TPEHIAMHU U3MEHEeHHUs Temneparypsl [2]. [Ipu atom
OTMEYaeTcsi He TOJBKO BBICOKAsi BAPHAaOEeTbHOCTh CMEUICHUH (DEHOJIOTHU B 3aBUCHMO-
CTH OT PETHOHA, BUOBOTO COCTaBa W MPo4yuX (pakTopoB [3], HO U pa3iIuyHAs YyBCTBU-
TEJFHOCTH BHJIOB M BBICOKAsi KOHTPACTHOCTh PEAKIMH JTaskKe B TIpeJiesiaX OJHOI'O MECTO-
oburanus [4, 5].

Joctynneie B IHTepHeTE 0a3bl JaHHBIX (PEHOTOTHUYECKUX COOBITHI M3-3a MHOr0OOpa-
3Us Ce30HHBIX MPOSBICHUI Pa3BUTHS M 3a4acTyl0 cl1aboi UX BBIPaKEHHOCTH HE UMEIOT
JIOCTAaTOYHOW TOJHOTHI M OXBAaTHIBAIOT MPEUMYIIECTBEHHO (pparMeHTapHble HabmroIe-
HUS 32 OT/ACJbHBIC TO/Ibl, HHTEPECHBIE KOHKPETHBIM UCCIIEIOBATENISIM H KOJUIEKTHBAM.
Takwne 0a3bI JAHHBIX OABEPKEHBI YETIOBEYECKOMY (DaKTOPY, UMEIOT MPOITYCKH, CITydaii-
HBIE W CHCTEMAaTHYeCKHe OMIMOKH PETHCTPaluy JaT (GeHOCOOBITHH, TPEUMYIIIECTBEHHO
B CTOpOHY 3ama3/siBaHusl. HeoOxoaumMele U aHaIH3a METEOPOIOTHIECKUE JJAaHHBIC B
OCHOBHOM COOMPAIOTCSI MPUOOPaMHU M CYIIECTBEHHO MEHbIIE MTOIBEPKEHBI YelloBeye-
CKOMY (hakTOpy, XOTSI IIPOCTPAHCTBEHHAS PA3AEICHHOCTh MECT PETUCTPALH METEO- U
(heHOHAOIIIO/ICHU T TaK)Ke BHOCUT MHOYKECTBO CIIyYaiHBIX OIIHUOOK.

HenocraToyHOCTh (PEHOIIOTUUECKUX AaHHBIX HE MO3BOJISIET 00y4aTh HEMPOHHBIE CETH
00IIero Ha3HAYeHUS B CHIY Ieper30bITKa BHYTPEHHHX IHapaMeTpOB OTHOCHTEIBLHO
YHCJIa BXOIHBIX JAHHBIX, 1 HEOOX0NMO UCIIOB30BaTh Ooee mpocThie Moenu. Llensio
Haieil paboThl sBisIeTCsl 00pab0TKa HAKOIUICHHBIX 3a Oosiee yeM 20-eTHUH TepHo
JAHHBIX HaOJII0IeHHUH 3a (peHOIoruel TPaBIHUCTBIX MHOTOJIETHUKOB M pa3padoTKa Ma-
JonapaMeTpHYECKUX MOJIEIICH IS MPOrHO3a (PEHOIIOTHYECKOT0 Pa3BUTHS PACTCHHH.
Memoowt u ancopummut: GeHoNOrMUECKIE HAOTIOACHUS TPOBOAMIINCEH B KOJUISKIIUH JIe-
KOPaTHBHBIX pacTeHuil mpupoaHoi ¢iopsl LleHTpansHOro cHOMPCKOro 60TaHUIECKOTO
caga (LICBC CO PAH) na 78 Bumax MHOTOJIETHUKOB (55°2'29.4" c.m1., 82°56'4.6" B.11.).
MaccoBblii ¢OOp JaHHBIX OCyIecTBIsUICA B riepuoz 19962015 rr. denonadmoneHus
MIPOBOJIMITH PETYJIISIPHO, 2—3 pa3a B HEJIENI0, B TEUEHUE BCETO Ce30Ha BereTauu. Yucio
oco0eil pa3HBIX BUJIOB Pa3IM4ajoch IO TojaM, HO Ha MOMEHT HaOJro/eHusl ObUTO HE
MeHee 4—6 1T. 0co0el 3pesoro reHepaTHBHOTO COCTOSHMUS KaXK/I0T0 BH/IA.

Jannbie meteoposnorudeckux (Mereoctannus Orypuoo Ne 29638) u heHONMOTHYESCKUX
HaOJIO/ICHUI 00padaThIBAIMCH CTAHAAPTHRIMU METOIAMU C IMOMOIIbI0 makeToB PAST,
MSExcel, R u meromom OyrcrpanmuHra [6], peann3oBaHHOTO COOCTBEHHBIM KOJIOM
Ha C++. Jlis pa3paboTKH MPOTHOCTHYECKUX MOJIENei pa3BuTHsl Hcronb3yercs Python.
B ocHOBe TakMx MoJieNiell JIGKUT KOPOTKas IEMOYKa UTEPAIIMOHHBIX MEPCENTPOHOB,
o0y4JaeMbIxX Ha (PEHOIIOTHYECKHX 0a3ax JaHHBIX HeOONIbIIOro oobema (puc. 1).
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Puc. 1. [lpumep mpocTeiimielt Moaenyu A NPOTHO3a OAWHOYHOW (eHobhasbl pa3BUTUS ((2).
Mojens JOMOIHEHA NMEpPCEenTPOoHOM (@1) U MOAMEHBI MapaMeTpa «OCaJKW» Ha Hapamerp
«BJIAKHOCTB ITOYBBI»

Peszynomamer: O6paboTanbl qaHHBIE (peHONMOTHYECKNX HaOMOAeHNH 78 BUIOB MHOTO-
JISTHUKOB KOJUICKITMH IEKOPATUBHBIX pacTeHui nmpupoaHoi diopsr [ICBC CO PAH [7].
[TomydeHsl pe3yibTaThl, YKa3bIBAOIINE HAMPABICHUE M3MEHEHHH (EHOCOOBITHN s
Pa3HBIX 3KOJOTHYECKUX TPYIII [§] ¥ pa3HBIX KU3HEHHBIX (popM [9] B ycI0BHAX U3MEHE-
HuUs KauMara i 3anagaor Cubupu. J{is 6oee ToYHOro U BUIOBOTO IPOTHO3a (heHO-
COOBITHI «B peXXHMME PearbHOTO BPEMEHW» MPEJIOKEHa MOJIeNb, OCHOBaHHAs HA [ETTH
CBSI3aHHBIX MUTEPALUOHHBIX NEPCENTPOHOB. MOENb MO3BOJISIET TOAMEHSTD TUIIBI CyM-
MatopoB (X) ¥ pYHKIUYU aKTUBALKH (()? KOMIICHCUPYsl HETHOKOCTh MajloniapaMeTpude-
CKUX 1MoAX0A0B. OIWH U3 BO3MOXHBIX BaPHAHTOB MOJIENH, TIOCTPOCHHBIH C UCIIOIB30-
BaHHWEM O0OOIEHHOW JIMHEHHON (PYHKIHHU () B YCIOBUAX SKCIIOHEHIUATHHOTO U JIH-
HeltHoro pocta (X)? ornpoboBaH Ha maHHBIX cTtaThy [10]. [lomydueHo, 9To MOENb Kave-
CTBEHHO TPaBHJIBHO MPOTHO3MPYET OTCYTCTBHE BIMSHUS OCAAKOB M BIKHOCTH BO3-
JlyXa Ha ypOKaHOCTh puca («0OHyJIeHUE) CBSI3aHHBIX C IaHHBIMH apaMeTpaMHu BXO/I-
HBIX JaHHBIX) U POCT/CHIKEHUE YPOKAHHOCTH C N3MEHEHUEM MIPOAOJIKUTEIIEHOCTH Ce-
30Ha.

Bui6oowi: PazpabotaHbl porpaMMBbl JIjIsl TOTyYEHHsT METEOPOJIOTHYECKUX B (DeHOIOTH-
YEeCKHUX TPEHJIOB M OLICHKH UX JIOCTOBEPHOCTH Ha OCHOBE MeToa Oyrerpannunra. [Ipen-
JIOKEHBI IPOrHOCTUYECKUE MOJIEIH, CITIOCOOHBIE 00y4aThCsl HA OCHOBE (DEHOIOTUIECKUX
0a3 JaHHBIX HEOONBIIOTO 00BEMA.

Qunancuposanue: ViccnenoBanne noznepxkano OrompkerHpiME mpoekTamu Ne FWNR-
2022-0020 1 AAAA-A21-121011290025-2. Ilpu OATOTOBKE CTATHU WCIONB30BAINCH
Matepuaisl bruopecypcnoit Hayuano# kommekiuu LICBC CO PAH, YHY «Kommekmu xxu-
BBIX PACTEHHH B OTKPBITOM U 3aKpbITOM TpyHTEe», USU 44053.
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Motivation and Aim: Plant phenology is one of the reliable bioindicators of global cli-
mate change [1]. Numerous studies in temperate ecosystems of the Northern Hemisphere
are consistent with expected shifts in developmental phases in accordance with temper-
ature trends [2]. At the same time, there is not only high variability in phenology shifts
depending on the region, species composition and other factors [3], but also different
sensitivity of species and high contrast of reactions even within the same habitat [4, 5].
Databases of phenological events available on the Internet, due to the diversity of sea-
sonal manifestations of development and often their weak expression, are not sufficiently
complete and cover mainly fragmentary observations for individual years that are inter-
esting to specific researchers and teams. Such databases are subject to the human factor,
have omissions, random and systematic errors in recording the dates of phenological
events, mainly in the direction of lag. The meteorological data required for analysis is
mainly collected by instruments and is significantly less susceptible to human error, alt-
hough the spatial separation of places where meteorological and phenological observa-
tions are recorded also introduces many random errors.

The insufficiency of phenological data does not allow training general-purpose neural
networks due to an overabundance of internal parameters relative to the number of input
data, and it is necessary to use simpler models. The goal of our work is to process obser-
vational data accumulated over more than 20 years on the phenology of herbaceous per-
ennials, and to develop low-parameter models for predicting the phenological develop-
ment of plants.

Methods and Algorithms: Phenological observations were carried out in the collection
of ornamental plants of the natural flora of the Central Siberian Botanical Garden (CSBS
SB RAS) on 78 species of perennials (55°2'29.4" N, 82°56'4.6"” E). Bulk data collection
was carried out during the period 1996-2015. Phenomena observations were carried out
regularly, 2-3 times a week, throughout the growing season. The number of individuals
of different species varied by year, but at the time of observation there were at least 4—
6 individuals in a mature generative state of each species. Data from meteorological
(Ogurtsovo weather station No. 29638) and phenological observations were processed
using standard methods using the PAST, MSExcel, R packages and the bootstrapping
method [6], implemented with our own code in C++. Python was also used to develop
development models. The predictive models currently being developed are based on a
short chain of iterative perceptrons trained on small phenological databases (Fig. 1).
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Fig. 1. An example of the simplest model for predicting a single phenophase of development
(p2). The model is supplemented with a perceptron (¢1) to replace the “precipitation” parameter
with the “soil moisture” parameter
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Results: Text Data from phenological observations of 78 species of perennials from the
collection of ornamental plants of the natural flora of the Central Botanical Garden of
the Siberian Branch of the Russian Academy of Sciences were processed [7]. Results
were obtained indicating the direction of changes in pheno-events for different ecologi-
cal groups [8] and different life forms [9] under climate change conditions for Western
Siberia.For a more accurate and specific prediction of pheno-events “in real time”, a
model based on a chain of connected iterative perceptrons is proposed. The model allows
you to change the types of adders (X) and activation functions (¢), compensating for the
inflexibility of low-parameter approaches. One of the possible variants of the model,
constructed using a generalized linear function (¢) under conditions of exponential and
linear growth (), was tested on the data of the article [10]. It was found that the model
qualitatively correctly predicts the absence of the influence of precipitation and air hu-
midity on rice yield (“zeroing” the input data associated with these parameters) and the
increase/decrease in yield with changes in the length of the season.

Conclusion: Programs have been developed to obtain meteorological and phenological
trends and assess their reliability based on the bootstrapping method. Predictive models
are proposed that can be trained on the basis of small phenological databases.

Funding: The study was supported by budget projects No. FWNR-2022-0020 and
AAAA-A21-121011290025-2. In preparing the article, materials from the Bioresource
Scientific Collection of the Central Botanical Garden of the Siberian Branch of the Rus-
sian Academy of Sciences, UNU “Collections of living plants in open and closed
ground”, USU 44053 were used.
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