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SUBSEASONAL AND LONG-TERM
WEATHER AND CLIMATE FORECASTS

CEKLUUA |

CYBCE30HHbIE N O0JITOCPOYHBIE
METEOPOJ10I MHYECKNE

N KIMMMATUYECKME MNMPOIMHO3bI

Research on the INM RAS climate model skill in summer
seasonal hindcasts

"Vorobyeva V.V., “Volodin E.M.

" Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, Russia
? Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia

E-mail: VVorobyeva@yandex.ru, volodinev@gmail.com

only. An attempt to carry out a series of winter seasonal hindcasts showed the possibility of using the

INM RAS climate model for prediction of the Pacific North American and the North Atlantic oscillation
indices on a seasonal time scale [16]. In summer seasonal forecasts, mechanisms of natural climate variability
differ from those that make the greatest contribution in winter seasons. In this regard, an urgent task is to study
weather predictability using the INMCM-5-0 climate model for summer seasons.

In this study, we use the model configuration in the atmospheric block with the resolution 2° x 1.5° in
longitude and latitude, 73 vertical levels with a model top at 0.2 hPa. The resolution in the general ocean circu-
lation block is 0.5° % 1.5° in longitude and latitude and 40 vertical sigma levels. In terms of various characteris-
tics, the model is in a good agreement with the natural system, which is substantiated in [17].

The initial data for the forecasts were compiled using a method similar to that used for winter seasonal
forecasts in [16]. The difference is that the data of the oceanic reanalysis Simple Ocean Data Assimilation
(SODA) 3.4.2 for May 1 of considered year in 1980-2014 were calculated as the arithmetic average of monthly
means for April and May, and the ERA-Interim reanalysis data for 00:00 May 1 1980-2014 years were used as
atmospheric reanalysis data. On the basis of the compiled set of initial data, an ensemble of hindcasts for the
summer seasons of 1980-2014 for the INM RAS climate model is presented.

The INMCM-5-0 seasonal 5-month re-forecast consists of 10 ensemble members initialized on the May 1
for each year over the 35-yr period 1980-2014. Small initial condition perturbations are applied to air tempera-
ture and wind speed to represent uncertainty in the initial state and increase ensemble spread.

According to the forecast skill indicators similar to those used in [18], calculated for numerical models
used for routine seasonal forecasts - semi-Lagrangian global finite-difference SLAV model of the general atmo-
spheric circulation of the Federal State Budgetary Institution (FSBI) “Hydrometeorological Center of Russia”
[19] and the model of the general circulation of the atmosphere of the FSBI “Voeikov Main Geophysical
Observatory"(MGO) [20], as well as the estimates used in the Standardised Verification System (SVS) for
Long-Range Forecasts (LRF), which allow to evaluate skill levels measured according to a common standard
[21], the quality of summer retrospective forecasts for the INMCM-5-0 climate model was assessed.

The correlation coefficients for multiyear mean (1980-2014) JJA-averaged fields of 2-m air temperature
anomalies, anomalies of air temperature at 850 hPa, geopotential anomalies of the isobaric surfaces 200 hPa
and 500 hPa, anomalies of precipitation rate, sea-level pressure anomalies were calculated for four regions:
globally, in the tropics (20°S—20°N), Northern extratropics (20°N— 90°N) and Southern extratropics (90°S—
20°S). Predictive anomalies were calculated as deviations of the expected monthly and seasonal mean values of
meteorological parameters from the corresponding long-term mean values (“model climate) obtained from
the results of retrospective forecasts. Correlation coefficients were calculated using the GPCP v.2.3 reanalysis

The INMCM-5-0 climate model was originally developed and used for multiannual climate predictions

SESSION | // SUBSEASONAL AND LONG-TERM WEATHER AND CLIMATE FORECASTS



monthly mean precipitation rate and ERA — Interim reanalysis data for all other weather fields interpolated to
the model grid.

After that, the model bias BIAS , the Root Mean Square Error RMSE [18] (analogous to the Mean Squared
Error in [21]) for the full fields of meteorological parameters and for field anomalies, the MSSS indicator
(Mean Squared Skill Score, forecasting mastery versus climate), and the ROC indicator (Relative Operating
Characteristics) were also calculated.

B This study was performed at Marchuk Institute of Numerical Mathematics, Russian Academy of Sciences
and supported by Russian Fund for Basic Research (project N¢ 20-05-00673) and Moscow Center for
Fundamental and Applied Mathematics (agreement with the Ministry of Education and Science of the
Russian Federation No. 075-15-2019-1624).

NccnepoBaHMe KayecTBa IETHUX CE30HHbIX
PETPOCMEKTUBHbLIX MPOrHO30B, BbINOJSIHEHHbIX HA OCHOBE
KnuMmaTtudeckon mogenu IBM PAH

"“Bopobbesa B.B., “Bonoaut E.M.

' MoCKOBCKMIA ($M3UKO-TeXHUYECKUIA MHCTUTYT (HaLMOHaNbHbIN UCCNeAoBaTeNbCKUIA YHUBepcuTeT), fonronpyaHsin, Poccus
2 WUHcTUTYT BbluMcnMTeNnbHOM MaTeMaTuku uM. I. U. Mapuyka Poccuiickon PAH, MockBa, Poccus

E-mail: VVorobyeva@yandex.ru, volodinev@gmail.com

0J1 TePMHUHOM "TTOroz1a" MPHHATO MMOHUMATh "HEMPEPHIBHO MEHSIOIIEECS COCTOSTHIE aTMOc(ephI”, Xa-
pakTepusyemoe ""COBOKYIMHOCTHIO 3HAYeHUH MeTeoposormueckux siaemeHToB" [1]. Benencrue He-
MpeACcKa3yeMoro xapakTepa arMoCc(epHOi CHHONTHYECKOI M3MEHYMBOCTH Ha4aIbHOE COCTOSHHE aT-
Mocdepsl OBICTPO "3a0BIBaeTCs" MaTeMaTHYECKON MOJENBIO, U MPOTHO3 TIEPECTAET 3aBUCETh OT HAYaJIbHOTO
coctostHust atmocepbl. JlaHHas mpu4rHa OrpaHUYNBAET MAKCUMAJIbHBINA CPOK, Ha KOTOPBI BO3MOYKHO BBITIONI-
HUTH TIPOTHO3 TIOTO/IbI, TISATHAANATRIO JHSIMH, Hapumep, [6,7]. OqHako u3-3a TOTO, UTO XapaKTepHasi CKOPOCTh
TEYeHUl B OKeaHe 3HAYNTEIbHO MEHBIIIE, YeM CKOPOCTh BETpa B aTMocdepe, OKeaHHueCKHe TPOLECChl pa3BU-
BAIOTCSI MEAJICHHEE ¥ MO3BOJISIIOT PACHIMPHUTH CPOK 3a0JIaroBpeMeHHOCTH porHo3a. Hanmydmas npenckasye-
MOCTb Ha CyOCE30HHOM-TOIOBOM BpeMEHHOM MaciITade HaOIo1aeTcsi B TPOIIMUYECKOM PErroHe, MoIBepIKeH-
HOM BIHSHUIO sBIeHUS Dinb-Huubpo-FHOxHOTO KONebanms. B cpeanux xe mmporax, B ToM uncie B EBpore,
OoubInast 1051 arMoc(hepHO U3MEHUYNBOCTH Ha CE30HHOM BPEMEHHOM MaciiTale CBsi3aHa ¢ HeTpeIcKa3yeMoit
BHYTPEHHEH N3MEHYHNBOCTHIO aTMOC(EPBI, 4eM ¢ (POPCHHIOM OT 'PAHUYHBIX yciIoBHH [5]. Tem He MeHee, aHO-
MaJIM{ XapaKTePUCTHK TOBEPXHOCTH MOTYT IIPUBOIUTH K BOSHUKHOBEHHIO KPYIMHOMACIITAOHOTO OTKIIHMKA B
armocepe, K CO3/IaHMI0 TaK HAa3bIBAEMBIX "ALHUX CBsA3eH". A Takke CYIIECTBYIOT TaKUe BOYKHBIE TPOIECCHI
1 KOMITOHEHTBI, KaK BEpXHUH MepeMeIIaHHbIN CIION U ITyOMHA OKeaHa, MOPCKOM Jef [2], CHer, XapaKTepuCTH-
KM ITOBEPXHOCTH CYIIH U MOYBHI [3], cTparocdepHsie npoiieccsl [4], B3auMozelcTBre Tporocdepsl U cTparoc-
(bepbl, KpymHOMACIITa0OHBIE MOJIBI C HU3KOYACTOTHOM M3MeHUHBOCTHIO (CeBepo-ATiiaHTHUECKOE KoyiebaHue,
Apxrudeckoe konebanue, Tuxookeancko-CeBepoaMeprKaHCKoe Koliebanue, ocmuinus Mannena-Jxynua-
Ha, KBa3WJIByXJIETHee KoyiebaHue, THXooKkeaHCKas JeKaaHasi OCUMIUIAINS U T.1.), | |-TeTHHIA UK COTHEUHOM
AKTHBHOCTH, KOTOpBIE SBISIOTCS MCTOYHHKAMH JOJITOCPOYHOHN MPEeACcKa3yeMOCTH. YUeT yKa3aHHBIX KOMIIO-
HEHTOB M X B3aUMOCBS3€H IMO3BOJISET JAeNaTh IMPOTHO3HI HAa CyOCE30HHOM (OT ABYX HEIENb JI0 TPEX MECSIIEB),
CE30HHOM M JIa)Ke KITMMAaTH4IecKoM (MHOTOJIETHEM ) BPEMEHHOM MaciiTabe.
KauecTBeHHBIH TIporHo3 TeMmepatypsl noBepxHocTu okeana (T1IO) sBnseTcs HEOOXOAUMBIM YCIOBHEM
JUTSI XOPOIIIETO TIPOTHO3a KJIMMaTa Ha OfWH-1Ba ce30Ha Briepen [8]. Tem He MeHee, ce30HHBIE TTPOTrHO3BI TTIO
MOABEPIKEHBI PA3IMUHBIM THIIAM OIKO0K [9]. Bo-niepBrIxX, cHHONTHYECKas H3MEHUYUBOCTE aTMOC(EpPBl MOXKET
BIuATH Ha osie TTIO yepe3 mapaaurMy HHTETPUPOBAHHOTO ITyMa B cpenHux mmportax [10] u mocpencTsom
TTOPBIBOB 3aMaHOTO BETpa, HaNpuMep, B ciaydae seaeHus Jnb-Hunbo [11]. [ToaTomy HEmpeacka3zyemslii xa-
pakTep aTtMochEepHON CHHONTHYECKOH U3MEHYMBOCTH MOXKET BHOCHTH HEOMpeaeleHHOCTh B mporHo3 TIIO.
Bo-BTophIxX, ommOKa B Ha4YaJIbHBIX YCIOBHUSIX OKE€aHa, KOTOpas MPUCYTCTBYET BCETNa, MOXKET OBITh yCHIIEHA
KpYITHOMACIITAOHOW THHAMUKON COBMECTHOM Moenu atMochepbi-okeana [12]. TpeTbuM (hakTopom OnmoKu
MIPOTHO3a SABJISIETCS MOJENbHAs ONTHOKAa COBMECTHON CHCTEMBI aTMoc(epa-oKeaH, COCTOSIIAs U3 CUCTeMaTH-
YecKoro cMermeHus Moaenu (model bias) n omuOKky B M3MEHYHMBOCTH Ha PA3IUYHBIX BPEMEHHBIX MacIITadax.
Jis Toro, 9T0OBI MUHUMH3UPOBATH OIINOKH MIPOTHO3a, IPUMEHSIOT aHCaMOJIeBoe poruo3uposanue [13], mo-
Jpa3yMeBalolee MPOBECHNE CEPUH MTPOTHO30B, CTAPTYIOIINX C HaYaIbHBIX TaHHBIX, B KOTOpPBIE OBLTH BHECE-
HBI HeOONIBIIIIE BO3MYIIeHHs. Toraa pa3dpoc MporHo30B OyAeT MOKPBIBaTh HEONPEIEIEHHOCTh, CBI3aHHYIO C
omuOKoi porHo3a. Kpome Toro, sKH3HECTTOCOOHOM CTpaTernel pa3penieHus HeOTpeAeIeHHOCTEH MPOTrHO30B

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI
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MIPU3HAHO CO3aHNE MYIETUMOJICITBHBIX aHcaMOneit [14,15]. JlaHHbII MeTO ] TO3BOJISIET YITYHIIUTh CPETHIH 110
aHcamOITI0 TIPOTHO3, YBEIMYUTH pa3dpoc aHCaMOIs U YMEHBIIUTh MOACIHHBIC OMHOKH, HO BOIPOC TOTO, Ha-
CKOJIBKO XOPOIIIO HETOUHOCTH, CBSI3aHHBIE C OLIMOKOH MOJIETIH, MOTYT OBITh IPE/ICTABIEHBI MYJIBTUMO/ICIIEHBIM
aHcamOIiem, emmé HeAOCTaTOYHO H3yYeH B HAyYHOM coobmiecTse [9].

Krmumarnaeckas mopens INMCM-5-0 uzHagansHO pa3padbaTsiBaiack M UCTIOIB30BANIACH TS KIMMAaTHYe-
CKHUX IPOTHO30B. [TonbITKa IpOBEIeHNS CEPUH 3UMHUX CE30HHBIX IIPOTHO30B MTOKA3aJ1a BO3MOKHOCTb HCTIOJb-
30BaHMs KiuMartndeckoit monenmn MBM PAH nns npeackaszanus nnaekcoB Tuxookeancko-CeBepoaMepuKaH-
ckoro kosebanus U CeBepo-ATIaHTHIECKOTO KOIeOaHus Ha Ce30HHOM BpeMeHHOM MacmiTtabe [16]. B metanx
CE30HHBIX MPOTHO3aX OOJbIIICE 3HAUYCHNE UMEIOT MEXaHU3MbI €CTCCTBEHHOW N3MEHYNBOCTH KJIMMATa, OTINY-
HBIE OT T€X, YTO BHOCAT HAaHOOJIBIINI BKJIAJl B 3MMHEM CE30HE. B CBsI3M ¢ 3THM aKkTyanbHOH 3aa4eil ABIsIeTCs
HCCIIeIOBaHME MTPEICKa3yeMOCTH TOTO/IBI C TIOMOIIBI0 KimnMaTtndeckoi moxenn INMCM-5-0 Ha teTHHiA ce30H.

B nanHOM mcclieoBaHNU MCHONb3YyeTcsl Bepeus knumarnueckoi monenu UBM PAH ¢ paspemenuem B
arMocgepHoM O0Ke 2° X 1.5° Mo mmpoTe U T0AT0Te , 73 YPOBHSAME CHTMa-KOOPIMHATHI 10 BEPTHKAJIH OT TI0-
BepxHocTu 3emiu 110 0.2 r1la u okeanmdeckoit cetkoit 0.5° X 1.5° mo ropuzonTany, 40 ypoBHSIMH 11O BEPTHKA-
mu. 1o pa3nuyHBIM XapakTepuCcTHKAaM MOJEINb OJIM3Ka K IPUPOAHOH cHcTeMe, 9T0 000CHOBaHO B [17].

HavanbHble naHHBIE U1 IPOTHO30B COCTABIICHBI IT0 METO/LY, aHAJIOTHYHOMY TOMY, YTO OBLI HCIIOIB30BaH
JUISl 3MIMHHUX CE30HHBIX MPOTHO30B B [16]. OTiIHYMe COCTOUT B TOM, YTO JaHHBIE OKCAHMYECKOTO peaHaIn3a
Simple Ocean Data Assimilation (SODA) 3.4.2 na 1 mast 1980-2014rT. BEIYHCIAIICE KaK CpeHee apupMeTH-
YECKOE CPETHEMECSIUHBIX JaHHBIX 3a alpeib U Maif, a B KadecTBE JaHHBIX arMoc(epHoro peaHann3a ERA-
Interim ncnone3oBanmch manusie 3a 00:00 1 mag 1980-2014rT.

Jlanee Ha OCHOBE COCTABIEHHOTO Ha0Opa HAYaJbHBIX JAHHBIX MPEJCTABICH aHCAMOIEBBIH PETPOCIIEK-
TUBHBIN MIPOTHO3 HA JISTHUHA ce30H U1t KiuMaTmdeckoit mogenu UBM PAH. ITposenens! ceprn u3 10 Momens-
HBIX SKCIEPUMEHTOB I Ka)KJOTO JIETHETO CEe30Ha, MPUHAIISKAIIETO BpEeMEHHOMY MHTepBairy mai 1980 —
ceHTa0pb 2014 1. Kakap1it SkCiepuMeHT HauuHAaJCs | Mast 1 ©UMeT TPOIOJDKUTENIBHOCTD 5 MecsAIeB. AHCaMOIb
PE3yIbTaTOB TS KasKAOTO Io/a MOTydeH HEOOIbIINM OTKJIOHEHHEM HauaJIbHBIX IJAHHBIX TEMIIEPATyphl BO3LY-
Xa M CKOPOCTH BETpa OT UCXOIAHOTO 3HaueHUsl. [I0CKOIbKY B MEPBBIN PACUCTHBIN MECSI OTIIMYUE B HOTydaec-
MBIX PE3yJIbTaTaxX CyIIECTBEHHOE, TO BEMTMUNHA OTKJIOHEHHUSI MOXKET ObITh BEIOpaHa PONU3BOIBHO.

[To moka3zaressiM yCTIEITHOCTH MMPOTHO30B, aHAIIOTHYHBIM UCTIONIB3YeMbIM B [ 18], BEIYNCICHHBIM IS YH-
CJIEHHBIX MOJIETIEH, NCTIONIB3YEMBbIX JUIS PyTHHHBIX CE30HHBIX IPOTHO30B - MOMYyJIarpaHkeBoi TI00aIbHON KO-
HEYHOPa3HOCTHON Mozeny obmieit mupkymsanuu armocdeps! [INIAB ®I'BY «I'mapomernentp Poccumy» [19] u
Mozenu obmel mupkyssmn atmochepsl PI'BY «ImaBHast reodusnyeckas oocepBaropust um. A.W. Boeiikoa»
(I'T'O) [20], a Takke OIEHKaM, HCIOIB3YEMbIM B CTAHAAPTH30BAHHOH CHCTEME BepU(UKAIIMA JOITOCPOTHBIX
MeTeoponoruaeckux mporao3oB (SVSLRF), mo3Bonstomeii popMyTHupoBaTh M HCIIOIB30BATh COTIIACOBAHHBIE
HAOOPHI ITOKa3aTeNeil KadecTBa MPOTHO30B [21], BEIOTHEHA OlleHKa Ka9eCTBA COCTABICHHOTO JIETHETO PETPO-
CHEKTHBHOTO TporHo3a 11t Mogenn INMCM-5-0.

Brutn BEIYHCIICHBI CpeTHIE 32 IETHUE CE30HBI (HaYMHas ¢ teTHero ce3oHa 1980r. mo netHmii cezon 2014r.
BKITIOUUTENFHO) KO (OUITMEHTHI KOPPETISAINY aHOMAIHHN [T IIECTH METEOIIONICH: TeMITepaTyphl Ha 2M, TeMIIe-
paryps Ha 850 r1la, reomorenmanos nzobapuueckux mosepxuocreit 200 rIla u 500 rlla, ocankoB u naBiIeHUS
Ha ypoBHE Mopsi. [IporHocTHUECKHE aHOMAIMH BBIYUCIBUTICH KaK OTKJIOHEHUS! 0KHUAAEMBIX CPEAHUX MECsd-
HBIX ¥ CE30HHBIX 3HAYEHHH METCOPOJOTMYECKUX MapaMeTpOB OT COOTBETCTBYIOIINX CPEIHUX MHOTOJIETHHUX
3HAUYEHUH («MOIEITHHOTO KIMMATay), MOIYYCHHBIX 10 Pe3yJIbTaTaM PETPOCIIEKTUBHBIX MPOrH030B. Koaddu-
IIUEHTHI KOPPEJSIIUE aHOMAIIMH pacCMaTpUBAIIUCh Ul YETHIPEX PAa3INUHBIX PETHOHOB: TIIO0AIBHO IO BCEMY
3eMHOMY Iapy, B Tpornukax (20° 1o.1mr.— 20° c.m.), CeBepHbIX 3KkcTparponukax (20°c.mr.— 90°c.mr.) u FOxxubIX
skcTparponukax (90° fo.m.— 20° 10.111.). B BEIUHCIEHUSIX MCTIONB30BAUCH CPETHEMECSIHBIC TaHHBIC OCAIKOB
peananm3a GPCP v.2.3 u peananm3a ERA—Interim 11 Bcex 0cTaabHBIX METEOMOIEH, TPEABAPUTEIHHO TPOUH-
TEPHONNPOBAHHBIE HA CETKY MOJEIIH.

Jarnee BeraucIsioTCes cpeqHssa kBagparndeckas ommoka RMSE [18] (amanor cpeqrero kBaapara OIHOKH
B [21]) A7 mOMHBIX MOJIEH METEOPOTIOTHUECKHUX TapaMeTPOB H JJIsl aHOMANNH 1moJiei, moka3arens MSSS (mac-
TEPCTBO MPOTHO3a 0 CpaBHEHHIO ¢ KinMaroM), mokaszarenb ROC (Relative Operating Characteristics). Taxoxe
BBIUHCIIAETCS BETMUMHA MOJIETIbHOTO cMmenieHust BIAS.

IIpeamonoxum, 9T0 X, U f;;, - CPEITHUE 3a ICTHUHI CE30H (MIOHB, MIOJb U aBTYCT) BDEMEHHBIE PSIIBI HAOMIO-
JICHUH W HETIPEPBIBHBIX AETEPMUHUPOBAHHBIX IMPOTHO30B IS JAHHBIX C TONTOTOW i = 1, ..., [, mmpoToit j = 1,
..., J B MOMEHT BpemeHH 1 = 1, ..., N. Torma ux BEIOOPOYHBIEC TUCTICPCHH PABHBI COOTBETCTBEHHO

N 2
5

N _ 2 o
55 :%;(’Ci/n —x,.j) usy, :%Z(fim _fi/)

n=1

1 - 1&
p =—Zx.v Hf:—Zf _ 6 7
TAC i = NGl CpeaHuEe 110 BPEMCHU 3HAYCHUA HAOJIIOACHUU U IIPOTHO30B B y3JI€ CCTKU C

JIOJITOTOH ¥ LUUPOTOH . L
ZZ(fW ~x,,)-cos(6))
Torna BenMuMHA MOJIENBHOTO cMemienus BIAS B rox n: BIAS, =

J 1
POTHIL. Z D cos(8))

j=1 i=1

,Tie 0, — yron mu-
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Cpennsis kBanparuueckas ommoka RMSE B rox n:

Z i(f"'j” - xijn )2 : COS(H].)

RMSE, = [-==

J
=1

cos(8,)

.M\

1
i=1

J i

Cpennue mo BceM JieTHUM ce30HaM 1980-2014rr. 3HaYeHus] BETUYUHBI MOJIeIbHOTO cMetieHus BIAS u
cpenHeil kBajaparndeckor ommoOkun RMSE BBIMHCISIOTCS Kak cpenHee apuMeTHYeckoe 3Ha4YeHUE M0 BCEM

romam n=1, ..., N.
2

. 1
BBenem cpenunii xBagpar ommbku (mean squared error) mporHosa MSE; :FZ( f,,,,—xifn) , a TaKxe
2 n=1

CpeHUIi KBaJpaT OIMMOKH "KIIMMAaTOIOTHIECKOro" mpornosa MSE,,. = (m s; - Torna mokazarens MacTep-
CTBa IPOTHO3a TI0 CPaBHEHMIO ¢ Kimmatom MSSS: B

Z]:Z[: MSE,, - cos (9/. )
MSSS =1--L+2 :
z z MSE,; - cos (Hj )

=1 i=1
ﬂﬂﬂ OTACIIBHBIX METCOTIOJICH CTPOUTCA Ta6JII/ILIa CONPSKEHHOCTH!

Haonronenns
Hwxe HopMbl | Oxono HOpMBI | Bbitie HOpMEI
Huxe HOpMBI n, n, n,
Mpornos OKOJI0 HOPMBI ny, My, Ny
Bblmie HopMBI ny, ny, Ny,

31ech n; — KONMYECTBO Cy4aes, KOTa IPOrHO3MPOBaach Kareropus i, a Habmonanachk kareropus j. To
€CTh, HAIIPUMEP, CCIIH aHOMAJIHS METCOPOJIOTUYECKON BEJIMYUHBI B CPSTHEM 3a JICTHUN CE30H, BHIYHCIICHHAS
OTHOCHTEJIHO KJIMMATOJIOTHH 3a BCE JICTHUE CC30HBI, OTPUIIATEIbHAS 10 JTaHHBIM MPOTHO30B U IO MOJIYJIIO
OoJIbIIe 3aJaHHON TPaHUIBI 00IACTH "OKOJIO HOPMBI", HO MOJOKUTEIIbHAS 110 HAONIOJICHUSM U 110 MOJIYJIIO
OotbIlIe 331aHHO TPaHUIIBI 00IaCTH "OKOJIO HOPMBI'", TO 3TOT ClTy4yan YUHTBIBACTCS B 71,5. [Tpn 3TOM Cymmupo-

BaHUE B 11 TIPOM3BOJUTCSA C YYETOM KOCHHYca mupoThl. Hampumep, R ‘005(9/'), e Y, = 1 B ciyuae,

€CJIU B TOJ] /7 Ha JIOATOTE { U MIMPOTE j MPOTHO3UPOBAIOCH MOMNaJaHuE cpjés:[ﬁero 3a CE30H MeTeonapaMerpa B
KaTeropuio "HKe HOPMbI'", U 10 HAOJIONCHUSIM CPETHUN 32 CE30H METEOoNnapaMeTp OTHOCHIICS K KaTeropuH
"HWKE HOPMBI''; B IPOTUBHOM ciydae Y, = 0. AHaJIOTMYHO 3aMOJHSAOTCS JIPYTHE SYekHK TaOmunpl. Jlannyro
TaOIHMIly MOXHO MPECTaBUTh B BUJIE CTAHJAPTHOM TaOIMIIBI COMPSKEHHOCTH IS pacdeTra nokasareist ROC B

cjiydgac ICTCPMUHUPOBAHHBIX ITPOTHO30B!:

Haoaroaennst
Jla Her
Ja O, =ny, +n,, +ny, NO, = ny, +ny; +ny, +nyy + 10y + 15,

NO, =ny, +ny, +ny, +nyy +ny, +n, +

IIporuo3 =
p Her | O, =ny +ny +n,+ny, +n;+ny, Iy, gy I, Ty, 1y, =

=20, +ny +ny, + 0, +ny +n, + 0y,

nn

3necs, Hanpumep, O, 03HadaeT KOJMYECTBO CITydaeB, KOraa coObITHE (KaTeropus "HIbKe HOPMBI', "BBIIIIE
HOpMEBI'", "0KOJI0 HOpMBI'") HE IPOTHO3HUPOBANIACH, HO METeonmapaMeTp Mormazai B He€ 10 JaHHBIM HaOMIOICHHH.

B mannoii Tabmure "ma" u "HeT" oTBewaroT Ha Borpoc: "IIporcxoamio/Habmonanocs au coosTre?".

Torna oo nonananmii (Hit Rate, HR) MoxHO Borancnts kak: 7R =75—"--< [0:1]- TTpu HR = 1 BCe cay-
yuBIIHecs (HAOIMIOMaeMble) COOBITHA BEpHO IpeacKa3biBatoTcs. Jloms JIOKHBIX tpesor (False Alarm Rate,

FAR): 4R = NO, + 11\[02 efo:1]. Ipu FAR = 0 HuKakue HeCTyYnuBIINECS (HEHAOIIOAaeMBbIE) COOBITHS HE MTPEJICKa-
3BIBANIACH. Benmmumay HR IPUHATO HAa3bIBaTh UyBCTBUTENFHOCTEIO, a BeMUINHY | — FAR — crienuuaHOCTHIO.
Brrancimm nokazarens XanceHna-Kywnmepca [22]:
KS = HR— FAR =2 V0. =0, NO,
(0,+0,)-(NO, + NO,)

KS+1
[pu momorm npeodpazoBaHus KS,tea = T,  MOXHO oTMacIITabUpOBaTh MOKa3areab XaHceHa-Kywurmep-

ca, TaK, 4To €ro BeJIMUMHa Oy/eT MeHAThCs B nepezenax orpeska [0;1], roe 1 Oyaer cooTBETCTBOBATH UjI€allb-
HoMy miporHo3y. Ilapamerp KS, ., sBisiercst ananorom u3BectHoro napamerpa AUC (area under the curve)
kpuBoit ROC 1151 BEpOSTHOCTHBIX IIPOIHO30B, UCTIONIB3YEMOTO JUIsl OIIEHKH KadyecTBa MPOTHOCTUYECKOH Mojie-
s, [Tnomans nox rpadukom kpuBoit ROC, oToOpaxkaromiei 3aBUCUMOCTD JIOJHM TOYHBIX MOMAIaHUuN OT J0JIN
JIO>KHBIX TPEBOT, IPUHUMAaET 3HaueHus 0.5 17151 CHCTEMBI, COBEPIIIEHHO HE IPUTOIHOM /It IPOrHO3MPOBAHUS, B
TO BpeMs Kak | COOTBETCTBYET UI€alIbHOI NPOTHOCTUYECKOH CHUCTEME.

e[—l;+l]

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI
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B Pab6oTa BbinofiHeHa B VIHCTUTYTe BbIYMCIIUTENIBHOM MaTeMaTuKn uM. .. Mapuyka PAH npu ¢uHaHcoBow
nopaepke Poccuickoro goHaa dyHOaMeHTanbHbIX nccnenoBaHui (rpaHt POOU N2 20-05-00673) u
MocKoBcKoro LeHTpa dyHOaMeHTanbHoM 1 NpUKNagHoN MaTeMaTukK (cornatleHne ¢ MuHobpHaykum Poc-
cum N2075-15-2019-1624).
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Medium range ensemble prediction system
of Hydrometcentre of Russia based on SL-AV model:
First results
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" Hydrometeorological Research Centre of Russia, Moscow, Russia
? Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia

E-mail: vmizyak@mecom.ru

rapid development of ensemble methods widely used at all the world's leading forecast centers. Such

systems are able to evaluate the uncertainty of initial data on the state of the atmosphere, as well as the
uncertainty of the description of subgrid-scale processes in the NWP model. Ensemble systems also allow esti-
mating the intervals of variation of the model parameters.

The core part of the ensemble prediction system described here is the global SLAV model (0.9°x0.72°
horizontal resolution and 96 vertical levels version) [1], which is used to obtain an ensemble of forecasts. The
first version of our system used static perturbation of subgrid-scale parametrizations values in various members
of the ensemble. The new version contains a description of the evolution of random fields at the sphere using
AR (1) process,

The ensemble of initial data required to start the model is generated by the data assimilation system based
on the Local Ensemble Transform Kalman Filter (LETKF) [2]. It assimilates the following types of observa-
tions to produce the initial data: radiosondes at 32 vertical levels, surface and ship observations, aircraft obser-
vations, some satellite observations. In order account for the model error, the additive inflation of the analysis
fields is used in assimilation scheme. The value of additive inflation is controlled by the function that allows to
change its value depending on the level and the latitude of the model grid point for various model variables.
Compared to the initial version of the described ensemble system, this function has been significantly rede-
signed. Now the value of parameter is calculated using the bilinear interpolation between the given base points
in the latitude-level space.

Recent changes of the ensemble system described here allowed to improve forecast ensemble spread,
which is most notable in the Tropics region. Currently, the selection of the parameter values (out of 31 in total)
which are responsible for the value of the spread and forecast errors in the system, is being carried out in order
to reduce the mismatch between the spread and errors of the ensemble forecast.

The need of development of proprietary medium-range ensemble weather prediction system arises due to

Cucrtema aHcambneBoro cpegHeCpO4HOro NMPorHo3a noroapl
[ugpomMeTueHTpa Poccumn Ha ocHoBe Mogenu MNMJ1AB:
[lepBble pe3ynbTaThl

'Mu3zsk B.I., “Tonctbix M.A., 'Porytos B.C., "“Anunosa K.A., "“Toitman I.C.

' TuppometueHTp Poccun, Mocksa, Poccus
? MHCTUTYT BbluMCnMTeNbHOM MaTeMaTiki uM. I. U. Mapuyka Poccuiickoi PAH, Mockea, Poccusa

E-mail: vmizyak@mecom.ru

BBEAEHUE

HeobxomumMocTh pa3paboTku cOOCTBEHHOW CHCTEMbI aHCAMOJIEBOTO CPEAHECPOUYHOTO MPOTHO3a TOroaa
o0ycioBiieHa OypHBIM Pa3BUTHEM aHCaMOJIEBBIX METOIOB M HIMPOKUM NMPHUMEHEHHEM dTHX METO/IOB BO BCEX
BE/IYIMX MUPOBBIX HPOrHOCTHYECKUX HEHTpax. Takue CHCTEeMbI CHOCOOHBI yU4eCTh HEONpeIeEHHOCTh Ha-
YaJbHBIX JaHHBIX O COCTOSIHUU aTMOC(ephbl, 8 TAK)KE HEONPEICIEHHOCTh B ONMCAHHUHU ITPOLIECCOB M0JICETOUHO-
ro Maciirtaba B MPOrHOCTHYECKOM MOJesin. AHCaMOJIEBbIe CUCTEMbI TAKXKE MO3BOJISIIOT OLIEHUTh UHTEPBAJIbI
M3MEHEHHSI TapaMeTPOB MOJCIIH.

B ominume ot AeTepMUHUPOBAHHOTO MPOTHO3a, aHCAMOJIEBBIH MPOrHO3 OCHOBBIBAETCS HA TIOJNYYCHUH H
aHaJIM3e 1eJI0ro Habopa YUCICHHBIX MPOrHO30B HA OJIHY M TY XKe /1Ty, Ha3bIBAeMOT0 aHCaMOJIeM ITPOrHO30B. B
JAHHOW paboTe AJIs TOTYYEHHUs] TAKOTO Habopa MpuMeHseTCs robanbHasi OnepaTuBHAS MOJENb aTMOC(ephl
ITJTAB [1], ucrionb3ytomiasi B KaueCTBE CTAPTOBBIX MMOJIeH aHCaMOJIb HAYaIbHBIX TAHHBIX, KOTOPBIMA TOTy9IaeTCst
B X0jie paboThl aHCAMOJIEBOI CHCTEMbI YCBOCHHSI JaHHBIX, OCHOBAHHO Ha aJIrOpUTME JIOKAILHOTO aHcamOie-
Boro guisTpa Kanmana ¢ npeo6pazoBannem ancambist [LETKE, 2, 3].

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI
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FNOBAJZIbHAA MOAEJIb ATMOC®EPDI MNJIAB

Snpom onmceBaeMoii CHCTEMBI ABIsieTcs TitobanbHas Mozens atmocdepst [IJIAB [1], kotopas Obuia pas-
paborana B acTHTYTE BRIUHCTUTENbHOM MaTematuku PAH u B ['unpomeriientpe Poccnn, rie ucmons3yeTcs B
KaueCcTBE ONEPATHBHON MOAEIN CPEAHECPOUHBIX YHCIEHHBIX IPOTHO30B MOro/bl. OHAa COCTOUT U3 OPUTHHAIIb-
HOTO TUHAMHUYECKOTO sifipa [4] 1 mapaMeTpu3anuii mpoIeccoB MOJCETOYHOr0 MaciTaba, KOTOpbIe B OCHOBHOM
OpuTH pa3zpaboransl B koHcOoprmyme ALADIN / LACE [5].

B nmanHO#1 paboTe HCIomBp3yeTCst BEepCHs, KOTOpask IMeeT ropu3oHTansHoe paspemenue 0,9x0,72 rpamgyca
IO JIOJTOTE M MIMPOTE COOTBETCTBEHHO M 96 ypOBHEH M0 BEpTHUKAIM C MCHOJIB30BAaHHEM THOPUAHON BEpTH-
KaJIBHON KOOpAMHATHL. [ KOHTpOJIS 32 pa3dpocoM aHCcaMOIs MCIONB3YIOTCS BO3MYIIEHHUS I1apaMeTpoB,
YIPaBILSIIONIMX MapaMETPU3ALMAMH MTOJCETOYHOTO MaclTaba, TAKUMH KakK IIyOOKas KOHBEKIHS, IUTaHETap-
HBII OTPaHNUYHBIN CIIOH, TapaMeTpU3alysl MUKPOPHU3UIECKUX IPOIIECCOB B OOIaKax.

[epBast Bepcusl TaHHOW CHCTEMBI UCIIOIb30BaJIa CTATHYECKOE BO3MYIIEHHE JaHHBIX ITapaMeTPOB B pas-
JMYHBIX yYaCTHHKaX aHcaMOis. OTHaKo B TAKOM CITydae ITOJIsl BOMYIIEHUH Ka)KJO0T0 U3 YYaCTHHKOB aHCAM-
67151 He SIBISIFOTCS CIIy4aiHBIMU M HE OTPaXKal0T HEOIPEIICHHOCTH OIMCAHNS COOTBETCTBYIONIHX IIPOLIECCOB
noziceToyHoro Macmraba. Hosast Bepcus pa3padarbiBaeMoil CHCTEMBI aHCAMOJIEBOTO ITPOTHO3a COAEPKUT OIIHU-
CaHMe BOIIOIINH CITyJaiHBIX 1moJieii Ha cdepe ¢ momomrsio AR(1) mpouecca. IlogpoGHee naHHas BepcHs MOzIe-
JIM TIpEeJICTaBJICHa B HAcCTOsIIIEeM COOpHHKE B paboTe ANTUITOBOI C COaBTOpaMHu.

NOKAJNbHbIA AHCAMBJIEBbIA ®UJTbTP KAJIMAHA C MNPEOGPA30BAHUEM AHCAMBJIA (LETKF)

B xadecTBe HavyaJbHBIX JAHHBIX JUIS YMCICHHON MOJENN HMCIOJIB3YeTCs aHCaMOJb Ha4aJdbHBIX JaHHBIX,
MOJy4aeMblid B Xojie paOboThl aHcamOeBoii cuctembl yeBoeHus [3] Ha ocHoBe LETKF [2]. Mcmons3yetcst 60
4JIeHOB aHcaMOis. B kauecTBe mosieil nmepBoro mpHONMKEHNSI TPUMEHSIOTCSI 6-4acoBBIE IPOTHO3bI MOJIEIH
ITJIAB. st 60ps0BI ¢ 3¢h(exTamu, BOSHUKAIOIIMMH BCIIECTBUE HEITOOEHKN KOBapHalMii ONIMOOK aHaIN3a,
UCIIONIb3YETCsl MyJIbTHILIMKATHBHAS HHOISIIKS KOBapHaluii o100k nepBoro npuommkenus. s 6onee Tou-
HOTO y4éTa OIMOKM MOJENH UCIIONb3YeTCs alIuTUBHAsS MHAIIAIMS ToJIel aHanu3a. BennyuHa aguTuBHOMN
UHQISIUY yripaBiseTcs GyHKIHEH, TT03BOJISIONIel H3MEHATh €€ 3HaUCHHUE B 3aBUCHMOCTH OT BBICOTHI YPOBHS
n reorpaduyeckoll IUPOTHl TOUYKH MOJEIBHOM CETKH Ul Pa3IM4YHbIX IPOTHOCTUYECKUX NepeMeHHbIX. [1o
CPaBHEHUIO C HAYAILHOM BepcHel aHcaMOIeBO CHCTeMbI TaHHas (DyHKIMS ObUIa 3HAYMTENILHO IiepepadoTaHa.
Tenepb U3MEHEHNE TPOUCXOANT MEXKY 3a1aHHBIMH 0Aa30BBIMH TOYKAMH B ITPOCTPAHCTBE MIMPOTA-BBICOTA HA
OCHOBE NPUMEHEHHsI OMIIMHEHHON HHTEPIIONISLIIH.

‘YMeHbIICHHE HETaTUBHOTO BIMSIHUS IPOCTPAHCTBEHHOM KOPPESLIMH OIIMOOK HAOMIOEeHNI 1 HEKOTOpOe
yBeI4YeHUe «A(PPEKTUBHOTO pa3Mepa» aHcaMOIIsl TOCTUraeTcsl MyTEM MPUMEHEHUs! JIOKaJIM3alul HaOJroze-
HUI BOKPYT TOUEK MOJENBHOM CETKH C 3aJaHHBIM PajilyCoOM, YTO INPUBOAUT K HE3aBUCUMBIM BBIYUCICHUSIM
3Ha4YeHUi noseit ananuza. Jlokanusamust no3BossieT 3 dekTHBHO 3amyckarh peanusytomnyo LETKF nporpam-
MY Ha MacCHBHO-TIapAJIIEIbHBIX BBIYUCIUTEIBHBIX CHCTEMaX. BeranciieHus B QUIIBTPE BHITOIHSIOTCS B PEXHU-
Me THOpPHTHOTO pacrapajuieIMBaHus ¢ TOMOIbIo TexHonoruid MPI u OpenMP.

Jlist aHcaM011€BOr0 yCBOCHUSI MCIIOIB30BAIMCH CIEAYIOIINE BU/IbI JAHHBIX HAOMIOICHUMH:

e paauo3onasl TEMP (Temneparypa, oTHOCHTENNbHAS BIQ)KHOCTH M KOMITOHEHTHI CKOPOCTH BeTpa Ha 16
cranaaptHbIX ypoBHsX oT 1000 rlla o 10 rlla, oxono 650 nabmonenuii Ha kax oM yposHe B 00h UTC u B 12h
UTC);

e HaszeMmHble U KopabenbHble HaOmoneHust SYNOP, SHIP (npusemHoe jaBiieHue, TemMreparypa u OTHO-
CHUTENbHasI BIAXKHOCTh Ha ypoBHE 2 M, nopsaka 10000 nadmrogenuit 8 00h UTC u B 12h UTC);

e camorerHble HaOmoneHust AIREP (Temmnieparypa 1 KOMIIOHEHTBI CKOPOCTH BeTpa, nopsiaka 10000 na-
6nronenuii B 00h UTC u B 12h UTC);

e cryTHHKOBbIC HaOmoneHust Berpa SATOB u AMYV (koMoHeHTsI ckopocTH BeTpa, 10 800000 Habmro-
JICHUH B JICHD);

e cnyrtHuKoBbIe HaOmonenuss ASCAT ckopoctu BeTpa Haj moBepxHOCThIO Mopst (400000—-700000 na-
OJrOEHNH B CYTKH).

METOOUKA BEPUOUKALIUU PE3YJIBTATOB

Just BepuduKkanyy moiy4eHHbIX Pe3ynbTaToB ObLIM UCITIOIb30BaHbI ITPOLIEAYPHl U METPUKH, PEKOMEH/I0-
BaHHbIe Beaymmm 1ieHTpom o Bepudukanmu ancam6iaeBsix mporHo3os (http://epsv.kishou.go.jp/EPSV/). Cu-
CTCMa Bepl/lq)l/IKaIJ,l/Il/I CHOCO6Ha pacCUUTHIBATL OUCHKU YCICIIHOCTH aHC&M6ﬂeBLIX MPOTrHO30B 1O JaHHBIM
oneparuBHoro ananusa ['MLI. PaccunthiBatoTcst ciaeayrolume rnoka3areiy yCelHOCTH aHCaMOJIeBbIX TPOTHO-
30B: CpeIHEKBapaTniecKast OlnOKa KOHTPOJIBHOTO (cpeaHero 1o ancamoOiio) nporuosa RMS; pa36poc (cran-
JTAPTHOE OTKJIOHCHHUE) 3HAYCHHUI MPOTHO30B aHCaMOJIs B TOYKaX MojiesibHOM ceTku SPRD; abconroTHas omuno-
Ka KOHTPOJIBHOTO (cpeaHero mo ancamoOio) nporuo3a ABS; moka3zarens ynopsaoueHHo#H BepositHocTi CRPS.

SESSION | // SUBSEASONAL AND LONG-TERM WEATHER AND CLIMATE FORECASTS



PE3YJIbTATbl PABOTbl CUCTEMbI

B Hacrosiee Bpems omchIBaeMasi CHCTeMa paboTaeT B KBa3HOIIEPaTHBHOM pexxume B ['mapomereHTpe
Poccun getripe pasa B cytku. Mcmonssyercs 60 yuacTHHKOB aHcaMOis. [Iporao3sr ¢ 3a6:1aroBpeMeHHOCTHIO
10 cyToxk 3amyckatorcst B cpok 00 wacoB BCB. B ocransnoe Bpems (06, 12 1 18 UTC) monens paccUuThIBaeT
TOJIBKO IIPOTHO3BI Ha 6 4acoB, HEOOXOAMMBIE CUCTEME YCBOCHHUS IJIsL HCIIOJIB30BAHHS B KaU€CTBE IIOJIEH IIepBO-
TO MIPHOIMKESHUS.

Pacuétsl mponsBonsaTcs Ha 992 sapax BeruucnutensHOl cuctembl Cray XC40-LC [maBHOTO BBIYHCITH-
TeNbHOTO IeHTpa Pocruapomera.

Jlajee mpecTaBICHBI Pe3ylIbTaThl CPaBHEHUS pa3dpoca U CPeHEKBAAPaTHIECKOH OMINOKN CPEIHETO 110
aHCaMOJII0 POTHO3a 110 OTHOIIECHHIO 00BEKTHBHOMY aHAJIM3Y U HadyaJlbHOW BEPCHUH aHCAMOJIEBOI CHCTEMBI
U CHCTEMBI, HCIIOJIB3YIOIIEH CTOXaCTHYECKHE BOSMYIICHHUS KaXI0T0 M3 BO3MYIIAeMBIX ITapaMeTPOB Hapame-
TPHU3ALUI IPOLECCOB IOICETOYHOTO MacIITa0a.

Vcnionb3yemasi B Ha4albHOM BEPCHH CTaTHYECKas CXeMa BO3MYIIECHHS [TapaMeTPOB, YIPABIISIOIINX Hapa-
METpHU3aLUsIMU MOICETOYHOr0 MaciiTaba, He BCeraa Mora 00ecednTb He0OXOMMMBI yPOBEHb COOTBETCTBHS
MeXIy pa3dpocoMm aHcamOIIs U CpeIHEKBAAPATHIECKON OMMOKOM CpeaHero mo ancaMoiio mporHosa. B uae-
aJBHOM aHCAMOJIEBOM MPOTHO3€ KPHUBBIE OMIMOKK U pazdpoca JOomKHEI ObITh Ou3ku. HoBast cxema B codera-
HHH C TIepepaboTaHHOM (yHKIMEH TeHepalui BeTMYHHBI a1 JUTHBHON HHAIIALNY O3BOJIMIIA HECKOJIBKO NIPH-
ONM3UTH KpHUBBIE OMMOKH B pa3dpoca ApyT K JPYTY, XOTS IMOITHOTO COOTBETCTBHSA MTOKA TOOUTHCS HE YIAIOCh.

Ha mpencraBieHHBIX HIKE PUCYHKaX IOKa3aHbI 3aBUCHMOCTH OT 3a0JIarOBPEMEHHOCTH IPOTHO3a Cpel-
HEKBaIPaTHYECKON OMIMOKM CPEIHEro 10 aHCaMOJIIO NPOrHo3a (KpacHas KpHBas — IpeblAylias BepCus aH-
caMOJIeBOI CHCTEMBI, OpaH)KeBasi KpUBasi — OMFChIBaeMasi CHCTeMa) U pa3dpoca ancaMOms (CHHSS KpUBast —
HpebIIyas Bepcus aHcaMOJIeBOH CUCTEMBI, 3e16Has KpUBas — ONMCBIBAEMasi CUCTEMa), OCPEIHEHHBIX 0
Pa3HBIM PErHOHaM 3€MHOTO IIapa.

Tropics Tropics
@ RMSE control @ RMSE control
0 @ Spread control o W Spread control
© 7| @ RMSE SPP+SPPT 8- g | ©@ RMSE SPPSPPT
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Puc. 1. Pasbpoc (sprd) 1 cpeaHeKBapaTHyecKan olumbKa (rms) B 3aBUCUMOCTU OT 3abNnaroBpeMeHHOCTM NPorHo3a (B va-
cax) AnA pa3NnYHbIX NepeMeHHbIX B pasHbIX PervoHax.

BbiBOAbI

3a mociieiHee BpeMsi B OMUCHIBAEMOI CHCTEME YIaJI0Ch YIIyUIIUTh TaKyl0 BAKHEHILYIO JUIsl aHCaMOJIeBOi
CHCTEMBbI XapaKTePHCTHKY, KaK pa3dopoc aHcamOs. ITOro yIajioch JOCTUYb B OCHOBHOM 3a CYET IPUMEHEHHS
B MOJICJIN CTOXAaCTUYCCKUX BOSMyIJ_[eHI/Iﬁ KayXZ10T0 U3 BO3MYIIAEMBIX I[MapaMETPOB B OIMTMCAHUH ITPOLECCCOB 10/ -
ceToyHoro maciiraba. Takke cBOW BKJIaJ BHECIO M IPUMEHEHHE HOBOW (DYHKIMHU FeHEpaly aJIUTUBHOM
uH(usAnuK nojel anaiauza. Hanbomnbiiee yiydiieHrHe MOXKHO 3aMETUTh JUIs IEPEMEHHBIX B TPOIIUYECKUX pe-
ruoHax. B Hacrosiee Bpemst OCYIIECTBISICTCS 000D 3HAUCHHI mapaMeTpoB (Bcero u3 31), OTBEUaroux 3a
BEJIMUMHY pa30poca 1 OIUOKK MPOrHO30B B CHCTEME JUIs JIOCTH)KEHHMs 00JIee MOJTHOTO COOTBETCTBHS pa3opo-
ca ¥ omKOOK aHCaMOJIEBOTO MPOTHO3A.

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI
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Spatial verification of regional ensemble forecast
at the Hydrometcentre of Russia

'0Olkhovaya E., ‘Bundel A., *Astakhova E., *Alferov D.

' Russian Technological University, Moscow, Russia
? Hydrometeorological Research Centre of Russia, Moscow, Russia

E-mail: lizik_olkhovaya@mail.ru

scenarios of their development, and the forecast uncertainty. At the Hydrometcentre of Russia, a re-

gional high-resolution ensemble system is under development with a grid mesh of 2.2 km for the Central
and Southern region of Russia. The ensemble is based on the perturbation of model physical parameters and on
the perturbation of initial data using the lagged initial conditions.

Consequently, developing a state-of-the-art ensemble verification system is of high priority. Such a system
has to include both standard point-based verification and spatial methods [Gilleland E. et al. 2010]. At present,
the spatial verification methods applied to ensemble forecast are being developed in the world [Johnson X. W. et
al. 2020]. At the Hydrometcentre of Russia, The Sochi Olympics FROST-2014 project [Kiktev D. et al. 2017]
gave an impetus to research in spatial verification, however, only limited attempts have been made up to now to
apply spatial methods to ensembles [Bundel A., Muraviev A. 2017].

In this work, preliminary results of high-resolution ensemble verification system are given. The system
includes both standard probability scores (the Brier Score, reliability diagram, ROC-curves, etc.) and the novel
spatial scores from the neighborhood and object-based methods. The MODE, Method for Object-based Diag-
nostic Evaluation [Davis C. et al. 2006, Johnson X.W. et al. 2020] is used as a main object-based approach. The
system is based on the free METplus verification package [https://dtcenter.org/community-code/metplus].
Examples of the scores are given.

l E nsemble weather forecast is a necessary tool for assessing the probability of weather events, alternative
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[MpocTpaHcTBEHHaA BepUPUKaLMA PErMOHANIbHOIo
aHcambnesoro nporHo3a OI'BY «mopomeTueHTp Poccum»

'Onbxosas E.[1., ‘bynpens A.10., “Actaxosa E.[l., “Andepos [1.10.

' PTY MUP3A, Mocksa, Poccus
2 Mmppometuentp Poccuu, MockBa, Poccus

E-mail: lizik_olkhovaya@mail.ru

POSTHOCTH TIOTOJHBIX SBJICHUH, aIETEPHATHUBHBIX CIICHAPHEB MX PAa3BHUTHS, a TAKXKe NI OICHKH CTe-
MeHu HeompeaeneHHocTH nporuo3a. B ®I'BY «lunpomeriienTp Poccum» paspabarbiBaeTcsi permo-

HaJIbHBII aHCaMOJIb BBICOKOTO paspelieHus — ¢ maroM cetku 2,2 kM st LlentpansHoro ¢enepaibHoro u
IOxHorO (enepanbHOro OKpyra. AHCAaMOIbP OCHOBAaH Ha BO3MYILEHHH (PU3MUYECKUX MapaMeTpOB MOJENH, a
TaK)Ke Ha BO3MYIIEHUH HAYaJIbHBIX JAHHBIX C TIOMOIIBIO C/IBUTA TI0 BPEMEHH (JIaTOBBIM METOT).

COOTBETCTBEHHO aKTyallbHOM 3a/1aueil sBIsieTCsl pa3paboTka COBPEMEHHOM CHCTeMbl BepU(pHKAIMN aH-
cambneBoro mporrosa. s Momeneil BEICOKOTO pa3pelieHus Takas CHCTeMa JOJDKHA BKIIOYATh HE TOIBKO
CTaHJapTHHIC METOABI BepHU(HUKAIINY, OCHOBAHHBIEC HA MCIIOJIH30BAaHMH TOYCUHBIX JAHHBIX, HO M TaK Ha3bIBae-
Mble ipocTpaHcTBenHble MeTosbl [Gilleland E. et al. 2010]. B HacTosiiee Bpemst pOCTPAHCTBEHHbBIE METObI
Bepu(UKAIIUK U aHCaMOJICBOTO MPOTHO3a HAXOMATCs B craauu paspadorku [Johnson X.W. et al. 2020]. B
OI'BY «I'mapometiieHTp Poccrimy TOTIKOM K Pa3BUTHIO MPOCTPAHCTBEHHBIX METOJIOB CTaJl MMPOEKT MeTeoobe-
crieuenns Counnckoit onmumnuaasl FROST-2014 [Kiktev D. et al. 2017], ogHako 0 CHX TOp UMEITHCH JIHIIb
OrpaHMYCHHbBIE MOMBITKH MPUMEHEHHUS IPOCTPAHCTBEHHBIX METOZOB K aHcamOieBomy nporHo3y [Bundel A.,
Muraviev A. 2017].

B nanHoif pabote mpeacTaBieHb! IPeABAPUTEIBHbBIC PE3YIIbTAaThl pa3pabaTeIBaeMOil CHCTEMBI BepH(pHKa-
LU aHCAMOJIEBOTO MPOTHO3a BBICOKOTO paspereHus. CucremMa Mmo3BOJsEeT PacCUNTHIBATh KaK CTaHIapTHBIC
BEpOSTHOCTHEIE OIeHKH (orieHKa bpaifepa, auarpamma HagexHocTH, ROC-KpHBBIE U Ap.), TAK U IPOCTPAHCT-
BEHHBIE OLIEHKH, ITOJIyYaeMbIe C IIOMOIIBI0 OKPECTHBIX METOJIOB, a TAK)KE C TIOMOIIBI0O 0OBEKTHO-OPUEHTHPO-
BaHHOTO Moxaxoaa. B kauecTBe 00BEKTHO-OpUEHTHPOBAaHHOTO moaxoaa B3sT merogx MODE, The Method for
Object-based Diagnostic Evaluation [Davis C. et al. 2006, Johnson X.W. et al. 2020]. I[Ipu pa3paboTke cucre-
MBI HCTIONTB30BaHbI QYHKIIMHE CBOOOTHO pacmpocTpansemoro makera Bepuduraimn METplus [https://dtcenter.
org/community-code/metplus]. [IpuBeaeHbI IPUMEpHI OICHOK KaueCcTBa aHCAMOJIEBBIX ITPOTHO30B.

ﬁ HCaMOJIEBBIN IIPOTHO3 MOTOABI TOBCEMECTHO IMPU3HAH HeO6XO}II/IMHM HWHCTPYMEHTOM JJIA OLICHKH BE-

JIUTEPATYPA:

1. Bundel A., A. Muraviev, The contiguous rain area (CRA) method application for the Caucasus and Al-
pine regions, Research activities in atmospheric and oceanic modelling. CAS/JSC Working Group on
Numerical Experimentation. Report No. 47. WCRP Report No.12/2017. E. Astakhova, ed. WMO, Ge-
neva pp. 10-03 -10-04

2. Davis, C., B. Brown, and R. Bullock, 2006: Object-based verification of precipitation forecasts. Part I:
Methodology and application to mesoscale rain areas. Mon. Wea. Rev., 134, 1772-1784.

3. Gilleland E., David A. Ahijevych, Barbara G. Brown, and Elizabeth E. Ebert, 2010: Verifying Forecasts
Spatially. Bull. Amer. Meteor. Soc., 91, 1365-1373. doi: http://dx.doi.org/10.1175/2010BAMS2819.1

4. Johnson, X. Wang, Neighborhood- and Object-Based Probabilistic Verification of the OU MAP En-
semble Forecasts during 2017 and 2018 Hazardous Weather Testbeds // Weather and Forecasting.
2020. N235.1. P. 169 - 191.

5. Kiktev, D., P. Joe, G.A. Isaac, A. Montani, |. Frogner, P. Nurmi, B. Bica, J. Milbrandt, M. Tsyrulnikov, E.
Astakhova, A. Bundel, S. Bélair, M. Pyle, A. Muravyev, G. Rivin, |. Rozinkina, T. Paccagnella, Y. Wang,
J. Reid, T. Nipen, and K. Ahn, 2017: FROST-2014: The Sochi Winter Olympics International Project.
Bull. Amer. Meteor. Soc., 98,1908-1929, https://doi.org/10.1175/BAMS-D-15-00307.1

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI

cires'2021 [N

]

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
=T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
<
<T
o
=
o
(=
<T
b= =
>
=
==
L
=




cires’2021 1

w
L
(]
=
L
(]
w
—
<T
-
=
L
=
=
o
=
=
=
[NN]
oc
o
L
w
L
(d=]
(=]
—
(=]
=
o
(]
[NN]
-
=
(=]
-
<T
=
oc
o
L
=
—
=T
=
=
—
=T
-
>
o
=
o
o
=
o
L
(]
=
L
oc
L
L
=
o
(]
o
=
<t
—
(=]
(=]
= =
(]
w
w
-
0
-
=
L
(]
w
(d=]
=
=}
(=]
>
—
<t
=
(=]
-
T
=
o
(SN
-
=

Global Atmospheric Oscillation and El Nifo
long-term forecast

Serykh I.V., Sonechkin D.M.

Shirshov Institute of Oceanology RAS, Moscow, Russia

E-mail: iserykh@ocean.ru

areful computations of atmospheric power spectra are done. These computations reveal that these spec-

tra are continuous in the range of timescales from two days to one year, and so they confirm that weath-

er variations are chaotic. However, the continuity of a part of the atmospheric power spectra, corre-
sponding to the periods from two years to one decade is questioned. This part is prominent by the existence of
several narrow bands of increased spectral density centered at the subharmonics 2:1, 3:1, and 4:1 of the Chan-
dler wobble in the Earth’s pole motion (~ 1.2 years), the superharmonics 1:2, 1:3, and 1:4 of the Luni-Solar
nutation of the Earth’s rotation axis (~ 18.6 years) as well as the superharmonics 1:2, 1:3, and 1:4 of the 11-year
cycle of the Sun spots. The existence of similar bands in the El Nifio — Southern Oscillation (ENSO) power
spectra was recognized many years ago. However, it turns out that the above spectral bands also are seen in
spectra of the atmospheric characteristics outside of tropics. Moreover, the respective climatic variations are
globally synchronized. The synchronization takes place because above-mentioned external periodicities must
influence short-term climatic variations everywhere on the Earth. It is very probably that the periods of the ex-
ternal periodicities indicated are incommensurable with each other. Therefore, if these periodicities actually
influence short-term climatic variations, they would have to do it discordantly. As a result, no resonances can
exist which could make the affected climatic variations to be chaotic. A linear dependence of logarithms of se-
rial numbers of the spectral bands on logarithms of the band magnitudes as well as a linear decrease of the ac-
cumulated sum of the squared autocorrelations of the respective atmospheric characteristics confirm that the
dynamics of the interannual to decadal climatic variations are not chaotic.

Many researchers have recognized the long distance teleconnections between ENSO events and some
other processes in the global climate system happening in areas often very far from the equatorial zone of the
Pacific Ocean. We investigate similar links between ENSO and extratropical processes taken in their whole set.
For this goal we compute differences between the sea-level pressure and the near-surface temperature global
fields which correspond to either El Nifio or La Nifia events observed since the end of the XIX century and up
to the beginning of the XXI century. As a result, we establish that integrity exists of ENSO and the extratropical
teleconnections such as North Atlantic Oscillation (NAO), Arctic Oscillation (AO), Pacific — North American
(PNA) pattern, and their analogs in the Southern Hemisphere in the interannual timescale. Named this integrity
the Global Atmospheric Oscillation (GAO), we define two representative indices of GAO, and investigate the
temporal dynamics of these indices. This investigation reveals that GAO’s extratropical components may be
real irrespective of ENSO while the latter accompanies GAO in all cases. Moreover, in view of a general east-
ward propagation of the GAO as a spatial structure, some its extratropical components show changes of their
features prior the El Niflo (La Nifia) begins to form. Using these features as fingerprints of the forthcoming
evolution of ENSO, we define another GAO index for the El Nifio prediction. The cross-wavelet analysis be-
tween both of these indices and the Oceanic Nifio Index (ONI) is performed. This analysis reveals a range of
timescales within which the closest relationship between the GAO and ONI takes place. Using this relation-
ship, it is possible to predict El Nifio and La Nifia with a lead-time of approximately 12 months. At last, we es-
tablish that some of the CMIP5-models reproduce GAO reasonably well.
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[MobanbHaA aTMocdepHan ocuMNNALMA U O0STTOCPOYHbIN
nporHo3 3nb-HuHbo

Cepbix U.B., CoHeukuH [1.M.
WHcTutyT okeaHonorum um. .M. Winpwosa PAH, Mocksa, Poccua

E-mail: iserykh@ocean.ru

151 iporHo3a Onb-Huubo n Jla-HuHbS ¢ 3a01aroBpeMeHHOCTRIO B 12 MecsleB MpeayioKeH WHAEKC-

MIPEIUKTOP OCHOBAaHHBIA HA 3alaJIHO-BOCTOUYHOM pacrpocTpaHeHuu [odansHOM arMocdepHoi oc-

WITSIIAY. BRISBIIEH Hana3oH BpeMEHHBIX MacIITa00B, BHYTPH KOTOPOTO HMEIOT MECTO UX Hanbosee
€CHBIC B3aHMOCBS3H.

BBEAEHUE

B pa6orax [1-4] 6pu1a MOABEpTrHYTA MPOBEPKE Ta TOUKA 3PSHMUS, YTO B BOSHUKHOBEHHUH ITHKOB B CIICKTPaX
mporeccoB Dnb-Huap0 — FOxHOTO Konebanns (DHIOK) moBHHHEI HEpaBHOMEPHOCTH BparmeHust 3eMin. [Ipo-
BEpKa BBIMIOJIHEHA Ha JIOCTYITHBIX Cefyac TIIATeIbHO BBIBEPEHHBIX PSAAAaX WHCTPYMEHTAIBHBIX METEOPOIIOTH-
YEeCKUX HAOMIONCHNH M MX, TaK Ha3bIBACMBIX, peaHaN3ax, T.€. psiiax HaOMOIeHNH, TPOITyCKH U BHYTPEHHUE
HECONIACOBAHHOCTH KOTOPBIX OBIIM MCKIJIIOYEHBI ¢ MOMOIIBI0 COBPEMEHHBIX TMAPOANHAMUYECKUX MOJENeH
o0mel nupKyssinun arMocgepsl. B pesynsrare Bce OCHOBHBIE NIMKH CIIEKTPATBHON ITIOTHOCTH B HANa30HE
BPEMEHHBIX MacIITaboB OT TO/a 10 MPUMEPHO ACCATHIETHS OBUIN COOTHECCHBI C TPEMS BHEITHIMH TTEPUOAN-
YeCKUMHU BO3IEHCTBUAMH Ha KIIMMATHIECKYIO cucTeMy: 1) YaHamepoBcKiM KoeOaHneM MMoiocos; 2) JIyHHO-
CoTHEeYHOU HyTarmeir; 3) L{ukmoM comHeuHON aKTHBHOCTH. [JTaBHBIC IEPHOABI STUX BHEITHUX BO3ICHCTBHUI
coctaBmsioT ~1.2, ~18.6 m ~11.5 roma coorBeTcTBeHHO. [T0-BHANMOMY, OHH HECOM3MEPHMEI JAPYT C IPYTOM.
Tak 910 OHM BO3AEHCTBYIOT Ha KIMMATHYECKYIO CHCTEMY, KaK OblI, HEBIIOMAJ, ¥ BMECTO Xaoca MOPOKIAIOT
OYEHb CJIOXKHBIE, KXKYIIHecs CIyJaifHbIMI BapHalli, CpeIy KOTOPBIX HanOosee n3BecTHBI «puT™Mb» JHIOK.
Maremarndyeckoil MOAEIbIO TAKOW HEIMHEHHOW JUHAMMYECKOM CUCTEMBI SIBIISIETCSI CTPAHHBIN HEXA0THUECKUI
arrpakrop (CHA).

B [5-8] 6p110 MOKa3aHo, uTo puTMUIHOCTh DHIOK He sBiIsIeTCs H30IMPOBAaHHBIM PETHOHATHHBIM SBIICHH-
€M, a €CTh YaCTh HEKOTOPOTO OOIIEINIaHEeTapHOTO poIlecca, Ha3BaHHOTO M0 Toi mpuynHe [modamsHO# AT-
Mocdeprort Ocummsmuert (IAO). [IpoctparctBennas crpykrypa [AO Oplta onpeneneHa Kak CpemHss pas-
HOCTb B CPETHEMECSIYHBIX MOJIAX JIaBJICHUS Ha YPOBHE MOPS M TIPUITOBEPXHOCTHON TEMITEPaTyphl, UMEIOITHX
MECTO TpH COOBITHAX Dib-HUHBO ¥ IPOTHBOIIONOXKHBIX MM COOBITHSIX JIa-HuHbsI.

METOAUKA UCCJZIEAOBAHUA

Kax y»e roBopHIIoCh BBIIIE, OTHUM M3 BXXHBIX (JOPCHHTOB KIIMMAaTHIECKOH CHCTEMBI SIBIISICTCS YaH LIe-
poBckoe Konebanne nomocos 3emin. Kak ObUI0 yCTaHOBIIGHO €11ie BO BTOPOi 1MoJoBHHE X X-T0 BeKa, 3TO KoJle-
Ganme Bo30y>kaeT B arMocdepe M OKeaHaxX MPHIMBHBIEC BOJIHBI, PACIIPOCTPAHSIONIMECS C 3araia Ha BOCTOK
poTHBO(ha3HO B YMEPEHHBIX IIHPOTaX 000MX monymapuii. KOHTHHEHTHI He SBISIOTCS HETPEOI0INMBIM ITpe-
MISITCTBUEM ISl 3aI1aIHO-BOCTOYHOTO PACIIPOCTPAHEHUsI aTMOC(EPHBIX «IIONOCHBIX» NPHINBOB. [losTomy
MOXHO OXHJIaTh, 9TO B JUHAMHKE BHETpONUIecKuX KoMroHeHT ['AO, xomb ckopo [AO dopeupyercs yante-
POBCKHM KoJieOaHHEM MONIOCOB 3eMJIH, Toxe OyneT HaOIoaTsCs 3arajgHo-BOCTOUHOe cMmenienue. [Ipu pac-
CMOTPEHUH BPEMEHHBIX H3MEHEHUI IPOCTPaHCTBEHHOM CTPYKTypbl AO B MONAX AaBIEHUS HAa YPOBHE MOPSI U
MIPUTIOBEPXHOCTHOM TEMITEpaTyphl Takoe CMeINIeHne AeHCTBUTENbHO ObuTo HalaeHo [7]. Tlocime HecKOIbKHX
po0 yaanock OnpenesuTh HHEKC, BEJITMIMHA KOTOPOTo Hanbosee YeTKO MpeICTaBIsieT 3To cMemenne. Hazo-
BeM 3ToT uHAeKe — [Ipeaukrop ImodanprOI ATMocdepHoit Ocimusinu (PGAO). OH BEIMUCISETCS KaK alre-
Opandeckasi CcyMMa CpeJHIX HOPMHUPOBAaHHBIX aHOMaNWi mpuzemHoro nasienus (P) n temneparypst (T) B 15
reorpaguueckux paiionax: PGAO = T(20°-50°c.m1., 160°-130°3.1.) + T(35°-25%0.11., 160°-80°3.1.) + T(65°-
45°p0.11.,150°B.1.-160°3.11.) + T(65°-45°10.111., 60°3.11.-0°) + T(40°-70°¢C.111., 90°B. 11.-180°) — T(30°10.111.-30°C. 111,
60°3.1.-180°) — T(60°-31°0.0r.,, 90°-120°B.1.) — T(31°-60°c.am., 100°-40°3.1.) + P(50°-70°c.mr.,
170°8.1.-120°3.1.) + P(70°-50°r0.m., 170°B.m.-120°3.1.) + P(60°0.m.-20°c.m., 40°-80°B.1.) +
P(30°r0.1m1.-30°c.mr., 70°-10°3.1.) — P(0°-40°c.mr., 120°B.1.-120°3.1.) — P(45°-25°r0.1m., 120°B.1.-60°3.11.) —
P(50°-70°c.m1., 50°-90°8B.11.).

Hcnone3ys uanexc PGAO, ocHOBaHHBII Ha 3amaIHO-BOCTOUHOM pacnpocTpaneHnu I'AO, Mbl ganee npo-
JIEMOHCTPUPYEM BO3MOXKHOCTH MPOTHO3a coObIThi Dnb-Huubo u Jla-HuHbst ¢ 32011aroBpeMeHHOCTBIO TTPH-
MepHO B 12 Mecsi1eB, TO €CThb C IPEOJOIEHUEM U3BECTHOTO ISl TPAJIUIOHHBIX TPOTHO30B Dib-HUHBO BeceH-
HEro npejena Npeacka3yeMOCTH.

CEKLLUA 1 // CYBCE30HHBIE M 0NMOCPOYHBIE METEOPOIOMMYECKME U KNMMATUYECKWE NMPOTHO3bI
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PE3YJIbTATbI

Jis pa3nUYHBIX BpEMEHHBIX CBUTOB OBITH paccunTaHbI B3auMHBIE Koppersiun Mexay PGAO u Paciu-
perabiM OxeannmdecknM Wuaexcom Dmb-Huuapo (EONI) [7]. OcHOBHOW MakCHMyM B3aUMHBIX KOPPETSIIHNA
BO3HHKaeT, korna Bapuarn PGAO npenmectsyrot BapuanusaM EONI npumepno Ha 12 mecsnes. Bennunna
OCHOBHOI'O MaKCMMyMa B3aHMHBIX Koppessinuii oueHs Benuka (0.7). Mecnons3ys 3To, MOXKHO Ipeicka3arh 3Ha-
yeane EONI, To ects Bo3HuKHOBeHUEe Dnb-Huapo nim Jla-Hunes, ¢ npuOIm3nTebHO TOI0BOM 3a01aroBpe-
MEHHOCTBI0. HacTh 00BsicHeHHOH o6mielt n3menunBoctu EONI npu stom cocrasmser noutn 50%. Takum
00pa3om, 3TOT MPOTHO3 MOXKET OBITH JOBOJIFHO YCIICIITHBIM.

Urto0bI onipeniennTh, Kak cBsi3u Mex 1y PGAO u EONI 3aBucsaT ot BpeMeHHOTo MacmTada, MbI HCTIONIB30-
BaJIM TEXHUKY KPOCC-BEHBIETHOTO aHaM3a MeXay BpemeHHbIMHU pagamu PGAO u EONI [9, 10]. B Bepxueit
gactu Puc. 1 mokazans!r Bpemennsie psaabsl PGAO u EONI. U3 HUX SICHO BHIHO, YTO TIOYTH BCE JIOKAJIbHBIC
MakcuMyMbl 1 MuHHEMyMbI EONI 3ama3asIBaioT npiMepHO Ha OJHUH IOJl OTHOCHTEIBHO MAKCHMYMOB M MHHH-
mymoB PGAO.

Kpocc-BeiiBnernas nuarpamma BpeMeHHBIX psitoB PGAO u EONI, mokazannas Ha Puc. 1 BHH3Y, cOOTBeT-
CTByeT BpeMeHHOMY caBHTY psita PGAO Ha 12 mecseB Brepea. Ha Heit MOXXKHO yBHIETH cl1aOble CBA3H MEXKIY
PGAO u EONI B mnama3zoHe KOpOTKOIIEPHOAHBIX BPEMEHHBIX MacITaboB (MeHee 2 JeT). DTO HeyIUBUTEIBHO,
nockonbKy psan PGAO caBuHyT Ha 12 MecsIeB BIepe, i MO3TOMY BCE KOPOTKOIIEPHOTHBIE IKCTPEMYMEBI HC-
CIIeNyeMBIX PSJOB OKa3aJIHCh Pa3HECEHBI 110 BpeMeHH. Ho pH 3TOM CymecTBYIOT 10BOJIBHO CHIIBHBIE CBS3H HA
BpPEMEHHBIX MacmITabax BeHBIETOB Oojee 2 1ieT, 0coOeHHO B quana3zone ot 2 10 10 sert.
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Puc. 1. Mpa¢mkm PaclumperHoro Okeannyeckoro MHaekca 3nb-HuHbo (EONI) (KpacHbiv) u MHaeKca-npeamkTopa Fnobanb-
Hov AtMocdepHon Ocumnnaumm (PGAQ) (cuHUM), crnarkeHHble 5-MecAYHbIM CKOMb3ALLEM CpeHUM, [eTPeHANPOBaHHbIe,
LLleHTPUPOBaHHbIE 1 HOPMaNM30BaHHbIe Ha UX CTaHAAPTHbIE OTKNOHeHMA 3a nepuog 1950-2019 (Beepxy). YepHas nuHua —
3HaYeHWA CKOMb3ALLMX B3aUMHbIX KOPPENALMIA 3TUX MHAEKCOB C OKHOM 8 neT n PGAQ cMeLLieHHbIM BNepef Ha 12 MecALeB.
Kpocc-BeriBneTHas amarpaMMa 3Tux MHaeKcoB 6e3 gpunbtpaumm ¢ PGAQ cMelLieHHbIM Briepef Ha 12 MecAiLeB (BHM3Y). Kpac-
Hble 06n1acT1 amMarpamMmbl COOTBETCTBYIOT CUH(A3HOMY NOBEEHMI0, @ CUHUE - NPOTUBO(A3HOMY NOBELEHUI0 COMOCTaBNAR-
MbIX BapyaLum.
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CrnenoBarensHO, n3MeHEeHNsI BO BpeMeHHBIX psigax PGAO u EONI Ha cOOTBETCTBYIOIIMX BPEMEHHBIX
MacmTabax HaxomATcs B ¢a3e mpH ycIoBUH, 4To BpeMeHHOH psin PGAO omepexaer Bpemernoi psag EONIL
Hpyrumu cnoBamu, npenckaszanus 3nadennit psina EONI, ocHoBanHbIe Ha 3HaueHMsX psina PGAO, m3mepen-
HBIX 12 Mecsiamu panee, 66uTH ObI BecbMa ycrenrHbIMe. Y 9uThiBast tuHaMuky [AO n DHIOK kak nuHamMuky
CTpaHHOTO HexaoTHueckoro arrpaktopa (CHA), BO3MOXXHO manmbHElIee YBEIHICHHE BPEMEHH IPOTHO3a JI0
HECKOJIBKUX JIET, 110 KpaliHel Mepe, B IPUHILIUIIE.

EAMHCTBEeHHBIMHA HCKIIIOUCHHUSMHU SBIISIOTCS MHTEPBaJbl KaJdeHAapHBIX jeT 1975-1980, 1993-1994 u
2003-2008, B KOTOPBIX Ha KpOCC-BeHBIETHON nuarpamMmMe Puc. 1 mpeobmanaror cnabbie WM Jake OTPUIIATEINb-
ueie cBs3u Mexxay PGAO u EONI. TTosToMy mporHO36I, cieIaHHbIE IS 3TUX HHTEPBAJIOB, OyIyT HEYIauHBI-
Mmu. K cgacTeio, BO Bce 3TH HHTEPBAIBI IMEITH MECTO TOJBKO cialdbie coobiTus Dnb-Hunbo u Jla-Hunbs, a Tak-
JKe HeHTpabHbIE COCTOSIHUA. TakuM 00pa3oM, MOKHO OBIIIO OBl OKHMIATh, YTO MPEACKA3aHUS CIIIBHBIX COOBI-
it Onp-Hunso u Jla-Hunes Bcerga OyayT yCIeIIHBIMA.

J1st KOHKpeTHBIX TPOTHO30B Dib-HuHpo 1 Jla-HuHbs nmpeacTaBiseTcs MojIe3HbIM PacCMOTPETh BOTIPOC O
TOM, HACKOJTBKO BBICOKH 3HAYEHMSI CKOJB3AIINX KPOCC-KOPPEIIIUI MeX Ty BpeMeHHBIM psisioM PGAO 1 BpemeH-
HbIM psifoM EONI, BeIMMCIEHHBIMU KaK €AMHOE LIENOE, TO €CTh AN BCETO AMANa30Ha BPEMEHHBIX MacIITa0oB.
Takne cxomp3smmue kpocc-koppersun BpeMeHHBIX psaoB EONI u PGAO (PGAO crnsunyT Ha 12 MecsteB Bre-
pen) oka3ansl Ha Puc. 1 BBepxy. MOXKHO BHIETH, UTO CKONB3SIINE KPOCC-KOPPEISINN T0BOJIBHO BhIcokHe (0.6-
0.8) B meproan! cuibHBIX coObITHI Dmb-Hunpo u Jla-Hunes. Crunbable coOsrtist Dmb-Humpso 1957/58, 1965/66,
1968/69, 1972/73, 1982/83, 1986/87, 1997/98, 2009/10 1 2015/16 iporHO3upyIOTCA ycnentHo. Takxe yCHenHo
MIPOTHO3UPYIOTCs crutbHBIE coObrTust Jla-Huaps 1970/71, 1988/89, 1998/99 u 2010/11. OmgHako CKOMB3AIINE
KPOCC-KOPPEISINN SBISIOTCSA HU3KUMH, Koraa mporneccsl DHIOK Gmu3kn x HeHTpasHBIM. B 3THX cimydasx He-
koTopsie 3kcTpemyMbl EONI He mporao3upytores. Takum 00pa3oM, HOATBEPIKIACTCS, YTO IKCTPEMYMBI ITPOIIeC-
coB DHIOK 6onee npenckazyemsl, 4eM UX OKOJIO-HEHTPATbHBIE COCTOSHUSL.

BbiBOAbI

[lepecmoTtpena obmienpuHsTas MapagurMa OrpaHUueHHON TPEICKa3yeMOCTH H3MEHEHHUI TIOTOABI 1 KU~
Mmara. [l 3TOro NCIoIb3yeTces MPEIIOoIOKEHHE O CTPAHHOW HEXaOTHYHOCTH KOPOTKOTIEPHUOAHBIX (OT OHOTO
ToJ1a 10 OTHOTO JICCATHIICTHS) KIIMMAaTHIECKIX M3MEHEHUH. DTO MPEAONIOXKEHUE yXKe HCIIOIb30BalIOCh paHee
JUTS aHaJIi3a BPEMEHHBIX CIeKTpoB Dinb-Hunapo — KOxHOTO KOnebanms (DHIOK) [1-4].

B kagecTBe OCHOBHOTO CHTHaJIa KOPOTKONIEPHOIHBIX KIMMAaTHIECKUX M3MEHEHHI PacCMOTPEHA HENABHO
oOHapyxeHHas Tak Ha3biBaeMast [mobampaas AtmocdepHas Ocummstus ([AO), koTopast BKITFOYaeT B cedst Kak
npoueccsl DHIOK, Tak 1 XOpoI110 U3BECTHBIE BHETPOIMUECKHUE MOJIbI KITMMAaTHYECKON U3MEHUMBOCTH [5-8].

Omnpenenensl upAekchl, xapakrepusytoume 'AO u DHIOK, B ToM umcne unaexc-npeaukrop 'AO
(PGAO), BpeMeHHas1 SBOJIOIHSI KOTOPOTO MPEAIISCTBYET BPEeMEHHOH BOMIOIIH HHIeKca Dab-Huanso (EONI)
[7]. Ucnionb3ys BEUBIET-TEXHUKY AJIsl aHAJIM3a B3aUMHBIX KOPPEIALUNA MEX 1y BpeMeHHbIMU psinaMmu PGAO u
EONI, BBIsSIBJICHBI THATa30HBl BPEMEHHBIX MacIITa00B, B KOTOPBIX CYIIECTBYIOT TECHBIC CBSI3H Mexay [AO u
OHIOK [9,10].

Kaxk mpoeMOHCTpHPOBaHO B psizie paHee Oy OIMKOBaHHBIX padoT [ 1-4], mrobanbHast KITMMaTH4ecKast CHc-
TEMa Ha MEXTO/IOBBIX IEPHOJAaX HAXOAWTCS O] BIMSHUEM HECKOJIBKHMX BHEITHHMX cwil: 1) YaHmrepoBckoro
KoneOaHus MorocoB; 2) JlyHHO-comHeuHOH HyTanuy; 3) Llukia comHedHOH akTHBHOCTH. [ TaBHBIC MTEpHUOIBI
9TUX BHEIIHUX BO3AEHCTBUI cocTaBisoT ~1.2, ~18.6 u ~11.5 rona coorBercTBeHHO. [10-BUAMMOMY, OHU HECO-
HU3MEPHUMBI IPYT C IPYTOM.

Koib ckopo 3T0 Tak, OHM BO3/IEHCTBYIOT Ha KIIMMAaTHIECKYIO CHCTEMY, KaK Obl, HEBITOMA I, 1 BMECTO Xaoca
TTOPOXKAAIOT OYCHB CIOMKHBIE, KXKYIIINECs CITyJYalHBIMH BapHalllK, MaTEMaTHIECKIM 00pa30oM KOTOPBIX SIBIIS-
eTCsl CTpaHHBIN HexaoTudeckuit arrpakTop (CHA).

[MpuHnMas BO BHUMaHHE 3TH CWJIBI, @ TAKKE 3aMaJHO-BOCTOYHOE PACIIPOCTPAHEHHE IPOCTPAHCTBEHHOH
cTpykTypbl [AO, oka3amoch BO3MOKHBIM TIperickas3ath 3HaueHrne EONI ¢ 3a0maroBpeMeHHOCThIO TIPHOITH3UTEITb-
HO 12 Mecs11eB, TO ecTh ¢ MPEOAOICHIEM BECECHHETO IpesieNna mpeackazyeMoct Jib-Hunbo. [Tokasana addex-
TUBHOCTb npenckazanuil Jnb-Hunbo u JIa-Hunbs ¢ nomomipio PGAO B kauecTBe €JMHCTBEHHOTO IPEAUKTOPA.
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Investigation of the NAO index predictability reasons
in seasonal hindcasts of the INM RAS climate model
for the 2009-2010 winter season
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reason for the good predictability [5], [6] of the NAO index. For a detailed study of this factor the winter

season of 2009-2010 was chosen, characterized by the minimum value of the North Atlantic Oscillation
index for the entire observation period. According to the INM RAS climate model [1] hindcasts [5], the value
of the NAO index for this season is also minimal, although several times lower in absolute value.

To study the influence of the initial states on the North Atlantic Oscillation index predictability for the
INMCMS the following experiments were carried out, each of them contains an ensemble of 60—120 forecasts
for the 2009-2010 winter season:

e ATM - initial state anomalies are specified for the atmosphere (U, V, T, Q, PSURF) and the land sur-
face (temperature and soil moisture, water-equivalent snow depth);

e ATM ONLY - initial state anomalies are specified only for the atmosphere;

e ATM TROP —initial data anomalies are specified only for the troposphere.

In all experiments, the initial state for the ocean are given as climate averaged [2].

Analysis of the ATMOC, ATM, ATM_ONLY experiments data shows that the anomalies of the ocean and
the land surface initial states has no effect on the predictability of the NAO index. In the course of detailed
studying the results of the ATM_ONLY, ATM_TROP and ATMOC experiments, it was found that the NAO in-
dex predictability of the INM RAS climate model for the 2009—2010 winter season is provided by anomalies of
the U- and V- wind speed components and the air temperature T.

In the future a particular survey of the initial data anomalies in the stratosphere is planned to more accu-
rately determine the source of the North Atlantic Oscillation index predictability. After that it will become pos-
sible to generalize the obtained result first to other winter seasons with a negative NAO phase observed and, if
successful, to seasons characterized by a positive phase of the North Atlantic Oscillation.

In this work we consider the influence of anomalies of the atmosphere and ocean initial states as a possible

B The research was carried out at the Marchuk Institute of Numerical Mathematics of the Russian Academy
of Sciences and supported by the Russian Science Foundation (project No. 20-17-00190).

SESSION | // SUBSEASONAL AND LONG-TERM WEATHER AND CLIMATE FORECASTS



NccnepoBaHue NpUYMH NpeackasyeMocT MHOEeKCa
ceBepo-amiaHTMYecKoro KonebaHuaA no JaHHbIM
PETPOCMNEKTUBHbIX CE30HHbIX MPOrHO30B KITMMAaTU4YeCKOMU
Mmogenu UBM PAH gna 3umbl 2009-2010

“*Tapacesnu M.A., ‘BonoguH E.M.

' MocKoBCKMiA (M3UKO-TeXHUYECKUIA MHCTUTYT (HaLMOHaNbHbIN UCCNe0BaTeNbCKUIA YHUBepcuTeT), MonronpyaHsin, Poccus
? UHeTUTYT BBIuMCUTENBHON MaTeMaTuky uM. I. U. Mapuyka Poccuiickoit PAH, Mocksa, Poccus

E-mail: mashatarasevich@gmail.com

HACTOsIIIIee BPeMs! BEyIIIUEe METEOPOIOTHYECKHE CITYKOBI MTPHUICPIKUBAIOTCS KOHIICTIIIMN OECIIIOBHOTO

MPOTHO3a, COMIACHO KOTOPOM | JIJIsl POTHO3a MOTo/IbI (OT CYTOK JIO CE30Ha U JIECATUIIETHS ), U JIJIsl MO-

JIeTMPOBaHMsI KJIMMAaTa Ha HECKOJIBKO JIECATKOB MJIM COTEH JIET IOJDKHA MCTIONb30BaThCSI OJTHA U Ta XKe
moznenb. [Toaromy mst kmumarndeckoir mogenu MBM PAH (INMCMS) [1] 6buta pazpaboTtana cxema MmoJro-
TOBKM HauaJbHBIX JAHHBIX JUTsl POBEICHHUS DKCIIEPUMEHTOB Ha CE30HHOM BPEMEHHOM MaciiTade [2], 3aKiro-
qaromiasacsa B YCTPAHCHUNU CMEIICHUA MOJICIIBHOTO KiIMMara 1o OTHOUICHUIO K P€AJIbHOMY C UCITIOJIb30BAHUEM
nmaHHbIX peaHann3oB ERA-Interim [3] u SODA 3.4.2 [4]. C noAroToBIEHHBIMH TaKUM 00pa3oM HadalbHBIMU
JAHHBIMM OBLT MOCYUTAH [2] aHCAaMOIb PETPOCTIEKTUBHBIX IPOTHO30B Ha 3UMHHKE ce30HBI 1981-2015 romos.

B paGore [2] mpoBeneHB! HHTErpalbHBIE OIIEHKH KauyecTBa CAETaHHBIX MPOrHOo30B. B [5] u [6] mokasaHo,
y10o INMCMS neMOHCTpHUPYET OY€Hb XOPOIIYIO MPEICKa3yeMOCTh MHIEKCOB CEBEPO-aTIIAHTHIECKOTO KosieOa-
nust (NAO) 1 TuxookeaHcko-ceBepoamepukanckoro (PNA). Cpenyt BO3MOKHBIX (DaKTOPOB BOCIIPOM3BEICHUS
uanexca NAO B paborax [5], [6] paccMaTpuBaInCh: aHOMAJIHH TEMIIEPATyPhI TOBEPXHOCTH B CEBEPHOM YacTH
Tuxoro oxeaHa, aHOMaJIMU TIJIOMIAJM CHEKHOTO MOKPOBa B EBpa3uu OCEHBbIO M MOPCKOTO JibJa B ApPKTHKE,
KBa3uBYXJIETHee KoJieDaHHe B OKBaTOPUAIILHOH cTpaTocepe, aHOMaJIMK COCTOSIHUSI ATIIAHTHYECKOTO OKeaHa
B TPOIMMYCCKUX U CPECAHUX HMINPOTAX, HO OKa3aJI0Ch, UYTO HU OAWH N3 HUX HE ABIACTCA ONPEACIIAIONINM ITPE-
CKa3yeMOCTh CeBepo-aTaaHTHUecKoro konebanus. Tak kak NAQO sBisieTcst IIIaBHOW MOJIOH, 0OecTieurBaromnie
N3MEHYHMBOCTD ITOT'OJIbI U KJIMMAaTa B CEBCPHOM IOJIyHIapuu, HeO6XO}II/IMO BBIACHUTH, YTO MMCHHO BJIMSICT Ha
BOCITPOM3BENIEHUE HH/IEKCA CEBEPO-aTIAHTHIECKOTO KoJieOaHust KiTumarudeckoit mojensio UBM PAH.

B nacrtosmieli paboTte B kKauecTBe BO3MOKHOW MPUYUHBI XOpolei mpeackazyemoct naaekca NAO pac-
CMaTpHUBAETCS BIMSHUE aHOMAJIHHA COCTOSHUS aTMOoc(epsl M oOKeaHa, 3aaBaeMbIX 1 HOsIOpst kaxoro rofa [2].
JIst metanbHOTO McciienoBanus 3Toro (akropa Ol BeIOpaH 3uMHHUE ce30H 2009-2010 rr., XapakTepusyto-
MMCS MUHUMAJIBHBIM 33 BECh TIEPHO]] HAOMIOIEHNH 3HAaYeHNEM MHJIEKCa CEBEPO-aTIIaHTUUECKOTO KoJieOaHusI.
ITo manHBIM peTpocneKTUBHBIX IporHo30B INMCMS, npeacraBnennsiM Ha Puc. 1, 3Hauenne naaekca NAO
JJIA OTOr0 CE€30HA TAKXKE ABIACTCA MUHUMAJIBHBIM, XOTA U B HECKOJIBKO pa3 MCHBIIUM 110 MOIYJIIO.

Bo Bpewmst oTpunarensHO# (a3bl ceBepo-aTiIaHTHYECKOro KojiebaHusi 00bIYHO HaOMonaeTcst ocnadiaeHue
30HAJLHOTO TIEPEHOCA B CEBEPHBIX dKCTparponukax. [1o nanabimM peananmn3a ERA-Interim (cm. Puc. 2) 3umoit
2009-2010 rr. 30HaNLHBINA BeTep ObLT crabee OOBIYHOTO HE TOJBKO y MOBEPXHOCTH, HO M HA BBICOTAxX JI0 5
MOap, rae aHoManus gocturana 3HadeHus —10 m/c. UToObl IPOBEPUTH, BOCIIPOU3BOAUTCS JIM HAOIIOMIaeMOe
ociablieHne 30HAJILHOTO MepeHoca kimMaTruaeckoil moaensio IUBM PAH, ¢ Tex e Ha4adbHBIX COCTOSHHM,
YTO WCTIOIB30BAINCH B [2] IS 3TOTO 3UMHETO Ce30Ha, ObUT MoCYUTaH aHcamonb u3 60 mporao3oB INMCMS
(ma3sIBaeMsbIit manee «dkcepuMenT ATMOCy). Ha Puc. 2 mokaszano, uTo HabmomaemMoe ociiabiaeHne CKOpOCTH
30HAJILHOTO BeTpa B dkcnepuMenTe ATMOC XopoIiio BOCIpOU3BOIUTCS B cTparocdepe, a B Tporochepe oHO
MMOJIy4YacTCsd 3HAYUTCIIbHO MCHBIIIUM I10 aMIIJIUTYIC.

—— ERA Intenm Puc. 1. BpemenHoii pap u3 [5] ana uagexca NAO no
—— CRU

[ — — INM.CMS.0 casemble speced Aekabpto—despanio. MakcMyM M MUHUMYM aHcaM-
T e II\ 6nA INMCM5 nokasaHbl CUHUMUW MYHKTUPHBIMM NX-

(¥
T

HuaMK. OcpegHEHHBIN No aHcambnto INMCMS mH-
nekc NAO nokasaH KpacHbiM useToM. MHaeke NAO
Mo AaHHbIM peaHanu3a ERA-Interim n uHcTpyMeH-
TanbHbIM AaHHbIM CRU [7] noKasaH YépHbIM 1 3ené-
HbIM LIBETOM COOTBETCTBEHHO. Ha JaHHOM rpaduke
3ume 2009-2010 rr. cooteeTcTBYeT TouKa 2009 1.

NAO index
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Jst ucceoBaHys BIUSIHUS 3a1aBaeMbIX Ha9aJIbHBIX COCTOSIHUH Ha TpeacKkasyeMocTs naaekca NAO s
kuMmarraeckoit Monenu NUBM PAH Owimn mpoBeeHBI ClieAyIOMmNe SKCTIEPUMEHTHI, KaXKIbIH U3 KOTOPBIX CO-
JepxuT ancam6ab n3 60—120 mporHo3oB Ha 3uMHNI ce30H 2009-2010 rr:
ATM — aHOMaNM¥ Ha9aIbHBIX JAHHBIX 3a0aHbl 012 ammocgepet (U, V, T, Q, PSURF) u oeamensnoco
cnos cywu (TeMIieparypa 1 BIaKHOCTb IOYBBI, BOJHO-9KBHBAJICHTHAS! TOIIMHA CHEXKHOTO IIOKPOBA);
ATM_ONLY — anomannu Ha9aJIbHBIX JaHHBIX 3a7aHbI TOIBKO 071 ammocgepbi;
ATM_TROP — anomannu Ha9aIbHBIX JaHHBIX 33JaHBI TOJIBKO 0.1 Mponocgepbi.

Bo Bcex okcriepuMeHTax HadallbHbIE JaHHbIE IS OKeaHa 3a/laHbl CPEeAHEKIMMAaTHIeCKUMH [2].
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Puc. 2. OcpeHEHHan no [o/roTe aHOMauA CKOPOCTM 30HasbHOro BeTpa Aans Aekabpa—despans 2009-2010 rr. no gax-
HbIM peaHanu3a ERA-Interim (cneBa) n akcnepumenTa ATMOC (cnpaBa).

CrartucTHuecKy 3Ha4nMasi pa3HOCTh AHOMAJMH CKOPOCTH 30HAJIBHOTO BETpa MEXIY 3KCHEPHMEHTaMH

ATM, ATM_ONLY n ATMOC (pa3nn4aroniiMucs Ha9aIbHBIMH JaHHBIMU [T OKeaHa), TPeCTaBICHHAs CIe-
Ba ¥ nocepenune Ha Puc. 3, mokaspiBaeT, 4To HanOoJIee CyIeCTBEHHbIN BKJIa/l B BOCIIPOM3BEICHUE Ocalie-
HUSI 30HAJIBHOTO IIEPEHOCA BHOCST MMEHHO HavaJbHBIC JJaHHBIC, 3a7aBacMble 0 ammocgepoi. OTCyTCTBUE
pa3nuYmii B aHOMAJIMSAX CKOPOCTH 30HAIBHOTO BeTpa Mexkay skciepumenTamu ATM u ATM_ONLY npaxtnde-
CKH BCIOZTY, KpOME BepXHEH cTpaTtocdepsl, TOMOTHUTEIHHO MOATBEPIKIACT BEIBOX padoT [5] u [6] o ToM, 9TO B
pe3ynbTaTtax ce30HHBIX MporHo30B INMCMS nprauHHO-CIeICTBEHHON CBSI3M MY TIIOMIAIBI0 U TOMIIINHON
CHE)KHOTO TTOKPOBa OCEHBIO U COCTOSTHIEM aTMoc(epsl ocieayromei 3umoit HeT. [Ipencrasnennas Ha Puc. 3
CrpaBa, Pa3HOCTh AHOMAJIMH CKOPOCTH 30HAIBHOTO BeTpa Mexky dkcniepumentamu ATM_ONLY, ATM_TROP
u ATMOC neMoHCTpUpYeT 3HaYUTENBHOE BINSHHE 3a1aBaeMbIX B cmpamocg)epe HadalbHBIX JaHHBIX HA BOC-
MIPOU3BEICHHE OCIA0IEHHSI 30HAIBHOTO IIEpeHO0Ca, MPUIEM HE TOINBKO HEMOCPEACTBEHHO B cTparocdepe, HO U
B Tporocdepe.
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Puc. 3. CtaTucTHYecKM 3HaUMMble Ha YpoBHE 5% OTNMYMA 0CPeAHEHHOW MO JOAroTe aHOMaNM CKOPOCTY 30HaNbHOIO BETpa
Mo faHHbIM 3KcnepuMenToB ATM (cnesa), ATM_ONLY (nocepeamte) n ATM_TROP (cnpaga) ot ATMOC.

IIpencrapnennsie Ha Puc. 4 noBepHUTENbHBIC UHTEPBAIBI IS UHACKCA CEBEPO-aTIIAHTHYCCKOTO KojieOa-
HUS MPaKTUUECKH TOJIHOCThIO coBmanatoT ais skcnepuMmenToB ATMOC, ATM, ATM_ONLY, noarsepxaast
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9THUM OTCYTCTBHE BIMSHHS aHOMaJIMH Ha49aJIbHBIX JTaHHBIX, 33J1aBaEMbIX JJI OKeaHa ¥ IATeIIBHOTO CII0S CYILH,
Ha npenckazyemoctsb uHnekca NAO. [Ipu stom nmomyuunsmmuiics s sxcriepumenta ATM_TROP nosepurens-
HBIIl HHTEPBaJI 3HAYMMO CMEIIEH B IIOJIOKUTEIILHYIO 00JIaCTh M YKa3bIBAaeT Ha CYLIECTBEHHOE BIMSHIE 3a1aBa-
eMBIX B cTpaTocdepe aHoManuii Ha4aIbHbIX JaHHBIX HAa HHIECKC CEBEPO-aTIaHTHIECKOro KojeOaHus.

ATM_TROP T S——— Puc. 4. 95% noseputenbHbIi MHTepBan anA ungexkca NAO
B Pa3fInyHbIX 3KcnepumeHTax ¢ INMCM5.

ATM_ONLY | frmmmmmmmmmmm s oo mmmmo oo

ATM

ATMOC{ } |
—0.3 —0.2 —0.1 0.0 0.1

Taknm 00pa3oM, B X0Ze MCCIEAOBAHUS yCTAHOBICHO, YTO IPEICKa3yeMOCTh KIMMAaTHIECKOH MOIEIBIO
NBM PAH unznexca NAO Ha 3umHRI# ce30H 2009-2010 rT. 00ecrieunBaroT 3a1aBaeMble B cTpatochepe anHoma-
suu U- 1 V-KOMIIOHEHT CKOPOCTHU BETpa, a TAKXKe TeMIleparypbl Bo3ayxa T. B nanpHeiimeM mianupyercs ae-
TaJIbHOE HCCIIEAOBAHUE aHOMAIMH HavalbHBIX JaHHBIX B cTparocdepe s Oojee TOUHOIO ONpeneIeHUs
HCTOYHHMKA TIPECKa3yeMOCTH HHIEKCA CEBEpO-aTIaHTHIecKoro koinebanus. [locie 3Toro Bo3mMokHO 0600111€-
HHE TIOJydeHHOTO Pe3ysibTaTa CHayajla Ha Jpyriue 3UMHHE CE30HBI, B KOTOpbIe HAOI01a1ach OTPUIIATETbHAS
(aza NAO, u B cirydae ycnexa — Ha CE30HBI, XapaKTepPHU3YIOMIHECs MOJIOKUTENFHON (ha30ii ceBepo-aTaaHTu-
YECKOTO KOJIeOaHMs.

B Pa6oTa BbinosiHeHa B MIHCTUTYTE BblUMCIIUTENBHOM MaTeMaTuky UM. . . Mapuyka Poccuiickoit Akage-
Mumn Hayk npu nopaepike Poccuiickoro HayydHoro ¢oHaa (rpaHt PHO N2 20-17-00190).
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SESSION 1I

MODELING AND ANALYSIS

OF GLOBAL AND REGIONAL CLIMATE
AND RELATED ATMOSPHERIC
PROCESSES

CEKLUUA 1l

MOLEJIMPOBAHME N AHATIN3
[JIOBAJIBHOI'O U PETMOHAJIBHOIO
KITUMATA N OOPMUPYIOLLIAX

Er0 ATMOCOEPHbIX NMPOLIECCOB

Climatic changes in the tropo-stratosphere on the territory
of Russia in the XX-XXI centuries

'Perevedentsev Yu.P., ‘Sherstyukov B.G., 'Shantalinskii K.M., 'Guryanov V.V.

' Kazan State University, Russia
? RIHMI-WDC, Obninsk, Russia

E-mail: Ypereved@kpfu.ru

during the modern period of global climate warming in the two periods 1976-2019 and 2001-2019. And

to describe changes in air temperature (TA) from Earth level to 80 km high, interactions between layers
of the atmosphere and the nature of the transition to summer conditions of the stratospheric circulation with
ERAS reanalysis data from 1979 to 2019. In this reanalysis, the TA and geopotential data in the layer in ques-
tion are presented on 51 isobaric surfaces with a resolution of 1x1°. The calculations were carried out using
data from 1,251 weather stations located in Russia from the RIHMI-WDC Fund for 1976-2019. Multi-year se-
ries of raw data were statistically processed - there the mean climatic values, mean square deviations (MSD),
air temperature and precipitation anomalies, linear trends of temperature and precipitation in Russia for periods
1976-2019 and 2001-2019 were found.

Air temperature trends were built for the central months of seasons and annual values for the entire Rus-
sian territory, according to data from 1,251 stations for 2 periods: 1976-2019 and 2001-2019. Trends in the
mean annual temperature for 1976-2019 indicate a moderate warming of the climate almost throughout Russia.
Most intensively it occurs on the Arctic coast of the Asian part of Russia and the surrounding islands. Thus, in
the area of the Taimyr Peninsula, the linear trend slope coefficient (LTSC) reaches a value of 1.2 degrees Cel-
sius/10 years. At the same time, in the central and northern parts of Siberia, warming is more pronounced than
in the European part of Russia (EPR), where Karelia and the south-west of the Central Federal District (LTSC
=0.60-0.79°C/10 years) are allocated.

Trends, built on annual rainfall values, indicate an increase in precipitation in most of Russia. Thus, on the
coast of Okhotsk Sea LTSC >25 mm/10 years are observed. Lower precipitation is observed in the center and in
the south of the EPR, the North Caucasus, where the LTSC is -10-14 mm/year. Small pockets with decreased
precipitation are observed on the o. Novaya Zemlya, south of Central Siberia, northeast of Chukotka.

Correlational analysis between atmospheric circulation indices and air temperature at individual stations
revealed the degree of influence of atmospheric circulation on the thermal regime of the geographical regions
of Russia.

The distribution of TA, MSD, LTSC values on 51 isobaric surfaces averaged throughout the Northern Hemi-
sphere for the year, winter and summer is considered. In the troposphere TA with the height decreases, in the
stratosphere there is its inversion and in the mesosphere it decreases again, which corresponds to known physical

The purpose of this article is to consider the space-time changes of the main climatic indicators in Russia
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representations. At all levels there is an annual amplitude of TA fluctuations and if the troposphere is experiencing
an increase in temperature (LTSC > 0), the stratosphere is cooling (LTSC < 0). The largest inter-annual variability,
according to the MSD distribution, is observed in the mesosphere, where summer temperatures are lower than
winter temperatures. Thus, at the level of 0.01 hPa (80 km) in summer TA = - 92°C, and in winter - 75°C. The
trend of cooling at stratospheric levels is better expressed in summer than in winter, when dynamic processes are
more active in the atmosphere (occurrence of SSW, wave interaction between layers, etc.).

KnumaTtuyeckume naMeHeHuns B Tpono-cTpaTtochepe
Ha Tepputopun Poccmm B XX-XXI Bekax

'Mepesepenues 10.1., “Wepctiokos B.T., 1lantanunckuin K.M., 'Typbanos B.B.

' KasaHcKwif (MpuBon:Kckuii) pepepanbHbiii yHuBepcuteT, Kasanb, Poccus
? Beepoccuiickuii HUIW rugpoMeTeoponoruyeckoil MHpopMaLmm - MupoBoii LeHTp aanHbix. 06HMHCK, Poccusa

E-mail: Ypereved@kpfu.ru

OBpEMEHHbIE KIIMMAaTHYECKHE BHI30BBI IMPOKO 0OCYKAAIOTCS B HAYYHBIX U OOIIECTBEHHO-TIOMUTHYE-

CKHX KpyTaX, B CBSI3HM C MX BO3MO)KHBIMHU IMTOCJIEICTBUSIMHI HETATUBHOTO XapaKTepa sl MPUPOJHBIX U

COIIMATBHO-9KOHOMUYECKHUX cucTeM. C Ienbio 00e30MacuTh TOCyapCcTBa OT HEOIArompuaTHBIX KITH-
MaTHYECKUX MOCIIEACTBUI U 00ECTIEUNTh X YCTOWYMBOE pa3BUTHE B Jekabpe 2015 1. 6pun mognucans! [la-
PIDKCKHE COTJIAIICHUS], HallpaBJICHHBIE HA OTPaHUYCHNE BEIOPOCOB MAaPHUKOBBIX T'a30B B aTMOC(eEpy, € IETbI0
n3bexarb MpUpOCTa cpeHel IodanbHOMN TeMmeparypsl Ha 2°C. B mocnemyromem 3Ta miianka Obliia CHUKEeHA
1o 1,5°C. B [3] obcyxaatoTcst OCIEACTBHS sl IPUPOTHBIX M COITUATBHO-DKOHOMUYECKUX CUCTEM, KOTOPhIE
MOTYT BO3HHKHYTh B MHpE B CIIydae MOBBIIMICHUS cpeqHel miobanbHoi Temmnepatypsl Ha 1,5°C. B Poccun ¢
TMIOHUMAHUEM OTHOCATCS K MpoOiieMe TIO0AIBHOTO MOTETUIEHHUs, TaK KaK Ha €€ TeppUTOPUU U 0COOCHHO Ha
APKTHYECKOM TOOepexKbe TEMITHI MOTETIEHUs 0oiee BRICOKHE, UeM B APYTruX peruoHax mupa. B 2009 1. 6puta
npunata Kimmvarnueckas noxrpuna PO, a 06001ieHne pe3yasTaToB COBPEMEHHBIX KIIMMAaTHIECKUX HCCIeI0-
BaHUU TIOTYYEHHBIX POCCUHCKIMHE YUE€HBIMH OBLJIO TIpeicTaBieHo B [2]. CieayeT OTMETUTh, YTO TPUPOIA COB-
PEMEHHBIX U OyIyIIMX KIMMAaTHUECKUX H3MEHEHHUI HE COBCEM IOHITHA U CYIIECTBYIOT Pa3InYHbIE TIPEAIIONo-
JKEeHUS Ha ATOT cueT [4]. BoaMokHO, uTo oxxumaeMast B 2022 r. myonukarust ouepenHoro O1eHOIHOTo JT0KIaaa
o kimMaty MI'OHMK nmoMoskeT BBISICHUTD Psil BOIIPOCOB CBSI3aHHBIX C TeHE3MCOM KITMMATHYECKIX H3MEHEHHH.

Iens HacTOSAIEH CTATbU PACCMOTPETH MPOCTPAHCTBEHHO-BPEMEHHbIE I3MEHEHHUS] OCHOBHBIX KIIMMaTH4e-
CKHX TTOKa3aTesel Ha Tepputopun Poccun B COBpEMEHHBIN Mepro/] TII00aTbHOTO MOTEIUICHHS KIMMaTa B 1Ba
neproma 1976-2019 1 2001-2019 rr., a Taxoke AaTh onMcaHUe U3MEHEHHH Temmeparypsl Bo3ayxa (TB) oT ypos-
Hs1 3eMuti 10 BBICOTHI 80 KM, B3aUMOCBSI3CH MEKIY CIA0SMH aTMOC(Ephl U XapaKTepa BECCHHUX MEPECTPOCK
cTparochepHoOil UPKYISIHUY C IPUBICYCHUEM JAaHHBIX Ooiee coBepieHHOro peananu3a ERAS B nepuox 1979
— 2019 rr. B aToM peananu3se gannabie 0 TB 1 reonoreHImane B paccCMaTpuBaeMoM CJI0€ MpeICTaBIeHbI Ha 51
n300apruUecKol TIOBEPXHOCTH C pasperieHrneM 1x1°. PacdeTsl BBIMOTHSINCH ¢ UCTIONB30BaHUEM JaHHBIX 1251
METEOPOJIOTHYECKUX CTaHIUH, paclolioKeHHBIX Ha Tepputopuu Poccunm m3 donga BHUUTMU-MI 3a
1976-2019 rr. MHOTONIETHHE PSABI TPU3EMHBIX HCXOJHBIX JaHHBIX MTOJBEPrajiCh CTATUCTUYECKOI 00paboTke
— HaXOIWJINCh CPEHUE BEIHUYUHBI, cpenHue kBagpaTnueckue oTkinoHeHus (CKO), anHomannu Temmeparypsl
BO3/yXa U aTMOC(EpHBIX 0CAJKOB, JIMHEHHbBIE TPEHAbI TEMIIEPaTyPhl U 0CAJAKOB Ha Tepputopuu Poccun ms
nepronoB 1976-2019 u 2001-2019 rr. Ha ypoBHSX Tpomo- cTpatocdepbl ObUTH pacCUnTaHbI CPETHUE 3HAYCHUS
TB, cpennue kBanparndeckue otkiaoHenus (CKO), koaduuuents! Hakinona tuneitHoro Tperaa (KHJIT), ko-
3¢ GUIHMEHTH! TeTepMHUHAIINH JTUHEHHOTO TpeHaa Kak ais Bcero CeBepHOro Moymiapus B IEJIOM, TaK U €ro
Tpex 30H: nmoisipHou (65 — 90° c.m1.), ymepernoit (30 — 65° c.m.), Tpormmueckoid (0 — 30° c.mmr.). Jlyist oleHKu
CTETIEHHU B3aNMOCBSI3aHHOCTH IPOIIECCOB IO BEPTHUKAIH PACCUUTHIBAINCH KO UITMEHTH KOPPETSIIMU MEXKTY
TB Ha pa3nu4HBIX YPOBHAX, OLIEHHUBAJIOCH TAaKXKE BIMSHHE apKTHUECKON OCHWIIANNK Ha kojebOanms TB.
Omnpejenenue 1aT BECEHHUX EPECTPOEK CTPATOCHEPHOHN HUPKYISIMU (CMEHa 3aMa(HBIX TTOTOKOB BOCTOYHBI-
MH) TIPOU3BOIMUIIOCH C MCIIOJIb30BaHWEM PACCUMTAHHBIX Ha m3oOapudeckon moBepxHoctu 10 rlla (31 kM) B
mupoTHOH 30He 30 — 90° c.11. MHAEKCOB 30HANBHON nupKyssiuu A.JL. Kara.

BTl IOCTpOEHB! KapThl TPEHIOB TEMIIEPATypPhl BO3AyXa Al IIEHTPAIBHBIX MECSIIEB CE30HOB M TOMOBBIX
3HaueHu i Beelt Teppuropun Poccnn mo nanueM 1251 crannmit s 2-x nepruonos: 1976-2019 n 2001-2019
rT. PaccMoTprM BHauase MpoCTPaHCTBEHHOE paclpeAeeHie TPEHI0B TeMIIepaTyphl 3a BeCh 44-eTHHH epHOT
nccnenoBanus (1976-2019 rr.). B ssHBape HanbobIIas CKOPOCTH OTeIUIeHN HabmogaeTcsa B Cpenneit Cubupu,
APKTHYECKOM MTOOEPEkbE ¢ MAaKCHMYMOM Ha MOITyocTpoBe TaliMbIp 1 apKTHYECKHX ocTpoBax oT Horoit 3emmu
10 HoBocuOupCcKux oCcTpoBOB, riae BenuunHa koddduimenta HakioHa juHeiiHoro Tperaa (KHJIT) gocturaer
1,2°C/10 net, 3naunrtensHbii poct TB (KHIIT=0,80-0,99°C/10 sreT) HabmomaeTcs Ha TeppUTOprH XabapoBCKOTO
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kpas, B EBporneiickoit wactu Poccrm (EYP) Beimensiercs ceBepo-3aman, e KHIIT B paifone ApxaHTenscka 10-
cruraet 0,80-0,99°C/10 net. OcransHas yacts EUP Taxoke HCIIBITBHIBAET OTEIUIEHHE, HO MEHBIIIEH HHTEHCHUBHO-
ctu (KHJIT mensercs B mpenenax 0,20-0,59°C/10 xet). Ogarn noxomnoganus COpMHPOBAINCH Ha fore 3amatHoi
Cubupu, tne KHJIT<O0 u menstiercst B nmpezaenax ot -0,40 mo -0,79°C/10 net u B Boctounoit Cubupu (Maraman-
ckast obmacte). B mrone 3anman m roro-zaman EUP 3aHATH J0CTATOYHO MHTEHCHBHON 00JACTHIO TOTETUICHHS
(KHJIT mensiercs ot 0,60 mo 0,99°C/10 met), Ha ocTambHOH yacT Poccuy 3a MCKIIOYEHHEM CPEIHEH TOIOCH
3amanHoi Cubupy, TAe MOTEeIICHNE IPAaKTHIECKN OTCYTCTBYET, TipeodmagaeT cnadprid poct TB co ckopocThio OT
0,20 mo 0,59°C/10 net. TpeHIBI CPETHETONOBOM TEMIIEPaTyphl CBUACTEIBCTBYIOT 00 YMEPEHHOM IMOTEIICHUH
KJIMMaTa MpaKTHYeCKN Ha Bcel Tepputopun Poccnn. Hanbonee HHTEHCHBHO OHO MPOUCXOANT Ha aPKTHUECKOM
nobepexne A3narckoil yacti Poccnu u mpuseraronmx octposax. Tak, B paifone momyoctposa Taiimerp KHIIT
nmocruraet 3Hadenns 1,2°C/10 net. Ilpu 3TOM B IIGHTpabHON 1 ceBepHBIX dacTsx CuOupu moteruieHune 0omee
BeIpakeHo, yeM Ha EYP, tme Beimenmsercs Kapemms m roro-saman LlenTpamsHOTO (enmepambHOTO OKpyTra
(KHJIT=0,60-0,79°C/10 net). Tpenasr TB, mocTpoeHHbIE ITO CPEHETOOBBIM 3HaYeHUsIM 1251 cranmmii 3a 2001-
2019 1, HE BBIABISIOT 3HAYUTEIBHBIX TEPPUTOPUATIBHBIX KOHTPACTOB B M3MEHEHUSX Temreparypsl. [IpakTuye-
CKH BCSl TeppuTOpHst Poccrn 3a MCKITFOYEHUEM JTOCTAaTOYHO Y3KOH IMO0CH fora 3amagaoit Cubupu, roe KHIIT
nopsiaka -0,20-0,49°C/10 ner, 3ansTa oTerieHreM, Oonee HHTeHCHBHBIM Ha ceBepe EUP, 3anagnoit Cubupw,
nobepexne ApPKTHKH, B UyKOTKe, Il CKOPOCTh MOTEIUIeHHst MOXeT gocturath 1,49°C/10 net. Takum oOpazom,
pacrpezieneHne TPeHI0B CPEAHETOA0BOM TeMIleparypsl Bo3myxa B riepuox 2001-2019 rr. B ommmame ot Beero me-
pruona 1976-2019 rT. BRISBIISICT 3aMETHOE TTOXOJI0IaHke Ha fore 3amaanoi Cubupu. PaccMoTpuM perrnoHaIbHbIC
0COOCHHOCTH M3MEHEHHS peKIUMa aTMOC(EPHBIX 0caaKkoB B reprox 1976-2019 rt. va Tepputopun Poccun. I1po-
CTPAHCTBEHHAs KAPTHHA PACTIPEACIICHNS TPEHIOB 0CaIKOB MO Tepputopun Poccun BecbMa HeoHOpoaHAs. Tak,
B ssuBape Ha EUP HabmromaeTcs pocT ocaakoB co ckopocTbio 1,0-1,9 MM/ 10 jteT ¢ MakciMyMOM Ha ceBepo-3arajie,
roe KHJIT=2,0-2,9 mm/10 net. B ienTpe 1 Ha tore 3anaanoit Cubupwy, B AnTae 1 Ha ceBepo-BocToke Boctounoi
Cubupu, Brimodast UykoTKy, otmedaercs cHmkeHrne ocaakos (KHJIT mocruraer -2,0-2,9 mm/10 1et). B To xe
BpeMs BBIJICTISIETCS CEBEPHBIN pernoH 3amanHoi n CpenHeit Cnbupu ot n1-Ba Taiitmbp 10 HoBocnbupcknx ocTpo-
BOB, [JI€ OCAJIKH YBEINIHUBAIOTCS CO CKOPOCTHIO AocTrraroniei 2,0-2,9 mv/10 rret. B urone mpakriuecku Best EUP
3a UCKITIOUCHHEM CeBepo-3araa, 3amaaHas 9acTb 3anaaHoil CHOmpH, apkTHaeckoe modepekse or TaimbIpa 10
Uykotkn, Maraganckast obmacte u Kamuarka, [IpenOaiikanse u 3abaiikaibe HaXOIATCSA B 30HE YMEHBIICHHS
ocagkoB, Tak KHJIT<-4 mm/10 ner Ha EYP 1 Kamuarke, B To e Bpems for Bocrounoit Cubupu, [Ipramypse u
ITpumopse pacmonaratorcst B 30He pocta ocaakoB (KHJIT>4 mm/10 net). Tpenapl, mOCTpOSHHBIE IO TOIOBBIM
3HAYEHHSIM CYMM OCaJIKOB, CBU/ICTENIBCTBYIOT 00 YBEIMUEHUH OCA/IKOB Ha Oombliielt yactu Tepputopun Poccun.
Tak, Ha mobepexbe Oxorckoro Mopst KHIIT>25 mm/10 sret. [TormkeHre cyMM 0caKoB HAOIIOIAETCS B IICHTPE U
Ha fore EUP, CeBeprom Kagkase, rme KHJIT~-10-14 mm/ron. Hebompimie odaru ¢ yMEHBIIICHHEM OCAIKOB OTME-
garorcst Ha 0. Hosas 3emuts, rore Cpemneti Cubupn, ceBepo-Boctoke UykoTku. [ooBast KapTrHa TPEHAOB CyMM
0CaJIKOB, TIOCTpOEHHAas 0 JaHHBIM 1251 cranmmii B 2001-2019 rT. HOCHT necTphIif, KOHTPAcTHBIN XapakTep. Ce-
Bepo-3anag EUP, Cpennee [ToBomxkbe, m-oB TaitmMbIp, BOCTOUHBIE perHOHBI Poccrm HaXomsaTcs B 30HE pocTa 0Caji-
KOB co ckopocThio 40 MM/ 10 net. Hanbonbmiee yBenmaenne cymm ocaaxoB mpoucxonut B [Ipuamypse u [Ipumo-
pre. Hemobop ocanxos ormedaercs Ha rore EUP, CeBeprnom Kaskase, Ha ceBepo-Boctoke EUP, B Cpenneir Cubn-
PH ¥ Ha apKTHYIeCcKOoM Todepexne B paiione HoBocubupckux octpoBos. Tak, B [Ipuaepnomopse KHIIT mocrura-
et -50 mm/10 net. JI7st O1leHKH BIMSHISA TUPKYIIALNHE aTMOoCc(hepsl Ha TepMudeckui peskum EUP paccunteiBammcs
KO3 PHUIHEHTH! Koppersinu 1 B iepuox 1976 — 2019 1T Mex 1y BpeMEeHHBIMHU PsAAaMHU HHAESKCOB aTMOC(hepHOH
mupkymsiim (AO, NAO, BA3P, SCAND) u Temriepatypoii Bo3ayxa Ha OTACTBHBIX CTaHIUAX. Beero nemoms3o-
BaIoCh 95 cranumil. BEUTH TOCTPOEHBI KapThl M30KOPPEINAT IS STHBAPS U MIONS. BBRIIBIINCEH CIIEAYIOIINE 0CO-
6enHocTH. B stHBape ¢ apkrndeckoit ocrmutsameii (AO) cBsa3u Oosiee TeCHBIC Ha 3amMajie U B IIEHTPE perruoHa (B
paiione [IckoBa r = 0,6), B HanpaBICHUH C IOT0O-3aT1a/]a Ha CEBEPO-BOCTOK IMMPOMCXOANT UX ocnabnenne u B Cerep-
uoM IIpemypanse (r = 0,2). B utone cBsa3u HesHaunmbl. C HHIAEKCOM ceBepoaTianTrdeckoro konebanus (NAO) B
STHBape TaroKe CBSA3M OoJiee TECHBIE B 3alaIHON 1 IEHTPaIbHOM yacTu perrona (r = 0,7), B BOCTOYHOM HampaBiie-
HUH TIPOMCXOANT 3aMeTHoe ocnabienue Biusaust NAO, a Ha toro-soctoke ETP r ymensmaercs 1o 0,2 1 MeHb-
mmx 3HageHui (Opendypr). B mrone 3HaveHNs K03()h(HUIIMEHTOB KOppersaiuy He3HauuTenbHb! ~0,2. TakimM o6pa-
30M, apKTHYECKasi OCHMULIINS M CEBEPOATIAHTUIECKOE KoJIcOaHNE OKa3bIBAIOT 3aMETHOE BO3/ICHCTBUE HA Tep-
MHYECKHUI PEKUM PETHOHA B 3MMHUN NEPHOJ] ¥ TIPEXKJIE BCETO HA €T0 3alaAHyI0 U EHTPAIbHYIO YacTh. JTO BO3-
JIEHCTBHE MOIOKUTEIBHOE, T.€. aTMOC(EepHas IUPKYIALHS CHOCOOCTBYET NMOTEIUICHUIO PETHOHA B 3UMHMI TIEpH-
on. HupkymsimmonHas moga Bocrounas AtmanTtuka-3anaanas Poccns (EAWR) HanGonbIiee BIusHIE OKa3bIBACT
B JIETHWI TIEPHOJ ¥ B OCHOBHOM Ha LICHTP U 0COOEHHO BOCTOK PETrHOHa, T/ie Bean4nHa r = -0,7, 4To CBUAETENbCT-
ByeT 00 oxnaxkaaromieM BausHUM CeBepHOIl ATIIaHTHKHU B 3TOT neproa. CBs3b TEMIIEpaTyphl BO3AyXa ¢ HHICK-
com SCAND B stHBape nydIe BepakeHa B 103kHOH monoBrHe EYP 1 ocobeHHo Ha BOCTOKe TeppuTopu (Ypai,
OpenoOypxne, CeBeproii KaBkas), Tie r mpuHIMaeT oTpurareiabHoe 3HaueHue (1=-0,6). Takum oOpazom, hopmu-
poBaHKe OIOKUPYIOIIETO CKAaHANHABCKOTO aHTHIIMKIOHA 3aMETHO BIIMSAET Ha 3MMHMI TEPMUUECKHI PEXKUM BOC-
toka EYP u cocobcTByeT nmonmkernio TB. B utone cBsi3p Mek Iy KOMIOHEHTaMH BEIIIIE Ha ceBepo-3anaae EUP
(r=10,4) u ocnabeBaeT B HalpaBIEHUHX FOTO-BOocTOKa. Paccmotpeno pacnpenenenne TB, CKO, BemmanHs! k03¢-
(hMIHeHTa HAKJIOHHOTO TPeHa Ha 51 n300apudeckoil IOBEPXHOCTH OCPEIHEHHBIX 10 BceMy CeBepHOMY TOIy-
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IIAPHIO JJISI TOMa, 3UMBI U JieTa. B Tponocdepe TB ¢ BBICOTOH MOHIDKaeTCs, B cTparocdepe HabmronaeTcst e uH-
BepcHs U B Me30c(epe OHa BHOBb TIOHMKAETCSI, YTO COOTBETCTBYET (PU3NUECKUM IPEICTABICHHSM, N3JI0KEHHBIM
B [5]. Ha Bcex ypoBHSAX oTMe"aeTcs ToHoBas aMIunTya Konebarnii TB u eciit B Tpomocdepe mporucxXoauT pocTt
temmeparyps! (KHJIT > 0), To B crpatocdepe Habmomaercs moxononarne (KHJIT < 0). Hanbonbimas mexromo-
Basi I3MEHYMBOCTB, cortacHo pactpeneneanio CKO, HabnromaeTcs B Me3ocdepe, TIe JeTHIE TeMIIePaTyphl HIDKE
sumHEX. Tak, Ha ypoBHe 0,01 rlla (80 kM) tetom TB = - 92°C, a 3umoii - 75°C. TenmeHnus MOXOJIONAHUS HA
CTpaToc(epHBIX YPOBHAX JIy4Ille BBIPAKEHA JIETOM, YeM 3UMOH1, Korza B arMocdepe ANHAMHYECKUE TTPOLIECCHI
MpoTeKaroT Oomee akTuBHO (Bo3HMKHOBeHKE BCII, BoTHOBOE B3aMMOIEHCTBHE MEXIY CIOAMH U T.1.). [1pu aTOM,
Kak clieqyeT u3 ocodeHHocter BepTukanbHbx podmieit KHJIT TB g nomspHO 1 yMepeHHOI 30H, B IOJSAp-
HOI1 30HE HAOIIONAIOTCS CYIIECTBEHHBIE PA3JINYHSI MEXKTY STHBAPCKUM, HIOIILCKUM U TOJOBBIM PACIIPEICIICHUEM,
a B YMEPECHHOH 30HE 3TH PAaCXOKICHHS 3aMETHBI JIUIIH ¢ YpoBHSA 40 KM. AHAIN3 pacCUNTaHHBIX KO3 duImeHToB
KOppemsyy () MeKIy TEMIEepaTypoil pa3iIMIHBIX N300apUUECKUX TTOBEPXHOCTEH ITOKA3bIBACT, UTO CBSI3M HaW-
Gornee TecHbIE B Tporocdepe, OHU 0cnabeBaloT U MEHSIOT 3HAK IIPU Mepexozie yepe3 Tporonay3y. IIpu sToM B
cTpatoc(epHOil MOIAPHON 30HE CBSI3U MEXKILy COCEITHUMH YPOBHAMH OOJIce TECHBIC B SIHBAPE, UEM B HIOJIC, a B
TPOITUUYECKOIN 30HE CE30HHBIC PA3IIMYNS HE CTONb BBIPAKEHBL. DTO 0COOCHHO 3aMETHO TIPH aHAIN3E KapThl pac-
npexaenenus r B cioe 20 — 10 rlla. Beme yposas 10 rlla oco6eHHO B sHBape BEPTHKAIBHBIE CBSI3H YCHIHBAIOTCA.
Bamstane arMocdepHOil TMPKYISINET Ha TEMIIEPaTyPHBIH PEKUM TPOHO-CTPATOC(Ephl OLIEHUBAIOCH C TIOMOIIBIO
paccYnTaHHbBIX KO3(DPUIMEHTOB KOPPEISIIUK MKy KoneOanusiMiH TB 1 MHAEKCOM apKTUYECKOH OCIMIUISIIIUH.
Kaxk n3BecTHO, apKTHYECKast OCHIIUISANNS B 3HAYUTEIILHON CTEIIEHH SBIISCTCS PE3YIBTaTOM B3aHMOACHCTBHS TPO-
rocdepsl U crpatocdepsl. Hanbomee BbICOKas KOppessys oOHapYyKUBAeTCS 3UMOM IS TOJISIPHOI 30HBI Ha
yposae 10 xm (r =-0,60), B teTHUI meprof cBs3b ocnabeBaeT 1 Ha BeicoTax 10 — 12 kv 3Hauenue r = 0,32. Jlefict-
BUTEJILHO, B IEPHO]] MTOIOKUTENBHOH (ha3bl apKTHIECKON OCHMIIISIINN YCHIINBACTCS 3UMHHUN LIUPKYMITOISAPHBIT
BHXPB, YTO IPUBOIUT K OXJIAKIACHHUIO CTPaToc(hephbl. DTUM M OOBSICHACTCS OTPHIATENbHBIN 3HAK KOA(PPHUITHSHTHI
KOppEeIsY B 3MMHEe BpeMs. B ciydae paspymenus nomsipaoro Buxpsi AO ocrmabesaer, a TB pacrert, 9To Takke
TIPUBOAMT K OTPHIIATEIIFHOMN CBA3M MEKIY HIMH. YCTaBJIEeHa MOJIOKUTEIbHAs Koppersinus (r = 0,70) Mmexay gata-
mu niepectpoek CLI u comneunoit aktuBHOCTEIO (uncnamu Bonega) ms neprona 1979 — 2004 rr. Berasnsercs
TakKe 3aBHCUMOCTD JaT mo3aHuX nepectpoek CLI oT BO3HUKHOBEHUS B 3UMHEH cTparocdepe crabHbIX BCIL. B
pab6ote [1] mpuBonsaTcs cBenerns o Oonpmmx BCII. CpaBHeHHE JaHHBIX O TIO3MHUX MEPECTPOHKAX C TaHHBIMU
[1] moxa3pIBaeT, 9TO MO3IHHUE MEPECTPOUKN MPOUCXOAAT B Tozp!l ¢ OonpmmMu BCIL. Kpome Toro, B monmsipHOi
30H€ (90 — 70° c.mm1.) B mepuox 1986 — 2002 rr. HabMroMamack TEHICHINS 3aa3bIBAHNS JaT BECCHHUX TTEPECcTpo-
ek CII co ckopoctsio ~ 27 nHeid/ 10 ser, a B 6oee mo3aamit mepuozx (2002 — 2019 rr.), Ha000poT, BECEHHUE TIepe-
CTPOWKH CTaJIM POUCXOIUTH PaHBIIIE CO CKOPOCTHIO — 18 mHei/10 meT.

1. B cpexnem no CII 3umoii u nerom KHIIT Temmepatypsl Bo3ayxa MOJIOXKHUTENIEH B Tpomocdepe, B
crpatoctepe ¢ nzobapuueckoit mosepxuoctu 100 rlla mo mosepxunoctn 0,5 rlla Habmromaercs ee
BBIXOJIAXXHBAHNE 0COOCHHO MHTEHCUBHOE B cioe 35 — 45 kv (KHJIT < 0). B me3ocdepe BHOBS Haun-
HAETCs! MOTETICHHE.

2. KoaddunneHTs! KOppensiun, paccCauTaHable MeXay TB Ha pa3nuyHbIX n300apHIecKUX TOBEPXHO-
CTAX, IPU TIEPEXO/ie Yepe3 TPOIOoNay3y CTAHOBSITCS OTPUIATEIbHBIMU. B 3uMHMI mepuox Ha mpo-
CTPaHCTBEHHYIO CTPYKTYpY PacIlpeAeieHHs I B cTpaTocdepe OKa3bIBaeT BIMSHHUE BOMHOBON MeXa-
HU3M B3aMMOJICHCTBUS MEXIy Tponochepoii u cTpatochepon.

3. HaGmomaeTcst 60mbIIoi BpeMeHHOH pa3dpoc (68 cyTok) B gaTax BEeCEHHEH IMEepPecTPOUKH CTPaTOC-
thepHOM TMPKyIAIKU oT 7 MapTa A0 14 mas. OOHapyKeHa 3aBHCHMOCTD JIaT BECEHHUX IEPECTPOCK
CI] or conHEYHOH aKTMBHOCTH M BOSHMKHOBEHHMS BHE3AMHBIX CTPATOC(HEPHBIX MOTEMICHUH (TTocie
6ompmmx BCIT HabironaroTes, Kak MpaBuiIo, MO3IHUE TIEPECTPONKH).

B CraTbA nogroToBieHa nNpu ¢uHaHcoBon noaaepHke rpaHTa PO®U (npoekt N2 20-55-00014).
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Non-saltation emission of aerosol: parameterization
and modeling

"*Vazaeva N., 'Chkhetiani 0.

" A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
? Bauman Moscow State Technical University, Moscow, Russia

E-mail: ifanataly@gmail.com, ochkheti@gmail.com

surface layer of the atmosphere in arid and semi-arid landscapes of Kalmykia in 2002, 2003, 2004,

2007, 2009, 2010,2011,2013,2014,2016, 2018, 2020 have been analyzed [Gledzer et al, 2010; Chkhe-
tiani et al., 2012, 2021]. Despite of the weak wind conditions (up to 3+4 m/s) during the daytime there is an in-
tense emission of submicron aerosol from sand surface. This fact can lead to notable contribution to regional
and global aerosol cycles. The flow of acrosol into the atmosphere in the absence of saltation was about 0.02+5
ug/m’s [Vazaeva et al., 2017].

We use experimental data to create a new parameterization scheme of aerosol emission from arid areas.
Based on the calculated results of this adapted WRF-Chem model, updated aerosol emission data were ob-
tained. The concentration gradient of submicron aerosol increases according to a power law depending on the
temperature gradient in the near-surface layer. As the wind velocity increases, the submicron aerosol flux de-
creases. Analyzing the cases of different wind and temperature conditions (see [Chkhetiani et al., 2012]) the
concentration gradient of submicron aerosol for July 2007 is estimated: with a weak wind Ac=0,128T"’, with a
strong wind Ac=43T".

WRF-Chem model was chosen for calculations. An analysis of field measurements of various wind and
temperature conditions showed dependence close to linear of the temperature gradient and the surface tempera-
ture (see [Chkhetiani et al., 2012]). In accordance with this dependence, the resulting concentration gradients
can be written as:

- I N he results of complex observations of variations in aerosol particles with a diameter of 0.1+2 um in the

Weak winds Ac=0,12(0,64T,,,—20)* (1)

Strong winds Ac=4(0,64T,,, — 20) "

Since an underestimation of real data in the model by approximately 7°, the temperature correction has
been carried out.

Adding a parameterization of the form (1) to the mesoscale atmospheric model WRF-ARW gives us an
increase in the mass content of submicron particles (with a median size of up to 5 pum) from 0.495 pg/kg to 1.4
ng/kg of dry air (8UTC). This effect indicates an underestimation of the non-saltation emission of submicron
aerosol, which occurs in arid areas during hot weather under conditions of weak and moderate winds in atmo-
spheric models.

B This work was supported by Russian Science Foundation, project no. 20-17-00214.
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HecanbTaunoHHas aMMccUa aspo30/iA:
napameTpusauns n MogenmpoBaHue
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E-mail: ifanataly@gmail.com, ochkheti@gmail.com

aHHbIE MHOTOJIETHUX KOMILJIEKCHBIX HaOMIOJCHUN Bapualliii MacCOBOM M CYETHOUW KOHIICHTPAIMH a3-
PO30IBHBIX YacTHII ¢ Auana3oHoM pasmepos 0,15 - 2 mxm Ha rore Poccuu (ITpukacnmiickast HU3MEH-
HOCTh, Kanmmbikust) B netauid nepuon 2002, 2003, 2004, 2007, 2009, 2010, 2011, 2013, 2014, 2016,
018 ' 2020 Tog0B IEMOHCTPUPYIOT MPUCYTCTBHE OOJBIIOTO KOJMYECTBA CYyOMHKPOHHOTO a’pO30Jsi B TOM
YHCIIC U B YCIOBHSAX CIa0bbIx BeTpoB (1m0 3-4 m/c), korma orcyterByeT caipramus [[ensep E.b. u ap. 2010,
Chkhetiani O. G. etal., 2012, 2021, Apramonosa M.C. u ap., 2016]. BerHoC a3p03051s B TAKOM CITydae CBsI3aH ¢
OONBIINM TPaUEHTOM TEMITEPaTyphl BO3AyXa HaJ MOACTUIIAIONICH TTOBEPXHOCTHIO B CYXYIO KapKYyIO TOTOAY —
MEeXaHU3MOM HecaJbTallMoHHON sMuccud. IlogpobHoe omucanne GU3NKN HECATBTAMOHHBIX SMHUCCHOHHBIX
nporeccoB naHo B [[easep E.b. u mp. 2010, Chkhetiani O.G. et al., 2012]. [Tog00HbIi BEBIHOC CYOMUKPOHHOTO
a’p030JI MOXKET MPOUCXOINUTH MPAKTHUECKU €KETHEBHO B JICTHEE BPEeMs Ha apUAHBIX TEPPUTOPHSIX U MOXKET
BHECTH 3HAYMMBbIil BKJIQJl B pETHOHAJIbHBIC U II00AbHBIE a9P030JIbHBIC IIUKIIBI, CIOCOOCTBOBATH (hOPMUPOBA-
HUIO a3PO30JIBHBIX CIIOEB.

OKCnepuMeHTaJIbHbIE JaHHBIC JIEKAT B OCHOBE MapaMeTPU3allMi MPOIECCOB AMUCCHH a’dp030is B JIO-
KaJbHBIX M TIOOAJBHBIX aTMoc(epHbIX Mozensix. Haso oTMETHTh TeppUTOpHANIBHYIO 3aBUCUMOCTh KO3 du-
LMEHTOB MapaMeTPHU3aLnH (B OOIBIIMHCTBE CBOEM MOTYIMIMPHUECKUX ) IS KaXKI0TO XapaKTepHOTO perHoHa
U OHOBPEMEHHBIN HEJOCTATOK MOJIEBLIX M3MepeHnid. B qanHol paboTe mapaMeTpu3aius HecaIbTaIlMOHHON
SMHCCHH pa3paboTaHa ISt JIETHUX MecAIeB Ha mpuMepe KamMmblknn, CKOMIMINpPOBaHA U MIPOTECTUPOBAHA B
armocdeproit monern WRF-ARW.

VHTeHCHBHBIN KOHBEKTUBHBIN MOABEM U BEIHOC CYOMHMKPOHHOTO a3p030JIsl C TIeCYaHBIX MaCCHBOB H CY-
XHUX CYIIMHUCTBIX ITOYB HaOMIOAAaeTCs B JHEBHBIE Yachl. MacCOBbIe KOHIIEHTPAILIMHI a3P030Jis IS Pa3InIHbIX
MEpUOIOB U3MEPEHHTT BAPLUPYIOTCS OT HECKONBKMX JIECATKOB J10 COTeH MKI/M’ (cM. Puc. 1). IToTok aspo3ons B
armocepy mpHu ciadbIxX BeTpax M MPU OTCYTCTBUH CAJBTALUH, PACCUUTAHHBINH C UCTIOIH30BAHUEM METOIUKH
[Gillette D. A. etal., 1972, 1997], u3MeHsIeTCs OT HECKOIBKMX COTHIX 10 SIMHHUI] MKI/M ¢ [Vazaeva et al., 2017,
Chkhetiani O. G. et al., 2021]. OTMeuaercsi TakxKe CBsI3b SIMHUCCHUH adPO30JIsl C apaMeTPaMH CTaTHCTHYECKOM
YCTOMYMBOCTH aTMOC(hEpHOTO MOrpaHNYHOTO cios (MaciuTad amuHel MonuHa-O0yxoBa, TypOy/IeHTHBIH Mo-
TOK Teruia).

- Puc. 1. loTok asposona (Pm1.5), Kan-
MbIkuA, 21,23,24,26 niona 2013. MNpeBsa-
NIMPYET HecanbTaLMOHHaA IMUCCHA.

Kalmykia-2013
2107
2307
2407
2607

o
Lo
|

F(Pm1.5) mgm-2s-|

04 —

. ' | ' | ! |
10:00 12:00 14:00 16:00 18:00 20:00
Time (Moscow)

I'pagueHT KOHIEHTPALMI CYOMUKPOHHOTO a3p030JIsl YBEINYMBACTCS 110 CTEIICHHOMY 3aKOHY B 3aBUCHMO-
CTH OT TPaJAMCHTA TEMIICPaTyPHI B IPUIIOBEPXHOCTHOM cJioe. [IpH Bo3pacTaHUM CKOPOCTH BETPa IOTOK CyOMH-
KPOHHOTO a3p030J1st yMeHbIIaeTcsl. [IpoaHalM3upoBaB cilydan pa3IMYHbIX BETPOBBIX H TEMIIEPAaTYPHBIX yCII0-
Buii (cM. [Chkhetiani, O.G. et al., 2012], ranpumep, puc. 2 msa ciaboro Berpa, u* < 0,3 m/c; puc. 3 1iIst CHiIb-
HOTO BeTpa, 0,3 M/c < u* < 0,5 M/C) TpaAleHT KOHLIEHTPAII CYOMHKPOHHOTO a3po3ois ais uroist 2007 .
onenuBaercs: npu cmabom Betpe  Ac=0,128T", mpu cunbrom Betpe Ac=45T .
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ST CK) 5T (°K)
Puc. 2. KoHueHTpaumm cybMUKpOHHOro aspo3onA B 3aBu- Puc. 3. KoHueHTpaumm cy6MUKpoHHOro aspo3ons B 3aBu-
CMMOCTH OT FpajueHTa TeMnepatypbl, KanMbikuA 28 niona CMMOCTH OT FpagueHTa Temnepatypbl, KanMbikna 30 n 31
2007 r. uniona 2007 r.

AHanu3 TaHHBIX OJIEBHIX H3MEPEHNHN ITOKA3bIBACT 3aBUCUMOCTh I'PAANCHTa TEMIIEPaTyPHI OT TEMIIEpaTy-
PBI TOBEPXHOCTH, OIHM3KYIO K JTMHEHHOH. B COOTBETCTBHHM € 3TOI 3aBUCUMOCTBIO, HTOTOBBIE TPATUCHTHI KOH-
LEHTpAIiA MOTYT OBITh 3aITICAHBI B BHIE:

npu caGom etpe Ac=0,12(0,64T,,, ~20)" (1)
npu cuiibHOM BeTpe Ac=4(0,64T, , — 20)71/3

COOTBETCTBEHHO NPOBEJICHa KOPPEKTUPOBKA TeMIieparypsl oBepxHocTi Monenr WRF-Chem (cum. puc.
4). OTMeueHO 3aHIKeHHE MOJIENBHBIX JaHHBIX IPUMEPHO Ha 7°.

* * Ye
* * * 0

TemnepaTypa NOBEPXHOCTMU
* % % Habnwopeuua

Temnepartypa, °C
w B [6)] [*2]
o o o o
“4*_LJ__A_}**_A_J

20 *x % % Mogenb
* % * OTKNOHEeHUEe
10
* * * *
0 \
12 13 14 15 16
Bpems, 4

Puc. 4. 3HaueHunA TeMnepaTypbl NOBEPXHOCTM B laHHbIX HabnoaeHui, B Mogenu WRF-Chem 1 pasHuua atux TeMnepatyp
[N1A pasfnyHbIX MOMEHTOB BpeMeHu aHeM 28 niona 2007 r.

Jobasnenue napamerpuzanuu Bujaa (1) B me3zomacitabHyto armochepnyto moaeinb WRF-ARW naer
BO3pacTaHHe MacCOBOTO COZEPKaHMsI CyOMHKPOHHBIX YacTHIl (C MeIHMaHHBIM pa3MepoM o 5 MkM) ¢ 0,495
MKI/Kr 110 1,4 Mkr/kr cyxoro Bozayxa (8UTC) (cm. puc. 5). [1ogo0HbIi 23 dekT yka3biBaeT Ha HENOOLEHKY He-
CaJIBTAI[MIOHHOTO BBIHOCA CYOMHUKPOHHOTO a3p030Jisl, MPOMCXOASIIEr0 Ha apHIHBIX TEPPUTOPHSIX B KapKOe
BpeMsi [TPU YCIIOBUSIX CI1a0bIX 1 YMEPEHHBIX BETPOB B aTMOC(EPHBIX MOJICIISX.

B HacronLLee nccnenoBaHue BbinosiHeHo npu nogaepkke PHO (npoekt N2 20-17-00214).
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Puc. 5. [lonA 06na4HoCTM (CMpeHeBbIM LIBETOM) U MaccoBOE COLlepHaHe MUHEpabHOMo a3po30is (0T CUHEro K KpacHoMY B
nopAgKe Bo3pacTaHus coaepanua) — ana 8 UTC Hap paiioHOM M3MepeHuit, Bup cBepxy. MaccoBoe cofiepikaHue aspo3ons
B 3aBMCMMOCTU OT BpEMEHM Mo pe3ynbTataM MofienMpoBaHua. Mogenb 6e3 y4eTa napamMeTpu3aLmm HecanbTaLMOHHON
aMuccum 1 ytouHeHHasa mogenb WRF-ARW, 28 miona 2007 r. Lar ceTkm 540 M.
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Lebedev V.A., Maximenkov L.0. and Obvintsev Y.l.. Aerosol emission in the arid zones of Southern
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B.M., 06BuHUeB H0.U., YUxeTnanm O.I. BapmnaLmm MaccoBoM KOHLEHTPALIMM 1 COCTaBa NPU3EMHOro
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7. Tnepnsep E.B., Mpanbepr W.I%, YxeTnanu O.I. [lMHaMuKa Bo3ayxa B6/IM3M NMOBEPXHOCTM NMOYBbI U
KOHBEKTUBHbI BbIHOC a3po3ois //3Bectna Poccuiickon akagemMmm Hayk. OusnKka atMocdepbl U
oKeaHa.—2010.-T.46.-N2. 1. -C. 35-47.

Bepudukauua BepTrkanbHoro npoduna teMnepaTyp
mogenen COSMO u ICON no gaHHbLIM JOCTYMHbIX
HabniogeHum

'Touakos A.B., 'Tokapes B.M., "“Konkep A.B.

' CMBMpCKMIA pervoHanbHbIi HayuHO-MCCef0BaTeNbCKUI TMAPOMETe0poNoruyeckmit MHCTUTYT, HoBocnbupck, Poccua
? HoocM6MpCKMiA rocyapCTBEHHbII TeXHUYECKUil yunBepcuTeT, HoBocubupcek, Poccus

E-mail: gochakov@sibnigmi.ru, vt@sibnigmi.ru, alexk@sibnigmi.ru

pobiieMa NpOrHO3MpPOBaHKs M BepH(DUKAIIMK MOZIENE B HUYKHEH 4acTH MOTPAaHUYHOTO CJI0st atMoc(e-

pHI Xoporro u3BecTHa [1, 2]. Cuctema BepupuKamy HeoOXoauMa I aHaJIi3a Ka4ecTBa YHCIEHHOTO

MPOTHO3a MOTO/BI, a TaKXKe I KOPPEKTHPOBKH MPOTHO30B C UCIOIH30BAaHHUEM METOJOB IMPeIBapH-
TENBHOM MITH TIOCT 00paboTKu. B aHHOM paboTe MpeArnprHsITa MONbITKA YUCIEHHOW OIIEHKH MOJICIIBHBIX TIPO-
THO30B BEPTHKAIBHBIX NMpOopuiIel TeMrepaTypsl B OTpaHHYHOM ciioe. JloCTOBEpHbIE CHHXPOHHBIE JTaHHBIC
Ha3eMHBIX HAOMIOEHUH, YIBTPa3BYKOBOM MPOPUIIOMETP U PaTUO30H/] OBLITH UCTIOIB30BAHBI JJTsI BEPHPUKAITIH
mozein ICON-LAM [3] u COSMO [4]. Cpennue ommoOku, k03(hGHUIHUEHTHI KOPPEISIHA U CPeTHEKBapaTHy-
HBIE OMIMOKHU OBIIIM PACCUUTAHBI IS IBYX CE30HOB - 3MMHET0 U TIEPEXOTHOTO OT BECHEHI K JIETY.
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Breutn ucnonp3oBansl qanaeie Moaeneit COSMO Bepcun 5.03 u monenu ICON B pernoHaibHOM pexXIMe
Bepcuu 2.5.0, ycranoBieHHbIe B BerancnurensHoM neHTpe 3amagao-Cudupekoro YIMC Pocrunpomera. Mo-
nenb ICON u COSMO paspaboTaHsl B paMKax 0OJHOTO KoHcoprmyma. B 6mmkaiimem 6yaymem ICON nomkHa
3ameHnTh COSMO 111 pacyera omepaTUBHBIX MPOTHO30B MOTOABI. Moienn UMEIOT pa3IndHbIe JHHAMUYe-
CKHE s7Ipa 1 TIPHHIUI HOCTPOCHUS TOPU30HTAIIBHON CETKH, pa3Indus B TapaMeTpU3aluu 1 npuHoumnax ¢op-
MHUPOBaHHMS U UCHOJIb30BAHHS BHEIIHUX JAHHBIX, HO OOIIIIE OCHOBHBIE ITAPAMETPH3ALINH.

UYucrieHHbIE OIIEHKU M aHAJIN3 PE3YIbTATOB MOJCINPOBAHUS TEMIIEPATYPHOTO MPOGIIIS ObIIHN BBITOIHE-
HBI C UCTIOJTF30BAaHIEM JTaHHBIX Ha3eMHBIX H3MepeHwii B asponoprax METAR, maHHBIX yIBTpa3ByKOBOTO IPO-
¢mromerpa tTuma MTP-5 u pamgnozonma tuma AVK-MRZ.Aranu3 pe3ynbTaToB BBITOTHEHHBIX MOJCTBHBIX
9KCTIEPUMEHTOB U TTOIYYIECHHBIX OIIEHOK MTOKA3bIBAET 0COOCHHOCTH YHCIEHHOTO MPOTHO3a KOTOPBIE HEOOXO0AN-
MO YYUTHIBATh TPH UHTEPIPETALMN MOAEIBbHON MPoAyKuu. OTMETHM, YTO B 3UMHHHI MEPUOJ B TIPU3EMHOM
cioe 710 150 MeTpoB MOZIEH 3aHMKAIOT TEMIIEPATyPy B OKPECTHOCTSIX ropoza. B neTHuit nepuon, no pesynsra-
TaM U3MEPEHHH, CyIIECTBEHHbIN BKJIa ] B (YOPMUPOBAHUS BEPTUKAILHOTO MPOQHIIS TEMIIEPATYPHI 105 10 1 KM
U B TOPU30HTAILHOM Macmtabe roposa HoBocubupcka, BHOCHT IPOCTPAHCTBEHHAS! M3MEHINBOCT. OTKIIMK
MOJIETTH B 3TUX MacmTadax BOCIIPOU3BOIUTCS OUYEHB CI1a00.

B Pab6oTa BbiNosiHeEHa B paMKax B paMKax rocydapcTBeHHoro 3agaHua no teme 1.1.3 nnaHa HATP Pocru-
apomeTta Ha 2020-2024 rr. , peructpaumoHHbin N HUOKTP AAAA-A20-120020590012-2 ETUCY.

Verification of vertical temperature profile of COSMO
and ICON models with available observation data

'Gochakov A.V., 'Tokarev V.M., "*Kolker A.B.

' Siberian Regional Research Hydrometeorological Institute, Novosibirsk, Russia
? Novosibirsk State Technical University, Novosibirsk, Russia

E-mail: gochakov@sibnigmi.ru, vt@sibnigmi.ru, alexk@sibnigmi.ru

lower part of the atmospheric boundary layer is well known [1, 2]. Using a verification system could be

helpful to analyze the quality of a numerical weather forecast, as well as to correct forecasts using pre-
or post-processing methods. This work is devoted to numerical estimation of errors in model reconstruction of
vertical temperature profiles in the boundary layer. Reliable synchronous data of ground-level observations,
ultrasonic profiler and radiosonde was used for verification of the pilot-version of ICON-LAM model [3] and
the results of the operational COSMO model [4]. The mean errors, correlation coefficients, and mean-square
errors were calculated for two seasons - winter and transitional spring to summer.

Verification of the vertical profile parameters of numerical weather models in the lower part of the plane-
tary boundary layer is a complicated task due to a number of factors such as low resolution of most measure-
ment instruments (radiosondes, satellites, lidars, etc.) and various types of noise. On the other hand, the pro-
cesses in the roughness layer and adjacent to it are of particular interest in view of the variety of physical pro-
cesses that have a significant impact on the formation of weather conditions. The quality of regional mesoscale
NWP models in the lower boundary layer depends on the model dynamic core, parameterizations of physical
processes, and detailing external model data (i.e surface height, land use categories, water and terrain mask and
types).

We have used the data of the COSMO model version 5.03 and the ICON model in the regional mode ver-
sion 2.5.0 installed in the computing centre of the Novosibirsk hydrometeorological service. The ICON and
COSMO model is being developed within the framework of one consortium and in the near future ICON is in-
tended to replace COSMO for performing operational weather predictions. These models have different dy-
namic cores and a horizontal grid structure, differences in parameterizations and different principles for the
formation and use of external data, but they have common basic features of parameterizations.

Numerical estimates and analysis of the results of modeling the temperature profile were achieved using
surface measurement data at airports (METAR reports), data from the ultrasonic profiler of the MTP-5 type and
a radiosonde of the AVK-MRZ type. The ultrasonic profiler and the radiosonde are installed in the vicinity of
Novosibirsk at a distance of 20 km from each other, therefore, an attempt was made to analyze the spatial vari-
ability on the basis of these data. Measurement data was interpolated to the vertical model levels. The height
determination error for MTP-5 is 25%. For AVK height is different per each measurement. Therefore interpola-
tions to height in the range of 100 to 300 meters can be unreliable (gray points on the Figure 2).

Estimates were performed for May 2020 and January 2021. The May for Novosibirsk region is a transi-
tional month from spring to summer with pronounced diurnal temperature variation. Temperature differences

The problem of forecasting and verification of the numerical weather prediction (NWP) models in the
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in May 2020 jumped from 1 to 34. January is the month of winter inversion. Jan 2021 was the coldest month of
the last 10 years and had dramatic temperature changes. The range of temperatures was between -40 to -3 de-
grees Celsius.
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Figure 1. May 2020, January 2021 COSMO and ICON compared to ultrasonic data (MTP-5) a) May local morning, b) May local =
evening, c) January local morning, d) January local evening for measurement, but 00 UTC initial model data =
=
The estimates were performed for each of model lead times with time step 12 hours for model initial time x
. . L
from 00 UTC and 12 UTC. Model data have been chosen according to measurement data for local morning (00 =

UTC) and local evening (12 UTC). So estimates show model accuracy depending from lead time, time of initial
data and time of day. Below are only the graphs with the corresponding conclusions. The full set of graphs is
available on http://sibnigmi.ru/graphs/verification
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On the first graph series are shown the COSMO and ICON temperatures compared with ultrasonic mea-
surements. On Figure 1 the dotted line is COSMO, the solid line is ICON. The colors show the model lead time
related to measurement time (minus means the models initial data time shift from measurement time). Figure
la shows RMSE 00h for May model initial data and 00h measurement data. For the ICON RMSE and the cor-
relation for the lead times -24..-72h are noticeably better in the surface layer of 100m. Figure 1b shows ME 12h
for May model initial data and 12h measurement data. The bias (ME) of ICON forecasts are small or unnotice-
able. For the COSMO the bias is bigger and rises with increasing the lead time. Figure 1¢ shows RMSE 00h for
January model initial data and 00h measurement data. RMSE and correlation for both COSMO and ICON have
a significant error increase for -60 and -72 lead times. Moreover, this difference extends both to the radiosonde
and to the ultrasonic (not shown). Figure 1d is ME for January model initial data and 00h measurement data
12h. By comparison to local morning biases (not shown), local evening biases (12h UTC) for all lead times
show less scatter, especially for the ICON.

Second graph series is a comparison of the ICON model with ultrasonic and radiosonde (resources under
link). The main conclusion is: the simulation results in the layer above 500m for May are closer to the radio-
sonde data (RMSE and correlation). For January, the noticeable error jumped by ultrasonic data at an altitude of
150-200 meters for all lead times.

Third graph series describes spatial variability interpreted by the ICON model simulating results and dif-
ferent measurement devices. The green dotted line represents the difference between measurements and the
solid line - between model grid points nearest to appropriate measurements. In the boundary layer for May at
the model initial time 00 (Figure 2a) compared to initial time 12h, the measurements show doubling (from 1.1
to 2.6 ) of the average temperature deviation and decreasing correlation(from 0.94 to 0.86). The physical expla-
nation is night inversions and the influence of the surface. The difference between the model grid points is 0.5
degrees, regardless of the time of day. For January the difference between the model grid points shows half of
the spatial variance from measurements (by RMSD both 00 - Figure 2b and 12), evenly for the entire layer. A
high correlation between the grid points determine a smoothed field of the model temperatures.

The analysis of the results of the performed model experiments and the obtained estimates shows the fea-
tures of the numerical forecast that must be taken into account when interpreting the model products. It should
be noted that: in winter, in the surface layer up to 150 meters, the models underestimate the temperature in the
vicinity of the city.
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Figure 1. May 2020, January 2021 ICON spatial varians to ultrasonic data (MTP-5) a) May local morning, b) January local
morning

In summer, according to the results of measurements, a significant contribution to the formation of the
vertical profile of the temperature of the layer up to 1 km on the horizontal scale of the city of Novosibirsk is
made by spatial variability. The model response at these scales is very weak reproduced.
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TUMH3AIMNA TPEXMEPHOHN THIPOANHAMHYECKON MOJIeNn TypOyJIeHTHOCTH, pa3pabarsiBaemoii B HUBI]

MI'Y Ha OCHOBE €IMHOTO THAPOAMHAMHYECKOrO Koma, oOwbemumstomero kak RANS (Reynolds-
Averaged Navier-Stokes), tak 1 DNS- (Direct Numerical Simulation), LES- (Large-Eddy Simulation) moaxo-
JIbl ISl pacueTa reopu3nveckux TypOyJeHTHBIX TEYEHUI MPH BBICOKOM IPOCTPAHCTBEHHOM U BPEMEHHOM
paspenienuu (cM., Hanpumep, [Mortikov et al., 2019, Tkachenko et al. 2021]).

Ob6cyxmaercs MmacmTabupoBaHKUE KoJa Ha MapajIeIbHBIX apXUTEKTYpPax U BO3ZMOKHOCTH ONTHMH3AINN
QITOPUTMOB JUIS APXUTEKTYP, MPEACTABICHHBIX TPeMs pa3IMYHBIMU MiatdhopmaMu: X86 64 ¢ mporeccopamu
Intel Xeon Gold wiu AMD Epyc u ARM (aarch64) ¢ npomeccopom Kunpeng 920-4826. ITokaszaHo, 4To airo-
pHUTM pelieHus ypaBHeHus [lyaccoHa Ha OCHOBE MHOTOCETOUHOTO MOJX0/Ia OTpaHUYHBAaET 00Ilee MacTabu-
POBaHUE MOACIIH. 910 CUTHAJIM3UPYET O TOM, UTO UX ONITUMU3ALHNA B HanOOJIbIIEH CTENEHN YIy4uiiT Nponu3Bo-
JTUTETHHOCTh Kofa. Pe3ynmprarsl pedakropuHra koaa, mospoisiomero GCC aBToMaTH4ecku BEKTOPHU30BATh
OOJIBIIIMHCTBO HUKJIOB, ITOKa3aJIk, YTO ONITUMU3ALIUA 00eCcreuYrBaeT MOBLIIEHNE 06]116171 MTPOU3BOAUTCIBHOCTU
koxa Ha 20% u 10 50% B yacTH ypaBHEHHS IIEPEHOCA MACCHBHOTO CKasipa/mpuMecu. Takke ObLIO TPOU3BeIe-
HO HCCIIEIOBaHUE TPOU3BOIMTENBHOCTH TIoZiceTounbix Moeneit LES, cnexys [Tkachenko et al. 2021], u ana-
JIM3 BAPUAHTOB peajn3aliy aJIrTOPUTMOB OJI0Ka MepeHOCca JIarpaHKeBbIX YACTHII.

I I ACTOAIICC UCCIICAOBAHUC TTOCBAIICHO aHAJIN3Y HpOFpaMMHOﬁ peaitusan U MOUCKY BO3MOXXHBIX OII-

B Pab6oTa BeinonHeHa npy nogaeprke rpaHta PHO N221-71-30003, nopTupoBaHue Ha nnatgopmy ARM u
TecTypoBaHWe Ha npoueccopax Kunpeng-920 nopgpeprkaHo Komnanuen Huawei (cornaweHve N@
OAA20100800391587A).
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of Lomonosov Moscow State University jointly with the G.I.Marchuk Institute of Numerical Mathemat-

ics RAS, which solves a set of partial differential equations governing the dynamics of geophysical
boundary layers, with focus on simulating atmospheric boundary layer structure and evolution. The code is es-
pecially suited for simulating the atmospheric flows over a complex terrain, e.g., an urbanized surface inter alia.
It encompasses all known approaches to reproduce atmospheric turbulence, i.e.DNS, LES and RANS (see
[Mortikov et al. 2019; Tkachenko et al., 2021]). It includes a submodule which tracks particles of various
physical properties and nature in the air.

The DNS -, LES -, RANS - code implements a collection of finite-difference and finite-volume schemes,
iterative and direct methods for solution of systems of linear equations, turbulence and subgrid closure proce-
dures, particle transport and tracking submodule with different options of complexity. The code is written in C/
C++ programming language. Note that the code doesn’t depend on external libraries in implementation of nu-
merical methods, except for the Fourier transforms of flow field in data post-processing stage.In it’s simplest
form the algorithm for solving the particular discrete problem derived from Navier-Stokes equations and cor-
responds to a linear algebra problem with large sparse matrices, e.g. consists of matrix-vector/matrix multipli-
cations, calculation of linear combinations of vectors, dot and cross products, solution of linear systems of
equations etc. Matrix operations in the code are implemented in “matrix-free” form meaning that the matrix
elements are not stored in memory and instead matrix-vector products are represented as functions correspond-
ing to some discretization method. This allows to significantly decrease the number of memory access opera-
tions, which is a common bottleneck for these types of problems. We stress that the algorithm implies calcula-
tions involving sparse matrices and the benchmarks similar to HPCG [Dongarra et al., 2016] will be more rep-
resentative of the code performance, compared with common benchmarks (e.g. HPL) oriented for dense matrix
problems.

MPI library is used for 1D, 2D or 3D spatial decomposition of the computational grid among MPI-pro-
cesses. Different algorithms for MPI exchanges are implemented as their efficiency is known to be dependent
on the computational platform, in particular the ones based on MPI derived datatypes or manual packing and
unpacking of messages, with blocking or nonblocking MPI primitives etc. Common optimizations for improv-
ing scaling on HPC systems include options for combining MPI data exchanges for a number of arrays (e.g.
vector or tensor components) or increasing the width of the grid halo region (see, e.g. [Besnard et al., 2015]) for
reducing latency of MPI communications. The latter allows to reduce the number of calls to MPI functions but
at the cost of additional computational overhead, which may be negligible when the size of the problem on
MPI-process is comparatively small. When the dispersed phase represented by Lagrangian particles is present
in the flow each MPI-process calculates only the transport of particles located inside their local domain. If some
particle moves outside the scope of MPI-process the data related to the particle (e.g., coordinates, velocity,
density, size etc.) is transferred to the neighboring MPI-process. For large-scale simulations (where the grid
may contain more than10”8 cells) the code also makes use of parallel file I/O operations through MPI-10 inter-
face. A hybrid MPI-OpenMP approach is supported, where the calculations on each MPI-process are performed
by OpenMP threads. In this case only the thread support mode MPI THREAD FUNNELED is implemented,
that is each MPI-process is multithreaded, but only the master thread performs calls to MPI communication
functions. In parts of the code, where large MPI communication overhead is expected (e.g., iterative methods
for solving linear systems), nonblocking MPI subroutines are used with overlapping computations and com-
munications where possible. The implementation of MPI communications and computational functions makes
use of the OpenMP “orphan” directives, which if necessary allows to decrease the number of implicit thread
synchronization points by merging code parts in a single parallel region. The code is structured in a such a way
as to separate the solution of high-level “numerical” and ”’physical” problems from the code related to paral-
lelization or low-level algorithm optimization highly dependent on the computational architecture. This is con-
sistent with recent approaches proposed for implementation of next generation Earth system models, see [Por-
ter et al., 2018], for multi- and many-core heterogeneous HPC systems. The principal advantage of such sepa-
ration of concern is ability to tune the code for different architectures without modifying the high-level and

The study is devoted to implementation aspects of the code developed at the Research Computing Center
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problem specific part of the code. The separation of high- and low- level primitives in the DNS -, LES - and
RANS - code is based on the C++ template specialization functionality and, in particular, is used for the imple-
mentation of code on GPU architecture within the CUDA programming framework.

We focus on scaling and possible optimizations for architectures represented by three different platforms:
x86_64 with Intel Xeon Gold or AMD Epyc CPUs and ARM (aarch64) with Kunpeng 920-4826 CPU. Fig.1
and 2 shows scaling and component contribution to run time on 2x Kunpeng-920 node for 2 different resolu-
tions and comparable amount of Lagrangian particles. It is shown that solution of Poisson and projection
method are the parts that limit overall scaling of the code. This signals that optimizing them will improve the
code performance the most. In fig. 3 the results of refactoring of the code to allow GCC to auto vectorize the
majority of the loops. This optimization then provides for 20% of overall performance improvement of the
code and up to 50% in heat equation part. Further we investigate LES subgrid scale models performance fol-
lowing [Tkachenko et al. 2021].
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energy and mass between the atmosphere and the surface. A modern atmospheric dynamics models use

simplified schemes for calculating energy exchange with the surface, based on the Monin-Obukhov
similarity theory (MOST), which assumes horizontal statistical uniformity of the underlying surface. This sim-
plification reduces the accuracy of the forecast, especially in regions with complex (heterogeneous) orography,
such as in urban conditions. The obtained regularities in the future may allow us to generalize the MOST for
use in the geometrically complex surface of the city.

A new 21-meter eddy covariance tower is installed in the Meteorological observatory of Moscow State
University in November 2019. It includes 3 levels with METEK sonic anemometers. The measurement data
from November 2019 to May 2020 are processed. The micrometeorological mast is equipped with three mea-
suring levels at altitudes of 2.2 m, 11.1 m and 18.8 m. At each level, acoustic anemometers manufactured by
METEK are installed, at the two lower levels — uSonic-3 Scientific, at the upper — uSonic-3 class A. Acoustic
anemometers with a frequency of 20 Hz record three components of wind speed with an accuracy of 0.1 m/s
and acoustic temperature with an accuracy of 0.1 °C. This paper presents the result of the analysis of the data
series obtained from the mast for the period from November 2019 to May 2020. For processing high-frequency
data of the mast and calculating the static characteristics of turbulence, a set of programs was developed and
implemented. Among other things, a new algorithm for filling gaps in data series was introduced based on the
Gaussian distribution of the filled value before and after the gap, taking into account the correlation with other
values.

Turbulent sensible heat flux and momentum flux are found to increase with height within 20 meters above
the surface. The turbulent kinetic energy is proportional to the square of the averaged horizontal wind speed.
The drag coefficient is determined by the type of footprint surface, with a value of 0.08 and 0.05 for urbanized
and vegetated surfaces, respectively. One of fundamental questions regarding turbulent exchange between
complex surface and the atmosphere is what is the contribution of organized turbulent structures in the total
momentum, heat and mass fluxes in the surface layer. A new method for identification of coherent structures in
the eddy-covariance time series has been applied in (Barskov et al., 2019), basing on approach first introduced
in theoretical studies of convective boundary layer (Abdella and McFarlane, 1997; Zilitinkevich et al., 1999).
This approach utilizes the fact that under dominance of large-scale coherent structures contribution to fluxes,
second and third statistical moments are linked by algebraic relation, e.g. for the “flux of heat flux” we have:

wWwc=C; S, (Ww)H(w'e,
where C~1 is non-dimensional constant, and S, is skewness of vertical velocity. This method was applied
to the third moments WW'T', WT'T, WU'U', WV'V'. From time series measured at mast in May 2020, we

Turbulent processes in the boundary layer of the atmosphere are the main mechanism for the exchange of
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found that this formula indeed explains much of third moment variability with C=1.74 at 11 m and C=1.27 at
18 m for WW'T". This suggests the significance of coherent structures for vertical flux formation over geomet-
rically complex surface, which is agrees with estimates found earlier in natural (Barskov et al., 2019) and urban
landscapes (Pashkin et al., 2019).

B The work was partially supported by the Ministry of Science and Higher Education of Russia, contracts
075-15-2019-1621, 2020-220-08-5835. Statistical data processing was supported by the RSF grant 21-
17-00249.
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SHEPTUel U Maccoit Mex Iy atMochepoil U TOBEPXHOCTHIO. I omicaHus JTaHHOTO OOMEHAa B YHCIICH-

HBIX MOJIEJIAX MPOTHO3a TOTO/B! MCIIONB3YIOT YIPOIIEHHBIE CXeMBI pacdeTa, OCHOBAaHHBIE HAa TEOPUU
nonobuss Mounna-O0yxoBa, peArnoiIararoniel OTHOPOIHOCTH MOICTHIIAIOIIEH TTOBEPXHOCTH. Takoe yrmpoirie-
HHE CHIXAeT TOYHOCTh ITPOTHO3a B TOPOACKHX YCIOBHUSAX, T7I€ MOACTHUIIAIONIAS TIOBEPXHOCTh OTIIMYACTCS pe3-
Ko HeoHOponHOCTHIO. [ToyueHHbIe B HacToAIIeH paboTe 3aKOHOMEPHOCTH B MIEPCIIEKTUBE MOT'YT MTO3BOJIHUTH
0000mmmTs TIIMO 7151 HCTIONB30BaHMS B YCIIOBHSIX TEOMETPHUECKU CIIOKHOM MOBEPXHOCTH rOpoIa.

B pabote ncnonb3yioTcst JaHHBIC, TOMYyYSHHbIE C MUKPOMETEOPOJIOTHYECKON MauThl, YCTAHOBICHHON B
MeTeoponorndeckoii taboparopun MI'Y B 2019 roxy, 3a nepuoxa ¢ HosiOpst 2019 mo mait 2020. 21-meTpoBast
MayTa UMEeeT TPU U3MEepUTENbHBIX ypoBHS 2.2, 11.1, 18.8 M, Ha KOTOPBIX aKyCTHYECKHE aHEMOMETPHI KOMITa-
Huu METEK n3MepsioT Tpi KOMIIOHEHTHI CKOPOCTH BETpa M aKyCTHYECKYIO TeMIlepaTypy ¢ yactotoit 20 I'm u
touHocThio 0.1 M/c 1 0.1 C, cooTBeTcTBeHHO. Takke B paboTe MCIOIBb30BAINCH JAHHBIC YACOBBIX HAOTIOICHUI
BIQKHOCTH M JaBJICHHUS Ha BBICOTE 2 M HaJl IOBEPXHOCTHIO, TPEJOCTABICHHBIE METEOPOIOTHIECKOil obcepBa-
topueit MI'Y. I 06paboTKH BBICOKOYACTOTHBIX JAHHBIX MAUYTHl M pacuéTa CTaTHYECKUN XapaKTePUCTHK Typ-
OyJIeHTHOCTH OBIT pa3paboTaH M peaTn30BaH KOMILIEKC IporpaMM. B ToMm dmcie BHEIPEH HOBBIH aJITOPUTM
3aIoJTHEHNs TIPOOENIOB B psiiaX JaHHBIX Ha OCHOBE rayccoBa pacIipeleSIeHHs 3aloIHsIeMON BeIMYNHBI 10 U
MIOCJIe MTPOMYCKa C YIETOM KOPPEISAIHH C IPYTUMH BETHYHHAMH.

B pamkax paGotsl ObUT 3a()UKCHPOBAH POCT MOTOKOB SIBHOTO TEIUIAa M UMITYJIbCA C BBICOTOH B YCIIOBHSX
ropojia, BEISIBIEHA YCTOMUMBAs KBaJApaTUdHas 3aBUCHMOCTh TKD OT MOIyns CKOPOCTH BeTpa, OBUIH OLIEHEHBI
KOS QUIIUESHTHI CONPOTUBIICHUS U151 ypOAaHU3UPOBAHHOI M TapPKOBOM TeppuTOpHH, KoTopble cocTaBmim 0.08 1
0.05, cootBeTcTBeHHO. LleHTpanbHOE MECTO B paboTe 3aHMMAET aHAJIN3 TPETHUX MOMEHTOB HaJl Pa3THYHBIMU
MOCTHIAIONIMMH TTOBEPXHOCTSIMU. MeTO/ MIEHTU(HUKAIIMH KOTEPEHTHBIX CTPYKTYP, HCIIONb3yeMbIil B padore,
BIIEPBbIE OBLI MPEUIOKEH B TEOPETUUECKUX HCCIICIOBAHUIX KOHBEKTHBHOIO MorpanudHoro ciosi (Abdella,
McFarlane, 1997, Zilitinkevich, 1999). B s3Tom noaxoe UCHonb3yeTcs TOT (aKT, YTO MpU MPeodIaTaHiK BKIa-

Typ6yneHTHble MIPOIIECCHI B IIOTPAHUYHOM CII0€ aTMOC(hEpHI SBISIOTCS OCHOBHBIM MEXaHM3MOM OOMeHa
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Jla B MIOTOKK KPYITHOMACIITaOHBIX BUXPEH BTOPBIC U TPETbU TypOYJICHTHBIC MOMEHTHI CBSI3aHbI ayireOpante-
CKHM COOTHOILICHUEM

WW'eT=C;p S, (WW) “(W'e),
w/'w'w’

rae Sw = m — KO3 PUIMEHT aCUMMETPHH, ¢ — IEpeHOCUMasl BeanuuHa, a Cp — 6e3pa3mepHasi mocTo-
siaHas. [IpuMeHHB paccMOTpeHHBINH MeTos Tt TpeThux MoMmeHToB WW'T', W', WU'U', WV'V', B uncie
poYero 6BUTO YCTAHOBIICHO, 4To it W'W'T', TaHHOE COOTHOIICHHE XOPOIIO OMUCHIBACT OONBINYIO YaCTh H3-
MEHUYHBOCTHU TpeThero MomenTa ¢ C=1.74 na 11.1 m, u C=1.27 na 18.8 M o nanusM 3a Mmaii 2020 rona. 310
TOBOPHUT O 3HAYEHHU KOT€PEHTHBIX CTPYKTYpP B ()OPMUPOBAHHN BEPTHKAJIBHBIX MOTOKOB HAJl TEOMETPHUECKH
CJIOXKHOM TIOBEPXHOCTHIO, YTO COINIACYETCS C OLIEHKaMHU, TIOJyYeHHBIMH paHee Jisi npupoaubix (Barskov et all,

2019) u roponckux nanamadros (Pashkin et all, 2019).

B Pab6oTayJacTvyHo nogaepHaHa MUHUCTEPCTBOM HayKu U BeicLLero obpasoBaHua Poccuu, gorosopbl 075-
15-2019-1621, 2020-220-08-5835. CtatncTnyeckan obpaboTKa AaHHbIX noaaepHaHa rpaHTom PHO 21-
17-00249.
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The influence of the surface parameters of St. Petersburg
on the atmosphere circulation above it

"Ladokhina E.M., “Rubinshtein K.G.

" Northwest Administration on Hydrometeorology and Environmental Monitoring, St. Petersburg, 1Russia
? Hydrometcenter of the Russian Federation, Moscow, Russia

E-mail: ladohina@meteo.nw.ru, k.g.rubin@googlemail.com

The development of numerical weather prediction models, an increase of computational power, an in-
crease of the spatial resolution of topographic data allows to solve such tasks as weather forecast for a city. The
city occupies a relatively small area, but it influences on the weather regime.

The WRF model implements several ways of the urban physics description. In any of them, it is assumed
that the cell of the model grid or its part represents a homogeneous urban environment characterized by a set of
coefficients (roughness length parameter, albedo, surface emissivity, surface volumetric heat capacity, moisture
content). The optimal values of the parameterization coefficients are unique for each city. To determine these
values for St. Petersburg, we need to understand what their effect on the meteorological fields is.

An urban heat island (UHI) is a positive near surface temperature anomaly in a city in comparison with a
rural area. This is one of the most well-described effects of the city impact on the fields of meteorological ele-
ments. Preliminary results of numerical experiments are given for the period from June 14 to 22, 2015, when
cases of strong UHI were observed in St. Petersburg according to the station data, reflecting the weather regime
of the city [1]. The mean bias of the near surface temperature forecast (MB;,) and wind speed module (MBy,,,)
was estimated for the neighborhood 10x10 km of the observation point. In the control experiment at night, the
average temperature bias is negative, and is MB,, = — 2.2 °, and the mean bias of the absolute wind speed is
positive, MBy,,, = 1.6 m/s. During the day, MBy, is less than at night (MB,, = 0.3°), and MBW 10 is greater: 3.2
m/s.

In the new experiment, the albedo parameter was reduced from 0.15 to 0.07 to reduce the negative bias of
the forecast near surface temperature. The mean bias between the forecast temperature values of control ex-
periment and the values of the new experiment (MBr; (,04)) are positive during the day and at night, and are
equal to 0.1 © and 0.15 °, respectively. In the new experiment, the wind speed increased during the day (MBy,,
= 3.4 m/s), and did not change at night.
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One of the main factors of UHI forming is the absence of wind. Presumably, the overestimation of the
forecast wind speed in the model (according to MBW 10) caused the underestimation of the forecast near sur-
face temperature in the control experiment and the weak sensitivity of the forecast near surface temperature to
albedo changes in the new one.

To test this hypothesis, an experiment was calculated, where the roughness length parameter was increased
from 0.5 to 1, and the albedo value did not change. Compared to the control experiment, the wind speed de-
creased: during the day MBy g (moqey = — 0.6 m/s, and at night MBy)gmoaey = — 0.2 m/s. The surface temperature
also increased: MBr; (o) = 0.1 © during the day, and MBr, (040 = 0.3 © at night. Consequently, the roughness
length parameter affects both the surface wind forecast and the near surface temperature forecast. In the experi-
ment with a joint correction of albedo and roughness length, (0.1 and 1, respectively), the predicted near sur-
face temperature at night increased even more: MBr, 040 = 0.5 ©; MByio (modery = — 0.2 m/s.

Thus, changing parameterization surface coefficients affects the forecast meteorological fields, and their
correct selection helps to reduce forecast errors. According to the results of the last experiment, at night MB,,
decreased from —2.2° to —1.7°, and MBy,,, — from 1.6 m/s to 1.4 m/s. Experiments with a serial changing of
surface coefficients will continue, and understanding the results of the impact of these coefficients on forecast
meteorological elements will make it possible to move on to the task of numerical prediction with their com-
plex correction.

REFERENCES:
1. E. M. Ladokhina, K. G. Rubinshtein, and V. Yu. Tsepelev, “Identification of periods with maximum

heat island intensity in St. Petersburg for the validation of numerical weather forecasts,” Gidromete-
orol. Issled. Prognozy, No. 2, 109-125 (2020).

BnuaHue napamMeTpos nosepxHocTh CaHKT-INeTepbypra
Ha UMPKYNALuio aTMocdepbl Hag HUM

'Napoxvua E.M., Pybunwrenn K.I.

' OIBY «Cesepo-3anagHoe YIMC», Cankt-Metepbypr, Poccua
2 MmppomMetuenTp PO, Mockea, Poccua

E-mail: ladohina@meteo.nw.ru, k.g.rubin@googlemail.com

Aa3BUTHEC MO}IeJ’[eﬁ YHCJICHHOT'O IIPOrHO3a NOoroAbl, YBEJINMYCHNUE BEIYUCIIUTCIIBHBIX MOLHHOCTeﬁ, YBEJINYC-

HUE TPOCTPAHCTBEHHOI'O Pa3pCIICHUA TOHOFpa(I)I/I‘IeCKI/IX JAaHHBIX IMO3BOJIACT PCIIATh TAKUEC 3a/la4r KaK

MPOTHO3 MOTOJbI sl Topona. 1opoj 3aHMMaeT OTHOCHUTEIBHO HEOOJBIIYI0 TEPPUTOPUIO, HO BHOCHT
BO3BMYUICHUA B HOFOHHBIﬁ PEXUM.

B monenu WRF peanuzoBaHO HECKOJIBKO CIIOCOO0OB OTMMCAHMsI (PU3UKH TOPOACKUX MPOIIECCOB. B mobom
13 HUX [0JIaraeTcs, 4To siueiika MOJICbHON CETKU MITK €€ 4acTh MPE/ICTABIISIET OHOPOIHYIO FOPOACKYIO CpPENy,
XapakTepu3yemyo HabopoMm ko3 duienToB. ONTHUMaIbHbIC 3HAUYCHUS KOA(D(PHUIIMCHTOB MapamMeTpHu3aiun
YHUKAIBHBI TSI KXA0T0 ropoaa. UtoOs! onpenenuts 31u 3HadeHus st CankT-IleTepOypra Hy>KHO MTOHSTH,
KAKOBO UX BIIMSAHHUEC Ha I10JISI METCOJJIEMEHTOB.

CornnacHo [1] gamie Bcero It MpeACTaBICHUS MIPOLIECCOB B IOYBE M HAa TIOBEPXHOCTH B MOJIEITH BEIOMpa-
€TCsI apaMeTpHU3aIs MoACTUiIaIeH mosepxuoctd Noah LSM. s onrcaHust ropojia 3Ta napaMeTpU3aIiis
HCIIONIB3YETCsI B CBSI3KE C OJHOCIOWHON Mofenbio cinosi HaBeca (SLUCM). B omHOCTONHHONW MOAENH TOpoj
MPEACTABIICH B BUAC YIMYHBIX KAHbOHOB, KOTOPBIC MapaMETPUIYIOTCA IJIA MTOJTYUCHHUSA TEMIICPATypPhbl ITOBEPX-
HOCTH KPBbIII, CTEH U TOPOT U ITOTOKOB C HUX. Tem He MCHEEC, €CTh croco0d OLICHUTH YYBCTBUTCIIbHOCTD IPU3EM-
HBIX METE03JIEMEHTOB K M3MEHEHHIO HEKOTOPBIX 3HAYUMBIX [2] mapamMeTpoB TOPOICKOI TTOBEPXHOCTH O€3 uc-
I10JIb30BaHUs OAHOCIOMHON MOJIEIH CII0s1 HaBeca.

HarsaaaeiM IpecTaBisieTcst IpOBECTH OLEHKY 4UyBCTBUTEIIBHOCTH, UCIIOJb3Ys S-CIIONHYIO CXEMY TEMIIE-
paTypoTnpoOBOJHOCTH, HCTOPUYECKH UMeHyeMmyto SLAB, mis mapaMeTpu3aIiiy MOBEpXHOCTHOTO CIIOSI B MO/Ie-
mu WRF. B monenmn SLAB moBepXHOCTB TOpO/ia OUCHIBAETCS IYTEM KOPPEKINH KO PHUIHEHTOB NMOACTH-
JIalonleil MOBEPXHOCTH (T1apaMerpa IIepOXOBaTOCTH, alb0eo, U3Iy4aTelbHONH CIOCOOHOCTH MMOBEPXHOCTH,
00BEMHOI TETNTOEMKOCTH TIOBEPXHOCTH, BJIATOCOACPKAHUS).

CoracHo ypaBHEHHIO TETUIONPOBOAHOCTH MOYBbI H3MEHEHHUE TETUIOCO/IEPIKaHHsI IIOYBBI 32 SAMHUILY Bpe-
MEHH t3KBUBAJICHTHO IIPUTOKY TCIJIA K e)II/IHI/I‘IHOI‘/’I MaccCe IIOYBBI:

aT 1 0 K aT q
3= TRk @c@5)

3nech C — 00bEMHast TETI0EMKOCTh 10UBHI; A = k,C — K03(h(pUIMEHT TErIONpOBOAHOCTH MTOYBEI, 3aBHCS-

muit ot Biuarocoaepxanust O; T u { — Temneparypa 1 TITyOHHa CJIOSI TOYBBI COOTBETCTBEHHO.
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Brnarocozeprxanue ouBbl 3aBUCHT OT DITyOMHBI M MEHSIETCsI CO BpeMeHeM. Ho eciiu mpuHsTh, 4TO MOBEpX-
HOCTHBIH CJIOH MOYBBI OJHOPOZEH M OJMHAKOBO YBIaXHEH, TO Koadduuuents! C 1 K ypaBHEHHH TEILIONPO-
BOJHOCTH Oy/1yT IIOCTOSIHHBIMH 10 IPOCTPAHCTBY M BpeMeHH. YpaBHeHue (1) MOXXHO 3amicarh B BUJIE:

JdT I 02T L1
a t ¢ a Zz ( . )

Koaddumment remneparyponpoBonsocty k, Oyaet onpeaems T, HACKOIBKO OBICTPO U3MEHHTCS TeMIIepa-
Typa IpU M3MEHEHUH BEIWYMHBI IPUTOKA TeIUla. B oTiaMume oT Apyrux mapaMeTpus3anuii MoBEpXHOCTHOTO
cios, B Mozien SLAB 3nauenue k, pukcnpoBaHO, MBI MOJKEM BIIMSATH HA BEIMYNHY CKOPOCTH U3MEHEHHS TEM-
Heparypbl, HCIOJNIB3YsT KO (UIIMEHT TEIIONPOBOIHOCTH MTOYBHI, 3aBUCSIIUHA TOJIBKO OT 00BEMHON TEIUIOEM-
koctu mouBs! C. Koadduimert o6pEMHOI TermoéMKocTH Hcmons3yercs B Moaenu SLAB u B mapaMeTpuzannu
omHOCoHON Moxenu cios HaBeca SLUCM, HO He HCHONB3YIOTCS B MOJAETH IMOBEPXHOCTHOTO cios Noah
LSM.

Jast pacuéra Temneparypsl OACTIIIAIOIIEH ITOBEPXHOCTH UCIIOIB3YETCsl ypaBHEHHE TEIIOBOTO OajaHca:

Ry=Qsut Quu + Qs (2)

rae Ry — paananmoHHsbIil 0anaHc MOACTHIIAIONIEH TOBEpXHOCTH, Qgy U Q| — Bocxozsuue TypOyIeHTHbIE
MIOTOKH SIBHOTO U CKPBITOTO TEIUIa, COOTBETCTBEHHO, (Q; — TIOTOK TEILIa B ITOYBY.

PajmanmoHHblil GanaHc MOACTHIAIONICH TOBEPXHOCTH OIPEENseTcs] BeIMUMHAME MTOIVIOIATENbHON |
M3JTy4aresbHON CIIOCOOHOCTH 3eMHOM MOBEPXHOCTH U IIPOTUBOUIYUSHHUS aTMOC(EPHI:

Ry=(1-0)R{+o0¢, T, ~oc T, (3)

3neck 6 — nocrosinHast Credana-bonbimana,e, 1 €, — KOAQQUIMEHTH! U3ITyYaTeIbHOIM CIIOCOOHOCTH art-
Mocdepbl 1 TOBEPXHOCTH COOTBETCTBEHHO.

[MormomarensHast ctocoOHOCTH 36MHOM OBEPXHOCTH 3aBUCHT OT BETMUMHBI IPUXO/SIIEH MPSIMON 1
paccesHHOI conHeuHoi paguamuu (Rg) u oTpaxkarensHoii cnocobHocTH nosepxuHocty (a). Kak BuaHo us dop-
MyIsI (3), yBenUUeHHE alb0eI0 CrIocOOCTBYeT yMEHBIIEHHIO TeMrepaTypsl armocdeps! T,, n HaobopoT. Kax
MIPaBUJIO, AJILOEI0 TOpo/a HIKE allb0e0 CeTbCKOM MECTHOCTH 3a CUET MCIONIb30BAHMS XapaKTepHBIX CTPOU-
TeJIbHBIX MaTtepuaioB. B Mmogenn WRF n3menenne napameTpa 3eMIIETIONB30BAaHAS AT60EI0 IUPOKO HCIIONIB3Y-
eTcs JUISl peleHUs] Pa3IMYHbIX 3314 MOJIeIMpoBaHus. Ero 3HadeHue BapbUPYIOT KaK JUIS JIyHIIero COOTBETCT-
BUSI TIPOTHOCTHUYECKOW NMPU3EMHON TeMIeparypbl (haKTHIEeCKOH, TaK ¥ aHalli3a CIEHApUEB I10 yBEINYECHHIO
ap0e10 TOPOICKOI MOBEPXHOCTH JJIsl CHIKEHHSI HHTEHCUBHOCTH ropozickoro octposa tera (I'OT) [3].

Bropoii mapamerp B Monenn SLAB, KOTOpBIif BXOANT B ypaBHEHHE paJalliOHHOTO OajaHca IMOBEPXHO-
CTH - 3TO KO3 PHUIMEHT N3ITydaTeIbHON CIOCOOHOCTH MoBepXHOCTH. Ero yBenmmuenne cormacHo (3) npuBOAUT
K YMEHBILICHHIO TeMIlepaTypsl arMoc(epbl M yBEIMUCHUIO TeMITepaTypbl NOACTHIAONIel moBepxHoctu T,
W3menenne 3HaueHNH anbp0e10 1 KOdQPHUITEeHTa H3ITydaTeIbHON CIOCOOHOCTH Oy/IeT TakKe BIMATH Ha MOTO-
KU SIBHOTO M CKPBITOTO TEIUIA, T.K. OHU, SIBIISISICH COCTABIISIIOLIMMH PAHAIlIOHHOTO OalaHca, BXOAAT B ypaBHe-
HHE TEIUIOBOTO OallaHca 3eMHOM MOBEPXHOCTH (2).

B mpaBoii wacTu ypaBHEHHs TEIIOBOTO OanaHca cocTtapisroniie Qgy 1 Q) ; ONMCHIBAIOT BOCXOISIIUE Typ-
OyJIEeHTHBIE ITOTOKH SIBHOTO M CKPBITOTO TEIlIa COOTBETCTBEHHO.

Qs =py G, CIVI(T,—T,) (4)

Qua=po G, [VI(q,—q.) (5
3nech V — CKOpOCTb BETPa, g, U q, — YAeJIbHas BIaXKHOCTb IOBEPXHOCTU U MIPU3EMHOTO CJI0S BO3yXa CO-
OTBETCTBEHHO, PyC, — 00bEMHAas TEMIOEMKOCTb BO3/IyXa.
C,u C, B ypaBHeHUsIX (4), (5) - K03 PHUIHEHTH TOBEPXHOCTHOTO 00MEHA, OOBIUHO PUPABHUBAIOTCS IPYT
k npyry (C,= C,) U XapaKTepU3yrT HHTCHCUBHOCTh B3aUMOJICHCTBHUS aTMOC(EphI C TIOACTUIIAIOIICH MOBEPX-
HOCTBIO.

Cy, = F(Zo> Zoms Co.12.) (6)

KoadduimenT noBepXxHOCTHOTO 0OMEHa Hapsy C APYTUMH IapaMeTpaMH, KOTOPBIE 37eCh 3alCaHbl B
o6mieM BUJIE (Cy,; 5., 3ABUCUT OT NapaMeTPAIEPOXOBATOCTH JIs UMITYIIbCA (Z,,), M IS TEIJIA U BIArH (Z,,)

3HayeHue napaMeTpa epoXoBaTOCTH ISl UMITYIbCa MOKHO KOppeKTHpoBaTh B Mozienu SLAB. Yeenuue-
HHE Z,, YCWINBAeT TypOyJIeHTHbIH 0OMEH MeXIy aTMoc(epoil 1 MOACTIIIAIOEH TOBEpXHOCThIO. B HOUHBIE
yackl Oojee TEMIast MOJACTHIIAIONIAs TIOBEPXHOCTh Toposia Oy/leT MHTEHCHBHEH IPOrpeBaTh MPU3EMHBII ClON
aTMoc(epsl.

Taknum 00pa3oM, MpoIecchl, MPOTEKAIOIINE B ITOYBE M HA IIOBEPXHOCTH, X B3aMMOAEHCTBHE ¢ aTMoc(de-
PO¥i CIIOXKHBI M TECHO CBsI3aHBI. [109TOMY OTHO3HAYHO NMPENCcKa3aTh pe3yabTaT KOMILIEKCHOTO H3MEHEHUS TTapa-
METPOB TOPOACKOH MOBEPXHOCTH Ha ITOJISI METEOIEMEHTOB, MOXXHO TOJIBKO IPOAHAIM3HPOBAB PE3YyIIBTAThI
YHCIEHHOTO MOJICTUPOBAHMSI.

T'oponckuM 0CcTpOBOM TeIlIa Ha3bIBACTCS MONOXKHUTEIbHAS aHOMAIINS TIPU3EMHOI TeMITepaTypsl B TOPOJIe
TI0 CPAaBHEHHMIO C CEITLCKOW MECTHOCTBIO. DTO OJIMH M3 HanOOJIee XOPOIIO ONMCAHHBIX B JIUTEparype 3(h(eKToB
BO3JICHCTBHS TOpOJia Ha TOJISI METeodIeMeHTOoB. [IpeaBapuTenbHble pe3yabTaThl YUCICHHBIX IKCIIEPHMEHTOB
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TpuBeIeHEI 3a iepuo ¢ 14 mo 22 urons 2015 1., korga B Cankr-IletepOypre HaOmoamiCh CITydadl HHTCHCHB-
sHoro I'OT mo maHHBIM CTAaHIIUH, OTPaXKAIOMIEH TOTOAHBIN peskuM ropoaa[4]. OreHnBaIoch CpeiHee OTKIOHE-
HHUE TporHo3a npuzeMHon Temneparypsl (COp,) u Momyist ckopocTu BeTpa (COyy, o) U OKPECTHOCTH TOUKU
Habmronerniit 10x10 kM. B KOHTPOTBFHOM SKCIIEPHUMEHTE HOYBIO CpEAHEe OTKIIOHEHHE TeMITepaTyphl OTPHIIa-
TenpHOE, U coctaBmaeT COp, = —2.2°, a cpenHee OTKIOHEHHWE MOMYIS CKOPOCTH BETpa — IOJIOKHUTEIBHOE,
COyyo = 1.6 M/c. Inem CO, MenbIe, uem Houblo (CO, = 0.3°), a COy,, — OombIe, 1 cocTaBisieT 3.2 M/c.

B HOBOM 3KCTIeprMenTe mapameTp ansdeno 6sut ymensiieH ¢ 0.15 mo 0.07, yToObI yMEHBIIUTH OTpHUIIA-
TEJIbHOE OTKJIIOHEHHE MPOTHOCTUYIECKON NMpU3eMHON TeMieparypbl. CpeJHIe OTKJIOHEHHS 3HAUYCHUI IPOTrHO-
CTHYECKOH TEMIIEPATypPhl KOHTPOJILHOTO SKCTIIEPMMEHTA OT 3HaYEHHH HOBOTO SKCIEPUMEHTA (COrypnoqer) AHEM
¥ HOYBIO TONIOKUTENbHBIE, U paBHEI 0.1° 1 0.15° cooTBeTCTBEeHHO. B HOBOM 3KCIIEpMMEHTE CKOPOCTH BETpa
maéM yenmumnach (COy,, = 3.4 M/c), a HOUBIO — HE U3MEHUIIACK.

OpmHUM U3 OCHOBHBIX (hakTopoB obOpaszoBanms ['OT sBusercs orcyrcTBue BeTpa. llpeamnonoxurensHo,
3aBBIIIEHUE TIPOTHOCTHIECKON CKOPOCTH BeTpa B MoaeiH (cormacHo COy,, o) CTOcOOCTBOBAIIO 3aHIKECHUIO 3HA-
YeHHUH MPOTHOCTHYECKON MPU3EMHOM TeMIIepaTypsl B KOHTPOIBHOM 3KCIIEPUMEHTE U C1a00H TyBCTBUTEIEHO-
CTH NIPOTHOCTHUYECKON MPU3EMHOI TEMIIEPaTypbl K U3MEHEHHIO aJlb0E/10 B HOBOM.

Jyist IpOBEPKHM 3TOM THUIOTE3bI PACCUUTAH 3KCHEPHMEHT, T/I¢ TTApaMETP MIEPOXOBATOCTH OBLT YBEIUUCH C
0.5 no 1, a 3HaueHne anpOE0 HE MEHSIOCH. 110 CpaBHEHMIO C KOHTPOIBHBIM 3KCIIEPUMEHTOM CKOPOCTb BETpa
cam3uIack: THEM COW 040 = —0,6 M/c, @ HOUBIO COyjgmoqe = —0,2 M/c. Taxoke yBennuuIach U MpU3eMHas
temmeparypa: COrypogey = 0.1° mHEM, B COryp000y = 0.3° HOUBO. CrIE€0BATENBHO, TAPAMETP IEPOXOBATOCTH
OKa3bIBaeT BIMSHHE, KaK Ha MIPOTHO3 IIPU3EMHOTO BETPa, TaK U Ha MIPOTHO3 NPU3EMHON TeMmeparypsl. B sxc-
TIEPUMEHTE C COBMECTHBIM M3MEHEHHEM anb0eno u mapamerpa mepoxoBaroctd, (0.1 u 1 cooTBeTCTBEHHO),
TPOTHOCTUYECKAS MPU3EMHAS TEMIIEPATYpa HOUbIO yBEIUIHIACch emE 60bIIe: COrymogery = 0.5 COW 0401
=-0,2 m/c.

Taknm 00pa3zom, H3MEHEHNE TAPAMETPOB 3€MJICTIONB30BAHNS OKa3bIBACT BIMSHHE Ha MTOJISI IPOTHOCTHYE-
CKHX METECORJIEMEHTOB, a UX MPaBMIBHBIN MOAOOP MOMOTraeT yMEHBIINTh OMMOKK mporHo3a. ComacHo pe-
3yabTaTaM MOCIeTHeTo SkcnepuMenTa Houblo COy, yMeHbmminocs ¢ —2.2° 1o —1.7°, a COy,,—c 1.6 M/c 1o 1.4
M/c. DKCIIEPUMEHTHI C TIOCTIEI0BATEIFHBIM H3MEHEHNEM K02 (QUITMEHTOB ITOCTHIIAIOINICH TOBEPXHOCTH Oy T
MIPOJOIIKATHCS, & TIOHUMAHKE PE3yIbTaTOB BO3AEHCTBUS 3TUX KOA(D(UIIMEHTOB HAa MPOrHOCTHUECKUE METE03-
JIEMEHTBI TI03BOJINT MEPEUTH K 3a/1a9e YUCICHHOTO IIPOrHO3a C UX KOMIUICKCHON KOPPEKIHEH.
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2. ChenF. et al. The integrated WRF/urban modelling system: development, evaluation, and applica-
tions to urban environmental problems //International Journal of Climatology. - 2011. - T. 31. - Ne.
2.-C.273-288.

3. Jandaghian Z., Akbari H. The effect of increasing surface albedo on urban climate and air quality: A
detailed study for Sacramento, Houston, and Chicago //Climate. - 2018. - T. 6. —N2. 2. - C. 19.

4. JlapoxuHa E.M., PybunwTeiiH K.I, Lienenes B.10. Onpegenexve nepuonoB MakcUManbHOM
WHTEHCMBHOCTM ocTpoBa Tensa B CaHKT-MeTepbypre AN Bannaaumm Moaenn YACHEHHbIX
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Investigation of Northern Hemispheric storm tracks
under future climate conditions in INM-CM5 model output

'Martynova Yu.V., “Vargin P.N., *Volodin E.M.
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? Central aerological observatory, Dolgoprudny, Russia

* Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
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torm tracks (ST) are areas of strong baroclinicity. Here extratropical cyclones are formed, accompanied

by strong winds and precipitation. STs are observed in mid-latitudes and carry large amounts of heat,

momentum, and moisture to high latitudes. The shift or expansion of the ST leads to changes in the
weather and precipitation regime in the neighboring regions.

The main parameters of the Northern Hemispheric ST and their response to the weakening/strengthening

of the stratospheric polar vortex and the Arctic amplification are reproduced quite realistically for the present
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climate by the INM climate model (INM-CMS5). In this work, we assessed the response of STs to future climate
change. The North Pacific (NP) and North Atlantic (NA) STs were considered separately.

The study was carried out using the INM-CMS5 climate model output taken from the CMIP6 project
database. Future climatic changes were specified when calculating using the SSP2-4.5 and SSP5-8.5 climate
scenarios.

We analyzed the ST intensity, obtained using the meridional wind speed component, v, to which the high-
frequency bandpass filter was previously applied. Changes in the ST intensity were defined as the difference
between its values averaged over 20-year periods of the beginning and end of the 21st century. We also
considered the years with the strengthening (weakening) of the stratospheric polar vortex, accompanied by an
increase (decrease) in temperature relative to the average value. The analysis was carried out by comparing two
composites. They included years of strengthening and weakening the polar vortex with the propagation of the
influence from the stratosphere to the troposphere. We obtained that, with a moderate anthropogenic load
(SSP2-4.5), both STs significantly shift to the north by the end of the 21st century. There is also a slight increase
of NP and a weakening of the NA. NP exhibits greater sensitivity to climatic changes than NA. In the aggressive
climatic scenario (SSP5-8.5), on the contrary, NA is more sensitive. For both climatic scenarios considered, the
change in intensity is not localized at the altitude of the ST determination (250 hPa) but propagates up and
down from this level through the entire atmosphere.

The differences were also obtained in the behavior of the ST under different conditions in the stratosphere.
Under the SSP2-4.5 conditions, a more southerly location of NP was obtained with a "colder" stratosphere and
a more northerly - with a "warmer" one. NA shows a similar response but has the opposite sign of differences.
Under more aggressive climatic conditions of the SSP5-8.5 scenario, the picture of the differences changes.
Firstly, until the middle of winter, NP has a significantly higher intensity in a colder stratosphere than in a
warmer stratosphere. Later, until mid-spring, the situation is reversed. Secondly, the NA response to
stratospheric conditions has a kind of oscillatory character for its location and intensity.

B This research was supported by the Russian Found for Basic Research under the project (#19-05-00370)
on “Investigation of stratosphere-Troposphere Dynamical Coupling in Present and Future Climate”.

NccneposaHue WwTopM-TpekoB CeBepHOro nonyLuapusa
019 ycrioBuMiA byayLLero KnvMMarta no pacyétam Moaenm
NBM PAH CM5
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l l l topMm-Tpeku (LLIT) npeacrasnstor codoii 00nacTv CHIIbHON OaApOKIMHHOCTH, TI€ TPOUCXOAUT (Hop-

MHPOBaHHE BHETPOITMYECKHUX IIMKIOHOB, COMPOBOXAAOIINXCS CHIIBHBIMU BETPaMH U OCaIKaMH.

LT mepeHocsT 6ONBIIOE KOMTHYECTBO TeIlIa, UMITYJIbCa U BIATH K BRICOKUM IIUPOTaM M HaOIroa-
IOTCS B CpefHuX ImupoTax. CMerienne win pacmupenne obmacreit T mpuBoauT K M3MEHEHHUSM MOTOBI U
peXknMa 0CaIKOB B COCETHUX PErHOHAX.

ITo pe3ynpraTam aHaiM3a JaHHBIX PeaHANIN3a U MOJCIBHBIX PACIETOB MOKA3aHO, YTO HA MEKTOIOBYIO H3-
menurBocTh LT BiausOT KiIMMarndeckoe siBie HHUs ib-HuHbo/HOKHAsE OCHMIUISAINS, KBA3HBYX-JICTHUE
KosebaHuii 30HAIBLHOTO BeTpa B Tpornndeckoit crparocdepe (KJK), a Takxke nusmeHeHus crpaTtochepHoro no-
JIIPHOTO BUXPS B APKTHKE.

VYuuteiBas, uto ocHoBHBIE mapaMmeTpsl [T CeBepHoro momymrapust B pacuérax monenu IBM CMS, a
TaKXkKe MX OTKIMK Ha OCIabiIeHue/yCuieHne cTparocepHoro noJsipHOro BUXPS U Ha APKTHYECKOE YCUIICHNE
JUTS yCIIOBHI HACTOSAIIETO KJIMMaTa BOCIIPOMU3BOIATCS TOCTATOUHO PEATTUCTUYHO U COTVIA-CYIOTCS C aHAJIOTHY-
HBIMHU TTapaMeTpaMH, BBIIBICHHBIMU B JaHHBIX peaHanu3a NCEP2 u ERA-Interim [1], B HacTosme#t padore
npoBoauTes uccaenopanue oTkiuka LT B yclioBusAX 0kuaaeMbIX KIMMaTHYECKUX U3MEHEHNH B TeueHne X XI
Beka. boutn paccmotpenst otaensHo CeBepo-Tuxookeanckuii (CT) u Cesepo-Arnantuueckuii (CA) LIT.

HccnenoBanue ObITIO0 IPOBEACHO C UCIOIB30BAaHUEM Pacu€ToB KiuMarndeckoir moaenu INM-CMS [2, 3],
B3SITHIX U3 apXuBa AaHHBIX IpoekTa CMIP6 [4]. IIpocTpancTBeHHOE paspemenue moxenu UBM CMS5 B atmoc-
tdepe: 2° x 1.5° mo gonrore u MMPOTE, MO BepTUKaIK 73 ypoBHs oT moBepxHoctu 10 0.2 rlla (~60 km). IIpo-
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CTpaHCTBEHHOE paspelcHue B okeane: 0.5° x 0.25° u 40 BepTHKaIbHBIX YpOBHEH. Bo3aMoxkHbIC B Oymyiiem
KIIMMaTH4eCcKue U3MEHEeHNs ObUIH 3aJIaHbl IIPH pacyére ¢ nomolklo cienapueB SSP2-4.5 u SSP5-8.5 [5].

AHanu3 npoBoauics Ui XapakrepucTuk nHTeHcuBHOCTH LT, moxydyeHHoN Ha OCHOBE MEpUAMOHAIb-
HOM COCTAaBJISIONIEH CKOPOCTH BETPA, V, K KOTOPOH MpeABapuTEIbHO ObLI MPUMEHEH BHICOKOUACTOTHBIH (GUIIBTP
[6, 7] .

vv' =[v(t+ —VvOT.

3necsk v(t) u v(t + 24h) 03HaYarOT COOTBETCTBEHHO TEKYIIHH U CICAYIOIIHIA AT 110 BPEMEHH, a JIMHUS HaJT
MIPaBOi YaCThIO — OCPEAHEHHME T10 TIEPUOAY BPEMEHH, OOBITHO 3@ MECSIII HIIH CE30H.

Tennenunu n3meHenus nHTeHcHBHOCTH LT onpenensimich Kak pa3HUNA MEKAY 3HAYSHUSIMU V'V', ocpe-
HEHHBIMU 32 20-JIeTHUE NeproAbl Hayana 1 koHua XXI Beka.

B pamkax ncciieoBaHus Tak e ObLIN PACCMOTPEHBI TOJIBI ¢ YCHIIEHHEM (0CIabiIeHneM) CTpaTochepHOTo
TIOJISIPHOTO BUXPS, COIPOBOXKIAEMBIE POCTOM (CHIDKEHHEM) TEMIIEPaTyphl OTHOCHTEIFHO CPETHETO COCTOS-
HUsL. AHaIN3 IPOBOJMIICS IyTEM CPaBHEHHS ABYX KOMIIO3UTOB, B KOTOPBIE BOIILTH IOl C YCHIICHHEM U OCJIa-
GJIeHNEM MTOJSIPHOTO BUXPS C PACIPOCTPAHEHNEM BIUSIHIS U3 cTpaTocdepsl B Tponochepy.

B pesynbrare ObUT0 1MOKa3aHO, YTO NPHU YMEPEHHOH aHTPOIIOTEHHON Harpyske, 3a7aBacMoi KIIMMaTnye-
ckuM creHapueM SSP2-4.5, k xormy XXI Beka mpoucxomut cymecTBeHHbIH capur odoux T k cesepy. [Ipu
sToM oTMmedaercst Hebombimoe yemnenue CT u ocnabnenne CA. CT mpossusier 60mbiryro, uem CA, 9yBCTBH-
TEJIFHOCTh K KJIMMAaTH4YeCKUM M3MeHeHusM. [Ipu arpeccnBHOM KimnmarndeckoM cueHapuu SSP5-8.5, Hao0o-
pot, 60mbIyI0 gyBcTBUTENBHOCTD NposiBisieT CA. Kpome toro, otk o6oux HIT mpossisercst B Oomipiei
CTEICHHU Yepe3 X YCHIICHUE U TOJIBKO B HEOOIBIION CTEIICHN Yepe3 CABUT K ceBepy. st o0onx paccMOTpeH-
HBIX KJIMMaTH4YE€CKUX CIICHAPHUEB M3MEHEHHE MHTEHCHBHOCTH HE JIOKAJIM3YETCS! MCKIIOYUTENIFHO HAa BHICOTE
onpenenenus LT (250 rlla), a pacnpocTpaHseTcs BBEpX U BHA3 OT 3TOTO YPOBHS Uepes3 BCIo atMocdepy.

[Tomyuens! Taxoke paznuuus B moseaeHuy LT mpu pasHbIX ycIOBHSIX cOCTOsSHUSA cTpaTocdepsl. MbI pac-
CMaTPHUBAJIM TEMIIEPATYPy CTpaTocepsl 3a 3MMHHUI CE30H ITPH OCPEIHEHNH 32 NepBble 1 nocaenaue 20 net. B
YCIOBHUSIX 000MX PACCMOTPEHHBIX KIIMMAaTHIECKNX CLIEHAPHEB TEMIIepaTypa cTparochepsl CHIbkaerces. B pam-
kax xéctroro crieHapus SSP5-8.5 ona cHmkaercs cuipHee, 4eM B paMkax ymepeHHoro SSP2-4.5. B ycioBusix
YMEpPEHHOTO KiInMaTthdeckoro cueHapus SSP2-4.5 momydeHo Gonee rokHOe pacmonoxkerne CT mpu Gomee
«XoJNoztHON» cTpartocdepe, u Oosee ceBepHOE — IpH Oosee «Temoi». CA MposBISET CXOXKUI OTKIMK, HO MMe-
€T MIPOTUBOIIOIOXKHBIN 3HAK pazianduii. [Ipu Gosee arpeccHBHBIX KIMMaTHUECKUX YCIOBHAX cueHapus SSP5-
8.5 xapTuHa paznmuunii MeHsetrca. Bo-mepsrix, CT 10 cepennHBI 3UMBI B YCIOBHAX OOJIee «XOIOTHOW cTpa-
Tocdepbl 00a1aeT CyEeCTBEHHO OOJIbIICH HHTEHCUBHOCTBIO, YeM IPpH Ooriee «TEmIoi». Jlanee 1o cepeanHs
BECHBI CUTyalllsi MEHSIETCS Ha IPOTHBOIOIOKHYI0. Bo-BropsIX, oTkimk CA Ha ctparoc(epHbIe YCIOBUS HO-
CHUT CBOETO poJia KoJIeOaTeIbHBIN XapaKkTep KaK Il €T0 PaCHONOKEHUsI, TaK U TSI HHTCHCUBHOCTH.

B Pa6oTa BbinonHeHa npu nogaepike POOU B pamKkax Hay4Horo npoekTa N2 19-05-00370.
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Relationship between snow cover onset rate in Western
Siberia and atmospheric dynamics anomalies
in the Northern Hemisphere for the fall-winter season
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have an essential quasi-stationary component, which is why they are rather forced waves than arose from
the flow instability. Their structure is consistent with tropospheric sources, such as large-scale topogra-
phy, heat sources and sinks (e.g., radiation sources associated with albedo variation), and synoptic-scale eddies.

Due to climatic features, an extensive snow cover is formed in the Siberian part of Eurasia, which causes
significant radiation cooling at the territory. From year to year, the snow cover area, and consequently, the ra-
diation cooling intensity, can vary significantly. It can affect the interaction of the troposphere and the lower
stratosphere of middle and Arctic latitudes, not only during the snow cover establishment but also in the follow-
ing winter. The studies of some aspects of the interseasonal interaction under consideration have a long history.
However, a conclusion about its manifestation patterns has not yet been formulated.

In this study, we examine the influence of surface thermodynamic disturbances caused by snow cover es-
tablishment in Western Siberia on the atmospheric instability in the Northern Hemisphere.

We made and compared two time-composites. The first composite includes years with sharp and intense
snow cover formation, which occurred mainly during one week in October (OCTMAX). The second one con-
sisted of years with a smooth and gradual formation, in which the week with the highest intensity of snow area
increase was observed later than October (OCTMIN). As instability characteristics, we consider the fields of
the baroclinicity index (BI) and its components separately, and the Eliassen-Palm flux (EP flux). The BI shows
the degree of baroclinic instability. It was determined at various vertical levels up to 200 hPa. The EP flux indi-
cates the atmospheric wave propagation in the vertical and meridional directions. It was determined by up to
200 hPa. Oscillation indices (in particular, Arctic Oscillation Index) and spatial patterns of atmospheric vari-
ability for various isobaric levels were also considered. Also, the statistics of Rossby waves breaking (RWB)
events at various surfaces of equal potential vorticity were considered.

We considered snow cover extend (SCE) from the NOAA satellite data archive and calculated atmospher-
ic instability characteristics using ERA-Interim reanalysis.

Summarizing all the results obtained, we can say that the anomalies in the snow cover formation are more
likely a consequence of the anomalies of the atmospheric state on a global scale occurs by this time. At the
same time, the anomalously rapid snow cover formation in Western Siberia may further contribute to the wave
activity of the atmosphere according to the feedback principle. However, this impact is not lasting and does not
cause new long-lived disturbances in the atmosphere.

S urface thermodynamic processes can contribute significantly to atmospheric instability. Planetary waves

B This work was supported by the Russian Science Foundation grant No. 19-17-00248.
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€pMOJMHAMHYECKHE MTPOIECCHI, IPOUCXOAIINE Ha TOBEPXHOCTH TEPPUTOPUH, MOTYT BHOCHUTH CYIIIECT-
BEHHBI BKJIaJ] COCTOSIHUE HEYCTOMUNBOCTH aTMOc(epsl Ha pa3IMyHBIX BbICOTaX. [lmaHeTapHbIe BOTHBI
HUMEIOT OOJBINYI0 KBAa3UCTAIIMOHAPHYIO KOMIIOHEHTY, BCIIEICTBHE YETO OHH SIBIISIOTCS CKOpee BBIHY-
JKJIEHHBIMH, YeM BO3HHKAIOIIUMH H3-32 HEYCTOMYMBOCTH MOTOKA. MIX CTpyKTypa corntacyeTcs ¢ TporochepHbI-
MU MCTOYHHKAaMH, B Ka9eCTBE KOTOPHIX MOTYT BBICTYINaTh KPyHMHOMACIITaOHAs Tomorpadus, UCTOYHUKH U
CTOKH Teria (HampuMmep, paJialliOHHbIe HCTOYHUKH, CBSI3aHHbBIE C M3MEHEHHEM aib0e/10) U CTaTUCTHYECKUE
3¢ deKTh BUXpeil CHHONTHYECKOTro MacIiTada.

B cuny xnmumarundeckux ocobenHocteit B Cubupckoit vacti EBpasuu hopMupyeTcst OOIIUPHBINA CHEXHBIH
MTOKPOB, BBI3BIBAIOIIHNII CYIIECTBEHHOE PaIHAINOHHOE BRIXOJIA)KUBAaHHUE Ha 3TO TeppuTopuu. [0 OT roza mio-
aap CHE)XXHOTo MokpoBa CHOMpH, a clIe0oBaTeIbHO, U MHTEHCHBHOCTD PAMAIlMOHHOTO BBIXOJTAKUBAHHUSA,
MOXKET CYIIECTBEHHO BapbHUPOBATHCS, YTO MOXKET OIIyTUMO BIIUSTH Ha B3aUMOJIEHCTBIE TPOIOCHEPhl 1 HUX-
HUX CIIOEB CTpaTtocdepsl CPEeIHUX M apKTHUECKHUX MIUPOT HE TONHKO B MEPHO]] YCTAHOBICHHUS CHEXHOTO IO-
KpOBa, HO U B IIOCJIEYIOIINNA 3UMHUHN CE30H.

Bonpoc 0 Mexce30HHOH CBSI3M CHEKHOTO MOKPOBA M TMHAMUKH aTMOC(EphI MTPUTATHBACT BHUMAaHHE UC-
cienoBaresnei yxe okono 40 mer. J[is TOHUMAaHUS 3BOJIOIMH HCCIEIOBAHUI MO 3TOMY HAIIPABICHUIO MBI
CTPYKTYpHpPOBAJIX Ha HAIl B3I HanOoJee 3HaunMble pabOTHI, CPABHUB MX MO TAKUM XapaKTEePUCTHKAM, KaK
HCTIONB30BaHHBIE HAOOPHI TaHHBIX, pacCMaTpPUBaeMble PETHOHBI, TIEPHOIBI BPEMEHH U XapaKTep MOTYISHHBIX
pe3ynbTaroB. BriepBele THIIOTE3a 0 HATMYUH CBSI3H MEXIY aHOMAJIUSMHU OCEHHETO CHEKHOTO ITOKPOBa U Tep-
MOJIMHAMUYECKUMH YCIOBUSIMU aTMOC(epbl TIOCIeayoliell 3uMbl Obu1a Beickazana B 1983 roay [1]. B wactHo-
CTHU, MCCIIeIOBATENIN NIoKa3aiu 1Jis1 EBpa3un Hamure 3Ha4uuMOM JIMHEHHOM CBSA3M MEK/Ty BETMYUHOI OCEHHETO
CHE)KHOTO ITOKPOBa M 3UMHEH TeMIIepaTypoi BO3IyXa Y IIOBEPXHOCTH.

JanpHeiinme uccaenoBaHus, IPOBEAEHHBIE PAa3INYHBIMU HAyYHBIMHU TPYIIIIAMH, TTOKa3aJId HEOJHO3HAY-
HOCTb paccMaTpuBaeMoii CBs3u. B paboTax ObUIM HCITOIB30BaHBI pa3THYHBIC HAOOPHI CTAHIIMOHHBIX HalmoIe-
HUM, CIIyTHUKOBBIX TaHHBIX, PEaHATN30B U JaHHBIX KIIMMATHYECKOTO MOJIeTUPOBaHus. BapsupoBacs paccma-
TPUBAaEMBI BpeMEHHOH TIepHoA. AHATH3UPOBAIOCH BIMSIHNE CHEKHOTO MTOKPOBa Kak Bcero CeBepHOro moiry-
IIapHs IEJINKOM, TaK M OTIENbHBIX KOHTHHEHTOB M pernoHoB. Takoe pasHOOOpasne HaYaJbHBIX JaHHBIX 00b-
SCHSETCS IHUPOKUM CIIEKTPOM KPUTEPHEB, KOTOPHIMHU PYKOBOJCTBOBAINCH aBTOPHI ITPH MX BBIOODE.

C MoMeHTa omy0irkoBaHuA B 1983 romy rumoTess! 0 HANWYHHA MEKCE30HHOTO BIMSHUS CHETa Ha aTMOC-
¢epy Brutoth 10 2010 royma pe3ynbraThl MPOBOANMBIX UCCIEIOBaHUI MoATBepxkaanu e€ (Hanpumep, [2-4]).
Kpome Toro, 6611 ipeaiokeH BO3MOXKHBIN (QH3HUECKNl MEXaHN3M, TIOCPEACTBOM KOTOPOTO 3TO BIHSHHUE OCY-
mecteisiercs [5]. [loke, ¢ pacMpeHneM CIEKTpa UCHOIB3YEMBIX Ul UCCIEIOBAHUS JTaHHBIX, METOIUK U
PETHOHOB, HAIWYHE CBSI3M OBLIO IMOCTABICHO IO COMHEHHE. BbITO moKa3aHo, 4To MOAETH MPHU KIMMaTH4e-
CKHX pacuéTtax B OOJBIIMHCTBE CBOEM HE BOCIPOM3BOIAT MEKCE30HHOE BIMSHUE aHOMAINUN OCEHHETO CHera
Ha 3UMHHE aTMOC(epHbIe yciaoBus (Hampumep, [6-8]). [Ipu 3ToOM HEKOTOPBIC YHCIICHHBIC SKCIICPUMEHTBI Ha-
MpaBJICHHBIE HEMIOCPEICTBEHHO Ha OINpPEAEIeHHe YyBCTBUTENLHOCTH 3UMHEH arMocdepsl K BapHaIlUsIM T1JI0-
IITa]I CHETa MTOKa3bIBAIOT HAJMYUE 3TOU CBA3M (Hampumep, [4, 9]). pyrue uccienoBanus moKa3ail OTCYTCT-
BH€ WU JKe OueHb ciaboe nposipieHue ayBctButenbHocTd [10, 11]. Bonee Toro, B psiae paboT moka3aHa HecTa-
[IMOHAPHOCTH MPOSIBICHUS PACCMATPUBAEMOTO BIUSHUS BO BpeMeHH (Hanmpumep, [12, 13]). Ecnu uznagansHO
peusb IIUTa 0 BapHaIuy CHETa B CEpeInHE OCEHH — B OKTAOpE, TO B MOCIEIHNE TOABI HCCIEAOBATENH CTAH Ye-
JATH OOJIbIIIe BHUMAHUS KOHITy OCEHH — HOsIOpIo (Hampumep, [14]).

Taxum 06pa3oM, HECMOTPS Ha JUIUTENEHYIO HCTOPHIO UCCIIEIOBAHMUI, 10 CHX MTOP HE OIY4YEHO OTHO3HAY-
HOTO CYXJIEHUS HE TOJIBKO O MPUPOJIE BIUSHUS, HO U O €T0 HAIWYMU Kak TakoBoro. CleoBaTenbHO, U MeXa-
HU3M BCe ellg TaKkKe MPeCTaBIsAeTCs 3aralouHbiMu [ 15].

Lemnpro Hateit paOOTHI SBIAETCS OIICHKA BIUSHUS TEPMOAMHAMUYECKUX BO3MYIIICHUH, (DOPMHUPYIOLTIXCS
y MOBEPXHOCTH B T€UCHHE Teproa (GOPMHUPOBAHHS CHEKHOTO MOKpoBa B CHOMPH, Ha XapaKTEPUCTUKH HEY-
CTOHYMBOCTH Tpormocdepsl U HIKHEH cTpaTtocheps! CeBepHOTo MOTyapus.
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HccnenoBanne ObIIIO OCHOBAHO HA CPABHEHMH JIBYX KOMIIO3UTOB. B MepBbIi KOMITIO3UT BOLUIM T'OIBI C
PE3KUM ¥ MHTEHCUBHBIM ()OPMUPOBAHHEM CHEXHOTO MOKPOBA, MPOU3OMLIE MM B OCHOBHOM B T€UEHHE OTHON
Henenu B oktsi0pe (OCTMAX). BTopoit KOMITO3UT COCTABUIIH TO/IBI C TUTABHBIM IMOCTCIICHHBIM (DOPMUPOBAHUE
CHEXHOTO [TOKPOBA, B KOTOPBIE HEJIEIs C HAMOObIIEH 32 CE30H HHTCHCUBHOCTBIO YBEIMYEHUSI TUIOMIAAN CHeTa
ormevanack nosanee okTa0ps (OCTMIN). B kadecTBe XapaKTepUCTHK HEYCTOWYMBOCTH aTMOC(Epbl ObLIH
paccMOTpeHbI oIS MHEKCa OApPOKIMHHOCTH U Ka)K/I0W M3 €ro KOMIIOHEHT B OTJIEIbHOCTH, ONpe/IeJICHHbIC Ha
Pa3TUYHBIX BEPTUKAIbHBIX YPOBHAX BILIOTH A0 200 rlla, motok Dnuaccena-Ilansma (mo 100 rlla), mpencras-
JISIFOLIMIA COOOM TI0 CYTH CYTEPHO3UIIMIO TIOTOKOB TeIlJIa 1 MOMEHTA UMITYJIbca M EMOHCTPHUPYIOIINI pactpo-
CTpaHEHHE BOJIH B BEPTHKAIBHOM W MEPHUIAMOHAIBHOM HarpasieHuu. Kpome Toro, Juis kakaoro Mecsiia obuia
paccMOTpeHa cTaTUCTUKA COOBITHI 00pyIIeHui BoH PoccOr Ha pa3inyHbIX MOBEPXHOCTSIX PAaBHOM MOTEHIIH-
abHOM 3aBUXPEHHOCTH.

Wudopmanus o miomaay CHeXHOTO MOKpoBa ObLIa B3siTa M3 apXHBa CITyTHHUKOBBIX AaHHBIX NOAA o
MJIOLIAIM CHEXKHOTO MOKpoBa 3eMHOTO miapa ajs nepuoga 1979-2019 rr. [16]. YkazaHHbIe XapaKTEpUCTUKU
HEyCTOHYMBOCTH arMoc(epbl ObLIH BHIUUCIICHBI HA OCHOBE JaHHbIX peaHanu3a ERA-Interim [17].

AHanu3 oka3zaJl HaJIM41e CYIECTBEHHbIX PA3IHYMK MEX/y KOMITO3UTaMH JIJIsl HHAEKCa OapOKINHHOCTH,
noTtoka JnuacceHa-Ilanbma u cratucTuku coObITHI 00pymieHuid BoH PoccOu. OnHako, MOMyYeHO, YTO TH
pas3nuyus y)e IMPUCYTCTBYIOT KaKk MUHMMYM 32 MECSII 10 Havyajia (hOpMUPOBaHHsI CHEXKHOTO MOKpoBa. Kpome
TOTO, UHTETPajIbHbIE IO MOJII0 OLEHKH HHTEHCUBHOCTH MOTOKA DnuacceHa-Ilanpma, 1at0T OCHOBaHUS MPEIo-
Jarartb, 4YTO WX BapHallys BbI3BaHA B OOJIbIIEH CTEIEHH NTUHAMHYECKHMMH IPOLECCAMH, MPOUCXOASIINMHI B
cpenHeii Tporocdepe, a He BO3MYIIECHHSIMH Y IIOBEPXHOCTH, BHI3BIBAEMbIX B HAIlIEM CIy4ae aHOMAalMsIMU HH-
TEHCUBHOCTH (POPMHPOBAHUS CHEXHOTO ITOKPOBA.

AHanu3 1nokasa CyIiecTBeHHbIE Pa3IMyKsl B MHTEHCUBHOCTH LICHTPOB JielicTBHs atMocdepsl. s ycio-
Buii komnozuta OCTMAX no cpapaenuto ¢ OCTMIN MBI ONy4YHIIH CYIIECTBEHHO OOJBIIYI0 BHYTPUCE30H-
HYI0 I3MEHUUBOCTH AJleyTcBOro u Mcnanackoro MUHUMYMOB. boree Toro, 3TH eHTpbI AeHCTBUS aTMOC(EpbI
B ycioBusix OCTMAX ot Mecsina K Mecsiily YCHITMBAIOTCs/0clIabeBalOT aCHHXPOHHO OTHOCHTEINBHO JIPYT APY-
ra. B OCTMIN u3MeHeHue ux MHTEHCUBHOCTHU MIPOUCXOJUT OAHOBPEMEHHO. Pa3nuyust MeXy KOMIO3UTaMHU
noJtydeHsl Takxke u Juist Cubupckoro antuimkiona. B komnosure OCTMAX o cpaBuennto ¢ OCTMIN Cu-
OMpPCKUI aHTHLUKIIOH cllabee B OCEHHMI TEPHO]] M CYIIECTBEHHO CHiIbHEEe — B 3UMHHMN. POpMHUpOBaTHCS B
000MX KOMIIO3UTAaX OH HauMHAET B OKTAOpe. [losie mpu3eMHBIX TeMIieparyp TakKe AEMOHCTPHPYET CyIIecT-
BeHHbBIC pa3nnuus. [lomydeHbl Ooyiee HU3KKUE TeMIIepaTypsl B aekadpe u despane s Beerr CeBepHoii EBpa-
31U, B IHBape — JUIs €€ FOXKHOM YacTy, a B Hos10pe — Ju1s1 €€ CHOMPCKOTO pernoHa.

O06001mast Bce MOTy4YeHHbIE Pe3ysbTaThl, MOKHO CKa3arh, 4To anoManuu ¢opmuposanus CII sBisiorcs
CKOpee CJIEACTBHEM YK€ CYIIECTBYIOUIMX K 3TOMY MOMEHTY aHOMAaJIMi COCTOSIHUS aTMOC(epbl B TNI00AILHOM
mactirabe. IIpy 5TOM He MCKIIIOYEeHO, YTO aHOMaNIbHO ObicTpoe opmuposanue CIT B WS MoxeT BHOCHTH B
JlalTbHEHIIIEM CBOM BKJIAJ B BOJIHOBYIO aKTUBHOCTH aTMOC(ephl M0 NMPHUHIMITY 00paTHO# cBsi3u. OnHaKo, 9T0
BO3/JICHCTBHE HE HOCUT MPOAOJDKUTEIBHOTO XapaKTepa U He BBI3bIBACT HOBBIX JOJITOXKHMBYIIMX BO3MYIICHUIT B
armocgepe. B koHTEKCTE Bcero Cka3aHHOTO HAIM PE3YJIbTaThl M BEIBOJIBI XOPOILIO COIIACYIOTCS C pe3ylibrara-
MU JPYTHX aBTOPOB, TOBOPSILIUMH B TI0JIb3Y THUITOTE3bI 00 00OpaTHOM MOPS/IKE BIUSHUSL.

B VccnegoBaHue BbiMoHEHO B pamKax rpaHta PHO N2 19-17-00248.
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Analysis of the aeropalinological monitoring results
in Perm and determination of the main directions of pollen
grains transfer

Novoselova L.V., Shvarts K.G., Shklyaev V.A.

Perm State University, Perm, Russia

E-mail: novoselova@psu.ru, kosch@psu.ru, shkliaevvl@yandex.ru

to 2019 in the city of Perm, acropalinological monitoring is carried out using a volumetric
2 O 1 Opollen catcher Burkard and then Lanzoni. The pollen trap is installed at a height of about

20 m, on the roof of one of the buildings of the Perm State National Research University.
To identify the belonging of pollen grains, atlases, palynological manuals, and materials from the international
palynological database (Pollen Databases) were used.

The number of pollen grains varies significantly, both over individual years and for different plant species.
The analysis of the monitoring results revealed the most significant amount of pollen grains of birch, nettle,
pine, poplar.

The mean square deviation for the number of birch pollen grains was 14197, with an average value of
17575. However, when using the coefficient of variation, it was found that the highest values of this character-
istic are observed in the pollen grains of sorrel and plantain, respectively, 1.71 and 1.69. The smallest changes
are typical for poplar pollen grains, the coefficient of variation is 0.52.

Considering the features of the number of pollen grains during the season, we can distinguish plants that
bloom in April (alder, elm), pollen from which can be brought from the Perm Region. Next, a group of plants
with the highest pollen emission observed in May are birch, maple, spruce, pine, poplar, oak and hazel. The
next group consists of plants that bloom in the period from June to August. These are cereals, nettle, worm-
wood, sorrel, plantain. The transfer of ragweed to the territory of the Perm Region is insignificant and is not
observed every season.

To identify the quantitative relationship between the content of pollen grains of individual species, a cor-
relation matrix was calculated. Its analysis showed that the most closely related number of pollen grains of
plantain and sorrel r=0.99+0.01, cereals and wormwood r=0.92+0.07, cereals and nettle r=0.91+0.08, hazel and
plantain r=0.81+0.12. This is clearly seen in the resulting regression diagrams. The relationship between the
number of pollen grains of spruce and alder, spruce and birch, poplar and maple will also be significant, but the
latter will be negative.

The transfer of pollen grains is possible from various sources, which could be located both in the immedi-
ate vicinity of the monitoring point and at a great distance from it. In this regard, the height at which the wind
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direction was determined should be higher than the surface layer and be at least several hundred meters, since
the transfer of pollen grains occurs in the warm season. To account for the wind direction associated with bio-
aerosol transport, daily radio sounding data for the period from April to August from 2010 to 2019 were used.

The wind direction was taken into account according to the radio sounding data for 12 hours of UTC (a
day period corresponding to 17 hours of local time). It was assumed that the main transfer occurs in the day-
time, and morning inversions can weaken this process, so the 00 h period was not used. As the main direction of
transfer, the level of 925 hPa was chosen, this corresponded to altitudes from 500 to 900 m. In the future, stud-
ies will be conducted with another, higher level, for example, 850 hPa, which corresponds to an altitude of
1100-1700 m above sea level.

Due to the fact that according to the measurement data, the wind direction is determined in degrees, for all
the selected cases, the direction was converted to points (8 points). The results of the calculations were corre-
lated with the amount of pollen on that day. The grouped data corresponded to individual months combined for
all 10 years of observations, or for individual years. The resulting "wind roses" were compared with the relative
number of pollen grains of different species observed in possible wind directions, determined as a percentage of
the total monthly amount. Thus, in addition to the "wind roses", "pollen quantity roses" were constructed,
which made it possible to study in more detail the directions of pollen grain transfer.

The analysis of the above diagrams shows that the seasonal wind distribution and the direction of the main
transport of pollen grains, as a rule, do not coincide. The exception is the number of elm pollen grains, which
almost completely repeats the "wind rose" in April.

A more detailed understanding of the main directions of pollen grain transport can be obtained by analyz-
ing the individual months of the study observation period. So, in some years with the highest concentration of
birch pollen grains in May, the direction of the main transfer may change to the opposite. For example, in 2014,
the main direction of the transfer was south-west, and in 2019 was north-east.

Thus, the number of pollen grains is affected by the specific weather conditions of the season, which
should include not only consideration of possible transport trajectories, but also air temperature, precipitation
and humidity.

AHanus pe3ynbraTtoB a3ponajinmHoJIort4ecroro
MOHUTOPUHIA BT. I'IepMM n ornpeneneHne OCHOBHbIX
Hal'lpaBJ'IeHMﬁ nepeHoca rnblJibLeBbIX 3epeH

Hosocenosa J1.B., sapuy K.I',, lknsaes B.A.
lNepMcKuii rocysapcTBeHHbIN HaLMOHaNbHbIN UcCNefoBaTeNbCKuiA yHuBepceuTeT, lepMb, Poceua

E-mail: novoselova@psu.ru, kosch@psu.ru, shkliaevvl@yandex.ru

pranusanus cucteMbl MOHUTOpUHTA. C 2010 mo 2019 rr. B © Ilepmu poBOANTCS a3pONIATIMHOIOTH-
YECKUI MOHHUTOPHHT C TIOMOIIBIO BOJTIOMETPHUECKOTO MBUIbLIEYNOBUTENS bypkapaa, a 3arem Jlanzo-
HU, TIPUHIUIT ASHCTBHUS KOTOPBIX OCHOBAH Ha MPHUHYAUTENbHOU nogade 14,4 m3/cyTku 00bEMa BO3/1y-
Xa, YTO MPUOIU3UTENBHO COOTBETCTBYET MHTEHCHUBHOCTH JBIXaHUS B3POCIOro 4ejoBeka. [IpIbIeynoBuTens
YCTaHOBIIEH Ha BBICOTE OKOJIO 20 M, Ha KpPBIIIe BOCBMUAITAKHOTO 3/1aHU, PACIOIOKEHHOTO Ha TEPPUTOPHUU
[II'HAY. VYnapnuBaroniasi MOBEPXHOCTh B NbUIBLIEYIIOBUTENE MIPENCTABIEHA [IPO3PAYHO HEKJIEHKOW JIEHTO,
Ha MTOBEPXHOCTh KOTOPOH HAHECEHAa CMECh, KOTOpask CI0COOCTBOBAJIA OCETAaHHIO Ha JICHTE MBIIBIIEBHIX 3¢pEH U
JIPYTUX YaCTHII, HAXOAIIINXCS B Bo3myxe. Kakplil mpemapar mpocMaTpyuBajcs IpH MTOMOIIN CBETOBOTO MH-
kpockoria OLYMPUS DP51. [ns uaeHTHUKAINE TPUHAIIEKHOCTH TTBUTHIIEBBIX 3€pEH OBLTH UCTIONbh30BaHBI
aTachl, MaJMHOJOTHYECKHE TMOCOOMS M MaTepuasibl MEXIyHApOAHOHM IMaJHHOIOTHYECKOW 0as3bl JaHHBIX
(Pollen Databases).
H3MeHeHMe Ce30HHOT0 KOJUYeCTBA NbLIbLEBbIX 3epeH. KomnuecTBO MBIIbIIEBBIX 3€PEH H3MEHSICTCS B
3HAYUTENBHBIX TIpeJiesiaX, KaK 3a OTAENbHBIE TOBI, TaK U IS Pa3IMYHBIX BUJOB PACTCHUNA. AHAIHN3 pe3ynbTa-
TOB MOHUTOPHUHTA BRISIBIII HarOoJiee CyIIeCTBEHHOE KOJIMYECTBO MBUIBIIEBIX 3epeH Oepesnl (Tad. 1).

Tabnuua 1
Ce30HHOE KONMYECTBO MbiNbLEBbIX 3epeH

Io,
Pacrenue A

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Bepesa 19478 | 19764 | 4483 1057 37541 | 20314 | 37487 |3024 5784 32094
Kien 1110 1775 264 0 25 233 1515 480 698 620
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Pacrenne Ton

2010 | 2011 2012 | 2013 | 2014 |2015 |2016 |2017 |2018 |2019
Obxa 206 74 274 10 180 171 720 28 158 820
Bsi3 23 9 2 441 811 586 2999 152 105 260
Enb 91 242 242 2 2084 12 1496 | 324 62 3182
CocHa 2177 | 5133 1390 |20 4627 | 4935 1195 1286 1778 | 3466
Tomnosns 186 901 1287 1275 1827 2489 | 736 1894 | 692 1314
3naku 446 861 1100 180 391 2147 | 238 766 916 522
ITonbiae 913 917 1483 | 575 662 3086 |30 970 2000 | 206
[IaBens 2176 | 2700 1240 |48 154 399 101 90 80 0 i
Kpanusa 856 1150 11561 | 1864 | 7879 | 26879 |494 5386 11308 | 2886
Jy6 180 53 3 9 375 192 2 132 72 8
Jlemmuna 124 206 225 0 0 6 43 100 28 2
IMomopoxuuk | 961 1319 | 625 125 16 71 18 10 136 6
AMOpo3us 20 4 20 2 6 4 4 0 14 22

CpenHee KBapaTHYSCKOE OTKIOHEHHUE (G) IS KOIMYECTBA IBUIBIIEBBIX 3epeH Oepe3sl cocTaBmiio 14197,
IpY cpeaHeM 3HadeHuu 17575 (tabu. 2). OnHaxo, IpH UCHOJIB30BaHIH KO3((HUINEHTA BapHualiy, BHISIBHIIOCH,
YTO HAHOOJBIINE 3HAUYCHNS 3TON XapaKTEPUCTHKN HAOIIOAAIOTCS y MBUIBLEBBIX 3€PEH IaBes U IOJ0POXKHH-
Ka, cooTBeTcTBEeHHO 1,71 1 1,69. HanMmeHbIHe M3MEHEHUS XapaKTePHBI UL MBUIBIIEBEIX 3€PEH TOIOIs, KO-
¢unmeHT Bapuanuu paseH 0,52.

Tabnuua 2
HeKoTopble CTaTUCTMYECKUE XapaKTePUCTMKM Pe3yNbTaToB MOHUTOPMHIA MbINbLEBLIX 3epeH

Pacrenne |o cpeaHee ko3¢ uuuent | Pacrenue c cpeaHee KO3 puIHEeHT
3HAYeHHe | BapHAIllUH 3HAYeHHe | BapHaluu

bepesa 14197 | 17575 0,81 ITonbiab 906 1084 0,84

Knen 614 622 0,99 [laBens 994 581 1,71

Onbxa 280 271 1,03 Kpanusa 8134 | 7754 1,05

B3 906 627 1,44 Hy6 120 97 1,24

Enn 1103 875 1,26 Jlemmua 86 70 1,24

CocHa 1807 2564 0,71 Honopoxuuk | 473 280 1,69

Tomoms 676 1309 0,52 AMOpo3ust 8 8 1,00

3naku 575 770 0,75

H3MmeHeHne KOTMYeCTBA MBUTBIIEBBIX 3€PCH B TCUCHUEC CE€30HA MOKHO OLCHUTH 110 JaHHBIM Tabm. 3.

Ta6bnuua 3
CpeHee CyTO4HOE KONMYECTBO MblbLEBLIX 3€PEH B OTAENbHbIE MecALbl ce30Ha, 2010-2019r.
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Pacrenue Mecsin -
anpejb | Maii HIOHb HHJIb aBrycr

Oepéza 18 560 6 1 0,1
KJIEH 2 19 0,2 1 0
eJb 0,0 22 2 0,3 0,1
COCHa 0,1 67 17 1 0,1
TOIOJIb 13 28 0,2 0 0
ollbxa 8 1 0,02 0,01 0
BSI3 13 5 0,04 0,01 0
3JaKu 0 0,4 12 11 2
MOJILIHB 0 0 1 14 19
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1IaBEJb 0 0,05 6 16 1
KparnuBa 0 0,1 52 141 36
nyo 0,1 3 1 0,02 0
JIEIMHA 0,5 1 0,3 0,5 0,01
TTOJJOPOKHUK 0 0,03 4 6 1
amMOpo3us 0 0 0 0,1 0,1

Brinensitorest pacTeHus, IBETYIUE B arpese (0bXa, Bs3), MbUIbIIA OT KOTOPBIX MOXKET IIPHHOCHTHCS M3
npenenos [Tepmckoro kpast. [lanee, rpynmna pacTeHuH, HanOObIIIast SMACCHS MBUIBIIBI OT KOTOPHIX HaOO1aeT-
csi B Mae: Oepesa, KJIeH, eJIb, COCHa, TONOIb, Ay0, iemuHa. CIIeayIonyio IpyITy COCTaBIsSIOT paCTeHNUSI, IIBETY-
IIMe B TIEPUOJ C MIOHS I10 aBr'yCT. DTO 371aKH, KPaIluBa, MTOJIbIHb, [1aBeJIb, HOXOPOKHUK. [IepeHoc ambpo3nu Ha
Tepputopuio [lepmMckoro kpast HeCyIIeCTBEHEH 1 HAOMIOAAaeTCsT He KaXK (bl CE30H.

BoisiB/IcHHE KOJHYECTBEHHOU CBSI3H MEKAY OTACJbHBIMU BHIAMH NbLILLLI. 151 BBIBICHUS KOJINYE-
CTBEHHOH CBS3U MEXkY COAEP KaHUEM MBUIBIIEBIX 3€PEH OTAEIBHBIX BUJOB PACCUMTHIBAIACH KOPPEIIAIIMOHHASL
marpuna. Ee ananus mokasai, uto HanOosee TECHBIM 00pa3oM CBsI3aHO KOJIMYECTBO MBUTBIIEBBIX 3€PEH ITOT0POK-
Huka 1 masens 1=0,99+0,01, 3naxkoB u nonsiau 1=0,92+0,07, 3nakoB u kpanusbl 1=0,91+0,08, nemuHs! U NoA0-
pokanka r=0,8 1+0,12. 310 X0poI1Io nmpociexnuBaeTcs 1o puc. 1. 3HaunMMOoi Takxke Oy/IeT CBsI3b MEK/Ty KOJTNIEeCT-
BOM TIBUTBIIEBBIX 3€PEH €111 U OJIbXH, €M 1 Oepe3bl, TOTIONS M KJIeHa, HO MOCIeIHss OyIeT OTpHIaTelbHa.

Ho,qopomuuu-w,aaenb 3NaKu-NonbiHb
1400 } .
1200 3000 »
g 1000 3 y—0;470x+0,04 2500
i R*=0,977 =12,829x- 2681
800 y=12,
i / £ 2000 + / R?=0,822
g 600 / ¥ perpeccua ™ 1500 /
-]
= 400 TPEHA 1000 :/w ¥ ESRae
200 [ s00 |- TPEHA
% {
04 oL+
) 1000 2000 3000 0 1000 2000 3000
Llasens Kpanusa

Puc. 1. 3MﬂVIpM‘-IeCKVIe TOYKM U TeopeTUYeCKana NMHMNA perpeccnn anAa Konn4yecTea nbifibLEeBbIX 3epeH Pa3/in4yHbIX paCTEHMVI

AHanu3 HanpaBJIeHHs] IEPEHOCA U €TO BIUSHUS Ha KOJIMYECTBO MbLIBLEBLIX 3epeH. [lepeHoC MbIIbIeBbIX
3epeH BO3MOYXKEH OT pa3IMYHBIX HCTOYHHKOB, KOTOPHIE MOTJIM PACIIoylararhCsi Kak B HEIOCPEACTBEHHOMN OJTH30-
CTH OT TOYKH MOHMTOPHHTA, TaK M Ha OOJIBILIOM yAaJICHUH OT Hee. B cBs3M ¢ 3THM, BBICOTa, HA KOTOPOM Ompe-
JIeTISUIOCH HalpaBJICHNE BETPa, I0JDKHA OBITh BBINIE TPU3EMHOTO CJIOSI M COCTABIIATH HE MEHEE HECKOJIBKHX CO-
TEH METPOB, TaK KaK MEPEeHOC MBUIbIEBLIX 36PEH MPOUCXOAUT B TEMI0e BpeMs roja. /s yuera HampaBiaeHus
BETpa, COIYTCTBYIOIIETO MEPEHOCY OM0a’PO30JIsl, UCTIOIH30BAIICEH €KEAHEBHBIC JAHHBIC PAIO30HINPOBAHUS
3a mepHoz ¢ anpes no asryct ¢ 2010 mo 2019 r.

Y4uTHIBaJIOCH HAIIPABICHNE BETPA MO JaHHBIM paro30HaupoBanus 3a 12 u BCB (nHeBHOM cpok, COOT-
BeTCTBYIOIMI 17 4 MecTHOTO BpeMenH). [Ipenmnonaranocs, 4To OCHOBHOH MEPEHOC MTPOUCXOAUT B JTHEBHOE
BpeMsi, a YTPEHHUE HHBEPCHU MOTYT OCIa0HUTh 9TOT Ipolecc, moaTomy cpok 00 u He ucnonb3oBaics. B kaue-
CTBE OCHOBHOT'O HallpaBJIeHHs IiepeHoca BeiOnpascs yposeHb 925 rlla, KoTopslii COOTBETCTBOBAN BBICOTaM OT
500 mo 900m. B nanmpHelimem OyayT IpOBEIEHBI HCCIIENI0BAHMS C IPYTHM, O0Jiee BRICOKMM YPOBHEM, Hallpu-
Mmep 850 rlla, koTopsiit coorBeTcTBYET BhIcOTE 1100-1700 M Ha ypOBHEM MODSL.

B cBsI3u ¢ TeM, UTO O AAHHBIM U3MEPEHUN HalpaBlIeHHE BETPa ONPEEIIeTCs B rpagycax, A BCEX BbI-
OpaHHBIX CIy4acB HalpaBlieHHE ObIIO nepeBeneHo B pyMOBbI (8 pyMOOB). Pe3ynbraThl mojgy4eHHbIX PacueToB
COOTHOCHJIUCH C KOJIMYECTBOM HBLABLEI B 3TOT JeHb. CrpyNIUpOBAHHBIE JaHHBIE COOTBETCTBOBAJIU OT/EJIb-
HBIM Mecsam, o0bernHeHHBIM 3a Bce 10 et HaOmonenuit, mmbo, 3a oTaenbHble rojsl. [lomyueHHbIE «pPO3BI
BETPOB)» CPAaBHUBAJIUCH C OTHOCUTEIIBHBIM KOJIMYECTBOM IBUIBIIEBBIX 3¢PEH Pa3HBIX BUJIOB, HAOIIOIAEMOM IIPH
BO3MOXXHBIX HAlpaBJICHUSX BETPa, ONPEACIIEMOM B MPOLEHTaX OT OOILIEro MECSYHOro KojaudecTBa. Takum
00pa3zoM, KpoMe «po3 BETPOB» OBUIM MOCTPOEHBI «PO3bI KOJMYECTBA TBUIBIIB, KOTOPhIE MO3BOIHMIN OoJee
JIETaJIbHO MCCIIEI0BATh HAIIPABIICHNUS [TEpPEeHOCa MBUIBIEBBIX 3epeH (puc. 2—4).

AHanu3 TNpUBENEHHBIX JUarpaMM IOKa3bIBaeT, YTO CE30HHOE pACIpE/ieIeHHE BETpa U HalpaBlICHUE
OCHOBHOTO MEPEHOCA MBUIBIEBBIX 3€PEH, KaK MPaBUIIO, HE COBNAAAIOT. MckntoueHne cocTaBiseT KOMUIeCTBO
IIBUTBLIEBBIX 3€PEH BsI3a, KOTOPOE TIOUTH TTOJTHOCTHIO TIOBTOPSIET «PO3y BETPOB» B armpele (puc. 3).

Bonee neranpHOe mpeacTaBieHre 00 OCHOBHBIX HAIIPABICHHUSX NEPEHOCA MBUIBIEBBIX 36PEH MOKHO TO-
JIY4YHTh, €CJIM aHAIN3UPOBATh OT/EJILHBIE MECSIBI UCCIIeyeMOoro nepuoaa Haomonennil. Tak, B oTaeIbHbIC
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Anpenb 2010-2019r. Maii 2010-2019r.
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Puc.2. PacnpefeneHue BeTpa Mo HanpasieHnAM 1 0THOCMTENILHOMO KOMMYECTBA MblbLIEBbIX 3epeH 6epesbl 1 0bXy (anperib,
Man), %

Anpenb 2010-2019r. Mait 2010-2019r.
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Puc.3. PacnpepneneHue BeTpa no HanpaBieHWAM W OTHOCUTENBHOTO KOMIMYECTBA MblNbLIEBLIX 3ePeH KieHa 1 BA3a (anpenb,
Man), %

UoHb 2010-2019r.

C

Uwonb 2010-2019r.

25
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Puc.4. PacnpeneneHme BETPa No Hanpae/iIeHWUAM WU OTHOCUTEJIbHOIO Ko/in4ecTBa MbljbLieBbIX 3€pPeH 6epe3b| (M1oHB, Wionb), %

ToNbl ¢ HAaHOOJbIICH KOHIIEHTpAIMEH MBUIBIIEBEIX 3¢pPEeH Oepe3bl B Mae, HalpaBJICHHE OCHOBHOTO IEpPEHOCA
MOXKET U3MEHATHCS Ha MPOTHBONIONOKHOE. Harpumep, B 2014 1. 0CHOBHOE HaIpaBIIeHHE TIEPEHOCA OBLIO FOTO-
3anaaHbM, a B 2019 1. — ceBepo-BOCTOUHBIM (pHC. 5).

Mai1 2019r.

Maii 2014r.
C

0

= BeTEp

——Gepesa

Mcal‘i 2016r.

—BeTep

= Bepesa

0

Puc.5. PacnpepeneHue BeTpa no HanpaBieHWAM 1 OTHOCUTENbHOTO KOIMYECTBA MbiNbLeBbIX 3epeH bepesbl B Mae 2014r.,

2016r.1 2019r., %

Takum 06pa30M, Ha KOJIWYCCTBO MbUIBLCBLIX 3€PCH BIIUAIOT 0COOEHHOCTH IIOTOAHBIX YCJ'IOBI/Iﬁ CC30Ha,
KOTOPBIC NJOJKHBI BKIIFOYATh HE TOJIBKO Y4€T BO3MOXKHBIX TpaeKTOpI/Iﬁ MEPeHOCa, HO U TEMIICPATYypPy BO3AyX4,
KOJMYCCTBO OCAAKOB 1 BJIA’KHOCTH BO31yXa. Chvii HCCICA0OBaHUs INTAHUPYETCA IPOBECTU B ,Z[aJ'ILHeﬁIHeM.

CEKLMA 11 // MOOESNIMPOBAHME U AHAN3 TJTOBANIBHOMO W PETUOHAJTBHOMO KJTUMATA 1 OPMUPYIOLLINX EF0 ATMOCOEPHBIX NPOLIECCOB

cires'2021 [N

]

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
<T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
<
<T
o
=
o
(=
<T
b= =
>
=
==
L
=

57




cires’2021 1

w
L
(]
=
L
(]
w
—
<T
-
=
L
=
=
o
=
=
=
[NN]
oc
o
L
w
L
(d=]
(=]
—
(=]
=
o
(]
[NN]
-
=
(=]
-
<T
=
oc
o
L
=
—
=T
=
=
—
=T
-
>
o
=
o
o
=
o
L
(]
=
L
oc
L
L
=
o
(]
o
=
<t
—
(=]
(=]
= =
(]
w
w
-
0
-
=
L
(]
w
(d=]
=
=}
(=]
>
—
<t
=
(=]
-
T
=
o
(SN
-
=

NccnenoBaHme TypbyneHTHbIX 3aMblKaHUM B 3afave
0 pa3pyLualoLLenca AByMepPHOM TypOyneHTHOCTM

Mepexorun M.A.
WUHcTuTYT BblMMCIUTENbHOM MaTeMaTuKu M. .. Mapuyka PAH, MockBa, Poccua

E-mail: pperezhogin@gmail.com

aHHasg paboTa MOCBAIIeHa MOCTPOEHHUIO ToA(GMIETPoBEIX Mozenel kiaacca LES (Large eddy simulation)

JUIA TBYMEpHOMW 3aTryxaromiei TypOynenTHocTH. TexHonorus moctpoenuss LES 3ampIkanmii Xoporo

pasBHTa IS ciydas TpeXMepHOU TypOylIeHTHOCTH [ 1], omHaKo /Ui ABYMEPHOUN TypOyJIeHTHOCTH H3-

€CTHO JIHIITH HEOOIBIIIOE YHCIIO aBTOPOB, KOTOPBIE MCCIIE0BANN ATOT Borpoc [2, 3]. HeoOXoaumMocTh mocTpo-

enust LES monenelt s KBa3uABYMEPHOH TypOyJIEHTHOCTH BO3HHMKAET MPU pa3paboTKe JMHAMHUYECKHX sIep

Mojeneil KpyrmHoMacTaOHONH MUPKYISAIUN aTMOC(Ephl M OKeaHa, KOTOPBIE YaCTUYHO Pa3pelIaloT Ha BBIYH-

CIIUTENBHON CeTKe KpymHbIe BUXpHU. [I0CKONBKY XapaKTepHBIH MPOCTPaHCTBEHHBIN MacmTad Me3oMaciTad-

HBIX BUXpEHl, onpenenseMslii 1o paauycy nedopmannu PoccOn, 3HaUNTENTFHO MEHBIIIE B OKEaHe, YeM B aTMOC-

depe [4], oxxumaercs, uto mpuMeHeHne MmeTonoB LES MmonenupoBanus 10mKHO OBITH Hanboiee BOCTpeOoBaH-
HBIM JUIS OKEaHHUECKUX MpuiokeHuid. Cm., Hanpumep, 0030p [5].

B metone LES npennonaraercs, 9To MOAENb SBHO pa3peniaeT TOJbKO KpynmHoMacmTaOHbie (0TQHIbTpo-
BaHHBIC) TypOyJIEHTHbBIE MyJIbCAllMU, a B3aWMOJEHCTBIE C Hepa3peliaeMbIMU (QIyKTYalusIMUA JIOJKHO OBITH
napametpuzoBaHo. [IpenmymectBom LES mnoxxoxa no cpaBuenuio ¢ RANS (Reynolds averaged Navier-
Stokes) siBisieTcst TOT (axT, YTO Ja)ke MPU MUCIOIB30BAHUH OTHOCHUTENBHO MPOCTOTO 3aMbIKaHMs (HAIpuMmep,
Moziernb CMaropuHCKoro [6]), Ipy yCTpeMIICHHH MTUPHUHBI GUIIBTPa K HYO, pernenus LES Monenu mo ceoum
CTaTUCTHYECKUM XapaKTePHCTUKAM JOJDKHBI CTpeMuThes K pemennsM DNS (Direct numerical simulation) mo-
nenu. TakuM 06pa3oM, OT TOTO, HACKOJIBKO KauecTBEHHO nocTpoeHo LES 3aMbikanne, 3aBUCHUT peIIeHNE TOTb-
KO TIPH JIOCTAaTOYHO OOJIBIION MIUpHHE (GUIBTPa, KOT/a 3Ta IIUPHUHA CPAaBHUMA C XapaKTEPHBIM Pa3MepoOM Kore-
PEHTHBIX CTPYKTYP, BO3HHKAIONIIUX B TEUCHUH, THOO CpaBHUMA C XapaKTePHBIMH MacuITabaMu, 3aJaBaéMbIMU
reoMeTpHel pacueTHOH o0macTu (HampuMep, MPOCTPAHCTBEHHBIH MacITad 00TeKaeMbIX 0OBEKTOB WITH IIUPH-
Ha JIAMUHAPHOTO TTOTPAHCIIOS ).

B tpexmepHoii TypOylneHTHOCTH, B TOM CiIydae, Korja MacmTad (GuisTpa momagaeT Ha MHEPIMOHHBIHA
HMHTEpBaJI IPSIMOTO KacKa/ia YHepTrur, OCHOBHOH (pr3nuecKuil mpouecc, KOTOPHIi JOKHO BoctiponsBecT LES
3aMbIKaHHE — 3TO Tepepaclpee]ieHne YHEPTUU U3 pa3peniaeMbIX MacIiTaboB B MOACETOYHBIE, T.€. AUCCHIIA-
MO 3Heprun. B kadecTBe 6a30BoM MozeH TypOyJIEHTHOCTH B TPEXMEPHOM CITydae 0OBIYHO UCTIONB3YIOT MO-
nens Cmaroputckoro. [iist aToii Moziesnu 010 00HapyKeHo, 4To kodhduinneHT CMaropuHCKOTo J0JDKEH 3aBH-
CeTh OT XapaKTEePHCTUK pa3pemaeMoro TedeHus [1], a UMeHHO, OT HaJU4YUs CHIBHOTO CPETHErO CIBHTA, OT
PacCTOSHUS IO CTEHKH, OT HATHYHS TypOyISHTHBIX (DIyKTyalnii B pelIeHnH (HarpuMep, IpH JaMUHApHO-TYP-
OyneHTHOM Tiepexofie) U oT uncia Pefinonbaca. B padote [7] Obuia mpeayioskeHa THHAMUYECKas: MOJIeIh, KOTO-
past MpeCTaBIseT U3 cedst METOT JIOKATBHOM OTIeHKH K03 durerTa CMaropmHCKOTO Ha OCHOBE pa3periaeMo-
TO MOJICETOYHOT0 HampspkeHus (TeHszop Jleonapmaa). JlaHHBINA METOZ MO3BONMI MPOM3BOANTE pacyeThl TypOy-
JICHTHBIX TEYCHUN IPH OOJIBIIIOM JAHANa30HE CETOUHBIX pa3perIeHui 1 63 He0OX0MMOCTH BBOJHUTD IMTOTIPAaBKU
Ha k03¢ punrenT CMaropuHCKOro B MPUCTEHOYHOM oOnacTH, T.e. “damping functions” [8]. Ycnex anHamunye-
CKOM MOJIEJH JI0 CHX IOp He ObUT aJJanTUPOBAH K IBYMEPHON U KBa3UIBYMEpPHOU TypOyineHTHOCTH. B paboTax
[2, 3] mpoBemeHBI pacdeThl B KBa3UT€OCTPOYUIESCKUX YPABHEHUSAX W B MPUMUTHBHBIX YPaBHEHHSAX OKeaHa,
OJTHAKO JI0 CHX TTOP OCTAeTCs HEM3BECTHBIM, TI0UEMY AWHAMHYECKAs MOJIEINb HE TI03BOJISET YIyUIIUTh BOCTIPO-
M3BEJICHNE pelIeHNs Ha TPyOoil ceTKe M 4acTo MPUBOIANT K BOZHUKHOBEHHIO YHCICHHOTO IIyMa B PEUICHHU.
ITockonpKy TUHAMHUYECKas MPOIeIypa OIEHKH BSI3KOCTH MPEICTABIACT U3 ce0sI CTPOTyI0 MaTeMaTHUECKYyIO
MIPOIIETYPY, MBI IIPEATIONaraeM, 4to mpodieMa MOXKeT 3aKITI0YaThCs B TOM, 4TO 6a30Basi MOJeNb TypOyIeHTHOH
BSA3KOCTH HE TTOIXOANT [T TOCTPOCHNS 3aMBIKaHHA B IBYMEPHOM cllydae. B 4acTHOCTH, B OKEaHHYECKUX MPH-
JIOKEHUSIX YaCTO MCIIONB3YIOT BMECTO CTaHIapTHOM Mosiesin CMaropuHCKoro, e€ MoIuQpUKaIfio, OCHOBAHHY IO
Ha Mojiesiu Ourapmonndeckoit auddysun [9]. [1o Bceit BUAMMOCTH, 3TO CBA3aHO C TEM, YTO B OTIIMYHE OT TPEX-
MEpPHOTO CiIy4asi, B ABYMEPHOH TypOyJIeHTHOCTH MOACETOYHOE 3aMBIKaHHE JTOJKHO 00ECIIeUUTh NMPaBIIbHBIN
0OMEH C MOJICETOUHBIMH MACIITa0aMH HE TOJIBKO JJIsl SHEPIHHU, HO U JUIsl SHCTPO(QHH, IPU ITOM MTOTOK SHEPTUH
YacTO OKa3bIBACTCS OTpHLIATENLHBIM (T.€. HaOmonaercs “kinetic energy backscatter” [10]). burapmonnueckast
BS3KOCTP B JAaHHOM CIIydae BBICTYIAET B KaueCTBE KOMIIPOMHUCCA MEX Ty AUCCUIATHUBHBIMHI CBOWCTBAMH MOJIE-
JIU C TOYKH 3pEHUS SHCTPOoHUH U dHeprun. V3 mpuBeneHHOro 0030pa cieayeT, YTO BO3SMOXKHBIN ITyTh Pa3BUTHS
LES mapamerpuzanuii aasi AByMEpHOH U KBa3HIBYMEPHON TYpOYJIIEHTHOCTH — 3TO IOMBITAThCS N3MEHUTH 0a-
30BYI0 MOJIETIb, M B 3TOM CIIy4ae IWHAMHYeCKasl IPOoIeypa TakKe MOJKET 0Ka3aThCsl BOCTPEOOBaHHOIA.

s Toro 4ToOBI pa3nenuTs TypOyJIeHTHOE T0JIe Ha pa3pelraeMoe U HepaspelraeMoe, IPUMEHSIOTCS, B
o01IIeM ciydae, JBa moaxoaa. B mepBoM moaxoe, KOTOPbIi Ha3bIBACTCs IMOIXOA0M C HESIBHOM (hHIIBTpaIHei,
MIPETIONIaraeTCsl, YTO BRIYUCIUTENIbHAS CeTKa TPy00il MOIe M CITyKHUT HesBHBIM (punsTpoM. HemocraTkoM 310-
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TO MOAXO0/a SIBJISIETCS PeodIaganie OMMOOK anMpPOKCHMAINHY aBEKTUBHOTO CIaraéMoro HaJl BKJIQJIOM HEJH-
HEHHBIX B3aUMOACHCTBHH C Hepa3pelmeHHbIME TapMoHuKaMH [ 11]. B cBoro ouepens, B AByMepHOH TypOyIeHT-
HOCTH OMIMOKHY aNMPOKCHMAIINHY BIMSIOT HA TO, KaK yCTPOECHA AUCCHUIIAIINS YHCTPO(PHHN B MEJIKUX MacIITabax u
BO3BpAICHUE YHEPTUH Ha KPYITHBIX MAcIITadax 3a c4eT MOACETOYHBIX CHII [12]. DT0 06CTOATENBECTBO YCIOK-
HSIET MOCTpOCHNE 0a30BON MOACTH T ABYMEPHOH TypOyineHTHOCTH. [1o 3To# mpudnHe B JaHHOM padoTe MBI
HCTIIOB3YeM TOIXO SBHOW (HIIBTpaIny, KOTAa IMuprHa 6a30Bor0 (GHIBTpa MpeanoraraeTes OobIe, 9eM mar
CeTKU. B 3TOM cirywae cTaHOBHUTCS BO3MOKHBIM OTACINTH BIMSHHUE OMNOOK aNIPOKCHMAIUU OT HETOYHOCTEH
noaduIsTpoBoit Momenu [13].

[Toctpoenne moaGUIETPOBOI MOIETN OCHOBAHO Ha pa3iokeHnn [ epmano 1986 roma [14]:

c,=L;+C+R,

Ie G; = Uj® — U;00 — NOAQUIBTPOBbIH MOTOK 3aBUXPEHHOCTH, U; — KOMIOHEHTBI CKOPOCTH, ( — 3aBUXPEH-
HOCTH, (*) — I'ayccos puusTp ¢ mupunoit A, a L;, C;, R; — Tensop Jleonapsia, nepekpecTHOE HANpsKEHUE U TeH-
30p PeifHonbaca, cooTBeTCTBEHHO. B anpropHOM aHan3e Mbl IOKA3alll, YTO 33 AUCCUINALUIO SHCTPODHUHU OT-
BeuaroT TeH3o0p JleoHapsa 1 nepekpecTHOe HarpsHKEHHUE, a B Iiepepaciipe/ieieHHH SHEpTuu B KPYITHbIE Mac-
mTadbl y4acTBYIOT BCE TPU TEH30pa, CM. pHcC. 1.

do
~ (a), —5;* power spectrum (b), Enstrophy transfer (c), Energy transfer
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Puc. 1. CnekTp MowyHoCTH (a), reHepaums sHcTpodum (b) v reHepauma aHeprm (c) ans noadunbTpoBoro Hanpsskenus (SFS)
1 €ro KOMMOHEHT.

Jlist onvcaHust UCCHUIAIMU SHCTPO(UH, CBSI3AHHON C MEPEKPECTHBIM HAMPSHKEHUEM, XOPOIIO HOIXOAUT
MOZIeIb OMTapMOHHMYECKON BSI3KOCTH O CBOeMy Maciutaly. JlomonHuTenbHOe pacrpeesieHne SHEpruu B
KpyTHbIE MacITabbl MOKHO omHcarh ¢ moMotibio AD (approximate deconvolution [15]) anmpokcumanuu TeH-
30pa Peiinomnbaca. iTorosast Mozesb MOAQHIETPOBOTO HATPSHKCHHUS MMEET CIICIY 0L BUI:

A C — =
6xj + back(u]w u ),

e uj =0 -4 nw =o—& . Koncraura Cmaropurckoro Cg BBIMHCIISICTCS CONIACHO AMHAMHYECKOM
MPOLIEAYPE, & «AMILTUTY/IA» CIaraeéMoro, OTBEYAIOIIEro 3a reHepanuio dHepruu, C,, ., HAXOAUTCS HUCXOAS U3
cooOpakeHHi 0 OaaHce YHEPTHU U DPHCTPODHUH:

(Mg = — 2115,

e (I1;) — cpeanuil Mo 061acTH MOTOK 3Hepruu B noAdGuiasTposbie Macurabsl u (I1,) — cpeanuii mo obia-
CTH MOTOK SHCTPO(DUH B MOA(GUIBTPOBBIE MACIITAOBI.

[Mpennoxxennas mozens (ssm+bilap+keb) cpaBHUBaeTCs B anOCTEPUOPHBIX HKCIIEPUMEHTaX ¢ OoJee mpo-
CTBIMH MOZCISIMHE: Mozeib CMaropuHckoro ¢ oneparopom tura Jlamaca (lap), Mmogens CMaropuHCKOTO ¢ orie-
paropom Tuna 6urapmonndeckoro oneparopa (bilap), cmMemannast Mofesnb ¢ 100aBKOH B BUJIE MOJICIIH MTOJJ00MsT
MacmTaboB (ssm+bilap). [IpeniokeHHast MOJICITb BEPHO OMUCHIBACT KOCIICKTPBI SHEPTHU U SHCTPO(dUH, a Tak-
e BEPHO BOCIPOU3BOUT POCT SHEPIHH Pa3peIliaeMbIX TCUCHHH, CM. pHcC. 2.

oMl = T% — T5 + (CsM)*[S]

3akJrouenne. B nanHO# paboTe MBI MPEATIOKUIN TOAGHIBTPOBYIO MOJEIb JUIsl AByMEPHOM TypOyJIeHT-
HOCTU. Mozielib OCHOBaHa Ha allpHOPHOM aHaIu3e NOoA(GUIBTPOBOro HanpsykeHus. Mozenb OTHOCUTCS K Kilac-
Cy MoJIelieii ¢ SIBHO (uIbTpalnyeil, OCKOJIIbKY HEe COJCPKUT SIBHO IIAr CETKU. Mojienb BEpHO OMHUCHIBAET JIHC-
CHIAIMIO PHCTPODUU U «OIKCKETTEP» DHEPIHHU, U MOKET OBbITh MCIIOIb30BaHA COBMECTHO C JIMHAMHUUECKOM
npornenypoit. C TOUKH 3peHUs BOCIIPOU3BEICHHUS CIICKTPa SHEPTHH B alIOCTEPUOPHBIX SKCIIEPUMEHTAX MOAETh
He 00J1a/1aeT MPerMyIECTBAMH 110 CPAaBHEHHIO ¢ OUTaPMOHHUYECKOH BI3KOCTBIO B CPEIHUX MaciuTabax, KoTo-
PbI€ COOTBETCTBYIOT KOTCPEHTHBIM BUXPAM. 9T0 00CTOSATEIBCTBO 0O3Ha4acT, 4YTO AJId MOACIUPOBAHUA ABYMEP-
HOHM TypOyJIeHTHOCTH Ha IpyObIX CEeTKax HEOOXOIMMO CTPOUThH elie 0ojiee KauyeCTBEHHYI0 0a30ByI0 MOJECIb
TypOyneHTHOCTH (OUrapMOHHUYECKas BA3KOCTh HE MOIXOANT).
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Puc. 2. CnekTp reHepaumm sHcTpodmu (cnesa), 3Heprm (no LEHTPY) U 3BOMIOLMA paspeLLaeMon sHepruum (cnpasa) ansa LES
MOoZesen Mo cpaBHeHMIo ¢ AaHHbIMM dunbTpoBaHHoro DNS (fDNS).
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An investigation of turbulence closures in decaying
2D turbulence

Perezhogin P.A.
Marchuk institute of numerical mathematics RAS, Moscow, Russia

E-mail: pperezhogin@gmail.com

decaying turbulence. Subfilter model is based on Germano 1986 decomposition
c;=L,+C;+R,
where o; = ujo — u;0 — subfilter-scale (SFS) stress, u; — velocity, ® — vorticity, (*) — Gaussian filter with
width A, and L;, C;, R; — Leonard stress, cross stress and Reynolds stress, respectively. In a priori analysis we

have shown that enstrophy dissipation is represented by Leonard and cross stresses, while all three stresses
represent energy redistribution to large scale, see fig. 1.

This work is devoted to the construction of LES (Large eddy simulation) closures for two-dimensional

)
' (a), *%IL power spectrum (b), Enstrophy transfer (c), Energy transfer
10 0.4 4
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Fig. 1. Power spectrum (a), enstrophy generation spectrum (b) and energy generation spectrum (c) for SFS stress and its
components.

Biharmonic friction fits spatial scale corresponding to cross stress. An additional kinetic energy backscat-
ter can be introduced by the AD (approximate deconvolution) approximation to Reynolds stress. The proposed
model is as follows:

- a0V
o™ = Tm — 4, + (CsA)*S] %,
where uj =0 - nw =o—& . Smagorinsky constant Cg is determined from dynamic procedure and
“backscatter amplitude” is determined from energy-enstrophy balance equation:

A
(HE) =- E (HZ>,
where (I1;) and (I1,) — average energy and enstrophy exchange with subfilter scales, respectively.

The proposed model is able to represent enstrophy and energy generation spectra and growth of resolved
energy in a posteriori experiments.

+ Coaer (W0 = Ujw"),
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MoaenvpoBaHue peakumm aTMochepbl Ha COKpaLLeHue
apKTUYecKoro Nnbaa

"Mnatos I'., ‘Tpapos B., 'Boposko WU., ‘Bonoaun E., “KpynuatHukos B.

! WHCTUTYT BbIYMCNIMTENbHOM MaTeMaTUKU U MaTeMaTuyeckoii reodusuku CO PAH, Hosocubupck, Poccus
? HoBocnbumpcKui rocyaapcTeeHHbIN yHuBepeuTeT, HoBocubupcek, Poccua
* UHCTUTYT BblYMCAUTENbHON MaTeMaTHKM M. AK. .M. Mapuyka PAH, MockBa, Poccus

E-mail: vkrupchatnikov@yandex.ru

CHJICHHOE MOTETUICeHHE APKTUKH - OJTMH U3 HECKOIIBKUX (DaKTOPOB, BIUSIOIINX HA TMHAMUKY arMocde-

pel. B manHOi paboTte paccMaTpuBaeTCs CepUs YUCIEHHBIX SKCIIEPIMEHTOB, HAITPABJICHHBIX HA BBISB-

JICHUE HEeTIOCPEICTBEHHOW POJIHU ITpOoIiecca COKPAIICH ST MOPCKOTO JbJia B (JOPMHUPOBAHUH KIIMMATHYE-
CKHX TPEHJIOB B CEBEPHOM MOTYIIApHH. B TaHHOM ciTydae MBI HCIIOIB30BAJIN JIBa OoJiee NI MEHEe He3aBHCH-
MBIX MEXaHHM3Ma YMEHBIIEHHUS JIbJa. [IepBbIil TPaJUIIMOHHO CBS3aH C YBEIHMUEHHEM KOHIIEHTPAINH YIJIEKHC-
JIOTO Ta3a B arMoc(epe ¢ UCTOPHUECKOro YpoBHs 360 ppm 10 ypOBHS, COOTBETCTBYIOIIETO MaKCHMAaJIbHOU
KOHIIGHTpAIMH MPHU peaau3anuu camoro msrkoro cuenapust RCP 2.6 - 450 ppm. B pesynsrare 3Toro pocra
CpeIHssI TeMIlepaTypa BO3AyXa B APKTHKE YBEIWYHBACTCS, M, CIIEAOBATEIbHO, 00BEM JIbJla YMEHBIIIAETCs.
Bropoii MexaHHW3M CBSI3aH C YMEHBIIEHHEM alb0e/10 B pe3ynbTaTe COKPAICHU OKEaHNIECKOTO JIbJIa M CHeTa.
KonmuecTBo noriomnaeMoi COTHEYHOH painaliiy yBeITUYINBACTCS, a 00BEM JIbJ]a YMEHBIIaeTCs. MBI peano-
Jlaraem, 9To CpaBHEHHE PE3yNbTaTOB ATHX JIBYX 3KCIIEPUMEHTOB ITO3BOJISET CYIUTH O IPSMON POJTM YMEHBIIIe-
HUS JIbJ1a, HE3aBUCHMO OT TPHYMH, BBI3BABIINX 3TO COKpaIleHHe. MBI Takke paccMaTpuBaeM, KaK PeKUMBI,
TakHe Kak OJIOKUPYIONINE U CTAIMOHApHBIE MOJETH BOJHOBOW aKTMBHOCTH PoccOm, MOTYT M3MEHATHCS MpU
M3MEeHeHnH KnuMara. HemaBHO [2] mpemiosKiiy JIOKaJIbHYIO0 BOTHOBYIO akTUBHOCTE (LWA) kak 1HarHOCTHKY
JIOKQJTBHBIX BOJTHOBBIX aHOMAJIHH 1 OJIOKUpYIomuX coObITHii. LWA - 3T0 0000111€HIE TEOPUU BOJIHOBOM aKTHUB-
HOCTH KOHEYHOH aMIIIUTYyAb! [3] Ha ee JOKaIbHBIM aHAJIOT, KaK (PyHKIIMH IIUPOTHI M TOITOTHI, CIIOCOOHOE M3-
MEpATH PETHOHAIBHBIE BOSMYIIECHHUS aTMOC(EPHOH MUPKYIAIHA. B 3T0ii paboTe MBI KOMUYECTBEHHO OI[CHUBA-
eM LWA ¢ momorisio Z500, KOTOPBIN UCTIONB30BAIICS JJIsI AMATHOCTHKH SKCTPEMAIILHBIX TIOTOHBIX SBICHUH B
Tponocdepe, TakKuX Kak OJIOKHUpYIOIIUe sBIeHUs [4-6].

B B vccnegoBaHuM Ucrofib3oBasiacb Mofesb KnvMmatudeckon cucteMbl INM-CM48 [1], paspaboTtaHHas B
MBM PAH u yuuTbiBatoLas MHorne GpakTopbl U3MeHeHUA KnMaTa. 3Tu pe3ybTaTbl MOSyYeHbl B paMKax
npoekTa Poccuinckoro Hay4Horo ¢oHga N2 19-17-00154.

Modelled atmospheric response to Arctic ice reduction
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he amplified Arctic warming is one of several factors influencing the atmospheric dynamics. In this

work, a series of numerical experiments aimed at identifying the direct role of the sea ice reduction

process in forming climatic trends in the northern hemisphere is considered. In this case, we used two
more or less independent mechanisms of ice reduction. The first is traditionally associated with an increase in
the concentration of carbon dioxide in the atmosphere from the historic level of 360 ppm to the level corre-
sponding to the maximum concentration in implementing the mildest scenario RCP 2.6 - 450 ppm. As a result
of this growth, the average air temperature in the Arctic increases, and, by this, the ice volume decreases. The
second mechanism is associated with a decrease in the albedo of ocean ice and snow. The amount of solar ra-
diation absorbed by the ice increases, and the ice volume decreases. We assume that a comparison of the results
of these two experiments allows us to judge the direct role of ice reduction, regardless of the reasons that
caused this reduction. We also consider how regimes such as blocking and stationary Rossby wave activity
patterns may be altered under climate change. Recently, [2] have proposed local wave activity (LWA) as a diag-
nostic of local wave anomalies and blocking events. LWA is a generalization of the finite-amplitude wave activ-
ity theory [3] into its local counterpart, quantifying waviness as a function of latitude and longitude, and is ca-
pable of measuring regional disturbances in the atmospheric circulation. In this work we quantifies LWA using
7500, which has been used to diagnose weather extremes in the troposphere such as blocking events [4-6].
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B The study used the INM-CM48 climate system model [1], developed at the INM RAS and taking into
account many factors of climate change.These results were obtained within the framework of the project
of the Russian Science Foundation No. 19-17-00154

REFERENCES:

1. Volodin E.M,, Mortikov E.V., Kostrykin S.V., Galin V.Ya, Lykossov V.N., Gritsun A.S., Diansky N.A.,
Gusev A.V., lakovlev N.G., Shestakova A.A., Emelina S.V. Simulation of the modern climate using the
INM-CM48 climate model // Russian Journal of Numerical Analysis and Mathematical Modelling.
33(6), 367-374(2018).

2. Huang, C.S.-Y., and N. Nakamura, 2016: Local finite-amplitude wave activity as a diagnostic of
anomalous weather events. J. Atmos. Sci., 73, 211-229,

3. Nakamura, N., and D. Zhu, 2010: Finite-amplitude wave activity and diffusive flux of potential vortic-
ity in eddy-mean flow interaction. J. Atmos. Sci., 67, 2701-2716

4. Tibaldi, S., and F. Molteni, 1990: On the operational predictability of blocking. Tellus, 42A, 343-365,
doi:10.3402/tellusa.v42i3.11882.

5. Tyrlis, E., and B. J. Hoskins, 2008: Aspects of a Northern Hemisphere atmospheric blocking clima-
tology. J. Atmos. Sci., 65, 1638-1652, doi:10.1175/2007JAS2337.1.

6. V.N. Krupchatnikov and I. V. Borovko 2020 I0P Conf. Ser.: Earth Environ. Sci. 611 012015

Hydrodynamic modeling of the transport of heavy aerosols
of various origins in the boundary layer of the atmosphere
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the Lagrangian model of the transport of aerosol particles in the urban boundary layer of the atmosphere

with a high spatial resolution. The subject of this work is atmospheric aerosol — solid and liquid particles
suspended in the air. The range of densities and sizes that acrosol particles can have is extremely large, which is
associated with differences in the genesis and composition. Thus, the masses of various particles can differ by
many orders of magnitude. It is important to take this into account, since these parameters have a key influence
on the transport of aerosols. In the case of the study of bioaerosols, an equally important parameter is the parti-
cle lifetime.

A well-known method for monitoring and forecasting aerosol pollution is modeling, which makes it pos-
sible to calculate the necessary parameters even inside the urban environment on the basis of physical and
mathematical or statistical laws. At the moment, there are many types of aerosol propagation models, but
among them there are two main approaches: Lagrangian and Eulerian. The Euler approach calculates the trans-
fer and diffusion of particle concentration, for example, in the cells of the computational grid. The Lagrangian
method is characterized by the fact that each investigated particle is tracked along its trajectory, the velocity
and other parameters are calculated for it at each moment of time. This approach is more informative, since
with known particle trajectories it is easy to calculate the concentration, while at a known concentration it is
impossible to calculate the trajectories.

In this work, a first-order Lagrangian stochastic model has been developed to model the transport of aero-
sols. To calculate the trajectory of an aerosol particle, the equation of motion is used — it is based on the
Newton's second law. The model also implements three different turbulent parameterizations: a simple Gauss-
ian, a random walk model, and a random displacement model.

Previously, a comparison was made of the calculations of the Lagrangian model with the Eulerian analyti-
cal solutions for passive particles - small light particles for which the effects of inertia and gravitational settling
can be neglected. A correspondence between the exact and numerical solutions was observed. Further, the
model was verified on more complex analytical solutions, taking into account both the effect of the mass and
size of particles on their transport, and the reverse effect of particle concentrations on the stratification of the
atmosphere. The article [1], devoted to the speed of friction in a blizzard, was chosen as a theoretical basis. This
article presents formulas describing the profile of the turbulent diffusion coefficient for a neutrally stratified
boundary layer without the effect of particle concentration on stratification and taking into account this effect.

The presented work is devoted to the development, verification and application in practical problems of
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The results showed an almost perfect correspondence of the Lagrangian model and the analytical solution,
which indicates the correct and accurate reproduction of the transport of heavy particles by the developed La-
grangian model, at least within the framework of this experiment, as well as the possibility of assessing the ef-
fect of particles on the stratification of the atmosphere from the data model calculations.

The presented work also compares the calculations of the model with the data on the concentrations of
large sand particles measured under conditions of dust storms and high wind speeds. The developed model can
be used in both scientific and applied problems. In this regard, the possibility of calculations was tested in con-
ditions close to real urban development. Experiments were carried out to simulate the transport of aerosols in a
series of urban canyons under various stratification conditions, and modeling of bioaerosols was tested using
the example of SARS-CoV-2 coronavirus virions.

Thus, within the framework of one software package, a first-order Lagrangian stochastic model with a
choice of turbulence parameterization is implemented. The model was verified using analytical solutions for
both light and heavy particles. Also added is the ability to take into account the effect of large concentrations of
particles on the stratification of the atmosphere in certain problems. Simulation of particle transport taking into
account this function was also verified on the analytical solution.

B The work is partially supported by RSF grant 21-17-00249 and by Russian Ministry of Science and Higher
Education, agreements No. 075-15-2019-1621, 2020-220-08-5835.
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pencraBieHHas paboTa MOCBsIIeHa Pa3BUTHIO, BEpU(UKALIUKN U TPUMEHEHHIO B MTPAKTHUECKHUX 3a/1a-
Yax JIarpaHkeBOi MOIENIN epeHOca a9PO30JIbHBIX YaCTHI] B TOPOICKOM IIOTPAaHUYHOM cJI0€ aTMoc(e-
PBI C BBICOKHM MPOCTPAHCTBEHHBIM Pa3pelICHUEM.

[IpeameToM ucciIenoBaHuUs TaHHOW pabOoTHI SIBIIsIETCs aTMOC(EPHBIN a9p030Jib — B3BEIICHHBIC B BO3IyXE
TBEp/IbIE U KUKHE YaCTHIIBL. PazMep gacTHIl a9po30/s BapbHpyeTcst pUMeEpPHO B npeaenax oT 10™ 10 10° Mxm.
Jlnana3oH IJIOTHOCTEH, KOTOPbIE MOTYT HMETh a9PO30JIbHbIE YACTHIIbI, KPalfHE BEJIMK, YTO CBSI3AHO C Pa3IHYH-
SIMH B XUMHUYECKOM cOCTaBe M (ha30BOM COCTOSIHUH adpo3osieil. Takum 00pa3oM, pa3Mepbl B MACChl Pa3InIHBIX
YaCTHIl MOT'YT OTJIMYATHCSI HA MHOKECTBO TIOPSIIKOB. DTO Ba)KHO YUHUTHIBATH, TAK KaK JIaHHBIE TapaMeTphbl HMe-
0T KJIIOYEBOE BIIMSHME Ha IIEPEHOC adpo3oiel. B ciryuae nccinenoBanns 61moa’po3oseil He MeHee BaXKHBIM Ia-
paMeTpOoM SIBJISIETCS ¥ BPEMs )KU3HHU YaCTHIIBI.

W3BeCTHO, YTO a3p030JI YYAaCTBYIOT B aTMOC(EPHBIX XUMHUYECKHX PEaKIMAX M OKa3bIBAIOT BIUSHHE Ha
norofy 1 kiauMar. Ho He MeHee Ba)KHO, UTO B YCIIOBUSIX 3HAYUTEIHLHBIX KOHIIEHTPAIMH B3BEILICHHBIC YACTHUIIbI
MOT'YyT OKa3bIBaTh HEraTHBHOE BIMSHUE Ha 310POBbE JIIOAECH M OKPYXKAIOIIYIO cpedy. Takue yCIoBUsS penko
BCTPEUAIOTCSl B IPUPOJIe U Oosiee CBOMCTBEHHBI TEPPUTOPUSM C aHTPOIIOTCHHBIMH MCTOYHHKAMH BBIOPOCOB
a’po30JIeid, B TIEPBYIO 04EPE/lb, KPYITHBIM TOPOJIaM ¥ MPOMBIIIJICHHBIM 00beKkTaM. Jloka3aHo, 4To Mpu momnaia-
HUM BHYTpPb OpraHHU3Ma a’3po30JId MOTYT CTAHOBHUTBLCS MPUYMHAMHU CEPbE3HBIX 3a00JICBAHUIM, 3aBUCAIINX OT
pasMmepa u cocTaBa YacTHII.

Mertozbl U3MEpEHHil MapaMeTpOB a3PO30JbHOTO 3arps3HEHHsT MOXKHO pa3/iesinTh Ha JAMCTAHIMOHHBIC
KOHTaKkTHbIe. Ha3eMHbIe CeTH ¢ KOHTAKTHBIMH M3MEPEHUSIMH TIO3BOJISIIOT BECTH TIOCTOSIHHbIE HAOIIONEHNUS B
MHTEPECYIOMINX MYHKTaX W OOBIYHO COBMEIICHBI C aBTOMATHYECKMMHU METEOPOJIOTHYECKUMH KOMITIEKCaAMHU.
HecmoTpst Ha TakHe TOCTOMHCTBA, KaK HEIIPEPbIBHOCTh M3MEPEHUH, BBICOKAs! TOYHOCTh U BO3MOXKHOCTD M3Me-
peHUil BHYTPH TOPOJICKOH 3aCTPOMKH, TaKHe CUCTEMbI HAOIIONEHUS] UMEIOT M CYIECTBEHHBIC HEOCTATKH,
UMerolIre 0COOSHHYI0 BXKHOCTh B TOPOJICKUX YCIOBHsX. K HUM OTHOCSTCSI HU3Kas TNIOTHOCTD N3MEPHTEIb-
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HBIX CTaHIUH, Pa3HbIC YCIOBHS yCTAHOBKH OTHOCHTEIBHO MCTOUYHHUKOB YacTHI. K ANCTaHIIMOHHBIM METOaM
OTHOCSITCS CITyTHHUKOBbIE HAOMIOCHNUS, ONITHYECKHE U aKyCTHIEeCKIE HAOMONeHNsI ¢ MOBEpXHOCTH. OCHOBHOE
MIPEUMYILECTBO TAKUX METOJOB — BO3MOKHOCTD IMOKPBITHS OOJBIION TEPPUTOPUH U 3HAUYUTEIBbHOMN YacTy ar-
MocCdephl, HO IS I3MEPEHUI HEOOXOIMMO OTCYTCTBHE MPEMATCTBHN (3MaHUH, 1epeBbeB, hopM perpeda) Ha
ITyTH U3JTy4aeMOT0 U OTPAXKEHHOTO CUI'HAJA, YTO HEJOCTHKUMO BHYTPH T'OPOJICKOH 3aCTPOIKH.

OTANYHBIM OT U3MEPEHMH CIIOCOOOM MOHUTOPHHTA U IPOTHO3a a3PO30IbHOTO 3aTrPSI3HEHUS SIBIISIETCS] MO-
JIETTMPOBAHNE, TTO3BOJISIOIIEE PACCUUTHIBATH HEOOXOIMUMBIEC NTapaMETPbl BHYTPH TOPOJICKON 3aCTPOWKM Ha Oc-
HOBE (PM3MKO-MaTeMaTHYECKUX WIIM CTATUCTHUECKUX 3aKOHOB. Ha JaHHBIN MOMEHT CYIIECTBYET MHOXKECTBO
BUJIOB MOJIEJIEll pacTIpOCTpaHEHHs a9p030JIeii, HO CPEIM HUX BBIIEIIAIOTCS 1BA OCHOBHBIX MTOAXO0/A: IarPAaHKEB
n sinepoB. [Ipu »iiaepoBOM MoaX0/e K MOJISITHPOBAHHUIO PACCUUTHIBAIOTCS NepeHOC U AN y3ust KOHIICHTpPa-
LMY YaCTUL], HalpuMep, B AUehKax pacuy€THOM ceTku. [Ipy BBe1eHNN TaKUX OTPaHUYEHUI BO3MOYKHO OHOBpE-
MEHHOE OTCIJIS)KMBAHUE HEOIPAHUUEHHOTO YHCIIa YaCTHIl B 3a/JaHHON obnacTH. JlarpamxeB MeTO XapaKkTepu-
3yeTCsl TEM, UTO Kayk/1as HCclleyeMas YacTHIA OTCIIEKHUBACTCS BOJIb CBOCH TPACKTOPHH, T HEE PACCUUTHI-
BAIOTCSI CKOPOCTH U IPYTHE ITapaMETPhl B KK MOMEHT BpeMeHH. TakoH ITOIX0/ HCIONIb3yeTCsl ISl OTCIIe-
KHMBaHWUSA OTPAHUYCHHOTO YHCIIAa YAaCTHI], HO MO3BOJSET SBHO YUUTHIBATh CHUJIbI, JCHCTBYIOIINE HA JACTHILY.
Taxoke arpaHxeB MOAX0J ABIIETCS Oonee MHYOPMATHBHBIM, TaK KaK IPH M3BECTHBIX TPACKTOPUSIX YACTHUI]
HECJIO)KHO PACcCUYUTATh KOHLEHTPALUIO, B TO BPeMs KaK MPU U3BECTHON KOHIIEHTPAIUU HEBO3MOXHO PacCdu-
TaTh TpaeKTOpuu. CTOUT OTMETUTb, UTO JATPAHKEB MOIXO0 00BIYHO TpeOyeT OOIBIIEro KOIMIeCTBa BEIUUCIIC-
HUMH, YeM 3IIIEPOB, MOCKOIBKY JJISl HOIyYSHNUS CTATHCTHUECKH 3HAYNMBIX OIICHOK KOHIIEHTPALUH HEOOXOHMO
BBIYHCIIATE ABMKEHHUE JOCTATOYHO OOJBIIOrO KOMMUECTBA YacThll. Ho 1 3T0 4Mcio MoXkeT OBITh 1OCTATOYHO
HEOOJBIINM, €CJIU B paMKaxX KOHKPETHON 3aa4y OHO PEIIPE3EHTATUBHO /I 00JIe€ BHICOKMX KOHIICHTPAIHH.

B narpanxeBbIX MOZEINSX BIUSIHAE TYypOYyJICHTHOCTH MOXET OBITh YYTEHO B YPaBHEHHM JABMKCHHS JUISA
yactuil. Kitacc Hanbosee mpocThIX criocoO0B ONMMCaHUs BIUSHUS TypOyJICHTHOCTH Ha3bIBACTCS JIarPaHKEBOM
CTOXAaCTHYECKON MOJIEIIbIO HYJICBOTO TOPSAIKA MIIH MOZICNBIO CIIy9aifHOTO CMEIIEHHS — B TAKOW MOJIENTH TpaeK-
TOPHS YaCTHUIIBI ONTUCHIBACTCS TIOCIIEI0BATEIBHOCTRIO CITyYaifHBIX U3MEHEHNH Mo3uIK. bornee croXHBbIi moa-
XOJ] — JIarpaHkKeBa CTOXacTHUECKast MOJEIb IIEPBOTO MOpsiAKa (HarpuMep, ypaBHeHue JlaHKeBeHa) — OnichIBa-
€T TPAEKTOPUIO YACTHIIBI, HHTETPUPYS MOCIEAO0BATENHLHOCTD CITyYaifHBIX 3aTyXaIOIINX MTPUPAIIEHIHA CKOPOCTH.

B nanHo# paboTe 111 MOJIETUPOBAHUS ITEPEHOCa a3po30Jeh pa3paboTaHa JarpaHKeBa CTOXacTHUECKas
MOZIEJb TIEPBOTO MOPSIKA, JIArPAHKEB MOAXO0]] BEIOPaH B CBSI3M C MHPOPMATHBHOCTHIO U 00JIee SIBHBIM yIETOM
JEUCTBYIOLUX CHUJI OTHOCHUTEIBHO 3iepoBa noaxoxaa. s pacuéra TpaeKTOpUU a’pO30JbHOM YacTHUIIbI UC-
TIOJTb3yETCsl yPABHEHNE JIBIKCHUSL:

du, _g(pp —p)
d_tp=r[;7p+FD(u_up)’(l)
dxp
dt :up’ (2)

TJIIE U, — CKOPOCTh YaCTHUIBL, X, — €€ KOOPAMHATA, t — BPEMS], § — YCKOPEHUE CHIIBI TSKECTH, P, — IIIOTHOCTh
YaCTHILIBL, P — INIOTHOCTh OKPY’KAIOIIETO BO3/yXa, U — €r0 CKOPOCTh, F, — K03(h(UIMEHT CHITBI COTPOTHBIICHHUS.
VYpasuenus (1) u (2) UnciIieHHO pemIatoTcs SBHBIM METOJIOM Diijiepa 1-ro mopsaxka.

ITpu onmcanuu TypOyJICHTHBIX TEUCHNH KUAKOCTH WK Ta3a CKOPOCTh ITOTOKA MOJKET OBITH IIPE/ICTABICHA
B BUJI€ CyMMBbI OCPEAHEHHON CKOPOCTH U MyJIbCALMOHHOM KOMIOHEHTHI. [lepBast 3a1aétcs BXOAHBIMU JAHHBI-
MH, a BTOPasi paCCUNTHIBACTCSI OTAEIBHO TPH MOMOIIN TypOyJICHTHBIX MapaMeTpu3auuil. B nannoi mMomenu
peaT30BaHO TP PA3IHYHBIX TApaMETPHU3ALIN: TPOCTAs TayCcCOBA, MOZIENb CITy4alHbBIX OMyKIaHUH 1 MOZIENb
CIIyYaiHbIX CMEIICHUMN.

TypOyaeHTHbIE MyIbCAHN HMEIOT MECTO TAK)Ke B BEJIMYHHE [NIOTHOCTH BO3AyXa, p = p + p', BXOISIICH B
YCKOPEHHE MIIaBy4ECTH, ONHAKO OHU BHOCAT MPEHEOPEKUMO MaJIbIi BKIIA B PA3HOCTh P, — P VIS TSKENIBIX)
9acTHIL (CO 3HAYMTENBHOM MIIOTHOCTEIO), T.K. P, — P = P,

B pa3paboTaHHO MOIENH JTarpaHKeB IMOJX0/ TPUMEHSETCS K YaCTHIIAM, TIPH 3TOM XapaKTEPUCTHKH BO3-
IYUTHOHM Cpebl 3a0af0TCs SHIEPOBBIM METOIOM, T.€. KaK TPEXMEpHBIE TONS Ha TUCKPETHON CeTKe. DTH IO
(CKOPOCTH M XapaKTEPHUCTHK TyPOYIEHTHOCTH) U NX M3MEHEHHE CO BPEMEHEM 3a/1a10TCsl BXOIHBIMH IaHHBIMU,
KOTOPBIE MOTYT MOCTYIATh OT Pa3INYHBIX METCOPOIOTHIECKUX MOJIECIIEH HIIH JKE OBITh 33aJaHbl aHATUTHIECKH.

['panugHBIC YCIIOBHS AT YACTHUI] IPH OTCYTCTBUH TBEPIOH MMOBEPXHOCTH HA TPAHUIIEC pACUETHOM 00IacTH
MOTYT UMETh BUJ IPO3pAayHOM WIM NEPUOAMYECKOM IpaHMLbl. Take ONHMCAHO B3aUMOIEHCTBHE YACTHULL C
TBEPABIMU MOBEPXHOCTAMH. [IpH KOHTAaKTE MPOMCXOANUT WM TPHUINIIAHWE YaCTHUIBI, MM yIIPYTHH OTCKOK —
BBIOOD 3aBHCUT OT HACTPOECK ISl JAHHOH MOBEpXHOCTH. [ MoenpoBanus 610a3po30I1eii ¢ OrpaHMYEHHBIM
BPEMEHEM JKU3HH B MOJIEITIM PEAIN30BaH aJIrOpUTM HOJTypaciiajia yacTHIl. JJONONHUTENBHO AT UCCIEAOBAHUS
ABJICHUN KpalHe BRICOKUX KOHIIEHTPAIMH a’p0o30i1el (MeTeNH, mecyanbie OypH) B MOAEITH OBLIO peaTn30BaHO
o0paTHOE BIUSHHUE YACTHI] Ha CTPATH(HUKAIINIO aTMOCQEPHI.

Panee OpLTO TPOBEIEHO CpaBHEHHE PACUETOB JIATPAHKEBON MOJICNH C DHICPOBHIMHU aHAIUTHIECKAMH pe-
LIEHUSIMU JJIs1 TTACCHBHBIX YaCTHI] — MAJICHBKUX JIETKUX YaCTHIL, JUTA KOTOPBIX 3 dexTaMn HHEPLUH U TPaBUTa-
LIHOHHOTO OCENaHMsI MOXKHO IIpeHeOpeyb. B kadecTBe TOUHBIX pELIEHUH OBUTH PacCMOTPEHBI JiBE KOH(PHUTYpa-
WU HEUTPaJIbHO CTPAaTH(UIIPOBAHHBIN TIOTPAaHINYHBIN clloi 1 Tedenne Kyatra. B marpamkeBoit Mmomenn 3a-
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JTaBAJICSI COOTBETCTBYIONUNH Npoduits kodddumenTa TypOynenTHon auddys3mn. CpaBHUBAINCH BEPTUKATb-
Hble TIpouny KoHIEHTpanuil. B 00onx ciaydasx HaOMIOAAIOCh COOTBETCTBHE TOYHOTO M YHCICHHOTO pellle-
Hui. Takum oOpa3om, OblIa IpoBeAeHA BEpUHKALS Ha aHATUTHIECKUX PELICHUSIX, HO TOJIIBKO IS JIETKUX
YaCTHII.

[anee Oblna mpoBeieHa Bepr(UKaAIM MOAEITH Ha O0JIee CIIOKHBIX aHATUTHUECKUX PEIICHUSX, yIUThIBA-
IOIIMX KaK BIMSTHAE MAcChl M pa3Mepa YacTHIl Ha UX TIEPEHOC, TaK U 00paTHOE BIMSAHUE KOHIIEHTPALIMH 4acTUI]
Ha cTpaTH(dUKaIuio arMocgepsl. B kauecTBe TeopeTHueckoif OCHOBHI OblIa BRIOpaHa cTaths [ 1], mocBAIEHHAS
CKOPOCTH TPEHHUS B YCIOBHAX METenH. B 1aHHOI crarbe mpHuBeaeHb! (JOPMYIIBI, ONUCHIBAIONINE TTPO(IIIL KO-
s dunmenTa TypOyaeHTHOM 1 dy3un I HEUTPAITBHO CTPATU(PHUIIMPOBAHHOTO OTPAHIYHOTO CII0sT 6e3 BIIH-
SIHUSI KOHLIEHTPALUH YacTHUIl Ha CTPAaTU(HKALINIO U ¢ YIETOM 3TOT0 0OpaTHOTO BIMSHMA. PeleHns NcKaiuch
JUIS1 CUCTEMBI YpaBHEHU, UMEIOLIEH Ciey0IHNi BU;

ds
Ks % + wgs = —H
S(h) = Sh s (3)

e s — KOHIeHTpanus JacTtuil, K, — koahunuent typoynentaort auddys3um, w, — CKopocTs TpaBUTAIH-
OHHOTO OC€laHMs YacTull, H — MOTOK 9acTHII ¢ TOBEPXHOCTH, S, — KOHIIEHTpaNus Ha BepxHer rpanuie z=h (B
JIarpaHKeBOM MOJETH U COOTBETCTBYIONINX aHANMUTHYECKHUX pemenusx S, = 0). [Ipu nomyuernu 31oit cucre-
MBI OBIIIM UCTIOIB30BAHBI CIICTYIONINE YIPOIIECHHS: TOPH30HTAIbHAS OJHOPOAHOCTh TEUEHHS 1 PACCMOTPEHHUE
TOJIBKO BEPTHKAIBHOTO MPO(MII KOHIEHTPAIMH, CTAI[MOHAPHOCTh, PABEHCTBO MCTOYHUKOB M CTOKOB. biiaro-
Jrapsi 5ToMy ObIIa IMOJydeHa YIPOMEHHAsI CHCTEMA C TPAHUYHBIME YCIIOBUSIMH, OMTHAKOBBIMHE C YCIIOBHSAMH U3
JIarpaHKeBOM MOJIENN: IOTOK YaCTHIl HA HIDKHEW TPaHNIIE U HyJIeBast KOHLICHTPALUSI YaCTUI] Ha BEPXHEH.

Pesynbrarel pacu€ToB U cpaBHEHUS MPUBEICHBI HA PHUCYHKax la u 16. 3aMETHO MPakTHYECKH HIICaTbHOE
COOTBETCTBHE JIATPAHKEBOI Moaeny (4€pHas KpUBasi) M aHATUTHICCKOTO PeIIeHus (KpacHast KPUBas), 4TO TO-
BOPHT O IIPAaBHWJIBHOM U TOYHOM BOCIIPOM3BEICHUH NEPEHOCA THKEIBIX YaCTHI] pa3pabOTaHHOMH JIarpaHKeBOH
MOJIENBI0 KaK MUHIMYM B paMKaX JaHHOTO 3KCHEPHMEHTA, a TAK)KE O BO3MOKHOCTH OLCHKH BIIUSTHUS YaCTHI
Ha CTPaTHU(PUKAINIO aTMOC(EPHI 110 JAHHBIM PacIETOB MOJCIIH.

= [larpamxesa mogens

== == Ananut.pew., C(h)=0
== == AHanut.peuw., C(h) # 0
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Puc. 1. [Tpo¢punu KOHLEHTPaLMM TAMKENBIX CHEXHbIX YaCTUL, ANA YCNIOBMIA NOrpaHUYHOro coA 6e3 yyéTa (a) v ¢ yuétom (6)
B/IMAHWA KOHLEHTPALIMIA Ha CTpaTUdMKaLMIo aTMochepbl.

B npezncrasienHoii paboTe Takke MPOBOIUTCS CPABHEHNE PACUETOB MOJICIIH C IAHHBIMHU O KOHIIEHTPAIIU-
AX KPYIMHBIX I€CUYAHBIX YaCTUIl, ©BMEPCHHBIX B YCJIOBUAX IBUICBBIX 6yp]:- U BBICOKHX CKOpOCTeﬁ BETpa.

Pa3pa60TaHHa${ MOJACIIb MOXET OBITh KCITOJIB30BaHA KaK B HAy4HbIX, TaK U B MNPUKIAJHBIX 3aga4ax. B
CBSI3U C 9THM ObLIa MPOTECTUPOBAHA BO3MOKHOCTh PACUETOB B YCIOBUSAX, MPUOIMKEHHBIX K PEaIbHON TOposI-
CKOH 3acTpoiike. bbuii mpoBeIeHbI SKCIIEPUMEHTHI 110 MOJIEIMPOBAHUIO MIEPEHOCA a’pO30Jieii B CEpUH TOPOA-
CKHX KaHbOHOB B Pa3JIMYHBIX YCJIOBHSX CTpaTH(HKAIMH, a TAKXKEe HAa MPUMEpPE BHPHOHOB KOPOHAaBHpPYyCa
SARS-CoV-2 06110 IPOTECTHPOBAHO MOJICIUPOBAHNE OHOAdPO30IICH.

Takum 00pa3zoM, B paMKax OJJHOTO IPOrPaMMHOI0 KOMIUIEKCa peajn30BaHa JarpaHyKeBa CTOXacTHIeCKast
MOJIEJb MIEPBOTO TOPsIKa C BO3MOXKHOCTBIO BRIOOpA Mapamerpusanuu TypOyiIeHTHOCTH. Moenb Bepuuiu-
PpOBaHa Ha AHAJIUTHUYCCKUX PCIHNCHUAX KaK JJIA J'IéFKI/IX, TakK " AJ1d TSHKEITBIX qyacTuu. Taxoxe ;:[o6aBneHa BO3MOX-
HOCTB yu€Ta BIUSHHS OOJIBIINX KOHIICHTPAIUI YaCTHIl HA CTpaTu(UKAIII0 aTMOChepsl B ONpeaeIEHHbBIX 3a-
Jnadax. MoJeTupoBaHUE TIEPEHOCA YACTHIL C YIETOM 3TON (PYHKIMH TAKXKe ObLIIO BEpUHUIIMPOBAHO HA aHAIIH-
TUYCCKOM PCIICHUM.

B Pab6oTa BbinosHeHa NpY YacTUYHOM nopaepKke rpaHta PHO 21-17-00249, MuHucTepcTBa HayKu U BbIC-
wero obpasosaHua (gorosopbl 075-15-2019-1621, 2020-220-08-5835).
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Microclimatic features of Moscow city centre
and the influence of green infrastructure: a case study
of the 2010 heatwave

Kospanov A.A., Konstantinov P..
Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia

E-mail: kospanov.alen@gmail.com, kostadini@mail.ru

extraordinary meteorological conditions occur. To use all the expensive land, the city planners have

been destroying the trees and green infrastructure in the city. This work explores the effects of green
infrastructure on thermal comfort indexes in a case study of a heatwave in Moscow in 2010. Moreover, the mi-
croclimatic features of a densely built-up city center with large bodies of water and areas with trees are also
being explored.

The ENVI-met is a microclimate model that was developed in the university of Mainz. The model has
been used to model various aspects of city microclimates both in Russia and abroad. For the case in Russia, it
was used to model the extreme wind speed distribution. Moreover, the rich possibilities to include all city fea-
tures can be utilized to model the temperatures.

For the case of a heat wave in Moscow in 2010 the simulation area was centered around the Balchug sta-
tion. It included built-up areas, parks with high trees and a river. The modelling period encompassed 2 hours
(14:30-16:30) on the hottest day of 29th of July when the temperatures reached 38,5°C. In order to make the
model, the OSM data was used. The work is the first attempt to create a microclimatic ENVI-met simulation for
Moscow city center. OSM is a universally available GIS dataset, however it included some missing values for
building heights. Missing values were added after in-situ observations.

There were two runs — one with trees and one without them. The required time was approximately 24
hours per run. The modeling architecture used was AMD Ryzen 5 3600 Hexa-Core, Simultaneous Multithread-
ing, RAM: 64 GB DDR4, Hard drive: 2 x 512 GB NVMe SSD, (software-RAID 1).The model had a spatial
resolution of 5 meters, which allowed to replicate the shadow effects of buildings and the street canyons in the
city. It is vital to estimate the features of the air circulation in the streets. Poor air circulation promotes the in-
crease of pollution levels, which negatively impacts the life quality of the city dwellers. For the purpose, sev-
eral variables were used. Firstly, the wind speeds themselves were analyzed with the detection of the poorly
ventilated areas. Secondly, the turbulent energy and the flow divergence was estimated to explore the mixing
possibilities in the layers closest to surface.

The results of the runs showed a drastic change in key meteorological parameters. As such, the PET index
has seen a decrease of 3,5 degrees under the tree canopy which made the difference between strong and extreme
heat stress. The air temperature decreased by up to 6,5 degrees. The effects of the river were underrepresented
due to the model specifics.

It is possible to use ENVI-met as a pair with the WRF model in a hierarchical modelling experiment where
the WRF is downscaling a reanalysis or a weather forecast down to a few hundreds of meters and then the EN-
VI-met produces a detailed output with resolutions of up to 5 meters or less.

ﬁ s the urban population continues to grow it is vital to estimate, how comfortable the people feel when

B This work was supported by Russian Ministry of Education and Science (2020-220-08-5835).

CEKLMA 11 // MOOENIMPOBAHME U AHAN3 TJTOBANIBHOMO W PETMOHAJTBHOMO KJTUMATA 1 ©OPMUPYIOLLIVX EF'0 ATMOCOEPHbIX NPOLIECCOB

cires'2021 [N

]

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
=T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
<
<T
o
=
o
(=
<T
b= =
>
=
==
L
=

67




cires’2021 1

wn
L
(=)
=
[}
()
w
—
<T
-
=
L
=
=
(=)
=
=
=
()
oc
o
(.
w
L
(4]
(=]
=
(=]
=
= =
o
|
-
=
o
-
<T
=
oc
o
e
=
—
T
=
=
o
=T
-
)
o
=
o
(]
=
(=]
L
(=)
=
L
oc
[}
(.
=
o
()
=]
=
<T
—
(=]
(=]
=
()
w
w
-
=2
-

INTERNATIONAL YOUNG SCI

MWKpoOKIMMaTHYecKkme 0cobeHHOCTU LieHTpa ropoaa Mockea
N BTUAHWNE 3e/1eHOM MHPPACTPYKTYpPbI HA MPUMEpPE BOJTHBI
¥apbl 2010 roga

KocnanoB A.A., KouctantuHos M.U.
MocKoBcKuMiA rocynapcTBeHHbI yHuBepcuteT uMeHu M.B.JlomoHocoBa, leorpaduyeckuit pakynbtet, Mockea, Poccua

E-mail: kospanov.alen@gmail.com, kostadini@mail.ru

OJIs1 TOPOJCKOTO HACeNeHHs B CTPYKTYpPe MHPOBOTO HACENICHHS MPOAOIDKAECT PACTH. DTO BBI3BAHO H

MIPUTOKOM B TOPOJI U3 HE ypOAHU3NPOBAHHBIX TEPPUTOPHUIA, 1 €CTECTBEHHBIM POCTOM BHYTPH TOpofa, a

3HAYUT BCE OOJIBINE U OOJBIIE JIFOACH MPOKUBAET HA TEPPUTOPHUH TOPOJCKON 3acTpoiiku. Jliis ropona

ApaKTCPpHbI COBEPIICHHO 0COOEHHbBIE MUKPOKIIUMATUYCCKUE XapaKTCPUCTHUKHN, CBA3AHHBIC C UBMCHCHHUEM I1a-

paMeTpoB TEIIOEMKOCTH, alb0eno, a TakkKe FeOMETPUH TPOCTpaHcTBa MpH 3actpoiike. s komdopTHOTO

IIPOXUBAHUA B TOPOAC KUZHEHHO HeO6X0,ZII/IMO OLICHUTH ITOKA3aTCIIn MeTeOpOHOFI/I‘IeCKOﬁ KOM(bOpTHOCTI/I pu
OKCTPEMAJIBHBIX METCOPOJIOT'MIECKUX YCIIOBUAX.

OtnenbHOE BHUMaHHE 3aCiy)KHBAeT 3elieHas MHPpacTPyKTypa B ropoje. 3lech Nox 3ejeHoW HH(pa-
CTPYKTYpOIi MOHUMAIOTCSI BCE MApPKH, JIEPEBbsI U MHBIC 3eJIeHbIe HACAXK/ICHHS B TOPOJIE, yuacTByolue B (op-
MHUpPOBAHMHU €ro MUKpokinMara. Kak u B 1000M AMHAMHYHO Pa3BHUBAIOIIEMCS TOPOJIE, 3a TOCIEIHUE TO/IbI B
MockBe T0JI0kKEHHEe, COCTOSIHUE U TUIOMIAb 3eJICHOW HHPPACTPYKTyphl 3HAUMTENLHO MeHsI0Ch. Hamerniics
TPEH/I Ha YMEHBIIICHUE KOJINYECTBA 3eIEHON HHPPACTPYKTYpHI B LIEHTPE ropojia. DTO HE MOXKET HE BIHAThH Ha
KOM(OPTHOCTb, 0COOEHHO B YCIOBHUSIX IKCTPEMAIbHOM Kaphl.

Juist u3ydeHusi MUKPOKIMMATHYECKUX 0COOEHHOCTEH ropoja Oblia BeIOpaHa IeHTpabHas 4acTh Topojia
MockBa Bokpyr craniuu bamayr. Beioop nanHo# teppuTopun OblT 00yCIOBICH HATMYMEM METEOCTAHIINH JIJIsI
TIOTYYCHUA HAaYAJIbHBIX U TPAHUYHBIX METCOPOJIOTUYCCKUX yCHOBI/Iﬁ, a TaKKC HAJIMYUEM KaK 3aCTpOI>iKPI C pas-
HBIMH BBICOTaMH M Pa3HOH IIUPUHON YIIUI, TaK U 3€JIEHBIX HACAKICHUN JOCTAaTOYHO OOJBIION ruTomazy (ae-
peBbs BHYTpH U BOKpYT Kpemits, bonoTHast rutomans).

B kagecTBe NaHHBIX 7151 CO3MaHUS MOJIETTH ObLTH MCTIONh30BaHBI OTKPHITHIE JaHHbIE cepBruca Open Street
Map. JlaHHBIN CEepBUC MPEAOCTABISICT NOAPOOHYIO HHpOPMAIHIO 00 00bekTax ropoaa. [l BEIOPaHHOTO T0-
JIMTOHA UMEJNUCh 3/1aHus 0e3 0003HaueH s 3TaKHOCTH. OTCYTCTBYIOIIUE JaHHbIE ObIIH ITOIYYEHBI TOCIIE JTNY-
HBIX HaOMOneHui. bblta mpou3BeeHa OleHKa BBICOT 3MaHUi, HH()OPMAIIHIO O BBICOTE KOTOPHIX HEBO3MOXKHO
OBLTO MOIYYHUTh U3 0a3bl NBIHHBIX.

Jasee Ha ocHoBe ganHbIXx OSM B iporpamme QGIS Ob1I0 MPOBEACHO BIICICHUE CIIOCB C PA3HBIMU 00b-
CKTaMu. OT}IGHBHOC BHUMAaHHUE YICIIAIOCH YTOUYHCHUIO PACIIOIIOKEHUA U pasMEPOB MMOJIMTOHOB, 3aHATHIX IPEC-
BECHOM pacTUTENBbHOCTHIO. bBINa co3mana Mozienb TepPUTOPHH C TOPH3OHTAIBHBIM Pa3pelieHHeM 5 METPOB,
Ha e€ OCHOBE NMPOBOAMIOCH CaMO MUKPOKJIMMAaTHYECKOe MOJIeTIpoBanue. Pazmepsl 001acTH MOACIHPOBAHUS
cocraBmiu 1960%1380 meTpos.

Display Model Layer: |Bui|dings
~Display Options
Show Model Grid

Color undefined DB Entries: [l v

Puc. 1. Cxema nonyyeHHoit obnacTu nocne 0bpaboTku B npunoxeHun Monde.
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Brusane 3enenoit mHpacTpyKTypsl Ha KOM(OPTHOCTE TOPOAA, a TAKKEe 0COOCHHOCTH BHYTPEHHEH Tep-
MHYECKOH IUPKYISIIUN HauOoJIee CHIIBHO MPOSBISIOTCS B SKCTPEMAJIbHO BBICOKHE TemrepaTypsl. IMeHHO
MTO3TOMY JIJIsl MOAETMPOBAHHUS OBUT BRIOpAH ACHB C CaMOM BBICOKOM 3a(MKCHPOBAHHOHN TemIieparypoii B Mo-
ckBe. Pexopz Temmeparypsl aist ropoaa Mocksa 6s11 yetanosieH 29 utonsg 2010 roma u coctasun +38,2 rpamy-
ca o manHbM ctaniui B/IHX. B 15 wacos Temneparypa Bo3ayxa Ha craniuu bamayr cocraBmia +38,5 rpa-
JIyCOB.

AHanu3 MUKPOKIIIMAaTHIECKUX 0COOCHHOCTEH TEPPUTOPHH U BIHMSHUS 3€JIeHOH HH(pacTpyKTypsl Ha MO-
Ka3zarenu KOM(QOPTHOCTH MPOBOAMWICS C UCIIONB30BaHNEM MHKpOMETeoposoruaeckoro kommiekca ENVI-met.
OTo TpexMmepHas HETHAPOCTAaTHYECKass MUKpOKINMarnideckas mMonenb. ENVI-met otnngaercs ot mesomac-
MTa0HBIX ¥ TIIOOAIBHBIX METEOPOJIOTHYECKUX MOJIENIEH CBOMM BBICOKMM pPa3pEIICHHEM B IPOCTPAHCTBE U
BpeMeHH. XapaKTepHOE pa3pelleHrne PH MUKPOKINMATHIECKOM MOJCTMPOBAHNHT UMEET TOopsiAok oT 1 1o 10
MeTpoB. Baxxaoe npenmytmectBo ENVI-met — BO3MOXXHOCTD OY€HB TOYHOTO 33JaHUS 0COOEHHOCTEH TeppHUTO-
pHHM — 371aHMS 3aJAF0TCSI BIUIOTH JI0 OKHA. MOXHO yYUTBIBaTh MaTepHaibl CTECH, TOJIIINHY U TEMIIEPATypy BHY-
TpH 34aHUA. MO/Ieb yYUTHIBAET SHEPrOOOMEH 31aHuii ¢ aTMOc(hepoit.

Takoke B MOzieI BO3MOYKHO OYEHB MOAAPOOHO 3a/1aBaTh 0COOCHHOCTH AepeBbeB. Hanpumep, MOXKHO Bpyd-
HYIO 33/1aBaTh CTPYKTypYy M (popMy KpPOH, MPOHHIIAEMOCTb U CE30HHOCTh OMNaJaHMs JUCTBEL. B nanpHelnem
3T0 OyZIeT yUITEHO IIpU pacdeTe paJnalioOHHOIO HarpeBa U BIaroooMeHa ¢ armocgepoit. B nenom monens mpo-
M3BOIUT pacyeT B3aMMOCHCTBHN MEXIy IMOYBOH, PACTHTEIBHOCTHIO, 3aCTPOHKOH U atMoc(epoir. OCHOBHBI-
MU JJMarHOCTHYECKUMH TIEPEMEHHBIMHU SIBIISIOTCS. TEMIIEPaTypa, BIaKHOCTh BO3/yXa, CKOPOCTh U Halpasie-
HHUe BeTpa. PacueT ckopoCTH 1 HalpaBJICHUS BETPa OCYIECTBISAETCS Yepe3 MOJEIb TypOyIeHTHOW SHEPT L.

MopnenupoBanue oxBatbiBajio 2 gaca — ¢ 14:30 go 16:30 mo mockoBckoMy BpeMeHH. Cepus IKCIIepUMEH-
TOB Ha BBIUMCIUTENBHON apxutektype AMD Ryzen 5 3600 Hexa-Core, Simultaneous Multithreading, RAM:
64 GB DDR4, Hard drive: 2 x 512 GB NVMe SSD, (software-RAID 1) morpeGoBana B cymme mopsaka 48 da-
coB. beuto mpousseneHo 2 3amycka mozenu. KOHTpOIbHBIN 3aITyCcK MPOU3BOAMICS C YI€TOM PEaIbHOTO HaJU-
YWl ¥ pacTpeiesieH s 3eJIeHO HHPPaCTPyKTyphl. BTOpOii 3amyck mpoBoaniIcs A MOJENH, U3 KOTOPOH ObUTH
TIOJTHOCTBIO NCKJIIOUEHBI OJIUTOHBI JIPEBECHOTO ITOKPOBA.

Pe3ynbraThl MOZIETUPOBAHHS MOKHO OLIEHUTH MO HECKOJIBKUM 0COOCHHOCTSIM IOy ICHHBIX TaHHBIX.

Bo-niepBrIx, OBIUTH TOTYYEHBI OKHAaeMbIe 3(p(heKTHI TOPOACKON 3aCTPOUKH. DTO BETPOBAs TEHB HA ITO/IBE-
TPEHHOI CTOpOHE 3[1aHNS U YBEJINYEHHE CKOPOCTH BETpa Ha yriax 3aHuil. Takke CTOUT OTMETHUTH BEpHOE
BOCTIPOM3BEICHNE TEHN — HA TEHEBBIX YYaCTKaX TEMIICPaTypbl ObUIM Ha HECKOJBKO I'PAaJyCOB HMXKE, YEM Ha
CBETY.

Bo-BTOpBIX, OBUTO MOMYUEHO OXJIAXKCHUE MO IEPEBBSIMHU U MOBBILIIEHUE BIAXXHOCTH, YTO OTpaXkaeT 3¢-
(heKTBI IPOITYyCKaHUS KPOH U 9BANIOTPAHCITUPALIHH.

ITo pe3ynbTaramM MOAENINPOBAHUSI OCHOBHBIX METEOPOIOTNIECKNX XapPAKTEPHCTHK OBLT TAKXK€ BHIYMCIICH
naaexkc PET — ¢usnonornyeckn skBuBajeHTHas TeMmeparypa.llpu cpaBHEHHH pe3yabTaToOB ABYX IKCIIEPH-
MEHTOB JUIsl BBIJCIICHUS BIUSHUSA 3€1€HOH MH(PACTPYKTYPbl HA KOM(POPTHOCTH B TOpoAe OBLIM MOTYydEHBI
CJIEIyIOIIHE 3aKOHOMEPHOCTH:

®  pa3HMIIa TEMIIEPaTyphl BO3AyXa Ha ypoBHE 1,5 MeTpa Haj MOBEPXHOCTHIO MEXKLY IKCIIEPUMEHTOM C

JIepeBbsIMH 1 0€3 1epeBbeB cocTaBmia 6,65 rpamyca Llenscust. D10 mpsiMoii 23 eKT TeHN 1epeBbeB
®  a0CONIOTHAS BIAKHOCTH MO JepeBhAMH OblIa BHIIIE Ha 2,51 T/KT, HEeXKEIH B TOM K€ MECTe, HO MpH
MOJICTTUPOBAHNH 0€3 JIepEeBbEB

®  TeMIepaTypHbII KOHTPACT, BOSHUKIINIT U3-3a IEPEBEB, MPUBEI K M3MEHEHUIO HAIIPABICHUS U CKO-

pocTH BeTpa

e unnekc PET moka3pIiBaeT MeHbIEe H3MEHEHHE — TIO/T IEPEBBSIMU OH Ha 3,5 rpagyca MEHbIIE, YeM

6e3 HuX.

Puc.2. Kapra uH-
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Pasnuune B pazaumax remmneparyp u uaaekca PET MoxHO 00BSCHUTH TIOBBIIICHHEM BIIAXKHOCTH IO/ JTe-
PEBBAMH H3-32 IBANOTPAHCTINPAIMU. B yCIOBHAX >kapbl MOBBIMICHHAS BIQXKHOCTH TPEMSATCTBYET HCHAPEHUIO
0Ta, YTO 3aTPYJHSIET ECTECTBCHHOE OXJIAXKICHUE TeTIa.

B ycoBHAX BOTHBI JKapbl TEPPUTOPHSI MOZICINPOBAHUSI HCTIBITHIBAJIA CHIIBHBIHM TETIIOBOM CTPECC, OHAKO
TIOZT IEPEBBSIMU OH CHMIKAJICS JI0 YMEPEHHOTO.

Baxxasim HenoctatkoM Mozaenu ENVI-met sBisieTcss OTCYTCTBHE 3aJaHNS B3aUMOACHCTBUS BOIHBIX 00b-
eKTOB ¢ atMocdepoid. [IoaToMy HEBO3MOXKHO OBITO MOTYYHTH OXJIAXKIAIOIIN, BETPOBOH U BIaXHOCTHBIHN (-
(eKT OT KPYITHOTO BOAHOTO 00BEKTa Ha TEPPUTOPUH — ek MOCKBa.

Pabora npeanonaraer 3HaUNTENFHOE JaTbHEHIIIEE PA3BUTHE B IBYX HAIIPABICHUSX.

Bo-nepBbIX, HEOOXOIMMO MOJEIHPOBAThH JONOIHUTEIBHBIC BPEMEHHBIE TIPOMEXYTKH. MOXHO paccMmo-
TPETh HOYHBIE OCOOEHHOCTH TEMIIEPaTyp M BETpa B ropoje. Takxke MOXKHO paccMaTpUBATh U HKCTPEMAIBHO
XOJIOJHBIE TIEPHUOBI TSI aHATTH3a X0JI0JJOBOH KOM(POPTHOCTH M AP EeKTa OT HAarpeBa 3AaHUI.

Bo-BTOpBIX, MOJKHO HCIIONB30BAaTh M JIpyTHE TOIUTOHBI IS nccaenoBanus. HoBele pa3paboTku nepapxu-
YECKOTO MOJICJIUPOBAHMS JICNIAIOT TAKyIO 3a/1ady pelraeMoil 1 IPUMEHUMOM JUIs IPYTHX eNeH, HapuMmep, A
OLIEHKH BETPOBOH OE30IIACHOCTH B OTIEPATHBHOM PEXKHME.

B Pa6oTa BbinosiHeHa Npy GpuHaHCOBOW noaaepHke MUHUCTEPCTBa HayKM U Bbicluero obpasoBaHus Poc-
cuiickon ®epnepauum (gorosop N2 2020-220-08-5835).

Evaluation of ventilation conditions and bioclimatic comfort
conditions in Moscow at the microclimatic level,
depending on different types of the buildings structure

'Perkhurova A.A., 'Samsonov T.E., *Varentsov M.1., 'Kospanov A.A., 'Konstantinov P.I.

' Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
? Lomonosov Moscow State University, Research Computing Center, Moscow, Russia

E-mail: an.perkh@gmail.com

into the atmosphere, including those harmful to the human body. Unfavorable thermal conditions

and a large amount of harmful impurities in the air have an extremely negative effect on the health of
the population. For such a large city as Moscow, where more than 11 million people live, the study of these in-
dicators plays a significant role.

To study the ventilation conditions and bioclimatic comfort, an experiment was set up to consider 8 peri-
ods with different weather conditions in order to obtain a more complete picture of the distribution of areas with
unfavorable conditions.

To calculate the trajectories of particles, wind flows, temperature distribution, a three-dimensional non-
hydrostatic microclimatic model ENVI-met [1] was used. It was designed to simulate meteorological fields in
urban environments with a typical resolution of 0.5 to 10 meters.

The territorial domain of the center of Moscow (Balchug) was taken as the study area. The center of Mos-
cow is characterized by different underlying surfaces. Especially for the territory studied in this work, an LCZ
[2] distribution map was obtained with a step of 50 meters x 70 meters. For further analysis of ventilation con-
ditions, homogeneous areas of local climatic zones were selected: LCZ2, LCZ4, LCZ5, LCZS8, LCZ15.

As the initial data, it was decided to use the meteorological values for June 2019 and January 2017 as one
of the hottest and coldest periods, respectively, in recent years. For the selected two months, an analysis was
carried out in order to identify heat waves and cold waves. Further, in each of the periods, the terms were se-
lected that meet the following criteria:

1. Cold wave, calm day (01/08/2017)

Cold wave, windy day (01/07/2017)

Cold wave, calm night (01/06/2017 - 01/07/2017)

Cold wave, windy night (01/08/2017 - 01/09/2017)

Heat wave, calm day (06/20/2019)

Heat wave, windy day (06/18/2019)

Heat wave, calm night (tropical night) (06/07/2019 - 06/08/2019)
Heat wave, windy night (tropical night) (06/18/2019 — 06/19/2019)

To simulate summer conditions, we used the calculation data of the regional COSMO model with a time
step of 1 hour. To simulate winter conditions, we took archived meteorological data from the site rp5.ru.

Moscow is a large metropolis with a large number of land transport and industries that emit aerosols

N LR W
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The results of winter and summer wind experiments showed that local decreases in wind speed, as expected,
are mainly concentrated in yards, between buildings. The lowest speeds, even on days with strong winds, are ob-
served in square courtyards - buildings closed on all 4 sides. Large values of wind speed (more than 2.5 m/s) are
mainly confined to either narrow passages between houses, and the passage is directed perpendicular to the main
stream (the effect of an urban canyon), or to the corner of a building bordering an open area (for example, a water
body). Wind speed enhancement effects are only observed at high background values.

On the basis of the previously selected homogeneous LCZ in the considered area, the wind speed was av-
eraged in the experimental periods. The results are shown in Table 1.

Table 1. Averaged wind speed values for different LCZ in different experimental periods.

winter summer
LCZ night day night day
windy calm windy calm windy calm windy calm
06.01- 08.01- 18.06- 07.06-

Date 07.01 09.01 07.01 08.01 19.06 08.06 18.06 20.06
2 1,36 0,55 0,96 0,54 1,2 0,73 2,15 1,64
4 1,61 0,64 1,21 0,64 1,41 0,86 2,51 1,91
5 1,37 0,56 0,98 0,55 1,1 0,74 1,97 1,66
8 1,47 0,58 1,08 0,61 2,6 0,77 2,2 1,73
15 1,73 0,68 1,28 0,69 1,45 0,91 2,59 2,05

From the table we can highlight the most blown area - LCZ 15. On the map, it corresponds to the Zaryadye
park. The average background of the wind there is high in all the periods under study, which means that the rate
of dispersion of particles is higher. It is worth highlighting LCZ 4, in which high wind speeds are also observed.
The most vulnerable areas to accumulation of pollution are LCZ 2 (dense buildings) and LCZ 5.

Also, from a bioclimatic point of view, during the summer heat wave during the day, the most comfortable
area will be the one where the wind speed is higher - LCZ 15 (Table 2). At night, especially in the presence of
wind, the population in the center of Moscow finds itself in a zone of slight cold stress (PET ~ 13 ©). During the
day, with light winds, very high values of the index are observed, which correspond to extreme heat stress.

Thus, from both aspects considered (wind speed and bioclimatic comfort), LCZ 15 is the most healthy
area of the center of Moscow.

Table 2. Average values of the PET thermal comfort index for different LCZs in different experimental periods.

summer
LCZ : night : day
windy calm windy calm
03h 19.06 03h 08.06 15h 18.06 15h 20.06
2 13,35 18,39 37,35 43,67
4 13,31 18,19 37 42,04
5 13,77 18,59 37,6 42,11
8 13,04 18,19 39,22 45,33
15 12,59 18,08 37,58 43,44
REFERENCES:

1. Huttner, S., 2012. Further Development and Application of the 3D Microclimate Simulation ENVI-
met. University of Mainz, Mainz.
2. Stewart, I. D., & Oke, T. R. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of
the American Meteorological Society, 93(12), 1879-1900.
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INTERNATIONAL YOUNG SCI

OueHKa ycrioBuii BEHTUAMPOBAHMA U BUOKNIUMATUYECKOM
KoM$opTHOCTK B MOCKBE Ha MUKPOKTMMATUYECKOM YPOBHE
B 3aBMCUMOCTW OT CTPYKTYPbl 3aCTPOMKMN

"Mepxyposa A.A., 'Camconos T.E., ‘Bapenuos M.U., 'Kocnanos A.A., 'KoHcTantuHos M.U.

" MoCKOBCKMIA rocyaapcTBeHHBIN yHuBepcuTeT nMenm M.B. JloMoHocoBa, leorpaduueckuit pakynbTeT, Mocksa, Poccus
? MoCKOBCKMif rocyapcTBeHHbli yHusepcuteT uMenm M.B. JlomoHocosa, HUBL, Mocksa, Poccus

E-mail: an.perkh@gmail.com

OCKBa — 3TO KPYTHBIA METAIoJIUC ¢ OOJIBIINM KOJHMYECTBOM Ha3eMHOTO TPAHCIIOPTA U TPOU3BOICTB,

KOTOpBIE BEIOPACHIBAIOT B aTMOC(EPyY a3p030JIH, B TOM YHCIIE BPEAHBIE JUIsl YEJIOBEYESCKOTO OPTraHm3-

Ma. KonmndecTBo 4acTHIl B BO3AyXe ONPEesseTCs] HCTOYHUKAMHU M CTOKOM. Y MCTOYHHMKOB €CTh Cy-
TOYHBII X071, HApUMep, aBTOMOOMIIBHBIA TPAHCIOPT Yallle UCTIONB3yeTCsl HACeJICHUEM C yTpa M Be4epoM (BO
BpeMsi Iepe/IBIKEHHsI K MECTy paboThl M 00paTHO). CTOK ke ONpe/essieTcs] BHeITHUMH (DaKTOpaMu — YCIIOBH-
MU OUPKYJSAIAN, HaKJIaJbIBAEMBIMI Ha Pa3HOPOAHYIO 3aCTPOIiKy, mpucyuryo Mockse. B npenenax omHoro
ropojia HaOIIOIAeTCsl IVIOTHO M PEJIKO 3aCTPOCHHAsI MECTHOCTb, BBICOTKH M OTHOATAXKHBIE IoMa, TPYIbI U rap-
KU, peKH, HaOepeKHbIE, KAHAIBI M CIIOXKHBIC JIOPOXKHBIE Pa3BsI3KU. B CBS3M ¢ ATHM yCIIOBHUS MEepeHoca arpo30-
Jiel ¥ OMOKJIMMATHYECKHE MOKa3aTeu (MHICKChl TEPMHUYCCKOT0 koM(popTa) O4eHb HEOMHOPOaHbI. Hebmaro-
MPUATHBIE TEPMUYECKHE YCIOBHS M OOJBIIOE KOJTMYECTBO BPEIHBIX IMPUMECEH B BO3AyXe KpaiHe HEeraTHBHO
CKa3bIBAIOTCS HA 3I0pPOBbe HaceneHwus. [ Takoro 0obIIoro ropona, kak Mocksa, riae mpoxkusaer 6omee 11
MHUJIJTHOHOB YeJIOBEK, N3yUeHHe JaHHBIX MTOKa3aTeNeil urpaeT 3HaYMMYIO POJIb.

Jlist u3ydeHust YCIOBUH BEHTHIIMPOBAHHS ¥ OMOKIMMAaTHYECKOH KOM(OPTHOCTH OBLI MOCTABIIEH JKCIIe-
PHMEHT TI0 PACCMOTPEHHIO 8 MEPUOIOB C Pa3IMYHBIMHU MOTOJHBIMU YCIOBUSMH JIJIsl TOTO, YTOOBI TIOJIyYHTh
OoJiee MOTHYIO KapTHHY PACIIPE/ISIICHHUS yYaCTKOB C HEONATrONMPUATHBIMHU YCIOBUSIMU.

Jlng pacdeToB TpaeKTOPHIA YaCTHIl, TOTOKOB BETPa, pacIpeeIeHUs] TeMIepaTyphbl ObliIa MCIIONIb30BaHA
TpeXMepHasi HeruApoCcTaThuecKas MUKpoKIMMarnueckas mojenb ENVI-met [1]. Ona Obuta pazpaborana jyis
MOJICTUPOBAHUS METEOPOIOTHIECKHUX MOJIEH B YCIOBHUSIX TOPOICKON 3aCTPONKH € XapaKTEPHBIM pa3pelieHHeM
ot 0,5 no 10 meTpoB. B cBoux pacuerax ENVI-met yunTsiBaeT BIUsSHNE 30aHUN, PACTUTEIFHOCTH, XapaKTepH-
CTHKH Pa3JINYHBIX TOBEPXHOCTEH M TIOYB Ha TIOTOKH.

B xauecTBe mcciemyeMoll MECTHOCTH OBUT B3AT TEPPUTOPHANBHBINA JOMeH IeHTpa Mockssl (bamayr).
IleHTp MOCKBBI XapakTepU3yeTCsl pa3JIu4yHOMN MOACTUIAIOIIEH TOBEPXHOCTBIO: 3aHMsl, PeKa, JOPOIry, NapKu
(3apsiibe, bonoTHast ToNIapb), a TaKKe pa3HOU IMIIOTHOCTBIO 3aCTPONKHU U BHICOTON OOBEKTOB.

st onmcaHMsl pa3iuYHON CTPYKTYPBHI MOJCTHIIAIONIEH MOBEPXHOCTH ObUIM pa3paboTaHbl JOKAJIbHbBIE
knumaruueckue 30HbI (Local Climate Zones - LCZ) [2]. [Toaxox LCZ moapasymeBaeT, 4To ypOaHH3UPOBaH-
HBIE TEPPUTOPHUN MOXKHO pa3nenuTs Ha 17 kateropuii (10 THIIOB 3aCTpONKH M 7 TUIIOB €CTECTBEHHBIX MTOBEPX-
Hocreit). Kaxxaast kareropusi yHUKanbHa B CBOSH KOMOMHAIMK CTPYKTYpBI IIOBEPXHOCTH, €€ TUIIOB M BUJIOB
JIeSITeNIbHOCTH YesioBeka. JlaHHas Kiiaccu(UKaIys Mo3BOJSIET CPABHUBATH KIIMMAaTHYECKUE YCIIOBUS B Pa3HBIX
ropoaax B pamkax ofgaoit LCZ.

CrienpasibHO JIJIsl UCCIIEAYeMOW B JJAHHOW pabOoTe TEPPUTOPHHU ObLIa TOJyYeHa KapTa pacrpeaeieHus
LCZ c marom 50 metpoB x 70 meTpoB (pucyHok 1). [To mecTpore KapThl MOXKHO 3aMETUTh KaK CUIILHO BaphH-
PYeT THI MOICTHIIAIOIIEH TOBEPXHOCTH Jake Ha MUKpoMacIiTade (B Impeaenax OHOTO KBapaTHOTO KUJIOMe-
Tpa). s nanbHeliero aHanu3a ycloBuil BeHTHIMPOBAHMUS ObUTH BIOPAHbI OTHOPO/IHBIE YUACTKH JIOKAIbHBIX
knmuMatrueckux 30H: LCZ2, LCZ4, LCZ5, LCZ8, LCZ15 (moka3aHbl Ha PUCYHKE).

PucyHok 1. KapTa pacnpepene-
Hus LCZ Ha TeppuTOopUM LieHTpa
Mocksbl (pa3peLueHue 50 MeTpoB
x 70 MeTpoB).

T
' 8 8'
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B kadecTBe HayalbHBIX JAaHHBIX OBLIO PEIICHO HCIIOIBE30BATH METEOPOJIOTHUECKUE 3HAUYCHHS 32 HIOHD
2019 rona u stHBappk 2017 rona Kak OIHU U3 CAMBIX JKAPKUX U XOJIOJHBIX, COOTBETCTBEHHO, IIEPUOOB 32 I10-
CIICZIHUE TOJIBI.

[To BEIOpaHHBIM IBYM MecCsIIaM OBLT ITPOBEIEH aHAJN3, C LENBI0 BEISBICHHS BOJIH Kaphl U BOJH XOJOJA.
Jarnee B KaKIJOM U3 TIEPHOIOB OBLIH OTOOPAHBI CPOKH, YIOBICTBOPSIOIINE CICIYIOIINM KPUTEPHSIM:

1. Bonna xonona, nens, 6e3serpeno (08.01.2017)

Bouna xomoza, nens, Betpeno (07.01.2017)

Bomna xomoza, HOub, 6e3BeTpeHo (06.01.2017 - 07.01.2017)

Bouna xomoza, Hous, BeTpeno (08.01.2017 —09.01.2017)

BouHa xapsl, 1eHp, 6e3BeTpeHo, sicHo (20.06.2019)

Bouna xapsr, ness, BeTpeHo (18.06.2019)

BomHa xapsl, HOUb (Tpormmyeckas Hodb), Tk (07.06.2019 — 08.06.2019)
BouHa xape1, HOUb (Tpommyeckasi Hodb), BeTpeHo (18.06.2019 — 19.06.2019)

TaKI/IM 00pa3om, KapTHHA BEHTIIALUHN U PACIIPEeTICHIS TEPMUIECKOTO CTPECcca IO BRIOPAHHBIM TIEPHO-
naM OyzmeT Hanbolee MoTHAas C TOYKH 3PCHUS MaKCUMAITbHBIX Pa3IHInii.

[To BEIOpaHHBIM MecsALaM ObLIa CKadaHa apXHUBHAS METeopoyioTnieckas nHpopmarus ¢ caitta rpS.ru. [a-
Jiee TaHHBIC aHATM3MPOBAIIN C LIENBI0 MTOVCKA BOJIH JKaphl B X0JoAa. BomHa xaps! (Xxoroaa) onpeaernsiach Kak
ycTosBIIHecs: Ooiee 5 THEH TEIuToBBIe (XOIOOBEIC) aHOMAIUH TeMIeparypsl oomnee 5°C 1Mo cpaBHEHHIO CO
CPEAHEKINMATHIECKON MaKCUMAaIbHON (MUHIMAIBHOM) TeMITepaTypoil Uit faHHoro Mecsma. [To utoram aHa-
Tu3a B THBape ObUIa 00Hapy)keHa OHA BOJHA XOJI0/1a U B MIOHE 2 BOITHBI JKaphl.

MuHIMaTBHEIE, CPEIHUE U MAKCHMAIIbHBIC 3HAYCHHUS TEMIIEPATyPHhL, a TAKXKE CPEIHAI CKOPOCTh BETpa 3a
OTHCaHHBIE IEPUOBI IPEICTABICHBI B TabmwIe 1.

N LR W

Tabnuua 1. MMHMManbHble, CpefHue, MakCMalbHble 3Ha4eHMA TeMnepaTypbl U CpeaHAA CKOPOCTb BETPA B NeEpMoLbl BOJSTH
apbl 1 Xonoaa.

3uMa JIeTO
(BoJina xouioxa 05.01-09.01.2017) (Bos1Ha xapsI 05.06-12.06, 18.06-23.06.2019)
HOYb JAeHb HOYb AeHb
c BeTpoM | Oe3 BeTpa | c BeTpoM | Oe3 BeTpa | c BeTpoM | Oe3 BeTpa | c BeTpoM | Oe3 BeTpa
06.01- 08.01- 18.06- 07/06-

Hara 0701 09.01 07.suB 08.s1B 19.06 08/06 18.uton 20.ut0H
PO 267 20,9 23,5 20,5 21,9 24,9 25,7 29,9
Makc t° -26,1 -20 -22,1 -19 24,7 27,4 26,4 30,5

Muhn t° -27,5 -21,6 -25,1 -23,2 20,1 23 24,7 29,2
Cpenusis
CKOpPOCTh 3 1 2 1 2 0 3 1
BeTpa

J1s MozenupoBaHus JIETHUX YCIIOBUH UCIIONB30BAIUCH JaHHBIE pacueTa pernoHansHoi Monenu COSMO c
raroM 1o BpeMeHu | gac. J{1ist HO9HBIX dKcriepuMeHToB Opanuchk cpoku 01, 02, 03, 04 u 05 u, nuis nHEBHBIX — 13,
14, 15, 16, 17 4. [lanee s MHANAATA3AINA HA9aJIbHBIX YCIIOBUH cocTaBisuics (aiin ¢popeunra (forcing file) c
METEO/IaHHBIMH C IIarom 1o BpeMeHu 30 MUHYT (JuIsi pacyeTra 3HaYCHUH MEXITy CPOKaMH HCTIOIb30BANIACh JIH-
HeliHas nHTeprnosinys). /sl MOAenMpoBaHus 3UMHHUX YCIOBHH OBLIM B3SITHI apXMBHBIE METEOPOJIOTHUECKHE
JAHHBIE ¢ caiita rp5S.ru. s HOYHBIX dKcrepuMeHToB Opaiichk cpoku 00, 03, u 06 4, ast qaeBHBIX — 12, 15, 18 1.
Jast co3nanust daiina popcuHra Takxke ObUI0 HEOOXOMMO HHTEPIIOIHPOBATH TAaHHBIE MEXKIY CPOKaMH.

[Tpn nomoIy crenuanIu3upOBaHHBIX YTHINT, BXOASIINX B MakeT nporpamMm ENVI-met 6buti paccunTansl
3HAUEeHUS! UHJEKCOB KoM(popTHOCTH (biomet), a Takke ObIIIM BU3yaIM3UPOBAHBI PE3YIbTaThl MOAEIHPOBAHUS
(Leonardo).

Pe3ynbraThl 3MMHHMX SKCIIEPUMEHTOB TIOKa3alld, YTO JOKAJIbHBIE CHIKEHHUSI CKOPOCTH BETpa, KaK U Mpes-
110J1arajoch, B OCHOBHOM CKOHIIEHTPHPOBAHBI BO JIBOPAX, MEXIy 31aHUsIMH. CaMble HU3KHE CKOPOCTH JAaXe B
JIHY C CHJIbHBIM BETPOM OTMEYAIOTCS B KBAJPATHBIX IBOPAX — 3aKPBITHIX CO BCEX 4 CTOPOH 3aHUsIMHU. boib-
M€ 3HaUYCHHsI CKOPOCTH BeTpa (Oosee 2,5 M/C) B OCHOBHOM IPHYPOYEHBI JTMO0 K Y3KUM IPOXOAAM MEXIY J10-
MaMu, IIPUYEM IPOXOJl HAIPaBICH NEPIEHANKYISIPHO OCHOBHOMY HOTOKY (3(QEeKT ropojackoro KaHbOHa),
00 K yIITy 3MaHUs, TPAHUYAIIEM C OTKPBITOW MECTHOCTRIO (HAlpUMep, BOXHBIA 00BEKT). D(PEKTH yCHICHUS
CKOPOCTH BeTpa HaOIIOat0TCsl TOJIBKO MPU BEICOKOM (DOHOBOM 3HAYEHHH.

JleTHsis KapTHUHA KaK BETPA, TAK M HHIAEKCOB KOM(OPTHOCTHU MOITyYHIIach OUYeHb pa3HO0Opa3Has. Bricokue
snayenust PET nHéM oTMmedaroTces 1ake HECMOTPSI HA BBICOKYIO CKOPOCTh BETpa. B BOJIHY jkapbl, THEM, caMbl-
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MU ONACHBIMHU C TOYKH 3PEHUS BIMSHUS HA 37I0POBbE YIACTKAMH BBICTYHAIOT 3aMKHYTBIE MEXIY 31aHUAMH
HEeOOJBIIINE TBOPHI.

JlokanbHble MAKCUMYMbl 1 MUHUMYMBI B CKOPOCTH BETpa IPHYPOUCHBI K TEM K€ 30HAM, 4TO U B 3UMHHUE
9KcHepuMeHTbI. OTHAKO, MOYKHO 3aMETUTh, YTO YEM BBIIIEC ()OHOBBIE 3HAUCHUSI TIOTOKA, TEM OOJIee IPKO BhIpaxe-
HBI 30HBI YCHJICHUSI CKOPOCTH BETPA B TOPOJICKUX KAHBOHAX U B 30HAX, I7I€ TOTOK HATBIKACTCSI HA YOI 31aHNUsI.

ITo BeIOpanHBIM 3apaHee onHopoaHbM LCZ Ha paccMaTpuBaeMoil TeppUTOpHN OBUIO TPOBEICHO OCPE-
HEHHE CKOPOCTH BETPa B IKCIIEPUMEHTANIbHbIC MEpuoAbl. Pe3ynbrarel npuBeneHsl B Tabmune 2. brarogaps
JTAHHOMY aHaJM3y MOXHO BBISIBUTH HaMOOJEE yS3BUMBIC TUIIBI YPOAHUCTUYECKOH 3aCTPOWKM K CKOTUICHUIO
BPEIHBIX JACTHII.

Tabnuua 2. OcpeaHeHHble 3Ha4eHUsA CKOPOCTY BeTpa No pa3HbiM LCZ B pasnuyHble 3KCNepUMeHTasbHbIe NepUobI.

3uMa J1eTo
LCZ HOYb JIeHb HOYb eHb
cBeTpoM | Oe3 BeTpa | ¢ BeTpoM | Oe3 BeTpa | ¢ BeTpoM | Oe3 BeTpa | C BeTpoM | Oe3 BeTpa

Hara %67'%11- %89'%11- 07.s1B 08.sHB 1189'%66- (2)78//(2)66- 18.utoH 20.utoH

2 1,36 0,55 0,96 0,54 1,2 0,73 2,15 1,64

4 1,61 0,64 1,21 0,64 1,41 0,86 2,51 1,91

5 1,37 0,56 0,98 0,55 1,1 0,74 1,97 1,66

8 1,47 0,58 1,08 0,61 2,6 0,77 2,2 1,73

15 1,73 0,68 1,28 0,69 1,45 0,91 2,59 2,05

W3 TabnmIte! MOYKEM BBIICTUTE HanOostee mpoayBaeMbIid yaacTok — LCZ 15. Ha kapTe OH COOTBETCTBYET MapKy
3apsanpe. Cpexnuii (OoH BeTpa TaM BBICOKHI BO BCE HCCICAYEMBIE TEPHOBI, 3HAYUT U CKOPOCTh PACCEHBAHUS Ya-
ctutl Boie. Ctout BoieuTh LCZ 4, B KOTOPOH Tarxke HAOMIONAIOTCs OOJbIITNE 3HAYCHHSI CKOPOCTH BeTpa. CaMbl-
MH YSI3BIMBIMH YYaCTKaMH K HAKOTICHHIO 3arpsi3HeHnii spisttorces LCZ 2 (tutotHas 3actpoiika) u LCZ 5.

Taxoke ¢ OMOKITMMATHYECKON TOUKH 3PSHHUS B JICTHIOIO BOJHY JKaphl THEM HanOoee KOM(POPTHBIM panio-
HOM BBICTYITUT TOT, T/I€ CKOPOCTH BeTpa Bhimie - LCZ 15 (tadbmuma 3). Houblo ke, 0cOOEHHO TPH HAJMYUH Be-
Tpa, HaceleHue B IIeHTpe MOCKBBI OKa3bIBaeTCs B 30HE HEOOBIIOro XomoaoBoro crpecca (PET ~ 13°). Tuém
pu c1aboM BeTpe HaOMIOAIOTCSI OYE€HB OONBIIIE 3HAYCHUS MHIEKCA, KOTOPhIE COOTBETCTBYIOT SKCTPEMAIEHO-
My TEIUIOBOMY cTpeccy. IMEHHO B 3TH MOTOAHBIEC YCIOBHS 3aMETEH HAHMOOIBIINI KOHTPACT MEXKy pa3HBIMU

LCZ (ot 42° no 45°), moToMy 4TO IepeMeIInBaHNue BO3AyXa 0CIa0IeHO.

Tabnuua 3. OcpeHeHHbIe 3Ha4eHWUs MHEeKca TepMuyeckoro KomdopTa PET no pasHbiM LCZ B pa3nnuHble 3KCnepuMeH-
TanbHble Nepuoabl.

JIeTO
LCZ HOYb JeHb
C BETPOM 0e3 BeTpa C BETPOM 0e3 BeTpa
034 19.06 034 08.06 154 18.06 154 20.06
2 13,35 18,39 37,35 43,67
4 13,31 18,19 37 42,04
5 13,77 18,59 37,6 42,11
8 13,04 18,19 39,22 45,33
15 12,59 18,08 37,58 43,44

Taxmm 06pa3om, ¢ 000UX paccMaTPUBAEMBIX aCIIeKTOB (CKOPOCTh BETpa W OMOKIMMAaTHYIecKast KoM(opT-
HOCTh) LCZ 15 — cambIii 611aronpusTHBIHN IUIS 3I0pOBBsI palioH IIeHTpa MOCKBEI.

B VccnepnoBaHue BbIMOSHEHO Npy NoaaepHKe npoexkta PHO N2 17-77-20070 .

JINTEPATYPA:
1. Huttner, S., 2012. Further Development and Application of the 3D Microclimate Simulation ENVI-
met. University of Mainz, Mainz.
2. Stewart, I. D., & Oke, T. R. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of
the American Meteorological Society, 93(12), 1879-1900.
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Diurnal variability of ultrafine fraction aerosol
in the atmosphere of southeastern coast of Lake Baikal
(Boyarsk st.) in summer 2020

Tcydypov V.V., Zhamsueva G.S., Zayakhanov A.S., Dementeva A.L., Balzhanov T.S.
Institute of Physical Materials SB RAS, Ulan-Ude, Russia
E-mail: tsydypov@inbox.ru

coast of Lake Baikal. To study the microphysical parameters of aerosol in the surface air layer, the

number of aerosol particles smaller than 0.2 m was measured with a diffuse aerosol spectrometer DAS
2702 M (OO0 “AeroNanoTech”, Moscow) at the Boyarsky stationary site (51°83'N, 106°06'E) of IPMS SB
RAS in summer 2020. Aerosol was sampled at an altitude of 2 m above the land via Teflon pipes. Meteorologi-
cal and turbulent parameters were simultaneously measured using acoustic AMK-03. The 3.02 P-A, P-310A,
C-310A chemiluminescent gas analyzers (OPTEK Inc., St. Petersburg) were used to measure the concentra-
tions of ozone, nitrogen oxides, and sulfur dioxide.

The general property of the diurnal variations in the number concentration of ultrafine aerosol in the Bai-
kal coastal zone is an increase in the concentration in the afternoon, daytime and evening hours. In the after-
noon, there is a decrease in the total counting concentration of both highly dispersed particles (0.005<d<0.2
mm) and the submicron fraction of the acrosol (0.2<d<10 mm).

In the morning and afternoon, the number of nucleation-mode particles increases because breeze circula-
tion intensification, which promotes transport of anthropogenic admixtures from the lake and activation of
photochemical and catalytic reactions between gaseous impurities. In evening hours, the number concentration
of ultrafine aerosol increases due to the formation of temperature inversion and accumulation of admixtures in
the surface air layer. When the wind changes direction with land breeze formation, the fine aerosol concentra-
tion decreases. High aerosol concentrations on the coast of Lake Baikal are observed mainly in calm condi-
tions.

The average value of the concentrations of the highly dispersed aerosol fraction (2646 particles/m3) mea-
sured during the smoke emission periods from 17 to 25 July exceeds by 2.2 times the average values of the
concentrations (1027 particles/m3) observed during the period of weakening of the influence of smoke emis-
sions (13.08-10.09.2020) from forest fires in neighboring regions. The average value of the submicron fraction
concentration in both cases did not exceed 60 particles/m3. It should be noted that the Boyarsky station is a
"background" area, remote from industrial centers and less susceptible to anthropogenic influence.

In the formation of secondary acrosols, i.e. acrosols formed directly in the atmosphere, the most important
role is played by nitrogen oxides, sulfur and ozone. As a result, the temporal variations of aerosol-forming
gases are of interest as an indicator of the aerosol formation process. The number concentration of highly dis-
persed particles is closely related to the concentration of nitrogen dioxide NO, and less weakly to the concen-
tration of ozone O,.

The results of an experimental study of ultrafine aerosol characteristics in the atmosphere of southeastern

B The report study was funded by RFBR, project number 19-05-50005 «Micromir» and partly supported by
budget funds for IPMS SB RAS within the State Assignment N2 0270-2021-0005 in organization of
expedition on Lake Baikal.

CyTOuYHbIM X04 MUKpOAMCMIEPCHOM ppaKLMKM a3po30nA
B aTMocdepe 0ro-BoCcTo4HOro nobepeba 03. barkan
(ctaumoHap «boapckuiny) netom 2020 r.

Ubigbinos B.B., Hamcyesa I'.C., 3asaxaHoB A.C., [lemeHTtbeBa A.J1., banbkaHos T.C.
WHcTutyT dusmyeckoro Matepuanobepeqna CO PAH, Ynan-Ypa3, Poccus
E-mail: tsydypov@inbox.ru

UCTIEPCHBII COCTaB M KOHLIEHTPALUH a3PO30JIbHBIX YACTHIL SIBIISIFOTCS] BAXKHEHIIIMMH ITapaMeTpaMu aT-
Moc(EepHOTo a3p030JIs, OIPEIEITIOINMHI CTETIEHb €T0 BIMSIHUS Ha OKPY’KAaIONIYI0 CPEy U N3MEHEHHE
KiauMara. B mocnenHue roapl Bce O0IbIle MCCIIeIOBAaHUN HAIIPABIICHBI HA U3Y4YEHHE a3p030JIel HaHO-
METPOBOTO JHana3oHa pa3MepoB, B KOTOPOH COCPEOTOYEHO OCHOBHOE KOJIMUECTBO HAXOIAMINXCS B aTMOoche-
pe gacTuIl (ero cueTHast KOHIEeHTpanys). OCHOBHBIE pe3yabTaThl padoT B 3TOH 00JIaCTH MTPEACTABICHBI B 0030-

CEKLMA 11 // MOOENIMPOBAHME U AHAN3 TJTOBANIBHOMO W PETMOHAJTBHOMO KJTUMATA 1 ©OPMUPYIOLLIVX EF'0 ATMOCOEPHbIX NPOLIECCOB
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pax [1,2]. Pe3ynprarhl 3KCHEPUMEHTAIbHBIX UCCIIEIOBAHUNA BPEMEHHOM M3MEHUYMBOCTH MUKPOJIUCIIEPCHOTO
a’po30J1sl B Pa3HBIX reorpa)MuecKux pernoHax npuseneHsl B [3-6]. Tem He MeHee, cBeieHHs O TIPOCTPAHCT-
BEHHO-BPEMEHHOW JMHAMUKE MUKPOJMCIIEPCHOM (hpaKIMK adp0o30Jisi OCTAIOTCS BCE ellle KpaifHe Hea0CcTaTou-
HBI. DTO 00YCIIOBJIEHO 3HAYUTENLHON N3MEHYMBOCTHI0 MUKPO(DU3MUECKIX, XUMHUUECKHIX, ONITHYECKUX XapakK-
TEPUCTUK MHUKPOJHMCIEPCHOTO a3p030Jisi B 3aBUCUMOCTH OT MHOTHX aTMOC(EPHBIX MPOLECCOB, B KOTOPBIX
ydacTByeT a’po3oiib. [loaToMy mccienoBaHue arMoC(EpHOTO a’po30iisi, €ro MHUKPOIUCIIEPCHON (pakiuu
OCTaeTCs aKTyaJbHOH 3ajgadeil, pelieHne KOTOPOH MO3BOJIMT 3HAYMTENBHO YMEHBIIUTh HEONPEACIEHHOCTh
yueTa paJuallMOHHbIX XapaKTePUCTUK B KIIMMaTHYeCKuX Mozesx. C Apyroit CTOPOHBI, TaHHbIE HATyPHBIX U3-
MEpEeHHH BaXKHBI JUIsl IOHUMAaHUsI TIPOLIECCOB €ro 00pa3oBaHus U TpaHc(opMaluK B peabHON aTMocdepe.

B nanHoli paboTe aHaIM3UPYIOTCS PE3YJIBTaThl IKCIIEPUMEHTAILHOTO HCCIIEI0BAHHS CYETHOM KOHIIEHTpa-
U MUKPOIUCTIEPCHOT0 a3po3oiis (d<200 HM) Ha FOro-BOCTOYHOM MoOepeskbe 03. baiikai.

st u3yueHns: MUKpO(U3MUECKUX XapaKTePUCTHUK a3po30JIst ObUIN MPOBEICHBI N3MEPEHUS CYETHOM KOH-
LEHTPAIMM a3pO30JIbHBIX YACTHUIl HA HaydHOM cTanuoHape «bosipckuit» B netnuil nepuon 2020 r. Hayunsrit
craumoHap «bosipckuii» pacronoxeH B 160 kM oT . YiraH-YJ1 Ha I0ro-BOCTOYHOM nodepexbe 03. baiikan, nMe-
et koopaunatel 51°84' c.u1., 106°06' B.1. (puc. 1).
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Puc. 1. CxeMa pacnonoeHua NyHKTa HabnoaeHWA (Hay4Hbli cTaumoHap «bospckuii» UOM CO PAH).

W3MepeHns: mpOBOAMIINCE C MOMOINBI0 TU(PQPY3HNOHHOTO a’po3o0ibHOTO crekrpomerpa JAC 2702 M
(OO0 «AspoHanoTex», . Mocksa) [7]. IIpenens! nomyckaeMol OTHOCHTEIBHON IOTPENIHOCTH W3MEPEHUI
pa3MepoB adpo30JbHBIX YacTHl] cocTasisieT £15%. Bpemst oqHoro nusmepenus ot 1 10 3 MuH, B 3aBUCUMOCTH
OT ycJoBHi n3MepeHnii. CIIeKTpoMeTp UMeeT 2 pexrMa paboThl: PEKUM M3MEPEHHH mapaMeTpoB a’spo30Jib-
HBIX 9acTHUIl B pa3MepHoM auanazone ot 0,005 1o 0,2 MM (40 1uamna3oHOB ¢ maroM 5 HM); pexXuM H3MepeHnit
IapaMeTpoB a3pO30JIbHBIX YaCTHUI] B pa3MepHoM auanazone ot 0,2 1o 10 mxm (12 xaHanoB).

OT160p npo0 adpo30iei OCcyIIECTRISIICS Ha BRICOTE 2 M HaJl ypOBHEM 3eMJTH C HCIUTL30BAaHHEM Te(IOHO-
BBIX TpyOOK. OZIHOBPEMEHHO BBIIOIHSIINCH U3MEPEHHUSI METEOPOIOTHUECKUX U TypOYJICHTHBIX MTapamMeTpoB
aTMocdepbl ¢ MOMOIIBI0 aKYCTHIECKOT0 MeTeopostorrnyeckoro kommiekca AMK-03, a Taxke n3mepeHus KOH-
ueHTparwu 030Ha (0,), okucios a3ota (NOX) u nuokcuaa ceps (SO,) ¢ HCTIONTB30BaHIEM XEMITFOMHHECIICHT-
HBIX Ta30aHanu3aTopoB (3AO «OIITOKy): muokcun cepbr C-310, oxucnsl azota P-310, o30n 3-02 T1-A. {ns
KOHTPOJIS TTOTPEITHOCTH M3MEPEHHUH OCYIIECTBIsUIach KaMOpOBKa ra30aHaIn3aTopoB ¢ MMOMOIIBIO0 KalnOpa-
Topa «Mod. 8500 Monitor Labs.».

Ha puc. 2 mpencraBieH CyTOUHBIH X0/ CPEAHEIACOBBIX 3HAYCHUH 00IIeH CYETHOW KOHIICHTPAITUH a3P030-
151 BeIcokoaucnepcHor ¢pakmmu (BJJA, 0,005<d<0,2 mxm) u cyomukponnoi ¢pakmmu (CMA, 0,2<d<10
MKM), yCpEeTHEHHEBIE 3a repruof n3Mepenuit (17.07-25.07.20) u (13.08-10.09.2020).

OOre# 3aKOHOMEPHOCTBHIO CYTOYHOTO XOJla CYETHON KOHIICHTPAIMH ad3po30iisi B arMocdepe MprUOpeKHOH
30HBI 03epa baiikan sBngeTcs HamMuKle TpeX MaKCUMYMOB: HOUbIO, B YTPEHHHUE U BeuepHHe Jackl. B nocnenomy-
JICHHBIE Yachl HAOIIONAETCs CHIKEHHE OOIIel CYeTHON KOHIIEHTPAIMM KaK BBICOKOIMCIIEPCHBIX YacTHII, TaK
CcyOMHMKpOHHOH (ppakiyn a’spo3ois. B yrpeHHne n qHeBHBIE Yachl HAOMOMAETCSl POCT YHCIIA YaCTHL] HyKJIealy-
OHHO MOJIBI 32 CUET yCHJICHHUsI OPU30BOI IUPKYIISIIAK B 3TOT MIEPHOJ, CIIOCOOCTBYIONIHX ITIEPEHOCY aHTPOIIOTEeH-
HBIX TIPAMECEH ¢ aKBaTOPHHU 03€pa M aKTHBH3AIMH (DOTOXUMIYCCKHIX M KATATUTUICCKUX PEaKIUi MEXITy TpH-
MECHBIMU ra3aMu. B BedepHue yachl yBeIMUEHUE CYETHON KOHIIEHTPALUK MUKPOAUCIIEPCHOTO a3pO30IIs CBI3aHO
¢ (hopMHpOBaHHEM MHBEPCHUH TEMITEPATypPhl 1 HAKOTUICHHEM ITPUMECEH B IIPU3EMHOM CIIO€ aTMOC(EpEI.
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Puc. 2. YcpeiHeHHbIN CYTOUHbIN X0 06LLEN CHETHOM KOHLEHTPaLIMM aspo3ond B aTMochepe Ha nobeperbe 03. bavikan (cT.
Bospckuii): a) BbicokogucnepcHoi dpakumm asposonsa (BA); 6) cyoMuKpoHHoM dpakumm asposonsa (CMA).

[Tpu cmeHe HanpaBieHus BETpa B yCIOBHUIX (GOpMHUpOBaHUs OEperoBoro Opusa 1 CHHKEHUsI JOJIU aHTPO-
MOTEHHBIX NMPUMeCcEeH KOHIEHTPAHs MUKPOIUCIIEPCHOTO a’3p0o30Jisi CHIKAeTCsl. BhICOKME KOHLIEHTpaluK as-
po3zonst Ha mobepexbe baiikana HaOMIONAIOTCS B OCHOBHOM B IITHIIEBBIX yCloBHsX. Kak BHIHO M3 puc. 2a,
cpe/iHee 3HAYEHHe KOHIEHTPAIHH BHICOKOAUCTIEPCHON (DpakIuy aspo3ois (2646 4acTUI/M'), H3MEPEHHBIX B
TIEPUOJIBI ABIMOBOM dMuccuu ¢ 17 mo 25 urons npeBslaeT B 2,2 pa3a cpeAHee 3HauYeHUs KoHUeHTpanuil BJIA
(1027 gactuiym’), HAGTIOAABIINXCS B IEPUO OCTAONEH S BIMSAHHS AHIMOBBIX BHIHOCOB C 04aroB JECHBIX MO-
JKapoB B coceHUX perroHax. CpenHee 3HaYCHUE KOHLEHTPALMH CyOMUKPOHHOW (DpakLuK B 0O0OMX Cirydasix
e npesbimano 60 yactuiy/m’. ClesyeT OTMETHT, 4To cT. Bospckuii sBnsercs «hOHOBOID TeppuUTOpHeid, ya-
JICHHOH OT MPOMBIIIJICHHBIX IIEHTPOB M B MEHBIICH CTETICHN MOJIBEP>KEHHON aHTPOIIOT€HHOMY BIIUSTHHIO.

B mporeccax oOpa3oBaHusi BTOPHYHBIX a3p030JIeH, T.e. a3p030Jel, 00pa3yIoInXCsi HEMOCPEACTBEHHO B
armocdepe, BaXKHEHIIYIO POJIb UTPAIOT OKUCIIBI a30Ta, CEPbl M 030H. B mporieccax OKUCIeHUS pa3IMYHbIX COe-
JUHEHUH a30Ta U cepbl aKTUBHO YYaCTBYIOT MOJIEKYJIbI 030HA [8], MpUueM BapHalluy COAEPKAHUSA a3P0O30JIe0-
OpasyroIuX ra3oB HEOJIHO3HAYHO CBSI3aHbI C BapUaLMsIMU coJepkaHus asposouieii [9]. Beaencreue atoro Bpe-
MEHHBIE BapHaIM{ a3p030J1e00pa3yIoIInX ra30B NPEICTABIAIOT HHTEPEC Kak MoKazaTelb Ipolecca adpo3osie-
obpazosanusi. Ha puc. 3 npencraBneHbl rpadKu CyTOYHOTO XOJa MaJIBIX I'a30BBIX IPUMECEH (JHOKCH CepbI
SO,, nuokcun azora NO,, nmpusemublii 030H O;) - MPEIIICCTBCHHUKOB 00pa30BaHMs BTOPUYHBIX a3PO30JICH.
YcraHoBIIeHA TECHAs! CBSI3b CYETHON KOHLIEHTPALMH BEICOKOANCIIEPCHBIX YaCTHIl C KOHLIEHTPALMEH ANOKCH 1A
aszora NO, u MeHee crabasi ¢ KoHIeHTpanueit o30Ha O,
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Puc. 3. CyTouHbIN Xof ycpe AHEHHbIX AECATUMUHYTHBIX 3HAYEHWI 06LLIEN CHETHOW KOHLIEHTPALMM BbICOKOAMCNEPCHOW
dpakumm aapo3ons, aMokeuaa asota NO,, 030Ha 0, 1 auokempa cepsl SO, Ha cT. bospckui (13.08-10.09.2020).

CpaBHuBas ¢ uaMepeHusiMu npeapiaymux jger 2017-2019 rr., MOXXHO cka3aTbh, 4TO MOBEIEHHE OOIei
CUETHOW KOHIIEHTPALMU MUKPOIUCIIEPCHOTO a3p030Jisl B TEUEHHE CYTOK JI0CTaTOYHO TUIIMYHO: HAJIMYHE HOY-
HOTO MHHHMMYMa, BBIPQ)KEHHOTO YTPEHHETO U BeuepHero MakcuMmyma (puc. 4). B To xe Bpems, metom 2019 .
U3-3a KpYIMHOMAcCIITaOHbIX JIECHBIX MoxkapoB B Pecnyonuke bypsitus, Upkyrckoi obnactu, KpacHosipckom
Kpae ¥ SIKkyTuu B nepuoj u3MepeHnii HaOJFAaIMCh TTOBBIIIEHHBIE KOHIIEHTPALIMY a3p030Jieii, HouTH B 2 pa3a
npeBbIIaoIUe YpoBHH, HaOmonaembie B 2017-2018, 2020 rr.
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B Pa6oTa BbinosiHeHa npy ¢rHaHcoBoM Noanepke rpaHTa POOU N2 19-05-50005 «MuKkpoMup» 1 npu Ya-
CTUYHOW NoaaepKe B paMmkax Moc3agaHma N2 0270-2021-0005 B yacti 06paboTKuM 3KCNepUMeHTasIbHbIX
NaHHbIX.
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Extratropical cyclones over North Atlantic based on ERA-5
and NCEP-NCAR reanalysis for 1979-2020

'Viazilova N., *Viazilov A.

' RIHMI-WDC, Obninsk, Russia
? RPA "Typhoon", Obninsk, Russia

E-mail: nav@meteo.ru, vyazilov@typhoon.obninsk.ru
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mate of European Russia. All modern methods of cyclone identification include the cyclone centers
identification and cyclone tracking the numerical algorithms. The methods of automatic cyclone identi-
fication based on data of different reanalyses at grid points. Studies of extratropical cyclones differing in both
investigation methods and data, have a differences in present mid-latitude cyclone climatology for Northern
Hemispere. The goal of study is the comparison of cyclone activity in different regions of North Atlantic and

E xtratropical cyclones, entering from North Atlantic, have a significant impact on the weather and cli-
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European seas based on data ERA-5/ECMWF u NCEP/ NCAR/DOE reanalyses during winter half of year for
1979-2020.

The storm tracks were calculated based on automated cyclone detection/tracking algorithm based in
6-hourly MSLP data in grid points with step 2.5°x2.5° of NCEP/NCAR DOE reanalyses and 1.25° x 1.25° of
ERA-5 reanalyses. Cyclones are identified in North Atlantic region [30°n-80°n, 50°w-70°¢]. For analysis the
cyclone trajectories with life of 12 hours or more were selected. In this work the density of generating cyclone
tracks, the number of cyclone centers and cyclone activity index were calculated as main characteristics of cy-
clonic activity in selected regions. The density of generating cyclone tracks was calculated as the number of
cyclone tracks, having start in region during winter season. The cyclone activity index was calculated as the
summa of pressure anomalies in cyclone centers points of region for season. The cyclone characteristics were
calculated as for all cyclones, as separately for extreme cyclones with central pressure from 980 gPa and less.

To analyze the climatology of generated extratropical cyclones in different regions of the North Atlantic,
seven regions were identified, for each of which the number of generated cyclones in the winter half of the year
from October to March was calculated separately for two time periods 1979-1999 and 2000-2020. The com-
parison shows the significant differences between reanalyses in quantity of generating cyclones in selected re-
gions. Systematically in all regions more cyclones were identified by ERA-5 reanalysis data. The maximum
number of cyclones for both reanalysis is generated in mid-latitude and polar latitudes of North Atlantic. In the
same areas, the maximum differences between reanalyses are also observed. Despite significant differences in
the number of detected cyclones, calculations based on both reanalysis show a tendency towards an increase in
the number of generated cyclones in the winter half of the year in the last two decades, both in individual se-
lected areas and throughout the North Atlantic region.

Analysis of the interannual variability of the number of cyclone centers and the cyclonic activity index,
carried out for the regions of Island minimum [55°n-65°n, 50°w-10°w] and Barenz sea [66°n-80°n, 10°e-70°¢],
also showed a significant difference between reanalyses. In each individual winter season of the entire study
period, with a relatively equal number of deep cyclones, the values of the cyclonic activity index according to
the ERA-5 reanalysis data in these areas turned out to be significantly higher. This is due to both the higher in-
tensity of deep cyclones and the higher number of moderate cyclones detected by the ERA-5 data compared to
the NCEP/ NCAR/ DOE reanalysis.

Analysis of the characteristics of cyclonic activity obtained by the same method, but using different re-
analyses for different regions of the North Atlantic, demonstrates the dependence of these characteristics on the
choice of reanalyses data, which differ in the original numerical model, the grid and time step.

BHeTponunyeckune umknoHbl CeBepHoM ATNIAHTUKM NO JAHHBLIM
peaHann3oB NCEP -NCAR v ERA-5 3a nepuoa 1979-2020

'Basunosa H.A., ‘Bazunos A.E.

' BHUArMU-ML, 06HUHCK, Poccus
*HNO «Talidyn», 06HMHCK, Poccua

E-mail: nav@meteo.ru, vyazilov@typhoon.obninsk.ru

BEPHBIX eBpONeHCKrX Mopel 1 Cpean3eMHOro MOpsI, OKa3bIBAIOT 3HAUNTEIHLHOE BIMSHIE Ha TOTOAY U
KIIMMaT eBporneickoi repputopuu Poccnu. CrieyeT oTiMyaTh MOHATHE TUKIIOH KaK eIMHIUYHBIA IISHTP
HU3KOTO JIABJICHNUS, UIICHTU(HUIIUPOBAHHBIA B TOYKE ITOJISI, M IIMKJIOH KaK TPASKTOPHIO, UMEOIIEeH HECKOIBKO
IIEHTPOB 32 UCTOPHIO KU3HU. COBpeMEHHbBIE METOIbI MACHTU(HUKAIINN IIMKJIOHOB BKJIOYAIOT J[BA dTara: UICH-
THU(HUKAIMIO [IEHTPOB ITUKIOHOB U pacyeT TPAeKTOPHUH CMELIeHHNS IIMKJIOHOB. MeTOIbl aBTOMAaTHYECKOM HIeH-
TU(HUKAINN ITUKIOHOB 6a3UPYIOTCS Ha MCTIONB30BAHNH TAaHHBIX B y3JIaX CETKH, JAHHBIX Pa3IMYHBIX PeaHaH-
30B. MccrenoBanus BHETPOMMUECKUX IIUKIOHOB OTIIMYAIOTCSA KaK METOIaMH UICHTH(PHUKAIINH [IEHTPOB IIUKJIIO-
HOB M pacdeTa TPaeKTOpUil IUKIOHOB, TaK U JAaHHBIMH, HCIIOJIB30BAHHBIMHU JUIA 3THUX pacdeToB. Pasmudns B
MeTo/IaX WACHTU(HUKAINY U UCTIONIF30BAHUN PA3TUYHBIX MCXOTHBIX TaHHBIX MMPUBOIAT K PA3IUUMsIM B CTaTH-
CTHYECKUX OIIEHKaX IUKIOHHYECKOW aKTHBHOCTH B Pa3IWYHBIX paliloHax 3eMHOTO I1apa, B TOM YHCIIE U B pe-
ruoHe CeBepHoit ATnaHTuku. Llenpio HacTosmei paboThl ABISAETCS CpaBHEHHE XapaKTEPUCTHK IUKIOHUYE-
CKOM aKTMBHOCTH B pa3IM4HbBIX paiioHax CeBepHON ATIaHTHKH, B pallOHaX CEBEPHBIX EBPOMEUCKUX MOpei 1
CpeanzeMHOro Mopsi, paCCYMTaHHBIX 110 TaHHBIM ABYX peanann3oB, NCEP/NCAR/DOE [1]u ERA-5/ECMWF
[2] B 3uMHIOI0 TTIOJIOBHHY rozia 3a nepuox 1979-2020 rr.
B nacrosmiei paboTe 1EHTPHI IIUKIOHOB M TPAEKTOPUH MX CMEIICHUS pACCYNTAaHBI HA OCHOBE METO/Ia aB-
TOMaTHYECKOW MIEHTU(HUKAIMH 110 6-4aCOBBIM JIAHHBIM arMoc(epHOro napjieHus Ha ypoBHe Mopst (MSLP) B
y3nax ceTku ¢ marom 2,5° peanannza-2 NCAR/NCEP/DOE u 1.25° peananuza ERA-S [3]. lnst ananuza otou-

B HETPONUYECKHUE ITUKIOHBI, BRIXOIAIMINE ¢ akBaToprH CeBepHOM ATIAaHTHKH, a TaKkkKe U3 pailoHOB ce-
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paich TPACKTOPHH IIUKJIOHOB C JTMHOMN JKM3HU OT 12 gacoB u Oosee. B kauecTBe OCHOBHBIX XapaKTEPUCTHK
IIUKJIOHNYECKOH aKTUBHOCTH B HACTOSIIEH paboTe pacCUMTHIBAINCH IIOTHOCTh TeHE3MCa IUKJIOHOB, KOJINYe-
CTBO LIEHTPOB IIUKJIOHOB M MHAEKC IUKJIOHUYECKON aKTUBHOCTH. [IIOTHOCTH TeHe3nca UKIOHOB MPECTaBIIs-
€T KOJIMYECTBO TPACKTOPHI LMKIOHOB, TEHEPUPYEMBIX B BHIODAaHHOM paiiOHE 3a €AMHMILy BPEMEHHU (MECHII,
ce30H). MIHeKC IMKIIOHMYEeCKONH aKTHBHOCTH PACCUMTBHIBAETCS KAK CyMMa aHOMAIIMH aTMOC(EPHOTO JTaBICHUS
B LIEHTPAX IIMKJIOHOB 32 AMHMILy BPEMEHH. XapaKTePUCTUKN [UKJIOHUYECKOH aKTUBHOCTH PACCUUTHIBAINCH
Kak /sl BCEH IPyYIIIBI IUKJIOHOB, TaK M OTJAEIBHO ISl TPYTITbl MHTEHCHBHBIX IUKJIOHOB, C JABJICHUEM B IEHTPE
ot 980 rlla u MeHee.

Jns aHann3a KIMMaToIOTHH TeHEPUPYEMbIX BHETPOIMUECKHUX IIMKIOHOB B PAa3NIMUYHbBIX paiioHax Cesep-
HON ATJIaHTHKH OBIIO BBIIEJICHO CeMb paifoHOB (puc. 1), 11 KaXKI0TO U3 KOTOPBIX KOJIMUECTBO T€HEPHPYEMBIX
IIUKJIOHOB B 3MMHIOIO IIOJIOBHHY T0J[a C OKTSAOPSI IO MapT PacCUUTHIBAIOCH OTAEIBHO JUIS ABYX BPEMEHHBIX
neprnooB: 1979-1999 rr. m 2000-2020 rr. CpaBHEHHE HHTETPATFHOTO KOTHYECTBA TPACKTOPHH IIMKIOHOB, pac-
CYMTAHHOTO MO JAaHHBIM JIBYX PEaHAJIM30B 1 OAHOMY U TOMY K€ METOIY MACHTH()HUKAILINN IEHTPOB IIMKIIOHOB,
MOKA3bIBACT CYIIECTBCHHBIC PA3IIMUMSI MKy PeaHaIn3aMH B KOJIMIECTBE T€HEPUPYEMBIX IIUKIIOHOB T10 paiio-
HaM reHesnca (puc.2). CucreMaTndecku BO BceX paiioHaxX OOIbIIe MUKIOHOB HACHTH(PHUINPYETCS IO TaHHBIM
peananm3a ERA-5. MakcumanbHOE KOJTHYESCTBO HUKIOHOB IT0 000UM peaHaIn3aM reHepHPYETCs B YMEPEHHBIX
U cyOnomnspHHbIX mHupoTax CeBepHOH ATIaHTHKH, B 9THX K€ pailoHax HaOIIOMA0TCs 1 MAKCHMAJIbHBIE OTIIN-
YHS MEX/y peaHaIN3aMH.

Hecmotpst Ha CyliecTBEHHbIE OTIMYHS B KOJTMYECTBE BBIABIIEMBIX [INKJIOHOB, PACUETHI IO 000MM peaHa-
JM3aM JJEMOHCTPUPYIOT TEHACHIIMIO K POCTY KOJIMYECTBA T€HEPUPYEMBIX IIMKJIOHOB B 3UMHIOIO MIOJIOBHHY T'O/1a
B ITOCJICTHHE J[BA IECATKA JIET, KAK B OTACIBHBIX paifoHaX, Tak M BO BceM B pernoHe CeBepHOM ATIaHTHKH.

Puc. 1. BoigeneHHble panoHbl
CeBepHon AtnaHTtvkwm 1 EBpo-
Mbl ANA pacyeTa Kon4ecTea
reHep1pyeMbIX LIMKIOHOB

1500 - Puc.2. VHTerpanbHoe Konu-
a) YeCTBO TPAEKTOPUI LIMKIOHOB
B 3MMHI0I0 MOMIOBMHY rofia C
OKTABPA N0 MapT Mo paoHaMm

reHe3wca o aHHbIM peaHa-
500 - nm3os NCEP/ NCAR/DOE (a) n
I I l ERA-5 (6) 3a nepuop 1979-
1999 (cTon6bupl bonee cBeTno-
0 - e g e, P a ‘ . ro useta) 1 2000-2020 ( cTon-

6 7
PaiioHbl reHesuca UMKAOHOB : 1 - AP, 2- AN, 3- EUW, 4- EUE, 5- AS, 6- MW, 7- ME

1000

6ubl bonee TEMHOrO LiBeTa).

6)

1500

1000 -

500 - .

N H 1 =
1 2 3 4 5 6 7

PaiioHbl reHesuca UUKAOHOB : 1 - AP, 2- AN, 3- EUW, 4- EUE, 5- AS, 6- MW, 7- ME
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AHai3 MeXro/I0BOH U3MEHUYMBOCTH XapaKTEPHUCTHK UKIOHNYECKOH aKTHBHOCTH, KOJIMYECTBA LIEHTPOB
LIMKJIOHOB ¥ MHJIEKCa IUKIOHNYECKOH aKTHBHOCTH, MHTETPAILHON CyMMbI aHOMaNuUii arMocdepHoro aasie-
HUSI B IGHTPaX IIMKJIOHOB 3a CE30H, MPOBEACHHBIH Ju1s paiionoB Mciaanackoro munnmyma (puc.3) u bapenuesa
Mopst (prc.4), TaKKe TIOKa3aIo CyIIECTBEHHOE OTIMYHE MEX/y peaHaIn3aMHu.

s00 Puc.3. KonunyecTso LeHTpoB
LIMKJIOHOB (a) U crieuuanusn-
POBaHHbI MHLEKC LIMKIOHU-
YecKow akTUBHoCTH (6). Pan-
oH WcnaHacKkoro MUHUMYMa.
31MHSAA NonoBMHa rofa.
0603HaueHMA: N0 JaHHbIM
peaHanu3a NCEP/ NCAR/DOE
( MMHWM cuHero uBeTa) , Mo
JaHHbIM ERA-5/ECMWF (Ko-
puyHeBbIi). CnnoLwHas nn-
HUA — BCE LIMKMOHbI, TOUYKMU -
rny6oKuMe LUMKNOoHbI. HupHan
NIMHWA — CKONb3ALLME Cpeq-
HUe 3a NATb NeT.

1980 1985 1990 1995 2000 2005 2010 2015 2020

rIla
14000
12000
10000
8000
6000
4000

2000

" 1980 1985 1990 1995 2000 2005 2010 2015 2020

Puc.4. KonnyecTBo LeHTpoB
LIMKNOHOB (a) ¥ cneuunanusu-
POBaHHbIM MHLAEKC LIMKIOHU-
YecKow akTMBHoOCTY (6). Paii-
oH WcnaHacKkoro MUHUMyMa.
31MHSAA NonoBMHa rofa.
0603HaueHMA: N0 JaHHbIM
peaHanu3a NCEP/ NCAR/DOE

i ; i = ( MMHWM cuHero uBeTa), Mo
1980 1985 1990 1995 2000 2005 2010 2015 2020 ,I],aHHbIM ERA_S/ECMWF (3e_
nexbi). CnnowHan nuHUA —
BCE LIMKMOHbI, TOUKM - Fny6o-
KMe UMKNOHbI. HupHaa nu-
HUA — CKONb3ALLME CpeHne
3a NATb NleT.

7000

6000

5000

4000

3000

2000

1000

1980 1985 1990 1995 2000 2005 2010 2015 2020

B kaxnplil 0TAEIBHBIN 3UMHUI CE30H BCETO NEPUOAA UCCIETOBAHUS IPU CPABHUTEIBHO OJUHAKOBOM KO-
JMYECTBE NTyOOKNX IMKIOHOB 3HAYCHUS MHJIEKCA IMKIIOHNYECKOH aKTHBHOCTH 110 JaHHBIM peaHann3a ERA-5
B 3TUX palloHaX OKa3aJMCh 3HAUUTENBHO BHIIIE: B paiioHe Vcnanackoro MUHUMyMa B CpeTHEM B JIBa pa3a, B
paiione bapenneBa mopst — Gonee yeM B 4 pasa 1o cpaBHeHHIO co 3HadeHUsIMH uHAekca mo NCEP/ NCAR/
DOE. Dro cBs3an0 Kak 6onee BEICOKOW HHTEHCUBHOCTBIO IIYOOKHX IMKJIOHOB, Tak U ¢ 00Jiee BBICOKUM KOJIH-
YECTBOM YMEPCHHBIX IMKIJIOHOB, BBISBISIEMBIX MO jgaHHBIM ERA-5 mo cpaBHenuto c¢ peanamuszom NCEP/
NCAR/DOE B stux pationax. IIpu 3TOM, ©3MEHUYMBOCTH XapaKTEPUCTHK HUKIOHWYECKONH aKTHBHOCTH B BBI-
OpaHHBIX pailioHax, paccyuTaHHas 1o faHHeIM ERA-5, Xopolo koppenupyeT ¢ i3MEeHYHBOCTBIO, ITOJTY4IEHHOM
o gauasiM NCEP/ NCAR/DOE.

Taknum 00pa3om, cpaBHEHHE XapaKTEPUCTUK IIUKIOHUYECKOM aKTUBHOCTH, MOIYYSHHBIX OIHUM METOJIOM,
HO C HCIIOJIb30BAHUEM PA3HBIX PEaHAIN30B, JIEMOHCTPUPYET 3aBUCUMOCTb STHX XapaKTEpPUCTHUK OT BBhIOOpa
JTAaHHBIX, KOTOPbIE OTIMYAIOTCS UCXOJHON YHCIEHHOW MOJEIBIO, IIaroM ceTkU. Mcrnonb3oBaHue JaHHBIX pea-
nanmza ERA-5 ¢ 6osee BRICOKMM POCTPAaHCTBEHHBIM pa3pelieHneM /st OIHUX U TeX JKe pailoHOB JaeT Oosee
BBICOKOE KOJIMUECTBO BBISBISIEMBIX IIMKJIOHOB M O0Jiee BBICOKME 3HAUCHNUS HH/IEKCa [TUKJIOHNYECKOH aKTHBHO-
CTH.
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Analysis of the vertical structure of atmosphere during
the coldest days in Norilsk and Salekhard according
to numerical simulation
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most favorable time for inversion’s formation because of strong cooling of surface and high-pressure

conditions. Surface-based inversions formed in cities are the most interesting for research because of
their impact on the people’s health. Besides it, “urban” surface-based inversions are different from “rural” ones,
because of presence of urban heat island (UHI).

“Urban” surface-based inversions in Arctic are still weakly understood because of poor meteomonitoring
equipment in the most Arctic regions and because reanalysis resolution is too low for urban territory. So, nu-
merical simulation now — the most available instrument to research vertical structure of atmosphere in Arctic.
However, to obtain data representative for the selected region, it is necessary to choose the parameterizations of
the subgrid processes.

The purpose of this work is the estimation of model reproduction of the vertical structure of atmosphere in
Norilsk and Salekhard.

These cities are located in subarctic climate zone, but has different relief conditions: flat in Salekhard and
elevated in Norilsk.

Vertical structure of the atmosphere in Norilsk sounding station and Salekhard sounding station was simu-
lated with the mesoscale model ARW (Advanced Research Weather Research and Forecasting (WRF)) version
4.0. Numerical experiment was realized for two coldest days during last 10 years for each station. Calculations
were made in three nested domains with the shared center at 66,53°N, 66,66°E for Salekhard and 69,32°N,
69,32°E. As an initial data, ERAS5 data was used.

The obtained data was visualized with MATLAB R2017b and then was compared with sounding data. For
this, measurement data was interpolated to model vertical levels with Piecewise Cubic Hermite Interpolating
Polynomial.

The comparison revealed that the largest deviations of the values from the measured ones are observed at
the lower border of the inversion, several inversions in one temperature profile are poorly reproduced and the
model tends to underestimate the intensity of the inversion.

ﬁ rctic climate is characterized by frequent temperature inversion. Winter, especially in this region, is the
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NccnepnoBaHue BepTUKaNbHOM CTPYKTYPbl aTMochepbl
B TeYeHue Hanbosnee XxonoaHbIX aHen B Hopunbcke
n Canexapge no gaHHbIM Moe/IMpoBaHuA
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" MOCKOBCKMI rocyaapcTBeHHbIN yHMBepcuTeT Menn M.B. JloMoHocoBa, leorpaduueckuii dakynstet, Mocksa, Poccua

? UHeTuTyT du3nkm atMocdepsl uM. A.M. 06yxosa PAH, Mocksa, Poccus

* HayuHblii ieHTp «CMapT TeXHONOrMM YCTOMYMBOTO Pa3BUTUA FOPOACKON Cpeabl B YCIOBMAX MobanbHbix M3MeHeHuit» PYIH,
Mocksa, Poccus
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T™MOc(epa B apKTHUECKOM PErHOHE XapaKTepU3yeTCsi BHICOKOI MOBTOPSIEMOCTBIO HHBEPCHUIT TeMIlepa-
Typsl. IMEHHO 3/1€Ch HaOIIOMAI0TCSI Harnbosiee O1aronpusATHBIC YCIOBHS /1S UX (DOPMHUPOBAHUS: ITPO-
JOJDKUTENBHBIC TIEPUOIBI PaTHAlMOHHOTO BRIXOJAXKUBAHUS M BIHsSHUE oTpora CHOMPCKOro aHTHIIU-
kioHa [1]. HanGonpmuil mHTEpec NpeaCcTaBIsIOT HHBEPCHH, Pa3BUBAIONINECS B TOPOJax, TaK KaKk CKOIIJICHHE
3arpsA3HSIONINX BO3AYX IIPUMECeH 1ol HHBEPCHOHHBIM CJIOEM U BHYTPH HETO MOJKET IPEICTABIATH CEPhE3HYIO
OIMaCHOCTB JJIsI 30POBbs HaceaeHus [2]. Kpome TOro, MHBEpCHH Ha TOPOICKUX U POHOBBIX TEPPUTOPHSIX pa3-
BHBAIOTCS TI0]I BIMSIHMEM pa3HOro Habopa (akTopoB, Tak, HAIpPUMeEp, MPH HCCISJOBAaHUU BEPTUKAIHLHOMN
CTPYKTYpBI aTMOC(ephl B FOPOJIe HEellb3sl HE YUUTHIBATh BIMSHHUE OCTPOBA TEIUIA - 00JACTH C TEMIIEPaTypoH,
0oJiee BHICOKOM, UeM y OKpyskatoteit Tepputopuu (hoHoBoM 30HHI) [3].
3TO SBIEHUE U OTHOCUTENHHO HEOOINBIINE TUIOMIAAN TOPOJOB B APKTHKE HE MO3BOJISIIOT IPU UCCIIEI0BA-
HUM atMocdepsl B TOPOJIe MCIOIb30BaTh JaHHbIC peaHaln3a, a TPYIHOIOCTYTHOCTh MHOT'HX TOPO/IOB M 3KC-
TpeMaJbHBIE 3MMHHUE YCIIOBUS — HE TI03BOJISIOT TOBCEMECTHO UCIIOIh30BaTh JaHHBIE HAOMIOICHHH.
OnHUM U3 JOCTYIHBIX HHCTPYMEHTOB ISl HCCIIEIOBAHMS IPU3EMHOTO CIIOSi aTMOC(EphI B apKTHYECKHX
ropojax sABJIIETCS YUCIEHHOe MoenrpoBanue. OIHAKO IS TOTyYeHHs pepe3eHTaTUBHBIX I BEIOPaHHOTO
perrnoHa TaHHBIX HEOOXOAMMO Mo00paTh MapaMeTpH3aIiy IOJICETOUYHBIX IPOIIECCOB.

BepTukanbHbii NPodMNL TeMnepaTyph! OTnMYMe MOAENbHBIX 3HAYEHUH paTypb! o7 P 1X
Canexapa Canexappg
31.012019 31.01.2019
o 00uUTC 00uUTC
700 .
s T@MNE@PATYPA, paccumTanHan WRF
— T EMNEPATYDA, UIMEPEHHAR DAAHOIOHAOM -
200 { 750
800

S 400
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H g ————
3 ool - S
g ]
a S f—

800 950 F—

1000 ——
1000
L " 1050 : L . . . . "
60 55 45 -40 -35 -30 25 0 05 1 15 2 25 3 35 4

Temneparypa,C

OTknoxenun no Temnepatype, C

Puc. 1. PeaynbTaThl cpaBHEHMA BEPTUKANLHOIO pacnpeeneHnsa TeMnepaTypbl Mo JaHHbIM MOAENMPOBaHUA U U3MepeHUi
pagwmosonga ana 31.01.19 00UTC, Canexapg (05:00 no MecTHOMY BpeMeHM).

BepruransHbiit npomune TemnepaTypibl Ornuuve HbIX 3Ha YPbl OT
Hopunsck Hopuneck
15.01.2021 15.01.2021
0 _ooutC . 00UTC
700
Temneparypa, paccumransan WRF
TeMNepaTypa, HIMEPEHHAN PAANOIOHAOM |
200 1 750 -
800
S 400 —
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z 3 850 —
e 600 o
g 8
C ]
< 900 L
800 P e—
950
1000 f—
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Otknoxexun no Temnepatype, C

Puc.2. PesynbTathl cpaBHEHWA BEPTUKANBHOMO pacnpeesieHns TeMrepaTypbl Mo JaHHbIM MOAENUPOBaHMUA U U3MEPEHUI
pagmo3oHpa ana 15.01.21 00UTC, Hopunbck (07:00 no MecTHoMy BpeMeHw).
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Lenbro nanHoi#l paboTh! siBiIsAETCS OlieHKa BocnpousseaeHus mozaeiabio WRF ARW 4.0 BeprukanbHoi
CTPYKTYpbI arMoc(hepbl Ha CTaHIMAX paarno3oHanpoBanus B Hopuibcke n Canexapie.

Hccnenyemble CTaHIIMU pacIioaraloTcsi B CyOapKTHYECKOM KJIMMaTe, OTHAKO B Pa3HBIX YCIOBHSX peibe-
(ha: Canexapn — Ha paBHUHE, HOPHIBCK — HA BO3BBINICHHOCTH.

B xone paboThl ObUIO TIPOBEICHO YETHIPE YHCICHHBIX IKCIIEPHMEHTA C UCIIOIb30BAaHUEM PErHOHABHOM
Mme3omaciitabHoi Heruapocraruueckoir Mmorenun WRF ARW 4.0, mosmy4deHHble pe3ysbTaThl CPaBHUBAIIHCH C
JITAaHHBIMH PaIM030HIMPOBaHHMs. B KauecTBe HaualbHBIX JJAHHBIX UCIIOIB30BAIIMCH TaHHbIE peaHanu3a ERAS.

Juist pacueToB ObUIM MCIIONB30BaHbl YETHIPE BIOKEHHBIX 00JaCTH C OOIIMM LIEHTPOM B TOUKE, I7IE PacIo-
Jlarajach COOTBETCTBYIOIIAs CTAHIIMS PaO30HANpoBanus: 66,53° .., 66,66° B.a. (Canexapn) u 69,32° c.ur.,
88,22° B.A. (Hopuinbck).

DKCIEPUMEHT MPOBOIMIICS JJIsl JBYX HauOoJiee XOJOMHBIX AHEH 3a mocnennue 10 ner [4] Ha kaxmon
craniuu: 31.01.2019r, 02.02.2019r. — st Canexapaa, u 22.12.2020r., 15.01.2021r. — s Hopuibeka.

[Tpu npoBeeHNH YUCICHHOTO SKCIIEPHUMEHTa ITPU3EMHBIH cJ10i1 onrckiBaicst Revised MMS5 scheme, ruta-
HETapHO-TIOTPAaHUYHBIN CIIOW — mapameTpusanueit Bougeault—Lacarrere, mojcTuiaromas MOBEPXHOCTh -
Noah-MP Land Surface Model, nimHHOBOSTHOBaAS M KOPOTKOBOIHOBas paananus - RRTMG scheme, 6ok mu-
Kpo(u3uku 00JIAYHOCTHU JIJIsl BHEIIHUX 00NacTeil omuchiBaics ¢ nomoripio WSM S-class scheme, amst BHY-
TpeHHel obnactu — WSM 6-class scheme.

Jnst cpaBHEHHS pe3yJbTaTOB YHCIEHHOTO HKCIIEPUMEHTA C JIAHHBIMH PaJIMO30HIMPOBAHMUS MOCIIEIHUC
OBUTH UHTEPIIONNPOBAHBI KyCOUYHO-KYONUECKUMI MHOTOUYJICHAMH DPMHUTa HA BEPTHKAJIbHBIC YPOBHU MOJICIIH.

[Tocne uHTEpHONSAIMU OBUTM TOCTPOEHBI BEPTHKAJIBHBIC MPOQUIN TEMIIEpPaTyphl BO3/LyXa 10 JAaHHBIM
pacyeToB MOJIEIH U 110 IAHHBIM PaIM030HIUPOBaHMs. TakKe ObIIIM BBIYHMCIICHBI OTKJIOHEHUS MOJICIBHBIX 3HA-
YEHUIl OT U3MEPEHHBIX.

B pe3synbrare cpaBHeHUs ObUTM 0OHAPYKEHO, YTO HAMOOJIBIINE OTKIOHEHUS PACCUMTAHHBIX 3HAYEHUH OT
M3MEPEHHBIX HAOIONAIOTCSl HA HIDKHEH I'paHuIe HHBEPCHH, HECKOJIBKO HHBEPCHH B OIHOM Npoduiie Temrepa-
TYpBl BOCIIPOU3BOISATCA IJIOXO0, MOJIENb CKJIIOHHA 3aHWXKAaTh HHTEHCUBHOCTh MHBepcuu. Kpome Toro, Hekoro-
PY!0 HOTPEIIHOCTh BHOCUT CaMa HHTEPIOIALUS.

IIpuMeps! MOTyYEHHBIX PE3y/IbTaTOB MPUBEIEHB! Ha pUCYHKaX HIXke (puc.l u puc.2).

B VccnepnosaHue 6bio BbiNosHEHO Npu nogaepkke npoexktos POO®U 18-05-60126 n 20-55-71004.
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Quality assessment of surface wind speed reproduction
by the new detailed model COSMO-CLM hindcast
in the Russian Arctic

Boiko A., Platonov V.

Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia

E-mail: aksinia.boiko@gmail.com, vplatonov86@gmail.com

he Arctic is one of the most vulnerable to climate change regions in the world. On average, warming in
the Arctic occurs two to four times faster than in the entire globe [Screen et al., 2012; Serreze et al.,
2009; Solomon et al., 2007]. Also, the Arctic is one of the most important economically significant re-
gions - both for Russia and for the whole world, since the Northern Sea Route passes through the Russian Arc-
tic. The rapid climate change in the Arctic has a significant impact on the plans for the socio-economic develop-
ment of the Arctic region, maritime shipping, the development of oil and gas shelf areas. Freeing the surface of
the Arctic Ocean from ice contributes to an increase in the recurrence of extreme winds [Laffineur et al., 2014;
Moore, Renfrew, 2005]. Information about extremely high wind speeds is very important - data on wind loads
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should be considered when designing and operating antennas, masts, bridges, and other structures on land, as
well as ships and drilling rigs in the offshore area, which is why this study focused on wind speed. Considering
the growing number of dangerous hydrometeorological phenomena, and the prospects for the development of
the Arctic coast and the Northern Sea Route, it becomes necessary to study in detail the observed changes in the
Russian Arctic, as well as to provide the region with relevant detailed hydrometeorological and climatic infor-
mation with high spatial resolution. To make detailed assessments of climate change in the Russian Arctic be-
comes possible using the new model archive COSMO-CLM (COSMO-CLM Russian Arctic hindcast), cover-
ing the period from 1980 to 2016. with a spatial resolution of ~ 12 km [Platonov, Varentsov, 2021].

This hindcast, which includes about a hundred different hydrometeorological characteristics at both sur-
face and model levels (50 levels), was created by hydrodynamic modeling using the COSMO-CLM regional
atmospheric model. The calculations were carried out for the region that includes the Barents Sea, Kara Sea and
Laptev Sea (Fig. 1). Currently, data are available from 1980 to 1992, 1994, 2000-2008, 2010-2016 (30 years),
so the calculations were carried out using the data of these years. To assess the data on the wind speed of the
model archive and conduct a comparative analysis, urgent data from the meteorological stations of Roshy-
dromet from the site meteo.ru were used. For the study were selected 95 stations located within the model do-
main (Fig. 2). For comparison, station data were selected for the period from 1960 to 2016. Further, the model
grids closest to the stations were found according to the coordinates. Then the statistics were calculated at these
points: the differences between the values of the parameters in the model grids and at the stations, mean errors,
standard deviations, and correlation coefficients. To study the extreme values of meteorological parameters, the
quantile method was used. We calculated the quantile values for the stations and the corresponding model
grids, as well as the differences between them. To estimate the maximum wind speeds, 95, 99, 99.9% quantiles
were taken. All calculations were carried out using the MatLab software package.

The research showed that the average wind speed is well reproduced by the COSMO-CLM Russian Arctic
hindcast. However, there are stations where the model and the station data are not equal: in most of these sta-
tions hindcast is overestimating wind speed (Fig. 3a, 3b). The spatial distribution of the extreme values is well
displayed on both model and station data. The study of the quantile difference showed that, in contrast to the
average wind speed, the extreme speeds according to the hindcast data are underestimated - the error ranges
from 2 to 10 m/ s (Fig 4).

For a more detailed and accurate study of the reproduction of wind speeds by the COSMO-CLM model
archive, it is necessary to investigate the behavior of statistics of average and extreme values of wind speed on
smaller time scales: seasonal, monthly, and daily. It is planned to estimate the studied statistics using satellite
data in the future, and to compare the trends of the obtained characteristics using different data sources.

OueHKa KayecTBa BOCrpou3BeeHUA NMPU3eMHOM CKOPOCTH
BeTpa B Poccnmnckom ApKTUKe Ha OCHOBE [aHHbIX HOBOIO
aeTanusmpoBaHHoro MmogesibHoro apxmsa COSM0O-CLM

boiko A.Il., NnatoHos B.C.
MocKoBcKui1 rocyfapcTBeHHbI yHuBepcuteT uMenu M.B. JlomoHocoBa, leorpaguyeckuii pakynbtet, Mockea, Poccus

E-mail: aksinia.boiko@gmail.com, vplatonov86@gmail.com

BBEOEHUE U AKTYAJIbHOCTb

ApKTHKa SBISIETCS OMHUM W3 HanOoJjee YA3BUMBIX K H3MEHCHUSIM KJIMMaTa pernoHOB B Mupe. B cpemHem
MOTEIUICHUE B APKTHKE TIPOMCXONT B JBa — YETHIPE pa3a ObICTpee, YeM BO BceM 3eMHOM Imape [Screen et al.,
2012; Serreze et al., 2009; Solomon et al., 2007]. [Ipennonaraercs, 9To MPUYNHA ITOTO SBICHUS 3aKITF0YACTCS
B IIEJIOM KOMITICKCE (PU3MUSCKUX MPOIECCOB, OONBITMHCTBO U3 KOTOPBIX TECHO CBSI3aHBI C PE3KMM YMEHBIIIC-
HHUEM TUTOIIAIH MOpPCcKoro Jbaa [Stroeve et al., 2012]. B cBoro odepens ocBoOOKIeHHE TOBepXHOCTH CeBepHO-
ro JlemoBUTOTrO OKeaHa OTO JIbJja ONMAarONpPHUATCTBYET YBEIHMUCHHUIO TTOBTOPSIEMOCTH HKCTPEMAIbHBIX BETPOB,
YTO TPOSBISCTCSA U B YBEIMUCHIH OTACHBIX siBIeHMA mmoroasl [Laffineur et al., 2014; Moore, Renfrew, 2005].
Wudopmanus 06 SKCTpeMarbHO OONBIINX CKOPOCTSIX BETpa OYCHb Ba)KHA — JAHHBIC O BETPOBBIX HATrpPy3Kax
CIIEAyeT YUUTHIBATh TPU MPOCKTHPOBAHUH M IKCILTyaTal[dl aHTEHH, MadT, MOCTOB M JIPYTHX COOPYKCHHHN Ha
cyIe, a Takke Kopaodneil m OypoBBIX YCTAaHOBOK Ha MOPCKOW aKBaTOPHUH, MMCHHO TIOATOMY B TaHHOH paboTe
OBLI ClIeTaH aKIeHT Ha UCCIICIOBAaHUN CKOPOCTH BETpA.

ADpKTHKa SBISICTCS OJHUM W3 BXHEUIIINX SKOHOMHYECKH 3HAYMMBIX PETHOHOB — Kak /i1 Poccnn, Tak
JUTsl BCETO MUpa B LIEJIOM, Tak Kak yepe3 Poccuiickyro Apkruky npoxoaut CeBepHblil MOpckoi myTh. CTpemu-
TENBHOE U3MCHEHHUE KIIMMaTa APKTHKA OKa3bIBACT CYIICCTBEHHOEC BIMSHIC HA TUIAHBI COIIMATFHO-YKOHOMUYC-
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CKOTO pa3BUTHSI APKTHUECKOTO PETHOHA, MOPCKOTO CY/IOXO/ICTBA, OCBOCHHUS HE()TETa30BbIX MIETb(OBBIX paiio-
HOB 1 CeBEepHOTo MOPCKOTO IMyTH. TakuM 00pa3oM, ¢ y4€TOM PacTyIIEro YKUCIa ONACHBIX THAPOMETEOPOIIOTU-
YECKUX SIBJICHUH, U TIEPCIIEKTHUB [0 OCBOCHUIO apKTHUECKOT0O obepexbs 1 CeBepHOr0 MOPCKOTO IyTH, BaK-
HOW 3a7a4ell CTAaHOBHUTCS JETANIbHOE M3yUeHHE HAOII0MaeMbIX U3MeHeHuil B Poccuiickoil ApKTuke, a Takxke
obecrniedyeHne pernoHa PEJIeBAaHTHON ETaNIN3UPOBAHHON THAPOMETEOPOJIOTHYECKON M KIMMATHYECKOH HH-
dopmanuei ¢ BBICOKUM MPOCTPAHCTBEHHBIM Pa3pEIICHUEM.

BONBIIMHCTBO CYIIECTBYIOMIMX MAaCCHBOB IHIPOMETEOPOIIOTHUECKIX AAHHBIX AJISI apKTUIECKOTO PETHO-
Ha MMEIOT 00 (parMeHTapHBIN XapakTep (CTaHIIMOHHBIE W HKCIICANIINOHHBIC HaOmomeHus), mbo rpydoe
MIPOCTPAHCTBEHHOE pa3pelieHne (KIMMAaTHIECKUE apXMBbI, PEaHAN3bl, KIMMATHUECKHE MOACIH - ACCATKH
KM) JINOO OTpaHMYCHHBIH BPEMEHHOW OXBAT (CITyTHUKOBBIC JAaHHBIC), YTO HE TO3BOJISET pa3peniarb MHOTHE
OTIaCHBIC SIBJICHMS, U3y4aTh UX CTATUCTUYECKUE XaPAKTEPUCTUKH 110 MHOTOJIETHUM psifiaM JaHHBIX. Vccneno-
BaHU 0COOCHHOCTEH BETPOBOTO PEeKUMa 3amaHoi 9acTi Poccuiickoit ApKTHKH BBIIBIIIN, YTO TOPH30HTAIIb-
HOE pa3perieHne MMOoOaTbHBIX KIMMAaTHIEeCKUX MOJIENICH HEe TTO3BOJISIET ONPEIEINATh IKCTPEMAIIbHBIE CKOPOCTH
BETpa — JUIS 3TOr0 HEOOXOIMMO NPOBOANTH UCCIECAOBAHUS C YIETOM Me30MacTabHbIX IporeccoB [Kucinos u
np., 2015]. Onenkn nmokasanm, 9to Me3oMacmTadHas pernonanbHas monenb COSMO-CLM oxa3zanace cro-
co0OHa BOCCO3/1aBaTh HAJ MOPEM M BOJIM3M MOOEPEKUi CKOPOCTH BETpa, MPUOIIDKAIOMHKECs K HaOI0IaeMbIM
IKCTpeManbHBIM 3HaueHIsIM [Platonov, Kislov, 2016; Platonov, Kislov, 2020]. Takum o6pa3zom, aHamn3 3KCTpe-
MaJlbHbIX CKOPOCTEH BETpa M COMOCTABICHNE NX BOCIIPON3BEICHNS ITI00ATbHBIMHU U PETHOHAIBHBIMH MOJIEIIS-
MH IIPOJEMOHCTPUPOBAIN HEOOXOJUMOCTh HCIOIB30BAHMSI HETHIPOCTATUIECKUX ME30MACIITA0HBIX MOJIEIIEH
BBICOKOTO Pa3pelIeHusI B APKTHKE [UISl yCIICITHOTO OMMCAHMS CTPYKTYPbl HANOOJIEe CUIIbHBIX CKOPOCTEH Be-
Tpa, a TAK)KE MTPOBEJCHUS CTATUCTHYECKHUX OLIEHOK UX IIOBTOPSIEMOCTH U M3MEHUYNBOCTH.

Vcnionp30BaHKE B MCCIIEI0BAaHUN HOBOTO JIETATM3MPOBAHHOTO MOJICIBHOTO apXHUBA, CO3JJAHHOTO Ha OCHO-
Be Me3omacmTabuoit Mmonemn COSMO-CLM (COSMO-CLM Russian Arctic hindcast), oxBarbIBaromiero me-
puox ¢ 1980 mo 2016 rT. ¢ MPOCTPaHCTBEHHBIM pa3pelIeHneM ~12 KM U BpeMeHHBIM pa3pemeHneM | gac
[Platonov, Varentsov, 2021], MoXeT MO3BOJUTH NOIYYNTH HOBBIE, O0JIee IeTanbHbIe i (PU3NIECKH 000CHOBaH-
HBIE OLIEHKH MPOUCXOSIINX KIMMAaTHYEeCKUX U3MEHEHHH, U OMACHBIX TMIPOMETEOPOIOTHUCCKIX SBICHUN B
ApKTHYECKOM PETHOHE, & B YaCTHOCTH YTOYHNUTH PETHOHAIBHBIE OCOOEHHOCTH PACTIpeeNIeHUs  TeHICHIIUH
ckopocTH BeTpa B Poccniickoit ApKTHKe.

METOAUKA UCCJIEAOBAHUA

JeTanu3npoBaHHbI MHOTOJICTHUI apXHUB THAPOMETeOporornieckor napopmanuu Poccutickoit ApkTu-
KM, BKJTIOUAIONINH B ce€0sl OKOJIO COTHM Pa3IMYHBIX THJIPOMETEOPOIOTHUECKIX XapaKTEPUCTHK KaK IPH3EM-
HBIX, TaK 1 Ha MOAENBHBIX ypoBH:X (50 ypoBHeii), ObUT CO3MaH METOIOM THAPOIUHAMHYECKOTO MOJICITHPOBA-
HUS C TIOMOIIbI0 perrmoHansHoi Monenu atMochepsl COSMO-CLM. PacdeTs! mpoBOAMINCH TSI 00NACTH,
BKITIOUatomiel B ceds bapenmneBo mope, Kapckoe mope u mope JlanreBrix (Puc. 1). Kondpurypamms momnenu
OBLTa IpeABapUTEIbHO BepUPHUIMPOBaHa Ha NaHHBIX Oonee deM 400 cranimii. B okoHuarenpHOM KOHDUTYpa-
MM PacueTOB HCIOJIB30BAINCH peaHann3 ERA-Interim B kadecTBe HayadbHBIX M T'PAaHWYIHBIX YCIOBHI
[Platonov, Varentsov, 2019, 2020], TeXHOIOTHS «CIIEKTPAIFHOTO HAIPKUHTaY, IPUMEHSIIIACh CXeMa eKeMeCs d-
HOTO “YCBOCHHS~ TAaHHBIX O COCTOSIHUY ITOYBHI U3 TIIo0anbpHOTO peaHann3a ER A-Interim. [lepBudHbIe orieHKH
MIOJTyYCHHOTO apXHBa METEOPOIOTHYECKHUX JAaHHBIX MOKA3aJIM aJIeKBAaTHOCTH BOCHPON3BEICHHUS UM OCHOBHBIX
KIIMMaTOJIOTMYECKUX 3aKOHOMEPHOCTEH pacrpefeieHusi CPeIHNX MPU3EMHBIX CKopocTed BeTpa. [Ipn sTom,
HarpuMep, TPOSBISICTCS JETATN3aIMs PAcIPEACICHIsI CKOPOCTH BETPa BO MHOTHX PETHOHAX APKTHKH IO
COSMO-CLM Russian Arctic hindcast, He oTpakaromiasicsi B ICXOTHOM I100ansHOM peananmze ERA-Interim,
a TTOBTOPSIEMOCTH BBICOKHX ckopocteit BeTpa mo COSMO-CLM mnomy4aroTcst 3Ha4UTEIBHO BHIIIE, 0COOCHHO
IUTS 00NacTel ¢ M3BECTHOM BBICOKOH MTOBTOPSIEMOCTHIO CHITBHEIX BeTpoB (Hosas 3emurs, [lnumbepren u ap.).

& W 720¢, K
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Puc. 1. Cxema MofienbHOro JOMeHa C Lwarom
CETKM =12 KM UCMOJNIb30BaHHOIO [1N1A Co3Ma-
HuAa COSMO-CLM Russian Arctic hindcast, ¢
[aHHbIMY 0 BbICOTE Haf y.M. B MOAENH, rpa-
HWLbI OMEHa 0603Ha4eHbl YepPHBIM MpAMOY-
ronbHuKoM [Platonov, Varentsov, 2021].
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JaumHble apxuBa 0 CKOPOCTH BeTpa ObUM cKadaHsl ¢ peroszuropus figshare [https://figshare.com/collec-
tions/Arctic_COSMO-CLM_reanalysis_all_years/5186714; https://doi.org/10.6084/m9.figshare.c.5186714],
T7Ie BBUIOXKEHBI B OOIINIT JOCTYII IPU3EMHBIE MTOJIsI: TEMIIepaTypa, KOMIOHEHTHI CKOPOCTH BETpPa, OCaIKH, 1aB-
JICHNE B JJAHHBIA MOMEHT 32 OOJIBIIIYIO YacTh OXBATHIBAEMOTO Ieprosia. B HacTosIee BpeMst Ha peTo3uTOpUN
noctynHsl qannsie ¢ 1980 mo 1992, 1994, 2000-2008, 20102016 (30 sreT), mo3TOMY pacdeTsl MPOBOAMINCH
T10 IAHHBIM 3THX JIET.

Jlnst OLeHKH JaHHBIX O CKOPOCTH BETpa MOJICJILHOTO apXHBa M IPOBEICHMS CPAaBHHUTEIHHOTO aHAIM3a
OBLTH MCIIOIB30BAHbI CPOUHBIC JaHHBIE METEOpOJIornyecknx craHumii Pocruapomera c caifra meteo.ru. s
HCCcIeJOBaHMs ObUTM BEIOpAHBI 95 cTaHImid, HaXoAIUXCs B 00J1acTH MozienbHOTO foMeHa (Puc. 2).

Puc. 2. PacnonoeHne MeTeocTaHLUN,
MeTeocTaHLuuUM MCNo/b30BaHHbIX B JaHHOW paboTe.

70° . .
£ go E 90 E 100 e\

s mpoBeieHns cpaBHEHHS OBUTA OTOOpAHBI CPOYHBIC CTAHIIMOHHBIC TaHHBIE 3a riepuo ¢ 1980 mo 2016
rT. Jlanee mo xoopauHaTaM ObUTH HaWIeHB! ONVDKAMIINE K CTAHIMSIM Y371l MOJICIBHOTO apXHBa, IIOCIIE YEeTo
OblTa MPOM3BEICHA TIPOBEPKA TIOTIAJaHuUs BEHIOPAHHBIX Y3JI0B Ha CYIIy (ITOCKOJIBKY ITOTAaHKe y3JI0B Ha MOp-
CKYIO IIOBEPXHOCTB, 1 IIOCIIEAYIOIIee HEKOPPEKTHOE CPAaBHEHUE MTOTYYEHHbIX JAHHBIX C JAHHBIMH CTaHIINH —
OZIMH U3 PacTpOCTPAaHEHHBIX HCTOYHUKOB OMIMOOK). 3aTeM OBbUIM pacCUNTaHbl CTAaTUCTUYECKUE TTOKA3aTEIH B
9THX TOYKAX: Pa3HOCTU MEXy 3HAUCHHSIMH MTapaMeTPOB B y3J1aX MOIEIHHOTO apXvBa W Ha CTaHIUIX, TOTOM
110 HUM OBIIIM BBIYUCIICHBI CPEAHUE OMIMOKH, CPETHEKBAAPATHIHbIE OTKJIOHEHMS U KO3 (OUIIMEHTHI Koppes-
nun. J{i1st nccneoBaHms SKCTPEMaIbHBIX 3HAYEHUH METEOPOIOTMYECKHX ITOKa3aTesel NCIIOIb30BaJICS METO
KBaHTWIEH. bbIy paccunTaHbl KBAaHTWIIBHBIE 3HAYESHUS IS CTAHIIUH M COOTBETCTBYIOIINX Y3JI0B MOAEIHHOTO
apxuBa, a TAaKXKe Pa3HOCTH MEXITy HUMH. J{JIs OIIEHKH MaKCUMAaJIbHBIX CKOPOCTEl BeTpa ObUIH B3ATH 95, 99,
99.9% xBanTHIIN. BCe pacueTs! ObIIM IPOBEICHBI TP IIOMOIIH ITaKeTa MPUKJIAAHBIX TIporpaMM MatLab.

PE3YJIbTATbI

CpaBHeHuUe paclpeeeHui 3HaueHU CKOPOCTH BETpa MO MOJENbHBIM U CTAaHIIMOHHBIM JaHHBIM HILITIO-
CTpPHpYET, uTO OoJbIIast 1011 OIIMOOK CBS3aHa C 3aBBINICHHEM MOJIEIBHBIM apXHBOM ckopocTH Berpa (Puc.
3a). OcoOeHHO ATO MPOSBIISIETCS IPH MEHBIINX 3HAYEHUSIX CKOPOCTH BeTpa — 10 10 M/c. [Tpu skcTpeManbHbIX
CKOPOCTSIX BETpa, HA000POT, JaHHBIE MOJICJIFHOTO apXUBa SIBIISTIOTCS 3aHM)KEHHBIMU OTHOCUTEIBHO CTAHIIMOH-
HBIX JIaHHBIX.

Ha xapte cpeanux ommbOOK BUIHO, YTO 3aBBIIIEHHE MOEIBHBIM apXHBOM CKOPOCTEH BeTpa JIeHCTBUTEIb-
HO HaOJIoaeTcs yaie, 4eM 3aHIKeHNE, OHAKO TaKkKe HaOJIoaeTcst JOCTaTOYHOE KOJMYECTBO CTaHIHM, TIie
omMOKa MKy JTaHHBIMH apXHBa O CKOPOCTH BETpa M CTAHIIMOHHBIMH JaHHBIMH 0m3Ka K Hyito (Puc. 36). B
YaCTHOCTH, OBIJIO OTMEYEHO, YTO Ha TPEX CTAHIHUAX C HAaHOOIBIINMH CPEIHUMH CKOPOCTSIMH BeTpa — Maibie
Kapmakyasl, Tuken u octpoB JIUKcoH cpejHee 3HaYeHNE OUIMOOK JISHCTBUTEIFHO CTPEMHTCS K HYJTIO.

0.45 . . 2.
z meanerror
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CkopocTb BeTpa, m/c

Puc. 3. (a) PacnpepieneHue 3HaueHWI CKOPOCTM BETpa M0 CTaHLUMOHHBIM AaHHBIM (KpacHbI) U 1aHHBIM MO[IENTbHOM0 apXMBa
(cuHmi), M/c; (6) KapTa cpeiHUX OLLMOBOK CKOPOCTM BETPA MO CTAHLMAM, M/C.
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[IpocTpaHCTBEHHOE paclpe/iesieHue 3HaYeHHI KBAHTIIICH, & IMEHHO SIPKO BBIPAXKEHHOE Pa3InIne MKy
MPUOPEKHBIMU Y KOHTHHEHTAJIBHBIMHU CTAHIMSIMHU, XOPOILIO OTOOPaKaeTcsl Kak Ha MOJICTIbHBIX, TAK U HA CTaH-
IIMOHHBIX JaHHBIX. HanbonpIme 3KkcTpemMasbHble CKOPOCTH BETpa HAOMIONAI0TCS Ha IPUOPEKHBIX CTAHIIUIX,
YTO CBSI3aHO C OOJIbIIICH BO3MOXKHOCTBIO «pa3roHa» BeTpa Hajl MOPCKOW MOBEPXHOCTHIO, HEXKENN HaJ| CyIIEH.
HccnenoBanne pa3HOCTH KBAaHTHIICH MMOKA3ailo0, YTO B OTIIMYKE OT CPEeHEH CKOPOCTH BETPa, SKCTPEMaIbHbIE
CKOPOCTH 10 IaHHBIM MOJIEJIFHOTO apX1Ba B OCHOBHOM 3aHHMKEHbI, 110 CPABHEHHIO CO CTAHI[MOHHBIMHU JIAHHbI-
MU — omuOKka cocrasisieT ot 2 (Konryes) mo 8-10 m/c (Mansre Kapmaxymsr) (Puc.4).

PasHocTb MofensybIX n c‘ﬁiuuuouublx kBaHTUNen 95% obecneyeHHOCTH Puc. 4. Kapta pasHocTi MofieNibHbIX 1
S g CTaHLMOHHbIX faHHbIX N0 CKOPOCTU Be-
Tpa AnA KBaHTUAA 95%.

m/c

70° . -
£80°g 90" g100 BV

3akirodenue. VccnenoBaHue mokasano, YTo CPEHssl CKOPOCTh HEIIOXO BOCIPOU3BOAUTCS MOJICIIBHBIM
apxuBoM COSMO-CLM, npu 5TOM OMMUOKHA B OCHOBHOM OTHOCSATCS K CITy4YasiM 3aBBIIIEHUS MOJISTbHBIMU JIaH-
HBIMH CKOpOCTH BeTpa. [IpocTpaHCcTBEHHOE paclpe/ielieHue SKCTPEeMalIbHBIX 3HAYeHUH KBaHTHIICH, a IMEHHO
SIPKO BBIP@XKEHHOE Pa3IMIHe MEX/y MPUOPEKHBIMHU 1 KOHTHHEHTAJILHBIMU CTAHIIUSIMU, XOPOIIO 0TOOpakaeT-
sl KaK Ha MOJICJIbHBIX, TaK U Ha CTAaHIIMOHHBIX JIaHHbIX. VccrenoBanne pa3HOCTH KBAHTHIICH TI0Ka3aJio, 4TO B
OTJIMYHME OT CPEeIHEeH CKOPOCTH BETPa, IKCTPEMalIbHbIE CKOPOCTH MO JaHHBIM MOJICIBHOTO apXHBA 3aHHIKEHBI,
0 CPAaBHEHHMIO CO CTAHIIMOHHBIMH JIaHHBIMHU — OIIIHOKa cocTapisier ot 2 710 10 m/c.

st Gosee IeTagbHOTO M TOYHOTO MCCIIEIOBAHUS BOCIIPOM3BEICHUS CKOPOCTEH BETpa MOJICIILHBIM apXu-
BoM COSMO-CLM Heo0XonnMo UCCIeI0BaTh CTATUCTHYECKUE MTOKA3aTeNIN CPEIHUX U IKCTPEMAIIbHBIX BEJIH-
YHH CKOPOCTH BeTpa Ha 0ojiee MEIKMX BPEMEHHBIX MacIiTadax: CE30HHOM, MECSYHOM U CYTOYHOM, TaKXKe B
MEPCIIEKTHBE IUTAHUPYETCSl PACCUUTATH OL[EHKU UCCIIEIyEMbIX CTATUCTHUECKHUX MTOKa3aTeNeil ¢ UCIoIb30BaHu-
€M CITyTHUKOBBIX JIAHHBIX, @ 3aT€M [TPOBECTH CPAaBHEHHE TPEH/IOB MMOJTYYECHHBIX XapaKTEPUCTHK C MCIIO0JIb30Ba-
HHUEM pa3lInuHbIX HCTOUHUKOB JIAHHBIX.
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Quality assessment of surface temperature reproduction
by the new detailed COSMO-CLM hindcast based on station
data in the Russian Arctic

Duntsev S., Platonov V.
Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia

E-mail: srgdntsv@gmail.com, vplatonov86@gmail.com

backs in the climate system and to ecological systems. However, the spatial distribution of climate

changes in the region is unclear, and there are different estimates of trends in changes in certain meteo-
rological parameters in different water areas and coastal zones of the Russian and foreign Arctic regions. Tak-
ing into account the growing number of dangerous phenomena and the prospects for the development of the
Arctic coast and the Northern Sea Route, the task of providing the region with detailed hydrometeorological
and climate information with a horizontal resolution of several kilometers becomes especially necessary. There
are poor observational and satellite data for a long period in the Arctic, and the existing model datasets and re-
analyses has quite coarse resolution. Therefore, it is important to use high-resolution modeling data to get ap-
propriate climate change assessments in the region.

This work uses a new long-term model COSMO-CLM Russian Arctic hindcast hydrometeorological data
covering the period 1980-2016. The model domain is represented by a grid resolution of =12 km (=0.108°) and
covers most of the Russian Arctic, including the Barents, Kara, and Laptev Seas. All long-term calculations
were carried out at the supercomputer "Lomonosov-2".

The objective of this work is to evaluate for the first time the quality of surface temperature reproduction
by the new high-resolution COSMO-CLM Russian Arctic hindcast. To achieve this goal, the following tasks
will be performed:

- creation of a database of average monthly temperatures of weather stations in the studied region for the
period 1980-2016;

- statistical evaluation of the model's reproduction of the thermal regime of the Russian Arctic on a multi-
year, seasonal and monthly scales;

- assessment of the quality of the archive based on a comparison with observational data of both average
and extreme characteristics;

- assessment of detailed regional changes in the thermal regime in the Russian Arctic based on the COS-
MO-CLM Russian Arctic hindcast.

145 weather stations were selected with a small number of gaps in the observations for the period 1980-
2016, 65 European and 80 Russian Arctic stations, which geographically fit the study area of COSMO-CLM
modeling.

At the first stage of the study, the data on the 2-m temperature were averaged to monthly values. Then, the
nearest model grid points were selected for each weather station according to its coordinates, to perform com-
parisons.

The study of the distribution of differences between the average monthly values of the model temperature
and the station data showed that the distribution function is close to normal. This indicates the uniformity of
errors sample. However, the function is biased a few towards negative values, which indicates a slight underes-
timation of the real values by the model, the error distribution mode is -0.5 0C.

The distributions of the 1-% and 5-% quantiles differences between the model and the actual air tempera-
tures show accuracy of the model reproduction of extreme air temperatures. In general, the model copes with
this task, but significant errors are noticeable (in the ranges from -30C to -50C) at more continental stations in
the region, as well as at high-altitude stations.

The calculated statistics of the COSMO-CLM model archive indicate that the model reproduces the sur-
face temperature with quiet high quality. In the future work, the quality of the archive will be evaluated in more
detail, based on comparison with observational data of both mean and extreme characteristics for different sea-
sons of the year, months, as well as on a more detailed timescale. Based on the obtained results, an assessment
of regional changes in the thermal regime over the research period will be carried out.

The Arctic is the region most sensitive to climate change on the globe, this applies both to physical feed-
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OueHKa KavecTBa BocnpousseaeHMa NpU3eMHom
TeMnepaTypbl HOBbIM 4eTaNIN3nPOBaHHBLIM MOAESbHOMO
apxmsoMm COSMO-CLM no cTaHUMOHHBLIM AaHHbIM

B Poccuimnckon ApKTuKe

HyHues C.A., lnatoxos B.C.

MockoBckuii rocyaapcTBeHHbli yHuBepcuteT uMeHn M.B. JlomoHocoBa, leorpaduueckunin parynbret, Mocksa, Poccus

E-mail: srgdntsv@gmail.com, vplatonov86@gmail.com

BBELOEHUE U AKTYAJIbHOCTb

ADpKTHKA SIBIISIETCSI PETMOHOM, HanOoJee YyBCTBUTEIBHBIM K M3MEHEHMIO KJIMMaTa Ha 3¢MHOM IIape, 9TO
KacaeTcst Kak (pu3nuecknx OOpaTHBIX CBA3EH B KIIMMAaTHUYECKOI CHCTEME, TaK M SKOJIOTHYECKHX cucTeM [Stocker
etal., 2013]. OgHako IPOCTPaHCTBEHHOE PACIIPE/IC/ICHUE KITMMaTHYECKNX N3MEHEHHUH B pETHOHE HEOAHO3HAYHO,
CYIIECTBYIOT pa3JIMuHbIE OLEHKH TEHACHIMI M3MEHEHHs ONPEIECIICHHBIX METEOPONIOTMYECKHX MapaMeTpoB B
Pa3IMYHBIX aKBaTOPHUSIX M MPHOPEKHBIX 30HAX POCCHHCKNX M 3apyOEKHBIX apKTHYECKUX PeruoHoB. C yuerom
PAacTyIIEro Yncia ONAaCHbIX SBJICHUH U MEPCIIEKTHB PA3BUTHSI apKTHYECKOT0 Modepeskbs 1 CeBEPHOr0 MOPCKOTO
MyTH 3aj1a4a 00eCIIeueHus pernoHa MofpoOHON THIPOMETEOPOIOTHIECKON N KIIMMaTHIEeCKOH HH(pOopMaruei ¢
TOPH30HTAJIBHBIM Pa3pEIICHNEM B HECKOJIBKO KMIIOMETPOB CTAHOBHUTCSI OCOOCHHO aKTyasIbHOH. JlaHHbBIEe cTaHIm-
OHHBIX HAOJIFOAEHHUH M CITyTHHKOBas MH(POPMAIHS, UMEIOIas XOPOIINil TPOCTPAHCTBEHHBIH OXBAT U BBICOKOE
paspenieHne, B ApKTHKE UMEIOTCs B OOJIBIIMHCTBE CBOEM 32 HETIPOJOJDKUTENBHBIN IIPOMEKYTOK BPEMEHH, a Cy-
IIECTBYIOIME MosienbHbIe apxuBbl 1 peananussl (ERAS, NCEP/CFSR, ASR u sp.) nmeror pasperienne B riep-
BbI€ IECATKU KM. [Ipu 3TOM, MHOTHE OMACHBIE THAPOMETEOPOIOTHIECKHUE SIBICHHS X SKCTPEMAIIBHBIE XapaKTepH-
CTHKH CBSI3aHBI C ITPOLIECCAMH, ITPOUCXOAAIINMI HA ME30MacIITade, KOTopble B OOJBIIMHCTBE CBOEM IEpEUH-
CJICHHBIMH MCTOYHUKAaMH HH(POPMAIMK HEe pa3periatorcsi. [103ToMy A7t OlIeHOK M3MEHEHMH KIMMaTa B PErHoHe
OYEHb Ba)KHO MCIOJIb30BaHHUE JAHHBIX MOJIEIUPOBAHUSI BBICOKOTO Pa3peIICHH.

MATEPUANbI UCCNIEOOBAHUA

B nanHo# paboTe HCHONB3yeTCS HOBBIM MHOTOJIETHHH MOJENBHBIH apXWUB T'HJIPOMETEOPOIOrMYECKUX
nmaHabpix COSMO-CLM Russian Arctic hindcast, oxarsiBaroruii mepron 1980-2016 rr. B kauecTBe 0CHOBHO-
T'O MHCTPYMEHTA CO3/1aHHsI MHOTOJIETHETO MacCUBa METEOPOJIOTHYECKON HH(OPMAIMK BHICOKOTO Pa3peleHust
ucrnonp3oBaiach Heruapocraruueckas moaeab COSMO-CLM (Bepcuu 5.05). D10 peruoHanpHas Me3oMac-
mrabHasi MojieNb pa3padaTbiBajiach OMHOMMEHHBIM KoHcoprmymoM (Consortium for Small-scale Modeling),
BKJTFOUAIOIIMM B Ce0sl HAIMOHAIBHBIC CITYKOBI ITPOrHO3a IMOTOBI Psijia CTpaH, B ToM yucie Pocruapomert. Pas-
BUTHE KIIMMAaTHYECKON BEPCHM MOJICIH OCYNIECTBISIETCS] B paMKaX MEXIyHapOIHOTO HAyYHOTo coOo0IIecTBa
CLM-Community (http://clm-community.eu, [Bohm et al., 2006, Rockel et al., 2008]).

MonenbHast 005acTh NpecTaBiIeHa pasperieHneM cetku ~12 kM (<0,108°) u oxBaThIBaeT OOJBIIYIO YaCTh
tepputopuu Poccuiickoit Apktuku, Bkitodas bapeniieBo, Kapckoe u Mope JlanteBbix (puc. 1). HauansHslie u
OOKOBBIE TPAHUYHBIE YCIIOBHS MOJIEIIH, & TAK)KE TEMIIepaTypa MOPCKOTO JIbJia © MOPCKOH MOBEPXHOCTH 3a/1aBa-
ek U3 miobanbHoro peananuza ERA-Interim (0.70). Bueninue mapamerpbl, ONMUCHIBAIOIINE CBOMCTBA I10-
BEPXHOCTH, OBbUIN TOJTy4eHbI ¢ moMonibio nHeTpymeHTa EXTPAR (Buemnune napamerpsr), GLOBE (moBepx-
HocTHast oporpadust), MODIS (cBoiicTBa mouBs! u ansdeno) u Globcover2009 (pacTurenbHbIi TOKPOB, ITyOuU-
Ha KOpHe#, (pakius cyim u ap.). B pesynbrare Bepudukanuu Ha qaHHbIX 0oiee yem 400 craHImii ObLIa BBI-
Opana cienyromas KOHGUTypaysi MOJICIH JUIS JUTUTENBHBIX SKCIIEPUMEHTOB: Bepcus 5.05 ¢ ucroab30BaHuEM
napametpu3aiuit u3 mogeau ICON (“ICON-based physics” [Giorgetta, M.A. et al., 2019] ucnons30Banue Me-
Toza “criekTpanbHoro HajpkuHra” [Platonov, Varentsov, 2019]. Jlist HTOrOBBIX MHOTOJIETHHX PacyeToB MpPe/-
JIO)KEHa CXeMa €XEMECSYHOTO “yCBOEHHMs” JIaHHBIX O COCTOSHMU TOYBBI M3 Io0anbHOro peananmnsa ERA-
Interim, 4TOOBI H30€KaTh BO3MOYKHOT'O HAKOIUICHHSI OLITHOOK, B YaCTHOCTH, 32 CUET UCCYILICHHSI TOYBBI B MOJIE-
nu. Bee miurenbhble pacuérel Obln poBezeHs! Ha CK “Jlomonocos-2” [Voevodin et al, 2019.] u 3ansiu Gonee
gem 250000 siapo-yacoB, oOuuii 006EM maHHBIX cocTaBmi Oonee 120 T6. /lanubsie apxusa COSMO-CLM
Russian Arctic hindcast 6b11H B3sTHI ¢ penosutopus figshare [https://figshare.com/collections/Arctic_COSMO-
CLM_reanalysis_all_years/5186714; https://doi.org/10.6084/m9.figshare.c.5186714].

[TepBuuHBIE OLIEHKH MOJYYSHHOIO apXHBa METEOPOJOTMYECKUX JaHHBIX MMOKa3ajH aJleKBaTHOCTh BOC-
IIPOU3BEACHUSA UM OCHOBHBIX KIIMMATOJIOTHYCCKUX SaKOHOMepHOCTeﬁ pacupeaciacHusa CpE€aAHUX IMPU3CMHBIX
CKOpocCTeil BeTpa u Temrieparyp. Paznnuuns B TepMUYECKOM peXKHUME, B TOM YHCIIE M IKCTPEMAIbHBIX TeMIIepa-
Typax (1% npoueHTHIb) Harnboee SIPKO MPOSIBUIMCH B TOPHBIX, @ TAKXKe B MPUOPEKHBIX palloHax, HaJl KPYII-
HbIMHU 03epami. [Platonov, Varentsov, 2021]. Takum o0pa3oM, penBapuUTe/IbHbBIC OIIEHKA HOBOTO apXHBa I0-
3BOJIAIOT PaCCYUTBHIBATH HA IEPCIIEKTUBHOCTL €TI0 UCIIOJIB30BaHUS JI OIIEHOK HE TOJIBKO KJIMMAaTOJIOI'nu, HO U
OKCTPEMAJIBHBIX XAPAKTEPUCTHUK, a TAKKE BOCIIPOU3ZBECACHUA MHOI'UX ME30MAaCIITA0HbIX IIPOLECCOB U COIIYT-
CTBYIOIIMUX UM OITaCHBIX SIBJICHUH.
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Puc.1. 06nactb MogenupoBaHua COSMO-
CLM Russian Arctic hindcast [Platonov,
Varentsov, 2021].

150 .
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Lenb naHHO pabOTHI: BIEPBHIC OLIGHUTh KA4ECTBO BOCIIPOU3BECHHUS IIPH3EMHON TeMIIEpaTypbl HOBBIM
mozenbHbIM apxuBoM COSMO-CLM Russian Arctic hindcast Beicokoro paspeuienust. [To cpaBHenuto ¢ apyru-
MH CXOXXHMH apXHUBaMH, OH MMEET MPOCTPAHCTBEHHOE pasperieHne ~12 km. s peuieHus mocTaBieHHOM
el Oy/IyT BBIOJIHEHBI CIIEIYIOIHUE 3aJa4H:

- CTaTUCTUYECKAsl OLIEHKA BOCIIPOM3BEACHHS MOJICIIBIO TEPMUYECKOT0 pexnma Poccuiickoii ApKTUKH Ha
MHOTOJIETHEM, CE30HHOM M MECSYHOM MacIlTadax;

- OlICHKa KauecTBa apXKMBa HA OCHOBE CPAaBHEHUsI C JIAaHHBIMU HAOJIIOICHNI KaK CPeHHUX, TaK U dKCTpe-
MaJIbHBIX XapaKTEePUCTHK;

- OLICHKA JIeTaJIbHBIX PETHOHAIBHBIX H3MEHECHUI TEPMUYECKOTO peskuMa B Poccuiickoit ApkTuke Ha OCHO-
Be COSMO-CLM Russian Arctic hindcast.

Jlyist JaHHOTO MCCIIeIOBAaHHUsI MHOTOJIETHHE PSIIbl CPEJHEMECSYHBIX TEMIIEPATyp BO3IyXa Ha METEOCTaH-
musix 6eutH B3I ¢ caiita NOAA's National Centers for Environmental Information (NCEI) (https://www.
ncei.noaa.gov/) u u3 6aser ganasix BHUUTMU MILJ] (http://aisori-m.meteo.ru/).

B utore 65110 0T0Opano 145 MeTeocTaHIN ¢ HE3HAYUTEIBHBIM KOJTMYECTBOM IIPOIYCKOB B HAOIIOICHH-
sax cpokom 1980-2016 rr., 65 eBponeiickux u 80 poCCUHCKUX apKTUYECKUX CTAHIIUH, KOTOPBIE TEPPUTOPUATIH-
HO TOMAAI0T B Hcciaeayemyto oomacts moaenupoBanusi COSMO-CLM Russian Arctic hindcast (puc. 2).

Puc. 2. PacrnonoeHue MeTeocTaHLMI, 0TO-
bpaHHbIX B JaHHOM paboTe.

ﬂaHHLIe IO TeMIICpaType Ha YpPOBHE JABYX MCTPOB ObLIN Ha TEPBOM I3TaIlC UCCICA0BAHUA IMPUBCACHBI K
CpCAHCMECAYHBIM 3HAYCHUSIM. 3areMm JUIsL Ka)KﬂOﬁ METCOCTAaHIMHU MO €€ KOOpANHATaM ObLIN BLI6paHBI COO0T-
BETCTBYIOLINC OnrKalime Yy3Jibl CETKHU MOACIIN, C KOTOPBIMU U IPOU3BOANIICH CpaBHI/ITCHBHHﬁ aHaJIn3 Xapak-
TCPUCTHK.

PE3YJIbTATbI

HccnenoBanue pacnpeaeneHus pa3HOCTel MEXIy CpelHEMECSYHBIMU 3HAUCHUSAMHU TEMIIepaTypsl Moje-
JIM M CTAaHIIMOHHBIMH JITaHHBIMU (pHC. 3) MokKazano, 4to QyHKIHs pacnpenesieHus 0113Ka K HOpMaJIbHOM. JTO
CBHJIETENILCTBYET 00 OIHOPOIHOCTH psifia omnOoK. OHaKo ke, PyHKIUS HEMHOTO CMEIEHa B CTOPOHY OTpH-
HaTeNbHbIX 3HAYEHHUH, YTO TOBOPUT O HEOOJIBILIOM 3aHI)KCHUH MOJIEIIBIO PEaIbHBIX 3HAYEHHI, MOJIa paciipe/ie-
neHust ook pasua -0,50C.
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Puc. 3. MucTorpamma owmboK no Beevt BbIGOPKe.

Pacnipenencare ocpemHEHHBIX OMHUOOK Mo BceM cTaHmusM (Puc. 4) moaTBepikaaeT BEIMICCKA3aHHOE O
TOM, YTO paclpe/elieHie OII3K0 K HOPMAJTbHOMY, CHOBA BHIHO CMEIIICHHE OTHOCUTEIHHO HYJIS B OTPULIATEITb-
HYIO cTOpoHY. Heo0X0arMo OTMETHTB, YTO CYIIECTBYET HECKOIBKO CTAHIIHIA CO CpeTHUME ommokamu -4 0C u
Ooree, 9TO yKa3bIBaCT HA CHIIbHBIC PACXOXKICHUS MOJICIIY M CTAHIIMOHHBIX JAHHBIX JUIS 3TUX TOUYCK.

40

NOBTOPAEMOCTb
8 & 8 &

=
a

-5 -4 -3 -2 -1 0 1 2 3
pasHuua Temneparyp °C

Puc. 4. [uctorpamma pacnpefeneHns ocpeaHeHHbIX 0LIMOOK Mo BCEM CTaHLMAM (CNeBa) M KapTa CpeHUX OLUMOOK Mo CTaH-
umMAaMm (cnpaga).

JononHuTrensHOe nccnenoBanne (puc. 5) moxasano, 4To O0JbIINe OMNOKK B 3HAUCHUH MOTYT OBITH BBI3-
BaHbI PA3IMIMSIMH B BBICOTE MEX/Ly CTAHIMSIMH M COOTBETCTBYIOIINMH MM Y3JIaMH MOJIENTbHOM ceTkH (Tadi. 1).
Just cranmum Svalbard airport 6mxalmmii kK Hel y3en MOJETIbHONW CeTKH nMmeeT BbicoTy 320 MeTpoB, cama
CTaHILUsA 5K€ PACIIOJIOKEHA Ha BBICOTE 28 METPOB HaJ yPOBHEM MOps. AHaIOruyHo A craHiuu Kvaenangen,
pa3HUIlA y371a MOJENHU U cTaHIMU cocTaBiseT 421 metp. Takas cyliecTBEHHas! pa3HUIA B BBICOTE MOMKET CUC-
TEMaTU4ECKH BIUATH HAa 3HAUEHUs] METEOPOJIOTMYECKUX XAPAKTEPUCTUK, YTO M MPUBOAUT K 3HAYUTEIBHBIM
HCKaXKEHUSIM MOJIEITbHBIX JAHHBIX IO OTHOIIEHUIO K CTAHIIMOHHBIM.

Ta6nuua 1. CpaBHeHMe BbICOT /1A CTaHLMIA C 60/bLIMMM CPeHUMM OLLMGKaMM.

HasBanue Koopaunarsl BrbicoTa Hag ypoBHEeM MOpst
Svalbard airport 78.25N, 15.4667E 28 MeTpoB

VY3en ceTkun 78.1442N, 15.49E 320 meTpoB

Kvaenangen 69.8333N, 21.8842E 6 MeTpoB

Y3en ceTku 69.8356N, 21.9906E 427 meTpoB
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Puc.5. CtaHumu Svalbard (0603HaueHo
BepXHen cTpenkon) 1 Kvaenangen (o6o-
3HAYEHO HUMKHEW CTPESIKOM) C H0MbLIMMK
CPeaHUMM OLLMBKaMM.

Jaiee ObUT MPOBEACH aHAIN3 BOCIPOM3BEICHUS 3KCTPEMAIBHBIX TEMIIEpaTyp Ha MPUMEpPE CPAaBHCHHS
JaHHbIX 1-% u 5-% KBaHTWIIEH MO CTAaHLUMOHHBIM U MOZAEJBHBIM JAaHHBIM. Pacnpenenenus pa3HuLl OIHOIPO-
LCHTHBIX U MATUIPOIICHTHBIX KBAaHTHJICH (pHC. 6) MEKIY MOJCIBIO H (PAKTHICCKIMH TEMIIEpaTypaMH BO3IyXa
MTOKA3BIBAIOT, HACKOJIEKO TOYHO MOJIEITh BOCIIPOM3BOIUT AKCTPEMAIIbHBIC TEMIICpaTyphl Bo3myxa. B memom mo-
JIeITb CIIPABIISICTCS C TOH 3a/1aueii, HO 3aMeTHBI 3HAYUTEIbHBIC OIUOKY (B Arana3oHax ot -3 0C mo -5 0C) Ha
0oJiee KOHTHHCHTAJIBHBIX CTAHIUSIX PETHOHA, 8 TAK)KE HA BRICOKOTOPHBIX CTAHIIHAX.

| S ~ -

Lot = o
PAIMUA TEMNEPATYD OAMONPOUSHTHBIX KBAHTUNESR paua
B | [

Puc.6. Kapta pasHoctew 1-% (cneBa) n 5-% (cnpaBa) KBaHTUMEN.

3axiroueHue. B kauecTBe mpoMeKyTOUHBIX HTOTOB pabOThI MOKHO 3aKIIFOUUTh, YTO IIPEACTABICHHBIC CTa-
TUCTHYECKHUE TMoKa3aTenan MoaenbHoro apxuea COSMO-CLM yka3pIBarOT Ha TO, YTO MOJAETH BBICOKOKAYECT-
BEHHO BOCIIPOM3BOAUT IPU3EMHYIO TeMIeparypy. B nansnelimem OyayT Gosee noapoOHO BEIIIONHEHA OLICHKA
KauecTBa apXuBa Ha OCHOBE CPAaBHEHHMS C JaHHBIMHU HAOIIONEHUH KaK CPETHHX, TaK U SIKCTPEMAJIbHBIX Xapak-
TEPUCTHK ISl Pa3/IMYHbIX CE30HOB rofa, MecAIeB, a TAKXkKe Ha Oosee JeTalbHOM BpeMeHHOM MaciuTtabe. Ha
OCHOBE TOJTyYCHHBIX JAHHBIX OyJEeT ITPOBE/ICHA OIICHKA PETHOHAIBHBIX M3MEHEHHH TePMHUECKOT0 pekrMa 3a
UCCJIEyEMbIil BDEMEHHOM NIEPUOLL.

JINTEPATYPA:

1. Stocker, ThomasF., et al. "IPCC, 2013: climate change 2013: the physical science basis. Contribution
of working group | to the fifth assessment report of the intergovernmental panel on climate change."
(2013).

2. Bohm U., Kiicken M., Ahrens W., Block A., Hauffe D., Keuler K., Rockel B., Will A. CLM - The Climate
Version of LM: Brief Description and Long-Term Applications // COSMO Newsletters. 2006. N2 6. P.
225-235.
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SESSION il
DEVELOPMENT OF EARTH SYSTEM
MODEL COMPONENTS

CEKLUA 1l
PA3SPABOTKA KOMINOHEHT-MOOEJ1N
CUCTEMBbI 3EMJIA

Stochastic perturbation of parameters in SL-AV model
Alipova K.A., Tolstykh M.A., Goyman G.S.

Marchuk Institute of Numerical Mathematics RAS, Hydrometeorological Research Center of Russian Federation, Moscow,
Russia

E-mail: ksusha_ast@mail.ru

Lagrangian, based on the equation of Absolute Vorticity) and Local Ensemble Transform Kalman Filter
(LETKF) [1] is developed at the Institute of Numerical Mathematics RAS and Hydrometeorological
Research Center of Russian Federation.

The properties of the SL-AV ensemble forecast are studied and optimized using the Stochastically Per-
turbed Parametrizations (SPP) [2] and Stochastically Perturbed Parametrization Tendencies (SPPT) [3] algo-
rithms. A series of numerical experiments are carried out using the SL-AV model with a resolution of 0.9x0.72
degrees in longitude and latitude, respectively, 96 vertical levels and an ensemble size of 60 members. Each
series was computed for a period of 14 days from January 1, 2021 to January 14, 2021 with the start time of 00
hours UTC. Forecasts with lead times from 24 up to 240 hours are computed. The spread of the obtained en-
sembles and the root-mean-square error of the forecasts are compared with the spread and the RMSE of the
quasi-operational forecast.

The implementation of SPP and SPPT increased the ensemble spread making it closer to the root-mean-
squared error of ensemble mean forecast and thereby improved the reliability of probabilistic ensemble weather
forecasts by SL-AV model.

The ensemble prediction system based on the global semi-Lagrangian atmospheric model SL-AV (Semi-

REFERENCES:

1. Tolstykh M.A., Fadeev R.Yu., Shlyaeva A.V., Mizyak V.G., Rogutov V.S., Bogoslovsky N.N., Goiman
G.S., Makhnorylova S.V., Yurova A.Yu. Atmosphere modelling system for seamless prediction. 2017.
166 p. (in Russian)

2. Ollinaho P. et al. Towards process-level representation of model uncertainties: stochastically per-
turbed parametrizations in the ECMWF ensemble. Q. J. R. Meteorol. Soc. V. 143. No. 702. P. 408-
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CroxacTnyeckoe Bo3MyLLeHMe napaMeTpoB B Mogenu NJ1AB

Anunosa K.A., Tonctbix M.A. loiman I'.C.
WUHcTuTyT BblMMCIUTENBHOM MaTeMaTuku uM. I.U. Mapuyyka PAH, lmapometuenTtp Poccuu, MockBa, Poccus

E-mail: ksusha_ast@mail.ru

BBEOEHUE

Bce Mozenu 4uciIeHHOTO MPOrHO3a IMOTOBI UMEIOT HEKOTOPYIO MOTPEIIHOCTbD, M HAYaJIbHbIC TAHHBIC TaK-
JKE BCETJIa COIepIKaT OMMOKH. B mociieiHue ecATHIICTHS aKTHBHO Pa3BUBACTCS aHCAMOJICBBIN IPOTHO3 TOT0-
JIbI, €T0 UJIeS COCTOUT B TOM, YTOOBI OITUCATh BEPOSTHOCTHYIO MPUPOY MPOIECCOB, MPOTCKAOIINX B aTMOC(e-
p€, ¥ YIECTh HETOYHOCTH B OIPENICIICHUN HAuaIbHOTO COCTOSIHUS aTMOC(Eephl U MapaMeTPUICCKOM OITUCAHUU
psiia MPOIECCOB B MOJEISIX aTMOC(epbl. AHCAMOJIEBBII MPOTHO3 MOTOBI 00JIAAeT PSIIOM MPCUMYIIECTB 1O
CPaBHCHUIO C JICTCPMHUHHUPOBAHHBIM IPOrHO30M. OH MO3BOJSCT IONYy4YaTh AlPUOPHYI HH(OpMANHI0 00
OIIMOKe MPOTHO3a U JIeJaTh BEPOSITHOCTHBIM MPOTHO3 HEKOTOPBIX MOTOAHBIX SIBIICHHA.

OnHO¥ U3 XapaKTePUCTUK MPOTHOCTHYCCKOTO aHCaMOIIs sBJsIeTCs ero pa3opoc. M3BecTHO (Hampumep,
[1]), uro pa3bpoc aHcaMOIIs JOIKEH OBITH OJIM30K K CPEIHEKBAAPATUYHON omubKke mporHo3a. [Ipu Hapyie-
HUH 3TOTO TPeOOBaHUS BO3SHHUKACT IIEPCOIICHKA JIMOO HEIOOIICHKA HEOMPEICIICHHOCTH IPOTHO3a, YTO BEIET K
pocTy OmuooK.

MNOCTAHOBKA 3KCNEPUMEHTA U PE3Y/JIbTATbI

OpHuM U3 cocoO0B MOBHIIICHHS pa3dpoca aHcaMOIs, a, CIe0BAaTEeIbHO, TIOBIIICHNS HAACKHOCTH aH-
caMOEeBBIX MPOTHO30B, SBISIETCSI CTOXAaCTHUECKOE BO3MYIIIEHUE MTapaMeTpoB (PU3MUECKUX MapaMeTpH3aLuii
MO0 TEHIEHIINI.

Anroputm SPPT (Stochastically Perturbed Parametrization Tendencies) [2], [3] mo3BonsieT y4uTHIBaTh
HEONPEIENICHHOCTh MOAETH arMocdepsl. Bo3mymieHus: 100aBis0OTCA HE K OTACIBHBIM ITapaMeTpam, a K Iie-
JBIM TCHICHIMSAM TapaMeTpH30BaHHBIX mporieccoB. SPPT 6vur pa3paboTan B EBponeiickoM IIeHTpe cpeaHec-
pounbix nporao3 noroas! (ELICIIIT) u nmpuMensieTcs B ancaM0JI€BOIl cucTeMe Mporao3a moroasl. Bosmytie-
HUS, TeHepupyeMblie anroputMoM SPPT, MO3BONSAIOT MOMyYUTh TOpa3no OodbIIuil pa3dpoc ancaMOis, 4eM B
anroputme SPP, koTopsrit mpeacrasien nanee. HemoctaTok TaHHOTO TOAXO/A 3aKITIOUACTCS B 3HAUUTSIHHOM
BO3JCHCTBUN HA TEHACHIINH, YTO MOXKET MPUBECTH K POCTY OIIMOKU MPOTHO3a, COM3MEPUMOMY C POCTOM pas-
O6poca ancamOs.

Anroputm SPP (Stochastically Perturbed Parametrizations) [4], [5] mo3BosisSeT yYUTHIBaTh HEOTIPEICIICH-
HOCTb, BO3HUKAIOLIYIO TPH UCIIOIb30BAaHUHU MapaMeTPHU3AINi MPOLECCOB MOJCETOYHOTO MaciiTada, 3a cueT
Jo0aBJIeHHS BOSMYIIICHUH K HEKOTOPHIM MapameTpam. [larnsbnii axroput™ 661 paspadoran B ELICIIII u B Ha-
cTosIIIIEee BpeMsl yCIIEITHO npuMensercst B mozenu IFS. Bozmymenus, reaepupyemble TaKUM CIIOCOOOM, AAIOT
BO3MOXHOCTb TOUCYHO BO3/ICHCTBOBAaTh MMEHHO HA TE NMapaMETpPhl B TapaMETPU3AINAX, KOTOPBIE COIEPKAT B
cebe GopIINe HEOMPENeIeHHOCTH U 3HAYUTEIHHO BIMAIOT Ha OMIHOKY TporHo3a. OTCioa ClieayeT U OCHOB-
HOM HEZOCTATOK 3TOTO TOAXO/a, OH 3aKIOYAETCSl B OTHOCUTEIBHO MAJIbIX BO3MYIIEHHSAX, KOTOPbIE BHOCST
MaJIbIi BKJIa B pa30poc MPOrHOCTHYECKOTO aHCaMOJIs.

s rno6amsHO#M Momenu atmocdeps! [IJIAB Opua peanm3oBana rubpuaHas Bepcus anroputMoB SPP u
SPPT, a Ttakxe mpoBezicHa paboTa 1Mo MCCIIEI0BAHHUIO BIUSHUS PA3IMUHBIX HA0OPOB BO3MYILAEMBIX HapamMe-
TPOB Ha CBOMCTBA MOJy4aeMbIX aHCAMOJIEH IPH CTOXaCTUYECKOM BO3MYILCHHUH TapaMeTPOB (PU3UUCCKUX T1a-
pameTrpm3anuii ¥ TeHACHINH. VccnenoBanne MpoBOAMIOCH C CHCTEMOW aHCaMOJIEBOTO MPOrHO3a ITOTOABI Ha
OCHOBE TI00aNbHON MoynarpamkeBoil Mogenu armMocdepsl [TJIAB ¢ paspemenuem 0,9%0,72 rpagyca mo
JIOJITOTE U IIHPOTE COOTBETCTBEHHO, 96 BEPTHKANBHBIX YPOBHEH, a TAK)KE JIOKATBHOTO aHCAaMOJIEBOTO (DMITBTpa
Kammana ¢ mpeodpazosannem ancam6is (LETKF) [6], pasmep ancamb6ist — 60. B xagecTBe BO3MyIaeMbIX Ta-
pametpoB B SPP Obun BEIOpaHs! 29 mapaMeTpoB B MapaMeTPHU3ANUAX IIPOIIECCOB IOICETOYHOTO MacmTada B
arMocepe (ryOokast U MenKasi KOHBEKIUS, TJIAHETAPHBINA MOTPAaHUYHBINA CIO0H, TOPMOKEHHE TPABUTALIMOH-
HBIX BOJIH, 00pa30BaHKE U BBITIA/ICHIE OCAIKOB, 00OIaYHOCTD U TIP.) ¥ Ha TOBEPXHOCTH 3eMJTH (TEIJI0- U BIaro-
00MEH C MOJCTUIIAIONIEH MOBEPXHOCTHIO C YUYETOM THIA PACTUTEIBHOCTH, HANIWYMS CHEra M 1p.). Taxke B
SPPT 6bU10 peann30BaHO BOSMYIIEHHE JIHUIIH IBYX TEHACHIINH - 3aBUXPCHHOCTH U TEMIEPaTyphl, TaK KaK H3-
BECTHO, uTO npuMeHeHne metoga SPPT x BO3MyIIIEHHIO TEHACHIINH YACTHHON BIQXKHOCTH BO3/IyXa MPHUBOANUT
K CHCTEMaTHYECKOMY OCYIIIEHHUIO aTMOC(epsI.

Bb1i IpoBEeCHBI CEPUH TECTOBBIX PACUETOB JUIS ONPEAEICHUS TPEACTbHBIX 3HAUCHNI aMIUTUTYAbI BO3-
MYIIEHUH IS Ka’KI0TO U3 TTapaMeTpoB. 3aTeM ObLIM MPOBEAEHBI CEPHH PACUETOB JUIs HACTPOMKH HEOOXOAN-
MOro pazbpoca MPOrHOCTHUECKOTO aHcaMmOmsl. TecTupoBaHie MPOU3BOANIOCH HA BBIYUCIUTEIBHON CUCTEME
Pocruapomera Cray XC-40. Kaxxnas cepus cautanacs Ha 14 cytok ms nmeprona ¢ 01.01.2021 mo 14.01.2021,
B 00 UTC BRIUHCIANNCEH MPOTHO3EI ¢ 3ab1aroBpeMeHHoCTIME 24, 48, 72, 96, 120, 144, 168, 192, 216, 240 ga-
coB. Pa3zbpoc nomy4eHHbIX aHCaMOJIel U CpeIHEKBaIpATUIHAS OIIHOKA IPOTHO30B CPABHUBAIICH, COOTBETCT-
BEHHO, C pa30pOCOM M OIIMOKOIT ONMBITHOTO BapHaHTa CHCTEMBI aHCAMOJIEBOTO MIPOTHO3a, 3KCILTyaTHPYEeMOro
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KBa3MOIEpaTUBHO. B 3TOM BapuaHTe NMPUMEHSETCS MOCTOSHHOE MO BPEMEHHU M MIPOCTPAHCTBY BO3MYILCHUE
IapaMeTpoB, KOTOPOE PAZIHUYACTCS TOJIBKO [0 HOMEPY YIaCTHUKA aHCAMOIIS.

Ha pucynkax 1-3 nmpencraBieHbl HEKOTOPBIE PE3YIbTaThl PACUETOB, YCPeAHEHHBIE 3a 14 cyTok. CHHUM H
KpacHBIM I[[BETOM 0003HAYEH, COOTBETCTBEHHO, Pa30pOC MPOrHOCTUIECKOTO aHCAMOJIIS M CPEAHEKBAIPAaTHIHAs
omMOKa KBa3HONEPATHBHOTO MIPOTHO34, a 3€JICHBIM 1 XKEIThIM — pa30poc 1 omnOKa MPOrHO3a, BEIYUCICHHOTO

¢ 100aBJICHUEM CTOXaCTHUYECCKUX BOSMyH.[CHPIfI.
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Puc. 1. Pa3bpoc aHcambns 1 cpejHeKBapaTUyHas OLWKMbKa NporHo3a B ceBepHoM nonyiwapuv ana H850 (a) v T500 (6).
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Puc. 2. Pazbpoc aHcaMbns 1 cpeiHeKBapaTUyHas oLlMbKa NPOrHo3a B ioHOM nonyLwapuu ana PMSL (a) n U850 (6).
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Puc. 3. Pa3bpoc aHcambnA 1 cpegHekBaapaTMyHan oluMbKa nporHo3a B Tponukax ana 1250 (a) n V850 (6).
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3AKJTIOYEHUE

B pabote 06110 IPOBEAEHO UCCIIEAOBAHUE CBOWCTB M ONTUMH3ALUS TPOTHOCTHYECKOr0 aHcamOIs B IJI0-
GanbHOI Monenu armocdeps! IIJTAB ¢ npumenenuem anroputmoB SPP u SPPT. Pesynbrarsl cepuii umcieH-
HBIX 9KCIIEPHUMEHTOB [I0Ka3bIBAIOT CYLIECTBEHHOE YBEIIMUYEHHE pa30poca aHcaMOIs 10 CPaBHEHHIO C pacyeTa-
MU 0e3 CTOXaCTHYECKMX BO3MYIICHUH. B utore pa3dpoc psja oleHnBaeMbIX lapaMeTpOB CYLIECTBEHHO MPHU-
OM3UIICA K CpeAHEKBaAPATUIECKON OIIMOKE CPEAHEro 10 aHCcaMOIIo IporHo3a. B Hactosiee BpeMst Ipono-
JKar0TCs paboTHI 0 HAaCTpoHKe OTAeNbHbIX apameTpoB SPP u SPPT.
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Comparative computational performance of two different
techniques for calculation of the sea surface height
in a climate ocean model

"’Blagodatskih D., *'Onoprienko V., **'Mortikov E., ’lakovlev N.

' Nuclear Safety Institute RAS, Moscow, Russia
? Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
° Lomonosov Moscow State University, Research Computing Center, Moscow, Russia

E-mail: blagodat@ibrae.ac.ru

resolution and the requirement to perform calculations for a long model time. For example, the

INCMS climate model [1] developed at the INM RAS uses a grid with a horizontal resolution of and
40 vertical levels in the ocean dynamics module, whereas modern international programs for intercomparison
of climate models assume calculations spanning hundreds of years [2].

One of the possible ways to increase performance is to use highly scalable algorithms on parallel comput-
ing clusters. In this report, a comparison of the computational efficiency on parallel computing systems of the
ocean dynamics module of the INMCMS5 climate model is carried out using two different techniques for calcu-
lation of the sea surface height.

The first technique is based on modeling the adaptation processes of hydrological fields by splitting into
barotropic and baroclinic modes and further solving the system of equations of barotropic adaptation, where, in
addition to the sea surface height, two components of the barotropic velocity appear. It is this technique that is
used by default in the INMCMS5 model. However, according to this technique, at each time step, it is necessary
to solve the matrix equation with an asymmetric matrix with 7 diagonals.

The second technique proposes to use, instead of a complex system of barotropic adaptation, a five-diago-
nal symmetric equation for the level, obtained by substituting the level gradient into the continuity equation
with subsequent integration along the vertical direction and taking into account the boundary conditions for the
vertical velocity. The vertical turbulent mixing, Coriolis force, baroclinic gradient, etc. are introduced into the
right side of the sea surface height equation.

Modem climate models require a large amount of computational resources due to both high spatial

B The study was supported by Russian Science Foundation, grant No. 21-71-30023.
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CpaBHeHUe BblMUCUTENBHOWN 3QPEKTUBHOCTU ABYX METOOMK
pacyeTa YPOBHS OKeaHa B KNIMMaTU4ecKon Moaenmu
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paBHEHHE BBIYMCIUTENBHOM 3 (DEKTUBHOCTH IByX METO/IMK pacuyeTa ypOBHsI OKeaHa B KIIMMAaTHYECKOU

Mozenu. CoBpeMEeHHBIE KIMMAaTHUECKHe MOAETH TPeOyioT OONBIIOr0 KOJIWYECTBA BBIYHUCIUTEIHHBIX

peCypcoB, UTO OOBACHSAETCS KaK BBICOKMM IPOCTPAHCTBEHHBIM pa3pelleHHeM, Tak U TpeOOBaHUEM
MIPOBEICHISI pacueTOB Ha JIHUTEIbHOE MOfeIbHOe BpeMs. Hampumep, B kimumarndeckoit monenu INCMS [1],
paspabarsiBaemoii B IBM PAH, B 610Ke JMHAMUKK OKeaHa UCTIONb3yeTcs ceTka ¢ paspemenueM 0.5°%0.25°
1o ropru3oHTan 1 40 ypoBHEH 10 BEpTHUKAIN, a COBPEMEHHBIE MEKIyHAPOIHBIE TPOrPaMMBI CPaBHEHHUS KITH-
MaTHYECKHUX MOJIEIIeH MPEIoIaraloT pacyeThl JNTUTEIFHOCTHIO B COTHH JIET MOJIJIEHOTO BpEeMeHH [2].

OmHUM U3 BOSMOXKHBIX CITOCOOOB YBEITMUYCHHS IPON3BOAUTEIBHOCTH SBJISIETCS MCTIONB30BAHNE aJITOPUT-
MOB, 00JIQJAONINX BBICOKOW MacIITabMpyeMOCThIO Ha MapauIeIbHBIX BRIYUCIUTEIBHBIX KIacTepax. B maH-
HOM JIOKJIaJIe, TPOBOJUTCS CpaBHEHUE I(PPEKTUBHOCTH CUETa HA MapaljIebHBIX BHIUUCIUTENbHBIX CUCTEMAX
6710Ka TMHAMUKH OKeaHa KiuMaTtndeckoil Mmogenu INMCMS ¢ ncronb30BaHNEM IByX METOAMK pacdera ypoB-
HS MODSI.

[lepBas MeTomMKa OCHOBaHA HA MOJCTUPOBAHNH IPOILIECCOB AJANTAI[IH THIPOJIOTHIECKHX TTOJIeH MyTeM
pacuiernieHus Ha 6apoTPONHYIO U OAPOKIMHHYIO MOAY M JajdbHEHIIEro peIeHns CHCTeMBl ypaBHEHUI Oapo-
TPOITHOHN aJanTaIuy, Iae TOMUMO YPOBHS (GUTYPHUPYIOT JBE KOMIOHEHTHI 0apOTPOITHON ckopocTh. MIMeHHO
9Ta METOJIMKA UCTIONB3yeTCs TI0 yModaHuio B moaenu INMCMS. OgHako, cOrmacHo TaHHOW METOJIMKE Ha Ka-
JKJIOM IIIare 10 BpeMEeHH MPUXOIUTCS pelaTh MaTpUYHOE ypaBHEHNE C HECUMMETPHYHON MaTpuIlel ¢ 7 nuaro-
HaJISAMU.

Bropas meTozuka mpesuiaraeT UCIoib30BaTh BMECTO CIOKHOM CHCTEMBI 0apOTPOITHON afanTaluy ypas-
HEHUE TOJLKO JIJISi YPOBHS MOPS ¢ MATHAUATOHATBHONW CUMMETPUYIHON MaTpuilel (B TpH pa3a MEHBIIEH pas-
MEpPHOCTBIO YeM MaTpHIla IS CUCTEMbl YpaBHEHHHA OapOTpOMHOHN aJanTanui), MOIydaeMoe MOJCTaHOBKOM
TpaJlieHTa YPOBHS B ypaBHEHHE HEPA3pPBIBHOCTH C MOCIEAYIONINM HHTETPHPOBAHUEM IO BEPTUKANIN U C yUe-
TOM TPAHWYHBIX YCIOBHH JJISI BEPTUKAIHHON CKOPOCTH. YUET BEPTHUKAIBHOTO TypOYJCHTHOTO MepeMEIIHBa-
Hus, cuitbl Kopuonmca, 6apoKIMHHOTO TpaJieHTa | T.II. OCYIIECTBIISIETCS B IPABOI YaCTH YpaBHEHHUS HA ypo-
BEHb.

Hmke mpuBOANTCS KpaTKoe ONMCaHUEe CYIIHOCTH JIBYX CPAaBHUBAEMbIX METOIHK.

Bbrnok nunamuku okeaHa KiauMaTrdeckoi Mmogenu INMCMS [1] ocHOBaH Ha YHCICHHOM PeIIeHUH TPUMH-
TUBHOU CHCTEMBI ypaBHEHUI THAPOTEPMOIMHAMUKN OKeaHa B MPUOIIKEHIH THIPOCTAaTUKN U byccuHecka, ¢
HCIIOF30BAaHUEM © -CHCTEMBI KOOPAMHAT MO BepTUKaIU. [laHHAs crcTeMa ypaBHEHHMH 3alMChIBACTCS B CICIY-
OIIe BEKTOPHO-WHBApHAHTHON opme:

L[Ul’ =—[(Vxl§)xU+%V((;2)-| —ler[l;} —i[Vp]h+D°r',
" po

o ),
P _
oz r,Og,
V.U =0,
0 ] (1.1)
—Z=-V-(0U)+D"+ R,
ot
.
B _y (SU)+DY,
ot
p=p(T.S.p).
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U= (u,v,w) — BEKTOP CKOPOCTHU TEUCHHS B TOUKE (X, ), Z) B KOOpPAUHATAX (zr , ]r ,k);

6 — moTeHIIMANTbHAS TEMIICPaTypa;

S — coneHoCTS; .

[ 1, — omeparop npoeKnu Ha TOANPOCTPAHCTBO (i . );

[ — mapametp Kopuonuca;

DY, D, D® — oneparopsl mapaMeTpH3aIuK TIOCETOUHBIX TyPOyIeHTHBIX IPOLECCOB;

P — 1aBIICHHUE,;

o — HOHOBASI TUIOTHOCTB;

p — OTKJIOHCHHUE IJIOTHOCTH OT HEKOTOPOTO PABHOBECHOTO MPOQWIIS;

R - BHYTPEHHUN UCTOUHUK TETJIa, BBI3BAHHBIN MPOHUKAIOIIEH COTHEUHON paualiei.

Iporecc naTErpUpOBaHKS IO BpeMeHH crcTeMbl (1.1) COCTOMT U3 HECKONBKUX ATanoB. Ha mepBoM 3tare
IIPOMCXOIHUT pacueT IPOLECCOB aIBEKTUBHOTO epeHoca 1 quddys3un ckaaspHex kommoserT &', S"' u kom-

n+1/2 n+1/2

TMOHEHT CKOPOCTH U , vV . I/ICHOJ'H)?)YH 3HAa4YCHUA H’H u SIH PaCCHUTBIBACTCA 6ap0KJ'IPIHHBIfI rpagucHT JdaBJjic-
ntl ntl

HUs, 3aTCM BBIYUCIIAIOTCA CKOPOCTU U4,V , BBI3BAHHBIC 6apOKJ'II/IHHLIM TpaACHTOM JaBJICHUA:

un+1_un+1/2_ 1 »

At py "
vn+1_vn+1/2_ 1 P (12)
M Al

Jlanee npousBoauTCA pasziesieHHe KOMIIOHEHTOB CKOPOCTH Ha 0apOTPONHYO U OapOKINHHYIO MOJIBIL:

n

T TR T Vi =y 4y (1.3)
1 1

U= _[u””do, V= jv"”do (1.4)
0

0
BapoknuHHbIe KOMIIOHEHTHI ckopocteit (1), (v)"""” Ha HOBOM BpPEMEHHOM CJIO€ TIOMYYakOTCs B PE3yib-
TaTe PELIeHUs CIeAYIOLUEeH CUCTEMBI:

,n+1_ '
(u')" —u —l(v')"”—O

At a

' n+1_ ’
(V)At v +Z(u,)n+1:0

(1.5)

Cucrema (1.5) pemaercst HSSIBHOM CXeMO ¢ METOIMKOH IMaroHAIN3aIMU IIPOCTPAHCTBEHHOTO OIIepaTo-
pa s wiena Kopuonuca [1].

VpaBHeHus JUIs pacueTa 6apoTponHbIx kommonent u "%, v """ u pacnpenenenus yposHs "' Ha HOBOM
BPEMEHHOM CJIO€ 3aIMCHIBAIOTCS B CIIEIYIOIEM BUJIE:

—ntl 7 ~ 1‘7’”1 g 5@/%1

At Ax
‘7;1+1 iy . 5§n+1
LA ,

At A (1.6)
47”+1 —éT 5(L7n+1H) S (vn+1H)

= +
At Ax Ay

/!
TTocne pemenns cucteMsl (1.6), mpousBoxuTes pacuet i’ -, v 0 cremyrommM hopMyIam:

un+l'2 — a n+l/2 + (u9n+l/2’ vn+l/2 — ‘—) n+l/2 + (v9n+l,2 (1 .7)

Bropast MeTonuKa mperonaraeT BHECEHHE psiJia M3MEHEHUH B OITMCAHHYIO BBIIIE CXEMY PaclICTUICHHS 110
(U3HYECKUM ITpOIIeccaMm.

Pacuer 3HaueHuii ckansApoB Ha HOBOM BpeMeHHOM ciioe ' u S octaercs 6e3 usMenenuit. Pacuer npo-
MEXyTOUHBIX ckopocTeit 1", V""" Ipou3BoIUTCA ¢ yHETOM KaK aJBeKTHBHBIX 4IEHOB, TaK U CHilbl Kopuomu-
ca. [Ipu aTOM B KauecTBe CXeMbl MHTEIPHUPOBAHHMS IO BPEMEHH HCIONb3yeTcst cxema Anamca-bamdopra Bro-
poro mopsiaka.

v o+l n+l
Pacuet cxopocteii ¢, V"' IpoM3BOAMTCS ¢ y4eTOM GaPOTPOIHOIO IPAJHEHTa:

un+1 _un+1/2 é‘éfnﬁ

A ST (1.8)
vn+1 _ vn+1/2 - 5§n+1 :
At g Ay
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Vpasnenue mins (' mosTydaeTcs MoACTaHOBKOM BhIpakenuii (1.8) B ypaBHeHHe HEPa3PHIBHOCTH U MHTET -
pupoBanne no ryouse (1.9) ¢ yderoM MCHONb30BaHHUA TPAaHUYHOTO YCIOBHS U BEPTUKAIBHOW CKOPOCTH
(1.10):

u””H) +5 (v””H)
Ax Ay

Wn+1:j). é‘( Ao (19)
1

n+1 n
n+1 é’ _é,
=— (1.10
Ar (1.10)

w

B VlccnepnoBaHue bbI10 OCYLLLECTBNEHO B paMKax rpaHta PHO N2 21-71-30023.
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Choosing a horizontal grid for numerical simulation
of equatorial dynamics with ocean model

"*Onoprienko V., “'Blagodatskih D., **'Mortikov E., ‘lakovlev N.

' Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
? Nuclear Safety Institute RAS, Moscow, Russia
* Lomonosov Moscow State University, Research Computing Center, Moscow, Russia

E-mail: pbl@ibrae.ac.ru

zontal grid. The possibility of using coarse grids with a step up to 2 - 4 degrees is being considered.

The experiments are performed on Murray’s grid [1] and Madec and Imbard’s grid [2]. The evolu-
tion of an initially horizontally homogeneous ocean under wind forcing and the dynamics of equatorial gravita-
tional waves are investigated.

In some cases we need to reduce the simulation time of numerical experiments at the cost of special reso-
lution of the model. When studying the paleoclimate, it is important to use a grid with a coarse resolution, since
the typical calculations are lengthy; the duration of several thousand model years is possible.

Our aim is to determine the largest horizontal grid step that will allow the model to reproduce the charac-
teristic features of equatorial dynamics. We plan to use this result in our following research to find a global
rectangular grid of optimal size. For each experiment case, we will carry out reference calculations with high
resolution. Then we will increase the grid step until the difference between the coarse grid solution and the ref-
erence calculation becomes too large.

The Madec and Imbard grid is symmetrical about the equator at low latitudes. In the Southern Hemi-
sphere, it coincides with the latitude-longitudinal grid, and in low latitudes of the Northern Hemisphere it is
very close to it. We expect that the symmetry of the position of the coordinate lines relative to the geographic
equator allows calculations with a coarser resolution.

To determine the coordinates of Madec and Imbard’s grid nodes, it is necessary to numerically integrate
the analytical expression along the segment. We have improved the algorithm for calculating the coordinates of
the Madec and Imbard grid points and metric coefficients. Instead of integrating along meridian-like coordinate
lines and using interpolation to determine the coordinates of the grid nodes we integrate an analytical expres-
sion along the only one ray. The interpolation is no longer needed and metric coefficients are calculated directly
without difference approximation used by Madec and Imbard. Numerical integration is carried out with high-
precision arithmetic Arb library [3].

We investigate the dependency of the equatorial dynamics of the ocean model on a choice of the hori-

B The study was supported by Russian Science Foundation, grant No. 21-71-30023.
REFERENCES:

1. Murray R. J. Explicit generation of orthogonal grids for ocean models //Journal of Computational
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Bbl60p FOpMBOHTaJ'IbHOl\/’I CETKU )14 BOCrnpoun3eeeHMA
3HBaT0pMaﬂbH0ﬁ OWHAMUKKU YUCIIEHHOM MOeNblo OKeaHa

3,2,1

"*Ononpuenko B.A., “'Bnarogatckux [1.B., **'Moptukos E.B., “Akosnes H.T.

" MHCTUTYT BbIuMCAMTENbHOI MaTeMaTuKK uM. .U, Mapuyka PAH, Mocksa, Poccua

? UHeTuTYT NpobneM 6esonacHoro pasBuTHA aToMHoM aHepreTukyu PAH, Mocksa, Poccua

* HayuHo-MccnepnoBatensckuii Bulumcnutenshbii Lientp Mockosckoro locyaapcTeeHHoro YuuBepcuteta
numenu M. B. JlomoHocoBa, MockBa, Poccus

E-mail: pbl@ibrae.ac.ru

JAHHOH paboTe MCCIIeMyeTCst BIUSIHNE BEIOOPA TOPU30HTANBHOM CETKM HA SKBATOPHAIBHYIO THHAMUKY

YHCIIEHHON MOJENH OKeaHa. PaccMaTpuBaeTcst BO3MOKHOCTD HCHOJIB30BAHUS IPYOBIX CETOK C IIAaroM

10 2 — 4 TpamycoB. DKCIIEpUMEHTHI BBITIOTHIIOTCSA Ha ceTke Mroppest [1] u cetke Maneka u Mmbapa
[2]. PacueTHas obmacTe mpencTaBiseT coOoi SKBaTOpHANBHBIN KaHal. Vccrienyercs 3BOMONUs M3HAYAITBEHO
TOPU30HTAIBHO OIHOPOIHOTO OKEaHa II0J AEHCTBUEM BETPa M ANHAMHUKA SKBAaTOPHAIBHBIX TPABUTALMOHHBIX
BOJIH.

CymmecTByIOT KIaCChl pacyeTOB, IS KOTOPHIX YMEHBIICHNE BPEMEHH UX BBINOTHEHHS Ba)KHEE TOYHOCTH
pemtenus. [Ipu ucciaenoBaHuy NageoKInMara OOBIYHO HCIIOIB3YIOT CETKY C TPyOBIM pa3pelieHueM, TaKk Kak
MPOJOJKUTENLHOCTD PACUETOB COCTABIISIET HECKOJIBKO THICSY MOAEIIBHBIX JIET. Pasmep ceTku MOXeT OBbITh Ba-
JKEH JUISl HEKOTOPBIX 33/1a4, CBSI3aHHBIX C aHCAMOJICBBIMH pacieTaMH, KOI/ia pa3Mep aHCaMOJIsl BAKHEE BBICOKO-
TO Pa3pEIICHNUS €ro IEMEHTOB.

MBI XOTHM OTIPENIEITUTh, HANOOIBIIINHN IIIar TOPH30HTAIBHON CETKH, TIO3BOJISIONINN BOCTIPOU3BOIUTH Xa-
paKTepHBIC YE€PTHI SKBATOPHATBHON JTUHAMHUKH. DTy OIIEHKY IJIAHUPYEM HCIIOIb30BaTh B ITOCIEAYIOINX pado-
Tax, 9TOOBI MOI00PATh TI0OATBHYIO MPSAMOYTOIBHYIO CETKY OIITHMAIIBHOTO pa3Mepa.

IIpn nBWXEHHMU OT HKBATOpA K MOJIOCAM MAacIiTad CHHONTHYECKHX BUXpEH yMeHbInaeTcs. B BeICOKHMX
MMPOTaX K IIAry CETKU MPEIbABIAIOTCS Ooniee cTporue TpedoBaHms, YeM Ha 3kBaTope. CeTka JO/KHA MT03BO-
JSITh MOJIEJIN BOCHPOU3BOANTH CHHONTHYECKYIO JUHAMHUKY OKEaHa, IIPH 9TOM IIar Ha SKBAaTOpE JOJKEH OBITh
KaK MOXXHO OOJIbIIIC M yMEHBIIATHCS C POCTOM IIHUPOTHI.

Jln1st Hatero uccneI0BaHys Mbl BBIACTHMIIN XapaKTEePHBIE CITydan SKBaTOPHAIbHON ANHAMUKH: MIPUCTIOCO-
OneHue TeueHnH K TeocTPOPHUIECKOMY PAaBHOBECHIO B TOPU30HTAIIEHO OZHOPOIHOM 3KBAaTOPHAIILHOM KaHaJIe
MO/ ACHCTBUEM TPEHMS BETpa U JAMHAMHUKY 3KBAaTOPHAIBHBIX TPABUTALMOHHBIX BOJH. ISl KQXXIOTO Cirydast
MIPOBEEM 3TAJIOHHBIE PACUETHI C BBICOKUM Pa3pelIeHneM. 3aTeM OyieM YBEJIMUMBATh IIar CETKHU, OKa Pa3HHU-
I1a MEXK/y PeIIeHHEM Ha Tpy0Ooi CeTKe M 3TAJIOHHBIM PACUETOM HE CTAHET CJIUIIKOM OOJIBIIOH.

[IpsMoyTonIbHBIE CETKU MO3BOJISIOT OPTaHU30BaTh Oosiee OBICTPBIN JOCTYN K HMaMATH HPH pacdeTax Io
CPaBHEHUIO C HECTPYKTYPHPOBAHHBIMHU CETKAMH, TIO3TOMY B 3TOH pabOTe MBI PACCMaTPHBAEM TOIBKO MPSMOY-
TOJIbHBIE CETKH. B 4MCIEHHBIX 3KCIEPHMEHTaX MBI INTAHUPYEM HCIIONB30BaTh CETKU CO CMELICHHBIMHU MOIIO-
camu: ceTky Mioppes [1] u cetky Mazneka u Imbapa [2]. KoopauHaTHBIE THHIH CETOK N300paKeHBI Ha PUCYH-
Kax | m 2.

|

[ —
|

t~—

[ A

[ —

-
M~ [ 1]

Puc. 1. KoopanHaTHble IMHUK ceTKM cTekun Mapaeka u Mmbapa BoctouHoM nonywapum (cnesa) u 3anagHoM (cnpasa). eo-
rpaguyecKmnii 3KBaTOP OTMEYEH HUPHOW NIMHUEN.
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Puc. 2. KoopanHaTtHble nMHKUM CeTKM cTekn Mioppes B BocTouHoM nonywwapum (cnesa) u 3anagHoM (cnpaga). eorpadumye-
CKUI 3KBATOP OTMEYEH KUPHON NIMHUEN.

OOBIYHYIO MINPOTHO-TOATOTHYIO CETKY MBI HE pacCMaTpuBaeM, Tak Kak ee HelIb3si IPUMEHHTH B JTaJIbHEH-
1IeM JUTs TTI00aJIbHOTO pacyeTa JMHAMHUKN OKeaHa. JTO CBA3aHO € TEM, UTO TOJIIoca NI00AIbHOM CETKH JrydIie
pacrionararh Ha cymie, YToObl He pemarh MpollieMy CBS3aHHOM ¢ HUMH CHHTYISIpHOCTH. CeBEepHBIH MOoc
HIMPOTHO-IOJTOTHOM CETKH He HaxoauTcs Ha cyiie. [IpobrneMy Hellb3sl peInTh TOBOPOTOM CETKH, TaK Kak Ha
cyiue 3emie HeT MOAXOJAIINX YYaCTKOB-aHTUIIOA0B [1].

Cetka Maneka u MimGapa cuMMeTprudHa OTHOCHTEIIFHO IKBAaTOpa B HU3KUX mmporax. B OxxHOM momy-
IIApUU OHA COBMNAJAET C INUPOTHO-IOITOTHON CETKOM, a B HU3KMX mmporax CesepHoro [Tomymapus 6nm3ka k
Hel. MBI 0)KHaeM, 9TO CHMMETPUYHOCTD MOJIOKEHHUS KOOPMHATHBIX JIMHUH OTHOCHTEIILHO TeorpaduIeckoro
9KBaTOPA IMO3BOJISIET IPOBOJMUTH PACUETHI C OoJiee TPyOBIM pa3penIcHUEM.

Koopaunats! y31m0B ceTkn Mroppest 3anHChIBAIOTCA aHAIUTUYECKH B sIBHOM BHe. KoopauHatel y310B
ceTkn Mazeka n Mimbapa onpeensiroresi B pe3yIbrare YUCISHHOTO HHTETPUPOBAHMS.

MBI yIydImiIg aaropuT™ pacueTa KOOpAWHAT y3J710B ceTkn Maneka u MimGapa u Merpudeckux koaddu-
LIMEeHTOB. B opurunansHOI paboTe aBTOPHI NpeasIaraii pacCUUTHIBAT TOJI0KEHHE KOOPAMHATHBIX JINHUN WH-
TerpupoBaHreM MeTo1oM PyHre-KyTThl BOIb KaK/10T0 Ty4da, a 3aTe€M € IOMOILBI0 HHTEPIOSILIUI ONPEAEIITh
KOOPJIMHATHI y3JI0B CeTKH. J{JIst onpesieneHust MeTpuiecknx Ko3()(hUIMEeHTOB TPON3BOAHBIC alIIPOKCHMHPOBa-
JIY Pa3HOCTHBIMH BBIPA)KEHHUSIMU.

WurterpupoBanne BIOIb KOOPAMHATHBIX JIMHUH MOKHO 3aMEHHUTHh WHTETPHPOBAHHEM (YHKIHHU OIHOTO
MIEpPEMEHHOTO BJIOJb OJHOTO JIyda. [lanmbpHEHass HHTEPIOSIIUS TIPH 3TOM He TpeOyeTcs, /Il ONpeeIeHuUs
METPHUYECKHX KOI((PHUIMEHTOB HE HY>KHBI pa3HOCTHBIC BBIpQ)XXEHHS. B ciydae ceTkm pasmepa m X n, TpeboBa-
JIOCh MHTETPUPOBATh BAOJB N Jy4Yel M BBITOIHUTH M MHTepHnomsuui. [Ipu ucnoap30BaHUM MpeIaraeMoro
aJArOpUTMa HY’KHO BBIYUCIUTH M UHTETPAJIOB BIOJIb OTPE3KOB OJHOTO JIy4a.

WuTerpupoBanne oJHOMEpHON (DYHKIMH PEaM30BaHO C MOMOIIbI0 OMOIMOTEKH apu(METHKH IPOU3-
BOJIbHOM TouHOCTH Arb [3]. Miconb3yeMblii anropuT™ BEIYHCIISET HE TOJIBKO 3HAUCHHST MHTETpaja, HO U rpa-
HUIIBI HHTEPBAJa OIPEMIHOCTU BHYTPU KOTOPOTO HAXOAUTCS TOUHOE 3HAYEHUE UHTErpaa.

B Pab6ota nogaepraHa PoccuiickuM HayurbiM QoHgom, rpaHt N221-71-30023.
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3HaunTenbHOE CoKpaLLieHne NoLaamn MopcKoro fbaa
B APKTMKe KaK haKTop 06M/bHBIX anpenbCKMUX CHEronaaos
Ha TeppuTopmm EBponbl

®ponos .M.
MockoBckuii locynapcTBeHHbii YHuBepcuteT uMenu M.B. JlomoHocoBa, leorpaduueckuit darynbtet, Mockea, Poccus

E-mail: denisfrolovm@mail.ru

anpenst 2021 mocrie moTeryieHus! B KOHIle MapTa — Hadase anpeds 10 20°C o0bsICcHAeTCS MHTCHCUBHBIM
HCITapC€HUEM C TIOBEPXHOCTHU BapeHueBa MOPs BbI3BAHHBIMH COKPAIICHUEM IIOIAaA MOPCKHX JIB/I0B B
Apxruke. [lomoOnast cutyanus B mapre 2018 roma, xorma B mapte EBpomy mpwuiia BOJHA X0JIOIa CO
cHeromaaaMu HasBaHHast “Beast from the East” moapo6Ho ommcana B crathe Bailey, H., Hubbard, A., Klein,
E.S. et al. Arctic sea-ice loss fuels extreme European snowfall. Nat. Geosci. (2021) https://doi.org/10.1038/
s41561-021-00719-y. CpaBuenue onucanuoii cutyarmu 2018 roma ¢ curyarueit 2021 roma mpousBencHO
Takxke B ouepke Snow chaos in Europe caused by melting sea-ice in the Arctic https://www.sciencedaily.com/
releases/2021/04/210413110628.htm
B HEM, B 4aCTHOCTH, TOBOPUTCS, YTO anpesibckuii cHeronaa B 2021 roay, KOTOPBIH BB BO BpEeMs
I[BETeHNUs (PPYKTOBEIX IepeBbeB B EBpore, MokeT OBITh HAPSAMYIO CBS3aH C YMEHBIIIEHHEM IUIONIAAd MOPCKO-
ro Jp1a B bapeHiieBoM Mope B APKTHKE 1 4TO aHAJIOTUYHAs cuTyarus 6suta B 2018 romy.
B EBponeiickoit vactu Poccuu Takxke mocie ABaalaTUrpaycHOro Teruia B Hadane anpens 2021 roga 21
anpestsi CHOBA BBIMAJI CHET Ha YK€ Ha4aBIIyIO CBOIO BETETAIINIO PACTUTEILHOCTb.

Bom—xa xonmofa B EBpomelickux cTpaHax, CONPOBOXAABIIAsACSd WHTEHCHUBHBIMH CHeromagamu 14-15

B ViccnepoBaHWe NpoBeAeHO B paMKax roctioameTHoN TeMbl «ONacHOCTb M PUCK MPUPOLHBIX MPOLLECCOB U
ABNEHUN».

Considerable Arctic Sea ice loss as a factor of heavy April
snowfalls in Europe

Frolov D.M.
Lomonosov Moscow State University, Geographical Faculty, Moscow, Russia

E-mail: denisfrolovm@mail.ru

According to the going climate warming on the Earth and in particularly in Arctic (fig. 1):

Global Mean Surface Temperature

—=— Annual Mean
—— 5—year Running Mean

VR o o o

Temperature Anomaly (°C)

1880 1900 1920 1940 1960 1980 2000 2020

Figure 1 The anomaly of the Earth global surface mean temperature (https://data.giss.nasa.gov/gistemp/).
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Earth’s global average surface temperature in 2020 tied with 2016 as the warmest year on record, accord-
ing to an analysis by NASA (https://www.nasa.gov/press-release/2020-tied-for-warmest-year-on-record-
nasa-analysis-shows, https://climate.copernicus.eu/new-decade-brings-reference-period-change-climate-
data). And also for the territory of Russian Federation 2020 it was the warmest year as well (figure 2):
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Figure 2. Air temperature anomaly relatively 1961-1990 for the territory of Russia (https://meteoinfo.ru/
novosti/17710-2020-god-samyj-teplyj-v-meteorologicheskoj-letopisi-rossii).

Especially intensively warming goes for the territory of Siberia (https://meteoinfo.ru/novosti/17710-
2020-god-samyj-teplyj-v-meteorologicheskoj-letopisi-rossii)

And also according to the NSIDC posts (https://nsidc.org/arcticseaicenews/2021/01/ho-ho-ho-hum-de-
cember/, https://nsidc.org/arcticseaicenews/2020/12/persistently-peculiar/, https://nsidc.org/arcticseaice-
news/2020/11/blue-waves-in-november-in-the-arctic/) the sea ice extent in the Arctic Seas was also at the
record low, especially for Russian Arctic (figure 3 and 4).

September 2020 L-OTI(°C) Anomaly vs 1981-2010 October 2020

[ I — — — — — QN S S—— — —
-41-40-20-1.0-05-02 02 05 10 20 40 62 -41-40-20-1.0-05-02 02 05 10 20 40 75

Figure 3. Air temperature anomalies in Northern Hemisphere in months 2020 (https://data.giss.nasa.gov/gistemp/).

30 = m G -4 s sy
28 =
269 1993 2007
— 24 1994 2008
NE 29 = 1995 2009
1996 2010
20 5 1997 2011
o 18+ 1998 2012
16 = 1999 2013
RS i 20002014
- 2001 2015
5 12 = 20022016
-; 1.0 = 2003 2017
o, 2004 2018
1991 2005 2019
06 =1 1992 2006

0.4 =

02+ .,
SOURCE. 1
0.0 = GRAPHIC
I L] L] L] 1 - T L] L] L] 1 T
Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec

REGH

Figure 4. A minimum of sea ice extent in the Russian Arctic seas in 2020 (https://nsidc.org/).
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This can lead to some extra evaporation and water vapor atmosphere saturation and due to atmosphere
circulation extreme temperature anomalies and heavy snowfalls in the following winter season in the higher
latitudes according to for example:

Wegmann M., et al Arctic moisture source for Eurasian snow cover variations in autumn // Environ. Res.
Lett. —2015 — Vol. 10, N 054015

Bailey, H., Hubbard, A., Klein, E.S. et al. Arctic sea-ice loss fuels extreme European snowfall. Nat. Geos-
ci. (2021). https://doi.org/10.1038/s41561-021-00719-y.

This was observed in the winter season 2020/21 in Northern Eurasia. These low temperature anomalies
and heavy snowfalls brought difficult consequences for economics and for living there people.

OTKpbITaa Boaa

Especially it has appeared as a cold wave in European countries, accompanied by intense snowfalls on
April 14-15, 2021 after warming in late March - early April to 20 ° C, is explained by intense evaporation from
the surface of the Barents Sea caused by a reduction in the area of sea ice in the Arctic. A similar situation in
March 2018, when in March a cold wave with snowfalls called “Beast from the East” came to Europe, is de-
scribed in detail in the article by Bailey, H., Hubbard, A., Klein, E.S. et al. Arctic sea-ice loss fuels extreme
European snowfall. Nat. Geosci. (2021) https://doi.org/10.1038/s41561-021-00719-y. A comparison of the
described situation in 2018 with the situation in 2021 was also made in the essay Snow chaos in Europe caused
by melting sea-ice in the Arctic https://www.sciencedaily.com/releases/2021/04/210413110628.htm

It says, in particular, that the April snowfall in 2021, which fell during the flowering of fruit trees in Eu-
rope, may be directly related to the decrease in the area of sea ice in the Barents Sea in the Arctic and that a
similar situation was in 2018.

In the European part of Russia, after a twenty-degree heat at the beginning of April 2021, on April 21,
snow fell again on the vegetation that had already begun its growing season.

B Thestudywas carried out in aframe of state topic « Danger and risk of natural processes and phenomenan.
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Modification of the soil-snow block of the climatic model
of the INM RAS

'Chernenkov A.Yu., “**Kostrykin S.V., “Volodin E.M.

" Moscow Institute of Physics and Technology, Dolgoprudny, Russia
? Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
*Izrael Institute of Global Climate and Ecology, Moscow, Russia

“ Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

E-mail: chernenkov.ayu@phystech.edu, s_kostr@mail.ru, volodinev@gmail.com

limate modeling has been actively developing in recent decades. To describe the water cycle correctly,
it is important that the models describe the seasonal snow cover correctly.

During the transitional seasons, when the temperature fluctuates around zero point, the snow can
melt, but part of the melt water stays inside the layer and can refreeze. Also, some time after the snowfall, the
snow becomes denser. All these affect the properties of the snow cover.

This paper considers the fifth version of the climate model of the INM RAS (INMCMS). Here described
the changes in the soil-snow block of the model: changes of melting process and density of the snow cover,
implementation of the process of refreezing of melt water.

It is assumed that when the snow melts, the water does not immediately go to the upper boundary of the
soil, but seeps through the thickness of the snow. In this case, the melt water can refreeze, giving off heat to the
snow cover. It is worth noting that now the snow cover is presented as a certain substance, consisting of three
evenly mixed fractions: snow in the usual view, melt water contained in it, and refrozen snow. The evolution of
the snow density is described as in the SWAP model. To take into account all fractions of snow, it is proposed to
calculate the density of the snow layer as weighted average.

To test the changes made, climate calculations were carried out in 1997-2002 with the original and modi-
fied versions of the model. It follows from the calculation results that the changes into the soil-snow block lead
to a later melting of snow, and the process of snow cover formation has become more intensive. This is espe-
cially noticeable in the Arctic, on the western coast of Canada and Alaska, as well as in the Himalayas. It can be
noted good according to the data of the formation and disappearance of snow cover and the territories on which
it lies with the data of the CAMS Global Reanalysis (EAC4) of the European Centre for Medium-Range
Weather Forecasts and observation data.

Note that the result obtained can be used for a detailed description of snow metamorphism and a more ac-
curate calculation of the snow albedo.

MoaupuKauma No4YBEHHO-CHEXKHOIO 6/10Ka KNMMaTUYECKON
mogenu UBM PAH

'YepHeHkos A.10., “*“KocTpbikun C.B., ‘Bonoaun E.M.

' MocKoBCKMiA (GM3UKO-TEXHUYECKUIA MHCTUTYT (HaLMOHaNbHbIN UCCNeA0BaTeNbCKUIA YHUBepcuTeT), fonronpyaHsii, Poccus
? MHCTUTYT BbIUMCAMTENbHOM MaTeMaTuky uM. .. Mapuyka PAH, MockBa, Poccua

: WUHcTuTYT rnobanbHoro KnuMara v akonoruu uM. 10.A. Uspaana, Mockea, Poccua

“ MncTuTyT dusmkm atmocdepsl uM. A.M. 06yxosa PAH, Mocksa, Poccus

E-mail: chernenkov.ayu@phystech.edu, s_kostr@mail.ru, volodinev@gmail.com

BBEOAEHUE

B nocniennue necstnieTHs akTHBHO Pa3BUBACTCsl MOJIEIMPOBaHNE KiuMara. J{Jist KOppeKTHOTO ONMCaHMs
KPYroBOpOTa BOZBI Ba’KHO, YTOOBI MOZIEIIN ITPABMIIHO 00padaThIiBali Ce30HHBIM CHEXXHBIN TOKPOB.

B niepexoHbie ce30HBI, KOT/Ia TEMIIEpaTypa KojeOIeTcs: OKOJIO HyJIeBOW OTMETKH, CHET MOXKET TasTh, HO
IIPY 5TOM Ha BEPXHIOIO I'PAHUILy [TOYBHI YXOIHT HE BCS Taslasi BOJA, HEKOTOpask e 4acTh 3aJ1ep)KUBAETCS B CII0€
1 MOXET Iepe3aMep3arh. Takke C Te4eHHEM BPEMEHH I10CJIe CHEeToIa /[a CHe)KHbIC YaCTHIIBI CMHHAIOTCS U CIIH-
MAIOTCsl, B pe3yJIbTare 4ero CHer yIuIoTHseTcs. Bee aTn hakToph! BIHSIOT Ha CBOMCTBA CHEXXHOTO ITOKPOBA.

B nannoii pabote paccmarpuBaeTcs 1sitast Bepcus kiuMarndeckoit mogenmu MUBM PAH (INMCMS). /lan-
Hasi MOJIEJIb COCTOMUT M3 JIByX OCHOBHBIX OJIOKOB: MOAENHN OOIIEl IUPKYJISIIUU arMochepsl 1 MOAEIH oOiei
LUPKYISIUN OKeaHa. JlaHHast BepcHst MOJIETM Y4acTBYET B MEKAYHAPOIHOM IIPOEKTE 110 CPABHEHHIO KIIMMATH-
yeckux moneneit CMIP6 (Coupled Models Intercomparison Project). Hexotopsle pe3yssrarsl 10 MOIEINpPOBa-
HUIO COBPEMEHHOTO KJIMMara ¢ TOMOIIBIO JAHHOW MOJIEIIH IIpeJICTaBlIeHb! B padore [1].
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B pabore onuchIBaroTCsl H3MEHEHNS B OIIMCAHUH CHEra Moesblo. Monuduuupyercs mpouece TasHus, a
TaKOKe PEATU3YIOTCS IIPOLECC Iepe3aMep3aHns TalIoH BOAbl 1 M3MEHEHNE INIOTHOCTH CHEXXHOT'O IIOKPOBa, KO-
TOpasi paHee cuMTangach MOCTOAHHOM: ., = 0.1854 r/cM’. CTOMT OTMETHTB, UTO U3MEHEHHs 3aTPAruBalOT
TOJIBKO aTMOC(HEPHBIH OJIOK.

KPATKOE ONMUCAHUE BHECEHHbLIX U3MEHEHUW B MOJENb

V3MeHeHns B ONMCAHUN CHETA 3aTParuBaroT TOYBEHHO-CHEXKHBIN OJIOK, KOTOPBIN BXOJHUT B aTMOC(EPHYTO
yacTh Mozienu. J{aHHbIH OJIOK TIPEe/ICTaBIEH OJHOMEPHOH MOAENBIO, OTMCHIBAIONIECH ITPOIIECCH TETJIO- U BIIATO-
MepeHoca B MOYBE, PACTUTEILHOCTH U CHEXHOM MTOKPOBE, a TAaK)Ke OOMEH 3TOH CHCTEMBI TEIIOM H BIIAroi ¢
aTMoc(epoii, ero omucanne T0CTaTOYHO OAPOOHO MPHUBEACHO B paboTax [2], [3].

OmnpenenuM epeMeHHbIe, HeOOXOIMMBbIE JUTS ONMCAHNS BHECEHHBIX U3MEHEHHUI:

S — BOZHO-PKBHUBAJICHTHAS TOJIIINHA CJIOS CHETa,

S,, — "HacTosmuit" cHer (1o CyTH, KPOIIKa U3 IIOPUCTOTO JIbIA),

M,,; — BOZ1a, TOCTYNIMBINAS HAa TOBEPXHOCTH MOYBEI,

P — MHTEHCUBHOCTB 0CaJKOB IIPU TEMIEPATYPE MOACTHIIAIOLIEH TOBEPXHOCTH, MeHbIIel 0 °C,
A — yAenbHas TETUIOTa IUIABJICHHS JIb/A,

L — ynenbHast TETUI0Ta Mapoodpa3oBaHus,

& — MOTOK CKPBITOrO TEIUIA Ha IIOBEPXHOCTh CHETa, WAYLIEro Ha UCIapeHue / CyOIrMalHIo,
Py — TWIOTHOCTB BOJIBI,

M — UHTEHCHUBHOCTB CHETOTAsIHUS,

S, — TaJast BOZIa, OCTaBIIAsiCS B CJIOE CHETa,

F — nHTEeHCHBHOCTH 3aMep3aHusl BOJbI,

S,, — Iepe3aMep3ias Tajas Boja (110 CyTH, KPOIIKa U3 THIOTHOTO JIbJA),

T,, — Temmeparypa cHera,

e AE — u30bITOUHBIH / 1e(DPUINTHBINA ITOTOK TEIUIA B TEIUIOBOM OaslaHce Ha MTOBEPXHOCTH.

B ncxomHoit Bepcuu MoieNN BOAHO-3KBHBAJIECHTHAs TONIIMHA CJIOSI CHETa BBIYHMCIIAETCS HA OCHOBAHUH
CJIE/TyTONIETO ypaBHEHHs OaslaHca:

as &
7 =P-M-Z0w (1)

[Ipouecc TassHUS HAYMHAETCS, KOTAA TEMIIepaTypa MOJICTUIIAIOIIEH TTOBEPXHOCTH CTaHOBUTCS Oosbiie
°C, IIpu 3TOM BECh PACTAsIBILIMN CHET, a TAKXKE BO3MOKHBIH 10K 1b, BBIIABIIHMI TP HAINYNHU CHEXXHOTO MOKPO-
Ba, TIOCTYMAIOT HA TIOBEPXHOCTH IIOYBHI.

Wnest moguukanny 3akimodaeTcs B 6onee pu3nyHOM onmcaHuy npolecca cHeroTasuus. [Ipeamnonaraer-
Cs1, 9TO IIPH TasTHUH CHETa BOAA HE YXOAWT MOMEHTAILHO HAa BEPXHIOIO IPAHMILY TIOYBBI, a IIOCTENEHHO Ipoca-
YHBaeTCsA CKBO3b TONMIY cHera. [Ipm 3ToM Tanast Boa MOXKET 3aMep3arh, OT/aBast TEIJIO CHEXHOMY TTOKPOBY.
CTOUT OTMETHTH, YTO TEHEPh CHEXHBIA IMOKPOB MPEJCTABISETCS KAK HEKOTOpasi CyOCTaHIMS, COCTOSIIAS U3
Tpex (paKuii: HEOCPEACTBEHHO CHETa B 0OBIYHOM IIPECTABICHNUH, TAJION BOJIA, COJEpKalleiics B HEM U Tie-
pe3aMep3IIero CHera.

IIpouecc cHerorasiHusI-IIepe3aMep3anusl peaau3yercs ¢ IOMoLIblo AjaropurMma 1.

KpuTndeckas Macca BOIbI Siyat, CIIOCOOHAS CONEPIKATHCS B CIIOE CHETA 3aBUCUT OT KOJIMYECTBA CHETa U
ero nopucroctu &, [lpeanaraercs oneHuBarh 3Ty Maccy [4] u mopucTocTs cHera [5] 1o cienyromum Gopmy-

J1aM:
Es

e

Pw
£, = 0.11 (p— -1) (3
DBOJIOIUIO TUNIOTHOCTH CHETa MpeJjIaraeTcsl ONuchIBaTh Kak B Monean SWAP [4], [6]:

P (T) = Pan (T(H))[l +0.1H,, (T(H)) exp{ 0.08T,, - 21p,, (T(H))}] “)

B Z[aHHOﬁ MOJCIHN Hsn — BOJAHO-3KBUBAJICHTHAS TOJIIUHA CJIOA CHETa B CAHTUMETPAX, IIJIOTHOCTH CHETA Py,
BBIYUCIIACTCA B F/CMB, TEeMIIEpaTypa CJI0os CHETa Tsn 3a4acTCd B Irpagycax L[eJ'ILCI/IH. Hy)KHO 3aMCTHUTh, YTO 3/1CCh
mar mo BpeMEHU 1 CYTKHU, IO3TOMY JId UCTIOJIb30BAHUS ,HaHHOﬁ 3aBUCHUMOCTH B MOACIIN BM 06511a HEOOXO-
JAUMa NICPECUHTCPIIOIA . YT00BI YYECTh BCC (1)paKHI/II/I CHCra, nNpeajiaracTcs paCCUMThIBATH IMJIOTHOCTH CHEXK-
HOT'O CJIOA KaK CpE€AHCC B3BCHICHHOC!

Pnow = Pold * Ootd T Prew " Onew T Pw * Oyt T Pice * Opirz (5)
3nech P, — MIOTHOCTD JIEKATOT0 CHETa, PACCUMTAHHAS TI0 IBOJIONUOHHON MOAeNH, p,., = 0.1 T/cm’ —
IJIOTHOCTD CBEXKEBHITABIIETO CHEra, P, = | I/CM’ — IIIOTHOCTH BOMBL, P, = 0.917 T/cM’ — TIIOTHOCTE J1b1A, J )4,
Opews Orfizs Oya — MACCOBBIE JIOMH (B BOIXHOM SKBHBAJICHTE) CTAPOTO, CBEXKETO, ITepe3aMep3IIero CHera U Tajloi
BOJIBI.

max __
Swat =S
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Aaroputm 1 Nnaye:
Ecm Ecin
(AE > 0,Top = 0°Cu S™4 > 0), mo: (S"1 >0, Shat > 0 Ty, = 0°C), To:

AE Sth - AE _ 3
M==7,8 =555+ St F=—T,S£n=8§‘n1+P—At(z~pw—F)
Sty =S&t+P—At(Z-p, +8-M) vz = Stz + (Stvat — Stvar)

n — n-1 __ .
;lfrz — Slr}f;zl _ At(l _ 8)M Swat — maX{Swat At F, 0}
wat = f(S¢n), ASwar = max{At- M, SH3¢
Mol = max{At - M — St 0}

n — ¢n-1
wat — Swat + ASwat

Konen Ecin
Konen Ecain

St = S?n + S\rxlvat + S?frz

PE3YJIbTATbI

Jlis TecTrpoBaHMS BHECEHHBIX H3MEHEHUH OBLIH IPOBEICHEI pacdeTsl KinMata B 1997-2002 romax ¢ mc-
XOJHOM 1 MOAM(HUIMPOBAHHOHN BepCcUsIMH Mozenu. V3 pe3ynbraroB pacyeToB ClieyeT, YTO BHECCHHbIE U3Me-
HEHHS B IOYBEHHO-CHEXHBIN OJIOK, IPUBOAT K O0JIee MO3AHEMY CXO/ly CHera (B OT/IENBHBIX PErnoHax pa3HH-
11a JIOXOAUT JI0 Mecsla), a mpouecc GopMUPOBaHMUS CHEKHOI'O MTOKPOBA ITPOUCXOANT Ooitee MHTEHCHBHO. Tak,
Terepb B 3arnossipbe, Topax Ha 3amagHoM nodepexne Kananbl n Amsicku, a Takxke B paiione [ mmaiiaeB B HEKO-
TOPBIX pallOHaX CHET MPOAOJDKACT COXPAHATHCS AaXKe B UIOHE, B TO BPeMs KaK paHbIIE OH IIPAKTHYECKH BECh
ycIieBall CTasiTh B TEUEHUH Masl. BKitag onmcanHBIX IpoLeccoB B (JopMHUPOBaHNE YCTOWYNBOTO CHEKHOTO T10-
KpOBa B KOHIIE OCEHHM - Hadasle 3uMbl HauboJee 3aMeTeH B 3alloIIPHBIX pernoHax EBpazun u ['mmanasx. Otu
pe3yabTaThl coracyeTcs ¢ apXMBHBIMH JJaHHBIMHM HaOJIOAEHHWH 3a KIMMaroM, HanpuMep, AaHHble National
Centers for Environmental Information (NCEI). Takxe MOXXHO OTMETHTB XOpoOIIee corjlacue 110 MOMEHTaM
00pa30BaHMs U CX0/1a CHEIKHOTO ITOKPOBA U TEPPUTOPHSIM, Ha KOTOPBIX OH JISKHT, ¢ TaHHBIM [ T1006ambpHOTO pea-
Hammza CAMS (EAC4) EBponeiickoro neHTpa cpeHeCpPOUHBIX IIPOrHO30B MOTO/IBI.

Taxoxe Hy’)KHO OTMETHTb, 4TO OoJiee MOPOOHOE ONMCAHKE OYBEHHO- CHEXXHOTO OJIOKA IPHBEJIO K YBEIIHYe-
HUIO KOJIMYECTBA CHera B 1iesioM. Hanbonblnee pazinnune Mexmay BepcHsIMU HAOIIONAaeTcsl B BECEHHUE MECSIIIB,
TIPY 3TOM C HIOJIS IO CEHTSOPh pa3iudnsi MUHUMAIbHBL. B CpaBHEHHMHM ¢ JaHHBIMH HaONIOAECHWH M peaHaIn3a
CyMMapHasi Macca CHera B Cilydae MOAM(HIMPOBAHHON BEPCHUM OKa3bIBACTCS 3aBBIMICHHOM, HO, BMECTE C TEM,
OITMCAaHNE TUIOIIA I, TIOKPBITOW CHETOM, HA000POT, YIIyqIIaeTcs. 3aMeTHM, ITOTy4eHHbIE Pe3YJIbTaThl CoIllacyer-
Csl C TeHICHIME! K 3aBBIIICHNIO MacChl CHEra IpH 00JIee TOYHOM ONMCAHWH IUIOIIAIN MOKPBITHS B psijie KInMa-
THUYECKUX Mojiesiel, yaacTByromux B CMIP6, mpu ncmons3oBaHuy 60Iree IoapoOHOTo OMUCcaHus cHera [7].

Snow_depth_05_ave_1997-2002_default, [mm] Snow_depth_05_ave_1997-2002_new, [mm]

25 50 75 100 150 200 250 300 25 50 75 100 150 200 250 300

CpeaHeMecsYHasA BOOHO-3KBMUBANIEHTHAA TOMLLMHA C/I0A CHera Mo JaHHbIM (CeBa) UCX0AHOM 1 (cnpaBa) MoaMdULMPOBaH-
How Bepcui Mogenu MBM (Mecsl, - Ma).

3AKJTIOYEHUE

B xone nanHO# pa®oThl ObUT MOAMGHUIMPOBAH ITOYBEHHO-CHE)XHBIN OJIOK IMI00AIbHON KIMMaTHYECKOH
mozein IBM PAH, B pe3ynbrare 4ero 05110 yaydIeHO BOCIIPON3BEICHNE TUIOMIA 1 TIOBEPXHOCTH, IIOKPBITOM
CHETOM, B CPAaBHEHHMH C JaHHBIMU peaHann3a. B MonuduupoBaHHON BepcHn CHET paszessieTcs Ha JISKaJIbIH,
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CBEXKEBBIIABIINI U Iepe3aMep3IInii, a TakKe YYUTBIBACTCS Tajas BOJA, KOTOpas MOXKET COACPIKATHCS B CIIOE
cHera. CTOMT OTMETHTB, YTO ITOJYYSHHBIH Pe3yJIbTaT MOXKHO MCIOJIB30BATh AJIsL OIPOOHOTO ONMUCAHUS MeTa-
Mop¢u3Ma cHera 1 00JIee TOYHOTO pacdeTa CHEXHOTO ab0eI0.
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Development of dynamical core for the perspective global
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els soon. Such models can reproduce the significant part of extreme weather events. Their accuracy and
forecast leadtime are not limited by the boundary conditions unlike regional atmospheric models.

Most of current weather prediction models have horizontal resolution of about 10 km. The revision of at-
mospheric modeling methods is needed to switch to finer grids because of the parallel efficiency requirements
[2] and non-hydrostatic nature of the mesoscale atmospheric phenomena. Also, the practical weather forecast
using traditional regular latitude-longitude grid is not possible with resolution finer than 10 km [16].

It is widely accepted that a typical next generation weather forecasting model will be non-hydrostatic
model using local spatial discretization on the one of quasi-uniform spherical grids [18]. However, the need to
solve non-hydrostatic set of equations is still questionable [21]. There are two next-generation atmospheric
models that are already introduced to the forecasting systems: ICON by DWD [20] and FV3 in USA [7]. The
active development takes place in UK MetOffice [11], European Center for Medium Range Weather Forecast
[9] and Environment Canada [8]. The Russian atmospheric model of such type is under development at INM
RAS and Hydrometeorological center of Russia.

This work summarizes the latest activity on the development of dynamical core of the next generation
weather prediction model. Three work directions are considered: (1) study of horizontal and temporal discreti-
zation properties within shallow water model on the sphere; (2) study of vertical and temporal discretization
properties using non-hydrostatic vertical slice model and (3) development of parallel computations library for
the cubed-sphere grid.

We use equiangular cubed sphere grid obtained by the central projection of the grid on the cube's faces to
the inscribed sphere [13]. The developed shallow water model is based on the high-order finite-difference spa-
tial approximations. A number of Eulerian and semi-Lagrangian time-integrations schemes can be applied. The
vertical slice non-hydrostatic model uses finite-difference approximation on the Charney-Philips staggered

The increase of supercomputing systems power will allow weather forecast with global mesoscale mod-
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grid. Semi-Lagrangian and Eulerian time-integration schemes are considered. Both models are verified using
standard test cases [19, 5, 15, 12], test results are in good agreement with published results from other authors
[17, 4, 11].

The parallel computations library for the cubed-sphere grid is developed using Fortran2008 language. The
solver for linearized Euler equations set is implemented using this library. The solver scales efficiently up to
5000 computational cores of Roshydromet Cray XC-40 supercomputer.

Pa3paboTka guHaMmn4yecKoro aapa anq nepcrnexkTUBHOM
Moenu obLen UMpRynaumMm atMmocdepsbl

"**llawkun B.B., "**lonman I".C.

" MHeTuTyT BbIuMCUTENbHOM MaTeMaTuku PAH umM. I.W. Mapuyka, Mockea, Poccua
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* MOCKOBCKMUIt pU3MKO-TEXHUYECKNI UHCTUTYT (rocyaapcTBeHHbIN yHuBepcuTeT), Jonronpyaubii, Poccua

E-mail: v.shashkin@inm.ras.ru, gordeygoyman@gmail.com

BBEAEHUE

PocT MOLITHOCTH BBIYMCIUTENLHBIX CUCTEM B CKOPOM BPEMEHH MO3BOJIMT PACCUUTHIBATH IPOTHO3 ITOTO/IbI
C OMOIIIBIO ITO0ANBHBIX MOJIEIICH, pa3peraronuX Me30MacIiTa0Hble METEOPOJIOTMYECKHE SIBICHHS (MaciITa-
6om okono 10 km). Takne MogeIM CMOTYT BOCIIPOU3BOANTD 3HAYUTENBHYIO YacTh SKCTPEMAIIbHBIX SIBJICHUIT
TIOTO/IbI, @ UX TOYHOCTh U 3a0JIaTOBPEMEHHOCTh MPOTHO3a HE OyAyT JMMUTHPOBATHCS IPAaHUYHBIMHU YCIIOBHSI-
MH, KaK B ClIy4ae perHOHAIbHBIX MOAICTCH.

B Hacrosiiiee Bpemsi, nonasisitoniee OOJIbIIMHCTBO TNIO0ATBHBIX MPOTHOCTHYECKUX MOJIENICH UMEIOT ro-
pu3oHTaNbHOE paszpeinicHue okoio 10 kM. [Ipu 3ToM, 3HaueHue 10 KM SIBJISIETCS CBOCOOPA3HBIM [TOPOTOM, 32
KOTOPBIM NPUMEHEHHE CYIIECTBYIOINX MOZIETICH CBI3aHHO C PsIOM clioxkHOCTel [2, 15]. JlaHHBIE ClOXKHOCTH
00yCIIOBJIEHBI HEOOXOANMOCTHIO MAaCCHBHO-TIAPAJUICIILHON pean3aliiy MporpaMMHOT0 Komiuiekca, 3ddex-
TUBHOTO TIPH UCIIOJIB30BAaHNUH JIECSITKOB MJIM COTEH THICSY BBIYUCIUTEIBHBIX SIAEP, @ TAKKE TEM, YTO Me30Mac-
mrTabHble aTMOC(EPHBIE SIBJICHUS MOT'YT OBITh CYIIECTBEHHO HETMIPOCTAaTHYHBI. TpeGoBaHMsI MacCHBHO-IIa-
paJuIeNbHON peau3aliy JUKTYIOT OTKa3 OT MOMYJSPHBIX CHEKTPalbHbIX U Pypbe METO0B TUCKPETU3AINN
T10 IPOCTPAHCTBY, TaK KaK JUIsl HUX HEOOXOANMO BBINOJHEHHE II00aIBbHBIX ONepanuii ¢ JaHHbIMU. Tak xe, IpH
BBICOKOM pa3pelleHnH HEBO3ZMOKHO HCIIOIB30BaTh PEryJISIPHYIO NIMPOTHO-I0JITOTHYIO CeTKy [15] - siBHbIE Me-
TOZIbI MHTETPUPOBAHHMSI TI0 BPEMEHH CTOJIKHYTCS C JKECTKUM OTPaHUUCHUEM Ha IIar 10 BPEMEHH M3-3a CXOJH-
MOCTH MEPHJIMAHOB K ToiifocaM. [1o 3Toii jke mpuyKHe MPUMEHEHHE HESBHBIX METO/I0B HHTETPUPOBAHUS MTPHU-
BelleT K HEOOXOIUMOCTHU pellarh IJI0X0 0OYCIIOBJICHHBIE CUCTEMbI YPaBHEHHH, CXOAMMOCTh aJrOPUTMOB HX
pelieHus OyaeT MEJICHHOM.

BripaboTanoch obuienpuHaToe MHeHHE [18] OTHOCHTENBHO MoOEIeH arMOC(epbl HOBOTO MOKOJICHHS,
KOTOpBIE 3aMEHST TEKyIIWe MOJEIH B CUCTEMax II00aJbHOTO CPeJHECPOYHOro MporHosa mnoroasl. ITpexie
BCETr0, 9TO MOJZIEJIb Ha OJIHOW M3 CETOK C KBa3MPaBHOMEPHBIM paspelieHueM Ha cdepe [15], ucnomnb3yromas
JIOKAJIbHBIE METO/IbI IMCKPETU3AIMHU 110 IPOCTPAHCTBY (KOHEUHBIC Pa3HOCTH, KOHEUHBIE 00BEMBI, JIOKAJIbHbIC
BapHallMi METO/ja KOHEYHBIX 11eMeHTOB). [IpeobiiaaeT MHEHKE, YTO MOJIENb J0JDKHA pellaTh CUCTEMY YpaB-
HEHUI1 IMHAMUKYU HETUIPOCTaTHYECKON aTMOC(EpbI, OIHAKO B ITOCIICHEE BPEMSsI IUCKYCCHsI Ha 3TOT CYET BO3-
obHoBmack [21].

Ha Texymmunii MOMEHT, B CHCTEMBI CPEIHECPOYHOTO ITPOTHO3a TIOT0/bI BHEIPEHBI IBE MOJIENIM HOBOTO MO-
kosenusi: mozesib ICON [20] Hemenkoii Meteocyx0b U Moziesis FV3 [7] B CLIA. Pa3zpaborka Mozerieii HOBO-
TO MOKOJICHHS aKTUBHO MIET B MeTeociyxOe Bennkoopuranuu [11], EBporeiickoM IEHTpe CpeHECpOYHBIX
npOTHO30B oros! [9], Mereocnyxbe Kananer [8]. PazpaboTka oTeuecTBEHHON Mojiesid aTMOChepbI o J00HO-
ro kiacca Bezercst B IBM PAH u I'mnpomeriientpe Poccun. B nanHoit pabote onuchIBaeTcs TEKyIee COCTOS-
HHUE pa3pabOTKu OJI0Ka YHCICHHOTO PEIICHHSI YPABHCHUH JMHAMUKH (IMHAMIYECKOTO 0JI0Ka) HOBOI MOJICTH U
MOJTy4EHHBIE pe3yNbTaThl. PaGOTHI TPOBOIATCA 1O TpeM HanpasieHusM: (1) uccienoBanme CBOWCTB MPOCTPaH-
CTBEHHBIX alPOKCUMALUI Ha CETKaX ¢ KBa3MPaBHOMEPHBIM pa3pelieHreM Ha cepe B paMKax MOJEIH Mell-
KO BOJIBI, ICCTIETOBAaHUE CBOMCTB BPEMEHHBIX TUCKPETU3AIMH A1 MOJIeNIelt MeJKoi Bobl; (2) ucciaeoBaHue
CBOMCTB NPOCTPAHCTBEHHBIX U BPEMEHHBIX allIPOKCHMAIIMI B paMKax HEruIPOCTaTHYECKONW MOJIENU B BEPTH-
KaJBbHOM TIOCKOCTH; (3) pa3paboTka OMOIMOTEKH IS apaJlIeIbHBIX BRIYMCICHUN HA CETKE KyOndeckas cde-
pa. Ha Bcex aTanax 3ajoxeHa MakCHMaJlbHasi THOKOCTh BHIOOpA UCIIONb3YEMbIX YHCICHHBIX METOJIOB, YTO I10-
3BOJISIET CPABHHUBATh UX MEXJy COOOH, a B OyiyieM 00ecreynT BO3MOKHOCTh YHUBEPCAIBHOTO IIPUMEHEHUSI
pa3pabarbiBaeMoro JMHAMHUYECKOTo OJIOKa ISl pa3HbIX 33/1au: CPETHECPOUHOT0 U CE30HHOTO MTPOTrHO3a MOro-
JIbl, MOJICJIMPOBAHUS KJIIMMATa.
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MOJEJ1Ib MEJIKOM BOObl HA CETKE KYBUYECKAA COEPA

B kagecTBe CETKH ¢ KBa3MpaBHOMEPHBIM pa3pelIeHreM Ha cdepe MBI BRIOpain KyOndeckyio cepy pas-
HoyrompHOTO THMA [13]. Takas ceTka momydaeTcs MyTeM LEHTPATbHOW MPOEKINMH CEeTKH Ha IpaHsxX Kyba Ha
BnucanHylo chepy. [IpenmymiecTa ceTkn KyOndeckas cdepa paBHOYTOJIBHOTO THIIA - BBICOKAs paBHOMEp-
HOCTb pa3pelIeH s, KBapaTHas CTPYKTypa Ha rpaHsax Kyba. Hamimuue cTpykTypbl o0ierdaeT peaans3auio Yi-
CIICHHBIX METOIOB BBICOKOTO MOPSAKA, CHIKAET UX BBIYMCIUTENIBHYIO CTOMMOCTh. Hemocrarku - HeopToro-
HAJIBHOCTb, U3JIOM JIMHUNA CETKH Ha pedpax Kyoa.

MpI peanu3oBany ABa BapHaHTa MOJETH MEJKOH BOABL: € MOJYJIarpaHXeBbIM H JHJIEPOBBIM ONHUCAHHEM
aJIBEeKIIUH MPOTHOCTHYECKUX IIEPEMEHHBIX. JJJIs TUCKpeTH3alMy 10 NPOCTPAHCTBY MCHOJIB30BAJICS METOJ KO-
HEYHBIX pa3HOCTel 2-ro U 4-ro nopsakoB. [lomynarpankeB BapHaHT UCHIOJIB3YET CETKY 0€3 pa3HEeCeHHUs mepe-
MeHHBIX (THI A o Apakase [1]), oiiiepoB BapuaHT paboTaeT Ha CETKE C pa3sHECEHNEM NepeMeHHbIX Tha C
[1]. B cogeranuu ¢ momyarpamKeBbIM MOAXOIOM K OTIMCAHUIO a/IBEKIINU TIPUMEHSIOTCS OTyHesiBHAA [ 14] n
9KCHOHEHIHUAabHas [6] cXeMbl HHTETPHUPOBAHYS 110 BpeMEHH. B 3iiiepoBOM BapHaHTe MOJEIH NPUMEHSIIOTCS
SBHAs, OJyHEs BHASL U SKCIIOHEHIIHAIbHAS CXEMBI.

Bce BapnaHTBI MOZETTH MENKOW BOABI HCIIBITHIBAIMCH HAa CTAaHAAPTHBIX TECTOBBIX 3a1adax [19] u [5]. Tou-
HOCTbH MOJIETTH COOTBETCTBOBaNA aHayoram [17], [3] mpu onnHAKOBOM MOPSIKE alIPOKCUMAIINH 110 TPOCTPAH-
cTBy. B 3ayaue "6apoTponHas HeycTOHUINBOCTE" [5] hrzndeckre MOAbI JOMHHHAPYIOT HaJl MOIAMH, TIOPOXKACH-
HBIMH OIMOKamMu auckpern3anui (3ddekr "orneuarka cetkn"), yrxe npu pasperrenun oxomno 100 km (Puc. 1).
Taxkoii pe3yssrar XOpOoILIo COIIACYETCs ¢ Pe3y/ibTaTaMi KOHEYHO-00BEMHBIX MOJEIIel BBICOKOTO MOPSIIKaA all-
npokcumMarui. B tecte "obTekanue ropsl”, MOTH(HUIIMPOBAHHOM TaK, YTOOBI M0JI€ OpOrpaduu BKIFOYAI0 MEII-
KOMAacIITaOHyIO COCTaBILIOLIYIO, TIOJyHEsBHAs IIOJyJarpamkeBa CXeMa PEIICHUS IeMOHCTPUPYET JIOXKHBIN
pe30HaHCHBIN pocT Bo3mytieHuil [10], ecnu He mpuMeHseTcs GUIBTpAHS 110 BPEMEHH. DKCIOHCHIINATbHAS
HOJTyJIarpamkeBa CXeMa JIMIIeHA ITOr0 He0CTaTKa.

SISL latlon 512x1024 dt=900s

60N 1 -
40N
20N , ' ' ' ' . " ' ' ' -
0 30E 60E 90E  120E  150E 180  150W  120W  90W  60W  30W 0
SL-EXP 96x96x6 dt=2400s , , _ , , . ,
60N 1 [
40N 1 /
20N ' r ' ' ' ' ' ' " ' v
0 30E 60E 90E  120E  150E 180  150W  120W  90W  60W  30W 0

SL-EXP 256x256x6 dt=900s

60N 1
40N
20N . - . : . - - . — . :
0 30E 60E 90E___120E__ 1S0E__ 180 150W ___120W___90W___60W __30W 0
-8e-05 -4e-05 0 4e-05 8e-05 0.00012

Puc. 1. YucneHHoe pelueHve 3aaum "6apoTporHas HeycToMuMBOCTb' . CBEPXY BHU3 - peLeHWe Ha NoNyHesBHbIM Mofy-
NarpaHKeBbIM METOAOM Ha PerynapHOM WMPOTHO-A0Nr0THON ceTke 512x1024 (war okono 40 KM), peLueHne 3KCNOHeHLM-
arnbHbIM MOJTyNarpaHKeBbIM METOOM Ha ceTKe Kybuueckan cdepa 6x96x96 (war okono 100 KM), To ke Ha ceTKe 6x256x256
(war oKoro 40 Km).

MOJEJIb HEFTMAPOCTATUYECKOU ATMOC®EPbLI B BEPTUKAJIbHOW MNIOCKOCTU

Mozens HeTHIpoCTaTHIEeCKOi aTMOc(ephl B BEPTHKAIBHOH INIOCKOCTH IIOCTPOEHA Ha OCHOBE YPaBHEHHUH
Oitnepa. YpaBHEHHS 3alMCaHBl B CHCTEME KOOPIMHAT, TMHUHM KOTOPOH OTMOAIOT penbed y MOBEPXHOCTH H
CINIQKUBAIOTCSI IO MEpe ToabeMa. MenkomaciuTaOHas COCTaBIIAIONIas oporpaduu CriaaXXuBaeTcs ObIcTpee
KpynHOMacmTabHoi [4]. IHTerpupoBaHie CHCTEMBbl ypaBHEHUH HETHAPOCTATHYEKON aTMOC(EPhI MOXKET IPo-
W3BOANTCS SUICPOBBIMH SIBHBIM, TOPH30HTAIBHO-SIBHBIM BEPTHKAIbHO-HESIBHBIM METOIOM, TTOJYHESBHBIM Me-
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TOZIOM, & TaK)Ke UTEPAaTHBHO-HESIBHBIM MOTYJIarpaHKeBbIM MeTosioM. [1o mpocTpaHCTBY NpHUMEHSIETCST KOHEY-
HO-Pa3HOCTHASI AUCKPETHU3ALNS BTOPOTO MOPSIIKa TOYHOCTH Ha CMEIeHHO# ceTke Trma C mo ropusonTany [ 1],
Yapuu-Ouinica no BEpTUKAIIU.

HcnipITaHne MOJeH IPOBOAUIIOCH HA CTAHAAPTHBIX 3KCIIEPUMEHTAX PAcIIPOCTPaHEHHE TPABUTAMOHHON
BonHHI [12], obTexanwne ropsl Tumna K. Illapa [15], a Taxke Ha 3agagax 00TeKaHNs OporpapIecKux MpensTCT-
BHI pa3IMYHON BBICOTHI M (POPMBI TIPH PA3HBIX mapaMmeTpax arMocdepsl. [IpakTrdeckn mokasana ycTOWYH-
BOCTb MOJIEIIH IIPH yIJIaxX cKJIoHa Oonee 450. Pe3ynbraTbl YNCIICHHBIX SKCIIEPUMEHTOB XOPOIIO COTTIACYIOTCS C
Monensmu-ananoramu (Puc. 2).

PazpaboTanHas MOZAEIb U €€ IMHEapU30BaHHAsI BEPCHSI HCIIOJIb30BAIACh /ISl HCCIICIOBAHUS yCTOHYHBO-
CTH UTEPaTHBHO-HESBHBIX MOIYJIarPaHKEBBIX CXEM YHCICHHOTO PEIICHUS YpaBHEHUH Diiepa. YCTOWIHBOCTh
NUTEPATHBHO-HESBHBIX MOTYIarPaHKEBBIX CXEM, 10CTATOYHAS [UIs MPAKTUYECKOTO TIPHMEHEHUS B MOJIEJISIX at-
Mocdepbl, JOCTUTAaeTCsA TPU YETHOM YHCIIEe UTEPAMi BBIYUCICHHUS TPACKTOPHUH, HCIOIB30BaHUN ()OHOBOTO
npoduIIst 1aBaeHUS U AeHeHTprupoBanus cxembl Kpanka-Hukoncon. @oHoBas Temneparypa arMmocdepsl, KoTo-
past ICTIONB3yeTCs TSI IOCTPOSHHS THIPOCTaTUIECKOTO ()OHOBOTO MPO(MIIS TaBICHNUS, MOKET BapbUPOBATHCS
B MIMPOKHX Mpefenax (1eaecoodpasHo UCHoNb30BaTh (POHOBYIO TEMIIEPATYpY, JIEXKAIIYI0 B UHTEpBAIe OT MHU-
HUMAJIbHON 10 MAKCUMAJIBHOM TeMITepaTypbl MOAeNbHOH atMocdeps!). OnTHManbHOE YHCIIO UTePAIi BBIYH-
CIICHUS TPACKTOPHIA - 4.

10 0.0025
0.0020
8
0.0015
0.0010
6
0.0005
a 0
-0.000
2 ~0.001
12
10
8 0.5
6 0
-0.5
4
-1.0
2
~ -15

-20 -10 0 10 20

Puc. 2. YucneHHble peLleHUsA TeCTOBbIX 3aay AnA HErMapOCTaTUYECKOM MOLIENM B BEPTUKAbHOM NJIOCKOCTU C NOMOLLbIO0
UTepaTMBHO-HEABHOIO NOAYNarpaHesa MeTofa ¢ WwaroM no BpemMeHu 60c. CBepxy - nose BO3MYLLUEHWUA NOTEHLMANLHOM
TemnepaTypbl B 3ajja4e pacnpocTpaHeHue rpaBUTaLIMOHHO BOfHbI Yepe3 1 yac MogenmpoBaHuaA. CHU3Y - nose BepTUKab-
HOV CKOpOCTM B 3aaaqe 06TeKaHue ropbl K. LLapa, yepes 1,5 yaca MogenvpoBaHuA.

BUBJIMOTEKA 017 NAPAJUIE/IbHbIX BbIYUCNIEHUMA HA CETKE KYBUYECKAA COEPA

Peanu3zanus moaxo0B, U3JI0KEHHBIX B paszieniax 2 1 3, B paMKax MOJHON MOJENN TPEXMEPHON HEruapo-
CTaTUYECKOU aTMOC(ephl He BO3MOXKHA 0e3 d3(PPCKTUBHOM U yI0OHOM OHONMMOTEKHU 151 TTApaJIICIbHBIX BBIUH-
CJICHUIT Ha ceTKe KyOnueckas cdepa. Mei pazpadoranu oudaroreky ParCS Ha si3bike Fortran2008. bubnuoreka
peanusyer cieayromuii GyHKIMOHA: JeKOMIO3UIHS CETKN KyOndeckas cepa Mex 1y napauieIbHbIMU Po-
LeccaMu, 0OMEHBI JAHHBIMH MEXK]Ty ITPOLIECCOPaMH, BBOJ-BBIBOJ, 0a30BbIe AU (epeHIInabHBIE OIIePaTOPBI.
Ha ocHoBe 0a30Boro ¢yHKIMOHAIa OUOIHOTEKH OBLI peaM30BaH aJITOPUTM YUCICHHOTO PEIICHUS TPEXMEp-
HBIX JITHEAPU30BaHHbIX ypaBHEHHH Diiiepa Ha cdepe. AroputM nokaza 3pGpeKTHBHYO apauIeNIbHYI0 Mac-
mTabupyeMocTh (B CHIbHOM cMbicie) 10 5000 mporueccopHbIX sAep NPH UCHOIb30BAHMH BBIUMCINTEIBHON
cuctemsl CRAY XC-40, yctanosnenHo# B ' BI[ Pocrunpomera.

CEKLLMA 111 // PA3PABOTKA KOMMOHEHT-MOAEM CUCTEMBI 3EMITA
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3AKJTIO4YEHUE

B IBM PAH u I'mnpometnentpe Poccuu BemyTcst pabOTHI 1O CO3IaHNI0 AMHAMHYIECKOTO OJI0Ka IPOTHOCTHYE-
CKOIT Mozien aTMocdepbl HOBOTO TIOKOJICHHUS - ITI00aIbHON HETUIPOCTAaTHYECKON MOJENH aTMOC(epbI Ha CETKe ¢
KBa3HPAaBHOMEPHBIM paspelieHreM Ha cdepe. Ha Texymmii MOMEHT IpOoBeIeHbI HCCIIEA0BAHNS TOPH30HTAIBHBIX U
BEPTHUKAIBHBIX IIPOCTPAHCTBEHHBIX aIIPOKCHMAIUK OyIyIield MOIenH B paMKaxX MOJIEIH MEJIKOH BOJIBI Ha CETKE
KyOmdeckas cepa 1 HETHAPOCTATHISCKOW MOZIEIN B BEPTUKAILHOM IIOCKOCTH. [IpoBeIeHbI cpaBHUTENBHbIC HC-
CIIEIOBAHUS PsiZia EPCIIEKTUBHBIX M CTAHAAPTHBIX METOIOB HHTET PUPOBAHYS 110 BpeMeHH. Paspaborana 6ubmmore-
Ka JUIs apaJulesIbHbIX BBIYMCIICHUI Ha ceTke KyOrdeckas cdepa. [Iponenannas paboTa co3qaeT NpearnoChUIKU s
peann3ayy TPEXMEPHOTo HETHIPOCTaTHYECKOTO AMHAMHYECKOTO /1pa B OrpKaiiiee BpeMs.
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bodies using mathematical models of various detailization in the interests of future assessments of cli-
mate change.

Lakes and water reservoirs are natural systems that are sensitive to climate change and at the same time
play a direct role in these changes. To a large extent, such a two-way influence is determined by biochemical
substances, among which dissolved gases play a special role, in particular, greenhouse gases: methane and
carbon dioxide. The main source of carbon dioxide in water is the decomposition of organic matter — both al-
lochthonous and autochthonous. In this case, carbon dioxide will be the product of decomposition during both
aerobic and anaerobic destruction. The main source of methane in the water column is the anaerobic decompo-
sition of organic matter in soils. Methane consumption is most efficiently provided by aerobic processes (oxi-
dation), due to which 45-100% of CH, produced by bottom sediments is "eliminated", therefore, to estimate
emission, it is necessary to take into account the interaction of methane with oxygen, just as for carbon dioxide,
it is necessary to take into account the reactions of photosynthesis and respiration.

Within the framework of the study, the three-dimensional model being developed at the Research Com-
puting Center of Moscow State University on the basis of a unified hydrodynamic code that combines both
RANS, DNS and LES approaches for calculating geophysical turbulent flows (see, for example, [Mortikov et
al., 2019; Gladskikh et al., 20217]) was supplemented with equations for calculating biochemical substances by
analogy with the one-dimensional equations of biochemistry used in the one-dimensional LAKE model [Ste-
panenko et al., 2016]. The so-called "surface renewal model" [Maclntyre et al., 2010] were used to calculate the
gas transfer coefficient.

Using 1D and 3D models, a number of numerical experiments were carried out aimed at studying the pro-
cesses of emission and interaction of gases both in idealized water objects and for the real ones.

The study is devoted to the numerical modeling of the emission and interaction of gases in inland water

CEKLMA IV // IPOLIECCHI HA NOBEPXHOCTW CYLLI: HABJTIOAEHXA, MOOENN U YCBOEHME JAHHBIX
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YuncneHHoe MoaesinposaHue npoueccos aMNCCUN
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acTosIee McceJ0BaHNe TOCBAIICHO YHUCICHHOMY MOJICTHPOBAHMIO SMICCHHU M B3aUMOICHCTBHS ra-

30B BO BHYTPEHHHX BOJI0OEMaX, MOJI KOTOPBIMU MBI IOHUMAaEM 03€pa U BOJOXPaHHJIHIIA, C UCTIOIbh30Ba-

HHEM MaTeMaTHYeCKUX MOJIENICH Pa3IMuyHON Pa3MEPHOCTH B HHTEpECcax OyIyIINX OIEHOK H3MEHEHHUS
KJIumMara.

Bonmoewms! cymnmu npeacTaBisioT co00H MPUPOTHBIE CHCTEMB], YyBCTBUTEIbHbBIC K N3MEHEHUAM KJIUMAaTa u
IIpU 5TOM UTPAIOIUE HEMTOCPEACTBCHHYIO POJIb B OTUX U3MCHCHUAX. B 3HaunTenbHOM CTEIIEHN TaKoe JABYCTO-
pOHee BIHSHHUE ONpeAemseTcs OMOXUMHUYECKUMHU IPUMECSIMH, CPEIH KOTOPHIX 0COOYIO pPOJIb UTPAIOT PacTBO-
PEHHBIC ra3bl, B YaCTHOCTHU, IIAPHUKOBBLIC: METAH U yFHeKHCJ'[BIﬁ ras.

OCHOBHOW UCTOYHHK YIJIEKHCIIOTO ra3a B BOJIE - 3TO Pa3IoKEeHHE OPraHWYECKOTO BEIIeCTBA - KaK aJlloX-
TOHHOTO (TTOCTYMAIOIIETO C BOIOCOOPA), TAK M aBTOXTOHHOTO (ITPOAYIIUPYEMOTO B CAMOM BOJIOEME) MTPOUCKOK-
nenust. [Ipu aToM auokcu yriepoaa OyneT KOHEIHBIM MPOIYKTOM Pa3iokeHUs Kak Mpy adpoOHOH, Tak U PU
aHa’poOHOH AecTpyKiuu. Ero conepikanue B Bojie OyJIeT OKa3bIBaTh 3HAYUTEIHHOE BIUSHUE Ha KapOOHATHOE
paBHOBecHe, KIIOYEBBIM IoKa3areneM kotoporo seisercs pH. [Ipu 3nadennsx pH Onu3kux k HEHTpaIbHBIM
JMOKCHJ yTyiepofa Oy/eT MpeCTaBIeH B BUIE PACTBOPEHHOTO T'a3a, M3-32 Yero MOXKET HAaO0IaThCsl €T0 dIMUC-
cust B armocepy. [Ipu Gonee Bricokux 3HaueHnsiX pH, OIU3KUX K cIa00IIETOYHbIM, BOBMOKHO TIOCTYIICHUE
YIJIEKHCIIOTO Ta3a U3 aTMoc(hepbl B BOIHYIO TONIITY, TaK KaK TaKye 3HAYCHUS BOAOPOIHOTO TOKA3aTeNs CBH/IE-
TEJILCTBYIOT 00 aKTHBHOM (POTOCHHTE3€, TPHU KOTOPOM PACTBOPEHHBIN YITIEKHCIIbIN ra3 moTpedisieTcst BOAOPO-
cisiMu U guToruiankToHoM. B padote [Raymond et al., 2013] ganbl O1ieHKH BIUSIHUSI BOJOEMOB (03€p, BOJOX-
PaHWIINIL, peK ¥ Py4YheB) Ha MIOOAIBHBINA YITICPOAHBIN IIUKI: CKOPOCTH BBEIOPOCOB OIEHEHa Kak ~ 2.1 meTa-
rpamm yrieposa B rof. [Tokazano Taxxke, 9To 0kosio 70 MPOIEHTOB MOTOKOB YITIEKHUCIIOTO Ta3a MPUXOIUTCS Ha
Bcero JuiIb 20 MPOIEHTOB MTOBEPXHOCTH 3eMIIH.

OCHOBHOW HCTOYHHK METaHa B BOAHOH TOIMIIE - 3TO aHA3POOHOE Pa3IoKeHHE OPraHUYECKOTO BEIIECTBA B
rpyHTax. HecMoTpsi Ha ero HeBBICOKYIO KOHIIEHTPAIMIO B aTMocdepe, BKIIaJl MeTaHa B CO3/IaHHE B CO3JaHUE
MapHUKOBOTO 3(Pdexra (MoTeHIHan Mo0aIbHOTO TMOTEMIeHNs1) cocTaBsaeT mpumMepHo 30% OT BETHMUMHBEI,
HpI/IHﬂTOﬁ JUIA YTJIIEKUCIIOTO Tra3a. OHGHOK OMHCCUHN METaHa C BOJAOXpPAaHUJIHII MHUpPa JOCTATOYHO MHOIO, IIpH
9TOM OHH CHJIBHO Pa3jinyaroTcs Mex 1y cobol - ot 2 no 122 Tr/roa. Takoe cyliecTBEHHOE pa3jinuue CBSI3aHO C
TEM, YTO pa3HbIC OLICHKHN IIPOBOANINCH B PA3HOC BPEMA U B HUX YUHUTHIBAJIUCH PA3HBIC 0asel JAaHHBIX I10 U3ME-
PEHUSIM TIOTOKOB METaHa C MCKYCCTBEHHBIX BOJ0eMOB. Hanbosiee akTyasbHas U COBpeMEHHasl OlleHKa ObLia
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JlaHa KOJUIEKTHBOM aBTopoB [Deemer et. al. 2016] mo Gonbmioit 6a3e JaHHBIX WU3MEPEHUH IMUCCHH METaHa C
BOJJOXPAHMJIHIL, B KOTOPYIO BKITFOUEHBI OLIEHKH TOTOKOB co 160 Bogoxpanumuml. ['onoBast sMuccus MeTaHa 1o
9THM JaHHBIM cocTaBisieT 17.7 Tr. [Torpebnenne metana Hanbonee 3pPeKTHBHO 00eCTIeINBAETCS a9POOHBIMI
nponeccamMu (OKHCIEHHEM), 3a cueT kotoporo "nmukBuampyercs” 45-100% CH,, mpou3BeaeHHOT0 JOHHBIMU
OTJIOXKEHUSIMH, TIOTOMY JUIsl OIIEHKH BBIOPOCOB TpeOyeTcst yueT B3aMMOACHCTBUS METaHa C KUCIOPOJIOM, TaK
e, Kak JUIsi TUOKCH/a yIiepoaa HeoOX0UM ydeT peakius (JOTOCHHTE3a U JbIXaHHU.

IToTOKM MapHUKOBBIX Ta30B C MOBEPXHOCTH 03€pP MOTYT YBEJINYMBATHCS MPU TOTEIUICHUH TIPU3EMHOTO
CJI0s1 aTMOC(EPBI, UTO BBI3BIBAET OOPATHYIO CBA3b B KIIMMATHYIECKON CHCTEME: HA COBPEMEHHOM JTaIle 0TMEeda-
eTcs ObICTPOE MOTEMIEHUE TOBEPXHOCTH 03EP, OMEpEkaroIee MOTEINICHNE IPU3EMHOTO BO3AyXa. DTO MOXKET
BBI3BATh HE TOJBKO YCKOPEHHE OMOTEOXMMHUYECKHX MPOLECCOB B 03EPHBIX 3KOCHUCTEMAX, B T.4. TEHEpALUU U
SMHCCHHU MAPHHUKOBBIX Ta30B, HO M YCHJIEHHE KOHBEKTHBHBIX aTMOC(EPHBIX UPKYISIINI HaJ KPYyITHBIMHU BO-
noémamiu. B pernoHax ¢ 00IbIINM KOJIMYECTBOM 03€p U BOJOXPAHMIIUI HAOTIONACTCS BBIPAXKEHHOE MOTETLIe-
HUE KJINMaTa, B CBA3U C 9TUM OTMedaeTcs 0osee paHHUI MEPHOJT BCKPITUS JIbJa ¥ 00JIee KOPOTKast MPOI0JIKHI-
TENBHOCTD JIEIOCTaBA.

B paMKkax HacTOSIIEro MCCIeIOBaHIS OBUT pa3padoTaH 1 peaan30BaH OIOK pacueTa OMOXHMHUYECKHX Xa-
PAKTEpUCTHK 03€pa B paMKax TPEXMEPHOH TMAPOCTAaTHUECKON Moziean Bogoema. Mcmoab3yeMast TpexMepHast
Mozens paszpabareBaercs B HUBI] MI'Y Ha ocHOBE €IMHOTO THAPOAWNHAMHYECKOTO KOJa, OOBEANHSIONIETO
kak RANS (Reynolds-Averaged Navier-Stokes), Tak u DNS- (Direct Numerical Simulation), LES- (Large-
Eddy Simulation) mogxoms! s pacdeTa re0pU3NISCKUX TYPOYICHTHBIX TEUCHUH MPH BHICOKOM MIPOCTPAHCT-
BEHHOM M BPEMEHHOM pa3pemieHnu (cM., Hanpumep, [Mortikov et al., 2019; Imagckux u ap., 2021]). Monens
OblTa IOTIONTHEHA YPABHEHUSAMH JUTS pacdeTa OMOXMMHUYECKHX BEIIECTB 110 aHAJIOTHH C OTHOMEPHBIMHU ypaBHE-
HUSMH OMOXUMIH, HCTIOTB3yeMbIMH B onHoMepHO# Moxenn LAKE [Stepanenko et al., 2016]. YpaBuenus omu-
CBIBAIOT TEPEHOC, MU PY3HI0 U peaknuy I Takux BemecTB kak: merad (CH,), kucnopon (O,), yrmekucisrit
ra3 (CO,), a Takxe a30T (N), aprod (Ar), )KUBbIE U OTMEPIINE YaCTUIIH! (PUTO- U 300IUIAHKTOHA U TaK Janee, u
HMEIOT BUJL:

OC(.) 6uiC(.) _ a GC(_)
5t T o o o T 1) 5o RO,

rae C , — KOHIIEHTpaluuu BemecTs, K, u y, — koaddunnents: TypOyneHTHON U MOIeKyIApHOil nuddy3un
COOTBETCTBEHHO, a wieH R(.) onuceiBaeT peakiyu. OCHOBHBIMH U pacCMarpUBacMbIMU B IIEPBYIO O4€PEb Ha
JIAHHOM JTalle peakiUsMU SBIISIOTCS OKUCICHUE MeTaHa, OTOCHHTE3 U JIbIXaHUeE.

BakHBIM acreKTOM MpH MOAEIMPOBAHUH SMHUCCHH I'a30B SIBISIETCS 33j1a4a IapaMeTpusann koadhunm-
enrta neperoca rasza (k_600). B pabore [Maclntyre et al., 2010] npuBeeHa T. H. «MO/IEJIb OOHOBJICHHSI TOBEPX-
HOCTH», KOTOpasi SIBHO YYUTHIBAET BECh HA0OP ITPOIIECCOB, KOTOPBIE BIMSIOT Ha TYPOYJIEHTHOCTh OKOJIO IPaHH-
bl paszerna BO3IyX-BOJa, HAaIpUMep, TypOyJIeHTHOCTh OT TEIUIONOTEePb, KOTOPasi BOSHUKAET, KOTla MOTOKH
IUIABYYECTH OTPHULIATENIbHBI. JTa MOJIENb UCII0JIb30BAIACh B HACTOSIIIEM HUCCIICIOBAHUH.

C npuMeHeHrneM pa3paboTaHHOTO OJI0Ka OMOXMMHUH TPEXMEPHON MOJIEIIH, a TAK)Ke OJHOMEPHOIM MOJIeIH
LAKE, 0bu1 poBeZieH psiJi YUCIICHHBIX SKCIIEPUMEHTOB, HAIIPABJICHHBIX HAa M3yYEHUE TPOLECCOB SIMUCCUH U
B3aUMO/ICHCTBHS I'a30B KaK B H€aIM3UPOBAHHBIX IOCTAHOBKAX, TaK M JUIsl peaJIbHBIX BOAHBIX 00bekToB. Ha-
npumep, Ha Puc. 1 npencraBneHsl paccunTaHHbIE TPEXMEPHOM U OJIHOMEPHOM MOJIEIISIMU TIPO(DUIIN KOHLIEHT-
pammii metana (Puc. 1a) u xucnopoza (Puc. 10) k KOHIly epBBIX CYTOK B paMKax YUCJICHHOHN peann3aluy ja-
6oparopHoro skcriepumenta Karo-Ouurnca.

0 0
2 2 -
CH4, Kato-Phillips
1 1day 3D 1
. 1day 1D
-4 y -4 -
= E
N N
-6 -6
02, Kato-Phillips
: 1 day 3D
1day 1D
-8 8 ay
-10 | v | -10 T T T T T T T ]
0 0,1 ' 0,2 03 0 0,04 0,08 0,12 0,16
concentration, mol/m? concentration, mol/m?

Puc. 1. BepTuKanbHble npodmnm KOHLEHTPaLMIA MeTaHa U KUCIOPOAA K KOHLLY NepBbIX CYTOK, PAaCCUMUTaHHBIE C MOMOLLbIO
TPeXMepHOW 1 0JHOMEPHOM MoLENEN.
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Ha Puc. 2 npeacraBien BpeMeHHOI peMEHHON P/l 3HAYCHUH IOTOKA METaHa B aTMOC(epy, MOTydeHHBIX
C UCIOJIb30BaHUEM TPEXMEPHON MOJENHN, TAKXKE B pAMKax YHCICHHOMN peanu3anuu skcnepumenta Karo-duin-

JIjIica.
3E-008 —
0

-3E-008 —
—-5,9E-008 —4
-8,9E-008 —
o

E -1,2€6-007 —

-1,5E-007
¢ -1,8E-007 —
-2,1E-007 —
-2,4E-007 ——
-2,7E-007 —

-3E-007

flux, mol/|

T T T

200

CH, flux_atm

T T I
400 600
time, h

800

Puc. 2. BpeMeHHoi4 pAn 3Ha4eHW1 NOTOKa MeTaHa B aTMOChepy, pacCunTaHHbIX C MPUMEHEHNeM TpeXMepHOI Mogenn.

Ha Puc. 3 nperncrasieHsl oHOMepHbIE MTPOQHIN KOHIEHTPAIIMH MEeTaHa KUCIIOPO/ia, MOJTy4YEHHbIE ¢ T0-
MOIIBIO TPEXMEPHON MOJIENH, B ITOCTAHOBKaxX dKcriepuMenTa Karo-duiunrca n naeann3npoBaHHOTO BojoeMa
C IIPSIMOYTOJILHBIM ceueHueM U pazmepamu 1000 * 1000 * 10 meTpos.
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Puc. 3. BepTuKanbHble Npodunm KOHLEHTPaLMI MeTaHa M Kucnopoga B noctaHoBke Kato-Ounnunca u B npucyTcTBUM BEp-
TUKaNbHbIX CTEHOK

B Pab6oTta BbinosiHeHa Npy nogaepke rpaHTos MNpesunaeHTta PO gna Monodbix yveHbix (MK-1867.2020.5,
M[1-1850.2020.5), PO®U (20-05-00776) n MockoscKoro LieHTpa OyHaameHTanbHon v MpuknagHon Ma-
TeMaTukuM (QoroBop ¢ MMHUCTEPCTBOM HayKu U1 Bbicluero obpasoBaHua 075-15-2019-1621).
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Banugauma npuseMHom TeMnepaTypbl BO34yXa peaHanmsa
ERA5 HabniogeHMAMM Ha METEOPOJTIONMYECKMX BbILLIKAX
B Cnbupu

'Top6atenko B., 'Yypcun B., “Apumnos M., *benan b., *[lasbiaos [., ‘DodoHos A.,
*MoToku Cacakasa, ‘TowuHoby Mauunpa, ‘Genuxos /[l

" HauvoHanbHbIii uccneposatenbckuii TOMCKMiA rocyapcTBeHHbIN yHuBepcuTeT, ToMcK, Poccus

? UneTuTyT onTukM aTMocdepsl uM B.E. 3yesa PAH, ToMck, Poccua

* LleHTp rmobanbHbIX 3KONOrMUYECKNX UCCe0BaHNI, HaLMOHaNbHBIN MHCTUTYT 3KONOTMYECKUX UCCIe0BaHMUIA,
Llyky6a, AinoHus

¢ LieHTp AMCTaHUMOHHOIO 30HAMPOBaHUA OKpY:Kalolen cpenbl, YHuBepcutet Tuba, AnoHus

E-mail: vpgor@ggf.tsu.ru, d.belikov@chiba-u.jp

MOJYIIAPHsI, BAKHO BBIABIISATH MPOCTPAHCTBEHHBIE M BPEMEHHBIE JIOKAJIM3AIMK 09aroB MMOTEIUICHUS.

s perneHus 3Tod 3amaun TPEOYIOTCS BBICOKOKAUECTBEHHBIE PETHOHAIBHBIE METEOPOJIOTHUYECKUE
JTAaHHBIE C BBHICOKUM MPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pelieHHeM 3a JTUTEIbHBIN MepHoa BpeMeHu. B
2002 rony Harmmonanesnsiit UacTHTYT DK0onorndeckux ccnenonannit (NIES, Japan) u UnctutyT Ontuku At-
Mocepsr uM B.E. 3yesa (MOA) Poccuiickoit Akagemun Hayk (PAH), co3gaB poccuiicko-SImoHCKYIO CHCTEMY
MOHHMTOPHHTA NMAapPHUKOBBIX Ta30B Ha Tepputopnu CHOMpH, HaYaId COBMECTHBIA MPOEKT MO HEMPEPHIBHOMY
HM3MEPEHHUI0 COCTaBa BO3IyXa U METEOPOIOTHIECKHIX MMapaMeTpoB. B HacTosIee BpeMst CeTh COCTOUT U3 JAEBS-
TH BBIIIEK, BOCEMb U3 KOTOPBIX pacroiokeHsl B 3anaanoi Cubupu, a ogHa - B SAkyrcke, Boctounas Cubups. B
3aBHCHMOCTH OT CTAHIIMH NTEPHOJT HAOIIOCHNI COCTaBIsIeT 7—15 JIeT, MpH 3TOM IOYacOBbIE H3MEPEHHUS TEMITe-
parypbl 0XBaTeIBatOT 0kos10 50—80% Bpemenu uz-3a nepedoes B pabore odopynoBanus. [loaToMy Takue Kpart-
KOBPEMEHHBIE, pa3peKEeHHBIC 110 BPEMEHH U B MPOCTPAHCTBE HAONIONECHUS MPEAOCTAaBIISIOT OTPaHUYECHHBIC
BO3MOKHOCTH JJISl N3yUEHHS M3MEHEHUH KIIMMaTa B peTHOHe.

JlaHHBIE peaHanTu30B OOBIYHO UCTIOIB3YIOTCS B CiIydae OTCYTCTBUS HaOmoaeHus. Cpenu UMEIONHIXCS B
HaCTOsIIee BpEMS BApUAHTOB peaHanus mstoro nokonenus ERAS paszpadorannsiiit ECMWF (European Centre
for Medium-Range Weather Forecasts) obecrieunBaer jrydiiiee BOCIPOU3BEICHUE CPEIHE CE30HHBIX M MEKIO-
JIOBBIX KOJIeOaHWH TEMIIepaTypsl M OCAIKOB B Pa3IUYHBIX KIIMMATHUECKUX YCIOBHIX. OTHAKO TOUHOCTH JaH-
HBIX peanann3a ERAS cunpHO pa3nngaercs B 3aBHCHMOCTH OT pernoHa. TakuM o0pa3om, A7 OLIeHKH BO3MOX-
HOCTH WCTIOJIb30BaHMA JAHHBIX AT MccienoBaHus kinmara Cubupu HeoOXoanMa KOMITJIEKCHAS BaJIMAALINS
TemneparypHbIx mosieit ERAS. Yto u siBisieTcs enbio JaHHOW paboThl, IS JOCTIDKEHHS KOTOPOH OBIIIH perre-
HBI CIIYTOIINE 3a[a4l: CpaBHEHNE aHHBIX peaHann3a ERAS ¢ HaTypHBIMI HaOIIONeHUSAMH Ha BBIIIKAX; IIPO-
CTPaHCTBEHHO-BpPEMEHHasI OlLlEHKa paclpeieieHns 3HaYeHUI TeMriepaTypbl Ha Tepputopun Cubupu. bouto
ycraHoBieHO, ERAS 1ocToBepHO BOCIIPOM3BOIHT CpEeIHEUACOBBIE KOICOaHUI TeMIepaTypsl, Tak KaKk pacxo-
JKJICHUE MEXITy HaOMIONCHISIMU U peaHAIN30M UMeeT HOPMAaJIbHOE paclpeesieHre U JISKUT B Anama3oHe + |
°Cu=3°C,B50% u 80% crmydaeB, COOTBETCTBEHHO.

l l OCKOJIbKY CKOPOCTB TOTeIuieHnst arMocdepsl B Cubupu Bblle, 4eM B Apyrux pernonax CeBepHOro
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JanHas paboTa SBIAETCS BaKHBIM IIATOM Ul H3y4eHHs TeMIIepaTypHbIX MosIeil Ha OOLIMpPHOI TeppHUTO-
pun Cubupu, He OXBa4YeHHOW HATypPHBIMH HAaOIIOACHUSMH, IIOCKOJIbKY IOBBIICHNE CPEIHEr0M0BOH TeMIlepa-
TYPBI B pETHOHE CYLIECTBEHHO BIMAET HE TOIBKO Ha IOBTOPSIEMOCTh SKCTPEMAIILHBIX IIOTOJHBIX YCIOBHH, HO H
Ha 6aslaHC TApPHUKOBBIX T'a30B.

Validation of the near-surface air temperature
from the ERAS reanalysis using tower observations
in Siberia
'Gorbatenko V., 'Chursin V., ’Arshinov M., ‘Belan B., “Davydov D., “Fofonov A.,
*Motoki Sasakawa, ‘Toshinobu Machida, ‘Belikov D.

" National Research Tomsk State University, Tomsk, Russia

?V.E. Zuev Institute of Atmospheric Optics RAS, Tomsk, Russia

* Center for Global Environmental Research, National Institute for Environmental Studies, Tsukuba, Japan
“ Center for Environmental Remote Sensing, Chiba University, Chiba, Japan

E-mail: vpgor@ggf.tsu.ru, d.belikov@chiba-u.jp

INTRODUCTION

Since the rate of warming of the atmosphere in Siberia is greater than over other regions of the Northern
Hemisphere [1], there are significant importins to identify the spatial and temporal localization of warming
foci. In the last decade, an increase in the convective potential of the atmosphere and the recurrence of danger-
ous convective phenomena have been observed over this territory [2, 3, 4]. Therefore, the identification of the
features of the temporal and spatial variability of the temperature regime is especially important. Assessment of
local climate warming requires high-quality region-wide meteorological data (temperature, humidity, etc.) with
high spatial and temporal resolution over a long period of time. In 2002, the National Institute for Environmen-
tal Studies (NIES) and V.E. Zuev Institute of Atmospheric Optics (I0OA), Russian Academy of Sciences (RAS)
began a cooperative project for the continuous measurement of greenhouse gases and meteorological parameter
including the air temperature in Siberia called the Japan—Russia Siberian Tall Tower Inland Observation Net-
work (JR-STATION). The network now consists of nine towers, eight located in West Siberia and one located
in Yakutsk, East Siberia [5, 6]. These sites of the network is rare primarily due to the inaccessibility of wetland
areas for equipping them with direct measurement sensors. Hourly measurements of temperature cover about
50-80% of the 7-15-year period, depending on station. Therefore, such short-time, noisy and sparse in time due
to gaps in instrument operation datasets observed at very unevenly distributed locations provide limited data
for studying the region’s climate variation.

Satellite systems undoubtedly make it possible to observe various meteorological information over large
territories poorly covered by the ground-based measurements. However, the accuracy of remote sensing is
much lower than that of standard meteorological observations, even though the declared error of remote sens-
ing air temperature is within 1 °C.

Reanalysis data are a commonly used technique to solve the lack of observation issue. Usually, reanalysis
is the result of calculations by a global atmospheric model with regular assimilation of available meteorological
observations followed by interpolation into a regular global grid to determine the state of the atmosphere where
observations are unavailable. Among currently available reanalysis datasets, the fifth generation European
Centre for Medium-Range Weather Forecasts (ECMWF) atmospheric reanalysis of the global climate ERAS
[7] performs better compared with other datasets in terms of mean and interannual variations of temperature
and precipitation in various climatological regions [8]. However, the accuracy of reanalysis data varies strongly
between regions and variables. Limits of observations or complex terrain may cause large biases in reanalysis
products. Thus, a comprehensive evaluation of temperature in terms of reproducing the temporal and spatial
variability as well as the observed long-term trend is necessary to judge the reliability of data for Siberia cli-
mate research.

Therefore, the goal of this work was to assess the possibility of using temperature ERAS for Siberia, as a
basis for studying climate worming. To achieve this goal, the following tasks were solved: comparison of
ERAS reanalysis data with observations at the JR-STATION towers; conducting statistical evaluations; spatio-
temporal assessment of the distribution of temperature values on the territory of Siberia; assessment of trends.

METHOD
This study used temperature datasets measured at lower inlets at nine towers of JR-STATION, Siberia

Azovo (AZV, the lower inlet altitude 29 m), Berezorechka (BRZ, 40 m), Demyanskoe (DEM, 45 m), Igrim
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(IGR, 24 m), Karasevoe (KRS, 35 m), Noyabrsk (NOY, 21 m), Savvushka (SVV, 27 m), Vaganovo (VGN, 42
m), and Yakutsk (YAK, 11 m) to verify the near-surface air temperature (at the level of 2 m) from the ERAS
reanalysis.

ERAS provides hourly meteorological parameters from 1981 (expected to be extended back to 1950)
based on the Integrated Forecasting System (IFS) and includes a four-dimensional variationally analysis (4D-
Var). ERAS5 data is available in high spatial and temporal resolution: on a 0.1° latitude-longitude grid for the
Land products (including the near-surface temperature) with hourly intervals. For comparison, the ERAS data-
sets were collocated to the geographic coordinates of towers using the nearest grid cell in space on an hourly
basis in time for the period 2000/01-2019/12.

RESULTS

Here we considered a comparison of near-surface air temperature obtained from tower observations (T,,,)
and the ERAS reanalysis (Tgg,s), as well as the temperature discrepancy AT defined as difference between re-
analysis and observations (AT=Tggs— Typo)-

a) VGN b) AZV c) SVV
5000

4000 1 7 1
3000 + 7 1
2000 - . 1

1000 T 1 i-lj ?
0 T T T T - T T T =

d) DEM e) KRS f) BRZ

5000

4000 A 7 .
3000 1 1
2000 1 .
1000 - 1 .

Number of observations

IGR h) NOY i) YAK
5000 9) ) )

4000 A T 1 = Erad
3000 . 4

2000 - R 1

1000 7 1

40 —20 0 20 40 40 —20 0 20 40 —40 =20 0 20 40
T, °C

Figure 1. Comparative diagrams of hourly temperature derived at the coordinates of tower sites.

Figure 1 shows histograms, representing the frequency distributions of temperature from observations and
reanalysis at tower sites. As mentioned above, the number of observations varies significantly depending on the
station, therefore not all temperature ranges are presented uniformly. The maximum and minimum are about
122000 and 10000 hourly observations for KRS and YAK respectively. The recorded temperature range is be-
tween -40 °C and 30 °C. With an extremely continental subarctic climate, Yakutsk has the coldest winter tem-
peratures with minimal temperatures of 50 °C and below. Although winters are extremely cold and long, sum-
mers are warm, and occasionally hot, with daily maximum temperatures sometimes exceeding +30 °C, making
the seasonal temperature differences for the region the greatest in the world at about 100 °C. This makes pre-
dicting the temperature in this region very challenging.
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VGN Figure 2. Comparative diagrams of the discrepancy
between the reanalysis data and the tower observations of
SVV hourly temperature derived at the coordinates of tower
DEM sites.
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Figure 2 shows histograms, representing the frequency distributions of the temperature discrepancy (AT)
between observations and reanalysis at tower sites. We found almost 50% of cases fall within the + 1 °C range,
while 80% are within the + 3 °C. The derived discrepancy is close to the normal distribution which means a
random error without strong bias for most sites.

The monthly mean value and standard deviation (SD) temperature discrepancy AT for individual sites is
shown in Table 1. With the exception of Yakutsk, the values are less 0.6 °C and 4.0 °C for mean and SD, respec-
tively.

Table 1. Monthly mean and 1-o standard deviation (SD) of the temperature discrepancy between reanalysis and tower
observation data.

Tower name
VGN AZV Svv DEM KRS BRZ IGR NOY YAK

Mean AT, °C 0.22 -0.09 0.25 -0.16 0.06 -0.17 0.53 0.57 -1.02
AT 1-6 SD, °C 1.27 2.90 4.00 1.62 2.93 4.14 1.40 3.50 4.54
CONCLUSION

The results of comparison of the air temperature datasets from the ERAS reanalysis and observations from
9 tower stations in Siberia for 2000-2019 is presented. Due to the high resolution in time and space, the tem-
perature field from ERAS shows a high agreement with observations over the forest and bog complexes.

This work is an important step for the study of temperature fields in the vast territory of Siberia not cov-
ered by in situ observations, as an increase in the average annual temperature in the region significantly affects
the persistence of extreme weather conditions and the greenhouse gas budget.

B Acknowledgments. The used data are available from the Global Environmental Database, hosted by
Center for Global Environmental Research (CGER), National Institute for Environmental Studies (NIES)
(http://db.cger.nies.go.jp/portal/geds/index).
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Selection of temperature response function
for soil respiration

"“Dyukarev E.A., 'Kurakov S.A.

" Institute of Monitoring of Climatic and Ecological System SB RAS, Tomsk, Russia
?Yugra State University, Khanty-Mansiysk, Russia

E-mail: dekot@mail.ru

in soil and air temperature, and other environmental parameters. Predicting soil respiration and its

changes under future climatic conditions requires a clear understanding of the processes involved. Here,
several models were used to describe the short-term temperature dependence of heterotrophic soil respiration
and were calibrated using observations of soil efflux from a bare soil site in an urban grassland. Modified mod-
els were suggested, including a linear relationship of the temperature sensitivity and base respiration coeffi-
cients with soil temperature at various depths. We demonstrate that modification improves the soil respiration
performance determined by any model. The modified models describe the long- and short-term variations of
soil respiration. According to a comparison of the efficiency of the models, the best equations describing soil
respiration fluxes were exponential and logistic models with linear dependences on the model parameters ob-
tained from the soil temperatures. The often-used Q10 value changed with temperature, depending on the used
model. The apparent temperature sensitivity can be extremely high and does not reflect the actual relationships
between soil respiration and temperature.

S oil respiration is an important component of the global carbon cycle and is highly responsive to changes

Bbibop GyHKLMM OTKIMKA MOYBEHHOIO AblXaHWA
Ha U3MEeHEeHUA TeMMepaTypbl

"“Iokapes E.A., 'Kypkos C.A.

" MIHCTUTYT MOHMTOPUHTa KNUMaTUUECKMX W 3Konornueckux cuctem CO PAH, ToMck, Poccua
? l0ropckuii rocynapcTBeHHbIN yHMBepcuTeT, XanTbl-MaHcuiick, Poccua

E-mail: dekot@mail.ru

bIXaHHE TIOYBHI (AMHUCCHUS YITIEKHUCIIOTO ra3a 13 MOouYBbl) IMpeACTaBIseT co00il BTOpOi MO BEIMYHUHE TO-

tok CO, B 3emHo# 6nochepe (Kynespos, 2018) u siisieTcst BaXXHBIM KOMIOHEHTOM TJI00AJIBHOTO YIlie-
ponHoro nukia. M3ydeHue yriepomrHoro oOMeHa Ha3eMHBIX 9KOCHCTEM TPEOyeT TOYHOTO TOHUMAaHHS

€aKI[U¥ MOYBCHHOTO [bIXaHUS HAa M3MEHCHHME XapaKTEPUCTHK OKpyxkaromied cpensl (Reichstein and Beer,
2008). Hazemusie uccienoBanus norokoB CO, (Dyukarev, 2017) Obutn OpraHu30BaHbl B BOCTOYHOMN YaCTH T.
Tomcka Ha HabOmroaTenbHOM IonaaKe VIHCTUTYTa MOHUTOPHHTA KIMMaTHYECKUX U 9KOJIOTHYECKUX CHCTEM
CO PAH Y(56° 28.5'N, 82° 3.2' E; 170 M H.y.M.) ¢ 14 anpesns o 20 okta0pst 2014 1. ABromariueckas cucrema
nouenHoro aeixanus LI-8100A (LI-COR Biosciences, USA) ¢ mpo3paunoit kamepoii (8100-104C) ucrosnb3o-
BaJIaCh JUISl PETHCTPAIMU TIOTOKOB HA Y4acTKe ¢ 00Ha)XeHHOIt 1ouBoil. M3mepennsie notoku CO, NMEIOT SIBHO
BBIPXXEHHBIM CYTOUHBII X011 B cepenune Jjieta. CpelHue CyTOYHbIe 3HaYE€HHs NOTOKOB M3MeHsuuch ot 0,16
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MKMOJTB/M’/C B OKTAOPE 10 9,9 MKMOJIL/M’/C B Hauae HIoJis, a HOYHbIE MOTOKH BAPbUPOBAIHCH OT 0,24 MKMOIb/
M’/c B okTa6pe 10 10,98 MKMOIB/M’/C B cepeIHe HIONs.

JeBsTh Monenelt, OMMCHIBAIOIINX B3aUMOCBS3b MEXKAY AbIxaHueM 1mouBHl (SR) u remneparypotii (Tabmmma
1) OpuTH poTectupoBanbl. KoapduuueHT TemMmepaTypHoil 9yBCTBHTEIBHOCTH (TapaMeTp k) cymiecTByeT Bo
BCEX MOJEJISX, HO OTPAXKAET Pa3HbIC THIII (JIMHEHHBIH, SKCIIOHSHITHAIBHBINA, CTEIICHHOMN) YBEJIIMUSHUS JbIXa-
HHUS C TIOBBIIICHHEM TeMIteparypbl. ba3oBbIil ypoBeHb AbIXaHHS (IapaMeTp I) OOBIYHO MPECTaBIsIeT AbIXaHHE
MIOYBHI IIPH ONpe/IeNIeHHOI Temiieparype. [lapameTpbl Mozienel TOYBEHHOTO AbIXaHHs ObLIH OTKaJIHOpPOBAHBI
110 HaOJTI0AAaeMBIM IOTOKAM YIJICKHCIIOTO Tas3a.

Tabnuua 1.
(OYHKLMM OTKNMKa NOYBEHHOMO AbixaHuA (SR) Ha MaMeHeHuA Temnepatypsl (T,), K, 1, p — napametpsl Mogenu, T,.= 10 °C,
Tx=273.15°C, T,=-46.02°C, T, =40 oC, R, =8.31 [/monb/K.

HaumenoBanmue YpaBHeHue
1. Linear SR=r+k-T,
2.Ql10 SR =y il 10
3. Exponential SR =r-explk-T,]
4. Arrheni SR =r-exp k
. Arrhenius =r- —
5. Lloyd&Tayl SR=rexp| | — 1
. Lloyd&Taylor p T, T,
6. Power SR=r-IT, - p|'
o SR=— "
7. Logistic 1+ p-explk-T
iomoi SR = d
8. Sigmoid - m
9. Gamma SR=(T,+T,) ~exp[p —k- (Tl +T, )]

K kax10if Mozie 1 MpUMEHSUINCH TIOCIIEI0BATEIbHO 1B MOAN(DHUKALIUH, YTOOBI YIIy4IINTh BOCIPOU3BE/Ie-
HHUE HaOJII0IaeMbIX MTOTOKOB B TEUSHHE BEreTalMoHHOrO nepuona. [lepsas Mmogudukanus (Monudukanms A)
YUHUTHIBaJIA IBHOE M3MEHEHHE KOd()(PHUIIMEHTa TeMIIepaTypHOI YyBCTBUTENILHOCTY K TIpH M3MEHEHUH TeMIIepa-
TypbI 110 uHelHomy 3akony (k =k, + k; T,). Bropas mogudukauus monenu (monudukanus B) BkiarodaeT nz-
MeHeHHe K03((UIMEHTa TEMITEpaTypHOi YyBCTBUTEIBHOCTH K ¢ TeMneparypoii 1 u3MeHeHne 6a30Boro ypos-
HS IBIXaHUS I ¢ Temrneparypoit (r =r,+ 1, T;). YueT 3aBUCHMOCTH TapaMeTPOB MOJIENIH OT TEMIIEPATyPhl OYBHI
(Momudukaimu A 1 B) 3HaYNTEIBHO MOBBICHI TOYHOCTh MOZIEIIBHBIX OL[EHOK JIbIXaHusl TOUBbl. CpeHuUil ITOTOK
CO, 13 NOYBKI 32 BET€TAIIMOHHBII MEPUOJ, TOTYUYEHHBIH C UCTIOIb30BaHUEM MOAN(DHUIIMPOBAHHOI JTOTUCTHYE-
ckoii moaemu (7B), coctaBui 2,44 MKMOMB/M’/C CO CTAaHAAPTHBIM OTKJIOHEHHEM 1,67 MKMOMB/M/C.

OyHKIMU TeMIepaTypHOro OTKIMKA JibixaHus 1ouBkl (Tabi.1) onuchIBalOT OBICTPYIO PEAKIMIO JBIXAHUS
Ha M3MEHEHUS XapaKTEepUCTHK OKPYKaoLe cpeqsl. BhIsABICHHbIE 3aBHCHMOCTH MapaMeTpoB Mojeneit mo-
yBeHHOTO JibIxaHus (K, r) OT TeMIeparypbl MOYBBI U BO3yXa XapaKTepH3YIOTCsl [UIUTEIbHBIMI MEAJICHHBIMU
MPOLIECCAaMU Pa3BUTHSI MUKPOOHOW OuomMacchl. MoaupuIMpOBaHHbBIE MOJEIH MOTYT HMCIOJIB30BAaThCS IS
otieHkH BbIOpocoB CO, U3 MoYB 1 00eCreueHH s JTyUIIero MOHUMaHHs JUHAMHUKH YIIEPOITHOTO [IUKIIA Ha3eM-
HBIX 9KocucTeM. CpaBHEHHE CPETHEKBaAPaTHUECKUX OMIMO0K, ko3 ¢unnenta Hama-Carknuda s pa3nuy-
HBIX MOJIeJIeH TT0Ka3aio, YTO SKCIOHEHIMAIbHAS U JIOTUCTUYECKast MOJICITH C JIMHEHHON 3aBUCUMOCTBIO Mapa-
METPOB MOJICTIH OT TeMIIepaTypsl ouBs! (Mozenu 3B u 7B) noka3siBaloT HauiTy4Iue pe3yasraTsl. Moaenu 6e3
Moaudukanuii A win B 3aHmkarT MakcuMalbHbie 3HaueHus amuccuu CO, mouoii. [TonyueHHbIC pe3yabTaThl
MOT'YT IOMOYb Oy/Ty1Iei pa3padoTKe MEXaHUCTHYECKUX MOJIeIIeH peakIny IOUBbI Ha NI00aJIbHOE MOTEILICHHE.

JIUTEPATYPA:

1. Dyukarev, E.A., 2017. Partitioning of net ecosystem exchange using chamber measurements data
from bare soil and vegetated sites. Agricultural and Forest Meteorology 239, 236-248.
doi:10.1016/j.agrformet.2017.03.011

2. Kudeyarov, V.N., 2018. Soil respiration and biogenic carbon dioxide sink in the territory of Russia: an
analytical review. Eurasian Soil Science 51, 599-612. doi:10.1134/S1064229318060091

SESSION IV // LAND SURFACE PROCESSES: OBSERVATIONS, MODELS AND DATA ASSIMILATION



3. Reichstein, M., Falge, E., Baldocchi, D. , Papale, D., Aubinet, M., Berbigier, P., Bernhofer, C., Buch-
mann, N., Gilmanov, T., Granier, A., Grinwald, T., Havrankova, K., Ilvesniemi, H. , Janous, D. ,
Knohl, A., Laurila, T., Lohila, A., Loustau, D., Matteucci, G., Meyers, T., Miglietta, F., Ourcival, J.,
Pumpanen, J., Rambal, S., Rotenberg, E., Sanz, M., Tenhunen, J., Seufert, G., Vaccari, F., Vesala,
T., Yakir, D., Valentini, R. 2005. On the separation of net ecosystem exchange into assimilation and
ecosystem respiration: Review and improved algorithm. Global Change Biology 11, 1424-1439.
doi:10.1111/j.1365-2486.2005.001002.x

On considering the annual cycle of air temperature in climate
trend analysis based on quantile regression methodology

Lavrov A.S., Sterin A.M.
RIHMI-WDC, Obninsk, Russia

E-mail: sterin@meteo.ru

acceptable standard errors in quantile estimation require a sufficiently large number of observations for

each unit time interval. If there is only one observation of the meteorological value for every day, the
season is an acceptable time interval for choosing it as a unit time reference interval. In previous papers
published with the participation of the authors, the climatic trends of surface air temperature and air temperature
in the free atmosphere were estimated by the method of QR for each of the four seasons separately. In this case,
the primary temperature values were used.

This paper analyzes the trends obtained by the quantile regression method for air temperature in the free
atmosphere and air temperature near the earth's surface, both for the initial (primary) temperature values and
for the values of temperature anomalies calculated relative to 30-year monthly and daily norms.

It is demonstrated that for upper-air temperature, there are no significant differences between the trends
calculated based on primary temperature values and the trends in temperature anomalies in the winter and sum-
mer periods. In the spring and, to a lesser extent, in the autumn, there are significant differences, mainly in the
upper atmosphere, between the quantile-vertical patterns of primary temperature trends and trends that were
estimated for temperature anomalies.

An interpretation of the results of calculating trends for temperature in the free atmosphere is given.

For the surface temperature, a significant amount of calculations of temperature trends has been performed
both for its initial daily values: daily mean, minimum and maximum temperatures, and for their corresponding
anomalies. The results of calculating surface temperature trends using quantile regression are presented and
analyzed.

The technique of using the quantile regression (QR) method in studies of climatic trends assumes that

06 yyeTe rojoBoOro xoaa TemMnepaTypbl BO3ayXxa
Npyn aHanmse ee KNMMaTUYECKUX TPEHO0B METO40M
KBaAHTUJIbHOW perpeccuu

Naepos A.C., CtepuH A.M.
BHUUIMU-MLA, 06HMHCK, Poccua

E-mail: sterin@meteo.ru

COCTOSIHHE KJIMMATHYECKOW CHCTEMBI, ABISIETCSA OIEHKA TPEHIOB OCPETHEHHBIX IS OINpEesIeHHBIX
BPEMEHHBIX OTCYETOB 3HAYCHHI METEOBENWYMH. Takas 3a7a4a OOBIYHO PEIIaeTCsl METOIOM HaWMEHb-
mux kBaapatoB (MHK). Ho MHK-orieHKH He MO3BOJISIOT OIEHUTH JOJITONIEPUOIHBIC TEHACHIINA H3MEHEHHSI
HM3MEHYMBOCTH KIMMata [1], B TOM Yncie HONTONepHOAHbIe TEeHICHIIMN N3MEHEHNS OMM3KUX K IKCTPEeMalb-
HBIM 3HAUeHUI METEOBEIMYNH. SIBISISICH allbTepHATHBOM METO/ly HAMMEHBIINX KBaJPaTroB, METO]| KBAaHTUIIb-
HOW perpeccuu MO3BONISET OLIEHUBATH TPEHABI METEOBEIMUNH JIJIsl IPOU3BOIBHOTO 3HAYEHUS KBaHTHIIEH oT 0
70 1, menast BO3MOXKHBIM aHAJTU3 M3MEHEHHH 3KCTPEMaIbHbIX 3HAYCHUI METCOBEINIHH.
TexHHKa HCIIOTB30BAHUSI METO/Ia KBAHTUIIBHOM PErPECCHH B OIICHKE KIIMMAaTHYEeCKUX TPEHI0B IPeAIoa-
TaeT, 9TO MpHUeMIIEMbIe TIOTPEITHOCTH OLIEHKH KBAaHTWIEH TPeOyIOT JOCTAaTOYHO OOJBIIOE YUCIIO HAOIIOICHUH
JUTA K&KIO0TO BPEeMEHHOTo oTcueTa. [Ipu Hamnmauy Bcero 0JHOTro HaOMIoAeHUSI METEOBEIIMINHEI 32 KaXK/IbIe CyT-

4 I ‘palII/IHI/IOHHBIM METOOM aHaJIn3a JOJTrOonCpruOAHBIX W3MEHEHUMN METCOBEIIMYNH, XapaKTCPUIYIOIINX
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KU, IPHEMIIEMBIM HHTEPBAJIOM BBEIOOpA BPEMEHHOTO OTCUETa SBISETCS ce30H. B paborax ¢ yuacTueM aBTOpoB
[1, 2] kTIMaTHYECKHEe TPEHIBI MTPU3EMHON TeMIepaTyphl BO3AyXa M TEMIIEpaTyphl BO3IyXa B CBOOOTHOH aT-
Mocdepe MeTo0M KBaHTHIIBHOI PerpeccHy OLEHHBAINCH UL KaXKIO0TO U3 YEThIPEX CE30HOB B OTIEIBHOCTH.
[Tpu 3TOM HCTIOIB30BAINCH CAMH 3HAYECHUS TEMIICPATYPHI.

B nanHO# paboTe MPOBOANTCS aHANIN3 TPEHIOB, NMOTYYEHHBIX METOIOM KBAHTWJIBHOW PErpecCHH I
TeMIIepaTypBsl BO3yXa B CBOOOAHON arMocdepe U TeMIiepaTyphl BO3IyXa y HOBEPXHOCTH 3eMIIH, KaK IS HC-
XOIHBIX 3HAYEHUH TeMIEePaTypbl, TaK U I 3HAYCHUH aHOMAJINH TeMIIepaTyphl, PACCYMTAaHHBIX OTHOCHTEIBHO
30-IeTHUX MECSYHBIX H CYTOUYHBIX HOPM.

B mpensiaymiei padote aBTOpoB [2] mpoBOIMIICS aHAN3 TPEHIOB TEMIIEPaTyphl BO3AyXa Ha Pa3IHIHBIX
n3ob0apuyeckux moBepxHocTsx ot 850 rlla mo 30 rlla MmeTogoM KBaHTIIIFHOHN perpeccui. AHAIN3 MTPOBOIIIICS
quts 6omnee wem 300 a’sposloTHYECKUX CTaHIWH, PACTIONIOKEHHBIX 0 BceMy 3eMHoMY mapy. [Ipu anammse mc-
TI0JIL30BAJIMCh HEMTOCPEACTBEHHO 3HAUCHUS TEMIIepaTypbl, Oe3 BEMHcIIeHns anHoManuid. Ha puc. 1 npuBenenst
BEPTUKAJIBHO-KBAHTWIIBHBIE paclpeielIeHHs TPEeHIO0B TeMIIepaTyphl JUIs KaXI0Tro U3 YETHIPEX CE30HOB Ha a3-
pororudeckoii crannuu Hapesa-Map (23205).
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Puc. 1. BepTvkanbHo-KBaHTUNbHbIE pacnpefesieHns TPeHA0B TeMrepaTypbl BO3Lyxa B CBO60AHONM aTMochepe Ans oTaenb-
HbIX CE30HOB rofia AnA cTaHumMmn 23205 (HapbaH-Map). BelumcneHus no 3HaueHWAM TeMnepaTypbl AA 0TAESbHbIX CE30HO0B

Ha MHOrNX cTaHmmsAx, 0cOOCHHO B 3MMHUI NepHO, HanOOoJbIIee MOTEIUIEHHE B Tporochepe Hadmona-
JIOCh TIPY HU3KHX 3HAYECHHUAX KBAHTHJIEH, TO €CTh J/I1 HANMEHBIINX 3HAUYCHNH TeMmeparypal. Jlist HanOombIImx
3HAYEHUH TEMIIEPaTypbl CKOPOCTH MOTETIIICHUS ObIIa HIKE. DTO COOTBETCTBYET PE3yIbTaTaM aHaIN3a TPEH/I0B
MIPU3EMHOM TeMITEpaTypbl METOIOM KBAaHTHIIHHOM PErpecCcHi, IIOTyYeHHBIM paHee [3].

HepaBHOMepHBIiA XapakTep TPEHAOB HaOIIOAAJICA U B HIDKHEH cTparocdepe. B 3uMHMiA iepron, 1 B MEHb-
1Ieif Mepe — B BECCHHHH MTEPHO]] HA HEKOTOPBIX CTAHIHMSIX CEBEPHBIX IIMPOT ITPU YBEINUCHNH 3HAYCHUH KBAHTH-
JIel CKOPOCTH CTPaToc(hepHOTo MOXOIOAaHIs yORIBaIA TI0 aDCOMIOTHOM BENMYIHE, U, O0JIee TOTO, IS KBAaHTHIICH,
MPUOIDKAIOINXCS K 1, OTpHUIIaTEIbHBIC TPEHABI MOIVIM MEHATD 3HAK Ha TPOTHUBOTIOIOKHBIN MOJIOKUTEIBHBIN.

B mpensiaymmx padorax [1-3] ocymecTBisicsS aHAIN3 TPEHAOB TEMIIEPaTyphl BO3Ayxa 0e3 mpeaBapu-
TEJIFHOTO BBIYHCIICHHS aHOMAINK Temneparypbl. OHAKO ClIelyeT yUUThIBaTh, 9TO IPH OIIEHKaX TPEHIOB Me-
TOZIOM KBaHTHIIBHOW PETPECCHN HEMOCPEACTBEHHO 10 3HAYEHUAM METEOBEINIHNHBI, C BBIOOPOM CE30HA B Kade-
CTBE €IMHUYHOTO BPEMEHHOT'O OTCUETA, KAPTHHA MOXKET OBITh NCKaKEHA B CUTYallUsIX, KOTJ]a METEOBEININHA
XapaKTepU3yeTCsl 3HAYNTEIBHBIM TOIOBBIM XOIOM, W TOAOBOI X0 CYIIECTBEHEH JISI HCCIEAYEMOTO CE30Ha.
Tak, Ha puc.2a TIpeCcTaBIeHBl 3HAYCHHUS TeMmeparypsl Ha moBepxHocT 100 rlla mist mectn mocnenoBarenb-
HBIX BeCEHHUX ce30HOB repuona 2000-2005 rr. O4eBuaHO, 9TO, U3-3a SIBHO BBEIPAXKEHHOTO Y9YacTKa POCTa ro-
JIOBOTO IMKJIA TEMIIEPATYpPhl AJSI BECEHHETO CE30HA, HanOoJee HU3KUE 3HAYCHUS] TEMIEPaTyphl (3HAYCHUS
KBaHTWJIEH ONM3KH K HYJI0) COOTBETCTBYIOT Ha9aJIbHBIM JIHSIM BECEHHHUX CE30HOB, a Hanboliee BEICOKHE (3Ha-
YEeHUS KBAaHTWIICH ONM3KY K €IMHMIIE) — 3aBEPIIAIOIINM JHSIM BECEHHHUX ce30HOB. [lepexon k psiaam aHoMannit
(OTHOCHTENBHO MECSIYHBIX HOPM, PHC.20) yMEHbBIIAET BIUSHUE TOIOBOTO X0/, YTO BEChMa BayKHO ISl BECEH-
HETO CE30Ha.
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Jliist Temneparypsl B CBOOOJHOM aTMocdepe METOIOM KBaHTHIIBHOM perpeccun ObIIIM PacCUUTaHbI TPEH-
JIBI JUISL pa3lINYHBIX KBAHTHIIEH HA Pa3IMUHBIX N300apUUeCKNX MTOBEPXHOCTSIX. PacueTs! MpOBOIMINCE KaK IS
WCXOJHBIX 3HAYEHUH TEMIIEpaTypbl, TaK U JJIs1 aHOMAIMH TEMIIEPaTyphl 110 OTHOIIEHHIO K HOPMaM 3a OT/AEINb-
HBIE MECSIIIBI M K HOpMaM 3a OTJCTIbHbIE CyTKU. B maHHOM paboTe MPUBOASTCS PE3YIbTaThl PACIETOB C HCHOJb-

30BaHMEM MECSYHBIX HOpM Teproaa 1987-2016 rr.
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Puc. 2. BpeMeHHOM pAf ans BeceHHMX MecALeB (MapT-Mait) 3a nepuog 2000-2005 rr Ha cTaHumm 23205 (HapbaH-Map) Ha
BbicoTe 100 rfa. CneBa - AnA MCXOQHBIX 3HAYEHMI TeMMNepaTypbl BO3AyXa, CNpaBa — 417 aHOManui TeMnepaTypbl N0 0THO-
LLEHMIO K MECAYHbIM HopMaM nepuoga 1987-2016 rr.

Ha puc. 3 OpeACTaBJICHBI aHAJIOTUYHBIC PUC. 1 BCPTUKAJIbHO-KBAHTUJIIBHBIC pacpeACJICHUA TPEHAO0B, HO

yiKe aHOMaJIHit TCMIICPATYPhI BO3AyXa, paCCUNTAHHBIX OTHOCUTCIIBHO 30-1eTHUX MECSYHBIX HOpM.
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Puc. 3. Kak Ha puc.1, Ho BbIYMCIIEHWA NPOBEAEHbBI N0 3HaYEHWAM aHOMasMi TeMnepaTypbl OTHOCUTENIBHO MECAYHBIX HOPM
3a TpUALATMRETHUI Nepuoa

Kak crrenyet u3 conmocrasieHus puc.| u prc.3, B 3UMHAHN U JIETHAN TIEPHOABI MEXKIY TPEHIaMHU TeMIIepa-
TYpbl ¥ TPEHAAMH aHOMAJIUK TEMIIEpPATyphl CYIIECTBEHHBIX pa3Inuuil HeT. B BeceHHuil 1, B MEHbILIEH cTene-
HH, B OCCHHUH NEPHOIBI HAOMIONAIOTCS CYIIECTBEHHBIE Pa3/Inyus, IPEUMYIIIECTBCHHO B BEPXHHUX CIJIOSIX ar-
Mocdepbl, MeXIy paclpeeleHHeM TPEHI0B TEMIIEPATYPhl M TPEHI0B AaHOMAIINHA TEMIIEPATYPHI.

[TpuBoOMTCS MHTEPIPETAINS PE3YIBTATOB PACIETOB TPEHAOB JUIS TEMIIEPATYPHI B CBOOOIHO arMocdepe.

JIiist Ipr3eMHOM TeMIepaTyphl BHITOTHEH 3HAYUTENbHBIN 00beM BBIYHUCICHHH TPEHI0B TEMIIEPATYPhI KaKk
JUTSL NICXOJHBIX €€ 3HAYEeHHH, TaK U A7 CyTOYHBIX 3HAYCHUH: CyTOYHBIX CPETHUX, MUHUMAJIBHON 1 MAKCHMaJIb-
HOH TemIeparyp, 1 UX COOTBETCTBYIOIINUX aHOMaIMH. Pe3ynpraTel pacueToB TPEHIOB IPU3EMHOM TeMIepary-
PBI C HCTIOJIB30BAaHIEM KBAaHTHWIIBHON PETPECCHU MIPUBOAATCS M aHATM3UPYIOTCS.

CEKLMA IV // IPOLIECCHI HA NOBEPXHOCTW CYLLI: HABJTIOAEHXA, MOOENN U YCBOEHME JAHHBIX
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Numerical modeling of severe rime accretion
in the Far North of Russia

Leonov LI., Sokolikhina N.N.

Lomonosov Moscow State University, Moscow, Russia

E-mail: leonov@geogr.msu.ru

evere weather refers to any hazardous meteorological phenomena with the potential to cause damage,
serious social disruption, or loss of human life. Such weather phenomena include thunderstorms, hurri-
canes, tornados, ice storms and many others.

The main purpose of this research is study of formation mechanisms of rime accretion and methods for their
prediction. This is necessary to forecasting these phenomena and minimizes the economic and other losses [2].

This work is dedicated to a detailed study of a extraordinary case of the formation of rime accretion in the
territory of the Yamalo-Nenets Autonomous Okrug, which occurred in early January 2016.

Numerical experiments were implemented for the analysis of various methods for predicting the areas of
possible ice accretion formation. For the numerical experiments, the atmospheric model WRF-ARW was cho-
sen. For a theoretical assessment of the icing intensity, the Makkonen formula was used [1].

There are some results of this research. At the moment, the main mechanisms of ice accretion formation
have been identified for the territory of the Far North of Russia. Numerical experiments with the WRF-ARW
model were successful and they reproduced the main signs of rime accretion. The results showed that the model
successfully reproduced the icing start time and the icing intensity distribution throughout the entire numerical
experiment. The quality of the model's reproduction of the mass of rime accretion is difficult to estimate from
the data of two meteorological stations, however, the values obtained are close to the observed values.

REFERENCES:

1. Makkonen, L. (2000) Models for the Growth of Rime, Glaze, Icicles and Wet Snow on Structures. Phi-
losiphical Transactions of the Royal Society A, 358, 2913-2939.

2. The second assessment report of Roshydromet on climate change and its consequences on the ter-
ritory of the Russian Federation. 2014: General summary. M .: Roshydromet, 2014. 59 p

YuncneHHoe MogenmMpoBaHue ornacHbIX U3MOPO3€EBbIX
OTNOXKeHW Ha TeppuTtopumn KpanHero Cesepa Poccum

JleonoB U.U., Cokonuxuna H.H.
MocKoBcKuiA rocynapcTBeHHbI yHuBepcuteT uMeHu M.B. JlomoHocoBa, MockBa, Poccus

E-mail: leonov@geogr.msu.ru

ABJICHUH Ha TePpUTOpHUN Poccrm, KoMM4ecTBO KOTOPHIX exxeroqHo yBennansaetcs [1]. K omacHpM me-

TeoponorndeckuM siBieHusIM (OSI) oTHOCATCS SIBICHUS TTOTOABI, KOTOPbIE HHTEHCHBHOCTBIO, ITPOJOI-
KHUTEITBHOCTHIO 1 BPEMEHEM BO3HUKHOBEHHSI IIPEJICTABIIAIOT YIPO3y 0€301MacHOCTH JIFOJEH, a TaKXKe MOTYT Ha-
HECTH 3HAYUTENBHBIA ymepo oTpacisiM SKOHOMHUKH [2]. B THIIOBOH mepeueHp OMacHBIX METEOPOIOTHIECKIX
SIBTICHUH BXOJIST CHUIIbHBIE TOJIOJIEHO-U3MOPO3EBbIE OTIOKEHHS, BBI3BIBAIOIINE OOJIEJCHEHHE MOBEPXHOCTH
3€MJIH, IEPEBBEB, JIMHUI AIEKTPOIepeaad, TEXHUIECKUX CPEICTB U PA3IIMIHBIX 00bEKTOB XO3SIHCTBEHHOM 1esi-
TETBHOCTH YenoBeka. OCOOEHHO CHMITBHBIN SKOHOMHUYECKHN yIiep0 HAHOCUTCS WH)KEHEPHOW U TPAHCTIOPTHOU
nHppacTpykrype Poccun.

B HacTosIIIee BpeMsi 0COOEHHOE BHUMAaHHE YAETSAETCS M3YYEHHIO OMACHBIX THIPOMETEOPOIOTHYECKUX
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OO0neneHeHne y TIOBEPXHOCTH 3€MJIM MOXKHO OTHECTH K JBYM THmam. IlepBblil THIl — 310 0OneneHeHue
BCJICJICTBHE BBIMTAZICHNS aTMOC(EPHBIX 0CAAKOB (precipitation icing). Bropoit Tum — 310 BHYTpHOOIa4HOE 00-
nenenenue (in-cloud icing) [4]. Bropoii Tum o6neneHeHns XapaKTepu3yeTcs OTIOKSHUSAMHI B BU/IE H3MOPO3H.
W3MOpo3b — OTIIOXKEHHE JIbIa Ha BETBSIX AEPEBHEB, IPOBOJIAX U APYTUX MpEeIMeTax MpU TyMaHe B pe3yabTaTe
CyOnmuManuu BOASHOIO mMapa (KpUCTaJUINYecKast H3MOPO3b) WIIM HAMEP3aHUs! Kalelb NePeoXIaxIeHHOTO Ty-
MaHa (3epHHCTas U3MOPO3b). Hanbonpmmii mHTEpeC B 3TOW 00IACTH MPEACTABISACT 3epHICTAs U3MOPO3b, TaK
KaK MMEHHO 3TOT BHJI U3MOPO3H SIBISIETCS] Hanbosee onacHbM. OTIOKEHUS 36pHICTON M3MOPO3HU TOJIINHOMN
50 MM 1 6oJtee OTHOCSTCS K OTIACHBIM ITOTOIHBIM SIBICHUSM [2].

ITporHo3 Ha3zeMHOTO OOJIEICHEHNS SIBISIETCS] TPYIHOM 3a/1aueii, Tak KaKk 3HAUUTENbHOE BIMSHHUE HA TOJ-
IIMHY ¥ UHTEHCUBHOCTbH TOJIOJIEIHO-M3MOPO3EBBIX OTIIOKEHHH OKa3bIBAET MOJCTIIIAIOIIAS TOBEPXHOCTD H Xa-
PaKTEepUCTHKH penbeda MECTHOCTH. Tak Ha XapaKTePHCTUKH OOJICICHEHNS BIUSIECT: PACCTOSIHUE OT BOJIOEMOB,
BBICOTA HaJl yPOBHEM MOPS M 3KCIO3UIHS CKIOHOB.

JlanHast paboTa MOCBAIIEHA ICTaIbHOMY M3YUIEHHIO SIPKOTO CiTydast 00pa30BaHHUs H3MOPO3EBBIX OTIIONKE-
HUH Ha TeppuTopun SIMano-HeHerkoro aBTOHOMHOTO OKpyTa, IPOHU30IIEANIero B Hadaie ssasaps 2016 roxa.

B nagane saBaps 2016 roga Ha repputopun SImano-HeHenkoro aBTOHOMHOTO OKpyTa HabIroganach MOII-
Hasl a[IBEKIIMS TETI1a, KOTOpast IIPUBEIa K MOBBIIICHUIO TEMIIEPATypbl BO3AyXa 10 -6°C 1 OTHOCHTENILHOI BlIaX-
HocTH Bo3ayxa 10 100%. Takue MeTeopoIorniecKue yCiIoBHs OKa3aIuCh OIaronpyusTHBIMU JUIs 00pa30BaHUs
N3MOPO3EBBIX OTIOKCHNI BHICOKOH MHTEHCUBHOCTH U NIPHUBEJIN K 00PAa30BAHUIO HA JIMHUSX 3JIEKTPOTIEpenadn
OTJIOKCHHH JTbAA, BeC KOTOPBIX gocturai 1100 rpaMm Ha OTMH MOTOHHBIN METpP MPOBOAA. 3a MIEPHOL C 2-TO IO
10-e staBaps mpomsonuio 25 orkmrodernid Ha BJI 110-220 kB. OcHOBHBIMH TPHYWHAMH OTKJIIOYCHUH MOCITY-
JKUITA 00pa30BaHuUs TOIOIEAHO-N3MOPO3EBBIX OTIOKEHUN Ha poBoxax BJI, amameTp koTopseix gocturan 100-
200 mm.

Teppuropus SImano-HeHerkoro aBTOHOMHOTO OKpyTa ci1ab0 OCBEIIEHA JAHHBIMH HA3EMHBIX U a9POJIOTU-
YeCKUX HaOMIOIeHUNA. B CBSI3H € 3TUM [T HCCIIeI0BaHMS YCIOBUH (DOPMHUPOBAHUS OMTACHBIX OTIIOKEHUH H3MO-
pO3H 11enecoo0pa3Ho NCTIONB30BaTh JaHHBIE ME30MACIITAOHBIX THAPOIUHAMUUECKIX MOAENEH aTMOC(epsbl.

Jlns mpoBenieHnst 9UCIICHHBIX SKCIIEpUMEHTOB ObuTa BeIOpana mozenb WRF-ARW (Weather Research and
Forecasting) HammonansHoro 1eaTpa arMochepHbIX ucciaenoBannii. Berbop nMeHHO 3TOH Mopenw ObLT 00-
YCIIOBIICH TeM, YTO MICXOTHBIN KOJI MOJICIT HAXOIUTCS B cBOOOTHOM noctyrie [6]. Taxke naHHAas MOAETH HAaX0-
JIUTCS B TIOCTOSTHHOM TIPOIIECCE COBEPIIEHCTBOBAHMSA, UMEET IMINPOKHUH THana30H BHIOOPA HAaYaIbHBIX JAHHBIX,
HAaCTPOEK 3aIycKa ¥ HHCTPYMEHTOB JUIsl 00paOOTKH MOTyYEHHBIX PACUETOB.

HavansHBIMU 1 TPaHUYHBIMH YCIIOBHSAMHU SIBIISUINCH AaHHbBIE peaHann3a ERAS ¢ marom no nmpocTpancTBy
0.25° [5]. ObnacTe HHTETPHPOBAHUS UMENIA TPU PACUETHBIX JOMEHA C IIaraMy T0 IPOCTPAHCTBY 18, 6 1 2 kM.
OKCIEPUMEHT MPOBOIUIICSA [T TIeproaa ¢ 2-1o 1o 6-¢ ssaBapst 2016 roma. Mozens 3amyckanach ¢ pa3THIHBIMI
HAacTpOMKaMH MapamMeTpu3anui MUKpO(GHU3UKHA ¥ MOTPAHUYHOTO CJI0sI aTMOc(ephl, Tak KaKk MMEHHO 3TH Ha-
CTPONKHM Hanbosee CHIIBHO BIUSIOT HAa HEOOXOJMMBIE JJIsl HCCIIEOBAHMS OISl TEMIIEPATypPhl BO3LyXa, BIIaX-
HOCTH, 00JIaYHOCTH U 0cankoB. B kadecTBe puHaNbHON Bepcuu ObLT BEIOpaH Habop Mukpodmsnku NSSL 2—
moment Scheme [8] 1 morpann4HOTO CI10S yHUBEpCcHUTeTa BammarTona [3], moka3aBIINiA HAMTyYIIne Pe3yib-
TaThl.

Jlns TeopeTHueckoil OIIeHKH MHTEHCHBHOCTH 00JIeICHEHHS IpUMeHsIach popmyna MakkoneHa [7].
dMm

E=a1-a2-a3-w-A-V,

rae M — macca JesIHOro 00JIOXKEeHUsI, t — BpeMst 00JIeICHEHH ST, ® — COZIEPYKaHUE KUIKOH BOJIBI B 00bEMeE,
A — rutoniajib MonepeyHoro cedeHust 00beKTa Ha KOTOPOM TPOUCXOJHT OTIOKEHHUE JIbJia, V — CKOPOCTh BETPA,
ol — koadduEeHT cToaKHOBeHUS, 0.2 — K03 PUIMEHT npuInnanus, 0.3 — KodQQUIEHT HaMep3aHHsL.

KoaduIreHTs! CTONKHOBEHUS, IPUIUIAHUS U HaMep3aHHUs MOTYT 3HAYMTENILHO 3aHWKAaTh WHTEHCHB-
HOCTh oTnoxkenuit. KoadduimeHt cTonkHOBeHMs TIpeicTaBisieT cO00H OTHONICHUE Kaleb CTOJKHYBIIMXCS C
00BEKTOM K 00II[eMy MTOTOKY, IEPEHOCHUMOMY BO3ayxoM. KoadduiiueHT npuiinnanus npeacTaBiseT co0oi or-
HOIIICHHE y/IePKAaBIIMXCSl Ha 00bEKTe Karesb epeHOCHMBIX TIOTOKOM K UX 001emy komudecTBy. Koaddunu-
€HT HaMep3aHHs — ATO OTHOIICHHE YaCTHIl BOJBI, YCIEBIIMX 3aMEepP3HYTh Ha IMOBEPXHOCTH CTOJKHOBEHUS K
00I1IeMy TTOTOMY YaCTHII.

B ciydae MozenupoBaHust 3epHUCTON U3MOPO3H KO3 (DUIIMEHTHI IPUIUIIAHKS 02 U Hamep3aHus o3 Onun3-
KU K €JJMHUIIE, CYUTACTCS YTO MPAKTHYESCKH BCE MEPEOXIIAXICHHBIC KaIlTi TyMaHa IPHJIHIAIOT K 00bEKTY O/
Bep)KEHHOMY 00JIeZICHeHHUIO0, HarpuMep K npoBozaaMm BJI, u cpasy e Hamep3aror Ha oObekTe. Koaddunuent
CTOJIKHOBEHHSI B JIAHHOM CJIyyae 3HaYUTEIbHO MEHBILE IMHMIBI. JTO CBSI3aHO C TEM, YTO KaIUIU MepeoxJia-
JKJIEHHOTO TyMaHa UMEIOT HeOOoIbIoN pa3Mep, B cpeaHeM oT 10 10 25 MKM, 1 HEOOIBIIYIO Maccy, U, ClieIoBa-
TEJIBHO, CIIOCOOHBI 00TEKAaTh OOBEKTHI, HAXOIICh B BO3AYIIHOM IOTOKe. CyIEeCTBYeT MHOXECTBO CIIOCOOOB
pacuera k03 HUIHEHTA CTOIKHOBEHUs, HanOosiee OOIIETPHHSATHIM SBISIETCSI METOJ| ONHMCAHMsI OOTEKaHMs
BO3/YIIHBIM OTOKOM LIUJIMHJIPA, TAK KaK OOJBIIMHCTBO OOBEKTOB IOJBEPIKEHHBIX 00JICACHEHUIO OJIHM3KH I10
¢dopme k H. OTHAKO Ja)Ke TaKOW METOJ UMEET TOTPEIIHOCTh, B IIEPBYIO OYEPE/Ib ATO CBSI3aHO C HEM3BECTHBIM
pacmpeneneHueM o0JIauHBIX YacTHII 110 pa3Mepy. B nanHoi padoTe k03(hHUIIHMEHT CTOIKHOBEHUS 0.1 cunTaics
HOCTOSIHHBIM U ObUT IPUHST paBHBIM 0.15.
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OCHOBHBIM MECTOM 00pa30BaHMs OMACHBIX U3MOPO3EBbIX OTIOKEHUH sBIsUICS ceBep Hanpmvckoro paiio-
Ha SImano-HeHenxoro aBTOHOMHOTO OKpyTra. M3-3a OTCYTCTBHSI NaHHBIX HAONIOACHUH B HETIOCPEACTBEHHOMH
6nm3ocTr K MecTam aBapuii Ha BJI, 1uis Bepudukannm pe3ynbTaToB YHCIEHHOTO MOJACITHPOBAHNS HCIIOJIb30Ba-
JIMCh TaHHbIC HA36MHBIX METEOPOIOTHUECKUX CTAHIUN 000pPYI0BaHHBIX TOIOIETHBIMUA CTAHKAMU U pacrioia-
T'aBIINXCS I0)KHEE OCHOBHOTO 04ara 00JIeAeHEeHNSI.

PesynsraTel MoeMpoBaHUs IpeCTaBIeHB! Ha Tpadukax ke (puc. la, 16). YepHBIMH TOUKaMU OTMe-
4yeHbl (PaKTUIECKNE 3HAUCHUSI pa3Mepa ToJI0JIEAHO-M3MOPO3EBOr0 OTIOKEHHUSI HA METEOPOIOTHIECKOll CcTaH-
1y, CuHel TnHUEeH TToKa3aH HaKOIJICHHBIH BEC OTIIOKEHHS 110 JAHHBIM MOJIEJIMPOBAHHS C UCTIOIb30BaHUEM
monenu WRF-ARW, nokaspiBaromuii Maccy 00pa3oBaBIIEroCs Ha OAHOM TIOTOHHOM METpe IPOBOJIA JIbAa 3a
oIMH 4ac. Pe3ynsraTsl MoKa3aay yCIENTHOE BOCIPONU3BEICHUE MOJICTIbIO BPEMEHH Havasa 00IeeHeHNs U pac-
IIpeieNieHNe MHTEHCUBHOCTH OOIEACHEHNS Ha TIPOTSXKEHIH BCETO YUCICHHOTo dKcnepuMenTa. KagecTso Boc-
MIPOMU3BEACHHS MOJIETIBIO MAaCChl I3MOPO3EBBIX OTIOKEHUI CIOKHO OIIEHUTH MO JAHHBIM JIByX METEOpPOJIOTHU-
YECKHX CTAHIMH, OJJHAKO ITOIY4YEHHbIC 3HAYEHHS XOTh M Ka)KyTCsl 3aBBIIICHHBIMH, OCOOEHHO Ha METEOPOIIOTH-
yeckol ctaHiMu HoBbll YpeHroi, UMEIOT NpaBUIbHBIN OPSIA0K.

Pe3synbraThl ncciieoBaHusA MOTYT OBITh TTOJIC3HBI TIPH Pa3pabOTKE M MOBBIMICHUH Ka4eCTBAa METOJOB YH-
CJIGHHOTO ITPOTHO3a U3MOPO3EBBIX OTIOKEHHUH, KOTOPbIE MPOTHO3ZUPYIOTCSA XYK€, YEM OTIOKEHHUS TOJI0NeAa,
HO SIBJISIIOTCS HE MEHEE BayKHBIMHU TSI yU€Ta B XO3SHCTBEHHOH NESITEIFHOCTH YEJI0BEKa, 0COOEHHO Ha Teppu-
Topuu ceBepa Poccun. B nanpHelmeM miaHupyeTcs NpoBeICHNE OOJBIIETO KOTUIECTBA YUCICHHBIX SKCIIEPH-
MEHTOB C PaCCMOTPEHHEM APYTUX CIIydacB 0Opa30BaHUS OMACHBIX IOJIOIEAHO-U3MOPO3EBbIX OTIOKEHNH IS
6osiee TOUHOH OLICHKH M Pa3BUTHUS PA3IMYHBIX METOJOB IPOTHO3A JAHHOTO SIBJICHMS.
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Puc. 1. CpaBHeHMe AaHHbIX HabNIOLEHUI 32 AMAMETPOM roJ10/1eJHO-U3MOPO3€EBbIX OT/IOMEHUN C JaHHBIMU MOLeNIMpOBa-
HWA 4N1A MeTeocTaHLmMi a) HagbiM v 6) HoBbi YpeHroi.
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Evaluation of the global atmospheric model SL-AV's soil
analysis at warm season
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E-mail: makhnorylova@gmail.com, m.tolstykh@inm.ras.ru

temperature and humidity are interrelated and both influence the short-term forecast mostly [2]. Correct
description of the soil processes at the depths, experiencing annual fluctuations and controlling the tran-
spiration process is more important for medium and long-term forecasts [4].

The aim of this work was to evaluate the analysis of the soil temperature and moisture fields in the first
meter of the active soil layer of the SL-AV global atmospheric model [7] with a resolution of 0.9 degrees in
latitude and 0.72 in longitude and having 96 vertical levels relative to irregular ground-based observations of
the soil state. The model analysis was prepared using the one-dimensional optimal interpolation method for the
surface temperature and two lower levels, as well as the method of the simplified extended Kalman filter for
soil moisture at layers 18cm and 54cm [6]. Both of these algorithms take into account only indirect information
about the state of the surface; therefore, the evaluation of the analysis fields relative to direct observations can
be considered independent.

The SL-AV weather forecasting system includes the multilayer soil model from the INM RAS [8] with
some improvements. Soil and snow in this model are implied a continuous medium, while 8 layers (1 cm, 2 cm,
6 cm, 18 cm, 54 cm, 162 cm, 486 cm and 1458 cm) are allocated for soil parameterization and 4 - for snow.

To assess the quality of soil moisture and temperature analysis, we used data from the European observa-
tion networks: SMOSMANIA, HOBE and TERENO. The analysis was verified using data from 44 stations.
These measurements are available at the International Soil Moisture Network resource [12]. The summer (from
June to August) 2014 was chosen as the evaluation period.

The assessment of the state of soil moisture represented, that errors of surface moisture are often explained
by inconsistencies between predicted and observed precipitation. In general, the average bias for the evaluated
networks didn’t exceed 0.1 - 0.15 m3/m3. The average correlation coefficient for the SMOSMANIA network
turned out to be the smallest: it was 0.25 for a depth of 20 cm, 0.3 and 0.35 for 5 and 10 cm, respectively, for the
lowest layer - 0.19; for HOBE and TERENO it was practically independent of depth and fluctuated around 0.5-
0.55. Thus, the correlation between soil moisture observations and analysis either decreases or remained un-
changed with depth.

Analysis of soil temperature data showed that the diurnal and intraseasonal variations of this meteorologi-
cal element are reproduced correctly by the model, which is confirmed by high correlation coefficients. For ex-
ample, it varied from 0.4 to 0.94 at 20 cm for all three considered networks. The variability of soil temperature
caused by external factors becomes less with depth and the correlation between measurements and model
analyses increases (Fig. 1). At the same time, the model data contains significant bias that slightly changes with
depth. The error value varies from a few tenths to 2-3 degrees Celsius for different networks. The reasons for
such discrepancies may be incorrect specified characteristics describing the soil (for example, its composition
or coverage), inaccurate initial or boundary conditions. It is planned to assess the reproduction of the model
surface fluxes, as well as to estimate the possibility of approaching of the model data to the observational data
after several years of integration to find the reason of analysis errors.

E ; oil moisture and temperature are key characteristics required for an accurate weather forecast. Surface
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OueHKa Bocripoun3BeaeHus BNarKHOCTU U TeMnepaTypbl
MOYBbI B JIETHWUI CE30H rMobanbHoM Mogesbio atMocdepsl
M1AB

'TpaBosa C.B., “'Tonctbix M.A.
' TuapomeTuentp Poccum, Mocksa, Poccua
? UHCTUTYT BbluMCAUTENbHON MaTeMaTuKu M. .U, Mapuyka PAH, Mocksa, Poccus

E-mail: makhnorylova@gmail.com, m.tolstykh@inm.ras.ru

JTHUMH U3 KITIOYEBBIX XapaKTEPHCTUK, HEOOXOAMMBIX ISl Ka4eCTBEHHOTO MTPOTHO3a MOTOMbI, KaK Ha

KOPOTKHE, TaK U Ha JITMHHbBIE CPOKH, SIBIISIOTCS BIAXHOCTh U TeMIlepaTypa mouBbsl. Hampumep, mpo-

THO3 CyTOYHOTO XOZa MPHU3EMHOI TeMITepaTyphl CYIIECTBEHHO 3aBUCUT OT MPAaBUIBHOCTH BOCIPOH3-
BEICHUS TeMIiepaTypsl moBepxHocTH [ 1]. IloBepXHOCTHBIE TeMIIepaTypa 1 BIaXKHOCTb B3aMMOCBSA3aHbI, TO3TO-
My TOCTIEeTHSS TaKXKe BIUACT Ha KPaTKOCPOUHBIH porHo3 [2]. Kpome 3Toro, BIaKHOCTh MTOYBBI KOHTPOIUPYET
pacripesielieHie SHepruy MEXIy MOTOKaMH SIBHOTO M CKPBITOTO TEIUIa, ¥, CIEIOBaTeIbHO, BO3ACHCTBYET Ha
BECh MMOTPAHWYHBIH citoi [3]. J{ns cpeaHecpouHBIX U JOITOCPOYHBIX TPOTHO30B O0JIee BaYKHBIM SIBIIIETCS Mpa-
BIJIBHOE OMHCAHHME COCTOSHHS MOYBHI Ha ITyOWHAX, HCHBITHIBAIOIINX TOJIOBBIE KOIEOaHUs, U KOHTPOIUPYIO-
IIUX TPOIIecC TpaHcTupanuu [4].

OTCyTCTBHE pETyISIPHBIX YaCTHIX IHPOKO PACTIPOCTPAHEHHBIX HA3eMHBIX HAOMIOACHUH TeMIIepaTypsl U
BJIQYKHOCTH MOYBHI MIPUBEJO K TOSBICHUIO METOIOB, UCIOIB3YIONINX aNbTepHATUBHBIC BUIBI H3MEPEHHUI IS
pacuera mojel aHaIM3a THUX XapaKTEPUCTHK. Tak, I KOPPEKIMH MOBEPXHOCTHOTO CIIOS MCIIONB3YIOTCS
CIIyTHHKOBBIC HAOMIONEHHS [S5] IpPKOCTHOM TeMIepaTyphl TOBEPXHOCTH 3eMIIH, a IS 0oJiee TIIyOOKHX CIIOEB —
Ha3eMHbIE HAOTIOACHNS IPU3EMHOM TeMIIepaTypsl U OTHOCHTENBHOM BIaXKHOCTH [6].

B nannoii paboTte cTaBmIach 3aa4a OLEHUTh aHAIH3 (OI[EHKY Ha4aJIbHOTO COCTOSTHHSA) MTOJIeH TeMIepary-
PBI M BII2)KHOCTH B IIEPBOM METPE MOJIEIH JIeITEILHOTO CJIOs TIOUBBI TII00aiibHOM Mojesnn armocepst [IJTIAB
[7] ¢ paspemennem 0.9 rpagycos mo mupote u (.72 1o JONTOTE U UMEIOITY 0 96 ypOBHEH 0 BEPTUKAIU OTHO-
CUTETIFHO HEPETYISPHBIX Ha3eMHBIX HAONIONEHUH 32 COCTOSIHHEM MOYBHI. AHAIN3 Ha BBHIMIEYKAa3aHHON CEeTKe
MOITOTABINBAJICS C TIOMOIIIBIO METO/Ia OHOMEPHOI ONTUMAaTBHON HHTEPIOJISIIINY 71l TEMIIepaTyphl OBEPX-
HOCTH | JIBYX HIDKEJISKAIINX YPOBHEH, a TaKKe METo/Ia YIPOIIEHHOTO paciMpeHHoro ¢pmisTpa Kanmana s
BIIQXKHOCTH TIOUBHI B c10sX 18 cM 1 54 cM [6]. O6a 5TH anropuTMa yIUTHIBAIOT TOJILKO KOCBEHHYIO HH(pOpMa-
IIUIO O COCTOSTHUM MTOBEPXHOCTH, TIOATOMY OIICHKY TOJIeif aHaJIi3a OTHOCUTEIBHO MPSIMBIX HAOMIOICHUH MOX-
HO CUMTATh HE3aBUCUMOM.

B cucreme mporuosa moroast [TJIAB ucnonssyercst MuorocioiHast Mmoaens moussl IBM PAH [8] ¢ Hexko-
TOPBIMH YCOBEPIICHCTBOBAHMUAMH. B Hell TpyHT U cHer (IIpH €T0 HAJTMYNH) CUUTAIOTCS HEMPEPHIBHOM Cpeoi,
mpu 5ToM 8 coeB (1 cm, 2 cM, 6 cm, 18 cMm, 54 cM, 162 cm, 486 cm u 1458 cM) OTBOIATCS 7S TapaMeTpU3aIuu
MouBHI U 4 17151 cHera. BraronpoBogHoCTh apaMeTpusyercs MetoaoMm Kinmna n Xopubeprepa [9]. s pacue-
Ta TEIJIONPOBOAHOCTH UcTonb3yeTcs Gopmymna A.JO. FOpoBoi, momydeHHas B pe3yabTare anmpoKCUMAaIIN
HaOTIOCHNH BIAXKHBIX U MEP3JIBIX TPYHTOB:

_ wi(6.6w+1.91073) | i*(8.9i+2.1)-1073
A= 2-(w+i) w+i

» (D)

TJIe A — TETIONPOBOJHOCTH MOYBHI (Kas1/ cex-cm-°C);
W — MacCOBOE BJIAr0COIEPIKaHNE TTOUBHI (2p/ 2p);
i — MaccoBOe€ JIbIOCONIEPKaHNE TIOYBHI (2p/ 2p).

Pacnipenenenne KOHIIEHTpAINH KOpHEi ¢ rmyOnHOH 3amaHo 1o [10], cormacHo ueMy cymMMa BECOB IT0 BCEM
ciosiM paBHa 1. BennmumHa KOHIIEHTpALMK pacCYUTHIBAIACh 10 (hopmyre, ncnoip3yemoit B [11].

JlJist OIIeHKH KauecTBa aHAJIM3a BIAXKHOCTH M TEMIIEPATYPHI MTOYBHI OBLTH MCIONB30BaHbI JAHHBIE €BPO-
neiickux HadmonarenpHbIX ceteit SMOSMANIA, HOBE u TERENO, noctynusie Ha pecypce International
Soil Moisture Network [12]. TlogpoOHee nx XapaKkTepUCTHUKH MpeACcTaBieHbl B Tabiuie 1 u B padore [13]. B
KadecTBE OIIEHOYHOTO Meproa ObLT0 BEIOpaHo J1eTo (¢ HioHA 10 aBrycT) 2014 1.

Jis monmyyeHns 3HaYeHUS MoJIeH MoYBEeHHOTO aHamm3a Mozaenn [IJIAB B Touke HaOMIONEHIHA Ha 3aTaHHBIX
YPOBHSX MOJIENbHBIC TaHHBIC CHaYajla OMIMHEHHO MHTEPITOINPOBAIIICH 10 TOPU30HTAIHN B Y376l CTAHIINH, a
3aTeM JTMHEWHO MHTEPIIOIMPOBAJIICE IT0 BEPTHKAIH. B X0/1e pacdueToB Mpeanonaragoch, YT0 H3MEPEHUS MIPH-
HAJJISKAT CEPeINHE CII0sI, B KOTOPOM IPOBOIMIIOCH HAOMIOACHHE.

Bepudukanus ananxusza IpoBOAWIACE IO JaHHBIM 44 CTaHIWH, PaCIOIOKEHHBIM MIPEUMYIIIECTBEHHO HA
Tepputopuu 3amagHoit EBporer. CTaTucTryeckue mokas3aresy ObUTH ITOTyYeHBI JUTS M3MEPEHHUH, TIPOU3BE/ICH-
HBIX B MOMEHT aHaJIM3a MOJIeNH. B kauecTBe Takux XapaKTepUCTHK BBIOpaHbI cpeaHss omunoka (Bias, Habmro-
JIEHUS - aHAIN3), cpeiHekBaaparnyeckas omnoka (RMSE) u xoaddunuent xoppemnsiium [Tupcona (R).
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Tabnuua 1. KpaTKaﬂ XapaKTepUCTUKa ceTel HabMoaeHNI BNaHHOCTU 1 TeMnepartypbl NoYBbl, UCNOJIb30BaHHbLIX B @HHOM

uccnesoBaHUu.
KosmmuecTBo rﬂ}:ﬁ"m’l nsmepe- Yacrora Haspanue ToyHoCTh
Ha3zBanue ceTu N HUIi (BepXHss .. | ©3MepHTeJbHOro .
CTaHIMit HU3MepeHui u3MepeHui
rpaHuIA cJI0s1), M HHCTPYMEHTa
17 0.05
SMOSMANIA |17 0.10 | pas B wac ThetaProbe-ML2X | £0.05 M*/ M’
(®panums) 17 0.20 P PT-100 +0.3°C
16 0.30
22 0.00 , "
HOBE Decagon-5-TE +0.05 M/ M
(Hanmst) 22 0.20 I'pa3 B viac Decagon-5-TE-A | £1.0°C
21 0.50
0.05 Hydroprobe-II- 10.01 —
TERENO 0.20 Sdi-12-A U, s
: 1 pa3 B yac 0.03 M/ ™M
(Tepmanmst) Hydroprobe-II- o
4 0.50 Sdi-12-B +0.3°C

J1J1st KOMIUIEKCHOTO aHaJIn3a OIIGHOK C MOMOIIBI0 AuarpaMmbl Teiinopa ObUIN TOTIOTHUTEIBHO PACCUUTa-
HBI HOpMaJlTu30BaHHOE cTaHAapTHoe oTkioHeHue (SDV) (2) u nentpupoBanHas RMSE, HopmanuzoBaHHas Ha
CTaHJapTHOE OTKIIOHeHHE HabmroneHui [13]:

SDV = Omodel , (2)

Oobserv
[JIE G, — CPENHEKBAIPATHYECKOE OTKIIOHEHUE MOJIENIBHOTO aHANIN3A,
19 — CPENHEKBAAPATHYIECKOE OTKIOHEHHE HAOIIONEHHMA.

E? = (RMSE? — Bias?)/c%sory- 3)

O1ieHKa COCTOSHUS BIIaXKHOCTH TTOYBBI IT0Ka3aja, YTO OMIMOKH B TIOBEPXHOCTHOH BIaXKHOCTH 4acTo 00b-
SICHSIFOTCS] HECOTJIACOBAHHOCTBIO IIPOrHO3MPYEMBIX M HAOIIOAEMbIX OCAJIKOB: JINOO B MOJICIIN BBINIAIAFOT JIMIII-
HUE 0CaJKH, TM00 HA00OPOT, OHM OTCYTCTBYIOT B aHAJIM3€, HO €CTh B HaOmroaeHusx. C n1yOnHO# X0/ BlIaKHO-
CTH NOYBBI CTAHOBHTCS O0Jiee IaBHBIM. BEIOPOCHI, CBSI3aHHBIE C 0CaAKaMH, CTAHOBSATCS] MEHEE BEIPaKCHHBIMH
B M3MEPEHHAX, B aHAJIM3€ OHH IIPAKTUYECKU NCUE3al0T COBCEM. B CBSI3M € TeM, YTO PU aCCUMIIISILIAY y3JIbI CO
CBE)KEBBINABIINMH OCaZKaMH HE PAacCMaTPUBAIOTCS, CKOPEE BCETO TAKOE CINIA)KUBAHUE MOXKHO OOBSICHUTH
cymikoM ObicTpoit tuddysueit Biaru. B nienom, cpeare omuOKH AJ1sl paccMaTpUBaeMbIX CTaHIMH HE IIPEBBI-
marot 0.1 - 0.15 M"/ M. Cpennuit kordduument koppensuuu s cett SMOSMANIA nosyunics HauMeHb-
mwM: 1t ryounbl 20 e ol coctaBmi 0.25, st S u 10 cm 0.3 u 0.35 cOOTBETCTBEHHO, TSI CAMOTO HIXKHETO
ciost - 0.19; it HOBE 1 TERENO oH npakTuuecky He 3aBHceN OT NIyOHHBI 1 Kosebancst okoio 0.5-0.55.
Takum 06pa3oM, ¢ TIyOMHON KOppessiiusl HaOIIOAEHUH BIaKHOCTH TOYBBI M aHANIN3a JIMOO YMEHBIIAETCS,
1100 OCTaeTCs HEM3MEHHOM.

observe

Tabnuua 2. CTaTUCTUYECKME OLIEHKM CPaBHEHMA NONIEN aHanM3a TeMNepaTypbl M BNaHHOCTM NOYBbI M [aHHbIX HabMoge-
HUIA ans rnyouHsl 20 cm.

Bias E R

Ha3zBanue cetn - - -
min avg max min avg max min avg max
-3.83 2.21 5.90 0.48 0.74 1.06 0.46 0.70 0.89

SMOSMANIA
-0.28 -0.06 0.11 0.73 1.02 1.28 -0.27 0.25 0.73
HOBE -496 | -0.90 1.74 0.45 0.87 1.48 0.40 0.71 0.94
-0.13 -0.01 0.1 0.67 1.00 2.34 -0.63 0.50 0.99
-0.18 | -0.18 0.71 0.56 0.81 1.09 0.69 0.76 0.89
TERENO

0.02 0.1 0.13 0.88 1.29 1.66 0.55 0.56 0.59

AHani3 JaHHBIX TEMIIEpaTypbl MOYBBI I10KA3ajl, YTO CYTOYHBIH M BHYTPUCE30HHBIN X0/ METE03IEMEeHTa
MOJIEJIBIO BOCIIPOM3BOANTCSI IIPABHIIBHO, YTO TIOATBEPIKAAETCSI BHICOKMMU Kod(duirenTamMu koppessiunu. Ha-
npumep, Ji1st TyouHs! 20 M 110 BCEM TpeM pacCMOTPEHHBIM ceTsiM OH Bapbuposasics ot 0.4 no 0.94. C myou-
HOW M3MEHYMBOCTH TEMIIEpaTypbl MOYBBI, OOYCIIOBICHHAsI BHEIIHUMHU (DaKTOpaMM, CTAHOBHTCS MEHbIIEC U
KOPpEJISIMS MEX/y aHAJIM30M U HaOJIOCHUSIMH YBEIIMUUBACTCS 110 CPABHEHUIO C BBILIEIICKAIMMH CIOIMHU
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(puc.1). Bmecte ¢ TeM B MOAETBHBIX TaHHBIX IIPUCYTCTBYET CPEIHS OMIOKA, HE3HAYNTEIHHO N3MEHSIOIIASCS
¢ DIyOMHOI. B 3aBHCHMOCTH OT CeTH, ee BEeIWYMHA BapbHPYETCS OT HECKOIBKHX AECATHIX A0 2-3 rpalxycoB
Llenbcus. [IpnunHaMu TaKMX PacXoXICHUIH MOTYT ObITh HETOYHO 3aaHHBIC XapaKTEPUCTHUKH, OIMCHIBAIONIHE
HOYBY (HalpHMep, €€ COCTaB WM NOKPBITHE), HETOYHbIE HaYaJIbHbIE HJIM IPaHUYHbIC YCIIoBUsL. [l ux pasne-
JIeHUS IUTAHUPYETCS MIPOBECTU OLCHKU BOCHPOU3BEACHHS MOJIEIBIO TIOBEPXHOCTHBIX IIOTOKOB, a TAKXKE OLe-
HHUTb BO3MOXKHOCTH NPUOIIDKEHHST MOJEIBHBIX JaHHBIX K JAHHBIM HAOMIONCHUH Yepe3 HECKOJIBKO JIET HHTET-
PHPOBaHHSI.

Standard Deviation
Standard Deviation

14

observation

observation

Puc. 1. [uarpamMbl Ternopa, NoKasbiBatoLLme CPAaBHUTENBHBINA aHanM3 TeMnepatypsl noyskl 4aa rnybud 5 (a), 10 (6), 20 (B) m
30 (r) cM cetv SMOSMANIA v fianHbIX aHanu3a mogenu M/1AB. Po3oBbiM LiBeToM oTMeyeHa E. LiBeTa Kpy*KKoB onpeaensioT Tun
MOBEPXHOCTM Ha CTaHLMM: YEPHbIV LIBET — CENIbCKOXO3AWCTBEHHBIE MOJIA, 3€/1EHbIN LIBET — TPaBa U CUHWIA LIBET — AePEBbA.

TaxuM 00pa3oM, MOJKHO 3aKJIFOUHTh, YTO B CPEIHMX IIMPOTAX aHAJIHM3 TEMIIEPATypbl MOYBBI B MOJEIU
ITJIAB nyuie cormmacyercsi ¢ HaOIIOICHUAMH, YeM BIQXKHOCTb MOYBHIL. [Ipy 3TOM COITIacOBAaHHOCTH TEpPMHUYE-
CKOT'0 IapaMeTpa ¢ IIyOHMHOW YBEINYNBACTCS, a BIAKHOCTH — HEeT. BemnuuHbl ook aHau3a pacCMOTPEH-
HBIX BEJIMYUH CPABHUMBI C OIICHKAMH, TIOTy4eHHBIMU [Tt cucTeMbl GLDAS [14] 1 mo3Bosisit0oT paboTaTh ¢ Ta-
KOW MOJIeNbI0 MMOYBHI. JlambHEHIIast OlleHKa KadecTBa ITUX Mojel ang Asctpanuu 1 CeBepHo AMEpUKH, Ha
TEPPUTOPUHU KOTOPHIX JAHHBIX HA3EMHBIX M3MEPEHHH, JOCTYNHBIX MPU MPOrHO3aX, CYIIECTBEHHO MEHBIIIE,
MO3BOJIUT BepU(UIIMPOBATH PAOOTOCIIOCOOHOCTH MOJIENN B 3aCYIUIMBBIX PETMOHAX, @ TAKKE OLEHHUTH BKIA]
YCBOGHHSI IPU3EMHON TeMIepaTypbl # OTHOCUTEIBHON BIIAYKHOCTH B KOPPEKIIMIO TTOJIEH aHAIN3A.
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Variability of dates of snow cover formation in Siberia
for 1970-2020 according to various datasets

'Matyukhina A.A., “Voropay N.N., *Martynova Yu.V.

' Tomsk State University, Tomsk, Russia
?V.B. Sochava Institute of Geography SB RAS, Irkutsk, Russia
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plants and animals' lives. SC protects the soil from deep freezing and preserves winter crops, absorbs

nitrogenous compounds, thereby fertilizing the soil, adsorbs atmospheric dust, and cools the surface lay-
ers of the air. SC contributes to significant changes in the radiation and heat balance of the underlying surface.
Therefore, the dates of the appearance of SC and the formation of a stable SC (SSC) are essential characteris-
tics of the environmental conditions under current climate changes.

Siberia is a vast geographic region in the north of Asia. A continental and sharply continental climate
characterize it. We analyzed the long-term change in the dates of the SC formation for 1970-2019. In the
study, we used daily data on the degree of snow coverage at 161 Siberian stations located within 60-120° E
and 50-70° N.

The data were downloaded from the database of the Russia Research Institute of Hydrometeorological
Information, World Data Center (RIHMI-WDC). Also, we used weekly satellite data of NOAA on the SC ex-
tent for the Northern Hemisphere. For the satellite data, the date of the SC formation beginning was determined
as the date of the first day of the week, when the snow was detected for the first time.

For the station data, the first day was determined as a date with more than 5 points with the SC cover-
age. Since according to satellite data, a day with snow is a day with the SC coverage of more than 50% of
the grid cell. When comparing the dates of the SC appearance and the SSC formation, we assume that the
dates coincided on two datasets if the difference in dates (DATE, ;. — DATE,.,) 18 positive and does not
exceed 6.

It was found that for 1970-2020 for Siberia, the average number of the coincidences for two datasets for
the SC appearance dates is 8.4, and for the dates of the SSC establishing is 8.2. The maximum number of the
coincidence of the dates is 19. The correlation coefficients showed that the relationship between the coinci-
dence of dates and geographic coordinates is significant and does not exceed the average value.

S now cover (SC) significantly impacts the climate, relief, hydrological and soil-forming processes, and

B The research was carried out according to State project No. 121031300158-9.
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N3MeHuMBOCTbL AaT 06pa3oBaHUA CHEMHOIO NOKPOBa
Cnbupwm no pasHbIM HabopaM OaHHbIX B nepuog
1970-2020 rr.

'MartioxuHa A.A., **Boponait H.H., ‘MapTbiHoBa 10.B.

' ToMcKwit rocynapcTBeHHbIil yHuBepcuTet, ToMck, Poccua
? WuctutyT reorpadum um. B.B. Couasbl CO PAH, UpkyTck, Poccus
* UIHCTMTYT MOHMTOPUHTa KTMMATUYECKMX U 3Konoruyeckux cuctem CO PAH, Poccua

E-mail: matyukhina_nastya08@mail.ru, voropay_nn@mail.ru, foxyj13@gmail.com

HexHbIH TokpoB (CIT) oka3piBaeT OrpOMHOE BIMSTHHE HA KITUMAT, pesibed), THAPOIOTHYECKHE 1 TIOUBO-

00pa3oBaTeIbHbIEC MPOLIECCH, KU3Hb pacTeHUi 1 KUBOTHBIX. CII mpemoxpaHseT mouBy OT TIIyOOKOTO

TIPOMEP3aHUs U COXPAHSAET 03UMBIE TTOCEBHI, TOTIIONIACT a30TUCTHIE COSAMHEHUS, yIOOPsIsl TEM CaMbIM
MOYBY, aICOPOUPYET aTMOCHEPHYIO BT, OXJIAXK/IAET MPU3EMHBIE CIIOM BO3/1yXa. Maiiasi TeIuIonpoBOIHOCTh U
GobIIast TEIIOEMKOCTh CHETa MPUBOAUT K TOMY, 4To TertoooMeH uepes CII 3amenyieH, cyTouHble KoebaHus
TeMIepaTypsl OBICTPO 3aTyXaloT ¢ ITyOHHOI, mpoHuKas Ha Timyouny 25-35 cMm [1]. CII crtoco6eTByeT cymecT-
BEHHBIM H3MEHEHHUSIM PaMAllMOHHOTO U TEIJIOBOro OallaHCca MOICTHIIAIONIEH MOBEPXHOCTH, MTO3TOMY JaThI
nosieienust CII u obpazosanus ycroitunsoro CII (YCII) sBnsroTcs BaXKHBIMHA XapaKTEPUCTUKAMHU COCTOSTHUS
OKpY>KaroIiel cpeasl MPH COBPEMEHHBIX M3MEHEHMAX KiIuMata. IIoKphITas CHEroM MOBEPXHOCTH MOIVIONIAET
MEHBIIIE paJuaIliy M OXJIAXKIAeT OKPYXKAIOIKi Bo3ayX. Pagnannonnoe oxnaxaeHne GopMupyeT o0IacTH Mo-
BBIIICHHOTO JABJICHUS HaJ] CHEKHBIM TIOKPOBOM, a XOJIOHBIH MOJISIPHBINA BO3AYX EPEHOCUTCS B OoJiee HU3KHE
IIMPOTHL. Brois MoIspHBIX (POHTOB BBIANACT CHET, YTO MPUBOIHUT K eIle OONbIIeMy paclpoCTpaHEHUIO
CHE)KHOTO TTOKPOBA, U MOCIEAyIOIIee aTMoc(epHoe BOSMYIICHHE TIPOHNUKAET Jablie Ha Ior. Takas cBA3b Aei-
CTBYET OCEHBIO M 3UMOM, KOT/la MOCTYIJICHUE COJIHEYHOM pajuallii K CHEry OTHOCHTENHHO Malio. BecHoi,
KOTJIa MHCOJISIS BHYTPH KOHTHHEHTA BEJIKa, OHA MeHAeTCs Ha 00paTHy10. O01acTh BEICOKOTO IaBICHUS Mpe-
MATCTBYET JaJTbHEHIIEH aKKyMYIISAILUH, HO CIIOCOOCTBYET SICHOM TIOTO/IE ¥ BBICOKOMY MIPUXOY paIHaIliil K MO-
BepxHOCTH. B pesynprare anp0eno cHEXXHOM MOBEPXHOCTH CHMXKAeTcs, Bo3pacTaeT tasHue, u CII pa3pymaer-
cs1. Ucnapenwne ¢ mosepxHoctu CII yBenmuunBaeT aTMOC(HEpHYIO BIaKHOCTB, B pE3yJIbTaTe Yero pacTeT MpOTH-
BOM3Iy4eHHE aTMOc(ephl, YCKOpsieTCs UcrapeHne 1 o0pasyrorcsi oonaka. OHH POTrpEeBarOTCs 32 CUET MOIIO-
IIEHHOW COJTHEYHOM paaualiyy ¥ pajualiiy, OTpaKeHHOHW oT cHera. Korma ke cHer mox oOmakaMu TaeT, X
anp0eno pacrtet, M o0aka HAUMHAIOT OXJIAXKJaThcs. B ropax mpu oOmnbHOM BhIMageHuN cHera rpanuma CIT
OITyCKaeTCsl, OKPYKAIOIIU# pailoH oXJIaxaercs, elie 00JbIle 0CaJAKOB OTKIIA/IBIBAETCS B TBEPAOH (hase u 1mio-
maab CIT nmponomxkaeT pacmupsThbest [2].

Cubups — oOmUpPHBINA reorpaduueckuii peTHOH Ha ceBepe A3NH, OTpaHMUYEHHBIHN C 3amana YpaabCKUMU
ropaMH, C BOCTOKa — BOJOPAa3/IeIbHBIMUA XpeOTaMH, HIYIINMHU BIOJh THXOro okeaHa, ¢ ceBepa — CeBepHBIM
JlemoBUTEIM OKeaHOM, ¢ fora — rocyapcTBeHHo# rpanumeit Poccun [3]. st Cubupn xapakTepeH KOHTHHEH-
TaJBHBIN U PE3KO KOHTHHEHTAJIbHBIN kumart. Kitmmar Boctounoit Cubupu, 3a HCKITIOUCHUEM IIEHTPATbHBIX U
IOXKHBIX paifoHOB KpacHosipckoro kpasi — pe3Ko KOHTHHEHTaJIbHbIN. 3amaaHas yacte Cubupu — paBHHHA, 3a
HCKJTIOYCHHUEM I0XKHBIX OKpaWH, IpUYeM B OoJiee F0KHOI 9acTH OHa He oTAensercs oT EBponetickoii Poccun
KaKMMHU-JIHO0 €CTECTBEHHBIMH MTPETPaaMH, TOITOMY M KIMMAaT He OTANYaeTcs oT KiauMaTa EBporeiickoii Poc-
CHH XOTh CKOJIBKO-HHOYIh PE3KO0; TI0 Mepe IBIKEHHS Ha BOCTOK OH CTAHOBHUTCS 00Jee KOHTHHEHTAIbHBIM. B
6oItee ceBepHOIl moyoce, HaUMHAasK 0T 62° c.11. TouTH 10 JlemoBuTOrO OKEaHa, rpanuneit EBponeiickoit Poccun
u 3anagHoit CHOUpH CITy)KUT YpaibCcKuil XpeOeT, MOTOMY 3/eCh KIMMaT Pa3ndaeTcs pe3ue: ¢ OKTAOps 1o
MapT XoJoHas u Ooee sicHas MOTo/1a, CHETa BhIMTaaeT MEHbIIIE, TO3TOMY OH TaeT PaHblIe, U paHbIIe K& Ha-
CTyIaeT BECEHHEe TEIIO; JIETO HEMHOTO TeIlIee Ha BOCTOKE.

[Tpu ananu3e MHOTONETHETO M3MeHeHus aT oopazoBanus CII 3a 1970-2019 rr. HCIOTB30BaHBI €3KETHEB-
HBIE JAHHBIE O CTENICHH MOKPHITHS OKPECTHOCTH CHEeroM Ha 161 cranmmu CuOHpH, HaXOOAIMUXCS B peaeIax
60-120° B.11. u 50—70° c.1m1. JlanHble HabMrOneHNH OBITH CKauaHBI ¢ 6a3bl TaHHBIX BCceMHpHOTro Hay4YHO-HCCITe-
JIOBaTeJIbCKOTO NHCTUTYTA THIIPOMETEOpOoIornuecKkoit nHdopmaru — Muposo# entp aanubix (BHUUTMU-
MIIM) [4]. Taxxe nns wccnenoBaHusi B padoTe ObUIM MCTIONB30BAHBI JaHHBIE CITyTHUKOBBIX HAOMIOMEHUI
NOAA o npotsoxkenHoctr Cl1, monydeHHbIE HA OCHOBE €XEHEIENbHBIX 0TYeTOB 110 CEeBEPHOMY MOTYIIAPHIO.
Onu ObUTH OLIM(POBAHBI C KAPT CHEXKHOTO IIOKPOBA Ha JIEKAPTOBYIO CETKY, HAJIOKEHHYIO Ha OJISIPHYIO CTEpeo-
rpadudeckyro mpoekuio. J[anHsle IMEIoT IpocTpaHcTBeHHOE paszpemenue 190,6 kv Ha mmpoTe 60°, 00HOB-
JISFOTCS ©KEMECSYHO, ¥ OXBATBIBAIOT MEPHON C 4 okT10ps 1966 rona mo HacTosmee Bpems. B cBs3u ¢ TeM, uto
UCIIOJIb3yeMbIe JIaHHbIE UIMEIOT HE/ISNbHOE Pa3pelleHue 110 BpeMeHH, 1ara Hadana ¢popmuposanus CIT ompene-
JISUTach, Kak J1aTa Havyajia HeJleNH, T/ie BIIepBhIe 3a ce30H ObII0 oTMeueHo nossienue CII Ha Tepputopun [5].

[IpoananusupoBano cosnaaenue aat nossieHus CII u ob6pazoBanus YCII mo nBym pa3HbIM Habopam
JaHHBIX. 71 TOTO YTOOBI OLIEHUTH coBNaieHue aAaT nossieHus CII mo qaHHeIM HaOIOIEHHS HA METEOPOIIOTH-
YeCKUX CTAHIUAX U CITyTHUKOBBIM JaHHBIM OBbUT ONpeesieH NepBhIi AeHb ¢ MoKpheITHeM okpecTHocTH CII 6o-
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aee 5 6anioB, Tak Kak 10 CITyTHUKOBBIM JJAHHBIM JICHb CO CHETOM — JICHb C IOKpbITHEM Ooree 50% moBepxHO-
ctu. [Ipu cpaBuenwn nat nosBinenus CII u ob6pazoBanns YCII cunraem, 9T0 AaTHl COBMANH IO ABYM 0Oazawm,
ecim pasauna B 1HAX (JIATA, ... — JATA ) TOJIOKHUTENBHA U COCTaBIseT He Oombie 6. Tak kak cryT-
HHUKOBBIC JJAHHBIC UMEIOT HE/IEJIbHOE pa3pelIeHNe, Haqaao Kax/10i HOBOI HE/IENN — BTOPHUK, U €CIIM pa3HHLa
Oyzmet npeBsIIaTh 6 qHEH, To nara oopa3zosanus CII Mo Ha3eMHBIM METEOPOIOTHIECKUM TaHHBIM OyJeT OTIIN-
YaThCs OT CITyTHUKOBBIX JAHHBIX HA HE/IENI0 UM OoJIee.

KonuuecTBo coBnaieHni (KOJIMUECTBO CciTydaeB 3a nepron) aat nosisiaeHus CII BBIYUCTAINCH O €XKeTHEB-
HBIM JIaHHBIM M3MEpEHHs MOKPBITHS OkpecTHOCTH CII 1 CIyTHMKOBBIM JaHHBIM. MaKCHMaJIbHOE KOJIMYIECTBO
coBmasieHnit paBHO 19 Ha cranipm Onenek, muanMmanbsHoe — 0 Ha cranmusax Tymyn u Xamap-/laban, cpegnee
YHCJIO COBMAACHUHA PaBHO MPUMEPHO §, a CTaHIapTHOE OTKIOHEHHE paBHO 3,55. MakcHMaIbHOE KOIMIECTBO
coBmasieanit gar oopazosanus Y CII paBHo 19 Ha cranmmsax Onenek n Cyxana, MUHIMaNbHOE — 0 Ha CTaHIHAX
Xamap-Zlaban u Bomsimoe T'onoyctHoe, cpeHee 9rcino COBNaAeHUH 8, a CTaHAapTHOE OTKIIOHEHHE paBHO 3,75.

Taxoke ObITH paccanTaHbl KO3(PPUITMEHTHI KOPPEISINHU ¢ BBICOTOW, ITUPOTON M JOIATOTOH IS OLIEHKH 3a-
BrucuMocTu coBraaennii aat nossieHus CII u ycranosnenuss YCII ot reorpaduyecknx koopauHaT. CBsi3b
MeXTy KomaecTBoM coBnagennit nosinenus CII u BeicoTolt ymepenHas orpunarenbhas (—0,5, cBA3b 3HAUH-
Ma), ¢ UPOTOH yMepeHHas onoxurtenbHas (0,48, CBsI3b 3HaUNMa), ¢ JONTOTOH crabas otpunarensHas (—0,14,
CBsI3b He3HaYMMa). MakcuMasibHOe CoBMaieHue qHel Ha cranmuu Onenek (19), MUHUMaIbHOE JTHEeH Ha CTaH-
uun Xamap-Jlaban (0) u cpennee 3Hauenue (8 nueil) Ha ctannuy OMck. CBSA3b MEXIY KOJIMIECTBOM COBITAIC-
Huii nat ycranosnenus Y CII u BeicoToil ymepenHas orpunarensnas (-0,43, cBs3b 3HaYMMA), C IMUPOTOH yMme-
pennas nonoxwurenbHas (0,40 (cBA3b 3HaYMMA), a ¢ TOATOTON cimabas orpunarensHas (—0,11, cBsI3p He3HAYH-
Ma). MakcumanbpHOe coBmagenne Ha ctannuu Onenek (19), MuanMansHOe Ha cTaHIUAX Xamap-/laban (0) u
cpennee 3Ha4eHHe Ha cTaHny OMmck (8) [6].

Takum o6pa3zom, cpenHee unciio coBnaaeHuii nar nossierus CII mo 1Bym Habopam AaHHBIX 3a MEPUOJ
1970-2020 rr. Ha Tepputopun Cubupu Ha 161 cranmum paBHO 8,4, a cpeHEee YHCIO COBMAACHNH YCTaHOBIIE-
uus YCII pasno 8,2. MakcumaibHoe coBrnagenue mo nossieHnto CII n ycranosnennro Y CII pasro 19. Koad-
(UIMEHTHI KOPPEIAIMN [TOKA3aJIH1, YTO CBSA3b MEXKY COBIAICHUEM JIaT U reorpaMueCcKUMI KOOPIUHATAMU HE
MPEBBIMIACT YMEPEHHYIO U SIBISIETCS] 3HAYMMOMN [UISl IIMPOTHI ¥ BBICOTHI HAJl yPOBHEM MO

Juns nar nossienust CII u ycranosnenus Y CII o Ha3eMHBIM M CITyTHHUKOBBIM JJAHHBIM OBUT PacCUMTaH
TPEHJ U €r0 3HAYUMOCTb, a TAaKXK€ CpeJHEe, MUHUMYM, MaKCUMYM, CTaHAApPTHOE OTKJIOHCHUE MOIYYEHHBIX
TPEHAOB IJIsl BCEX CTAHIMH M CTAaHINI, Ha KOTOPBIX 3a()MKCHUPOBAHBI CTATUCTUYECKN 3HAUNMbIE H3MEHEHHUSL.

Amnamms tpernos aat noseiuerns CII u o6pasoBanust Y CII mo Ha3eMHBIM U CITyTHUKOBBIM JaHHBIM TTOKa-
3aJ1, 9T0 3a(hUKCHPOBAHO 27 3HAUNMBIX TpeHA0B fat nossiaeHwst CIT mo Ha3eMHBIM JaHHBIM | 18 TIO CITy THHKO-
BBEIM. MaKkCUMaIbHOE 3HaYEeHUE 3HAYMMBIX TPEH/IOB TI0 Ha3eMHBIM JaHHBIM cocTaBmio 7,88 mueii/10 met, mo
CITyTHUKOBBIM — 6,15 mreid/10 net. MuHIMaIbHOE 3HaUCHIE 3HAYMMBIX TPEHIIOB 110 HA3€MHBIM JIaHHBIM COCTa-
Bry0 —5,98 muei/10 net, mo cnyTHHKOBBIM —6,25 mHei/10 net. CpenHee 3HaueHHE 3HAYMMBIX TPEHIOB U 110
Ha3eMHBIM, U 10 CITyTHUKOBBIM JaHHBIM OTPHIAaTeIbHOE, U paBHO —0,79 1 —2,64 coorBeTcTBeHHO. CTaHAapT-
HOE OTKJIOHCHHE 3HAYNMBIX TPEH/I0B PaBHO 3,75 10 HA3eMHBIM TaHHBIM U 2,47 110 CIryTHUKOBBIM. Takum o0pa-
30M, 3HaYUMBIX TpeHJO0B AaT nossieHus CII mo Ha3eMHBIM JaHHBIM Mpeoliafaromee KoIuIecTBo. Makcu-
ManbHBIA casur noseaeHus CII Ha Oonee paHHUE CPOKH 3a(UKCHPOBAH TIO CITyTHHKOBBIM JIaHHBIM Ha 6,25
nueii/10 net (ct. Bepxusas ['yrapa).

Jns nat ycranosinenust Y CII otmedeno 13 3Ha9UMBIX TPEH/IOB IO HA3€MHBIM TaHHBIM 1 21 110 CITy THHKO-
BEIM. Hanbompiee mONoKUTETbHOE 3HAYEHHE TPEHAOB 110 Ha3eMHBIM JaHHBIM cocTaBmiIo 5,35 mueit/10 et
(ct. ArTnmarora), Hanbomsiee orpumarensaoe —9,79 aueii/10 et (ct. Typodak), o cIyTHUKOBBIM — BCE CTa-
THCTHYECKU 3HAYMMEBIE TPEHIBI OTpHIaTenbHble (0T —8,3 Ha cT. Bepxuss ['yrapa no —2 aus/10 nert). Cpeanee
3HaYEHHUE 3HAYMMBIX TPEHIOB 110 Ha3eMHBIM JaHHBIM cocTaBmio 0,56 mo cryTHuKoBEIM —4,42. CTanmapTHOE
OTKJIOHEHHE 3HAYMMBIX TPEHIOB paBHO 4,9 0 Ha3eMHBIM JaHHBIM H 1,6 IO CIYTHUKOBBIM. TakumM oOpazoM,
3HAUMMBIX TPEHAOB JatT ycTaHosiaeHust Y CII 1o CIlyTHUKOBBIM JaHHBIM Npeo0iiaiatoniee KOINIeCTBO, HO BCE
3HAUMMBIE TPEHJIBI [0 CITyTHUKOBBIM JaHHBIM OTPHUIIATEIBHEL. [10I0KUTEIbHBIE 3HAUCHNS TPEHAA TTpeodiiaia-
0T IO Ha36MHBIM JaHHBIM, TO €CTb IPOUCXOANT caBHT nat ycraHoineHus Y CII na 6onee nozauaue cpoku. Co-
IVIaCHO aHAJIM3Y CITyTHUKOBBIX IAHHBIX, TPOUCXOAUT caBHr yctaHoBiaeHus Y CII Ha Ooree paHHUE CPOKH.

METEOCTAHLIUSL.

B VlccnepoBaHue BbiMoSIHEHO B paMKax rocbiogrketHon TeMbl N2 121031300158-9.
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Finding of optimal predictors for the forecast of ice based
on the WRF-ARW model

"?Pischalnikova E.V., “Kalinin N.A., “Sviyazov E.M., ‘Bykov A.V.

' Perm Center for Hydrometeorology and Environmental Monitoring, Perm, Russia
? Perm State University, Perm, Russia

E-mail: sinoptik.perm@yandex.ru

the form of liquid precipitation (rain or drizzle), due to their freezing. When forecasting glaze ice, data on
the distribution of air temperature and humidity with height in the boundary layer are usually used.

This paper examines the 2019-2020 cold season. Due to the increased temperature background, precipita-
tion fell in different forms, atypically there was a lot of mixed and liquid precipitation. In fact, 201 events of ice
were noted at 21 meteorological stations of the Perm region.

The finding of significant parameters necessary for predicting the occurrence of ice was carried out on the
results of the WRF-ARW model version 4.2.2 for the period from October 30, 2019 to March 31, 2020. The
finding for optimal predictors for ice forecasting based on model data was originally based on 47 model meteo-
rological parameters. The following meteorological parameters were used as predictors: air temperature, air
humidity, wind speed, atmospheric pressure reduced to sea level at the meteorological station and the geopo-
tential height of isobaric surfaces, atmospheric precipitation.

Using the method of standards, the significance of the predictors was determined. The standards were set
for a set of meteorological parameters corresponding to ice (class I) or its absence (class II). Vectors in the
space of attributes (meteorological parameters) were used as standards for the indicated classes. Each specific
situation was assigned to the class for which the distance in a given space turned out to be smaller. After pro-
cessing the data, a contingency table of the forecast was compiled. Since the predictability of the forecast is not
suitable for determining the quality of the forecast of such rare phenomena as ice, the Piers-Obukhov criterion
(Q) was used to assess the significance of the parameters for the forecast. The criterion was calculated for each
parameter, as if it alone was considered for the forecast. Further along Q, the most significant parameter for
which the criterion has the greatest value was found. Then the Peirce-Obukhov test was calculated for pairs of
predictors including the previously selected parameter. The best pair was selected for the maximum Q. Simi-
larly, the best group of three predictors was selected, containing the best pair obtained in the previous step, then
proceeded to the selection of the best groups of four predictors, etc. The selection of parameters ended when, as
a result of such iterations, the values of the criterion Q ceased to grow. As a result of the procedure for selecting
model parameters, 17 significant predictors were obtained for predicting of ice. In addition to the temperature
and humidity characteristics, which are usually used forecasting of ice, the list of significant predictors contains
information on various types of precipitation, as well as the geopotential height of the isobaric surface of 700
hPa and the wind speed at the earth's surface. The contingency table for predicting of ice, obtained from the re-
sults of the research sample, showed that out of 201 events, according to these parameters, it was possible to
predict 154 cases of ice (77%). The number of missing events was 47 cases.

The study should be repeated using verification on an independent sample. Notwithstanding the relatively
limited sample, this work offers valuable insights into information on atypical predictors for predicting of ice,
such as an isobaric surface height of 700 hPa.

Ice is called a layer of ice formed on the surface of the earth and unprotected objects during precipitation in

B This work was supported by the Russian Foundation for Basic Research (project No. 19-45-590021).
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[ToMCK oNTUMarbHbIX NPeaUKTOPOB /1A MPOrHo3a
BO3HUKHOBEHUA rosiosieaa Ha ocHoBe Moaenn WRF-ARW

"Muwanbhurosa E.B., ‘KanunuH H.A., “Ceuasos E.M., ‘Bbikos A.B.

' MlepMCKMi LieHTp No FMAPOMETE0POIOr MM U MOHUTOPUHTY OKpYMaloLueii cpeabl, llepMb, Poccus
? MlepMCKMif rocyapCTBEHHbIN HaLMOHaNbHbIN MCCeao0BaTeNbCKNii yHuBepcuTeT, Mepmb, Poccus

E-mail: sinoptik.perm®@yandex.ru

OJIOJIEZIOM Ha3bIBAETCS CIIOM JIbAa, 00pa30BaBIIMICS HA TTIOBEPXHOCTH 3eMJIM U HE3aIUIIEHHBIX 00hEK-

Tax BO BpEMS BBIMAJCHHUSA OCAIKOB B BUJIE XKUAKUX OCAJIKOB (OXK/ISA WIM MOPOCH), BCICICTBHE UX 3a-

Mep3aHus. [omoneny, kak MpaBWIIO, COMYTCTBYIOT ONMM3Kas K HYJIIO TEMIIeparypa BO3/AyXa, BBICOKast
BIIAYKHOCTB, BeTep. ToMMIuHA CIT0s JIbJa, TIOSIBUBILETOCS MIPU TOJI0JIE/Ie ¥ JOCTUTHYBIIast 20 MM, SBISIETCS KpHU-
TEepHEM OIAacHOTO MpupoaHoro sieieHus [1, 4]. [Ipudem Jieq MOKpPHIBAET HE TOJNBKO TOPU3OHTAIbHBIE, HO U
BEPTHKAJIbHbBIC TIOBEPXHOCTH — I[OKOJBHbBIE YaCTH CTPOCHUH, AepeBbsi. OCOOEHHO MOIBEPKEHBI 00MEP3aHUIO
00/1yBaeMbIe BETPOM 00BEKTHI — MOCTHI M X OIIOPHI, 3CTAKaIbl, CTOJIObI, TMHUH 1eKTponepenad. [Ipu nporao-
3€ ToJI0MIea OOBIYHO UCTIONB3YIOT JaHHBIE O PACHIPEACTICHUN TeMIIepaTyphl U BIaXKHOCTH BO3yXa C BEICOTOH B
MOTPaHUYHOM cJIoe aTMocdepbl, HAJTMYUK TEMIIEPaTypHbIX MHBEPCHH, BHICOTAX MX HIDKHEW M BepXHel rpa-
HUI], MOIITHOCTH ¥ Tepenajae Temneparypsl. [Ipu MCIONb30BaHUN pPE3yNbTaTOB CUeTa THAPOJMHAMUYECKHIX
Mojieneil B GOIBIIMHCTBE CIIy4YaeB TaKyro HH(POPMALIMIO TONYIUTh He ynaeTcs. I1oms MeTeoponornaeckux Be-
JIUYUH TIPEJICTABICHBI JIUIIb X 3HAYCHUSAMH Y TMOBEPXHOCTH 3€MJIM M Ha CTaHIAPTHBIX M300apHUECKUX I10-
BEPXHOCTSX, TOITOMY HEOOXOIUMO HCIIONB30BATh JOTIONHUTENbHBIE TaHHBIE, HAIPUMED, O KOJTMYECTBE 0Cal-
KOB Pa3HbIX BHJIOB (3aMEp3alOIINX, B BHJIE CHETA U T.1.), BBIIABAEMBIX MOACTISIMH [2].

B manHoi1 pabote paccmarpuBaeTcs XonoaHbii ce30H 2019-2020 rr. BeneacTBre MOBBIIIEHHOTO TeMIIe-
parypHoro (hoHa 0CaaKH BHIAJaIN B Pa3HBIX BUAaX, HETUIIHIHO MHOTO OBIJIO CMEIIaHHBIX M KHUIKUX OCAIKOB
[3]. B yciioBusix MOBBIIIEHHOTO TeMIiepaTypHoro GpoHa Ha tepputopuu [lepmckoro kpast ormeueno 386 ciyua-
eB rosyofnena B mepuoy 1 Hosops 2019 1. mo 4 anpenst 2020 . MakcUMalbHBIA AHaMETP OTIOKEHHH JTh/1a Ha OT-
KPBITBIX TIOBEPXHOCTSIX cOCTaBUII 13 MM 1 ObLT 3adMKCHpOBaH Ha MeTeocTanluu bucep. B cpeanem nuamerp
TOJIONIEIHBIX OTJIONKEHUH cocTaBmI OKosto 1 MM. [IpooKHUTETFHOCTE SIBIEHUS H3MEHATIACh B ITUPOKUX Ipe-
JIenax: OT HECKOJIbKMX MUHYT JI0 IECATKOB JTHEH [S].

B xauecTBe IIaBHOTO HHCTPYMEHTA UCCIICAOBAaHHS UCTIONB3YETCS THAPOANHAMIYECKAs Me30MacIITa0Has
monenb WRF—ARW Bepcun 4.2.2. PacueT BbImoHsIETCS Ha 51 BEpTUKATBHOM yPOBHE, TIEPUOJT MOICTUPOBA-
Hus cocTariseT 27 4 ot 12 1w BCB, BpeMeHHO# m1ar BpIBOJIA JAHHBIX — | 4, IIar UHTETPUPOBAHUS IO BpEMEHHU
— aJIaNTUBHBIN, MPOCTPAHCTBEHHOE paspenienne Monenu — 7 kM (550x400 Touek), momenb penbeda — U.S.
Geological Survey (USGS) DEM (30 s) 2017. CxembI mapamMeTpu3anuy MOJCETOYHBIX MPOIECCOB CIEAYIO-
mue: KoHBekIws — KIAPS SAS; mukpodusuka obragnoctn — cxema ToMIicoHa [6]; KOpPOTKOBOTHOBAS U JITHH-
HoBonHOBas paguanus — Cxema GFDL (Eta); mpusemnslii cioit — Cxema MoanHa-O0yXxoBa ¢ BA3KUM MOZCIIO-
em Kaprcona-bonanna u crannapTHeIMU (QYHKIHAME 000 ; TOACTHUIIAIONIAS TOBEPXHOCTD 1 ITOYBA — CXeMa
NOAH; norpanmnussiii cioi — Cxema Memnopa-Smanei-SIanda (Eta).

[Ton6op 3HAYMMBIX TApaMeTPOB, HEOOXOAUMBIX [T IPOTHO3a BO3HUKHOBEHHS TOJI0JIe1a, OBUT BHIITOJIHEH
Ha pesynbrarax cuera mogenu WRF-ARW 3a nepuon ¢ 30.10.2019 1. mo 31.03. 2020 . [TepBbie 12 gacoB cuera
MOJIENT! HE YYUTHIBAINCH B BBIOOPKE MOTyYaeMBIX 3HAUEHHH, TaK KaK B 3TO BPeMs IPOUCXOANIIA aJaNTalun
YHCIICHHOM MOJIENIN K peabHBIM YCIOBUSAM. BplTo paccMoTpeHo 27 cpoKoB MozeH: ¢ 12 9 pac4eTHBIX CyTOK
1o 14 9 cnemyroniux, BCEro MoIyImioch 64638 mMporHocTUYECKUX CpoKoB. [Ipu 3TOM aKkTHIECKH TOoeN 3a
nccieryeMbli mepuoy mo qaHHsM 21 Mmereoctanmm [lepmckoro kpast otmeuancs 201 pas.

J71st moucka onTUMAaNbHBIX MTPEIUKTOPOB IS IPOTHO3a TOJI0NIea Ha OCHOBE MOJICIBHBIX JaHHBIX ITep-
BOHAYaJIbHO OBIIO BEIOpaHO 47 MOAEIBHBIX METEOMapaMeTPOB, MPEIMOIOKUTEIBHO ABISIOMINXCS MPEIUK-
TOpaMH ISl IPOTHO3WPOBAHUS BOSHUKHOBEHHUS paccMaTpuBaeMoro spieHus. [loMrnMo 3HadeHuit Meteopo-
JIOTUYECKUX BEJIMYMH B TOYKE (HA METEOCTAHIINH), A HEKOTOPBIX MapaMeTPOB MCIIOJIB30BaINCh MAaKCH-
MaJIbHbIC W/WJIM MUHUMAaJIbHbBIC 3HAYCHUS B Ipejesiax OypepHoi 30HbI paguycoM 50 KM OT METEOCTaHIIHH.
3TO0 MO3BOJIATIO YACTUYHO HUBEIHMPOBATH MOTPENIIHOCTH PACIpEAeTIeHIs] METEOPOIOTHIECKUX BETUIHH 10
MOJICITbHBIM JJAHHBIM B CPAaBHEHUH € MX (PAKTUYSCKUM PacHpeieIeHueM 1, KpOMe TOTO, TI03BOJISUIO OIICHUTh
YCTOWYHBOCTH MPOUCXOIIETO IpoIiecca. B kadecTBe MPeAUKTOPOB MCIONB30BATNCEH CIEAYIONINE METEO-
ponormdeckue mapameTpsl: 1. Temmeparypa Bo3ayxa (TeMIeparypa Bo3AyXa Ha METEOCTAHIIMU y 3eMHOMN
MTOBEPXHOCTH (Ha BBICOTE 2 M) M Ha M300apHUecKuX MoBepxHOCTIX 925, 850, 700 u 500 rlla; MmakcuManbHBIE
1 MUHUMAaJIbHBIE 3HAUEHUS TEMIIepaTypsl BO3AyXa Y 3eMHOI MOBEPXHOCTH B Ipenenax Oydepa ¢ paanycom
50 KM OT KaXJI0i MeTeOoCTaHIuH); 2. BIaxHOCTh Bo3yXa (OTHOCHUTEIbHAS BIAXKHOCTh BO3JyXa Ha METEO-
CTaHIIMH Y 36MHOH TIOBEPXHOCTH (Ha BBICOTE 2 M) M Ha M300apHUyYeCcKUX MOBEepXHOCTIX 925, 850, 700 u 500
rlla; MakcUManbHBIE  MUHUMAJIbHBIC 3HAUEHUSI OTHOCUTENIBHOM BIaKHOCTH BO3JyXa Y 3eMHON MOBEPXHO-
CTH B npesenax Oydepa ¢ pagmycom 50 kKM 0T Kaxa0i MeteocTaHIun); 3. CkopocTs BeTpa (CKOpOCTh BeTpa
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Ha MeTeOoCTaHIMN Ha BeicoTe 10 M u Ha m306apudeckux moepxHocTax 925, 850, 700 u 500 rlla; makcu-
MaJbHBIE 3HAYCHHS CKOPOCTH BeTpa Ha BeicoTe 10 M B mpenemax Oydepa ¢ paxmycom 50 KM OT Kaxmoi
CTaHIINHU; CKOPOCTH BETPa IPH MOPHIBAX HA METEOCTAHIHMIX U €€ MAaKCUMAaIIbHBIC 3HAYCHHUS B Ipejenax Oy-
¢epa); 4. AtmocdepHOe naBIeHNE, TPUBEICHHOE K YPOBHIO MOpPS, HA METEOCTAHIINN U T€OMOTCHIIHATbHAS
BBICOTA M300apHUECKHUX IIOBEPXHOCTEH; 5. ATMOCc]epHBIe 0caaKH (KOTMYECTBO 0CAaTKOB (OOMMX, KOHBEK-
THUBHBIX, HEKOHBEKTHBHBIX, 3aMEP3aI0IINX, B BU/IE CHETa), BBINIABIINX HA METEOCTAHINH 110 JAHHBIM MOJIENIN
WRF-ARW,; MakcumanbHOE KOTHYECTBO OCAIKOB (0OIMMX, KOHBEKTHBHBIX, HCKOHBEKTUBHBIX, 3aMep3aio-
IINX, B BUAC CHEra), BRIMABIIUX 3a mepuox (1, 12, 24 4. u 1.1.), B penenax Oydepa mo JaHHBIM MOAETH
WREF-ARW).

[IpuMmeHsst METOJ 3TAJIOHOB, ONPEACIAIN 3HAYUMOCTD TPEIUKTOPOB. JTAOHBI YCTAHABIMBAINCH IS
COBOKYITHOCTH METEOMapaMeTpOB, COOTBETCTBYIOIINX BO3HUKHOBEHHIO rononeaa (I kiace) uimk ero oTcyTcT-
Buto (II xiace). B xauecTBe 3TaqOHOB IS yKa3aHHBIX KJIACCOB MCIIONIB30BAIIM BEKTOPA B IIPOCTPAHCTBE MPU-
3HaKOB (MeTeonapameTpoB). Kax 1yt KOHKPETHYIO CUTYaIMI0 OTHOCHIIN K TOMY KJIaccy, AJsl KOTOPOTO paccTo-
SIHUE B IAaHHOM ITPOCTPAHCTBE 0Ka3aJI0Ch MeHbIINM. [lociie 00pabOTKH TaHHBIX COCTABIIATIACH TA0JIUIIA COTIPS-
KEHHOCTH ITPOrHo3a. Tak Kak ompasJpIBAEMOCTh IPOTHO3a HE MOJXOIUT JUIS OTIPEEIICHNS KauyeCcTBa IPOTHO3a
TaKUX PEIKMX SIBICHHUH, KaK TOJIONEA, TO Ul OLEHKH 3HAYMMOCTH MapaMeTPOB JUIsl IIPOTHO3a UCTIONb30BAJICS
kpurepuii [Tupca-O0yxosa (Q). Kpurepuit paccautsiBaics 1 KaXI0To apamerpa, Kak ecid Obl OH OIUH
paccmarpuBacs At nporuosa. Jlanee mo Q Haxoguics Hanbosee 3HAYUMBII apaMeTp, U1t KOTOPOTO KpUTe-
puil mMeeT HanOoblee 3HAYCHHWE. 3aTeM BBIYMCIUICS KpuTepuil [Tupca-OOyxoBa ais map HpeanKTOPOB,
BKJTIOYAIOIINX OTOOpaHHBIH paHee mapameTp. [1o makcumymy Q otOupanach iydmas mapa. AHaJOTHIHO IO~
Oupanace mydmias TpyImna U3 TPeX NPEAUKTOPOB, COIEPIKAIIYIO JTyUIIyIO Mapy, MOTyuYeHHYIO Ha IPEIbIAYIIEM
I1are, 3aTeM TEePEXOAMIN K MoA00pY JIydIInX IPYI U3 YeThIpeX NPeIuKTopoB U T.A. OT6Op mapameTpos 3a-
KaHYMBAJICA, KOTA B Pe3ysIbTaTe MOJOOHBIX UTEpalyii 3HaueHUs KpuTepus Q mepecraBaiu pacTu. B pesynbra-
T€ MPOZETAHHON BBIIIE MPONIEAYPHl 0TOOPAa MOJEIBHBIX MapaMeTPOB TOMYUHJICS CIUCOK M3 17 3HAUMMBIX
MPEAUKTOPOB IS TPOTHO3a BOZHUKHOBEHUS ronosnesna (tabm. 1).

Ta6nuua 1. Mapametpbl Mogenv WRF-ARW ans nporHo3sa BO3HWKHOBEHMA rojiofeda.

Ne | Obo3nauenue Ha3Banmue

MaxkcumanbHO€ KOTUYECTBO HAKOTUIEHHBIX 3aMep3aroniux 0CaaKkoB

1 | frain_acc_amax_buff
- = - B penenax oydepa

2 | frain_acc_p Konn4ecTBO HAKOTIJIEHHBIX 3aMep3alouX 0CAJAKOB HA METEOCTAHIIUN

MaxkcumaabHOE KOJTHIECTBO 3aMEp3aroIunx 0CaaKOB B IIpeaeiiax

3 | frain_amax_buff Oydepazalu

frain _p KonmyecTBo 3amep3aroIix 0caakoB 3a 1 4 Ha MeTeOCTaHIIUH
hgt 700 p Bricora nzobapuueckoii noepxHoctu 700 rlla
prec_amax_buff MaxkcuManbHOE KOJTHYSCTBO OCAJIKOB 32 | U Ha METCOCTaHI[HH

MakcumaabHOE KOTUYECTBO HAKOINICHHBIX KOHBEKTHBHBIX O0CaaKoOB

7 | prec_conv_acc_amax_buff
B mpenenax oydepa

8 | prec_conv_acc p KonniecTBO HAaKOTIIICHHBIX KOHBEKTHBHBIX OCAIIKOB HA METEOCTAHIINN

MaxkcumaabHOE KOJINYECTBO HEKOHBEKTHBHBIX 0CaaKOB B IIpeaciiax

9 | prec_nonconv_amax_buff Gydepasa | u

MaxkcumanabHOE KOJTHYECTBO O0CaJIKOB B BU/IC CHET'A B IIpCaciiax 6y(bepa

10 | prec_snow amax_buff
3alu

MaxkcumMaiabHOE 3HAU€HHE OTHOCUTEIBHOM BIIAXKHOCTH Ha BBICOTE 2 M

11 | rh 2m_amax buff
- = - B mipenenax oydepaza l u

12 | rh 850 p OTHOCHTENBHAS BIAXHOCTH Ha n300apuyeckoii mosepxuHoctu 850 rlla
13 |rth 925 p OTHOCHTENBHAS BIAXHOCTH Ha H300apuueckoii mosepxuHoctu 925 rlla
14 |t 2m p Temmneparypa Ha BBICOTE 2 M HA METEOCTaHIIUHI

15 |tmp 700 p Temmneparypa Ha uzodapudeckoit mosepxuoctu 700 rlla

16 |u_10m_amax_buff MaxkcuMaibHasi CKOPOCTh BeTpa B mpenenax oydepa

17 |u 10m p CxopocTb BeTpa Ha BbIcOTe 10 M Ha METEOCTaHINH

Kpome TemneparypHbIX U BIaXHOCTHBIX XapaKTEPUCTHK, OOBIYHO MCIOJIb3YEMBIX IIPH IPOTHO3€E ToJI0JIe-
Jla, B CIICKE 3HAUYMMBIX ITPEAUKTOPOB MPUCYTCTBYET MH(MOPMAIIHS O Pa3INYHBIX BUIaX 0CA/IKOB, a TAKIKE I'€0-
MOTEHIMAIbHAs BbICOTa n300apmyeckoii moBepxHocTy 700 rIla m CKOpOCTh BeTpa y 3eMHON HMOBEPXHOCTH.
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Cricok TpeOyeT JanpHeHIero yTo9HeH!s TI0 He3aBUCUMOM BEIOOpKe, KoTopasi OyJIeT MmoaydeHa 1o pe3ysbra-

TaM c4eTa MOJeNH U (PaKTHIECKUM JaHHBIM O roioiesae 3a nepuon 2020-2021 rr.

Tabnuia COnpsHKEHHOCTH MPOrHO3a BOSHUKHOBEHHUS TOJIONENa, MOMYyYeHHAs 110 pe3ylbTaTaM HCCIleoBa-
TENTECKOW BRIOOPKH, TIOKa3asa, uTo u3 201 coObITHS BOSHUKHOBEHHS TOJIOJIEA, IT0 TaHHBIM ITapaMeTpaM yaaloch
CIIPOTHO3MpPOBaTh 154 ciryuas ronmonena (77%). Uncio mpoIrycKoB sIBIEHHs cocTaBmiio 47 cirydaes (Talir. 2).

Taﬁnuu.a 2. Ta6m/|ua CONPAMEeHHOCTU NPOrH030B BO3HWUKHOBEHMA rofiofieaa B nepMCKOM Kpae.

IIpornos
dakr p
roJi0Jex 0e3 roJoJiena
ToJI0Je]T 154 47 201
0e3 ronoaeaa 19979 44458 64437
b 20133 44505 64638

N3 64437 cpokoB 6e3 rononeaa onpasaanoch 44458 cpokoB, YUCIIO JOKHBIX TpeBor — 19979, Onpasbi-
Ba€MOCTh MPOTHO3a BOZHUKHOBEHMS Tosonena coctaBuia 69%. Kpurepuii [Tupca-O6yxoBa pasen 0,46, uto
SIBJISICTCS HEZOCTATOUHBIM JJIsl METOAMYECKOTro MporHo3a. J{iis yiydiieHuns KauecTBa npor{osa TpedyroTest 10-
TMMOJTHUTEJIIBHBIC UCCIICAOBAHMA, B TOM YUCJIC IIPOBEPKA 110 HE3aBUCUMOM BBI60pKe.

HecMoTpst Ha OTHOCHTENILHO OTPaHUUYCHHYIO BHIOOPKY, B JIaHHOI paboTte mpeaiaraercs: nHdpopmarus o
HECTUITMYHBIX MMPEAUKTOPAxX AJIA MPOTHO3a BOSHUKHOBCHUS I'0JIOJICA, TAKUX, HAIIPUMEDP, KaK BBICOTaA I/I306apI/I-
yeckoii mosepxHoctu 700 rlla.

B Paborta BbinosnHeHa npv nogaepke POOU (npoekt N2 19-45-590021).
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Modeling of heat and moisture transfer in the active layer

of land using various parameterizations of the moisture
potential of the hydraulic flow and the moisture conductivity
coefficient, taking into account various pedotransfer
functions and descritization of the organic and mineral
composition in depth
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" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
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* Moscow State University, Research Computing Center, Moscow, Russia

“Moscow State University, Faculty of Geography, Moscow, Russia

® Moscow Moscow center of fundamental and applied mathematics, Moscow, Russia
® Yugra State University, Khanty-Mansiysk, Russia
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Soil, water and energy balances are the main tools for modeling the processes occurring in the surface

layer of the atmosphere, which include surface runoff, infiltration, groundwater recharge and phase tran-
sitions. To adequately reproduce and estimate soil moisture and temperature in models of the active land layer,
a set of necessary parameters is required that represent the hydraulic, thermal, and mechanical properties of the
soil.

In the INM RAS MSU [3] model two methods are implemented for calculating the moisture potential, the
moisture conductivity coefficient and the hydraulic flow: Clapp — Hornberger [4, 5] and van Genuchten [6, 7].
The spatial distribution of these hydraulic characteristics of the soil is very heterogeneous and depends entirely
on the local characteristics of the soil, thus there is no universal method for their determination. For this reason,
there are a number of studies [8, 9] that offer various empirical relationships to determine these characteristics,
pedotransfer functions (PTF). In our work, Williams' pedotransfer functions [8] will be used for the Clapp-
Hornberger parameterization and the Wosten pedotransfer function [9] for van Genuchten's parametrization.

The GHRDS database of high spatial resolution soil characteristics will be used as the initial data on the
mineral and organic composition of the soil [12]. The model of the active land layer of the INM RAS has a dif-
ferent number of vertical profiles from the initial data (23 profiles). To match the initial data with the vertical
grid of the model, a special interpolation procedure based on the proportional division of the percentage of
mineral soil components will be developed.

The main goal of this work is to compare the soil temperature and moisture profiles obtained from the re-
sults of calculating of INM RAS MSU model of the active layer of the land with two variants of the Klapp-
Hornberger and van Genuchten parameterizations. In this case, the characteristics describing the mineral and
organic composition of the soil are set in two versions: averaged over depth, set for each layer. The experiment
is carried out for the territory of the South Siberian Plain, the model uses observational and reanalysis data as
atmospheric and radiation effects, the time period is the present.

As a result of numerical experiments, a comparison is made with the data of field observations of soil
temperature in the Bakcharsky district (Tomsk region) located in the southern taiga zone of Western Siberia
[12]; the accuracy of temperature reproduction by the model of the active layer of land with the parameteriza-
tions of Klapp-Hornberger and van Genuchten, including various PTFs, is assessed; the role of discretization of
the mineral and organic composition of the soil in depth in the formation of the heat balance on the surface is
also assessed.

S oil plays an important role in energy and water exchange between the earth's surface and the atmosphere.
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MogennpoBaHue TensioBnaronepeHoca B AeATesIbHOM crioe
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N Ko3dpdurUMeHTa BNaronpoBOAHOCTU C YHETOM Pa3/IUYHbIX
negoTpaHchepHbIX GYHKLUUM M AUCKPeTU3aLUK
OpraHNU4YecKoro 1 MMHepasibHOro coctaea no rmybuHe
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0YBa MI'PAET BAYKHYIO POJIb B SHEPIETHUECKOM M BOJHOM OOMEHE MEXy 3¢MHOW IIOBEPXHOCTHIO U aT-
Mochepoii. [TouBeHHBIN, BOAHBIN 1 3HEPreTHYECKUI OaJTaHChl — 3TO OCHOBHBIE HHCTPYMEHTHI MOJIC-
JMPOBAHMUS MIPOLECCOB, MPOUCXOMAIINX B IPU3EMHOM CJIO€ aTMOC(epbl, KOTOPhIE BKIIIOYAIOT B CEOs
TTOBEPXHOCTHBIN CTOK, HH(UIBTPAINIO, TUTAaHUE OI3EMHBIX BOA M (ha3oBbIe mepexonsl. [ agekBaTHOTO
BOCTIPOM3BE/ICHUS 1 OLICHKU BIQKHOCTH M TEMIIEPaTyphl TOYBHI B MOJICJISIX AEATEIBHOTO CIIOS CYIIN TpeOyer-
csi Habop HEOOXOAMMBIX MAPAMETPOB, MPEACTABISIONINX THIPABINYECKHE, TEPMUUCCKIE M MEXaHHUCCKHUC
CBOICTBa IIOYBHI.
CormnacHo [1, 2] ypaBHEHUS TEIIOBIArONEpPEeHOCa B TI0UBE C YU4ETOM KOPHEBOM CUCTEMBI PACTUTEIBHOCTH
Ut Mozien aesitenbHoro cios ey IBM PAH MI'Y [3] MoryT OBITE 3amucaHbl B BUAC:

oT 0 oT
pCE = &/176—2 + LiFi - LvFvi
ow 9 ow 8T\ dy
S5t (G o) vy B R R

7€ { — BpeMsl, C; z — HallpaBJIeHHasi BBEPX BepTUKaJIbHAs KOOPAUHATa, cM; 1 — Temreparypa; W — konnde-
CTBO >KHJIKOI BJIaTW B TOJISIX OT Beca CYXOM MOYBHI, I/T; A, — KOG GHUIHEHT TeruonpooaHocty, kkan/(t K); 4,
— koo durment muddysun Boabl, cM’/c; § — K0d(hPUIEEHT TEPMOBIATONPOBOIHOCTH 33 CUET FPAUEHTA TEM-
neparypsl, K''; p — IIOTHOCTB MOuBHI, I/cM’; C — TemnoéMKkocTh mouBsl, kan/(r K); y — ckopocTh nHGHUIBTparumn
BOJIBI TOZ ICHCTBUEM CHIIBI TSKECTH, CM/C; F; — CKOPOCTh M3MEHEHHUS KOJIMYECTBA KUAKON BIIark M JIbJa 3a
CUET MPOLIECCOB 3aMeP3aHUs/TastHus, ¢ 5 F, — CKOPOCTb M3MEHEHHS COEPIKAHUS BOISHOTO T1apa M BOJIBI 32
CYET MPOLIECCOB 3aMEP3aHMs/TasHNUS, C '; R, — M3MCHCHNUE BIArOCOACPKAHMS 32 CYET TOPU3OHTAIBHOIO CTOKA
BOJIBI, C 3 R, — CKOPOCTB BCaChIBaHHS BOJIbI KOPHEBOM CHCTEMOI PaCTHTETBLHOCTH, C .

B nanHO# Mozenu peann3oBaHsl ABa criocoda pacuera MOTEHIMAA BiIaru, KO3 QUIEeHTa BIarompoBoI-
HOCTH ¥ THPABIMYECKOTO MOTOK.

[Tepsrrit — mapamerpuzanms Kimanma-Xopuabeprepa [4, 5]:

PP b+2 W \2b+3

=nas () Ao =) = v ()
110 —I»Umax W » 2w T fmax Wmax ’y - ymax Wmax ’

rae b — 6e3pa3mepHsIi mapamerp (rokasarens Kianma-Xopuoeprepa). [lepeMeHHbIE ¢ HHAEKCOM max OT-
HOCSTCS K 3HAUEHHSIM COOTBETCTBYIOIIMX BEJITMUUH NIPH MAKCUMaJIbHOH BIArOEMKOCTH ITOUBBI, ONIPEAENIAeMON
cootHomenueM W, = I1/p, rae I1 — IOpUCTOCTh, p — MIOTHOCTh CyXoii mouBkl, r/cm’. Kosdduiment Biaro-

max

MIPOBOTHOCTH TAK)KE MOYKHO 3aIHCaTh B CJICTYIONIEM BHJIE:
b+2
A = —Ymax'b w
W, w,
max max
Bropoii — napamerpusanus Ban ['enyxrena [6, 7]:
W _ VV,- [ 1 ]1—1/n

Winax = Ws 1+ (am)™

rae W, — MUHHMAalbHOE KOJIMYECTBO JKUAKON BIIArd B MOYBE, I/T; 1 — MHAEKC PACIIPEAEIeHHs op MO pas-
MepaM, 0. — BeIIWIHHA, 00paTHO MPONOPIIMOHATBHAS JaBICHUIO BXO/Ia BO3AyXa (IaBJIeHUI0 0apOOpTHPOBAHMS),
cM .

CrnenyeTr OTMETHTh, YTO MPOCTPAHCTBEHHOE PACIPECICHUE 3TUX THAPABINIECKUX XapaKTePUCTHK MO-
YBBI (HOPHUCTOCTH 17, mapaMeTp b, W,..co Amax A Pmar) OICHD HEOTHOPOTHO U MOITHOCTHIO 3aBUCHT OT JIOKATBHBIX

w= ¥ = Ymax W* 1-(1- Wl/(l—l/n))1—1/n]2’

>
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XapaKTEePUCTHUK I10YB, TAKHUM 00pa3oM, HE CyIIECTBYET YHHBEPCAIBHOTO criocoba ux ompeaeneHus. [1o sroi
NIPUYMHE, CYIIECTBYET paj MCcieqoBaHMi [§, 9], mpemiaraomux pasindHble SMIMPHUECKHE 3aBUCHMOCTH
JUTS OTIpEIeTICHISI ATUX XapaKTepPUCTHK — repoTpaHcepHsie Gpynxmun (I1TD).

B nameit pabote OymeT ncnonp30BaThes negoTpancepHas GyHkuus Bumssamca [8] A mapaMeTpu3aiium
Knanma-Xopubeprepa. Ota QyHKIHUS MNPOKO MUCIIONB3YETCs ISl MOACINPOBAHUS THAPABIMYECKUX HapamMe-
TpoB nouBsklI [ 10]. Takxke 0CHOBHOI 0COOEHHOCTBIO 3TOM (DYHKIINH SBISETCS BO3ZMOKHOCTD €€ UCTIOIb30BaHUS
Kak JUIsl TI0YBBI, COZIEpKAIIEH OpraHuKy, Tak U 6e3 He€. s mapaMeTpu3anyy BaH [ eHyXxTeHa pearnoaaraercs
UCIIONBb30BaTh NenoTpancepHyto ¢pyHknuio Bocrena [9]. s pacyéra rupaBIndecKuX XapaKTEPUCTHK TI0-
YBBI HA OCHOBE 3TUX (QYHKIUI B Monenu nesitensHoro cinos cymm IBM PAH MI'Y Oynet pa3paboTaHa crieru-
aJbHast IporpaMMHast IPOLEeypa.

B KauecTBe MCXOAHBIX AAHHBIX MHHEPAIHLHOTO M OPTaHWYECKOTO COCTaBa IOYBHI OyIET MCIIOIb30BATHCS
0a3a MaHHBIX MMOYBEHHBIX XapaKTEPUCTUK BBICOKOTO MpocTpaHcTBeHHOTO paspemenns GHRDS [12]. Ota 6aza
nmeer 30 IPOCTPAHCTBEHHOE Pa3pellieHUe C 8 BEPTHKAILHBIMU NPOQIIISIMH, paclpeeIEéHHBIMU 10 [TyOnHe
caeytomum oopasom: 0 - 0,0451 m, 0,0451 -0,0906 m, 0,0906 - 0,1655 m, 0,1655 - 0,2891 M, 0,2891 - 0,4929 M,
0,4929 - 0,8289m, 0,8289 - 1,3828 M, 1,3828 - 3,8019 m. Mozens nesrensHoro cios cymn UBM PAH MI'Y
MMEET OTIINYHOE OT NCXOJHBIX TaHHBIX KOJIMUECTBO BEPTUKAIIBHBIX poduiteit (23 mpodwmirt). [t coracoBanust
MCXOZHBIX JJAHHBIX C BEPTHKAIBHOM CETKOM MoJein OyzieT pa3paboTaHa CrielHaibHas POy pa HHTEPHOISINH
Ha OCHOBE IPOIIOPLIOHAIBEHOTO Pa30UEeHNS IPOLIEHTHOTO COAEPKAHNSI MUHEPAIbHBIX KOMIIOHEHT ITOYBBI.

OcCHOBHO¥ 3a/1a4eii 3TOH pabOoTHI SIBISIETCS CpaBHEHUE MPODHUIICH TEMIIEpaTyphl U BIaKHOCTH ITOYBBI, TI0-
JIyYEHHBIX [0 pe3yJbTaraMm pacuéra Moaesu aestesbHoro cios cymu UBM PAH MI'Y ¢ nBymst BapuanTamu
napamerpu3zanuii Kiamnma-XopuOeprepa u Ban ['enyxrena. [Ipu 3ToM XapaKTepHCTHKH, ONHMCHIBAIOIINE MIHE-
paJbHBINA M OPraHMYECKHH COCTaB MOYBBI, 33/1a10TCS B JIBYX BapHaHTax: OCpeIHEHHBIE 110 ITyOHHE, 3aJaHHbIC
JUTSL KaJKAOTO CIIosl. DKCIIEPUMEHT ITPpoBOIUTCs At Tepputopuu FOxHO-CuOupckoi paBHUHBI, B KaYECTBE aT-
MOC(EpHOTO M paJHalliOHHOTO BO3JCHCTBHSA B MOJAEIH HCIIOIB3YIOTCS JAaHHBIC HAOMIONEHUH M peaHain3a,
BPEMEHHOH NEPHOJ — COBPEMEHHOCTb.

B pesynbrare 4nCIeHHBIX KCIEPHUMEHTOB MPOBOJUTCSI CPABHEHUE C JAHHBIMH HATYPHBIX HAOIIONCHUH
Temneparypsl mouB bakgapckoro pationa (ToMckoii 00macTr) pacrooKEHHOTO B 30HE F0XKHOH Tairu 3amai-
HoM Cubupu [12]; mpoBenuTcs OIEHKA TOYHOCTH BOCIIPOM3BEACHUS TEMIEPATYPbl MOJEINBIO JESITEIEHOTO
ciost cymm ¢ mapamerpm3anuamu Kiranmma-XopaOeprepa u BaH [eHyxTeHa, BKIfodaromux pasnudasie [1TO,
TaK e Ja€Tcsl OLICHKA POJN JUCKPETH3AINN MUHEPAIFHOTO M OPIraHUYECKOTO COCTaBa IOYBHI 110 TIIyOWHE B
(hopMupoBaHue TEIIOBOTO OajlaHCca Ha TOBEPXHOCTH.
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Numerical simulation of methane fluxes from Mozhaysk
reservoir by LAKE 2.3 model

Lomov V.M., Stepanenko V.M.
Lomonosov Moscow State University, Moscow, Russia

E-mail: lomson620@mail.ru, stepanen@srcc.msu.ru

in the atmosphere — carbon dioxide, methane, nitrous oxide. The most important green house gas in the

atmosphere is CO,, but methane has a very strong influence on global warming, because its global
warming potential rate — 28 in relate to carbon dioxide. The estimations of total methane emission from worlds
reservoir is 2 — 122 Tg per year. Different data bases of observations in reservoirs and different approaches to
extrapolation leads to high uncertainties in these estimations.

One of the possible ways to prevent this problem is mathematical modeling methods for methane emission
estimations. In this article the results of application of modeling approach for methane emission annual estima-
tion from Mozhaysk reservoir is presented. For this goal 1D hydrodynamic model with biochemical module
LAKE was used. The results of calculation for 2015 — 2019 years period showed, that ebullition is the most
important component of total flux.

The reservoirs are not only a source of energetic or water resources, but also a source of green house gases

methane flux,
mgCH4/m2*day
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The highest methane fluxes were calculated for drawdown water level events, when the pressure is de-
crease rapidly, that allows to more methane bubbles appear in bottom sediments. Also, high emission rates
connected with water convection period. Hydrostatic pressure is the main factor for ebullition of methane. The
variability of atmospheric pressure is the factor of high emission amplitude. The experiment with LAKE model
with constant pressure value showed, that in such conditions the amplitude of methane flux during the year is
much lower. The second important factor for methane emission variability is temperature. The bottom sedi-
ments temperature determined the rate of methane generation. Due to this reason the methane emission slowly
increased during the warm period of the year with the maximum values in the end of the summer.

The mean total annual methane emission from Mozhaysk reservoir in 2015 — 2019 calculated with LAKE
model is equals 360 tonsC-CH,. Average methane flux during this period is 37.7 mgC-CH,*m™*d".
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YncneHHoe Bocrnpom3BeaeHNe NOTOKOB METaHa
C NoBepXHOCTM MoMancKoro BOAOXPaHUMLLLA C MOMOLLIbIO
Moaenu LAKE 2.3

"Nomog B.A., "“CtenaHeHKo B.M.

' MocKoBCKMiA rocyapcTBeHHbIii yHusepcuTet, MockBa, Poccua
? MOCKOBCKMIf LieHTp yHAaMeHTabHOI M NPUKNaaHol MaTeMaTky, MockBa, Poccua

E-mail: lomson620@mail.ru, stepanen@srcc.msu.ru

BBEOEHUE

Bogoxpanunuina U rUIPOINEKTPOCTAHIMM J0JITO€ BPEMsl CUMTAIUCh MCTOYHMKAMH YHEPIeTUYECKUX,
BOJHBIX U JPYTHX PECypCcoOB 0€3 YIIICPOAHOTO Ciea, U KaK CICACTBUC, HE YUYUTHIBAIUCH IPU OICHKAX aHTPO-
MTOTCHHOTO BIUSHUS Ha TNI00AThHOE MOTEIICHHEe. MHOTOUUCIICHHBIC Pa00THI MHOTHX MCCIICIOBATEINCH TOKa3a-
mu [1 - 3], 9TO BOIMOXpaHUIIUINA MOTYT OBITh UICTOYHHKAMU TTAPHUKOBBIX I'a30B B aTMOC(epe, 0COOCHHO TUOK-
cuja yriepona u Metana. HecMOTpst Ha TO, YTO OCHOBHBIM ITAPHUKOBBIM ra3oM B atMocgepe seisercs CO2,
METaH TaKXKe BHOCHUT CYNICCTBCHHBIN BKJIAJ B IO0AThHOE MOTEIICHHE. Ero KOHIIeHTpanuu B atMmocdepe He-
BEJIMKH, HO M3-32 BBICOKOTO ITOTEHI[MAJIa TNI00aThHOTO MMOTEIUICHUS, KOTOPBIH paBeH 28 110 OTHONICHHIO K JHOK-
CHJly yIJIepo/ia, BKJIa/l METaHa B YCHJICHUE TapHUKOBOTO 3ddekTa cocrapisier okoino 20% [4].

CyIecTByeT MHOTO OIEHOK OOMICH SMUCCUHM METaHa M3 MCKYCCTBEHHBIX BOJOCMOB. DTH OICHKH, CHC-
JIAaHHBIE B Pa3HOE BPEMsl, CHIIbHO Pa3JIn4atoTcsi MexX1y coboit — ot 2 1o 122 Tr/rox. Takas Gomnbinas pasHULA
B OIICHKAaX CBsI3aHa B MIEPBYIO OYCPEIb C pA3IUYHEM UCXOTHON HH(pOpManuu 00 U3MEpPEHUIX TOTOKA METaHa
— B KaXIIOM OLICHKE MCIOJIB30BAIKMCH Pa3HbIC 0a3bl JAaHHBIX O IMOTOKAaX METaHa C BOJOEMOB MHpa M, Kak
CJICJICTBUE, CHIIBHO OTJIUYAONIUECS CPSIHUE 3HAYCHHSI ATHX IOTOKOB, KOTOPBIC OBLITH SKCTPAIIOIUPOBAHEI HA
OOJIBIYIO YaCTh BOMOXPAHMWIHIN Mupa. KpoMe TOro, 9acTo M3MEPEHHUS IIOTOKOB METaHa JaXke Ha KPYITHBIX
BOJIHBIX 00BEKTaX MPOBOMAATCS BCETO OJIMH Pa3 B TOJl, YTO HE JAET MPEACTABICHUSI O BpEMCHHOW U3MECHYHBO-
CTHU TIOTOKOB.

Perrenuem maHHOW MPOOIEMBI MOXKET OBITH TPUMCHEHHE METOIOB MAaTEMAaTHYECKOTO MOJCIAPOBAHHS
JUTS OIICHKH ITOTOKOB METaHa U3 BOMoXpaHmiuil. OTKamuOpoBaHHAS [0 TaHHBIM HATYPHBIX HAOTIOICHUN MO-
JIeNb, TIO3BOJIUT MOJIy4aTh JOCTATOYHO TOYHBIE BETUUMHBI YMUCCUM METAaHa C YUETOM MPOCTPAHCTBEHHO-Bpe-
MEHHOI M3MEHYMBOCTH IIOTOKOB. B KadecTBe Takoll MO/ieH B TaHHOM padoTe Oblia BEIOpaHa OHOMEPHAS TH-
JpOIUHAMAYECKast MOAEIh C BKIIFOUeHUEM Onoxumrmaeckoro omoka LAKE 2.3.

Paccmotpum mponecchl hopMUpOBaHUs MOTOKOB METaHa B BOAHOM dkocucTeMe. OCHOBHOW MCTOYHUK
METaHa B BOJIC — 3TO aHA3POOHOE PA3IOKECHUE OPTraHMYECKOTO BEIICCTBA B JIOHHBIX OTIOKCHUAX [S]. MertaH,
00pa30BaHHBIN TaKHM IyTEM, IOJHUMACTCS K MMOBEPXHOCTH BOJBI B BHJIC JIByX OCHOBHBIX COCTABJISIOIIMX
MOTOKa — MU(PPY3HOHHOTO U My3BIpbKOBOTO. Jndy3noHHBIH MOTOK O0Jiee ME/UICHHBIH U B 3HAYUTCIBHOMN
CTCIICHH IMOJIBEPIKCH OKUCIICHHUIO METAHOTPO(aMu MpH MONAaJaHUU B TOPU30HTHI, HACBHIIICHHBIC KUCIOPO-
oM. B pesynbrare aToro okono 80 — 90 % pacTBOPEHHOTO METaHa MOXKET OBITh OKUCIICHO B TIOBEPXHOCTHBIX
TOpU30HTaX [6].

[Ty3BIpbKOBBII MOTOK O0JICe OBICTPHIIN U HE TIOIBEPIKCH OKHCIICHUIO, OTHAKO, BO3MO)KHO PACTBOPCHHUE ITY-
3BIPBEKOB B BOHOM Todmie [7]. Hanbonee 3HaunTENEH Ty3bIPHKOBBIN MTOTOK ¢ 00JI€e MEIIKOBOIHBIX YacTel BO-
JIOEMa M3-32 MEHBIIIETO THAPOCTATHUCCKOTO AaBiicHus [8]. C 3TUM TakKe CBS3aHBI CYIICCTBEHHBIC BRIOPOCHI
y3bIPHKOBOTO MOTOKA MPU PE3KOM MOHMKEHHH YPOBHS BOAOXPAHWIMIIA, KOTOPOE MOXKET OCYLIECTBIATHCA
MIpU peryaupoBaHuu [9].

MATEPUAJbI U METOA bl UCCJTIEQOBAHUA

LAKE 2.3 — 3710 oiHOMepHast THAPOANHAMUYECKAs! MOJICIIb, B KOTOPYIO BKJIIOUEH OJIOK pacueToB OMOXH-
MHUYECKHX IporieccoB. B nanHoit paboTe ncrnonp3oBanach MoaudUKanus MOJIEIN pa3MepHOCThIO 1.5, 3akimo-
yaeTcs 3Ta MoAM(UKALUS B pa3/IeIeHUH IOHHBIX OTJIOKECHHUIT Ha KOJIOHKH, PACIIOIOKEHHbIE Ha pa3HbIX I1yOu-
Hax — TaKMM 00pa30M YUHTHIBACTCS HAKJIIOHHOE JHO, XapaKTEPHOE JUIs IOJTMHHBIX BOJOXPAHHITHILL.

VYcI0BHO cxeMy pacyeTa MOXKHO ONKCaTh CIIENYIONIMM 00pa3oM: 00pa3oBaHHe MEeTaHa B TPyHTaX HMPUBO-
JIUT K €TO MOMaJaHUIO B HHKHUHN CIION MOJIENIN, COOTBETCTBYIOIINN TOMY, K KOTOPOMY IPUMBIKAET Ta WM HHAs
KOJIOHKA IpyHTa. J[anee B 3TOM cli0€ MPOUCXOTUT pacyeT OKUCICHUS METaHa, PACTBOPEHMUS ITy3BIPHKOB U APY-
rue OMOXMMHUYECKHUE MPOLIECCHI U C TOMOIIBIO TYpPOYJICHTHOTO 3aMbIKaHHsI, KOTOPOE SIBJISIETCSI YCIIOBHEM 00OMe-
Ha MEKJY COCEIHUMU CIIOIMHU, METAH NIEPEXOAUT B CIIENYOIIMN ciioi. Hanny4imnii noaxon K MareMaTH4eCcKo-
MY MOJICIIMPOBaHHIO OMOXMMHYECKUX TPOLECCOB — ITO PEILCHWEe CUCTEMbl ypaBHeHUIl nuddy3nu-peakuuu
JUISL PEareHTOB U MPOAYKTOB, BKIIOYEHHBIX B KPYTOBOPOT TE€X MJIM MHBIX BeIIeCTB. [[1s MeTareHe3a OCHOBHBIE
MPOLIECCHI, KOTOPBIE YYUTHIBAIOTCS B MOJICNIN — 3TO THAPOT€HOTPOMHBIN U alleTaTHBIN ITyTH TPOM3BOJICTBA Me-
TaHa, 11} (y3MOHHBIN TOTOK METaHa B BOJIE, & TAKIKE OT/IEIILHO «MOJICIIb ITy3bIpbKay» B BOJHOI cpee.
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OcHoBHas nH(MOpMaIHs, KOTOpasi MOJAECTCs Ha BXOJ B MOJIEIh, 3TO METEOPOJIOTHUECKIE XapaKTePUCTHKH
(Temmeparypa, JaBlIeHHUE, BIAKHOCTh, COTHEYHAS paINaIlisl, BETEP, OCAIKH ), U HH(OpMaIHs O BOXHOM OaaH-
ce BojoeMa.

OOBeKT uccnenoBaHus B JaHHOHW padote — Morkalickoe BOTOXpaHMIHIIE. DTO HEOOTIBIIOE JOMUHHOE BO-
JOXpaHWJIHIIE, PACIIONOKEHHOE Ha 3amaae MockoBckoit oomactu. Ha Hem ¢ 2015 roma BegyTcs CCleIOBaHMSA,
CBSI3aHHBIE C MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYMBOCTHIO TMIOTOKOB MeTaHa. OCHOBHOI METON M3MEPEHHUS
ITOTOKOB METaHa, KOTOPBIN MMPUMEHSUIICS B JAHHOW paboTe — 3TO TuIaBy4re Kamepsl [3].

Ha ocroBe m3mepenwnii moroka Metana Ha Mo)kaiiCKoM BOIOXpaHMIHIIE U HacTpanBajiach Moxens LAKE.
B utore mo pesymeraram pacdera mopermn LAKE 2.3 3a 2015 — 2019 roga 6puta orieHeHa rogoBasi SMHCCHS
MeTaHa.

PE3YJIbTATblI U OBCYKAEHUE

OCHOBHOI pe3ynbTar, moxy4eHHbIH ¢ momomibio Mogenn LAKE 2.3 B narHo# paboTe, 5TO BpeMEHHOM XOJT
T Py3nOHHOTO U My3BIPEKOBOTO TIOTOKOB B atMocdepy (Puc.1).

I[Ty3bIppKOBast COCTABISIONIAS 3HAYUTEIBHO MPEBAIUPYET B OOIIEM MOTOKE METaHa, 0COOCHHO TPH €ro
3HAUUTENFHBIX BBIOpOCcax. B romoBoM xozxe HaOMIOmaeTcs MOCTATOYHO XapaKTepHas TEHACHINS YBEIHUCHUS
MOTOKa METaHa 3a TEIUIbIi epruo roja. CBS3aHO ATO € TEM, YTO M3-32 YBEJINYEHHS TEMIICpaTyphl B TPyHTaXx,
TIOBBIIIAETCSI U CKOPOCTh TCHEPAIH METaHa B KOJIOHKAX JIOHHBIX OTJIOXKEHUH. 3UMOM MOTOK HE3HAYNTEIICH 1
HeOOJbIIMEe BRIOPOCH CBSI3aHbI C Pa3pyIICHUEM JIEJSTHOTO TOKpPOBa B MOAEH. [IoMHMO 3TOT0, 3HAYMTENbHBIE
BBIOPOCHI METaHa B aTMoc(epy MPpUypOdeHBbI K Hadally BECHBI, KOT/Ia TIOJIHOCTBIO pa3pymaeTcst JIEASHOH Ho-
KpoB. B pesynbrare n3-3a 0CBOOOXKAECHHS MOBEPXHOCTH BOABI OTO JIb/Ia M BECEHHEH KOHBEKIIMM METaH, HAKO-
TIUBILIHMICS 33 3UMHUH TIEPHOJ MOJKET aKTUBHO MOCTYIATh B aTMOC]eEpy.

MrCH,/m>*cyTt
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Puc. 1. BpeMeHHas M3MeHYMBOCTb [1BYX OCHOBHbIX COCTABAAIOLLMX NOTOKA MeTaHa B atMocdepy 3a 2015 — 2019 roga no pe-
3ynbTaTaM Mofenu.

Haubomnbiive 3Ha4CHUS BHIOPOCOB METaHa CBSA3aHbI C TUHAMUKON YPOBECHHOTO PEKHUMA BOIOXPAHUIIHIIIA.
[Tpu 3aaHnyu B MOJIENN TOCTOSTHHOTO YPOBHS BoioeMa (ypoBeHb cooTBercTByeT HITY) pe3kux BeIOpoCcOB Me-
Tana, 6onee yem 250 MrCH,/M™*cyT, He 6bT0 3aUKCHPOBAHO TIO pe3yasTaraM pacdera (Puc. 2A). CazaHo
9TO C BIIUAHUCM T'HAPOCTATUYCCKOIO AaBJICHUA Ha 06paSOBaHI/Ie ITY3bIPBKOB B BOJIE U X PACTBOPCHUC B BOA-
HOM TOJIILIH.

Ha TUAPOCTATUYCCKOC NAaBJICHUC 6y}1€T OKa3bIBaTh BIIMSIHUC HC TOJIBKO FJ'Iy6I/IHa BOAOCMA, HO M BHCIIHCC
armocdepHoe aBiieHre. bl MPoBeeH SKCIIEPUMEHT 110 33/IaHHIO TIOCTOSIHHOTO aTMOC(EpHOTo JIaBICHUs BO
BXoHOW nH(popmMaimu B Mozens (Puc. 2B). B pesynbrare aToro skcriepuMeHnTa BpeMeHHO! XOJ1 pacCUUTaHHO-
TO Iy3BIPHKOBOTO TIOTOKA UMEJI CYLIECTBEHHO OoJiee HU3KYIO aMIUTUTYy KojeOaHuil, 32 UCKIIOYeHnEeM O0JIb-
LIMX BBIOPOCOB, CBSI3aHHBIX C MOHW)KEHHEM YpOBHs. Kpome Toro, 3T BBIOPOCHI MOTyYHIIUCH OOJIbIIIe, IO CpaB-
HEHHUIO C OCHOBHBIM PacyeToM.

ITo ocHoBHOMY pacuety ¢ nomoiisto moaenu LAKE 2.3 6bu1a ornieHeHa rooBasi aMuccus Metana ¢ Mo-
YKaWCKOTO BOJIOXPaHMIINIIA, KOTOpAasi COCTaBmiIa B cpeHeM 3a msth jet 360 TC-CH,/ron. Cpennuii ynenbHbIi
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Puc.2. PesynbTaThl pacyeTa Moenu Npy 3aaHnm cTaTM4Horo ypoBHsA Morarickoro BogoxpaHunuwa HIMY (A), v npu nocto-
fIHHOM aTMocdepHoM faBneHu (b).

o 2
MIOTOK MeTaHa 3a pacueTHbIi repuon cocrasisier 37.7 mrC-CH,/M *cyT. Takoe cpenHee 3HaYE€HHE Y/IEIBHOTO
MOTOKa OTHOCUT Moskalickoe BOJIOXpaHWIIUILE K BEPXHEMY AMAla30Hy 3HAY€HHH JUTsl BOXOXPAHWINIL YMEPEH-
Horo nosica [2].

3AKJTIO4YEHUE

Takum 00pa3om, B CTpYyKType IIOTOKOB METaHa OCHOBHOM BKJIaJl B SMHCCHIO BHOCHT ITy3bIPbKOBAsI COCTaB-
nsiromast. C Heil cBsi3aHbl HAMOOJbIIME BEIOPOCH MeTaHa B aTMocdepy, IPpU KOTOPBIX €€ J0JISi MOXKET ITPEBbI-
warb 99%. uddysnas cocrapisiomas 13-3a 3HAUMTEILHO MEHbBIICH CKOPOCTH U TOJBEP)KEHHOCTH OKHCIIE-
HHUIO METaHOTPO(aMK HMeeT HAMHOTO MeHblllee 3HaYyeHue. [I0TOK MeTaHa yBEJIMUUBACTCS B TEUCHHE JIETHETO
MepHro/ia W3-3a MOBBILICHUS TEMIIEPaTyphbl B IOHHBIX OTJIOXKEHHSX, CIIOCOOCTBYOIIEH HHTEHCUBHOCTH reHepa-
L[MH METaHa.
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Hanboee 3Ha4nTENBEHBIC BRIOPOCHI METaHa CBA3aHbI C MOHMKESHUEM YPOBHS BOJOXPAHIIININA, TIPH KOTO-
POM IajgaeT ruAPOCTATHICCKOE AABICHNUE U IIPOMCXOIHUT YBEIMUYCHHE ITy3bIPHKOBOTO 1MoTOKa. Kpome ypoBeH-
HOTO PeXMMa Ha PEXXUM JIABICHUS BIUIET BHENIHee atMocdepHoe naBiieHne. IMEHHO oHO omnpenensieT 60ib-
LIYI0 aMIUIMTYAY IIOTOKa METaHa, IPU AKCIePUMEHTE, B KOTOPOM aTMOC(EpHOE JaBICHHAE B MOJCIH 3a1aBa-
JIOCh ITIOCTOSIHHBIM, H3MEHUMBOCTH ITy3BIPKOBOM COCTABIISIONICH ObLTa 3HAYUTEIEHO HIKE.

C momommpro mogenu LAKE 2.3 3a mepuox ¢ 2015 mo 2019 roma 6p1a OlleHeHa rooBasi SMHCCHS METaHa,
xotopas B cpenHeM coctasisieT 360 TC-CH,/ron. Cpenauil ynenbpHBIH MOTOK METaHa 3a STOT IIEPHOJI, PaBHBIN
37.7 MrC-CH,/M**cyT, uto oTHOCHT MosKaiickoe BOJOXPAHIIIUIIE K BEpXHEH rpaHuIe AHarna3oHa 3HAYEHHit
JUTSL BOIIOGMOB YMEPEHHOTO Hosica.

B lccnenoBaHue BLINOIHEHO MPU YAaCTUYHOM NoaaepHKe rpaqTa MNpesnaeHTta Poccum MosiogbIM [OKTOpaM
Hayk (M-1850.2020.5).
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SESSION V

COMPUTATIONAL

AND INFORMATION TECHNOLOGIES
FOR EARTH SCIENCES

CEKUUA V

BbIYNCITUTEJIbHBIE A
NHOOPMALIMOHHBIE TEXHOJIOI A
014 HAYK O 3EMJIE

Digital transformation of hydrometeorological support -
the basis for improving the safety of the population
and enterprises

Viazilov E.D.
RIHMI-WDC, Obninsk, Russia

E-mail: vjaz@meteo.ru

cantly across the globe and in Russia. A very illustrative example of ineffective use of the existing climatic

and forecast hydrometeorological information is the filing of two lawsuits with general requirements for 11
billion rubles against the company «Baltic Trans-port» «Rosoboronexport» in 2019. Exposed to impacts of the
storm (rolling, high air humidity with sea salt content, and penetration of seawater into the holds), missiles for
the S-400 complex had to be eliminated (https://www.rbc.ru/politics/20/02/2019/5c6d7dc99a7947e81bcaf730
?2utm_%0breferrer=https%3A%2F%2Fzen.yandex.com).

Increasing funding for projects related to mitigating the effects of climate change and disasters (stimulating
the construction of houses in safer regions, designing and building of floating houses, developing insurance taking
into account the risk of floods) does not give a significant effect - the damage from disasters continues to increase.

The main problems of adaptation to the disasters are the inadequacy of assessing the situation using digital
indicators, the lack of systematized and formalized information about possible impacts of disasters on indus-
trial enterprises, the population, and recommendations for decision-making. There are cases of untimely deliv-
ering of information about a possible manifestation of disasters to government bodies, heads of industrial enter-
prises and the population located in the danger zone. It is necessary to organize their compulsory notification
for the fastest acquaintance with the current situation by all possible means.

Differences between new business models in the era of digital transformation are following:

e  Use of integrated, distributed and heterogeneous data from various sources;

e Increasing the level of automation of the processes for identifying disasters for each object, type of

activity, level of danger before, during and after the passage of the disaster;

e  Delivering of the necessary data to consumers in accordance with its requirements for the composition
of the necessary parameters;

Optimization of the use of hydrometeorological information in decision-making by predicting
possible impacts of disasters on enterprises, assessing the possible damage before the start of disasters
and calculating the cost of preventive actions.

The IT infrastructure of Roshydromet should ensure:

Continuous observation process, including with the help of automatic meteorological stations;
Collection of data from hydrometeorological stations;

Integration of data from various sources;

Exchange and delivering of data to other systems;

Detailed acquaintance with the hydrometeorological situation;

Use of information in business processes and decision-making.

In connection with global climate changes in recent decades, the number of disasters has increased signifi-
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That is, it is necessary to develop new tools to implement the transition from "patchwork" automation of
hydrometeorological support for enterprises heads to end-to-end technology for support "from observation to
decision-making".

Many tasks of consumer are non-standard, they require taking into account the specifics of the business pro-
cesses of a particular enterprise. Each business process needs its own set of parameters, the level of their aggrega-
tion, requirements for the relevance of data, the frequency of observations, and the lead time of forecasts. Informa-
tion for making quick and informed decisions must be easily accessible. Therefore, the speed of delivery of infor-
mation about disasters is one of the most important requirements of many business processes carried out in enter-
prises. Enterprises need tools to assess the potential impacts of disasters on businesses and the public, make deci-
sions, and calculate losses and the cost of preventive actions prior to the occurrence of the disaster.

Linpposas TpaHchopMaLma rmapoMeTeoposiorMyeckoro
obecneyeHnA NoTpebuTesien — 0CHOBa NOBbILLEHUSA
6e30MacHOCTU HacesieHMA U NpeanpUsaTUA

Basunos E.[I.
BHUUTMU-MLA, 06HMHCK, Poccua

E-mail: vjaz@meteo.ru

BBEAEHUE

B cBs131 ¢ m100anbHBIME M3MEHEHUSIME KJIMMaTa B MOCTIETHUE ACCATIIICTHS Ha BCeM 3eMHOM IIape U B
Poccun cymecTBEHHO YBEIMYMIIOCH YHCIO CIydaeB onacHbIX npuponusix saeineruit (OITA) [1]. Tloutn 20%
sxonomuku CIIA Hanpsimyro 3aBucut ot orojsl (http://Investopedia.com). Crofa BXOAAT KOMITAHHH CETBCKO-
IO XO351MCTBA, YHEPIeTUKY, Pa3BICUEHUS], CTPOUTEIBCTBA, POSHUYHON TOPTOBIIX U IIyTEIIECTBUNA. B cBOeM BbI-
crymiennn B Konrpecce B 1998 roxy ObiBmuii MUHUCTP TOproBiu YuubaMm Jlenu 3assui: «Iloroma — 3to He
HPOCTO IKOJIOTHYECKasi IpodJieMa, 3TO BaKHBIH dSKoHOMUYecKui (aktop. [To kpaiiHei Mepe, OMH TPUILTHOH
JIOJUTApOB SKOHOMHKH TyBCTBUTENCH K TIOTOMHBIM ycmoBusim» (https://kursiv.kz/opinions/2019-04/kak-prog-
noz-pogody-pomogaet-zarabatyvat-na-fondovom-rynke?page=38). [IpejckassiBast IOroay, MOKHO ITPEIBHU-
JIETh JJaKe IIeHbI Ha He(Th 1 Ta3 (B MepUo/I MOX0JIONaHUs YBEJIMUNBAETCS MMOTPEOHOCTH B 9TUX pecypcax). Poct
WM niaJieHre GOHOBBIX PHIHKOB, MHQJIISLUS U JaXKe PEIIeHHs LIEHTPAIBbHBIX OAHKOB 110 0a30BOI CTaBKe 3aBHU-
CSIT OT TOTO, CKOJIBKO BBIMAJET OCAIKOB (HampuMep, B IHIUH B IepHOJI cE30Ha MyCCOHOB).

Hccnenosarenu n3 HanmoHampHOTO 1IEHTpa OKeaHorpapuIeckuX JaHHbIX BemukoOpuTaHny mpeacKasbl-
BAIOT, YTO HABOJHEHHUS W3-3a MOBBIIICHHUS YPOBHS MHPOBOTO OKeaHa MOTYT YBEIWYHUTh PAcXOIbl CTpaH Ha
NPEBEHTUBHBIE MeponpusTus 10 $14 TpiH. B Mupe okomo 600 MITH. YeTOBEK KHUBYT HA TOOEPEIKBIX HA BBICOTE
He 6onee 10 M HaJ ypOBHEM MOPSI, UX KWJIHIIA TIOBEPTAIOTCS ONMACHOCTH M3-3a IMI00ATHHOTO U3MEHEHUS KITH-
Mmara. [lepBrIit 3amecTuTens rmaBsl MunBocTokpa3Buts Poccuiickoit @enepanuu Anexcannp KpyTukos 3as-
BIJI O TOM, YTO HPSAMOH yIIepOd OT MOCIEACTBUN IMI00ATBFHOTO MOTEIUICHHUS B APKTHKE MOXET JTOCTUTaTh 2-9
TPUILTHOHOB pyOieii k 2050 roxy.

OueHb MOKa3aTeNbHbIM IPUMEPOM HEIPPEKTUBHOTO UCIIOIB30BAHMUS CYIIECTBYIOIICH KIMMAaTHYECKON U
MPOTHOCTHYECKOH Tuapomereoponorndeckoi nudopmanuu (I'MU) sipisiercst mogava B cy/ AByX HMCKOB ¢ 00-
mmMu TpeboBauaMu Ha 11 mipa. py6. nmpotus xommnanuu «bantuk Tpaxc-mopt» «PocobopoHakcmopTra» B
2019 r. ITogBeprHyBIIHECS BO3ACHCTBHUIO IITOpMa (Kauke, BEICOKOH BIAKHOCTH BO3yXa C COJCPKAHUEM MOP-
CKO¥ COJIH, TPOHUKHOBEHUIO MOPCKOM BOJIBI B TPIOMBI) pakeTs 1t Komriekca C-400 mpu mepeBo3ke MOPCKUM
nyteM B Kurait npurimiocs nuksuanposats (https://www.rbc.ru/politics/20/02/2019/5c6d7dc99a7947e81bcaf
7307?utm_referrer=https%3A%2F%2Fzen.yandex.com).

Hecmortpst Ha cyIiecTBeHHOE YMEHBIICHHUE TUIOIIAAN JIBI0B B APKTHKE B IETHUH NEPHO]I, JIe7j0Basi obcTa-
HOBKa B OTAETBHBIC TO/BI B OCCHHE-3UMHHMN MEPHOJ CKJIAIbIBACTCS TOCTATOYHO CIOKHOW. Tak Termoxon
«Cmapra III» MypMaHCKOTO ITapOXO/CTBa, UCTIOJIB3yEMBIH B KaueCTBE KOHTCITHEPOBO3a M COBEPILABIINI peiic
u3 JlynuHKu B ApXaHrenbCcK, OKa3aycs 3aTepThIM BO JbJax B EHucelickoM 3anuBe B cepenune nexadps 2020
roaa. ConpoBoxkaaBImii ero Oykcup «Kuropuak» He cMOT 00€CTIeYUTh TBUKECHHE CY/IHA U3-3a OOIIHPHBIX TO-
POCoB, 00pa30BABIIMXCS IPU CTAHOBJICHUH IpUNast. B coxHOit 1e10Bo 06CcTaHOBKE y Cy[JHA BBIIIIO U3 CTPOS
pyneBoe yrpasiaeHue. [ BeIBoa CyaHA U3 JISIOBOTO IUICHA MPHUILIOCH MPUBIEKATh JISAOKOT «Aamupan Ma-
KapoB» U OyKcHp aBapuifHO-criacaTensHoe cyaHo «Cracarens Kapesy.

YBenuueHue prHaAHCUPOBAHUS MTPOEKTOB, CBA3aHHBIX CO CMATYEHHEM MOCTEICTBUIA H3MEHEHHUS KJInMara
u OIS (cTuMynrpoBaHue CTPOUTENHCTBA JOMOB B O0stee 6€30MacHBIX PerHOHaxX, MPOSKTUPOBAHNE TIaBYIUX
JIOMOB, CTPOHTEIBCTBO 3/1aHUH Ha BOJIE, Pa3BUTHE CTPAXOBAHUS C YUETOM PHCKA HABOIHEHM) HE JaeT CyIe-
cTBeHHOTO 3(dekra - yirepd ot OIS npomomkaer yBenuauBaTobes [2-4].

CEKLMUA V // BbIYUCIIUTENBHBIE U UHOOPMALIMOHHBIE TEXHOJIOM M ANA HAYK 0 3EMNE
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YTO AEJIATB?

OcHoBHBIMH ITpobneMamu aganTtaruy K OITS sBistoTcs HeaIeKBaTHOCTB OLEHKH 0OCTaHOBKH IO ITH(PO-
BBIM I10Ka3aTENIIM, OTCYTCTBHE CUCTEMATH3UPOBAHHBIX M ()OPMATTM30BAaHHBIX CBEAECHHH O BO3MOXHBIX BO3ZICH-
CTBMSX SIBIICHUI Ha MPOMBIIIJICHHBIC NPEANPHUATHS W HACEICHUE, PEKOMEHIALUH JUIA MPUHSITUS PEIICHUH.
BBIBalOT Cily4an HECBOEBPEMEHHOTO JJOBEICHNSI HH(POPMALIH O BO3MOXHOM ITPOSIBIICHUH SIBJICHUS 10 OPTaHOB
TOCYAapCTBECHHOTO YNPABJICHUSI, PYKOBOAUTENCH MPOMBIIITIEHHBIX NPEANPHUATHIA 1 HACEIECHHSI, HAXOAAIIETOCS
B OITACHOI 30HE. B MOMEHT sIBIIEHUS CyIIECTBYIOIINE CPEICTBA OTOBELICHUS (Paro, TeneBuieHne, IHTepHeT)
MOTYT He pa0doTarh, T.K. B 9TOT MOMEHT 4acTO OTKJIIOYAETCs! MEKTpuuecTBO. OpraHsl roCyAapCTBEHHOTO
YTpaBIICHUs 3aHATHI CBOMMU JIEJIaMU 1 HE BCET/Ia BOBPEMs pearupyroT Ha IIPOrHO3bI ABIeHH. [ToaToMy HE00-
XOZMMO OPTaHU30BATh MPUHYJUTEIFHOE UX OTMOBEIIEHUE ISl OBICTPEHIIIET0 03HAKOMIIEHHSI CO CIIOKHBIICHCS
00CTaHOBKOH BCEMH BO3MO>KHBIMH CPE/ICTBAMH.
PyxoBonmutenu npennpusTuii He BCEra MOTYT MPABHIBHO OLEHUTHh OOCTAaHOBKY B IIM(POBBIX MOKa3aTe-
msix OIS, M Hazmo KaBaTh OLIEHKY BO3MOYKHOTO yIepOa /10 Hauasna sSBJICHHs, THaU€ OHU He OyyT MpeArpuHI-
MaThb MPEBEHTUBHBIX NeiicTBuil. [IpaBuibHAS M CBOCBpEMEHHAs OICHKA CIIOKUBIIEHCS OOCTAaHOBKH MMEET
GostpIIIOE 3HAUCHKE AJIs1 YMEHBIIECHHS WM MIPEI0TBpalieHus yiep6a. OnepaTnBHOE pearnpoBaHue Ha H3MEHe-
HUS THAPOMETEOPOIIOTHIECKOW 00CTAaHOBKH — 3TO YCIIOBHE JUTS MOBBIIICHUS d3PPEKTUBHOCTH (PyHKIIMOHHPO-
BaHMS IPOMBIIIUICHHBIX IPEINPUATUIN U yIIPABICHHUS IMU.
Bo MHOTHX OpraHm3amnusx yxe CylIiecTBYIOT KOHTYPbI yIIPaBIE€HHs, KOTOpbIe pab0Tal0T C XOPOIIO CTPYK-
TYpPHUPOBAaHHBIMH MIPOLIECCAMHU M JaHHBIMHU TPH ucnonab3oBannu [’ MU B OusHec-mponeccax, HO OHU HE BCerna
ABTOMATH3UPOBaHbI. PeanpHbI 3¢ (eKT HaloT He caMy JaHHBIE O KJIMMaTe, HaOMIOACHUS U IPOTHO3, a UX (-
(eKTHBHOE PUMEHEHUE U HAJIMYUE Y IPEINPUSITUI METOIOB U CPE/ICTB pPEarnpoBaHMs Ha MPELyIPEKICHUS
00 OIS ITpoTHBOCTOATH CEPHE3HBIM IKOHOMUYECKUM MOCIIEACTBUAM ITOMOXKET yBEIUIeHUE HHHOPMUPOBAH-
HOCTH PYKOBOJHTEJICH M HACEIECHHs O BOZMOXKHBIX BO3ACHCTBUSX SIBICHUHM HA MPOU3BOACTBEHHYIO JESITEINb-
HOCTb TMPEINPHATHH, a TAKKE MMOTy4YEeHHE PEKOMEHIALNN Ul IPUHATHUS PEIICHUH 110 PEJOTBPALICHUIO HITH
YMEHBIIEHUIO ITUX BO3IECHCTBU.
Heob6xoanmo nepeliTi Ha HOBBIH YPOBEHb aBTOMATH3aI[MH BCEX TEXHOIOTMYECKHX IPOILIECCOB M3Mepe-
Hus, cOopa, 00paboTKH, XpaHeHHs, 0OMEHa, a TIIABHOE HCIIOIh30BAaHMUS THAPOMETEOPOIOTHIECKONH HHpOpMa-
un. Ceitdac 310 Ha3pIBaeTcs mudppoBoii Tpanchopmanueii (LIT), koTopas omupaercs Ha TH(PPOBYIO SIKOHOMH-
Ky, THT€pHET Bellel (aBTOMaTHUECKHE CTAaHIINH M KOMILIEKCHI), pOOOTH3AIIHIO MACCOBBIX MTPOIIECCOB 00paboT-
KM JJAHHBIX C MCIOJIb30BaHUEM 0a3 3HAHUM, MAlIMHHOE 00y4eHHE Uil KOHTPOJIS JaHHBIX. TPOTHO3UPOBAHUS
MIOTO/IbI, BEO-CEPBUCHI [T aBTOMATHIECKOTO 00OMEHA JAHHBIMU MEX/Ty MPUIOKCHUSIMH, 4aT-00ThI IS TOUCKA
HEOOXOAAMMBIX MOTPEOUTEIIO TaHHBIX, MOAJICPKKY PEIICHNH, KOTOPbIE B CyMME MOTYT CYIIECTBEHHO ITOMOYb
PYKOBOIHUTEISM MPEIIPUATHIA U HaCEICHUIO paBmibHO moarotoButhes k OIS, LT mpencrasisiet coboit ka-
YECTBCHHOE M3MEHEHHUE XapakTepa (yHKIIMOHUPOBAHUSI IPEINPHUATHI, TOSBICHNE HOBBIX OM3HEC MOJeIel 3a
c4éT MOCTENEHHOH, BcE OoJiee ITyOOKOM ONTHMHU3AIINH OU3HEC MPOIIECCOB MPEINPUATHHA C YIETOM THAPOMETE-
OpPOJIOTMYECKUX YCIIOBUH.
B cootBerctBum ¢ Ilocranosnenunem IlpaButensctBa PO ot 10 okrsaops 2020 . N 1646 "O mepax mo
obecnieueHnio 3(h(HEeKTUBHOCTH MEPOIPHIATHH MO HCHOIB30BAHUIO HH(YOPMAIIOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTHH B ICATEIBHOCTH (he/IepasIbHBIX OPraHOB MCIIONHUTENILHON BIIACTH U OPTAaHOB YNPABIECHHS TOCY-
JTapCTBECHHBIMH BHEOIOKEeTHRIMU (hoHIamu'" o] TepMuHOM «L{mdpoBast TpaHCchOpMAaIis MOHUMAETCS COBO-
KyNHOCTb JICHCTBHH, OCYIIECTBISIEMBIX TOCYIapCTBEHHBIM OPTraHOM, HANPaBICHHBIX HA M3MEHEHHUE (TpaHc-
(dbopmManuio) rocyJapcTBEHHOTO YIPABICHUS U AEATEIBHOCTH TOCYIapCTBEHHOTO OPraHa 110 MPEA0CTABICHHIO
UM TOCYIApPCTBEHHBIX YCIIyT M UCIIOJHEHHIO TOCYIAPCTBEHHBIX (DyHKIHMI 3a CUET MCIOJIb30BAHHS JAHHBIX B
3NEKTPOHHOM BH/JE U BHeApeHUs: T B CBOIO 1€ TENBHOCTS.
LT B Pocrumgpomete - 310 paaukaibHOE U3MEHEHHE THApoMeTeoposiorndeckoro obecneuerns (IMO)
MIPOMBIIIJICHHBIX MPEANPHUATHA U OPraHOB IOCYJAPCTBEHHOW BIACTH 3a CUET CYNIECTBEHHOTO MOBBIIICHUS
YPOBHS aBTOMAaTH3aIlM{ BCEX MPOIECCOB cOOpa M 00pabOTKH AAHHBIX; MPUMEHEHHS HOBBIX OM3HEC MOeIeH
ucnons3oBanus I MU B Gu3Hec mporeccax NpeanpusTHiA, Ha KOTOPBIE BO3ACHCTBYET OKpyXaromas cpema. Ot-
JUYUSMHI HOBBIX On3Hec Mozeneit B amoxy LT senstoTcs:
®  JICIONB30BAHUE HMHTETPUPOBAHHBIX, PACTIPEICICHHBIX M HEOAHOPOAHBIX JAHHBIX U3 PA3IHMYHBIX
HCTOYHHKOB;

®  TIOBBIIICHHE YPOBHS aBTOMATH3aLUK MpoueccoB BoisiBaeHNs OIS nmst kaxaoro o0bekTa, BUaa aes-
TEJIbHOCTH, YPOBHSI OTIIACHOCTH J10, B TIEPHO] U [IOCIIE IIPOXOKACHHUS SIBICHNS;

®  [0BEACHHE HEOOXOANMBIX JIJaHHBIX /10 TOTPEOHTEINIEH B COOTBETCTBHH C €r0 TPEOOBAaHUSAMH 110 COCTa-
BY HEOOXOMMBIX APaMETPOB;

e  onruMmu3auus ucnonb3oBaHud I'MU npu NpUHIATHM PELIEHUH 3a CUET IPOrHO30B BO3MOXKHBIX BO3-
JEHCTBUI OKpYy’KaloIIel cpebl Ha TMPEANPHUATHS, OIIEHKHA BO3MOXHOTO yuiepba xo Hadama OIS u
pacdera CTOMMOCTH NPEBEHTHUBHBIX MEPOIIPUSATHH.
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YTO HYXKHO NMOTPEBUTEJTI0?

Heobxoanmo caenats Tak, 9ToObI JaHHBIE MOMA Al KaK MOKHO OBICTpEE K PYKOBOAWUTEISIM MPEATIPHs-
THH, 9TO TOBBICUT 3()(hEeKTUBHOCTH MPOIIECCOB MPUHSTHUS PELICHUH 3a CUET MONyUeHHUs 00JIee KadeCTBEHHOTO
JOCTYIMa K THAPOMETEOPOJIOTHIECKUM JaHHBIM 1 00JIee OTepaTUBHOM PEeaKIK Ha HUX. J[11s yMeHbIIeHns Bpe-
MEHH MEX Iy HaOIIoAeHHEM 1 ucronb3oBaHneM [ MU Hy>KHO aBTOMaTH3MPOBATh: BBISIBICHHUE U IOCTAaBKY CBE-
nernit 06 OIS mo moTpeOuTeneil; OIeHKY YPOBHS OMACHOCTH TS KaXKIOTO MPEATIPUATHS, BHJIA IEATEIBHOC-
TH; BU3YaJHM3aIMIO CIOKUBIICHCS THAPOMETEOPOIOTHIECKOH 0OCTAaHOBKH; BbIJAYy CBEICHUH O BO3MOMKHBIX
BozzaercTBIsIX OISl Ha OOBEKTHI M BUIBI ASSTEIHHOCTH; OLIEHKY BO3MOYKHOTO yIiep0a; BeIady peKOMEHIAINN
JUTSL IPUHSTHUS PELISHHH; pacdeT CTOMMOCTH MIPEBECHTUBHBIX MEPOIIPUATHIN; IPUHITHE PEIICHHS C YIETOM pa3-
HUIBI MEXTy YIIEpOOM U CTOMMOCTBIO IPEBEHTUBHBIX MEPOIIPUSATHI.

UT nndpactpykrypa Pocruapomera nomkHa obecrieunBaTh HETPEPHIBHEIN MpoIiece HaOMOACHH, B T. U.
C TIOMOIIbIO ABTOMATUYECKUX CTAHIMH, KOMIUIEKCOB; COOp JaHHBIX C ITyHKTOB HAOIIOACHHUN B yNPaBICHH
Pocruapomera u B MPOTHOCTUYECKUX LEHTPAX; HHTETPALMIO JAHHBIX OT Pa3JIMYHBIX UCTOYHUKOB; OOMEH U
JIOBEJICHNE NaHHBIX B JAPYTHE CHCTEMBI; JETATbHOE 3HAKOMCTBO C THAPOMETEOPOIOTHIECKON CUTyalueil; uc-
oJIb30BaHNe MH(pOpMaIu B OM3HEC-TIpolleccax W MPUHATHE pemeHuid. To ecTh HeoOXomumo pa3paboTars
HOBbIE MHCTPYMEHTBHI ISl peau3aluy MePexoa OT «IOCKYTHOW» aBTOMATH3allMi K CKBO3HOW TEXHOJIOTHMH
00CITyKMBaHUS PyKOBOAUTEICH «OT HAOIIONCHUH 10 IPUHATHUS PEIICHUS.

3amagamu LT siBrsitoTcst co3nanue nupoBIX MPOLECCOB, MTOCTPOCHUE SAMHON HU(POBOH HHPPACTPYK-
TYpBbI, pa3BUTHE HOBBIX IU(POBBIX IPOAYKTOB TSI IEPCOHATU3NPOBAHHOTO 00cyxuBanus. LT nomxHa:

®  JMKBHIMPOBATh HEIIPOM3BOAUTENBHBII U HETBOPUECKUN TPY/ COTPYAHUKOB OpPraHU3aINi, y4acTBy-

formx B 'MO norpebureneii;

®  ONTHMHU3HPOBATh OM3HEC-NIPONECCHI MPEAIPUATHH - IPETOTBPATUTH JIFOOBIE 3aJIEPIKKHU B X01€ cOopa,

00paboTKHN U TOBEICHHUS HH(POPMAIIHH;

®  pa3BUBATh MHPPACTPYKTYPY It cOOpa, MHTETPALUH, HAKOIUIEHHS U JOBEJCHUS 10 PyKOBOAUTEICH

TOJIFKO HEOOXOIUMOW eMy HH(pOPMAaIINH.

Pezynbrarst LT g0omKHBI IPUBECTH K CO3JaHUIO €MHOTO HU(PPOBOro M HHGOPMAIIMOHHOTO IPOCTPAHCT-
Ba, KOT/Ia JaHHBIE 00 OKPYKAIOIIEH cpesie, B Kakoil ObI CTpyKType (hopmare) OHU HE OBUIH MPEICTABICHBI, OHU
JIOJIKHBI OBITh I0CTABJICHBI PYKOBOJIHUTEIIO B TOM BHZIE, B KOTOPOM OH cunTaeT HyXHbIM. LIT TpebyeT akTuBHO-
IO COTPYTHMYECTBA C UCTIOIb30BaHNE COBPeMEHHBIX T MeX Iy ruIpOMETeOpOIOTHYECKIMHU OPTaHU3ALUSIMHY,
YUEHBIMHU, OPTaHAMH TOCYJapCTBEHHOTO YIPABICHHUS, PyKOBOAUTEIAMH MPEATIPUATHH, SKCIIEPTaMU B pa3iind-
HBIX 0071aCTSIX AEATEIBHOCTH.

He menee BaxHO, 9TOOBI Bee pe3ynsrarsl LT moMorm mpeArnpusTisM, BCTYIHBIINM B CTAIHIO YETBEPTOH
TIPOMBIIIUICHHOW PEBOJIOIIHA YMEHBIIUTD MX 3aBHCHMOCTB OT YCJIOBHH OKpyKaromieid cpensl. MO momkHO
OBITH HalpaBiieHO Ha BKMoueHHe | MU B aBTOMaTH3MpOBaHHBIE OM3HEC-TIPOIECCHI MPEANPUATHH, PabOTAIOINX
B nHayctpun 4.0. Pa3sutre nHTEpHETa, MHPOKOMMYHUKAIIMOHHBIX TEXHOJIOTHH, YCTOHUMBBIX KaHAJIOB CBS3H,
OONIaYHBIX TEXHONOTHHA M MU(POBBIX TIATHOPM 00ECIICUIIIO TOSBICHNE OTKPBITHIX 0a3 JaHHBIX, ITI00ATBHBIX
ceTel, BBIXOMSIINX 33 TPaHUIBI OTAEIBHOTO NMPEANPHUATHI U B3aMMOACHCTBYIOIINX MEXIy co00i. DTO 1 ecTh
YyeTBepTas CTyneHb HHAycTpuammsanun (Muxycrpus 4.0), mpenycMaTprBaioias HHTETPAIMIO TaHHBIX, CKBO3-
HYIO aBTOMATH3aILlMI0 BCEX 3TAOB 00pabOTKM TaHHBIX 0€3 HEOCPEICTBEHHOTO YIacTHs yeioBeka. OCHOBHBIMU
npuHIMnaMu nocrpoenus Uuanycrprm 4.0 sBisrorces [6]: cOBMECTUMOCTH (CTIIOCOOHOCTH MAIIIHMH, YCTPOHCTB,
CEHCOPOB U JIFOJEH B3aMMOJICHCTBOBATh M OOIIATHCS APYT C APYTOM); MIPO3PAYHOCTD (TIOTyUCHHE MAKCUMAIIBHO
MOTHOW WH(pOpManus 000 BCeX MPOIECcax, KOTOPHIE MPOUCXOIIT B MPOMBIIUICHHBIX O0BEKTaX); MOIACPIKKa
MIPUHATHS PELICHUH (MOMOIb PYKOBOAUTEIISM MPH MPUHATHU PELICHUH); ICIEHTPaNIN3anusl yIpaBIeHIeCKIX
peteHuit (1enernpoBanme HEKOTOPHIX (DYHKIMHA MPUHATHS PEIICHNH CHCTEME IOICPKKH IPHHSATHS PEIICHHN ).
K Unnycrpru 4.0 oTHOCATCA pa3paboTKy 6€30MacHBIX TOPOJOB, HHTEIUIEKTYAIBHBIX 30aHN, CaMOYyIPaBIIsieMbIX
aBTOMOOMJIEH, Cy/10B, OECITMIIOTHBIX CAMOJIETOB, aBTOMAaTHUECKHUX MPOU3BOACTB H T.1I.

BbiBOAbI

Crnoxuiach mapaJoKcaibHasi CHTyaIus, Koraa cOop, HaKOIUICHHE, IPUKIaTHas 00paboTka TaHHBIX, I10-
Ty4eHHne KIMMATHICCKUX 0000IIEHIH, KPaTKOCPOUHBIN, TOATOCPOTHBIA U CBEPXIOITOCPOUHBIC TIPOTHO3HI TH-
JPOMETEOPOIOTUICCKIX YCIIOBUN M M3MEHEHHH KIIMMaTa HMEIOTCS, @ MX HCIIOJIh30BaHHUE TIOKA HE TACT Oy TH-
MBIX OM3HEC-PE3yIIbTaTOB, UYTO SBISCTCS OMHAM U3 BakHEHIMX nokazateneit Mumycrpun 4.0. [IpuanImn momy-
YeHUS JaHHBIX U3 OIHOTO OKHAY, PEaTH3yIOMNi caMOOOCTy)KIBaHNE PYKOBOAUTEINCH MPENIIPUATHH, yKEe HE
YCTpamBaeT X, T. K. OCHOBHAs Harpy3Ka Ha ITOWCK U HCIOJIh30BaHUE JAHHBIX JIOXKHUTCS Ha HUX. [IpennpusTas,
3aBucsue or MY, maccoBo yxoasT B oHiaiis, npoBoasat LIT cBoell AeaTenbHOCTH M NEPEXOAT K IpaKTHye-
CKOMY UCHOJIb30BaHMI0 uaek u noaxonos Munyctpuu 4.0. B atux ycnoBusix 1 'MO nomkHO nepeiiTu Ha HO-
BEIIf yPOBEHB aBTOMATH3AIIUH — ABTOMATHUYECKYTO nocTaBky [ MU, aBToMaTHYeCKOE HCITOIh30BaHUE B OM3HEC-
Tporieccax MPEeANPHUATHIA, CO3IaHIe WHTESIUIEKTYaThHOTO HH(POPMAITMOHHOTO TIPOCTPAHCTBA IS KKIOTO Py-
KOBOJIUTEIIS TIPESIPUSTHSL.
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MHorue 3ajau moTpeduTeNIeli — HeCTaHAapTHBIC, TPEOYIOT yueTa crenupuKy OU3HEC MPOIECCOB KOH-
KPETHOTO MPEINPHUITHS, JJIs KOKIOro OU3HEC Mpolecca HeOOXOAUM CBOW COCTaB MapaMeTpPOB, YPOBEHb HX
arperaiu, CBOu TPeOOBaHUS K aKTyaJIbHOCTH JIAHHBIX, YaCTOTEC HAOIONCHHMIA, 320]1arOBPEMEHHOCTH TIPOTHO-
30B. MH(MopManus asist IPUHSTHS OBICTPBIX U 000CHOBAHHBIX YIPABICHYCCKUX PEIICHUN TOJDKHA OBITH JICTKO
JTIOCTYIIHA, TIOATOMY CKOPOCTh TOCTaBKH cBeieHuit 00 OIS — oHO U3 BaKHEWIMX TPeOOBaHUI MHOTHX OM3-
HEC MPOIIECCOB, BBIMOMHAEMBIX Ha MpeanpusiTusx. [Ipennpustusm HyXHbl HHCTPYMEHTBI JUIsl OLIEHKH BO3-
MOXHBIX Bo3zaericTBuil OIS Ha nmpennpusATHs ¥ HACEICHUE, IPUHSITUS PCIICHUN U pacyeTa yOBITKOB M CTOU-
MOCTH MPEBEHTUBHBIX MEPOTIPUSATHI 10 HaUaa SBJICHHUSL.

Bonee moapobHO ¢ npencrapnennbiMu Boine uaesmu L[T TMO nmorpeOuTeneit MOXXHO 03HAKOMHTHCS B
kHwure [7].
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BapMaLI,MOHHbIe MeToObl 4J1A CUCTEM MNMPUPOAO0O0XPaHHOI 0
NMPOrHo3mpoBaHUA U YCBOEHUA OaHHbIX M3MepeHMVI

MNeHeHKo B.B., MeHeHKo A.B.
WUHCTUTYT BbIMMCIUTENBHOI MaTeMaTUKK M MaTeMaTu4eckom reo¢usmnkm CO PAH, HoBocubupck, Poccus

E-mail: penenko@sscc.ru, a.penenko@yandex.ru

pencTaBIeHBl METOBI PEIICHHUS 33129 IPOTHO3UPOBAHUS M OXPAHBI OKPY’KaIOIIEH Cpe/Ibl B YCIOBHUAX

MIPUPOAHBIX U aHTPOIOTEHHBIX BO3/IEHCTBUI Ha BOJIOIUIO HCCIIEAYEMbIX MporieccoB. OCHOBY 3THX

METOJ/IOB COCTABIISAIOT BapHAIlMOHHbIE MPHHIIUIIBI T OPTaHU3AINH KOMIUIEKCAa MaTeMaTHIECKUX MO-
neneit 00bexToB 3eMHON cucTeMbl. OCHOBHBIE MX HUX: aTMoc(epa, OKeaHbl, TOBEPXHOCTh 3eMJIM M BEPXHHE
CJIOSI TIOYUBBI; Ta30-a3P030JIbHBINA COCTaB aTMOC(epbl, BKIIOUas MEXaHH3MbI UX TPOAYKIMU/TpaHCcHOpMaIiu 1
npyrue [1,2].

Kpome Mozeneii mporeccoB UCTIONB3YIOTCS TakKXKe Pe3yabTaThl UX HAOMIOACHUH CHCTEMaMH MOHUTOPHHTA
1 COOTBETCTBYIOIINE MPEICTABICHUS B MPOCTPAHCTBAX (DYHKIMI COCTOSHUS MOJEIEH MPOIECCOB (TaK Ha3bl-
BaeMble «MOJIeTT HaOMoIeHN»). [Ipr 3TOM OnpenensitoTesl TaKkke U 1eNeBble PyHKIIMOHAIBI UCCIIEIOBAHUS
MIPOIIECCOB U IPOTHO3UPOBAHMUS.

OO0BenuHeHne BceX ATUX MoZIeTie 1 00BEKTOB B €MHYIO CHCTEMY OCYIIECTBIISIEM Ha OCHOBE BapHAIIHOH-
HOTO MPHHIIMIIA CO CIa0bIMKU OTPaHMYCHUSIMU. B ero onpenesieHnn 1Coib3yeM OCHOBHbIE (PYHKIIUH COCTOSI-
HUSI U COOTBETCTBYIOIINE UM COIPSIKEHHbIE (DYHKIIMHU, & TAaKXKe BBOMISATCS JOMOIHHUTENILHO TaK Ha3bIBaEMbIe
(hyHKIMHU HeoTpeaesIeHHOCTeH. DTO HOBBIE HCKOMBIE (DYHKITHH, THIIA HCTOYHUKOB B YPaBHEHHAX KOMIUIEKCA
Mojieneil mporeccoB u Mojeneil HabmroneHnit. OHK BBOASTCSA AJIS peIIeHHs] 0OpaTHBIX 3a/a4 U YCBOCHUS JaH-
HBIX.

Juist ynoOcTBa peanu3aly Mbl ONPEAEsieM OCHOBHOW (DYHKIIMOHAT CHCTEMbl MOJICIIMPOBAHUSI SHEpre-
THUYECKOTO TUITA U (POPMYJIHPYEM ero Kak 00beMHEHNS] COBOKYITHOCTH (DYHKIIMOHAJIOB JIJIsl 00BEKTOB CUCTEMBI
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3emis U A1 TIepeHoca U TpaHchopMamu ra3o-a3po30ibHbEIX npuMeceil. O0beANHEHNE BCEX 3TUX 0OBEKTOB
OpraHu3yeM TaK, YTOOBI MO’KHO OBIIO OCYIIECTBIISATE NapajlIeIbHYI0 OPraHM3aIHI0 COOTBETCTBYIONIHX YacTel
obuieit 3axaun. KOHKpEeTHO, IPH HCHOIB30BAHIN METOA0B PACHICINICHHUS IOy YaI0TCs JIOKAIEHO OJHOMEPHBIS
CHCTEMBI YpaBHEHHH JJIsI OCHOBHBIX M COIPSDKEHHBIX 33/1a4 M METOJ0B IOCJIEOBATEIBHOTO YCBOCHHS JAHHBIX
0e3 urepauunii. IT0 OUSHb BaXKHO JUIS peajiM3allii CUCTEM YCBOCHHS JaHHBIX C BBICOKMM MPOCTPAHCTBEHHO-
BPEMEHHBIM Pa3peIICHUEM U C YBEINYCHUEM Pa3HOO0pa3Hs yCBaHBaeMbIX THIIOB HAOIIOICHHH.

OmnpeznenuM ere OANH aclieKT YCBOCHHS JaHHBIX Ha OCHOBE MaTEMAaTHYECKHX MOJEINIeH CHCTEMbI 3eMIIsl.
B Hacrosmiee BpeMsi OCHOBHOH COCTaB JACHCTBYIOIINX M MEPCIIEKTUBHBIX CUCTEM MOHHTOPHHTA JaeT HHMOP-
MAITIIO O TTOBEJACHNH aTMOC(EpHI U MPOIIECCOB TIepeHoca U TpaHCchopMarun mpumeceii B e€ cocrase [3]. [Toa-
TOMY IIPH PELICHUH 3aad O IPoLeccax B OTACIBHBIX YaCTAX 36MHOH CHCTEMBI HEOCTATOK PE3yNIbTaToOB Ha-
OmonieHuii OyeT Beerna CKa3bIBaThCs Ha OLEHKaX (PaKTHYECKOTO COCTOSIHUS M IIPOTHO30B CHTYaLlUH.

[Tpn oObeqMHEHNH MOJETIel TPOLECCOB U CHCTEM YCBOCHUS JaHHBIX B paMKax OOIIEro BApHalHOHHOIO
MIPUHIMIIA I PEIIeHNS 3a1a4 3eMHOI CHCTEMBI B LIEJIOM, MOZEINH IIPOLECCOB M MOJIEIN HaOIIOIeHHH BEICTY-
[AIOT B POJIM HHCTPYMEHTOB ITPOCTPAHCTBEHHO-BPEMEHHBIX HHTEPIOJIAINI/9KCTPATOIALMH QYHKIUH cOCTOs-
HUS ¥ IapaMeTPOB BO BCEH CHCTEME B LIEJIOM. DTO TaK HAa3bIBAEMbIE PEIICHUS 3a/1a4 IPOIOIDKEHHS JUIs Lienel
IIPOTHO3WPOBAHMS U OLIEHOK KauecTBa IIPUPOJHON Cpelibl BO Beeil cucreme.

B BnarogapHocTy. PaboTa BbinonHAETCA B paMKax rocyaapctBeHHoro 3agaHus MBMuMI™ CO PAH N2 0251-
2021-0003 npu yactuyHon nognepke npoekta POOU N2 20-01-00560 B YacT paccMoTpeHua 3ada4
MPOOOTHKEHMA.
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Variational methods for environmental forecasting systems
and assimilation of measurement data

Penenko V., Penenko A.
Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia

E-mail: penenko@®sscc.ru, a.penenko@yandex.ru

ethods for solving problems of environmental forecasting and protection in the conditions of natural

and anthropogenic impacts on the evolution of the studied processes are presented. These methods are

based on variational principles for organizing a complex of mathematical models of objects of the Earth
system. The main ones are: the atmosphere, oceans, the earth's surface and the upper layers of the soil; the gas-
aerosol composition of the atmosphere, including the mechanisms of their production/transformation, and others
[1,2]. In addition to process models, the results of their observations by monitoring systems and the corresponding
representations in the spaces of state functions of process models (the so-called "observation models") are also
used. Besides, we also determine the target functionals of process research and forecasting. We combine all these
models and objects into a common system based on the variational principle with weak constraints. In its defini-
tion, we use the main state functions and their corresponding adjoint functions, and introduce the so-called uncer-
tainty functions. The latter are new desired functions, like sources in the equations of the complex of process
models and observation models. They are introduced to solve inverse problems and assimilate data.

For ease of implementation, we define the main functional of the energy-type and formulate it as a combi-
nation of a set of functions for objects of the Earth system and for the transfer and transformation of gas-aerosol
impurities. We organize the union of all these objects so that the corresponding parts of the overall task can be
organized in parallel. Specifically, when using splitting methods, locally one-dimensional systems of equations
for basic and adjoint problems and methods of sequential data assimilation without iterations are obtained. This
is very important for the implementation of data assimilation systems with high spatial-temporal resolution and
with an increase in the variety of assimilated types of observations.

Let us define another aspect of data assimilation based on mathematical models of the Earth system. Cur-
rently, the main composition of existing and prospective monitoring systems provides information about the
behavior of the atmosphere and the processes of transport and transformation of impurities in its composition
[3]. Therefore, when solving problems on processes in certain parts of the Earth's system, the lack of observa-
tional results will always affect the estimates of the actual state and forecasts of situations.
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When combining process models and data assimilation systems within the framework of a common varia-
tional principle for solving problems of the Earth system as a whole, process models and observation models
act as tools for spatio-temporal interpolation/extrapolation of state functions and parameters in the entire sys-
tem as a whole. These are the so-called continuation problems for the purposes of forecasting and evaluating
the quality of the natural environment throughout the system.

B Acknowledgments. This work is carried out within the framework of the state assignment of the ICM&MG
SB RAS 0251-2021-0003 with the support of the RFBR 20-01-00560 regarding the continuation tasks.
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Hampshire (UNH) as an online instrument for multidisciplinary data visualization, analysis and manip-
ulation with a focus on pan-Arctic hydrological applications with use of long-term proxy information
e.g. tree-ring data. This new system was built on the OpenLayers Application Programming Interface which is
an Open Source initiative for dynamic mapping in compliance with the Open Geospatial Consortium (OGC)
standards and protocols. Although TRISH is a completely new web-integrated system with various new fea-
tures, it retains most of the data and functionality developed earlier at UNH for the Rapid Integrated Mapping
System (RIMS). Presently, the TRISH data pool includes more than 20000 single layers (e.g. elevation) and
time series (e.g. gridded daily runoff) as well as several station/point network datasets. The data accessible
through TRISH covers a variety of themes including climate, hydrology, land cover, demographics, economics,
tree-ring proxies and others. In addition to visualization/mapping of gridded data with capability to overlay
Bing or OSM (Open Street Maps) base layers for better georeferencing the exact location, TRISH also contains
web services designed for digital data content interfacing: I) dataset search service among our data holdings (in
300+ file formats readable by the GDAL library); II) the ability to view different temporal aggregation sub-sets
of the same time series data (e.g. daily, monthly, yearly, or long term averages, etc.) as well as their spatial ag-
gregations (e.g. integral averages per country, per watershed, per administrative unit, etc.); I1I) interactive
querying the source data values for each pixel of the client-side displayed maps (WFS/WCS); IV) on-line alge-
braic and logical calculations in Perl Data Language (PDL) syntax to create and analyze static and time series
data layers via the new data calculator tool; V) tools for easy mounting and management of new vector, raster,
and point/station data including associated metadata; VI) tools for statistical analysis of station/point data.
To demonstrate the capabilities of TRISH as a powerful instrument for various environmental and coupled
human-natural systems research, we will present several examples of climate and hydrological data analyses
with various observed, modeled, and proxy datasets for spatial domains in Siberia and beyond.

The Tree Ring Integrated System for Hydrology (TRISH) has been developed at the University of New
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High-order approximation schemes for the staggered
reduced lat-lon grid
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latitude-longitude grid with variables staggering [1]. We use finite-differences based on the piecewise trigo-

nometric interpolation for the spatial discretization of the equations. These schemes are exact for sin mA,
cos m/ functions with m < 2 and allow to avoid reduced grid pole problem [2, 3]. Semi-implicit semi-Lagrang-
ian method [4, 5] is used for the temporal discretization of the equations.

Properties of the proposed model will be studied using standard idealized tests for nonlinear shallow water
equations on a sphere, proposed in [6, 7]. The report will present the obtained test results and their comparison
with the shallow water model on a regular latitude-longitude grid and with the results of other models published
in the literature.

In this work, we consider high-order discretization of the nonlinear shallow water equations on a reduced
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C pa3HeCceHNeM nepeMeHHbIX
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aHHas paboTa IMOCBSIIEHA MOCTPOCHHUIO U UCCIIEAOBAHUIO CBOMCTB CXEM BBICOKOTO TTOPSIKA AIIPOKCH-

MalMH Ha PeayHUpPOBAHHON MIMPOTHO-TOITOTHOM ceTke [1] ¢ pasHeceHneM nepeMeHHbIX. PerynsapHas
HIMPOTHO-I0JTOTHAS CETKA HA MPOTSXKEHUU JTOJITOr0 BPEMEHH SBISUIACh OJHUM U3 OCHOBHBIX BapHaH-

0B JUTsl pa3pabOTKH TI00ABHBIX YUCICHHBIX MOJeNeH TUHAMHUKH atMocdepbl. OfNH U3 TIaBHBIX HEIO0CTAT-
KOB JIaHHOM CETKM — HaJIM4le aHW30TPOIHHU BOJIM3H IMOIIOCOB, YTO NMPHUBOIMT K MpOOIEeMaM YCTOHYMBOCTH,
BBIYMCIIUTENIFHOM 1 apauienbHON 3 PEeKTHBHOCTH YHCIEHHBIX METOI0B, a TAKXKE K TPYIHOCTSIM IpH GopMy-
JMPOBKE CXEM IMapaMeTpU3alny IPOIECCOB ITOJCETOYHOrO MacTaba. DTo MPUBOJAMT K MTPAKTHUECKON Helle-
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J1€CO00Pa3HOCTH UCTIONB30BAHUS PETYISIPHON MINPOTHO-IOATOTHONW CETKH C TOPU30HTAIBHBIM Pa3peIIeHHeM
Menee 10 kM Ha 3KBaTope.

Ha ceropssmHmMiA 1eHb IPEIUIOKEHBI pa3INYHbIC BApHAHTBI TOPU30HTANIBHBIX CETOK Ha cepe ¢ KBa3no-
HOPOAHEIM pasperieHneM [2]. Hanbonee momymapHBIME BapHaHTaMH SBJISIOTCS CETKH THIIA PaBHOYTOJIbHAS
KyOmdeckas cdepa [3-5], HECTPYKTypHpPOBaHHBIE HKOCA3IPAIbHBIC W TPEYTOJIBHBIE CETKH [6-8], a Takxke co-
CTaBHBIC CETKH C MEPEKPBITHEM, Hampumep, ceTka Tuma Mup-Sue [9,10]. B To e BpeMs OTHOCHTENBHO He-
60JIBIIOE KOMMYECTBO pabOT MOCBSIIEHO MOCTPOSHHUIO U AHAJIN3Y CBOMCTB JIOKAJIBHBIX JUCKPETU3AIMN AT
PEoyILPOBAaHHON IUPOTHO-JONTOTHON CETKH. DTa CETKAa MMEET Psi/i MOTEHIIMAIBHBIX PEUMYIIECTB, TAKHUX
KaK OPTOTOHAJIBHOCTH KPHBOJIMHEIHON CHCTEMBI KOOPIUHAT, HAINYNE YaCTUYHON CTPYKTYPBI, COHANpPABIICH-
HOCTbh KPYITHOMACIITaOHBIX Te0(hN3NUECKUX TEUCHNH C JTMHUSIMU CETKH, a TAK)KE BO3MOXKHOCTH MOBTOPHOTO
UCTIONIb30BaHMS MICXOAHOTO Koa (C HeOOMbIINMI U3MEHEHUSIMH) MOJIEIIEH, NCIONB3YIOIIUX PETYISPHYIO MU~
POTHO-ZIONITOTHYIO ceTKy. OIMH 13 TIIaBHBIX HEJOCTATKOB PEIyUPOBAHHOMN CETKH (BO MHOTOM OTPaHUYUBAIO-
i e€ MpUMEHeHne) — TaK Ha3blBaeMas MpobieMa momoca pexynupoanHoi cetku [11, 12] (reduced grid
pole problem). lanHoe siBIeHNE HAOMIOTAETCS TMPH UCIONB30BAaHIH KOHEYHO-PAa3HOCTHOTO TIOAXOA JUTS afl-
MIPOKCUMAIUH (G PepeHIIHaTbHBIX ONEPaTOPOB U 3aKITI0UACTCS B POCTE OMIHUOKH JUCKPETH3AINH BOIM3H TO-
JIOCHBIX TOYEK MPH YBEINICHNH POCTPAHCTBEHHOTO pa3perieHus ceTku. Oqaaxo B padore [12] 65110 mokasa-
HO, YTO MpOoOIEMy MOII0Ca PENYIMPOBAHHON CETKH MOKHO M30€KaTh, €CJIM UCTIONB30BaTh MPOLIEAY Pl HHTEP-
MOJISIIIMA M YMCIIeHHOTOo AuddepeHnnpoBanns, KOTOpeIe TOUHB! Ay GyHKIMI BUAa sin mA, cos mA, st m < 2,
e A — KOOpANHATA BIOJb JAOITOTHI.

B nanHoii paboTe paccMaTpuBaeTCsi BO3SMOXKHOCTB TOCTPOSHHUS CXEM BBICOKOTO MOPSIIKA AIITPOKCHMALIIH
JUISL AUCKPETH3ALUH TOPU30HTAIBHBIX ONEPaTOPOB HA PEAYILIMPOBAHHON IIUPOTHO-JONTOTHON CETKU C pa3He-
cenneM nepemMeHHBIX [ 13]. [locTpoenue cxem 1 BcciaeJoBaHNE X CBOWCTB MPOMU3BOIUTCS B paMKaX HEITMHEH-
HBIX ypaBHEHHUH MEJIKOI BOJBI Ha Bpalmaromieiics chepe:

DY — —fkxV-v@+ 0,
b (1)
DY —ovv,

rae f— napamerp Kopuonuca; ® — ToniuHa ciiost d)KHUIKOCTH, YMHOKEHHAsI Ha TPaBUTALIOHHYIO TIOCTOSTH-
Hyio g, ®° — reonorennuan oporpaduu; V = (1,v) — BEeKTOp rOPU30HTaIBHOI ckopocTH, D / D, — narpanikesa
MIPOU3BOJIHAS BIOJIb TPAEKTOPHH.

JUis nuckpeTu3anuy ypaBHEHUI 0 BPEMEHH HCIIONb3YeTCs MOIYHEsIBHBIN MoJTyiarpamkeB MeTon [14],
OCHOBaHHBII Ha npuMeHeHnu cxembl Kpanka-Hukoncon amns nuHelHbIX uieHoB ypaBHeHUH u cxeMbl SETTLS
[15] nyis HenMHENHHBIX YJICHOB U BBIYMCIICHUS TPACKTOPUIl MOTyIarpaHKeBbIX 4acTHLl. [ perieHus BO3HUKa-
IOLIET0 B pe3yabTaTe NMPUMEHEHHs MONyHEsBHOIO MeToja ypaBHEHHUs [enbMrosblia MCHIOIB3YETCSl METOJ
BICGstab u reomeTprueckuii MHOTOCETOUHBIH MeTo [16].

1 mpOCTPaHCTBEHHON OUCKpPETH3allMKd ypaBHEHUN BIOJIb 30HAJBHOIO HAINPABICHUS HCIONbB3YHOTCS
CXEeMBI YHCIIEHHOTO A (hepeHIMpPOBaHKs YETBEPTOrO HOPSIKAa TOYHOCTH MOJTy4YEHHbIe IpU oMoty audde-
PEHLIUPOBAHUSI KyCOUHO-TPUTOHOMETPUUECKUX UHTepNnoysHTOB Jlarpanxka [12]. [lng anmpokcuMarnuy BAOJIb
MEpPUIHOHAIIEHOTO HAIPABJIEHUS IPUMEHSIOTCS CXEMbI YETBEPTOTO MOPSAKA TOUHOCTH, TAKXKE OCHOBAaHHBIE Ha
MPUMEHEHUN KyCOYHO-TPUTOHOMETPUUECKOH MHTEPHOJISIIUU BAOJIb NOATOThl. MHTepnonsanus 3HaueHui ce-
TOYHBIX (DYHKIMI B MCXOJHBIE TOUKHU TOJTyJIarPaHKEBBIX TPACKTOPHUI TPOU3BOIUTCS C HCIOJIB30BAHHEM KOM-
OMHMPOBAHHOW KYCOYHO-TIOJIMHOMUQJILHOM (B/IOJIb MIMPOTHI), KyCOYHO-TPUTOHOMETPHUYECKOH (BIOJIb JIOJITO-
ThI) MHTEpHIONSINU. [IpuMeHeHne KyCOUHO-TPUTOHOMETPUYECKON HHTEPIIONSIIMMI TT03BOJISIET CTPOUTH TIPOLIe-
JIypbl HHTEPIIOJSIIMY U U epeHIMPOBaHNS BJOJIb OATOTHI TOUHBIE JUIsl QYHKIUH sin mA, cos mA, m < 2, To
€CTbh HE IOJIBEP)KEHHBIE BIMSHHUIO IPOOJIEMBI TTOJIIOCA PElyIMPOBAHHOM CETKH.

HccnenoBanus cBOMCTB NMPEUIOKEHHBIX JUCKPETU3ALUN IIAHUPYETCs IPOU3BOAUTE C UCIOIb30BaHHEM
CTaHJAPTHBIX WJICAIN3UPOBAHHBIX TECTOB JUIS HEJIMHEHHBIX YPaBHEHUI MEJIKOH BOJIBI Ha cdepe, NpeIoKeH-
HBIX B padorax [17, 18]. B pamkax nokiana OyayT npeicTaBiieHbI TTOJMyYSHHBIE Pe3yJIbTaThl TECTUPOBAHUS U
HX CPaBHEHHE C MOJIEJIBIO MEJIKON BOAIBI HA PETyISIPHON IIMPOTHO-JOITOTHOM CETKE U C pe3yJbTaTaMU APYTHX
Mojeneil, orryOIMKOBaHHBIMU B JIUTEpAType.
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sis and forecasting systems. One of the main uncertainties in air quality studies is information about

chemical substances' sources (and sinks). Therefore, as the main task of inverse modeling, we consider
the source identification problem. An approach with sensitivity operators is applied to identify sources [1,2].
The ensemble construction of the sensitivity operator provides a natural way to combine different types of
measurement data in a single operator equation [3]. The structure of the equation allows one to analyze the in-
formation content of the measurement data. The combined use of image-type, integral-type, contact-type, and
time-series-type measurement data is considered. The approach is illustrated in the inverse modeling scenario
for the Baikal region.

The use of heterogeneous monitoring data makes it possible to improve the accuracy of air quality analy-

B Acknowledgments: Supported by the grant N2075-15-2020-787 in the form of a subsidy for a Major
scientific project from Ministry of Science and Higher Education of Russia (project "Fundamentals,
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methods and technologies for digital monitoring and forecasting of the environmental situation on the
Baikal natural territory").
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CIIOJIH30BAaHUE PA3HOPOIHBIX THUIOB JAaHHBIX MOHUTOPHHTA IO3BOJIET MOBBICUTH TOYHOCTH CHCTEM
aHaju3a W MPOTHO3MPOBAHMS KadecTBa Bo3ayxa. OQHON M3 OCHOBHBIX HEOMPEASIEHHOCTEH MPU HU3-
YUEHHMHU KayecTBa BO3ayXa siBisiercsi MH(opMalus 00 HCTOYHHKAX (M CTOKaX) XUMUYECKUX BEIICCTB.

IToaTOoMy B KauecTBe OCHOBHOM 3a7a4y 0OpaTHOTO MOJCIUPOBAHUA Oy[IeM pacCMaTpUBaTh OOpaTHYIO 3a7ady

WACHTH(PUKAIIMN UCTOYHUKOB. s maeHTH(UKAIMKY UCTOYHUKOB MPUMEHSETCS MOIXOJ ¢ MCTOIb30BAHHEM

OTIepaTOPOB UYBCTBUTENBHOCTH [ 1], ocHOBaHHBIN Ha uzaee .M. Mapuyka [2]. AHcamOneBas KOHCTPYKITHUS OTie-

paropa 4yBCTBUTEIBHOCTH 00ECIIEUNBAET €CTECTBEHHBIA CIIOCOO KOMOMHUPOBATh PA3IUYHbBIE TUIBI JaHHBIX

M3MEPEHUIl B OJIHOM OIepaTopHoM ypaBHeHUH. CTpyKTypa ypaBHEHUs T03BOJISIET aHAJIM3UPOBaTh MH(OpMa-

TUBHOCTh JAHHBIX M3MepeHuil. PaccMmaTpuBaeTcs KOMOMHMPOBAHHOE HCIOJIH30BAHHE JAHHBIX H3MEPCHHN

TUTIA U300paKEHHSI, THTETPATLHOTO THIA, KOHTAKTHBIX U3MEPEHHI M TaHHBIX THUIA BpeMEHHBIX psiioB. [lom-

XOJI TPOMJITIOCTPUPOBAH HA CIIEHAPUU 00paTHOTO MOAEINpPOBaHUs 171 balikanbckoro pernoHa.

PaccMoTpuM MpsIMOYTOJIBHYIO TIPOCTPAHCTBEHHO-BpEMEHHYI0 001acTh (2. B 3T0i1 0bnacti onpenenum
MaTeMaTH4YecKyl0 MOJENb THUIA aJBeKIUU-TUPPy3UN-peaKiiuy, KOTopast OMUCHIBACT MPOLECCH MepeHoca B
aTMoc¢epe pa3IMYHbIX CyOcTaHIMi (IpUMeceii, TerIa, BIary, paJuanun 1 Ipyrux). PaccmarpuBaercs cucre-
Ma u3 N, B3auMOJEHCTBYIONINX KOMIIOHEHTOB, 0003HauaeMbIx uHIekcamu [ € L= {1, K, N_}:

6—“t"—V-(cuag(u,)w, 4@+ B9, =TL(L9)+ 41 (RDeQ,. (1)

. r out
n'(dlag(M;)V(/’/)Jr/”/@ =a;, (x,0) er c6Qy, (2)
o =a, (nnel™cs0,, (3)

o =0 +&s )rCEQ:tZOa “4)

r11e ¢ (x,7) — BeKTop-(hyHKITHS COCTOAHMS, 0003HAYAIONIAs KOHI[EHTPAIIHIO PACCMATPHBAEMBIX B3aHMOJIEH-
CTBYIOIIIX BEIIECTB B ToUKe (X,f) € O, ¢, — I-if eMeHT BekTopa ¢, i (X,f) € R’ — BEKTOp CKOPOCTH TepeHoca,
[, (%,7) € R'— BexTop Koaq)(I)HuHeHTOB muddy3un. 3anaroTces apuopHbIe ((HOHOBBIE) 3HAYCHUS HCTOYHHUKOB fiu
HaYaNbHBIX TAHHBIX ¢, . DIEMEHTHI ONEPaTopoB NPORYKLMH U I€CTPYKLMH P, 11, : [0, T] % R " — R, 3anarorcs
cucTeMoil ypaBHeHnii peakiun. OG03HAYMM Yepe3 ¢ BEKTOp HEONpEIeNeHHOCTel 3a/[aul — 3TO BEKTOP napa-
METPOB MOJIEIIH, 32 CYET KOTOPBIX TIPEITIONATAETCS PEIIaTh 3a/1a4l 00PaTHOTO MOJIETHPOBaHKs. BekTop ¢ mpu-
HaVIeKUT HEKOTOPOMY 32/IAHHOMY MHOXKECTBY 0. 0603Ha‘II/IM BEKTOp 3aJIaHHBIX (onpez[eneHHHx) napame-
TPOB MOJIEIH uepes v. 3anady OTpeeCHH dyskmmii ¢ u3 (1)-(4) mo H3BECTHBIM quv 6y,Z[GM HA3bIBATh MPsi-
Moit. O603HauNM ee pemenne yepes ¢[¢]. TouHbM pemieHneM oOparHo# 3a1a4n go(*) = g5 [q(‘)] Ha30BEM pEIICHNE
IIPSIMOH 33J1a4, COOTBETCTBYIOIIEE HEKOTOPOMY 3HAUECHHIO q(*’e 0.

Omnpenennm oriepatop Ha6J'I}O,Z[€HI/II/I H, xoTOpHIii CBA3BIBAaET (i)yHKLu/Ho COCTOSTHHSI MOJIEINIH C pe3yJbTara-
MU HaOJfoeHN i I= H(p 9+ 'L, e [ — W3BeCTHBIE AAHHEIE NU3MEpEHUH, 51— (YHKIMS 13 HEKOTOPOTO MHOXE-
CTBa JIOIYCTUMBIX 3HAUECHHUH, KOTOpasi MPEJCTaBISET OLEHKY OIIMOOK pe3ylbTaToB M MOAENEH M3MEpEeHHH.
OOBIYHO OHA HEM3BECTHA, HO M3BECTHA YAaCTHYHAS MH(OpPMAIMS O Hell, HapuMep HOpMa B HEKOTOPOM IIpO-
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crpancrse. st mpoctoTsl onucanus oneparop H Oynem mpexnonarats IpoeKTOPOM Ha HEKOTOPOE MOAIPO-
crpaHcTBO U,,,,. [IycTh nMeeTcsl COOTHOLICHHE YyBCTBUTEIBHOCTH ISl HEKOTOPOH (GyHKIHMH /:

<¢,[q<z>]_¢[qu)]’h>® - <S[q<z>,q<l>;h]’q[z] _qm>Q, )

1€ {.,.)e ¥ {.,.)p — 3/IaHHBIE CKANIAPHEIE IPOM3BEICHNA B IPOCTPAHCTBAX (DYHKIMH COCTOSHMUS M (yHKITHIT

HeonpeieleHHOCTH cooTBeTcTBeHHO, S [¢7, ¢; h] — QyHKIHS 4yBCTBUTENHLHOCTH, BHIMHCISIEMAs HAa OCHOBE pe-

HIEHUH MPAMOH U CONpsKEHHOM 3aa4. Ecin 3a1aHa HeKoTopash KOHeYHas cucTeMa (QyHKIMH IPOEKTHPOBAHUS

U= {h(g) }z; L (E= |U | ), UcU,,, ,To Torma Ha ocHOBe (5) mist MoObIX U 1 ¢ € O BBITOTHEHO COOTHOIIIEHUE
=1

meas

My[q",q)(¢" —q)=H I~ H,p[q]-H,51, (6)
rac

@ 01,=% @ 0. ©) “Sop®) ©
Mg, 1z2=Y (S 4"7.4";h" |.q) &, H,p=>(p.h") . )
= 0 = @
&=1 £=1

© ) @ 0

u e — 2IeMeHTHl KaHOHn4eckoro 6asuca R™. Oneparop My, [¢~, ¢ '] Ha30BeM OIepaTopoM yBCTBHUTEIb-
HOCTU. B coorHomeHnu (6) y4acTByeT TOYHOE pemieHne ¢, TAKUM 00pa3oM, MBI MOIyYaeM OIepaTopHOE
YpaBHEHHE, MHO)KECTBO PEIICHUH KOTOPOTO COAEPKUT MHOKECTBO PEIICHUH NCXOTHOM 00paTHOit 3axaun. Js
penreHus ypaBHeHus (6) ucmonb3yercs anroput™ tuna Hetotona-Kantoposuya u3 [1].

VY4er rereporeHHBIX JaHHBIX HAOMIONEHHUH OCYIIECTBISIETCS 32 CUeT (POPMHUPOBAHMS CHCTEMBI (PyHKIIUH
MIPOEKTUPOBaHMS. B naHHOI paboTe MBI paccMaTpuBaeM JaHHBIE B BHJIC: BDEMEHHBIX PsIIOB KOHIICHTPAIUH B
TOYKaX MPOBEICHUS MOHUTOpPUHTA [3], CHUMKOB TOJIeH KOHIICHTpAaUX B (PMHATHHBII MOMEHT BpeMeHH [1],
TOYEUHBIX JaHHBIX MOHHTOPHHTA B TPOCTPAHCTBE U BPEMEHH, JaHHbIEC THIIA HHTETPAJIOB IT0 BPEMEHHU OT KOH-
LIEHTpalKu B TOUke [4].
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Puc. 1. MogenbHoe «To4Hoe» peLleHne 3aaadn MOeHTUGUKALMM UCTOYHUKOB (a), CXeMa CMCTEMbI MOHUTOPUWHIa Afs coopa
«TOYEYHbIX» AaHHbIX: BDeMeHHbIX PAA0B (KpacHbIM), MoyeyHblX (CUHUM) U uHmezpanos (puonetosbiM) (6), pesynbTaT MaeH-
TUGUKALMM UCTOYHUKOB MO [aHHBIM CUCTEMbI MOHWUTOPUHIA, BKIIOYAlOLLEN JaHHbIe BCEX YKa3aHHBIX BbliLLe TUMOB (B), Npo-
eKLMA TOYHOrO PELLEHWA Ha OPTOrOHaNbHOE [OMOJHEHWE K AAPY onepaTopa YyBCTBUTENBHOCTY (I), PYHKLMA «OCBELLEHHO-
CTU» CUCTEMBI MOHUTOPUHTa ().

Kpome HenmocpeacTBEHHOTO PeIIeH s 33/1a9H HICHTH(HUKAIINHA HCTOYHHKOB, TPEOYIOIINX CYIIECTBEHHBIX
BBIYMCIIUTENBHBIX PECypcoB [5], BaXXHOH 3amaueil 00paTHOTO MOJETMPOBAHMUS SIBISIETCS 3a7a4a OLEHKH HH-
(hOpMaTHBHOCTH JAaHHBIX HAOMIOIEHUH O€3 HEMOCPEACTBEHHOTO PeIIeHNsT 00paTHON 3a1adu. J{jist 5Toro MoxxHO
WCIIONB30BaTh KBa3WIMHEWHYIO CTPYKTYpY oleparopHoil Monenu (6). B wacTHOCTH, paccMOTpeTh MPOEKINIO
TOYHOTO PEUICHUs] Ha OPTOTOHAIBHOE JOTONHEHUE K SIAPY OIepaTopa UyBCTBUTEIHHOCTH JUIS OLEHKH TOTO,
Kakasi 9acTh MH(POPMAIINHU O PEIICHUN OCTACTCS B TAaHHBIX M3MepeHui. Eme ognH crnocob ocHOBaH Ha aHAIN3e
(yHKIMH «ocBeMEHHOCTH [6] 3a1a9u (MITH AnaroHaal yKa3aHHOTO BBIIIE IPOEKTOPA MPOCSKIINN).

Ha puc. 1 mpencraBieHsl pe3ynbTaThl YUCICHHBIX 3KCIEPHUMEHTOB 13 [4] 10 naeHTH(HUKAINN HCTOYHHKOB
T10 IAHHBIM CHCTEMBI MOHUTOPHHTA M aHAIN3a HHPOPMATUBHOCTH JTAaHHBIX MOHUTOPHHTA.
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B bBnarogapHocTy. PaboTa BbinonHAeTcA Npu nogaepke rpaHta N2 075-15-2020-787 B popMe cybcnamm
Ha KpYMHbIMA Hay4HbIM NPOeKT MUHMUCTEPCTBA HayKM U BbiclLero obpasoBaHuna Poccuiickon Oenepauum
(npoeKT "OcHoBbI, METOAbI 1 TEXHOOMMU LMGPOBOro MOHUTOPMHIA U MPOrHO3MPOBAHWA 3KOIOrMYECKOM
06cTaHOBKM Ha BalikanbcKol npupoaHon Tepputopum®).
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The reciprocal conversion of environmental data
for customer information support

Peretyatko L.0., Sterin A.M., Koftan Yu.R.

All-Russia Research Institute of Hydrometeorological Information — World Data Centre, Obninsk, Russia

E-mail: peretyatkol@meteo.ru, sterin@meteo.ru, ykoftan@meteo.ru

the state of the environment, its pollution, obtained as a result of the activities of the Federal Service of

Russia for Hydrometeorology and Environmental Monitoring (Roshydromet). Primary data obtained
from the observation network of Roshydromet and other organizations occupy a significant volume of the
UGEFD.

The head organization that forms and maintains the UGFD is All-Russian Research Institute of Hydrome-
teorological Information - World Data Center (RIHMI-WDC) which processes the received data and replen-
ishes the UGFD — a long-term data storage.

One of the basic principles of data storage in UGFD is that data is stored in a form that is as close as pos-
sible to the data obtained from surveillance systems. For long-term storage with preservation of the hierarchical
structure of environmental data, RIHMI-WDC developed a specialized format HDDL (hydrometeorological
data description language). UGFD data are referred to as "big data", since they correspond to the characteristics
defining such data, among which there are "VVV": volume, velocity and variety.

Of greatest interest are the data of primary observations, which can be considered as "big data", therefore,
taking into account their specificity, the following is necessary:

1) A single technology for all types of data storage, verification (completeness and reliability of data) and
provision of UGFD data to consumers in the format necessary for solving their problems.

2) Technology for the formation and storage of meta descriptions (FSMD), describing the content of files
and archives (file collections) of data. The meta description is information about the internal content and data
state of each file.

3) Technology of mutual conversion of UGFD data (from HDDL format to other formats widely used by
consumers).

This publication describes the creation of a system for mutual data conversion, with control over the ade-
quacy of the conversion performed. Reasons for creating the system:

1) For a more efficient service of UGFD consumers, it is necessary to expand the list of data presentation
formats. Currently, data is provided in two-dimensional table format and CSV format;

2) To maintain and improve the completeness and reliability of primary observation data by performing
reverse data conversion, with errors identified during their use.

It is important to note that the above system is intended for converting samples or certain replicas of the
primary observations of the UGFD, and not all the data stored in it! The purpose of this system is as follows:

Uniﬁed State Data Fund (UGFD) "is an ordered, constantly updated set of documented information on
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1) Direct conversion from HDDL ensures the provision of data samples from the UGFD to consumers in
the format necessary for the effective solution of their tasks (relational databases, NetCDF, XML, etc.).

2) Performing reverse conversion of data received from consumers as feedback, which makes it possible
to take into account the errors found when using these data to increase the reliability of the primary observa-
tional data stored in the UGFD.

To implement a system of mutual data conversion, with control over the adequacy of the conversion, it is
necessary to create:

e  System for direct data conversion;

e  System of reverse data conversion;

e A system for checking the adequacy of the conversion performed, having previously developed

methods for controlling the adequacy.

The first version of the mutual conversion system is implemented in C ++ using the Qt framework. For the
first version of the system, it was chosen to convert their HDDL into the format of relational databases, since
this format is one of the most common and complex among the formats listed above. PostgreSQL was chosen
as the DBMS.

O B3aMMHOW KOHBepTaLMK AaHHbIX 06 OKpYKaloLLLel cpeae
OnA MHPOopPMaLMOHHOIo 06CNyKMBaHUA NoTpebuTtenen

MepetatbKo J1.0., CtepuH A.M., KodraH 10.P.
BHUUTMU-MLA, 06HMHCK, Poccua

E-mail: peretyatkol@meteo.ru, sterin@meteo.ru, ykoftan@meteo.ru

JIUHBIN TOCYIapCTBEHHBIN (OHI JaHHBIX O COCTOSHHUM OKpYysKaromiel cpensl, ee 3arpsasHenuu (EI' D/I)

"IpeacTaBiIsieT co00H yMOpsAI0YEeHHYI0, IOCTOSHHO MOIMOMHAEMYIO0 COBOKYITHOCTh JOKYMEHTHPOBAH-

HOW MH(pOPMALINK O COCTOSTHUN OKpY>KaloIIel MPUPOIHON Cpe/sl, e 3arpsi3HeHNH, TIOTy4aeMoi B pe-
3yabTare AedarenbHocTH DenepanbHON Ciyk0b1 Poccnn 1o THAPOMETEOpOIOTHH U MOHUTOPHUHTY OKpY’Kaio-
meit cpensl (PocrumpomeT) u Apyrux BEIOMCTB. SIBISSICH OCHOBHBIM y4acTHHUKOM JnesitenbHocTH EI D],
Pocruznpomer npencraBisieT pa3BeTBIEHHYIO T'OCYIapCTBEHHYIO CTPYKTYpPY, KOTOpas OCYLIECTBIISIET HeEIpe-
PBIBHOE HAOMIOICHNUE 32 COCTOSTHHEM OKPY)KAIOIIEH cperbl U e€ 3arpsi3HeHHeM, a Takxke coop, aHaiamus u o0pa-
0OTKY JTAHHBIX dTUX HAOTIONEHUH.

CymectBeHHbIH 0065&M EI'®J] 3aHMMAIOT IepBUYHbIE JaHHBIE, TOTYYSHHBIE U3 ceTH Habmonenuii Pocru-
JpOMeTa U IPYTHUX BEIOMCTB M OpTaHU3aIHH.

TonoBHO# opranu3zarmeit, Gopmupyronieit u oocmyxusaronieiit ET'®/l, sensetcs OenepanbHoe rocynap-
CTBEHHOE OIO/DKETHOE yupexkaeHue «Bcepoccuiickuii HayuHO-UCCIIeI0BATENbCKUN HHCTUTYT THIPOMETEOPO-
JIOTHYECKON nHpopManuud — MupoBoit 1ieHTp AaHHbix» (PI'BY «BHUUTMU-MI/1», nance BHUUT MU-
MII/I), KOoTOphIif ocymiecTBIsAeT 00pabOTKy MOITYYEHHBIX JaHHBIX U mononHeHne EI' D] — moaroBpeMeHHOTO
XpaHWININA TaHHBIX.

OnuH U3 OCHOBHBIX MPUHITUIIOB XpaHeHUs NaHHbIX B EI'®]] 3akitouaercs B TOM, YTO JaHHbBIE XPAHATCS B
BH/JIE, MAKCHMAIIFHO MIPHONMKEHHOM K JAHHBIM, TTOJTyYaeMbIM U3 CUCTEM HaOIrofeHns. [ T0IroBpeMEeHHOTO
XpaHEHHS C COXPaHEHHEM HepapXHUecKOl CTPYKTYpPhI JaHHBIX 00 OKpYy)Karollel cpene, MOIyYeHHBIX OT Ha-
6mromarensHbBIX ceteir, Bo BHUUIMUM-MIL/] 6511 pa3pabotan crnenmann3npoBaHsbiil ¢popmar SO/ (A3b1x
OTIMCAHMS THAPOMETEopoornueckux MaHHbIX). @opmar O ¢ 1978 r. sBuseTcs oTpacieBBIM CTaHAAPTOM
I'mapomeTeocty>xObI [ XpaHEHUS JaHHBIX.

Hannbie B popmare SIOJ] npeacrapisitor coboii komMOuHaIH0 (ailioB — (aiii ¢ onucaHueM CTPYKTYpBbI
JAHHBIX, U OIMH WX HECKOJBKO (paliIoB HEMTOCPEICTBEHHO C TAHHBIMH.

Hanrnsie ET'®J] otaocsaTcs k "bonpmmm JJanaemvm" (Big Data), T.K. OHM COOTBETCTBYIOT ONIPEIEIISIONTIM
Takye JaHHBIC XapaKTePUCTUKAM, CPEIH KOTOPBIX BBIIENIAIOT «TpH V»: 006EM (Volume, B CMBICIIE BETHUYHUHBI
¢usnueckoro oobéMa), ckopocTh (velocity B cMbICIax Kak CKOPOCTH IPUPOCTA, TAK U HEOOXOJMMOCTH BBICO-
KOCKOPOCTHOTO YCBOCHHMS, HAKOIIJICHHs, 00pabOTKM M MONy4YeHHs pPe3yabTaToB), MHOrooOpasue (variety, B
CMBICJIE BO3MOYKHOCTH OJIHOBPEMEHHOIT 00pa0OTKH Pa3MuHbIX THIIOB U ()OPMATOB CTPYKTYPHPOBAHHBIX, Ya-
CTHYHO CTPYKTYPHPOBAHHBIX U HECTPYKTYPHUPOBAHHBIX JIAHHBIX).

B EI'®]] xpaHsaTcs Bce JaHHBIE IEPBUYHBIX HAOMIOECHNH, TTOJTydaeMble U3 ceTH Pocrunpomera u Ipyrux
BEZIOMCTB M OpraHM3alni, pe3yabTaThl 00paObOTKH JaHHBIX 00 OKpY’KaroIei cperie, a TakKe TEKCTOBBIE T0KY-
MEHTEHI, JaHHBIE Ha MATHUTHBIX JICHTaX.

Haubonpmmii MHTEpEC NMPEACTABIAIOT JaHHBIC MEPBHYHBIX HAOMIONEHHUH, KOTOpPbIE MOKHO paccMaTpH-
BaTh Kak "bonbimue Jlanable", Clie0BaTeNIbHO, ¢ YIETOM UX CHEUPUKHA, HEOOXOAUMO CO3aTh MEePEUNCIICH-
HBIE HIKE KOMIIOHEHTBHI:
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e  EnuHylo /Ui BceX BUIOB AaHHBIX TEXHOJIOTHIO XpaHEHHs], Bepu(HUKauy (OITHOTA ¥ IOCTOBEPHOCTh
JAHHBIX) U IpeaocTaBieHus motpedurensm nanHsix EI'®J] B HE0OX0MUMOM TS pelIeHHUs UX 3a1a4
¢dopmare.

e  Texnomoruto (opmMupoBaHUS U XpaHeHus MeTaonucaHuii (OXM), OMHMCHIBAIOUINX COACPKUMOE
(haiinoB u apxXuBOB (KOJUIEKIIHII (hailioB) naHHBIX. MeTaonucanne — 370 HHPOPMAITHSI O BHYTPEHHEM
COZIEPKMMOM U COCTOSTHUHM JJAHHBIX KaX0T0 (haiia.

e  TexHomoruro B3anMHOH KoHBepTarwu qaHHeIX EI'®J] (13 IO dhopmara B qpyrue popmarsl, mmpo-
KO MCTIONIb3yEeMBIC TIOTPEOUTEISIMH, U HA000POT, U3 Apyrux opmaro B popmar SJO/I).

SO dopmar ynobeH I HAKOIUICHHS W XpaHEHUS OOJBIINX MAaCCHBOB JTaHHBIX, M3 KOTOPHIX COCTOUT
EI'®]], omHako UCTIONB30BaHKE €T0 B KauecTBe (popMara JaHHBIX, IPEJOCTABIIEMBIX TIOTPEOUTEISAM, HELIee-
c000pa3HO BBUJLY €T0 CHENN(UIHOCTH, BEJOMCTBEHHOTO HCIONB30BAHUS U CIIOKHOCTH JUTS IPUMEHEHHUS TI0-
TPEOUTEIIIMH.

HccnenoBanns moKa3ai, 4To I IPEAOCTABICHHS TOTPEOUTENSM, NX NHPOPMALMOHHOTO 00CITyKHBa-
uus ganasiMu ET'®/1, mHanbonee BoctpeboBanusiMu sBisioTes hopmarsl NetCDF, XML, JSON, CSV u dop-
MarThbl peISIIMOHHBIX 0a3 JTaHHBIX.

JanHas myOnuKaIist ONMCHIBAET CO3JAHNE CHCTEMBI B3aUMHOW KOHBEPTAIINH JAaHHBIX, C KOHTPOJIEM aJIeK-
BaTHOCTH BBITIOTHEHHOH KOHBepTanuu. CHcTeMa KOHBEPTALUH JIa€T BO3MOKHOCTD PACHINPUTH CITUCOK (hopMa-
TOB MPEAOCTaBICHHs JAaHHBIX (B HacTosmmi MoMmeHT naHHble SIOJl (opmaToB C MOMOIIBIO MMEIOLIUXCS
CPEICTB MPEJOCTABIIIOTCS TONBKO B popmare nByMepHBIX Tabmun u B CSV dopmare). Kpome Toro, Bo3mox-
HOCTh OOPaTHOW KOHBEPTAIMM CIIOCOOCTBYET BBISIBICHHIO OIIMOOK M IIPOIYCKOB JaHHBIX, YTO ITO3BOJISET
YAY4YILIUTH HOJHOTY U IOCTOBEPHOCTH JaHHBIX.

BaxHO OTMETHTB, UTO BBIIICHA3BAHHAS CUCTEMA ITPEHA3HAYCHA AJIs1 KOHBEPTAIIMU BEIOOPOK MITH OIIpesie-
NEHHBIX PETUTHK TaHHBIX MepBUIHBIX HaOmonennit EI' @1, a ve Bcex xpansmuxcs B EI'®J] naHabIX!

IepBast BepcHs CHCTEMBI B3aMMHOI KOHBEPTAIINK peaJin30BaHa Ha si3b1ke C++, ¢ Hcnonp3oBaHueM (pei-
MBopka Qt. 751 mepBoii Bepcuu crcTeMbl OblTa BRIOpaHa KoHBepTaus naHHbIX popmata SO/ B popmar perns-
IIMOHHBIX 0a3 IaHHBIX, T.K. JAHHBIN ()OPMAT SIBISIETCS] OMHUM U3 CaMbIX PACHPOCTPAHEHHBIX U CIOKHBIX CPEIH
MIEPEYNCIICHHBIX BBIIIE (hOPMATOB 0OCTyXMBaHUS moTpeduTeneil. Ha pucynke | mpeacraBieHa CTpyKTypHas
CXeMa CUCTEMbI B3aUMHON KOHBEPTALIUH.

B xauectBe CYB/] Opa BeiOpana PostgreSQL. Ha Texymuii MOMEHT MOTyYeHBI CIEAYIONINE Pe3yTbTaThl
IO pa3/ieNiaM CHUCTEMBI:

1) Ilomcumcrema mpsiMOit KOHBEPTAIIHH:

e  PeammzoBan mapcep daiina ¢ omucanueM cTpykrypsl 101 maHHBIX;

e  Peann3oBaH anropuT™ (OPMHUPOBAHHUS CTPYKTYPBI PEIALUOHHOM 0a3bl JaHHBIX;

e  Peamm3oBaH aJTOPUTM COTIOCTABICHHS (POPMATOB XpaHEHHS TapaMeTpoB okpyxaroreii cperst 0/

u tanoB gaHHBIX CYBJl PostgreSQL. OTmeTnM, 9TO anroput™ 0e3 cepbe3HBIX M3MEHEHHH OyneT
BO3MOYKHO PACHIMPHUTH s ncnonb3oBanust Apyrux CYB/;

e  Peann30BaHO aBTOMaTH3MPOBAHHOE (DOPMUPOBAHUE CTPYKTYPHI PEISIIMOHHON 0a3bl JAHHBIX, CTPOS-
mieiicst Ha ocHoBe CTPYKTYpHI IO/l maHHBIX;

e  Peann3oBaHa BO3MOXKHOCTH BBIOOpA TIOJIL30BATENEM IEMEHTOB U rpymi s1eMeHToB SO/l naHHBIX
JUIsl KOHBEPTALUH;

e  OcymiecTBiIeHa BO3MOKHOCTh KOHBEpTAIIMK Kak ogHOro (aiiina ¢ SO/ maHHsIME, Tak Manku ¢ daii-
JaMmuy;

2) Iloxcuctema oOpaTHON KOHBEPTAIIHN:

e  Peann3oBaH aNrOPUTM, BBIMONHSIOMUI ITPOBEPKY COOTBETCTBHS CTPYKTYpPBI PEIALMOHHON Oa3bl
JAHHEBIX ¢ "opuruaHadbHON" cTpykTypoit 1O/l nanHbIX, HAa KOTOPOH ObITa OCHOBA PEIAIIMOHHAs 0a3a
JTAHHBIX;

e  PeammzoBaH anropuT™ aBroMatndeckoit coopku SQL BeIpaskeHMIA A1 H3BICUEHHS JaHHBIX U3 0a3bl
JTAaHHBIX;

e  Peann3oBaH alroOpuTM BBIOOPKH JAHHBIX M3 PEIALMOHHBIX JAHHBIX I 0OpaTHON KOHBEPTAIMH B
¢aiin(-ns1) ¢ marabEIME B hopmare SO/

3) Tloacucrema npoBEpKH a1€KBaTHOCTH BHITIOJIHEHHON KOHBEPTALIUH:

e  PazpaboTaHBl METOIBI TPOBEPKH BHIMOTHEHHOW KoHBepTarmu — "Loop", "Links" u "Queries";

e PeammzoBan meton "Loop" ("Iletna") — merox mpeacrasmiser co0oi 00OpaTHyI0 KOHBEPTAIHIO TEX
JTAHHBIX, KOTOPBIE OBIIN MOTYyUYEHBI B IPOIIECCE MPSIMOI KOHBEPTALIUH, KOTOPYIO BBIOpaJI MOJIb30Ba-
tenb (u3 S0/] B apyroit hopmar, niam Ha060poT).

e  PeammzoBan metox "Links" ("CBs3u Mex 1y JaHHBIMHU'') — METOJ COCTOHT B CPAaBHEHUH MOJICIICH CBS-
3ei MeXTy JaHHBIMH, KOTOpasi ObLTa MOTy4eHa B pe3yisrare nmapcunra gaiina ¢ 10/ onncanmem u
MOJIENHN JaHHBIX APYToro ¢opmMara IpeACTaBICHUs

e  Merox "Queries" ("MaenTrunble 3apockl") OyeT peann3oBaH B AajdbHEHIIeM. ETo CyTh COCTOUT B
(hopMUpPOBaHNM MACHTHYHBIX 3alIPOCOB K MCXOAHOMY M KOHBEPTHPOBAHHOMY MACCHBAM JAHHBIX H
CPaBHECHHUHM PE3YJIbTaTOB BBITIOIHEHHMS 3aIIPOCOB.
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4) Peann3oBaHBI MHOTOTIOTOYHBIC BAPHUAHTHI aJITOPUTMOB MPSIMOI 1 00paTHOH KOHBEPTALNH, (PyHKIIHO-
HUPYIOLIHE C [ETbI0 YCKOPEHHUS 3TOTO0 IPOoLecca.

I[TepBas BepcHsl CUCTEMBI YCIICIITHO POTECTHPOBaHA Ha IPUMepe KOHBEPTAllUK JaHHBIX METeOPOJIOrHYe-
CKHX HaOJIONCHUH, 00JIafafoInX JOCTATOYHO CIOKHOM CTPYKTYPOH, a Taroke Ha IIPUMepe NaHHBIX adpOJIOTH-
yecKuil HaOMoAeHNH, 00J1aTal0ITIX OTHOCUTEIBHO MTPOCTOM CTPYKTYPOii.

B noxmazne npuBonsaTcs o0pasnpsl nHTEpdeiica CHCTEMBI, MPOTOKOIMPOBAHHS X0a B3aHMHOM KOHBEpTa-
LIMH, M PE3YJIbTaThl TECTUPOBAHMS CHCTEMBI ITPH 00paboTKe JaHHBIX METEOPOJIOTHUSCKHUX U adPOJTOTHYECKUX
HaOMoIeHNH.

MeTtoas!
nNpoBepKku

kv
A[Po
’ Noacucrema napcunra RO/ onucanms l
@ I MoacncTena eoiSopan Jarmsi I
MNonb3osarensckui i n "
H I02CHCTEMA OQMONOTONMHOM KOMBEPTAUMM JIMMBIX
WHTepdenc i I |
P— i I n. b1 POPMMD CTpYKTYpbI AR I i
BuGop pexama || 5 “2::”“" BuiSop Twna i APYIMX HOPMATOB AANHBIX :
KOMBEpTALMM nposepIH suiSoprn H
> l Nony bl CTPYKTYP PA3NHYHbIX
AemoncTpaymna pesynsraroe H POPATOB AdNNbIX
xoneepTaumi u paoTsl 2 ~ . i
MeT0208 NposepkM i (napcunra) CTPYXTYP AakMbix ApyrMx dopmatos|
(HE A00) i

Noacucrema
HHOW l M IHbIE ANTOPHTMBI "
| xoHBepTaumm |

Puc. 1. CTpyKTypHaA cxeMa CUCTEMbI B3aMMHOW KOHBEPTALIMK.

Diagnostics of the presence of deep convection
and dangerous atmospheric phenomena using satellite data

Badanov A.Yu., Yusupov Yu.l.
MapMakers Group Ltd , Moscow, Russia

E-mail: badanov@gismeteo.com, usupov@gismeteo.com

method for diagnosing mesoscale areas of deep moist convection, as well as the probability of showers,
thunderstorms, and hail in such areas, using information obtained from meteorological satellites, is
iscussed.

To solve the problem of diagnosing the degree of development of the convective process, we use not only
the brightness temperatures of IR radiation at wavelengths of 10.8 microns (T, K), 6.2 microns (T,,,), obtained
using satellite data, but also the results of calculations of hydrodynamic models-the tropopause temperature
(T, K), obtained, in particular, using the model of the European Center for Medium-term Weather Forecasts
[1,2,3]
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The method under consideration uses estimates of three parameters of the convective process: the tem-
perature of the upper cloud layer(T,,), the temperature difference between water vapor (T,,,) and the upper cloud
layer (T,), the temperature difference between the upper cloud layer (T,) and the tropopause temperature (T,).
In addition, to solve the problem of determining the probability of the presence of a phenomenon associated
with convection, the size of the convective region (expressed in pixels of the satellite image) is used.

The region of weak activity is characterized by the IR brightness temperature of 10.8 microns less than
233 K(T;, <233 K), as well as a positive difference in the brightness temperatures of the water vapor channel of
6.2 microns and the channel of 10.8 microns (T, — T, >0). The area of strong activity is characterized by the
presence of the two previous parameters, as well as negative values of T, — T, (T;, - T, <-2 K) [1].

Verification of the presented algorithm was carried out by comparing the results obtained with the obser-
vations of meteorological radars and lightning direction finders.

According to the results of the preliminary analysis, the more extended the area (from 1000 pixels (more
than 400 km)) and the greater the positive value of the difference (T,,, — T;,), the higher the probability of regis-
tering a thunderstorm in the convective region.
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aTMOC(I)eprIX ABNEHMI C UCNOSIb30BaHUEM CMYTHUKOBbIX
AdadHHbIX

bapaHos A.10. , lOcynos 10.U.
HIL «Man Meiikep», MockBa, Poccus

E-mail: badanov@gismeteo.com, usupov@gismeteo.com

pH IETEKTHPOBAHUU TIIyOOKOH BIIQXKHON KOHBEKLIMHM M OIPEJeNIeHUH (IIPOTHO3UPOBAHMH) OMACHBIX

SIBJICHHH, CBSI3aHHBIX C HEl, HEKOTOPbhIE aBTOPBI YKA3bIBAIOT HA BAYKHOCTH HUCIIOIBb30BAHMUS CITy THUKO-

BBIX JJAaHHBIX Ha OoypIMx MacmTabax. B paborax [1,4] moguépkuBaeTcs, YTO CIIyTHHKOBBIE CHUMKH
SIBJISIIOTCS €IMHCTBEHHBIM OIIEPATHBHO JOCTYITHBIM HA0OPOM JJAHHBIX, KOTOPBII 00eCreunBaeT KOCBEHHOE U3-
MepeHHe HEyCTOMYMBOCTH M BIQKHOCTH C BBICOKHUM TPOCTPAHCTBEHHO-BPEMEHHBIM pa3penieHreM B OOJIbIIOH
obnact.

MybTHCIIEKTPAbHBINM CITyTHUKOBBINA aHAU3 ChIPal BKHYIO POJIb B IIOHUMAaHUH CBOMCTB KOHBEKTHB-
HBIX TPO30BBIX 00JIAKOB: pa3MYHbIe U3MEpPEHUs Ha JyTMHAX BoJIH B nH(ppakpacHoM (MK) nuanazone n koMmOu-
HallMU MEXIYy HAUMH OBUTH HCIIONB30BaHbI ISl OLEHKU CTaJIMU Pa3BUTHsI OOJIAKOB, BBICOTHI M TEMIIEPATYPhI
BepxXHeH TpaHuIlsl obmagnoctH [1,5-7].

O11eHKH HECTAOMIILHOCTH | BJIXKHOCTH HAPSI/y C IPYTUMHU XapaKTepHCTHKAMU TITyOOKO# KOHBEKIIUH BO3-
MOYKHO TTOJTYYHTh C TOMOIIIBIO Pa3JIMYHBIX METOJIOB, TPUMEHSIEMbIX K JaHHBIM, TOJY4YEeHHBIM ¢ TTomoIisio K-
Jrana3oHoB criektpa paguomeTpoB SEVIRI, ycraHoBneHHbIX Ha crmyTHHKax Meteosat Second Generation
(MSG) EBpomneifckoro MeTeopoIornIecKoro coo0ImecTna.

Ha navanbHOM 3Tane GpopMHpOBaHUsI KOHBEKTUBHOTO SIBJICHUSI, OTCICKHMBAHHUE €r0 Pa3BUTHUSI UMEET pe-
nraroniee 3HaYCHUE I MUHUMU3AIIUH CBSI3aHHOTO C STHM SIBICHHEM yIiepOa 3a cueT Oosee paHHETo Mpemy-
npexaeHus. Mcnoiap30BaB MpenMyIiecTBa BEICOKOH BpeMeHHOM BbiOopkn MSG (oauH pa3 B 15 MUHYT) 1 ero
IIMPOKHUN HAOOP CIIEKTPATIHHBIX KAHAIOB, 0COOEHHO TPH KaHajla Ha JUTMHAX BOJH 6.2, 7.3, 10.8 MKM, BO3MOXHO
OIIGHUTH CTETIEHb KOHBEKTUBHON akTHBHOCTHU[1-7].

B Hacrosimeit pabore oOcykaaercst Coco0 TUArHOCTUKHA ME30MAacITaOHBIX o0nacTell rTyOOKOH Biaxk-
HOM KOHBEKIIHH, & TAK)KE BEPOSTHOCTU HAJIMYHS B TAKUX 00JACTSX JIMBHEH, TPO3 M Ipajia ¢ moMolipio HHdop-
MaIyH, MOoJy4aeMoi ¢ MeTEeOPOIIOTHIECKHUX CITy THUKOB.

B paccmoTpeHHOM MeTO/Ie HCTIOTB3YIOTCS OLIEHKH TPEX MapaMeTpoB KOHBEKTHBHOTO Ipoliecca: TeMiepa-
Typa BepxHero cjos oonakos (T,,), pa3HOCTh TeMmeparyp BozsHoro napa (T,,) u BepxHero cnos oomaxos (T,,),
pa3HOCTh Temrmeparyp BepxHero cios oonakos (T,,) 1 Temnepatypsl Tpornonayssl (T,,,). Kpome Toro, ams perre-

K.
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HUS 33]]a4M ONPEACTICHUs BEPOSATHOCTH HAJIMUUS TOTO UIIM UHOTO BJIEHHUS, CBI3aHHOTO C KOHBEKIUEH, HCTIONb-
3yeTcst pa3Mep KOHBEKTUBHOI 00J1acTH (BBIPQKCHHBIN B IIUKCEISX CITY THUKOBOTO H300PaKEHH ).

O06nacTb c1aboi aKTHBHOCTH XapakTepusyercs sipkocTHoi Temneparypoit MK 10,8 mxm menee 233 K(T,,,
<233 K), a TakKe MMOJI0KUTEIbHON pa3HUIIeH SPKOCTHBIX TEMIIEPATyp BOJSHOTO Mapa KaHaia 6,2 MKM U KaHa-
na 10,8 mxwm (T,, — T, >0). O0GnacTh CUIbHOW aKTHBHOCTH XapaKTEPH3YCTCS HATMYMEM JIBYX MPEIbITYIIIX
napaMeTpoB, a Takxke orpunarenbubivu 3Hauenus T, — T, (T, —T,, <-2K) [1].

Kparkas cxema anropurMa npejacTabieHa Ha puc. 1.

Ha Bxon mocrynaror sipkocthble Temneparypsl T, (K) u T,, (K) Ha qymunax Boxx 10,8 MkM 1 6,2 MKM co-
OTBETCTBEHHO, a TaKke Temnepa T.

(K) rpononay3sl (PucyHnok 1).

I

BXOANLIE AAHNMIE Puc. 1. Cxema anroputma [1].
WK 10,8 o (Twx, K), BN 6,2 o (Ten, K) — cnymhme

Temneparypa Tpononayaet (T, K) — UHCABHHAR WO/8Nk

: KonBekTnBHBIE 0O0Naka WMEIOT JOCTAaTOYHO
0oIbIIIOe BEpPTUKAIBHOE PAa3BUTHE, HHOTIA JOCTHUTA-
I0I[€E YPOBHS TPOIONay3bl MM MPEBBILIAIOIIEE ETO.
BcnenctBue aToro reMieparypa BEpXHeil 4acTH KOH-
BEKTHBHOTO O0Jlaka JIOCTaTOYHO HHU3Kas. Pa3HbIe aB-
TOPBI IPUBOASAT PA3JINYHBIE IOTPAHUYHBIE 3HAYECHHUS
TeMIepaTrypsl BEpXHEH JacTH o0llaka, MPH KOTOPBIX

€ro MO)KHO OTHECTH K KOHBeKTHBHOMY [9-13]. O6-

-
‘T
Y
JAYHBIH TIMKCENb Ha CIYTHUKOBOM H300pakKeHWH
CUMTAETCS TIPUHAICKANINM KOHBEKTHBHOI 00ma-
‘T

CTH, €CJIM 00JIAKO UMEET CHIIbHOE BEPTUKAILHOE Pa3-
BUTHE, U €r0 BEPXHsisl PAHUIA COCTOHUT TOJIBKO U3
JIeJISTHBIX KpHcTauioB. [Ipu 3ToM Temmeparypa 00-
nagHocTH gocrarouno Huskas (T, <233 K) [1,8,14].

Crenyromuii mar ajaropuTMa OCHOBaH Ha TOM, YTO €CJIM BEPXHsS IpaHHIA pa3BUBAIOLIErocs obiaka J0-
CTHTaeT TPOIOIay3bl, TO OJIOKMPYETCS] IPOXOA M3IIy4YeHHsI U3 Tporocdepsl, Mpu 3TOM arMocdepHoe H3iyye-
HUE, PETUCTPUPYEMOE CITyTHHKOM, CKJIAJIbIBACTCS M3 U3JIyYSHUI BEpXHEH IpaHullbl obilaka 1 cTparocepsl.
daxTHyeckast pa3sHOCTh MEXAY SIPKOCTHBIMU Temneparypamu T, — T, 3aBUCHUT OT BBICOTHI BEpXHEH I'paHHIIbI
o0Jaka M KoJM4ecTBa BoAsHOro napa B crparocdepe[1,6]. IlonoxurenbHoe 3Ha4YeHNE ITOH Pa3HOCTH paccMa-
TPHUBAETCS KaK UHIIUKATOP MIYOOKOM BliaskHOM KoHBeKIwH [15]. B paGote [15] Takke yka3pIBacTCs, 4TO 3HAYC-
HUE pa3HOCTH sipKocTHBIX Temneparyp T,, — T, B mpenene ot 4 1o 7 K MoxkHO paccMaTpuBaTh Kak HHIUKATOP
roabEMa ypOBHS BOJSIHOTO 1apa BhIIIE BEPXHEH rPaHUIIbI 00IauHOCTH.

[Tpu cHITBHBIX BOCXO/SIIIMX OTOKAaX BEPXHSS YaCTh 00J1aKa MOXKET JIOCTUTATh MIIM JJayKe TIPEBBIIIATh ypo-
BEHb TPOIOMNay3bl. B kauecTBe TpeThero napaMeTpa alropuTMa NpoBOAUTCS CPAaBHEHHUE TEMIIEPATYp Ha OCHO-
BE€ METOJ1a, PEJUIOKEHHOTo padoTe [16]. DTOT MeTox CpaBHUBAET TEMIEpaTypy MUKCeIeH B KaHajle C JUIMHOMN
BonHbI 10,8 MKM ¢ Temneparypoil Tporomnay3bl, OJIy4eHHOH ¢ MOMOIIBIO Pacy€TOB MO TUAPOAMHAMHUYECKON
mozenu Tu, — T,,. Mudopmanust o Temiieparype Tporomnay3bl BKJIIOUAETCSl B Pacu€Thl JJ1sl ONPEeIICHUS] «IIPO-
00s1» Tporonay3el. B TaHHOM MOX0/1e OCTABIISIOTCS TOIBKO MUKCeNH, iist kotopeix T, — T, <2 [1].

Crenyromuii napamMmerp MeToja CIIy)KHUT JJIsl BHIOOpa IMUKCeNel ¢ BBICOKOW KOHBEKTUBHOM aKTHBHOCTBIO,
OLICHUBAIOIIEHCSI ¢ TTOMOIIBI0 kKomOuHaruu napamerpos T,, — T, u T, — T,, . Ha 3ToM 3Tame BeIaensoTCs
nukcenu, B kKotopeix T,, — T, > 4 1 BepXHsis rpaHulia 00JIa4HOCTH He MeHee ueM Ha 6 K xononHee Tpomonay3st
(T~ Ty <6).

OTH IOPOTOBBIE 3HAYEHHSI ObLIN BEIOPAHbI IIOTOMY, YTO, KaK y»e FOBOPUIIOCH paHee, pa3HOCTb SPKOCTHBIX
temneparyp T,, — T, Bblie, uem 4 K MoxeT cuuTaThCsl IPU3HAKOM CHIIBHBIX BOCXOASIIMX TOTOKOB, & BEPXHSSA
rpannna obnaynoctu B MK-kanane Ha 6 K xonozHee, uem Tporionay3a yKa3blBaeT Ha IPEBBIICHUE YPOBHS
Tpormornay3sl oT ~0,6 10 ~0.9 KM, KaK MPH BIAKHOM aauadarudeckoM rpaauente 6,5 K/km [1].

PaccMoTpum nocnenoBarebHOCTh paboTHI ¢ JaHHBIMH Ha IIpUMepe 00Hapy>KeHNs1 KOHBEKTHBHBIX 001a4-
HBIX KJIACTEPOB U CBSI3aHHBIX C HUMH sIBJIEHUH Ha Tepputopun Poccuu 5 mast 2020 rona.

B cBs3u ¢ Tem, uto Tepputopus Poccun nokpsita pagapamMu HEpaBHOMEPHO, B paCCMOTPEHHE TPUHUMA-
I0TCSI KOHBEKTHBHBIE KJIaCTEPBhI, B KOTOPBIX pajapaMu MOKpbITO He MeHee 95% momaau. B tabnune 1 nokasa-
HO KOJIMYECTBO U XapaKTEPUCTUKU TAKUX KOHBEKTUBHBIX KJIaCTEPOB B 3aBUCHUMOCTH OT MAKCHUMaJILHOTO 3HA4e-
HUSI Pa3HOCTH APKOCTHBIX Temneparyp T,, — Tuk , oOHapykeHHOH B KiacTepe. B naHHOW pa3HOCTH TakKe Mo-
KasbIBaeTCsl 3aBUCUMOCTb OT SIPKOCTHOM TeMIleparypbl BepxHel rpaHuubl obnaka T,,, Tak Kak 4yeMm Oosiblie
pa3HOCTb TeMIeparyp, TeM MeHbIe T,

W3 Tabnuie! 1 BUIHO, 4TO YeM Bbllle MakcumaibHoe 3HaueHue T,, — T,,, TeM MeHbIlIe 3aperucTpupoBaH-
HBIX KOHBEKTHUBHBIX KJIACTEPOB, YTO CBHJIETEIBCTBYET O TOM, YTO YEM CHIIbHEE KOHBEKIIHsI, TEM MEHBbIIIe 00I1a-
CTel ¢ TakoW KOHBEKLIHEH.

UK
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Cpeny KOHBEKTUBHBIX KJIACTEPOB IIPUCYTCTBYIOT T€, B KOTOPBIX PagapoM 3aperiCTPUPOBAHBI COOBITHS,
CBsI3aHHBIC ¢ KOHBEKIMEH (JIMBHY, rpajl, IKBAJIbI C Pa3IMYHON HHTEHCHBHOCTBIO, TPO3BI C Pa3iIMYHON BEPOST-
HOCTBIO, MOJIHUH), @ TAKXKE KJIaCTephI Oe3 sIBJIeHHH, CBA3aHHBIX ¢ KOHBEKIHeil. C pocTOM MaKCHMaJIBHOTO 3Ha-
gyeHus T,, — T, yMEHBIIAETCS KaK KOJIMYECTBO KJIACTEPOB C KOHBEKTHBHBIMHU METECOSBICHHUAMH, TaK U KOJIIYe-
CTBO KJIaCTEpOB 0e3 KOHBEKTUBHBIX MeTeosBieHni. OaHaxo ¢ poctom max(T,, — T,,) mons xmactepos 6e3 KOH-
BEKTUBHOTO METEOCOOBITHS CTpeMHUTCA K Hymo (cM. cTpoky «oms JIT» B Tabmume 1), a 1071 KIIacTepoB ¢
KOHBEKTUBHBIM MeTeoco0bITHeM cTpeMuTcst K 100% 1Mo OTHOIIEHMIO K 00IeMy KOJIMYECTBY KJIACTEPOB (CM.
cTpoky «/loxst ycmenHoit peructpammm» B Tabnuie 1). Baxao otmetuts, uto ¢ pocrom max(T,, — T,,) pactér
TaKOKe ¥ MacIITa0 KOHBEKTUBHOW OOJIACTH: YBEIMYHUBAIOTCS CPEAHEE KOJTMYECTBO IIUKCeeil B KiacTepe, cpel-
HUH THHEHHBIN pa3Mep U CpeaHss TUIOIAAb KIacTEPOB (CM. COOTBETCTBYIOIINE CTPOKH B TabmuIe 1).

W3 tabmums 2 BuaHO, 9To ¢ poctoM max(T,, — T,,) pacTyT BepOSTHOCTH pEerHCTPaLlii METCOSBICHUN B
kiacrepe. M300paxeHne KOHBEKTHBHOTO KilacTepa, HOCTPOSHHOTO IO CITyTHUKOBBIM JIaHHBIM BMECTE C 3ape-
THCTPUPOBAHHBIMH METeOpaiapaMH IPO3aMH U 3apeTHCTPUPOBAHHBIMHU IPO3OIICIICHIATOPAMY MOJHUSIMH I10-
Ka3aHO Ha PHUCYHKe 2 (clieBa).

Ecmu B ximactepe ot 1000 nukceneid, To gem OomnbIie nmukceneit B kmacrepe u ueM Beime max(T,, — T,,),
TEM BeposiTHee Haim4ne rpo3sl B kimactepe. Ecom max(T,, — T,,) > 4 (x&nteie kpyrH, ot 1000 mukceneit), To
BEPOATHOCTD peructpanuu rpo3sl ~100% (prucyHok 2 crpasa).

ITo pe3ympraTram npeaBapuTeN-HOTO aHaMH3a (TIpoBeAEHHOTO 1o 27 THAM ¢ Mas o uionb 2020 rona), Be-
POSTHOCTH PETUCTPAINH T'PO3BI B KOHBEKTHBHOW OOJIACTH TeM BBIIIE, YeM Ooliee MpOTsuKEHHAs 00macTh (0T
1000 mukceneii (6omee 400 km)) 1 gyem OorbIIe MONOXKUTENbHOE 3HaueHHe pasHocTh (T,, —T,,).

Tabnuubi 1,2. XapaKTepUCTUKIU KOHBEKTMBHBIX KNacTepoB B 3aBUCMMOCTU 0T Makc T,, — T,

makc(Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten- | Makc (Ten-
Tuk)>-10 Tuk)>-1 Tvk)>0 Twvk)>1 Tuk)>2 Tuk)>2,5 Tuk)>3 Tvk)>3.5 Tvk)>4 Tuk)>4,2
Bcero knacTtepos 622 331 270 206 124 97 57 32 20 17
Knacrepos ¢ kobek- 519 291 242 183 113 89 54 32 20 17
TUBHBIMU COBBITUSIMU
KnacTepoB 6e3 KoH-
BEKTVMBHOIO COBbITUA 103 40 28 2 " 9 3 0 0 0
KnacTepos ¢ rposamu 187 146 126 107 73 62 44 29 19 16
Knactepos ¢ rpagom 83 73 70 66 50 42 33 25 15 14
KnacTepos Co ukea- 17 17 17 16 16 16 16 14 9 9
nom
KnacTepos ¢ nvmeHem 443 258 218 165 103 82 53 32 20 17
KnacTepos c kyuesoit|  44q 270 234 180 12 88 53 31 19 16
obnayHocTbio
K”ECTGP:;: MOTHIA- 46 46 46 44 42 32 28 22 15 14
Tons NT 16,56% 12,08% 10,37% 11,17% 8,87% 9,28% 5,26% 0,00% 0,00% 0,00%
Hons yg::i:‘;"' Pertl 83 44% 87,92% 89,63% 88,83% 91,13% 91,75% 94,74% 100,00% | 100,00% 100,00%
Cpeariee KoMU4ECTBo | 433 g7 224,72 245,75 279,62 383,95 459,77 627,58 830,97 965,7 1125,35
nukcenew B Knactepe
CpenHnid el | 454 59 174,57 183,14 190,68 2157 247,61 297,34 370,42 3736 421,91
paamep, kM
Cpeﬂ”“"‘(agomaﬂb’ 1435353 | 2405454 | 2627642 | 281423 | 3464364 | 4261424 | 589806 | 8447157 | 91301,39 106801

makc(Ten- | Make (Ten- | Makc (Ten- | Makc (Ten- | Make (Ten- | Makc (Ten- | Makc (Ten- |Makc (Ten-| Makc (Ten- | Makc (Ten-
Tuk)>-10 Tuk)>-1 Tuk)>0 Tuk)>1 Tuk)>2 Tuk)>2,5 Tuk)>3 Tuk)>3.5 Tuk)>4 Tuk)>4,2
BeposiTHoCTb
peructpauum | - 30,06% 44,11% 46,67% 51,94% 58,87% 63,92% 77,19% 90,63% 95,00% 94,12%
rposbl
BeposTHoCcTb
peructpaLum 13,34% 22,05% 25,93% 32,04% 40,32% 43,30% 57,89% 78,13% 75,00% 82,35%
rpaga
BeposiTHoCTb
perucTpaLum 2,73% 5,14% 6,30% 777% 12,90% 16,49% 28,07% 43,75% 45,00% 52,94%
LKBana
BeposiTHoCTb
peructpaumn | - 71,22% 77,95% 80,74% 80,10% 83,06% 84,54% 92,98% 100,00% 100,00% 100,00%
NUBHA
BeposiTHOCTL
perucTpaum 7,40% 13,90% 17,04% 21,36% 33,87% 32,99% 49,12% 68,75% 75,00% 82,35%
MOITHUM
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Puc. 2. CneBa KOHBEKTUBHBIV KNacTep € pajapHbiMu rpo3amu (NyprypHble KBaapaThl) ¥ rPO30MeneHraTopHbIMU MOSTHUAMM
(eénTble TpeyronbHUKK). CnpaBa: 3aBUCMMOCTb BEPOATHOCTU PErMCTpaLMM paiapoM KiacTepa C Fpo30# 0T KoNMYecTBa
nuKcenein B Knactepe u max(T,, — T,,) YeM Apuye LBeT 1 KpynHee pa3Mep MapKepa, TeM Bbitwe max(T,, —T,,).
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Creation of a prototype system for forecasting dangerous
wind speed events for the territory of Moscow State
University

'Nikolaeva E., "*Konstantinov P.

' Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
 RUDN University, Laboratory of smart technologies for sustainable development of urban environment under global
changes, Moscow, Russia

E-mail: nikolael99@mail.ru, kostadini@mail.ru

and precipitation for the coming hours - nowcast - has reached a serious level. At the moment, a large
number of predictive models with high spatial resolution have been created, for example: WRF (0.5-1 km),
COSMO-Ru (1-2.2 km) and others. However, given the current level of urbanization, this is not enough.

The main goal of this work is to create a prototype of a system for forecasting dangerous wind speeds
events for the MSU campus based on real forecast data. This work is carried out using data from the Canadian
GEMglobal model. The modeling of the initial wind fields for the system is based on the ENVI-met 3D non-
hydrostatic microclimate model. To achieve the goal, the following tasks were completed:

e  Deployment of the ENVI-met model for the MSU campus.

e Investigation of the relationship between the initial conditions and the output field of wind speeds.

e  Using the Bash shell in Linux, the Fortran gfortran programming language compiler and online
geographic information systems, based on the predictive data of the Canadian GEMglobal model,
develop a script method for online calculation of the wind field distribution on the MSU campus.

The basis of this system is the maps of wind speeds in the main directions, calculated using the ENVI-met
model complex. It is a 3D non-hydrostatic microclimate model. Typical grid resolution in ENVI-met is from
0.5 to 10 meters in space and up to 15 seconds in time. The dynamics of the microclimate is calculated during
the daily cycle (from 24 to 48 hours) using the fundamental laws of hydrodynamics and thermodynamics. The
advantage of the model used is that it simulates the interactions between the atmosphere, soil, vegetation and
buildings at the micro level.

To validate the model, an experiment was carried out to determine the relationship between the input wind
speed and the maximum speed obtained as a result of the simulation. The initial data for the experiment were 5
different wind speeds and 8 wind directions. As a result, a close to linear character of the dependence of the
maximum velocities and the velocity of the incoming flow is obtained. However, for each of the 8 points pre-
sented, such a relationship will be unique. Based on this, it can be assumed that the ratio of intermediate speeds
(6-9 m/s, 11-14 m/s, etc.) will have the same dependencies. Therefore, you can use only 5 options for wind flow
rates to create a forecast system for dangerous wind speeds for each cell in the field.

Development of a prototype system for forecasting dangerous wind speeds events includes the following
blocks:

1. Creation of files with wind gain coefficients for each combination of wind direction and speed.

2. Online download of forecast data on some meteorological parameters in grib2 format from the site of
the Canadian model GEMglobal.

Converting the downloaded data from grib2 format to text using the Bash shell in Linux.
Compilation of the input file according to the ENVI-met model using the Fortran gfortran compiler.

5. Visualization of the wind field in online mode based on the computer language JavaScript or

visualization using geographic information systems QGIS and EverGIS Online.

As a result of the work of the system, an interactive map of the wind field is obtained, in which you can
customize various styles of presentation of layers for a more visual presentation of data.

In the modern world, the forecast of basic meteorological parameters such as air temperature, wind speed

Rl
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Co3fgaHue NpoToTMNa CUCTEMbI NPOrHO3a ONAaCHbIX
CKopocTteu BeTpa ond tepputopmmn MI'Y umenm
M.B.JloMoHoCOBa

'Hukonaesa E.B., "“KoHctaHTuHoB M.1.

' MOCKOBCKMI rocyaapcTBeHHbIN yHMBepcuTeT Menn M.B.JloMoHocoBa, Mocksa, Poccus
? Hayublii LeHTp «CMapT TeXHONOrMM YCTOMYMBOTO Pa3BUTUA FOPOLACKON Cpeabl B YCIOBUAX M06aNbHbIX U3MEHEHMII»
PY[H, MockBa, Poccusa

E-mail: nikolael99@mail.ru, kostadini@mail.ru

COBPEMEHHOM MHUpE IIPOTHO3 OCHOBHBIX METEOPOJOTHYECKHX MapaMeTpoB, TAaKUX KaK TeMIlepaTypa

BO3/1yXa, CKOPOCTh BETpa U KOIWYECTBO OCAAKOB Ha OMIKAMIIINE Yachl — HAYKaCTHHT - TOCTUT Cepbhe3-

HOTO ypoBHS. Ha TaHHBIII MOMEHT cO3/1aHO OOJIBIIOE KOJTMYECTBO MPOTHOCTHYECKUX MOJIENEH C BBICO-
KHM IIPOCTPAaHCTBEHHBIM pa3penieaneM, Hanpumep: WRF (0.5-1 km), COSMO-Ru (1-2.2 xm) u apyrue. OnHa-
KO TIPH COBPEMEHHOM ypPOBHE ypOaHM3aLMH A3TOTO ObIBaeT HeJocTaTouHO. C KajkKBIM TOIOM B COBPEMEHHOM
MHpE pacTeT cTeneHs ypoanusauu. Ha qaHHBIM MOMEHT HacuuThIBaeTcs mopsaka 30 TopooB ¢ HaceICHUEM
6onee 10 MIUIITMOHOB YelOBEK. DTO TaK Ha3bIBA€MBIE METAIIOINCH WM TOPOICKHE arJIOMEpannui, K KOTOPBIM
Tak)ke OTHOCHTCS MockBa. [l Takoro ryCTOHACENIEHHOTO 1 OOJIBIIOTO MO IUIONIAIN TOpo/ia 0COOEHHO BayKHO
M3y4JaTh METEOPOJIOTHUECKHE TapaMeTpsl Ha MUKpoMaciiTade, IMOCKONbKY HEOOXOIMMO 00ecreunBaTh KOM-
(hopTHOCTH TPEOBIBAHMS JTIOAEH HAa TOPOACKUX TEPPUTOPHSIX.

OCHOBHOM TIETBIO TaHHOH paOOTHI ABISIETCS CO3AaHME MPOTOTHIIA CHCTEMBI MIPOTHO3a OMACHBIX CKOPO-
cTell BeTpa Ay TeppuTopun Kammyca MI'Y Ha 0CHOBE peanbHBIX MPOTHOCTHUECKUX JaHHBIX. JaHHas pabora
MIPOBOAMTCS C UCIOJIb30BAaHUEM JaHHBIX KaHajackoi momenu GEMglobal. MonenupoBaHie HCXOIHBIX BETPO-
BBIX IIOJIEH JUIl CUCTEMBI IPOUCXOIUT HA OCHOBE TPEXMEPHON HETUAPOCTATUUECKON MHUKPOKIMMATHYECKOU
monenu ENVI-met. [y qoCcTHXEHUS 11eTM OBUTH BBITIOTHEHBI CIIETYIONINE 3aauu:

e  PaszsepreiBanue Monenu ENVI-met s repputopun kammyca MI'Y.

e  lccrnenoBaHre COOTHOIICHHUS HAYaJIbHBIX YCIOBUI M BBIXOJHOTO MOJISI CKOPOCTEH BeTpa.

e [Ipu momoutn KoMaHAHOM 06omouky Bash B cpene Linux, KoMmuisTopa si3pIKa MPOTpaMMUPOBAHHS
Fortran gfortran u reonH(pOopMaMOHHBIX OHJIAH CHCTEM Ha OCHOBE MMPOTHOCTHYECKUX JTAHHBIX Ka-
najackoit mogenn GEMglobal pa3paboTars CKpUIITOBYIO METOIUKY OHJIAMH-pacyeTa pacripeeieHus
BETPOBOIO NOJI Ha TeppuTopuu kamiyca MI'Y.

Cornacuo maHHbIM ['uapomeriienTpa Poccnn HanbombIye 10K MPOIEHTOB B CYMMapHOM YHCIIE Omac-

HBIX SIBIICHUH 1 HEOIaronpuATHBIX YCIOBHI MOrons! 3a mepuon ¢ 1991 mo 2015 rr. npuxoauTcs Ha BETPOBHIE
(cunbHBIN BeTep, yparaH, IMKBaJl, CMepd, MbUTbHBIC OypH) U JOKAEBBIE (CUIBHBIN T0XK/Ib, TPOJOKUTEIBHBII
JIOXK]b, TUBEHD, TPaJl, Ipo3a) ABIeHUs. [Ipr 7TOM Ba)KHO OTMETHTb, UTO EPEUNCIICHHBIE BhINIE SIBICHUS SBIIS-
I0TCS1 Hanbosee TPYAHO MPOTHO3UPYEMBIMHU.

YCnemHoCTh MPOTHO3UPOBAHHS OTTACHBIX SBJIEHUH MOTOIBI, CBSI3aHHBIX C BETPOM, HA PETHOHATILHOM YPOB-
HE B MHOTOH CTETNICHN 3aBHCUT OT TOUHOCTH OIEHKH CHHONTHYECKOH cuTyauuu. [Ipn m3yueHnn pacrpeaeneHus
BETPOBOTO TIOJIS B TOPOJIE OTHH U T€ JK€ CHHONTHYECKHE CUTYAITNH, BRI3BIBAIOIINE OTTACHbIEC TIOTOHBIC SBICHNS,
I0-pa3HOMY TPOSIBIIAIOT ce0s1 CKOPOCTSAX BeTpa U ero HampasieHns1. OCOOEHHO 3TO KacaeTcs MPU3EMHBIX CIIOEB,
TaK Ha3bIBaCMOM «IIEIIEX0THOI 30HBD». 37€Ch Ha BETPOBOE M0JIE TOMOTHUTEIHHOE BIMSHNE OKa3bIBAIOT MPEIIST-
CTBHS B BUJE 3AaHUH PA3IMIHON BBICOTHI M (DOPMBL, IepeBBEB, O0JIee METKOH PaCTUTEIBHOCTH U APYTHUX TOPOJI-
CKUX 00BbeKTOB. [To3TOMY HEOOXOIMMO N3yUaTh pacHpeiesieHne BETpa B TOPOJCKON cpefie, B YaCTHOCTH 00pa3o0-
BaHME CHJIBHBIX ITOPBIBOB BETPA, IS 00ecieyeHnsT KOM(POPTHOCTH MPeOBIBAHMS YeT0BEeKa Ha YIHIIE.

OCHOBOM TaHHOH CHCTEMBI SIBIISIOTCS KapThl CKOPOCTEH BETpa IMPH OCHOBHBIX HAPABICHUIX, PACCUUTAH-
HBIE € TOMOLIbI0 MoAeNnbHOro Komiuiekca ENVI-met. ENVI-met — 310 TpexmepHas Heruapocraruieckasi Mu-
KpOKIMMAaTHYeCcKast MOJIEIh, TepBasi BepCHs KOTOpoi Obina pazpadorana B 1994 rony nmpu YHuBepcuteTe MaH-
na (I'epmanns). OcHoBHOe ommnure ENVI-met 1 kpynHoMacmTabHBIX aTMOC(EPHBIX MOIEIEH, UCTIONb3ye-
MBIX JJIs1 IPOTHO3UPOBAHMS CYTOYHOM MOTOABI MITH OyIyIIHX KIMMAaTHYECKUX YCIOBUH, 3aKIII09aeTCs BO Bpe-
MEHHOM M ITPOCTPAHCTBEHHOM pa3pemeHn: Mojenu. Tunnaaoe paszpemieane cetku B ENVI-met ot 0,5 no 10
METPOB B IIPOCTPAHCTBE U 110 1-5 cekyH] BO BpeMeHH. IIporcxoauT pacuyeT TMHAMUKHA MUKPOKINMATa B Te4e-
HHE CYTOYHOTO ITKIa (0T 24 1o 48 4acoB) MpH UCTIONB30BAHUN (DyHIaMEHTATBHBIX 3aKOHOB THIPOAMHAMUKH
1 TePMOJMHAMUKH. J[OCTOMHCTBO UCTIONB3YEMOM MOJIEIH B TOM, YTO MMPOUCXOANUT MOJCITUPOBAHNE B3aNMOICH-
CTBHH MEXIy aTMOc(epoi, TOYBOH, paCTUTENFHOCTRIO M 37JaHUSIMHU Ha MUKpOypoBHe. Kaxioe otaensHoe pa-
CTEHHE U KaKasi TOPOICKasi CTPYKTypa MOTYT OBITh SIBHO CMOJIIMPOBaHEI, uTo AenaeT ENVI-met nneansHbIM
HWHCTPYMEHTOM JJISl TPaJOCTPOUTENEH, apXUTEKTOPOB M TOPOJCKUX KIMMATOJIOTOB, KOTOPBIE XOTSIT MOAETHPO-
BaTb METEOPOJIOTHYECKHE KOMIIOHEHTHI TOPOJCKOH cpenbl. OCHOBHBIMU MTPOTHOCTHYECKUMH TTEPEMEHHBIMU
MIPOTPaMMBI SIBISIOTCS CKOPOCTh M HAIIPABJICHNE BETPa, TEMIIEpaTypa 1 BIaXKHOCTh BO3IyXa, TypOyIeHTHOCTS,
panuaIoHHbIe TOTOKH, OMOKITMMATOIOTHS M AUCIIEPCHS ra3a U YacTHIl.

CEKLMUA V // BbIYUCIIUTENBHBIE U UHOOPMALIMOHHBIE TEXHOJIOM M ANA HAYK 0 3EMNE

cires'2021 [N

]

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
=T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
<
<T
o
=
o
(=
<T
b= =
>
=
==
L
=




cires’2021 1

w
L
(]
=
L
(]
w
—
<T
-
=
L
=
=
o
=
=
=
[NN]
oc
o
L
w
L
(d=]
(=]
—
(=]
=
o
(]
[NN]
-
=
(=]
-
<T
=
oc
o
L
=
—
=T
=
=
—
=T
-
>
o
=
o
o
=
o
L
(]
=
L
oc
L
L
=
o
(]
o
=
<t
—
(=]
(=]
= =
(]
w
w
-
0
-
=
L
(]
w
(d=]
=
=}
(=]
>
—
<t
=
(=]
-
T
=
o
(SN
-
=

Banupanus Mozeneil Takoro poja B MPUHLUIE AOBOJBHO cilokHA. OCHOBHAsl MpUYHMHA — OTCYTCTBHE
aJIeKBaTHON HaOJIOIaTeNIbHOM CETH C pa3pelieHHeM 10 JAECATKOB METPOB. BbuIo MpoBeIeHO MHOTO SKCTIEpH-
MeHToB 110 Banuaanuu ENVI-met u naHHast Moziesb MOKa3bIBAET IOCTATOUHO XOPOUIYIO KOPPEISIIHUIO C peab-
HBIMH HaOrofeHusiMu. OJTHAKO BCe PaBHO MOXKHO CKa3aTh, YTO J000€ MOJOOHOE MOJICTUPOBAHHE SBISETCS
JIOBOJIBHO YCJIOBHBIM U HEBO3MOXHO CKa3aTh, HACKOJIBKO TOYHBIM SIBJISIETCS ONMCAHMUE pealbHOl cuTyaruu. B
CBSI3U C 9TUM Ba)XKHBIM YCJIOBUEM SBISETCSA YCTAHOBJICHUE 3aBUCUMOCTH MEKIY Pa3IMUHBIMU CKOPOCTSIMH Be-
Tpa NpH OTHOM U TOM K€ ero HampasJieHUH. [[pyrumMu ciioBaMu, €CTh JH HEOOXOAUMOCTh B IOCTPOCHUH KapT
JUISl K2KJI0T0 MHTEpBajia CKOPOCTH MIIN %K€ MOKHO HCIIOJIb30BaTh OJJHO Paclpe/ieJIiCHUue BETpa JUIsl JTI000H BXO/I-
HOM CKOPOCTH.

Jnst npoBeieHust SKCIIepUMEeHTa ObUT BBIOpaH y4acTok Ha Tepputopuu kamiryca MI'Y. O npencrapiser
co00ii TEPPUTOPHIO C OUYEHb Pa3HOOOPa3HBIMHU JaHaGTaMu OT ac(haabTHPOBAHHBIX YYaCTKOB BOKPYT 3/1aHUH
JI0 HeOOJIBIINX JIPEBECHBIX MacCHBOB. OnperieneHne 3aBUCHMOCTH MEKTy BXOJHOM CKOPOCTBIO BETpa M MaKCH-
MaJIbHOI CKOPOCTBIO, MOTYYEHHOH B pe3yabTaTe MOICIUPOBAHUSL, TPOUCXOANIIO C UCTIONb30BaHUEM 5 CKOpOCTEl
Berpa: 5 M/c, 10 m/c, 15 m/c, 20 m/c n 25 m/c. Kaxast ckopocTh ObliTa IPOMOJIEINPOBAHA TIPH 8 HAIPABICHHUIX
BETpa: CEBEPOM, CEBEPO-BOCTOYHOM, BOCTOUHOM, FOT0-BOCTOYHOM, IO’KHOM, I0r0-3araHoM, 3alafHOM U CEBEepO-
3anazHoM. [l HaxXOXKICHHS 3aBUCMMOCTH MEXy NIPE/ICTaBJICHHBIMHU KapTaMH ObUTH ITPOaHaIN3UPOBAHbI MaK-
CUMaJIbHbIE CKOPOCTHU BETPA, NOIYyUUBILINECS B PE3yIbTaTe MOICIUPOBAHUs, U CKOPOCTH BETPa, KOTOPHIE 3a/1aBa-
JIMCh M3HAYaIbHO. [1o pe3ynbraTtaM 3THX JaHHbBIX ObLIHM MOCTPOEHHI CICAYIONHE IPadUKH.
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Puc. 1. AHanus cooTBETCTBUA BXOAHOW CKOPOCTM BETPA M MaKCMMaJbHOW CKOPOCTY B Npefieriax BCero y4acTka Mofenupo-
BaHuA, [51A ypoBHA 1,5 MeTpoB.
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Puc. 2. AHanu3 cooTBETCTBUA BXOQHOM CKOPOCTM BETPA M MaKCMMalbHOM CKOPOCTM B Npefesiax BCero y4acTka Mogenmpo-
BaHuWA, AnA yposHa 12,5 MeTpos.
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W3 nony4deHHBIX TpaduKoOB BUIHO, YTO MPH KaXKJIOM HaNpaBICHUU BeTpa Kak Ha 1,5 M, Tak 1 Ha 12,5 M
HoJTy4yaeTcsi OM3KHUN K IMHEHHOMY XapaKTep 3aBUCHMOCTH MaKCUMaJIbHBIX CKOPOCTEH U CKOPOCTH BXOJISIIIIETO
notoka. OJjHaKo, Ha JJF00OM ypOBHE ISl KaXKJ0r0 U3 8 MpEeACTaBICHHBIX PyMOOB Takasi 3aBUCUMOCTH OyneT
yHUKaJIbHOM. McXonsd U3 3TOro, MOKHO MPEAINOI0KUTh, YTO COOTHOLICHHS MPOMEXKYTOUHBIX cKopocTeit (6-9
Mm/c, 11-14 m/c 1 T.11.) OyIyT UMETh TaKHE 3K 3aBUCUMOCTH. [103TOMY MOKHO BOCIIOJIL30BATHCS TOJIBKO 5 Bapu-
aHTaMH CKOPOCTEW BETPOBOTO MOTOKA, YTOOBI CO3/1aTh CUCTEMY MPOTHO3a 00 OINACHBIX CKOPOCTSIX BETpa JJIs
KaXKIOU STYCHKH OIS,

[TporoTun cuctemMbl NPOrHo3a 00 OMACHBIX CKOPOCTSIX BETpa JOJDKEH CO3/1aBaThCcs Ha MHUKpoMaciiaTad-
HOM ypOBHE. DTO HEOOXOAUMO Kak Ajs Oojee AeTalbHOrO aHajau3a MOTEHIIMAIbHO OMACHBIX 30H, TaK U AT
obecrieueHns KOM(POPTHOCTH NPEObIBAHMS YEJIOBEKAa Ha Pa3lIMUHBIX TOPOJICKUX TeppHTOpHsiX. Paspaborka
TEXHOJIOTHH MPOTHO3a BKIIIOYAET B ce0st clieytomue OJI0Ku:

1. Co3nanue ¢aiinoB ¢ K03(hPHUIMEHTAMH BETPOBOTO YCHIICHHUS JIJIsl KAXKJIOTO COYETaHHs HAIPaBICHHS

U CKOPOCTH BETpA.
2. OwunailH ckauMBaHKE MPOTHOCTHUUYECKUX JAHHBIX 110 HEKOTOPBIM METEOPOJIOTHYECKUM ITapaMeTpaMm B
(dopmare grib2 ¢ caiita kanazackoit monean GEMglobal.

3. KouBepranus ckadaHHBIX JAaHHBIX U3 (opmara grib2 B TEKCTOBBI C UCIIOJB30BAaHHEM KOMaHHOM

obonouxu Bash B cpene Linux.

4. Cocrapienue BXoJHOro (¢aiina mo ganusM Mozenu ENVI-met, nucrnonb3yst KOMOHIISITOP sI3bIKa MPo-

rpammupoBanus Fortran gfortran.

5. Busyanu3zanms BETpOBOTO HOJISI B OHJIAH PeXHMME Ha OCHOBE KOMITBIOTEPHOTO s13bIKa JavaScript uiu

BU3YyaJIN3alMsl ¢ HCIONIb30BaHHeM reonHpopmaninoHHbIx cucteM QGIS u EverGIS Online.

B pe3synbrare paboThl CHCTEMBI TOJTy4aeTCsl MHTEPAKTHBHAsI KapTa BETPOBOTO MMOJIsl, Y KOTOPOH MOXKHO

HaCTpauBaTh Pa3IMYHBIC CTHIIM IPEJICTABICHHS CJIOEB JUIsl O0oJiee HArISITHOTO PEICTABICHHS IAaHHBIX.

o Bomwoi 2ason MY 9 CkopocTy BeTpa, M/c
cxaep y Kumailexozo g ¢ nS5_new
nocamemen
npy 3 3 0.001-06
e ’ 06-1.2
L %. @y 12-18
’ ‘/.\4,‘, 18-24
7 * 24-3
w” "" ® Gonee3
\ocascund s

YHueepcumemexas naowode

S V{oﬁ»\

Puc. 3. ViuTepakTnBHasn kapTa Ha cepauce EverGIS Online.

B nanno#i pabote ObLIM OCYIIECTBICHBI OPUTMHAIBHBIE PACUETHI IO 00ECIICUCHNIO BETPOBOH KOM(pOpT-
HOCTH IpeOBbIBaHMS YeJIOBEKa B TOPOJICKOIT cperie. B janbHeiIieM TEXHOIOTHIO MPOTHO3a IJIAHUPYeTCsl pac-
LIMPUTH 32 MPeJIeIbl TEpPUTOpUH Kamiryca MI'Y.

B VlccnepnosaHue BbINOHEHO Npy noaaepke npoekta PHO N2 19-77-30012. AeTopkl 651aroaapAT 3a co-
OeNncTeme B NPoBEAEHNM YNCTIEHHBIX SKCMEPUMEHTOB C MUKPOKAIMMaTu4deckon mogensto ENVI-met Kon-
nexktuB Poccuickoro MNocynapcteeHHoro ArpapHoro YHusepcuteta — MCXA VMenn K.A. Tummnpasesa u
JIMYHO OOLEHTa, K.6.H. Apocnasuesa Anekcea Muxainosuya.
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Lambda architecture as a basis for a digital twin of a regional
climate system

Okladnikov I.G.

Institute of Monitoring of Climatic and Ecological System SB RAS, Federal Research Center for Information and Computational
Technologies, Tomsk branch, Tomsk, Russia

systems, leading to huge volumes of geospatial observational and modeling data archives. For a com-

prehensive analysis of this data, necessary to understand the current and possible future climatic changes
and their consequences, an appropriate information and computing infrastructure is required. Now, there are
several projects of various complexity levels aimed at analyzing the accumulated geophysical data. At the same
time, within the framework of solving problems based on the use of large arrays of geospatial data, there is of-
ten a need for interactive predictive analytics based on a historical background, that is, the joint use of archived
data and data arriving in quasi-real time. Even though big data requires a high processing speed, in practice
complex operations can be performed for a long time, which in some cases leads to obsolescence of the results
obtained and the loss of their relevance. To solve this problem, as a part of a development of a digital twin [1] of
a regional climate system, it is proposed to use the lambda architecture of data processing.

Lambda architecture [2] is an architecture designed to handle large amounts of data using both batch and
stream processing techniques. This approach provides a balance between the efficiency of obtaining results, the
throughput of communication channels and the fault tolerance of the system. This is achieved using batch pro-
cessing for comprehensive and reliable analysis of historical data, while simultaneously using stream process-
ing of operational data coming in real or quasi-real time. In this case, the results of both types of processing can
be superimposed on each other before being displayed to the user. The growing popularity of the lambda archi-
tecture is associated with the growth of big data, the need to perform analysis in quasi-real time and the need to
reduce the delays between data generation, their analysis and presentation of results.

The lambda architecture requires that sets of processed data be append-only and immutable. It is designed
to handle time series data that is only added to existing data, rather than overwriting it. This makes it to be an
ideal candidate for the implementation of a digital twin of a regional climate system, based on large arrays of
immutable historical modeling and observation data, and information flows coming from local weather sta-
tions, and from regional weather forecasting models. The application of this technology will be especially rel-
evant in solving problems of warning of dangerous and extreme meteorological phenomena.

The ongoing and expected climate changes has spurred the development of climate models and observing

REFERENCES:

1. BoschertS., Rosen R. (2016) Digital Twin—The Simulation Aspect. In: Hehenberger P., Bradley D.
(eds) Mechatronic Futures. Springer, Cham. https://doi.org/10.1007/978-3-319-32156-1_5

2. Michael Hausenblas & Nathan Bijnens, inspired by Nathan Marz. Lambda architecture overview.
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J1AaMbaa-apxmTeKTypa KaKk ocHoBa LM$poBOro ABOMHUKA
PEernoHasnbHoOM KITMMaTU4eCKOM CUCTEMBI

OxknapgHukos U.TI.

WHCTUTYT MOHUTOPUHIA KIMMaTUYECKMX U 3Konoruyeckux cuctem CO PAH, QepepanbHblii UcCief0BaTeNIbCKUIA LIEHTp
MHGOPMALMOHHBIX U BbIYUCAUTENbHBIX TeXHONOr WA, ToMcKuiA dunmuan, Tomck, Poccua

MojeNel ¥ CHUCTeM HaOJIOeHUs, YTO TIPUBEJIO K MOSBICHUIO THIAHTCKUX 00BEMOB apXUBOB T'€OIPO-

CTPAaHCTBEHHBIX JAHHBIX HAOIIOACHUN U MOICINPOBaHUs. J[J1s1 BCECTOPOHHETO aHaIM3a 3TUX JAHHBIX,
HEOOXO0MMOTO JUIsl IOHUMAaHUsI TIPOUCXO/SIMX U BO3MOXKHBIX B Oy/lyleM KIMMaTHYeCKUX M3MEHEHUH U HX
MOCJIEACTBUH TPeOyeTcsl COOTBETCTBYOMIAass HH(POPMAIIMOHHO-BBIUYMCIUTENbHAsE HHPpacTpyKTypa. B HacTos-
LI MOMEHT CYLIECTBYET PsJl IIPOECKTOB PA3JIMYHOIO YPOBHS CIOHOCTH, HAIPABICHHBIX HA aHAJIU3 HAKO-
TUICHHBIX Te0(U3MUECKHX JaHHBIX. BMecTe ¢ TeM, B paMKax pelleHHs 3aj1a4, ONHPAIOLIUXCsl Ha UCTIOJIb30Ba-
HHE OOJIBIINX MacCHBOB T€ONPOCTPAHCTBEHHBIX JIAHHBIX HEPEIKO BO3HUKAET MOTPEOHOCTh B MHTEPAKTUBHOM
MPEIMKTUBHON aHAJIUTHKE Ha 0a3e NCTOPUUECKOTO OIKIpayH/a, TO €CTh COBMECTHOM HCIIOJIB30BAaHUU apXUB-
HBIX JTAHHBIX M JJAHHBIX, TOCTYMAIONIUX B peXKUME KBa3U-peaibHOro BpeMeHH. HecMoTps Ha To, yTO OombIne
JIAaHHBIE MIPEJIONAraloT BHICOKYIO CKOPOCTh UX 00pabOTKH, Ha MPAKTHKE CIOKHBIE ONEpaliyd MOTYT BBINOJN-

I I POUCXOAAIIHUEC U 0)KUJTAEMbIC KIIMMAaTUYCCKUE U3MCHCHUA CTUMYJIMPOBAJIN Pa3BUTUC KIIMMATHICCKUX
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HATBCS IOCTATOYHO JIOJITO, YTO B PSI/IE CIydacB MIPUBOANT K YCTAPEBAHHIO TIOJTyYEHHBIX PE3yJIbTaTOB U ITOTEPE
WX aKTyaJIbHOCTH. JIJ1s pemieHns 3Toi mpoOieMBbl, B paMKax pa3padoTKu Hu(poBoro qBolHuKA [ 1] pernoHans-
HOM KIIMMaTH4eCKOH CHCTEMBI, IPEIaracTcs NCTIOIb30BaTh ISIMO1a-apXUTEKTYPY 00paOOTKH TaHHBIX.

JIambma-apxurekTypa [2] — 3TO apXUTEKTypa, MpeaHa3HaueHHas U1t 00paboTKH OONBIINX 00BEMOB JTaH-
HBIX 32 CYET HCITOIB30BaHMUs KaK METOOB ITAaKETHOH, TaK M MMOTOKOBOI 00paboTku. JlaHHBIN TOIX0 00ecTIedn-
BaeT OaaHC MEK1y ONEPAaTHBHOCTHIO MOIYUCHHUS PE3YIbTATOB, IPOIYCKHOM CIIOCOOHOCTBIO KAHAJIOB CBSI3H U
OTKa30yCTOHMYMBOCTBIO CUCTEMBI B IIEJIOM. DTO JOCTUTAETCS 32 CUET MCIIOIb30BAHMUS AKETHOH 00pabOTKH AJIst
KOMIIJIEKCHOTO M HaJEKHOTO aHAJIN3a apXUBHBIX JAHHBIX, OZTHOBPEMEHHO HCIONb3Ys TOTOKOBYIO 00paboTKy
OIIEPaTUBHBIX JIAaHHBIX, TIOCTYNAIOIINX B PEKMME PEaIbHOTO MM KBa3H-peanbHoro BpemeHu. IIpu stom pe-
3yABTATHl 000MX THUIOB 00PaOOTKH MOTYT OBITH HAIOKEHBI IPYT HA ApyTa Mepes 0ToOpakeHHeM MOoIh30BaTe-
mo. PocT momynsipHOCTH TAMOIa-apXUTEKTYPBI CBSA3aH C POCTOM OOBEMOB OONBIINX TAHHBIX, HEOOXOAMMO-
CTBIO BBITIOJTHEHUS aHATM3a B PEXHMME KBa3U-PEaIbHOTO BPEMEHH M HEOOXOIUMOCTBIO COKPATUTh 3a/1E€PKKH
MEXy FeHepannel TaHHbIX, UX aHAJIM30M U IPEICTaBIECHHEM PE3yIbTaTOB.

JIambma-apxurektypa TpeOyeT, 9ToO0bI HabopBI 00padaThIBAEMBIX JaHHBIX OBIIH TOJHKO MOIMOTHICMBIMH
1 BIIOCJICICTBUY HEM3MEHHBIMH. OHa NpeaHa3zHadeHa Uil 00paOOTKH BPEMEHHBIX PSIOB JaHHBIX, KOTOPBIC
TOJIBKO J00ABIISIOTCA K CYIIECTBYIOLINM JaHHBIM, @ HE NIEPE3atChIBAIOT UX. JTO AeiaeT €€ uacaabHbIM KaH-
JUIATOM AJIsl peann3aniuy Nu(poBoro IBOWHUKA PETHOHATBHON KIMMATHYECKON CHCTEMBI, OITUPAIOIIETOCS Ha
OOIbIIIE MACCHBBI HEM3MEHHBIX JaHHBIX HCTOPHUYECKOTO MOJIEIMPOBAHHS U HAOMIOCHNH, U TOTOKN HH(Op-
Maluy, MOoJyJyaeMble C JIOKAIBbHBIX METECOCTAHINH, a TAKXKE B PE3YIbTaTe ONEPATHBHOTO MPOTHOCTHIECKOTO
MozennpoBanus. OcoOEHHO aKTyaIbHO IPIMEHEHUE 3TOH TEXHOJIOTHH Oy/IeT B PEIICHHUH 33/1a4 IPEAyIpesKae-
HUSI OTTACHBIX ¥ AKCTPEMAIIbHBIX METEOPOJIOTHUECKHX SBICHHH.
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Comparison of Taylor-Galerkin type schemes for transport
equation on sphere

Petrov S.
Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia

E-mail: sergey.petrov@phystech.edu

his paper investigates the dependence of the accuracy of the numerical solution of the transport equation

on a sphere, depending on the use of different schemes of the Taylor-Galerkin type for time discretiza-

tion. Taylor-Galerkin type schemes are widely used in dynamic blocks of finite element models of the
ocean, atmosphere, and sea ice. Various initial mass distributions are considered, such as infinitely smooth
Gaussian surfaces, discontinuous mass distributions. Different reversible velocity fields are set, both divergent
and non-divergent. The reversibility and non-divergence of the velocity field guarantees the coincidence of the
initial mass field with the final one, which makes it possible to estimate the errors. The divergent velocity field
is used to test the positiveness and global conservatism of the solution. The work is organized as follows: first,
a description of transport schemes of the Taylor-Galerkin type is given. Then the initial distributions of mass
and velocity field are described. After that, the main results of numerical experiments in various configurations
are presented. At the end, conclusions are drawn and recommendations are made on the use of a particular
scheme.
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CpaBHeHune cxeM Tennopa-lanepkmHa onA peLleHns
ypaBHeHWA NepeHoca Ha cdepe

Metpos C.C.
WUHcTtutyT BoluncnutensHoii Matematuku um. .. Mapuyka PAH, MockBa, Poccua

E-mail: sergey.petrov@phystech.edu

JAaHHOM paboTe McciemyeTcss 3aBUCUMOCTh TOYHOCTH YHCIIEHHOTO PEIICHNs YpaBHEHUs MepeHoca Ha

cdepe B 3aBUCHMOCTH OT HCIIONB30BAHUS pa3HBIX cxeM Tuma Teinopa-I'anepkuHa A QUCKpeTH3auN

no BpemeHH. Cxemsl Tuna Teinopa-I'anepkuHa akTHBHO IPUMEHSIOTCS B IWHAMHYECKUX OIOKax Ko-
HEYHO-3JIEMEHTHBIX MOJIENeH OKeaHa, arMoc(epbl, MOPCKOTO JIbJa. PaccmMaTpuBatoTcst pa3indHble HauallbHbIe
pacrpesieieHusl Macchl, Takie Kak OECKOHEYHO IIajkue ['aycCoBBI MOBEPXHOCTH, Pa3phIHbIC pacHpeaeIeHUs
Macchl. 3a1al0TCsl pa3Hble PeBEPCUBHEIE MOJISI CKOPOCTH, KaK JUBUPTEHTHBIC, TaK U Oe3TUBUpPTreHTHEBIE. Perep-
CHUBHOCTH M 0€3IUBHUPTEHTHOCTH MOJISI CKOPOCTH TapaHTHPYET COBIMACHUE HAYaJIbHOTO MOJSI MAacChl ¢ KOHEY-
HBIM, YTO TIO3BOJIIET OIICHUTH OMIMOKH. [[MBHPIeHTHOE T0JIe CKOPOCTH MCTIONB3YETCS IS TPOBEPKH MOJIOKHU-
TETBHOCTH U TNI00ANbHOM KOHCEPBAaTHBHOCTH penieHns. PaboTa ycTpoeHa cieayronmmM oopa3oM: CHadaa Jaa-
eTCsl OTMCaHue cXeM IepeHoca Tuma Teinopa-I'agepknHa. 3aTeM ONMUCHIBAIOTCS HadallbHBIE pacTpeeNeHus
Maccel U noist ckopocTu. [locie 3Toro npencraBiieHbl OCHOBHBIE PE3YJIbTaThl YUCIEHHBIX HKCIIEPUMEHTOB B
pa3IMYHBIX KOHGHUTyparusx. B KoHIle AenaroTcs BBIBOABI M AAIOTCSA PEKOMEHIAINH 110 HCIOIh30BAaHUIO TOU
WJIM NHOM CXEMBI.

CXEMbI TUMNA TEUJIOPA-FAJIEPKUHA

PaccMoTpuM ypaBHEHHE MTEPEHOCA MACChI, 3aMIMCAHHOE B TOTOKOBOM (hopme:
I
Om+Vg(mu)=0 (1)
Kiraccnueckas cxema o Bpemenu Teinmopa-I'anepkuna 2 nopsiaka anmpokcuMaiuu (TG2) mo BpeMeHH
[1] 3aruceiBaeTcs B BuE:

m" = m"— AVG(m'"i1) + (A 1 2V 9@V g(m'n)). (2)
Taxoke paccmorpuM AByxmmaroBsiit ananor (TTG2) cxemsr (2):
m™ = " (AL 12)Vg(m" )

mn+1 — mn _Atvg(mnﬂ/zz!;)

B xnure [2] mpenacrasneHsl AByXmiaroBeie cxeMsl Teitnopa-I'anepkuna 3-ro (TTG3) u 4-ro (TTG4) mo-
psiziKa annpoKCHMAanuy 10 BpEMEHH, KOTOPBIE TaKXKe HCCIEeTYIOTCS B JAaHHOH padoTe.

Kaxk m3BecTHO, CXeMbI OPAZKA BBIIIE | HE MOTYT OBITH MOHOTOHHBIMH. B CBsi3u ¢ 3THM B JaHHOH padoTe
MIPUMEHSETCS TEXHOIOTHS KOppeKIuy NoToKOB [3]. CyTh MeToa KOPPEKIINH ITOTOKOB 3aKJIF0YaETCs B TOCTPO-
€HHMHU CXEMbI HU3KOTO TOPS/IKa, ITyTeM JIAMITNPOBAHHS MACCOBOW MAaTPHIIBI M JOOABICHNS HCKYCCTBEHHOM BSI3-
KOCTH B IIPaByto 4acTh (cxema JlepHepa), KoTopast CTPOHUTCS 0 CXEME BBICOKOTO Iopsiika. JIokapHas pasHuLa
PELIeHUH 10 CXeMEe BBICOKOTO M HM3KOTO MOPSIIKa 33aeT YHCIICHHbIE IIOTOKH Ha JIEMEHTE, KOTOpbhIe OalaHCH-
PYIOTCS C TOMOIIBIO CIIEIMAIBHON OTpaHudIuBaroNIei crparernu. [IpuMeHeHne KOppeKIiy ITOTOKOB TapaHTH-
PYET OrpaHHYEHHOCTh PEIICHNS CHU3Y PEIICHHUEM I10 CXEME HU3KOTO IMOPSIIKa M CBEPXY 110 CXEME BBICOKOTO.
Taknm 06pa3oMm, B ciIydae MONOKATEIBHOCTH PEMICHHS 110 CXEME HU3KOTO MOPSIIKA TapaHTHPYETCsI TTOJI0XKHU-
TEJIFHOCTH PEIICHHS 110 CXeME KOPPEKIHH TIOTOKOB. PereHne no cxeme KOppeKIUy MOTOKOB 3HAYUTEIBHO Me-
Hee anudQy3UOHHO, IO CPABHEHHUIO C PELICHUEM 110 CXEME HU3KOTO TOPSI/IKA, OAHAKO COXPAHSIET CBOMCTBO IJIO-
0aTbHOM KOHCEPBAaTUBHOCTH.

HAYAJIbHOE PACNPELEJIEHUE MACCHI U MN0J1A CKOPOCTU

B nanHoOIT paboTe peann3oBaH HaOOp YUCICHHBIX SKCIICPUMEHTOB, OMUCAHHEINA B [4]. PaccMaTpuBaercs
JIBa TUIIa HAYaJIbHBIX pacnpenesneHuit Maccsl — ['ayccoBel moBepxHocTr (GH) n menesbie mumuaaps! (SC) u
TPH TUNA MOJICH CKOPOCTH — Oe3nuBUprenTHas napa Buxpei (ND1), Oe3quBupreHTHAS Tapa BUXpEH ¢ 30HaIb-
HbIM cMemeHneM (ND2), tuBuprenTHOE 1Mojie CKOPOCTH ¢ HaKadyKoi Macchl K skBaropy (D). Omucannsle pac-
TIpEe/IeIIEHHsT MacChl IpeICTaBiIeHb! Ha Puc. 1, a ot CkopocTH B HauaJIbHBIH MOMEHT BpeMeHH Ha Puc.2.

YUCNEHHbIE 3KCNEPUMEHTDI

IepBbIit TecT ucnonb3yeT HadyanbHOe pacnpenenenHue Maccel GH u none ckopoctu NDI. Ilposepsiercs
CXOAUMOCTD PEIIeHHs K TOUHOMY IPHU U3MENBIeHUN Iara ceTku. [lapamerpsl pacyera: paspelieHue o mpo-
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Puc.2. lNonsa ckopocTu B HauanbHbIA MOMeHT. CBepxy cneBa — napa suxpew (ND1), cBepxy cripaBa - napa BUXPer o CMelLLe-
HueMm (ND2), cHu3y — amBuprenTHoe none (D).

ctpanctBy 200 kM., yncio Kypanra 0.2. Ha Puc. 3 mpencraBieHa 3aBHCHMOCTD WHTETPAIbHON OMIMOKU OT
IIPOCTPAHCTBEHHOTO pa3peleHus. 113 pucyHka BUIHO, 4TO CXOIAUMOCTS I10 ATy CETKH UMEET IOPSAI0K MEKIY
hwu k. B norapumuyeckoM Maciutabe npsmMas UMEET Yron HakioHa 1.8. YMeHbleHne Nops/IKka cXOAMMOCTH
I10 CPABHEHHIO C MOPSIIKOM AMIPOKCHMALIMH SIBJISCTCS TUIIMYHBIM B CIIydae UCIIOIb30BaHUS CXEMBI [IEpPEeHOCa C
(buIBTpOM.

- TG2+FCT
——TTG2+FCT

TTG3+FCT
—o—TTG4+FCT

1072 0.11

0.1

1 error
o error

104
9.5-10"2

9-1072

10-5
200 100 50 0 0.2 0.4 0.6 0.8 1 1.2

Triangle size, km Courant number

Puc.3. CxogmmocTb petueqna no wary cetku (Tect 1). Puc.4. 3aBucHMOCTb MHTErpanbHOi OLWMOKM 0T Yncna Ky-
paHTa (Tecr 2).

Bropoit TecT ucnomnp3yeT HadanabHOE pacnpeaenacHne SC U 6ec3AUBUPIEHTHOE IByXBHUXPEBOE IOJIE CKO-
poctu co cmereHrneM ND2. 3aBHCHMOCTh HHTErpaibHOM omiOku oT yucia Kypanra npencrasieHa Ha Puc.4.
Pacrnpenenenus Macchl B CEpEAMHHBII U KOHEUHbIM MOMEHTBI BpEMEHHU IIpeIcTaBIeHbl Ha Puc.5.

Tpetuii TecT peanusyert nepeHoc pacnpenenenus Mmaccbl SC TUBUPTEHTHBIM MojieM ckopocTu D. Berum-
CJICHUS IPOIEMOHCTPUPOBAIM COXPAHEHNE HHTETPAIILHON MacChl C MAaIIMHHON TouHOCThIO. Ha Puc.6. mpone-
MOHCTPHPOBaHa 3BOJIIONNS MUHUMAJIFHOTO 3HaYEHHUS MacChl BO BCell 001acTH AJIs CXEMBI C KOPPEKIHeH moTo-
KOB 1 0€3.

CEKLMUA V // BbIYUCIIUTENBHBIE U UHOOPMALIMOHHBIE TEXHOJIOM M ANA HAYK 0 3EMNE

—
o
o
™
)
[
=
O

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
=T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
o=
<T
o
=
o
(=
=T
b= =
>
=
==
L
=




—
o~
o
™
(Y]
L
=
o

—niZg n/2 n 3n/2

3AKJIIOYEHUE

1.50
1:25

1.00
0.75

0.50
0.25
0.00

2n

TG2
— TG2+FCT

Time, h.

JIUTEPATYPA:

Birkhauser, 1993.

w
L
(=]
=
L
(]
w
—
<T
[ —
=
Ll
=
=
(=)
=
=
=
L
oc
(e=]
(NS
w
L
(4]
(=]
P
(=]
=
= =
o
(SN
-
=
o
[—
<T
=
oc
o
(.
=
—
T
=
S
-
=T
-
)
o
=
o
(]
=
(=]
L
(]
=
L
oc
L
L
=
o
(o]
=]
=
<<
—
o
(=]
=
(o]
w
w
-
)
-
=
L
(o]
w
(4]
=
=
(=]
>
—
T
=
(=]
-
<T
=
oc
(SN
-
=

200

-0.25
~0.50

-mlzg n/2 n 3n/2 2n
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-0.25
-0.50

Puc.5. PacnpegeneHna Macchl B xapakTepHble MoMeHTbI BpeMenu (TecT 2). CBepxy — cxema TG2, cHusy — cxema TTGA+FCT.
CneBa — cepeAWHHbIA MOMEHT BPEMeHM, BMPaBa — KOHEYHbI MOMEHT BPEMEHMW.

YucneHHsie OKCIICPUMCHTHI IMOKAa3aJiv, YTO NOPSAAO0OK CXOANMMOCTH IO 1Iary CCTKHU y CXeM Tefmopa—l" ajep-
1.8 1% o
KHWHa B CPpEAHCM h (PI/Icl) HOpHI[OK alrpoKCUMal Ha paBHOMEPHOU CCTKE BTOPOU, MAACHUC TOYHOCTHU
MMPOUCXOAUT 3aCHCT MPUMCHCHH A METOJa KOPPEKI MU ITOTOKOB.

Puc.6. IBonouma M1HMManbHoOro 3HaueHna Macchl (Tect 3).

IIpu manbix uncna Kypanra cxembl Aai0T onu-
HAaKOBBIIl 110 TOYHOCTH PE3YIbTAT, 332 UCKIIOYEHHEM
cxembl TTG2+FCT, xoTopsrii 3ameTHO Xyxke (Puc.4).
Ipu 6ompmmmx gucnax KypanTa mo ToaHoct Hanbo-
nee mpexamoututenbHa cxema TTG4+FCT (Puc.4).
Crnyuaii 6ompmmx uncen KypanTta peanmsyercs Ha
MPaKTUKE MPH YBEIUYEHMS IIara Mo BPEMEHHU WIN
CTYIIEHUH CETKH B OOJIACTh OEperoBOW JTUHHUH HITH
ocobeHHocTH perieHus. CXeMbl ¢ KOppEeKITeH moTo-
KOB 00J1a/1at0T CBOMCTBOM IITOOATEHOM KOHCEPBATHB-

HOCTH U nonoxuTenbHOoCTH (Prc.6). [TapaniensHas peann3anus OMMCaHHBIX CXeM BKIIOYEHA B THHAMHYCCKOM
610k, paspabarsiBacmoii B UBM PAH, koHeuHO-311eMEHTHOM MOJIEIH JibJla Ha HECTPYKTYPHUPOBAHHBIX CETKAX.

1. Zienkiewicz, O. C. and Taylor, R. L. The Finite Element Method, Fifth Edition, V. 3: Fluid Dynamics,
Oxford: Butterworth-Heinemann, 2000
2. Quartapelle, L. Numerical solution of the incompressible Navier-Stokes equations. Vol. 113.:

3. LohnerR., Morgan K., Peraire, J. and Vahdati M., Finite element flux-corrected transport (FEM-FCT)
for the Euler and Navier-Stokes equations. Int. J. Numer. Meth. Fluids 7 (1987) 1093-1109.

4. Ramachandran D. Nair and Peter H. Lauritzen. A class of deformational flow test cases for linear
transport problems on the sphere. J. Comput. Phys. 229, 23 (November, 2010), 8868-8887.
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Safe city — GIS Meteo subsystem
Tikhonenko N.D., Yusupov Yu.l.

MapMakers Group Ltd, Moscow, Russia

E-mail: n.tikhonenko@gismeteo.com, usupov@gismeteo.com

ntroduced nowcasting is a blending of observation data and mesoscale model, which allows to get more

accurate forecast of beginning, duration and intensity of hazardous and unfavorable weather conditions.

Weather surveillance radars (WSR) in Russia have a fairly dense network only in the European part, but
even here there are places where information from the WSR does not overlap, and given that some stations
sometimes do not transmit information, it can be quite difficult to recreate the real synoptic situation. It is ex-
pected that the proposed nowcasting system will enable the forecaster to better represent the true picture of the
processes occurring in the atmosphere and will allow more accurate forecasting of such phenomena as show-
ers, thunderstorms, squalls, and hail.

Methods which are using extrapolation or trajectory calculations for predicting new position of active
convection zones does not taking into account evolution of convective processes. So to obtain a more complete
picture of the forecasting processes and area without information from the WSR, we proposing to combine the
measured and modeled (with corresponding lead time) radar reflectivity.

According to the implemented algorithm radar reflectivity obtained from WRF-ARW model is used both
on different isobaric surfaces and maximum tropospheric value. Then this information is combined with data
on the measured radar reflectivity. Weight of modeled reflectivity data increases on distance more than 100 km
from central point of the WSR and reaches 1 in uncovered places.

Also there is data transmitted from meteorological radars on weather phenomena (precipitation, showers,
thunderstorms, squalls, hail), calculated using complex recognition criteria [4]. In the WRF-ARW model, the
predicted radar reflectivity Z is reported in dB. To use tables [4] it is necessary to convert these values to 1gZ.

lgZ=(dBZ—-18)/10 (1)

Overall score of the precipitation forecast for proposed method was carried out in accordance with [4]
comparing with observation data from synoptic stations from European territory of Russia. Predictive data lo-
cated in regular grid with a step of 4x4 km were brought to the coordinates of observation stations using bilin-
ear interpolation and compared with the weather data at the time of observation.

Analysis of the results shows that our method for precipitation forecast are quite good, which suggests that
use of WRF-ARW data does not worsen the forecast. Either a more complete picture of atmospheric processes
provides additional information to the forecaster to assess the meteorological situation.

Thus, in the Safe City nowcasting system, it becomes possible to obtain a detailed (10 minutes, 1 km) ul-
tra-short-term forecast with the ability to monitor meteorological data for the specialist such as precipitation,
showers, thunderstorms, squalls, hail, air temperature, visibility, cloud base height, precipitation, wind gusts.

The software complex is: a data center (DC), which regularly receives information from automatic meteo-
rological stations (AMS), including private ones, synoptic and aerological stations, weather radars network
(SWR), geostationary satellites, lightning detection network; mesoscale non-hydrostatic model WRF-ARW
hourly cycled, with data assimilating using 3DVAR technology; GIS Meteo, which allows a specialist to inter-
pret the results of calculations.

BesonacHeiv ropog — nogcuctema 'MC Meteo
Tuxonenko H.[., 0cynos H0.U.

HIL, «Man Meitkep», MockBa, Poccua

E-mail: n.tikhonenko@gismeteo.com, usupov@gismeteo.com

IHHﬁ IIOJIy4aThb TOYHBIC ITPOTHO3bI Ha4YaJ1a, MPOAOJIKUTEIbHOCTH U UHTCHCUBHOCTH OIMACHBIX U HeO1a-
TONPHUATHBIX ITOTOAHBIX SIBIICHUH.

B Poccun mereoponornyeckue paanosnokaropsl (MPJI) nMeroT 10CTaTouHO MIOTHYIO CETh TOIBKO B EB-
poreiickoif yacTu, HO JaXke 371eCh €CTh MecTa, rae nHpopmanus ot MPJI He mepekpsIBaeTcs, a yIUTHIBas, 4TO
HEKOTOpbIe CTAHIIMU BPEMEHAaMH He MepeAatoT HH(OPMAIIHIO - BOCCO3/1aTh PeaJbHOE CHHONTHYECKOE TOJI0MKE-
HHUe OBIBaeT JOCTaTOYHO CIMKHO. OKMmaeTcs, 4To MpeiaraeMasl CHCTeMa HayKaCTHHTa JAaCcT BO3MOXHOCTH
JEKypPHOMY CHHOIITHKY JIy4Ille TIPEICTABUTh HCTUHHYIO KAPTHHY MPOIECCOB, MPOUCXOIAINX B aTMOochepe u
TIO3BOJIMT TOYHEEC 1aTh IPOTHO3 TaAKUX SIBIICHUH KaK JIMBHU, I'PO3bI, HIKBAJIBI, I'pa.

n pelcTaBiIeH HAYKACTUHT - OJCHIUHT JAHHBIX HAONIOACHUH W ME30MacCIITaOHONW MOIEIH, TIO3BOJISIIO-
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Tak kak METOJ MPOrHO3a HOBOTO IOJIOKEHMUS 30HBI AKTUBHOM KOHBEKIIMH C TIOMOILBIO SKCTPAITOISIIUH
WJIN TIO TPAGKTOPHBIM PacyeTaM He MPEINoaracT yueTa 3BOJIIOIHN KOHBEKTUBHBIX IPOIECCOB, TO AT MOy~
4yeHus1 6oJiee TOTHON KapTHHBI IPOTHO3UPYEMBIX TIPOIIECCOB M OKPBITUS MECT, Tl OTCYTCTBYET HH(pOpMALUs
ot MPJL, mpennaraeTcs COBMECTHO HCIIONB30BATh (PAKTHUECKYIO U TIPOTHOCTHIECKYIO (COOTBETCTBYIOMICH 3a-
0J1arOBpEMEHHOCTH) PaJHOIOKAIMOHHYIO OTpakaeMoCTh. B kKommiiekcHoil cucteme «be3omacHslit ropoa» B
HACTOsIIIIee BpeMsI HCIIOIB3YEeTCsI Me3oMacTabHas Heruapocrarndeckas moxens WRF-ARW Bepcun 4.1.3.
Panuonokanuonnas orpaxkaemocts B WRF-ARW moznenupyercs 1o mporHoCTUYECKUM 3HAUYEHUSIM OTHOLLE-
HUSI CMECH THIPOMETEOPOB Ha PA3IMYHBIX YPOBHSX C ydeToM paccestHust Penest Ha cepuueckux dacTuIax
M3BECTHOW IIOTHOCTH U pa3MepoB. IIpu 3TOM, B COOTBETCTBHH C aITOPUTMOM, U3IOKEHHOM B [1,2] momst dak-
THUYECKOHM paJfoJIOKAI[IOHHON OTPa)kKaeMOCTH MEPEMEIIAIOTCA U CMEIINBAIOTCS (C pa3sHbIMU BecaMu, ONCH-
JIMHT) € TPOTHOCTHYECKOHN PaloIOKAIIMOHHON OTpakaeMoCThIo, moydeHHoi oT WRF-ARW mo dopmyre:

VO Y)ery =W Opy (6, 3) + (T =w) M., (x, ) (1)
Ijie W — BECOBOH MHOXHTENb, O, — 3HAYCHHE B CPOK HAONIO/IEHHS, TIEPEMEIIEHHOE 10 TPAEKTOPHOMH MO-
nemu, M., — IPOTHO3 MO THAPOANHAMHUYECKON MOIETH

B cooTBeTcTBUHM € MOCTPOCHHBIM AJITOPUTMOM, JUISL PACUETOB HCIIOJIB3YETCS MOJyuYeHHAs MO MOAETH
WRF-ARW paanonokanioHHast OTpakaeMOCTh KaK Ha OTAEIbHBIX H300apUYeCKUX MMOBEPXHOCTSIX, TaK U MaK-
cuManbHast B Tporiocdepe. Jlanee, oTa nHGOpMANHs CTBIKYETCs ¢ JaHHBIMH O (DaKTHYECKOW PanoIOKaIuoH-
HOH oTpaxkaeMocTH. [Ipu yaneHnn ot eHTpaIbHOM TOUKHM pajroiiokaropa Ha paccrostHue 6onee 100 kM, Bec
MIPOTHOCTHYECKON HHPOPMALIUK YBEINYNBACTCS U JOCTUTAET | B HEOCBEIICHHBIX MECTaXx.

Jl1s mocTpoeHust MPOTHOCTUYECKOTO MOIOKEHHSI Pa0dXa UCTIONb3yeTCs TPAeKTOpHask MOJIENb, TIOCTPO-
CHHasl Ha N300apUYCCKOM MOBEPXHOCTH, COOTBETCTBYIOIICH MAaKCHMAIbHOM paJMOIOKAIIMOHHON OTpakaeMo-
cru [3].

Cpenn naboOpMaIyy, nepeaaroieiics 0T METeOpOIOTHIECKUX PaIMOIOKaTOPOB, KPOME PaINOIOKaIINOH-
HOW OTpa’kaeMOCTH Ha Pa3HbIX YPOBHSIX, €CTh JaHHBIE O SIBICHUSX MOTO/bI (0CAKH, TUBHH, IPO3BI, IIKBAJIHI,
rpaj), pacCUMTaHHBIE IT0 KOMIUIEKCHBIM KpUTEpUsAM pacno3HaBaHus [4]. B monenn WRF-ARW npornocruue-
CKHC 3HAYCHUS PAJIMOJIOKAIIMOHHON oTpaxkaeMocTh Z niepeaarorcs B dB. UToObI BOCTIONB30BATHCS TaOIHIIAMU
[4] HEOOXOMMO TIEpEBECTH ATH 3HAYCHHUS B 1gZ.

lgZ=(dBZ-18)/10(1)

Ha Puc.1 6) npexncTaBieH HayKacTHHT, BBIOJIHEHHBIH C 3a01aroBpeMEHHOCTBIO 2 4 C MCIOJIB30BAHUEM
JTAHHBIX OT METCOPOJOTUIECKUX paanorokatopoB 3a 20 centsaops 2015 r. 19 ¥ MCB u uadopmarim Monenu
WRF-ARW 3a 20 centsiopst 2015 1. 12 w MCB. JlaHHBIC O SBICHHUAX TIOTOABI OT METEOPOJIOTHYCCKHUX PaINOTIOKa-
TOPOB UCTIONB3YIOTCA Hampsmyto u3 tenerpamm BUFR. s cpaBHenus, Ha Puc. 1 a) mpencraBneHs! (akTide-
ckue nanabie MPJI 3a 20 centsaops 2015 . 21 « MCB. Ananus Puc. 1 1 naHHBIC HAOMIONCHUH Ha METEOCTAHIINSX,
TIOKa3bIBAIOT, YTO TPo3bl B Mockse, BHykoBo, JlomonenoBo, a Takxe B TBepn ObUTH CIIPOTHO3MPOBAHBI PaBHITb-
HO. Kpome Toro, mpaBHIbHO CIIPOTHO3UPOBAHBI TMBHEBBIE ocanku B T. [lerymku. [lo qanasiM MPJT (Puc. 1 a)
ocazkoB B T. IleTymIku HeT, OHAKO 110 TaHHBIM HaOIIoNeHNH Ha MeTeocTaHImu T. [lerymku 20 cenTaopst 3aduk-
cupoBaHbl JTuBHEBBIE ocankd B 21 ¥ MCB. IIpuunHy OTCYTCTBHS B 3TOM palioHe HHPOPMALIH IO JTAHHBIM PaiH-
OJIOKAILIOHHBIX HAOIIOAEHUH MOXXHO OOBSCHUTH OCIA0JICHHEM CHTHAJA B OCAIKaX WM MPHCYTCTBHEM 30HBI
SKpaHUPYIOINX 0cankoB [4]. [IpaBUIBHBIN IPOTHO3 IO OTCYTCTBHIO OCAIIKOB B YKA3aHHBIA CPOK B T. JIMHUTpOBE,
Anexcannpose, [TasnoBom [Tocane, Kimmny, Ha MeteocTanmsx [lepemerseBo, TymmHo (Puc. 1 0) monTBepxaeH
napopmanueii ¢ mereoctanuii. K coxxaneHuro, HEBO3MOXXHO ITPOBEPUTH OBUTH MITH HET OCA/IKK Ha ceBepe Moc-
KOBCKOH 001acT, MeXy I. JimutpoBeiM 1 I. CaBenoBo, BBULy OTCYTCTBHS TaM METEOHAOIIOACHHUI.

Puc. 1. fiBneHuns norogpl no faHHbIM MPJT 20 centabpa 2015 1. 21 4 MCB (a) v HayKacTUHT ¢ 3abnaroBpeMeHHOCTbI0 2 4 Mo
CTbIKOBaHHbIM JaHHbIM MPJT u WRF-ARW (6).
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B [2] 6butH IpEBEIeHBI PE3yIbTAaThl OIIEHKH Ka4eCTBa HayKaCTHHTA, TOCTPOCHHOTO 110 JAHHBIM METEO-
POJIOTUYIECKHUX PaAMOIOKATOPOB U MPOTHOCTHUECKUX MOJIeH BeTpa. B ykazaHHOI# paboTe 1Jis OLEHKH COTO-
CTaBIISUINCh PACCUMTAHHBIC TONS PAJAMOIOKALMOHHONW OTPakaeMOCTH C 3a0JIarOBPEMEHHOCTBIO 1 - 3 4 ¢
(haKTHYECKUMHU JaHHBIMH METEOPOJIOTHIECKUX paauonokaropoB. CormacHo [2] kputepuii [Tupcu-O6yxoBa
COCTaBWJI COOTBETCTBEHHO I 3abmaroBpemenHoctert 1, 2 u 3 gaca: 0.76, 0.61 u 0.42. B npemmaraemom
METOZIe Ha4aJIbHOE TI0JIe PaNOIOKAIIMIOHHON OTPakKaeMOCTH BKIII0YaeT B ce0st momumo naHusx MPJI, man-
HBIC O BUPTYaJIbHOM PaMOIOKAIMOHHON OTPa)kaeMOCTH, MIPUCYTCTBYIOIIEH B HEOCBEIICHHBIX PaJHOI0Ka-
Topamu MecTax. [loaToMy, TpoBecHNE OLIEHKH ITyTEM CPaBHEHUS C (PaKTHIECKUMHU JaHHBIMH PaHOJIOKaTO-
POB HE UMEJIO CMBICIIa, OHO MTOBTOPSTO OBI o1eHKH [2]. OmeHKa yCIenTHOCTH MPOTHO3a 0CAAKOB TIpeiarae-
MOTO METOJa TIPOBOJIIIACH B COOTBETCTBHUH C [4] 1Mo ¢akTy, MyTeM CpaBHEHHS C JaHHBIMU CTAHIIMNA HAOIIO0-
JleHn# eBponeiickoii Tepputopun Poccuu. IIporaoctuueckre nanHble, paciioyloKEeHHbIE B y31aX peryIsspHOM
CeTKH ¢ maroM 4x4 KM, ¢ IOMOIIBbIO OMIMHEHHONW MHTEPNOSINH MPUBOJMINCH K KOOPAMHATAM CTAHIUH
HaOTIOAEHUH U CPABHUBAINCH C ITAHHBIMHU O TIOTOJI€ B CPOK HaOutoieHus. IIporHo3 cuuTancs onpasiaBIInM-
Cs1, €CJTM B COOTBETCTBYIOIIEM ITYHKTE IPOTHO3UPOBAINCH OCATKH U B (DAKTHUECKUX JAHHBIX IPUCYTCTBOBA-
U ocanaku (B M0OOM BHIE) B CPOK HAOMIONEHUS. Pe3ynbTaTsl HCIbITAaHUHA TpeacTaBieHsl B Tadn 1 - 3. B
Tabn. 1 mpeacraBneHa MaTpuUIla CONPSHKEHHOCTH IS TPOTHO3a 0caakoB 1o qanasM MPJI ¢ 3abnaroBpemen-
HOCTBIO 2 4 Ge3 ydeTa MPOrHOCTUYECKUX JaHHBIX O PaTHOJIOKAIIMOHHON oTpakaeMocTn Mo WRF-ARW, B
Tabmn. 2- ¢ yueToM JaHHBIX O PaJAHOIIOKAIIMOHHOM oTpaxaemoct o WRF-ARW. [lns cpaBuenus, B Tabm. 3
MPEICTaBICHBI MaTPHUIA COMPSHKEHHOCTH OCAKOB 10 TaHHBIM HaOmoaeHni 3a cpok 12 ¥ MCB u ganHBIM
MPJI 3a cpok 12 ¥ MCB. AHanu3 pe3ylbTaToB MOKa3bIBAET, YTO XapaKTEPUCTHKH YCIEIIHOCTH MPOTHO3a
ocazakoB B Ta6mn. 1 u Ta6mn. 2 - TOBOABHO OIM3KH, YTO TOBOPHUT O TOM, UTO IpuMeHeHHne JaHHBIX WRF-ARW
HE yXyAILIaeT MPOTHO3, OJHAKO OoJiee MOJIHAS KapTHHA JaeT JOTOJHUTEIbHYI0 HH(OPMALUIO JEKYPHOMY
CHHONTHKY ISl OIIEHKH CHHONTHYECKOTO MoJoKeHust. OTnndne B 3HaYCHUAX OOIIEro YHciIa BIOOPKH IS
Tabn. 1 u Tabm. 2 0OBsACHAETCS B 3HAYUTEIBHO OOJBIIEM MOKPBHITHH HCCIEAYEeMON TEPPUTOPHH MTPOTHOCTH-
YeCKMMU TaHHBIMH B ciydae npuMeHeHus JaHHbIX WRF-ARW coBMecTHO ¢ TaHHBIMH METEOPOIOTHIECKUX
pannoIOKaToOpPOB.

Tabnuua 1. Tabnuua conpaxeHHOCTM 0CaAKOB MO JaHHbIM HabntopeHui 3a 12 4 MCB ¢ nporHo3oM ocajKoB ¢ 3abnaroepe-
MEHHOCTbI0 2 4 110 faHHbIM MPJT 1 nporHocTmyeckmx nonev Betpa Mopeny WRF-ARW 3a 10 u. 1 - 30 centabpa 2015 T.

Hao6uaronenns
IIporuos Cymma U Uu+II
Ocaakn Be3 ocaaxoB
Ocanku 1098 249 1347 0.82 1.41
bes ocankos 759 4482 5241 0.86 1.80
Cymma 1857 4731 6588
IT 0.59 0.95
T 0.54
H 0.59

rae U — onpasasiBaemocts, [1 — npenynpexxaenHocts, T — kpurepuii kauectsa nporuosa Iupcu-O06yxo-
Ba, H — kputepunii Hanexxnoctu barposa.

Tabnuua 2. Tabnumua CoNpAKEHHOCTH 0CAAKOB N0 AaHHLIM HabnogeHuit 3a 12 4 MCB ¢ nporHo3oM ocaaKkoB ¢ 3abnarospe-
MEHHOCTbI0 2 4 N0 JaHHbIM MPJT, nporHocT1YecKomn pagmonoKaLMoHHOM 0TpaKaeMocTbio 1 nonen Betpa Mmogenu WRF-ARW
3a104. 1-30ceHTabpa 2015T.

Iporno3 Habmonenus Cymma U U+l
Ocanxn be3 ocankos

Ocanku 4493 1411 5904 0.76 1.39

be3 ocamkoB 2652 13518 16170 0.84 1.74

CymmMma 7145 14929 22074

I 0.62 0.84

T 0.53

H 0.56

CEKLMUA V // BbIYUCIIUTENBHBIE U UHOOPMALIMOHHBIE TEXHOJIOM M ANA HAYK 0 3EMNE

cires'2021 [N

]

L
=
L
o
(&)
=
=)
=]
T
x
>
o
x
(=]
Lo
o
x
>
<T
T
<
=
=
=
o=
=
| —
o
=
o
=
>
L
'—
=
a
==
T
o
=
=T
<T
=
o
o
=]
T
=
(=)
==
a
=
L
[
—
=
(=)
=
=
a
(aa]
(=)
=
(o=
=
=T
o
L
o
(|
=]
=
o
x
=
<T
=
o
x
= |
<
<T
==
==
L
=
o
=
o
=
<
<T
o
=
o
(=
<T
b= =
>
=
==
L
=




cires’2021 1

w
L
(]
=
L
(]
w
—
<T
-
=
L
=
=
o
=
=
=
[NN]
oc
o
L
w
L
(d=]
(=]
—
(=]
=
o
(]
[NN]
-
=
(=]
-
<T
=
oc
o
L
=
—
=T
=
=
—
=T
-
>
o
=
o
o
=
o
L
(]
=
L
oc
L
L
=
o
(]
o
=
<t
—
(=]
(=]
= =
(]
w
w
-
0
-
=
L
(]
w
(d=]
=
=}
(=]
>
—
<t
=
(=]
-
T
=
o
(SN
-
=

Tabnuua 3. Tabnuua conpaKeHHOCTM 0CaAKOB Mo AaHHbIM HabtofeHMi ¢ faHHbIMM MPJ1 06 ocagKax 3a cpok 124, 1- 30

ceHTAbpa 2015 T.

IIporuos Ha6monenns Cymma U U+
Ocanku be3 ocagkoB

Ocanxu 1288 164 1452 0.89 1.55

bes ocankoB 642 4590 5232 0.89 1.84

Cymma 1930 4754 6684

IT 0.67 0.97

T 0.63

H 0.68

AHanu3 pe3ynabTaToB MOKA3bIBAET, UTO HECKOJBKO XyAIIEEe KadyeCTBO YCIEHNIHOCTH IPOTHO30B OCAIKOB
Tab6n. 1 u Tabn. 2 no cpaBuenuto ¢ Tabi. 3 MokeT ObITh 00BSICHEHO BpeMEHEM KN3HH KOHBEKTHBHBIX MTpOIIec-
cOB (KOTOpOE MHOT/IA HE MPEBBIIIACT MOTyYaca), OJHAKO, OCHOBHBIE ITOKa3aTeNH! - KpuTeprid kauecTsa [Iupen-
O0yxoBa, KpUTEepHii HaIe)KHOCTH barpoBa, CyMMapHBI 1TOKa3aTelb ONPaBIbIBAEMOCTH H IPeIyNPEeKICHHO-
CTH OC3JIKOB), XapaKTEPHU3YIOT yIOBIETBOPUTEIHLHOE KaueCTBO MPOTHO30B. TakuM 00pa3om, B cuCTeMe HayKa-
ctunra «be3onacHsli TOpoIy, MOABIAETCS BO3MOXHOCTh IMONMy4YeHUs AeransHoro (mar 10 muuyT, 1 KM )
CBEPXKPATKOCPOYHOTO MPOrHO3a ¢ BO3MOXKHOCTBIO BBIBOZIA HA DKPaH ONEPaTopa TaKUX SBIECHUI MOTrObl Kak
0CaJIK{, JTUBHH, 'PO3bl, MIKBAJIBL, IPaj, TaK U JIPYTUX BaKHBIX MapaMeTPOB KaK TEMIEpaTypa BO3AyXa, BUAU-
MOCTb, BBICOTA HI)KHEH I'paHMIBI 00JIaKOB, OCa/IKH, TIOPHIBEI BeTpa. [IporpaMMHBIN KOMIUIEKC TPE/ICTABISIET
coboit: nentp coopa manubix (LIC/I), B KOTOPBIH peryasipHO mocTynaeT HH(GOopMaIyst OT aBTOMaTHYECKUX Me-
Teoponorndeckux cranuii (AMC), B TOM 4nCIie YaCTHBIX, CHHONITHYECKHUX U adpPOJIOTHYECKUX CTaHIIUH, Me-
TEOPOJIOTHYECKHX paguonokaropoB (MPJI), reocTannoHapHbIX CITyTHHKOB, CETH I'PO3OTIEIICHTallNN; ME30Mac-
mrabHyo Heruapocrarnueckyio Moaeinb WRF-ARW c exedacHBIM pacueToM, B KOTOPOI JaHHbBIE HaOIIo/Ie-
Huil ycBauBatoTcs 1o TexHonoruu 3DVAR; THC Meteo, koTopas TO3BOJSET CHELUATUCTY HHTEPIPETUPOBATh
Ppe3yNbTaThl BBIYUCICHUH.
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MmopoMeTteomsaart, CaHkT-lNeTepbypr, 358 c.

Ncnonb3oBaHMe NnporpaMMHOro obecneyeHns ¢ OTKPbITbIM
KOLOM B MPUKNALHbIX KNTMMaTUYECKUX NCCIIe40BaHUAX:
WHTErpauua MeTeoHabnogeHun ona tTepputopun Poccum

®epoToBa E.B.
HauvoHanbHbIv uccnepoatensckui yuusecutet “M3N”, Mockea, Poccusa
E-mail: e.v.kasilova@gmail.com

pobreMa U3MEHEHHMS KIIMMaTa M CBSI3aHHOE C Hell pa3BUTHE TEXHOJOTHH 9yBCTBUTENBHBIX K KIIMMaTH-
YECKUM TapaMeTpaM: B YaCTHOCTH, BO3OOHOBIIIEMOI SHEPTETHKH, — OTPEEISIOT BO3pACTaHNE T10-
TpeOHOCTH B JETANBHON M aKTyalbHON KIMMaTHUECKOW MH(GOPMANNH I PEIICHUS] Pa3HOOOPa3HBIX
MPUKITaAHBIX 3a1a4. Ha ceromns copmmupoBanock ABa OCHOBHBIX MOAX0ZA K 00ECIICUCHNIO OTPACIIEBbIX CIIe-
[IUAJIFCTOB MacCHBaMHU KIMMAaTH4YECKNX JaHHBIX. [IepBbIif 3aKmodaeTcsi B OATOTOBKE CHEIHATNCTAMH-KIIN-
MaToJIOTaMH MAaCCHBOB JITAaHHBIX, YUUTBIBAIOIINX 0COOCHHOCTH TOI MM MHOM OTPACHINU: K IPUMEDPY, CETHCKOTO
XO3SCTBA WM TUIAHWPOBAHUS Pa3BUTHS SHEPrOCUCTEM. BTOpOit OCHOBaH Ha MCMONB30BAHUH TPOTPAMMHOTO
o0ecTieueHns ¢ OTKPBITHIM KOZIOM, KOTOPOE pa3padaThIBacTCsi COBMECTHO 3aMHTEPECOBAHHBIMHU B HEM CIIEIIHA-
JHCTaMU. DTOT MOJXO0]] OKA3aJICs] HCKITIOUYNTETBHO YCIEIIEH IPH Pa3BUTHH BBIYHCINTEIBHON 00pabOTKH aH-
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HBIX (data science) 1 HaXOIUT Bce OoJiee MUPOKOe MPUMEHEHHE, 0COOCHHO T 3a/1a4, T/Ie MPUHIIUIHAIHLHOEe
3HAUCHUE UMEET IPO3PATHOCTh U BOCTIPOM3BOANMOCTD BBITHCIUTEIBHBIX IPOLIETY.

[TporpammHOe oOecrieueHne ¢ OTKPBITHIM KOJIOM Ha CErOfHsI HauMHAET HAXOOUTh BCE OOJbbIIEE IPUMeE-
HEHHE B KJIMMAaTOJIOTHH, TO3BOISAA 00beAMHUTH 3((EKTHBHBIC CTATHCTHYECKUX METOIBI 00paOOTKH TaHHBIX C
JeTaIbHBIMI MOAETSMHU (PU3NIECKNX MPOLIECOB, COOTBETCTBYIOIINX TON MIIM WHOHM oTpaciu. [ns pernonans-
HBIX KIMMaTHYECKUX UCCIECAOBAHUI OHUM M3 HEOOXOIUMBIX ITANOB MOJCIHPOBAHMUS SBISAETCS TOArOTOBKA
JaHHBIX MeTeoHabmroneHni. Hactosimast paborta HampaBiieHa Ha pa3pabOTKy TAKOTO PELISHUSI I TEPPUTOPUHN
Poccun.

ITpensokeHsl MpOrpaMMble PELICHUs, 3a71a4a KOTOPBIX COCTOUT B YIPOIIEHUH PaOOThI ¢ apXMBaMH JaH-
HBIX METEOPOJIOTHYECKUX HAONOCHN, 3arpyKEeHHBIX TOJIb30BaTeIeM M3 O(HUIMANBHON HaOMI0NaTebHON
cetu BHUUT'U-MIJL. IlpennoxeHHbIi IPOrpaMMHBIN KOMIIJIEKC HAlIMCaH Ha A3bIKe R cocTOUT U3 IBYX MOIy-
neit. [lepBerii u3 HUX "climaru’ mpeaHa3HaueH IS PeICHUS TEXHMYECKUX 3a1a4: IIPOBEPKU METa-TaHHBIX ap-
XMBa METEOJIaHHBIX, U3BJICUCHUH CIICKA JIOCTYITHBIX B 3TOM apXMBE HAOIIOAATENbHBIX CTAHIMH, UX BU3yalH-
3aIliM, a TAKXKE YTEHHSI 3TOT0 MACCHBA JJAHHBIX BBIYUCINTEIBHBIM MOIyIeM. BTopoi Moy “meteoclean” aB-
TOMATH3UPYET ONEpPAINX MPEABAPUTEIBHON MOATOTOBKH JAHHBIX: MPOBEPKY AyONMKAaTOB AAT M MPOIYCKOB
JAHHBIX, a TaKke (POPMUPOBAHHIE BEIOOPKH CTAHIMH, OTBEYAIOIINX 33aHHBIM KPHUTEPUSIM KauecTBa Ha WHTe-
pECYIOIIEM MOIb30BaTENsl BDEMEHHOM HHTEPBAJIE.

Pa3paboTaHHbIi MPOrpaMMHBINH KOMIUIEKC TECTUPOBAJICS MPH PEIICHUH HECKOIBKUX MPHUKIIAIHBIX 337124,
B TOM YHCJIE BKIIFOYABIINX pacdeT N3MEHEHHH apaMeTpOB OTONUTEIHHOTO CE30HA U HOTPEOHOCTH B KOHTUIIN-
OHMPOBAHHUH, HCCIIENOBAHIE TEPMOJUHAMUIECCKON 3(D(PEKTUBHOCTH TETIOMHKAINH, PAacdeT KINMATHUECKUX
BO3JCICTBUI HAa HAIEKHOCTh JIMHUM 3IeKTporepenad. Bo Bcex mpoekTax o MoJAEIMPOBAHUIO, BHIIIOJTHEHHBIX
C UCTIONB30BAaHNEM Pa3pab0TaHHOTO KOMIIIEKCa, Obliia o0ecrieueHa NHTErpanus pemaeMblX TEXHHUECKUX 3a-
Ja4 00pabOTKM KIIMMAaTHYECKUX JAHHBIX C COBPEMEHHBIMHU CTaTUCTHUECKUMU METOaMHM M MWHCTPYMEHTAMHU
Bu3yanu3anuu. B nanpHeleM Ha OCHOBE BBIMOJIHEHHBIX Pa3pabOTOK IUIAHMPYETCS BBIMYCK O(UIIMATBHBIX
BBIUHMCIIUTEIBHBIX MMAKETOB R M MX BCTpanBaHKE B CYNIECTBYIOIIYIO CHCTEMY HHCTPYMEHTOB KIIMMAaTHIECKOTO
MOZEIHPOBAHUSL.

Open source approach towards integration
of the meteorological records across Russia into a climate
impact modeling workflow

Fedotova E.
Moscow Power Engineering Institute, Moscow, Russia

E-mail: e.v.kasilova@gmail.com

emand on the climate data is growing rapidly during the last decades. That is a result of a pressing need to

develop climate change adaptation and mitigation measures alongside with large scale implementation of

the climate sensitive technologies such as renewable generation as a part of these measures. An arising
demand for up-to-date and detailed climate data determines new challenges for the climate services [1-2].

Two general approaches may be utilized to answer emerging climate information challenges. The first ap-
proach implies generation of a climate datasets preprocessed in such a way to satisfy for the specific require-
ments of a certain users group. The Copernicus Climate Change Service [3-5] may be mentioned as a great ex-
ample implementing such an approach. The original reanalysis archives have been processed to minimize un-
certainties of the indicators utilized in a specific branch such as energy or agriculture. The resulted archives can
be directly used by the specialists of each branch in their work.

The second possible climate service approach relies on combination of an assess to the original non-cor-
rected climate datasets with the processing tools developed to satisfy the branch requirements. In essence, this
approach follows the course recently taken by the data science development. The leading data analysis tools
tend to result from collaborative development efforts. The representatives of this group are a deep-learning
Keras library [6], Python pandas package [7] and R tidyverse [8] data management suite to name a few most
obvious examples. A number of the climate-related data analysis tools are available or under active develop-
ment up to the data [climate4R, raster] and their application to the existing global-scale modern climate ar-
chives is rather straightforward.

The climate impact studies for Russia must rely rather on the second open source driven approach due to a
certain deficit of the open specialized and regionalized climate data archives. The most serious obstacle to-
wards utilization of this approach is management of the raw meteorological data. The global climate archives
are have a limited spatial resolution and known to be biased which may be quite significant if regional pro-
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cesses are considered [9-11]. Utilization of the original meteorological records is necessary to address both of
the issues mentioned which in its turn requires a proper strategy to process meteorological records. The na-
tional meteorological service does provide a plenty of valuable primary observations data [12] which however
should be preprocessed to be integrated into the climate change impact modeling workflow. Programing tools
intended for such preprocessing use are to the author's best knowledge not yet openly available. The proposed
work is aimed to contribute in filling this gap.

A set of climate data processing tools is developed to facilitate pre-processing of the original meteorologi-
cal records related to the Russian territory for further integration of these data into a general climate impact
modeling workflow. The computational tools are organized into two modules being developed as R packages.
The first one “climaru’ package is aimed to facilitate management of the original meteorological archives. It
automates processing of the archives downloaded via meter.ru climate service including restoration of the ob-
servations meta data and stations identifiers along with visualization of the available stations and loading the
observations into a computational framework for further processing. The second toolset “meteoclean’ contains
functions for automation of the routine procedures of data checking and cleaning. One of the major its function-
alities is selection of the meteorological stations which provide data of the requested quality level considering a
given time span. Combinations of these two modules is intended to satisfy requirements of the further climate
impact simulations and provide climate data inputs for empirical climate impact analysis. Both modules are
being implemented as R packages to ensure a seamless integration with existing R climate data processing
ecosystem such as raster package [13] or climate4R [14-15] suite.

One of the application examples of the proposed preprocessing toolset is shown in the fig. 1-2. The sur-
face wind speed station observations were taken to be utilized in climate impact study considering power trans-
mission network failures. The surface wind speed has been shown to be the most important climate factor for
the considered problem. The stations measurements of the surface wind speed were taken as input data for fur-
ther analysis. A time span 1978 — 2019 has been selected as a trade-off between data availability and quality
using ‘meteoclean’ functionalities. Hierarchical clustering has been utilized on daily wind speed time series to
select the regions with similar long-term wind dynamics [16]. Computations were done using ‘stats’ package
which is a part of R language [17]. The results of heuristic analysis considering wind speed impacts on the
electric network failure probability is presented in the fig. 1.
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Fig. 1. Meteorological records application to analysis of the climate impacts on reliability of the electricity transmission
network: heat-map representing a sensitivity towards the wind speed value of the network failure probability across the
meteorological stations belonging to a certain cluster selected according to the long-term wind speed dynamics. Location of
the cluster stations is presented on the map.
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The main output of this study was importance of the wind natural variability for the climate-associated
network reliability risks. It has been shown that quite a favorable dynamics observed during last twenty years
when wind speed impact on the power lines accidents has been decreasing is unlikely to persist. Importance of
the local scale processes has been demonstrated in the initial assessment. The preprocessed stations records
dataset used in the fulfilled study will be utilized in further more advanced analysis which will implement re-
analysis archives.

Further applications of the climate preprocessing toolset have included calculations of the heating and
cooling demand shifts due to the climate change impacts, evaluation of the wind power potential and quantita-
tive assessment of the heat waves and their impacts on reliability of the regional power systems. R implementa-
tion of the toolset has allowed to take an advantage of reach statistical infrastructure and modern visualization
tools. Release of the official R packages is planned basing on the developed toolset.

B Acknowledgments. The work was supported by the Russian Science Foundation (project N218-79-
10255).
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[MpMeHeHe HeMPOHHbIX ceTer oA MAeHTUPUKaL MM
anddepeHUManbHbIX YPaBHEHUIM B YaCTHbLIX NPOM3BOOHbIX
Ha npuMepe 6110Ka AeATeNbHOro CoA CyLun Moaesnim 3eMHoM
cuctembl UBM PAH

""Yepubiwes P.B., *'Kpunnukuit M.A., "*“Ctenanenko B.M.

" HayuHo-MccneaoBaTenbCKMiA BLIMMCAMTENbHBIN LieHTp MY nmenn M.B.JlomoHocosa, Mocksa, Poccus
?Teorpaduueckuit hakynsTet MI'Y nmenn M.B. NloMoHocosa, Mockea, Poccusa

: WHctutyT okeaHonorum umenu M.1. Wupwosa PAH, Mocksa, Poccua

. MOCKOBCKMI LeHTp ¢pyHAaMeHTanbHOI 1 NpuKnagHoi MateMaTtuku, Mockea, Poccus

aHHas paboTa MOCBSIICHAa IPUMEHEHNIO HCKYCCTBEHHBIX HEHPOHHBIX CeTeil B 3a1a4e HICHTU(DUKAITIH
nuddepeHnnaIbHbIX YPaBHEHUH B 4acTHBIX Mpon3BoaHbIX (J{YUII), perraeMsIx B 610Kke AesITETHHOTO
cnost cymmu UBM PAH monenu 3emuoit cucrems! (ESM). Monenu armocdeps! 1 kimmara sSBIisSIOTCS
JIHUMM U3 CAMBIX BBIYMCIIUTENBHO 3aTPATHBIX CPEIU UCCIIEN0BATENBCKUX IIPUI0KEHUH, pEIIaeMbIX Ha CyIIep-
koMmbioTepax. [IpocTpaHCTBEHHOE pa3pelIeHne U MHOKECTBO (PH3UUECKUX MapaMeTpU3aIlii, NCTIONb3yEeMbIX
B ESM, mocTossHHO yBeTMUMBaIOTCS. BONBITUHCTBO apaMeTPoB Bee elle HeJ0CTATOYHO TapaMeTPU30BaHbl, a
MHOTHE 13 HUX HE MOTYT OBITh H3MEPEHBI HapAMyto. OIHUM U3 TEPCIEKTUBHBIX ITOIX0J0B KaTHOPOBKH MO-
Jlenel SIBISeTCSl IPUMEHEHNE UCKYCCTBEHHBIX HEMPOHHBIX ceTell. HelipoHHbIE ceTH yXkKe HIMPOKO HCIIONIb3Y-
IOTCS B 3a/1a4aX aHaJN3a CITyTHUKOBBIX CHUMKOB U KaJIMOPOBKH MapaMeTPOB MOJIeNIe KINMaTHIeCKOH CUcTe-
MBI HelipoHHBIE ceTH Taxke JeMOHCTPUPYIOT BEICOKYIO 3 (GEKTHBHOCTH IPU PEIICHIH OOBIYHBIX 3a/1ad MaTe-
MaTHYeCKOH (pHU3MKH.
B HacrosimeM uccienoBaHuu Mbl IPEUIaracM MOAXOA NPUMEHEHUS UCKYCCTBEHHBIX HEHPOHHBIX CETEH
JUTS allIPOKCUMAITIH TTApaMeTPOB CUCTEMBI HEJTMHEHHBIX YPaBHEHHUH ITepeHoca Teria 1 Biaru B mouse. OCHOB-
Hast 0COOEHHOCTB MPEIIaraéMoro MeTo/ia COCTOUT B ()OPMYIUPOBKE (PyHKIIUH MOTEPh HAa Oa3e MPUHIUINAIb-
Ho u3MmepsieMmoro peuenus J[YUII BMecTo Hen3aMepsieMbIX 3HaY€HU CaMUX alMpPOKCUMHUPYEMBIX TTapaMeTPOB.
Kpome 3Tor0, MBI ipearaeM crocod BEIYUCICHUS TPAIUEHTOB TakoW (pyHKIIMK MOTeph Mo K03 UIeHTaM
annpoKCUMHPYIOIIEil HelpoCceTn MEeTOIOM 00PaTHOTO pacpoCTPaHeH s OIMOKK ¢ yueToM nuddepeHnnpye-
Moit oneparuu naTerpupoBanus [YUIL. Hcnons3oBaHue 3TOTO criocoba Mmo3BoisieT MPUMEHSITh METOJIbI CTO-
XaCTHUECKON TpaJIUeHTHONW ONTHMM3AINU Ha 3Tane oO0ydueHHus HelpoceTu. B HacTosIeM MCCIeTOBaHUN MBI
HCCIeOBAIA 0COOEHHOCTH MPEIIOKEHHOTO Toaxoaa uaeHtudukamuu IYYUIT Ha dTaTOHHBIX IpUMeEpax Tep-
MOJIMHAMUYECKON MOJEIH 3BOJIIOLIMH XapAKTEPUCTUK TOYBBI C 33JaBA€MbIMU IIapaMeTpaMH pa3IMYHON aHa-
muTH4YecKoil popmel. IlpeaBapuTenbHbIe pe3ynbTaThl HAIIETO HCCIIEA0BAaHIS TTOKA3bIBAIOT, YTO MPEITOKESHHBIN
TMO/IXOJ] IPUMEHHM JUTS CJIOKHBIX HENMMHEWHbIX GpopM napameTpos JIYUII ¢ rocTrkeHreM BBICOKOTO KadecTBa
ANIpOKCUMALUH.

B Pab6ota BbinosHeHa npu ¢rHaHcoBoM noanepkke Poccuiickoro doHaa dyHaaMeHTanbHbIX UccedoBa-
HuI (rpaHT N220-05-00773) 1 MeramcUmMnIMHapHoM WKosbl MocKoBcKoro yHuBepcuTeTa “Mosr, KorHu-
TUBHbIE CUCTEMBI, UCKYCCTBEHHbIN UHTESIIEKT .

Neural networks for identifying partial differential equations
in the land surface scheme of the INMCM Earth System
model

“*Chernyshev R., "Krinitskiy M., "*‘Stepanenko V.

' Research Computing Center, Lomonosov Moscow State University, Moscow, Russia
? Faculty of Geography, Lomonosov Moscow State University, Moscow, Russia

* P.P. Shirshov Institute of Oceanology RAS, Moscow, Russia

“Moscow Center for Fundamental and Applied Mathematics, Moscow, Russia

n the previous decade, one may observe a significant increase in machine learning applications in diverse

areas such as science, business, social life. The emergence of deep learning in Earth sciences is nearly ex-

ponential today. Artificial neural networks are used in atmospheric sciences for nudging, weather forecast
post-processing, solving partial differential equations, etc. In our study, we apply neural networks to identify
partial differential equations (PDE) parameters that can not be measured within the framework of conventional
meteorological observations.
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The basic numerical kernel of any land surface scheme is a solver for an equation system describing heat

and water transport in soil. This system includes heat equation:
oT 0 _ oT
peor =55t pa(LiF; — LyE,), (1)

where standard notations are applied, z is a coordinate directed along gravity, T is temperature. Impor-
tantly, the heat conductivity 4, is a function of liquid water content /¥, i.e., the solution of the equation system:
Ar=24W).

In this study, we assessed the capabilities of our approach in several scenarios. As a first step, we considered
nonlinear thermal conductance (diffusion) equation with a heat conductivity 1, as a function of the solution 7:

oT 0 oT
(" 0g) @

We assume Dirichlet boundary conditions meaning for each T profile, the solution on the boundaries as-
sumed to be constant. In the second scenario, we considered a nonlinear water vapor W diffusion equation with
Dirichlet b.c.s, similar to the thermal conductance equation (2) presented above. In the third scenario, we con-
sidered a nonlinear water vapor # dynamics equation known as Richards equation:

aw a Wy ay, (W)
R Ao 7 e at

where 4, is liquid water diffusivity coefficient, and y,, is hydraulic conductivity coefficient. Finally, in the
fourth scenario, we considered a system of thermal conductance equation and Richards equation.

When using neural networks for approximating a function, one needs to formulate a loss function which
has to be differentiable w.r.t. outputs of the network and subsequently w.r.t. parameters of the network. In con-
trast with the routine way, we propose formulating the loss function as a measure of discrepancy between ap-
proximate numerical solutions of a PDE: one involving a known "true" form for the parameters being identi-
fied, and the other involving the parameters approximated with neural networks. The data on "true" solution is
often known in discrete points of time and space. For the discrete mesh, we approximate numerically the partial
derivatives in equations (2-3) for all scenarios by explicit scheme.

Given the parameters to identify with neural networks (Ayy (1), Aywy (W) and A, (W)) and the true forms
of these parameters (A, (1), Ay e (W) and 4, (W)), we define the loss function the following way:

Z (aTNN,i _ athrue,i)2 +C Z (aWNN,i _ aWtrue,i)2 z
2\ ot at WL\ ot at *(4))
i i

where C,, K* is a weighting multiplier, which makes the contribution of two terms in square brackets
comparable under similar relative errors of parameters defining tendencies of temperature and soil moisture. In
this study, we used several forms for 4,,,: exponential, exponential with cosine-like additive term, and thresh-
old-like (see fig. 2).

L=

% ) Numerical approximation
Ol knownA(X) pEiE— (9X —
= ~ E_ ( at )ik,true ()‘true) l L
> 0SS

) ox\ [
;‘1__" \ NN K Numerical approximation MSE “as
o S >s5 ox = ot
5 L EE (5) G
e . a ot/ kNN

aL aL aL

aw | EYme. ax backpropagation

Fig.1. The scheme of our approach for the computation of loss function L gradients w.r.t. parameters of the neural network.
Here, the numerical approximations of the partial derivatives are computed using the explicit scheme formula. Xis a
substitute for temperature T or water vapor W; A, is the known form for the parameter to identify; A, is the approximation
of this parameter computed using the neural network; i enumerates level elements following the spatial coordinate z; k
enumerates profiles of a mini-batch in case of mini-batch stochastic optimization procedure.

Neural networks, specifically feed-forward networks (a.k.a. multilayer perceptions, MLP) are known as
universal approximators of functions. We exploited MLP as an approach for creating a neural network capable
of approximating parameters A, (1), 4,, (W) and y(W). We explored the architecture space to some extent in
search for an appropriate configuration. We came to the architecture containing six sequential layers of widths
[256,1024,1024,256,256,1]. The networks configured this way perform the mapping R'—R': the networks in-
put variable is one-dimensional (one value of 7" or /), and the output is one-dimensional as well (one value of
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Ar (D), Ay (W) or p(W)). We used Adam baseline method for optimizing the networks. At each iteration of sto-
chastic optimization we also added normal distributed noise to every initial profile in the batch. For improving
the convergence of the proposed scheme, we exploited several techniques: batch normalization, learning rate
scheduling, scheduling of noise rate, additional regularization loss terms improving convergence. For improv-
ing the convergence of neural networks optimization, we propose using additional penalty terms to the loss
function that penalize negative gradients of the network w.r.t. its input, negative output values, and non-zero
output values in the origin.

In this study, we also assessed the sensitivity of the first-scenario network approximating 4, (7) to small
perturbations in 7 initial conditions that may be considered simulating measurement errors. We injected addi-
tive Gaussian noise to 7 initial conditions generated as a sample from zero-centered multivariate Gaussian dis-
tribution with non-diagonal covariance matrix. We varied correlation radius ., m that reflects the link between
measurement errors at different depths. In this study, we considered the following form of covariance matrix:

1
X = Gze_r_clzi_zjl , )

where Z; are the jj-th elements of the covariance matrix, 7, is the correlation radius, i,j = 1...L, L is the
number of finite-difference depth levels, ¢” is a constant characterizing noise magnitude. With several training
runs, we did not find a dependency between saturated loss values and correlation radius. One may assume it to
be caused by the stochastic manner of neural networks initialization. We tend to interpret this behavior as an
indication of independence between PDE identification quality and the characteristics of non-systematic mea-
surement errors in our approach.

For assessing the quality of our approach, we used MAPE()L) (6) and root mean squared errors of solution
tendency (7). Since the parameters A, and A, are strictly non-negative and their values vary in order of magni-
tudes, the MAPE(A) measure is more informative compared to RMSE()). In contrast, the solution tendency
0X/0t is not limited, thus RMSE(0X/0t) represents its quality perfectly. Note that these metrics are calculated
without additional penalty terms described above.

Ai,NN - Ai,true

) 6
Ai,true + E ( )

N

1
MAPE Qi Aerue) =7 )
i=1

2

N

aXNN aXtrue) _ 1 Z (aXi,NN aXi,true)

RMSE( at ~ 9t ) [N« J\ ot ot » (D
=

where ¢ is a small constant added for computational stability.
In figures below, we present qualitative results of the approximations in different scenarios with different
true forms of the parameters.

(a) (b)
o010 Arve 0,012 1 — Ao
A — A
0.008 0,010 1
o \\ ) 0,008 {
\ 0.006 {
0.004 \
0.004 { \ A~
0.002 e —— 0,002 4 -\
00 25 50 75 100 125 150 175 200 00 25 50 75 100 125 150 175 200
T.C T.
(c) (d)
0.010 1 —_— Altun) 0.010 —_— Altme)
0.009 A0 0.009 A
0.008 0.008
0.007 { 0.007
~ 0.006 < 0.006
0.005 | 0.005
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0.002 0.002
0 5 10 15 2 3 0 5 10 15 20 2
T.°c T°C

Fig. 2. Qualitative results of A; (T) approximation within the first scenario: (a) in case of exponential true form; (b) in case of
exponential form with cosine-like additive term; (c,d) in case of threshold-like form with (c) smooth and (d) hard threshold.

SESSION V // COMPUTATIONAL AND INFORMATION TECHNOLOGIES FOR EARTH SCIENCES



000121/, e Fig. 3. Qualitative results of A,, (W) approximation within
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The results of our study show that our approach provides an opportunity for identifying nonlinear thermal
diffusion and Richards equations using artificial neural networks. We demonstrated the modified data-driven
approach for reconstructing PDE coefficients of different forms without their ground truth values. Instead, in
this approach, one may exploit direct measurements of the PDE solution. In contrast with recently developed
physics-informed neural networks (PINN) methods, our approach is not meant to approximate a PDE solution
directly. Instead, we state an inverse problem and propose its solution using artificial neural networks and the
method for its optimization. This approach is more general than PINN, where unknown coefficients of a PDE
assumed constants. There is room for combining our approach with PINN, though: one may identify a PDE
using our method and further approximate the PDE solution with PINN.

B The work is supported by Russian Foundation for Basic Research (grant No. 20-05-00773) and Moscow
State University interdisciplinary school «Brain, cognitive systems, artificial intelligence».
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Northern Eurasia Future Initiative (NEFI), Update
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(NEESPI; http://neespi.org). In 2016, a NEFI White Paper was posted at http://nefi-neespi.org/. This

White Paper was converted and expanded into two peer-reviewed programmatic NEFI Science Plan
papers (Monier et al. 2017; Groisman et al. 2017). Being focused on the same region, the difference between
two Initiatives stems from their major Science Questions:

e NEESPI: How do Northern Eurasia’s terrestrial ecosystems dynamics interact with and alter the
biosphere, atmosphere, cryosphere, and hydrosphere of the Earth?

e NEFI: How to provide in Northern Eurasia a sustainable societal development (economy well-being,
activities, health, and strategic planning) in changing climate, ecosystems, and societies?

In other words, while NEESPI foci were on understanding of the processes that have and will be occurred
over Northern Eurasia, NEFI foci are to answer questions about what should be done for the human well-being
in the changing natural and social environments of the region.

Currently, NEFI includes 35 international projects devoted to the Arctic, Eurasian Boreal Forest Zone, and
the Dry Land Belt of Northern Eurasia (31 of them are new).

Three main regions of the NEFI studies are located in:

1. The Eurasian Arctic —the region of the most prominent natural changes;

2. Boreal Forest zone —the largest storage of terrestrial carbon; and

3. Dry Latitudinal Belt of Northern Eurasia —the largest extratropical region with acute water deficit.

In the presentation, we show examples of new NEFI studies for each of these three regions.

1. Due to the harsh climatic conditions and the presence of permafrost, the problem of storing solid
waste in cryolithozone is especially acute. For the permafrost zone of the Eurasian Arctic, Grebenets
et al. (2021) assessed the effect of solid pollutants of different composition and type of storage on
permafrost and classified waste based on the standpoint of its genesis with its impact on permafrost
accounted for.

2. In the Boreal Forest Zone, the ecosystems’ boundaries are unstable. Here we address an important
topic for this Zone, the resilience of boreal forest in Southern Siberia Mountains (Altai and Sayany) in
the ongoing global warming (Tchebakova et al. 2021).

3. A new composite Gobi drought index (GDI) based on the combination of Soil Moisture and Ocean
Salinity Soil Moisture, several products from the MODIS satellite and in situ Soil Moisture
observations was developed, validated, and applied to the dry Gobi desert areas of Mongolia. This
remote sensing product was retrieved at the 1 km spatial resolution for the summer months in
Southwest Mongolia from 2000 to 2018 and its use improved the regional drought monitoring and
assessment of vegetation response to the varying soil/climatic conditions (Vova et al. 2021).

P ] EFI was conceived in 2015 as a successor of the Northern Eurasia Earth Science Partnership Initiative
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Each year, the NEFT active organizes three or more dedicated NEFI Sessions at the AGU, JpGU and
SCERT Conferences. NEFI Special Issue of the Environ. Res. Lett. is being published (currently, the Issue has
53 papers accepted and a number of manuscripts are in the review process). The deadline for the article submis-
sions to the NEFI Special Issue is December 30, 2021. NEFI is open for joining of other research groups.
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1. Grebenets et al. 2021: The problem of storage of solid waste in permafrost. Environ. Res. Lett. (sub-
mitted).

2. Groisman et al. 2017: Northern Eurasia Future Initiative (NEFI): Facing the challenges and pathways
of global change in the twenty-first century. Progress in Earth and Planetary Science, 4:41.
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MerocygapcrBeHHoe MHGOPMAaLMOHHOE B3anMo4encTBme
B CeBepHou A3umn

BbeweHues A.H.
baikanbckuin uHcTUTYT Nnpupoponons3osaiua CO PAH, Ynan-Yaa, Poccua

E-mail: anbesh@gmail.com

OmMeH uHpopmaren u Ipyrie BUIbl HHPOPMAIIMOHHON aKTHBHOCTH NPUTPAHUYHBIX X0O3SHCTBYIOIINX
cyOBeKTOB cTpaH CeBepHON A3HH SBIISIOTCS OCHOBOW YCHEITHOTO YKOHOMHYECKOTO U TPHPOI0OXPaH-
HOTO MEXKIyHapoIHOTo B3auMojencTBus. [Ipomecc nHpOpMaTH3aNUK MPUTPAHUYHBIX TEPPUTOPHIA
COCEJICTBYIOIIUX CTPAaH XapaKTepU3yeTCs] TEXHOIOTUIECKIMH U OPTaHU3allMOHHBIMIA 0COOCH "HOCTSMH, HO B
LIEJIOM OMpeAessieTcs BHEAPEHHEM OOIIMX TeXHHMYSCKHX MHHOBAIMI: MCIIOIB30BAHNE MHUKPOIPOIIECCOPHON
TeXHHUKH; U(POBOE XpaHEeHHEe NaHHBIX; UCIIOIb30BaHUE ceTH VHTepHET; IpUMeHeHHe reOnH(pOPMaIMOHHON
TEXHOJIOTHH U CPEICTB II00ATFHOTO NO3UIMOHNPOBaHUA. OCHOBHBIMH 3a7jadaMiy MIpH (HOPMHUPOBAHUH U paz-
BHUTHUH €IMHOTO WH(OPMALIMOHHOTO NMPOCTPAHCTBA MPHUPOIOTIONB30BAHNS TPAHCTPAHNYHBIX TEPPUTOPHH SBIIS-
eTCsl TOCTHKEHHE HeOOXOAMMOTo ypOBHS MH(OPMALMOHHOTO MOTEHIIMATa PETHOHA TTOCPEICTBOM CO3IaHU
COITIACOBAHHBIX T'€OMH(OPMAII "OHHBIX PECYpPCOB M pa3BUTHS 00IIel HHPPACTPYKTYPbI IPOCTPAHCTBEHHBIX
JTAHHBIX.
Jng opraHn3auy Takoro HHPOPMAIIHOHHOTO COCEACTBA B 00JIACTH OXPaHBl IPUPOIBI U PAIIMOHATIHFHOTO
HCITIONIb30BaHUs MPUPOAHBIX pecypcoB PO 1 MoHronuu B TpaHCTpaHUYHOM Oacceline 03. baiikan coBMeCTHBI-
mu yeumusimu BUTT CO PAH u BongHoro komutera MoHronmuu co3fan baiikanbckuii ”HGOPMAITMOHHBIHN IIEHTP
(BUILI) xax mporpaMMHO-TEXHHUYECKUH KOMIUIEKC HH(OPMALIMOHHBIX PECYpCOB M TEXHOJIOTHI cOopa, XpaHe-
HUS, aHAJIN3a U paCpOCTPAHEHUS JAHHBIX SKOJIOTUYECKOM U TPUPOTOOXPAHHON TEMAaTHKH O COCTOSHIH OKPY-
xaroreit cpeasl. OCHOBHBIM TexHonmornueckuM moxyneM BULL ssnsercs [YIC 6acceiina o3. baiikan.
Cosznanne BUL] obecrieunT HaASKHBIA MEXaHU3M MEXTOCYIapCTBEHHOTO B3aUMOACHCTBHS U AP PEKTHB-
HOTrO (pyHKIMOHHPOBaHUSI MH()OPMAIIMOHHOW CHCTEMbI OXPaHbI MPUPOJBI /ISl KOMILIEKCHOTO YIIPaBICHUS
MIPUPOAHBIMH pPeCypcaMiu TPaHCTPAaHUYHOTO OacceiiHa o03. baiixan. OpraHuzamus TeJIeKOMMYHHKAITHOHHOTO
noctymna k TMC obecnieuena uepes WEB-caiit (http://bic.iwlearn.org), mo3Bosnstonuii HHTEpaKTUBHYO pabo-
Ty Ha cepsepe BULI.
Opraunusanust BUII 6yner cnocod6cTBOBATH:
®  00BEOMHEHHUIO TENIEKOMMYHHUKAIIMOHHBIX pecypcoB TpéxX cyObekToB Poccuiickoit ®eneparun (Pe-
cnyonuka Bypsitusi, UpkyTckas o6nacth u 3abaiikanbckuii kpait) 1 MoHronuu u (opMHUpPOBaHHIO
€IMHOT0 MH(OPMAIIMOHHOTO MPOCTPAHCTBA TPAHCTPAHUYHON TEPPUTOPHH, MTO3BOJISIONIETO OpraHaM
YOpaBJIEHUS U TUIAHUPOBAHUS JIBYX CTPAH OCYIIECTBIIATH CAUHYI0 3KOHOMHUYECKYIO, COI[HAIBHYIO,
3aKOHOMATEIBHYIO U IPUPOIOOXPAHHYIO TIONUTHKY B LIENSIX YCTOMYMBOTO Pa3BUTHS PETHOHA;
®  [CTONB30BAaHHMIO MAaTEpUaNoB B IOATOTOBKE M TMPUHATHH PEIICHWH OpraHaMH TOCYIapCTBEHHOM
BJIACTH W MYHHUIIMIIATBHBIX 00pa30BaHUI B 00IIACTH OXpaHBI MPUPOJHOM CPeabl M PallMOHAIHHOTO
HCTIOJIb30BaHMS TIPUPOTHBIX PECYPCOB;

®  (HhopMHPOBAHNIO MHOTOYPOBHEBOTO CETEBOTO CEPBHCA, CIIOCOOCTBYIOIIETO JIOCTYIY K aKTyaJIbHON H
Ha&KHON MHPOPMALIUK TI0 3asBICHHOM TeMaTuke M paboTarolieMy Ha OCHOBE €IMHON 0a3bl JaH-
HBIX U €UHBIX CTaHIaPTOB 0OMeHa HH(pOpMAIIHEH.
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Pazsutne BUL] obecrieunt pykoBoauTeIIei BCeX ypOBHEH HEOOXOJMMBIMU METPHUYECKUMH MOKA3aTEIISIMH
1 MHJMKATOPaMH, AITOPUTMaMHU UX 00paOOTKH M aHAIIN3a, @ TAK)KE MO3BOJIUT IPUHUMATh 000CHOBAaHHBIE MEX-
rOCyIapCTBEHHBIE YIPaBICHYECKHE pElICHUs. Takoe Haualo CTaHeT MPEANOCHUIKOM K CO3IaHUI0 TpaHCrpa-
HUYHOIM MH(PPACTPYKTyphl IPOCTPAHCTBEHHBIX JAHHBIX U (POPMHUPOBAHUIO MEKTOCYJapCTBEHHOTO TeOnH(Op-
MAaIMOHHOT'O MPOCTPAHCTBA.

Interstate information cooperation in North Asia

Beshentsev A.N.
Baikal Institute of Nature Management SB RAS, Ulan-Ude, Russia

E-mail: anbesh@gmail.com

are the common characteristics of modern territorially-based activities. Information exchange and other

kinds of informational activity of the border-area economic entities lie at the core of successful interna-
tional economic and environmental cooperation. The process of informatization of the border-area territories is
characterized with its own technological and organizational peculiarities, and is in general determined by the
introduction of technological innovations, such as the use of microprocessor technologies; digital data storage;
the use of the Internet; application of geoinformation technology and means of global positioning.

At present, the majority of administrative and academic organizations, dealing with territorial manage-
ment and planning, have come to formalize considerable bodies of geographic information as databases. The
maintenance of distance-based access to such information as well as the continual functioning of telecommuni-
cation system enable us to speak of the global geoinformation space (GIS), wherein the interaction of data, in-
formation and knowledge takes place, where the producers and consumers of information are concentrated and
where territorial assignments are formulated.

The specific character of GIS is based on the management of spatially coordinated information, describing
natural and social-economic objects and processes. The establishment and development of GIS is related with
the territorial activities of society, while its virtual basis is geographic information, alienated from the subjec-
tive conciseness and functioning in telecommunication systems and through the communication channels.

The establishment of Russian-Mongolian GIS is being undertaken at a low pace, unlike the densely popu-
lated and infrastructurally developed regions. Efforts, applied by the state and research institutions, do not lead
to the efficient implementation, which can be explained by a number of problems.

1. Heterogeneity of the indicators and formats, used for the formalization of the described phenomena and
processes. The owners of corporative databases have to formulate information requirements on their own while
collecting and analyzing diverse data as well as to engage in identification and classification of data, purchase
the software and technical equipment, address the problem of data compatibility, integration, generalization
and establishment of territorial links.

2. The lack of the single topographic-geodesic and cartographic basis. Significant amounts of digital-spa-
tial data for one territory are to be repeatedly prepared a number of times with the varying degrees of precision,
timeliness and plausibility. The produced state information resources are not adjusted in terms of the carto-
graphic basis and the system of basic classificators of spatial data.

3. Information resources and telecommunication systems are placed on the transboundary territory in a
highly uneven manner. This kind of localization corresponds to the distribution of the major research and infor-
mation centers, but it does not take into account the needs of the population and those of the administrative
bodies.

4. Access to and exchange of information through the telecommunication channels are both limited due to
the existence of inter-departmental boundaries and are made possible only through the organizational affiliation
of the user. The capacity of such information-telecommunication systems is limited and is protected by the ref-
erence to the corporate interests, while their functioning is maintained without interaction with the analogous
WEB-nodes.

5. High costs for the establishment of telecommunication systems, conditioned by the purchase of the
software and technical equipment, recruitment of qualified experts, providing an expertise, planning, data
transfer etc.

6. Different quality of information. Data, available from the external network, may be of low quality and
legitimacy. Metadata do not always characterize data quality.

7. The issue of information security. Since the amount of data, used jointly, tends to rise, there is an in-
creasing need in restricting the access of certain users and certain kinds of usage as well as in elaborating safe
models of authorization. Non-uniform character of documents in the Internet and physical distribution of infor-
mation makes such protection even more difficult.

l nformatization of economic entities and information-oriented registration of social and natural processes
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8. Introduction of technologies. The existing hurdles between scientific research and information industry.
Researchers do not have sufficient knowledge of the practical methods and solutions, while industry does not
seek to apply the results of scientific research. A great number of commercial products are designed on the
corporate order and are not based on the scientific-technical expertise.

At present, virtually each administrative body, municipality, research or administrative department pos-
sess a certain database or a non-structured body of data, sharing a limited territorial character as well as a nar-
row thematic specialization. Integration of these geo-data could consist in the elaboration of the conceptual
scheme of uniting large information massifs of different formats and analytical algorithms for their processing
as the single databank. Economic and social relationships on the research territory are connected with the qual-
ity of nature management, while its border-area problems have a similar character. It is therefore reasonable to
use the information model of nature management as the major factor of common territorial structures, while the
integration process of information resources should be started with the unification of the existing databases on
the natural-resources and social themes. The development of information-based cooperation between the bor-
der economic entities is only possible under the particular conditions of territories, facilitating new forms of
cooperation and relationships, integration of consumers, resources, technologies, infrastructure and national
interests.

Thus, the major tasks for the establishment and development of the single information space of nature
management of transboundary territories consist in attaining the required level of informational potential of the
region through establishing mutually adjusted geo-information resources and elaboration of the shared infra-
structure of spatial data. In order to implement these «information-based neighborhood» polices, it is necessary
to observe the following major principles.

1. Organizational principles include the following activities and measures:

e  setting up the Interstate Council for the coordination of activities between the bodies of territorial
management, businesses, research institutions aiming at maintaining sustainable GIS of the
transboundary territory;

e  establishment and development of the single Databank on natural and social-economic information,
providing for the grounded decision-making on the problem issues of transboundary relationships;

e  software and technical support of agricultural enterprises and land-users;

e providing differential access to the information resources to different groups of users according to
their needs and competencies;

e claboration of GIS on the basis of the assessment of the social and economic effect of technological
innovations and initiatives.

2. Technological principles include the following activities and measures:

e  cstablishment of inter-state telecommunication nodes and routes on the basis of shared software and
technological equipment;

e  maintaining conceptual unity of the databases and the formats of information resources;

e unification of the existing telecommunication nodes according to their information contents,
technological capacity, program software;

e integration with analogous international systems;

e use of topographic material of the single scale set, common ellipsoid parameters and cartographic
projections;

e formalization of all geo-information resources on condition of maintaining accuracy, fullness and
timeliness of information.

3. Environmental principles include the following activities and measures:

e  registration of objects and processes of nature management on the basis of the ecosystem approach
and single classification of natural landscapes;

e identification of spatial-temporal linkages, regularities and synenergetic effects of transboundary
nature management;

e providing a continual spatial and substantial assessment for the transformation of natural landscapes
and identifying the areals of the negative impact and ecological pressures;

e identification of the optimal social-economic capacity of landscapes;

e  ccological and environmental cartography.

4. Normative-methodic principles include the following activities and measures:

e filling and updating data and information exchange on the basis of the unified methodic and normative
principles and standards;

e  ascertaining the rights and duties of the proprietors of information resources (upholding responsibility
for the accuracy, fullness and timeliness of the provided data);

e upholding the single principles of data protection on the basis of the shared legal framework.

International cooperation in the area of environment protection and rational natural resources manage-
ment within the transboundary basin of Lake Baikal in the Russian Federation and Mongolia can be success-
fully maintained only provided the single GIS system is set up on the territory of the two countries. This task
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can in turn be resolved through the establishment of Baikal information center (BIC) — a structured entity of
information resources and technologies of collection, storage, analysis and dissemination of data on the envi-
ronmental condition through the integration of information flows on the territory of the two countries (http://
bic.iwlearn.org) (fig. 1).

THE ECOLOGICAL
ATLAS OF THE
BAIKAL BASIN

Home Report News Gis Monitoring Friends Contacts Board

You are here: Home
July 2020

Welcome to The Baikal Basin Information Center portal Su Mo Tu We Th Fr Sa
mode

Also available in presentation

The Baikal Basin Inf

State of the Environment Report

v o2
ation Center is established withinthe implementaton of the UNPD-GEF Integroted SEElS 8 e
sin Transboundary Ecosystem” project. 30 ai ;2 3¢ 34i158 38 The Lake Baikal Basin

27 28 29 3 un

News
te of the Baikal-Hovsgol Basin Report;

Program for the Saikal Basin;

am users in the case of acute threats from water-
nse simulation(s).

@UNOPS

O shoreline clean-up - Russia

Figure 2. Title of Atlas and Report

The result of the joint work was the creation
of an Ecological Atlas of the Baikal basin and the
State of the Environment Report of the Baikal
Figure 1. Interface of geo-portal. basin in Russian, English and Mongolian (fig. 2).

The establishment of BIC can provide a safe mechanism of the interstate cooperation and facilitate the ef-
ficient functioning of the information system of environment protection with the purpose of maintaining com-
plex management of natural resources in the transboundary basin of Lake Baikal.

BIC is to pursue the following tasks:

e information-analytical support of the main groups of consumers of natural and resource-oriented
information (state bodies of the federal authorities, regional authorities of the Russian Federation and
Mongolia, local self-administration bodies as well as public organizations and individuals);

e  production of information resources on nature management and environment protection, required for
maintaining sustainable development of the Russian Federation and Mongolia;

e accelerating the procedures of information processing from collecting primary geo-data to the
analysis of converted data;

e improving the quality of data processing and securing the storage of nature-resource information;

e  maintaining the transparency and manageability of the information processes on the territory of the
transboundary basin of Lake Baikal.

The major technological module of BIC is the GIS of Lake Baikal basin as the program-technical complex
of information resources and technologies of data collection and analysis. It comprises information, analytical
and technological sub-systems on the basis of Arc GIS package and geo-databank. The telecommunication ac-
cess to GIS is provided through the website (http://bic.iwlearn.org), making possible interactive work on the
BIC server. The BIC organization will facilitate:

e unification of telecommunication resources of three federation subjects of the Russian Federation
(Republic of Buryatia, Irkutsk Oblast and Zabaikalski Krai) and Mongolia and thus the establishment
of the single information space of the transboundary territory, which would enable the administrative
and planning bodies of the two countries to uphold unified economic, social, legislative and
environmental policy for the sustainable development of the region;

e use of materials for the decision-making by the state department and municipal bodies in charge of
environment protection and rational use of natural resources and responsible for maintaining the
sustainable development of the region;

e formation of the multi-layered network service, facilitating the access to the timely and reliable
information on the chosen theme and functioning on the basis of the unified database and information
exchange standards;

The development of BIC could provide the decision-makers of all levels with the required metrical indica-
tors and parameters, processing algorithms as well as enable them to take scientifically-grounded decisions.
This initiative would serve as a prerequisite for the establishment of the transboundary infrastructure of spatial
data and the formation of interstate GIS.
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Assessment of the tourist attractiveness of the southeastern
part of the Irkutsk region

Mirsaeva N.A,, Ivanova A.A.
Kazan Federal University, Kazan, Russia

E-mail: NAMirsaeva@kpfu.ru, asya7496@gmail.com

Tourism Climate Index (TCI). The analysis of the long-term dynamics of this index is carried out, the

main spatial and temporal patterns in its distribution are revealed. As the initial data, 8-term data of the
Federal State Budgetary Institution "RIHMI-WDC" of the main meteorological parameters of 7 weather sta-
tions of the Irkutsk region (Balagansk, Bayandai, Bolshoe Goloustnoye, Zhigalovo, Inga, Irkutsk, Khomutovo)
and one weather station of the Republic of Buryatia (Davsa) from 1988 to 2018 were used.

To assess the tourist attractiveness of the study area, the TCI values for January and July were used, since
these months can be attributed to the most touristically busy.

Winter can be attributed to the most unattractive time to visit the Irkutsk region in terms of climate and
weather. The short duration of a sunny day, high wind speed, a large amount of precipitation, and low air tempera-
tures make the greatest contribution to the deterioration of the tourist attractiveness of the region in January.

The least attractive for tourists, in terms of climate, is the coast of Lake Baikal, since the TCI values in this
territory and on average in the region can be attributed to "very unfavorable". The summer period, on the con-
trary, is the most attractive for tourists.

The greatest contribution to the formation of TCI values is made by the long duration of the sunny day,
low cloud cover and lower wind speeds compared to winter.

In July, the dynamics of changes in the average monthly TCI values is most pronounced in the entire study
area. All values are above the mark of 65 points, which indicates a "good" tourist attraction of the area. At the
same time, the TCI values obtained for the territory on average improved from "good" to " very good».

According to the assessment of the tourist attractiveness of the south-eastern part of the Irkutsk region, the
following conclusions were obtained:

1. The most attractive month for tourism is July, especially in places remote from Lake Baikal (Balagansk,
Bayandai, Zhigalovo, Inga), the least — January.

2. For the entire study period from 1988 to 2018, there is a tendency to increase the TSI values, and, con-
sequently, to improve the potential of the region.

3. Based on the above analysis of the tourist potential of the territory, we can make a recommendation that
the most comfortable, for the average person, climatic conditions of this region are observed in the summer
period from July to August.

The article analyzes the tourism potential of the southeastern part of the Irkutsk region on the basis of the

OLLeHKa TYPUCTUYECKOW NPUBIEKATENTbBHOCTM I0r0-BOCTOYHOMN
yacTn MipryTcKkom obnactu

Mupcaesa H.A., UBaHoBa A.A.
KasaHckuit (MpuBonickuii) pepepanbHblil ynusepcutet, KaszaHb, Poccua

E-mail: NAMirsaeva@kpfu.ru, asya7496@gmail.com

Ha OCHOBE HMHJCKca TypucTHueckod mpusnekarerpbHocTH Tourism Climate Index (TCI). Ilposenen
aHaJIM3 MHOTOJIETHEH NUHAMHMKH YKa3aHHOTO MHJICKCA, BHISBICHBI OCHOBHBIE IIPOCTPAHCTBEHHO-BpE-
MCHHBIE 3aKOHOMEPHOCTH B €0 pacIpe/ielieHNH. B kauecTBe NCXOMHBIX JaHHBIX HCIIOIb30BAINCH 8-CPOUHBIC
nanHsle OI'BY «BHUUT'MU-MII/]» 0CHOBHBIX METEOPOJIOIMUECKUX NapaMeTpoB 7 mereoctaHuui MpkyT-
ckoit oonmactu (bamaranck, basunait, bonsmoe [omoyctroe, XKuranoso, Uara, UpkyTck, XoMyTOBO) U OTHOI
MeteoctaHnuu Pecmrybmuku Bypstuu (Jasca) ¢ 1988 mo 2018 rr.
Jiist oneHKM KOM(OPTHOCTH KIIMMaTa pacCuuThIBaJICS MOAU(DUIIMPOBaHHBIN nHIEKC MuukoBckoro [1]:

TCI=2%x(4CIld+ Cla+ 2R+ 2S5+ W) (1)
rae Cld — mueBHol cy0-uniekc kompoprHocTr Cla — cyTouHblil cy0-komdopTHOCTH, R, S 1 W — cy0-uH-
JIEKCHI COOTBETCTBEHHO OCAJIKOB, IJIUTEIHHOCTH CBETOBOTO JHS M CKOPOCTH BeTpa [2].
Benwmuune TCI cTaBUTCS B COOTBETCTBHE «KIUMATHUCCKAS IPUBIICKATEIBHOCTEY (Ta0M. 1).

B paboTe mpou3BeIeH aHAJI3 TYPUCTHYCCKOTO IMOTEHITHAa FOT0-BOCTOYHOH 9acTH MpKyTckoit obnacTu

CEKLLMA VI // NPOTPAMMA «BYIYLLAA 3EM/1f» U MHULIMATUBA «BYIYLLIEE CEBEPHOW EBPA3U»
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Tabnuua 1. PeATUHT «KNMMaTUYECKON NPUBEKATENbHOCTU» B 3aBUCUMOCTY OT 3Ha4eHuA TCI.

3navyenne TCI Onenka

90-100 WneansHas

80-89 IIpeBocxoanas

70-79 OueHsb xoporas

60-69 Xopormas

50-59 IIpuemnemas

40-49 MaprunanbHast

30-39 Heb6mnaronpusithas

20-29 OueHpb HeONaronpusTHas
10-19 DKCTpeMabHO HeOIaronpHsTHas
<10 Henpuemnemas

J171s1 OLIeHKH TypHCTHUYECKON MTPHUBIIEKATEIbHOCTH HCCIIEyeMOI TEpPUTOPHH OBUIN UCTIONB30BaHbI 3HAYE-
uust TCI 3a stHBapb 1 HIOIB, T.K. JTaHHBIE MECSIIBI MO)KHO OTHECTH K HanOOJIee TYPUCTHYECKH 3arPy KEHHBIM.

3UMHHI TEPHOJT MO)KHO OTHECTH K HanOoJIee HeITPUBIIEKaTEIbHOMY BPEMEHH /IS ToceeHust IpKyTckoi
o0nacTy B TIaHE KJIMMaTa ¥ IOToAbl. Masast IpoIoIKUTEIbHOCTh COTHEYHOTO JIHS, BBICOKAs! CKOPOCTB BETPA,
60JIBIIIOE KOJTMYIECTBO OCAIKOB, HU3KHE TEMIEPATYPhl BO3/yXa BHOCIT HAaHOONBIINI BKJIAA B YXYIIICHHUE Ty-
PHUCTHUYECKON MPHUBIEKATEIBHOCTH 00JIaCTH B SHBApE.
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Puc. 1. CpegHeMecAuHble 3HaueHunA TCl B AHBape.
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Puc.2. CpegHeMecayHble 3Hadvenna TCI B uione.
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Tak, Ha pucyHKe | BUIHO, 4TO HAaMMEHEE TIPUBIIEKATEIbHBIM ATl TYPUCTOB, B IJIAHE KJINMATa, SBISACTCS
mobepexne o3epa baiikan, T.x. 3Hauenus TCI Ha TaHHOM TEPPUTOPHUH U B CPEAHEM 1O OOJIACTH MOYKHO OTHECTH
K «OUeHb HeOIaronpusaTHEIM» (Tab. 2).

JletHwuit nepuoa, HAOOOPOT, ABNIAETCS HaUOOJIEE IPUBIEKATEIBHBIM JJIsI TYPUCTOB.

Haubonpsmmii Bkiman B popmupoBanue 3HaueHwii TCI BHOCAT O0JbIIas MPOAOIHKUTEIHHOCTh COTHEYHOTO
JTHS, MaJIble 3HAUCHUS OOJIAYHOCTH ¥ MEHBIIINE, [0 CPABHEHHUIO C 3UMOMH, CKOPOCTH BETpa.

Ha pucynke 2 BuiHO, 9TO pacnpeneneHne cpeqaeMecsansix 3nadeanid TCI B uione moBTopsieT pacipene-
neHue B siHBape. Hanmenee GrmaronpusiTHbIC yCIOBUS Takxke HAOMIOAAI0TCS Ha modepeskbe o3epa baiikan, mpu

cires'2021 [N

9TOM CPEIHHE 3HAYCHHUS IO UCCIETyEMOM 00IaCTH MOJKHO OTHECTH K «OYECHB XOPOIINMY (Tabd. 2).

Tabnuua 2. CpegHeMecauHble 3HaueHua TCI no rpagaumam.

Crannus SIHBApPb HI0JIb
Kuranoso OueHb HeOIaronpusTHas [IpeBocxoanas
Hasca Hebnarompusraas Ouenp Xoporas
Banaranck Ouenp HEOMAroNpHUsITHAS IIpeBocxonnas
basnpnait Ouenp HebIaronpusTHas OueHsb xopoas
Wura Hebnaronpustaas [IpeBocxonnas
HpxkyTtck Ouenp HeOMaronpusATHAS OueHp Xoporas
XOoMyTOBO Odenp HEOIATONIPUATHAS OueHp Xoporas
Bbon. ['onoyctHOE OdeHp HEONMArOMpUATHAS Xoporas
Cpennee 1o paiioHy OueHb HeOIarompusTHAS Ouenb xoporiast

3a nepuon ¢ 1988 mo 2018 rr. kUMart, ¢ TOUKU 3pEHUS OLIEHKHU €T0 TYPUCTHUECKON PUBJIEKATEIbHOCTH,

HN3MCHUJICA B ITOJIOKUTCJIIbHYIO CTOPOHY.
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Puc. 3. I3aMeHeHMe pacnpefeneHuna cpegHeMecAYHbIX 3HaqeHnin TCI B AHBape.
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K npumepy, Ha pucyHke 3 BHHO, 4TO HAHOOJIbIIIEE YITyUIIeHHE TIPUBICKATEIbHOCTH POU30IILIO HA CTaH-
i JlaBca (12,1 6am (tabim. 3), 4T0 MOXKHO CBSI3aTh C YMEHBIICHHEM CKOPOCTeH BeTpa (110 CPOUHBIM JJAHHBIM )
1 yBEJIMYCHUEM TEMIIEPATyPhl BO3/IyXa.

Tabnuua 3. M3meHeHne cpegHeMecAYHbIX 3HaueHwi TCI (6ansbl) B AHBape 3a nepuog ¢ 1988 no 2018 rr.

cires’2021 1

1988 2018 Hszme-
Crannus

3HAYEeHHUeE | OlleHKA 3HAYEeHHe | OlleHKA HeHue
JKuranoso 26,7 OdeHb HeOMaronpusTHas | 26,6 Ouenp HeOnaronpusatHas | -0,1
JlaBca 27,0 OueHb HeOmaronpustHas | 39,2 HebnaronpustHas 12,1
Bamaranck 26,9 Ouenb HeOmaronpusitHas | 26,7 Ouenb HeOnaronpustHas | -0,2
Basnanaii 26,6 Ouenb HeOnmaronpusitHast | 27,3 Ouens HeOnaronpusatHas | 0,6
Hura 28,9 OueHb HEOMaronpusTHas | 28,8 Ouens HeOnmaronpusarHas | -0,1
Hpxyrck 27,8 Ouenb HeOnmaronpusitHast | 26,8 Ouenp HeOnaronpustHas | -1,0
XoMyTOBO 26,6 Ouenb HeOnmaronpusitHas | 26,9 Ouenp HeOnaronpustHas | 0,3
bon. I'onoycthoe | 22,8 OueHb HeOmaronpusitHas | 25,1 Ouenp HeOnaronpusaTHas | 2,3
1?(1)) ;ﬁ;iiy 26,7 Ouenb HeOnaronpusitHast | 28,4 Ouens HeOmaronpusatHas | 1,7

Ha ocranpueix crannusx namenenne TCI B ssHBape He3HAYUTEIHHO.
B utone muHaMpka m3MeHeHHs cpenHeMecsuHbIX 3HadeHwnid TCI Hambonee sipko BbIpakeHa Ha BCEH mcC-
cJelyeMON TEPPUTOPUH.
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Puc. 4. N3meHeHue pacnipefeneHna cpefHeMecAYHbIX 3HaueHun TCI B uione.
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Kak BusHO Ha puCyHKe 4, Bce 3HAUCHHMSI HAXOIATCS BBIIIE OTMETKH B 65 0aJUIOB, YTO TOBOPHUT O «XOPO-
Iei» TypUCTHYECKOH MpHUBIEKaTeTbHOCTH paiiona. [1pu atoM, 3HadeHns TCI, momydeHHbIe IO TEPPUTOPHUN B
CpeHEM, YITyUIIMINACH C «XOPOIIO» JI0 «OYE€Hb XOPOIIoy (Tad. 4).

Tabnuua 4. M3meHeHue cpeHeMecAYHbIX 3Ha4YeHuin TCI (6annbl) B Mione 3a nepuog ¢ 1988 no 2018 rr.

cires'2021 [N

Cranuust 1988 2018 HN3menenne
3HAYEHHE | OLEHKA 3HAYeHHE | OLEHKA

YKuranoso 77,3 Ouens xopomast | 82,9 IIpeBocxoanast | 5,6

JlaBca 49,6 MaprunansHas | 74,4 Ouens xoporuas | 24,7

Banaranck 71,1 Ouens xopomas | 73,4 Ouensb xopomas | 2,2 >

basunmait 62,9 Xoporuas 77,4 Ouens xopomas | 14,5

Wuara 67,6 Xopotuas 82,7 IIpeBocxognas | 15,0

UpxyTck 67,8 Xopormas 71,5 Ouens xopomas | 9,7

XOMyTOBO 65,5 Xopormas 75,3 Ouensb xopomast | 9,8

Bomn. Tonoyctaoe 54,6 [Mpuemiemas 64,7 Xopomras 10,1

Cpennee 1o paiiony | 64,6 Xoporuas 76,0 Ouens xopomas | 11,5

Vcxonst w3 BEIIICTIPUBEICHHOTO aHAJI3a TYPUCTHYECKOTO OTEHIIAAIA FOTO-BOCTOYHOH yacT M pKyTcKoit
00JIACTH TIOTYYEHBI CIICTYFOIINE BEIBOIEL:

Hamnbonee npuBiekaTeT-HBIM MECSIEM U TypU3Ma SBISICTCS MO, B OCOOCHHOCTH, B ITyHKTaX, OT/Ja-
NeHHBIX oT 0. baiikan (bamaranck, basuanaii, JKuramoso, xra), HanMeHee — STHBaph.

3a Bech uccnemyeMsrii mepuoa ¢ 1988 mo 2018 rr. HabmromaeTcss TCHACHIIUS HA yBEIHMUCHIE 3HAUCHHHA
TCI, a, cmemoBaTenbHO, HA YITydIICHHE TOTEHIIHATA PETHOHA.

Hamnbonee kompopTHEIC, IS CPETHECTATUCTHYSCKOTO YeTIOBEKa, KITMMATHUECKIE YCIIOBHSI JAHHOTO pe-
THOHA HAOFOATOTCS B JICTHUI TICPUOJ C UIONA 110 aBTYCT.

B Pa6oTa BbinosiHeHa npu nogaepke rpaHta POOU (npoekTt 20-55-00014 Ben_a).
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