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1. INTRODUCTION

There is an increasing interest in improving forecast skill on the sub-seasonal to seasonal timescales (S2S;
defined here as the time range from10days to one season), which is between the routine use of weather fore-
casts and the developing use of seasonal prediction(Mariotti et al., 2018; Vitart and Robertson, 2018). Tradi-
tionally weather forecasts are based on the atmospheric initial conditions. As information contained in the ini-
tial atmospheric states is lost gradually (more than 10 days ahead), the predictability decreases. S2S prediction
has been considered as extended-range weather forecasts, relying on both the initial conditions and the more
slowly evolving processes, such as the El Nifio—Southern Oscillation (ENSO), the Madden—Julian Oscillation
(MJO)or soil moisture (Koster et al., 2010).Snow cover/depth is another opportunity of increased predictive
skill on the S2S timescales (Orsolini et al., 2013). A thick snowpack tends to raise surface albedo and to de-
couple the atmosphere from the soil layers below. These radiative and thermodynamical feedbacks persist in
the land—atmosphere system over monthly to seasonal timescales. Based on better representation of initial
snow state, previous studies indicated significant forecast skill of winter TS over some regions of Eurasia out to
around 1-2 months, through strong, localized snow—albedo feedback, using either a fully coupled forecast
model of the European Centre for Medium-range Weather Forecasts (ECMWF; Orsolini et al.,2013)or an At-
mospheric General Circulation Model (Jeong et al.,2013). These studies were limited by the weak stratospheric
response in low-top atmospheric general circulation models and by the short analysis period. In addition, Orso-
lini et al. (2016) demonstrated the influence of snow initialization in predicting the NAO eventin the winter of
2009/2010 via a stratospheric pathway. There could be additional forecast skill for extratropical climate, con-
sidering the snow—stratospheric teleconnection pathway (e.g., Orsolini et al., 2011; Cohen et al., 2014).How-
ever, until recently it has received relatively little attention from a prediction viewpoint.

In the present study, we evaluate the contribution of snow initialization to the S2S predictability of Eur-
asian winter climate, utilizingthe Norwegian Climate Prediction Model (NorCPM) conjoined with the Whole
Atmosphere Community Climate Model (WACCM). Two sets of ensembles of 30 retrospective forecasts start-
ing on 1 November for each of the winters from 1980 to 2016 are conducted with either realistic initialization
or scrambling of snow variables. We emphasize that accurate snow initialization through the snow—tropo-
sphere—stratosphere interactions provides benefits for predicting the key aspects of the northern hemisphere
circulation in particular during the early winter.
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2. MODEL EXPERIMENTSAND METHODOLOGY

a. The Norwegian Climate Prediction Model (WACCM)

NorCPM combines the Norwegian Earth System Model, a state-of-the-art climate model, and advanced
data assimilation techniques based on the Ensemble Kalman Filter approach. It provides the initialized season-
al-to-decadal climate prediction system (Counillon et al., 2016). This study utilized a variant of NorCPM, in
which the atmospheric component is replaced with WACCM version 4, a high-top chemistry—climate model.
WACCM enhances vertical resolution in the stratosphere and mesosphere (up to 5.9x10—6hPa, approximately
140 km). In addition, WACCM incorporates an interactive stratospheric chemistry package and special gravity
wave parameterizations and is therefore a better tool for studying the stratospheric response.

In the present study, the atmosphere and land model have a horizontal resolution of 1.9°x2.5%oor f19 for
the approximately 2°finite volume grid). The atmosphere has 66 vertical levels. The ocean and sea ice model
have a horizontal resolution of 2°on a tripolar grid. The ocean uses 53 isopycnal layers.

b. Experimental design and snow initialization

We performed two parallel ensembles of retrospective forecasts with either “realistic” or “scrambled” ini-
tial snow state using NorCPM (WACCM). Starting from the date of 1 November, two ensemble forecasts are
conducted for each of 3 months (1 November—31 January) from 1985 to 2016. The 30 ensemble members are
generated from the different initial oceanic states. Two ensemble forecasts each have realistic initial atmo-
spheric, land, and oceanic conditions, except wherever the snow is present on land (in either hemisphere). We
perform the initialization procedure as follows.

— The atmospheric condition is initialized from a 15-day strongly nudged run using WACCM. The ERA-
Interim reanalysis is used to constrain the model. The dynamical prognostic variables adjusted by nudging are
winds and temperature.

— The initial landstate is firstly derived from an off-line run using the Community Land Model (CLM),
with the model default forcing datasets (CRUNCEP).

— The oceanic condition is initialized from an assimilation run ensemble using NorCPM, with the monthly
assimilation of sea surface temperature (SST) anomaly and Temperature—Salinity profile.

— A second-stage nudging brings the different atmospheric, land and ocean component into an adjusted
stage, prior to the forecasting stage.

In the first ensemble (hereafter Series 1), the snow variables are realistically initialized and are identical
for all members. In the second set (hereafter Series 2), the snow variables are scrambled, taken at random from
any of the remaining years. Hence, each ensemble member in Series 2 had different randomized, initial snow
state, while the ten prognostic snow variables are scrambled in a consistent manner.

c. Methods

Series 1 and 2 each consist of 930 simulations (31 wintersx30 members), providing large enough samples
to test the impact of snow initialization on predictability. Two experiment series are evaluated against ERAINT
or ERAINT/Land reanalyses. Forecast skill for each series is quantified by the r-square metric (r2). Here, r indi-
cates anomaly correlation coefficient obtained by verifying ensemble mean forecasts against reanalyses, to ac-
count for season-dependent model biases. The reanalysis anomaly is calculated from the 1985-2016 climatol-
ogy. The forecast anomaly is calculated from 30-member climatologies. When mapping r2, we have multiplied
each r2by the sign of r. The r2difference with large positive r (and hence large r2) between Series 1 and 2 will
indicate the regions where the difference in snow initialization played a role, provided that statistical noise is
negligible. The statistical significances are assessed using a Monte-Carlo approach based on 1000 random re-
shufflings of the observational anomalies.

These simulations will be used to assess the impact of snow initialisation upon the forecasts of snow, sur-
face temperature and other dynamical quantities.
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OJIBIIIOC KOJMYECTBO paboT ObUIO MmocBsieHo uccienopanusm (Charney, J., M.Stern, 1962; Andrews,
D., ME Mclntyre, 1976; Simmons, A., B.Hoskins, 1978; Hoskins, B., I .James, G.White, 1983 u np.) o
B3aMMOJICICTBUU BUXPEH pa3HbIX MacITa00B (OT INIAHETAPHBIX JI0 CHHONTHYCCKUX ), HO TIOKA 3THU IIPO-
LIECCHI HE JI0 KOHIIA SICHBI 1 nHTeHCHBHO necnenytores (Kaspi Y., T.Schneider), 2013; Tomncon, DJ, Y.Li, 2015;
Cumncon U., T. Illoy u P. Curep, 2014; Mapteinosa O., B. Kpynuarauxos, 2015; boposko U., B. Kpynuaruu-
koB, 2015; 1 T.1. ) YTOOBI MOHMMATh MEXaHU3MBI U3MECHUMBOCTH, OCOOCHHO PACIOJIOKCHIE U HHTCHCUBHOCTh
CTPYHWHBIX TCYCHHU, ITOPM-TPEKOB, TUHAMHUKY OJOKHPOBAHHS, HCTOYHUKU CUCTEMATHYCCKUX OIMUOOK B MO-
JCIISX.
Kpome Toro, erie HeIOCTaTOUHO M3YYCHBI JMHAMUYCCKHC aCIICKThl KiMMara. VccienoBaHus OKa3ai,
YTO TPOJODKUTEIBHBIC MEPUINOHAIBHBIC KOJICOAHUS CTPYH (XapaKTEpHBIA BPEMEHHON MacITald KOJIbIIEBBIX
MOJ) B CPEIHUX IIUPOTAX B MOACIISX CBSI3aHO CO CMEIICHUEM IIIUPOTHI KIIMMATOIOTHYCCKOM CTPYH, UTO HMEET
Ba)KHBIC TIOCIICICTBYSI JJIsl IPOTHO30B JHMHAMUKHU KIIMMAaTa W IMOTOJbl B CPESIHUX IIMPOTaX. B3amMoneiicTBre
CPEIHErOo IMOTOKA W BUXPEH, KOTOPOE MPUBOAUT K TAKOMY aHOMAJIEHOMY COCTOSIHHIO CPEAHCIIHPOTHON CTPYH,
3aBHCHUT OT IIPOIICCCOB, CBI3aHHBIX C HCTOYHUKOM, B HIDKHEH Tporocdepe, BEPTUKAIBHO PACIPOCTPAHSFOIINX-
cst BoJTH PoccOu, 0apOKIIMHHBIX MEXaHH3MOB U MPOIECCOB, CBSI3aHHBIX C PACIPOCTPAHCHUECM U Pa3pyIICHUEM
BOITH BEpXHEH Tporocepbl. YMEHBIICHUE OMIHOOK MO3BOJISACT HaM: (1) YBEIIMYUTh TOYHOE BPEMsI BBITOTHCHUS
MIPOTHO30B YHCJICHHOTO TIPOTHO3a TOTOBI, (i1) YTOUHUTH KPacBhIC YCIOBHS ISl 001acTeil BRICOKOTO pa3perie-
HUSL, BIOYKCHHBIX B TNIO0ATBHBIC MOJCIH, U (iii) YIYYIIUTh CTATUCTHYCCKUE CBOMCTBA MOJICIIUPYEMOTO KITUMa-
Ta. DTU BOIPOCHI, B paMKaX TCOPUHU, HA OCHOBE JAHHBIX MOJCIMPOBAHUS M PEAHAIN3a, PACCMAaTPUBAIOTCS B
JTAHHOM JIOKJIaJIE.
Paboma noooepoicana PODOU, epanmer Ne 16-05-00558 u Ne 17-05-00382.
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On the relationship between the variability of the mean flow
and eddies with systematic errors in the models
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M. E. Mclntyre, 1976;Simmons, A., B.Hoskins, 1978; Hoskins, B., .James, G.White, 1983; etc.) of the

interaction between vortices of various scales (from planetary to synoptic), but so far these processes
are not completely clear and are under intensive research (Kaspi,Y., T.Schneider, 2013; Thompson, D.J., Y.Li,
2015;Simpson, 1., T.Shaw, and R.Seager, 2014; Martynova Yu., V. Krupchatnikov, 2015; Borovko 1., V. Krup-
chatnikov, 2015; etc.) to understand mechanisms of variability, especially the location and strength of jets,
storm tracks, blocking episodes and the sources of systematic errors in models.

Also the dynamical aspects of climate are not yet well under stood, there is low confidence in circulation
(there is biases patterns) simulated by global and regional models and their response to climate change (Shep-
herd, T., 2014, etc.). Poor modeling of atmospheric blocking in climate models is still a problem, and despite
considerable advances in model development, there is only a moderate improvement in blocking simulation.
The two preferred regions of blocking development, in the Euro-Atlantic and North Pacific, are relatively well
captured by most of the models. However, the prominent error in blocking simulations consists of an underesti-
mation of the total frequency of blocking episodes over both regions. A more detailed analysis revealed that this
error was due to an insufficient number of medium spells and long-lasting episodes, and a shift in blocking
lifetime distributions towards shorter blocks in the Euro-Atlantic sector. In the Pacific, results are more diverse;
the models are equally likely to overestimate or underestimate the frequency at different spell lengths. Blocking
spatial signatures are relatively well simulated in the Euro-Atlantic sector, while errors in the intensity and
geographical location of the blocks emerge in the Pacific. The impact of models’ systematic errors on blocking
simulation has also been analyzed. The time-mean atmospheric circulation biases affect the frequency of block-
ing episodes, and the maximum event duration in the Euro-Atlantic region, while they sometimes cause geo-
graphical misallocations in the

Pacific sector. The analysis of the systematic error in time variability has revealed a negative relationship
between the high-frequency variability of the transient eddies in the areas affected by blocking and blocking
frequency. The blocking responses to errors in the low-frequency variability are different according to the re-
gion considered; the amplitude of the low-frequency variability is positively related to the blocking frequency
and persistence in the Euro-Atlantic sector, while no such consistency is observed in the Pacific.

Studies have suggested that the persistence in the meridional oscillations of the midlatitude jet (i.e., annu-
lar mode time scale) in comprehensive climate models is related to the model biases in climatological jet lati-
tude, with important implications for projections of future climates and midlatitude weather events. The eddy—
mean flow interaction that characterizes the persistent anomalous state of the midlatitude jet depends on pro-
cesses associated with the lower-tropospheric source of vertically propagating Rossby waves, baroclinic
mechanisms, and processes associated with upper-tropospheric wave propagation and breaking, barotropic
mechanisms. A variety of climate change like thermal forcing are used to generate a range of meridional shifts
in the midlatitude eddy-driven jet. The idealized model shows a reduction in annular mode time scale associat-
ed with an increase in jet latitude, similar to comprehensive climate models. This decrease in time scale can be
attributed to a similar decrease in the strength of the barotropic eddy feedback, which, in the positive phase of
the annular mode, is characterized by anomalous potential vorticity (PV) mixing on the equatorward flank of
the climatological jet. The decrease in subtropical PV mixing is, in turn, associated with a stronger subtropical
jet as the eddy-driven jet is more distant from the subtropics. These results highlight the importance of sub-
tropical eddy—mean flow interactions for the persistence of an eddy-driven jet.

The meridional oscillations of the midlatitude jet about its climatological position, known as the zonal in-
dex or annular mode (e.g., Thompson and Wallace 2000), describes the leading mode of extratropical atmo-
spheric variability. The zonal jet oscillations and its associated eddy feedback are important for stratosphere—
troposphere coupling and tropospheric predictability (Baldwin and Dunkerton 2001; Garfinkel et al. 2013),
Rossby wave breaking (Franzke et al. 2004; Strong and Magnusdottir 2008), and the extratropical circulation
responses to El Niflo. Many models still exhibit the biases towards overly zonal midlatitude flow, with exces-
sively strong jets are far from equator and with cyclone intensities and blocking frequencies both underesti-
mated. Models can also exhibit significant biases in the level of planetary wave activity, although these are less

ﬁ large number of topics have been devoted to the researches (Charney, J., M.Stern, 1962; Andrews,D.,
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systematic across different models. Therefore, an understanding of midlatitude jet dynamics is essential for the
extratropical atmospheric variability from intraseasonal to decadal time scales and for reducing systematic er-
rors. In this report, we discuss one cause to systematic forecast error.

Despite advances in resolution and development of models in recent years (T. Volodin et al., 2017; I. Esau,
M. Tolstykh, et al., 2018), due to enhanced computer power, numerical weather prediction and climate models
still needs parameterizations of diabatic processes and will continue to do so for the near future. These param-
eterizations introduce inaccuracies into models and contribute to the occurrence of systematic forecast error.
The reduction of systematic errors permit us: (i) extended accurate lead times for numerical weather prediction
forecasts, (ii) improved lateral boundary conditions for high-resolution domains nested within global models,
and (iii) improved statistical properties of climate integrations.

These issues, within the framework of the theory, based on the data of modeling and reanalysis, are con-
sidered in this report.

Acknowledgements. We are grateful for support from RFBR Ne 16-05-00558, and RFBR Ne 17-05-00382
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Assessment of interseasonal relationship between snow
cover and atmospheric conditions in Siberia from different
datasets

Martynova Yu.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: FoxyJ13@gmail.com

and the atmospheric conditions of this territory that are formed in the following winter was assessed, using
data of various types.

The attention was focused on the territory of Western Siberia, 55° - 74° N. and 60° — 90° E. For the study,
NOAA observational data, the ERA-Interim reanalysis, and the results of the INMCM4 climate model were
used.

For each data set for each year, the maximum area of October snow cover (Ssnow) was calculated. This
value was used as an indicator of snow cover area, which was formed by the end of October in the territory un-
der consideration. Also in the study, Arctic Oscillation (AO) indices for the winter months (December, January,
February) were used both individually and on average for the winter. Using the obtained data series, the proce-
dure of enumerating all continuous intervals and checking them for the presence of a significant linear relation-
ship between the considered parameters was implemented. The correlation coefficients between Ssnow and the
AO index were calculated for the whole series, as well as for all the nested series.

The obtained result showed the sensitivity of the manifestation of a statistically significant linear relation-
ship between Ssnow in Siberia in October and the AO index in the following winter to the choice of the time
interval for the study. In this case, it would be wrong to assume that the nature of the manifestation of this linear
relationship in time is completely stochastic. It is more likely that at some periods of time, fluctuations in the
characteristics of the snow cover in Siberia fall into antiphase with variations in the AO index, with the result
that we get a significant linear relationship. Thus, it can be assumed that the considered mechanism of the in-
terseason influence of snow cover variation on atmospheric conditions does not in itself control, but it can be
used to explain the nature of the interaction of processes for those periods where a significant linear relation-
ship has been found. Probably, the mechanism is launched and is being phased in under some lucky set of cir-
cumstances.

In this paper the persistence of the relationship between the snow cover established in the autumn in Siberia

OueHKa npoABJ/1eHNA MEeCe30HHOM CBA3N Mexay
BeSIMYMHON CHEKHOIO NMOoKpoBa n aTMOCd)eprIMM ycnoBnUAMHA
B CM6M|3M Mo AaHHbIM pa3/iIMv4HOIo TUra

MapTbiHoBa 10.B.

MHCTUTYT MOHUTOPUHIa KNMMaTUYeCcKMX U akonorudecknx cucteM CO PAH, Tomck, Poccua
E-mail: FoxyJ13@gmail.com

BBEEHWE

B cmty xnmmmarndeckux ocobenHocteil EBpasun, Hanbosnee oOIIMPHBIN CHEXKHBIN TOKPOB (POPMUPYETCS
B cubmpckoit gactu EBpasumn. [1o naHHBIM CITyTHHKOBBIX HaOMIoneHNH HarpoHamsHOTO yIIpaBIeHHUs OKCaH -
yeckuxX u atMochepupix nccnegoBannii (NOAA) ocHOBHOE (OpMHpOBaHHE CHEXXHOTO MOKpoBa B Cubupn
TIPOUCXOUT UMEHHO B OKTS0pe [ 1, 2], 94T0O CONMpsKEHO CO CMEHOH CE30HOB U COOTBETCTBYIOIICH ITepeCcTPORKON
arMoc(epHON MUPKYISIUU Ha 3TOH Tepputopuu. bonee Toro, BeISIBICHO, 4YTO TeppuTopus Cnbupu sBiseTcs
T.H. «TOPSTYNUM TATHOM» [3], T. €. JOKaJIbHbIE N3MEHEHHS Ha JAaHHOW TEPPUTOPHU MOTYT BBI3BATh II00AIBHBIC
KIIMMAaTH4eCKUE U SIKOCUCTEMHBIC H3MEHEHNSI.

B 2007 romy rpynma y4ensix Bo mase ¢ Cohen J. chopmynupoBana u mpeacTaBuiia BOSMOXKHBIN Mexa-
HU3M BJIMSHHS aHOMAJINH TUIOMIAN CHEXHOTO TIOKPOBA, CYOPMHUPOBABILETOCS OCEHbIO, HA aTMOC(EPHBIE yC-
JOBHA TOcTenyroniei 3umoii B CeBepHOM monymapuu [4], KOTOpBIN 3aKimiodaeTcs B cienyromeM. [lmomans
CHEXHOTO TTOKPOBa pPacCMaTpUBAEMON TEPPUTOPHU OBICTPO YBEIWYMBAETCS, MPEBBIIIAS HOPMAIbHOE 3HAYe-
HUeE, BBI3bIBAs Hea[Ma0aTHUECKOE BHIXOJIAXKUBAHNUE, CIIOCOOCTBYIOIIEE YBEIMUECHHIO JABICHNUS Y TOBEPXHOCTH,
YTO B CBOIO OYe€pe/lb MPUBOJUT K CHIDKEHHIO TEMIEpPATyphl HIKE HOPMBL. B pesynbrare BBIXONAXHWBaHUS B
Tponocdepe yCHINBAIOTCS BEPTUKAIbHbIEC IIOTOKH BOTHOBON SHEPTHH, KOTOPBIE BCIIEACTBHE UX ITOTIIOIECHHS B
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cTpatocepe MPUBOAAT K Pa3pyLHICHUIO MOJIIPHOTO BUXPSI U K (POPMHUPOBAHUIO BTOPHYHOMN (aHOMAJILHOM ) IIHP-
KyJsiid. BO3HUKIIME aHOMAJIMK T€OTOTCHIMAIBHBIX BBICOT M BETPOB IMOCTEIICHHO PACIIPOCTPAHSIOTCS BHU3
u3 crparocdepsl B Tpornocdepy BIUIOTH 0 MOBEPXHOCTH, TJC, B PE3yJIbTare, y MOBEPXHOCTH MPOSBISICTCS
cuibHas orpunarenbHas gaza AK. Kpome Toro, ocimabicHue MONSPHOTO BUXPS CIIOCOOCTBYET YBEIUUCHHIO
TeMIeparypsl B crpatocdepe, 0cinablieHHIO CTPYIHOTO TCUCHHUS U €r0 CIBUTY K IOT'Y, BCJICJICTBHE UCTO yKa3aH-
Hasi BTOPUYHAS [IUPKYIISALIUS YacTo npuHuMaeT Gopmy O0inokunra. Takum o0pa3oM, Bapualys OCCHHETO CHEX-
HOTO IMOKPOBA MOXKET PacCMaTPUBATHCS B KAYECTBE MPEIUKTOPA KaK sl (DOPMUPYIOIIUXCS B ITOCIICAYOIIHN
3HMHUI CE30H aHOMAJIbHBIX aTMOC(EPHBIX YCIOBUH y TIOBEPXHOCTH, TaK U JUISI BHE3AIMHBIX CTPATOCHEPHBIX
noreruieHui. [IpuBeIeHHBIN MEXaHU3M SIBJISIETCS] OTHUM U3 BO3MOXKHBIX MCXaHU3MOB CBSI3U TUHAMUKH aTMOC-
(bepbl APKTUKH ¥ CPEAHUX IIAPOT.

Ha Tekymuit MOMEHT CyIIECTBYIOT PaOOTHI, TOKA3BIBAIOIINE YTO UACHTHU(HUKALIUS IPOSBICHUS YKa3aHHO-
r0 MEXaHHU3Ma MOXKCT CHJIbHO 3aBHUCETh OT BBIOPAHHOTO JUIsl MCCIICAOBAHUS Tiepuoaa BpeMenu [5-7]. Kpome
TOT0, MCXaHU3M BIIMSIHHASI aHOMAJIMH OCCHHETO CHE)KHOTO MIOKPOBa HA aTMOC(EPHBIC YCIOBHS MOCICAYIONICH
3uMoit B CeBepHOM IMOJTyIIAPUH JI0 KOHIIA HE U3yUCH, OJTHAKO, UCCIICIOBATEIINA CXOIATCS Ha TOM, UYTO OH SIBJISI-
€TCsl OYCHB CIIOKHBIM M TpeOyeT BcecTopoHHero m3yueHus [8, 9]. CylecTByeT Tak:ke MHCHHE, YTO BIIMSHUC
Bapuaruu cHera Ha AO HE MOJUMHSICTCS HUKAKOMY (PH3HMUCCKOMY MECXAHHU3MY, a SIBIISICTCSI CTOXACTHYCCKUM
siejieHuem [10].

B pabore ¢ TOMOIIBIO JAHHBIX PA3JIMYHOTO TUIIA IPOBOAMIACH OLICHKA YCTOMYUBOCTH MPOSBICHUS CBSI3H
MEX]ly BEJTMUMHON CHEIKHOTO MOKPOBA, YCTAHOBUBIIIETOCS OCCHBIO Ha TeppuTopuu Cudupu, u arTMOChEpHBI-
MU YCIIOBHSIMH, (POPMUPYIOIIUMUCS Ha YKa3aHHOM TEPPUTOPHUHU B MOCIICIYFOINNI 3UMHUI CE30H.

AAHHbIE N METOOMKA NCCNEOOBAHNA

Tepputopus. B pamkax manHON paOOTH BHUMaHKE OBLIO COCPEIOTOUEHO Ha Tepputopuu 3amagaoil Cu-
oupm, 55° — 74° c.m. u 60°— 90° B.71.

Hcnonp3oBaHHbIE TaHHBIE. B pamMkax nccieqoBaHus OBIIM MCIONTB30BAHBI TAHHBIE PA3INYHOTO MIPOHC-
XOXJICHHSI: HAOMIOICH)SI, PeaHaIi3 U Pe3yIbTaThl padOTHI KIMMAaTHIECKOH MOJIEITH.

B xauecTBe HaOMIOAEHNH OBIIIM MPUBIICYCHBI JAHHBIE O TUIONIAM CHEKHOTO MOKPOBA U3 apX1Ba CIIyTHH-
KOBBIX TaHHBIX NOAA, cOpMHUPOBAHHOTO ISl BCETO 3€MHOTO IIapa ¢ HeIeTbHBIM Pa3pelIeHHEM 0 BpEMEHH,
JOCTYITHOTO JUISl CKaYMBaHMS HA OPHUIINATIBHOM caiite JIabopaTopuu 1Mo n3y4eHHIo CHe)XKHOTO TOKpoBa Parrep-
ckoro yHuBepcutera (https://climate.rutgers.edu/snowcover/), a Takke maHHble 0 BenmymHe nHAeKca AK ¢
odunmansHOTO caiita National Weather Service Climate Prediction Center (NWS CPC http://www.cpc.ncep.
noaa.gov/products/precip/CWlink/daily ao_index/ao.shtml). B cBs3u ¢ Tem, uro 3HaueHns maaekca AK, my-
omkxyemsie NOAA, mpuHUMatoTcs, ne-hakro, B kKauecTBe HaOmroneHHoro mHaekca AK, momyctnmo ux wmc-
I0JTb30BAHNE COBMECTHO C JAHHBIMH O TUIOMIAIN CHETa, TOJIYIEHHBIMH HAa OCHOBE CITy THUKOBBIX HAOTIOTECHHH.
Brun pacemotpen epuon 1979-2016

Brumn Takke NCTIONB30BaHbl Ut paboThl JaHHBIe peaHanu3a ERA-Interim (TopiH3oHTaNbHOE pa3peIIeHie
0.75°x0.75°) ¢ pacemotpernem niepuoaa 1979-2015 IT. 1 pe3yapTaThl YUCIEHHOTO MOIEIAPOBAHUS, TIOTyICH-
HBIE C TIOMOIIBIO TI00aNbHON KiMMaTHaeckol moxenn INMCM4 [11], B3ateie ¢ 6anka qanabix CMIPS mist
mepuona 1976-2005 rr. u3 sxcniepumenta piControl (http://cmip-pemdi.llnl.gov/cmip5/).

Mertonuka uccnenoBaHus. st Kaxk1oro Habopa JaHHBIX AU KaXKA0TO Tofa ObUIA BBIYHCIIEHA MaKCH-
MaJIbHas 32 OKTAOPH IIOIIAAb CHE)KHOTO MTOKPOBA. JTa BEINYMHA HCIIOIH30BAJIACh B KaYECTBE MHIUKATOPA
BEJIMYMHBI IIJIOIA/N CHEKHOTO MOKPOBA, COPMHUPOBABINEHCS K KOHILy OKTSIOPSI HA paccMaTpUBaeMOH TeppH-
Topuu (Ssnow). Taxke B MiccIeIOBaHUH OBLTH MCIIOIB30BaHBI HHACKCH AK st 3MMHIX MecsteB (Iexadpsb,
SIHBApb, (peBpalib) KaK OTACIBHO TAK U B CPETHEM 3a 3UMHUI CE30H.

Hcnionp3yst momydeHHbIe psiibl JaHHBIX, OblIa peaqn3oBaHa Mpoleaypa rnepedopa BCeX HENPEPBIBHBIX
MHTEPBAJIOB M MPOBEPKH NX Ha HAJIMYME 3HAYNMON JTMHEHHON CBSI3M MEXKIY paccMaTpHUBaeMBbIMH ITapaMeTpa-
mu (zanee mpouexnypa [1I1 - «mporexypa mepedopa 1 mpoBepkn» ). KoahpummeHTs Koppessimuy MexXIy Ssnow
1 UH/IEKCOM APKTHIECKOTO KOJICOAHHSI PACCUUTHIBAIIICE 110 BCEMY DAY, @ TAK)KE MO BCEM BIOKCHHBIM PSIaM.
Hanpuwmep, mist mabmoneHwid, s psaaa nasaeix 1979-2016 rr. mmmHOM 38 J1et, cHa9ana BRIYHCIUIACh KOppe-
JSIOUS 7UIST BCETO TeproAa. 3aTeM [UIMHA IepHoia YMEHbINANACh Ha 1 TO/1, M MPOBOIMIIOCH BEIYMCICHUE KOppe-
JSIIAA TS IBYX BIOJKEHHBIX epronoB: 1979-2015 n 1980-2016. [lanee nimHa meproaa yMEeHbIIAIACh eIl Ha
1 Ton, COOTBETCTBEHHO, BRIYHCICHHS IIPOBOIMINCEH YK€ U TPEX BIOXKCHHBIX mepuomaos: 1979-2014, 1980-
2015, 1981-2016. U Tak manee, moka JJIIHA BIOKCHHBIX IEpHOAOB He mocturina AmuHbl 10 net. Takas mporie-
Iypa ObliIa MpoBeeHa IS KaXKJ0r0 BKIIIOYEHHOTO B PACCMOTPEHHE Ha0Opa JaHHbIX.

KoadduimenTs! KOppemsinuy BEYMUCIINCH MEXKIY NCXOTHBIMU psinamu naHHbBIX (MP), a Taxke Mexmy
psAnaMu TaHHBIX ¢ HckIrodeHHBIM TperaoM (M TP). [Tocieanee O3BOMMIIO OIEHUTH CTETICHD BIUSHUS HU3KO-
YaCTOTHOW COCTABIISAIONICH HA CBS3b BapHaIlMil pacCMaTpHUBAeMBIX IapaMeTpoB. HeoOXomumMo OTMETHTh, 9TO
Iponeaypa MCKIIOYEHUSI TPEH A MPOBOIMIIACH /Ul KKJOT0 BIOKCHHOTO IIEpHoJa B OTACIBHOCTH. 3HAYH-
MOCTB ITOTY9EHHBIX KO3((PHUIHNEHTOB KOPPEISAIIN ONPEIEIISUIAch TAKKe IS KaXKI0TO BIOKEHHOTO HHTEpBaJIa
B OTJCILHOCTH, yUUTHIBAS (PAKTHIECKYTO JITHHY KaXKI0TO.
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PE3Y/IbTATDI

[TosrydeHHbIe OIEHKH MPOSBICHHMSI TMHEHHOW CBA3M MKy Ssnow U uHIeKcoM AK 1eMOHCTpUpyIoT cy-
IECTBEHHbII pa30poc 3HaUSHUH MU MepeXojie OT Mecsila K MECsIly U OT OJJHOTO Habopa JAaHHbIX K JIPYyroMy.
OnHOBpEMEHHO /ISl BceX HaOOPOB JTAHHBIX paccMaTpuBaeMasi CTAaTUCTUYECKH 3HAYMMast IMHEHHAs CBSI3b MPO-
SIBIISIETCSI TOJBLKO MPHU aHAIM3€ BCEro 3MMHETO ce30Ha B 1iesioM mo TP (Ttabmuma 1), u oTCyTCTBYET B siHBape
npu aHanuse UP.

Tabnuua 1. 0606LLeHHan OLeHKa NPOABNEHNA CTaTUCTUYECKM 3HAUMMON JIMHEHOW CBA3M Meay SSnow 1 MHaekcom AK
(a=0.1). CHW¥ LBeT — OTpULATENbHbINA 3HAK CBA3W, KPACHbIA — NONOMKMTENbHBIN, CEpPbI i — OTCYTCTBME 3HAUMMO CBA-
3u anA a=0.1. KonnyecTso cMMBO/IOB yKa3biBaeT Ha YacToTy NPoABAEHWA CBA3W: 1 CUMBON — e[IUHUYHbIE MHTEPBanbI Bpe-
MEHW; 2 CUMBOJIbl — NPOABIEHME CBA3M Ha HEOOMBLLIOM KONMYECTBE COCEHMX WU/UNW BNOXEHHBIX Nepuogax; 3 CMMBoNa
— TOXE 4TO U 2, HO [iNA 6ONBLLIOM0 KONMYECTBA NePUOLOB.

Jexadpb SAuBaps deBpaiib 3uMHHii ce30H
np TP np TP Hp UTP Hp UTP
GSL +
NOAA T T T T T
ERA.- s - L :
Interim 44
INMCM4 --- --- --

[Tosyuennsle nocne npuMeHeHus npouenypst 111 oneHky nposiBiIeHNs: 3HAYUMOM JIMHEHHOMN CBSI3U MEX-
oy Ssnow u uHIekcoM AK MMO3BOJISIOT BRIIBUTH HECKOIBKO OCOOEHHOCTEH (TIPIMEpP MOTYYEHHBIX KapT-CXeM
MIPUBEJICH HAa PUCYHKE 1).

Bo-mepBrIX, 3HAYMMAas JTHHEHHAS CBS3b U pacCMaTPUBACMbIX JaHHBIX [UIS BRIOPAHHOTO PErHOHa HE
MPOSIBIISIETCS HA MEPUOaX MPOJOHKUTEIHLHOCTRIO Oosiee 30 et. CaMble BRICOKHE 3HAYUMbIE a0COTIOTHBIC 3HA-
YeHHS HHICKCA KOPPEIALINH MOTYICHBI AJIS TEPUOI0B C HAMMEHBIICH [UTHHOM.

1RB0 EeES FR0 aeeS 2000 J000 18680 Lk TR NGRS 2000 00 LE-10] 1088 1980 155

(@) 6) (8)

PucyHok 1. Koppensauma mexay S, 1 MHaekcoM AK no gaHHbIM Habniogequs (a), peaHanmsa ERA-Interim (6) n Mogenm
INMCM4 (B) ana UTP gna 3uMHero ce3oHa B LienoM. [ 0py30HTanbHan 0cb — rof Havasna nepyoaa, BepTuKanbHaa — anuTeNb-
HOCTb NeproAa B rofax; CUMBOJIbI — 0603HaueHWe NepUoLoB C 06HAPYHEHHOW 3HA4YMMOW IMHENHOM cBA3bIo npy a =0.1.

Bo-BTOpBIX, MTONMy4eHO 00BEANHEHNE TOUCK, 0003HAYAIOMINX CTATUCTHIECKN 3HAUNMOE 3Ha4eHHE KO3(-
(unrenTa Koppensun Mexay Ssnow 1 uHiekcoM AK, B TMaroHangbHbIe M BEPTHKAIBHBIC CTPYKTYpHI. TOUKH
Ha OJHOHM IWaroHajan 00O03HA4YaIOT IEPHOIbI, KOTOPhIE MMEIOT pa3HbIe TOAbI Hadajlla U OAMHAKOBBIM TOJ] €ro
OKOHYaHMs, & TOUKH Ha OJTHOI BEPTHKAIM — HA00OPOT: pa3HbIe rO/Ibl OKOHYAHUS IIEPHOAA U OJJMHAKOBBIE TO/IBI
€ro Havasa.

B-Tperbux, nomyueH pe3kuii mepexos OT CTAaTHCTHYECKH 3HAYMMBIX JI0 HE3HAYMMBIX 3HAUCHHH paccMa-
TpruBaeMoro kod3((punneHTa Koppeiasiiui. A UIMEHHO, CTOUT CMECTHTh HAdaJl0 W/WIIM KOHEI MEPHO/ia BCETO
JWIIb HA OUH TOA, U KO3()(UINEHT KOPPEISUN NEPEXOANT U3 00JIaCTH 3HAYMMBIX B 00IAaCTh HE3HAUYMMBIX
3HaueHuH (W11 Ha000pOT, N3 HE3HAYMMBIX B 3HAYMMBIC) TIPH 3TOM HE IIJIaBHO, & CKAYKOOOPa3HO C CYIIECTBEH-
HBIM OTJIMYMEM OT KPUTHYECKOTO 3HAYMMOTO 3HAUCHUSI.
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3AKRJTIOYEHUE

[TonyueHHbIN pe3ynbTaT elie pa3 MOATBEPXKAAET TOT (aKT, YTO MPOSIBJICHUE CTATUCTUUECKH 3HAYUMOM
JIMHEHHOW CBsI3u Mexy Ssnow B Cubupu B okTsiope u unjekcom AK B nmocnenyrominii 3MMHUIA C€30H 0Y€Hb
YyBCTBUTEJIBHO K BHIOOPY MHTEpBaja BpEMEHH JJIsl UcCienoBanus. [Ipy 9TOM HU3KOYACTOTHASI COCTABIISIOIIAS
BapHalllKi PacCMaTpUBAEMbIX IAPAMETPOB HE SIBJISIETCS ONPE/ICISIONIeH HATMUUE U CHITY CBSI3U MEXIly HUMH,
Ha YTO yKa3bIBaeT OTCYTCTBHE MPUHIMIHAIBHBIX PA3INYUi MKy Pe3ysibTaTaMu, MMOJYYEHHBIMU [0 MCXOJI-
HBIM PSJIaMU PsiJIaM C UCKITFOYEHHBIM TPEHJIOM.

T'oBopst 0 XapakTepe MPOSIBICHUST STOW JIMHEHHOU CBSA3M BO BPEMEHH, HEBEPHBIM OyJEeT CUMUTATh, YTO OH
HOCHUT CIIy4aiHbli Xapakrep. B MpoTHBHOM cilydae Ha IMOCTPOCHHBIX KapTax-CXeMax TOYKH, 0003HauaroIue
CTaTHCTHYECKH 3HAYMMbIe 3HaYeHHs KodduIreHTa Koppesinuu Mexay Ssnow u nnaexkcom AK, pacrnonara-
JIUCH OBl B CIy4aliHOM TOPSIIKE U HE O0bEIUHSIINCH Obl B KaKKe-IN00 CTPYKTYphI. B HalleM ciiydae mojaydeH-
HOE Ha IMOCTPOEHHBIX KapTax-cXxeMax 0ObeJIMHEHUE TOUEK B [MAarOHaJIbHbIC U BEPTUKAIbHBIE CTPYKTYPBI MO-
JKET CBHJIETEIBbCTBOBATH O TOM, YTO B HEKOTOPbIE MEPHOJbI BPEMEHH KOJICOAHHs XapaKTEPUCTUK ILIOIIAIN
CHEXHOTO0 MoKpoBa B CHOMpPH MOMaIatoT B IPOTHBO(A3y ¢ KosiedanusMu nuaekcom AK, B pe3ysbTrare 4ero Mol
HOJTyyaeM 3HaYUMYIO JIMHEHHYIO CBSI3b.

[TonyueHHbIe pe3ysbTaThl AA0T OCHOBAHUSI IPEIIONIOKHUTh, YTO MEXaHH3M B3aUMOJICUCTBHUSI, C(HOPMYIIH-
poBanHbiii B pabote Cohen J. [4] cam 1o ceOe ynpaBIsiiOIIUM HE SIBJSIETCS, OTHAKO C €r0 MOMOIIBI0 MOYKHO
OOBSICHUTH XapaKTep B3aUMOJCHCTBHSI IPOLIECCOB /ISl TEX MIEPUOIOB, IJIe 3HAUMMAasl JIMHEHHAs CBsI3b IPOSIBIIsI-
eTcs. BeposiTHO, MEXaHM3M 3aIyCKaeTCsl M IOATAITHO BBINOIHAETCS IIPH HEKOTOPOM YJa4HOM CTEYEHUH 00CTO-
STEIIBCTB.

Hccenedosanue b0 6vinonneno 6 pamkax eocoiooicemmnou memol Noe AAAA-A18-118012590014-6 (Ilpo-
epamma npesuouyma PAH No 51 «Hszmenenue kiumama: npudunsi, pucku, nocie0cmesus, npobiemst adanma-
Yuu U pe2yiuposaHusy).
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systems based on coupled models that include representations of the atmosphere, ocean, land sur-

face, and sea ice. Many coupled models also include ocean-waves models, models describing heat
and moisture transfer in the deep soil, etc. The long-range forecast technology involves calculating an ensemble
of forecasts with about 30-50 ensemble members. For each long-range forecast, the hindcasts are pre-calculated
using the same model version and model configuration. Hindcasts include a series of long-range forecasts for
the same date over the last 15-20 years. The main purpose of hindcasts is to determine the model drift due to
inaccurate reproduction of the dynamics and other uncertainties.

In the Hydrometeorological Centre of Russia, Marchuk Institute of Numerical Mathematics RAS and
Shirshov Institute of Oceanology RAS, a new coupled model is under development [1]. This model incorpo-
rates Semi-Lagrangian, based on the Absolute Vorticity equation (SLAV) atmospheric model [2], Institute of
Numerical Mathematics and Institute of Oceanology (INMIO) ocean model [3], Community Ice CodE (CICE)
[4] and multi-layer INM RAS soil model [5]. The model components are coupled using Compact Modeling
Framework (CMF) of own development [6]. SLAV uses regular latitude-longitude grid with the resolution of
0.90x0.720 (in longitude and latitude, respectively). INMIO and CICE share the same three-polar grid of 0.50
nominal resolution and 49 vertical levels.

The preliminary evaluation of the climate characteristics of the coupled model is accomplished with the
set of 4-month hindcasts using the atmospheric and sea surface initial conditions for the 30st of October from
1991 to 2010. The ensemble size was equal to 17. The coupled model reproduces the height of 200 and 500 hPa
surfaces quite well, while the near-surface temperature r.m.s error is noticeably worse. The reason may be the
inconsistency of the initial states of the atmosphere and the ocean. In particular, rather strong El Nino event
occurs in the coupled model during the first year of model integration, which is a consequence of the effect of
adaptation of one medium to the state of another.

The work on evaluating and tuning the SLAV-INMIO-CICE coupled model is still underway. We hope
that this model can be applied in future for the operational seasonal prediction at Hydrometcentre of Russia.

Most of the WMO Global Producing Centres for Long-Range Forecasts use an ensemble prediction
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lD,OJ'IFOC]:)O"IHbIl‘/'I MPOrHo3 norodbl Ha oCHoBEe COBMECTHOM
Moaesun
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* MOCKOBCKMUIA pU3NKo-TexHUueckuii uHctutyT (IY), Nonronpyausiii, Poccua

* MuctutyT okeaHonorum uM. M.1. Wupwosa PAH, Mocksa, Poccus

PAKTHUYECKU BCE MPOTHOCTUYECKHUE CUCTEMBI JOJITOCPOYHOIO IPOTHO3a NOrosl B MUPOBBIX METEOPO-

JOrn4eckux nenTpax Beemuproii Mmereoponornyeckoii oprannzaimu (MML] BMO) [1] o6beannstor

B cebe cpa3y HECKOJIBKO MOJIEIeHH-KOMIOHEHTOB. DTO, B MIEPBYIO 0Yepe/lb, MOAEIN arMocdepsbl, 1moa-
CTHUJIAIOILEH TOBEPXHOCTH, OKeaHa X MOPCKOro JibJa. COBMECTHBIE MOZIEIH TaKXKe MOTYT BKJIIOYATh OIMCAHUE
MIPOLIECCOB TEILIO- U BJIATONEPEHOCA B TOJIIE MOUYBBI, MOJEIIU PEK, MOPCKUX BOJIH U APYTUX ABIEHUN. DBOIIIO-
LS CUCTEM JIOJITOCPOYHOTO TPOTHO3a ITOT0/IbI OT OCHOBAHHBIX MCKIIIOUUTEIBHO HA MIO0AJIBHONM MOJENH ar-
Mocdepbl K MHOTOKOMITOHEHTHBIM MOJIEIISIM OOBSICHSETCSI HE TOJIKO YBEIMYHBAIOIIEHCS! MOIIHOCTBIO BHIYH-
CJINTEJBHBIX CUCTEM, HO M MHOTOYHCIICHHBIM Pab0TaM, CBU/ICTEIILCTBYIOIINX O BaKHOCTH OIUCAHUS COBMECT-
HBIX IIPOLIECCOB M 0OPATHBIX CBsI3el Ha MaclITabe BpeMEHH OT HEZEIH J10 ce30Ha [2, 3].

AtMocdepHBIli KOMITOHEHT COBPEMEHHOH COBMECTHOM MOJENH JUIS JIOITOCPOYHOTO MPOTHO3a MOTObI
BKJTIOYAET, KaK MPAaBUIIO, ONIMCAHNE TUHAMHUKH CTPAaTOC(EpHI - MPOBOIHUKA KPYITHOMACIITAOHBIX BOJIH, KOTO-
pBI€ BO3HHKAIOT, B TOM YHCJIe, B pe3yJibTaTe aHOMAIIMi MPU3EMHOH Temrieparypsl. Bociponssenenne Gpusnkn
cTparocepsl MpeArnojaraeT yBEJIMYEHHOE YHCIO PAacUeTHBIX YPOBHEH 1o BepTukasiu. Hampumep, umciio
yposzeii B Mogenu IFS [4] EBponelickoro LeHTpa o CpeiHeCpOUHBIM NPoruo3am cocrasiuser 91. Mozaens I[FS
cpenu Bcex Mozeselt arMocdepbl IPUMEHSIOIINXCS B OIIEPAaTHBHOM PEXXUME B paMKaX CUCTEM J0JITOCPOYHOTO
MIPOTHO3a XapaKTEepU3yeTCsi CAMBbIM BBICOKMM pa3perIeHHeM 10 Topu3oHTaiu (okoio 25 kM). Pasperienue B
MOJEIISIX OKeaHa B coBMecTHBIX Mozenax MMI] BMO noka HaxoquTcs B BeCbMa IIMPOKOM JAMAMa30HE: OT
0.25° B SEASS (Espomneiicknii uenrp) [5] u GloSea5 (Benukxooputanus) [4] no 1° B CFSv2 (CILIA) [6] u
SYSTEMS (®panuns) [7]. Ilociennue Mozenu, BpodeM, ObUIM BHEAPEHBI B ONIEPATUBHYIO MTPAKTHKY J10CTa-
TOYHO JABHO U celyac UM Ha CMEHY IOJTOTOBJIEHBI YIIyUIlIEHHbIE BEPCUH.

TexHonOrMs AOITOCPOUHOTO IPOTHO3a MPEIIIONIAraeT pacyeT aHCaMOJIsl IIPOTHO30B € XapaKTEePHBIM YH-
cJIoOM y4acTHHKOB aHcamOst ot 30 mo 50. JIist KaX1oro JoJIrocpoyHoro MporHo3a Ha OCHOBE TOW e BEPCUH
MOJIEJIH MPEABAPUTEIHLHO PACCUUTHIBAIOTCS XMHAKACTHI (hindcast), kKoTopble MpeacTaBisoT co00H cepuio 10J1-
TOCPOYHBIX MPOTHO30B IS TOH e Jarel 3a nocieauue 15-20 ner (kaxasiii mporHos ¢ 10-15 yuacTHUKaMu
ancamoOIs1). OCHOBHOE Ha3HAYCHHE XUH/IKACTOB - ONPE/CICHUE MOAEIBHOTO IpU(Ta BCICACTBHE HETOUHOCTH
BOCHPOM3BEICHHSI AMHAMUKYU ONHUCHIBAEMON CPEJIbL.

B xauecTBe OCHOBHOI0O METO/1a JUIsl JOJATOCPOYHOTO MporHo3a noroas! B 'mapomeruentpe Poccuu celiuac
MIPUMEHSIETCS] OTHOKOMITOHEHTHasI TiIo0aibHast Mozeib armocdeps! [IJIAB [8]. Oxunaercs, 4To ee HOBas Bep-
cus ¢ paspemienueM 0.9° o nonrore, 0.72° o mupote 1 96 ypOBHSIMH 110 BEPTHKAIH (C BEpXHEH rpaHHLCH
pacdeTHOi1 00acTH Ha BeicoTe, cooTBeTcTBYIOMIEi 0.03 rlla) Oynet npencraBiieHa K OlepaTUBHBIM UCIIBITAHH-
sim yoke B 2019 romy. HoByto Bepcuio oTiIMuaeT CynecTBeHHO 0osiee BEICOKOE ITPOCTPAHCTBEHHOE pa3pelieHue,
SIBHOE OIIMCAHKE JMHAMMKH CTpaTocdepbl U IPOLECCOB TEILIO- U BIarolepeHoca B TOJIIE TTOYBBI, MOJICPHHU3H-
POBaHHBIN OJIOK ONUCAHUS TPOLECCOB ITOJICETOYHOrO MaciuTaba. Pe3ynbraTsl mpeBapuTeIbHOIO TECTHPOBa-
HUS, BBIIIOJTHEHHBIE B COOTBETCTBUU C IpoTokosioM AMIP2, noka3saniu xopolee COOTBETCTBHE KIMMaTHIECKUX
XapaKTEepUCTUK MOZEIBHON aTMocdepsl JaHHbIM peaHann3a ERA-Interim [9].

[Mapannensho ¢ pazsuruem mozenu [IJIAB B I'mnpomernentpe Poccun, UBM PAH n 1O PAH paspaba-
ThIBaeTCs coBMecTHast monenb [10,11], oobenunstonias mogenu armochepsl [IJIAB, okeana UBMUO [12],
3auMCTBOBaHHYI0 Moenb Mopckoro sibaa CICE [13] u monens mHorocnoinoi nousst UIBM PAH [14]. O0be-
JMHEHHE MOJIeJIeH B eJMHBIA UCHONHEMbIH (aiii BBITOIHEHO C MPUBJICUCHNEM pa3pabOTaHHON paHee cucTe-
MbI coBMecTHOro MonenupoBanusi CMF [15]. Moaens okeaHa u MOPCKOTO JibJia UCHIOJIB3YIOT OJIHY U Ty Ke
TPUMOJISIPHYIO CETKY C HOMHHAJIBHBIM pazperieHueM 0,5°, a Mozaens arMocdepbl - TpaJUIMOHHYIO HIUPOTHO-
JIOJITOTHYIO CeTKY ¢ pazperienueM 0.9° no gonrore u 0.72° o mupore. B HacTosiee Bpemsi TOTOBUTCS BEPCHS
cosMecTtHOM Mozenu IINTAB-IBMUO-CICE c pa3pelieHreM B MOJEIISAX OKeaHa M MOPCKOTO JbJa okoio 0.25°.
Takum 006pa3om, XapaKTEpUCTUKH pa3padaTbIBAEMON COBMECTHON MOJIEJIN BEChbMa OJIM3KH aKTyaJIbHBIM BEPCH-
SIM CUCTEM JJOJITOCPOYHOr0 MPOTHO3UPOBaHMUsI, MpUMEHsAeMbIM B Beaymux MMI[ BMO.

st onenku kimmmara coBmectHo# Monenu [IJTAB-MUBMUO-CICE ObL1 BBITIOIHEH PSIIT YACICHHBIX IKC-
nepuMeHToB. Llenbro Hanboee MPOJOIKUTENBHBIX M3 HUX (BpeMsl HHTErpupoBaHus - 1o 10 jer) sBisioch
OLIEHKa KJIUMaTa COBMECTHOM Mozenu. MccnenoBanue nokasano, 4To HHTErPaJIbHbIE XapaKTEPUCTUKH MOJEIN
(cpenHerozoBbIC MOTOKH TEIUIA Ha TIOBEPXHOCTH M BEPXHEH rpaHMIIe pPacUeTHON 00JIaCTH, SBOFOLNS TUIOLIA M
MOPCKOT0 JIbjIa U HHTETPAIbHON Temneparypsl nosepxuoctu okeana (TI1IO) u ap.), B iesioM, COOTBETCTBYIOT
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JaHHBIM peananu3za. Jpudt narerpansaoii TTIO cocrasnsier Benmuuuny meHee 0.3° 3a 5 MmonenbHbIX JieT. Ce-
pUs SKCIIEPUMEHTOB C MPOIOLKUTENIBHOCTBIO 10 5 JIET MOKa3aly MOTEHIUAIBHYIO MPeACcKa3yeMOCTh HHTET-
paJIbHOI TeMIlepaTypbl IOBEPXHOCTH Ha MaciTadax BpeMeHH /1o 1 roza: Hanbosee ObICTPBIi pocT pazdpoca
aHcaMmOJIsl TPOTHO30B HAOJIIOAAETCS ¢ POCTOM 3abiaroBpeMeHHoCTH OT 2 Henelsb A0 11-12 mecsines. [pu 3a-
0J1aroBpeMEHHOCTH MPOTHO3a CBhIIIe | roa pa3dpoc ancamOIIsl yBEIMYMBACTCS CYLIECTBEHHO ME/JICHHEE.

CormocrasieHre KiIumara COBMECTHON MOJIEIIH ¢ JaHHBIMU peaHann3a ERA-Interim Takske ObUI10 BBITION-
HEHO JUIsl CEepHM XMHJIKACTOB C 3a0JIarOBPEeMEHHOCTHIO 4 Mecsla, CTapToBOH aaToil pacueToB - 30 OKTAOps
Kaxoro roja B repuoa ¢ 1991 no 2010 rr. Yuceno yyacTHUKOB aHcamOuIst Ut Kaxaoro rofa - 17. I'enepanust
aHcamOIIs TPOM3BOIMIIACE ITyTEM BO3MYIIEHHS apamerpa Mojeiu armocdeps [TJTAB, Bnustroniero Ha MHTEH-
CHBHOCTbH palboThl TIyOOKOH KOHBEKIMH. B Tabn. 1 mpUBOISATCS 3HAYEHUs CPEJIHEKBAIPATHYECKUX OLINOOK,
omrOKa CpeIHEro U (IOJTHAsI) KOPPEIIAIHS [MOJICH XHHKACTOB, OCPEIHEHHBIX 3a nepuox ¢ 1991 o 2010 rr, u
otaenbHo 32 1992 1 1995 rr. [{nst 1992 1 1995 rr. Taxoke ObUIH paCCYUTAHBI TOJITOCPOYHBIC IPOTHO3BI HA OCHO-
Be Tosbko Mojienu [1JTAB (B Toii ske Bepcuu U KOHGHUTYpalyy, Kak 1 B coBMecTHO# Mozenn). TTIO u crutoyen-
HOCTb MOPCKOTO JIbJIa B 3TOM CJIy4ae dBOJIOLHOHUPOBAIIN B COOTBETCTBUHU C JAHHBIMU peaHaIn3a.

B Tabi1. 1 MOXXHO BUIETH, UTO TI0JIC TCOMOTEHIINAA Ha BRICOTE, cCooTBeTCTBYFOINEH 200 11 500 MO., OTHChI-
BAeTCs JOCTATOYHO XOPOIIO, B TO BPEMsI KaK OIIMOKH BOCIIPOM3BEACHHSI TEMIIEpaTyphl 3aMeTHO xyxke. [Ipnun-
HOM HEZI0CTaTOYHO TOYHOT'O BOCIPOU3BEICHHS TEMIIEPATYPhl MOXKET SIBJIATHCS HECOITIACOBAHHOCTD HauaIbHBIX
COCTOSIHUE arMocdepsl U OKeaHa. B yacTHOCTH, B T€UE€HHE MEPBOTO rojla B COBMECTHOM MOZEIH MPOUCXOIUT
JIOCTAaTO4HO cHiibHOE Dib-HuHbo, sBistomeecs ciuencrsueM sddexra npucrnocoOneHus ofaHON cpeibl K co-
CTOSIHMIO APYTOIl.

Tabnuua 1. PesynbTtathl OLEHOK Ka4yeCTBa XMHKACcTOB COBMECTHOM MOLENM B CPAaBHEHWUU C iaHHbIMU peaHanu3a ERA-
Interim (ocpenHeHwe B nepuog ¢ 1991 no 2010 rr.) u xuHaractamu Mogenu NJ1AB (ana 1992 n 1995 rr.).

[Tone reonorenuuana [Tosie reonorenumana Temneparypa Ha BbICOTE
Ha BbIcoTe 200 MO. Ha BbIcoTe 500 MO. 850 m6.

Cpenne- | Ommbka | Kop- | Cpemne- | Ommbka | Kop- Cpenne- | Ommbxka | Kop-
KB. cpen- pensi- | KB. cpen- pemsi- | KB. cpen- persi-
omunoKa HEro s omunoKa HEro s omnoOKa HEro s

CoBMecTHasI MOJICITb,
OCpEJHEHHE 81.41 41.44 99.42 48.02 27.26 99.13 2.13 1.10 99.00
32 1991-2010 rr.

CoBMecTHast MOJEIb,

88.01 50.08 | 9927 | 51.67 | 30.05 | 9898 | 228 123 | 98.90
1992 1.

11\’;‘;1;6;“’ TLIAB, 94.10 57.68 | 9935 | 49.26 2848 | 99.20 1.78 1.05 | 99.37
f;;g‘icma" MOZIEIb, 1 g9 14 5428 | 9935 | 51.24 3044 | 99.12 | 237 126 | 98.82
Ilvé‘;@ef" TLIAB, 107.43 73.13 | 99.40 | 53.73 3257 | 99.28 2.08 121 | 99.13

Pesynbrarsl npeaBapuUTEIbHbIX SKCIIEPUMEHTOB, BBIIIOJHEHHBIX HA OCHOBE coBMeCTHOM Monenu I1JIAB-
NBMMHO-CICE, noxa3ayii HEIUIOX0e COTJIacke C JaHHBIMU peaHann3a. B To jke BpeMs A7 MpaKTHIeCcKOTO HC-
TI0JTb30BAHUSI COBMECTHON MOJIENIM B paMKax JOJITOCPOYHOTO MPOTHO3UPOBAHHS HEOOXoAnMa Oosee TIaress-
Hasi HACTPOWKa ee KOMITOHEHTOB U MOJIENIN B IIEJIOM, B TOM UHCJIE, C LIEJIbI0 yMEHbIIEHUS 3P ()EKTOB MPUCIIOCco-
6nenust. Kpome Toro, BaykHOI 3a1aueii sIBISIETCS CO3AaHKE U TPOBEPKA CUCTEMBI YCBOCHHS JJISI MOJIENN OKEeaHa
NBMMUO. Jlanubie paboThI BeAyTCS B HACTOSIIEE BPEMSL.
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Possible ways of the evolution of the Arctic polar vortex
in the spring
Savelieva E.S., Zuev V.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: ekat.savelieva@gmail.com, vvzuev@imces.ru

polar regions. The Arctic polar vortex reaches its peak intensity in midwinter and decays in later winter

to spring. The springtime breakdown of the polar vortex causes the inflowing of warm and ozone-rich
air into a polar region, resulting in polar stratospheric clouds (PSC) melting and ozone accumulation in a polar
lower stratosphere. The springtime intensification of the polar vortex leads to keeping and developing PSCs at
extremely low temperatures. The PSCs are necessary for the occurring of catalytic cycles describing ozone de-
pletion in the presence of weak solar radiation during the Boreal spring

The stratospheric polar vortex stability in spring plays a crucial role in springtime ozone destruction in the

—— Mean over 1983, 1986, 1987, 1982, 1993, 1995-1997,
2000, 2003, 2005, 2011, 2016 yrs

—— Mean over 1979-1982. 1984, 1985, 1988-1991, 1994,
1988, 1999, 2001, 2002, 2004, 2006-2010, 2012-2015 yrs
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To investigate the possible ways of the evolution of the Arctic polar vortex in the spring, we selected 13
years (1983, 1986, 1987, 1992, 1993, 1995, 1996, 1997, 2000, 2003, 2005, 2011, 2016) in which the Arctic
ozone depletion was observed (Fig. 1). Fig. 1 shows the time series of wind speed for 60° N and minimum
temperature for 50°-90° N at the 50 hPa pressure level, PSC volume for 60°-90° N and total ozone for 63°-90°
N on average over 13 selected years compared to the mean over all other years from 1979 to 2016. All the time
series are retrieved from the NASA's Goddard Space Flight Center (GSFC, http://ozonewatch.gsfc.nasa.gov/
SH.html) online database.

As seen from Fig. 1, the Arctic polar vortex strengthening in the selected years was observed mainly from
December to March. As a result, it appeared firstly in the decreased values of the stratospheric temperature in
the polar region, secondly in the increased values of the PSC volume and finally in the decreased values of total
ozone over the Arctic, especially in spring. Thus, the Arctic ozone depletion events were observed only in years
with the Arctic polar vortex strengthening in winter—spring period.

Bo3MoHble BapunaHTbl Ppa3BUTUA apKTUHECKOro rnoJIApHoro
BUXPA B BECEHHUIN nepuoa

Casenvesa E.C., 3yes B.B.

MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: ekat.savelieva@gmail.com, vvzuev@imces.ru

CHIAOMIYIO POJb B 00pA30BaHUU TOJSIPHOW 030HOBOW aHOMAIIMH UTPAET aKTUBHOCTH CTPATOC(EpPHOro

MOJIIPHOTO BUXPS B BECCHHUN NIEPUOA. APKTUYCCKHI MOJSIPHBIA BUXPh HANOOJICEe aKTHBCH B CEPEIMHE

3HMMBI, B KOHIIC 3UMBI OH, KaK MPABIJIO, HAYMHACT OCIAOISATECS U pa3pymiaeTcs BecHol [ 1, 2]. Paspyre-
HUE TOJIIPHOTO BUXPsI B BECCHHHI MIEPUOJ IPUBOIUT K TIPUTOKY B MOJSIPHYEO 001aCTh TEIUIBIX, OOTaThIX 030-
HOM BO3/IYIITHBIX MacC, CIIOCOOCTBYIOIINX TasTHHIO TOJSPHBIX cTparocdepHbix oonakos ([ICO) n HakoIUIeHUIO
cTpaToc(hepHOro 030HA B apKTUYECKOI 001acTh. B cBOIO 04uepenb Mpu BECCHHEM YCKOPEHUH TTOJIIPHOTO BUXPSI
B €O IMpeJeliax Ipu HU3KKUX Temrieparypax coxpanstores [1CO, Heodxoaumere utst 3pPEeKTHBHOTO MTPOTEeKa-
HUS BCETO IIUKJIA TETCPOTCHHBIX U (POTOXUMHUCCKUX PEAKIMIA Pa3pyLICHUS CTPATOCHEPHOTO 030HA C TOSBIIC-
HUEM B MOJIIPHOM PETHOHE COJIHEYHOTO U3IyUYeHUsl B Hayasie BecHbI [3—5].

a 10Ma Puc. 1. CpegHeMecAYHbIe NONA CKOPOCTM 30HANbHOTO BE-
Temnepartypa Bomankbii BeTEp Temneparypa .
T . .7 TpauTeMnepartypbl Ha BbicoTe 50 v 10 rfla 3a oKkTAGpbL—Maii
Wb AN Hag ApKTUKoM B cpefHeM 3a 1979-2016 rr.

[o]1 8

Haag, Ha puc. 1 mpuBenensl ycpeaHeHHble 3a 38 neT

CpeIHEeMEeCSYHbIe MOl CKOPOCTH 30HAIBHOTO BeTpa
u teMneparypsl Ha BbicoTe 50 u 10 rlla (~ 20 u 30
KM) HaJl APKTHKOH C OKTSOps 10 Maii, oJTyueHHbIC
1o 1aHHbIM peananuza ERA-Interim [6]. Bugno, uto
APKTUYECKUH TOJISIPHBIA BUXPb, KaK MPaBUiIo, Gpop-
MHpYETCsl B OKTSIOpe U ¢ HOAOps 110 (heBpalib rpaHu-
LBl BUXPsI HauOoJIee YeTKUE, YyCTOHUYMBOCTh BUXPS B
9TOT TIEPHOJ MPOSIBISIETCS. B 00JIACTX HU3KHX TEM-
rieparyp HaJl APKTHKOM, ITpX 3TOM B JieKaOpe U siHBa-
pe HaOIoaloTCsl MaKCUMaJIbHBIE CKOPOCTH IOJISIP-
Horo Buxps (puc. 1).

ITockonpKy apKTHYECKHE 030HOBBIC aHOMAIHUU
HOCSIT SMU30AMYECKUII XapakTep, TO MpeACTaBiIseT
UHTEpeC OTIEIbHOE PAcCCMOTpEHHE CiydaeB ¢ (op-
MHPOBaHUEM O30HOBBIX aHOMAJIUI M B UX OTCYTCT-
Buu. B Tabnuue 1 npeacraiieH CIMCOK apKTHYECKUX
030HOBBIX aHomanuii ¢ 1979 no 2018 rr. [7]. B npa-
BOM 4acTH TaOIMIbI OTMEUEHbI COOTBETCTBYIOLIHME

MapT
Anp.

Mai

L — Sy e e [epUOJIaM O30HOBBIX aHOMAIMN (ha3bl KBA3HUIBYX-
Jomi ] 3ol A (L1 o
g BeTeR (M) e nernei yuknuunocty (KL, W — 3anaguas, E — Boc-
30 =80 <70 £0 =50 40 =80 68 =56 bl =32 20 o
Teuneparypa ('C) Teunepatypa ('C) tounast). KJIL] B BocTOuHO# (ha3e MMEET TCHICHIIUIO
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0CIa0JISITh TOJSPHBIN BUXPh, a B 3alaHON — ycuiuBaTh ero [8]. Kak BumHO u3 Tabmuip! 1, B TeX ciaydasx,
KOITIa B 3UMHE-BECCHHUI TIepro Habmonanack BocrouHas gasza KJI1T (3a uckirouenuem 1996 1.), anomanuu
PErUCTPUPOBATIUCH B SIHBAPE, MIOCIIE YETrO MPOUCXOANUIIO PA3PYILICHUE MOJISIPHOTO BUXPSL.

Ta6nuua 1. CnncoK apKTUYECKIUX BECEHHWX 030HOBbIX aHOManWiA, 3aperncTpupoBanHbIx ¢ 1979 no 2018 rr.

Ne | ApkTHYecKHe 030HOBbIEe AHOMAJIHH KL
1 | deBpains 1983 W
2 | deBpans 1986 W
3 | seBaps 1987 E
4 | suBapp 1992 E
5 | deBpans 1993 w
6 | deBpamb 1995 W
7 | mapt 1996 E
8 | mapT—ampens 1997 w
9 | mapt 2000 w
10 | sauBaps 2003 E
11 | ¢peBpans—mapt 2005 w
12 | mapt 2011 w
13 | despans 2016 W

Ha puc. 2 npencraBieHbl NoNMyueHHbIE HA OCHOBE CITyTHHKOBBIX naHHbIX Goddard Space Flight Center
(GSFC) NASA (https://ozonewatch.gsfc.nasa.gov/) BHyTpUTOI0BbIC U3MCHEHHUSI CKOPOCTH 30HAJIBHOTO BETpa
Ha 60° c.11I. ¥ MUHUMaJIbHOU TeMIieparypbl B oonmacti 50°-90° c.u1. Ha Beicote 50 rlla, oobema [ICO B obnacTu
60°-90° c.u1. u OCO B obmnactu 63°-90° c.11. B cpetHeM 3a TOAbI C PErHCTPUPYEMBIMU 030HOBBIMU aHOMAJIHSI-
MM corllacHO Tabnuie 1 u 3a Bce octasibHbIe rojisl ¢ 1979 no 2016.

—— Cpeanwee 3a 1983, 1986, 1987, 1982, 1993, 1995-1997, Puc. 2. BHyTpurogoson xon
B clopoctn sokansioro erpaa

1998, 1999, 2001, 2002, 2004, 2006-2010, 2012-2015 rr. 60° c.LU. 1 MMHWMMAanbHOMN TEM-
nepatypbl B 06nactu 50°-90°
c.ww. Ha Bbicote 50 rMa (~20
kM), o6beMa 1CO B obnacTu
60°-90° c.wu. 1 OCO B obnactu
63°-90° c.Lu. B cpeHeM 3a
rofbl C PerucTpupyeMbiMu 030-
HOBbIMM aHOManusaMu (Kpac-
Hbl€ KPUBbIE) U B MX OTCYTCTBUM
(CMHMe KpuBble).
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Kak BHIHO U3 PHC. 2, B TOJbI C PETHCTPUPYEMBIMH B 3UMHE-BECEHHHIT IEPHOJ 030HOBBIMH aHOMATHAMH
apKTUUECKHUIl TIONAPHEIH BUXPh NMeN Gojlee BEICOKHE CKOPOCTH 30HAIBHOTO BETPa yke HauMHas C OKTAOPS U
CyIIIeCTBEHHO Goree BEICOKHE C IeKaOps 0o MapT. DTO HPOSBHIOCH B 60JIee HU3KHMX 3HAYCHUAX TEMIIEPATyPhI B
apKTHYeCcKoi cTpatocdepe, B pesynbrate o6bem IICO mpakTHuecky B 2 pasa MPEBHIIIAT COOTBETCTBYIOIIHE
CpeJIHHE 3HAUCHHS B TOJIBI 6€3 030HOBBIX AHOMAJIHIL. B TOJIBI ¢ 030HOBBIMH aHOMAJTHAMH Gojiee HU3KHE 3Haue-
Hist OCO TPOSABIISIOTCS HAYMHAS C OKTSAOPSI, TTOCKOIBKY BHYTPH 60JIee CHITLHOTO BUXPSI POMCXOIUT TTOHHIKE-
are OCO, KOTOpoe HAauMHAs C KOHIIA 3UMBI 1, B 0COOEHHOCTH, BECHOH yCyryOIseTcs ero akTHBHEIM pa3pyllle-
HHEM B XUMHUECKHX peakiusax. TakuM 06pa3oM, BHIHO, UTO apKTHUECKHE 030HOBBIE AHOMAIINH PETHCTPHPO-
BAJIICH TOIBKO B TOJIBI C HAGTIONAEMBIM YCHUICHHEM CEBEPHOTO MOJISPHOTO BUXPS B BECCHHUI TIEPHOJI.
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Development of ensemble forecast system
in Hydrometcentre of Russia. Initial ensemble data
preparation

'Rogutov V.S., “'Tolstykh M.A., 'Mizyak V.G.

" Hydrometcentre of Russia, Moscow, Russia
? Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: rogutovv@mail.ru

nsemble prediction system is widely used to obtain probabilistic weather forecast and forecast accuracy
Eestimate.

Ensemble prediction system is being developed at the Hydrometcentre of Russia (HMCR). This system is
based on the Local ensemble transform Kalman filter (LETKF) data assimilation system of variables in free
atmosphere, assimilation system for near-surface temperature, humidity and soil variables, and global semi
Lagrangian atmosphere model (SLAV). This cyclic system can operate independently.

Current version of LETKF cannot assimilate some satellite observations. In order to improve forecast ac-
curacy, the HMCR operational analysis is included as additional information. It is used as mean analysis in the
assimilation cycle. As a result, forecast error in this version mostly depend on the HMCR operational analysis
error and ensemble spread significantly exceed forecast error in Southern hemisphere, where LETKF has a lack
of observations.

Current version of ensemble prediction system operate at 0.9x0.72 degrees of latitude/longitude grid, 28
or 96 vertical levels (sigma levels or hybrid levels). 96 levels version is planned as basic for ensemble forecasts.

This version of ensemble prediction system is launched in quasi-operational mode. Numerical experi-
ments results are presented. Numerical experiments demonstrate good agreement of forecast error and ensem-
ble spread in the Northern hemisphere for 24 hours forecasts. In Southern hemisphere ensemble the spread is
significantly exceeds model error.

CEKLUA 1 // MOOENUPOBAHUE U AHAJU3 PETVIOHATNbHbBIX ATMOCOEPHbIX NMPOLIECCOB

K coaepxaHuio n

CITES'2019

MEHOYHAPOIHAA MOJIOQEHHAA LLKONMA W KOH®EPEHLWA MO BbIMUCIUTENBHO-UHPOPMALMOHHLIM TEXHONOTAM A1 HAYK 0b OKPYKAIOLLIEW CPELIE

27




CITES'2019

w
(NN}
(=]
=
=
(5]
w
—
<T
[
=
L
=
=
(=]
=
=
=
L
[o=
o
(NN
w
=
(d=]
o
—
(=]
=
= =
o
(NN}
—
=
=
—
<t
=
oc
o
L
=
)
=
=
=
-
=T
—
=
o
=
o
o
=
o
Ll
o
=
Ll
oc
[NE}
L
=
o
o
o
=
<z
—
o
(=]
=
(]
(77
w
—
w2
—
=
=
(]
(77]
(d=]
=
=}
(=]
>
-}
=9
=
=
—
<t
=
oc
(NN}
—
=

Pa3BuThe cncteMbl aHcaMbneBoro NporHo3a
[mopoMeTueHTpa Poccun.
MNogrotoBKka aHcaMb/1A HaYanbHbIX AaHHbIX

'Porytos B.C., *'Tonctbix M.A., 'Mu3ak B.T.

! Mmapometuentp Poccun, Mocksa, Poccua
2 WUHcTuTyT BhluMcnuTenbHoi MateMatuku PAH, Mockea, Poccua
E-mail: rogutovwv@mail.ru

1. BBEAEHUE

ITporHO3bI TOTO/IBI BCETA BBIYUCISIOTCS (M OyLyT BEIYMCISITHCS ) C TIOTPEIIHOCTSIMH.

J1ist perieHust 3a4a4u IPOrHoO3a MOT0/(bl HEOOXOMMO 331aTh HA4YAJILHOE COCTOSIHUE aTMOC(ephl Ha MOJIETTb-
HOM ceTke. OIEHKY COCTOSIHUS aTMoc(dephl B 3aJaHHBIII MOMEHT BPEMEHH TTOIYJalOT B pe3yasTare 00paboTKu
HaOmoneHui. [laHHbIe HAOMIOAEHNI NMEIOT TTOTPEITHOCTH, HAOMIOAEHNST HEPAaBHOMEPHO PacIpe/iesieHbl B MPO-
cTpaHcTBe. UncrneHHbIe MOJEIN TIPOTHO3a MOTO/Ibl TOXKE HECOBEPIICHHBI M HEN30€KHO BHOCAT B IPOTHO3 IO~
rpemHocTH. MoJenn nMe0T KOHEUHOE pa3pelleHNe, 4acTh POIIECCOB HE YUNUTHIBACTCSI HIIM OTMCHIBACTCS Mapa-
MeTpudecKky. [Ipn 3ToM, HOTPEITHOCTh TPOTHO3a MTOTO/IBI IS ONIPEICIEHHOTO PETHOHA MOXKET 3aBUCETh OT MPO-
THOCTHYECKOH CUTyalny, CE30Ha, HATMYHS HAOFOAECHUH B JAHHOM PETHOHE U €T0 OKPECTHOCTH. TakuM 00pasom,
CTaBUTC 3a/1a4a HE TOJIBKO J1aTh MAKCUMAJIbHO TOYHBIN POTHO3, HO ¥ OLEHUTH MOTPEIIHOCTD ITPOTHO3A.

CraBuTcs 3aj1a4a HE TOJIBKO JaTh HAWTYUIINI MPOTHO3, HO U JIaTh allPHOPHYIO OILICHKY TOYHOCTH ITPOTHO-
3a. JleTepMUHMPOBaHHBIN IIPOTHO3 MIOTOJbI HE MO3BOJISIET PEIINUTD 3Ty 3a1ady. PacpocTpaHeHHbIH NOAX0 K
PEIICHUIO 331a4H — HCIIONb30BAHUE CUCTEMBI aHCAMOJIEBOTO IIPOTHO3A.

B ommune OT 1eTEpMHUHHPOBAHHOTO MPOTHO3a MOTOBI, CHCTEMA aHCAMOJIEBOTO MPOTHO3a BBIYHUCIISET
HECKOJIBKO TIPOTHO30B (aHCaMOJIb MPOTHO30B), 3aIMyIICHHBIX C PA3HBIX HAYaJIBHBIX YCIOBHUH (aHCamMOIs crap-
TOBBIX TTOJIC) C MICTIONBF30BAHNEM OJTHOM MIIM HECKOJIBKUX MOJieNiel. AHCaMOIb CTapTOBBIX MOJIEH GOpMHUpPYeET-
sl TAKUM 00pa3oM, 4TOOBI 0 BOZMOXKHOCTH 00JIee TOYHO OIHCATh PACIPEIEICHNE BEPOSITHOCTH HauYaJIbHOTO
coctostHus. [losryueHHBIi TakuM 00pa3oM aHcamMOIb MPOTHO30B TTO3BOJIAET MONYUYUTh JIOMOTHUTEIBHYIO HH-
¢dopmanuio. CpenHue Mo aHCAMOITI0 CPeTHECPOYHBIE M IOJTOCPOYHBIC TIPOTHO3HI “B CPETHEM OKa3BIBAIOTCS
Oonee TOUHBIMM TI0 CPABHEHHUIO C JAETEPMUHHPOBAHHBIM MPOTHO30M. Pa3dpoc aHcamOisi MPOTHO30B MOXKET
OBbITH MCIONB30BaH JUIsl OLIEHKN Ka4eCTBa MPOTHO3a B 3aJJaHHBI MOMEHT BPEMEHH IJISl 3aJJaHHOTO PErHOHa.
AHcamOIb IPOTHO30B TaK K€ MO3BOJSET JaTh OIEHKY BEPOATHOCTH COOBITHS (HAallpHMep, OLIEHUTH BEPOST-
HOCTb 9KCTPEMAJIbHBIX MM OMACHBIX SIBJICHUH IPHPOJIBI).

2. CUICTEMA AHCAMBJIEBOIO NMPOIMHO3A HA OCHOBE LETKF U TIJ1AB

B I'unpomeriientpe Poccun pa3pabarbiBaetcest cuctemMa ancamO1eBoro mporuo3a. OCHOBHbBIE KOMIIOHEHTBI
CHCTEMBI - CHCTEMa YCBOCHHUSI IAHHBIX HA OCHOBE JIOKAILHOTO aHcambiieBoro (usrpa Kanmmana ¢ npeobpaszosa-
rueM ancamoOis (Local Ensemble transform Kalman filter - LETKF) [9] mist mocTpoenust aHcaMOi1st HadaIbHBIX
JIAHHBIX C MCHOJIb30BAHMEM OMEPATUBHBIX aHAIN30B ['HIPOMETIIEHTPA U MOJyJIarpaHkeBa MOJIEIb aTMOC(hepbl
TJTAB [2] jutst BBIYMCTICHHS aHCaMOJIEBOTO MPOrHO3a. J[OMOIHUTETBHO UCIIONB3YETCs OJIOK aHaIN3a OYBEHHBIX
MEPEMEHHbBIX U [IEHTPUPOBAHIE aHCAMOJISI aHAITM30B Ha OTIEPaTUBHBIC aHATU3bI [ HPOMETIIEHTpA.

Cucrema aHcamMOIIEBOr0O MPOrHO3a PaboTaeT UKINUECKH (YCBOSHHUE - TPOTHO3). Ha Kak0M miare 1ukia
MOCTIE/IOBATEIILHO BBIMOIHSIOTCS CIIEYIOIINE IIATrK: YCBOCHHE IaHHBIX B CBOOOMHON arMocdepe; eHTPHpO-
BaHME MOJYYCHHOTO aHCAMOJIsl Ha ONIepaTUBHbIC aHATM3bI [ MAPOMETIICHTPA; YCBOCHHE MOUYBEHHBIX MTEPEMEH-
HBIX ¥ TIPOTHO3.

2.1 MopgroTtoBKa cTapToBoro aHcambns c nomMoubio LETKF

Cucrema ycBOEHHsI Ha OCHOBE JIOKasbHOTo ¢mibsrpa Kanmana ¢ nmpeoOpasoBannem ancamb6ins (Local
Ensemble Transform Kalman filter - LETKF) [9] BeraucnsieT ancaMOlIb aHAJIN30B MEPEMEHHBIX CBOOOTHON
armoc(epbl. B kauecTBe BXOAHBIX JIaHHBIX MCIIOJIB3YETCsl aHCaMOITb 6-4acOBBIX NTPOTHO30B (IIepBOE MPUOIH-
JKEHUE) W JIaHHbIe HAOJIOJCHUH. YCBaWBAIOTCSl TEMIIEpaTypa, BIQKHOCTh U CKOPOCTh BeTpa B armocdepe, a
TaKKe JaBJICHUE, BIAKHOCTh M TEMIIEpPaTypa Ha MOBEPXHOCTH.

B HacTosmii MOMEHT peai30BaH y4eT CIICTyIONINX JaHHbIX HAaOMIOICHN:

1) HaOmoneHHs HAa HA3eMHBIX CTaHIMAX U cynoBble HaOmonenus (SYNOP, SYNSHIP): npuzemnoe nas-
JICHUE, TIPU3eMHasl BIIaKHOCTh, TEMIIEpaTypa Ha ypOBHE 2 METpa, KOMIIOHEHTHI CKOPOCTH BeTpa Ha ypoBHe 10
MeTpoB (okoio 10000 madmroneruii B 00, 06, 12 u 18 yacos);

2) nabmonenus paguo3on1oB (TEMP) Ha 16 cTanaapTHBIX ypOBHSIX: TeMIleparypa, BIaKHOCTh M KOM-
MTOHEHTHI cKopocTH BeTpa (oxoiso 600 — 700 paxuozonnos B 00 u 12 gacos, okono 70 - 90 panro3onnos B 06 u
18 yacos);
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3) camonernsie HaOmonenus (AIREP): Temneparypa u KOMIIOHEHTHI ckopocTH BeTpa (oxomo 4000 —
11000 HabmroneHwMiA);

4) cnyrHukoBble Habmonenus Berpa (SATOB): komnoneHTsl ckopocTr Betpa (6onee 20000 Habirozne-
HUH).

5) chnyTHUKOBBIC HaOMOIEeHUs ckopocTH BeTpa AMV (okono 200000 — 250000 HabOnroneHuUI).

6) cnyraukoBbic HaOmoneHUsT ASCAT ckopocTu BeTpa HaJ| MOBepXHOCTHEO Mopst (400000 — 700000 Ha-
OJIrONCHMIA).

Cucrema ycBOCHHS paboTacT Ha ceTke, coBnaaroniei ¢ monenbto [TJTAB. [IpocTpancTBeHHOE pa3perie-
Hue 0.9x0.72 rpagyca o 10AroTe U MUPOTe COOTBETCTBEHHO, 28 ninn 96 BepTUKaNIbHBIX ypoBHEH. B kauecTBe
BEPTHKAJIBHOW KOOPAMHATHI HCIIOJIB3YETCSI CUTMa YPOBHH HJIM THOPHHBIC YPOBHH.

2.2 LleHTpupoBaHue Ha onepaTuBHbIN aHanu3 F'ML

Cucrema ycoenus Ha ocHoBe LETKF He ycBanBaeT yacTh cyTHUKOBBIX HaOmioneHuil. Ilostomy, mns
IMOBBIIIECHUA TOYHOCTHU IMPOTHO3a UCTIOJIB3YETCA JOIOJIHUTEIbHAA I/IH(bOpMaHI/ISI - OIICPATUBHBIC aHAJIN3bI T'u-
npomerieHTpa Poccuu.

K kaxxnomy ananu3y u3 ancam6ist, nonydenHom ¢ nomoinsto LETKEF, npubasnsercs pasHOCTh CpeHero
1o aHcamOJIr0 aHanu3a u oneparuBHoro ananuza ['MII. Takum oOpa3zoM, cpeiHuUil aHaIN3 CKOPPEKTUPOBAHHO-
ro aHcamOIIsI COBITAIaeT ¢ oneparuBHbIM aHaau3oMm ['MLI, a pa3dopoc aHcaMOIs1 COXpaHSICTCS HEM3MEHHBIM.

2.3 YcBoeHue No4YBeHHbIX NepeMeHHbIX

bi10K ycBOEGHMS TOUBEHHBIX IEPEMEHHBIX KOPPEKTUPYET MTOUYBEHHBIE NEPEMEHHBIX (TTOBEPXHOCTHYIO TEM-
neparypy IOUYBBI, TEMIEpATypy IIYOWHHOTO CIIOS, BIArocofep)kaHue MPUMOBEPXHOCTHOTO M NIIyOMHHOTO
CJI0s1), HCHIONB3YSl aJTOPUTM ONTUMAIbHON HHTEPIIOIISIHN.

B Otoxe ycBOEHNS OUYBEHHBIX IEPEMEHHBIX B BUY OTCYTCTBUS ONIEPATUBHBIX HAOMIONEHNH IS TapamMe-
TPOB MOYBBI ISl KOPPEKIINU 3HAYEHUH TTOUBCHHBIX NIEPEMEHHBIX B Ka)KI0H TOUYKE TOPU30HTAIBHON CETKH HC-
TIOJTb3YIOTCS] MHKPEMEHTBI aHAIM3a TEMIIEPATYPhI M BIAKHOCTH Ha BBICOTE 2-X METPOB.

YcBOEHHE MMOYBEHHBIX NTEPEMEHHBIX 3aIlyCKAeTCsl HE3aBUCHMO JUIS KaXK0r0 yJacTHHKa aHcamoOns. Cuc-
TeMa yCBOCHHS HE aHCaMOIeBast, HO TaK KakK Ha BXOJE MbI IMEEM aHCaMOJIb TPU3EMHOM TEMIIEPATyPhI 1 BIIaX-
nHoctH, monydeHHbI B LETKF, To B pesynbrare momy4aercs aHcaMOIb TOYBEHHBIX TIEPEMEHHBIX.

2.4 AHcaMbneBbIit NporHos

Jlyist BBIYHCIIEHHUST aHCaMOJIsl TPOTHO30B MCHOJIB3YeTCs II00anbHast IoJTyJIarpamkeBast MoAen arMocde-
pst ITJIAB [2]. Ota moznens Obuta pa3paborana B Muctutyte BoraucnurensHoit Maremarukun PAH u I'mapo-
metneHTpe Poccun. OCOOCHHOCTBIO 3TOM MOJIEINH SBIISETCS UCIIOIb30BaHNE KOHEUHBIX PA3HOCTEH YeTBEPTHO-
TO TIOpPsKAa HA HECMEILICHHON CeTKe IS allpOKCUMAIINK HEaIBEKTHBHBIX CIIaraeMbIX, a TAKKe MCIOJIb30Ba-
HHUE BEPTUKAIBHONH KOMIIOHEHTHI A0COIIOTHOTO BUXPSI M TOPU3OHTAIBLHON JUBEPreHIIMH B KaueCTBE MPOTHO-
CTHYECKHX NepEeMEHHBIX. MoIeNb NCTIONb3yeT Habop ImapaMeTpHU3alfii MIPOLIECCOB MOICETOYHOTO MacITada,
paspaborannyo MexayHapoaHbsM KoHcopunymoM ADADIN/LACE [6] ¢ monudukanusmMu napamerpusaun
00J1aYHOCTH; CBOOOIHO pacrpocTpaHseMble OJ0KH pacueTa KOPOTKO- U JUIMHHOBOJTHOBOH paguanun CLIRAD
SW +RRTMG LW [5, 7]; monens aesrensHoro cios ey MUBM PAH - HUBLI MI'Y [1].

B cucreme ancam01eBOro MPOrHO3a UCTIONB3YETCSI BEPCHU MOJISNH C ITPOCTPAHCTBEHHBIM pa3pelieHneM
0.9x0.72 rpayca 1o J0AroTe v MMUPOTE COOTBETCTBEHHO U € 28 miin 96 BepTUKaIbHBIMU YpOBHsIMU. B kauecT-
BE€ BEPTUKAIBHOM KOOPAMHATHI HCIIOJIB3YETCS CUTMa YPOBHH WM THOPHTHBIE YPOBHH.

3. YNCJIEHHbLIE 3KCNEPUMEHTHI

Pe3ynbrarhl TECTUPOBAaHMSI CUCTEMbI @aHCAMOJIEBOTO IIPOTrHO32a € 28 BEPTUKAIILHBIMH YPOBHSIMU TIPHBE/IC-
Hbl Ha puc.l. Ha rpadgukax nprBeieHbl MOrpeiHOCTH CPEHEro 10 aHCaMOJII0 IPOTHO3a U Pa3dpOCkl aHCaM-
0J1s1 TPOTHO30B JIJIs1 3a0J1aroBpeMEeHHOCTEH Iporuo3a 24 u 72 vaca B cpok ¢ 1 o 31 gexadps 2016 roga. Takum
00pa3oM nepBbie 7 AHEH SKcriepruMeHTa ObUIM MCII0JIB30BaHbI JIsl HACTpOiikK GuibTpa Kanmana.

Kax BHJHO 13 pUCYHKOB, IIPH TEPBBIX 3aITyCKaX CHCTEMBbI aHCAMOJIEBOTO IIPOrHO3a pa3HUIA pa3dpoOCcoB U
cpennexBaparudeckoil ommokn (CKO) 24 yacoBbIX MPOTHO30B B CEBEPHOM MOJIYIIAPUH U TPOIMKAX OKa3a-
Jlach HEBEJIUKa.

Ha puc.2 npuBeneHa 3aBucuMocTh cpeaHero pasopoca ancamois 1 CKO B ceBepHoM nonymapuu (20° —
90° c.111.) B 3aBUCUMOCTH OT 3a0J1aroBpeMEeHHOCTH NporHo3a. BuaHo, uto pazopoc aHcamOIIs pacTeT MeJIeH-
Hee, yeM CKO. YcTpaHeHue 3Toro HeoCTaTka BO3MOXKHO ITyTE€M HUCIONIb30BaHHE CTOXAaCTUUECKON MapaMeTpu-
3auuu B Mmozpenu ITJIAB.

4. BbIBOAbI

Pa3zpaborana cuctema cpeHeCpOUHOTO aHCaMOIeBOro MporHo3a Ha ocHoBe cuctembl yecBoenust LETKF
1 ro06anpHOM nomynarpamkeBoi mojenu [IJTAB.
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Puc.2 CpegHekBapgpaTuyecKoe oT-
KMOHeHMe (CMHUM) 1 pa3bpoc aH-
cambnA (3eneHbIM) BbICOTbI Fe0mNo-
TeHuuana H500 B ceBepHOM nosy-
Lapuu.

fard toda Latitude

Puc. 1 3oHanbHo ocpeHeHHble cpeiHEKBaApaTUYECKME NOrpPeLIHoCTH (cu-
HWe NUHUK) U pasbpockl aHcambnel (KpacHble) aHcaMbeBbIX NPOrHO30B Ha
24 yaca (cnnowwHble) U 72 vaca (npepbiBucTbie) noneit H500, T850, PO, W850
(a — r co0TBETCTBEHHO) NPV LIMKNNYECKOM paboTe cUCTeMbl aHCambieBoro
nporHo3a.

[Tpn nepBbIX 3amycKax CHCTEMbI aHCaMOJIeBOTO MporHo3a paszuHuna pazopocos 1 CKO 24 yacoBsIx mpo-
THO30B B CEBEPHOM MOIJIYIIApHH M TPOINUKax Heedrka. C pocToM 3a0JIarOBpeMEHHOCTH MIPOTHO3a MOrpel-
HOCTB ITPOTHO3a PACTET OBICTpee ueM pa3dopoc aHcaMOIIsL.
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to the lower mesosphere, to assess the effect of circulation factors and status SST on the thermal state of
the troposphere and lower stratosphere.

As the initial data used the average monthly value of TA, ozone mass mixing ratio (OM) Northern hemi-
sphere (NH) on 27 levels with grid 2.5x2.5° in the period 1979-2016. For the characteristics of the processes in
the troposphere and stratosphere involved data reanalysis ERA-Interim, and to find links with SST used the
long range data of TA in the cities of Moscow, Kazan, Tomsk. Sea surface temperature was taken in grid 2x2°,
that allowed the identification of synchronous and asynchronous links between the SST and near surface TA
and build predictive regression equations.

Rows in the grid were subjected to statistical processing: were found average values, the average quadratic de-
viation (o), linear trends, and correlation coefficients between levels. To provide with a period of fluctuations of more
than 10 years of monthly mean values TA and OM were subjected to low- frequency filtration by Filter Potter.

Vertical distribution of multiyear averages TA, of its o, linear trends on 26 isobaric surfaces were presented.
Identified the behavioral difference between low-frequency components of the TA and the OM in three latitude
zones (polar, temperate and tropical), and in three sectors: Atlantic-European, Asia-Pacific and the Americans.

To assess the impact of the underlying surface (land, ocean) on the thermal regime of the atmosphere cal-
culations were made with the TA over land and ocean, which showed that winter in the troposphere over land
and ocean notes warming but cooling in the stratosphere. In the summer in the lower troposphere are warmer
over land than over the ocean. Slope of the linear trend coefficient value of summer over land noticeably ex-
ceeds oceanic record. Thus, in near surface over land it equals 0.035°C/year, while ocean 0.011°C/year, i.e.
warming over land is more noticeable than over the ocean. In the stratosphere influence the nature of the under-
lying surface is not affected.

Analysis of correlation of asynchronous long-period fluctuations mean annual TA in Moscow (1879-
2016), Kazan (1854-2016) and Tomsk (1875-2016) with fluctuating mean annual SST in the nodes grid 2x2
degrees of latitude and longitude for 1854-2016 was executed.

Studies have shown that long-period oscillations of the TA in Eurasia are largely a consequence of the global
changes in the climate system, the origins of which are in special region of interaction of the atmosphere with the
Southern Ocean in the area Antarctic Circumpolar currents of the westerly winds. It is assumed that long-range
transport of temperature fluctuations is carried out by ocean circulation system, known as pipeline Broker.

The purpose of the present report is considering the distribution characteristics of air temperature (TA) up
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? BcepocCUICKMI Hay4HO-MCCNe0BaTeNbCKUI MMAPOMETE0PONOrMHECKUIA MHCTUTYT — MUPOBOIA LIEHTP AiaHHbIX, O6HUHCK,
Poccua

E-mail: Ypereved@kpfu.ru

TIOCJIC/THHE TOJIBI B CBSI3U C HHTEHCUBHBIM Pa3BUTHEM HH(OPMAIMOHHO—BBIYMCIINTEIEHBIX TEXHOJIOTHH,

nosiBJIeHHEM 0a3 «BoJTbIIMX TaHHBIX)» YCHIIMIICS HHTEPEC K IMHAMUYECKUM U (PU3UKO-XHUMHYECKUM TIPO-

LeccaM MPOUCXOSIINX B 3HAYUTEIBHOM ToIe arMocdepsl (10 BbicoThl ~ 80 kM). [Tpu 3TOM Ha LUpKY-
JSIIMOHHBIE TIPOIIECCHI B HIKHEH cTpaTocgepe OKa3bIBacT OIpe/ie]ICHHOE BIMSHHUE U TEMITEpaTypa HOBEPXHOCTH
okeana (TTIO). Tak, B pabote [2] oOHapyKeHBI 3HAYUTEIIbHBIC KOPPEILSIIUK JUHAMUKH CTPATOC(EPHOTO BUXPS
Haja ApkTukoil ¢ usMeHunBocTb0 anomanuii TI1O Ha ceBepe ATnantuueckoro u Tuxoro okeaHoB. Bzanmoneict-
BHE MEX]ly Tporocdepoii 1 crpatocdepoil paccMaTpuBaeTCs TAKXKe C yIeTOM 3UMHHX BHE3AIHBIX cTpaTocdep-
HBIX TToTeruIeHui. [To-nipeskHemy, uist OOBSICHEHUS CBS3EH MEXITy CJIOSIMU aTMOC(EphI PUBJIEKACTCSI BOIHOBOM
MexaHu3M. Vcnonp30Banue YMCIEHHBIX 3KCIIEPUMEHTOB ¢ MOACISIMH 001mIel tupkysiimu armocdepst (OLIA)
TIOMOIJIO BBISIBUTB HOBBIE JICTAJIN B (DU3MUYECKOM MEXaHU3ME B3aMMOJICHCTBHUS MEXK/Ty COCETHUMH ciIosaMH [ 1].

Llens HaCTOSIIIETO JIOKJIA/Ia PACCMOTPETH paclpeieieHIe XapaKTepUCTHK TeMieparypbl Bozayxa (TB) no
HWDKHEH Me30cdepbl, OLICHUTD BIMSIHUE HUPKYISIHOHHOTO (hakTopa u cocrostaust TTIO Ha TepMuyeckoe co-
cTosiHUE Tporocdepsl 1 HIKHEH cTparocdepsl.

B xauecTBe HCXOIHBIX JaHHBIX UCIIOJIb30BAIUCH CPEAHNE MecsuHble 3HaueHus TB, maccoBoil nonu 030Ha
(MZO) Cesepnoro nonymmapust (CIT) Ha 27 ypoBHsIX ¢ pa3pemenuem 2,5x2,5° B nepuon 1979 — 2016 rr. [lns
XapaKTEepUCTUKH MIPOIIECCOB B Tporocdepe u crparocdepe NpuBIeKaINCh JaHHble peanainn3a ERA-Interim [
4], a nnst HaxoxaeHus B3aumocssizeit ¢ TI1O ucnonp3zoBanuchk goaronepuoaubie psiasl TB B roponax Mockaa,
Kazanb, Tomck. Temrneparypa moBepXHOCTH OKeaHa Obljia B3ATa B y3J1aX CETKH C pa3pelieHneM 2x2°, 4to no-
3BOJIMJIO BBISIBUTH CUHXPOHHBIE Y ACHHXPOHHBIE CBSI3U MEXAY TEMIIEpaTypoil okeaHa u npuseMHoil TB u no-
CTPOUTB IPOTHOCTUUECKUE PETPECCUOHHBIE YPABHEHUSL.

Psiztel B y37ax CETKH IOJBEPTaINCh CTaTUCTUYECKOM 00paboTKe — HAXOIMIINCh CPeIHIE 3HAYCHUsI, Cpe/l-
HUE KBaJpaTHUECKHE OTKIOHEHUS (G), IMHEHHbIE TPEH IbI, KO3()(DUIIMEHTHI KOPPEISIIMU MEX Ty ypoBHsIMHU. C
LIeJIBIO BBIZIETICHUS Kosiebanuii ¢ neprogom 6onee 10 et cpennemecsianbie 3Hadenuss TB n MJ1O nonsepra-
JMCh HU3KOUACcTOTHOH puibTpanun guinsrpom [Torrepa.

CpaBHEHHE NIPUITOBEPXHOCTHBIX TeMIieparyp B 6ase nanHbix CRU u ERA-Interim BbIsIBUIIO UX XOpoliee
cornacue 1o 3-eM mnapaMeTpam: CPeIHHM BEJIMYMHAM, 3Ha4C€HHUSM KO3(D(HUIMEHTOB HAKIOHHOTO TpEHIa
(KHJIT) u xoaddurpienTaM 1eTepMHUHALN

B panee omyOnukoBaHHOI aBTOpaMu padote [8] mpeAcTaBiIeHO paclpeeieHUe 0 BEPTHKAIN CPEIHNX
MHOTOJIETHHX 3Ha4eHUH TeMreparypbl Bo3ayxa, ee CKO, JIMHEeHHbBIX TPEeH10B Ha 26 n300apHyeCcKHX ITOBEPX-
HOCTSX. BBIsIBIEHO pa3zianuue B NOBEAEHUN HU3KOYACTOTHBIX cocTaBisonux TB u MJ1O B 3-X MUPOTHBIX 30-
Hax (MOJISIPHOM, yMEPEHHOM 1 TPOITMYECKOH) U B 3-X cekropax: AmnaHTuko-EBpomneiickom, Asnarcko-Tuxoo-
KEaHCKOM U AMEpHKaHCKOM. /IMHaMKKa paccMaTpUBaEeMbIX IPOIIECCOB B HMIKHUX CIIOSIX aTMOC(EpHI corvacy-
eTcsl ¢ pe3ynpraraMu Oosiee paHHUX padoT aBTopos [5-7,9].

PaccmoTpuM Ha mpumepe OJHOrO perMoHa BEPTUKAJIbHBIM pa3pe3 XPOHOIOIMUYECKOTO PaCHperesCHUs
anomanuii TB. [l 3TOro paccuMThIBaIUCh NPOCTPAHCTBEHHBIE AHOMAJIMU CPEJHEN IO0BOM TeMIEpaTypbl
Bo3nyxa (CI'TB) B nmepuoxn 1979-2016 rr. anst Teppuropun [TpuBomkckoro deaepaibHOT0 OKpyra oT 3eMHOM
MOBEPXHOCTHU 110 BBICOTHI 64 kM (puc.l). U3 puc.l BugnHo, uto ¢ 2004 1. ¥ 10 KOHIA Ilepuosa B Tporocgepe
c(hopMHUpoOBaIach yCTOHUYMBas MOJIOXKHUTEIbHas anomanust TB, a B ctparocdepe 10 G0ibIIMX BBICOT 001aCTh
xonopa. CiieyeT OTMETUTbh, YTO B Ha4albHbBIN miepuox (1979-1990 1) B Tpomocdepe mpeodinagaim oTpuiia-
TEJIbHBIE OTKJIOHEHHSI OT HOPMBI, B TO BpeMsl Kak B cTparocdepe (C BBICOTHI 15 KM) 3HaUMTEIbHAS €€ TOJIIa
ObLTa 3aHsATa TOJIOKUTECIBFHON aHOManuel. s HybkHEH u cpenHeit crpartocdepst 1992 rox sBisieTcs pyoek-
HbeIM: aHoManua CI'TB npu nepexojie uepes Hero ¢ MoJ0KUTEJIHOTO 3HaU€HUsI CTAHOBUTCS OTPULATENIBHOM,
YTO CBHUJICTEIBCTBYET O BBIXOJIAXKUBAHUH CcTparocdepbl 0coOeHHO HHTEHCUBHOM B 1994-1996 1 2006-2008 rT.
AHanu3 BepTUKAJIbHBIX Pa3pe30B BPEMEHHOI'O X0a HOPMUPOBAHHBIX aHOManui TB paccuuTaHHBIX Ui 3UM-
HETrO U JIETHETO CE30HOB MOKAa3bIBAET, YTO MEX 1y HUMHU €CTh 3aMETHasl pa3HUIIA B PACIIOI0KEHUH 04aroB Teia
n xonoxa. [Ipu sTom B 3uMHMI neprox anoManuu TB MeHee BbIpaskeHBI (0COOEHHO B cTparocdepe), yeM B
netHud. B Tponocdepe mporcxoanT yepeaoBaHue BO BpEMEHH aHOMAJINH ¢ pa3IMuHbBIMU 3HAKaMH, B CTPaToC-
depe (10 — 30 xm) nerom B iepuoxa 1979-1994 rr. mpeoOitagana 30Ha ¢ MOJIOKUATENILHOU aHoMamuei TB, a Bce
MOCTICAYIOIINE TO/bl 32 UCKIIIOUCHHUEM 2-X IMOCIETHUX OTIIMYAIHNCh TOHMKXEHHBIM TEMIIEPaTypHbIM (pOHOM.
Takum 00pa3om, BepTHKAIBHBIN pa3pe3 BpeMEeHHOTo Xo1a TB cBUIETEIbCTBYET O HEYCTOHYMBOM XapakTepe
TEPMUUECKOTO PEKUMA.
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Puc. 1. BeptuKanbHbIv paspes Bpe-
MEHHO0 X0la HOPMUPOBAHHbIX
aHOManum cpefHei rofoBov TeM-
nepaTypbl BO3AyXa Ha TeppuUTopuu
noo.

T

CBHIETETBCTBOM IPOCTPAHCTBEHHO — BPEMEHHOM HEOAHOPOAHOCTH IIPOLIECCOB MPOUCXOIAIIUX B TPOIIO-
cTparocepe SIBISIeTCS XapaKTep BBIABICHHBIX BEPTUKAIBHBIX CBsi3eil My TB pasnuuHbIX ypoBHEH U MEX-
ny TB n nazexcom apkrudeckoit ocummmsinni (AO).

Paccuntannbie K03pOUIMEHTHI BEPTUKAILHON aBTOKOPPEISALIUK TEMITEPaTyphl IS sSTHBAps. U MO yMe-
PEHHOI 30HBI ITOKa3bIBAIOT CIICTYIONIEE: B SHBape 3HAYCHHS KOI(PPHUIHUEHTa KOPPESIIuH () OBICTPO yMEHbIIa-
10TCsI B Tponiocepe, MpH Mepexojie Yepe3 TPOIornay3y NPOUCXOIUT CMEHA 3HaKa I, HO B LIEJIOM CBSI3H MEXIY
TpornocepHbIMA U CTPAaTOC(EpHBIMU YPOBHIMHU JIOCTaTO4HO ciadble. Benmunna r mensercs ot -0,2 mo 0,2.
CuTyanust B KopHe MeHsieTcs IeToM. B Tpornocdepe Mex 1ty ypoBHsIME cBsi3U Beicokne. Koadunnent r ymeHs-
maercs K Tpornonayse ot 1 1o 0,8, 3aTeM ¢ BEICOTOH IpHU EPEXoie uepe3 TPOIonay3y BETHUNHA I PE3KO YMEHb-
maeTcs ¥ MeHsieT 3Hak. KoppessinuonHas cBsi3b Tporocdepsl U cTparocdepbl IMeeT BOIHOBOM XapakTep B 3a-
BHCHUMOCTH OT BBICOTHL. Brifensercs ypoens 20 kM, rae r=-0,6, ypoBens 33 km, rae r=0,4, yposeHs 37 kM
(r=-0,5), yposens 50 km (r=0,6).

W3BecTHO, 9TO BaKHYIO POJIb B U3MEHEHUSAX TEMIIEPATYpPHOIO PeXKKUMa UIParoT HUPKYIISAIUOHHBIE IPOLEC-
CBI, TIO3TOMY ISl YCTAHOBJICHHSI CBSI3M MEX/Ty KOJICOAHNSIMU TeMIIepaTyphl BO3yXa U apKTHIECKON OCIMILISIH-
et (AO) paccunTbiBauch KOG (OUINEHTHI KOppeIsIuy JUist 27 ypOoBHEH ISl 3UMBI, JIETa U TO/1a B 11eJI0M. BrIsiBuH-
JIOCh, YTO KO3()(PHUIIMEHTHI KOPPEILSIUK He3HaIUMBI (1 < 0,32), eciii KoppeIrpoBaTh TeMIIepaTypy OCpEIHECHHYIO
o Bcemy CII ¢ manexkcom AO. Hanbornee BbICOKast KOppEAIHs BBIIBIIIACE JUTS TTOTSIPHON 30HBI 3uMOi. Ha BbI-
core 10 kM r = -0,60, B teTHMI Iepuox 3HauMMast cBsi3b ¢ nHIekcoM AO (r = 0,32) oOHapyXuBaeTcsl Ha yPOBHAX
11-12 kM u 30 kM. B ymepennoii 3one r = 0,56 B 3uMHHI nieproz B BepxHei Tporocgepe. M3BecTHO, 4TO NpH
pacnpocTpaHeHNH IUTaHETapHBIX BOJIH PoccOn 3 Tponocdeps! B crparocdepy, BOZHHKAIOT 3UMHHE CTpaTtocdep-
HBI€ NOTEIJIEHUS], YTO IPUBOIUT K Pa3pyILIEHHUIO IUPKYMIOIIPHOro HUKIOHA. Tak kak AO B OCHOBHOM IPOSBIIS-
eTcsl B 3MMHUH ITepHOoT, TO KO (UIMEHTH! KOPPEISILAH /IS JIETHETO ITepHo/ia OKa3aInCch HE3HAYUMBIMH.

[TockonbKy K YMCITy OCHOBHBIX KIMMaTo00pasyronux (pakKToOpoB OTHOCSATCS PaaHAIMOHHBIN, TUPKYJISIN-
OHHBIH U COCTOSHUE MOJACTHJIAIONIEH MOBEPXHOCTH, TO IS OLIEHKU BIUSHUS MOJACTHIAIOIIEH MOBEPXHOCTH
(cymra, okeaH) Ha TEPMUUYECKHN PEKUM aTMOC(hephl ObUTH BBITTOJTHEHBI PACUEThl XapaKTEPUCTHK C TEMIIepary-
PHI BO3/TyXa HaJ| CYIIEH U OKeaHOM, KOTOpBIE ITOKA3aJI1, YTO 3UMOH B Tporocdepe U Hal Cylied 1 OKeaHOM OT-
MeuaeTcsl MOTEeIIeHne, a B cTpatocdepe rmoxononanue. B geTHuil nepros B HIKHEH Tporocdepe Teriee Haj
cylIeii, yeM Hajl okeaHoM. Bemmunna ko3 ¢unrenTa HakJIoHa JIMHEHHOTO TPEH/1a JIETOM HaJ CyIIei 3aMEeTHO
MIPEBBIIIACT OKCAaHNYECKUi MoKa3arenb. Tak, B mpunoBepxHocTHOM cioe Haj cyieit KHIIT pasen 0,035°C/
rox, a Hag okeanoM 0,011°C/rox, T.e. mOTEIUIEHUE HAJl CyIIIeH OoJiee 3aMETHO, YeM HaJ OKeaHOM. B ctparocde-
pe BAMSHUE XapaKTepa NOACTUIAIONIEH TTOBEPXHOCTH HE CKA3bIBAETCS. Y UNTHIBAs 3HAUUTENBHYIO POJIb OKEaHa
B KJIIMMaTHYECKOW CHCTEME, €TO BIMSIHUE Ha TIOTOY U KIIMMAaT, B pad0oTe OB BBIITOJIHEH aHAJIM3 ACHHXPOHHBIX
KOPPEISIMI JTONTOIIEPHOAHBIX KoebaHuid cpeqHeroqoBoii remreparypsl Bo3nyxa (CI'TB) B Mockse (1879-
2016 rr.), Kazanu (1854-2016 rt.) 1 Tomcke (1875-2016rT.) ¢ KoreOaHUAMU CPETHETOTOBON TEMIIEPATyPhI MO-
BepxHoctu okeaHa (TTIO) B y3nmax reorpaduueckoii ceTku MupoBoro okeana 2x2 rpajyca MIHPOThI U TOIATOTHI
3a 1854-2016 rr.

JlanmbHYE CBSI3M OLIEHMBAINCH 110 HAMITYYIIUM (MakCHMaJIbHBIM) aCHHXPOHHBIM K03(h(HUIIMEeHTaM Koppe-
msmmn Mexy TTIO B kKaKaoM OTAenbHOM y3ie reorpadudeckoil cetku n TB Ha craHmmsX ¢ 3amasablBaHueM
TB ot 0 10 36 5eT. B ka)x0M HcciieayeMoM y3iie U3 CepUH aCHHXPOHHBIX KOA((OUIIMEHTOB KOPPESALUY BblIe-
JISUICSL MAKCUMAJIBbHBIN K03((UINEHT U PUKCHPOBAIach BeMUnHa onepexxenust konebanuii TI1O B y3ie oTHO-
CHUTEJIFHO Tocnenyronux konebannit TB Ha kaknoit craniun. [1penenbHbIi cBUT KOPPEISINY 33/aH C yde-
TOM TOTO, 4TO 1O JaHHBIM [10] Bpems pacnpocTpaHeHHs U3MEHEHHH TeMIIEpaTyphl B OKeaHe B IpeAeax Momiy-
mapus cocrasisier 30 set.
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HccnenoBanus nmokasanu, 4To jonronepruoansie konedanus TB B EBpasun B 3HaUNTEIBHON Mepe sIBIIsI-
FOTCSI CJIC/ICTBHEM IJIO0AIBHBIX M3MEHEHHUI B KIIMMAaTHYECKOW CHCTEME, MICTOKH KOTOPBIX HaXOASATCSI B 0CO00M
peruoHe B3auMozencTBusi arMmocdepbl ¢ KOKHBIM OKeaHOM B 00JIACTH LUPKYMIIOJISIPHOTO AHTApPKTHUECKOTO
Teuenns 3anaubIx BeTpoB. [Ipennonaraercs, 4To JaabHUN NepeHOC KojeOaHni TeMIepaTyphl OCYIIECTBISET-
Cs1 CUCTEMOM LIPKYISIUU BOJ MUPOBOTO OKeaHa, U3BECTHOM MO/ Ha3BaHUEM KoHBelep bpoxkepa [3].

3ana3zpiBaHKue KoJIeOaHU TeMIepaTypsl Bo3ayxa Ha craHuusx cocrasisieT B Mockse u Kazanu 30-35
net, B Tomcke 35-45 net). IHTEHCUBHOCTD B3aUMOACUCTBHSI aTMOC(epbl ¢ KOKHBIM OKCaHOM YCHIICHA €CTECT-
BEHHBIMHU (PU3HKO-reorpadMuecKuMy YCIOBUSAMH HUPKYMITIOISIPHOTO OKEaHa.

Puc.2. CpegHerofoBan TeMnepa-
Typa B KasaHu T no gaHHbIM Ha-

TI,T 55
6nioaeHni 3a 1890-2016 rr.
45 (crnaxeHa no 3-neTuam) u TeM-
- nepartypa B KasaHu, BbluMCreH-
il = HafA N0 YpaBHeHMIO perpeccun Ha
25 4 i nepuog go 2051 roga (Tr).
15
5 i :
O P~ S — 00w N WM D P S o TR - BT = T - ]
RERFEORE AR RRERAREEEEEEE

BrisiBiieHHast 3a/iepyKKa B Tiepe/iadye BO3MYILECHUN MO3BOJIIIIA TIOCTPOUTh ACHHXPOHHBIE YPAaBHEHHSI per-
PECCHU C BO3MOXKHOCTBEO BBIYMCIICHHUS JOJTOMEPUOIHBIX MPOTHOCTHUECKUX KOJNIeOAHWH TeMIeparypbl Ha
CTaHIMSX Ha MpecTosie aecsaruietrs. Ha puc. 2 mpeacraBieHsl pe3ysbTarhl J0JTOCPOYHOrO MPOrHO3a
CI'TB, coracuo xotopomy B 2019 — 2025 rr. Temmieparypa Oyaer Huwxke cpeanero 3naueHus (5,1°C) Ha 0,3 —
0,5°C, B 2028 — 2037 rr. mogHuMeTcs Bbitie 310l HopMmbl Ha 0,4 — 0,5°C, a k 2045 . TB cHOBa cTaHeT HUXE
HopMbI Ha 0,3 - 04°C.

Hccnedosanue svinonneno npu gpunarncosoti noodepoicke POOHU (npoexmor 18-05-00721, 18-45-160006).
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Study of the role of atmospheric forcing in the formation
of the Arcticice

Platov G., Golubeva E.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: Platov.6@gmail.com, E.Golubeva.nsk@gmail.com

assess the role of its components in the formation of climatic ice tendencies of 1980-2010. The analysis

considers a state vector, which includes sea level pressure, surface air temperature and surface wind,
scaled accordingly. The seasonal cycle variations were also considered. An assessment of the ocean-ice system
sensitivity to the time scales of atmospheric processes, based on the SibCIOM model, showed that the rate of
decline of the annual ice minimum volume decreases by 2/3 when atmospheric forcing contains no variations
of the 8-30 days scale, that is, if the formation of atmospheric blockings is excluded. As a result of the EOF
decomposition, only four modes could be associated with real state variability while others could be degenerate
because of close eigenvalues. First mode corresponds to seasonal variability, second to Arctic oscillation. Third
mode of decomposition arose solely as a result of inclusion of the surface air temperature field into the state
vector. Its positive phase is associated with the edge of the summer sea ice field and probably appeared because
of the ice cover changes in last decades. Also, positive phase of this mode is associated with high pressure and
low temperature over the Siberia. The physical aspects are related to the amplitude of planetary waves in atmo-
sphere of mid latitudes. Applying trends elimination for each of the EOF modes, comparing the results of the
simulation with the base experiment which includes all trends, it was possible to estimate the role of each mode
in shaping the trend of Arctic ice volume decline.

The tested first mode trends are the growth of the average annual values of the time coefficient, a decrease
in the amplitude of annual fluctuations, and an increase in intra-annual deviations from the seasonal cycle.
These tendencies applied to sea level pressure field mean that during 1980-2010 period the contrast of surface
pressure between the northern parts of the oceans and the continents was weakened. On the other hand, the
contrast between the northern parts of the oceans and the Arctic was weakened as well. In terms of the motion
of the air masses, propagations of warm and humid air masses from the south to the north along the western
coasts of Europe and North America and, conversely, of cold air masses from the north along the eastern coasts
of Asia and North America are somewhat weakened. These movements do not affect the Canadian basin in the
Arctic, since it is in a saddle point; however, the surrounding areas are involved in this weakening of meridional
heat exchange. As for the air temperature, its structural function for the first mode is everywhere positive and
maximal on the continents. This, as well as taking into account the positive trend with the simultaneous de-
crease in the amplitude of seasonal fluctuations leads to warm winters in Arctic, although the temperature in the
summer is approximately constant.

The result of trend elimination for the second EOF mode is a a removal of a small linear decreasing trend
in annual mean values, replacement of seasonal amplitudes, varying in a wide range with slight increasing, by
the constant averaged value along with the removal of a small increasing trend in r.m.s. deviation from seasonal
cycle.

In terms of sea level pressure, linear trend in average annual values means strengthening of pressure dif-
ference between Arctic low, which includes also Icelandic minimum, and North Atlantic high. The similar but
less prominent pattern forms in the Pacific sector. In terms of air temperature, the tendency is manifested in the
warming in Barents and Kara Seas, because warm subtropical air masses are more able to reach north Eurasia
during positive NAO phases.

The comparison shows that the first mode, representing the seasonal cycle, forms an integral tendency of
ice volume decline by 96% of the original trend. Among other modes the strongest influence on this trend
shows 2-d mode, representing Arctic oscillations, it forms trend by 17%, and 3-d mode, resulting from inclu-
sion of the surface air temperature into the state vector, by 18%. In the marginal seas, the role of higher modes
becomes not so small in comparison with the first mode.

This study is based on the analysis of the results of the EOF decomposition of climatic data. We tried to
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NccnepoBaHue ponn atMocdepHoro popcuHra
npy popMmnpoBaHM fieoBOro Nonsa ApKTUKK

Mnatos I"A., Tony6esa E.H.

WHCTUTYT BbIYMCIIMTENIbHOI MaTeMaTUKKU U MaTeMaTuyecKoii reodusmnku CO PAH, Hoeocubupck, Poccus
E-mail: Platov.G@gmail.com, E.Golubeva.nsk@gmail.com

anbosee SIPKUM IPOSIBIICHHEM KIMMAaTHYECKUX TEHACHINI B APKTHKE SIBISICTCS 3aMETHOE COKpalle-

HHEe o0beMa M MpoTshKeHHOCTH Mopcekoro Jipaa (IPCC, 2013). D10 MokeT OBbITh CBS3aHO Kak C MOTe-

IUICHHEM B APKTHKE, BBI3BAHHBIM NIO0AILHBIMHA N3MEHEHUSIMH BO B3aNMOICHCTBUH MEXKIY OKCAaHOM
1 aTMocdepoil, Tak ¥ ¢ UI3MEHEHUSIMH B JIOKaJILHOM aTMOc(epHOM Bo3/eiicTBIH. B 3T0# paboTe MBI MBITAINCH
OLICHHUTh, HACKOJILKO U3MEHEHUS COCTOSIHUSL aTMOC(EpHON HUPKYISIH CBA3aHbI C NIOOAIBHBIM TTOTEIUICHHU-
eM. J1J1s1 5Toro MBI IPOBEJIM aHAJIM3 AIMITUPUUECKUX MO HIKHEH arMocdepsl, BKITIoYast He TOJIBKO I10JIe AaBJie-
HUSI, HO | TIOJIsl TEMIIEPaTypPhl IPU3EMHOT0 BO3yXa M MPU3EMHOro BeTpa. Moaudukanys BpeMEHHBIX PSI0B
JUIs1 K03()(QUINEHTOB PA3JIOKEHUS MTO3BOJIMIIA ONIPECIUTD, KAKOH U3 PE)KUMOB COCTOSHHS aTMOC(hEpHOH nup-
KyJISIUK 00Jiee OTBETCTBEHEH 38 YMEHBIICHHE IUTOMIAIN U 00beMa MOPCKOTO JIbJIa.

YNCJTEHHAA MOEJ1b, NCMOJIb30BAHHbBIE JAHHBIE 1 YCJ10BUA 3KCMEPUMEHTA

Cepnﬂ YHNCJICHHBIX 3KCIEPUMCHTOB, IPOBCACHHBIX JI 3TOI0 UCCJICA0BaHUA, OCHOBaHa Ha peFHOHaHLHOﬁ
COBMECTHOM Moziesiu okeana u sipaa (SibCIOM). Mozenb okeana Oblia paspadorana B IHCTUTYTE BBIYHCIIN-
TenbHOI Maremaruku u Maremarndeckor reoduszuku CO PAH (Golubeva and Platov 2007; Golubeva and
Platov 2009). Mopnenb ocHOBaHa Ha 3aKOHAX COXPAHEHHsI TEIUIA, COJIM U UMITYJIbCA, a TAKXKE Ha TPAAUIHOHHBIX
npuOImKeHusx: byccnHecka, THAPOCTaTUKY M «KECTKOM KPBIIIKWY». Moiesb HUPKYIISIHKA OKeaHa B3auMO/IeH-
CTBYET C MOJIEJIBIO TEPMOJAMHAMUKH yIIpyroro Bs3koriactuyHoro jbaa, CICE v3 (Hunke and Dukowicz 1997).

Mopnenupyemast oonacts Bkitodaet CeBepHblid JIeoOBUTHIN OKeaH 1 CeBEPHYIO ATIIAHTUKY M ITPOCTUPAETCS OT
Bepunrosa nposiga 110 20S. Pazpenienne chepuueckoit ceTku st ATiiaHTHKY BeiOupaercs paBabiM 0,5° x 0,5°.

Pesynbrar npsimoro mozaenupoBanust ¢ armochepusim hopcuarom CORE-2 (Large and Yeager 2009) no-
Ka3bIBaCT YMCHBIIICHHE MHHUMYMa Ce30HHOTO 00bema Jibaa (MCOJI) B nepuoa mexay 1979 u 2009 rogamu ¢
JIMHEHHOM TeH/IeHIel n3MeHeHns oT 18,36 Thic. kM’ 110 8,74 THIC. KM, B TO BpeMsl KaK COIVIACHO Pe3y/IbTaTaM
peananuza PIOMAS (Zhang and Rothrock. 2003, Schweiger et al. 2011) aHamoruuHasi TCHACHIIUS JaeT CHU-
KeHue ot 16,65 Thic. kM’ 110 8,42 Thic. kM'. Koppensims 3Tux IByX psnoB cocTapiseT 0,84, oqHako 6obiuas ee
YacCTh OTHOCUTCSI K IMHEHHOMY TPEH/LY.

AHanu3 BpeMEHHOH U ITPOCTPAHCTBEHHOI U3MEHUYMBOCTH aTMOC(EPHOT0 BO3ACHCTBHUS Oy/IeT OCHOBaH Ha
nanHbix peananuza CORE-2 (Large and Yeager 2009), npexncrapisttonux nepuoz ¢ 1948 no 2009 ropa. Iosn-
HbBIN Ha6op JAaHHBIX BKIIIOYA€T KOMIIOHCHTBI MMOBEPXHOCTHOI'O JABJICHUA, TEMIICPATYPHI, BJIA)KHOCTU U CKOPO-
cTH BeTpa Ha BbicoTe 10 M, 3anMCaHHbBIX C 6-4aCOBOM JUCKPETHOCTHIO Ha ceTke ~ 1,875 % 1,9°, a Taxoke NaHHbIe
11O BJIAXKHOCTH IMMPU3CMHOI'0 BO3ayXa, MHTCHCUBHOCTHU OCAa/IKOB U I1O IMOTOKY HI/ICXOI[HHJ,GI‘/II paaunanun (COJ'IHC‘-I-
HOW U IJTMHHOBOJIHOBO).

Heﬂblo npeajaracMbIX YUCJICHHBIX SKCIIEPUMCHTOB ABJIACTCA OIMPCACICHUC POJIM KIIMMATUYCCKUX U3MEC-
HEHUIl aTMOC(EPHOro BO3ACHCTBUS B COKpAIICHUH 00beMa M IIOIIAJAN MOPCKOTO JIbJa, HaOIIOAABIINXCS B
nepuoa ¢ 1980 mo 2010 roxn. B gonrocpouHoii mepcrekTuBe peakivsg OKeaHa Ha U3MEHEHHUE KITUMMaTa MOXKET
COIPOBOXKIATHCST (POPMHUPOBAHUEM TTOJIOKUTEIBHBIX WM OTPULIATEIBHBIX 00paTHBIX CBsi3el. Tem He MeHee,
€CJIU MTPEATIOJIOKHUTD, YTO TaKasi peakiys eie He chopMUpoBaachk, TO B KAUECTBE IIEPBOTO MPHOIMKEHHUS MBI
MOXKEM PaCCMOTPETh PEAKLUIO CUCTEMbI OKEaH-JIE/l B OJHOCTOPOHHEM ITOPSI/IKE, CUUTAsl, YTO ATA CUCTEMa pas-
BUBacTCs 0€3 Kakoi-11u00 00paTHOI CBA3M.

OCHOBHbIE MObl EO® PA3JIOMKEHNA N UX XAPAKTEPUCTUKN

Jlns ananm3a KIIMMaTHYeCKUX MoJeii MBI OyeM HCIIOB30BaTh METO PA3IOKEHNUS, OCHOBAaHHBII Ha ecTe-
CTBEHHBIX OPTOTOHAIBHBIX QYHKIHIX (EOD). DTOT MeTox MO3BOISIET YMEHBIIUTH Pa3MEPHOCTh aHATIH3HpYe-
MO CHCTEMBI, HAUTH IPOCTPAHCTBEHHBIE CTPYKTYPHI N3MEHUYNBOCTH TIOJIEH, UX JUHAMHUKY BO BPEMEHH U JaTh
OLICHKY OTHOCHUTEJIbHOM BaKHOCTH KaX 101 CTPYKTYPBI.

Henocpencteennoe paznoxenue armocdeproro BozaeiicTBusi CORE-2 ¢ 6-uacoBol JUCKPETHOCTHIO B
naTepBane 1948-2009 rr. 3aTpyAHATEIBEHO H3-3a YpE3MEPHOT0 00beMa aHATTM3UPYEMBIX JaHHBIX. [loaToMYy mus
Hayasia BBIICHUM aTMoC(epHasi H3MEHYMBOCTh KAaKUX BPEMEHHBIX MacCIITa00B OKa3bIBACT HAMOOJIBIIIEE BIHS-
HUe Ha (HOPMUPOBAHKE TEH/CHIIMU yMEHbBIICHUs] 00beMa U IUIOLIAM MOPCKOTo Jibaa. [1iist 3Toro mbl Oyiem
HCIOTB30BaTh HU3KOUACTOTHBINA (DMIIBTP, N3BECTHBIN B CTATUCTUYCCKOM aHAJIM3E KaK «CKOJB3SIIEe CPETHEESY.

B orcyrcTBHE Kakoro-nndo GuibTpa exXeroqHoe COKpalieHne Ce30HHOr0 MUHUMYMa TUIOIIA M JIbJa 110
pesynsraram Monean SibCIOM coctapnsio 46 thic. kvm'. CyTouHoe ocpenHenue GOpPCHHTa TPUBEIO K He-
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CKOJIBKO OOIBIIIeH CKOpOoCTH - 50 THIC. KM B TOJI, CEMUTHEBHOE ocpenHeHHeE - 48 THIC KM B TOJI. OcpenHenue ¢
neprosoM 15 fHel CHUXAEeT CKOPOCTh COKPAILEHMs TUIOMIAIM 10 3HaYeHUs 34 ThIC. KM® B TOJI, TO €CTh MOYTH
Ha TpeThb, a npuMeHeHue 30-1HEBHOIO OCPETHEHUS COKPALLAET CKOPOCTD €I111€ Ha TPETh, JOCTUIast 3HaUeHus 15
ThIC. KM® B ro. TakuM 06pa3oM, MOXKHO KOHCTaTHPOBATh, YTO JIEASHOE TI0JIE OKa3al0Ch HanboIee YyBCTBH-
TEJNBHBIM K aTMOC(EPHBIM BO3IEHCTBHAM MacmTaba 8-30 mHE, 9T0 COOTBETCTBYET MacITady aTMoCchepHbIX
OIOKHHTOB. JTO cormacyeTcs ¢ pe3ynsratamu Lou et al. (2016).

EO®-pasnoxenne arMmoc(hepHOTo JaBICHUS U €TO COOTBETCTBYIOIINE MOJIbI TPAJIUIIMOHHO HCIIOIb3YIOT-
Cs IPY aHANIK3€e KIIMMaTHIecKkoi m3MeHInBoCTH. Vicnonb3yst EO®, HanpuMep, pacCUUTHIBACTCS MHIEKC apKTH-
yeckux konebanuii (AO) (Thompson and Wallace 1998). ITocne uckmouenus cezorHOCTH EO®D m1epBoii Mozs
COOTBETCTBYET CTPYKTYpHOH (pyHKIIIH AO.

B Hamrem ananm3e Mbl HE CTaJIM MCKJIIOYATh CE30HHOCTD, MOCKOIbKY M3MEHEHHS CE30HHBIX KOJIeOaHUH
BITOJTHE MOTYT OBITH CBSI3aHBI C HAOMIOAaeMBIMU KIIMMAaTHIECKUMHU H3MeHeHmsiMA (Zveryaev and Gulev, 2009).
Jlnst yMeHbIIeHHs pa3Mepa MaTPHUIIbI COCTOSHUN MBI HCIIONIB30BAJIM CPETHEMECSUHbBIE JaHHBIC. DTO MOXET
MIPUBECTH K HEKOTOPOH (MIBTpAINH MPOIECCOB MaciTadba arMochepHbIX OJoKuHTOB. OIHAKO, 3TO Ba)KHO
TOJIEKO B TOM CIIy4ae, €CJIM HCIIOIb30BAHNE KPATKOCPOUYHBIX COCTOSHHUN MPUBOIUT K MOSBICHUIO JOTOIHH-
TENBHBIX HEBBIPOXKIEHHBIX EOD.

Kaxk u oxuganocs, Han0Oosee 3HaYNTEIbHBIE M3MEHEHNUS B 110JI€ JABJICHHS ONMCHIBAIOTCS MIEPBOH MOJIOH,
BPEMEHHOM PsiJi KOTOPOH NpeAcTaBisieT co00i, B OCHOBHOM, KojieOaHMs ¢ meprooM ofauH rof. C moMOoIbo
TIepBO MOJIBI OMUCHIBaeTCs OKosto 50% BpeMEeHHON M3MEHUMBOCTH IOJISI JIaBJICHUS Ha ypoBHE Mopsi. CTpyk-
TypHast pyHKIUS IEpBOH MOJIBI IEMOHCTPHPYET NPOTHBO(A3HBIC H3MEHEHHS B TI0JIC TaBJICHUS HAJl OKEAaHAMHU
(AtmanTtryeckum U Tuxum) u Hax cymei, Bkrodast CeBepHbIit JIeZoBUTHII OKeaH.

[TockombKy B HaIlIeM CiTydae Ce30HHBIC KoeOaHus He ObUTH OTQIIBTpoBaHb, AO JEHCTBYeT Kak BTOpas
Mona. Ee xapakTepHO# 0COOCHHOCTBIO SIBIISICTCSI MPOTHBO(A3HOE MOBEACHUE MOJSIPHBIX HUPOT (> 60N) u
cpeaaux mupoT (> 20N 1 <60N), mpuBoAIIee K yCUICHUIO WIH 0CIa0ICHIIO OISIPHOTO BUXps. Ero cTpyKTy-
pa B ceBEpOATIAHTHYECKOM PETHOHE TAKOBA, YTO Pa3HUIIA JABJICHUS MEX/y HCIaHACKUM MHHUMYMOM H a30p-
CKMM MAaKCUMYMOM TaK’K€ B 3HAYUTEIHHON CTEIICHHU 3aBUCHUT OT 3TOTO PEKUMa, KOTOPBI 00€CIeYnBaET CBS3b
mexny AO u Ceepoatnantnaecknm konebannem (NAO) (Thompson and Wallace 1998; Hurrell 1995). M3me-
HEHHS, CBSI3aHHBIE C 9TOM MOJIOH, OOBSICHSIOT Oosiee ueM 18% M3MEHUNBOCTH J1aBICHNS HA yPOBHE MODSI.

TpeThst MOZIa COOTBETCTBYET KOJICOAHUSIM MEKILY €BPAa3UICKUM M aMEPUKAaHCKUM CEBEPOM, KOTOpasi OTIH-
CBIBaET OKOJO 5% Bcel m3meHunBocTu. MakcumyM B CeBepHOM AMepuke 1 MUHUMYM B pernone Kapckoro
MOPsI CIIOCOOCTBYIOT YCHIICHUIO TPAHCHOJIIPHOTO Jipelia 1 yCKOPEHHOMY YAaJICHUIO apKTHYECKOTO JIb/Ia de-
pe3 nponus Opama.

Coracao North et al (1982), EO® MoryT BEIpOKIATECS, €CITA COOTBETCTBYIOIINE COOCTBEHHBIC 3HAYCHIIS
CITUIITKOM Om3Kku. B cooTBeTCTBIY C paBumiioM, mpeiokeHHBIM North et al (1982), MBI MOJkeM IOTaraThCst TOIBKO
Ha 3 TIpe/ICTaBICHHBIE MOJIBI PA3JIO’KEHHS], OCHOBAHHBIE HA I3MEHUMBOCTH TIOJIS JIABJICHHS HA YPOBHE MODSI.

Knumarnaeckue TpeH sl Hanbosee sSipko NPOSBISIOTCS B TEMIIEPATYPHOM I10J1€ (TIOTEIUICHNUE), a TAKXKE B
xapakTepe aTMoCc(hepHOH UPKYISIHU (0CIabJIeHNE HITH yCHIICHHE TTONIIpHOTO BUXps). [losToMy mpu aHanmm3e
TPEH/IOB LIENIECO00Pa3HO HCIIOIB30BATh B KAUECTBE BEKTOPA COCTOSHUS HE TOJIBKO JIaBJICHNE HA YPOBHE MODH,
HO M €T0 COYETaHHE C T0JIeM TeMIIEpaTyphl TIOBEPXHOCTH U KOMIIOHEHTaMH MPU3EMHOTO BeTpa. Bkirouns B
HAlll aHAJIN3 3TH NIEPEMEHHBIC, Mbl MOTJIH OBI CBA3aTh PACIpEEeNICHNE TEMIIEPaTyphl 1 CKOPOCTH C paHee Haki-
JICHHBIMH MOJIaMH JTaBJICHUSI.

BersicHIIIOCH, 9TO, BHIOpAB MacIITAOMPYIOMINE MHOKHUTENN IS BapHALlMi JaBICHUS, TEMIEPATYPhl U
ckopocTu BeTpa cootBercTBeHHO paBHbiMu 0.01 TTa”, 1 °C™ and 1 (m/c)". ynaeTcs HONydYHTh YeTHIPE HEBBIPO-
XKJICHHBIE MOJIBI, IPUYEM K TPEM MOZAM, ITOJTyYEHHBIM PaHee Ha OCHOBE NOJIS IaBJICHUS JOOABIIsETCS B Kave-
CTBE TPEThEH, MOJIa, TOJTy4YEHHAs B pe3y/IbTaTe yaeTa H3MEHUYNBOCTH OISt IIPU3EMHOI Temneparypsl. Ee momo-
KHUTEIIbHAs aHOMAJIHSI COBIaeT C JISTHUM KpaeM JiesiHoro 1oiist B bapentieBom 1 Kapckom Mopsix u, BEposiT-
HO, mosiBIiach B CORE-2 n3-3a m3MeHeHn! IeIsTHOTO TIOKPOBA B TIOCIIEIHHE NecATIIeTHS. KpoMe Toro, moso-
JKUTEJbHAS (ha3a 3TOTO pekKMMa CBSI3aHA C BRICOKHAM JIaBICHHEM U HU3KOH Temmeparypoi B Cubupu. Jta oco-
OCHHOCTB COBITAJIACT C OnMcanHoi Yao et al. (2017).

YCTPAHEHWE BPEMEHHbBLIX TPEHO0B EO® MO

Hama nienb - BBISIBUTH XapakTepHBIC TPEH/bI BPEMEHHBIX psiioB Koddduimenros pasioxkenus EOD.
[Ipouenypa ycTpaHeHHUsI Bp€MEHHBIX TPEH/IOB BKIIIOYAET CIIEAYOLIHE STallbl:

® ycrpaHEeHHE JMHEHHOTO TPEH 1A CPEIHETOI0BBIX 3HaUCHNH KO PUIIEHTOB PA3IOKEHUS

@ ycTpaHEeHHE TPEH/1a N3MEHEHHS aMIUTUTY/IbI CE30HHBIX KOeOaHi K03(h(QUIINEHTOB pa3IoKeHUs

@ ycTpaHEHHE TPEH/IO0B CPETHEKBAAPATUYHOIO OTKJIIOHEHHS OT CTaH/IapPTHOTO CE30HHOTO XO1a.

Bonee monpo6HO mpoueaypa onucana B npeasitynieii padore Platov et al. (2019).

[TpumeHuB 3Ty Hpouenypy Ul BCEX HEBBIPOXKACHHBIX MOJIE, Mbl IIOJIydaeM COOTBETCTBYIOLIMN HAOOP
JIAaHHBIX aTMOC(epHOTo POPCHHTA I CEpUH HKCIIepuMenHToB m1, m2, m3 n m4. Mmes getsipe Habopa arMoc-
(epHOro opcunra, Mpl coOMpaeMcsi CPAaBHUTH PE3YJIbTAThl IKCIIEPUMEHTOB M1, ..., m4, B KOTOPBIX OJMH M3
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PEKUMOB JIHMIIEH TpeHaoB neprona 1979-2009 rr., ¢ sxcriepumentom m0, T7ie Bce MOJIBI IPE/ICTaBICHbI 03
ycedeHui. [{enb 3TOro cpaBHEHUSI COCTOUT B TOM, YTOOBI ITOHSATh, B KAKOW CTENEHU KaXIbIH U3 HAECHTU(UIIN-
POBaHHBIX PEKUMOB MOXKET OBITh OTBETCTBEHEH 32 COKPAIIEHHE aPKTHYECKOTO JIbJA.

PE3Y/IbTATbI

ITo nannabiM peanammsza PIOMAS, cpeanee necstunetnee cHmkenue MCOIJI 3a 3TOT mepuon cocTaBuiio
2742 xM’, B TO BpeMs Kak pe3y/sTaThl TecTa m( MOKa3hIBAIOT YTO CHIDKEHHE 00beMa cocTaBmio 1977 k'’ 3a
necstunerne. Ecnu npuaaTh 310 3HaueHue 3a 100%, To mokaszarens PIOMAS Oynet Ha 39% BbImne. Kax mbl
3aMeTHIIN paHee, bosiee HU3Kas CKOpOCTh AKCIiepuMenTa m0, BO3MOXKHO, CBSI3aHA C KEMECIIHBIM yCPETHEHH-
€M, IPUMEHEHHBIM JUTsI ToirydeHust Mo EOD.

CpaBHHBas CEpHIO U3 4 HIKCTIEPUMEHTOB ¢ 0a30BBIM IKCTIepUMeHTOM M0, cpa3y MOKHO 3aMETUTh, UTO, KaK
U OJKHUJIAJIOCH, TIepBasi MoJia, KoTopast Ha 99% npejcTaBisieT Ce30HHbIE N3MEHEHHsI, ObLIa TO, K KOTOPO# CKO-
POCTh YMEHbILIeHHs1 00beMa JibJia HauboJsee 4yBCcTBUTENbHA. [lociie ycTpaHeH!s TPEHI0B BO BPEMEHHOM KO-
>ddurmente 310i MoIBI ckopocTh cokpamerus MCOJI B 1979-2009 ronax cHu3Hmach 10 74 KM’ 3a AecsATuIe-
THE. DTO 03HAYACT, YTO TCHACHIIMS K YMEHBIICHHIO 00beMa JIbja MOYTH MOJTHOCTBIO (Ha 96%) ycTpaHseTcs.
Cpeau ocTajbHBIX MOJ HAUOOJIBIINE U3MEHEHHsI TPEHAA ObUIM BbI3BaHBI MOIU(UKaIen 2-it u 3-if Moa, 4To
COOTBETCTBEHHO YMEHBIIMIO TpeHa Ha 17%, 18%. DT0 3HAUNTENFHO MEHBIIE, YeM B CITydae MEpBOM MOIBI.
TpeThst MOJa Tak)Ke B HEKOTOpOM creneHu (45%) mpeacTaBieHa ce30HHBIM IUKIOM. KpoMme Toro, oka3anoch,
yt0 ymeHbirenue MCOJI mpakTHYeCKH HE 3aBUCUT OT MOIU(HUKALINI 4-0# MOIbI. BhI3BaHHBIC UMU H3MEHEHUS
MPUBOIAT K YBEIIMYCHHIO POCTa JIbaa Ha 2%.

CyTb Moan(bUKALIUii, BBITOJHEHHBIX ISl IEPBON MOJIbI CBOJIUTCS K YCTPAHEHHIO: a) POCTA CPEIHETr00BO-
rO 3HaUEHHsI BPEMEHHOT0 KO QHIIMEeHTa, 0) YMEHBIICHHST aMIUTUTY/IbI TOIOBBIX KOJIeOAHUH U B) yBEIHYCHUS
BHYTPHUTOJOBBIX OTKJIOHEHHH OT C€30HHOTO LUKJA. [ MO MPU3EeMHOTO JaBJICHUS 3TO 03HAYAET, YTO KOH-
TPACT MOBEPXHOCTHOI'O JABJICHUS MEX/y CEBEPHBIMH YaCTSIMU OKEAaHOB M KOHTUHEHTaMU ociiabeBaet. C apy-
TOI CTOPOHBI, 0CJIa0eBaeT M KOHTPACT MEX/Y CEBEPHBIMU YaCTIMH OKE€aHOB U ApKTuKoi. UTo Kacaercs TeM-
neparypbl BO3iyxa, ee CTPyKTypHast (DYHKIHs Ul MEpBOM MOJIbI Be3/le MOJIOKHUTEIbHA U MaKCUMallbHa Ha
KOHTHHEHTaX. DTO C YYETOM IIOJIOKHUTEIbHON TeHICHIINN ¢ OTHOBPEMEHHBIM YMEHBIICHUEM aMILTUTYIBI Ce-
30HHBIX KOJIEOAHHI TPUBOJIMT K TEIUION 3UMe B APKTHKE, JIETHSIS )K€ TeMIIepaTypa [10YTH HeM3MEeHHa.

PesynpraTom ycrpaneHus TpeHaa aisi Bropoit Mojabl EO® siBnsiercsi, mpesk/ie Beero, ynaneHne HeOobIo-
IO OTPHUIATEIBHOTO JIMHEWHOTO TPEH/Ia B CPEHETOJIOBBIX 3HAUCHMSIX BpeMeHHOro koddduimenta EOD. [la-
Jiee ClIeAyeT yCTpaHeHHe HeOOBIIOro TPEHAA CPEAHEKBAPATUIHOTO OTKJIOHEHHS OT CE30HHOTO ITUKJIA, KOTO-
pBIit yBenmuuuBancsa B mepuoa 1979-2009 1. mo cpaBHEHHIO C MPEABLAYIINM NepuofoM. JIMHEHHBIH TpeH.
CpPe/IHEerO/IOBbIX 3HaueHUH BpeMeHHOro koddduimenra EOD, To ecth n3MeHeHHe OT HEOOJIBIIOTO MOJIOKHU-
TEJBHOTO 3HAYEHHUS K OTPULIATETIFHOMY, B OCHOBHOM, 03HA4Ya€T YCHJICHHE PA3HUIIBI JaBICHUNA MEXIy apKTHYe-
CKUM MMHHUMYMOM H CPETHEIIUPOTHBIM MaKCUMyMOM. {7151 TeMmeparypsl BO3yXa TEHACHIIUS 3aKII09aeTCs B
norerieHnH B bapenneBom n KapckoM MopsiX, OCKOJIBKY TEIUIbIE CyOTPONHUYECKUE BO3AYIIHBIE MACCHI CIIO-
COOHBI ToCTUTaTh ceBepHOi EBpazuu Bo BpeMst nmojokutenbHbix Ga3 NAO.

TenieHINU TpeTheil MOJIbI BKIIFOYAIOT HEOOJBIIION MOJOKUTEIbHBIA TPEH]I CPEJHETrOI0BbIX 3HAYCHUH U
HE3HAYUTEIHHOE YMEHBIIEHHE OTKJIOHEHHH OT Ce30HHOTO IiKIIa B mepuoxa 1979-2009 rr. Uto xacaercs nasie-
HUS Ha YPOBHE MOPsI, 3TO O3HAYaeT yBEJIMUYECHUE TaBICHHUS B pernoHe Mops JlanTeBbIX, B TO BpeMs Kak OHO
yMeHbIIaeTcs B NpuOpexHbIx paiionax CeBepHoit AMepuky U B CeBepHOM ATIaHTHKe. DTO MPUBOAUT K YCHU-
JICHUIO aHTHUIMKJIOHWYECKON IUPKYISIIUN B KaHaacKoMm cekTope CemepHoro JlemoButoro oxeana. Takke B
9TOM Clly4ae NOJIOKHUTENIbHAsT aHOMaUsT JOPMHUPYETCs B M0JIe ITPU3EMHOM TeMIleparypbl Bo3ayxa B bapeHiie-
BOM Mope 1 BOiu3u bepunrosa nposusa B UykoTckom Mope.

[Ipornienypa ycTpaHeHus TPEHIOB, NMPUMEHsAEMas U1 YeTBEPTOH MOJBI, YCTpaHSIET HE3HAYUTEIBHOE
YMEHbIICHUE CPETHETOIOBBIX 3HAYCHU I BPEMEHHOT0 KOA((HUIIMEHTa 1 CE30HHOM aMILUTUTY/bI.

BblBOAbI

MBI IpUMEHIITH TIPOLIEAYPY YCTPAHEHUS TPEHIOB T Kax 101 Moasl EO®D pas3noxeHns M CpaBHHUIIH pe-
3yABTATHl MOJCTUPOBAHUS C 6a30BBIM SKCIIEPUMEHTOM, BKITIOYAIONIIM BCE BBISIBICHHBIC TPECHIBI.

CormmacHO pe3yabpTraTaM CpaBHEHHSI, IepBasi MOJIa, IPECTABIISAIONIAs Ce30HHBIN ITHKII, (POPMUPYET HHTET-
pabHYIO TeHICHIINIO YMEHBIIEHU 00beMa Jibaa Ha 96% oT mcxomHoro Tperaa. Hamre MopennpoBaHue moka-
3BIBACT, UTO JIBA JPYTUX PEKMMA TaKKe UMEIOT Ba)KHOE BIISTHHE HA 3Ty TEHACHITUIO: BTOPOU PEeXUM ((opmHu-
pytomuii TpeHx Ha 17%), KOTOPBIN IpeICTaBIAeT apKTHUECKUE KoseOaHus, 1 TpeTuit pexxum (Ha 18%), xoro-
PBIit OBLT Pe3yNIbTaTOM BKITIOUEHHS TEMIIEPATyphl IPU3EMHOTO BO3AyXa B BEKTOp coCTOstHAA. CyMMUpOBaHHE
He naet 100% u3-3a HenmuHeHOCTH. ECni paccMaTpuBaTh OKpAaMHHBIE MOPS, TO POJTH BBICIIHX MOJ CTAHOBHUTCS
HE TaK y’X MaJjia [0 CPaBHEHHIO C TIEPBOI MOIOH. 31eCch HU OJJHA U3 MOJ HE JaeT ITOYTH MOJTHOTO TpeHaa. AHa-
TU3 TeHICHINI TOKA3bIBaeT, UTO Hambojee d((PEKTHBHBIM B YMEHBIICHHN 00beMa JIbJa OBUIO TMOBBIIICHHE
TeMIIepaTypsl MIPU3EMHOTO BO3/IyXa, OMHAKO, STO MOBHIIIEHNE MOXKET MPOSBIATHCS TTOCPEICTBOM HECKOIBKIX
MeXaHU3MOB. [|OTTOTHUTENBHBIE NCCICIOBAHMUS TaKXKe HEOOXOIMMEI IS OIICHKH JHHAMHYECKOTO (hakTopa.
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The mechanism of natural climate oscillations in Arctic
and North Atlantic in climate model of INM RAS
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model INM-CMS, the mechanism of natural climate variations in the Arctic with a period of about 60

years was investigated. It is shown that a quarter of the period before the Arctic warming, there is a
more intense than usual flow of Atlantic water into the Arctic Ocean, near the coast and the border of the shelf
the salinity and density are less than usual. As a result of advection of Atlantic water after arctic warming, the
water off the coast and the shelf boundary becomes more saline and heavy, which leads to a weakening of the
flow of Atlantic water and a change in the oscillation phase. The conclusions are supported by the calculation of
the generation of anomalies of temperature, salinity and flow rate by various terms, as well as an estimate of the
contribution of various terms to the change in the oscillation phase.

3 ccording to the data of a pre-industrial experiment with a duration of 1200 years with the climate
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MexaHn3M ecTecTBEHHbIX KoflebaHu KnnMaTa B ApKTUKe
1 ceBepHOWN ATIaHTMKe Mo AaHHbIM KTMMaTu4ecKon Moaenm
BM PAH
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3 JIJaHHBIX HAOIIONEHUH U3BECTHO, YTO B APKTHKE M CEBEPHON ATIaHTHKE IIPOUCXO/ST 3aMETHBIE KO-

nebaHns KJIMMara ¢ XapakTepHbIM BpeMeHeM okoo 60 set [Moore et al. 2017]. Onnako, MexaHU3M

TaKUX KoJieOaHMH JI0 CHX ITOp OCTAETCs He BBIICHEHHBIM JI0 KoHIA. K HacTosmeMy BpeMeHH MpeJuio-
JKEHO HECKOJIBKO BO3MOJKHBIX MEXaHH3MOB, OOBSCHSIONINX €CTECTBEHHBIC KOJIEOAHNs KinMara B APKTHKE U
CEBEPHOM ATJIaHTHKE C XapaKTEPHBIM BPEMEHEM B HECKOJIBKO JICCATKOB JIeT. B HacTosel pabore 1o gJaHHbIM
mozenu kimmara IBM PAH paccmarpuBaercst kosiebanue KimMara B ApKTHKE C XapaKTEepHBIM BPEMEHHBIM
MacTaboMm ropsizika 60 Jiet, ¥ ero mpupo/a UCCIIeyeTcs ¢ TOMOLIBIO BRIYMCIICHNS PeoOpa3oBaHuii JHEPTHH,
a TaKKe TEXHUKHU OLICHKH BKJIaJIa B 9BOJIIOLHIO (ha3bl KOIeOaHHI.

g nccrenoBanus kojaeOaHMs KIMMara B ApK-
THKE UCIIOIb30BAINCH JAHHBIC MOICIMPOBAHNUS KITU-
Mara, MOITyYeHHbIE C MOMOINBI0 MOJEIH KiIHMara
INM-CM5. Mozens 1 BOCIIPOM3BEACHUE €10 COBpPE-
MEHHOTO KJIMMaTa onrcana B [Bomoawma u ap., 2017].
Mozienb COCTOUT U3 JIBYX OCHOBHBIX OJIOKOB: MOZIENHN
o0mIel MUKy aTMocepsl M MOIEIH 00IIeit
LUPKYISAUN OKeaHa. B armocdepe pasperieHue co-
craBiseT 2x1.5 rpamyca mo qoaroTe W mmpoTe u 73
YpOBHS 10 BepTHKaIW. B okeaHe paszperieHue
0.5x0.25 rpangyca u 40 ypoBHEii.

C Monenbio MPOBEAEH YHCIIEHHBIH SKCIIEpH-
MEHT B PEXHME MPEAUHAYCTPHAIBHOTO KIMMaTa, B
KOTOPOM BCE BO3ICHCTBHS HA KIMMATHYECKYIO CHC-
TeMy cooTBeTcTBOBaiM 1850 romy u HE M3MEHSIIHCH
B T€UEHHE IKCTIEPUMEHTA. [IpOIOIKUTENBHOCTD KC-
mepuMenTa coctaBmia 1200 iet. HauansHOE cocTos-
HHUE y’KE€ COOTBETCTBOBAJIO MOJEIBHOMY IIPEANHIY-
CTpUAIbHOMY KIUMaTy. Jlasi JUarHOCTHKHM KojieOa-
HUH KIMMaTa B TEUCHNE HKCIIEPUMEHTA COXPAHSIIOCh
CPeHEMECIHOE COCTOSIHNE OKeaHa (IoJIs TeMIepa-
TYpPBI, COJICHOCTH, KOMIOHEHTBI CKOPOCTH TEUEHHA),
TEHJCHIUHN A1 3TUX MPOTHOCTHUYECKUX MEPEMEH-
HBIX BCJIEICTBHE aJBEKINH, BEPTUKAIBHON Tu(dy-
3MM BKJIIOYAs IOTOKH C ITOBEPXHOCTH, N30MUKHUYE-
ckol muddy3nun (A TeMIepaTypsl U COJICHOCTH) U
cllaraeMbIX TPAJUEHTa AaBICHHUS U KOpHomuca (Ui
KOMITOHEHT CKOPOCTH).

B macrosmeir paboTe uccnenyroTcs KorneOanus
KIIUMaTta C MepHoaoM Okojio 60 JeT, mosToMy st
YMEHBIICHNST 00beMa aHAIN3UPYEMbIX JaHHBIX BCE
COXPaHEHHbIE OKEAHNYECKHUE MO OBUTH OCPETHEHBI
mo 15-metanM mHTepBanaM. 110 ocpemHEeHHBIM MO-
JISIM OBUTH BBIYHCIICHBI KOMITO3UTHI TIOJIEH, COOTBET-
cTBytomme Terioi Apkruke. Kpome Toro, 65u1H BBI-
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Puc. 1. KoMno3suTbl aHoMannm cKopocTy TEYeHUA Ha ry-
6uHe 200M, 10-3 M/c (NoKa3aHbl TONIbKO BEKTOPLI CKOPOCTH,
npesbilwaroLme no Bennuute 10-3 M/c) ans cnyyaes 3a 15
NEeT A0 apKTUYECKOro NOTeNeHWA (BBEPXY), BO BPEMA ap-
KTMYecKoro notennieHua (B cepeamHe) n yepes 15 net no-
C/e apKTUYecKoro noTenneHuna (BHU3y).
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YUCJICHbI KOMITO3UTHI MOJIEH ISl BpEMEHHBIX UHTEPBAJIOB, MPEALIECTBYIONINX TEIUION ApKTUKe Ha 15 et a
TaK)K€ KOMIIO3UTHI MOJiel AJist 15-neTHUX MHTEepBaioB uepe3 15 neT mocie apkTHuecKuX noTeruieHuid. 3a 15
JIET JI0 NOTeIUIeHHH (prc. 1) MPUTOK aTIaHTHYECKOW BOJIBI B APKTHKY OOJIbIIE CPETHET0, KaK U BECh IIMKIJIOHH-
YeCKHI KpYroBOpoT BIOJIb OeperoB win cBaia nryoun CesepHoro Jlenosuroro okeana (CJIO). OToT KpyroBo-
POT, KaK M MPUTOK aTJIAHTHYECKOM BOJIBI, OOJIBIIE CPEHET0 M HEMOCPEICTBEHHO BO BpeMst NoTeruieHui. Yepes
15 ner mocie NMOTEIUICHUH, HAIPOTHUB, IIPUTOK aTJIAHTUYECKOH BO/bl ¥ KpyroBopot B CJIO ocnabnenst. [Toaro-
My MOXHO BBICKA3aTh IIPEIIOIOKEHHE, YTO MPUIMHOM apKTHYECKOTO NMOTEIUICHUS ABJISIETCS UIMEHHO yBeJInde-
HUE MepeHoca Teruioi ariantudeckor Boabl B CJIO. UToOb! mpoBepuTh 3T0, ObLIA IPUMECHEHA TEXHUKA BHIYH-
CJICHHsI TIpeoOpa3oBaHusl SHEPTUM ISl KOJIEOAHUH C pa3MuHBIMM NEPHOJaMH, a TAaK)Ke TEXHUKA aHaln3a
BKJIaJIa Pa3IMYHBIX ClIaraeMbIX B ©3MEHEHUE (a3bl KOIeOaHHH.

TexHuKa BBIYHCIICHHS IPEOOPA30BAHUS SHEPIHHU JUIS KoJieOaHWH ¢ pa3IMuHBIMKM NEpHOJaMU TPUMEHHU-
TEJIBHO K 3a7a4aM Qu3uKu aTMocepbl BriepBbic Obuta n3nokena B [Cheng and Hayashi, 1990], a TexHuKa BbI-
YHCIICHHS BKJIaJZla B M3MCHEHUE (pa3bl KojcOanus u3iioxkeHa B [Bomonun, 2019]. B Tabnume 1 npencraBieHb
BKJIaJIbl PA3JIMYHBIX claraeMblxX B reHepaiuio G anomanuit remmneparypsl T u conenocta S B CJIO B BepxHeM
croMeTpoBoM cioe U B cioe 100-1000m, a Takke BKJIaJ 3THX ciiaraeMbix P B sBomonuio (assl KojaeGaHusl.
CyMmMa BKJIaJIOB BCEX ClIaraeMbIX B T€HEPALUIO JI0JDKHA ObUIb OJM3Ka K HYIJIIO, 8 CyMMa BJIAJIOB B M3MEHEHUE
¢assl - omuska k 1. FT u FS o3HavatoT TeHASHIIMN TeMIIepaTypbl U COJICHOCTH, a MHJICKC IT0Ka3bIBAET, BCIIECCT-
BHE KaKOTro Ipolecca MpoucXoauT ata TenaeHms: ADV - ansekuus, IS - n3onuknuueckas quddysus, VD -
BepTHKajbHas quddy3us u NOTOKHM ¢ moBepxXHOCTH, RAD - comHeunas paguanys. JlaHHbIE OCpeaHEHbI IS
nepuosioB ot 36 10 90 ner. Tabnuna mokaspIBaeT, YTO OCHOBHOMW BKJIAJI B TEHEPAIMIO aHOMAIMI TeMIlepaTyphbl
BHOCHT a/IBEKIIMA. B BepxHeM ciioe 3aMeTHBIH BKJIaJ BHOCUT TaK)Ke COJIHEUHAs pajinaliysl, YT0 MOXKHO UHTEp-
MIPETUPOBATh KaK TO, YTO MPH MOTEIJICHUH YMEHbIIAeTCs IJIOIIAJb MOPCKOTO JIbJa M YBEIUYUBACTCS J0JS
COJIHEYHOTO U3JIy4eHHs], TTIOMIOIEHHOI0 MOBEPXHOCTHIO. AIBEKI[HsI BHOCUT TaK)KE OCHOBHOM BKJIaJ] B U3MEHE-
Hue (asbl KoeOaHus TEMIEepaTyphl Kak B BEPXHEM CJIO€, TaK U B TIIyOOKOM OKeaHe. Bkiia/l M30MMKHUYECKOIH
muddy3nu 1 BepTUKaIbHON an(dy3un, a Takke OTOKOB C TIOBEPXHOCTH B TEHEPALIUIO KojieOaHNH TeMIepary-
PBI ¥ B DBOITIOIMIO (pa3bl OTpUIATENICH. DTO 03HAYAET, YTO ITH CilaraeMble He SIBIISIOTCS IPUYMHON KOJIeOaHusL.

OCHOBHOI1 BKJIaJ] B THEPAILMIO KOJICOaHUH COJICHOCTH M B 9BOJIFOIIMIO (ha3bl TAKKE BHOCUT aJBEeKIHsL. JIuib
B ITyOOKOM OKeaHe CYIIECTBEHHBII BKJIaJl B 9BOJIIOLMIO (ha3bl KoJIeOaHHsT BHOCUT M30ITMKHUYECKast AU dy3us.

Tabnuua 1. Bknap pasnuyuHbix cnaraeMbix B reHepaumio G aHoManuii TeMneparypbl, CONEHOCTU U FOPU30HTasIbHOM CKOpO-
CTW, a TaKKe B M3MeHeHne dasbl Ux Konebanuii P ana Apktukm (66.5-900c.1u.) B BepxHeM croe okeaHa (0-100M) u rny6o-
KoM oKeaHe (100-1000m).

T 0-100m FT,,v FTy, FT, FTpp
G, 10"K’/c 4.03 -3.60 -1.62 1.38
P 1.23 -0.10 -0.01 -0.10
T 100-1000 m
G, 10K’/c 0.32 -0.12 -0.20 0.00
P 0.74 0.05 0.12 0.00
S 0-100m FS,pv FSyp FSs
G, 10™%0’/c 0.39 -0.39 0.02
P 0.99 -0.13 0.00
S 100-1000m
G, 10™%02/c 9.9 13.9 -20.0
P 0.93 -0.01 0.03
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Simulation of North Eurasia winter atmosphere circulation
with the SLAV 972196 model

"“Tolstykh M.A., 'Fadeev R.Yu., “Shashkin V.V., 'Goyman G.S., °Khan V.M.

" Institute of Numerical Mathematics RAS, Moscow, Russia
? Hydrometcentre of Russia, Moscow, Russia
E-mail: mtolstykh@mail.ru

lute vorticity) is developed at the Institute of Numerical Mathematics RAS and Hydrometeorological
center of Russia (HMCR). The SLAV is an operational model for medium-range weather forecasts but
also a component of the HMCR probabilistic long-range forecast system. Recently, SLAV9721.96 version ori-
ented to long-range forecasts and climate change modelling is implemented basing on multiscale variant of the
SLAV model. Besides numerous improvements in model dynamics and physics, SLAV972L.96 has 96 vertical
levels with the uppermost level located at 0.035 hPa. This model has undergone extensive tuning. The initial
data for SLAV9721.96 seasonal forecasts using the reanalysis data for 1990-2018 was prepared taking into ac-
count the incorporation of the INM RAS multilayer soil model. Then the historical 4-month 12-member en-
semble forecasts (hindcasts) are computed using this data for 30 of October of years 1991-2010. Their results
are analyzed. SLM972L.96 provides smaller errors than the previous versions of the SLAV model, especially in
tropics. In Northern extratropics, a remarkable increase in correlation of model mean sea-level pressure field
with that of the reanalysis is observed. Also, the winter NAO index is better reproduced.
Currently, the works on clarification of SLAV972L.96 model tunings are underway. Also, the coupled at-
mosphere-ocean-sea ice model SLAV-INMIO-CICE is currently under tuning.

The global semi-Lagrangian atmosphere model SLAV (Semi-Lagrangian, based on the equation of Abso-

BocnpousseneHve 3uMHen UMpKynAaumMmn atMocodepbl
B CeBepHou EBpasuu mogensio MNMJ1AB 9721.96

"Tonctbix M.A., '®apees P.10., “Lawkun B.B., Toiiman I".C., XaH B.M.

" MHCTUTYT BbIuMCMTENbHOM MaTeMaTuku PAH, MockBa, Poccua
? Mmppometuentp Poccuu, MockBsa, Poccus
E-mail: mtolstykh@mail.ru

1. BBEOEHUE

[moGanbpHas moynarpankeBa Moziels o0miel nupkysiiun armocdepst IIJTAB (ITonyJlarpankesa, ocHO-
BaHHAas Ha ypaBHeHUHN AOcooTHOM 3aBuxpennoctn) [1] paspaborana B IBM PAH u I'mnpomernentpe Poc-
cuu. C 2010 roga moaens [IJTAB npumensiercs B ['unpomeruenTpe Poccuu 17151 oniepaTUBHOTO CPEAHECPOUHO-
T'O IPOTHO3a MOTO/BI € 3a0J1arOBPEMEHHOCTHIO 10 10 cyTOK.

B Poccun passuBaercs cucrema JI0JArOCPOYHOIO MPOrHO3a HA OCHOBE MOJIENIM OOIIEH HUPKYISLUH at-
mocdepst [TJTAB. Crapsrit Bapuant mozpeinu (ITJTAB2008) noka npuMeHsieTcs B KauecTBe KOMIIOHEHTA olepa-
TUBHOM TEXHOJIOTHH BEPOSITHOCTHOTO 1porHo3a B I'mapomeruentpe Poccun. HenaBHo Ha ocHOBe pa3pabarsi-
BacMOW B TMOCJIEAHUE IOl MyJabTUMaciiTabHoro Bapuanta monenu [1JIAB [1] peanuzoBana HOBast BepcHs
ITJIAB-9721L.96, opueHTHpOBaHHAs HA JIOJITOCPOYHBIN MPOTrHO3 U MOJEIUPOBAHNE N3MEHEeHUH kinmara. ITo-
MHMO YCOBEPIIICHCTBOBAHHOTO JTMHAMHYCCKOTO OJ10Ka, OoJiee coBepiueHHOro (o cpaBHeHuto ¢ [TJTAB2008)
OIMUCAHWUSI IIPOIIECCOB MOCceTOUuHOro Maciitada, [IJTAB-9721.96 npu Oosiee BEICOKOM TOPU30HTATIHLHOM pa3pe-
menun 0,9x0,72 rpamyca mo JONrOTe U MIMPOTE UMECT TAKXKE CYHMICCTBEHHO 00JIee BHICOKOC BEPTHKAIBLHOE
pasperuerne — 96 THOpHIHBIX BEPTUKAIBHBIX ypOBHEH. BepxHuii ypoBeHb Mozenu pacnonoxen Ha 0,035 rlla.
BeprukanbHoe pasperenne B Tponochepe mensiercst ot 60 M B morpanudHoM cioe 10 700 MeTpoB B paiioHe
Tpomnonay3sl. Beie yposast 150 rla (15 km) Haxonsites 50 ypoBHEH, paccTOsIHUE MEX/y HUMH [UIaBHO yBEJIH-
yuBaeTcs ¢ BbicoToit oT 700 M 0 1 kM. Okoso BepxHer rpanuibl Moaeiu (Boime 1 rlla) paccrosHue MexIy
YPOBHSIMH pe3ko pacteT oT 1 70 3 kM. YBenMUeHHUe I1ara CeTKH M0 BEPTUKAIN Hapsiay ¢ JieMII(pUpOBaHHEM
JMBEPreHTHBIX ABMKEHHH Bbime 1 rlla mo3possier n30exKarh JIOKHOTO OTPAKEHUSI HHEPIIHOHHO-TPaBUTAIIOH-
HBIX BOJIH OT BEpXHEW TpaHUIIbl MOeIbHON arMocdepsl. Takoe pazpelnieHre, BMECTe ¢ BKIIIOUCHUEM Tapame-
TpH3alui cTpaTtocepHbIX MPOLECCOB MOACETOYHOTO MaciiTada, Mo3BOJISIET HAeIThCSl Ha aJeKBaTHOE BOC-
MIPOM3BEACHUE B MOJICIIH TAKUX SIBIICHNH, KaK BHE3aITHbIE CTpaToC(epHbIe MoTeruieHus. Takast Bepcust MOJelIn
obecrieurBaeT BOCIIPOM3BEICHHE KBa3UIBYXJIETHEro Kosebanus B crpatocdepe [2]. [Tokazano, urto yiryurire-
HUE ONMKCaHUs cTpartochepsl B MOAECIIX 00LEeH HUPKYISIMU arMoc(dephl MTO3BOJISIET YBEIMYHUTH TpeCcKasye-
MOCTb aTMOC(EpHON LUPKYJISALNK Ha CE30HHBIX BPEMEHHBIX MaciuTabax [3].
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C ucnosnp3oBanueM [1JTAB-9721.96 Obutn paccunTanbl HaualIbHBIE JaHHBIE JUIS IOJITOCPOYHBIX ITPOTHO-
30B I10 apXMBHBIM JJaHHBIM peaHanu3a ERA-Interim [4] ¢ yyeToM HCIONIB30BaHMS MOJIEIIM MHOTOCIIOHHOI MO-
uyssl UBM PAH [5]. Jlyst 3TOT0 B 6J10KE OATOTOBKY HAYaIbHBIX JAHHBIX JUIsl MOJICITH ObLiIa peaii30BaHa KOp-
peKIUs TeMIepaTypsl Ha TpeX U3 BOCBbMH YPOBHSX B TIOUBE. DTa KOPPEKIHSI U3MEHSET TeMIepaTrypy 3TUX CJIO-
€B B COOTBETCTBUE C OUIMOKOW 6-4acOBOTO MPOTHO3a, CTAPTOBABILIECTO C HAYaJbHBIX JaHHBIX MPEIBIIYIIErO
CpOKa, C BeCaMH, YObIBAIOLIMMHU C ITyOWHOM, a TaKke 3aBUCSIIUMHU OT 3€HUTHOTO yIJIa COJIHIIA U psjia APYTruX
(haxTOpOB, KOIJIa MBI HE MOKEM CBSI3aTh OLIMOKY IIPOrHO3a MPU3EMHON TeMIIepaTyphl ¢ OLINOKOW TeMIepary-
PBI TIOUBBI.

Bbia BeINONHEHA KOMIUIEKCHASI HACTPOWKA TAaHHOW BEPCUH MOJIENIN aTMOoc(ephl JITst 3a/1a4K BOCIIPOH3Be-
JICHUS UPKYISIMN aTMOC(Epbl Ha MECSIYHBIX M CE30HHBIX MaciiTadax. JJjist 3Toro BHIIOIHSIIUCH pacyeThl aH-
caMOJIeBBIX IPOTHO30B € 3a0JIarOBPEMEHHOCTBIO 4 Mecsilia Ha 3MMHHN TIEPHUOA AJIsl OTACIBHBIX TOI0B (CTapTO-
BbIe JanHble 0T 30 okTsA0pst 1992, 1995 rT). YTOUHEHBI HACTPOWKHU 00JIAYHOCTH B MOJIEIIH, B T.4. BEPTHKAIBHOTO
PO UIISI KPUTHIECKOH BIIQXKHOCTH, OTIPEEIISIFOIIET0 BEPTHKAIBHOE pacipeielieHne 00J1aKkoB, U YTO 0COOEHHO
Ba)KHO JUUIS peIaeMbIX 3a/1a4, KOO(QQUIIMEHTHI 1 BEPTUKAIbHBIE 3aBUCHMOCTH ITapaMeTpU3al[ii TOPU30HTAIIb-
Hoii au¢ysun. [locaennue, B ToM Ynciie, BAUSIOT HA MOJIOKEHUE aJICyTCKOTO U UCIIAHJCKOTO MHHUMYMOB B
10JI€ JJaBJICHUS HA YPOBHE MOPSI.

2. YCNEHHBIE 3KCMNEPUMEHTBI U PE3YJIBTATDI

C mogensio armocdepst [IJTAB-9721.96 ¢ yToYHEHHBIMH HACTPOWKAMHU OBLT BBIIIOJIHEH PAcueT aHCaM-
0JICBBIX IIPOTHO30B € 3a01ar0BPEeMEHHOCTRIO 4 Mecsna 3a epuoa 1991 — 2010 rr mo 3aHOBO MOATOTOBICHHBIM
Ha4yalbHBIM JIaHHBIM. [ eHeparus ancamOIIsi HauallbHBIX JTAHHBIX IPOU3BOIMIIACK, B-TIEPBbBIX, CBUIOM HauaJlb-
HBIX JIAHHBIX Ha 6 4acOB, a TAK)KE BO3MYILEHUEM KIIIOUEBBIX TAPAMETPOB, OIIPEACISIONINX paboTy napamerpu-
3alMu [IyOOKOH KOHBEKIMU B Mojenu. [lociaenuuii moaxon ciaeayeT HepaBHel padore [6] u npusHaH Oosee
¢usnueck OOOCHOBAHHBIM, YEM CTOXAaCTHMYECKOE BO3MYILEHHE HeaauadaTHYecKHX TEeHICHIMHA MOJCIH
(SPPT) Ge3 y4era coriacOBaHHOCTH BCEX KOMIIOHCHT BEKTOPA COCTOSIHUS aTMOC(ephl. PacueTsl BHITOIHEHBI C
aHcamoOieM pazmepoMm B 12 ydacTHHKOB. Jlaniee ObLIO BBIIIOJHEHO OCPEIHEHUE PETPOIPOrHO30B 10 YYaCTHHU-
KaM aHcaMOIIs1, pacCMaTPUBAJIMCH KaK €KEHEBHbIE, TAK M CPETHEMECSIUHBIE TIOJISI.

Jlyist cpeiHEMECSIYHBIX T0JIeH MPOTHO30B PACCYUTAHBI KIIPOCTHIE» METPUKHU OIIMOOK MOJIeH MPOrHO30B
noneit reonorennuana 500 (H500) u 200 rlla (H200), nanenust Ha ypoBHEe Mopsi (MSLP), Temnepatypsl Ha
ypoze 850 rlla (T850) u 2m (T2m) Mo OTHOIIECHHIO K COOTBETCTBYIOIINM oJisiM peananu3a ERA Interim [4],
a TaKk)Ke 0CaJIKOB 10 OTHOMLIECHUIO K JaHHbIM GPCP. Ommnbku cpaBHUBAIKCH C aHAJIOTMYHBIMU OIIMOKaMU JJIst
MPOTHO30B, paccYUTaHHBIX B KoHIIe 2015 rona ¢ momortisio moaenu [IJTAB ¢ TakuMm e Topru30HTaIbHBIM pa3-
pemrenrem (0.9x0.72 rpagyca), HO ¢ 28 ypOBHSIMHU 110 BEPTHKAJIM, OTCYTCTBYIOIIAM OMUCAHHEM cTpatochep-
HBIX TIPOLIECCOB U HECKOJIBKO 00JIee CcTapbIMU MapaMeTpU3alMsIMH IPOLIECCOB MOACETOYHOro MactTaba [1].

Hawuboree 3HauMMOE YMEHBIIICHHE OMIMOOK OTMEUCHO B TPOIHKAX — KOA(D(HUIMEHT MPOCTPaHCTBEHHOM
(monuo#) xoppessiuuu noist H500 ¢ nonem peananusza ERA Interim Bbipoc ¢ 57 1o 76% Juist HOBOM Bepcuu, AJist
T850—c¢ 77 mo 83 %, nnsa T2m yBemmumics ¢ 86 10 93 %, a aist MSLP Beipoc He3HaunMo, Ha 1% . Bo BHeTponu-
yeckoit yacti CeBEpHOTO MONYIIAPHUS CYIIECTBEHHO BHIPOC KOAPMUIIMEHT KOPPEIISIIMU TPOrHOCTUYECKOTO OIS
JIABJICHUS HA YPOBHE MOPS C COOTBETCTBYIOIUM II0JIEM peaHain3a, ¢ 86 10 99 mporeHToB, YTO UMEET 0co00e
3Ha4YeHHe Jyisi BocrpousBeneHnsi CeBepo-ATIaHTHYECKOro KojeOaHus. He3HaunTebHO BBIPOCIH KOPPEISIA
OCTaJIbHBIX MPOTHOCTUYECKHX ToJiel BHeTpornueckor yactu CeBepHoro nonymiapusi. Takum o0pa3oM, HOBast
BEPCHsI MOJIENIM 3aMETHO JIy4llle BOCIPOU3BOJHUT aTMOC(HEPHYIO TPONochHEpHYO IUPKYIISIIMIO B TPOITUKAX.

PucyHok 1. AHomManuu TeMnepatypbl nonApHom ctpatocdepsl B HoAbpe 1991 - despane 1992 roga no faHHbIM Mogenu
M/TAB (cneBa) u peaHanu3sa ERA-Interim (cnpaBa). MoHo HabnioaaTb NONOMMTENBHYI0 aHOManMI0 TeMNepaTypbl B paiioHe
16 aHBaps.
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W3y4anack DOCTOBEPHOCTH BOCIIPOM3BEINCHUS JAMHAMHUYECKUX IIPOLIECCOB B cTparocdepe MOIEIbo
[TJIAB Ha ce3onHOM BpeMeHHOM Maciutade. Mozenb [1JIAB 3HaunTenpHO 3aHMKACT CKOPOCTH IUPKYMITOJISIP-
HOTO BUXPsI B 3UMHUI IIEpHOJT - HAOIIOIaeTCsl cucTeMarnueckas onnoka 1o 15 m/c B paitone 10 rlla, 60 rpan.
c.u1. [TonoOHas omrbka NpUBOIUT K TOMY, YTO BHe3anHble crpatocdepubie noremienns (BCIT) nadnronatorcs
CJIMILIKOM YaCTO - Kayk/bIi TO/1 B ITOJABIISIONIEM OOJIBIIMHCTBE WieHoB ancamOust (9-12 u3 12). beut nposenen
aHaJIN3 aHOMAJUI CPEIHEH TeMIIepaTyphbl 3UMHEH MOJISIpHOM cTpaTocepsl (ocpenHeHue Boime 60 rpa. ¢.1i.)
B mMozenu [1JIAB orHocuTensHO MozenbHOro Kinmara. CpaBHeHne ¢ aHomanusiMu peananusa ERA-Interim
TOBOPHUT O TOM, YTO 3HAUMMasi IIOJIOKHUTENIbHAsT KOPPEJSIIMS HaOII0aeTCsl TOIBKO B MEPBBIA MECSI IPOTrHO3a
(mexabps, mpu ctapte 30 okrsiOps). s yposHeit 1-5 rlla koppesius aHOMAIHA i IeKaOpsi COCTaBIISICT
0,35. Koppemsitust Ha ypoBHsax 10 u 20 rlla - He 3HaunMa. B cpeanem 1o ancam0i110, aHOMaI|H, TPOTHO3UpYe-
MBbI€ MOJIETIbIO, ycTymatoT anoManusiMm ERA-Interim B ammumuryze (ot -10 no +10 K nporus -30 no +30 K).
AMIIHTY/Ia aHOMAJIMK OTJENBHBIX Y4acTHUKOB aHcamOs pocturaer 15K. Ilpumep cpaBHEHUs] MOAEIBHOTO
BHE3AITHOTO CTPaToc(hepHOro NOTEIUICHHS M peaHan3a IpruBeieH Ha puc. 1.

B npoBenenHbIX dKcriepumenTax moxens [1JIAB npaBuibHO BOCIPOM3BOAWT TIOJYTOJ0BOE KojeOaHue
BETpa B 9KBaTopHajibHOU cTparocdepe. B Hauane HOsOps B paiione yposHs 1 rlla popmupyercs mosioca orpu-
LATETIBHOI0 30HAJILHO-OCPETHEHHOI'0 BETPa, KOTOPask MOCTENEHHO OMYCKAeTCsl U B STHBape pacipoCTpaHseTcs
Ha yposHH 1-10 rlla. B cepennne-konue ¢eBpaist Ha ypoBHsX Bble 1 rlla BO3HUKaeT HOBas MOJIOKUTEIbHASL
(haza, kotopas cryckaercs a0 1-2 rlla k Hauary Mapra. MOXHO TIPOCIIEIUTh OIyCcKaHue (pa3bl KBa3UABYXJICT-
Hero KojieOaHMsl 1 BOSHUKHOBEHHE €r0 HOBBIX IOJIOKUTEIBHBIX/0TpHULaTeNbHBIX (a3 B paiione 10 rlla (kax
pa3BUTHE BO3MYIICHUH, CO3IaHHBIX TI0JIyTOJIOBBIM KOJICOaHUEM).

Jlist Texyeit Bepeun Moaenu [1JIAB-9721.96 OblIo BBINOJIHEHO CPAaBHEHHIO YCIICIIHOCTH IPOTHO30B
nnyekca Ceepo-Atnantuyeckoro koiebanust (CAK) co crapoit oneparusHoi Bepcueit mopenu IIJIAB mus
JIOJITOCPOYHOTO MPOTHO3a C TOPU3OHTAIBHBEIM pa3pemenueM 1,4x1,1 rpagyc, 28 ypoBHei, koTopas 10 CUX 1Op
HCIIONIB3YETCsl 10 TEXHOJIOTHUECKUM PpUYMHaM. PaccMarpuBainnch MpOrHO3bl Ha 3UMY C MECSIYHOM 3a0J1aros-
pEeMEHHOCTBIO (HadabHbIe aHHbIe 0T 30 oKkTsI0pst) 3a epuox 1991-2010 rr. Pesynbrars! npuBeieHb! B Ta0IH-
ne 1.0ka3anock, yTo HOBast Mojielb npeackasbpiBaeT uHaekc CAK ropasno ycnemsee, yem crapas. Bmecre ¢
TEM, Pe3yJIbTaThl MI0Ka YCTYIAIOT JIyYIlInM MUPOBBIM MOJIEIIsIM, ocobeHHOo Mozenu MetOduca Bennkobpura-
Huu [7].

Ta6nuua 1. KoadduumeHt koppensaumm MogensHoro uHaekca CeBepo-ATnaHTUUeCKOro KonebaHWA ¢ MHOEKCOM Mo faH-
HbIM peaHanu3a.

Old SLAV model SLAV9721.96
Dec Jan Feb DJF Dec Jan Feb DJF
ACCNAO | 0.023 -0.153 -0.153 -0.207 -0.01 0.37 0.19 0.258

B Hacrosmiee Bpems BexyTcst paboTHI 110 YyTOUHEHUI0 HacTpoek Moaemu [IJTAB9721.96, a Takxke HacTpoii-
Ke COBMECTHOI Mozenu atMocdepsl, okeana u Mopckoro ibaa [IJIAB-UBMUWO-CICE [8], rne pa3pemnienne
Mozieliel oKeaHa i MOPCKOro Jbaa cocrasiseT 0,25 rpagycoB 1o ZOITOTe U MIUPOTE.

Hccnedosanue svinonneno npu uacmuunotl noodepaicke epanma Poccutickozo ¢ponoa ¢ynoamenmanvrvix
uccreoosanuti (npoexm Ne 17-05-01227).
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OcobeHHoCTM pa3BuTMA 6NOKMPYIOLLMX NPOLIECCOB
B CeBepHOM U HOKHOM nonyLwapmax
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CCIIeJOBAHHE TAKMX KPYITHOMACHITAOHBIX YCTOMYMBBIX POLIECCOB B aTMocdepe, Kak OJOKUHTH, ITpea-
CTaBJIsIeT OOJIBIION HAYYHBIH M MPAKTHYECCKUH WHTEpEC, MOCKOIBKY NPOLECChl OJIOKUPOBAHMS OCTa-
FOTCSI OCHOBHBIMY IIPH ()OPMUPOBAHUH KPYITHBIX aHOMAJIMI KJIIMMaTa ¥ TIOTOAHBIX YCIIOBHH.

B Hacrosimeii pabore ¢ npuMEeHeHnEeM CHHONITHYECKOTO TTOIX0/1a ITOCTaBIeHa 33/1a4a pacCMOTPETh MeXa-
HU3MbI popMHpoBaHus OJIOKMHTOB B KOXKHOM MOJyIIapUH U BBISIBUTH OCOOCHHOCTH YCTAHOBJICHHN OJIOKHUPY-
o1ux pexxnuMoB B CeBepHoM U FOkHOM nonymapusx.

Jna ananusa ucnonb3oBaHbl KapTel noroasl I'uapomernentpa PO mis CesepHoro u FOxHoro nomyia-
puii. ITo Kanenmapro nocienoBareabHON CMEHBI 2JIEMEHTAPHBIX UPKYISIUOHHBIX MexaHu3MmoB (DLIM) [3]
BeIOpanuchy DM ¢ ogHMM, IBYMS, TPEMsI U YETHIPbMsI OJIOKMPYIOIIMMHU IPOLECCAMH M PACCMaTPUBAIOCH X
pa3BUTHE Ha NpoTshKkeHnu aeiictus D1M.

B.JI.13epnzeeBckuM [1, 2] ycTaHOBIIEHO, YTO OJOKMPYIOLIME MPOLECCHl Pa3BUBAIOTCSI OJTHOBPEMEHHO B
CeseproM u HOxHOM nmomymIapusx IpUMEPHO Ha OJHUX M TEX ke foarorax. Ilpu 3ToM npoucxoaur coeauxe-
HHUE apKTUYECKOI0/aHTAPKTUYECKOr0 aHTHLUKIIOHA ¢ cyOTponmueckuMm. st CeBepHOTO mojymapusi Mexa-
HU3M 00BEANHEHNS apKTUYECKOT0 U CyOTPOIMYECKOr0 aHTHIIMKIIOHOB N3BECTEH U 3aKIIIOYACTCs B IBHIKCHUT
APKTHYECKHUX aHTUIMKIIOHOB C FOXKHOM (Yalle — I0T0-BOCTOYHO) COCTABIISIONICH, B pe3yJIbTaTe Yero MpoUcXo-
JIAT TTOTIOJTHEHHE CyOTPOITMUECKOM ITOJIOCHI BBICOKOTO JIABJICHNSI CBE)KUMH apKTHYECKUMH SIIPAMH.

[Tpn u3yueHnn UUPKYISIIUOHHBIX MeXaHH3MOB B HOXHOM nosrymapuu ObUIO YCTaHOBJICHO, YTO TPOLIECC
CJIMSIHUSL QHTAPKTHYECKOTO M CyOTPOITMYECKOTO aHTUIIMKIOHOB MPOHUCXOIUT COBEPLICHHO IO-IPYyTroMY, YeM B
CesepHoM. OCHOBHOE OTJIMYHE 3aKII0YAETCSI B TOM, UTO, eciii B CeBEepHOM IOJIyIIapHH, KaK IPaBUIIO, IpeOeHb
APKTHYECKOTO aHTUIMKIIOHA PaclpoCTPaHseTCsl B HU3KUE IUPOTHI, TO B KO)KHOM TpeGeHb CyOTpOnniecKoro
AQHTHUIMKIIOHA BBITATMBACTCS B 00J1ACTh BBICOKHX IIUPOT, B CTOPOHY AHTaPKTH/IBI.

B kadecTBe npuMepa, MWIUTIOCTPUPYIOIIETO 3TH 0COOCHHOCTH, IIPUBE/IEM OITMCAHUE TIPOLIECCOB, Pa3BHBAB-
muxcst 5 aBrycra B CeBepHoM (s1eTo) 1 FO>kHOM (3MMa) TTONTy LITapHsIX.

B CeBepHoM monymmapuu B 3TOT JieHb cymiectBoBan JL[M 12a ¢ geThipbMs OIOKHPYIONIMMH MPOIecca-
Mu: HaJl ATiianTukoit, Tuxum okeanoM, Bocrounoii Cubupsio 1 Amepuxoii. B CeBepHoM nomymapuu Haj At-
JIAHTUKOW MPOUCXOAUIIO aPKTUYECKOE BTOPXKEHUE B ThULY CEPUU IOXKHBIX LUKJIOHOB, HaJ THXUM OKEaHOM - B
TBUTY aJICyTCKOTO IIMKJIOHA, HA AJISCKY - B ThUTy LIMKJIOHA HaJl AMepHKoi, 1 Ha Boctounyro Cubups - B ThUTY
JIAJIbHEBOCTOYHOH LIUKJIIOHUYECKOH crcTeMbl. Bo Bcex caydasx B ThUTY LIMKJIOHOB BO3yILIHbIE TOTOKH HAIIPaB-
JIEHBI C CEBEpa Ha IO

B IOxHOM nonymapuu B 9T0 ke BpeMsi HaOJII0alloch TOXEe YEThIpe CUTyaluy OJoknposanus. B Atinan-
THKE, B THUTY IIMKJIOHA Y BOCTOYHBIX OeperoB AMEpHKH, BO3YIIHbIC TIOTOKU TAaKKe ObLIN HaIpaBJICHBI C CEBe-
paHa IO, T. €. OT CyOTPOITMKOB K AHTAapKTH/IE, TI03TOMY OJIOKHPYIOLIUH MPOLIECC B THUTY 3TOTO IMKJIOHA Pa3BH-
BaJICSl BBITATHBAHUEM I'PeOHsI CyOTPONNYECKOTO aHTHIMKIOHA K AHTapkTuae. OTMETHM, 4TO HaJl HEH B 3TO
BpEMsI HE CyIIECTBOBAJIO 3aMKHYTOI0 aHTULUKIOHNYECKOro odara. B TuxoM okeaHe B ThUTy LIUKJIOHA C LEHT-
pOM ceBepHee cTaHIKM MooaéKHas pacrojaraics TpedeHb CyOTpOIIMYEeCKOr0 aHTUIMKIIOHA, 3aKaHIHNBAalO-
IIMHCST HEOOJBIIMM CaMOCTOSTENIFHBIM SJIPOM B paioHE MOJISPHOTO Kpyra MEXIy CTaHIMsIMH Boctox u
Amyncen-Ckott. Tpernii rpebens copMUpOBaICs B ThUTY LUKIIOHA, PACHIOIOKEHHOTO I0JKHEE ABCTPAINHU Y
OeperoB AHTapkTHIBL. UeTBEPTHIN mpoTsiHyics oT FOxkHol AMepHky K craHun AMyH/IceH-CKOTT.

XapakTep U3MEHEHHUs TeMneparypbl Bozayxa B CeBepHoM 1 FOkHOM Tonymiapusx pu popMHpPOBaHUT
OJIOKMPYIOIINX MPOIIECCOB B THUTY LIMKJIOHOB TaKke pasindeH. Ecim B CeBepHOM moiyIiapuy Ipu apKTuye-
CKOM BTOPKEHUU MTOXOJIOJJAHHUE PACTIPOCTPAHSAETCS C C€Bepa Ha 0T, To B HOKHOM NOJyIIapyuu ¢ HauanaoM BBITS-
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TUBaHUs IPEOHS CyOTPOIMYCCKOTO aHTUITUKIIOHA C CEBepa Ha T, OT CYOTPONUKOB K AHTapKTHKE, pacpocTpa-
HSETCS TEeIUIbIM BO3AYX. .

Taxum 00pa3zom, B ThUT UKIOHOB U CeBepHOTo, U KOKHOTO MOy Iapuii 4acTo pacipoCTPaHSIOTCS rped-
HU BbICOKOTO JaBieHus. Opnako B CeBepHOM MOIYLIApUU OHU UMEIOT apKTHUYECKOE MTPOUCXoXkKAeHHE, a B FOx-
HOM - cyOTpomudeckoe. Bo3MoKHO, Takoe pa3jindue CBA3aHO C TEM, YTO AaHTAPKTHYCCKUI aHTUITMKIIOH ropa-
3110 MHTCHCUBHEE U OOJIBIIIE 110 TUIOMIAU, YeM aPKTUICCKHUMA, U BRIHYKIACT CYOTPOIINYECKIE TPEOHU pacipo-
CTpaHATHhCS B HAIIPABICHUU O0JIACTH, 3aHUMACMON MM. DTH OCOOCHHOCTH CJICIYCT YYUTHIBATH MIPU aHATH3C
HUPKYISIIH aTMOC(EPBI CHCTEMBI ITIAHETHI 3EMIIS.

3axuouenne. B CepepHoMm momymapuu GOpMUPOBAHUE OIIOKHPYIOIIUX MPOLECCOB 00BIYHO HAYUHACTCS
C apKTHYCCKOTO BTOPXKCHUS, TPOHUKAFOIIETO Ha 0T 0 COCTUHCHUS ¢ CYOTPOITUYCCKAM aHTUIIMKIIOHOM.

B HOxHOM nonymapuu, Kak mpaBuiio, pa3BUTHE OJIOKUPYIOIIETO MPOoIecca OCYIICCTRISICTCS BBITSTHBA-
HHUEM TPeOHs CyOTPOIMYCCKOrO aHTHIMKIOHA K TOJIOCY U MOCIICAYIOININM COCIUHCHUEM €r0 C aHTapKTUYe-
CKHUM aQHTHUIIMKIOHOM.

Jumepamypa:

1. [I3eposeesckuii b.J1. Cpasnenue enasHeiuiux 3aKOHOMePHOCMel YUPKYIAYUYU ammocepvl Hao
Ceseproim u FOxcuvim nomywapusimu. // Ungopmayuonnwiil oroniemens Cogemcroi Anmapkmuyeckou
axcneduyuu, 1967, Ne 65, ¢.58-68.

2. B.JL J[zeposeescruil. Uzopannsie mpyowt. HM30. «Haykay, 1975, c. 149-158.

3. Konebanus yupkynayuu ammocepol 6 XX - nauane XXI sexa. [Dnekmponnviii pecypc]. Pesicum
docmyna http: // www.atmospheric-circulation.ru.

Differences in the formation of blocking processes
in the Northern and Southern Hemispheres

'Kononova N.K., ‘Morozova S.V.

" Institute of Geography RAS, Moscow, Russia
? Department of Climatology, Faculty of Geography, Saratov State University, Saratov, Russia
E-mail: NinaKononova@yandex.ru, swetwl@yandex.ru

INTRODUCTION

The study of blocking is of great scientific and practical interest. These are large-scale stable processes in
the atmosphere. They cause weather and climate abnormalities. The study of these phenomena is important for
monitoring the current climate, modeling atmospheric processes, medium-term and long-term weather
forecasts.

The study of blocking is carried out: climatic methods, synoptic methods and hydrodynamic methods.

A climatic study of blockings has established areas of increased and decreased their frequency of
occurrence. The seasonal distribution of blockings is described. The maximum frequency of blocking in the
northern hemisphere is observed in the eastern Atlantic, Europe, and the eastern Pacific [3]. The maximum
frequency of blocking in the East Atlantic and Europe is observed in winter. The maximum frequency of
blocking over the east of the Pacific Ocean is observed in summer [2].

The main reason for the formation of blocking anticyclones is considered to be nonlinear instability of Rossby
waves with intensive energy exchange both with planetary waves and with synoptic vortices (breaking) [9].

As is known, the nonlinear phase of instability development is characterized by an intense interaction of a
growing wave with movements of other scales. Depending on the energy reserves that can be transmitted to the
growing wave, its non-linear development can lead to the establishment of one of the following non-linear
modes [10]:

1. Stationary mode. Crests and hollows are formed in the stream, the axes of which are oriented
meridionally or at an angle to the meridian; they persist for a long time without changing the amplitude, shape
and wavelength.

2. The mode of "flicker" or pulsation: it is also a regular mode, but the crests and hollows experience slow
periodic changes: these are either changes in the amplitude of the waves, or changes in their orientation, or,
finally, a change in the wave number.

3. Irregular mode type of turbulence.

Blocking is a first or second mode for an unstable Rossby type wave.

The synoptic approach to the study of blocking anticyclones showed that for the anticyclone (blocking) to
stay, it is necessary to combine the increase in the amplitude of the planetary tall frontal zone (PTFZ) with the
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anticyclone of arctic origin entering the region of maximum. The formation of a blocking anticyclone over
Eastern Europe is classified as a form of E - circulation to Wangenheim — Girs. It is in this form of circulation
that the most abnormal weather conditions are most often established [7].

Blocking is formed when anticyclones from the Arctic move to the continent. The displacement to the east
(on the continent) of anticyclones from tropical regions does not lead to blocking. This conclusion is confirmed
by studies of synoptic processes in the Middle and Lower Volga regions. [8]. Subtropical anticyclones form
blocks over the ocean. An example of this is the movement of the Azores anticyclone to the north over the
Atlantic Ocean from the subtropics in January 2012 [1].

On the eastern and northeastern periphery of this high-altitude anticyclone, very cold air entered the
European part of Russia. At the same time, average daily temperatures decreased by 10 - 15 ° C compared to
the perennial average.

In this work, using the synoptic approach, the task is to consider the mechanisms of blocking formation in
the southern hemisphere and to identify the features of the establishment of blocking regimes in the northern
and southern hemispheres.

MATERIALS AND METHODS

For the analysis, weather maps of the Hydrometeorological Center of the Russian Federation for the
Northern and Southern Hemispheres were used. According to the Calendar of sequential change of elementary
circulation mechanisms (ECM) [6], ECMs were selected with one, two, three, and four blocking processes and
their development was considered during the ECM action.

RESULTS

B.L. Dzerdzeevskiy [4,5] found that blocking processes develop simultaneously in the Northern and
Southern hemispheres at about the same longitude. When this occurs, the connection of the Arctic / Antarctic
anticyclone with subtropical. For the Northern Hemisphere, the mechanism of combining the arctic and
subtropical anticyclones is known and consists in the movement of arctic anticyclones with the southern (more
often - southeast) component, resulting in the replenishment of the subtropical high-pressure zone with fresh
arctic cores. This, in turn, contributes to maintaining high pressure in the tropics.

In the study of circulation mechanisms in the southern hemisphere, it was found that the process of
merging the Antarctic and subtropical anticyclones occurs in a completely different way than in the Northern
hemisphere. The main difference is that if in the Northern Hemisphere, as a rule, the crest of the Arctic
anticyclone spreads to low latitudes, then in the Southern Hemisphere the crest of the subtropical anticyclone
stretches to high latitudes, towards Antarctica.

P e e e g .5 2\ As an example (Figure 1)
LA e T WO T o i shows the ECM 12a weather map
’;"’ R ;}-m H ; 1

"1‘23{:_:1 _ with four blocking processes:
over the Atlantic, the Pacific
Ocean, Eastern Siberia and
America. In the Northern
Hemisphere over the Atlantic, an
Arctic invasion occurs in the rear
of a series of southern cyclones,
over the Pacific Ocean - in the
rear of the Aleutian cyclone, in
Alaska - in the rear of the cyclone
over America and in Eastern
Siberia - in the rear of the Far
Eastern cyclonic system. In all
cases, in the rear of cyclones, air
flows from north to south.

In the Southern Hemisphere
(Fig. 2) in the Atlantic, in the rear
of the cyclone off the eastern
shores of America, air flows from
north to south, i.e., it flows from

o MR R W )

- Sl T e % ;

KAPTA MOrofbI [*= ~ 1|~ ==~ e e

01aBrycta2005 | = = T ..~/ Figure. 1. Weather map for August 1,
W USELT e TR % thee 1o 2005, ECM 12a, Northern Hemisphere.
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subtropics to Antarctica. Therefore, the blocking process in the rear of this cyclone is developed by pulling the
crest of a subtropical anticyclone to Antarctica, over which there is no Antarctic anticyclone at this time. In the
Pacific Ocean, in the rear of the cyclone with the center north of Molodezhnaya station, is located the crest of a
subtropical anticyclone, ending with a small independent core in the region of the polar circle between Vostok
and Amundsen-Scott stations. The third anticyclone is formed in the rear of the cyclone, located south of
Australia off the coast of Antarctica. The fourth stretches from South America to Amundsen-Scott station.

. fizz4 10

VAN e

- TIR=Ee

Figure 2. Weather map for August 1, 2005, ECM 12a, Southern Hemisphere.

The nature of changes in air temperature in the Northern and Southern Hemispheres during the formation
of blocking processes in the rear of the cyclone is also different. If in the Northern hemisphere during the Arctic
invasion the cooling spreads from north to south, in the Southern hemisphere with the beginning of pulling out
the crest of a subtropical anticyclone from north to south, warm air is pumped into the rear of the cyclone.
These features should be considered when analyzing the circulation of the atmosphere of the planet Earth
system.

It is possible that such a difference is due to the fact that the Antarctic anticyclone is much more intensive
and larger in area than the Arctic one, and forces subtropical anticyclones to creep in the direction of the area
occupied by it.

CONCLUSION

In the Northern Hemisphere, the formation of blocking processes usually begins with an arctic invasion,
penetrating southward to combining with a subtropical anticyclone.

In the southern hemisphere, as a rule, the development of the blocking process is carried out by pulling the
crest of a subtropical anticyclone to the pole and then connecting it with the antarctic anticyclone.

References:

1. Golubev A.D., Kabak A.M., Nikol'skaya N.A., Butova G.1., Berezhnaya T.V. Blokirovaniye zapadnogo
perenosa nad Yevraziyey zimoy 2012 goda i svyazannyye s nim pogodnyye anomalii // Trudy Gidromett-
sentra Rossii. vypusk 349. S. 188-213.

2. Gruza G.V,, Korovkina L.V. Sezonnyye osobennosti prostranstvennogo raspredelkeniya indeksov
blokirovaniya v Severnom polusharii // Meteorologiya i gidrologiya. 1991. Ne 3. S. 108-110.

SESSION 11 // MODELING AND ANALYSIS OF GLOBAL AND REGIONAL CLIMATE AND RELATED ATMOSPHERIC PROCESSES

n back to content



3. Gruza G.V,, Korovkina L.V. Klimaticheskiy monitoring protsessov blokirovaniya zapadnogo perenosa v
Severnom polusharii // Meteorologiya i gidrologiya. 1991. Ne 8, S. 108-110.

4. Dzerdzeyevskiy B.L. Sravneniye glavneyshikh zakonomernostey tsirkulyatsii atmosfery nad Severnym i
Yuzhnym polushariyami. // Informatsionnyy byulleten' Sovetskoy Antarkticheskoy ekspeditsii, 1967, Ne

65, 5.58-68.

5. B.L. Dzerdzeyevskiy. Izbrannyye trudy. Izd. «Naukay, 1975, s. 149-158.

6. Kolebaniya tsirkulyatsii atmosfery v XX - nachale XXI veka. [Elektronnyy resurs]. Rezhim dostupa
http: // www.atmospheric-circulation.ru.

7. Kononova N.K., Cherenkova Ye.A. Povtoryayemost' elementarnykh tsirkulyatsionnykh mekhanizmov v
atmosfere Severnogo polushariya // Izvestiya Rossiyskoy Akademii nauk. Seriya geograficheskaya. No 6.
S. 1-9.

8. Polyanskaya Ye.A. Sinopticheskiye protsessy i yavleniya pogody v Nizhnem Povolzh'ye. Saratov: Izd-
vo SGU. 1986. 208 s.

9. Hide R., Mason P.J. Sloping convection in the rotating fluid //Adv. Physics. 1975. V.24. No. 1. P47-100.
10. Pelly J.L., Hoskins B.J. A new perspective on blocking // J. Atmos.Sci. 2003. V.60. No.3. P.743-755.

Calculation of parameters of gravity flows
with a finite-element model of atmospheric dynamics

Yudin M.S.
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E-mail: yudin@ommfao.sscc.ru

characteristics of motion of gravity flows, for example, front speed and surface pressure past orograph-
ic obstacles of various shapes and steepness. In this paper, the front speed is simulated with a non-hy-
drostatic finite-element model of atmospheric dynamics. The model is based on the compressible Navier-Stokes
equations in two dimensions. Artificial compressibility is introduced into the model in order to make the gov-
erning equations hyperbolic. A test of the model on the meso-spatial scale is performed: the propagation of a
meso-scale atmospheric gravity current (cold front) over flat terrain. In this test the calculated values of the
simulation are compared with an empirical formula first introduced by T. von Karman and later developed for
atmospheric fronts in multiple papers. The model simulation results are compared with available observations
and simulations performed by other authors. In general, good agreement between the results of the test calcula-
tions and the theory has been obtained. The well-observed phenomenon of striking difference in the behavior of
the surface pressure in front propagation under stable and neutral versions of atmospheric stratification is also
discussed.
This work was supported by the Russian Foundation for Basic Research under grant 17-01-00137 (as part
of work on gravity flows simulation), and ICMMG SB RAS under target program 0315-2016-0004 (as regards
the development of the numerical algorithms).

ﬁ numerical mathematical model of a compressible atmosphere is employed to calculate the important

PacueT napaMeTpoB rpaBuUTaLMOHHbLIX Te4eHUn B aTMocdepe
C MOMOLLIbIO MOE/IN KOHEYHbIX 3/1EMEHTOB

0aun M.C.

WHcTuTyT BhluncnutensHoit Matematukm u Matematuyeckoii leodumsuku CO PAH, HoBocubupck, Poccus
E-mail: yudin@ommfao.sscc.ru

BBEOEHWE

B nacrosimieit pabore armochepHble GPOHTH MOICIUPYIOTCSI HETHAPOCTAaTHUECKOH KOHEUHO-JIEMEHTHOM
MOJIEJIBIO TMHAMHKH aTMOC(EpbI, KOTOpast TPUMEHSIETCS [UIsl pacueTa CKOPOCTH PaclpoCTpaHEeHNUs T'paBUTalN-
OHHBIX TEYEHUH B aTMocdepe. ATMOC(EepHbIE SIBIEHUs, UMEIoIIre OO0JbIIOE TEOPETHIECKOE U TPAKTHYECKOE
3HAYCHHUE, MPEACTABISIOT CO00I X0osoaHbIe aTMOc(epHbIe (PPOHTHI, KOTOPHIE PACIPOCTPAHSIOTCS BOINU3U HO-
BEPXHOCTHU C BBICOKMMHU CKOPOCTSIMU (cM. [1] u1st 0630pa). DTH MOTOKHM MOTYT OBITH 3aMeJUICHBI ¥ N3MEHEHBI
1o (opMe 1oJ] BO3/ICHCTBIEM IOJCTIIIAIONICH MOBEPXHOCTH M cTparhdukanun arMocdepsl. AtMochepHbIe

CEKLUA 11 // MOLEJIMPOBAHWUE U AHAJTU3 TT1I0BAJIBHOMO W PETMOHAJIBHOMO KITMMATA 1 ©OPMUPYIOLLIMX EF0 ATMOCOEPHbIX NMPOLIECCOB

K coaepxaHuio n

CITES'2019

MEHOYHAPOIHAA MOJIOQEHHAA LLKONMA W KOH®EPEHLWA MO BbIMUCIUTENBHO-UHPOPMALMOHHLIM TEXHONOTAM A1 HAYK 0b OKPYKAIOLLIEW CPELIE




CITES'2019

w
(NN}
(=]
=
=
(5]
w
—
<T
[
=
L
=
=
(=]
=
=
=
L
[o=
o
(NN
w
=
(d=]
o
—
(=]
=
= =
o
(NN}
—
=
=
—
<t
=
oc
o
L
=
)
=
=
=
-
=T
—
=
o
=
o
o
=
o
Ll
o
=
Ll
oc
[NE}
L
=
o
o
o
=
<z
—
o
(=]
=
(]
(77
w
—
w2
—
=
=
(]
(77]
(d=]
=
=}
(=]
>
-}
=9
=
=
—
<t
=
oc
(NN}
—
=

rpaBUTAIIMOHHBIC TOTOKK 3aHUMAIOT IIMPOKUHN TUANIA30H MacIITa0O0B JITTMHBI OT HECKOJIBKUX METPOB JI0 THICSY
KIJIOMETpoB. Me3oMaciiTaOHbIe TCUCHHUS JICXKAT B MHTEPBAJIC IPUMEPHO OT JBYX JO JIBYX THICSY KHJIOMETPOB
[6]. UuTepecyroline HAC TOTOKK B HACTOSIIIEM HCCIICIOBAHUH MPEACTABIISIFOT COOO0M ME30MACIITAOHBIC U MU-
KpOMACIITAOHBIC SIBICHHSI. DTH IIOTOKU OTHOCHTEIBHO MEIIKHAC: OHH OTHOCSTCS K TIOIPAaHHYHOMY CJIOK aTMOC-
(bepbl U MPOCTUPAIOTCS BCETO B HECKOJIBKUX KUJIIOMETPAX OT TIOBEPXHOCTH B HIDKHHX CJIOSIX aTMOC(EPHI.

BaxHBIM CBOMCTBOM, KOTOPOE JIOJKHA COACPIKATh JIF0OAs YHCIOBast MOJICIb [T PCATUCTHYHOTO MOJICITH-
POBaHUs 3TUX SIBJICHUH, SBISICTCS MOAPOOHOE U TOYHOE onucanue oporpadun. [TomyssipHbIi TOAXO/ K BKIIFO-
YCHHIO OpOorpaduul B MOJICNb - 3TO UCIOJIB30BAaHUE CHCTEMbI KOOPIUHAT, CICAYIONICH 3a JaHmmadTom. ITo,
MOXKaITy i, HanboJIee MIMPOKO MCIIOIB3yEeMbI METOJ MOJACIHPOBAHUS aTMOC(HEPHBIX MPOIECCOB, KOTOPBIH 10
CHUX TIOP HCIOJIB30BAJICS JJIsi TOYHOTO OMUCAHUS MOACTUIIAOIICH MOBEPXHOCTH. Takum 00pa3om, 001acTh MO-
JICIUPOBAHUS MIPEOOPA3yeTCs B MPSIMOYTOJIbHYIO, 1 MHOTHUC BBIUUCIUTEIBHBIC IPOOIEMbI CTAHOBSTCS MPOIIE
Jutst perieHust. OJJHAKO MOZIENIbHBIE YPaBHEHUS TEIIEPh COJEPKaT JOMOIHUTENIbHbIE YICHbI, KOTOPBIE YCIOXKHS-
FOT 3a/1a4y MOCTPOCHUSI YUCICHHOT'O METONA, KOTOPBIHA OyIeT COXpaHSITh WHBAPHUAHTHI UCXOIHOW CHCTEMBI
ypaBHeHwHiA. KpoMe Toro, 3TOT MoAX0/1 CIpaBeIUB TOJIBKO JUIsl JOBOJIBHO MIaaKUX (DYHKIUH IpeoOpa3oBaHusl.

[Tonxom, OCHOBaHHBIM HAa KMCIOIH30BAHUU KOHCYHO-JIIEMCHTHBIX HPUOIMKCHUN JJIST MOJACITHPYCMbIX
(YHKIUH, MOXKET pacCMaTpUBAThCs KaK allbTCPHATHBA BBIICYIOMSHYTOMY. B HacTosimeil pabore [uist mos-
TBEPIKJICHUS TAKOTO MOIX0/1a UCIIOIB3YETCS MOJIENIb KOHEYHBIX AJIEMEHTOB, OCHOBAHHAs HA C)KUMAEMBIX YpaB-
Henusix HaBbe-Crokca.

YucneHHas MaTeMaTHYeCKast MOJICIIb CKMMAaeMOU aTMOC(hEpbI UCIIONIL3YETCS IS pacyeTa BaXKHbBIX XapakK-
TEPUCTHK JBHKCHHSI TPABUTAIMOHHBIX TIOTOKOB, HAIIPUMED, CKOPOCTH ()POHTA U AABJICHUS HA IOBEPXHOCTH 32
oporpahUIeCKIUMHU NPEIATCTBUAMU Pa3IMYHON (POPMBI M KPYTH3HBL. B naHHOM paboTe ckopocTh ppoHTa MO-
JIEIUPYETCsl HETUIPOCTATUICCKON KOHCUHO-3JICMCHTHON MOJICIBIO TUHAMUKU arMocdepsl. Mojiens 0OCHOBaHa
Ha CkMMaeMbIX ypaBHeHUsix HaBbe-Ctokca B IByX uM3MepeHusX. MICKyccTBEHHAs! COKUMAaEeMOCTh BBOJUTCS B
MOJICITb JUISI TOTO, YTOOBI ClIeNIaTh OCHOBHBIC ypaBHeHUs runepoomuueckumu ([2], [16]). [IpoBoauTcs TecTHpO-
BaHHE MOJICIIU B ME30-IIPOCTPAHCTBEHHOM MacIiTade: paclpoCTPaHEHUE ME30MacIITadHOr0 arMOC(epHOro
rPaBUTAIIMOHHOTO MOTOKAa. B 3TOM TecTe paccunTaHHBIC 3HAYCHUST CKOPOCTH (DPOHTA CPABHUBAKOTCS C IMITH-
puueckoit popmynoii, Brepsbie BBeneHHOH T. ¢on Kapmanowm, a 3aTem pa3paOoTaHHOM aJisi aTMOC(HEpPHBIX
(hpOHTOB HECKOJILKMMHU aBTOpaMu. Pe3ynbraThl MOJCITHUPOBAHUS CPABHUBAIOTCS C IOCTYITHBIMU JJAHHBIMH Ha-
OJIFONICHHS M PacYeTaMHU, BBITOJHCHHBIMU I10 IPYTUM MOJICIISIM. B 11e710M IMOJTy4eHO X0poIliee COTIacHe MEX Ty
pe3yJbTaraMy TECTOBBIX PacueTOB U TEOPHUEH.

MOAEJIb ANHAMUKN ATMOCOEPDI

Jist pacdeTa METCOPOIOTHYECKHX MTOJICH MBI HCIIONIB3yeM YPaBHEHUS aTMOC()EPHOM AMHAMUKY TSI COKHU-
MaeMoro notoka. @uiIbTPOBKA 3BYKOBBIX BOJIH B MOJIEJIH ITPOBOJIUTCS C MTOMOIIBIO CIIEIIMAIbHBIX CXEM pacliie-
wieHusi. HavanpHble BepTUKAIbHO-pacIpeie/ieHHbIe MPOMMIA METEOPOIOTHICCKUX IMOJICH MOAyYaroTCs W3
oHOMEpHOW Mozaenu. Jjis pacuera aJBEeKIMM MPUMEHSETCS TaK Ha3bIBa€MbIM MOJy-JarpamkeB mMeton [8].
DTOT METO/I MO3BOJISICT MUHIMU3UPOBATh BEIUUCIIUTEIBHBIC OIIMOKH, M B 3TOM CMBICIIE 00J1a1aeT MPeHMYyIIie-
CTBOM I€pe] TPAAUIIMOHHBIM 3iiIepoBbIM noaxoaoM. IpuBenem 3aech BUJ ypaBHEHUW MOJEIH ISl TIIIOCKOU
oporpaduu:

Ju  ap R . Mogens mpexacraBisgeT co0oi BapwaHT ypaBHeHHH HaBbe-

T T KW =T)-£IF +R,, Crokca B npubnmxeHud ByccuHecka s cKUMaeMoro arMocdep-

HOTro moToka. CkuMaeMocTh arMocepsl HeCyIeCTBEHHA I MO-

dar ap o JEeTMPYEMbIX B HACTOsIIEH padoTe aTMOC(HEPHBIX SIBJICHUN U BBO-

dr x o ~hU-Up+R,, JUTCSL 31€Ch JUIS TIONYyYECHHUs TUIIEPOOIMYECKOH CHCTEMBI ypaBHe-

HHU JUISL HEBA3ZKOTO MMOTOKA. B Takoil popme ypaBHEHHUS TOITYCKArOT

ar P P ... G"pe 3 (}HEKTUBHYIO YHCICHHYIO PEaH3aliIo ¢ OMOIIBI0 METoIa pac-

—+—+==flU+g +R, HmierieHus. B naHHON paboTe IpuMeHseTCs BApUaHT MOJEIIH C IPO-

CTPaHCTBEHHOI IMCKpeTH3alnell KOHEUHbBIX dJIEMEHTOB U Z-CHCTe-

4o MO KOOpIMHAT IS TIockoi oporpaduu [7]. [TompodHOE M3moXKe-
— =Ry, HUE TOI MOJETT MOXXHO HAlTH, HanpuMmep, B [ 14].

FPABUTALIMOHHOE TEYEHWE B HENTPAJTbHO-
ds _ CTPATUOULIMPOBAHHOIN ATMOCQEPE

ITomo6HO pabote [4], 3mech MBI HCIOIB3yeM KOHEYHO-IIIe-
MEHTHYIO MOJICJIb JUISL pacueTa MPU3EeMHOTO JaBICHUS U CKOPOCTH
TEYeHHUs HaJ TUIOCKOH oporpacdmueil. [lapameTpsl MomennpoBaHUs
B3ATHI U3 paboTHI [9] miIs pacmpocTpaHeHUs C(HOPMHPOBABIIETOCS
XOJIIOIHOTO aTMoc(epHoro GppoHTa. PacdueTHast 001acTh COCTABISIET
Us=pnV=pv P=p' W=pu 25 KM [0 TOPU3OHTAJIU M 2 KM 110 BepTUKaId. B ormuuue ot [9], rae

de ds ‘f

1 dp U v aw @ pé
—F ——=—(—)
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(pOHT MOpOXKIAICS UCTOYHIKOM XOJIOAHOTO BO3/IyXa, HadanbHas popMa poHTa B HaIIel paboTe 3a1aBaiach
B BHJIe cTyneH4aroi ¢pyHkuuu Beicotoir 400 M. Kpome Toro, B Hamreld MoJiesT TOBEPXHOCTh (PPOHTA pacCUH-
TBIBAETCS C TOMOIIBIO OTJEIILHOTO YPaBHEHHUS.

PaccunTanHble 3HAUCHUS! MOAEIMPOBAHUS CPABHHMBAIOTCS C 3MIMpHYEcKod (opmyioi, kotopast Oblia
BriepBbie BBerieHa T ¢pon Kapmanom B 1940 romy ([1]):

v, =k(gh,AO/0)"

C tex nop 3ta hopmyJia HCHONB30BAJIACH ISl pacueTa CKOpOCTel aTMoc(epHbIX (PPOHTOB MHOTHMH aBTO-
pamu ([1], [3], [9]). DTO-X0pOI11I0 U3BECTHAS AIMITUPUUECcKast (POPMYIa JUIsi CKOPOCTH (PPOHTA U TUIIMYHBIE 3HA-
YeHHs mapamMeTpoB (ppoHTa OYIyT AaHbl HIKE. BbIJIO MpOBEIeHO CpaBHEHUE MEXK/TY SMITMPUIECKOI POpMyIIOH,
YIIOMSIHYTO# BBILLIE, M pe3yJbTaTaMH pacueTa CKOpOCTH (ppOHTA, BBIOJIHEHHOW C MOMOIIIBIO MOJIENIN KOHEYHBIX
9JIEMEHTOB. Pe3ynbTarTsl pacuera CKOPOCTH PacHpOCTPaHEHHUS XOJIOJHOTo (ppOHTA IPHU HEHTPaIbHOW CTpaTh-
(bukanuu crenyomnme:

HauaneHas BeicoTa (hporTa = 400 M

Crparuduxanus = 0,00 (K/ 100 m)

Paccunrtannas ckopocth GppoHTa =4,5 M/

Koncranra Kapmana - 310, mo cyimiectBy, BHyTpeHHee yuciio Ppyaa MOTOKa, TO €CTh OTHOIIEHUE CHUII
WHEpIMU K cuiiaM TshkecTH. OHa BapbUpyeTCsl B IIMPOKHX IIpeJiesiaX B JIUTeparype 1o arMochepHbM (poH-
taMm. Ee 3Hauenwue 3aech B3saT0 U3 [9]. [Ipu Bbleyka3aHHbIX 3HaYeHUsAX (popmyna KapmaHa naet ckopocTh
¢bponta=4,2 M/ c.

Takum 00pa3oMm, JI0CTaTOYHO XOPOIIee COlIache MEX/y pe3y/ibTaTaMi PacyeToB U TeopHel ObUIO Moy-
yeHo. [Ipu ycToitunBoii cTparudukanuy GpOHT JBIKETCS OBICTPEE U MMOKA3bIBAET PE3KHI CKauOK JaBJICHUS B
TO4YKe HaOoeHus. BBeeHe nHBEpCHOHHOTO CJ10si B atMocdepy ele Oolbliie yBeInYuBaeT qapieHue. Brep-
BBIE 9TO siBJIeHHE ObLT0 00BsicheHo Charba [3]. Pe3ysbrarsl mpeabliyiuX pacyeToB 3THX SBICHHI C TOMOLIBIO
HAaCTOSAIIEH MOJIEH XOPOIIIO COMIACYIOTCS ¢ ATOM Teopuei [4].

2000 height({ m )

1200
COLD FRONT PROPAGATION
1600
1400
1200
1000

00

S0

400

cold air
200

[m]

O IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII

Puc. 1. PacnpoctpaHeHue xonogHoro GpoHTa B aTMocdepe.

3AKJTIOYEHUE

B at0ii paboTte cKOpoCTh (POHTA MOAEIUPOBAIACH C TIOMOIIBIO HETHAPOCTATHUECKON KOHEUHO-JIEMEHT-
HOUW MOZIeJIH TMHaMHKH arMocdepbl. Moziesb 0OCHOBaHa Ha CkuMaeMbIX ypaBHeHusix HaBbe-Crokca. bout mpo-
BEJICH TECT MOJICIH B ME30-IIPOCTPAHCTBEHHOM MaciiTade 1o pacripoCTPaHEHHIO XOJIOIHOTO (ppoHTa B HEWl-
TpaJjbHO cTpaTnUINPOBaHHOI aTMocdepe. B 3ToM TecTe BhIUMCIICHHBIC 3HAYCHUSI MOJICITMPOBAHNUS CPABHHU-
BAJINCh C IMIUPHUECKON (HopMyIoii, BriepBbie BBeneHHOI T. o KapmaHom, a 3arem pa3paboTaHHOM Juis ar-
MochepHbIX (POHTOB MHOTMMH aBTOpaMH. Pe3ynbraTbl MOJIETUPOBaHHs ObUIN COMOCTABICHBI C MMEIOIIIUMUCS
HAOJIONICHUSIMH U PAacYeTaMH, BBIIIOJIHEHHBIMH I10 JIPYTHM MOJEISAM. B 11enoM, B 3TOM TecTe ObUIO MOITyueHO
XOpOILIIee COITacke MEX/y pe3yJbTaraMi TECTOBBIX PACUETOB M TEOPHEH.

Paboma evinonnena npu noodepoicke PODU (epanm 17-01-00137. yucrennoe mooerupoganue), a mak-
oice UBMuMI™ CO PAH (2ocyoapcmeennoe 3a0anue 0315-2016-0004: paspabomka s¢hpexmusnvix sbruuciu-
MENbHBIX AN2OPUMMOB).
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El Nino forecast based on Global atmospheric oscillation
Serykh L.V., Sonechkin D.M.

Shirshov Institute of Oceanology RAS, Moscow, Russia
E-mail: iserykh@ocean.ru

found Global Atmospheric Oscillation (GAO) is considered as the main mode of the short-term climatic

variations because GAO includes the El Nifio — Southern Oscillation process within itself. Index charac-
terizing dynamics and interrelation of the extratropical and tropical components of GAO is defined, by means
of which it is possible to predict El Nifio with the lead time of about one year. Generally, it is more, than the
lead times of present day hydrodynamical and statistical methods of the El Nifio successful forecasting. Then,
by means of wavelets, a range of time scales is cleared up in which the closest crosscorrelations exist of this
index with an index characterizing El Nifio itself.

The Chandler wobble in the Earth’s pole motion is one of the external drivers of the climate system. It was
established in the second half of the XXth century, that this wobble excites tides propagating eastward in the
extratropical atmosphere and oceans. The phases of these tides are opposite in the Northern and Southern
hemispheres. Therefore, a general eastward propagation must be a property inherent to the GAO-field. And the
spatial structure of GAO as a whole propagates eastward.

Characteristic areas for the computation of the GAO index were chosen to represent the most peculiar
features of the eastward propagation of GAO at the time of the reciprocal transformation of the GAO-struc-
tures. A total of 15 following regions were selected to calculate GAO-index. GAO = T(20°N-50°N, 160°W-
130°W) + T(35°S-25°S, 160°W-80°W) + T(65°S-45°S, 150°E-160°W) + T(65°S-45°S, 60°W-0°) + T(40°N-
70°N, 90°E-180°) — T(30°S-30°N, 60°W-180°) — T(60°S-31°S, 90°E-120°E) — T(31°N-60°N, 100°W-40°W) +
P(50°N-70°N, 170°E-120°W) + P(70°S-50°S, 170°E-120°W) + P(60°S-20°N, 40°E-80°E) + P(30°S-30°N,
70°W-10°W) — P(0°-40°N, 120°E-120°W) — P(45°S-25°S, 120°E-60°W) — P(50°N-70°N, 50°E-90°E), where
P and T are the pressure and temperature anomalies divided by their standard deviations.

The predictability of the widely known phenomenon of El Nifio is investigated. For this, the recently
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The time series of GAO and EI Nifo indices after band-pass filter for years 2 to 7 shown that the main ex-
trema of the GAO series lead the main extrema of the El Nifio series approximately for one year. The crosscor-
relation between GAO and EI Nifio is high (~0.8) with time lag about 12-14 months, the coherence is higher
than 0.8 at periods 4-6 years with phase near 90°. So, apparently, GAO can be used for prediction of El Nifio
with the lead time of about one year.

Addressing to the wavelet coherence and phase between the GAO and El Nifio time series, it is found that
at ENSO time scale range (2-7 years) the received almost complete coincidence of the cross wavelet transform
pattern (CWT-pattern) of the GAO series with the CWT-pattern of the El Nifio series with the lead time of about
14 months means, that it is possible to well forecast El Nifio using the GAO index. Generally, it is significantly
more, than the lead times of hydrodynamic and statistical successful forecasts of El Nifio used in the present-
day operational practice. Let's remind that all present-day forecasts of El Nifio suffer from the so-called spring
barrier of predictability, and so their practical predictability is limited to the lead time of about one half of year.
Thus, eastern propagation of GAO can help to predict strong El Nifio and La Nifia events with the lead time of
about one year.

The spectral analysis showed that peaks of the GAO and ENSO indices really have some properties inher-
ent to the strange nonchaotic attractor (SNA) dynamics. Therefore, thanks to the SNA character of the short-
term climatic variations, El Niflo can be predicted with the lead more than one year. In general, it surpasses the
predictability limit of present-day methods of the El Nifio successful forecasting.

MNporHos 3nb-HWHBLo Ha ocHoBe MobanbHor aTMochepHoK
OCUMNIALMK

Cepbix U.B., CoHeukun [1.M.

WHcTutyT okeaHonorum uM. .. Wnpwosa PAH, Mocksa, Poccua
E-mail: iserykh@ocean.ru

nupasich Ha (PaKT HEXAOTHYHOCTH KOPOTKOTIEPHUOAHBIX BApHALIMH B KIIMMAaTHYECKOW CUCTEME H, CIIE0-

BaTeJIbHO, HEIPUMEHUMOCTH K 3TUM BapUalUsIM MapagurMbl OrpaHUUYEHHON MPeICcKa3yeMOCTH MOro-

161, copmynuposanHoii 3.H. JlopeHnewm, uceienyercs npeackazyeMoCTh IUPOKO U3BECTHOTO (hEHO-
Mena Dnb-Hunpo. [1pn 3ToM paccMarpuBaeTcst HelaBHO OOHapy KeHHas Tak Ha3biBaeMas [ 1obanpHas ATMoc-
¢depras Ocumwmrius (FTAO). Cunras [AO m1aBHOM MOIOW KOPOTKONICPUOIHBIX KIMMATHUCCKAX BapHaIlUH,
OIPENEIIIOTCS. UHIEKChI, XapaKTEepU3yIOIUE AUHAMHUKY U B3aUMOCBSA3b BHETPOINHUYECKUX M TPOMUUECKHX
xoMoHeHT ['AO. Cpenu 3TUX UHIEKCOB HaXOAUTCS OMH, C IOMOLIbIO KOTOPOTO OKa3bIBAETCS BO3MOXKHBIM
npezickasbiBath Dib-HUHBO ¢ 3a01aroBpeMeHHOCTEIO B 14 MecsiueB. D1o Ooiblne, yeM 3a01aroBpeMeHHOCTH,
BCEX HBIHE CYILECTBYIOIIMX AMHAMUYECKUX U CTATUCTUYECKMX METOI0B IporHo3a Jib-HuHbo. 3areM, ¢ momo-
IIbI0 BEHBIIETOB, BBIABISIETCS IMANa30H BPEMEHHBIX MacIiTaboB, BHYTPH KOTOPOTO MMEET MECTO Haubolee
TeCHasi KpOCCKOPPENSILMA 3TOr0 HHEKCA ¢ MHAEKCOM, XapakTepusyromum Diab-Hunbo. B urtore, ykassiBaercs
Ha BO3MOXXHOCTB JTAJIbHEHIIIETO YBEJIIMUCHHUS 3TOH 3a01ar0BPEMEHHOCTH JI0 HECKOJIBKHUX JIET.

B paborax [1-4] Obuta mogBeprayTa NpOBEPKE Ta TOUKA 3PEHHMSI, YTO B BOSHUKHOBEHHH ITHKOB B CIIEKTPax
nipoueccoB Dib-Hunbo — FOxknoro Konedanus (SHIOK) noBuHHBI HepaBHOMEpHOCTH BpateHus 3emun. [1po-
BepKa BBIIOJIHEHA Ha JOCTYIHBIX cefYac TINATEIbHO BBIBEPEHHBIX PsIIaX MHCTPYMEHTAIBHBIX METEOPOIOrH-
YeCKHMX HaOMIOICHNH U MX, TaK Ha3bIBAEMBIX, pe-aHaJIN3ax, T.e. psiiaX HaOOCHHUH, IPOITYCKN U BHYTPEHHUE
HECONIACOBAHHOCTH KOTOPBIX OBIIM MCKIJIIOYEHBI C MOMOIIBI0 COBPEMEHHBIX I'MIPOANHAMUYECKUX MOJENeH
o01el uupKyssinun arMocgepsl. B pesynbrare Bce OCHOBHBIE IMKH CIIEKTPAIBLHOM IDIOTHOCTH B JIaNa3oHe
BPEMEHHBIX MaclITaboB OT T0/1a 10 MPUMEPHO JECATHIIETHS OBUIN COOTHECEHBI C TPEMS BHEIIHUMU T1EPUOHN-
YEeCKMMH BO3JCHCTBHAMH Ha KJIMMaTHUECKyIo cucteMy: 1) UananepoBckuM Kosebannem nomocos; 2) JIyHHo-
colHeyHOM HyTanueit; 3) L{ukioM coaHeuHOH akTHBHOCTH. [JI1aBHBIC NMEPUOBI ATUX BHEIIHUX BO3/CHCTBUM
coctaBisitoT ~1.2, ~18.6 u ~11.5 roga coorBeTcTBEHHO. I10-BUANMOMY, OHH HECOU3MEPUMBI APYT C JPYTOM.
Tak uTOo OHM BO3/IEHCTBYIOT Ha KIMMaTHYECKYIO CHCTEMY, Kak Obl, HEBIIONAJ, ¥ BMECTO Xa0Ca MOPOXKAAIOT
OYEHb CJIOXKHBIC, KOKYIIHECs CIIy4ailHBIMU Bapuallnuy, CPei KOTOPBIX Hanbosee n3BecTHb! «putMb» DHIOK.

Konb cxkopo BblllI€yKa3aHHBIE EPUOJIB] AEHCTBUTEIBHO HECOU3MEPUMBI, YMECTHO IMPOBEPUTH THIIOTE3Y,
YTO MaTeMaTHYECKUM 00pa3oM KOPOTKOIEPHOIHBIX BapHalMil KinMara SBIISIeTCsl CTPAHHBIA HEXaoTHYeCKUi
arrpaktop (CHA), oOHapy>KeHHBIII MareMaTHKaMy B KOHIIE X X-T0 BeKa B PEHICHHUSAX MPOCTHIX HEIMHEHHBIX
JUHAMHYECKHUX CHCTEM, BO30YK/1aeMbIX JIByMs BHEITHUMH CHJIAMH C HECOM3MEPHUMBIMH NieprosiamMu. [ unore-
3a CHA npuBnexareinbHa TeM, 4TO JIOIYCKAaeT MpecKa3zaHue OyIyliero moBeJeHUs] paccMaTpuBaeMoi JTMHa-
MHYECKOH CHCTeMBbI 0e3 KaKnX-JIM00 OrpaHnYeHHH, 110 KpaifHel Mepe, B IPUHIIUIIE.

AHanus, BBINOJIHEHHBIN B [2-4], mokasai, 4o nukH B crekTpax DHIOK u naxke HEKOTOPBIX METEOPOJIOTU-
YECKUX MPOLIECCOB, Pa3BUBAIOIIUXCS BO BHETPOIIUUECKHX IIUPOTAX 3eMJIIU, JeHCTBUTEILHO UMEIOT CBOMCTBA,
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npucymue cnekrpam CHA-nunamuku. Lenbsio HacTosmel paboThl sIBISIETCS TPOJEMOHCTPUPOBATH, YTO, Oa-
rogapsi CHA-xapaxkrepy MeXIyrofoBbIX KJIMMaTHUECKUX BapHaluid, Diib-HUHbO MOXKET OBITh IpeCcKa3aHo ¢
3a0J1aroBpEMEHHOCTBIO OoJiee rofja. DTO MPEBOCXOAUT MPEAEIbI MPEACKa3yeMOCTH, BCEX HBIHE CYIIECTBYIO-
LIUX METOI0B MPOTHO30B Diib-HuHBO.

B [2-4] 6b110 10Ka3aH0, yTo puTMUuHOCTH DHIOK He siBnsieTcs n3011MpOBaHHBIM PETHOHAIBHBIM SIBJICHHU-
€M, a eCTh 4aCTh HEKOTOPOIO OOIIEIIAHETAPHOTO Iporiecca [5-9], Ha3BaHHOTO M0 3TOM npudnHe [100aIbHOMI
Armocdepnoit Ocummsiiueit ([AO). [TpoctpancTBenHas ctpykTypa ['AO ObuTa onpesiesicHa Kak CPeIHsIst pa3-
HOCTb B CPEIHEMECSIUHBIX TOJIX JaBJICHUS HA YPOBHE MOPS U MPUIOBEPXHOCTHON TEeMIIEPaTypbl, HMEIOLINX
MECTO TIPH COOBITHSIX Db-HUHBO M IPOTHBOMONIOKHBIX UM cOObITHsIX Jla-Huubs. Ee MokHO oxapakTepuso-
BaTh BCETO OJHUM 4HCIOM — MHAeKcoM [AO1, KOTOpbIil BBIYUCIISETCS KaK ajiredpandeckasi CymMMa HOPMHPO-
BaHHBIX 3HAYECHUH JIaBJICHUS HA YPOBHE MOPS B JICCSITH reorpaduecKix pailoHax, COBIAAIOIUX C DKCTPEMY-
Mamu (MakcuMymamu 1 MuHuMyMmamn) B iosie FAO. TAO1 = (5°0.1m.-5°c.mr., 35°-25°3.11.) + (5°10.111.-5°C. 111,
55°-65°B.1.) + (55°-65°c.m1., 95°-85°3.11.) + (65°-55°%0.111., 95°-85°3.11.) + (5°10.1m1.-5°%C.1m1., 145°-155°B.11.) —
(45°-55°c.m1., 175°-165°3.1.) — (45°-55°c.m1., 15°-5°3.1.) — (55°-45°0.11., 15°-5°3.11.) — (55°-45°10.111., 175°-
165°3.1.) — (5°10.11.-5°¢.111., 95°-85°3.11.). [Ipu Diib-HUHBO 3TOT UHAEKC SIBISICTCS TIOJIOKUTEIBHBIM, a 1pu Jla-
HuHbs — oTpunarenbHbIM.

Cpenu BHIOpaHHBIX PaiOHOB €CTh JIBa, KOTOPBIE MPUXOASATCS HA KAHOHUYECKUE PAlOHBI Pa3BUTHS TIPO-
neccoB DHIOK. Dto — paiionsl ¢ koopauHaramu (5°r0.mr.-5°c.mr., 145°-155°8.1.) u (5°r0.m.-5°c.mr., 95°-
85°3.11.). 3HaUEHMsI IaBIICHHSI HA YPOBHE MOPs B 9THX pallOHaX CHIIBHO OTIMYAIOTCs OT Hy1s. [loaTomy Moker
10Ka3aThCsl, YTO UMEHHO OHU onpeiesisitoT 3HaueHus nuaexca FAO1. Eciu ObI 9T0 MMeo MecTo B pealibHOCTH,
To ’AO OBb110 OBI HE OoJIee YeM OTIIMYHBIM OT paHee MpeIokeHHbIX nHexkcom DHIOK.

JleiicTBUTENBHO, €l osicuuTaTh nHaekc npoueccoB DHIOK (Oynem HazbiBarh ero Paciumpenusiv Oxe-
annueckuM Hunvo Munexcom — POHN) kak cpeHIOI0 NPUNOBEPXHOCTHYIO TEMIIEPATypy B IPUIKBATOpHAIIb-
Hoii osioce Tuxoro okeana (5°0.m1.-5°¢.m1., 170°-80°3.11.), TO KPOCCKOPPEISIIHSI MEXKy BPEMEHHBIMU BapHa-
nusivmu uHnekcoB TAO1 u POHU oka3biBaeTcss MAKCUMATIBHOM TIPU HYJICBOM ()a30BOM CIBHUIC MEXKIY dTHMHU
BapUalsIMHU, T.€. BapUallUH IPOUCXOASIT CHHXPOHHO BO BpeMeHU. BeanunHa 310l MakcHManbHOU KpoccKop-
penauuu oueHsb Besuka (0.9). YuurteiBas, 4To HCXOJHBIE METEOPOJIOTHUECKUE TaHHbIE, HCIIOIb30BAHHBIE B BbI-
opannom pe-ananmze NOAA CIRES 20th Century Global Reanalysis Version 2¢, OTSITOIICHBI OIIMOKaMH Ha-
OJIFOIeHMH, KOTOPBIE JOJDKHBI YMEHBIIAThH CBS3b MEXK/1Y pacCMaTpUBaeMbIMH MH/IEKCAMH, MOXHO 3aKIIIOUHTH,
yto Mexy nporeccamu [AO u DHIOK Ha MekronoBbix neprogax GakTHUeCKH UMEETCsl B3AUMHO OJTHO3HAY-
Hast ((yHKIHOHAJBbHAsS) CBA3b. [IOMMMO yKa3aHHOTO pe-aHain3a ObUIM HMCCIISIOBAHbI JaHHbIE HAOJIIONEHUI
Met Office Hadley Center HadSLP2 u HadCRUT.4.6, koTopble NpoAeMOHCTPUPOBAIN OJIU3KUE PE3YIBTATHI, C
y4eToM OOJIBIIOTO KOJMYECTBA MPOITYCKOB B JaHHBIX 0 1950-X rog0B.

Uro0br yoenuthest, uro mporecchl TAO u DHIOK Bce ke He SBISIOTCS TOXICCTBCHHBIMHU, OMPEACTHM
emte onuH uHaekc 'AO, o6o3HauaembIil qanee, kak [AO2. Drot unaekce oruuaetcs ot [AO1 tem, uto npu ero
MOJICYCTE PAOHBI ¢ KoopauHaTamu (5°r0.m1.-5°c.mr., 145°-155°8.1.) u (5°0.1m1.-5°¢. 1., 95°-85°3.1.) uckirova-
10TCs U3 paccMoTperust. CUHXpOHHas Kpocckoppensuus Mexay uajaekcom 'AO2 u POHU Toxe okasbiBaeTcst
oueHsb Benuka (0.8), HO, Bce ke, MeHblue, yem Mexay TAO1 u POHU.

[TpoBenenHoe BeiiBieTHOe peodpazoBanue (BIT) pspos POHU n TAO2 1o3Bosniio BEISICHUTD, BAapHALUH
KaKnX BPEMEHHBIX MaclITa0oB ONPEACISIOT 3Ty OOJIBIIYI0 KPOCCKOPPEISIINIO. 13 Heé MOXKHO 3aKITIOUNTD, YTO
nuHamuka BHeTponuueckux komnoneHT 'AO u POHU, t.e. DHIOK, oTHIONb HE TOXIeCTBEHHA. MeX 1y STUMHU
IIpoleccaMy CYIIECTBYET OU€Hb OOJIBIIOE CXOACTBO B JIMalla30He BPEMEHHBIX MacIITabOB OT IPUMEPHO rojia
1o mpumepHo aecstuietus. Onnako, moseneHre [AO u POHU B Maciitabax HeCKOIBKUX TCCATUIICTHIA SBIIS-
€TCsl Pa3INYHbIM.

OcumsiTopHblid xapakrep rpadukoB kpocckoppensinuii POHU n TAO2 cBuneTenbeTByeT, 4TO CHHXPO-
HU3aLus Mexay BHeTpormueckumu komrnoneHTamMu [AO u DHIOK siBisiercst hazoBoii. MoxHO cunTarh, 4To
OHA OIPEIEISIeTCS] BHELTHUM MEPHOINUECKUM (POPCUHIOM TII00AILHOM KIIMMAaTHYECKOW CUCTEMBI 33 CYET YaH-
JUIEPOBCKOTO KOJIeOaHust 1oirocoB 3emitd, Bo3zeiictBytommum u Ha [AO u Ha DHIOK. Dro siBnsiercs oueHb
Ba)KHBIM 3aKJIIOUYEHHEM, MO0 /10 HACTOSIIIETO BPEMEHN OBbUIO MPUHATO CUMUTATh, 4TO camu nporeccsl DHIOK
BIIMAIOT HA MPOLIECCHI, IPOUCXOSINE TOYTH BCIOAY Ha 3eMJle, 3a4acTyl0 BeCbMa J1ajeko OT IPUIKBATOpHAalIb-
HoU mtonockl Tuxoro okeana. MIHbIME ci10BamMU, OBIJIO IPUHSTO HCTOJIKOBBIBATH HAJIMUME TECHBIX KPOCCKOppe-
Jsuit Mexty pasnuunbiMu uHAekcamu DHIOK u nHaekcamMu BHETpONMYECKHX aTMOC(hEpHBIX MPOIECCOB B
MIPUYNHHO-CJIEICTBEHHOM CMBICIIE.

OpHako, eme MHoro jet Ha3zaa A.H. Koamoropos npenynpeskaan NpoTUB UCTOJIKOBAHHUS CHHXPOHHBIX
KOPPESILIMOHHBIX CBA3EH MEX/ly Pa3IMUHBIMU IEPEMEHHBIMU B TEPMUHAX MIPUYHH U ciieAcTBuil. IIpu paccmo-
TPEHHUH MPoOIIEMbI B3aUMOCBs3H Mexxay npotieccamu DHIOK u BHeTponmueckumy nporeccamu B ro0aibHOM
KJIMMAaTHYECKOH CHUCTEME €CTECTBEHHO MOCYHUTaTh, YTO UMEET MECTO BBIHYXIECHHAsi CHHXPOHU3AIMs, KOrja
00¢ MOJICUCTEMBI HAXOSATCS IO/ BO3ICHCTBHEM OJHOM M TOM JK€ BHEIIHCH MEPUOMUCCKOM CHiibl. Takasi CHH-
XPOHM3ALUS OTIINYAETCS OT YaCTO pacCMaTpuBaeMOM BHyTpEHHEH CHHXPOHU3AIUH HEIHHEIHBIX OCIUILIATO-
POB, CBSI3aHHBIX APYT ¢ ApyroM (u3BecTHBIH 3 ekt [toiirenca). Koneuno, mponeccst JHIOK B3aumoneiicTBy-
10T C BHETPONUYECKUMH Iponeccamu. OHAKO, 3T B3aUMOJICUCTBHSI, SIBIISIFOTCSL OY€Hb CIIa0BIMU, HaIpuMep,
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BiusiHue Dib-HuHbo Ha nporieccsl B CeBepHOI ATIIaHTHKE MITH, HA000poT, BiusiHue CeBepHOW ATIIaHTHKHU Ha
Onb-Huubo. Cropee He B3aMMOICHCTBYS MEXK/TY Pa3IMUHBIMU KIIMMAaTHYECKUMH ITPOIIECCaMH, a OOII1E BHEII-
HUE (OPCUHTH OTIPE/ICIISIOT HaOII0aeMyI0 CHHXPOHHU3ALIHIO.

Kax y>ke ToBOpHIIOCH BBIIIE, OTHUM W3 BXKHBIX (JOPCHHIOB SIBJISICTCS YaH/JIEPOBCKOE KoJieOaHUE TIOJIFOCOB
3emun. Kak ObUT0 ycTaHOBIIEHO ellie BO BTOPO# 1osioBrHE X X-ro Beka, 3To KosiebaHue Bo30yxaaer B arMmochepe
Y OKeaHax IMPUJIMBHBIC BOJHBI, PACIPOCTPAHSIONIMECS C 3arla/ia Ha BOCTOK IPOTUBO(A3HO B YMEPEHHBIX HIUPO-
Tax obomx momymapuid. HenaBHo, myTeM aHalii3a JaHHBIX CITyTHHUKOBOM aJlbTUMETPHM BOIHOHM MOBEPXHOCTH
Tuxoro okeana ObIJI0 TTOKa3aHO [4], YTO BOJIHA CEBEPOTUXOOKEAHCKOTO «ITOIIOCHOTO» MPHIIMBA, MOCIE OTpaKe-
HUS OT 3aragHbIx OeperoB LleHTpanbHOl AMEpUKH, BO30Y)KIAeT MOJIOKUTEIbHbIE aHOMAIIMK TIOBEPXHOCTH TH-
XOro OKeaHa. JT0 — Kak pa3 Onb-HHUHBO, KOTOpOE SBISIETCS COCTaBHBIM AnieMeHToM putMoB DHIOK.

KOHTHHEHTBI HE SIBIISIOTCS] HENPEOJOIUMBIM MPEMATCTBUEM /IS 3al1aJHO-BOCTOYHOIO PACIPOCTPAHEHUS
aTrMOC(EPHBIX «IIOJTIOCHBIX)» NPHIMBOB. [109TOMY MOXXKHO O)KW/IATh, YTO B IMHAMHKE BHETPOIIUYECKUX KOMIIO-
HeHt ['AO, xonb ckopo ['AO dopeupyeTcs 4aHIepoBCKHM KojieOaHHEeM MOII0COB 3eMIH, Toe Oy/ieT HalIo-
JIaThCsl 3aIla/IHO-BOCTOYHOE cMeleHue. Ilpu paccMOTpeHUN BpPEMEHHBIX H3MEHEHUH HpOCTPaHCTBEHHOMN
cTpyktypsl AO B mojsix AaBieHUs Ha ypPOBHE MOpPS M MPUIIOBEPXHOCTHOM TeMIIepaTyphl TaKOe CMEIIEHUE
JEUCTBUTENILHO ObUIO HaiiieHo. [Tocie HeCKONIbKUX MPo0 yaauochk ONPEIeIUTh HHIEKC, BEJIMYHHA KOTOPOTO
HauboJee YeTKO NpecTaBisieT 3To cMelenne. Hazosem atot nnnexc FAO3. OH BeraHciseTCs Kak ajnredpan-
yeckasi CcyMMa HOPMUPOBAaHHBIX 3HAYEHUH CPeTHEMECSIYHOI0 IPU3EMHOTO JIaBIE€HUS U TeMIepaTypsl B 15 reo-
rpaduyeckux paronax: 'AO3 = T(20°-50°c.u., 160°-130°3.1.) + T(35°-25%0.m1., 160°-80°3.1.) + T(65°-
45°0.11., 150°B.1.-160°3.1.) + T(65°-45°0.111., 60°3.11.-0°) + T(40°-70°c.11., 90°B.11.-180°) = T(30°10.111.-30°C. 111,
60°3.1.-180°)— T(60°-31°0.m1.,, 90°-120°8B.1.) — T(31°-60°c.m., 100°-40°3.n1.) + P(50°-70°c.mr.,
170°8.1.-120°3.1.) + P(70°-50°%0.m., 170°B.m1.-120°3.1.) + P(60°0.mr.-20°c.m., 40°-80°B.1.) +
P(30°r0.11.-30°c.1m1., 70°-10°3.1.) — P(0°-40°c.mr., 120°B.1.-120°3.11.) — P(45°-25%0.m1., 120°B.1.-60°3.1.) —
P(50°-70°c.m1., 50°-90°8B.11.).

Bbsut nocTpoeH BpeMeHHOI psit 3HaueHuH uHjaekca IAO3 u 3aTeM BBIYMCIEHBI KPOCCKOPPEIALUT ITOTO
psna c paaom unaexkca POHU npu pa3nnyHbIX BPEMEHHBIX CABHUraxX MEXIY HUMHU. 3aMeuaresIbHO, UYTO IJIaB-
HBI MaKCUMYM KPOCCKOPPEJISIMUA UMEET MecTo, korjaa Bapuanuu I'AO3 onepexaroT 0 BpeMEHU BapHaluu
POHMU na 14 mecsines, T.e. TOYHO Ha IEPHO]] YaHAJIEPOBCKOT0 KojIeOaHus MoMocoB 3emit. Bennunna riaBHo-
T'0 KPOCCKOPPEIISILIHOHHOIO MakcuMyMa BecbMa Benuka (0.7).

Vcnonb3ys 3Ty KpOCCKOPPEALNIO, MOXKHO Mpe/cKasbIBaTh Bennuuny unaaekca POHU, 1.e. BO3HUKHOBe-
Hue win Dnb-Hunbo, wim Jla-Husks, ¢ 14-MecsiuHON 3a011aroBPEMEHHOCTBI0. 3aMETHM, YTO HBIHCIIIHUE TTPO-
THO3bI DIib-HUHBO ONMMparoTcs Ha KPOCCKOPPEILHIO, paBHYIO npuMepHo 0.5 npu 3a01aroBpeMeHHOCTH He
6onee nonyroaa. Ho takue 10BoJIbHO HEYBEPEHHBIE TPOTHO3BI MOYKHO AeiaTh 1o uHaekcy [AO3 ¢ 3abmarospe-
MEHHOCTBIO NPUMEPHO TPH C MOJOBUHOM roga. Ha 3Ty BO3MOXKHOCTH yKa3bIBaeT HaJlIU4KMe MUHUMYyMa Kpoc-
ckoppesinun Ha rpaduke TAO3-POHU npu BpemenHOM yripexaeHun B 40 Mecsines.

J1Jist TOro 4T0OBI BBISICHUTH, KK 3aBUCHT aCHHXPOHHAsI Kpocckoppesiius Mexay psiiamu [AO3 u POHU
OT BPEMEHHOT0 MaciITada, Obuia ncrob3oBana Texuuka BI1 anannza kpocckoppessiiuii Mex 1y BpeMEHHBIMH
psizamu. BhISIBICHBI T1ana3oHbl MaclITadoOB, BHYTPH KOTOPBIX CYILIECTBYET TECHAsl CBS3b MEXK/ly BPEMEHHBIMU
Bapuanusamu ynpexnjatomero naaekca 'AO3 u ungexca POHU [10]. 310 — MexIyrofoBsie — JeKaHbIE Bpe-
MEHHBIE MacIITa0bl, B KOTOPBIX, KaK ObLIO MOKA3aHO paHee, N00abHas KIMMarnieckas cucrema opcupyer-
Cs1 HECKOJIbKMMU BHEIIHHUMHU CUJIaMU, IEPHOJIbI KOTOPBIX, TO-BUJMMOMY, HECOM3MEPUMBI ApYT ¢ 1pyrom. Ilo-
MHMO TOJIOBOTO X072 NMpHUTOKa Teria oT CoJHIA, 3TH CHJIbl BKIIIOYAIOT YaHJIEPOBCKOE KOJIeOaHHe MOJII0COB
3emJIy, JIyHHO-COJIHEUHYIO HyTalUI0 U LIUKJI COJTHEYHON aKTUBHOCTHU. B pe3synbrare oka3biBaeTCs BO3MOKHBIM
nipezackasbiBarh nHAeke JHIOK ¢ 3a0maroBpeMeHHOCTBIO B 14 MecsIIIeB, YTO CYIIECTBEHHO MTPEBbIIAET 3a0Ia-
TOBpEMEHHOCTh cyniecTBytoux ceituac nporao3oB JHIOK. YunteiBas e CHA-aunamuky TAO u SHIOK,
OTKPBIBAETCS BOBMOKHOCTD AAJbHEHIIEr0 yBeIMYCHUS 3a01ar0BPEMEHHOCTH JI0 HECKOJIBKHUX JIET.
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Analysis of NH winter storm track realization in simulations
of INM CM5
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cyclones are generated. These strongest (storm) cyclones bring strong winds and heavy precipitation,

affecting regional weather and climate. The storm tracks transport large amounts of heat, momentum,
and moisture poleward, and make up an important part of the global circulation. Storm tracks are observed in
the mid-latitudes with the maximum nearby 40 N. There are two dominant storm tracks in the NH: North Atlan-
tic one observed from North-Eastern America eastward to Northern Europe and North Pacific one observed
from central (eastern) North Pacific to eastern slope of the Rocky mountains. The strongest activity of these
storm tracks are observed during cold season (October-April). Considering significant impacts of storm tracks
on global weather and climate as well as possible change of storm tracks due to climate change its realization in
climate model simulations is actual topic of research.

The simulation of storm tracks is considered in five 50-year realizations of ensemble calculations with the
INM-CMS5 climate model. The model includes the ocean module and the improved vertical resolution in the
upper stratosphere and lower mesosphere. Following storm tracks characteristics are calculated using model,
NCEP and ERA-Interim reanalysis high-pass filtered daily data: variance, eddy momentum, heat and moisture
fluxes.

Obtained results show that spatial structure and temporal variability of storm tracks in INM-CMS5 climate
model simulations is comparable with observational data. However the maximum variance of both storm tracks
in model simulation is weaker on 20-25% in comparison with reanalysis data.

With composite analysis the extension of North Atlantic storm track due to (caused by) weakening and
strengthening of Arctic stratospheric polar vortex events with detected influence on troposphere was studied.
These events in model and NCEP reanalysis data were revealed early and were defined as following: if geopo-
tential height anomalies normalized on standard deviation propagate continuously downward from the middle
stratosphere (30 hPa) exceeded the threshold value of +/- 1.5 sigma and reach the pressure level of 300 hPa in
the upper troposphere, such event was considered as troposphere-affecting (and vice versa).

Difference between composites consisted of troposphere-affecting and non troposphere-affecting events
show that strengthening of stratospheric polar vortex lead to extension of North Atlantic storm track toward
high latitudes: its strengthening is observed nearby 50 N and weakening nearby 30-40N. Weakening of strato-
spheric polar vortex in turn lead to extension of this storm track toward lower latitudes. Strongest changes of
North Atlantic storm track occur nearby 300-250 hPa. These results obtained using model and reanalysis data
agreed.

S torm tracks are marked by regions with strongest meridional temperature gradient where extratropi-cal
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1. BBEOEHUE

Hecmortpst Ha mporpecc B MOCIETHUE TOABI B PA3BUTHH KINMAaTHYECKUX MOJICICH, CBSI3aHHBIH, B TOM YH-
CJIe C YIyUIIEHHEM TOPU30HTAIBHOTO Pa3pelieHHs, yBeTHUCHHEM KOJIMYECTBA BEPTUKAIBHBIX YPOBHEH U BHI-
COTBI BEPXHEH TPaHHUIIB], COBEPIICHCTBOBAHNE BOCTIPOU3BEACHHUS MU JHHAMUYECKHUX MPOIECCOB Tpomoche-
pbI U cTparocdepbl U UX B3aUMOACHCTBHUS OCTACTCs aKTyalIbHOM 3aaueii. CoxpaHsroTcs mpoOiieMbl B BOCIIPO-
W3BEACHUH TaKUX MPOIECCOB IUPKYIIIIUN KaK BOJHBI TEIUIA U XOJI0/1a, aHOMAJIbHBIC OCAIKH, COMIPOBOXKIAI0-
IIMe SKCTPEMaNbHbIE TIOTOHBIC ABTCHUA. TpedyeTcs yaydieHIe BOCIPON3BEACHUS MEKTOA0BONH H3MEHIHBO-
CTH IMPKYJISIUU CTpaTochepbl W TUHAMHYECCKOTO B3aMMOICHCTBHs cTparocdepsl u Tporocdepsl [Shaw
2014].

OmHUM U3 BaKHEHUIINX 3JIEMEHTOM LUPKYIAHH Tporocheps! sBisttorcs mtopM-Tpeku (I T) - pacmosno-
JKeHHbIE B BepXHell Tpornocdepe cpeHuX MmupoT (¢ MakcuMyMoM BOim3u 40°) B 00oux noymiapusx oonactu
€ MaKCUMaJIbHbIM MEPUANOHAIBHBIM I'PAIUCHTOM TEMIIEPATYPBI, T.€. CHIbHON OapokiauHHOCTh0. [T BiustoT
Ha PErHMOHAIBHBINA KIIMMAT, TaK KaK CBA3AHHBIC C HUMH ITHMKJIOHBI COIPOBOXIAIOTCS CHIIBHBIMH BETpaMHu U
ocajakamu. Baxxnyto posb urpatot HIT B nepeHoce Temia, MMIyJbca U BIard K BBICOKUM muporam. IMeHHO B
obnactsx LT Habnronaercs HanOObIIEE KOJIMYECTBO IITOPMOBBIX IIMKJIOHOB, TaK KaK MpoLecc 00pa3oBaHus
U Pa3BUTHA IIUKJIOHOB (IIUKJIOTEHE3) MPEUMYIIIECTBEHHO MPOUCXOANT Ha MX 3amaaHoM Kpato. [T seusioTcs
MHINKAaTOPOM TaKOM XapaKTEPUCTHKH KIMMaTa KaK aKTHBHOCTh BHETPOIINYECKUX IIUKIIOHOB.

Haubonpimas nuarencusHocTs LT B CeBepHOM monymapuu HabIIOgaeTCs B 3SUMHUI NIEPUOJ] BCIEACTBHE
HanOoJee CHIIBHOTO TPaJUeHTa TEeMIIEPaTypbl MEX/y HU3KUMHU M BBICOKUMH LIMpoTaMH. B 3uMHUNA mepuof
norojiHpie ycioBus EBporibl 1 CpeiM3eMHOMOPDS OIPEACIISIOTCSI PACHPOCTPAHEHUEM LIUKIOHOB, 00pa3yro-
mmxcst B obnactu Atnantuueckoro IIT. Cmemenue (pacmmpenue) obnacteit LT npuBoguT K M3MEHEHUIO
0CaJIKOB U MOToAHbIX yciaoBuil. Pacronokenue LT cBsi3aHO ¢ HAXOMAIIMMCS B BEpXHEH Tpornocdepe cyoTpo-
MIMKOB CTPYHHBIM TE€UEHHEM, CKOPOCTh 30HAJILHOTO BETpa B KOTOPOM MOXKET npeBbiark 30 m/c. Boiienstorces
Tpu ocHoBHBIe obnactu IIT: 1) ot Boctouno-Kuraiickoro Mopst Ha BOCTOK HaJl TUXHM OKeaHOM, 2) OT BOCTOU-
HBIX CKJIOHOB CkanmucTheix rop B CeBepHO Amepuke Ha BOCTOK Hajx Armantukoi 1o CesepHoit EBporsl, 3)
HaMMeHee HHTeHCUBHBIN Hax Cpean3eMHBIM MOPEM U Jlasee Ha BOCTOK 210 LlenTpansHoit A3un. ¥ TuxookeaH-
ckoro IIIT B cepenune 3uMbI B ssHBape-GheBpaje HabIroaaeTces ocaadieHue (Mpyu MaKCHMaIbHOW HHTEHCHBHO-
CTH CTPYWHOTO TEUEHHS ), HACTYIIAIOIIEE MOCIIE MPEBBIIICHUS TOPOTOBOTO 3HAYCHHS CKOPOCTH 30HAJIBLHOTO Be-
Tpa ~45 m/c.

Baxnoe 3nauenue [T myist nporHo3upoBaHus OTOABI OMPENEISIETCs eIle U TeM, 9TO OJIOKUPYIOIIUE aH-
THITMKJIOHBI YaCTO 00pa3yrTCs Ha BOCTOYHOM Kparo odacteit I1IT.

Ha mexronoByto uzmenunBocts T Bausier Onb-HuHbo, KBa3uAByXJIeTHHE KoineOaHUsI 30HAJIBLHOTO Be-
Tpa B sKkBaropuanbHOil cTparochepe (KAK) [Wang 2018], a taxke u3MeHeHHs cTpaTtocepHOro MOJISPHOTO
Buxps B Apkruke [Kidston 2015]. Pacnionoxenue, nHTeHCMBHOCT M M3MeHunBOCTh LT 3aBucur ot okpyxa-
IOIIMX UX 00JIaCTei: TOBEPXHOCTH (HMYKHEH TpaHuIIbl arMoc(hepsbl), HAXOSIIIEHCs BhIle cTpaTtoc(epsl, a Tak-
ke arMoc(epbl TPOIIMKOB M BBICOKUX IHPOT. BBISBIIEHO CMEIEHUE CTPYHHBIX TEYCHUH (C KOTOPBIMHU CBS3aHbI
HIIT) npu ocnabieHuu cTpaTochHEpHOTo MOISIPHOTO BUXPS IO HATIPABICHHUIO K SKBATOPY, a IIPU €T0 YCUIICHUHU K
BBICOKUM IMpoTaM. DT u3MeHeHus LT orpakaroT u3MeHeHHEe OCHOBHON MOJBI IUPKYIISAILUH TPOTOChepbl
BBICOKHX MIUPOT — CeBepHOIt Kob1ieBoi Mokl (NAM), 0XBaThIBAaIONIECH B 3MMHUI TIEPHO BBICOTHI OT TPOTIOC-
(epsl 10 crparochepbl U SBISIOTCS PE3yNbTaTOM M3MEHEHUS] MEPUIMOHAIBHON LUPKYISIMNA aTMochephl,
ycuIMBaronieiics / ocnadusitonieiics npu ycusaenun / ociaabinennu crparocepHoro nosipHoro Buxps [Kidston
2015].

VYuursiBas BiusHue 1T Ha noronHele ycinoBusl, OLIEHKa U3MEHEHUI HX HHTEHCUBHOCTH U PaCIOI0KEHHUS
BCJIE/ICTBUE U3MEHEHMSI KJIMMATa sBJISIETCS aKTyalbHOU 3anadeil. Ee pelienne 3aBUCUT OT KauecTBa BOCIIPOU3-
BeeHus LT kmMMaTHYecKUMH MOJICTIIMH B YCIIOBUSAX COBPEMEHHOTO KiuMaTa. COrllaCHO MOJIEIBHBIM OIICH-
KaM M3MEHEHHe KinMmara K KoHIly XXI Beka NmpH >KeCTKOM CIEHApHH pocTa mapHUKOBBIX razos LT GymxyT
cMeniarhes K 6onee BeicokuM mupotam. [Ipu ynsoennn CO2 cmemenne [T mo mmpoTe MOXKET COCTaBUTh OT
0.8° mo 2° [Mbengue 2013, Barnes 2013]. ITo onierkam 310 cmernerue [T MoxkeT ObITh 00y CIOBICHO IPUMEp-
HO Ha 2/3 u3MeHeHneM KOHBEKTUBHOM yCTOMYMBOCTH (T.€. N3BMEHEHHEM BJIAXKHO-3/1MabaTH4eCcKoro rpajieHTa
TeMIIepaTyphbl) B TPONKMKax U Ha ~1/3 u3-3a yBenuueHus cpeaneit remneparypsl [Mbengue 2013]. Pacuersl ¢

CEKLUA 11 // MOLEJIMPOBAHWUE U AHAJTU3 TT1I0BAJIBHOMO W PETMOHAJIBHOMO KITMMATA 1 ©OPMUPYIOLLIMX EF0 ATMOCOEPHbIX NMPOLIECCOB

K coaepxaHuio n

CITES'2019

MEHOYHAPOIHAA MOJIOQEHHAA LLKONMA W KOH®EPEHLWA MO BbIMUCIUTENBHO-UHPOPMALMOHHLIM TEXHONOTAM A1 HAYK 0b OKPYKAIOLLIEW CPELIE

b7




CITES'2019

w
(NN}
(=]
=
=
(5]
w
—
T
[
=
L
=
=
(=]
=
=
=
L
[o=
o
(NN
w
=
(d=]
o
—
(=]
=
= =
o
(NN}
—
=
=
—
<t
=
oc
o
L
=
)
=
=
=
-
=T
—
=
o
=
o
o
=
o
Ll
o
=
Ll
oc
[NE}
L
=
o
o
o
=
<z
—
o
(=]
=
(]
(77
w
—
<
—
=
=
(]
(77]
(d=]
=
=}
(=]
>
-}
=9
=
=
—
<t
=
oc
(NN}
—
=

HCIOJIb30BaHHEM KIMMAaTHYECKON MOJIENIN MPOMEXKYTOUHON CIIOAKHOCTH MOATBEPAMIN cMelieHne TuxookeaH-
ckoro u Arnantudeckoro T npu ynsoenun CO2 x xoHity XXI Beka K BBICOKHM IIXPOTaM U UX BO3BpAlllEHUE
Ha npexkHee MecTo pu cHxennu CO2 [Martynova 2015].

Monenu ¢ Gosiee BBICOKUM pa3pelieHneM 4acTo JIydile BOCIpou3BoasiT nHTeHcuBHoCTh LT, Onnaxo o
OLICHKAaM FOPH30HTAJIBHOE pa3peleHne Moeneit 0obsicusier namenunBocts LT tonbko Ha 30% [Chang 2013].
Jpyroii BaxxHbIN (GakTOp - TUCCUTIALMSL.

Lenbro ganHOI pabOTHI siBIsieTcst aHau3 peanu3aiuu xapakrepuctuk LT CeBepHoro nomymapus Moje-
ast0 UBM PAH CMS B cpaBHEHUU ¢ JaHHBIMU peaHaIN3a.

2. UCNOJIb3YEMbIE JAHHBIE M METOObl AHAJTIM3A

Jnsa ananmsa LT ucnone3yrotcs pe3yasTarsl ATH S0-TH JeTHUX MOAETBHBIX pacyeToB ¢ 1965 r. mo 2014
T. 5-# Bepcuelt kimMatuueckoit mogenn UBM PAH, npoBeneHHBIX COIIaCHO TPEOOBaAHUSM MEXTYHAPOIHOTO
NPOEKTa CpaBHEHUs KiIMMaTnyeckux mozeneit CMIP6, u oTiiuaronmxcs Mex 1y co0oii ciierka BO3MyIEHHbI-
MU HaYaJIbHBIMU yCJIOBUSAMMH.

OcHOBHBIE OTANYHS 5-1 Bepcuu KauMaTtrdeckoit mogenu UBM PAH (CMS) ot npeasiayIiei: yaydieHne
BEPTHKAJIBHOTO Pa3pelleHus] UIsi BEpXHEW cTpaTocdepbl U HIKHEl Me3ocdepsl, yaydllieHue napaMmeTpu3aliu-
el KpyrmHOMacITaOHOW KOHICHCAIMU U O00JaYHOCTH, 100aBICHHE a’3pO30JIbHOTO OoKa. BakHBIM pe3ysbra-
TOM COBCPIICHCTBOBAHHA MOJICIIN SABJIACTCA BOCIIPOMU3BECIACHUC KBaSI/II[ByXHeTHeﬁ IMUKIIMYHOCTU 30HAJIBHOI'O
BETpa B DKBATOPHAIILHOU CTparocepe U YIydIIeHHEe CTATHCTHKH BHE3AIHBIX CTPATOC(HEPHBIX MOTEIUICHUI
[Bomomuu 2017].

[IpocTpaHcTBeHHOE pa3pelieHe MOIeIH B arMocdepe: 2°%1.5° mo qonrore u mumpoTe, 73 BepTHKAIbHBIX
ypoBas 110 0.2 rlla (~60 km). B okeane npoctpancTBenHoe pazpemienue: 0.5°x0.25° u 40 BepTUKaIbHBIX YPOB-
Helt. OKeaHnYeCKHi MOTY/Ib MOZIE/IH BKIIIOUaeT OJI0K pacueTa MOPCKOTO Jibaa. B arMochepHbIil MOIy/Ib BKITIO-
YeHbI OJIOKH, OTBEYAIOIINE 3a PAacyeT MapaMeTPOB MTOYBHI, MOACTUIIAIONICH TOBEPXHOCTH U BereTaunu. Moaynu
MOJIEJNHN, OTBEUAIOIIHE 32 OKeaH 1 arMocdepy, OOMEHMBAIOTCS IAHHBIMU Kax/Ible 2 yaca. Pe3ynbrarsl aHamm3a
JMHAMHYECKHX MPOLIECCOB cTpaTocdepsl 1 CTparoc(epHo-TPorocHepHOro TMHAMHYECKOTO B3aUMOICHCTBUS
B kiuMmarndeckor moaenu IBM PAH npencrasnenst B [Baprun u np. 2018].

Jns cpaBHEHHUS ¢ pe3yIsTaTaMy MOJCIMPOBAHNSA HCIIONIB3YI0TCS qaHHbIe peaHann3a NCEP c pasperienn-
€M I10 T0JroTe-mupoTe 2.5°%2.5° st 3MMHUX Ce30HOB (OKTsI0ph-ampesb) ¢ 1968 1. mo 2018 r. u maHHbIC pea-
Hanmm3a ERA-Interim ¢ takum e paspemenuem ¢ 1979 r. mo 2018 .

E)KGJIHCBHI)IG JaHHbBIC MCPUIUOHAIIBHOI'O, 30HAJIBHOI'O BETpaA, TEMIIEPATYPhI U yZ[eHLHOﬁ BJIAJKHOCTH Ha
YpOBHsIX AaBjieHus ot moBepxHoct 10 100 rlla (ms ynensHo BiaxuoctH 10 300 rlla) anamoruuno [Chang
2013] nmpeoOpa30BbIBATIKCH C UCIIOIB30BAHUEM BBICOKO-UYACTOTHOTO (PHMJIBTPA JJIS BBIACICHUS W3MECHUHBOCTH
CHHOINTHYECKHX MAaclITabO0B, a 3aTeM PACCYUTBHIBAINCH clieaytomine xapakrepuctuku [1T:

- M3MEHUNBOCTE: VV = [V (t+ 24) — v (t)]%

- BUXPEBOH MOTOK uMmyibea: UV = [u(t+ 24) —u(t)]-[v(t + 24) — v(t)]cosd;

- BuxpeBoii notok reria VI = [v(t +24) — v(t)] - [T(t + 24) — T(1)]

- BUXpeBoli noTok Baaru vq = [V (t + 24) — v(t)]- [q(t +24) — q(b)])

IJIE U, V - 30HAlIbHAs U MEPUIMOHAJIbHAs CKOPOCTH BETPa COOTBETCTBEHHO, T - TeMIeparypa, q - yaelbHas
BIIQKHOCTb, () - LIMPOTA, BEPXHsIS JIMHUS HaJl IIPABOM YacCThIO - OCPEJHEHHUE 1O IEPUOAY (OOBIYHO - MECAL).
I1py MCIIONIB30BAHKMH CPEAHECYTOYHBIX JaHHBIX t+24 03HAYaeT CIIEAYIONIME CYTKU. ECIN H3MEHYUBOCTD SABJIS-
€TCS YaCThI0 BUXPEBON KMHETHYECKOM SHEPI UM, TIEPEAIONIENCS OT BUXPEH K 30HaIbHOMY TEYEHHIO, TO BUXPE-
BOM IOTOK HMIIYJIbCa JIy4llle XapakTepu3yeT B3auMojelcTsue cocrapisiomux 1T GapoKIMHHBIX BOJH U
KPYIHOMACIITabHON HU3KOYACTOTHOM LMPKyIALUK. Buxpesoit notok vT ompeaenser nepeHoc sBHOro TEIIa.
TepeHOC CKPBITOTO TEIIA, CBSI3aHHOTO ¢ UCMIAPEHUEM U KOHJICHCAIMEH, OIICHUBAETCS Yepe3 BUXPEBOI MOTOK
BJIArM V(.

3. PE3YJIbTATHI

3.1 OcHoBHble XapaKTepPUCTUKMU LUITOPM-TPEKOB

Amnanus usmenuuBocty LT B 3umMHEE Mecsiibl (1ekadpb-PeBpab) B BepxHeil Tponocdepe 3a S0-1u jieT-
HUM NepuoJI Ipu OCPEeTHEHUHU MO MATH pacyeTaM MokasbiBaeT, 4To Mozens IBM CMS peanucTudHo Bocpo-
U3BOJUT A0NTOTHYIO CTpykTypy LIIT. Ognako makcumansHas naMeHunBoCTh Tuxookeanckoro LT k 3amany ot
Ckanucteix rop u Amantuaeckoro LT Bonu3um o. HetodayHiena o cpaBHEHHIO C JaHHBIMU peaHalli3a 3aHu-
seHa Ha ~30%. Ce3oHHbIH x01 n3MeHunBOCTH LIIT BOCTIpOU3BOANTCS MOJEINBIO TAKKe pealucTUIHO: Y Tuxo-
okeanckoro T makcumym HabOromaercs B oomactu 40-50° c.11. B OKTIOpe-HOsI0pe 1 MapTe-arpelie, B sHBape-
(epae - ociadbnenue. MakcumyMm u3meHunBocTH Armiantuaeckoro T Habnronaercst HosiOpe-deBpalie Tak-
ke B obmactu 40-50° c.i. Ykazanusie makcumyMbl o0oux LT HaxozsiTes B BepxHei Tponocdepe Bom3u 300
r[la. O6nacth Tperbero Haumenee cuibHoro LT, pacripocTpansitommasicst B JaHHBIX peaHainsa ot EBpomnbl Ha
BOCTOK /10 LleHTpasnbHOIt A3un, B MOJISJIBHBIX pacueTax BhIpaykeHa ciadee.
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Amnanu3z notoka ummyibca u temiaa [T nmokaspiBaeT, 4To MOJEINb 10 CPABHEHHIO C JaHHBIMU peaHain3a
aJIeKBaTHO BOCTIPOU3BOJUT U3MEHYMBOCTb, IPOCTPAHCTBEHHOE paclpeiesIeHUE U CE30HHBIN XOJ1 3TUX Mapame-
TpoB. MaKkCHMaJbHBIA CpeHE30HAIbHBIN TOTOK uMITyinbca LT HaOmromaeTcs MEXIy YPOBHSIMH JIaBICHUS
300 u 200 rlla B HOsIOpe-TIepBOIi MOJIOBUHE JCKAOPSL.

Y notoka Teruia B MOAENbHBIX pacueTax 3HAYMTeJIbHO 3aHMKEH BTOPOIl MAKCHMYM I10 BEPTHKAIIH, PACIIO-
noxenHbiid BOim3u 200 rlla. B qaHHBIX MOIEIMPOBaHMS MAKCHMaJIbHBIC 3HAUCHUS IOTOKA BJIard, HaOIrIar0-
muecs B HuxkHeil Tporocdepe Bomusu 850 rlla, 3aHmKEHBI 10 CPAaBHEHHIO C JaHHBIMU peaHanu3a Ha 20-25%.

Haubomnbiume 3HadeHust oToka Biaard y oooux [T B qaHHBIX MOICIMPOBAHUS U PeaHAIN3a HAOIONACTCS
B HIOKHEH Tporocdepe BONMm3u ypoBHs aapienus 850 rlla u cocrasnset mo 7-9 -10-3 m/c. C yBennucHHUE BbI-
cOTHI ero 3HaueHne cumxaercs u Bonmusu 400 rlla cocrasnsier ~1 -10-3 m/c. B naHHBIX MOJIETMPOBAHHST MAKCH-
MaJibHbIe 3HAaYEeHMsI TOTOKa Biary Ha ~20% MeHbllle, YeM B IaHHbIX peaHayn3a. [Ipu 30HanbHOM OCpeTHEHUHN
HaUOOJIBIIINC 3HAYCHUS TIOTOKA BJIArd HAOIIONAIOTCS B OKTAOpe-HOs0pe. Takke Kak B JJaHHBIX peaHaln3a, B
JIAHHBIX MOJIETIMPOBaHUS MOTOK Biiaru Atnantudeckoro LT nemuoro cunbHee, yem y Tuxookeanckoro I1IT.

3.2 BnuaHne M3MeHYUBOCTU CTpaToCHepHOro NONIAPHOro BUXPA Ha LUTOPM-TPEKM

Hcnons3ys pesynbrarsl maTH 50-TH JETHUX pacyeToB I coBpeMeHHOro kinmara (1965-2014 r), panee
OBbUTH BBISBJICHBI 3UIMHHUE CE30HBI C YCHIJICHUEM U OcliablieHHeM CTparoc(epHOro noJsipHOro BUXPs M BIIUSIHU-
em Ha Tponioc(epy: 8 u 10 codbiTuii coorBercTBenHO [Baprun 2018]. st BbIJIEICHUS TAKMX CE30HOB HCIOJb-
30BaJICSI KPUTEPUIA: HOPMUPOBAHHBIC HA CTAH/IaPTHOE OTKIIOHEHHE CPEIHECYTOYHbIE aHOMAIIMK OT KITMMaTHyie-
CKUX 3HAYCHUH I'€ONOTCHIMAIBHOM BHICOTHI B 00acT 60-90° c.1u1. ¥ MpeBbIIIAOIIKe 10 MOAY/0 1.5 curma
JIOJDKHBI HETIPEPBIBHO PaclpOCTPaHsATBhCs OT cpeiHeil crparocdepsl g0 Bepxued Tponocdeps (300 rlla).
Amnayorn4so B ganHbiX peanann3a NCEP Obutu BbIsIBIICHBI 4 3MMHUX Ce30Ha ¢ ycunenuem (1967-68, 1988-89,
2010-11 u 2011-12 rr.) u 6 ce3oHoB ¢ ocnabnenuem (1966-67, 1968-69, 1976-77, 1984-85, 1986-87, 1996-
1997 1) cTparochepHOro NOISPHOTO BUXPSI M BIMSIHAEM Ha Tponocdepy.

J1J1s1 BBISIBJICHHBIX 3MMHHX CE30HOB M IEPHO/Ia ¢ IeKadps 1o (eBpalib OblIa paccynTana u3MeH4nBocTh LT
3a S0-TH JIETHUI NIEPHOJ] U COCTABJICHBI KOMITO3UTBI COOBITHH yCuIleHus! / 0ciablieH st CTPaToCEepHOro MoJIsSPHO-
TO BUXps C BiMsiHUEM Ha Tporochepy. Takke kak u uist S0-TH JIeTHEro neproja MakcuMasibHas H3MEHUHBOCTh
[T xoMITO3UTOB B IaHHBIX MOJICTMPOBAHUS 3aHMKEHA 110 CPABHEHHIO C TAHHBIMH peaHann3a Ha ~30%.

Paznuune Mexy KOMIIO3UTaMH, COCTABICHHBIMU U3 IAaHHBIX MOJICJIMPOBAHUS U peaHan3a Jisl SHBapsi -
MapTa, [OKa3bIBaeT, YTO IPU YCHIICHUH CTPAToC(EpHOro MOJISIPHOTo BUXPs 00J1acTh MAKCUMaJIbHON W3MEHYH-
BocTH Atnantudeckoro LT cmentaercs k BeicokuM mupoTam: yeuwnenue LT npoucxoaut BOmu3u 50° c.ur., a
ocnabnenue B obnactu 30-40° c.ur. [Tpu ocnabneHnn BUXpsi cMelIeHHe (PaclInpeHHe) MPOUCXOANT K HU3KUM
uporam. Haubonbiine usmenenus: Arnantudeckoro LT HabnronaroTes B BepxHeit Tporocdepe B odimactu
BeIcoT: 300-200 rlla.

4. BbIBOAbI

C ucnonp30BaHUEM JaHHBIX TATH S50-TH JIETHUX MOJCIBHBIX pacdeToB W NaHHBIX peaHann3oB NCEP u
ERA-Interim moka3zano, uro mozaens IBM PAH CMS5 peanucTHYHO BOCIPOW3BOIUT PACIOIOKEHHUE, IIPO-
CTPAHCTBEHHYIO CTPYKTYPY, CE30HHBIN X0/ mapameTpoB ocHOBHBIX LIIT CeBepHoro momymapust: ATinaHTnde-
ckoro n THxoOoKeaHCKOro, a Takke M3MeHIUBOCTh ATnantndeckoro LT BenencTBue ycnneHuit u ocnadieHuit
CTpaToc(hepHOTO MOSIPHOTO BUXPS, BIUAIOMINX Ha Tporocdepy: HabmogaeTcs: cMenieHne (paciupeHue) ero
00J1acTH 1O HANpaBICHUIO K 3KBATOPY, a MPU 0CIa0ICHUN BUXPSI — K BBICOKHM LIMPOTaM.

Paboma svinonnena npu noodepoicke epanma PODU (eparnm Ne 19-05-00370).

Jumepamypa:

1. Bapeun I1.H., Kocmpeikun C.B., Bonooun E.M. Ananuz socnpou3zgedenus OuHAMU4ecko2o
83aumooelicmaus cmpamocgepwvl u mponocgepul 8 pacuemax Kiumamudecxkou mooenu UBM PAH.
— Memeoponoeus u euoponoeus, 2018, Ne 11, ¢.100-109.

2. Bonooun E.M., Mopmuxog E.B., Kocmpuvixur C.B., I'anun B.A., Jlvikocos B.H., I'puyyn A.C.,
Juanckuii H.A., ['yces A.B., Axoenes H.I BocnpoussedeHue co8pemMenHo2o Kiumama 6 Ho8otl
sepcuu mooenu knumamuyeckoti cucmemvt UBM PAH. — Hszsecmusa PAH. @u3zuka ammocgepsi u
oxeana, 2017, m. 53, Ne 2, c. 164—178.

3. Mapmuwirnosa FO.B., Kpynuamnuxog B.H. O nexomopuvix 0cobeHHOCMAX OUHAMUKY 00U et
YUPKYIAYUU ammocgepbl 8 YCl08UsAX 2100ANbHO20 usmeneHus kiumama. — Mzeecmusa PAH. @usuka
ammocgpepul u oxeana, 2015, mom 51, Ne 3, c. 1-12.

4. Barnes E., Polvani L. Response of the midlatitude jets, and of their variability, to increased green-
house gases in the CMIP5 models. — J. Climate, 2013, V. 26, pp. 7117-7135.

5. ChangkE., Guo Y., Xia X., Zheng M., Storm-Track Activity in IPCC AR4/CMIP3 Model Simulations.
—J. Climate, 2013, V. 26, pp. 246-260.

6. Chang E., Lee S., Swanson K. Storm Track Dynamics. — J. Climate, 2002, V. 15, pp. 2163-2182.

CEKLUA 11 // MOLEJIMPOBAHWUE U AHAJTU3 TT1I0BAJIBHOMO W PETMOHAJIBHOMO KITMMATA 1 ©OPMUPYIOLLIMX EF0 ATMOCOEPHbIX NMPOLIECCOB

K coaepxaHuio n

CITES'2019

MEHOYHAPOIHAA MOJIOQEHHAA LLKONMA W KOH®EPEHLWA MO BbIMUCIUTENBHO-UHPOPMALMOHHLIM TEXHONOTAM A1 HAYK 0b OKPYKAIOLLIEW CPELIE




CITES'2019

w
(NN}
(=]
=
=
(5]
w
—
<T
[
=
L
=
=
(=]
=
=
=
L
[o=
o
(NN
w
=
(d=]
o
—
(=]
=
= =
o
(NN}
—
=
=
—
<t
=
oc
o
L
=
)
=
=
=
-
=T
—
=
o
=
o
o
=
o
Ll
o
=
Ll
oc
[NE}
L
=
o
o
o
=
<z
—
o
(=]
=
(]
(77
w
—
<
—
=
=
(]
(77]
(d=]
=
=}
(=]
>
-}
=9
=
=
—
<t
=
oc
(NN}
—
=

7. Kidston J. u op. Stratospheric influence on tropospheric jet streams, storm tracks and surface weath-
er. — Nature Geoscience 2015, No. 8, pp. 433—440.

8. Mbengue C., Schneider T. Storm Track Shifts under Climate Change: What Can Be Learned from
Large-Scale Dry Dynamics. — J. Climate, 2013, V. 26, pp. 9923-9930.

9. Shaw T., Perlwitz J., Weiner O. Troposphere-stratosphere coupling: Links to North Atlantic weather
and climate, including their representation in CMIP5 models. — J. Geophys. Res., 2014, V. 119, pp.
5864-5880.

10. Wang J., Kim H-M., Chang E. Interannual Modulation of Northern Hemisphere Winter Storm Tracks
by the QBO. — Geophys. Res. Lett., 2018

Comparative analysis of the assessment of hydrothermal
conditions of the Tomsk region, using different droughts
coefficients

'Ryazanova A.A., "“Voropay N.N.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?V.B.Sochava Institute of Geography SB RAS, Irkutsk, Russia
E-mail: raa@scert.ru

ond assessment ..., 2014) are characterized by an increase in the frequency of extreme natural events,
which include droughts and periods of extensive moistening. Air temperature and precipitation are the
main characteristics of the climate indicating changes in the droughts / extensive moistening.

According to the observation of weather stations of the Tomsk region, air temperatures intensively chang-
es since the 70s of the 20th century. According to data from the weather station Tomsk, the average annual air
temperature increased during 1967-1997 from -0.6 to + 0.56°C. In the period from 1970 to 2009, there is an
increase in air temperature according to Tomsk region weather stations records with a rate of 0.4-0.6°C / 10
years. Since the mid-1980s, an increase in precipitation has been observed.

For analyses of ongoing changes in air temperature and precipitation, the ERA-Interim reanalysis of the
European Center for Medium-Range Weather Forecasts (European Center for Medium-Range Weather Fore-
casts - ECMWF) (Dee et al., 2011) was used at grid points with a step of 0.75 x 0.75 © for the period 1979-2017.
The analysis was carried out for an area within coordinates 55-61 ° N, 75-90 ° E, including the territory of the
Tomsk region. We used web-GIS "CLIMATE" (Gordov, 2016, 2018; Riazanova, 2016) (http://climate.scert.
ru) for calculation of the long-term average climate characteristics and tendencies of changes.

Previously, a comparative analysis of the most famous Russian and international quantitative indicators of
aridity, such as the Selyaninov hydrothermal coefficient (HTC), the Ped" (S) aridity index, the standardized
precipitation index (SPI) and the standardized precipitation index and evaporation (SPEI) was conducted for
the period 1979-2017 according to the ERA-Interim reanalysis for the territory of Western Siberia (Voropay,
Ryazanova, 2018). Correlation analysis confirmed the synchronicity of changes in the studied droughts indices.
However, the identified extreme events in individual years (intensity, duration of drought) with the help of
these indices do not always coincide. For a detailed analysis of the indices in this work, we used the time series
of observations from weather stations of the Tomsk region from May to September (precipitation and air tem-
perature) for the period 1966-2017.

For most of the weather stations of the Tomsk region in May and September, the Selyaninov HTC was not
calculated due to the absence in the series of observations of average daily air temperatures above 10 °C (which
is a necessary condition for the calculation). Consequently, the relationship between the HTC and other indices
for May and September was not derived. In the remaining cases, when comparing the series, statistically sig-
nificant correlation coefficients were obtained (maximum values for the SPI and SPEI, HTCnorm, and S index).
The closest connections were observed during the period of active vegetation (June-August).

Despite some differences in determining the intensity of drought using the proposed indices, the analysis
of the results for a long-term period made it possible to identify the phenomena of strong and extreme intensity.
The driest months over the study period were May (1999, 2004), June (1981, 1982, 1983, 2012), July (1998,
1999, 2012), August (2003, 2016), and September (1966, 2016). In these months, most weather stations re-
corded a state of strong or extreme drought. In 2012 and 2016 the dry period lasted 2-4 months throughout the
Tomsk region. In most cases, drought was observed in the first months of the growing season, but in 1966, 2011
and 2016, according to the results of the analysis of all calculated indices, at many weather stations droughts
were observed in August-September, with moderate humidification at the beginning of summer.

Global and regional climatic changes that have been most intense in recent decades (IPCC, 2013; Sec-
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700aJbHBIC ¥ PETHOHAJIBHBIC KIMMATHYECKHE M3MEHEHUS, HanOoJiee HHTEHCHBHO NPOSIBIISIONINECS B

nociennue necaruiernst (IPCC, 2013; Bropoii onieHOUHBIH. . ., 2014), XapakTepu3yoTcs yBeInIeHHEM

MOBTOPSIEMOCTH YKCTPEMAIIBHBIX IPUPOIHBIX SBIECHUH, K KOTOPBIM OTHOCATCS 3aCyXHU U IIEPUO/BI epe-
yBiaxHeHusl. OCHOBHBIMU XapaKTEPUCTUKAMH KIMMaTa, U3MEHEHUE KOTOPBIX SIBJISETCSI MHIAUKATOPOM H3Me-
HEHMS 3aCyIIMBOCTH/TIEPEYBIIYKHEHHS TEPPUTOPHH, SBIISIOTCS TEMIIEpaTypa BO3ayXa 1 CyMMa aTMOC(EPHBIX
ocankoB. [IpuueM, BaxkeH ydeT U3MEHEHUH ITUX apaMeTPOB HE TOJIBKO B JIETHUE MECALBL, HO U B TEUEHUE
MIPEIIECTBYIOIET0 X0JIOHOTO NEPUO/a, YCIOBUS KOTOPOTrO BIUSIOT HA THAPOTEPMUYECKOE COCTOSHUE MOUYBBI
1 aTMoc(epsl B HauaJle BEreTallMOHHOTO CE30Ha.

[To naHHBIM HAOIIONEHHST METEOPOJIOTNUYECKUX cTaHIni ToMckoli 001acT N3MEHEHHSI CPETHUX TOJIOBBIX
TemIieparyp Bo3ayxa Hadmoznatores ¢ 70-x rogoB XX Beka. OCOOEHHO 3aMETEH MX POCT B MOATACKHOH 30HE.
Tonbko O TaHHBIM MeTeOCTaHIUU TOMCK cpeHsIs ToJJ0Bast TeMIIepaTypa Bo3LyxXa noaHsack 3a 1967-1997 rr.
¢-0,6 1o +0,56 °C. Ecnu npeanonoxuTs, 4TO TPEH I HOCUT JIMHEHHBII XapakTep, TO €ro napaMeTpbl COCTaBUIN
+ 0,67 °C/10 ner (Pomamrosa u ap., 2002). B nocienyromiee AecATHICTHE TPOIECC MOTCIUICHUS YCKOPHIICS.
OTO NOATBEPXKIACTCS HCCIIEI0BaHUSIMU Apyrux aBropos (bapamikosa u ap., 2011), KoTopble OTMEUAIOT B IIE€pH-
oz ¢ 1970 mo 2009 r. poct TeMmepaTypbl BO3ayXa 10 JaHHBIM METEOPOJIOrMUECKUX CTAHLUI Ha BCel TeppUTO-
pun obnactu co ckopoctsio 0,4-0,6 °C/10 net, npuueM B OTIEIbHBIE MECSIBI X0JI0IHOTO nepuoa ((pespaib-
MapT) TeHaeHImn focturaror 1,5-1,7 °C/10 set. ITockombKy CKOPOCTB NMOTETIICHUS Ha TTOPSI0K OOJIbIE, YeM B
CeBepHOM MoJyIapuu 3eMITH B 1I€JI0M, 3TO MOXET ObITh 00YCJIOBJIEHO OTKIIOHEHHEM OT MHOTOJIETHUX HOPM
XapaKTepUCTUK PernoHaNbHON upKysinuu (I'opbarenko u ap., 2011). AHanN3 NoTyYeHHBIX IaHHBIX TIOKa3all,

Simape Hrams YTO HaWOOJBIINE W3MECHEHHS
Tenneparypasosayxa MIPOM30IILINA B XOJIOAHO-CHEX-
HYIO 9acTh rojia ¥, 0COOEHHO, B
LEHTpaJbHYI0 (ha3y 3UMHETO
cesona (Pomarmosa, 2004). Ha-
yuHas ¢ cepeauHbl 80-X ronoB
XX Beka HaONIOMAeTCsl YBEIH-
YEHUE CyMM OCaaKoB. TeHeH-
UM B M3MEHEHHH TO/IOBBIX
CYMM aTMOC(EpHBIX OCaJIKOB
HMEIOT SIBHO BBIPKECHHYIO I10-
JIOKUTEITBHYIO HarpaBJIcH-
HOCTB, JIOCTHUTAsi MaKCHMyMa
32 CYET OCAAKOB XOJIOJHOTO
mepuoga  (OKTAOPB-arpesb),
0COOCHHO B  AJIEKCaHAPOB-
ckoMm, Tomcke m Kommameso
(bapamxosa u ap., 2011).
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YeHWUA 1 TPEHbI CpeaHer Mecsay-
HOW TeMnepaTypbl ¥ CyMM aTMOC-
(epHbIX 0CaaKoB 3a AHBapb, MI0fb
(1979-2017 rr.). O6nacTb uccneno-
BaHuM —55-61°c.w., 75-90° B.A.
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Jlist moIma HOM XapaKTEepUCTUKU COBPEMEHHBIX W3MEHEHHMH TEMIIepaTypbl BO3lyXa M aTMOC(EPHBIX
0CaJIKOB HCIIOJIb30BaHbl JaHHble peaHann3a ERA Interim EBponeiickoro neHTpa cpeqHeCpOYHbIX IPOTHO30B
norosl (European Centre for Medium-Range Weather Forecasts - ECMWF) (Dee et al, 2011) B y31ax ceTku ¢
marom 0,75%0,75° 3a nepuox 1979-2017 rr. AHanu3 npoBeAeH sl pac4eTHOTO NPSIMOYTOJIbHUKA ¢ KOOPIUHA-
tamu 55-61° c.ir., 75-90° B.1., BKIIOYAONIEro TeppuToputo Tomckor 061actu. OCHOBHBIM HHCTPYMEHTOM B
Hamel pabore aus pacuéra siBisiercsi panee paspaborannas BeO-IMIC «KIIMMAT» (Gordov, 2016, 2018;
Riazanova, 2016) (http://climate.scert.ru). OuieHEeHBI CPEITHUC MHOTOJICTHHE XaPAKTCPUCTUKH KIIUMATa U TCH-
JeHIH nx n3menenus. Ha puc. 1 npencraBieHo pacrpeziesieHue TeMIepaTypbl BO3lyXa U CyMM aTMOC(EPHBIX
0CaJIKOB 32 OT/ICJIbHBIC MECSIIBL.

Panee no nanneiM peananuza ERA Interim st Tepputopun 3anaanoid Cubupu npoBeeH CpaBHUTEIb-
HBII aHaIM3 HanOoJiee U3BECTHBIX POCCHHCKUX M MEXK/yHapOJHBIX KOJMYECTBEHHBIX IOKa3aTesel 3acylin-
BOCTH, TAaKUX Kak rupporepmudcckuii kospdummenta Censsannosa (I'TK), unnexc 3acynuuBoctu [eas (S),
CTaHJAApTU3UPOBAaHHBIN MHAECKC ocankoB (SPI) u cTanAapTU3MPOBAaHHBIN MHAEKC OCAJIKOB U HCHAPSIEMOCTH
(SPEI) 3a nepuoxn 1979-2017 rr. (Voropay, Ryazanova, 2018). KoppessiiiMoHHBIH aHAINA3 MOATBEPANI CHUH-
XPOHHOCTh M3MEHEHHs PacCMaTPUBAEMbIX WHJIEKCOB 3acylnUIMBOCTH. OJIHAKO BBISBICHHBIE SKCTPEMaJIbHBIC
COOBITHS B OTAEJBHBIC TO/bI (HHTEHCHUBHOCTBD, POIOKUTEIBHOCTh 3aCyXH) C TOMOIIBIO YKa3aHHBIX WHJICK-
COB He Bceraa cosmaarotr. s Oojee JeTanbHOr0 aHalin3a MHCKCOB B JJAHHOW pa0oTe MCIIOIb30BaHbI PSiIbI
HaOJIOICHUH METEOpOJIOTHUECKUX cTaHlui Tomckoll obmactu ¢ Mast 1Mo CeHTSOpb (CyMMBbI aTMOC(EPHBIX
0CaJIKOB U TeMmIleparypa Bo3ayxa) 3a nepuop 1966-2017 rr. [lpu cpaBHEHHUH THAPOTCPMHUUCCKUX YCIOBUN B
pas3HbIX JaHqaTax KOppeKTHEE UCIIOIb30BaTh HOPMHUPOBAHHBIC [TOKA3aTEelH, B CBSI3U C YeM B padOTe UC-
nosib3oBal He ['TK, a ero HopmupoBanHast anomanusi. [Ipu onpeneneHuy 3acyXu y4uTHIBAIOT €€ WHTEHCHB-
HOCTb, CONIACHO Kiaccudukanuu (Tadm.1).

Ta6nuua 1. Knaccndmrkauma 3acyx Ha ocHoBe MHAeKcoB 3acywwnusocTu ['TK, Meas, SPI v SPEL

HNHTEeHCHBHOCTD 3aCyXH Hopmuposannas anomaus I'TK Hupexe Menss | SPI/SPEI
ciabast -1,25<ITK, o S-1 1<S<2 -2 <SPI/SPEI <-1
yMepeHHast -1,5<I'TKa ,,,,<-1,25 2<S<3 -3 <SPI/SPEI<-2
CHITbHASI -L75<TTK, op=-1,5 3<S<4 -4 <SPI/SPEI<-3
JKCTpEeMasbHas I'TK, jom=-1,75 S>4 SPI/SPEI<-4

Jlist GonbIMHCTBAa MeTeocTaHnuii obnactu B Mae u centsope ['TK CensitHnHOBa He paccyMThIBAJICS B
CBSI3HM C OTCYTCTBUEM B psijiaX HaOJIIOACHHS CPETHUX CYTOUHBIX Temreparyp Bo3ayxa Beiire 10°C (uro siBnsier-
sl HEOOXOIMMBIM yCIIOBUEM Juts pacueta). CiienoBarenbHo, cBsizb Mexxay I TK u apyrumu unaekcamu Juist Mast
U CeHTAOps He ompeneneHa. B oCTanpHBIX Clyyasx MPU CPAaBHEHUH PSIJIOB MONYyUEHB! CTATUCTHYECKU 3HAYU-
Mble K03 GHUIMEHTH! Koppessiuun (MakcuManbable Ut nap uaaekcoB SPI u SPEL I'TKuopwm u S). HanbGonee
TECHBIC CBA3M HAOIIONAIOTCS B MIEPHOJ aKTUBHOM BereTanuu (MIOHb-aBrycT) (pUc.2).

I'TE/5PI I'TE/SPEI I'TETleae Meaw/SPI TMeas'SPEI SPI/SPEI
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Puc.2. KoagdnumeHT Koppenaumum Mesay MHAEKCaMy 3acyLUIMBOCTH.
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HecMotpst Ha HEKOTOpBIE Pa3IMYMs IPU ONPEIEICHUN HHTEHCUBHOCTH 3aCyXH C ITOMOIIBIO MPEIOXKEH-
HBIX UHJIEKCOB, aHAJIN3 PE3YJILTATOB PacyeTa 3a MHOTOJICTHHH IIEPUO/T IIO3BOJIMII BBISIBUTD SIBJICHUS CUIIBHOM U
9KCTPEMaJILHOI MHTEHCUBHOCTH, KOTOPBIE COOTBETCTBYIOT XapaKTePUCTHKaM, IIPUBEICHHBIM B Tabu1. 1. Hanbo-
Jiee 3aCyIUIMBBIME MECSAIIAMHU 33 TICPUOJ] UccieaoBanus obutr Mait (1999, 2004 rr.), utons (1981, 1982, 1983,
2012 rr.), uronb (1998, 1999, 2012 rr.), aBrycr (2003, 2016 rr.), centsiops (1966, 2016 rr.). B ot Mecsiubl Ha
OOJIBIIMHCTBE METEOPOIOTUYECKUX CTAHIMH (PUKCHPOBAJIOCH COCTOSIHUE CHIIBHOW WIIM SKCTPEMaJIbHOW 3acy-
xu. B 2012 1. u B 2016 1. 3acynuuBbIil epuox npopospkaics 2-4 mecsina Ha Beelt tepputopun Tomckoii o6ia-
cTu. B OosbimHCTBE CilyyaeB 3acyxa HAONIONAETCsl B IEPBbIC MECSIIBI BEr€TallMOHHOTO NEepHOo/ia, OJHAKO B
1966, 2011 1 2016 rr., comTacHO pe3yNbTaTaM aHaJIN3a BCEX PaCCUMTAHHBIX MHJIEKCOB, HA MHOTUX METEOPOJIO-
TMYECKHUX CTAHIMAX 3aCyXH HaOIIOaiCh B aBryCTe-CEHTSOpe, IPU yMEPEHHOM YBIIQ)KHEHUH B HavaJe JeTa.

Hccnedosanue vinonneno npu gunancosoti nodoepoicke PODOU ¢ pamkax nayunozo npoexma Ne 18-45-
700015.
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Spatio-temporal distribution of periods with low and high
temperatures in Western Siberia for 1961-2016
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one of the most urgent issues of modern climatology. Currently the increase of extreme indices (and/or

events) on the background of global warming is being diagnosed and predicted in many papers [1-5],
and such scientific works occupy a leading position in the list of the most significant global risks for 2017 [6]. A
regional approach to solve the issue has high relevance. Adverse environmental conditions limit regional devel-
opment and the efficiency of adaptation strategies to climate change. Low and high temperatures are events that
have a direct impact on energy consumption, transport and other sectors of the economy in the research area.
Likewise events often entail social risks in Western Siberia [8].

In the paper we used long sets of surface air temperature observations (1961-2016) at 25 weather stations
in Tomsk, Kemerovo, Novosibirsk Oblast and Altai Krai taken from RIHMI-WDC (http://aisori.meteo.ru).
Based on daily air temperature data the characteristics of low and high temperature (extreme events) have been
calculated. A 'low temperature' is known as period when the minimum air temperature is —30 °C and less for
any duration; a ‘high temperature’ period characterize by maximum air temperature equal 30 °C or more [9,
10]. To assess the consistency of change above-mentioned extreme events in the south of Western Siberia, vari-
ous periods with long-term trends in global mean surface temperatures (GST) were considered. The period
from 1961 to 1990 has been recommended by the World Meteorological Organization as a standard reference
period for long-term climate change assessments and called the climatological normal (CLINO) [3]. The high-
est rates of modern global warming stands out during 1976-1997 [11], while from 1998 to 2016 a global warm-
ing slowdown took a place, widely discussed not only by scientists, but also by the public [3, 12, 13].

Extreme weather conditions corresponding to the period with low temperatures are specific for cold sea-
son in the southern part of Western Siberia. In most part of study area the periods with low temperatures were
observed every year. On the average, the repeatability of such events has peaked in Tomsk region and has been
down to 95% in Altai Krai. The maximum continuous period with low temperatures, which began on January 6,
2006 and lasted 32 days, was recorded at Vanjil-Kynak weather station (Tomsk Oblast). For the period from
1961 to 2016 the frequency of days with low temperatures in the south of Western Siberia, on average, varies
from 4 to 7% of days per year. The highest frequency per season has been noticed in Tomsk Oblast (15%), and
the lowest one in Novosibirsk Oblast (8%).

Periods with high temperatures in most of the study area were observed for more than 90% of years. The
frequency of years with high temperature cases has maximum in Altai Krai (97%) and minimum in Tomsk
Oblast (90%).

At the phase of the highest global warming rates, the frequency of low temperatures periods has dropped
in comparison with the period of the climatological normal. Their periodicity increased again during warming
slowdown throughout the study area; in Altai Krai the average frequency in the region exceeded that in the
CLINO time.

High temperatures periods in 19761997 tend to decrease on the territory of Tomsk and Novosibirsk
Oblast, whereas in Kemerovo Oblast and Altai Krai such extreme climate events became more frequent. At al-
most all the weather stations, the frequency of occurrence of “high temperatures” period in warming slowdown
became higher than in the period of explicit warming and CLINO time. Extremeness of temperature mode is
not a consistent with the mean temperature variation, and these characteristics should be studied separately.

The repeatability of extreme climate events occurred in different regions amid global climate change is
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[pocTpaHCcTBEHHO-BpEMEHHOE pacrnpenesneHne nepmoaoB
HU3KNX 1 BbICOKMX TEMMepaTyp Ha tore 3anagHon Cnbupu
B nepmog 1961-2016 rr.
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OIIPOC O COIIACOBAHHOCTH CTATUCTHUKHU SKCTPEMAIIbHBIX TOTOAHO-KIMMAaTHUECKIX COOBITHI B pa3iiny-

HBIX PErHOHaxX ¢ II00aJbHBIM H3MEHEHHEM KIIMMAaTa SIBJSICTCS] OJJHUM M3 HanOoJiee akTyallbHbIX B COB-

PEMEHHOM KJIMMaToJIOorHu. Bo MHOrMX pa®orax IUAarHOCTHUPYETCSl M IPOTHO3MPYETCS] POCT DKCTpe-
MaJIBHBIX TIOKa3aTeliel kiuMmara Ha (oHe modaapHOro mnoreruieHus [1-5]. KimmMarndeckue skcTpemMalibHbIC
SIBJICHUSI 3aHMMAIOT BEPXHHE MO3UIMHN CIIHCKa HanOoJIee CyIeCTBEHHBIX MT00anbHbIX puckoB [6]. [Tox sxctpe-
MaJIBHOCTBIO ITOTOTHO-KJIMMATHYECKHUX YCIIOBUI OOBIYHO MTOHUMAIOT CHIIBHO OTIIMYAIOIINECS OT HOPMBI 3HaYe-
HUSI METEOPOJIOTNYECKHUX BEJIMUUH, U3MEPEHHBIX HA METEOPOJIOTHUECKUX CTaHLUAX. PernoHanbHbIH MOAXO K
HCCIIEJOBAHHUIO NTPOOJIEMBI aKTYaJICH B CBSI3M C IEPBOCTEIICHHOCTHIO 3HAHHMH 00 N3MEHYNBOCTH U M3MEHEHHSIX
KJIMMaTa 1 UX MOCJEICTBUAX B HEMOCPEACTBEHHOM CTPATErNYECKOM U TAKTUYECKOM YIIPABICHUN COLUAIIBHO-
9KOHOMUYECKOH JIeSITeIbHOCTBIO PETHOHOB. VIMEHHO HEOnaronpusTHbIE yCIOBHSI CPEAbl IMMUTHPYIOT Pa3BHU-
THE PETUOHOB, SBISACH, Ooiiee MHYOPMATUBHBIMH C TOYKH 3peHUS 3P(PEKTUBHOCTU CTpATErnii aanTaniu K
M3MEHEHMSIM KIIMMara, 4YeM CPe/IHHE 3HAUCHUSI METEOPOJIOTHYECKHUX BEJTMUNH, KOTOPBIE, BOOOIIIE, HE SIBISIFOTCS
HaOJIIOEHHON BEIUYUHOM.

Jlist Gosplield yactu tepputopun Poccun oTMmedaercs, YTo M3MEHEHHMS IToKa3aTeeld SKCTPEeMaIbHOCTH
IIPOMCXO/ISAT B COOTBETCTBUH C OOIIMM MOTEIUIEHHEM: OBTOPSEMOCTb SKCTPEMAJIBHO TETIIBIX ATH30/0B pac-
TET, XOJOAHBIX — YMEHBIIIAETCSI, IIPU TOM PACTYT IIOPOTH KaK MOJIOKUTEIbHBIX, TAK M OTPULIATEIbHBIX KCTPE-
MyMOB [4], T. €., KaK camble XOJIOAHBIC, TaK U HanboJee TeruIble SIM30/Ib CTAHOBATCA Teriee. TeM He MeHee,
Juts ora 3anajaaoit Cudupu o qaHHeM 1977-2013 T ObUTa BBISIBJICHA TCHICHIIUS YBEIIMYCHHUS YHCIIA MOPO3-
HBIX JHEH [7]. DKcTpeManibHO XONonHbIe 3uMbl Hadana X XI Beka Bo MHOTUX peruoHax Poccuu Ha doHe mpo-
JIOJDKAIOIEr0Cst OTETUICHHS TNI00AIBbHOTO KIIMMaTa CTaJIN «IOTPSICCHUEM ISl HAcEJIeHHsI M SKOHOMUKH. Kax
BUJIHO, JIO CUX ITOp NpoOJieMa N3MEHEHHS XapaKTePUCTHK FKCTPEMAIIbHOCTH PErHOHAIIBHOTO KIIMMara Ha (hoHe
pocTa m100aIbHON TEeMITepaTypsl OTKPBITA, BBH/Y CYIIECTBEHHON IPOCTPAHCTBEHHONW HEOIHOPOJHOCTH KIIH-
MaTUYECKUX U3MEHEHUH.

Huskue u BbICOKHE TeMIepaTypsl SIBISIOTCS [OKAa3aTeNIsIMU, OKa3bIBAIOLUIMMU HETIOCPEACTBEHHOE BIIHSI-
HUE Ha YHEPronoTpeOICHNE B PETHOHE NCCIIEJOBAHMS: PE3KHI POCT TEIUIONOTPEOICHUS B IEPHO/] HU3KHX TEM-
nepaTyp, B TEIUIOE MOIYTOUe — YHEPro3aTparsl Ha KOHAUIMOHUPOBAHUE U BEHTHIISALUIO IOMEIIEHUH TPU BbI-
cokux temreparypax. TermnocHaOxkenue st 3anangHoid CHOMPH SBISIETCSI CAMBIM 3aTPaTHBIM CEKTOPOM JKO-
HomukH. Kpome Toro, Takue coObIThs B ycloBusx 3amnaaHoil CuOupu BIeKyT 3a cO00H U colMabHbIe PUCKU:
POCT KPU3UCHBIX COCTOSIHUH 3/I0POBBSI HAacEJICHUs, 0COOCHHO CBSI3aHHBIX C KPOBEHOCHO-COCYANCTON CHCTE-
MOi1, 0COOCHHO B 3UMHHUI TIepuox [8].

Jliist wcciieoBaHus UCIIOIBb30BaHbl JaHHbIe HAOMIONCHUH NPU3EMHOM TeMIieparypsl Bo3ayxa (CpenHeH,
MaKCHMaJIbHOW W MHHUMabHON) 3a nepuox 1961-2016 rr. Ha 25 mereocranumsix Tomckoil, KemepoBckoi,
HoBocubupckoii obnacrei n Anraiickoro kpas, roctynssix Ha caiitre BHUUTMU-MILJ] (http://aisori.meteo.
ru). ITo CyTOYHBIM TaHHBIM PaCCUUTHIBAINCH XapPAKTEPUCTHKH COOBITHI «HU3KHE TEMIIEpaTypbl», KOIjia MUHH-
MaJlbHasl Temrieparypa Bosayxa obuia —30 °C u Huke 11000 IPOAOIDKUTEIBHOCTH, H «BBICOKHE TEMIIEpary-
PBI», KOTJIa 3HAYECHUS] MaKCUMaJIbHOM TeMmeparypbl Bo3ayxa coctasisiin 30 °C win Bblle 11000 MpOJI0IDKH-
tenbHOCTH [9, 10]. PaccmarpuBanuch pa3nuyHble NEPUOABI AJIs OLEHKU CONIACOBAHHOCTU M3MEHEHHsS 9THX
ToKazaTesnel SKCTPEMaJIbHOCTH TEMIIepaTypHOro pexuma Ha tore 3aragHod CHOupH ¢ J0ITrOBpeMEHHBIMHU
TeHJCHIMSIMU I100anbHON Temreparypsl: iepuoa 1961-1990 rr., pekomennoBanHbIi BeemupHoii MeTeoposo-
THYECKON OpraHM3anuell, Kak Iepuoj Al pacueTa KauMaTudeckux HopM [3]; 1976-1997 rr. — nepuon Hau-
OO0JIBIIICH BRIPaKEHHOCTH COBPEMEHHOTO I100abHoro noterwieHus [ 11]; 1998-2016 rr. — mepuon «3amMeuieHus
MTOTCIUICHUS, IIHPOKO 00CYKIACMBIil HE TOIBKO YUCHBIMHE, HO M OOIECTBCHHOCTHIO [3, 12, 13].

DKCTpeMasbHbIC OTOJHBIEC YCIOBHUS, COOTBETCTBYIOIINE COOBITHSIM «HU3KUE TEMIIEPATyphl», XapaKkTep-
HBI JJIS1 XOJIOHOTO Moyronus rora 3amanuoit Cubupu. Ha Oonbiieit yacTu TeppUTOPUU MIEPHOIBI C HUIKOU
Temreparypoit Habmonanuck B 100 % net (puc. 1).

B cpenHeM 1o pernoHaM MOBTOPSIEMOCTb TaKMX cOOBITHI MakcuManbHa B Tomckoit obmactu, 100 % ner,
MHUHHMalbHa — B AutaiickoM kpae, 95 %. B Tomckoit obnactu Ha 6 cranumsax u3 10 B KakjoM rofgy HaOirona-
JIMCh HU3KHE TeMIieparypsl, B Kemeposckoii n HoBocnbupckoit obmactsax 3 u3 4 cTaHIMU MOKa3ald CTO Mpo-
LIEHTHYI0 [TOBTOPSIEMOCTh, UCKJIIOUEHUE cocTaBuan cTaniuu KyseneeBo u Tarapck, MOBTOPSAEMOCTh HA 3THX
cTaHuusAx cocrasuna 98,2 %. Haumensias moBTOpsseMOCTS JIeT cocTaBmIa 86 % Ha cTaHIUM 3MEMHOTOPCK B
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AdraiickoMm kpae. Ha cranmm Bamxkuns-Kemak B ToMckoii obmacti 3ahukcrpoBana MaKCHMaJIbHAs HETpe-
PBIBHAS MTPOIOIDKATEIEHOCTD TIEPHO/Ia HU3KUX TEMIIEPaTyp, KOTOpbIid Havascs 6 saBaps 2006 T. i pogosmKat-
cst 32 mHs.

[ToBTOpPSIEMOCTH THEW ¢ HU3KOW TEMITepaTypoil Ha TeppUTOpUH fora 3amagHoi CHOMpH B CpeHEM 3a pac-
cMmotpeHHsIi nepuox (1961-2016 rr.) Bapsupyer ot 3,8 10 7,4 % nHeit B roxy (tabmn. 1). HanGomnbimnas nosropsie-
MOCTB 3a ce30H HaOmonaercst B Tomckoit oomactu — 14,9 %, a Hanmensmas B HoBocubupckoii — 7,7 % (Tabm. 1).
Takum 00pazoM, caMBIM XOJOTHBIM CYOBEKTOM Ha TeppuTOpHH fora 3amaaHoi Cubupu 3a nmepuox 1961-2016 rr.
aBisieTcst ToMckast 001acTh ¢ HanOOJBIIEH ITOBTOPSIEMOCTHIO HU3KMX TEMIIepaTyp Ha cTaHmy Bamxwms-KerHak
B stHBape (41,4 % nHelt Mecsina), caMbIM «TETUIBIMY CyObeKTOM siBisieTcst HoBocnOupckast o0macTs.

B ropoBoM xozie HanOObIIAs CPEAHSS TOBTOPSEMOCTD IIEPUOJIOB C HU3KUX TEMIIEPATyp Ha UCCIIETYeMOH
TeppuTopun Habmonanack B stHBape (Tabm. 1), ¢ makcumymom B Tomckoii obnactu (B cpenaem 30,2 % stHBap-
CKHUX JHel) Ha cT. Bamxkuinb-Keinak (41,4 %). HanMenbIast moBTOPSIEMOCTb B CPEIHEM 110 PETHOHAM B STHBApe
BoIsiBIeHa B HoBocnOupckoit obnmactu u AnraiickoMm kpae — 18,% siHBapckux nHel, B KemepoBckoit o0mactu
9Ta XapaKTepUCTHKa cocTaBmia B cpegHeM 21,5%. B mapre u HosiOpe Takue cOOBITHS B PETHOHE OUCHD PE/IKHU:
B Mapre ot 1,6 % B cpeanem st HoBocubupcekoit odnactu 10 5,7 % — st Tomckas, u B Hostope ot 2,4 % (Ho-
Bocubmpckast 061acTs) 10 7,6 % (Tomckas obmacts). Bo Bcex paccMOTpeHHBIX pernoHax, KpoMe Anraiickoro
Kpasi, IepUOAbl HU3KUX TEMIIepaTyp HaONIOA0TCS U B ampesie, ¢ MAKCHMYMOM ITOBTOPSIEMOCTH Ha CT. Ban-
xub-Kemmax (1,3 %) Tomckoit obmactu.

Ta6nuua 1. CpeaHas noBTopseMocTb (%) NeprofoB € HU3KMMM TeMMepaTypaMy Ha TeppuTopuu lora 3anagHon Cubupn 3a
nepuog 1961-2016 rr.

CyOBeKT SluBapp | @espans | Mapt | Amnpens | HosOps | [lexabpn lii?;f;g; I'on
Tomckas ob6nmacTs 30,2 239 5,7 0,4 7,6 18,1 14,9 7,4
Kemeposckast o6mactsb 21,5 16,1 3,2 0,2 3,5 13,4 9,6 4,8
HoBocubupckas o6macts 18,5 12,5 1,6 0,0 2.4 11,0 7,7 3.8
Anraiickuii kpait 18,5 15,0 3,2 0,1 2,7 8,9 8,2 4,1

Bricokue TemIieparypbl, Takxke, XapaKTepHbI JUlsl TEIIOro nepuoa roga Ha tore 3anagnoit Cubupu. Ha
OoIIbIIIeH YacTH PacCMOTPEHHON TEPPUTOPHHU IIEPHO/IBI C BEICOKOH TeMIleparypoil Habmoanuch oomee ueM B
90 % nert. [ToBTOPSIEMOCTB JIET C BBICOKOW TEMIIEpaTypol MakCUMaibHa B AJITaiickoM Kpae (B CpeaHEM II0
TeppuTopun perrnona 97 %), rae Ha 3 U3 7 CTaHIMI ITOBTOPSIEMOCTS JIET C IaHHBIM siBJIIeHHEM cocTaBmia 100
%. MUHUMYM MOBTOPSIEMOCTH JIET CPeIH BceX CyObekToB coctaBmi 90 % B cpemHem uist Tomckoii o6macTw,
3/1€Ch TOBTOPSIEMOCTH JIET C BEICOKOH Temmeparypoit BapsupyeT oT 80 % Ha ctanuusax Konmameso u Hanac 1o
96 % na cranuusx IlepBomaiickoe u Cpennuii Bacroran. B cpennem miust KemepoBckoii obnactu nosropsie-
MOCTB JieT cocTaBmia 92 %, st HoBocubupckoii obmactu — 96 %.
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B nepnox HanboabIIMX TEMIIOB NTO0AIBEHOTO MTOTEINICHHUS TOBTOPSIEMOCTD COOBITHI «HU3KHE TEMIIepary-
PBD» CTajIa HIDKE M0 CPABHEHHIO C IIEPUOIOM KiIMMaTHdeckoi HopMbl (puc. 2). C 3KCTpeMalIbHOCTBIO TETLIOTO
roJtyroaus He Bce oqHo3Ha4Ho. B Tomckoii 1 HoBocubupcekoii o6macTsix BEICOKHE TeMIIeparyphl CTajin Haluo-
natbes pexke, B KemepoBckoit oOnacTu u AnraiickoM kKpae — darie (puc. 2).

B nepuon 3amenieHns NOTEIICHUS IPOUCXOAUT YBEIMUEHHUE IKCTPEMATIBHOCTH TEMIIEPATyPHOTO PEXKH-
Ma XOJIOJHOTO TOJIyrous Ha tore 3anajHoil CuOupH 1o CpaBHEHHIO C IIEPHOJOM HaWOOJBIINX TEMIIOB IJIO-
0aJBHOTO TIOTEIUICHHUS, COOBITHS «HU3KHE TEMIIEpPaTypbl» CTaJIM HAOIIOAATHCs Yallle B IMEPUO 3aMeUICHHS
MOTEIJICHUsI Ha BCEH TEeppUTOpHH HccienoBanus (puc. 2). B AnraiickoMm kpae cpeHsis 10 perHoHy IOBTOpsie-
MOCTB ITPEBBICHIIA TAKOBYIO B TIEPHO/] HOPMBL. Ha Bcex paccMOTpEHHBIX CTAHIMSIX B TEMJIOE MOIYTroAne cOObI-
THSI «BBICOKHE Temrieparypb» B 1998-2016 rr. cranu HaOmogarsCs vaie, 4eM B [epHojl Hanboliee BhIpayKeH-
HOTO MOTEIJICHUS U B IEPUOJ] HOPMBI.

16.3 HIEkile TeMpepaTyphi BlLicouie TeMmeparypel W
1356 1 W1961-1990 @1976-1997 O1998-2016 B1961-1990 @1976-1997 D1998-2016 13 107 :
104 95 o . .5.1.
& ] &2 79 53 - 6.8 65
-1 6.3 51
I 5.7 IH 43 411 a4 46
Tome, ofn. Kemeporc. ofin,  Homocrid. ofa Adnraiie, kpai Tomg, obn Kemeposc.ofn.  Hosocub. ofin Auraife. kpaii

Puc. 2. CpepiHan 3a Xon0HOE NOJTyrofme NoBTOPAEMOCTb HU3KMX U BbICOKUX TeMnepatyp (% OHel 3a nepuop HoAbBpb-
anpesb 1 Man-oKTABPb, COOTBETCTBEHHO) Ha tore 3anagHon Cubupw B pasnnuHble MHTEpBasbl JIeT.

[Tonmy4yeHHbIC pe3yabTaThI MOKA3aJIH, YTO PETUOHABHBIHN MOIAXO/ K HCCIICIOBAHUIO TOCIICACTBUIN U3MEHE-
HUSI [JI00JIBHOTO KJTMMAaTa KpaiiHe BayKeH, TOKa3bIBACT HEOMHO3HAYHOCTh PEAKIIMY PErHOHATBHBIX T€OCHCTEM
Ha TeHJCHIMH TI00AILHOM TeMrepaTypbl. DKCTPEMaIbHOCTh TEMIIEPATYPHOTO PEKUMa HE COINAcyeTcst Ofi-
HO3HAYHO C XOJIOM CPEJHEH TeMIleparypbl. DTH XapaKTePUCTUKN HEOOXOANMO HCCIIeIOBATh OTICIBHO.

Hccnedosanue svinonneno npu unarcosoit noooepoicke PODOU u Aomunucmpayuu Tomckotl oonacmu 6
pamkax Hayynvlx npoekmog Ne 18-47-700005p _a u 18-45-700010p_a.
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Regional climate clusters on the territory of Eurasia against
the background of global climate change

Cheredko N.N., Tartakovsky V.A., Volkov Y.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: atnik3@mail.ru, yvvolkov@tpu.ru, trtk@list.ru

hanges of the consistency of structure of temperature fluctuations can be a reflection of the transition of

the climatic system from one quasi-stable state to another. The study of the influence of external factors

on the formation of regional climate clusters is actually. This is important in view of the increasing need
to improve the quality of medium-term and long-term forecasts of environmental changes to optimize systems
of adaptation to changing conditions.

The temperature can be considered as an integral indicator of the climatic conditions in the geographic
regions. It is the result of the combined action of a complex of various factors of environment-forming and cli-
mate-forming processes. The surface temperature data are considered as oscillations that can be described in
terms of amplitude (envelope) and phase. The temperature fluctuation envelope is a reflection of a change in the
arrival of solar radiation. The phase of the fluctuations may reflect a certain state of equilibrium of the system
through the consistency of changes of its parameters.

Climate classification was obtained for the territory of Eurasia. Data for the study was the observed series
of temperature from 485 meteorological stations of Eurasia for the period 1955-2011. Classifications were ob-
tained for two time periods. These periods correspond to the main trends in global temperature. The following
periods were considered: 1976-2011 is corresponding to the period of modern global warming, and 1955-1975
is the period before the accelerated climate warming. Doing so, the phases of the annual course of temperature
fluctuations were grouped on the basis of their consistency. The degree of consistency was estimated by the
correlation coefficient of the phase variations of the average monthly temperature series during studed years.

The results of the classification made it possible to reveal that, amid a rise in global temperature, there are
changes of the structure of the consistency of temperature fluctuations. Transitions of many stations of more
northern classes to more southern ones are observed. Also, it is possible to note a tendency to reduce the consis-
tency of the changes of the temperature field as compared with 1955-1975. The number of stations that are not
included in any of the classes has increased.

In most parts of Eurasia regional patterns of consistency of temperature fluctuations turned out sensitive to
changes in global temperature. The territories where weather stations changed their structural affiliation in
1976-2011 were considered sensitive to global climate trends compared with the period 1950-1975.

The obtained classification results confirmed that the Russian Arctic and the Subarctic are regions sensi-
tive to changes in global temperature. During the period of signified global warming, the temperature changes
at the stations on these latitudes became consistent with the type of temperature fluctuations of the stations of
more southern classes. The inner continental regions of Eurasia, the territories of Fennoscandia and the British
Isles are also sensitive to global temperature fluctuations. The consistency structure of temperature fluctuations
turned out to be the most stable in the territories of the European Mediterranean, West and South-West Asia, the
Indo-Ganges Lowland, and in South Asia.

Significant changes in the structure of the consistency of temperature fluctuations in most parts of Eurasia
are revealed. The use of only the surface temperature for the classification, just the phase of its annual course,
makes it possible to significantly simplify the dynamic analysis of the transformation of the climate system
structure.
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PernoHanbHble KMMaTUYecKme Knactepbl Ha TeppuUTopun
EBpa3un Ha ¢poHe n3MeHeHuA rmnobanbHOro KaMMaTa

Yepeabko H.H., TaptakoBckum B.A., Bonkos 10.B.

MHCTUTYT MOHMTOPUHIa KNUMaTUYeCKUX U 3Konornyeckux cuctem CO PAH, Tomck, Poccua
E-mail: atnik3@rambler.ru, trtk@list.ru, yvvolkov@mail.ru

3MEHEHUsI B CTPYKTYpPE COIIACOBAHHOCTH KOJICOAHUI TEMIIepaTypbl MOT'YT SIBJISITHCS OTPKCHHUEM I1e-

pexo/a KIMMaTHYeCKOH CHCTEMBI M3 OIHOTO KBAa3UCTaOMIIBHOTO COCTOsIHMS B ipyroe. Ha ¢one coBpe-

MEHHOTO M3MEHEHHS TNI00aJIbHOTO KJIMMaTa 3a/1a4a KIIMMaTHYeCKOH KJIacCH(UKALUK PACIIHPSIETCS OT
JMarHOCTUYECKOH 10 mporHocrniyeckoi. OObEKTHBHOE pElIeHNE 3TOW pacHIMpEeHHOH 3a/1auyll MOXKET OBITh
00eCIIeUeHO ITyTEM BBISIBIICHHSI 3aKOHOMEPHOCTEH NepecTpOMKM CTPYKTYpHI 1oJiel apameTpoB kimmarta [1].
AKTyaJIbHO MCCJIEZIOBaHUE BIMSHHS BHEIIHUX (DAaKTOPOB HA ()OPMHPOBAHUU PETHMOHAIBHBIX KINMAaTHYECKHX
KJIACTEPOB B BUY BO3pACTAIOILEl BaXKHOCTH MOBBILICHUS KaU€CTBA CPEAHECPOUHBIX U JOITOCPOUHBIX IPOTHO-
30B HBOJIOLMU KIMMATHUECKON CHUCTEMBI JUI ONTUMHU3ALMKA CUCTEM a[aNTallMd K MEHSIOIIMMCS yCIOBUSM
OKpY>Karollel cpeabl.

OCHOBHBIM (DaKTOPOM B M3MEHEHHH COBPEMEHHOTO KJIMMaTa IPHUHSITO CYMTATh yCHUIIMBAOIIEECs: aHTPO-
MIOT€HHOE BIMSHUE Ha reocucTeMy. [loMuMo 3TOro, cylecTBeHHas: KIMMAaTOPErylIupyomias poib IpuHajie-
JKHUT €CTECTBEHHBIM (pakTopam. B 1r000M cirydae, oTHUM U3 OCHOBHBIX MEXaHHU3MOB KJIMMATOPEIyJIMPOBaHUS
SIBIISIETCS PEXKUM KPYITHOMACIITAOHON IUPKYISIIHK aTMOC(epbl, CBOWCTBAa KOTOPOTI'O MOT'YT MEHSTBCS TIPH Tie-
pexozie B HOBOE COCTOSIHHE, B 3aBUCHUMOCTU OT BHEIIHUX BO3AEHCTBUHA. I3MeHeHHe CTPYKTyphl KIMMaTHUe-
CKoii cucteMbl EBpasun MokeT OBbITh COIVIACOBAHO, B YaCTHOCTH, C U3MEHEHNEM aKTHBHOCTH 3aI1aJHOTO TIepe-
HOca, 4To oTpaxkaercs B uHjekce CeBepoamiantuueckoro koiebanust (NAO) [2-5], BiausHEE KOTOPOTO TIPO-
CJIeXKHMBAETCs Ha Oosbici vactu CeBepHOro nmoiymapus [5].

TemnepaTypa Bo3ayXxa MOXKET CUMTATbCA MHTETPaIbHON XapaKTEePUCTUKON, OTpaKaroIlel MOroAHO-KIIH-
MaTHYECKHUE YCIIOBHSI MECTHOCTH, TaK KaK ABISIETCA PE3yJIbTaTOM COBMECTHOTO ACHCTBUS KOMILIEKCA Pa3HOO-
Opas3HbIX (HaKTOPOB CPeOOOPA3YIOMINX M KIMMATOOOPa3yIOIUX MIPOLECCOB, XapaKTePH3YIOIIIXCs HEINHEH-
HOCTBIO B3aUMOICHCTBUIL. J|aHHbBIE IPU3EeMHOI TeMIepaTyphl NPEICTABIAIOT cOO0H KoseOaHMs1, KOTOpbIE MO-
T'yT OBITH OITMCAaHBl B TEPMHHAX aMIUTUTY/bI (orubatoeit) u ¢assl. Orubdarommas kojaedaHui TeMeparypsbl siB-
JISIETCST OTPAKEHUEM M3MEHEHHS B ITPUXOJIE COTHEUHON paauanuy. Pa3a kosebaHuil mapaMeTpoB KJIMMara Mo-
JKET SIBJIATHCS MHAMKATOPOM CaMOOPraHU3alUN F€0CHUCTEM Pa3HOIO YPOBHS, OTPaXkasi HEKOTOPOE COCTOSIHUE
paBHOBECHUS CUCTEMBI Uepe3 CTPYKTYPy CONIAaCOBAaHHOCTU M3MEHEHHUs e mapaMeTpoB. [Ipu BHemHeM Bo3eil-
CTBHH OTKJIMK OOJIBIIMHCTBA PETMOHAIBHBIX T€OCHCTEM MOXKET OBITH COINIACOBAH C 3TUM BIIMSIHUEM B BHIE He-
KOTOPOTO OTKJIOHEHMS BEIMUYUH OT CPEIHETO ¢ MOCIEAYIOIUM BO3BpAIIEHUEM K HOPME ISl JAHHOTO COCTOS-
nust. [Ipy yBenmMueHN AUTENBHOCTH BO3/ICHCTBUS MITM MPEBBIILICHUH UM KaKoro-JIH00 IMOPOroBOro ypoBHS,
HETIOCPE/ICTBEHHO MJIM HAKOTUICHHBIM 3 ()EKTOM, 3aBHCUMOCTh KaKOTO-JIM0O MapamMeTpa re0CUCTEMbI OT HETO
HE MOXKET 0CTaBaThes JIMHEHHOHN. CylecTByoIas COIIACOBAHHOCTD B JUHAMUKE I1apaMeTPOB PErHOHAIBHON
KIIMMAaTHYECKOI CHCTEeMBI HapylaeTcs. Pa3HoHanpaBieHHbIH ciBUT (ha3 konebaHuii GopMupyeT HOBYIO CTPYK-
Typy MoJieil napaMeTpoB KIIMMaTa.

[Tyrem rpymmpoBky (a3 TeMIeparypHbIX KoineOaHnii Ha OCHOBE NX COIVIACOBAHHOCTH HaMM ObLIa MoJryde-
Ha KJIMMaTuyeckasi Kiaccudukanus [1], B OCHOBY KOTOPOH MOJIOXKEHO MPE/IOIoKEHHE 0 Teorpaduaeckoi 00-
YCJIOBJIEHHOCTH MOJYJISILIUM TEMIIepaTypHBIX KoJieOaHUH BHEIITHUMH (paKTOpaMH, peryIupylOmnMHI MOCTyILIe-
HHUC COJTHCYHOH paJiiaiiy K MOJACTIIIAOIICH TOBEPXHOCTH U €€ SHEProoOMeH ¢ armocdepoii. B marHoi pabote
MIPUBEJICHBI PE3YbTAThl OLIEHKU COITIACOBAHHOCTU COCTOSHUS CTPYKTYPBI KIIMMATHUECKOW KOMIIOHEHTBI T€0CHUC-
TeMbl EBpasuu ¢ 101roBpeMeHHBIMI TeHACHIMSMU [I100aIbHON TeMIIepaTyphl, KOTOpasi IPH3HaHA OJJHUM 3 OC-
HOBHBIX MHTETPAIbHBIX WHJIMKATOPOB M3MEHEHHs II0OANBHOTO KinMara [6]. Marepuasiom JUisl HCCIIe0BaHUs
MOCIYKWIN PSAAbI CPEAHEMECIYHON TeMmeparypbl ¢ 485 MeTeoponormueckux craHuuil EBpazuum 3a mepuon
1955-2011 rr. [7]. PacemarpuBanuck nepuoasl: 1976-2011 rr., cooTBETCTBYIOUIMI EPHOLY COBPEMEHHOTO TIIO-
6anbHOTO MoTeruieHust, u 1955-1975 rr. — neproa 10 yCKOpeHHOTro noteruieHus kiumara. CoBpeMeHHOE MoTe-
IUIeHHe ¢ cepequHbl 1970-X IT., KOTopoe HanboJIee HHTCHCHBHO IPOSIBIJIOCH B 3UMHHUC MECSIIBI [6], CBSI3BIBAIOT C
YCUIICHUEM 30HAJILHOTO NIEpeHOCa IPH MOJIOKHUTENbHOH (ase nuaekca NAO B 3umamii nepron [8].

JIIst KaXKJ10TO M3 PacCMOTPEHHBIX TEPHUOIOB, ISl KaXJIOH METCOCTaHIMN BBIYUCISUIACH (ha3a roJJOBOrO
xoJla Temrieparypsl. Kilaccnguxkanus crpounsack ¢ IpIMEHEHHEM YHCICHHOTO aJITOPUTMa, OlMcaHHoro B [1].
[TyTem B3aMHOTO CpaBHEHHS BCEX OLICHOK (ha3 TOJJOBOTO X0/1a TEMITEPaTyphl U3 0011el BEIOOPKH BBLICISUINCH
TPYIIBI CTAaHIUI CO CXOAHBIMH 3aKOHOMEPHOCTSIMH M3MEHEHUs (a3bl B PaCCMOTPEHHBIN TEpHOJ. YPOBEHb
TECHOTBI CBSI3H ONPEIEIUICS KOA(PPUIIMEHTOM Koppelsiunu. JaHHbIH croco0 KiiacCU(HKaIMi COOTBETCTBYET
MIPUHIMIIAM JIFOOOTO palfOHMPOBAHUS: PA3IMUMsl BHYTPH Kilacca, MEHBIIIE, YeM MEXKIY KJIacCaMH M Kax bl
KJ1acc reorpaMuecKy YeTKO JOKaIN30BaH, IPUYEM IIPOCTPAHCTBEHHOE PACIIOIOKEHUE KITACCOB COOTBETCTBY-
€T N3BECTHBIM KJIACCHYECKUM IPEACTABICHUSIMH O THIIAX KJIMMara, 4To MOATBEp)KIaeT (pru3ndeckyro 000CHO-
BaHHOCTb METO/IA.
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Pesynprarhl kitaccuuKanuy st 0003HaUYEHHBIX TIEPHUOI0B ITO3BOJIMIIN BBISIBUTH TEPPUTOPUH, Handosee
YyBCTBUTEJbHBIE K M3MEHEHHIO II00aJIbHOW Temrieparypbl. UyBCTBUTEIBHBIME K TJIOOAIBHBIM KIIMMaTHYe-
CKUM TPEHJ]aM CUUTAJIUCh TEPPUTOPHH, I7I€ METEOCTaHIIUU U3MEHWIN CBOKO CTPYKTYPHYIO IPUHAAJIEKHOCTD B
1976-2011 rr. o cpaBHenuto ¢ nepuogoM 1950-1975 rr. Paitons! nonymapus, r7e He BbIIBICHBI H3MEHEHUS B
CTPYKTYpE TI0JIs IPH U3MEHEHHH II00aJIbHON TeMIIepaTypbl, CYUUTAINCH YCTOWYUBBIMU K M3MEHEHUSIM COBpe-
MEHHOTI'0 KJIUMara.

Hexoropsle craniuu (puc.l.) UMeroT 0co0blil T (a3bl, T0ITOMY HE BOILIM HU B OAMH M3 KJIACCOB, OHU
0003Ha4YeHbI 3HAKOM «+». [0/10BOM X0/ B palioHaX pacIOJIOKEHUS! ITHX CTaHIMH HE SIBISIETCS JOMHHHUPYIO-
MM KosieOaHHEeM TeMIIepaTyphbl, II03TOMY U3MEHeHuUs (a3bl Masbl. OOmMM /It OOJIbIIeH YacTH TaKuX CTaH-
LUH SIBJISETCS UX PACIIONIOKEHHE B 00JIACTAX BIMSHUS MYCCOHHOHM LIUPKYISIMH, BBIPQKEHHOCTh KOTOPOH B
pa3IMYHBIX PErHOHAX HEOJMHAKOBa. B nepuos Hanbosnee BIpaKEHHOTO TII00abHOTO TIOTEIUICHHST MOYKHO OT-
METHUTh OOIIYIO TeHJCHIUIO K CHIYKEHHUIO COIIACOBAHHOCTH JIMHAMHKH TEMIIEPaTyPHOTO I10JIsl 110 CPAaBHEHUIO
¢ 1955-1975 rr. — BO3pOCIIO YKCIIO CTAHIIMI, HE BOIICANINX HUA B OUH U3 Ki1accoB (puc.). YacTe cranuuii Boc-
toyHoro u Cesepo-Bocrounoro Kuras BBIIIIM U3-110]1 BIUSHUS BKIIOUABIINX UX KnaccoB. CTaHIIUN OCTPOBOB
Caxanuu u SINMOHCKHUX, paHee paclpe/ielieHHbIE 110 JIBYM KiaccaM, B iepuos 1976-2011 rr. obpaszoBanu onun
kiacc. [Tocnennee MOXKHO CBSI3aTh ¢ YMEHBIICHUEM aKTUBHOCTH U NMPOAOIKHUTEIBHOCTH 3UMHETO MYCCOHA U
YBEJIMYEHUEM JIETHETO B 3TOI aKBaTOPUU B 3TOM IE€PHOJIE, BCIEACTBUE YETO MOXKET YCUIMBATHCS CUHXPOHU3H-
pyroliee BIUsSHUE OKEeaHa B II0JIe TEMIIEpaTyphl B 3TOM peruose [9].

W3BecTHO sABIEHME ycuileHUs noTemaeHus B Apkruke B koHe XX — Hadane XXI BB. [10]. [Tomyuennsie
pe3ynbrarhl Kiaccu(uKalmu MoATBEpAUIM, uTo Poccuiickas ApKTHKa M CyOapKTHKa SIBISIOTCS PETrHMOHAMH,
YyBCTBUTEIBHBIMU K M3MEHEHHSIM II00aJbHOW TemIieparypbl. B cTpykType mois B cpelHeM Juisi lepuona
1955-1975 rr. craniuu 3TuX pailoHoB EBpa3un Oblin 00beiMHEHb! B OIMH Kitace (puc.). B nepuox BeipakeH-
HOTO II00AJBHOTO MOTEIVICHUS IMHAMUKA TEMIIEpaTypbl Ha 3TUX CTAHIMSX CTajla COIIACOBAHHOM C THIIOM
TeMITepaTypHbIX KojeOaHui cTaHimii Oosee I0KHBIX KiaccoB (puc.). Toabpko Tpu cTaHiuu: cT. Buse, ct. Yenu-
HEHHS U CT. YeIIIOCKUH, COXPaHWIIN CBOIO 000COOIEHHOCTb.

BHyTpeHHHE KOHTMHEHTaJIbHbIE pailoHbl EBpasumu, Takike, 4yBCTBUTEIBHBI K KOJICOAHHUAM TIIOOATBHOM
temreparypsl. B nmepuon 1955-1975 rr. cranimn CpeHeCMOMPCKOTO TIOCKOTOPhsi 00pa30BbIBAIM OAMH 00-
LIMPHBIN KJ1ace co ctaHumsmMu 3arnaaHo-Cudupckoit paBHuHBL, rop l0xHo#t Cubupu n Monromuu. Ha ¢one
MOTEIICHUs II00aJBHOTO KiIMMara CTaHIMu 3anaqHo-CHOMpCKOH HMU3MEHHOCTH PAaCIPEeIHINCh M0 TPEM
KJIaccaM, He CMOTPs Ha OTPOMHBIE IPOCTPAHCTBA OAHOPOJHOTO BHYTPUKOHTUHEHTAIBHOTO PAaBHUHHOTO JIaH-
nmadra. BeposTHO, akTHBaNuMs 3amaHOTO IEepeHoca CoCOOCTBOBaIA YBEIMUCHUIO COIIACOBAHHOCTHU KOJIe-
0aHUU TeMIlepaTyphbl B IICHTPAJIbHON M ceBepHOIl uactu 3anananoit Cubupu u Han BocrouHo-EBporerickoit
paBHuHO#. Cpeanuii Ypail, Ciy>KUBIIUN J0 3TOTO €CTECTBEHHON KIMMATHUYECKOW TPaHUIIEH U SBISIOUIUICS
HaunboJee HU3KOM 4acThi0 YpaibCKuX rop, yrparui 9Ty ¢pyHkiuto. Cranuuu rora 3arnaaHo-CuOrpcKoi paBHHU-
HBI O0BEJMHMIINCH B OJIMH KJIacC CO CTaHUMSIMHU paBHUH BuyTtpenunero Kazaxcrana, [Ipukacnus u Cpenneit
As3un, a Taxoke rop u Haropuit Cpenneit Asuu.

Puc. 1. Knaccudurauma nona
npu3eMHoi TeMnepatypbl EBpasuu
B Pa3/IM4HbIE BPEMEHHbIE MHTEp-
Banbl. CTaHumMu, He BolLeLLINe HUA
B O[IUH M3 KNaccoB, 0603Hau4eHbI
3HaKOM “+". Pa3Hble Knacchl CTaH-
LM 0603HaYeHbI pasHbIMM 3HaY-

KaMu.
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Crannun CpegHecnOupcKoro rmiockoropbsi, rop KOxuoit Cubupn u MOHTOIMN B MEPHUOJ] YCHIEHHOTO
MOTEIJICHUsI CTalIi OoJiee COorIacoBaHbl C JMHAMUKON KJIMMaTa Ha CTaHLusIX Buyrpenneit Skytuu n Marepu-
koBOro Boctoka Azuu. B nepuoa 1955-1975 rr. crannuu Brytpenneit Sxytun, MaTeprkoBoro BOcToka A3uu,
Kamuarku u ceBepHOit yacTi SIHOHCKUX OCTPOBOB ObLTH 00BEMHEHBI B OT/EJIBHBIN Kilace. Takoe nepepacripe-
JIeJICHHE MOYKHO CBS3aTh C YCUJIMBIIMMCS BIUsIHUEM A3uarckoro makcumyma. [1o nanueim [11] B koHue XX —
Hauasne XXI BB. OTMeuaeTcsl TeHICHIIUS CMELIeHUs LIEHTpa A3HMaTCKOro aHTHIMKIIOHA K CEBEpY U K 3amafy.
IIpu 3TOM, BBIIIIC OTMEUEHA TEHCHLIUS K YMEHBIIEHHIO aKTUBHOCTH U MPOJIOKUTEILHOCTH 3UMMHETO MyCCOHA
3JIECh B MOCIIEHUE AecsaTuiaeTus [9].

B neprox HanGombIIMX CKOPOCTEH TOTEIUICHHsT KoJIeOaHusl TeMIeparypbl Ha cTaHIusIX PeHHOCKaHIUH
CHHXPOHHM3HPOBAIUCH CO CTaHIMAMHU Oosiee rokHbIX [Ipuarinantuyeckoi u LleHTpanbHOeBpoIeiickoil oba-
creit. CtaHuuu BputaHcKuX OCTPOBOB 00pa30BaiK OTACIBHBIN KiIacC, 000COOUBIIUCH OT cTaHuil [lupeHei-
CKO¥1 00J1aCTH, ¢ KOTOPBIMH JI0 IIEPHO/IA TOTEIICHUS] OHM 00pa30BBIBAJIM OJIMH KJIacC.

B pe3synbrare aHaiaM3a MOXKHO 3aKIJIFOUUTh, YTO CTPYKTYPa COINIACOBAHHOCTH TEMIIEPaTyPHBIX KOJIeOaHUH
OKazaslach HauboJiee cTabWIBbHOM Ha Tepputopusx EBpomneiickoro CpeanseMHOMOpSs, 3anaguoit u KOro-3a-
nagHoi Asun, MHno-I'anrckoit HusmenHoctu u B FOxHOM A3un. BinsHue Takoi KpynmHOMAacIITaOHOH MOJIbI
KIIMMAaTH4eCKOM M3MEHYMBOCTH, Kak CeBepoariiaHTHIeCKoe KoJieOaHHe, 31eCh HE SIBIISICTCS ONPEICIISIONIIM.
BeisiBiieHHE ApYTUX IPUYHH TAKOH CTaOMIBHOCTH CTPYKTYPbI TPEOYeT JIOMOIHUTEIBHBIX UCCIICAOBAHUH.

Hcnionp3oBanue st KilacCU(pUKAIMN TOIBKO TEMIIEPATyphl, @ UMEHHO, (ha3bl €€ roloBOro xo/a, Mo3BoJis-
€T 3HAUUTENIBLHO YNPOCTUTh JTUHAMUUYCCKUH aHalM3 TpaHC(HOPMAIMU CTPYKTYPbl KIMMaTHUECKOH CHCTEMBI.
Pesynbrarhl HOKa3alu CyIIeCTBEHHbIE U3MEHEHHUS B CTPYKTYPE COINIACOBAHHOCTH KoJIeOaHUH TeMIiepaTypsl Ha
Ooublneii yactu Tepputopun EBpasun.
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Statistics of thermal convection structures in atmospheric
boundary layer based upon acoustic sounding data

"*Vazaeva N., 'Chkhetiani 0., 'Kurgansky M.

" A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
? Bauman Moscow State Technical University, Moscow, Russia
E-mail: ifanataly@gmail.com

tures. An exact analytic solution of the thermohydrodynamics equations are found only in some case
tudies. Numerical solution are difficult for analysis, calculating, and understanding the results. The
statistic methods retain its significance and keep being in progress [Petenko 1. and Bezverkhnii V., 1999].

The original method of getting thermal convection structures in the atmospheric boundary layer using an
acoustic sounding data treatment for been received. Data obtained in the experiments of the A.M. Obukhov In-
stitute of atmospheric physics RAS over arid-steppe zones in southern Russia (near the Komsomolsky settle-
ment in Kalmykia Republic — the Caspian lowland). A longwave LATAN-3M sodar with a vertical resolution of
20 m, a pulse emission interval of 5 s, an altitude range of 400—-600 m, and a basic carrier frequency of 2 kHz
was used to receive the profiles of the wind velocity components and the vertical length of the ascending con-
vection stream. A rectangular filter has used for averaging the experimental data of the horizontal and vertical
wind-velocity components. The averaging interval has been amounted to 10 min and, in this case, chosen em-
pirically. Accounting results are represented here by the example of 100 m — level. The structures have been
studied under different wind and temperature conditions over July of years 2007, 2016.

The program showed episodes of the above-limit values of a vertical velocity at which convection struc-
tures emerged hypothetically. A few alternatives were used in this work as the limit: 0.3 m/s, 0.6 m/s and 1.2
m/s. The space scale along the X-, and Y-axis, duration of over-limit vertical velocity, maximum velocity in this
interval have been computed. It is recognized that convective structures move progressively during any rela-
tively small time step with some averaged velocity. In this case the spatial distribution of velocity field and its
time variations have been reproduced favourably.

The received statistic characteristics have been similar to Rayleigh distribution (Figure 1):

2_y12
p(U) = S—Szexp (UmUOZU ), here Up? = [(U?) — Uy,®], (U?) — root-mean-square vertical velocity of the thermal

convection structures, U,, — limit for vertical velocity. This fact facilitate the forecast of thermal convection
structures. Such a distribution are applied for the statistics of the intensive humid-moistly convective vortices
and for the height of the ocean waves also.

In addition, it should be pointed out that the Maxwell distribution for ensemble of the thermal convection
structures was received [Vulfson A. and Borodin O., 2016].

This work was supported by Russian Foundation for Basic Research (projects Ne 18-35-00600, Ne 17-05-
01116).

ﬁ lot of theoretical physic-mathematical model has been created while studying thermal convection struc-

Maximum velocity, 24.07.2016 Flgqre 1. Dlstr|put|on h|stogram of the
o maximum velocity and Rayleigh
= Distribution distribution, Kalmykia, 24th July, 2007.
histogram of the

0,6 1 maximum

0,5 - F velocity, limit 0.3
> | m/s
% 0,4
£.03 1
200
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0,1 7 distribution

-
O L a ! - T T T N
0 049 0,79 1,08 1,36 1,04
Maximum velocity, m/s
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CTaTUCTUKA KOHBEKTMBHBIX 06pa3oBaHnii B aTMOCPEpPHOM
MOrpPaHNUYHOM CJ10€ Ha 0CHOBE AaHHbIX aKyCTUYEeCKOro
30HONPOBaHUA

"’Bazaesa H.B., "Uxetuanm 0.T., 'Kypranckuii M.B.

" MucTuTyT pusmkm atMocdepbl uM. A.M. 06yxosa PAH, Mocksa, Poccusa
? MoCKOBCKMIA FocyiapcTBeHHbIN TeXHUUECKUI yHuBepeuTeT UM. H.3. BaymaHa, MockBa, Poccus
E-mail: ifanataly@gmail.com

3yYCHHIO TEPMHUKOB (TEPMOKOHBEKTHBHBIX CTPYKTYP) — KOHBEKTHBHBIX JBMKEHHH HM30JIMPOBAHHBIX

00BEMOB BO3/IyXa — Ha3bIBAEMbIX B HHOCTPAHHOMH JINTEpaType TAKXKe ITy3bIPSIMHU, B HACTOSIIIEE BPEMSI

yaensercst 60IIbIIoe BHUMaHNe. 3HAYUTENIbHbIH HHTEpeC MPEICTaBIsIeT N3yYeHNE IPOLIECCOB 00pa3o-
BaHMSI Ky4EBBIX 00JIAKOB BCIIECACTBHE MOITHOM arMocdepHoii konBekuuu [Schmidt H. and Schumann U., 1989,
Moeng C.-H., 1984, Hernandez-Deckers D. and Sherwood S.C., 2016]. B npouecce nzyuenust armochepHoit
TEPMHYECKON KOHBEKLIUH OBUIO CO3JJaHO OOJIBIIOE YHCIIO TEOPETHUECKUX (PU3NKO-MaTeMaTHYECKIX MOJIEIICH.
YuciieHHOE peleHne COCTABICHHBIX B ATUX MOJCISX YPAaBHECHUH TEPMOTHIIPOJMHAMMKHN CIIOXKHBI JUISl BBIYH-
CJICHHMS, @ TAKXKE JIUIsI aHAJIM3a ¥ TOHUMaHMS PE3ysibTaTa U CaMoro SIBIICHUS, TOYHBIC aHATNTHYECKUE PEIICHHS
HaXOJSITCS JIMIIb B YaCTHBIX Cilydasix. [103TOMy cTaTHcTHYecKHe METObl MCCIICIOBAHMS IAHHBIX HATYPHBIX
M3MEPEHUI He IOTEePSUTH CBOCTO 3HAYCHHS, ¥ TPOIOJIKAIOT aKTHBHO pa3BuBathes [Petenko 1. V. and Bezverkhnii
V.A., 1999; Bynedcon A.H. u boponun O.0., 2016].

Pazpaboran 1 arrpoOMpOBaH aIrOPUTM BBIACICHHS KOHBEKTUBHOM CTPYKTYPBI M3 JJAHHBIX aKyCTHYECKOTO
30HIMPOBaHMs. MccrieoBaHne CTaTUCTHKY KOHBEKTHBHBIX 00PAa30BaHUM B Pa3IMYHbBIX BETPOBBIX U TEMIIEpa-
TYPHBIX yCJIOBHSIX, IPOBOIMIIOCH JUISl SKCIEUIIMOHHBIX JJAHHBIX aKyCTHYECKOTO 30HIMPOBAHHS, TOTYUIECHHBIX
B Kanmeikuu B 2007 1., B JHEBHOE BpeMsi, B Tiepuoy ¢ 25 mo 31 urons. B urone ctabuibHas xkapkas 1oroza B
9TOM pEruoHe, BeTep NPEHMYIIECTBEHHO clladblii. B Mae-uioHe, aBrycre — BpeMsi CHIIBHBIX IBUIBHBIX Oypb,
a/IeKBaTHBIC U3MEPEHUSI NCIIOIB3YEMOH arnaparypoil HeBO3MOXHBIL. J[11s1 OIleHKH BepTHUKaIBLHOM IPOTSHKEHHO-
CTH BOCXOISIIIUX KOHBEKTUBHBIX IIOTOKOB BO3/lyXa HCIIOJIb30BAJICS AIMHHOBOIHOBBIN COAAp C pa3pellaromeit
CIIOCOOHOCTHIO 110 BBICOTE 20 M, HHTEPBAJIOM H3JIyYECHHS IIAKETOB UMITYJIbCOB 5 CEK, BEICOTHBIM JIHaNa30HOM
400 M u 6a3oBoii Hecymiel yactoroi 2 k['. HayanbHbIe 1aHHBIE TOPU30OHTAIBHBIX U BEPTHKAIBHOW KOMIO-
HEHT CKOPOCTH BETpPa OCPEIHSINCH NPSMOYTOJIbHBIM (DMIIBTPOM. B nanbHeHIuX BBIYUCICHUSX HCIOJIB30Ba-
JIMCh OCpPEeHEHHBIC 3Ha4YeHUs. Pe3ynbrarsl pacuera OyneM nMpuBOAMTH Ha mpuMepe yposHs 100 M ¢ mapame-
TPOM OCpefHEeHHsI | MUH.

[Tporpamma GUKCUpYET Ciryyan IPEBHILICHNS] BEPTUKAIBLHON CKOPOCTHI0 HEKOTOPOTO ITOPOr0OBOTO 3HAYE-
HUSI BEPTHKAJIBHOW CKOPOCTH, IIPH KOTOPOH, MPEAIIONIOKNUTEIHLHO, BOSHUKAIOT KOHBEKTHBHBIE CTPYKTYpHI. B
KauecTBE BEJIMYMHBI TOPOrOBOTO 3HAYCHMS, XapAKTEPH3YIOIEr0 KOHBEKTHBHBIC 00pa30BaHMs, B JJaHHOM HC-
CJICIOBAaHMH PAaCCMaTPHUBAJINCH HECKOJIBKO BAPUAHTOB, PE3YJITAThI IIPE/ICTaBICHbI At ckopocreit 0,3 M/c, 0,6
Mm/c 1 1,2 M/c. B 3THX cirydasx MpoBOAMIIOCH BBEIYHCIEHUE JUTUTEILHOCTH MTPEBBILICHUS] CKOPOCTBIO MPEIeIb-

I'MCTorpamma ANMNTENbHOCTMH, I'MCTorpamma NPOCTPAHCTBEHHOrIO
23.07.2016 macwraba, 23.07.2016
0,5 0,8
© 0,4 < 06
g o3 5 W MpOCTPaHCTBEHHbIN
J‘_é 0,2 W [lnutensHocts 0,3 S 0,4 macwta6 0,3
O'é W JavtenbHocTb 0,6 7 0.2 M [pocTpaHCTBEHHbIN

0 macwra6 0,6
P A O B D> D DDA W AnvtensHocTb 1,2 !
N SR VN MU U M U -G - S ’
R SRR R PR AR <& \‘?C’%?’“g?“’ \,?Qq,’,\m ‘?N{?Q o,’\&o,?’q w@’o)?%&'“ W MpocTpaHCTBEHHbII

N A7 AT AR O AT 5V oS 0 VY AN
SR SN N AN SN RN ) macwrab 1,2

J[AnanasoH NpomeKyTKOB, M

[anasoH NPOMEKYTKOB, C

McTorpamma ganTenbHOCTH, McTorpamma NpPoCcTPaHCTBEHHOTO
25.07.2007 macwTtaba, 25.07.2007
50 60
40 50
g 30 E ‘;g M [poCcTpaHCTBEHHBIN
e
E 20 B nutensHoctb 0,3 ° 20 Macwra6 0,3
B T n o
10 10 M [poCcTpaHCTBEeHHbIN
0 ‘L ‘ ‘ ‘ W JautensHocTs 0,6 o MacwTa6 0,6
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A IR N A VP ) N YA G SO R SR SIS maciwra6 1,2
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Puc. 1. ['uctorpaMMbl pacnpefeneHus AanTenbHOCTU U NPOCTpaHCTBEHHOro Mactutaba, Kanmbikua, 23 1 25 nions 2007 T.

CEKLUA 11 // MOLEJIMPOBAHWUE U AHAJTU3 TT1I0BAJIBHOMO W PETMOHAJIBHOMO KITMMATA 1 ©OPMUPYIOLLIMX EF0 ATMOCOEPHbIX NMPOLIECCOB

K coaepxaHuio n

CITES'2019

MEHOYHAPOIHAA MOJIOQEHHAA LLKONMA W KOH®EPEHLWA MO BbIMUCIUTENBHO-UHPOPMALMOHHLIM TEXHONOTAM A1 HAYK 0b OKPYKAIOLLIEW CPELIE

13




CITES'2019

w
(NN}
(=]
=
=
(5]
w
—
<T
[
=
L
=
=
(=]
=
=
=
L
[o=
o
(NN
w
=
(d=]
o
—
(=]
=
= =
o
(NN}
—
=
=
—
<t
=
oc
o
L
=
)
=
=
=
-
=T
—
=
o
=
o
o
=
o
Ll
o
=
Ll
oc
[NE}
L
=
o
o
o
=
<z
—
o
(=]
=
(]
(77
w
—
w2
—
=
=
(]
(77]
(d=]
=
=}
(=]
>
-}
=9
=
=
—
<t
=
oc
(NN}
—
=

HOTO (TIOPOTOBOT'0) 3HAUCHHUSI, PETUCTPUPOBATIACH MAKCUMAIIbHASI BEPTHKAJIbHASL CKOPOCTh BHYTPH TOTO IPO-
MEXKYTKa BPEMCHH JIJISl KAKIOTO CITy4asi, HAaXOAWIKCh MPOCTPAHCTBCHHBIC MACIITA0bI 110 KoopauHatam X u Y u
00IIMI TOPU30HTATIBHBIN MPOCTPAHCTBEHHBIN MacmTad. [Ipyu HaAXOXKICHUH MPOCTPAHCTBCHHBIX MacIITabOB
CUHUTAJIOCh, YTO KOHBEKTUBHASI CTPYKTYpa ABHUXKETCS MOCTYNATENbHO Ha MPOTSKEHUH HEKOTOPOT'O OTHOCUTEb-
HO MaJIOr0 MPOMEKYTKa BPEMEHH C HEKOTOPOH OCPETHEHHOMN 3a 3TOT MPOMEKYTOK CKOPOCTbhIO. [IpoMexkyTok
BPEMEHU BBIOUPAJICSI IMITUPUYCCKUM IIyTEM U COCTaBJIsLT B TaHHOM citydae 10 MuHyT. [Ipu TakoM 3Ha4eHUU
XOPOUIO BOCIIPOU3BOINIACH TPOCTPAHCTBEHHO-BPEMEHHAs CTPYKTYpa M0JIsi CKOPOCTH.

Huxe nmocTpoeHbl THCTOrpaMMbl JUIMTEILHOCTH MPEBBIIIEHUSI BEPTUKAILHON CKOPOCTHIO MPEAECTBLHOTO
3HaueHus (cunuM — 0,3 m/c; kpacHbM — 0,6 M/c; 3ereHbIM — 1,2 M/C), MAaKCHMAJIBHOTO 3HAYCHUSI CKOPOCTH B
MpejieliaX 3TOro MPOMEKYTKa BpEMEHHU, 00IIIET0 TOPU30HTAIILHOTO MPOCTPAHCTBEHHOIO MaciuTabda s 23 u 25
utonst 2007 1., 23 u 24 urons 2016 . (em. puc. 1-2).

M’Mcrorpamma makcumanbHOro Puc. 2. l'vctorpaMmma pacnpefeneHna MakcYManbHoro
3HayeHuA ckopocTu, 25.07.2007 3HayeHuA ckopocT, KanMbikua, 25 niona 2007 r.
40
30 B MaKcmanbHoe 3HaueHune

2 ckopoctun 0,3

Yacrora

B MaKcumanbHoe 3HayeHne

10 ckopoctn 0,6

0 B MaKcumanbHoe 3HayeHue

0,300,510,720,931,141,341,551,76 1,97 Ewe ckopocTn 1,2
[lManasoH NPoMexyTKoB, mM/c

Pacnipenenenust, moayyeHHbIE 0 OMMCAHHOMY aJTOPUTMY MO JAHHBIM aKyCTHYECKOTO 30HAMPOBAHUS B
JIHEBHOE BpEMs B IyCTBIHHOM WMJIM MOJYMYCTHIHHOM MECTHOCTH, CXOXKH ¢ pacnpeaeneHuem Panes [Kypran-
ckuii M.B., 2000], B ToM 4uciie IPUMEHUMOTO 1JI1 CTATUCTUKA MHTEHCUBHBIX BJIAYKHO-KOHBEKTHBHBIX BUXPE

U BBICOTHI BOJIH B OKEAHE:
2U U ?-U? 2 2
pU) = r.zexp( o ), e Uy = [(U?) = Up ], (U?) — cpenmmsis kBagpaTHunas BepTHKAIBHAS CKOPOCTH

TepMuKOB, U — peaenbHOe 3HaueHUe BEPTUKAJILHON CKOPOCTH TepMUKa. [Ipu 37ToM OTMETUM, 4TO ATl aHCAM-
61151 TepmukoB Mozenb [ Bynbdcon A.H. u bopoaun O.0., 2016] naet oqHoMepHoe pacnpenesenre Makcseruia.
Ha puc. 3 nmokazaHsl pacnpe/iesieHnsi MaKCUMaJIbHOTO 3HAYSHUS CKOPOCTH (BEPTHKAIBHAS CKOPOCTh TEPMUKOB)
st 24 mons 2016 . (3 ¢, 10 M) ¢ srydminM npocTpaHCTBEHHO-BPEMEHHBIM Pa3peIieHHEM 10 CPaBHEHHIO C
2007 . (5 ¢, 20 m).

Puc. 3. l'ictorpamMma pacnpeneneHnsa MaK-
M'ucto rpamma maKCMmasibHoOro CMMaJIbHOro 3Ha4YeHWA CKOPOCTK, pacrpefe-

3HaYEHUs CKOPOCTH 24.07.2016 nexue Panen (IByMepHoe pacnipefieneHue
’ Makcsenna), KanMbikua, 24 niona 2016 T.

0,6
m I MakcumanbHoe
© 0,4 3Ha4yeHne CKopocTn
g 0,3
F02
_ = Pacnpeanenenne
0 e Panes (dBymepHoe
0 049 0,79 1,08 1,36 1,64 pacnpegeneHme
[nana3oH NPOMeKYTKOB, m/c Makcsenna)

Paboma svinonnena npu noooepoicke PODPU: npoexmuvr NeNe 18-35-00600, 17-05-01116.
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Results wavelet analysis non-periodic sea level fluctuations
Cape Kamenyy (Ob Bay of the Kara sea)

"Yagovkina E.A., "*Khaimina 0.V., *Kubyshkin N.V.

' Oceanology Department, RSHU, St. Petersburg, Russia
?LLC “Arctic Shelf Consulting”, St. Petersburg, Russia

Novoport terminal (Cape Kamenny) with the passage of tankers through relatively shallow areas with

depths of 9-10 m, requires forecasts of sea level with high accuracy. Level monitoring in this area is
carried out by LLC ONEGO SHIPPING LTD and LLC Arctic Shelf Consulting in cooperation with the labora-
tory of Arctic Shelf of the FSAA AARI. The purpose of this study was to standardize situations of sea level
surges at Cape Kamenny, Ob Bay, and to develop methods for their short-term forecasting. Additionally, cur-
rent meteorological data (wind direction, atmospheric pressure) from the website “Weather Schedule” [https://
rpS.ru/] were used for the following stations: 23058 Antipayut, 20674 Dickson, 20667 Station named after
M.V.Popova (0.White), 23445 Nadym, 23242 Novy Port, 23330 Salekhard, 23256 Tazovsky. Based on the
current meteorological data, a series of pressure differences in various directions were calculated. For our re-
search, we used the series of hourly sea level values excluding the tidal quasi-harmonic. Data preparation was
carried out in two ways: band-pass filtering (Butterworth filter) and the removal of pre-calculated tides by the
method of G.N. Voinov. With the help of Fishbone Diagram, factors affecting the quality of the forecast at Cape
Kamenny were clearly presented. The causal diagram most clearly allows you to imagine the whole complex of
factors determining sea-level fluctuations: they consist of tidal fluctuations, swelling and surge fluctuations, as
well as the effects of changes in river flow and the presence of ice cover. In this paper, the attention of the au-
thors was focused only on non-periodic fluctuations in sea level.

The increased shipping intensity in the Gulf of Ob, including the year-round shipment of oil from the

Negative surge Surge Fig.1 Fishbone Diagram of

. . factors influencing sea level
Pressure gradient | &, Pressure gradient | fluctuations at Cape

%,

| Station pressure . Station pressuse Kamenny.

| Wind velocity and wind direction ‘\ Wind velocity and wind direction |
Wind duration | . Wind duration |
Ive opening forecast /| Highwater, low SEA
: — A waler
Existence of ice /| River'smn-off | / LEVEL
Spring tides’ meap
; .-"f tides i
Tempermture !

lce River Tide

The occurence of 1-hour sea level increaments were analysed. The analysis of the synoptic situations dur-
ing the most significant surge fluctuations of the sea level were analyzed. When developing the method of the
short-term forecast (with a lead time of up to 9 hours), statistical probabilistic and physico-statistical approach-
es were used. Wavelet analysis of hourly data was performed. Based on the hourly data of sea level monitoring,
various forecast models were constructed, excluding typification of driving-surge events, the best is the model
that takes into account the previous level values and effective gradients of atmospheric pressure. Estimates of
the quality of the forecast were made. Improvement paths for forecast methods of non-periodic fluctuations of
the level at Cape Kamenny are outlined. The work was done within the cooperation concept “University - Re-
search Institute - Production Company” for the purpose of training.
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Pe3ynbTaTbl BeMBeT-aHanM3a Hernepmoanyeckmx
KonebaHun ypoBHA MopA Y Mbica KaMeHHbIN
(O6ckan ryba Kapckoro Mops)

'Airoskuna E.A., "“Xaitmuna 0.B., *Ky6biwkuu H.B.

' PITMY, CankT-letepbypr, Poccua
000 «ApkTuk LLenbg Koncantuhr», Cankt-Metepbypr, Poccus

03pociias HHTEHCUBHOCTH Cy10X01cTBa B OOCKOH ryde, B TOM YHCiIe KPYIIOTOAWYHAS OTIpy3Ka HeTH

¢ HoBormoprosckoro mMectopoxeHust uepe3 tepmunan «Bopora Apkruku» (Mbic Kamennsrit) [1] ¢

MIPOXOJIOM TAHKEPOB Yepe3 CPAaBHUTEIILHO MEJIKOBOIHBIC YYACTKH I'yObI ¢ TiryonHamu 9-10 M, TpeOyer
MIPOTHO30B YPOBHSI MOPSI C BBICOKOM TOYHOCTBIO. [IpHuiBHBIC KO€OaHUs B 3TOM paiioHE J0BOJILHO XOPOLIO
n3ydeHsl [2, 3], HO Ha KojieOaHUs yPOBHS BIMSIOT HE TOJBKO IepHOgIecKHe KoaeOanus, Ho u He Llens uccie-
JIOBaHMs —pa3paboTKa METO/IOB IIPOrHO3a CTOHHO-HATOHBIX KOJICOAHUH MX KPaTKOCPOYHOTO MPOTHO3UPOBAHMSI.
C despains 2017 1. runponorn OO0 «Apxkruk [lensd Koncanruur» no 3akazy OOO «Onero Hummmnr JITm»
OCYILIECTBIISIOT KPYyIJIOTOJMYHbIH MOHUTOPHHT YPOBHS BOJIbI B paiione Mbica Kamennsiii. ExxeuacHsie HaOmio-
JICHHSI BBITTOJHSFOTCS TIPU MTOMOIIU OTEYCCTBEHHBIX aBTOHOMHBIX OYyiHKOBBIX ypoBHeMepoB WLG-30 (mpous-
BogcTBO OO0 «Mapnus-FOr», CeBacTonons) ¢ epeadeii JaHHBIX 110 CITyTHUKOBOMY KaHairy Argos. Herpe-
PBIBHOCTH HAOJIIOAEHUH B IIEPHUOBI OCEHHETO JIe1000pa3oBaHust (110 CTAHOBJICHUS IIPHIIAs) U BECEHHE-JICTHETO
paspyuieHust u apeiida Jipaa obecrieunBaeTcsi BpEeMEHHBIMH TIEPECTaHOBKAMHU IPUOOPOB Ha OTHOCHTEIHEHO
0e30I1acHbIC ¢ TOYKH 3PSHUS BO3/ICHCTBYSI JIbJla TPUOPEKHBIE yUaCTKU: OCEHBIO B pailoH OBICTPO (OpMUpPYIO-
el cst TOJIOIBHI IIPHUIIAst; JIETOM — B IPUOPEXKHBIE 3aKparHbl, 00pa3yIOIINeECs! elle 10 B3JI0Ma OCHOBHOTO ITPH-
nast. Bee nepecranoBky mprOOpOB CONPOBOXKIAIOTCS TIPUBS3KON MOJIOKEHUS 1aTYMKOB K banTtuiickoii cucteme
Beicot (bCB-77).

Bo Bpewmst 3arpy3Ku ouepeiHOro TaHKepa Ha TEpMHHAI ITepeiaeTcest nHGOopMaIus 0 TeKyIeM YpOBHE, TCH-
JICHIIMH €ro M3MEHEHHS C YYETOM IIPEJBBIYMCICHHOTO NpHiIKMBa. [IpeBpluncieHne PHIMBHBIX KoJeOaHMi
ocyuectBisiercs o metoauke ['H. BoitHoBa [2], KoTOpasi HO3BOJISIET YUUTHIBATh BIUSHUE Ha MPUIIUBBI JI€0-
BOTO 1okpoBa OOCKOH I'yOBl.

OnpapasIBaEMOCTh IPOTHO30B YPOBHSI MOPSI B 33/IaHHOM ITyHKTE (TOYKE) OIpeJelsieTcsl 3SHaHHEM MeXa-
HU3MOB (DOPMHPOBAHUS KOJIECOAHUH YPOBHS MOPSI, NCIIOJIB3YEeMbIMU METOJaMHU ITPOTHO3a, KaYeCTBOM HCXOJI-
HBIX JITaHHBIX W TPEOOBAHUSIMU CO CTOPOHBI NOTpeduTenell. biaronapst oprannzanuy MOHHUTOPHHTA YpPOBHS
Mops y Mbica KaMeHHBII YacTHYHO pelieHa mpodieMa Ka4ecTBa U JOCTYITHOCTH UCXOIHBIX JIaHHBIX, PEryIsip-
HO OCYIIECTBIISIETCS IPEeIBBIYMCIICHHE NPUIINBOB. CyJOBOANTEISIM HEOOXOMM IIPOTHO3 YPOBHS Ha 4-6 4acoB ¢
TOYHOCTBIO 110 5 cM. HanboJee mpocTeIME 110 3aTparaM Ha pa3padOTKy M anpoOanuio SIBISIOTCS CTaTUCTHKO-
BEPOSTHOCTHBIN M (PU3UKO-CTATUCTUYECKUIT METO/IBI IIPOTHO3a

J171st BBISIBJIEHHSI 3aKOHOMEPHOCTEH M3MEHUMBOCTH HETIEPHUOINYECKUX KOJIeOaHuil ypOBHs MOPs ObLIH HC-
TOJIb30BAHBI JIAHHBIC C)KEUACHBIX HAOIOICHUH, moTydeHHbIe Y Mbica KamenHbIi B 2017 To1y, OCIIE UCKITFOYC-
HUS NPUIMBHON KBa3UTapMOHUKU M yAaJIEHUs BHYTPUTOJIOBOIO X0Aa. AHAJIU3 MOBTOPSIEMOCTH MPUPALLECHUI
ypOBHsI MOps 3a | yac mokasaj, 4YTo UX MaKCUMaJIbHbIE 3HAaY€HUs HE MPEBbIIAIN 9 ¢M, a J10Jisl IPUPALLECHUI
YPOBHSI MOPsI B TMAITa30HE OT 5 10 9 cM cocTaBmia okoo 1,5 % ot Beelt ummHbI psina HabmoneHunid. CoxpaHe-
HUE 3HaKa TCHJCHIIMH U3MEHEHUS yPOBHS MOpsi ObUIO 3a)MKCHPOBaHO Ha MHTEpBaIax OT 2-X yacos 10 80 va-
coB. KonnuecTBo cirydaeB coxpaHeHUs 3HaKa TEHIECHLUU U3MEHEHHs YPOBHS MOPSI Ha POTSKEHUH CBbIIIE 12

Puc. 1. OparMeHThbI npu-
3eMHbIX METEOposoruye-
CKMX KapT [3] 4na panoHa
06cKoii rybbl Kapckoro
Mopsi:

a) Ha 29.06.2017;

6) Ha 12.07.2017;

B) Ha 08.08.2017;

B) 17.10.2017.

SESSION 11 // MODELING AND ANALYSIS OF GLOBAL AND REGIONAL CLIMATE AND RELATED ATMOSPHERIC PROCESSES

n back to content



4acoB coCTaBWJIO OKoJO 25 %. HamGosee JumTenbHBIH MOXBEM YpOBHS HalOiropancs exuHoxkabl (17.11-
20.11.2017), mmicst 80 wacoB u cocrasui Beero ~ 40 cm. Hanbosee mpogomkuTeNibHble CHUKEHHST YPOBHS
Haomronanuck aBaxsl (01.05 —03.05.2017 u 02.08.-04.08.2017), mmmuck mo 53 yaca Kaxaoe, Py ATOM Ta-
JaHKUEe YPOBHsI MOpst Habmonanock Ha ~ 40 cm u ~ 80 cM cooTBeTcTBeHHO. Hanbosiee MHTCHCUBHBIN MOIbEM
ypoBHs coctaBuil 130 cm 3a 12 yacos.

Ha pucynke 1 mpezcraBieHbl IPUMEpbl CHHONITUYECKUX CUTyaluit Hajt akBatopueit O0ckoil ryosr. Max-
CHMAJIBHBII TI0JIbEM YPOBHSI MOps1 y Mbica KaMeHHBIIT) ObUT 3apHKCHPOBaH B MOMEHT ITPOXOXKICHHSI IITyOOKOTO
nukiona (07.08-08.08.2017, puc. 1B), chopmupoBaBIierocs kHee ryosl. B pesynbrare 3toro Haj ry0oii ro-
CIIOJICTBOBAJIM BETpa CEBEPHBIX pyMOOB. MakcuMmaiibHOE MOHIKEHUE ypoBHs HaOmonanoch 17-18.10. 2017
(puc.1r) npu noxxoz1e ITyOOKOTro UKIIOHA, B pe3yJIbTare 4ero HaJl akBaropreld OOCKoi ryObl TOCIIOACTBOBAIIN
BETpa I0KHBIX pyMOOB. CHHONITHYECKUE CUTYAIlNH, IPE/ICTaBICHHbIE Ha PUCYHKaX la u 10, Tak)Ke COOTBETCT-
BYIOT YCJIOBHSIM HaroHa M CroHa COOTBETCTBEHHO, OJJHAKO aMILUIUTY/a KoJieOaHUH YPOBHSI B 3THX CIIy4asx He
npesbicuia 50 cM.

Hcnonb3yst naHHble 3aBHCUMOi BBIOOpKH ¢ 28 mast 1o 30 uronst 2017 roga ObliIu pa3paboTaHbl HECKOJIBKO
BapUaHTOB MIPOTHOCTHYECKHUX 3aBUCHMOCTEH € 3a0J1aroBpeMEHHOCTBIO OT 3-X JI0 9-TH 4acoB, yUUTHIBAIOIINX
3HaYeHUs! ypoBHs Mopsi y Mbica Kamennsrii 3a npeamectsytomue tpu (Hi-3), mects (Hi-6) u neBsits yacos,
Pa3HOCTh aTMOC(HEPHOTO JIaBJICHUSI MEXAY MyHKTaMu J{nkcoH u o. benblit Ha MomenT niporHosza (G/1b), 3a Tpu
yaca (G/1bi-3) u mecTh 4acoB, a TaKKe Pa3HOCTH JABJICHUS MEXKAY APYTMMH IYHKTaMH (BO3MOKHOCTb HC-
T10JIb30BaHUS PA3HOCTEH NaBJIeHHs B KaueCTBE MPEAUKTOPOB ISl TPOrHO3a ypoBHs Mopsi B OOckoii ryde Oblia
noka3zana B paborax B.I". Kopra[5, 6]). [IpuMepsl IPOrHOCTHYCCKUX 3aBUCMOCTCH U OLICHKU OIPaBIbIBACMO-
CTH TIPOTHO30B YPOBHSI MOpSI JUIsl TPEACTABICHHBIX Ha PUCYHKE 2 CHHONTHYECKUX CHTyalWH, IPUBEICHBI B
tabnuue. [Ipy ncnonp30BaHUN B Ka4eCTBE KPUTEPHs OLIGHUBAHUS JOMyCTUMOM ommnokn +0,6746 (6 — craH-
JIapTHOE OTKJIOHEHHE YPOBHSI MOPSI B IIPE/IENiaX BBIOOPKH), 10JIs OTIPABAABIINXCS TPOTHO30B BO BCEX CIIydasx
nipesbiiiaet 80%. [1pu yxxecToueHnu TpeOOBaHMI K Ka4eCTBY IPOrHO3a 10 JOMYCTUMOMN OLIMOKH B £5¢M, 0JIst
OIIpaB/aBIINXCS MPOTHO30B CHMXkaeTcs B cpenHeM 110 60-65%. Ilpu 3ToM Ha OTHENBHBIX ydacTKax psja
orpasibiBaeMocTb On3ka Kk 100%, uTo cBs3aHO ¢ XapaKTepHOW HU3KOW N3MEHUYMBOCTHIO YPOBHS MOpSI B aHa-
JIM3UpYEMBbIe TPOMEXYTKH BpeMeHH. [Ipy yBennueHnn 3a0/1aroBpeMeHHOCTH IPOTHO3a yYeT Pa3HOCTH JIaBlie-
HUSl HE3HAUUTEJIbHO, HO YJIy4llaeT KadyeCTBO IIPOrHO30B, OJHAKO OMPEAEISIOIIYI0 POJIb UIPaloT 3HAYCHUS
YPOBHSI 32 OJIMH-/1Ba ITPEALIECTBYIOIINX CPOKa HAOIIOACHUS.

Takum 06pa3oM, MOKa3aHO, YTO M3MEHUMBOCTH HENEPUOAMYECKUX KojeOaHui ypoBHs Mopsi B OOCKoi
rybe y mbica KameHHBII BapbUpyeT B IIUPOKUX IIPEAEIax Kak Mo aMIUIUTY/E, TaK U 10 MPOJOJIKUTEILHOCTH
HMHTEPBAJIOB C OJIMHAKOBBIM 3HAKOM TEeHAEHIMU. Pa3paboTka «yHUBEpCaIbHOW) MOJEIH OCHOBAHHOM Ha CTa-
THUCTUKO-BEPOSITHOCTHOM MJIHM (PM3MKO-CTATUCTUYECKOM MOJIXOAaX M oOecreunBaroneil HeoOX0auMyIo ToY-
HOCTB IIPOTHO32 YPOBHS MOPS B £5CM NPH yBEIMYEHUH 3a0J1Iar0OBPEMEHHOCTH 10 3-9 4acoB, HE IPE/ICTaBIISCT-
Cs1 BO3MOXKHOI.

[Tpu ucronbp30BaHUU MHEPLUOHHOTO ¢ 3a0J1arOBpeMEHHOCTBIO | Yac (IIPOTrHO3 COCTaBIISIETCSl HA OCHOBE
MIPE/IIECTBYIOIETO 3HAUEHHs YPOBHS MOIIpaBKa) OMPaBAbIBAEMOCTh Nporuosa gocruraet 90%. Ho nmpu yse-
JIMYSHNH 320J1arOBPEMEHHOCTH XOTs ObI Ha 2 yaca pe3K0o CHIPKAET KaueCTBO MTPOTrHO3a, T.€. VIS [I0CTAaBICHHOM
3ajaun (pa3paboTKa MeToja MPOTHO3a C HauOOJIbIIEH 3a01aroBpeMEHHOCTHI0) WHEPIMOHHBIN MPOTHO3 HE
MOJXOAUT.

Tabnuua. Mpumepbl Mogeneit NporHo3a ypoBHA Mops Y Mbica KaMeHHbii (06ckan ryba) 1 OLeHKM KayecTBa NPOrHo30B Ha
3aBUCUMON M HE3aBUCUMBbIX BbIGOpKaX.

Jlons nporuosos, %
VoaBHEHIE BuiGobka CuHonTHyeckas 5 Koadpdunment
p p cutyanus C OIIMOKAMHM | C OIIHOKaMHU JleTepMHUHALIIH
+0,674c +5cm
3aBUCHMAs
28.06.2017- Puc. la 0,26 100 64 0,98
30.06.2017
_ o HEe3aBHCHMAs
Hi 0'966H1-3 11.07.2017- Puc. 10 0,10 83 65 0,96
13.07.2017
0.005G +
I[Bi_?, HE3aBUCUMAs
07.08.2017- Puc. 18 0,42 100 50 0,98
0.004 09.08.2017
HEe3aBHCHMas
17.10.2017- Puc.Ir 0,38 100 54 0,99
19.10.2017
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YpaBHeHue

Bri6opka

CuHonTHueckas
CUTYyaIUsI

Jlonst mporuo3oB, %

C olMOKaMu

C OIIMOKaMH

Koapdunuent
JeTepMUHALIN

+0,6740 +5cm

3aBHCUMAas
28.06.2017-

H.=1536H. .- 30.06.2017
1 1-3 HEe3aBUCHMas
0.567H, -

Puc. 1a 0,26 100 63 0,98

11.07.2017-
6 13.07.2017

0.003G + HE3aBUCHMas
HBi_:; 07.08.2017-
0.001 09.08.2017

He3aBUCHMas
17.10.2017-
19.10.2017

Puc. 16 0,10 96 96 0,97

Puc. 1B 0,42 100 65 0,99

Puc.1r 0,38 100 57 0,99

3aBUCHMAsT
28.06.2017-

30.06.2017
H.=1.536H, ,-

3 HE3aBUCUMAs
11.07.2017-
0567Hl-6- 13.07.2017

n He3aBHCHMAsT
0.003G JIB. 07.08.2017-

09.08.2017
0.001

He3aBUCHUMas
17.10.2017-
19.10.2017

Puc. 1a 0,26 100 63 0,98

Puc. 16 0,10 100 100 0,97

Puc. 18 0,42 100 59 0,99

Puc.1r 0,38 100 59 0,99

[lepexon OT aHaIM3a aOCOMIOTHBIX 3HAYEHUH YPOBHS MOPS (C yIaJIeHHBIMU IPUIMBAMH) K aHAIN3Y NpH-
pameHHﬁ YPOBH:A MOPs 3a YaC HE JaJI BHAYNUTEIbHBIX PE3YJIbTAaTOB, HE 6])1)'[3, BBIABJICHA OYCBU/IHAS 3aBUCUMOCTh
MEXY BHICOKMMHU 3HAYCHUAMU npnpameHm‘/’I 1 IOCJICAYIOUIUM MMOBEACHUEM YPOBHA MOPH.

mta3
-1.9

-5.23

logl scale
log? scale

£.57

] [
180 210 240 270 v 28 M 75 100 125 10 1775 20 zES

a) 6)
Puc. 2. BeviBnet — aHanus ana yyactkos a) 15.07.2017 - 27.07.2017; 6) 05.08.2017 — 15.08.2017.

JuarpamMmer 2a 1 20 OTIMYAIOTCS IPYT OT JpPyra, XOTsS U OMHUCHIBAIOT COCEIHHUE MEPHOIbI BpeMeHU. B
OCHOBHOM 3HAYMMbIC ITUKH HAOIFOIAI0TCS HA MIEPUOIaX OKOJIO CYTOK.

HccrienoBanus HENMEPUOAMYCCKUX KOJICOAHUH YPOBHS MOpsl Y Mbica KaMeHHBIN OymyT MPOMOIIKEHBI C
YYETOM HAKOIUICHHBIX JIaHHBIX HaOmroneHuit 3a 2018 rox. ABTOPBI BUIAT AalIbHEHIICH 3a1a4ei THIPOINHAMH-
YECKOT0 MOJICIIMPOBaHMs KojicOaHuil ypoBHs y Mbica KameHHbIH OOCKO# T'yObl U BBISBICHHE XapaKTEPHBIX
HETEePUOAMYECKHUX COCTABIISIOUINX YPOBHS MOPSL.

Pabora BeInonHeHa B KoHuenuuu corpyaanuectsa «BY3 — HUU - Ilpon3BoacTBeHHast KOMIIAHUS» B 11e-
JISIX TIOATOTOBKH KapoB Ha 6a3ze PITMY, AAHNU u OO0 «Apkruk Illensd Koncantuur». B uccinenoBanusix
KCIIOJIb30BaHbI JAHHBIC YPOBEHHBIX HaOMroneHui Ha Mbice KameHHbIH, momyyennbie kommanueidn OO0 «Apk-
tuk ensd Koncantuur» no 3akasy u npu punancupoannn OO0 «Onero unmuar JItmy.

SESSION 11 // MODELING AND ANALYSIS OF GLOBAL AND REGIONAL CLIMATE AND RELATED ATMOSPHERIC PROCESSES

n back to content



Jlumepamypa:

1. Bopoma Apxmuxu [Onexmponnwiii pecypc].— URL: http://gazpromn.tilda.ws/novyport (0ama
nocneoneeo oopawenus 20.09.2018)

2. Bouinos I'H. O eapmonuueckom ananuse npuiueos no HepecyiapHoiM MHO20NeMHUM HAOII00eHUAM 3d
yposrem mops u meuernusmu // Oxeanonoeus.— 2004.— T. 44.—Ne 2. C. 172-178.

3. Botinos I''H. OcrosHule uepmol eudponozudeckoeo pedcuma Oockoti u Tazosckoti 2y (neo, yposHu,
cmpykmypa 600) / I'H. Boiinos, I0.B. Hanumos, A.A. Iuckyn, B.B. Cmanosou, I'E. Ycanxkuna, noo
peoakyueti doxmopa ceocpaguueckux nayk I H. Bounosa. — CII6., 2017. — 192 c.

4. Catim ®I'BY « AAHUW». Ilpuzemnule u gbicomuvle memeoponocudeckue kapmol.— URL: http://www.
aari.ru/ odata/ d0010.php

5. Kopm B.I'. K eonpocy o konebanusix yposennoti nosepxrocmu Obockoii 2yowl // Tp. AHUH. 1949.— T.
13—C. 100-118

6. Kopm B.I' Henepuoouueckue konebanust yposHs 600bl 6 Apkmuueckux Mopsix u cnocodwl ux npoerosa//
Tp. AHUH. 1941.—T 175163 c.

The dynamics of the Arctic polar vortex
during the 1984/1985 sudden stratospheric warming

Savelieva E.S., Zuev V.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: ekat.savelieva@gmail.com, vvzuev@imces.ru

ozone depletion in the polar regions [1, 2]. The polar vortex acts as a containment vessel to prevent the

air mass penetration from the midlatitude stratosphere inside the polar region [3, 4]. Catalytic cycles
describing ozone depletion occur with the participation of polar stratospheric clouds (PSCs) in the presence of
weak solar radiation inside the polar vortex during austral spring [5, 6]. PSCs are known to form at extremely
low temperatures (lower than —78 °C) in winter—spring periods [7].

One of the most prominent features of the Arctic polar vortex is its large interannual variability associated
with the high frequency of occurrence of sudden stratospheric warming (SSW) [8]. A SSW is characterized by
a sudden increase in the latitudinal mean temperature poleward from 60° latitude at 10 hPa or lower altitudes.
SSWs are divided into major and minor [8]. Minor SSWs are often accompanied by a displacement of the polar
vortex toward midlatitudes, whereas a splitting of the vortex is observed during major SSWs. Major SSWs are
usually observed in February or at the end of January [8]. However, there are 2 cases when major SSWs were
observed at the end of December: a SSW of 1984/1985 and a SSW of 1998/1999.

The maximum activity of the Eliassen-Palm flux (EP flux) in winter-spring of 1984/1985 was observed on
December 28. The SSW, which occurred on December 29, had such a strong effect on the polar vortex that in
the future even the relatively small activity of the EP flux did not allow it to recover. The temperatures inside
the polar vortex were too high for the formation of polar stratospheric clouds (PSCs) and after December 27 the
PSCs did not form until the end of spring. In the winter-spring period of 1984/85, increased activity of the EP
flux was observed from December 25 to January 4, i.e. for 11 days. It is assumed that such a long period of high
activity of the planetary waves determined the dynamics of the polar vortex, and even the cases of short-term
amplification of the EP fluxes had a significant effect on the polar vortex, preventing its recovery.

The stratospheric polar vortex stability in spring determines to a great extent the duration and intensity of
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OcobeHHOCTM OMHAMWKK apKTUYECKOro NOJIAPHOIo BUXPA
Npy BHE3aMHOM CTPaTochepHOM NoTensiIeHnn
B 1984/1985 rr.

Casenvesa E.C., 3yes B.B.

MHCTUTYT MOHMTOPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: ekat.savelieva@gmail.com, vvzuev@imces.ru

TpaToc(epHbIe MOSIPHBIE BUXPH, (HPOPMHUPYIOLIMECS HaJ| TOJISPHBIME OOJIIACTSMH B OCCHHE-3UMHHN

TIEpHOL, SIBIISTIOTCS OJTHOM M3 IPUMEYaTeIbHBIX 0COOeHHOCTEH cTparocdepHoi mupkyisinun. CTpyKTy-

pa u IMHAMHKA HOJIIPHBIX BUXPEH MIpaeT BaKHYIO POJIb B pacIpeieIeHHH CTPaToc(epHOro 030Ha,
JBIDKCHUH BO3AYIIHBIX Macc Y BUXPS M TEMIIEPAaTypHOM peXUMe Haj MOsipHOM obnactsio [1, 2]. Hupkyssauns
3UMHEH MOJSIPHOI cTparochepsl onpeessieTcs aKTHBHOCTBIO MOJISIPHOTO BUXPSl, U €€ U3MEHEHHUSI B OCHOBHOM
CBSI3aHBI C BapHALMSIMU (DOPMBI M PACTIONIOKEHHSI BUXPsl. MaciuTaObl 1 ITyOMHa pa3pylIeHust cTpaTtocepHOro
030HA Ha/ IOJISIPHOM 00JIACThIO 3aBUCAT OT CHJIBI M YCTOWYHMBOCTH IOJISIPHOTO BUXPS B BeCEHHUH niepuoy [3].
['paHMIIBI NONSPHOTO BUXPSI CO3/IAIOT BETPOBOM Oapbep, MPEMsITCTBYSI MEPHIMOHAIBHOMY IIEPEHOCY CTparToc-
(epHOro 030HA M3 TPONMMUYECKUX U CPEAHUX LIMPOT B MOJISIPHYIO obnacts [4, 5]. [Ipu 3TOM BHYTpH BHXpS B
cTparocepe npH IKCTPEeMaIbHO HU3KHUX Temrieparypax (Huke —78 °C) GhopMHUpYIOTCS MOISIPHBIE CTpaToc-
¢epuble obnaka (IICO), Ha MOBEpXHOCTH U B 00bEME KOTOPBIX MPOTEKAIOT FeTePOreHHbBIE PEaKIMU ¢ BEICBOOO-
JKJAEHUEM MOJIEKYIIIPHOIO XJI0Pa, aKTUBHO BCTYMAIOILETO B KATATUTUYECKUH LUK Pa3pyLIEHUS 030HA C MOSB-
JICHHEM COJIHEYHOI'O U3Iy4YEHUs HaJl MOJSIPHBIM pErnoHoM [0, 7].

OCOOEHHOCTBIO apKTHYECKOTO IOJISIPHOTO BUXPSI SIBJISETCS €ro 3HAYMTENIbHAs MEKIoAoBas W3MEHYH-
BOCTb, CBSI3aHHAsI C BBICOKOW IEPHOJMYHOCTHIO BOSHUKHOBEHHUS! BHE3AIHBIX CTPATOC(EPHBIX IOTEINICHUIH
(BCII) [8]. ITpu BCII nabmtonaercst yBeaIMYeHHE CpeTHEMIMPOTHON Temrieparypsl Ha Beicotax ot 10 rlla (~ 30
KM) M HIJKe 1o HampasieHuto or 60° mmpot k nomocy. BCII pasnensitoress Ha Gonbiune (major) U Maiibie
(minor) [8, 9]. Ilpu mansix BCII nponcxomur cuiibHOE CMEIICHNE MOISIPHOTO BUXPSI, @ IPH OOJIBIINX — €ro
paciieruieHue Ha jBa HeOonbmmx Buxpsi. Kak npasmino, 6onpmme BCIT npoucxonsT B ¢eBpalie WM B KOHIIE
stuBaps [8]. OxHako 3aperucTpupoBaHo 2 ciaydasi, koraa ooipime BCIT nabmonanucs B kone aexkadps: BCIT
1984/85 rr. u BCII 1998/99 rr. B pabote paccMoTpeHa AMHAMUKa apKTHYECKOTO TOJIIPHOTO BUXPSI B HHKHEH,
cpeaHel u BepxHel crpatocdepe Bo Bpems 6ombimoro BCIT 1984/85 rr.

BCII BO3HMKAIOT NIpH pa3pyLICHUH U JUCCHUITAIH TPOHUKAIOIINX U3 TPoIocdepsl B cTparocdepy IuiaHe-
TapHBIX BOJIH (B 4aCTHOCTH 1T0TOKa Diraccena-Ilanema (311)) B pesynbrare X HEIMHEHHOTO B3aNMOICHCTBHUS
C 3aI1a/IHBIM CTPaToC(EpPHBIM NOTOKOM (TTOJSIpHBIM BuxpeM) [8]. Ha puc. 1 npuBeseHb! BEKTOpPHBIE TIPE/ICTaB-
JIeHUs! ycpeqHeHHbIX 3a 1 nens notokos JI1 B nepuon ¢ 20 nexabpst 1984 1. mo 30 mapra 1985 1. ¢ marom 4-6
nuel, o nanaeiM the NOAA Earth System Research Laboratory's Physical Sciences Division (NOAA ESRL
PSD) [10]. C nauana HOs10ps 10 25 nekabpst 1984 1. He HaOMOIaNOCh BEICOKOH akTHBHOCTH OTOKOB DI1. Ha-
yuHas ¢ 25 nexkadpst akTuBHOCTH TOTOKOB DI B cTparocdepe Hauasa ycumBarbes 1 28 nexaOps HabiIroanach
MaKcHMallbHasi aKTHBHOCTB 3a 3UMHe-BeceHHHH repuon 1984/85 rr., mocne vero 29 nexadpst perucTpuposa-
nock BCII. Ycunenune aktuBHocTu notokoB OII Takke peructpuposanocs 10 saBaps u 10 mapra 1985 r, npu
9TOM, B [IeJI0M, B (peBpasie u Mapte 1985 1. He HabIOIaI0Ch BEICOKOH aKTUBHOCTH MOTOKOB D1 110 cpaBHEHUIO
¢ UX OOBIYHOM aKTUBHOCTBIO B 3TH MecCsIHI (puc. 1).

OcHOBHBIMU NapaMeTpamu, xapakrepusyromumu BCII, sBisitoTcs NmoTeHIUManbHAs 3aBUXPEHHOCTb U
Temneparypa. Beicokue 3HaueHHs NOTEHIMAIbHON 3aBUXPEHHOCTU B 3UMHE-BECEHHUH MEPUOJ], KaK MIPAaBUIIO,
OITPEAEIISAIOT MECTOIIOJIOKEHHE TIOJIIPHOTO BUXPSI, IIPU 3TOM B IIPE/IEax BUXpPsl HAONIOIAI0TCSl HU3KHE TeMIIe-
patypel, a 3a ero npejenamu — Boicokue. Ha puc. 2 npuBeneHs! o HOTCHIUANBHOM 3aBUXPEHHOCTH U TEMIIE-
parypsr Ha BeicoTe 50, 10 u 1 rlla (~ 20, 30 u 46 kM) Hag ApKTUKOH 3a Iepuoz ¢ aekadps 1984 r. mo mapt 1985
r., o JanHbM peananm3a ERA Interim [11]. Kak Bugno u3 puc. 2, 20 nexaOpst NOISPHBINA BUXPh UMEI ClIeTKa
BBITSIHYTYIO ()OpMY ¥ OBIJI HEMHOTO CMEIIEH OTHOCHUTENBHO I0JIF0ca. 3aTeM HaOII01aI0Ch TIOCTEIICHHOE BHITSI-
TMBaHHME BHUXPSI, IOCIIE KOTOPOTo 29 nekabpst perncTprupoBaoCh €ro paclieluieHHe, TPOSBUBIIEECsS Ha BCEX
cTparoc(epHBIX BHICOTAX.

BCII, nayaBmeecs 29 nekadpsi, Hauboee siBHO MposiBIUIOCH | stHBapst 1985 . B cpenneit ctpatochepe
(puc. 2). ITocne Takoro pannero BCII Hen30exHO 3ammycKkaeTcst Mpolecc BOCCTAHOBIICHUS TIOJIIPHOTO BUXPS,
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Puc. 2. lMona noTeHUManbHOM 3aBMXPEHHOCTM U TeMnepaTypbl Ha BbicoTe 50, 10 1 1 rlla Hag ApKTMKo 3a nepuof ¢ AeKab-
pa 1984 . no MapT 1985T.

koTopsiii 10 ssHBapst OBLT IpEepBaH B pe3ylibTate akTuBu3anuu moTokoB D11 (puc. 1, 2). B TeueHue ssHBaps Ha-
0iro1a1ach MOCTOSIHHASI CMEHA MTPOIIECCOB BOCCTAHOBIICHHS U BBITSATUBAHUS (TTPEALISCTBYIOIIETO paciieruie-
HUIO) ToJIsipHOTO BUXpsi. Hanbouee sipko 3To MposiBUIIOCH B HIDKHEH cTpaTtocdepe, e HabIioanoch MoBTop-
Hoe pacuieruieHue 20 ssHBaps, mocie koroporo Ha Beicote S50 rlla nmossipHbIil BUXpb O0JIbIIE HE TIPOCIIEKHUBAII-
csi. B cpenneit n BepxHeil crpatocdepe moist TeMneparypbl 0Tpaxain cliaboe IPUCYTCTBHE TOJISPHOTO BUXPS
B TeueHHe (eBpasst U B Hayase MapTa. 3aTeM, rocie Heboubioro ycuieHus nmorokos D11 10 mapra, HauuHast ¢
CepeMHbl MapTa 3amajHbIi cTpaTtoc(hepHBIil MOTOK CMEHMIICS BOCTOYHBIM, NpuMepHO Ha 20 qHEH paHsblie,
4yeM B cpeiHeM 3a nocyeanue 40 ner.

B 3umne-Becennnii nepron 1984/85 rr. MakcumanbHast akTHBHOCTB 11oTokoB DI1 Habmronanack 28 nexad-
ps. [pomsomreamee 29 nexadpst BCII HacTOIBKO CHIBHO MOBIHSIIO HA TOJNSPHBIN BUXPb, YTO B TaJIbHEHIIIEM
Jlayke OTHOCHUTEIILHO HEOOIIbIIIAsl aKTHBHOCTH TOTOKOB D1 yrke He mo3BosinIIa eMy HOJHOIEHHO BOCCTaHOBHUTh-
csi. Temreparypsl BHYTPH BHOBB (DOPMUPYIOLIETOCS IMOJISIPHOTO BUXPSl OCTaBAJIHMCh HEAOCTATOUYHO HU3KUMHU
JUTs 00pa30BaHus MOJSIPHBIX cTparocepHbix oonakos ([ICO) u ocie 27 nexkadps [1CO OGobiiie HE perHCTPH-
POBAJHCH BILIOTH JIO KOHIIA BeCHBL. B 3uMHe-BecenHMi iepuoa 1984/85 TT. MOBBIIICHHAS aKTUBHOCTh IIOTOKOB

SESSION 11 // MODELING AND ANALYSIS OF GLOBAL AND REGIONAL CLIMATE AND RELATED ATMOSPHERIC PROCESSES

n back to content



OI1 nabnromanack ¢ 25 nexadps 1o 4 siHBapsi, .. B TeucHue 11 aHEH, 4To sABIsICTCS KpailHe HEOOBIYHBIM IS
9TOr0 BpemeHu roja. [Ipennonaraercs, 4To HACTONBKO MPOIODKUTEIBHBIN IEPHOJ] AKTUBHOW JICATCIIbHOCTH
IUTAHCTAPHBIX BOJIH OINPEICIIMT JAbHCHINYIO0 JTUHAMUKY MOJSPHOTO BUXps. B pesynbrare naxke KpaTKoBpe-
MEHHBIC HEOOJBIINE YCUICHUS TOTOKOB DI1, KOTOphIe, KaK MPaBUIIO, HE OKA3bIBAIOT CYIICCTBCHHOTO BIHSHUS
HA MOJISIPHBIA BUXPb, B OTOT Pa3 aKTUBHO MPEMSATCTBOBAIM €r0 BOCCTAHOBJICHUIO.
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Mopososa C.B.
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E-mail: swetwl@yandex.ru

0a yMepeHHBIX MUPOT. be3ycnoBHO, 0OHa ()YHKIIMOHUPYET HE 000COOICHHO OT IPYTUX MUPKYIISIHOH-

HBIX CTPYKTYpP U HEMOCPEICTBCHHO Ha ce0E UCIBITHIBACT MX BIUsSHHC. CMEKHBIMU C HEH SIBISIOTCS
00BEKTHI MMUPKYISAINA APKTUHICCKUX M TPOIMHUCCKUX MHUPOT. OCHOBHBIMH IIUPKYJISIIHOHHBIME CTPYKTYPaMH B
HUX SIBIITFOTCSI COOTBETCTBEHHO ApKTHUYCCKAs ocImusanus u FOxxHoe koseOaHwme.

OKa3bpIBaeTCs MHTEPECHBIM YCTAHOBHTH, KaK CIJIBHO BIMSHUC HA TUTAHCTAPHYIO BBHICOTHYIO (DPOHTAIIb-
HYFO 30HY CMEXHBIX C Hel 00bEKTOB IUPKYIISIIUU. OTMETUM, YTO MApaMETPUICCKHIE OLCHKU B3aMMOCHCTBHUS
Y B3aMMOBITUSTHUSI CTPYKTYPHBIX JIEMEHTOB OOIICH MUPKYISIHH aTMOC(Ephl Pa3IunYHbBIX TPOCTPAHCTBEHHO-
BPEMCHHBIX MACIITA00B MPAKTHICCKH OTCYTCTBYIOT.

Lenbro HacTOsIICH pAOOTHI SBISICTCS OICHKA BIUSHUS APKTUYESCKOH ocumusiimn 1 FOx)HOro KoieOaHus
Ha TUHAMUKY TUTAHETApHOU BHICOTHOH (DPOHTAIIEHOW 30HBL.

VcxomHbIME MaTepuajaMy JUIsS BHIMOJHCHHS HUCCIICHOBAHUS MTOCITYXKHUIN JaHHBIC 00 APKTHYECKOU OC-
mwusiin 1 FOxHOro KoeOaHus, B3ATHIX C caiita (origin.cpc.ncep.noaa.gov).

I I JlaH€TapHas BbICOTHAs (i)pOHTaJ'H)HaH 30Ha ABJIACTCA CTPYKTYPHBIM 3JICMCHTOM n100aIbHOr0 MacIiTa-
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Jlyist XapaKTepHCTHKY IJIAaHETAPHOUN BEICOTHOHM (DPOHTAILHOW 30HBI IPUMEHSICTCS JOBOJIBHO MHOTO Tapa-
METPOB: IUIOWIA/b, JUTMHA, U3BHJINCTOCTb, HHTEHCUBHOCTD, IIMPOTA PACIIONOKEHHUSI OCEBOM M30THIICH U JIp.
[3]. B Hacrositem uccienoBanuu s ananu3a nuHamuky [I1BO3 BeiOpaHa Takas ee XapakTeprCTHKA KaK UH-
TEHCUBHOCTS [3].

ITocraBnenHas 3ajaya peniajiach ¢ MPUMEHEHHEM JMCIIEPCUOHHOTO aHaIN3a, MO3BOJISIONIMX OLICHUTH
CYIIECTBEHHOCTD BIIMSIHUS OTHOM BEJIMYMHBI (MJIM HECKOJIBKUX ) Ha Ipyryro. O003HaYMM uepe3 S, 00IIyro CyM-
My KBaJIpaToB OTKJIOHCHHMH HaOII01aeMbIX 3Ha4YEHUH OT o0mmel cpennei; S, - GpakTopHylo CymMMa KBaJparoB
OTKJIOHCHHI TPYIIIOBBIX CPEIHUX; S, - OCTATOYHYIO CYMMY KBaJpaTOB OTKJIOHCHUI HAOIIONACMbIX 3HAYCHUI
TPYIIIBI OT CBOCH TpymnmnoBoii cpenueii. Torma S, — XapakTepu3yeT pacCesiHUE BEJIMYUH OTHOCUTEIBHO 00mIeh
CPEJIHEH; S, - pacCesHUE MEXK/TY ITPYTINaMHU; S, - PACCESTHUE BHYTPH IPYIIIIBL.

Takum oOpasom, 1osryyaeM, 4To SX XapakTepusyeT oOLIyI0 H3MEHYMBOCTh BEJIMYUHBI X; Sy T NU3MEHYH-
BOCTbH BEJIMYHMHEI MO]T ACUCTBUEM Ucclieayemoro dakropa f. Eciu ¢pakTop okas3pIBaeT CyIIECTBEHHOE BIIMSIHUC
Ha BEJIMYKMHY X, TO TpyIIa HAOJIFIaeMbIX 3HAYCHUN MIPU3HAKA HA OJTHOM OIPEICICHHOM YPOBHE OYJIeT OTIIH-
4aThCsl OT PYII HAOIIONCHU Ha IPyTruX ypoBHsX. ClieoBaTeIbHO. OYIyT pa3indarhCs U TPYIIIOBBIC CPE/I-
HUE, IPUYEM, YeM OHHU OOJIbIIIC PACCESHbI BOKPYT OOIECH CpeHEe, TeM CHIIbHEE OKa3bIBAaCTCS BO3ICHCTBHC
(dakropa. Benmuuna S, XapakTepu3yeT U3MCHUYHBOCTh, OOYCIIOBJICHHYIO BIIMSHUCM CIyYaiHBIX WJIH HCYYTCH-
HbIX (pakropos [1]. J{i1st pacueToB UCONB3YOT Gopmysisl [1].

[TockonbKy HCCIIEAYeTCsI BIUSHUE XapaKTePUCTUK APKTUYECKOM ociiuuisnuu 1 FOkHOTO KoeOaHus Ha
nHTeHCHBHOCTH [IBM3, pa3buenue Ha rpajaiiy NPOBOJUM UMEHHO 3THX XapaKTepHUCTHK [2]. 3Ha4eHUs HH-
teHcuBHOCTH [IBD3 pazHOCHM COOTBETCTBEHHO IPaIalUsIM.

PaccunTannas mo Bcemy psiiy moiiHasi (00Iiasi) cymMMa KBaJpaToB OTKIOHEHM cocraBmia 1888,3, mpu
9TOM (pakTOpHAast cyMMa KBapaToB oka3ajach paBHoi 233,3. OTHOILIEHUE pacCUNTAHHBIX JUCIEPCHI COTIIACHO
kputeputo duiepa Ha 95 %-HOM ypOBHE 3HAYMMOCTH HE NOKa3ajla CTAaTUCTUYECKON 3HAaUMMOCTH BKJIaga Ap-
KTHYECKOM OCUMIIISALMU B U3MeHeHue nHTeHcuBHocTu [IBD3. Brnang ApkTruueckoil OCUMUISIMYA B U3MEHYH-
BocTh [IBD3 onernBaeTcst B 6 %. AHAIOTUYHBIC PE3yJIBTaThl 00 OTCYTCTBHY 3HAYMMOCTH BIIASHUS [TOJTYYCHBI
n s FOxuoro konebanus. Bxitag FOxuoro konedanus B uaTeHcuBHOCTL [IBAD3 onenusaercs B 7 %.

PaccunTanHbie KOA(QQHUIMEHTH KOPPEISLIUU MKy WHTCHCHBHOCTBIO IUIAHCTAPHOW BBICOTHOM (pOH-
TaJbHOI 30HBI U MHJCKCAMU APKTHYCCKON ocrmuisinuy u FOxHOro konebanus okazamuch paBHbiMA 0,02 u
-0,03 COOTBETCTBEHHO.

Jumepamypa:

1. I'mypman B. E. Teopus éeposimruocmett u mamemamuieckas cmamucmuxa. M.: H30-60 Bvicwas
wkona. 2003. 480 c.

2. Manunun B.H. Cmamucmuyeckue memooul anaiuza cuopomemeoponouyeckoui ungopmayuu. CII0,
uz0-60 PI'TMY. 2008. 408 c.

3. Heywxun A.U., Cuoopenxos H.C., Canuna A.T., Heanoea T.b., bepeocrnas T.B., [lankpamenxo H.B.,
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BHUTMUMI]]]. Obnunck. 2013. 200 c.

The study of the mutual influence of global circulation
objects of method of dispersive analysis
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Saratov State University, Russia
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INTRODUCTION

It is known that the greatest climatic variability is typical for temperate latitudes, the main circulation fea-
ture of which is active cyclonic activity. The directions of the air flow are determined by the deformation of the
planetary tall frontal zone (PTFZ) - a three-dimensional object of circulation on a global scale encircling the
entire globe. The curvature of the PTFZ and the strong development of wave processes on it lead to an increase
in the degree of meridionalism of the flows, so that sharp invasions of cold air masses into southern latitudes
occur in the rear parts of the baric hollows, and powerful heat removal to the Arctic is observed in the rear parts
of the high-altitude baric ridges.

This process is accompanied by the activation of the Arctic center of action, which is reflected in a more
active penetration into the moderate latitudes of the Arctic anticyclones. At the same time, cyclonic curvature is
formed in the deformation region of PTFZ. When the ridges of subtropical anticyclones propagate northward,
an anticyclonic curvature arises on the PTFZ.
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Thus, PVFZ functions not isolated from other structures of the general circulation of the atmosphere and is
directly affected by their influence. Circulating objects of arctic and tropical latitudes are adjacent to it. The
main circulation structures in them are the Arctic Oscillation and the Southern Oscillation, respectively.

It remains an open question: to what extent do the circulation objects adjacent to it have a strong influence
on the planetary high-altitude frontal zone, or do wave processes on PTFZ develop under the influence of
smaller-scale structures (centers of action of the atmosphere), or the curvature of fluxes on PTFZ result from its
own internal dynamics ? It should be noted that parametric estimates of the interaction and mutual influence of
the structural elements of the general atmospheric circulation of various space-time scales are practically ab-
sent.

The purpose of this paper is to assess the influence of the Arctic oscillation and the Southern oscillation on
the dynamics of the planetary altitude frontal zone.

MATERIALS AND METHODS

The source materials for the study were the data on the Arctic oscillation and the Southern Oscillation,
taken from the site (origin.cpc.ncep.noaa.gov).

Quite a few parameters are used to characterize the planetary height frontal zone: area, length, tortuosity,
intensity, width of the location of axial isohypsum, etc. [3]. In the present study, for the analysis of the dynam-
ics of PTFZ, its characteristic was chosen as intensity [3].

The problem posed in the study was solved using the methods of analysis of variance, allowing to evaluate
the significance of the influence of one value (or several) on another. The essence of the analysis of variance
consists in comparing the factor dispersion generated by the effect of a factor and the residual dispersion due to
random causes. If the difference between these variances is significant, then the factor has a significant impact
on the studied quantity X.

Denote by Sx the total sum of squares of deviations of the observed values from the total average; S;is the
factor sum of squared deviations of group means; S, is the residual sum of squares of deviations of the observed
values of the group from its group average. Then S, - characterizes the scattering of values relative to a common
average; S, - scattering between groups; S, - scattering within the group.

Thus, we find that Sx characterizes the overall variability of X; St is the variability of the magnitude under
the action of the studied factor . If the factor has a significant impact on the value of X, then the group of ob-
served values of the trait at one particular level will differ from the groups of observations at other levels. Con-
sequently. group averages will also differ, and the more they are scattered around a common average, the stron-
ger the influence of the factor will be. The value of S, characterizes the variability due to the influence of random
or unrecorded factors [1].

Since the magnitude of X, in addition to the factor f, is also affected by random causes, the observations of
the same group are different and scattered around their group average. Therefore, to estimate random causes,
the deviations of the observed values of each group from their group average are calculated. In this case, the
average of the observed values at each level (in each gradation) will also differ significantly.

Hence S, = S, + §..

In practice, the sum of the deviations S, and S;is usually calculated, and the residual sum of the deviations
is found as S, = S-S, [1].

For calculations, use the formula [1]

S=n" xf- (O x)? (1)
" (x)?

mi

N - (" x)? (2)

Disperssions are found respectively by the expressions:

2 _°5f 2 _ Sz 2 _ Sx

of =L of = ot =20,

In this case, Kf = ¢-1, Kz = Kx - Kf, Kx = N-1 are the numbers of degrees of freedom,
q is the number of levels (gradations) of the studied factor;

N is the total number of observations.

RESULTS

Since the influence of the characteristics of the Arctic Oscillation and the Southern Oscillation on the in-
tensity of the PTFZ is being studied, it is these characteristics that are divided into gradations. For splitting into
gradations, we apply the standard statistical procedure: by the formula k¥ = 5/n N we determine the number of
gradations, by the formula / = (xmax - xmin) / k we determine the width of the gradation.

The values of the PTFZ intensity are distributed according to the gradations [2]. In table shows the distri-
bution of the intensity of the PTFZ from the intensity of the Arctic oscillations.
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Table. Interval values of PTFZ intensity depending on Arctic oscillations.

Gradations of intensity of the Arctic oscillation
Characteristic
-1,04;-0,78 | -0,78;-0,53 | -0,5;-0,27 | -0,27;-0,01 | -0,01;0,25 | 0,25;0,51 | 0,51;1,02
Amounts 22,6 27,9 80,0 87,2 73,6 22,2 22,5
Number of cases 4 5 14 16 13 4 4
Average value 5,7 5,6 5,7 5,5 5,7 5,6 5,6

The total (total) sum of squared deviations calculated over the entire series was 1888.3, while the factor
sum of squares was 233.3. The ratio of the calculated variances according to Fisher's criterion at the 95% sig-
nificance level did not show the statistical significance of the contribution of the Arctic oscillation to the change
in the PTFZ intensity. The contribution of the Arctic Oscillation to the variability of PTFZ is estimated at 6%.
Similar results on the absence of influence significance were obtained for the Southern Oscillation. The contri-
bution of the Southern Oscillation to the PTFZ intensity is estimated at 7%.

The calculated correlation coefficients between the intensity of the planetary tall frontal zone and the indi-
ces of the Arctic oscillation and the Southern oscillation turned out to be 0,02 and -0,03, respectively.

RESULTS

1. The planetary tall frontal zone is affected by the objects of circulation of high and low latitudes adjacent
to it - the Arctic Oscillation and the Southern Oscillation, respectively.

2. Six percent of the variability of the intensity of the planetary tall frontal zone is determined by the dy-
namics of the Arctic oscillations.

3. Seven percent of the variability of the PTFZ intensity is determined by the variability of the Southern
Oscillation.

4. According to Fisher's criterion, the influence of objects of circulation of high and low latitudes adjacent
to the PTFZ on it is not statistically significant.
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1. Gmurman V. Ye. Teoriya veroyatnostey i matematicheskaya statistika. M.: Izd-vo Vysshaya shkola.
2003. 480 s.

2. Malinin V.N. Statisticheskiye metody analiza gidrometeorologicheskoy informatsii. SPb, izd-vo
RGGMU. 2008. 408 s.

3. Neushkin A.1, Sidorenkov N.S., Sanina A.T, Ivanova T.B., Berezhnaya T.V., Pankratenko N.V., Ma-
karova M.Ye. Monitoring obshchey tsirkulyatsii atmosfery. Severnoye polushariye. Izd-vo VNIG-
MIMTSD. Obninsk. 2013. 200 s.

Influence of various parameters INM RAS climate model
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extreme weather and climate phenomena. Therefore, the problem of comparing climate models for
observable extreme weather events arises.

In [1] various extreme weather and climatic situations are considered. According to the paper, 27 extreme
indices are defined, characterizing various situations with high and low temperatures, with heavy precipitation
or with their absence.

The results of the extreme indices simulation with the INMCM4 climate model were compared with the
results of other models which took part in the CMIP5 project (Coupled Model Intercomparison Project, Phase
5) [1]. The comparison demonstrated that this model performes well for most indices except those related to
daily minimum temperature. For those indices the model showed one of the worst results.

The parameterizations of physical processes in the next model version INMCMS5 were replaced or tuned
so that changes in the simulation of extreme indices are expected.

Modem models of the Earth’s climate can reproduce not only the average climate conition, but also
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To assess the quality of extreme weather phenomena simulation the extreme indices were calculated using
computations performed by two versions of the climate model (INMCM4, INMCMS5) and ERA Interim re-
analysis. It is shown that the INMCMS5 model improved the simulation of almost all indices concerning tem-
perature (especially its minimum values) and precipitation (mean total precipitation, mean precipitation inten-
sity), the number of consecutive dry and wet days. At the same time, the simulation of indices related to extreme
heavy precipitation became worse.

To improve the simulation of extreme precipitation the INMCMS model the following factors affecting pre-
cipitation were considered: evaporation of precipitation in the upper atmosphere; mixing of horizontal velocities
due to large-scale condensation and deep convection; air resistance acting on falling precipitation particles.

During the research, the different laws relating the evaporation of falling precipitation with the precipitation
flow were studied. Further, vertical mixing of the wind speed due to large-scale condensation was implemented in
the model. Also the parameter affecting the vertical mixing of horizontal velocities due to deep convection was
tuned. After that, the model was modified to account for drag acting on falling precipitation particles.

As aresult, it was found that taking drag into account gave the the most significant impact on the extreme
precipitation simulation. The next improvement was achieved by enabling horizontal velocities mixing due to
large-scale condensation and tuning the deep convection parameters. At the same time, evaporation of precipi-
tation in the upper atmosphere increases the intensity of extreme precipitation, which is already too high in the
INMCMS model compared to the reanalysis data.

Further plans include making adjustments to the model of the convective precipitation and studying its
influence on the simulation of the extreme precipitation phenomena.

BnnaHue pasnunyHbix napaMmeTpoB Moaenu knmmarta IBM
PAH Ha Bocnpon3BeeHue 3KcTpeMarsibHbIX OCafKOB

"Tapacesuy M.A., Bonoaut E.M.

' MOCKOBCKUI M3NKO-TEXHUYECKUIA MHCTUTYT, [lonronpyaHbIii, Poccua
? MHCTUTYT BbluMCAIMTENbHONM MaTeMaTikn uM. A, Mapuyka PAH, Mocksa, Poccus
E-mail: mashatarasevich@gmail.com, volodinev@gmail.com

OBPEMEHHBIE MOJIEIIH KJIMMaTa 3eMJId MOT'YT BOCIIPOU3BOAUTH HE TOJIBKO CPEIHEE COCTOSIHUE KIIMMara,
HO U SKCTPEMaJIbHbIE MOTOHO-KIMMaTnuyeckue sipjaeHus. [10aToMmy Bo3HUKaET 3a7a4a CpaBHEHUS KIIH-
MaTHYCCKUX MOJICIICH 110 HAOIFOAaeMbIM 3KCTPEMATbHBIM TIOTOTHBIM SIBIICHHSIM.

BocmponsBeicHue pa3TnyHbIX SKCTPEMAITBHBIX MTOTOIHO-KIIMMATHYCCKUAX CUTYAIHi HAaHOOJICe TTOJTHO OITHCa-
HO B [1]. ComtacHo npeuio;KeHHOMY TaM MOAXO/Y ONPENEIItoTCs 27 UHISKCOB IKCTPEMAIIbHOCTH, XapaKTepU3y1o-
LIUX Pa3IMYHbIE CUTYallUH C BBICOKOM M HU3KOM TeMIepaTypoid, C CUIIbHBIMU OCaJIKaMH MJIU C UX OTCYTCTBUEM.

CpaBHEHHE BOCIPOU3BEACHUS UHAECKCOB KCTPEMAIbHOCTU KIUMaTuueckor mozaenbsio INMCM4 ¢ nan-
HBIMH JIpyTUX MozeeH, yuactBoBasnx B ipoekte CMIP5 (Coupled Model Intercomparison Project, Phase 5)
[1] moka3bIBaetT, 4YTO 3Ta MOJENb BOCIPOU3BOAUT HEIJIOXO MHOTHE MHJEKCHI, OJJHAKO, 110 BOCIPOU3BEACHUIO
HUHJIEKCOB, CBSI3aHHBIX C MUHUMAJILHON TeMIIepaTypoil, OHa SIBJSETCS OIHOM U3 XyAIINX.

B cnenyromeit Bepcun mozpenn INMCMS napamerpuzanny GU3HYECKUX IPOLIECCOB OBLTH 3aMEHEHBI HIIH
MepeHacTpOeHsI [2], TaK YTO MOXKHO OKUAATh U UBMEHEHUSI BOCIIPOU3BEACHUS HHACKCOB IKCTPEMATIBHOCTH.

JIJist OTIeHKH KadecTBa BOCIPOM3BEICHHS SKCTPEMAIBHBIX MTOTOIHBIX COOBITHIA 110 JaHHBIM JIBYX BEPCHIA
kmumarudeckord mogenu (INMCM4, INMCMS) u peananuza ERA Interim [3] ObUtH BBIYUCICHBI MHIICKCHI
sKcTpeManbHOCTH [4]. B Tabmumax 1 u 2 mpenctaBiieHbl 0003HAUCHHS UHIICKCOB 3KCTPEMAIBHOCTH, CBSI3aH-
HBIX C TEMIICPATypOi M OCaJKaMU, HX KpaTKas pacmu(poBKa, a TAKKE CPEIHCKBAIPATUYHAS OIIHNOKA HHJICK-
COB 10 JIAHHBIM JIBYX BEPCHI MOJICJIN U COOTBETCTBYIOIIMM JIaHHBIM PeaHalin3a, yCPeAHEHHAS 10 Y3JIaM CETKH,
COOTBETCTBYIOLLUM CYIIIE.

CpenHeKBaipaTHYHAs OIMUOKA 110 OOJIBIIMHCTBY U3 HHICKCOB DKCTPEMAILHOCTH, 3aBUCSIIUX OT TEMIIC-
parypsl (tabiuna 1), crana 3HaunTensHO (Ha 20-50%) Menbie B Mopenn INMCMS no cpasrennto c INMCMA4.
B mopmern INMCMS cpennekBaapaTiHyHasi ONIHOKA JJIsi MHACKCOB, CBSI3aHHBIX C OOIICH BEIMYHHON 0CaIKOB
(PRCPTOT), Heckonpko yMeHbIIMIACK (Tabiuna 2). [Ipu aToM, U1t HHIIEKCOB, CBS3aHHBIX C HHTEHCUBHOCTBIO
(RX1day, RX5day) n xommuectBoM (R95p, R99p) ocankoB B oueHb AOKAIMBBIC JHU, CPEIHEKBAApaTHIHAs
omunOKa 3HAYUTEIFHO yBeNU4miach. Takum oOpa3om, monenb INMCMS He BHONHE KOPPEKTHO OMHCHIBACT
BBINIAJCHUE IKCTPEMAIBHBIX OCAKOB.

Jl1st ymyunieHust BOCIIPOU3BEIEHUS dKCTpeMallbHbIX ocaikoB B Mojienu INMCMS paccMaTtpuBaiucs cie-
Iyrome GpaKTopsl, BIUSIONINE Ha OCAJKH: HCIIAPECHUE BBIMAJAIONINX OCAIKOB B BEPXHHUX CJIOSX aTMOC(hEpHI;
MIepPEMEIINBAaHIE TOPH30HTAIBHBIX CKOPOCTEH MPH KPYITHOMACIITA0OHO! KOHICHCAIMH U ITyOOKOW KOHBEKIIUY;
CONPOTHUBIICHUE BO3/yXa, ACHCTBYIOIIEE Ha MaJatolINe OCAJKH.
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Jliist uccnenoBanus BIMSHUS UCHIApEHUST HA (OPMUPOBAHHUE IKCTPEMAJIbHBIX OCAJIKOB, HCIIOIb3yeMasl B
INMCMS 3aBHCHMOCTB HCTIAPCHUS MTAJAFOIIUX OCAIKOB OT IOTOKA OCAJIKOB Yepe3 siuciiky [5] Obuia 3aMeHeHa
Ha MPONopHuOoHaIbHY0. Co 3HaYCHUAMU KO3 dulreHTa npornopurnonaibHocT 0.2 1 1 OBUIH IPOBENCHBI pac-
4y&ThI JUINTENLHOCTBIO 3 MOJIENIbHBIX rofia. [IpeacraBienHoe Ha pUCyHKe | MPOCTPaHCTBEHHOE pacHpeeIeHe
unaekca RX1day, ycpenHéHHOE 10 TpeM rojiam, moKa3bIBacT, YTO UCIIAPCHUE MTAJAFOIINX OCAIKOB YBEIIMYHBA-
€T UHTEHCUBHOCTh SKCTPEMAaJIbHBIX 0CAJIKOB.

L] 1.75 3 5.4 9.5 6.8 295 518 2 160

Puc. 1. NHpexc Rx1day cneBa HampaBo cBepxy BHM3 — N0 JaHHbIM peaHanu3a Era Interim, Mmogenv INMCM5, Mogenu ¢ npo-
MOPLMOHasbHOM 3aBUCUMOCTbIO MCMApPeHNs NafatoLLMX 0Ca[IKOB OT UX NOTOKa € KoapduumeHtammn 0.2 m 1.

Jlanee B Mozenu OBUIO pEeaM30BaHO BEPTHKAIBHOE MEPEMEIINBAHNE TOPU30HTAIBHBIX CKOPOCTEH, 00-
YCIIOBJIEHHOE KPYTTHOMACIITaOHOH KOHACHCANEH, U TPOBAPbUPOBAH MapaMeTp, BIMAIOMINI Ha BEPTUKAILHOE
TepeMeInBaHIe TOPH30HTAIBHBIX CKOPOCTEl Tpu TiTyOoKoit KoHBekmiH. Hactpoiika mapamerpa A0, oTBeda-
IOIIETO 3a MEePEMEIINBAaHNE TOPU30HTAIBHBIX CKOPOCTEH NMPH KPYIMTHOMACIITAOHOH KOHACHCAIINH, PEeaTn30Ba-
Ha IyTEM NPOBECHUS CEPUN PACUETOB JTUTEIBHOCTHIO TPH MOZICNIBHBIX Toa. [1o ux pe3ynsraram mocTpoeH
MIPEICTaBIICHHBIA HA pUCYHKe 2 TpaduK, u u3 uaTepBana (1; 10) BeiOpano 3HaueHmne A0=7,5, MUHUMH3HPYIO-
mee CpeaHeKBaIPaTHIHYI0 OMIHOKY IS paccMaTpuBaeMbIX HHACKCOB. s moxbopa mapamerpa CINC, Bims-
IOIIETO Ha TIEPEMEIINBAHIE TOPU30HTAIBHBIX CKOPOCTEH MTPU ITyOOKOH KOHBEKIIMH, TIO JAHHBIM PAacu&TOB PH
A0=7,5 moctpoen rpaduk (pucyHok 2), n BeiOpano 3HadeHne CINC=3 kak onTtumanbHOE W MaKCHMAaJIbHO
BO3MOJKHOE, TIPH KOTOPOM TOPH30HTAJIBHBIE CKOPOCTH HE NMPETEPIEBAIOT CYIIECTBEHHBIX H3MeHeHnH. [Tocne
HACTPOMKH 3THUX MapaMeTPOB MOAEIH ObII MPOBECH JIUTEIBHBIN PacdeT, M0 JaHHBIM KOTOPOTO OBIIN BBIYH-
CJICHBI MH/IEKCHI KCTpeMaIbHOCTH. B Tabnmune 3 npencraBieHa cpeHeKBapaTidHas OINOKa HHAEKCOB dKC-
TDEMAJIbHOCTH. CBSI3aHHBIX C OCANKAMH. 110 TaHHBIM TDEX BEDCHI MOIEIH OT NaHHBIX beaHann3a ERA Interim.
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Puc. 2. 3aBMcKMOCTb cpeiHEKBaApaTUYHOM oLwnbKM uHaekcoB RX1day n RX5day ot 3HaueHmit napametpos AO 1 CINC.
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YCpEIHEHHAs 10 TOYKaM Cyind. TaOiuiia mokasbiBaeT, 4To BocmpousBencHue uuackcoB RX1day, RX5day,
R10mm, RImm, CWD u PRCPTOT ynyumunocs B Mogenu ¢ A0=7.5 u CINC=3 no cpaBuenuto ¢ INMCMS.
JIJiss MHAEKCOB, CBSI3aHHBIX C WHTCHCHUBHOCTBIO OCAJIKOB B OYCHBb JOXKIUIMBBIC JIHU, CPCIHCKBAJIPATUYHAS
ommOKa ymMeHbImiach Ha 5-10%.

Tak kak HacTpoiika mapaMeTpoB BEPTUKAILHOTO TIEPEMCIIUBAHUS TOPU3OHTAIBHBIX CKOPOCTCH YTy YIIIH-
JIa BOCIIPOU3BEICHUE SKCTPEMAIIbHBIX OCAJIKOB HE OYCHb 3aMeTHO, B Moenu ¢ A0=7.5 u CINC=3 6bu1 peanu-
30BaH y4eT COIPOTUBIICHUS BO3yXa, ACUCTBYIONICTO HA MAJA0IHe 0CaiKku. UTOOBI KOPPEKTHO YUECTh H3ME-
HCHHUE BEPTUKAIBHOW CKOPOCTH BCJICICTBHE HAMYUsS YCTAHOBUBIICTOCS JBUKCHUS OCAIKOB, TpeOyeTcs pe-
IaTh JOMOJHUTEIBHOC YPABHCHUE ISl TOPU30HTAIBHBIX CKOpocTed. [103TOMy BMECTO NBUKEHHUS OCAJIKOB B
BO3/yXE pacCMaTpUBACTCs JABIIKCHHE CMECH BO3Iyxa W BOABL [Ipu 3TOM B ypaBHEHUSX JOCTAaTOYHO Y4ECTh
M3MCHCHHE IJIOTHOCTH BO3/IyXa U3-3a HAJMYUs B HEM 0caikoB. B Mozenu 3Ta 100aBOYHAS TNIOTHOCTh OMPEIe-
JIICTCSI KaK OTHOIICHUE IIOTOKA OCA/IKOB K YCTaHOBHBIICHCS CKOPOCTH UX MaicHus. Pa30poc BO3MOXKHBIX CKO-
pocTeii aieHus 0CaIKOB TIOBOJIHO BEIIUK, TOITOMY JUIsI IIPOBEICHUS PACYETOB JITUTEIBHOCTHIO 3 MOJICIBHBIX
rojia arpuoOpHO ObUTM BBIOpaHbI 3Ha4YCHUS 2 M/C 1 0.2 M/C JUIs XKUIKUX U TBEPIBIX OCAJKOB COOTBETCTBEHHO.
IIpencraBneHHOE HA PUCYHKE 3 TPOCTPAHCTBEHHOE pacipeeicHue nuaekca RXSday, yepenaénnoe no tpém
rojiam, MOKa3bIBacT 3HAYUTEIBHOC YIYUIICHHE Ka4eCTBa BOCIIPOU3BEICHUSI HHTCHCUBHOCTH 3KCTPEMATbHBIX
0CaJKOB, 1o cpaBHeHuto ¢ MojensiMu INMCMS u ¢ A0=7.5 u CINC=3.

B xoj1¢ uccnenoBanus YCTAaHOBJICHO, YTO YYET COMPOTUBIICHUS BO3yXa, NCHCTBYIOIICTO HA IMaIaOIIHEC
0CaJIK{, U BEPTUKAJIBHOTO IIEPEMEIINBAHMUS TOPU30HTAIBHBIX KOMIIOHCHT CKOPOCTH MPpU POPMUPOBAHHU U BbI-
MaJICHUU KPYITHOMACIITAOHBIX 0CAJIKOB, BMECTE C yBEIUUCHUEM KOA(G(GUIMCHTA TepEMEIIHBaHuUs IPH padoTe
napaMeTpU3alui [TyOOKOH KOHBEKIIMU YIYYIIAIOT BOCIPOM3BEICHUE IKCTPEMaJIbHBIX 0CaaKoB. B TO Bpems
KaK HCIapCHHE BBIMAIAONINX OCAKOB B BEPXHUX CJIOSX aTMOCHEphl YBEIUUYMBACT HHTCHCUBHOCTD 3KCTpPE-
MaJIbHBIX OCAaJIKOB, KoTopasi ¥ Tak B Mojenu INMCMS 3aBbllieHa 10 CpaBHEHHIO C JaHHBIMU peaHanusa. B
JAJIbHCHIIEM TUTAHUPYETCsT M3MCHCHHUE TTapaMeTPU3aIi KOHBCKTHBHBIX OCAJIKOB M UCCIICIIOBAHUE UX BIIHS-
HUS Ha SKCTPEMAJIbHBIC OCaIKH.

£ ) =3 ] ] 1 1 i 1 ] ] Er=] e
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Puc. 3. NHpexc Rx5day cneBa HampaBo cBepxy BHM3 — N0 [JaHHbIM peaHanu3a Era Interim, Mmogeny INMCM5, mogenu ¢
A0=7.5 v CINC=3, Mogenu co CKOPOCTbIO MOKMX U TBEPAbIX 0cafKoB 2 1 0.2 M/c COOTBETCTBEHHO.

Ta6nuua 1. CpegHeKBapaTUHHOE OTKNOHEHWE /A TOHEK CYLLIM MHAEKCOB TEMMNepaTypbl N0 JaHHBIM ABYX BEPCUIA MOLENN
0T faHHbIx ERA Interim. BbigeneHsl HauMeHbLUMe 3Ha4eHnA. Tmin — MUHUMarbHasA 3a CyTKM TeMnepatypa, Tmax — MaKcu-
MarbHan 3a CyTKu Temnepatypa, T=0.5*(Tmax+Tmin).

Ha3Banmue, eTMHUIIBI Oo6o3nauenne | INMCM4 | INMCMS
KommuecTBo JHeil ¢ Moposom (korna Tmin<0’C) FD 48.8 20.3
KonmgectBo eTHUX IHEH (Koraa Tmax>250C) SU 373 334
KomnuyecTBo JiensHbIX JHEH (Korma Tmax<0°C) 1D 19.8 16.0
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Ha3zBanmue, eTMHULIBI Oo6o3nauenne | INMCM4 | INMCMS5

2 KommuecTBo Tpormuueckux Houeit (korma Tmin>20"C) TR 75.2 37.9

8 BereranuonHslif mepuos, cyT (BpeMeHHOH HHTEpBaJl MEXK/Ty 6 IIEpBBHIMU B

wm ToJIy TIoCNe0BaTeNbHEIMY JHAME ¢ T>5°C 1 IepBBIMH MOCIE 9TOro 6 mo- GSL 27.8 21.1

E cJIe0BaTENIbHBIMU JTHSIMU, KOIJla T<5°C)

o MaxkcrumyM 3a MecsI] MaKCUMaJIbHOHM TeMITepaTypsl 3a CyTKH, K TXx 5.46 4.26
MuHuMyM 3a Mecsl MaKCUMaJIbHOHU TeMIlepaTypsl 3a CyTkH, K TXn 8.22 8.34
MaxkcumyM 3a Mecsl MUHUMaJIbHOM TeMIlepaTyphl 3a cyTkH, K TNx 4.50 3.40
MuHHAMYM 32 Mecsl MUHIMAJIbHOI TeMIIepaTyphl 3a cyTKH, K TNn 12.7 9.15
AMIUIUTYa CyTOYHOIO X0z1a Temieparypsl, K DTR 5.27 2.33

Tabnuua 2. CpeHeKkBaapaTUUHOE OTKIOHEHWE [J1A TOUEK CYLUM MHAEKCOB 0CafKOB MO JaHHbLIM [BYX BEPCUI MOLENY 0T
naHHbIX ERA Interim. BbineneHbl HaMMeHbLLME 3HaYeHUS.

Ha3zBanmue, eTMHUIIBI Oo6o3nauenue | INMCM4 | INMCMS5
KonmuectBo el ¢ cunbHbIME ocagkamu (6osee 10 Mm/cyT) R10mm 25.6 21.3
KosnmyecTBo aHe# ¢ 04eHb CHITbHBIME OcaakaMu (6onee 20 Mm/cyT) R20mm 8.08 5.93
KomuuectBo aHeit ¢ ocaakamu (Oomee 1 Mm) Rlimm 42.1 38.3
VIHTEeHCHUBHOCTB 0CAIKOB, MM/CYT SDII 1.66 1.53
MaxkcumanbHbIe OCaaKH 3a 1 IeHb, MM RXlday 19.5 23.1
MaxkcumanbsHble OCaTKH 32 5 THel, MM RXS5day 32.1 48.1
[IpoaoKUTENEHOCTD CYyXOTro Iepuoa, CyT CDD 167 152
[IponomKUTENbHOCTD JOXKUIMBOTO IEPUOA, CYT CWD 63.8 32.6
CpenHeronoBbIe 0CaAKN, MM PRCPTOT 462 416
Ocanku 3a TOXKUITUBEIC JHU, MM R95p 141 167
Ocaaku 3a 04eHb JOXKIJIUBBIE JHU, MM R99p 72.5 90.8

Tabnuua 3. CpeaHexkBaapaTMUHOe OTKIOHEHWE [J1A TOYEK CyLIM MHAEKCOB 0CafKOB MO JaHHLIM TPEX BEPCUIA MOZENU 0T
JaHHbIX ERA Interim. BbigeneHbl HaMMeHbLLE 3HaYEHUA.

O0o3Ha4yenne INMCM4 INMCMS5 A0=7.5 CINC=3
R10mm 25.6 213 19.8
R20mm 8.08 5.93 6.17
RImm 42.1 38.3 37.9
SDIT 1.66 1.53 1.53
RX1day 19.5 23.1 21.2
RX5day 32.1 48.1 44.4
CDD 167 152 152
CWD 63.8 32.6 29.3
PRCPTOT 462 416 407
R95p 141 167 167
R99p 72.5 90.8 86.9
Jumepamypa:

1. Sillmann J., Kharin V.V, Zhang X., Zwiers F.W., Bronaugh D. Climate extremes indices in the CMIP5
multimodel ensemble: Part 1. Model evaluation in the present climate. J. Geophys. Res. Atmo-
spheres, 2013, V118, p.1716-1733.

2. Bonooun E.M., Mopmuxog E.B., Kocmpvixun C.B., I'anun B.A., Jlvikocos B.H., [ puyyn A.C., Juan-
ckutt HA., I'vcee A.B., Arkosnes H.I. Bocnpousgederue co8pemMeHH020 KAUMama 8 HO8OU 8epcull Mo-
Oenu kaumamuueckoul cucmemvt UBM PAH. Hzeéecmus PAH. @usuxa ammocgepol u oxeana, 2017,
T.53, N2, c.164-178.

3. Dee, D. P, et al.: The ERA-Interim reanalysis: Configuration and performance of the data assimila-
tion system. Quart. Journal. Roy. Meteorol. Soc. 2011, V137, p.553-597.

4. Bonooun E.M., Tapacesuy M.A. Bocnpou3zgedenue uHOeKco8 N020OHO-KAUMAMUYECKOU IKCMPeMAaTIbHO-
cmu knumamuyeckoti mooenvio UBM PAH. Memeoponoeus u eudponoeus, 2018, N11, ¢.68-76.

5. Bonooun E. M. Ilpedcmasnenue nomokos menaa, 81a2u i UMNYI6Ca 8 KIUMAMU4eckux Mooessx.
Konsexyus u konoencayus. @ynoamenmanvHas u npuxkiaouas kaumamonoeus, 2017, T.2, ¢.26-41.
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Numerical simulation of the breeze circulation
using the WRF-ARW model

Kraevskaya N.Yu., Shokurov M.V.

Marine Hydrophysical Institute RAS, Sevastopol, Russia
E-mail: krayevskaja@gmail.com, shokurov.m@gmail.com

The breeze circulation is an important atmospheric process that affects the weather and climate of coastal
regions [1]. Crimea is one of such regions.

One of the breeze research methods is numerical simulation. This method, together with data from weath-
er stations and satellite data, has been successfully used to obtain reliable information on breeze circulation in
various geographic regions [2]. For the Crimean peninsula, numerical modeling was used to describe the fea-
tures of the breeze circulation [3].

The purpose of this work is to describe the regional features of the daily breeze in the Crimea, namely the
description of the breeze circulation near the Crimean Mountains. Using satellite images the day was chosen
with a pronounced breeze. For the selected day, a numerical experiment was conducted using the mesoscale
model WRF-ARV.

The data were used in the visible range from MODIS Terra and MODIS Aqua. Satellites, with a spatial
resolution 250 m. The breeze indicator on the satellite images was characteristic cumulus clouds forming in
front of the breeze front. Since these satellites pass over the same point of the surface with a difference of 3
hours, this made it possible to see the development of cumulus clouds during the day.

For the numerical simulation, the mesoscale model WRF-ARV was used, based on a system of non-hydro-
static equations written for a compressible atmosphere. The model has a wide range of options for describing
subgrid processes, such as turbulence in the boundary planetary layer, radiation transfer, cloud microphysics,
cumulus convection, heat and moisture transfer in the soil.

To conduct a numerical simulation of breeze circulation, data from the global operative analysis NCEP
GDAS / FNL 0.25 were taken as input data. The data has a resolution of 0.25 degrees in space, 6 hours in time.
The simulation used 2 levels of nested grids with a 6 and 2 km spatial resolution, 32 levels vertically. The simu-
lation was carried out for 1 day.

As aresult of numerical simulation, it was found that the breeze circulation over the flat part of the Crimea
has standard characteristics inherent in classical concepts.

These include: 1) the formation of the daytime convective boundary layer; 2) the development and spread
of breeze gravity currents from the coast; 3) the formation of the breeze front, head and tail of the breeze grav-
ity current; 4) intense vertical lift in front of the front; 5) reverse branch of breeze circulation cell.

However, the breeze circulation in the Crimea has features. One of them is the propagation of several
gravitational currents from different shores to the center of the peninsula, their collision, which is the unique
phenomenon characteristic of land areas of sufficiently small size. The greatest attention is paid to the features
of the breeze on the South Coast of Crimea, associated with the influence of the mountain relief.

The work was performed under the theme of the Marine Hydrophysical Institute No. 0827-2018-0001
“Interaction of the ocean and the atmosphere”.

YncneHHoe MogenpoBaHue 6pr30BoMN LMPKYNALMK
c ucnono3osaHve mogenn WRF-ARW

KpaeBckas H.I0., LLlokypos M.B.

Mopckoii ruapogusudeckui ubctutyt PAH, Ceactonons, Poccus
E-mail: krayevskaja@gmail.com, shokurov.m@gmail.com

BBEOEHWE

Bbpu3oBas IMPKYJISIIUS SBISETCS BaKHBIM arMOC(EPHBIM HPOLIECCOM, BIMSIONIMM Ha MOTOIY U KIIUMaT
MIpUOPEKHBIX perioHOB [ 1]. KpbIM sBIIsIeTCSI OHUM U3 TaKMX PETHOHOB.

OJHMM M3 METOJIOB MCCIIEIOBaHNUS OpHU3a SIBIISIETCS] YUCICHHOE MOJICINPOBAaHNE. DTOT METOJ] COBMECTHO C
JTAaHHBIMHU METEOCTaHLUH U CITyTHUKOBBIMU JaHHBIMHU YCIICIIHO HCIONb3yETCsl ATl TIOJTyYeHUs JOCTOBEPHO UH-
(dopmarn 0 OpH30BOI LUPKYISILIUK B PA3INYHBIX reorpaduueckux pernonax [2]. dist Kpsivckoro nomyoctpoBa
OBLJIO UCTIONB30BAHO YMCIIEHHOE MOJICIIUPOBAHUE JUISl OITMCAHMSI 0COOCHHOCTEH OpU30BOI IMpKyIsiimu [3].
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Llenbro 1aHHOM PaOOTHI SIBISIETCS ONMMCAHNE PETHOHAIBHBIX 0COOCHHOCTEH JHEeBHOTO Opr3a B Kpeimy, a
HMMEHHO OIMCcaHue Opu30BOW LUPKYIsiiuy BOIM3K KpbeiMckux rop. Vcmonb3yst iy THUKOBBIE M300pasKeHUs
ObUT BBIOpAH JIHb C XOPOIIO BBIPaKEHHBIM Opr3oM. [list BBIOpaHHOTO JTHsI OBbUT POBE/IEH YMCICHHBII JKCIIe-
PHUMEHT C MCIIOIb30BaHueM Me3oMaciuTabHoi mojgen WRF-ARV.

NCMOJ1Ib3YEMBbIE OAHHBIE 1 MOEJ1b

Hcnonb30Banuch TaHHbIe B BUIUMOM Juana3one co cnyTHukoB MODIS Terra u MODIS Aqua., ¢ pa3pe-
HIeHHEM 10 mpocTpaHncTBy 250 M. UHaukaTropom Opu3a Ha CITyTHUKOBBIX CHUMKAX SIBIISTIACh XapaKTepHas Ky-
4yeBast 00JIaYHOCTh, 0Opa3yrolasics nepes Opu30BbM PpoHTOM. Tak Kak yKa3aHHBIC CIIyTHUKH HMPOXOIAT Hall
OJTHOH U TOH 7K€ TOUYKOM IOBEPXHOCTH C pa3HUIIeH B 3 yaca, 3TO AajI0 BO3MOXXHOCTh YBUJIETh Pa3BUTHE Ky4IeBOi
00JIaYHOCTH B TCUCHUU JTHSI.

JI71s1 9rcieHHOro MOJISIMPOBAHNS UCTIONb30Baack Me3oMaciTabHas moaens WRF-ARV, ocHoBanHas Ha
CHCTEME HEeIHIPOCTATHYCCKUX YPABHEHUH, 3alIMCAHHBIX TSI COKUMaeMoi armocdepsl. B Momenu peain3oBan
MIUPOKUH HAOOP OTITHI JTsl OMUCAHUS TIOACETOUYHBIX MPOIECCOB, TAKUX KaK TypOYyJEHTHOCTh B IOTPAHUYHOM
IUTAHETAPHOM CJI0€, TIEPEHOC U3ITyUCHHS, MUKPO(U3HKa 00IaKOB, KydeBast KOHBEKIHsI, [IEPEHOC TEIIa U BJIaru
B TIOYBE.

JIst mpoBeieHUsT YMCICHHOTO SKCIIEPUMEHTa M0 MOJEIMPOBAHUIO OPH30BOM IHUPKYJSIIUU B KaYeCTBE
BXOJHBIX JaHHBIX OBLIH B3SThI JaHHBIC U3 [I00abHOTO oneparuBHoro aHannza NCEP GDAS/FNL 0.25. Jlan-
HbIe UMeIoT pazpernenue 0.25 rpamyca Mo mpocTpaHCTBY, 6 4acoB Mo BpeMeHu. [Ipu MogennpoBaHuN UCTIONb-
30BaJIMCh 2 YPOBHS BIOKEHHBIX CETOK C 6 M 2 KM pa3peIIeHHeM 110 TIPOCTPAHCTBY, 32 YPOBHS IO BEPTUKAIH.
MopenupoBanue IpOBOIMIOCH Ha 1 CyTKH.

PE3YNIbTATbI YAC/IEHHOIO MOAEJIMPOBAHNA

B pesynbrare 4ncIeHHOro MOAEIUPOBAHUS OBUIO YCTaHOBIIEHO, YTO OPH30Basi LUPKYJISLUS HaJl paBHHH-
HOH yacThio KppIMa HMeeT cTaHgapTHBIe XapaKTePUCTUKH, CBOMCTBEHHBIE KJIACCHYECKHM IIPEICTABICHUSIM.

K #Hum otHOCSATCS: 1) hopMHEpOBaHME THEBHOTO KOHBEKTHBHOTO TIOTPAHUYHOTO CJIOS; 2) pa3BUTHE U pac-
MPOCTpaHeHNe OPU30BBIX TPABUTAIIMOHHBIX TEUEHHH OT Oepera; 3) ¢hopMupoBaHUEe OpU30BOTO (POHTA, TOIO-
BBI M XBOCTOBOH 4acTH OpPU30BOT0 rPpaBUTALMOHHOTO TEUECHUS; 4) HHTCHCHBHBII BEpPTHKAIBHBIN IOIBEM TIepe
(ponrTOM; 5) 0OpaTHas BETBb OpPU30BON MUPKYIIALIUOHHON SUCHKH.

PacnipocTpaHenne rpaBUTAIIMOHHBIX TEUSHUI 1 BEPTHKAIbHbIE CKOPOCTH OTYETIIMBO BHIHBI Ha puC. 1.

Opnako 6pu3oBas UpKysua B Kpeimy umeer ocobenHocti. OfHa U3 HUX — PaclpoCTpaHeHHE He-
CKOJIBKUX I'PaBUTALMOHHBIX TEUEHHI OT pa3HBIX OEperoB K HEHTPY HOIYOCTOPOBa (TakyKe BUAHBI Ha pHC.1), UX
CTOJIKHOBEHHUE, KOTOPOE MOXKET IIPUBETHK K PA3BUTHIO INTyOOKOI KOHBEKIINH.

Kpome Toro 3HaunTeNbHOE BIMSAHUE Ha Opu3 oKas3biBaroT KpbIMCKHE TOpbl, 0COOCHHO Ha I0XKHOM CKJIOHE.
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Puc. 1. PacnpepeneHue ropusoHTanbHoi (M30-
bpareHa CTpenkamm) 1 BepTUKanbHoM (1306pa-
%  KEeHa LiBETOM) KOMMOHEHTbI CKOPOCTY Ha BbiCoTe
700 M. B 14 yacos.

it Wet [ o

CTPYKTYPA OHEBHOIO EPV3A HALL PABHVHOW

YTpom Haj Golibliieil 4acThiO MOIyOCTpOBa (OPMHUPYETCs] KOHBEKTUBHBIH arMOC(hEpHbIi TOrpaHuYHbIH
CJIOM, B KOTOPOM HaOJIOAAETCsl OHOPO/IHBIH 10 BEPTHKAIH MPOQIIIb NOTCHIIHAIBHON TEMIIEPATYPHI.

Oxko10 12 9acoB co CTOPOHBI MOpEil Ha MOIyOCTPOB HAYMHAIOT PACTIPOCTPAHATHCS OPU30BBIC TPABUTAIH-
oHHBbIE TeueHus. [lepen 1 Hax OPU30BBIMU TPABUTAIIIOHHBIMH TEUCHUSMH B TOCTATOYHO y3KUX 00acTax ¢op-
MUPYIOTCSI HHTEHCHBHBIC BEPTUKAIbHBIC IBIKCHUA. B TeueHne MHA B CTPYKType TCUCHHH MOXKHO OTMETHTH
(hopMupoBaHe XapaKTePHBIX IEMEHTOB CTPYKTYpbl Opu3a, HaOronaercs (GopMupoBaHue (GpoHTA, FOJIOBBI
TEUEHHs, U XBOCTOBOI yacTn. Haj MOBEepXHOCTHBIMH TEUEHUSIMH HAIPABJICHUE BETpa MEHIETCS Ha TPOTUBO-
MOJIOKHOE, (POPMHUPYIOTCSI 00paTHBIC BETBU.
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CTOJIKHOBEHVE BP130BbIX ®POHTOB

Tak kak KpbIMCKHI1 TOIyOCTPOB C TPEX CTOPOH OKPY)KEH MOPSIMHU, OPU30BbIE IIUPKYJISILIUU Pa3BUBAIOTCS
co Bcex Tpex cTopoH. [locne pazBuTus ppoHTOB BOIM3M OEPEroB MPOUCXOAMUT UX PACIPOCTPAHEHHE BIIYOb
cyu. [Ipuuem B nryOb noIyoCcTpoBa pacpoCTPAHSAIOTCS TOJIBKO 1Ba (PPOHTA: € 3alafa, Co CTOPOHBI YepHOTro
MOpsL, U C BOCTOKa, CO CTOPOHBI A30BCcKOro Mopst. [IponBrkennto tperbero ¢pponta co croponsl FOBK npersit-
CTBYIOT KpBIMCKHE TOPBI.

[Tocne croakHOBEHUS TeueHHi okoio 18 — 19 yacos, TeueHue, pacpoCTpaHsIOIIeecs CO CTOPOHBI A30B-
CKOT'O MOPS HATEKAeT Ha TEYCHUE CO CTOPOHBI UepHOTo MOpsi, KOTOPOE MPOAOIKAET PACIIPOCTPAHATHCS MO I10-
BEPXHOCTH.

AHEBHOW BPV3 HA I0XXHOM BEPETY KPbIMA

W3-3a cHIBHOTO THEBHOTO COJIHEYHOTO MPOTPEBa FOKHOTO CKII0OHAa KpbIMCKHX rop (hopMupyeTcst HHTEH-
CHBHAs HEBHasl Opm3oBas nupKymsamus. OHa OXBaThIBAET BeCh FOXKHBIM Oeper or Popoca 1o Peonocun u
MIPEICTABIAET COO0H Y3KYIO MOJO0CY C BETPOM IO’KHOTO HAMIPABIECHUS CO CKOPOCTHIO 110 4 M/C.

B Teuenne nHS mmpuHa Monock! Opu3a MeHseTcs oT 2 — 4 kM B 11 gacoB 10 20 KM BO BpeMsl MaKCHMaJIb-
HOTO pa3BuTHA Opm3a B 15 gacoB, u 3aTeM yMeHbInaeTcs K 19 gacam, T. €. K MOMEHTY OKOHYAHHUS THEBHON
OpH30BOI IUPKYIISAIHN.

3amagHas 9acTb KpeIMCKHX rop BBIIIE, Y€M BOCTOYHAS YacTh U MMEET 00Jee KPYThle F0XKHBIE CKIIOHBI.
DTO CyIIECTBEHHO BIMACT HA XapaKTEPUCTHKN AHEBHOTO Opu3a Ha 3amaze u Bocroke FOBK. Bo-nepBeix, mmu-
pHrHA OeperoBOil ONIOCH, OXBAaYeHHON OpM30BOH IMUPKYIANNEH, Ha 3amaae (5 KM) MEHBIIe, YeM Ha BOCTOKE (
15 — 20 xM). Bo-BTOpBIX, HHTEHCHBHOCTH OpPH30BOM IMTUPKYJAINN Ha 3amaje MeHbIne (3 M/c), 4eM Ha BOCTOKE
(5 m/c). B-TpeTpux, MponomKATENbHOCTE Opu3a Ha BocToke (11 — 20 wacoB) 6onpmre, ueMm Ha 3amazae (11 — 18
4acoB).

W3-3a nanmmums ropaeix gonuH Ha FOBK dhopmupyroTcs nokansHbIe 0COOEHHOCTH OpH3a, a UMEHHO OpH-
30Bast NUPKYJISIIUS PACIIPOCTPaHsIETCs Ha OOJIbIlIee PACCTOSIHHE BAOJIb TOPHBIX JONMH. B 9acTHOCTH 3TO nMeeT
MECTO B JOJIMHE OT AJIyIITHI 1O AHIapCKOIo IepeBaa.

MO’KHO OTMETHUTBD, UTO HAIPABICHNE CKOPOCTH OpH3a OTKIIOHSETCS OT NEPIEHANKYIISIPHOTO HAIIPABICHHS
K JINHAM Oepera BIpaBo, 4TO CBA3aHO C BIMsAHMEM criibl Kopronuca.

PaccmoTpuM Temeps BepTUKaIbHYIO CTPYKTYpy Opm3a Ha FOBK. [l aToro BeIOepeM cedeHne, mpoxos-
11ee NePHeHANKYIIPHO K XpeOTy KphIMCKHX TOp, 1 pacCMOTPUM PacmpeaeseHne KOMIIOHEHTBI CKOPOCTH, Tep-
MIeHANKYISIpHOU K XpeOTy. [IpsiMast BeTBb OpH30BON MUPKYIALNN OTYETIANBO BBIACTSACTCS A0 BHICOTHI 800 —
900 M ¢ MakcMyMOM cKopocTH 110 3 M/c Ha BeicoTe 400-500 M. O6paTHas BETBb OPH30BOM SIUCHKHU BBIICIIACTCS
HE TaK OTYETIIMBO, OHA pacmoiaraercs Ha BeicoTe 6omee 1000 M., T/1€ CyIIecTBEHHYIO POJIb HIPAIOT MPOIECCHI
00TeKaHus rop.

BblBOAbI

Ha ocHOBe pe3ynbraToB YHCICHHOTO MOJEIMPOBAHUS ONMCAHA CTPYKTypa AHEBHOM OpH30BOH LIUPKYIIS-
un B KppiMy. OTMeueHbI KITacCHUECKHE 3JIEMEHThI Opu3a XapakTepHble Juls paBHUHHON yactu Kpeima. ITox-
YEPKHYTO YHHUKAJIBHOE SIBJICHHE CTOJIKHOBEHHsI OpHM30BBIX I'DaBUTAIMOHHBIX TEUCHHH, CBOMCTBEHHOE IS
YYacTKOB CYyIIH JIOCTATOYHO MallbIX pa3mepoB. HanOospinee BHUMaHME yAelIeHO O0COOGHHOCTSM Opu3a Ha
FOBK, cBsi3aHHBIM ¢ BIMSIHUEM TOPHOTO peibeda.

Pabora BeImoTHEHa B pamMkax TeMbl Mopckoro ruapodusndeckoro nacrutyta Ne 0827-2018-0001 «B3an-
MOZIEHCTBHE OKE€aHa M aTMOC(HEPBD).
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Analysis of circulation near the coast of the western Crimea
and in the region of Sevastopol with the assimilation
of temperature and salinity observations

Evstigneeva N.A., Demyshev S.G.

Marine Hydrophysical Institute RAS, Sevastopol, Russia
E-mail: naevstigneeva@yandex.ru, demyshev@gmail.com

Black Sea based on the assimilation in the hydrodynamic model of temperature and salinity measure-

ments. The fields of temperature, salinity, level and currents in the coastal region of the Black Sea (the
coast of the western Crimea and in the Sevastopol region) were reconstructed with high resolution (horizontal
grid ~1.6 x1.6 km and 30 vertical layers) on the basis of the hydrodynamic model and observational data of
temperature and salinity at the research vessel “Experiment” in 2007. The z-coordinate three-dimensional non-
linear model of the Black Sea, which was developed at the Marine Hydrophysical Institute and adapted to the
conditions of the coastal zone, was chosen as a research tool. A simplified procedure of four-dimensional analy-
sis, based on the method of sequential optimal interpolation when the covariance functions of the temperature
and salinity fields were calculated under the assumption of homogeneity and isotropy, was used to implement
the procedure of assimilation of field observations.

A comprehensive expedition with the aim to study oceanological processes at the end of the summer
warm-up period — the beginning of the autumn cooling period was conducted on 16 — 22" of September, 2007
by the Marine Hydrophysical Institute on the research vessel “Experiment”. The maximum depth to which
probing was carried out varied from 5 to 300 m, the number of stations was 44. From the analysis of the statisti-
cal structure of the fields, a correlation radius of ~ 20 km was determined. The covariance functions of thermo-
haline fields were approximated by an exponential function.

We considered a region of the Black Sea, limited by latitude 44.4°N, located between meridians 28.5° and
33.5° E (we used a detailed presentation of bottom topography with a resolution ~1.6 km.The choice of the
horizontal coefficients of turbulent viscosity and diffusion was based on a series of specialized numerical ex-
periments. The total period of integration of model equations 10 days (from 14 to 24 of September 2007).
Along the vertical, horizontal components of the current velocity, temperature and salinity were computed at 30
depths. The vertical component of velocity was calculated for intermediate horizons. Fields of currents, tem-
perature and salinity, obtained from model for the entire sea on a 5 X 5 km horizontal grid, were used to specify
initial and the boundary conditions at the open boundary of the domain. The vertical coefficients of turbulent
exchange of momentum and diffusion were calculated according to the Philander—Pacanowski approximation.
We took into account the discharges of rivers. The fields of tangential wind stress, heat fluxes, short-wave ra-
diation, precipitation and evaporation, obtained from the data of the regional atmospheric model “ALADIN”,
were specified for each day on the surface of the sea.

The calculated current fields were characterized by mesoscale eddies and jets. The wind regime had a
great influence on the formation of circulation due to the shallowness of the area. Under the influence of the
south-west wind, acting from 14" to 18" of September, the main direction of surface currents was the eastern.

An anticyclonic eddie with a radius of about 15 km in the Kalamitsky Bay was reconstructed in the upper
30-meter layer, intensification of currents near cape Tarkhankut to 30 cm/s on the upper horizon was noted, a
cyclonic eddy with a radius of about 10 km was generated in a layer of 10-20 m km near the city of Evpatoria.
Under the influence of the northern and northeastern winds, acting from 19" to 24" of September, the main di-
rection of surface currents was the western, the circulation features (cyclonic eddies with a radius of about 15
km) were formed, associated with the meandering of the Rim Current along the depth dump. We also note the
intense current near the city of Sevastopol (with a maximum speed on the upper horizon of up to 40 cm/s) di-
rected northward, which was observed on 22" and 23" of September.

According to measurement data and satellite images, cold water rise was observed on 22" and 23" of
September in the southern part of Kalamitsky bay, due to the action of the north and north-east winds with rise
to the surface of water with a temperature below 14°C, which was proved by the results of numerical calcula-
tion. The distribution of cold waters was observed in the model temperature fields from 21" of September.

The study was carried out with the financial support of the Russian Foundation for Basic Research and the
city of Sevastopol of the research project No. 18-45-920019.

This study is devoted to analysis of the results of numerical modeling of the coastal circulation of the
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AHanus umMpKynaumm y beperos 3anagHoro KpbiMa
n B panoHe CeBacTonossa c yCBOEHNEM AaHHbIX HabnoaeHnn
TeMnepaTypbl 1 CONTIEHOCTU

EecturHeesa H.A., [lembiwes C.T.

Mopckoii ruapodusmnyeckuii actutyt PAH, Cesactonons, Poccus
E-mail: naevstigneeva@yandex.ru, demyshev@gmail.com

OCCTaHOBJICHNE OJIM3KOH K PeajIbHOCTH MIPOCTPAHCTBEHHO-BPEMEHHON CTPYKTYPBI INPKYJISALIUH B paii-

OHE 3amaHoro odepexbst Kppima 1 r. CeBacTorosst Mo3BoJISIET ONPEAEIIsATh 001aCTH FeHepaliii Me30-

n cyOMe3oMacIuTaOHbIX BUXPEH U MPOCTPaHCTBEHHO-BPEMEHHYIO CTPYKTYPY CTPYHHBIX TEUEHHH, 4TO
Ba)XHO NP PELICHUH 33/1a4, CBSI3aHHBIX CO CTPOUTEIECTBOM NPUOPEKHBIX U IIOPTOBBIX COOPY>KEHUIT, HaBUTa-
LUei, T0ObIYeH IOJIe3HBIX HCKOTIAEMBbIX.

JlaHHOE WCCieoBaHME ITOCBSIICHO AaHAIU3Y PE3Y/IBTaTOB YHCICHHOTO MOJCIUPOBAHUS NPHOPEKHOM
HUpPKyIsauu YepHOro Mopsi Ha OCHOBE aCCUMMIISILIMU B TUAPOJUHAMUYECKON MOMENH JAHHBIX M3MEpPEHUI
TeMIlepaTypsl U coieHocTH. Ha 0cHOBe rupoHaMU4ecKOi MOJICNN U JAaHHBIX HAOIIOCHUH 110 TeMIIepaType
u conenoctu Ha HUC «Oxcnepument» 2007 I. peKOHCTPYHPOBAHBI OIS TEMIIEPATYPhl, COIEHOCTH, YPOBHS U
CKOpPOCTH TeUeHU B mpuOpexHoii obiactu Yeproro mopst (y 6eperos 3amagnoro Kpsima u B paitone Ceacro-
T10J1s1) ¢ BBICOKMM paszperieHueM (1,6 kM 1o ropusoHTanu 1 30 TOPH30HTOB IO BepTHKAIM). B kauecTe vH-
CTPYMEHTA HCCIIE/IOBaHMsI BBIOpAaHa Z-KOOPIMHATHAS TPEXMEpHasl HeJIMHEeHHass MoJielb YepHoro Mopsi, KOTo-
past ObuTa pazpadorana B MopckoM rupodpu3ni4eckoM HHCTUTYTE U aJJaliTHPOBaHa K YCIOBHSIM IPHOPEKHON
30HBI.

Jlyist peanm3aniy poLeypbl YCBOCHHS JJAHHBIX HATYPHBIX HAOIIOACHHH MCIOJIB30BAIACh YIPOICHHAS
IpoLeIypa YeTHIPEXMEPHOTO aHaJIN3a, OCHOBAHHAsI HA METOAMKE MOCIIEeI0BAaTeIbHON ONTUMAaIbHON HHTEPIO-
JISIIIAN, KOT/1a KOBApHAIIMOHHBIE (DYyHKIUH MOJICH TeMIIepaTyphbl U COJICHOCTH PAaCCUNTHIBAIIMCH B IIPEATIONOMKE-
HUH OTHOPOJHOCTH U N30TPONHOCTH. M3 aHa/IN3a CTaTUCTHYECKON CTPYKTYPBI IToJIeH (BBIYMCIICHHS TPOCTPaH-
CTBEHHBIX KOPPEISIIIMOHHBIX (YHKIUI MOJICH TeMIepaTypbl U COJICHOCTH) OB OIPEENICH Paanyc Koppes-
un ~20 kM. KoBapuaruonssie (QyHKIIMH TEPMOXaJIMHHBIX TTOJICH alllPOKCUMUPOBAINCH (DYHKIHEH 3KCIIOHEH-

LMAJIBEHOTO THIA exp(—/l [(x—x')2 +(y- y')ZJ) , TIe A — pasMepHbIil napametp (pasHbiit 0, 016(Ax)", BeIOGpanHbIit
Ha ypOBHE 3HaYCHUS KoppensiuonHon Gpyakwm 0, 1.

B nepron 16 — 22 centsa6ps 2007 . Mopckum ruapodusngecknM HHCTUTYTOM Ha HUC « OKcepruMenT»
Obl1a IpOBE/IeHa KOMIUIEKCHAS SKCIICANINSA C IIEIbI0 MCCIIEI0BAaHNS OKCAHOJIOIMIECKUX TPOIIECCOB B KOHIIE
NIEpUO/Ia JIETHETO MPOrpeBa — HavaJIe Mepro/ia OCECHHETO BBIXOIAXKUBAHHA. 3a00PTHBIC paOOTHI BBITOIHSINCH C
npumenerneM CTJ[-3ouma IHNK-1 (menshoBbIii N3MEPUTENEHBIN KOMITIICKC), OCHAIIIEHHOTO KaCCETON IIacT-
MaccoBbIX 0aTOMETPOB ¢ paspemienueM 0,5 M 1o BepTUKanu. B 1aHHOM HCCIeI0BAHUH UCTIONB3YIOTCS €€ IKC-
NIEpUMEHTAIIbHBIE JaHHBIC TI0 TEMIIEPAType U COJICHOCTH B MPUOPEkKHOM obmacTn YepHOro MOps, BKIIOYAI0-
1mieit 3amagHoe nobepexxse Kpeima u ceBepo-3amanuslil menbd. MakcnmanbHas TiryOnHa, 10 KOTOPOH MPOBO-
JUINCH 30HAMPOBAHUS, W3MeHsu1ach oT 5 1o 300 M, gucno cranmmii — 44. KoopinHaTel BceX CTaHIWH, Tre
OBbLTH NTPOBECHBI U3MEPEHUS TEMIIEPATYPhl M COJICHOCTH OBLIN COOTHECEHBI C PACUETHON MOJIEJIHON CETKOH
1 JIaHHBIE TIOJITOTOBJICHBI JUISl TIOCJIEAYIONIEH aCCUMUIIALNY B THAPOIMHAMHUYECKOW Mozenu. JlaHHble ObUTH
CTPYIIIIIPOBAHBI TI0 BOCHMH JTHSAM U YCBOEHHE IIPOBOIMIIOCH Pa3 B CYTKU: 16 cenTsops — 3, 17 centadps — 7, 18
ceHtsaops — 8, 19 centsadps — 7, 20 centadps — 4 u 22 centsiOpst — 15 crannumii. Takum 06pa3om, 10 MOMEHTOB
MIOCTYIUICHHS TAHHBIX HAOMIOAEHUH TEPMOXaJIMHHBIE OIS IIPOrHO3UPOBAIIICH 110 YPaBHEHUSM Mojienu. B mo-
MEHTBI aCCUMMJISIIAH OCYILECTBIISIETCSI KOPPEKIINS TOJIEH TEMIIEpaTyphbl U COJICHOCTH, YUUThIBAsL Paanyc Kop-
pETSIIUH.

Pacuernas o6macTs ObUTa paconokeHa MexKIy Mepuauanamu 28,5 n 33,5° B.11., C OTKPHITOH I0KHOM Tpa-
HUIIEH, COOTBETCTRYIOMIEH mapaienu 44,4 c.am1. (YIuThIBaJICsS YTOUHEHHBIH penbed IHa ¢ pa3penienuem ~1,6
KM). UncleHHbIE 3KCIEPUMEHTSHI ITPOBECHBI C IIPOCTPAHCTBEHHBIM pazperieHneM ~1,6 kM. Illar o Bpemenun
BBIOpan 30 c. Bei6op kod(hduienTos TypOysIeHTHOM BaskocTH u auddysun mo ropusontau (v, = 5-10° cm’/c,
Ky = 510’ cM’/c) TIPOBOJMICS HA OCHOBE CEpUM CHENHUaIN3UPOBAHHBIX YHCIEHHBIX dKCIepuMeHToB. Obmiee
BpeMsI HHTETPUpPOBaHUA ypaBHEeHUH Moaenn — 10 gueii (¢ 14 mo 24 cents6pst 2007 1.). ITo BepTHKaIN TOPU30OH-
TaJIbHBIE COCTABIISIONINE CKOPOCTH TEUEHHH, TEMIIEPaTypa U COJIEHOCTh PACCUUTHIBAINCH 1St 30 TOPU30OHTOB!
1;3;5;7; 10; 13; 16; 20; 25; 30; 36; 42; 48; 55; 65; 80; 95; 120; 150; 200; 300... 1200 M. BeprukanpHas KoMIo-
HEHTa CKOPOCTH BBIYHCIIIACH JJIS MPOMEXYTOUYHBIX ropn30oHTOB. KoadduumeHTs! TypOymeHTHOTO 0OMeHa
UMITyIbCOM U AU((Y3UH M0 BEPTHKAIN PACCUNTHIBAIICH B COOTBETCTBUH C ammpokcuManueil dunanaepa—
[TakanoBckoro. [l 3a1aHust HAYaTBHBIX YCIOBUH 3a1a4l U TPAaHUYHBIX YCIIOBHUIN HA OTKPBITOH TpaHmIle obma-
CTH HCTIOJIb30BAINCH TOJISI TEUCHUH, TEMIIEpaTyphl, COIEHOCTH, MOIY4YEHHbIEC 10 MOJIENU JJIsl BCETO MOpPS Ha
TOPU30HTAJIBHOM ceTke 5%5 kM. IIpu pacuerax yuuTeIBajcs CTOK pek. Ha moBEepXHOCTH MOpPS KaXable CYTKH
3aJ1aBaJINCh OIS HANIPSKEHUS] TPEHUSI BETPa, MOTOKH TeIlIa, KOPOTKOBOITHOBOM pajualiiy, OCaJK1 1 Uctape-
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HUSI, TIOJTyYEeHHbIE TI0 JJAaHHBIM PErHOHaJIbHOU atMocdepHoit monenu “ALADIN”. 13 ananuza noseid Betpa,
YCTaHOBIICHO, YTO B IIepUOJ BpeMeHH ¢ 14 1o 18 ceHTs10pst npeobiiaaan 1oro-3amaaHblii BETep ¢ MaKCHMaJIbHOM
ckopocThio 110 11 M/c, ¢ 19 ceHTs0ps — CeBepHBIi U CEBEPO-BOCTOUHBIN BETPBI C MAKCUMAaJIbHOM CKOPOCTBIO J10
8 m/c.

[TonpoOHO aHanM3MpoBaIach 00JIaCTh, pacIOIOKEHHAst MeX Ty Mepuananamu 32.2 u 33.8 B.1. 1 napaJuie-
asiMu 44.4 u 45.5 cau. PaccunTanHble 1O TEUEHUH XapaKTEPU30BAIMCh ME30MAaCIITA0HBIMU BUXPEBBIMHU
00pa3oBaHMsMU U CTPYSIMH. B crity MEIKOBOIHOCTH paccMaTpuBaeMoro paifona oosbiioe BiusiHue Ha Gopmu-
pOBaHUE LUPKYIALUK OKa3bIBall BeTpoBOH pexxuM. [log nelicTBueM 0ro-3amnajgHoro BeTpa, ASHCTBYIOIIETO ¢
14 o 18 ceHTs0ps, OCHOBHOE JIBU)KEHHE ITOBEPXHOCTHBIX TEYEHUH — BocTouHOE. B BepxHem 30-meTpoBOM
cJioe OblJI BOCCTAHOBJICH aHTHIIMKIIOHMYECKUH BUXPb C pajycoM okouo 15 kv B Kanamurckom 3anuse, oTMme-
YCHO yCHJICHHUE TeueHu y M. TapxaHkyT 10 3HaueHuit 30 cM/c Ha BepXHEM TOpU30HTE, B ciioe 10—-20 M reHepu-
POBAJIOCH IIMKIIOHMYECKOE BUXpEBOe 00pa3oBaHue ¢ pajanycoM okosio 10 kM BOnm3u 1. EBnatopusi. B kauectse
WUTIOCTPAIIUH TIPUBEIEM I0JIe TeueHui st 15 cenTsiopst Ha ropusonte 10 M (puc. 1a).
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[Tox BIMSHMEM CEBEPHBIX M CEBEPO-BOCTOUHBIX BETPOB, IEHCTBYIOMMX C 19 1o 24 ceHTs0psi, OCHOBHOE
JIBIDKCHUE TTOBEPXHOCTHBIX TEUCHUH — 3amajiHoe, GopMHUpOBAINCH OCOOCHHOCTH LMUPKYISIUN (LIUMKIOHNYE-
CKHE BUXPH C PaJNyCcOM OKOJIO 15 kM), cBs3aHHbIE ¢ MeaHipupoBanueM OcHoBHoro Yepromopckoro Teuenns,
MTPOXO/ISIIIIETO BJIOJb CBaja MIyOMH. B KauecTBe MILTIOCTpAllMK MpHUBEAEM Toiie TeueHuH it 20 ceHTsOps Ha
ropusonTte 10 M (puc. 10).

Ha puc. 2 npencrasiens! nosst ypoBHst uist 15 u 20 ceHTSOps, Ha KOTOPBIX OTYETIIMBO IPOCIIECKUBAINCH
TaK{e MNIEMEHThI IUPKYIIALIUT KaK aHTHIUKIOHNYECKUH BUXPb B KaaMUTCKOM 3a/IMBE U IUKIOHUYECKUE BUX-
PH B LICHTPAJILHOM YacTH paccMaTpUBaeMO 00IacTH.
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OTMeTHM TakKe HHTEHCHUBHOE TedeHHe BOIM3H I. CeBacTonoib (¢ MAKCHMAIIbHOW CKOPOCTBIO Ha BEPX-
HeM ropusoHTe 10 40 cM/c), HarIpaBIeHHOE Ha CeBep, KoTopoe Habmonanock 22 u 23 ceHtsOps (puc. 3).

Puc. 3. lMonAa Teyennii (cM/c)
| Haropwu3oHTe 10M 221 23

2 Nshebebatdy | ceHTAbpa (M306pamaetca
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TepmoxaMHHBIC [TOJISI B PACCYMTHIBACMBII TIEPHOJT M3MEHSUIHCH HE TaK HHTCHCUBHO. [IpOMCXOIHIIO HEKO-
TOPOE OXJIAKIACHUE MOBEPXHOCTHBIX BOJI, KOTOPOE HaUOOJIEE SIPKO MPOSIBIISIIOCH BON3U M. TapXaHKyT (TemIie-
parypa ymenbinuiachk ¢ 18 mgo 15 °C). [Tons coneHOCTH XapaKTepU30BATNCh MAKCUMAIbHBIMUA 3HAYCHHSIMHU
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(17-18 %o0) — BOMM3M OoTKpBITON rpannipl. C yyeToM AaHHBIX HaOMOneHNH (POPMUPOBAINCH 30HBI OoJee XO-
JIOJHOW paclpeCcHEHHON U TEIUION COJIEHOM BOJIbI OTHOCUTENIBHO MPUIIETAIOLINX BOJL.

CorracHO TaHHBIM U3MEPEHHUH U CITyTHUKOBBIM M300pakeHusIM, 22 u 23 ceHTA0ps B 10kHOH gacTn Kamna-
MHTCKOTO 3aJIMBa HAOJIIOAJICS TTOJbEM XOJIOAHBIX BOJI, OOYCIIOBICHHBIN I€HICTBIEM CEBEPHBIX M CEBEPO-BOC-
TOYHBIX BETPOB C BBIXOZIOM Ha MOBEPXHOCTH BOJ ¢ TeMmeparypoil Hixe 14°C, uro monTBepskaaeTcs pesysibra-
TaMM YHUCJICHHOTO pacyera. [1o MOIEeTbHBIM HOJISIM TEMIIEPaTyphl IPOCIEKUBACTCS PACTIPOCTPAHEHUE XOJIO/I-
HBIX BOJI ¢ 21 cenTs0ps. Ha puc. 4a u 6 mpecTaBiIeHbl BOCCTAHOBJICHHBIE ITOJIS TEMIIEPaTyphl K BEPTHKAIBEHON
ckopocTH s 22 ceHTsa0ps. LLTpuxoBKoil OTMEUEeHBI 00JIACTH, COOTBETCTBYIOIINE 3HAYCHUSAM TeMIiepaTypsl 10
1o 13 °C. MakcuMabHBIE TIO MOTYJTIO 3HaYEHUS BEPTUKAIBHOW CKOPOCTH BIOJIb OEPEroBOi YePTHI IOCTHT AN
0,01 c™m/c (BBIIEIEHBI YEPHBIM IIBETOM).
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Puc. 4. Mone Temnepatypsl (°C), BEpTUKaNbHOM CKOPOCTM (CM/C) Ha BEPXHEM rOpU30HTe 22 CeHTABPSA U TennoBoe U3obpa-
¥KEHUWE NOBEPXHOCTU Mops, NoyyeHHoe co crnyTHUKa NOAA 22 ceHTabps.

Ha ocHoBe cpaBHEHHS pe3y/IbTaTOB JBYX YHCICHHBIX SKCIEPHUMEHTOB 10 pacyeTy TuIpopU3HIECKUX MO-
e 6e3 yCBOGHHMS M C yCBOCHUEM JIaHHBIX H3MEPEHUH TeMIIepaTypbl U COJICHOCTH aHAIN3UPOBAJIOCH BIIUSTHHUE
IIPUMEHEHHMS TIPOLEYPbl aCCUMUIISILIMY B YUUCIICHHON MOJIEIH Ha ()OPMHUPOBAHHKE T0JIel TeUSeHNH, TeMIepary-
PBI ¥ COJICHOCTH. YUeT JaHHBIX HAOII0IEHUH MOT IIPUBOJUTH K HEKOTOPBIM Ka4€CTBEHHBIM M KOJTMYECTBEHHBIM
OTJIMYUSIM B CTPYKTYpE IoJiel (CMeHa HalpaBlieHNs] TeUCHUH, yCHIIeHHe TeueHui). B kauyecTBe miumtocTpauu
MIpUBEJIEM PHUC. 5.

T e = Puc. 5. Monsa Teyenuid (cm/c)

: 02 T | S e : Ha BEpXHeM ropusoHTe 17
CeHTABPA: @ — paccUMTaHHbIe
6e3 yueTa aHHbIX Habnioge-
HWUI, 6 — paccumTaHHbIE C
Y4YeTOM AaHHbIX HabnoaeHnn
(M306parkaeTcs Kaxgan vet-
BepTan CTpesika).
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AHanu3 MOJIyNeH CpeIHEKBaIPATHUCCKUX ONIMOOK OICHKH TCPMOXAJIHHHBIX IOJICH U COMOCTABIICHHUE
BEPTUKAIBHOTO PACIPEACICHUS TEMIICPaTyPhl U COJICHOCTH MOKA3alli, YTO aCCHMUJISINS JaHHBIX HAOIrOIe-
HUH MpHBeJia K KOJHYCCTBCHHBIM U3MCHECHHUSM B CTPYKTYpPE MOJICH, B YACTHOCTH, K (POPMUPOBAHUIO OOIBIITIX
TPaJMCHTOB B CJIOC CKAauKa [0 CPABHEHUIO C PE3yJIbTaTaMy pacuyera 0¢3 aCCUMIIISIINH TaHHBIX.

Hccnedosanue svinonneno npu unarcosou noodepoicke PODU u 2opoda Cesacmononv 6 pamkax Hayy-
Hoeo npoexma Ne 18-45-920019.
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AHanM3 xapaKTepuCTUK Tpororay3bl B apKTUYECKOM
pervoHe

Kosnosa J1.0., Ctrepun A.M.

Bcepoccuiickuii HayyHo-uccneoBaTeIbCKUIA MHCTUTYT FMAPOMETE0PONOrUyecKoii MHpopMaLmmu — MUpoBoOW LIEHTp AaHHbIX,
06HMHCK, Poccua
E-mail: lida_mail@mail.ru, sterin@meteo.ru

poronay3a — BaKHasi 4acTh CBOOOIHOM aTMocdepbl, KOTOpasi OTBEYAeT 3a IPOLECChl 0OMEHa MEXIY

ctparocdepoii u Tporocdepoii o BepTHKAIN U MHOTHE APYTHUE METEOPOJIOTHYECKHE U reopHU3nIecKre

npoueccsl B armocdepe. Tounast nHpopManys 0 XapaKTepUCTHKAX TPOIIOIAy3bl M €€ MHOTOJIETHHX H3-
MEHEHUSIX TpeOyeTcs [UIsl pelIeHUs] MHOTHX Hay4YHBIX U IPUKIIAIHBIX IpodieM. B ocobenHocTH, o MHOTOJIET-
HUM U3MEHEHHUSIM XapaKTEPUCTUK TPOIONAY3bl MOKHO CYANTH O IIO0AIBHBIX KIMMATHYECKUX W3MEeHEHHsIX. K
HACTOSIILIEMY MOMEHTY, OJJHUM U3 OCHOBHBIX HCTOUYHHMKOB JJAHHBIX O TPOIOIAy3e MPOAOJIKAOT OCTaBaThCs Pa-
J030HI0BBIE JaHHBIE.

Hacrosiiast pabora ocHoBaHa Ha ucnosb3oBannu maccuBa ADPOCTAC, coneprxaiiero TeKyIue mpoKoH-
TPOJIMPOBAHHBIC JaHHBIC PAMO30HI0BBIX HalmoneHnH, cooupaemsie B ®I'BY "BHUUTMU-MI/1" no mo-
0aJbHOI ceTH cTaHUMil. BhIMONMHEHbI pacdyéThl ro0BOr0 X0/1a KIMMAaTHIeCKUX XapaKTePHCTHK TPOIIONAy3bl
(TemrepaTypsl, BHICOTHI, IaBJICHHS HAa HIDKHEH IPaHMILIE) JJIsl TPYIIIBI JUIMHHOPSIHBIX CTAHIMH, pacIiONoXKeH-
HBIX ceBepHee 60° c.ur. Ha Tepputopun PO 3a nepuox 1978-2018 rr. [TomyueHHble KapTHHBI TOOBOTO X012
BBICOTBI TPOIOIAY3bl BECbMa TUIMMYHBI JUI BBICOKHX IIUPOT CEBEPHOI0 NOIYIIAPHs], C ABYMsI MAKCUMyMaMU U
JIByMs. MUHUMyMam#. OCHOBHOH MaKCHMYM BBICOTBI TPOIIOIAy3bl HAOIIOANICS B CEpelMHe JieTa (B aBrycre
WX HI0JIC), BTOPUYHBIA MAaKCUMYM — B siHBape-(heBpasie, MUHUMYMBI — B anpelie u jexadpe. I'ogoBoit xo Tem-
TepaTypsl TPOIIOIay3bl XapaKTEPHU30BaJICs OTHUM MUHUMYMOM (B STHBape) U MaKCUMYMOM (B HIOHE).

PaccunTanbl TpaJULMOHHBIE U MOPSAKOBBIE CTATUCTHKM METEOBEJIUYUH HA YPOBHE HIKHEH I'paHUIIBI
Tporonay3bl. bUIo onpeseneHo, 4To B CpeTHEM T10 BCEM HCCIIETYEMBIM CTAHIIUSAM TPOIIOIay3a HabIro/1a1ach
Ha BeIcoTe 8-12 kM B 80% ciryuacB u Oonee. Hanbombimee 4rciio ciry4aeB BRICOKOW Tporomnay3bl (cBbie 10
KM), ¥ COOTBETCTBEHHO XOJIOZHOM, OBIIO OTMEUeHO Juts cTaHuuu [leTrpo3aBoick. B OoipmMHCTBE Cityyaes 3Ha-
YEHHs JaBJICHMs HAa YPOBHE TPOMOMNay3bl O BCEM CTAHLUAM yKiaabiBaauch B quana3oH 400-200 rlla, 3Haue-
HUSI TEMIIEpaTypbl TPOIONAy3bl BapbUpyIoTCst B Auanazone ot -50 1o -70 °C 1t G0JIBIINHCTBA NCCIETYEMbIX
craniuid. Hanbonpinee yncino ciydaes Terioi (cBbime -40°C) 1 COOTBETCTBEHHO HM3KOW HAOIIONANOCH Ha
cranuusx M. YemnrockuH, 0. Xeiica u 0. JIukcoH.

Bbuin momy4eHsl OLEHKH JIMHEHHBIX TPEHJ0B XapaKTEpUCTUK TPOIONAy3bl ANl KaXKJI0H U3 pacCCMOTPEH-
HBIX JUIMHHOPSAHBIX cTaHIMH Tepputopun PO apkrudeckoro pernona. TpeHAb! BHICOTHI I€ONOTEHIMANIA HA
HWDKHEH TPaHuIle TPOIOMNay3bl sl OOJNBIIMHCTBA CTAHLUK SIBIISIOTCSI CTATUCTUYECKH 3HAUUMbBIMU TIOJIOXKH-
TeNbHBIMHU. J[y1s cTanimn MupHoe ObUTO 0TMEYEHO MaKCUMaJIbHOE MOJIOKHUTEIFHOE 3HAYEHHE TPEH 1A MeCsId-
HBIX aHOMAJIMI1 BBICOTHI Ha HIDKHEH rpanuie Tporomnayssl — 102,2 I'TIM/10 ner.

Takoxe paccMOTpeHbl 0COOEHHOCTH TOOBOI0 X012 TPEH/IOB. XapaKTep TPEH/I0B BBICOTHI M TEMIIEPATYPhI
JUISl HYOKHEH IpaHuIbl Tpononay3bl (TIOJIIPHON) COOTBETCTBYET IPECTABICHHSIM O TOTEINICHNH KimMara. Pe-
3yJIBTaThl PACUETOB MPUBOASATCS U 00CYKAAIOTCH.

Analysis of tropopause characteristics in the Arctic region
Kozlova L.F., Sterin A.M.

Russian Research Institute for Hydrometeorological Information — World Data Center, Obninsk, Russia
E-mail: lida_mail@mail.ru, sterin@meteo.ru

ropopause is the important part of a free atmosphere which is responsible for processes of an exchange

between a stratosphere and troposphere on a vertical and many other things meteorological and geo-

physical processes in an atmosphere. The exact information on tropopause characteristics and its long-
term changes is required for the decision of many scientific and applied problems. In particular, on long-term
changes of tropopause characteristics it is possible to judge global climatic changes. By now, one of the basic
sources of data about tropopause continue to remain radiosonde observations.

The present research is based on use of AEROSTAS data containing current checked data of radiosonde
observations, collected in RIHMI-WDC on a global network of stations. Calculations of an annual-variation of
climatic tropopause characteristics (temperatures, heights, pressure upon the bottom border) for group the sta-
tions with long-period series located North of 60° N on the territory of the Russian Federation for the period
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1978-2018 are performed. The received pictures of an annual-variation of height of the tropopause are rather
typical for the high latitudes of the Northern hemisphere, with two maxima and two minima. The main maxi-
mum height of the tropopause was observed in mid-summer (in August or July), the secondary maximum — in
January-February, the lows — in April and December. The annual course of tropopause temperature was charac-
terized by one minimum (in January) and maximum (in June).

Traditional and serial statistics of the meteovalues at a level of the bottom border of tropopause are calcu-
lated. It has been certain, that on the average on all investigated stations of territory of the Russian Federation
tropopause it was observed at height of 8-12 km in 80 % of cases and more. The greatest number of cases high
tropopause (over 10 km), and according to cold, has noted been for station Petrozavodsk. In most cases values
of pressure at a tropopause level on all stations kept within a range 400-200 gPa., values of tropopause tempera-
ture are in a range from -50 up to-70°C for the majority of investigated stations. The greatest number of cases
warm (from above-40 °C) and according to low it was observed at the stations of M. Chelyuskin, O. Hayes and
O. Dixon.

Estimates of linear trends of tropopause characteristics for each of the considered long-row stations in the
territory of the Russian Federation of the Arctic region were obtained. Trends of the geopotential height at the
lower boundary of the tropopause for most stations are statistically significant positive. The maximum positive
value of the trend of monthly height anomalies at the lower border of the tropopause — 102.2 GPM/10 years-
was noted for The Mirny station.

The features of the annual course of trends are also considered. The nature of the height and temperature
trends for the lower boundary of the tropopause (polar) corresponds to the idea of climate warming. The results
of the calculations are presented and discussed.

Characteristics of high-altitude jet streams during
anomalous weather conditions in the Northern Hemisphere,
using the example of July 2018

Durneva E.

A.M. Obukhov Institute of Atmospheric Physics, Moscow, Russia
Arctic and Antarctic Research Institute, St. Petersburg, Russia
E-mail: djonyap@mail.ru

events [1]. Especially dramatic changes occurs in the Arctic regions. The average surface air temperature

in the Arctic grows faster compared with the lower latitudes of the Northern Hemisphere [2]. The area of
ice covered Arctic seas is decreasing, and record lows have reached in the last decade [3]. Changes in the general
circulation of the atmosphere are noted and, in particular, characteristics of high-altitude jet streams, which influ-
ence on the formation of weather conditions and is associated with such phenomena as blockings [4].

In this paper the anomalous weather conditions on July 2018 over the Europe, European part of Russia are
considered. To analyze the characteristics (intensity, form, position relative to the North Pole) of jet streams in
the polar area and mid-latitudes of the Northern Hemisphere were constructed the surface weather charts and
constant pressure altitude charts of isobaric surfaces 300 and 400 hPa levels with selected jet stream zones. The
month and daily means reanalysis ECMWF, Era-Interim with spatial resolution 0.75°%0.75° for July 2018 were
used. During the period the weakening and more meridional form of jet stream over the Barents Sea was pre-
vailed and its position was fixed near the North Pole. All this characteristics were influenced to formation the
blocking over the north part of Scandinavian Peninsula and the central coast of the Barents Sea with further hot
summer in these regions.

Global climate changes and warming accompanied by increasing in the incidence of anomalous weather
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XapaKTepUCTUKU BbICOTHbIX CTPYMHbIX TeYEHU
Npy aHOMasnbHOM MoBeAeHUn rnoroabl
B CeBepHOM nonyLwapuu, Ha npuMepe uionAa 2018 roga

HypHesa E.A.

WUHctutyT dmsmuku atMocdepsbl M. A.M. 06yxoBa PAH, Mockea, Poccus
ApKTiyeckuit u Antaprtuueckuii HUW, Cankt-lMetepbypr, Poccua
E-mail: djonyap@mail.ru

BBEAEHWE

I'mo6anbHOE M3MEHEHHE KJIMMAaTa M TOTEIUICHHE COMPOBOXKAAIOTCS YBEIMUCHNEM CIIy4acB aHOMAJIbHBIX
MOTOAHBIX siBNeHuil [1]. OcobeHHO ApaMaTHYecKie N3MEHEHHS MTPOUCXOIAT B apKTHIECKHUX pernonax. Cpen-
HUE TT0Ka3aTelH IPU3EMHOIN TeMIIEpaTypbl BO3AyXa B APKTHKE pacTyT ObICTpee MO CPaBHEHUIO ¢ Ooliee HU3KHU-
mu mpotamu CeBepHoro nmomymrapust [2]. Ilnomans 1b1a apKTHIECKUX MOPEH COKpaIaeTcs, U 3a MOCIeaHee
JECATHIICTHE JOCTHUTAI0 PEKOPIHO HU3KUX 3HadeHuH [3]. OTMedaroTcs n3MeHeHUs B 00MIel UPKYIISIUN aT-
Mocdepbl, B 0COOCHHOCTH B XapaKTEPUCTUKAX BBICOTHBIX CTPYHHBIX TEUCHNH, IMEIOIINX 3HAYUTEIBHOE BIIHs-
HHUe B POPMHUPOBAHHIH TIOTOTHBIX YCIOBHH, M CBA3aHHBIX C TAKUMHU SBICHUSAMH Kak OTOKUHTH [4].

[To onpenenenuro BecemupHoit meTeoponormueckoit opraamzanuu (BMO) cTpyiiHoe TedeHNnE — 3TO CHITh-
HBIH y3KUH TIOTOK C TIOYTH TOPU30HTAIBHOM OCBIO B BEpXHEH Tpomocdepe mitn cTparochepe, xapaKTepu3yro-
IHiAcs OONBIIMMHI BEPTHKAIBHBIMI U TOPH30HTAIIEHBIMU CIBUTAMH BETPa M CO CKOPOCTHIO Ha ocH Oombiie 30
M/c (108 xm/4). B BEICOKMX B yMEPEHHBIX IIUPOTAX CTPYHHBIC TEUCHHS CBSI3aHbI C TUTAHETAPHBIMHU BRICOTHBIMU
¢ponTansasiMU 30HaMH ([IBD3), cymmecTBoBaHNEe KOTOPHIX OMPENEISIETCS HATMIUEM B UX 00JaCTH TIIAaBHBIX
(DpOHTANBHBIX PA3AETOB — APKTUUIECKOTO U TIOJSIPHOTO (DPOHTOB M MMEIOIIUE CYIIECTBEHHOE 3HAUYCHHE IS
pa3BuTHs atMoc(epHBIX mporieccos [5]. CTpyiiHbIe T€UEHUS COMyTCTBYIOT 00pasyromuMmcs B aTMocgepe Oa-
pUYecKuM 00pa30BaHUAM (IIUKIOHAM, AaHTUITMKIOHAM, BRICOTHBIM JIOKOMHAM 1 TpeOHsAM). BmecTe ¢ HuMu Te-
YEHUS YCUIIMBAIOTCS MJIM Pa3MbIBAIOTCS B TMPEeIax BCETO0 3eMHOTO mapa. AHTHLUKIOHUYECKas mepudepust
CTPYHHOTO TEUECHUSI PACIIOIOKEHA CIIpaBa OT IOBEPXHOCTH, MPOXOSIIEH Yepe3 TOpU30HTalIbHBIE OCH CTPYH-
HOTO TEUEHHsI Ha BCEX MOBEPXHOCTSX, T. €. YaCTh, OOpAIIEHHAsI B CTOPOHY BBICOKOTO JABICHUS, LINKIOHNYE-
ckas nepudepus, Ha000pOT, CIEeBa, B CTOPOHY HU3KOTO JTABICHUS.

B manHoif paboTe 11 aHaIM3a XapaKTepUCTUK (MHTEHCUBHOCTH, (DOPMBI, TOJIOKEHHUS OTHOCUTETHHO Ce-
BEPHOTO MOTI0CA) BBICOTHBIX CTPYHHBIX TEUCHNH B MOMSIPHBIX M YMEPEHHBIX MHpoTax CeBepHOTro MoTyIapus
OBUTH OCTPOCHBI KAPTHI TIPH3EMHOH MTOTO/IBI ¥ BBICOTHBIE KapThl H300apHUECKUX TOBEPXHOCTEH ISt ypPOBHEH
300 1 400 r1la ¢ BEIICTICHHBIMHA 30HAMHU CTPYHHBIX TEUCHHUI.

CUMHOMTUYECKAA CUTYALIMA MIKOJTA 2018 MOLA U XAPAKTEPUCTUKM CTPYVHbIX TEYEHMIN

B HacrosmieM uccrenoBaHUN MPEACTABICH aHAIN3 CHHONTHYCCKOW CHUTYallMd U CTPYWHBIX TCUYCHHUU B
ntore 2018 roma. Kak BumHO Ha puc.l 3TOT MecsI] OBIT OTMEUEH aHOMATBHO BEICOKUMH 3HAYCHUSMH TeMITepa-
TypHI Bo3Iyxa B cTpaHax CKaHIMHABHHU, TEMIICpaTypaMy BEIIIE HOPMEI B pernoHax Poccnu, a B cTpaHaX I0XK-
HO EBpOIIBI BEIITaaid HHTCHCHBHBIC OCAIKH.
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Puc. 1. a) AHoManua npu3eMHoM TeMnepaTypbl Bo3Ayxa, °K v 6) MHTEHCMBHOCTY BbiNafieHWA 0CA[KOB, MM/[eHb N0 [AaHHbIM
peaHanu3a NCEP/NCAR, vionb 2018 r.
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Jliist mocTpoenust kapt abcomoTHOM Tonorpaduu Obln BeIOpaHs! nmoBepxHocT 300 rlla, roe oObraHO
MIPOCIIEKUBAIOTCS TEUCHUSI YMEPEHHBIX MIUPOT Ha BhIcoTax 9-12 kM, u mupotax 45°-65° c.u1., u 400 rlla, aus
ApKTUYECKUX CTPYHHBIX TEUCHUH, pacloararolluxcs Ha BEICOTaxX npuMepHo 6-8 kM, ceBepHee 65° c.m1. Hc-
MOJIb30BAJIUCH CPEIHEMECSIYHBIC M CpeaHecyTo4YHble JaHHbie peaHann3oB ECMWE, Era-Interim st wrons
2018 rona c pazpewenuem 0.75°%0.75°.

Ha puc. 1 mocrpoeHsl: a) 3HaY€HHsT aHOMAJIMU IPU3EMHON TeMIeparypbl Bo3iyxa, °K u 0) nHTeHCHBHO-
CTH BBINIAJICHUSI OCAJIKOB, MM//ieHb 110 JaHHbIM peanannza NCEP/NCAR B utone 2018 1. B cTpanax Ckannu-
HABCKOTI'0 MTOJIlyOCTPOBA OTMEUAJIUCh TeMIIEpaTyphl BhIllIe HOPMBI Ha 5° U BhIIIIE, KaK BUAHO Ha puc. la, a cTpa-
HBI 100kHOU EBpoITBI, Kak 0TOOpaXkeHo Ha puc. 10, OTMETHIINCH HHTEHCHBHBIMH OCa/IKAMH, MECTAMH, IIPEBBI-
LIAIOMIMMH 3HAYCHUsI 8 MM/IEHb.

[Torona B utone Haj 6oinbineii yacteio EBporneiickoii repputopueit Poccuun (ETP), EBpornisl 1 B ocobeHHO-
ctu crpanamy CKaHIMHABHM ONPEJIEIsUIach BIMSHUEM OapHyecKoro rpedHs, pacipoCTpaHsBILIEToCs ¢ I0ro-
3amajia oT A30pCKOr0 aHTHLUKIIOHA, U C(OPMHUPOBABIINMCS MECTHBIM aHTHLIUKJIIOHOM M YCHJIMBAIOIMMCS KO
BTOpO¥ MOJIOBHHE Mecsina y nodepexnsi bapennesa mopst u ceepom ETP. Dra curyaums BocnponsBesieHa Ha
puc. 2 nzobapaMu CpeTHEMECSIYHOTO OIS JABJICHUS, HAJIOXKEHHBIX Ha KapTy CPEJHEMECSIYHOI TeMIIepaTypbl
BO3yXa.

Puc. 2. CpegHeMecAYHOe nosie NPM3EMHOM0 JaBNEHMA,
rfa v TeMnepatypsl Bo3ayxa, °C, nionb 2018 .

AHTHIMKIIOH ¢ LIEHTPOM HaJ bapeHueBbM Mo-
peM MOXXHO OTHECTH K OJIOKHpYIOILIEMY, OCHOBHBIC
XapaKTEePUCTUKH KOTOPOTO CIOCOOCTBOBAIU IPUO-
CTaHOBJICHUIO JIBU)KEHHMSI 3aI1aJHOTO MTOTOKA Ha Mpo-
TSODKEHMHU JUINTEIBHOTO BPEMEHH, YBEIUUCHHUIO TEM-
rieparyp BO3ayXa U Ae(UIHMTY OCaJKOB B PETHOHE.
OcHOBHasi TIpUYMHA OOpa3oBaHMsl OJIOKMPOBAHMS
(uM OJIOKMHTOB) — HEYCTOMYMBOCTH CTPYHHOTO Te-
yeHus [6]. [lonoxeHne apKTHYEeCKOro CTPyHHOTO Te-
YEeHUs] OTHOCUTENbHO CEeBepHOro MOJOCa MOXKET
SIBUTBCSI IPUUMHOM 00pa30BaHMs OJIOKMHIA HA aHTH-

LIMKJIOHAJIHOM CTOpoHE TeueHus [4]. B utone momo-

o vt i . JKEHHE BBICOTHOH (DPOHTANLHOM 30HBI, @ Takke ap-

KTUYECKOTO CTPYWHOIO TEYEHMs, OTMEYaJoCh CO

CMEIIEHHEM B CTOPOHY TIOJIFOCA B palilOHE CEBEPHON akBaTOpuH bapeHiieBa MoOps, U4TO MOBIMSIIO HA Pa3BUTHE

Gapuueckoro TpeOHsS A30pPCKOTO aHTHIIMKIIOHA 10 ceBepa CkaHAWHABUH, (HOPMUPOBAHUIO U YCHUIICHUIO aHTHU-

nukiona HaJ bapeHieBbiM MopeM. [TosoxeHne BEICOTHON (DPOHTANBLHON 30HBI SIBHO BBIIENSETCS Ha PUC. 3a

HaJl CeBEpPHOI akBaTopuel bapeHnesa Mopsi, B BUJIE CTYIIEHHs H30THIIC U CMEIIEHHEM B CTOPOHY IONIOCA, B

KOTOPOH B TEUEHHE PacCMaTpUBAEMOr0 IEpHoJa OTMEYAIach 30Ha aPKTHUECKOTO CTPYHHOTO TE€UeHHMs, pe/i-
cTaBieHHAasA Ha puc. 30.

} Knt
<

o

Puc. 3. a) BoicoTHas dpoHTanbHan 30Ha Hafl ceBepHoii akBaTopuel bapeHLiesa Mops, cpeHeMecsuHoe none AT400 r(la,
uionb 2018 r.; 6) NonoKeHMe apKTUUECKOro CTPYMHOMO TeueHus Ha Kapte AT400 rla, 10 uiona 2018 r.
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Jlpyras XxapakTepHCTHKa CTPYHHBIX TEUCHUH — MHTEHCUBHOCTB. B paboTax pa3inyHbIX aBTOPOB OTMEYa-
eTcs ocsiableHre CKOPOCTH CTPYH 3a 1ociieiHue rojisl [7]. OcHOBHAs IPUYUHA — YMEHbBLIEHHE TEMIIepaTypHO-
TO rpaJUeHTa B HAIIPaBJIEHUH OT HKBaTopa k CeBepHOMY MOJIIOCY, B CBOIO O4Yepe/Ib PUBOAAIIEMY K YMEHBIIIE-
HUIO TEPMHUYECKOH COCTaBIISIOIIECH reocTtpoduyeckoll ckopoctr Berpa. [Ipeobnananne MeaHIpUpPOBAHHBIX
(Oosnee M3BUBAIOIIMICS) CTPYHHBIX TEUEHHH CBSI3aHO C OCJIA0JIEHHEM 30HAIBHOTO BETPa BEPXHUX YpPOBHEH
Tponocdepsl U peodiialaHieM MEPHIMOHATIBHON COCTABIISIONICH MOTOKA.

B teuenne uccieayemMoro neprosia BpeMeHN CKOPOCTh BETpa B 00JIACTH CTPYHHOTO TEUEHHMSI Ha BBICOTE
okoJo 7 kM, Ha kapTax AT400 rlla, npeotnanana or 30 no 50 M/c, mpu MaKCUMAaJILHBIX CKOPOCTSIX CIIOCOOHBIX
nocrurarsk 100 M/c; Ha BeicoTe okoito 9 kM, Ha kaptax AT300 rlla, e npessimana 60 M/c, Py MaKCUMAaJIbHBIX
0 130 m/c.

BeicokoamIuuTyiHble aTMOC(EpHbIE BOJHBI, CHOPMHPOBABIIMECS MO IPHYMHE CIa00MHTEHCHBHOIO
CTPYHHOTO TEUCHHSI, TAK)KE, KaK U ITOJIOKEHNE OTHOCUTEIEHO CeBEpHOro MoII0ca, Crioco0CTBOBaIN POPMHUPO-
BaHMIO OJIOKMHTA Ha aHTUIMKIIOHATIbHOM cTopoHe. Ko Bropoii nmojoBuHe Mecsina Haj ceBepoM CKaHAWHABUU U
nobepexxbeM bapeniieBa Mopst chopmMupoBaiCcst BBICOKHH, MaJIONOABMKHBIA aHTUIUKIIOH C TIOCIJIETYOIIMMHU
MOJIOKUTENBHBIMUA aHOMAIHUAMU MIPU3EMHON TeMIepaTypsl BO3/AyXa, oXKapaMH U 3aCyXaMHu, HO ¢ UHTEHCUB-
HBIMHU JIOKASIMU B FOXKHOM yacTH EBpOIBI, 0 NpUUNHE MPOXOXKICHUS IIUKJIOHOB 110 TPACKTOPUSIM K IOTY OT
onokupyromiero antuimkiiona. Ha kapre AT400 rlla, mpencraBieHHON Ha puc. 4a, SBHO BBIICISICTCS MCaH-
JpUPOBaHHAs CTPYKTypa CTPYHHOIO TEUEHUS U BBICOKMH aHTUIMKIIOH C LIeHTpoM HaJ PUHIISTHANEH, Ta e CH-
Tyanus coxpansercs Ha kapte AT300 rlla, Ha puc.40, ¢ He3HAYUTEIILHBIM YCHJICHHEM CKOPOCTH BETPa Ha OCH
CTPYH HaJl aKBaTOpuel ATIaHTHYECKOro oKkeaHa. B janpHelinieM Takue OJOKUPYIOLIME aHTHLUKIIOHBI C LIEHT-
poM B pailoHe Mopeil Ha MpU3EeMHOI KapTe MOTYT 3HAUUTENIbHO MOBIMATh HAa PacHpeAeieHHue MIaHeTapHbIX
BOJIH B Tporocdepe, BbI3bIBas BEPTUKAILHOE paclpocTpaHeHue B crparocdepy u, Onaropaps yCHICHHBIM
TYpOYJICHTHBIM ITOTOKaM TeIljIa, 3aJIepKUBATh TaM BBICOKYIO TEMIIEpaTypy J1ojblie 00braHoro [8].

ATI00 rMNa W oM CTRYRHLY Te4eHwd, 28 wona 2018
e e s i B o
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Canporms sa7ps, mices

a) 6)
Puc. 4. AHanu3 BbICOTHBIX KapT U 30H CTPYMHBbIX TeueHwi 3a 28 niona 2018 r. a) AT400 rlla n 6) AT300 rfla.

3AKIOYEHUE

B nmanHOI1 paboTe mpeicTaBIeHbI XapaKTEPUCTUKU BBICOTHBIX CTPYHHBIX TCUYCHHU TPU (POPMHUPOBAHHIH
OJIOKHPYIOIIETO aHTHIMKIIOHA C AJBHEHIINM MPOSBICHHEM ITOTOIHBIX aHoManwii B utoie 2018 roma. Iore-
IUICHUE B ApPKTHKE MPOAOJIKACT OKAa3bIBaTh BIUSHHE Ha KPYITHOMACIITAOHBIC MPOIECCH B 00JCe BBICOKHX
ciosix Tporocdepsr. OcnablieHre TeMIIEPaTyPHOTO TPATUCHTa MEXK/Ty SKBAaTOpoM 1 CeBEpPHBIM HOIFOCOM IIPH-
BOJIIUT K OCJTA0JICHHUIO TEPMHYCCKOM COCTABIISOIICH CKOPOCTH BETPa, 3aMEUICHUIO U MEaHIPHPOBAHUIO CTPYii-
HBIX TEYCHUI, B CBOKO OUEpPEelb CIIOCOOCTBYIONINX (POPMUPOBAHHIO OIOKIHIOB U Jlajiee HAPYIIICHUIO 3aIiaIHO-
BOCTOYHOTO TIepeHOca. TeM caMbIM, U3MEHECHHUS B IIUPKYISIIUN aTMOChHepbl, GOPMHUPYFOLTUECS O] BIUSTHHEM
OJIOKHMPYIOIIMX AHTHUIMKIOHOB, B JaJbHEHIIEM MOTYT CTaTh NMPHUYUHONW aHOMAIBHOTO IPOSBICHUS, TaKHX
ONACHBIX SIBJICHU, KaK IPOIOJKUTENIbHbIE 3aCyXU, HABOAHEHHUS U T.11.
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Characteristics of clouds with vertical development on days
with hail over the south-east of Western Siberia

Nechepurenko O.E., Volkova M.A., Gorbatenko V.P., Kuzhevskaia I.V., Chursin V.V.

National Research Tomsk State University, Tomsk, Russia
E-mail: 0.e.nechepurenko@gmail.com, ivk@ggf.tsu.ru

observation is, their spatial distribution patterns and temporal variations are difficult to estimate. Currently

satellite methods to identifying convective systems generating thunderstorms and hail are being actively
progressed, which makes it possible to inquire into the physical characteristics of atmospheric profiles and likely
will allow carrying out particular monitoring of the analyzed hazardous convective phenomena.

We have analyzed the periodicity of convective hazards in the study area (74-94 °E, 50-62 °N) using in-
formation from WAREP database (Weather Reports). Within summer period the atmosphere state has been
studied on days when hail events were recorded at weather station area and information was taken from upper-
air soundings conducted at 0000 and 1200 UTC over the years: 1995-2018 (access to data: http://www.weather.
uwyo.edu).

In general the study area is not a territory subject to frequent hailfalls. Hail recorded by technical officer
(observer) at particular weather stations is quite rarely in the study area and equal 1-4 days per season. In gen-
eral, hail can be observed 5—10 days per year across the territory of the south-east of Western Siberia. Neverthe-
less, the damage caused to economic entities is large enough, and timely forecast of an extreme convective
phenomenon is the most urgent task. For example, in June 2018, the hailfall caused about $1.5 million loss. The
main wastage fell on the agricultural sector and was characterized by crop damage.

Synoptic conditions for the formation thunderstorms with hail in the south of Western Siberia are most
often associated with the passage of cold catafronts and occluded fronts. Along with frontal thunderstorms (in-
cluding cases of concomitant hail), which constitute more than 80%, in the summer months the proportion of
air-mass thunderstorms producing dangerous convective phenomena increases. This is facilitated, primarily, by
the increasing frequency of prolonged heat waves, during which the underlying surface is heated to tempera-
tures above 30-35 °C. It has been ascertained that in convective clusters formed along occluded front, there can
simultaneously exist several convective cells capable of producing hail.

It is important to say that the frequency of the number days with hail per season is comparable to or ex-
ceeds the largest number of days with hail recorded from 1936 to 1965. Pursuant to the climate reference
books, hail was not observed in those years at night and morning, whereas in the period from 2015 to 2018,
night and morning hailfalls were observed 9 times or 5% of all cases.

In total, 306 cases of hailfalls were recorded in the area of weather stations located within study area in the
period from 2015 to 2018. Of these, in 55% of cases hailstone size did not exceed 5 mm, in 35% — 6-10 mm
and in 10% of cases the hailstone size surpass 10 mm. Hailstone more than 16 mm was recorded in 13 cases
(2018 — 8 times, 2016 —2, 2015 —3).

In 80% of cases a hailfall (10 mm or less) lasts up to 10 minutes; hailstones more than 10 mm fall more
than 10 minutes in 25% of cases, as a result a hail layer up to 10—15 cm is formed.

The satellite remote sensing data allow clarifying the nature of convective clusters forming hailfall. Along
with the cloudiness of the cold fronts, such clusters are seen on occlusion conveyor belt type and air-mass me-

S ince the hail events have a dimension ten times smaller than the distances between weather stations where
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soscale convective systems. Moreover, the total area occupied by hail formation has become noticeably larger,
with the result that cases of simultaneous hail precipitation in areas of 500—600 square kilometers have ap-
peared.

Comparison the characteristics of hail under contemporary climate change (as compared with the period
1936-1965) revealed a tendency toward double the number of days with a prolonged hail (30—-60 minutes), as
well as hailstones of 10 mm and more.

OueHKa ycnosum ¢opMMpoOBaHUA rpadoBbIX MPOLIECCoB
Ha loro-BocToke 3anagHon Cnbupwm

Heuenypenko 0.E., BonkoBa M.A., lop6ateHko B.I1., KyxeBckas U.B., Yypcun B.B.

HauuoHanbHbIi uccnepoBaTenbcKuii TOMCKUI rocyAapcTBeHHbI yHuBepcuTeT, ToMcK, Poceua
E-mail: 0.e.nechepurenko@gmail.com, ivk@ggf.tsu.ru

HAaCHbIE KOHBEKTUBHBIE SIBJIICHUSI, K KOTOPBIM OTHOCSITCS JIMBHU, IPO3bL, IPaJ] U MIKBAJIbl, HAHOCAT OILlY-

TUMBIH yep0 skoHOMHEKe. /It yTOUHEHUs! TPOTHO3a 3THX SIBJICHUH JaBHO U aKTUBHO HCIIOJIB3YIOTCS

JTAaHHBIC METECOPOJIOTMYECKHUX PaIMOIIOKaTOPOB U CITyTHUKOB. OTHaKO 00BbEMHEHHAs CETh PaHOJIOKa-
LIMOHHBIX HccienoBanuii armochepsl B Cudupu noka He chopMHUpOBaHa, a METO/IbI CITyTHUKOBOH MICHTH(H-
KaI[y rpOo30BOH 00JIAYHOCTH HAXOASATCS Ha CTAANU pa3pabOTKH.

W3ydenue napamMeTpoB KOHBEKTHBHOW O0JIAYHOCTH, TPOAYLUPYIOIEH OlTaCHbIe KOHBEKTUBHBIC SIBIICHHS
B pa3HBIX reorpaduiecknux paiioHax, CIIOCOOCTBYET HE TOJIBKO YITyUIICHHIO PETHOHAIBHBIX TPOTHO30B I1OT0-
JIbl, HO ¥ TIOHUMaHHUIO (PU3UUYECKHUX MPOLECCOB, MPOUCXOSIINX B TAKMX 00JaKax MpHu (pOpMHUPOBAaHUHU B HUX
rpo3bl U Ipaja.

Lenbto uccneqoBaHus ABISIETCS OLEHKA IPOCTPAHCTBEHHOHN U BPEMEHHON CTPYKTYPBI IPaJOBBIX IPOLEC-
COB, a TaK)KEe XapaKTEPUCTHK KOHBeKTHBHO—HeycToiunBoro cios (KHC), Bkiroyast ero TemmeparypHo-BIIax-
HOCTHOT'O CTPOCHUS HaJl TEPPUTOpHEH 10ro-BocToka 3arnaaHoil CHOMPH B THH € 3apETHCTPUPOBAHHBIM I'PAIOM.

B kauectBe nHPOpMAIMOHHO 6a3bl OBUIN HCHOIB30BAHBI A9POJIOTMYECKHE JIAHHBIE O COCTOSIHUM aTMOC-
(epsl B 1Y ¢ Tpazom 3a cpokn 00 n 12 4acoB BceMHPHOTO cKOOpiMHUpoBaHHOTO BpeMenu (BCB) ¢ asponoru-
yeckux crannuidi HoBocuOupck m Kommameso 3a 1995-2018 rr. (http://www.weather.uwyo.edu), nanavie
mTOpMOBBEIX TenerpamMM. Kpome storo mpusnekanucs npoayktsl 06 L2 pagnomerpa MODIS KA Terra
(https://modis-atmos.gsfc.nasa.gov), anroputm popmuposanust Cloud Top Height u Cloud Top Temperature
OCHOBAH Ha HCIIONIb30BaHUU KaHaloB 7.175-7.475 pm (Cirrus Clouds, Water Vapor), 8.400-8.700 pm (Cloud
Properties) u 10.780—-14.385 pm (Cloud Top Height) ormiucasn B [1]. MODIS oTHOCHTCS K TUIIEpCIIEKTPAEHBIM
paauomerpaM. CbeMKa BBIIONHAETCS B Tosoce 2330 kM 0THOBPEMEHHO B 36 CIIEKTpaJIbHBIX 30HAX BUIUMOIO,
OJIMKHET0, CPEIHEro M TEIUIOBOI0 MH(PAKPACHOTO ANUAIAa30HOB C IPOCTPAHCTBEHHBIM paspenieHreM 250, 500
1 1000 M 1 paJroMeTpUUECKUM pa3pelieHreM — 12-01T Ha KaHaJl.

B npenenax uccnexyemoro paitona (50-62 °c.ur., 74-94 °B.1.) O KIMMaTHYECKUM JIAaHHBIM I'paji, Peru-
CTPUpYEMbIi HaOJIIOATENIIMI Ha OTJIEIBHBIX METCOPOJIOTMYECKUX CTAHIMSX, BBIIAJAET JOBOJIBHO PEIKO —
1—4 nueii 3a ce30H. B nenoM, o reppuropun oro-socroka 3araanoi Cubupu rpaj MoxeT HaOmonarsest 5-10
nHel B roy. TeM He MeHee, yiepO, IPHYNHSIEMBIH X035 CTBEHHBIM CYyObEKTaM, JOCTATOYHO BEJIUK, M HAINYNE
3a0J1aroBpEMEHHOT0 MTPOTHO3a OMACHOT0 KOHBEKTUBHOTO SIBIICHHMS SIBJISICTCS] aKTyaJIbHOH 3a1aueii. Harpumep,
B utoHe 2018 rona rpaj, BEINABIINK Ha HCCIIEYEMOM TEPPUTOPUH, IPUIMHUI yIepO oKoJIo 1,5 MITH 10J1apoB.
OCHOBHOI yIep0 NpHIIesncst Ha arpoCeKTOp M HOCHII XapaKTep IMOBPEKACHHS IIOCEBOB.

W3BecTHO, 4TO Ha TeppUTOpHH fora 3aranaHoi CuOUpH CHHONTHYECKUE YCIOBUS ()OPMUPOBAHMS I'PO3 C
IpaJioM Yalle BCEro CBS3aHBI C MPOXOXKICHUEM XOJOJHBIX KaTa(poHTOB M (POHTOB OKKIo3uH. Hapsiny c
(pOHTANBHBIMH TpO3aMH (BKJIFOUAsl CIIydaH COIYTCTBYIOIIEIO I'paja), KOTOPhIC B HCCIIEIyeMOM PErHoHe CO-
crasistor 6osiee 80%, B JIETHHE MECSIbl YBEIMYMBACTCS JJOJIST BHYTPHUMACCOBOM 00Ia4HOCTH, MPOIYLIUPYIO-
el onacHple KOHBEKTUBHBIC SIBJIICHUSI. DTOMY CIIOCOOCTBYIOT, B TIEPBYIO O4€PE/b, YUACTUBIINECS MPOIO0JIKHI-
TEJbHBIE BOJIHBI TeIIa [2—3], MpHU KOTOPBIX MPOUCXOAUT MPOTPEB MOACTHIIAIOIIEH TOBEPXHOCTH A0 TEMIIEpa-
Typ cBbiiie 30-35 °C. YuacTuinuch ciyyau NpakKTUYECKU OJHOBPEMEHHOIO BBINAAEHUS Ipaja B 2—4 myHKTax
Ha TeppUTOpHAX miomaabio 500-600 kv’. B 6onee paHHUX MCCIENOBAHUAX CITy4aeB OJHOBPEMEHHOTO BhIMa-
JICHUS TpaJia B HECKOJIBKUX MTyHKTaX, (PUKCHPOBAIOCH TOJILKO BIOJIb TMHUH XOJIOAHBIX (PPOHTOB [4].

3a pacCMOTPEHHBIN MEPUOJ] MOBTOPSEMOCTh YHCIA AHEH ¢ IPaJoM 3a CE30H CPaBHHMA MM IPEBBIIIAET
HauOOoIIbIIIee YMCIIO THEH C IpajioM, 3aperucTpupoBaHHoe B iepros ¢ 1936 o 1965 roxer. CortacHO JaHHBIM
KJIMMAaTU4ECKHUX CIIPAaBOYHUKOB, IPaJ] B T€ TOJbI HE OTMEUYAJICS B HOYHbIE U YTPEHHHUE Yachl, TOTA KaK B IEPHOJ
¢ 2015 1o 2018 HOuHO¥ M yTpeHHHH rpaja Habmronancs B 5% ciy4daes (9 pas).

Ha unccnenyemoii Teppuropun 3a nepron 2015-2018 rr. B paiioHe METEOPOIOTHUECKUX CTAHIUI OBUIO
3atukcupoBano 306 ciryyaeB BelnageHus rpaja. M3 Hux B 55% ciaydaeB quamerp rpaja He IMpeBbIal 5 MM, B
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35% — 6-10 mm u B 10% ciyuaeB quametp rpaaa npesbiman 10 mM. [pan nuamerpom Gosnee 16 MM 3adukcu-
posaH B 13 ciyuasix, u3 Hux B 2018 — 8,8 2016 — 2, B 2015 — 3. [ToBTOpsIeMOCTb NPOIOIKUTEILHOCTH BhINA/Ie-
Hus rpaaa meHee 10 MuHyT oTMeuanach B 83% ciyuaes, pu 3ToM B 55% citydaeB rpaji MpoAosLKaics 10 5
MuHYT. CTatucTiuecKkas Mojia MPOIODKUTEIBHOCTH COCTABISICT 3 MUHYTHI IIPU CpeHEM apH(MeTHIeckoM
3HAUEHUH Ha TeppuTOpHur — 7 MuHyT. Hanbonee nponomkurensHbiil rpaj (0T 30 MUHYT 10 4aca) OTMedaiach B
2% ciyuaes. CielyeT OTMETUTD, YTO IPaj 1uaMeTpoM MeHee 10 MM uMel, Kak MpaBuiio, HeOOJIBIIYI0 POI0JI-
KHUTEIIBHOCTB, b B 20% cirydaes rpaj nponomkaics 6onee 10 munyt. Torna kak rpaj ¢ tuaMeTpom oosee
10 MM yxe B 25% ciyuaeB npojospkaicst 6osee 10 MUHYT, 4TO 4acTo MPUBOAMIO K (POPMUPOBAHHIO HA O/~
CTHJIAIOILIEH MOBEPXHOCTH cj10s rpaaa ao 10—15 cm.

B rabnuue | npuBeneHbl XapakTepUCTUKH KOHBEKTHBHOM 00JIaUHOCTH 110 JaHHBIM a9pOJIOTHYEeCKOT0 30H-
JMPOBAHMUS B JIHY C TPaJIOM HaJl TEPPUTOpPHUEH Foro-BocToka 3araanoi Cuoupmu.

Ta6nuua 1. XapaKTepuCcTUKM KOHBEKTUBHOM 0611a4HOCTM B AHU C rPafioM.

Koumnameso HoBocubupck
XapakTepucTHKA 00/1a4HOI0 CJI0SI (82°95°B.11., 58°30° c.11.) (82°92° B.1., 54°90° c.u1.)
(cpenHue 3HAYEHMS)

HIOHb | HIOJIb | aBIYCT | HIOHB HIOJIb | aBTYCT
Temneparypa xkonaercay, °C 7,0 11,0 8,0 8,0 12,5 7,0
Hwxnsis rparuia 0011aKoB, M 1300 1300 1300 1500 1300 1300
BepxHsist rpanuna 0061akoB, M 5400 7100 6000 6000 8500 7000
BeprukaneHas MomHOCTE 001aka, M 4100 5800 4700 5500 7200 5700
YpoBens koHneHcanu, rlla 870 870 870 850 850 850

HcenenoBanne XapakTepUCTHK OOJIAYHOCTH TT0Ka3aJ10, YTO B JICTHHI KOHBEKTHBHBIM CE30H HaJl TEPPUTOPH-
e 3anagHoii CHOMPH MOIITHOCTH Ky4eBO-I0K/IEBOT0 00JIaKa, POIYIUPYIOLIEro Ipaj, TOCTHraeT u3odapude-
ckoii moBepxHocty 200 rlla, B TO Bpems Kak 1o JaHHBIM Oosiee paHHUX nccienosanuii juist ETP MomHoCTh Kyde-
BO-/I0K/ICBOTO O0JIaKa yalle BCero J0CTUraeT nu3obapuyeckoii nopepxuocty npuomsurensao 300 rlla [5-6].

YpoBeHb KOHJICHCALIMH B JTHH C I'PaJIOM BO BCE MECSIIIBI Ha CEBEpe MCCIIeyeMoro pernona (58 °c.ii.) Haxo-
qurest Huke Ha 200 MEeTpoB 10 CpaBHEHUIO F0XKHOW TeppuTopHel (55 °c.11.), MakcuMalbHasi pa3HOCTh MEXKIY
CEBEpHOM U 10:kHOM uacTeio gocturaer 500 metpos B aBrycre. Tonmuua KHC B 1Hu ¢ rpagom npessliaer 4
KM, YBEIIMUHMBAsCH K IOTY, U B HIOJIC MOXKET IpeBbIaTh 7 KM. HeoOXonMuMo MOMHHTE, YTO BBICOTA BEPXHEH
rpanunsl KHC MoxeT mpeBblIaTh BhINIEYKAa3aHHbBIE 3HAYEHUS, MOCKOJIBKY a’pOJIOrMYEeCKOe 30HIUPOBAHUE
arMoc(epbl B CPOKH MAKCUMAJIBHOTO PAa3BUTHSI KOHBEKIMH B UCCIIEAYEMOM PETrHOHE HE ITPOU3BOIUTCS.

[ToporoBbie 3Ha4YeHHsI TEMIIEPaTyphbl BO3/LyXa MOI00JaYHOTO CII0s, XapaKTepPHbIE s IPaJIOBBIX 00IaKOB,
HM3MEHSIOTCS OT Mecsla k Mecany B auanasoHe 7—11 °C na ceBepe, 8—12 °C Ha ore TeppUTOpUN UCCIEI0BA-
HUs. B nepnoibl aHoManbHO jKapKo Moro/s! yamie (POpMUPYIOTCSI KPYITHBIE TPaJANHBI pa3MEpOM, ITPEBBIIIAI0-
mue 20 mm. OOmiast mioma b KOHBEKTHBHBIX KJIACTEPOB, (GOPMHUPYIOIUX I'PaJOBbIC OYard, cTajia 3aMETHO
Ooutblle, CIIe0BaTEIbHO, NOSBIIIMCEH CITydard OJHOBPEMEHHOTO BBINIAJICHUS Tpajia Ha TEIUIBIX 110J0CaxX BOBIIE-
YEHUSI B OKKJIIO3HUIO. B 11e510M, ppOHT OKKIIIO3MH OTIINYaeTCs OOIBIINM pasHoo0pa3neM MaciuTaboB U HE SIBIIS-
eTcsl IPOCTHIM COSANHEHNEM 00IauHBIX CHCTEM XOJIOAHOTO U TEIIOoro (hpoHTOB. MI3BECTHO, UTO OKKIIIOANPOBA-
HHUE CONPOBOXK/IACTCSI PE3KUM YBEIMUCHUEM BEPTUKAILHON MOIITHOCTH O0JIauHOM CUCTEMBI [7], 4TO CBSI3aHO C
KOHBEpreHIMeH B IIpru3eMHOM ciioe. [Ipu ciaussHum X0JI01HOTO PpPOHTA BTOPOTO poja Pa3BUTHE BHYTPHU CIIOU-
croii obnagnoct Cu cong u Cb BrosHe TunnuHo. Hepenko HaOmonaroTcest Me3oMaciuTabHble HEOHOPOIHO-
CTH B BHJIE II0JIOC, B AuHY npessimatoniie 300 kM, OpHEeHTUPOBAHHBIE K HAIIPABICHUIO NIPU3EMHOMN JTHHUI
¢ponra.

Kpome toro, kpynHomacmTaObHBIH MOTOK ABJISETCS (PaKTOPOM, YIIOPSAOUMBAIOIINM ME30CTPYKTYpY HO-
el 00J1aKoB M 0caKOB. B HIDKHEH YacTH IIMKIIOHA pactiojlaracTcsi Hecylas osoca, oyaroyiapst KOTopoit ocy-
LIECTBISIETCA BEPTUKAIbHBIN 1 TOPU30HTAJIBHBIN IEPEHOC TEIIOr0 BIAXKHOT0 Bo3ayxa. Hax Hecymei nonocoit
pacriosiaraeTcst II0TOK HEHACHIIIEHHOTO BO3/yXa, BOHUKAET AU depeHIInanbHas aiBeKIHs: TeIUIbIH BIaKHBIA
BO3JlyX MOCTYIAeT CHH3Y, a XOJOJHBIH CyXOil BO3IyX — CBEpXY, CTpaTH(UKaIMs CTAHOBHUTCS HEYCTOWYNBOH,
CJIC/IOBATEIIbHO, PA3BUBACTCSI KOHBEKTHBHAsI O0JIAYHOCTD B IIOJIC CJIOMCTOM, Ha3blBaeMasi «3aTOIICHHOI». B
HEyCTOWYMBOM clioe (pOpMHPYIOTCS STYEHKH TeHepaluy (3aCeBalOIINI CJIOH), B HEM BO3HHUKAIOT JICASHBIC Ya-
CTHIIBI, KOTOPBIE TIPH BBIIAJICHUH BHU3, «3aCEUBAIOT» HYDKHUN OOJIAYHBIN CIIOH, IIe KPUCTAIIBI TIOCTEIICHHO
BBIPACTAIOT B YACTHUI[BI OCATKOB.

O6mnaunsle nonocs! Cu cong u Ch, Kak sIBHbIE, TaK ¥ 3aTOIJICHHBIE B CJIONCTON 00IaYHOCTH XOPOILIO IIPO-
CJIC)KMBAIOTCS] HA CHUMKaX paJIMOMETPOB BUIMMOTO Jiarna3oHa. B HacTos1eM nceiae0Banny ObIIH IIpHUBIIeye-
HBI 1aHHbIe paanomerpa MODIS B BuMMoM ananaszoHe B BUje cranaapTHoi komrnoHnoBkr RGB (1:3:4 kana-
1b1) ¢ paspemienneM 250 M, u obnaynsie npoxyktel Cloud Top Height n Cloud Top Temperature ¢ pa3perieHu-
em 5 kM. Mcrosnp3oBaHue OOMaYHBIX MPOIAYKTOB ITO3BOJISIET ONEPATHBHO OLCHHUTH BBICOTY M TEMIEpaTrypy
BEpXHEH TpaHulbl 00auHOCTH. B Tads. 1 1o JaHHBIM a3posIOrHYeCcKOro 30HANPOBAHUS OBIJIO MOKA3aHO, YTO
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U POPMHUpPOBAHHSA TPpajia Ha TeppuTopun 3ananHoir CHONpPH TOCTaTOYHO BBICOTHI BepXHEH rpaHuIlsl Ch, paB-
Ho# 5500 M, MO3TOMY IIPH MCHOJIB30BAHUH OOJIAYHBIX MPOAYKTOB 3Ta HHPOPMALUS IPUMEHsIIAcCh B Ka4eCTBE
OCHOBBI JJIsI BBIZICTICHUS 00JIACTH MOIIHBIX OOIAKOB.

B kadecTBe mpuMmepa Ha pHc. | IPUBEAEH PE3yNbTaT CIIyTHUKOBOTO 30HIMPOBAHUS B JICHb HAOIIOACHHS
caMoro OOIIMPHOTO IO TSPPUTOPHH CITydas BEITAJCHHUS TPaja 3a paccMaTpuBaeMblil epuon — 27 mas 2015
roxa. I'pax, chopmupoBaHHBI Ha PPOHTE OKKIIFO3MH, OBUT 3a()MKCHPOBAH Ha 9 METCOCTAHIMSIX M BBINAAAT B
mepuon ¢ 04:12 no 12:22 UTC. dAuameTp rpaga cOCTaBISLI 4—5 MM ¢ MAaKCUMAaIbHBIM Pa3MEpOM 8 MM Ha CT.
Buiick. Bricora BepxHeit rpanuisl oomagnoctr (BI'O) mocturama 9—10 kM, Temneparypa Bo3ayxa Ha BepXHEH
TpaHUIle 00JAYHOCTH COCTaBIsIA OT -55 10 -60 °C.

T'opuzoHTanibHBIM pa3Mep Bcero KOHBEKTUBHOIO KoMIuiekca focturai 150 kv o mupote u 50 no goiro-
Te. bonee mioTHast 06JI1a9YHOCTH COCPEOTOUCHA B 30HE KOHBEKTHBHOT'O KOMIUIEKCA U JOCTHTaeT pa3mepa 50 Ha
25 KM COOTBETCTBEHHO. TeMIiepaTypa 3Toi yacTi KoMIurekca cocrtaBmna -55 °C, 3nauerne BI'O — 10-11 kM. 3a
Bpemst mposera 07:17 UTC KoHBEKTHBHBINA KOMITIEKC YMEHBIIHIICS B pa3Mepax 3a 1,5 gaca mo 100 kM mo 1mm-
pore u 50 mo gonrote. Temmeparypa BI'O koMrutekca moBsicuiacs 1o -45 °C, Beicora BI'O omyctunacek 1o 8-9
kM. COKpaTmImch IpOCTPAHCTBEHHBIE pa3MEephl 04aroB Ipaja 1 Ipo3.

ITponomKUTENPHOCTD KU3HN KOHBEKTHBHBIX SUEEK, MPOLYLIUPYIOIINX I'PO3y U Ipajl, CTOJIb KOPOTKaA, YTO
HE TT03BOJISET MPOJICTAIONIMM HaJl HEl CITyTHUKAM 3aMETUTh BCE PAa3BUTHIC KOHBEKTHUBHBIC STUCHKH, TIOTEHIIN-
QJIHO ONACHBIE C TOYKH 3PEHUS Pa3BUTHSI I'PO3bI U rpajaa. TeM He MeHee, MH(pOpMaIys, OJTydYeHHAs C METEO-
POJIOTHYECKHUX CITyTHUKOB, TO3BOJISICT YTOUHUTH (PU3NUECKNE XapaKTEPHUCTUKH TAKMX KOMITJIEKCOB HaJl HCCIIe-
JIyeMO# TeppuTOpuei. DTH KIMMATH4eCKNUEe XapaKTEPUCTUKU MOTYT OBITH MCIIOIb30BaHbI B NMPAKTUKYEMbIX
MeTo/ax mporHo3a [8].

Pucynok 1. Cnyyai ¢ rpagom 27 Man 2015 ropa. KA Teppa nponet 05:30 UTC. Toukamu 0603HaueHb! MecTa BbiNafeHuWA rpa-
0a, 3admKcmpoBaHHbie ¢ 05 go 06 UTC.

B 3akimroueHnn OTMETHM, YTO UCIIOIb30BaHNE CIIYTHUKOBBIX JAHHBIX TI03BOJISIET YTOYHUTH NPUPOIY KOH-
BEKTHBHBIX KJIACTEPOB, (POPMHUPYIOLIUX IpagoBble ouaru. Hapsay ¢ 061auHOCTBIO XOMOAHBIX (PPOHTOB TaKue
KJIacTephl 3aMEUCHBI Ha TEIUIBIX JIMHUSX BOBJICYCHUS B OKKJIIO3UIO U BHYTPUMACCOBBIX ME30MACIITa0OHBIX KOH-
BEKTHBHBIX KOMILIEKCAX.

CpaBHEHHE XapaKTEPUCTHUK I'Pajia B YCIOBHUSIX COBPEMEHHOTO U3MEHEHNS KIIMMara (110 OTHOLICHHIO K T1e-
puoxy 1936—1965 1T.) MO3BONMIIO BBISIBUTH TEH/ICHIHUIO JBYKPATHOTO YBEJIWYEHHS YKCIa JTHEH C MPOJIOIDKH-
TenbHBIM rpasioM (30—60 MUHYT), a TaKke ¢ rpajgoM Oomnbmoro quamerpa (6onee 10 mm). Takke yBenuamiics
BPEMEHHOM JINana3oH B CyTOYHOM XOJI€ BBINAACHHS Tpajia, K HACTOSIIEMY BPEeMEHH 3aUKCUPOBAHbI CITydan B
HOYHBIE U YTPEHHHE Yachl IO MECTHOMY BpeMeHH (B 5% Bcex Cilydaes).

Hccnedosanue gvinonneno 6 pavxax epanma PODU Ne 18-45-700010 p_a.
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Investigation in the changes of eddy and advective heat
fluxes over the southeastern part of Western Siberia

'Usova E.l., 'Loginov S.V., 'Kharyutkina E.V., "*Martynova Yu.V.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
? Siberian Research Hydrometeorological Institute of Roshydromet, Novosibirsk, Russia
E-mail: kh_ev@imces.ru

earth's surface were derived for the southeastern part of Western Siberia and particular for the territory of
the Tomsk region, based on the daily ERA-Interim reanalysis data with high spatial resolution.

It was established that, in general, in the beginning of the XX century over the whole region a decrease in
advective transfer was observed in autumn and in winter, and an increase - in spring and in summer. At the
same time, heat fluxes coming to the region from the southern border play a regulating role in these changes.

For eddy heat fluxes, the situation is quiet similar, in general. During the past few years there was a de-
crease in cyclonic activity and an increase in the anticyclonic circulation type.

It can be assumed that during these periods weather and climatic conditions were formed not only due to
the processes of large-scale atmospheric circulation. Probably, the influence of local factors prevailed: the for-
mation of local forms of circulation (cyclones and anticyclones) will contribute to the intensification of convec-
tive processes and, as a result, to the associated weather conditions. Therefore, investigation in the climate
change of a region, it is very important to take into account local scale circulation processes variability.

This work is partially supported by RFBR and Tomsk region administration, according to the research
project No 18-45-703014 r_mol_a.

S casonally averaged estimates of advective and eddy heat fluxes and the relative vorticity parameter at the

NccnegoBaHe n3aMeHeHUN BUXPEBBIX M aABEKTUBHbIX
MOTOKOB TernJa Ha lro-Boctoke 3anagHon Cnbmpu

"YeoBa E.U., 'Norunos C.B., 'Xapiotkuna E.B., “MapTbiHosa 10.B.

! WMHCTMTYT MOHUTOPUHIA KIMMaTUYeCKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
2 Cu6HUI MM, Hosocubupck, Poccua
E-mail: kh_ev@imces.ru

IpomeTeoposoruueckux sisienuii [1]. Tak, B Poccum 4ucio omacHbIX sIBICHUN YBEIMUMBACTCS €3Ke-
ronHO Ha 6,3—7% [2]. U3 Bcex denepanbHbIX OKPYroB HAHOOJBIIIEE YUCIO OMACHBIX SIBJICHUH B MO~
cieaHue Tofbl Habmonaetcs B Cubupckom denepaibaoMm okpyre (Jlokimas 00 0COOCHHOCTAX KiIMMaTa Ha Tep-
putopuu Poccuiickoit denepannu 3a 2010 ., 2011) [3]. IIpu 3ToM Hanbosee YacTO MOBTOPSIONIUECS ONACHbIE
SBJICHUS CBSI3aHBI C BETPAMHU IITOPMOBON U yparaHHoH cuisl (24,5%), a Taxoke cuiabHbIMH ocankamu (15,3%)

I l 3MCHCHUEC KJIMMATa B MOCJICAHUEC ACCATUIICTUA IIPUBOAUT K POCTY He6HaI‘OHpI/ISITHbIX " OIIaCHBIX I'-
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[4]. OTO sIBNIEHMSI KOHBEKTHBHOTO ITPOMCXOXK/CHUS, 4acToTa (POPMUPOBAHUSI HHTEHCUBHOCTH KOTOPBIX Oyner
TOBOPUTH 00 M3MEHUYUBOCTH MPOLIECCOB aTMOC(HEPHOI IUPKYIAUH. IMEHHO CHIIbHBIE BETPBI U JINBHU HaHO-
csT HanOoNbIIN yiep0d Ha rore okpyra [4]. Haxozasics npenmyInecTBEeHHO Ha 10ro-Boctoke 3anaanoit Cnou-
pH, OOJIBLIYIO YaCTh 3/1€Ch 3aHMMaeT ToMcKast 00J1acTh.

Llenbro paboTEI SIBISIETCS OLICHKA IMHAMUKH 8/IBEKTUBHBIX U BUXPEBBIX MTOTOKOB TeIlIa Juis peruona Tom-
cKoif obnactu B koH1e XX 1 Hauasie X XI BekoB.

HccnenoBanue NOTOKOB Teria npoBoamiocs ¢ 1979 no 2018 rr. mo cpeiHecpouHbIM JaHHBIM peaHaIn3a
ERA-Interim ¢ npoctpancTBeHHbIM pazpemenuem 0,125° x 0,125° o mmpore u poarore. Meroauka pacyera
aJIBCKTUBHBIX MTOTOKOB TOAPOOHO ommcaHa B [5], a BUXpeBbIX — B [6]. bbuia mojgydyeHa BpeMEHHAsT U3MCHYH-
BOCTB ITOTOKOB TE€IUIa HEMOCPEACTBEHHO JUIs TeppuTOprK TOMCKOI 00s1acTH, B 1IETIOM, ¥ OTAEIBHO Ha KaXKI0H
ee IpaHuIbl (CeBepHasi, FXKHAs, 3ara/(Hasi, BOCTOYHAs). JTO MO3BOJIMIIO BBISIBUTH M OLICHUTH Mpeodiiaiatoree
HaIlpaBJIEHUE [IEPEHOCA TeIlJIa Ha TEPPUTOPHUIO B KXKIBII Ce30H. AHaIN3 aIBEKTUBHOTO U BUXPEBOI'O MEPEHO-
ca teruia nposoauica B cioe 1000 — 850 rlla. Ilepenoc Temia B perMoH U €ro pacipeeieHue 1o TeppUTOpUn
OCYIIECTBIISICTCS, B TOM YHCIIe U OapUUeCKUMU 00pa30BaHUSIMHU, II03TOMY IS OLIEHKH BUXPEBOW aKTHBHOCTH
B PErHOHE PAaCCUUTHIBAJIACh TAKXKE BEJIMYMHA OTHOCUTEIbHOH 3aBUXpeHHOCTH. [loaBiaeHne BHICOKOYaCTOTHO-
ro IIyMa OCYIIECTBIISUIOCh HU3KOYACTOTHOW (uibTpanueil ¢ mupuHoi okHa 10 siet. ITorpemnocts pacuéra
olpezeNsIach Yepe3 CpeIHeKBaapaTnuecKoe OTKIIoOHeH e, [IpoBepka HylIeBOI THIIOTE3bI IIPH OLEHKE Kod(du-
LIMEHTOB JIMHEHHBIX TPEHI0B 1 K03 HUIMEeHTOB Koppeisiuuii mposoauiack st 0=0,05 [7].

[Tonyueno, 4To cymMmapHbie (MPUXOASIINE/BBIXOISIINE TOTOKH CO BCEX MPAHMI] PETHOHA) 3HAYCHUS aJl-
BEKTHUBHOT'O IIEPEHOCA MPEBBIIAIOT COOTBETCTBYIOIINE CyMMapHbIe 3HaUE€HHUsI BUXPEBBIX MOTOKOB B 3-5 pa3,
OJTHAKO MOPSAA0K 3HAUCHUH ITUX NTOTOKOB COBIAJIACT, 32 UCKIIIOYEHUEM TOJIBKO BBIXOJSIIUX C TEPPUTOPUU TO-
TOKOB JIETOM ¥ OCEHBIO (371eCh BEJIMYMHA aJBEKTUBHOTO IIEpeHOCa Ha IOPSIOK BbIlIe). B 1enom, Ha Beelt Tep-
puropun Tomckoii obacTu B Hauane X X1 Beka HaOmoaeTcst yMeHbIICHHE aBEKTHBHOTO IIEPEHOCa B OCCHHE-
3UMHUH MIEPUO]I, U POCT - B BECCHHE-JICTHHIA (puc. 1).
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PucyHok 1. MexrofioBoi Xofj Ce30HHBIX 3HA4YEHUI CyMMapHOT0 afIBEKTMBHOIO NOTOKA Tenna, NPUXoAALLEro
Ha TeppuTopuio ToMcKoi obnacTtu. [TyHKTUp — criaruBaHue no OHY.

Takue ke TeHACHIIMU XapaKTepHbI U JUIS BAXPEBOTO MepeHoca Teria, OJHaKo He BO Bce ce30Hbl. Tak, 3u-
MOU TIpH YMEHBIICHUH aJBEKTHBHOTO MEPEHOCa, BXOJSIIETO B PErHOH, BEIMUMHA BUXPEBOTO MOTOKA TEIUia
MPaKTHYECKH HEe MeHsieTcs. Takike He HaO0aeTcsl ero 3Ha4YMMbIX KOJIeOaHUH M BECHOM TP yBEJIMYCHUH aJl-
BEKTHBHOT'O TIOTOKA, BBIXOJSIILIETO C TEPPUTOPHH.

[Tpu uccnenoBaHuK MOTOKOB TEIUIA, BXOSIIUX M BBIXOSIIUX Yepe3 KaXKIYI0 I'paHb (IPaHHUILy) TEPPHUTO-
pHUH, MOYKHO OTMETHUTH, YTO 3HAUYUTEIHHO COKpAIIAaeTCsl MPUTOK TEIJIa B PETHOH C ora (puc.2).
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PucyHoK 2. MeKrofioBoii Xof] CE30HHbIX 3HAUYEHMI aBEKTVUBHOIO NOTOKA TeMNa, NPUXOJALLEro Ha Tep-
puTopuio C tora (a) W yxoasLLero u3 perunoHa c ceaepa (6). lyHKTUp — crnammanme no OHY.

[Ipu sToM, B menom, ¢ Hadana XXI Beka yMEHBIIAeTCsI BEIHOC TeIIa Yepe3 ceBepHyIo rpaHb. OnHako B
TTOCJICTHUE HECKOJBKO JIET BETMYNHA aJBEKTHBHOTO IEPEHOCA Ha 3TUX I'PaHIX MOIJIA 3HAYUTEIBHO (~2 pa3a)
YBENUYMIACh. DTO BEIPAKEHO MPEUMYIIIECTBEHHO B 3MMHHMIA c€30H. BecHOM cuTyanus MeHseTcs Ha 00paTHYIo:
pacTeT IMOTOK TeIIa ¢ I0ra U BEIHOC Ha CeBEep PEerroHa. B 1emom, aaBeKTHBHBIN EPEHOC TeTa, MPUXOIAIINN
yepes 3amagHylo TPaHb, YMEHBIIAETCS, YTO TMOATBEPKAACT BBIBOABI 00 YCHJICHHH MEPHIMOHAIBHOTO THIA
nupKymsae [5]. OceHpro pacTeT aJBeKTHBHBIN MEPEHOC TeTIa Ha TEPPUTOPHIO C CEBEPA U YMEHBIIIACTCS BBI-
HOC Yepe3 BOCTOYHYIO TpaHb. JIETOM NMpakTHYECKH CO BCEX TpaHeW MPOMCXOIUT BBIHOC TEIUIA, IPH 3TOM B
BOCTOYHOM HAIPaBICHUH BBIXOIUT XOJIOAHBIA BO3AYX, @ B CEBEPHOM — TEIUTBIH. [IpUTOK Teruia Ha TEPPUTOPHIO
HaOJII0MAaETCs C Fora M 3amaja.

OT ce30Ha K Ce30Hy CHTYaIUs OYCHb TI0X0Ka ¥ JJIST BUXPEBBIX MOTOKOB Tera (puc.3). OxHako, He Bcerna
WX TEHJICHIINH COBIaaaoT. Hampumep, oceHpio Ha (hOHE YMEHBIICHHS aIBEKTUBHOTO IIEPEHOCA BUXPEBOM MO~
TOK C IOTa MPaKTHYECKU HE MeHseTcs. Taxoke 37ech He HaOmomaeTcsl pe3KuX M3MEHEHHH X 3HAYCHUH B TO-
cnexnue rofsl. C BUXPEBBIM IIEPEHOCOM CBSI3aH POCT MPUTOKA TEIIIa C CeBepa PErHoHa 3UMOH, ero YBEIMICHUE
C F0ra BECHOM U JIETOM, U YMEHBLIEHHE BBIHOCA TEIJIA C BOCTOYHOM I'PaHU B OCEHHE-3UMHHUI CE30H.
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PucyHok 3. MerKronoBov xof Ce30HHbIX 3HA4eHWIA BUXPEBOr0 NOTOKA TenJia, NPUXOAALLEro Ha TeppuTo-
puio ¢ tora (a) v yxopALero u3 permoHa c cesepa (6). MyHKTMp — crnamsarme no OHY.

BuxpeBasi akTHBHOCTh B PETHOHE MOXKET OBITh OIHUCAHA TAK)KE C TIOMOIIBI0 BEJIMYMHBI OTHOCHTEIBHOM
3aBHXPEHHOCTH. DTOT IapaMeTp MOXKET XapaKTePU30BaTh KaK NUKIOHUYCCKHUN (TIOJOKUTEIBLHBIC 3HAUCHHUS),
TaK ¥ aHTUIUKJIOHHMYCCKUI THIT IIUPKYIISAIUH (OTpUIIATEIIBHBIC 3HaYCHUs ). [[03TOMY HCCIIeIOBAaHHUE STOM BEJIH-
YUHBI [TO3BOJISIET JIyYIlle TOHSITh U OMUCATh TUHAMUKY OT/IEIbHBIX 2JIEMEHTOB PETHOHAILHOM KIMMAaTHUECKOM
CHCTEMBI, B YaCTHOCTH 0COOEHHOCTH arMoc(epHbIX nporeccos. /st perrona Tomckoit oOnactu ObUT TOCTPO-
€H MEKT0JIOBOM X0/ BEIMYMHBI OTHOCUTEILHON 3aBUXPEHHOCTH ISl KaXKA0T0 ce30Ha (puc.4).

[TonydeHo, uTo B MocieAHEe JECATUIETUE TPOUCKOIUT 3HAUUTEIHHOE YMEHbBIIIEHUE BUXPEBOI aKTUBHO-
CTH, OCOOCHHO BBIPOKCHHOE B 3MMHHUU MEPUOJ]. YCTAHOBIICHO TAKXKE, UTO B IIEJIOM, TI0 PETUOHY BCIIMYHUHBI B
Tpornocdepe B ~2 pasa MPEBBIIIAIOT COOTBETCTBYIOIIUE OIICHKH Y TIOBEpXHOCTH 3emin. B Hauane XXI Beka
HaOoaercst OoNbIINI pa3dpoc 3HAYEHUI OTHOCUTENILHOM 3aBUXPEHHOCTH, ITPU 9TOM, B [1EJIOM HaOJIIO1aeTcst
TEHJICHIIVSI K TIEPEXOy KPUBOI MEKIOI0BOTO X0/1a B 00JIaCTh OTPHULIATCIBHBIX 3HAYCHHUA. ITO TOBOPUT O TOM,
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PucyHoK 4. MexKrogoBoii xof BENMUYMHbI OTHOCUTENTbHOM 3aBMXPeHHOCTH (x10-6/c) No AaHHbIM peaHa-

nm3a ERA-Interim Ha yposHe 1000 rfla (a) 1 500 ra (6) Ha TeppuToprm ToMcKow obnactu. MyHKTUp —
crnasueaHue no OHY.

T T L T T
1980 L] 200 2000 2020

YTO B MOCJICIHUE HECKOJIBKO JIET MPOUCXOAUT YMCHBIIICHNE IMKJIOHUYECKOW aKTUBHOCTH M YCUJICHUC aHTHUIIH-
KIIOHWYECKOTO TUTA IMUPKYJSIIUU. CTOUT OTMETHUTh, YTO TCHACHIIUN B U3MCHCHUHU ATOTO TapamMeTpa CXOXKHU C
MOJTyYCHHBIMH JiJ1s 3anaanoi Cubupu [8].

Taxum 00pa3om, JJisi FOT0-BOCTOYHOM yacTu 3anaaHoit CuOUpH, a IMEHHO JIJIsl TEpPUTOpUHN TOMCKOM 00-
JacTv, OBLTH MOJTyYCHBI CPEIHECE30HHBIC OIICHKH aIBCKTHBHBIX U BUXPEBBIX [TOTOKOB TEIUIA U BEIIMYUHBI OT-
HOCHTEIBHOM 3aBUXPECHHOCTH Yy MOBEPXHOCTH 3¢MJIH M0 aHHBIM peananu3a ERA-Interim ¢ BBICOKUM mpo-
CTPaHCTBEHHBIM Pa3peIICHUEM. YCTAaHOBJICHO, YTO B LIEJIOM, Ha Bcel Tepputopru B Havase XXI Beka HaOIo-
JACTCS YMCHBIIICHUE aJBCKTHBHOTO MEPEHOCA B OCCHHE-3UMHHI MEPUO, U POCT - B BeCeHHE-JIeTHUMA. [Ipu
9TOM PETYIHPYIOIYIO POJIb B 3TUX U3MCHCHUSIX UTPACT IPUTOK TEIIa B PETHOH C FOXKHOUN rpaHutipl. [jis Bux-
PEBBIX MTOTOKOB TEIUIA CUTYAI[MsI OYCHB MOXO0Xa, 33 MCKIFOUCHHEM HECKOJIBKUX CiTydacB. MOXKHO MPEIIOIIO-
JKUTh, YTO B ITU TICPUOJIBI TOTOAHBIC U KIIMMATUICCKUE YCIOBUS (DOPMHUPYIOTCS HE TOJILKO 33 CUCT MPOIICCCOB
KpynHOMAacIITaOHOM atMochepHOi upKysiuu. BeposTHO, mpeodiiaaano BIUsSHIE MECTHBIX (PaKTOPOB: (op-
MHPOBaHHE MECTHBIX ()OPM HUPKYJSAIHH (IIMKJIOHOB M aHTHIIMKIOHOB) Oy/IET CIIOCOOCTBOBATh MHTCHCH(HKA-
LMY KOHBEKTUBHBIX TPOIIECCOB U CBA3aHHBIX C HUMH TOTOHBIX YCIOBUil. [103TOMY MpH M3y4YCHUHU KiUMaTa
PETrMOHAa OYEHB BaYKHO YUUTHIBATh U3MCHYMBOCTH MTPOICCCOB IIUPKYIISAIIUH JIOKAIBHOTO MacIITada.

Hccnedosanue svinonnerno npu yacmuunou punancogoi noooepicke POOU u aomunucmpayuu Tomckori
obnacmu 6 pamxax Hayunozo npoexma Ne 18-45-703014.
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Climatology of the surface-based inversions in the cities
of the Arctic zone of the Russian Federation and its impact
on air quality

Vorotilova P.G., Konstantinov P.I.

Lomonosov Moscow State University, Moscow, Russia
E-mail: vorotilova99@mail.ru

requent surface-based inversions are a persistent feature of the Arctic climate, in particular, its Russian

part. Exactly in this region, during the winter period, the most favorable conditions for temperature in-

version’s formation are observed. An example of such conditions can be: surface radiation cooling for a
long time and domination of the winter anticyclone. Inside the inversion’s layer there isn’t air mixing so, in the
conditions of weak wind, the atmosphere loses its ability to disperse pollutants. Great sources of contaminants
in the Arctic are cities with industrial and energy enterprises, in which about 80% of the population live.

Inversions can be detected by using reanalysis, soundings, satellite and contact measurement data. How-
ever, neither satellite data nor reanalysis data can be used for studying urban inversions: the resolution is too
large to detect them. The radiosonde data allow us to study only elevated inversions, and there are not so many
meteorological stations in the Russian Arctic. Thus, the surface-based inversions of the Arctic are poorly under-
stood.

The purpose of this work is the climatological analysis of surface-based inversions in the largest cities of
the Russian Arctic and the evaluation of the success of this phenomenon’s forecast.

For this purpose, gradient observation complexes, based on the automatic temperature recorder HOBO
MX2303 Two External Temperature Sensors Data Logger with sensors at altitudes of 1.5 and 3 meters, respec-
tively, were installed in the cities of Apatity and Nadym. And data, obtained from these complexes, were ana-
lyzed. Within each city, a pair of the above-mentioned complexes was installed - directly in the city center and
in the background area.

The obtained data allow us to estimate the spatial heterogeneity and frequency of the surface-based inver-
sions depending on the level of anthropogenic transformation of the landscape. These results can later be used
as a basis for the formation of environmental policy in the cities of the Arctic zone of the Russian Federation.

KnumaTtonormna npuseMHbIX MHBEPCUIA B ropoaax
ApKTnyeckomn 3oHbl PO 1 ee BNMAHME Ha Ka4ecTBO BO34yXa

Bopotunosa [.I., KoHctantuHos [1.U.

MockoBcKuii rocynapcTeeHHbIin yHuBepcuteT uMenun M.B. JloMoHocoBa, Mocksa, Poccua
E-mail: vorotilova99@mail.ru

acTble MPU3EMHBIE HHBEPCUU TEMIIEPaTypPhl SBISIOTCS XapaKTEepPHOH uepToil knumara Apktuku [1], B

YaCTHOCTH, POCCUICKOH ee 4acTH. IMEHHO B 3TOM perruoHe, B 3MMHUI 1eproj, HaOI0IaloTCs caMmble

OnaronpusTHBIE YCIOBUS Ul (POPMUPOBAHMS UHBEPCHUIL: UTUTEIBHBIN TEPUOA PAHALIIOHHOTO BBIXO-
JIAKUBAHUSI TTOBEPXHOCTH (TIOJISIpHAst HOYb) M TOCIOJCTBO 3MMHEr0 aHTHUIMKIOHA. BHYTpH MHBEPCHOHHOTO
CJI0sI IPAKTUYECKH OTCYTCTBYET BEPTUKAIbHOE MEPEMEILINBAHUE, YTO, B COUETAHUM C HU3KUMHU CKOPOCTSAMU
BeTpa B 00JIaCTSIX MOBBIMICHHOTO JIABJICHHS, CIIOCOOCTBYET HAKOIIJICHUIO IPUMECEH T0JI THBEPCHOHHBIM CIIOEM
[3]. MommHBIMH HCTOYHUKAMU 3arpSA3HAIOLINX IPUMecel B APKTHKE SIBJISIOTCS TOPOJa, B KOTOPBIX PACIIOIOKe-
HBI IPOMBIIUIEHHBIE TPEANPUATUS U IPEANPUATHS TEIUIOPHEPTETUKH U B KOTOPBIX MpoxkuBaeT 80% HacenaeHus
ApxTrueckoil 30Hb1 PO.

OCo0eHHO OTTaCHBIMU JIJIS1 KUTEICH TOPOJIOB SIBISIFOTCS TPU3EMHbIe MHBepcHr. OHM pacIioioKeHbI OUYCHb
0JIM3KO K 3€MHOM ITOBEPXHOCTH, TIOATOMY NPUMECH KOHIICHTPUPYIOTCSI Ha TaK Ha3bIBAEMOM «IICILIEXOJHOM
ypoBHe» (1-3 MeTpa) v IPUBOJIAT K Pa3IMYHEIM OOJIC3HSIM [5], TaKUM, HAIIPUMEP, KaK UIIEMUYECKOU OOJIC3HU
cep/la 1 O0JIC3HSIM JIbIXaTeIbHBIX MmyTei [7].

WuBepcnu MOryT ObITH OOHApPYKEHBI HECKOJIBKUMH CIIOCO0aMU: HCIIONIB3YIOTCS JaHHbIe 0a3 peaHaln3oB
(TTO3BOJISIIOT BBIIENTUTH OOJACTH TMOBBIIICHHBIX M IMOHM)KCHHBIX 3HAYCHUH KIMMATHYECKUX XapaKTePHCTHK
TEeMITepaTypHbIX HHBEPCHUH) [2], paano30H1upoBaHus (TI03BOJISIOT IPOAHATM3UPOBATh BEPTUKAIBHYIO CTPYK-
Typy armocdepsl) [4], CIIyTHUKOBBIC JAaHHBIE (TTO3BOJIIIOT HMPOBOJMTH IVIOOANBHBIC MCCIEIOBAHUS, OJHAKO
HMMEIOT OTPaHUYCHUS, CBSI3aHHbIE C IOJIyYCHUEM PENPE3eHTATUBHBIX JAaHHBIX TOJIBKO B YCIOBHUSX Oe3001a4HO-
ro HebOa) [4] ¥ naHHBIEe KOHTAKTHBIX HaOmoneHni. OJTHAKO HU CIIyTHUKOBBIC JIaHHBIC, HU JTAHHBIC PEaHaIN30B
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HE MOJXOJAT JUIsl U3yUSHHUS TOPOJCKMX MHBEPCHI: pa3pelieHHe CIHUIIKOM BEIIMKO ISl MX oOHapyxeHus. [lan-
HBIC PaJAMO30HIMPOBAHHUS [TO3BOJISIIOT M3y4aTh JIMIIb HPUITOHITHIC HHBEPCHH, @ METEOPOJIOTHYECKUX CTAaHIINI
B poccuiickoil ApKTHKe He Tak yk MHOro (16). Takum 00pa3om, Npu3eMHbIE HHBEPCHH TOPOIOB APKTHKH W3-
yueHsI ci1ado.

Llesb10 HACTOSIIETO NCCIIEJOBAHNS SIBIISICTCS KIIMMATOJIOTMYECKUI aHAJIM3 IPU3EMHBIX HHBEPCHH B KPyTI-
HEHIIHUX ToposiaX POCCUICKON APKTHKH M OL[EHKa YCIICITHOCTH IIPOrHO3UPYEMOCTH JJAaHHOTO SIBIICHHSI.

Jliist aTOr0 OBUIM IPOAHAIM3UPOBAHbI YCTAHOBICHHBIC B TOpojax AnatuTsl 1 Ha/lbiM KOMIUIEKCHI rpajiu-
CHTHBIX HAOJIOJCHUI HAa OCHOBE aBTOMATHUYCCKOrO TeMiiepaTypHoro perucrparopa HOBO MX2303 Two
External Temperature Sensors Data Logger ¢ narunkamu Ha BeicoTax 1.5 u 3 MeTpa cooTBeTcTBEHHO. B mpee-
Jax KaJ0ro ropoja OblIa YCTaHOBJICHA Iapa BBINICONHMCAHHBIX KOMIUIEKCOB — HEIOCPEICTBEHHO B IIEHTPE
ropoza u B ()OHOBOI 30HE.

Cnyyau npu3emHbIX MHBEPCHIA TemnepaTypbl (r.Hagbim)

W A3ponopT (npuropog)
momnpupodsl (LeHTpropoga)

lpagweHT TeMne paTypbl
“Chm
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Puc.1. CooTHoLLEHME MeXKy MOLLHOCTAMM NPU3EMHbIX MHBEPCUI B ropofe U ¢OHOBOM
30He Ha npumMepe r. HagbiM.

B nporiecce aHaim3a ObLIH pACCMOTPEHBI CBS3H MEXK/TY U3y4aeMbIM SIBJICHHEM M OCTPOBOM TEILIA, CHHOII-
TUYECKOW cuTyauueu. Jlyig aHanmm3a mocienHel, B 4aCTHOCTH, MCIIOJIb30BaJICS KOMIUJIEKCHBIN IOKa3aTelb
weather factor [7].

[TonydeHHbIe JaHHBIE TTO3BOJISIOT OIEHUTH MPOCTPAHCTBEHHYIO HEOJHOPOJHOCTD U MOBTOPSIEMOCTD MPH-
3EMHBIX HHBEPCHUH B 3aBUCUMOCTH OT CTCIICHU aHTPOIOIeHHOH npeodpa3oBanHoCTH NaHaadra. JJanubie pe-
3yJBTAThl MOTYT BIOCJCICTBHU OBITh UCIIOIB30BAHbI KAK OCHOBA U151 (POPMHUPOBAHHUS IKOJIOTHUCCKOM MOTUTH-
KU B [TOJIBEPTHYTHIX UCCIEOBAHUIO ropoax ApKTHueckoit 30HbI PO.
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AHanun3 HeIMHENHbIX B3aMOOencTBUM CTaUuMOHapHbIX
MN1aHeTapHbIX BOJIH

Ouaenko K.A., Moropenbues A.U.

CaHkT-leTtepbyprckuii locynapcTBeHHbli YHuepcuteT, Poccuiickuii locynapcTBeHHbIi [MapoMeTeoponoruyeckuii
Yuusepcuter, CaHkt-letepbypr, Poccus
E-mail: didenko.xeniya@yandex.com

cTparocdepe HabmoOnaeTCsl B3aMMOCBSI3b MEXKAY M3MEHCHHUSIMH aMIUINTY/ CTAllOHAPHBIX TUIaHeTap-
HBIX BOJIH C 30HaJILHBIM BOTHOBBEIM uuciioM | u 2 (CTIB1 u CIIB2), o0ycnoBieHHast HeNMHEHHBIM B3a-
UMOJICHCTBIEM BOJIHA-BOJIHA. UTOOBI 00BsCHNTH HaOmonaemoe noseaenue ammutyn CIIB, moxHO
paccMOTpETh HEIMHEHHOE B3aMMOJEHCTBUE CTAllMOHAPHON IJIAHETAPHOM BOJHBI C 30HAJIBHBIM ITOTOKOM H C
CIIB ¢ gpyrumu BOJHOBBIMH uuciaMu. [Ipyu TakoM MOAXOAE pacCUMTHIBAIOTCS CllaraéMble, OTBEYAIOLINE, 3a
B3aMMOJICHCTBHIE BOJIIHA-BOJIHA M BOJIHA-CPEHUM OTOK B yPaBHEHNH OajlaHCa BO3MYILCHHOW MTOTEHIMAILHOM
sHcTpoduu (1):
oP? Pw 9P PVOP 0P PV oP
at 2 +acos<p6/1+ a 6(p+ W 6z+ a Jd¢
rae P’ - BO3MyIIEHHE TMOTEHIIHAIBHOTO BUXPA DpTend, u', v/ 1 w' - BO3MYIIEHUS 30HAJIBHOMN, MEpUANO-
HaJIbHOM 1 BEPTHKAIBbHOW COCTABJISIIOLICH CKOPOCTH reocTpoduueckoro Berpa, Q' sBiseTcs BO3MYIICHUEM
JMabaTHYeCKUX HCTOUHUKOB M CTOKOB. [IepBoe ciiaraeMoe B JIEBOit CTOPOHE YpaBHEHUsI OIIMCHIBAET IBOJIOLUIO
BOJIHBI. TpH MOCIEIYIONINX ClIaraeMbIX — B3aUMOJCHCTBUS 110 THITY BOJTHA-BoJHA. [locneaHue 1Ba onuchIBaloOT
U3MEHEHHUs] BO3MYIIEHHS IOTEHIIHMAIbHOW SHCTPO(UH, BI3BAaHHBIE B3AaUMO/ICHCTBHEM BOJIHBI CO CPEIHUM MO-
tTokoM. Criaraemoe B NpaBOi 4acTH ypaBHEHHs 0003Ha4YaeT U3MEHEHHUs] B BO3MYIEHUH MOTCHIMAIbHOW H-
cTpoun 3a cueT 1MadaTnuecKoro HarpeBa 1 JIMCCUIIALUK B YPABHEHHH UMITYJIbCA.

Pesynbrars! qna ypaBHeHHS (1) MOJKHO MOTYYHTH KakK C HCIIOIb30BAHUEM BO3MYIIICHNS MOTCHIIUATIBHOTO
BUXps Dpredst (B clydae 0TKasza OT KBa3UreoCTpo(ruuecKoro NpuOIMKeHHs1), TaK U C UCIIOJIb30BAHUEM ¢’ —
BO3MYIIICHHE KBa3UTeOCTPO(YUICSCKOro MOTCHIUAIBHOTO BUXps (ObLIO mpemiokeHo B pabore Smith AK.,
1983). Jls1st mpaBUIIBHOTO OIUCAHUS HEJIMHEHHBIX B3aMMOACHCTBUI HEOOXOIMMO OTKa3aThCs OT MCIOJIb30Ba-
HUS reoCTpodUUecKoro nmpuomKeHus (1o kpaitHe Mepe AJIsl UCCIIEI0BaHUsI TIPOLECCOB B CPEIHUX MIMPOTaX
3uMHel ctparocdepst). UToObI okasaTh noBeeHHe ciaraeMbix B ypaBHeHuH (1) ¢ ucrosnb3oBanuem ¢’ wiu P’
OBLIO PEIICHO PACCMOTPETh PE3YJIbTAT MOACIUPOBaHUs ¢ Hcnoib30BanneM MCBA (Mozenb cpeaHeii u Bepx-
Hell aTtMocdepsl), Korjia MOJICIMPOBAJIOCh CHIIbHOE BHe3anHoe crpatocdeproe norervieHue (BCIT). Bo Bpems
BCII BostHOBast akTUBHOCTD ycuiuBaercs. Mcmonszys MCBA, ObLTH pacCuuTaHbl M MPEICTABICHBI Ha puC. 1
ciaraembie ypaBHeHus (1). 3HaueHHs ObUIM TOJIyYEHBI JUIsi BBICOTBHI 50 KM M yCpPEIHEHBI B MOJIOCE LIMPOT
52.5N-62.5N.
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Puc.1. CnaraeMble, 0TBeYaloLLMe 3a BRI B banaHc BO3MYLLEHHOM NOTEHLMANbHOM 3HCTPOPUM (C UCNONBb30BaHWEM KBa-
3UreocTpodMUECKoro NMpUBMMKEHNA - KpacHble IMHUM, NOTEHLMANbHOro BUXpA 3pTens - cuHue nunum) ans CMNB1 (nesble 4
nanenw) u ClB2 (npaBble 4 naHenu) Ha 50 KM B AHBape.

Pe3ymbTaThl 1EMOHCTPUPYIOT Pa3inuyys IPH UCHOIB30BaHUH ¢’ U P’, 0COOEHHO NPH B3aMMOJEHCTBHUHU IO
THUITy BOJIHA-BOJIHA (11aHesu b, ¢ puc.1). Pe3ynsrarsl Ha puc. 1a MoKa3bIBarOT, YTO BPEMEHHbBIC H3MCHCHHS BUX-
peBoit norenuanbHoi sHcTpoduu st CIIB1 n CIIB2 npakTuueck He 3aBUCST OT THIIA UCIIOIb3YEMOro 10-
TEHIMaJbHOTO BUXps. Hambonmee mHTepecHas CUTyalus BO3HHMKAeT IMPHU PACCMOTPEHUH B3aMMOJCHCTBUSA
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CIIB1 u CIIB2 co cpenuum notokoM (nanenu d). 3HaueHus HaxoasTcst B mpoTuBodase. YToObl H3yduTh NO-
JNOOHOE B3aMMOJEHCTBHE HEOOXOIUMO CJIeNaTh HEKOTOpbIe peoOpa3oBaHus B ypaBHeHUH (1) M JIMKBHIUPO-
BaTh BO3MOXKHYIO OLIMOKY. JTa 33/1a4a Oy/ieT IpeIMETOM JalbHEHITNX UCCICAOBAHMUM.

Analysis of nonlinear interactions of stationary planetary
waves

Didenko K.A., Pogoreltsev A.l.

St Petersburg State University, Russian State Hydrometeorological University, Saint-Petersburg, Russia
E-mail: didenko.xeniya@yandex.com

planetary waves with zonal wave numbers 1 and 2 (SPW1 and SPW2) due to the nonlinear wave-wave in-
teractions. To interpret the observed behavior of SPW amplitudes, it is useful to consider the nonlinear in-
teractions of SPWs with the zonal mean flow and between the SPWs with different zonal wave numbers. Using
this approach, the conservation of the perturbed potential enstrophy is investigated. When the amplitude of the
SPW considered changes, the transfer of enstrophy to another wave numbers is a necessary condition for the
maintenance of the conservation requirements. In this case the terms responsible for the wave-wave interaction
in the balance equation of the potential enstrophy (potential vorticity squared) are calculated [1].
To obtain the balance equation of potential enstrophy, we use the linearized equation of conservation of
the potential vorticity and multiply it by its eddy component and include the source and/or sinks term Q. The
result is the general form of the eddy enstrophy balance:

Introduction. In the stratosphere, there is anti-correlation between changes in the amplitudes of stationary

iq_lz qlul a_ql q/vla_ql qlvlﬁ . W(l)
at 2 acos@ dA a J¢ a J¢ q

where ¢’ is the perturbation of the quasi-geostrophic potential vorticity, " and v’ are perturbations of the
zonal and meridional geostrophic winds, and Q' represents the perturbation of diabatic sources and sinks and
terms describing the subscale contributions to the momentum equation. All other symbols have their conven-
tional meaning: « is the Earth's radius, 4 and ¢ are the longitude and latitude. The first term in left-hand side
denotes the wave transience. The two next terms describe the wave—wave interactions. The last term in the
left-hand side describes the eddy enstrophy changes due to wave—mean flow interaction. The term in the right-
hand side gives the changes in eddy enstrophy due to the diabatic heating and subscale contributions to the
momentum equation including momentum deposition by gravity and inertial-gravity waves [1].

The results for equation (1) can be obtained using ¢’ (as suggested in [1]) or, using the perturbation of the
Ertel’s potential vorticity — P’ (refusing the quasi-geostrophic approximation):

0P? _Pw 9P PVOP PV oP o P Waﬁ 5 (o
ot 2 acos@ 02 a 0 a 0@ Y a2 Yo Q.2

where the last two terms on the left side of the equation are additions for calculating the wave-wave and
wave-mean flow interactions, containing the perturbation of the vertical component of the wind speed w'.

For a correct description of nonlinear interactions, it is necessary to refuse the quasi-geostrophic approxi-
mation (at least in the middle latitudes of the winter stratosphere, where the nonlinear wave-wave interactions
are strong) [2]. A quasi-geostrophic potential vortex which perturbation is used for calculating the perturbation
of the potential enstrophy is not an approximation of the Ertel’s potential vorticity. It is just its analogue (even
the dimension is different). Taking into account the expression for the absolute vorticity wa = rotV+2Q, Q = {0,
Qcosp, Qsing} and neglecting 2Qcosg in comparison with the vertical derivative of the zonal wind u,, we ob-
tain the expression for the Ertel’s potential vorticity P = wa - VO / p,, which is usually used in atmospheric dy-
namics, particularly in "primitive" equations in a spherical coordinate system [3]. To compare the results ob-
tained with the quasi-geostrophic approximation and without it, we should use ¢"(d.) and P"p, in the eddy en-
strophy balance equation (1).

In order to show the behavior of different terms in the balance of potential enstrophy using ¢"(8)) or P"p,,
it was decided to consider an example of simulation with the middle and upper atmosphere model (MUAM)
when a strong sudden stratospheric warming (SSW) was observed (simulated). Wave activity usually intensi-
fies during this phenomenon. Fig. 1 demonstrates the results of simulation with the MUAM (a set of the en-
semble runs for EI-Nino conditions have been performed and one of the ensemble runs was selected). One can
see a strong increase in the amplitude of the SPW1 on the 10" of January, which was accompanied by reversal
of the zonal mean flow in the stratosphere. As a consequence, the sudden stratospheric warming was observed
several days later.
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Amplitude of PW1 in geopot. height (m) at 625N
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Figure 3. Terms contributing to the eddy enstrophy balance
(using quasi-geostrophic potential vorticity — red lines,
Ertel’s potential vorticity — blue ones) for SPW2 at 50 km for
January: (a) transience, (b) wave1-wave1 and (c) wavel-
wave3 interaction and (d) wave—mean flow interaction.
Units are the same as in FIGURE 2.

Figure 1. The time-altitude cross-sections of the amplitude
of zonal harmonic with zonal wave number m = 1in the
geopotential height and the mean zonal wind at latitude
62.5N (upper and middle panels) for January; the changes
of the zonal mean temperature during this month at 87.5N
are shown in the lower panel. MUAM data.

Using the results of simulation, the terms of
Equation (1) were calculated and visualized. The val-
ues have been averaged over the middle latitude re-
gion from 57. 5 to 72.5°N, using cosine of latitude
weighting. The results in Fig. 2a and 3a shows that
the time changes of eddy potential enstrophy for
SPW1 and SPW?2 are almost independent on the type
of the potential vorticity is used. The run of the curve
showing the interaction between waves with different
wave numbers looks similar (weather we use ¢™(f.)
or P"p,), but the intensity is noticeable different. The
most interesting situation is formed when consider-
ing the interaction of the SPW1 or SPW2 with the
mean flow. In the panel (d) of Fig. 2 and 3 one can
see, that the values of interaction terms for quasi-
geostrophic potential vorticity and Ertel’s potential
vorticity are out of phase.

Figure 2. Terms contributing to the eddy enstrophy balance
(using quasi-geostrophic potential vorticity — red lines,
Ertel’s potential vorticity — blue ones) for SPW1 at 50 km for
January: (a) transience, (b) wave 1-wave? and (c) wave2—
wave3 interaction and (d) wave—mean flow interaction.
Units are 10'2(kgm”)"-PVU*/day, where 1PVU=10" -K-m’
kg's™.
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Conclusion. The results of calculation the terms in the eddy potential enstrophy balance equation demon-
strate substantial differences between the quasi-geostrophic approximation and when we use the Ertel’s poten-
tial vorticity expression. It is important to consider in more details the interaction of SPW1 and SPW2 with the
mean flow. To find out the reason for such results some transformation of equation (2) should be done. It is
necessary to present the terms responsible for the wave-mean flow interaction in the form of divergence of the
potential enstrophy flux and exchange terms. Thus, we can analyze the error introduced between the distur-
bance and mean state. Moreover, terms containing a vertical velocity were not considered in this research.
These terms can provide a contribution to the balance during the SSW events and/or in the case of nonlinear
interaction between higher-frequency planetary waves (for instance, the atmospheric tides) — Fig. 4.
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Figure 4. Terms contributing to the eddy enstrophy balance

i [a B (using Ertel’s potential vorticity without the perturbation of
(] -] K . . .

E £ the vertical component of the wind speed — blue lines, with
; o+ i the pertorbation — green ones) at 50 km for January. Units
£l ] are the same as in FIGURE 2-3.
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Modeling the dynamics of thermal comfort conditions
in Arctic cities on the background of regional climate change

Semenova A.A., Konstantinov P.l., Samsonov T.E.

Lomonosov Moscow State University, Russia
E-mail: mos7kit@mail.ru

and fifth IPCC assessment report data, it is known that the rate of temperature increase in this region is
higher than the average for the globe.

Temperature as a climatic resource largely determines the conditions of human life and the possibility of
economic development of territories. But not only temperature influences a person’s feeling of the environment
and its comfort, therefore, bioclimatic indices are used to assess the impact of the environment on a person’s
health and lifetime. The main characteristic of the environmental comfort is thermal comfort. Thermal comfort
is a parameter of the feeling of comfort. In this condition the thermoregulatory system is at rest. A human feels
comfortable. He is neither cold, nor hot.

That is why an urgent issue in applied bioclimatology can be considered an assessment of thermal comfort
conditions not only on average for a territory, but also for urbanized territories separately. On these territories
the effect of urban heat islands strongly influences temperature increase in addition to general climate warming.
In most cities, weather stations are located outside the city limits. These weather stations can not characterize
the climate of the cite.

Aims of the study:

@ Obtaining trends of temperature and bioclimatic indices of environmental comfort in the period from
1966 to 2017 for the Arctic region as a whole and for Arctic cities

® Study of cities for their belonging to different local urban climatic zones (LCZ)

® Modeling the dynamics of thermal comfort conditions in Arctic cities in the period from 1966 to 2017

To assess changes in comfort in the Arctic region, three of the most common bioclimatic indices of envi-
ronmental comfort were chosen.

The Arctic region stands out especially strongly on the background of climate change.According to fourth
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The territory that was included in the Arctic zone of the Russian Federation by decree of the President of
the Russian Federation was chosen for the study. The following cities were chosen: Murmansk, Kandalaksha,
Arkhangelsk, Naryan-Mar, Salekhard, Anadyr and Nadym, also included in the Arctic zone.

Research was supported by the grant program of Russian Foundation of Basic Research (project no. 18-
05-60146)

MopenupoBaHve OMHAMWNKK YCNOBUA TEPMUYECKOIO
KoMdopTa B ropogax Apktnyeckou 3oHbl PO Ha poHe
pernoHanbHoOro N3MeHeHUA KMmarta

CeméHoBa A.A., KoHctanTuHos [1.U., CamcoHos T.E.

MockoBckuit locynapcTBeHHbii YHuBepcutet umenu M.B. JlomoHocoBa, Poccua
E-mail: mos7kit@mail.ru

a (hoHe 100ATLHOTO U3MEHEHUS KJIMMaTa APKTHUECKHH PErHOH BBIJCISIETCSl 0COOCHHO SIPKO: N3BECT-
HO, YTO CKOPOCTh HOBBIIIEHHS] TEMIEPATypbl B ’TOM PErMOHE BBIIIE, YEM B CPEIHEM 10 3EMHOMY
urapy. [6]

B Poccun B roponiax npokusaeT okosio 74% HaceleHus], B APKTHUECKOH 30He n3-3a CeU(UKN e€ 0CBO-
ennst ota udpa goxoaut 10 85%. [ToaToMy aKTyabHBIM BOIIPOCOM B IIPHUKJIIATHON OMOKIMMATOIOI U MOKHO
CUUTATh OICHKY YCIIOBUI TEPMHUUCCKOTO KOM(DOPTa He moabKo 6 cpedHem OJisi meppumopuu, HO M 0Jist ypoaru-
3UPOBAHHBIX MEPPUMOPULL OTMOETbHO, TIE TTOMUMO O0IIETO MOTEIUICHHS KIIMMAaTa, CHIIBHO CKa3bIBACTCsl JICHCT-
BHE TOPOJICKMX OCTPOBOB TEIUIA, a TAK)KE MPOKMUBAET OOJbIIAsl YacTh HACEJICHUSI PErHOHA. DTO TeM Oolee
BaXKHO, ITOCKOJIBKY JUIsI APKTHYECKOTO PErMOHA Ha HACTOANIMHA MOMEHT HE CYIEeCTBYET HUKAKUX JAHHBIX O
COBPEMEHHOW KIMMAaTOJIOTUH KOM(OPTHOCTH HEMTOCPEICTBEHHO B TOPOJIAX: IMOJOOHBIC UCCIIEA0BAHUS ITPOBO-
JUIINCH JUIIb B cepeanHe XX Beka npu pailonuposanuu Apkruxu u Kpaitnero Cesepa. Ho nist ouenku usme-
HCHHMS KIIUMaTa ¥ TePMUYECKOro KoMpopra ApKTHIECKHX TOPOJIOB CYILECTBYET IPOOIeMa TOTO, YTO ITOYTH BO
BCEX IrOpojiax METEOCTaHIMM HAaXOJSATCs BHE FOPOACKON 4EepPThI M HE MOTYT XapaKTepU30BATh METEOPEKUM
BCEr0 ropojia NOIHOCThI0. To ecTh U3-32 pacHONOKEHHU METEOCTAHIUHM B APKTHKE ITOUTH HE CYIIECTBYET Hal-
€XKHBIX JaHHBIX O KJINMAaTe UMEHHO FOPOJICKUX TEPPUTOPHH.

OCHOBHOI IeJTBIO TAHHOH pabOoTHI SIBISIETCS N3YUYEHHE KIIMMAaTHIECKUX XapaKTepPUCTHK: TEMIIEPATyPhl 1
OMOKIIMMaTHYEeCKNX MHIEKCOB KOM(OPTHOCTH cpeabl il APKTHUECKOTO PErHOHa B IIEJIOM M OTAECIBHO JUIS
ApkTudeckux ropojoB B repuoa ¢ 1966 no 2017 rona u cBs3eil 3TUX XapaKTEPUCTUK C apaMeTpaMu ropo-
CKOM 3acTpOiKH. J[yIs1 TOCTHKeHNMS 9TO el ObUTH MOCTaBIICHBI ClieyIoIue 3a1a4i. Bo-nepBbIx, M0Iy4nTh
MHPOPMALIUIO O TPEHJAaX TEMIIEPaTypbl M OHOKINMATHYECKHX MHIEKCOB KOM(OPTHOCTH Cpeibl B MEPUOJ C
1966 1o 2017 roas! 1uist ApKTUUECKOTO PETHOHA B LIEJIOM U 17151 APKTHUECKUX Topo/10B. Bo-BTOpBIX, Ipopaiio-
HUPOBaTh APKTHYECKHE TOpPOia COIIACHO HEAABHO NMPHHATOH MEXITyHApOAHOW KIIacCH(UKALUK JIOKAJIBHBIX
roponckux kimMarndeckux 30H (LCZ) [7], npencraristoniux co0oii 00JacTH ¢ OTHOCHTEIBHO OJHOPOIHBIM
MTOKPBITHEM TTOBEPXHOCTH (BBICOTHI U TUNIOTHOCTHU 3aCTPOMKH, KOJIMUECTBOM 3eJIEHBIX HACAKICHUH 1 XapakTe-
POM UeNIOBEUECKOM JeATEILHOCTH), ISl BHISIBIICHHUS B KaXKJIOM M3 TOPOJIOB 30H, C HanOoJIee XapaKTepPHbIM TH-
1IOM 3aCTPOHKH. B-TpeThHX, MpOM3BECTH MOJCIMPOBAHHUE JUIsS KaXJIOTO U3 BHIOPAHHBIX TOPOJIOB YCIIOBHI
TEPMHYECKOT0 KOM(OPpTa T0fl C MOMOIIBIO MPOrpaMMHOTr0o KoMIuiekca RaymanPro 3.1, ucnonbs3ys 1aHHbIE O
LCZ- 30Hax B Ka)xa10M ropoje.

Jlist uccneoBanus ObuIa BEIOpaHa TEPPUTOPHS, OPHUIIMATIBHO BOLIeIIas B APKTHUECKYI0 30HYy Poccuii-
ckoit demepanuu o ykasy [Ipesunenra PO or 2 mast 2014 roxa, u ObUIH BBIOpaHBI ClIeAyIOIIKE ropoaa: Myp-
maHck, Kanganakia, Apxanrensck, Hapbsn-Map, Canexapn, Anansips 1 HagpiM, Takxke BXoasiue B ApKTHU-
YECKYIO 30HY. [8].

Juist petieHust IepBoii U3 MOCTaBICHHBIX 3a/1a4 OblIa MPON3BE/ICHA OI[EHKA CPEIHETO/I0BBIX TPEH/I0B TEM-
rieparyp 1o pa3HbeIM paiioHaMm Apkrudeckoil 30HbI PD ¢ momomipo qanHbIX 0a3bl peananu3a HamponansHoro
Henrpa danubix 06 Okpysxkaromeid Cpene NCEI NOAA. Bpiiio npoaHaiu3upoBaHO HECKOIBKO paiioHOB poc-
cuiickoil ApKTUYECKOH 30HBL: CKOPOCTU U3MEHEHHsI TeMIepaTypsl 3a NEpPUOJ 3a 52 rofa Ha BCel TEpPUTOPUN
cocraBisiroT opsiaka 0,3°- 0,55°C/10 ner.

OpHaKo NMPOCTPAHCTBEHHBIN MaciiTad MPaKTHYECKH BCEX CYIIECTBYIOUIMX Ha CETOAHSIIHHMNA JIeHb 0a3
peaHann3a He M03BOJISIET YIaBIMBaTh KIMMAaTHYECKUE H3MEHEHHS, TPOMCXOASIINE KOHKPETHO B Toposiax (pas-
Mep ropojia ropasio MEeHbIIIE [1ara CeTKH peaHannsa). [103ToMy J0moaHUTEIBHO ObUIa TPOBEICHA OIIEHKA U3~
MEHEHHsI CPEeTHETOJJOBBIX TEMIIEPATyp Ha OJIDKAWIINX K HAaCEJIeHHBIM pailoHaM HCCIeyeMbIX TOPOIOB METEO-
cranimsx cetu Pocrugpomera, noxydeHssix ¢ pecypca BHUMTMU-MI/ [9]. Tak Oblir TOCTPOEHBI TPEH/IBI
CPEIIHETO/IOBBIX TEMIIepaTyp BO3AyXa IO CEMM ONIMKAHIIMM K HEMOCPEACTBEHHO TOPOJCKHMM JaHAamadTam
CTaHIMAX APKTHYECKOH 30HBI B iepuof ¢ 1966 o 2017 rona. B Tabauie 1 npuBeneHb! pe3ynnbraTbl CpaBHEHHS
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CKOpOCTEH pocTa TeMrepaTypbl 10 CTAHIIMOHHBIM JIaHHBIM U 1aHHbIM peaHan3a NCEI NOAA otHocutenbHO
10 ner (3a Bce 52 rona).

Ta6bnuua. 1. CkopocTu pocTa npr3eMHoli TeMnepaTypbl Bo3ayxa B ropoga A3P® no faHHbIM Ha3eMHbIX HabIoAeHNI U pea-
Hann3a NCEI NOAA. 3a 10 ner.

T'opoxn Cranuus Peanaus

MypMmaHCK 0,449°C/10 ner 0,41°C/10 ner
Kanganakima 0,448°C/10 net 0,41°C/10 ner
ApXaHTeIbCcK 0,453°C/10 net 0,44°C/10 ner
Hapesa-Map 0,524°C/10 ner 0,39°C/10 ner
Canexapn 0,532°C/10 net 0,39°C/10 ner
Hanpmm 0,540°C/10 net 0,35°C/10 ner
AHaJIBIph 0,363°C/10 et 0,29°C/10 net

JInist OlleHKH M3MEHEeHUsi KOM(OPTHOCTH B APKTHYECKOM pEerMoHe ObLIM BbIOpaHbl Hambosee pachpo-
cTpaHEHHbIC U (HU3HOIOTHYECKH 0OOCHOBaHHbIE OMOKIIMMATHUECKHE HHIEKChI koMpopTHOCTH cpenpl. [lepBblii
U3 HUX - 3TO Mepa TEIUIOBOTO OIIYIIEHHS HaXOSIIETOCs B TOKOE YEJIOBEKA, TO €CTh (PM3MOJIOTMIECKH - HKBHBA-
nentHas Temrieparypa (PET). Oto mokasarens, XapaKTepHu3y oL KOMIUICKCHOE BO3/ICHCTBHIE HA YEITOBEKA TEM-
nepaTypbl, BIQKHOCTH BO3yXa, CKOPOCTH BETPa, PaIMallHOHHbBIX MIOTOKOB M YUUTHIBAIOLIUH CTETICHb (PHU3HOIIO-
THYECKOW aKTUBHOCTH UYEJIOBEKA, M CTETICHb TEPMOPETYISIIMOHHBIX CBOMCTB ONSKABL. [1] DTOT MHAEGKC MOXKET
BBIABJIATH YPOBHH TEIUIOBOTO BO3/ICHCTBUS CPEIIBI (TETIIOBOTO CTPECCa), €CIN OHU CYIIECTBYIOT. [2]

UTCI — 310 yHHUBEpCaTbHBIN HHICKC TEIIOBOTO KoMpopTa. OH O6bUT pa3paboTaH B KaueCTBE KOHIICIIIHH
«OKBUBAJICHTHOI TeMIIEpaTypbl»: OH BKIIOYAET ONpe/elieHue 0a30BOro yCIOBHs, C KOTOPHIM OyayT CpaBHHU-
BaThCS BCE JAPyTHe KIMMAaTHIECKUE YCIOBUS. [4]

mPET — camblif COBpeMEHHBIN TEIUIOBOW MH/ICKC, OCHOBAHHBIN Ha (PH3UOIOTHICCKHIX ITapaMeTpax 4esio-
Beka. mMPET Ob1 ipeoOpasosan u3 unaekca PET. DTo noBnusiio Ha TO, 4TO 3TOT MHJEKC CTall yHUBEPCAIbHBIM
U TENeph MOXKET JIy4Ille OI[CHUBATh TEPMUUCCKUIT KOM(POPT B pa3HBIX KIMMAaTUYECKUX 30HaX U B pa3HbIC epu-
ofel Tonia, B otinunu ot PET [5].

PaiioHMpoBaHu1e ropofcKmx naHgwadTos

Jliist penieHus 3Toi MPOOIEMBI TOTO, UTO HOUMU B0 BCEX 20POOAX MEMeOCMaHyuu Pachnoiazaromcs eHe
30Hbl OCHOGHOU 3ACMPOUKYU W TIONYYCHNS TapaMeTPOB 3aCTPOUKN IS TAIbHEHIIEro MOJICTUPOBAHNS KOM-
(hOPTHOCTH HEMOCPEACTBEHHO B TOPOACKOM JaHAIa(Te, OBIIO IPOU3BEICHO pailoHNpOBaHNEe 7 APKTHIECKUX
TOPOZIOB IO JIOKaNBHBIM KimnMarndeckuM 30HaMm (LCZ). (puc.l) JloxampHBIE (TOPOICKHE) KIMMATHYECKHE
30HB! (LCZ) mpencTaBnsioT co00H yIaCcTKH C OTHOCUTEIHHO OJHOPOIHBIM IIOKPHITHEM IIOBEPXHOCTH: TTIOTHO-
CTHU U BBICOTBI 3aCTPONKHU, KOJTUUECTBOM 3€JEHBIX HACAXKICHUH, CTPOUTENILHBIMU MareprasiaM, BUJIOM XO3sIH-
CTBEHHOM JIEATENFHOCTH U T.1. [ 7] i1t pydHOTO paifoHMPOBaHUS UCTIOIB30BAIACh TPOTPAMMHOE 00eCIIeYeHUE
Google Earth , caumku Landsat 7 1 SAGA-GIS.

OBoaHaveHUA

) LCZ5
LCZ 10
LCZ 8
LCZ 7
LCZ 9
LCZ 6

TR0

Puc. 1. PaitonupoBanue ropogos no LCZ. Cnpasa Haneso: AHagbipb, KaHaanakiwua, HapbaH-Map, Mypmatck, Canexapg, Ha-
ObIM, ApXaHrenbcK.
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[Tpu paiionupoBanuu (puc. 1) ObUIO YCTaHOBJIECHO, YTO BO BCEX BBIOPAHHBIX TOPOJIaX MPUCYTCTBYET 5-6
kimMarndecknx 30H LCZ. Haunbosee xapakTepHoii 1y1st 00IbIIMHCTBA TOPOJIOB siBisieTcs 30Ha «LCZ S5» (mm-
POKHE YIHIIBI ¢ BBICOTO# IoMoB nopsaka 10-25 metrpoB). To ecTb 00bIYHBIE TOpOJCKUE KBapTaubl. Mckitode-
Hue cocrasisier HapbsH-Map, aist kotoporo Hanbonee xapakrepHa «LCZ 6» (IIupokue yauibl ¢ INIOTHOI 3a-
CTPOMKOI 1 BBICOTOI JIoMOB B 1-3 3Taxa). OcoOHsIKOM npezcTaBieHa Bo Becex roponax «LCZ 8» - aTo paiion
MIPOMBIIIJIEHHBIX 30H.

MopenupoBaHue ycnoBuit TepMUYECcKoro KoMgopTa B ApKTUHECKUX ropoaax

Jiist pacuéra GMOMETEOPOIOTHUECKUX HHIEKCOB MCIIOIb30BalIach IUarHocTuyeckas Mmojaeinb RayManPro
3.1. [5] Ota Mozenb MOXKET pacCUUTHIBATh PAIUAIlMOHHBIE TIOTOKH U OMOMETEOPOJIOTHIECKUE MHIEKCHI B KOH-
KPETHBIIl MOMEHT BPEMEHH B KOHKPETHOM MECTE JIJIsl KOHKPETHBIX Jitofied. Tak xke y MoJiesi uMeeTcst TpEXmep-
HbIIl OJIOK, B KOTOPOM MOXKHO CMOJEJIMPOBATH IMOKa3arenu KoM(popra MpU HAXOKICHUHM 4YEIOBEKa BHYTPH
OITPE/IeIEHHOTO THIIA 3ACTPOMKH.

JlaHHble 0 TeruIo(prU3NIEeCKUX CBOWCTBAX MOBEPXHOCTH OBLIH TONYYEHBI HCXO/sl U3 MH(POPMAIIMU O BbI-
OpaHHOM Ha HpebIIyIIeM dTale HandoJiee XapaKTepHOro JUisi KaX/I0ro ropojia TUIa 3acTpoiiku. [laHHble 0
3aKPBITOCTH TOPU30HTA OBLIM MOTYYEHBI U3 TOPOACKoil Oa3bl AaHHbIX OpenStreetMap. C moMOIIBI0 CKPHUIITA B
cpene QGIS ynanock chopmupoBars Gaiiibl CO CMOJIEITUPOBAHHBIM YUYaCTKOM TOPOJICKOM 3aCTPOMKH, Xapak-
TEPHOIN KOHKPETHO JJIsl KaXKA0TO BEIOPAHHOI'O ropojia — TaK Ha3bIBaeMble ““(pailiibl C MPensTCTBUIMH

Ora uHdopmarysi, a Tak)Ke eXKeJTHEBHbIC 8-CPOUHbIE JIaHHbIE METEOPOJIOTHUECKUX HAOIIONEHHUH B IEPUOJ
1966-2017 rT. 1 OBUTH UCTIONIB30BaHbI JJIsl MOACIUPOBAaHUS B TpEXMepHOM Onoke monenu RayMan Pro 3.1. Ha
pHUCYHKe 2 MOKa3aHbl CMOJICJIMPOBAHHBIE YCIOBUS TEPMHUYECKOTO KOM(pOpPTa B ropoAax ApPKTHUECKOW 30HBI.
MO’KHO 3aMETHTh, YTO BO BCEX I'OPO/IaX TPEH/IbI MIMEIOT Pa3HYI0 CKOPOCTh CBOEro u3meHenus. [IpnunHoii Ta-
KOH HEOTHOPOJHOCTH, BOBMOXKHO, SIBJISIIOTCSI KAK PErMOHANIbHBIE, TAK U MUKPOKJIMMaTHYeCKHE (TOPOJICKOM
nasanadT) 0COOCHHOCTH.

Tpengea TEMIEPATYRL H TPt TEMDEpaType W TPRHAM TEMREPATYRLE W Tpemb TEMRERITYIHA W
HMEROOE B FOPOfLE HHJERCOB NG FOpOgy MHAEHEDE O TOPORY HHEKCO8 N0 FOPOY
@ Hagbim . ApaHTenLes " Kamganasuwa o« Mypraanc
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Puc. 2. CpefHerofoBble TpeHbl TEeMNepaTypbl M CMOAENIMPOBaHHbIX MHEKCOB TEPMUYECKOTO
KoMdopTa AnA ApKTUYECKMX FOPOLL0B.

Hccnedosanue dvLo gvinonnero npu noodepoicke npoekma PODU 18-05-60146 "Apkmuxa".
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Thermal comfort differences in Russian cities
(Moscow case-study)

Samyltyrova M.S., Konstantinov P.I.

Lomonosov Moscow State University, Russia
E-mail: madina.samyltyrova@gmail.com

urbanization and climate change, which by the beginning of the 2 1st century had acquired the status of a
key problem.

According to NASA Goddard Institute for Space Studies the global surface temperature in the past decade
is 0.8 C higher than in the early 20th century and notable growth began in 1975 [1].

The transformation of climate processes is particularly evident in cities, where the impact of human activ-
ity is multifaceted and manifests itself in a concentrated form. Urban inhabitants are especially vulnerable to
current and future climate risks because of the concentration of their social-economic activities in landscapes
that are exposed, in particular, to heat waves. [2]

The purpose of this study is to determine the urban environment impact on the thermal comfort of a person
in the scale of specific urban landscapes. The relevance of the study is determined by the fact that the urbaniza-
tion processes combined with global climate change will exacerbate the weather dependence of people.

Main goal of this study is investigation of microclimatic processes transformation due to the urban fea-
tures, selection of areas for research, calculation of thermal comfort conditions and identification of factors af-
fecting thermal comfort changes.

We used biometeorological indexes as the modified equivalent physiological temperature mPET and universal
thermal climate index UTCI. These indexes were chosen because of its universality and ability to take into account
physiological values. Main meteorological variables that affect heat dissipation from the body are air temperature,
radiation temperature, humidity and wind speed. With the effect of personal factors like metabolic rate, physical ac-
tivity and clothing insulation ability, they form six fundamental factors of thermal comfort of a person. [3]

The data used in study includes hourly measured meteorological values of 12 cities of Russia from 1966 to
2015 year and 3 cities of Kazakhstan from 2006 to 2018 year. Another input data was obstacle files with geom-
etry of buildings and information about it’s high.

The calculations were carried out by the the RayMan model. It is a special software that provides calcula-
tion of radiation fluxes with the help of above-mentioned meteorological parameters. It also it takes into con-
sideration urban structures (buildings and trees).

In first stage mPET index modeling was assessed in Moscow city. In order to compare trends bioclimatic
diagrams for five decades have been constructed. The diagrams are based on a monthly interval and they have
frequency classes of thermo-physiological stress levels for PET. The results show that increase in thermal stress
begins from the period 1996-2005 and people feel warm in 16% of and hot in 7% of cases. It means that Mos-
cow in comparison with 1966-1975 period has become more stressful at 5%.

It is expected that stress conditions will vary in cities and these differences depend on not only geographi-
cal position but also on urban morphology, which forms local microclimate. For this reason, evaluation will be
provided for the same obstacles. Thus, comparison of Russian cities' meteorogical conditions in the territory of
Moscow State university and Kazakhstan cities within the area of hotel Kazakhstan can give a proper assess-
ment and an opportunity to conclude which cities are more comfort for people.

The growing interest in the issue of modified climate in cities is due to current trends in the rapid pace of
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N3yyeHne TpeHO0B yCI0BMIN TEPMUYECKOr0 KoMdopTa
B ropogax Poccunckon @egepauunm Ha npyuMepe MocKBbl

CambinTbipoBa M.C., KonctanTtuHos 1.1U.

MockoBckuin locynapcTBeHHbli YHusepcutet umenu M.B. JlomoHocoBa, Poccus
E-mail: madina.samyltyrova@gmail.com

acTyIIMH MHTEpEC K BOIPOCY MOIU(PHUIMPOBAHHOTO KJIMMATa B TOPOJax BbI3BAH COBPEMEHHBIMU TEH-
JICHIMSIMH, KaCAIOIUMHUCS KaK MHTCHCUBHBIX TEMIIOB ypOaHHU3aLUH, TaK M M3MEHEHUsI KJIIMMaTa, KOTO-
poe k Havyay X XI Beka mprnoOpesto craryc KIOUeBOH MpoOIeMBI.

CornacHo BeiBoaM MHcTUTyTa KOcMuueckux uccienoBanuili HACA, TemnepaTypa HOBEpXHOCTH 3€MHO-
ro mmapa 1990-x ronax Ha 0,8 C BeImEe, yeMm B Hadase 20-r0 cTONCTHS, M HAUOOJIEE 3aMETHBII POCT HAYaJICs C
1975 rona [1]

Tpanchopmanys KIMMaTHIECKUX MPOIECCOB 0COOSHHO SPKO IPOSIBIISIETCS B TOPOJIax, IJ1¢ BIUSHHUE YeJI0-
BEYECKOU JeSITeIbHOCTH MHOTOTPAaHHO U MPOSIBIIsETCS B KOHLEHTpupoBaHHOM Buje. ITo ouenkam OOH nHace-
JIeHHe ropofickux Teppuropuii B 2018 rony nocturnio 4,2 MUIMapAa, YTO COCTABIAET 55% OT MUPOBOTO Hace-
nennst. K 2030 romay oxxugaercst yBelIndeHHe 107 TopojcKux xkuteneit 1o 60% [2]. Kurenu roponos ocoden-
HO YSI3BUMBI K TEKYIIIMM H OyIyIIINM PHCKaM HX-3a PACIOJIOKEHHS COLIMATbHO-DKOHOMHUECKOH e TEIBHOCTH
B naHmadrax, NoABEPKEHHBIX, B YaCTHOCTH, TEIUIOBBIM BosIHaM [3]. BiusiHue kinmara Ha 310poBbe 1 Oyaro-
COCTOSIHUE YEJIOBEKA Ha CETOAHAIIHUN IEHb XOPOLIO UCCIEN0BaHO [4]

Llento tanHON pabOTHI SIBISIETCS ONPE/ETICHNE BIMSHHS TOPOJICKOM CpeJibl Ha TepPMUUCCKHUI KoMpopT ve-
JIOBEKa Ha MaciuTabe KOHKPETHBIX TOPOJICKUX JaHAma(TOB.

AKTyaJIbHOCTh MCCJICIOBaHHMsI 00OCHOBBIBAETCS TEM, UTO Ha (pOHE I100AITBHOrO U3MEHEHHUS KIMMara B
CTOPOHY ITOTEIIJICHUS], TPOLECCh ypOaHHu3auu Oy1yT ycyryoisTh 4yBCTBUTEILHOCTh HACCICHHSI K METEOPO-
JIOTHYECKUM YCJIOBUSIM. B wacTHOCTH, M3-32 yBEIMUYEHMs KOJMUYECTBA aHOMAJIBHO XKApKUX JHEH BO3pacTaer
3a200JIeBAEMOCTH U MIPEXKIEBPEMEHHAs! CMEPTHOCTB TOPOACKUX JKUTENEH [5].

B 3agaun paboThl BXOASAT: U3y4YEHHE TPaHCHOPMALUK MUKPOKINMATHYECKHUX IPOLIECCOB B CBSI3H C OCO-
OEHHOCTSMH rOPOJCKON 3aCTPOHKH, 0TOOP PaHOHOB ISl HCCIICOBAHMSI, PAcUeT yCIOBHH TEPMHIECKOTO KOM-
¢dopt 1 BeIsIBICHUE (DAKTOPOB, BIMSIOIINX HA H3MEHEHHE TEPMHYECKOTO KOM]OpTa.

MeTo/10M HCCIIEI0BaHNUS TTOCITYKHJIIO UCTIONB30BaHNE TAKUX OMOMETEOPOJIOrHYECKUX MHIEKCOB KaK MO-
muduupoBaHHas 3KBHBAJICHTHO-(pu3Honorndeckas temneparypa mPET m yHuBepcanbHBIH TepMUYeCKHI
kimmMarnaeckuit nagexc UTCIL. Ecnm nepBblil HHIEKC OCHOBBIBAETCSI HA MEOHXEHCKOW MOJIEIJIN TEIUIOBOTO Oa-
nmanca MEMI [6], To UTCI npezncrasinsier co6oii MHOTOY3710BYI0 Mozienb Puana [7]. Oba mokasaresns CHUTAIOT-
Csl YHHBEPCAJIBbHBIMU, TaK KaK MOAXOJAAT AJISl aHAJIN3a TEIIOBOIO COCTOSIHUS UEJIOBEKA B XOJIIOJHOE U TEMIOE
BpeMsi rofa. KpoMe Toro, oHM yUMTBIBAIOT (PU3MOIOTHUECKYIO COCTABIISIIOLIYIO TIPOIiecca BO3CHCTBHS OKPY-
JKAKOILEH Cpelibl Ha YeJIOBEYECKUI OpraHu3M.

OnuH 13 HanOoJee pacipoCTpaHEeHHBIX OMOKIMMaTHYecKuX HHIekcoB - PET - skBuBaneHTHO-(pHU3HO0IIO0-
rH4ecKas TeMIepaTypa B JaHHOM MECTe, paBHO3HAYHast TEMIIepaType BO31yXa, IIPH KOTOPOM B OOBIYHBIX KOM-
HaTHBIX YCJIOBHSIX TEIUIOBOH OaaHC YeIoBeKa IMoJIePKUBACTCS TEMIIEPATypOi KOXKM U BHYTPEHHHUX OPTaHOB,
YTO SIBJISIETCS] 9KBUBAJICHTHBIM K OLIEHKaM JJaHHBIX Temrieparyp [6]. Ha Ga3e aToro nmoxasaresst Obl1 pazpaboran
yCoBepIIeHCTBOBaHHBIN Toka3arenb MPET, kotopslil ucnonb3yer 6ojiee TOUHYIO U PEATHCTHYHYIO MOJEIh
TeJa ¥ TakyKe MHOTOcIoMHYy0 Moaens onex el [8]. UTCI onpenensercs kak TeMnepaTypa Bo3IyXa IpU CTaH-
JIAPTHBIX YCJIOBUSX, KOTOpast BHI3BIBACT TAKyIO )K€ OTBETHYIO PEAKIHMIO, KaK MpU (haKTHIECKUX yCIoBHsX [9].
MEMI ncnonb3yercs Uit HOMCKAa HEKOTOPBIX HEM3BECTHHIX KOMIIOHEHTOB B YPaBHEHHH TEIUIOBOTO OallaHca,
KOTOpPBIE 3aBUCAT OT CPEAHEN TeMIIepaTypbl HOBEPXHOCTHU OJEKIbI, CPEIHEH TeMIepaTypbl KOKU U BHYTPEH-
Hell TeMneparypsl opranusMa. biaarogapst cOCTaBICHHIO CUCTEMBl YPaBHEHUH MOXKHO PacCUMTaTh TEILIOBOE
COCTOSIHUE JIJIS1 JTF0O0T0 KOHKPETHOTO COYETaHMUs! KIIMMAaTHYECKUX 11apaMeTpOB, aKTUBHOCTH ¥ BUJIA OJICKIBI.

KnumarnueckuMu BeTMUMHAMMY, BIUSIONIMMU Ha PEaKIMIO YEIOBEKa, CIIyKaT TeMIIepaTypa Bo3ayXa, pa-
JMAIOHHAs TeMIIepaTypa, BIaXKHOCTh U JIBIXKEHUE BO31yXa. B coueTaHnu co CKOpoCThI0 0OOMEHa BEILIECTB,
(U3MUECKOM aKTHBHOCTBIO YENIOBEKa U U30JISHOHHON CIIOCOOHOCTBIO O/ICXKIbI, OHHM 00pa3yeT mecTh (yHaa-
MEHTaJIbHBIX ()aKTOPOB TepMHYeckoro komdopra [10]

Pacyer napaMeTpoB TepMHYECKOr0 KOM(pOPTa IMPOU3BOAMIICS C HCIOJIB30BAaHUEM CIICIHAIN3HPOBAHHOTO
MIPOrPaMMHOT0 obecredeHus. PyKoBOiCTBOM HEMENKOro MH)XeHepHoro obmiectBa [11] Obiia pazpadborana
nporpamma RayMan, koTopast cnocoOHa NPONU3BOUTH PacdeThl PAJANAIIMOHHBIX TOTOKOB. DTOT ITPOLECC OCY-
LIECTBISIETCA IIyTEM BBOAA OCHOBHBIX METEOPOJIOTMYECKHUX MapaMeTpoB: TEMIIEPATYpa BO3AyXa, BIAKHOCTb,
CKOpPOCTB BETpa, 00Ja4HOCTb, a TaKkke HH(YOPMAIIH 0 YaCOBOM I10siCe, TeorpapuuecKuX KOOpIHHATAX, BpeMe-
HU ¥ BBICOTE MECTHOCTH. Takum 00pa3om, ¢ MOMOLIBIO JJAHHOW MPOrpaMMbl MOXKHO pacCUnTaTh MOKa3aTelln
PET u UTCI. Kpome Toro, mporpamma 1o3BoJisieT y4eCTh BIUSHHIE JIEMEHTOB FOPOJCKHX JIaHAMAa(TOB Ha pa-
JMAIOHHBIE apameTpbl. [Ipyu Hannauy nHpOpManuy O 31aHMSAX U IEPEBbsIX B BUJE (aiiia MpersTCTBUil cTa-
HOBHUTCSI BO3MOXKHBIM IIPOHU3BECTH pacyeT yCIOBHI TEPMHUECKOTO KOM(OpTa B KOHKPETHBIX yCIOBUsIX. [opos-
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ckast MOp(OJIOTHsl UTPaeT CYIIECTBEHHYIO POJIb B ONPEEICHUH TEIUIOBOIO COCTOSIHUS yenoBeka [ 12], Tak Kak
3HAYMMBIE JUIsl HEr0 METeONapaMeTphl 3aBUCST OT 0COOCHHOCTEH apXUTEKTYPHON Cpebl. DTO BIUSHUE NPOSIB-
JsieTcs Ha IUIOLAAN OT CAHTUMETPOB HE HECKOIBKHX JECATKOB MeTpoB [13].

AHTpoIoreHHble JIaHmadThl, SIBISSICh PE3YJIBTaTOM NPeoOpa3oBaHus €CTECTBEHHON CPEIbl, MMEIOT 0CO-
Oble KJIMMaTHYECKUE YCIOBHSI, CBSI3aHHbIE C M3MEHEHUEM PaMallMOHHOTO, TEIJIOBOTO OajlaHCca, BIaXXHOCTH U
BETpOBOro pexuma. bonee Toro, ypOaHM3MPOBaHHBIE TEPPUTOPUU MUMEIOT OTIMYUTENbHBIE OHOdH3NYecKne
0COOCHHOCTH B CPAaBHEHUH C OKPYXXAIOLIMMU CeJbcKuMU paiionamu [14]. [opoackue Teppuropun o0anatoT
OO0JIBILION IIEPOXOBATOCTHIO, TAK KaK 3[aHuUsl, COOPYKEHHS U IPYT'He aHTPOIIOTeHHbIE OOBEKTHI BIUSIOT Ha pe-
abed 1 a9poJMHAMHYECKOE CONIPOTHBIICHHE.

Jliist ypGaHN3MpOBaHHBIX TEPPUTOPHN XapaKTEpPHO U3MEHEHHE TEIIOBOTO OajlaHca, MPUYMHOM Yero ciry-
JKHUT YEJIOBEUECKast IeSITeIbHOCTh. DTO, BO-IIEPBBIX, IIPUBHECCHUE JIOTIOIHUTEIBHOTO TEIIa 33 CUeT 00BEKTOB
MIPOMBIIIJICHHOCTH, TPAHCIIOPTa K KOMMYHAJIbHOIM HH(PACTPYKTYPBL. A TaKk)Ke CaMH reOMETPUIECKUE 0COOCH-
HOCTH 3/JJaHUH, TIPUBOJISIIIE K CTarHAIMKU BO3/lyXa M MOSBJICHUIO JIOBYIIEK JIJIsl COJHEYHOM paguauu. Anboe-
JI0 TTIOBEPXHOCTEH, POPMHUPYIOIIUX 3/[aHus: OCTOH, KAMEHb, KUPIIMY U TIPOYHE, UMEET OoJiee HU3KYIO BETUUUHY
10 CPAaBHEHUIO C €CTECTBEHHBIMH OBEPXHOCTSIMH. DTO COCOOCTBYET aKKyMYJIMPOBAaHHIO TEILIa U BIHMSET Ha
paauaruonHbiil 6ananc [10]. ILTOTHOCTE 3aCTPOWKH, BBICOTA 3/IaHUM, a TAKXKE UX B3aUMHOC PACIIOJIOKCHUE
JIETIAl0T BETPOBOM PEXUM CrIel(pUIeCKNM, BBI3BIBAIOT TIepepacipeielieHNe JaBIeHUsI 1 U3MEHEHNE CKOPOCTH
BeTpa. B MeTeoponornueckoM MoJeNIMpOBaHUM HAXOIUT MPUMEHEHUE TEOPHs TOPOJCKOro KaHbOHA, KOTOpas
Obuta pazpadorana Tumom Oxe [15]. Takne mapameTpsl, Kak COOTHOILIEHUE BBICOTHI CTEH 3AaHUH K MIMPUHE
YIUL, JUIMHA CTE€H U UX OPUEHTALUs UCIIONb3YIOTCS MIPU aHAIN3€e KIMMAaTHUECKUX XapaKTepUCTUK Ha MUKPO-
Macriraoe.

B pamkax nccneioBanust ObUTM MCITOIB30BaHbl ObUIN JaHHBIE O METEOPOJIOTHYECKHX YCJIOBHSX B I. Mo-
ckBa 3a nepuos ¢ 1966 no 2015 rox. Ha ocHOBe AaHHBIX OBUIM MOCTPOCHBI OMOKIMMATHUECKHE JTUarpaMMBI
JUIS IECATUIIETHUX BPEMEHHBIX CPE30B, KOTOPBIE OTPaXKAIOT MOBTOPSAEMOCTh TeX Win UHbIX 3HadeHnit mPET B
TIpe/ieNax ONpeiesICHHBIX AUAa30HoB. [ paHUIIbl AMAa30HOB ONPE/IENICHBI C UCTIOIb30BaHUEM TaOIuIb! [6].
AHanorn4sele JuarpaMmsl IuiaHupyercs noctpouts Wi 11 roponos Poccuiickoit denepaunu u 4 ropoaos
Pecnyonuku Kazaxcran.

Tomropmesoct inamcnnid mPET 1a nepnay 1966-19785 0 Mowropacsscr. maeennil mPET s neposy 1976-1985¢
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Paccmorpum otpe3ok niepuona 1966-1975 rr. Kpome 3umHero neproa, X0oJI0I0BOi CTPecc BEIpaKeH B 00-
nee 80 % ciydaeB B HOSIOpe 1 MapTe. XOJIOIOBOM CTPECC B TEILIBIC CE30HBI rojia 00YCIIOBIICH HIU3KIMH 3HAYCHUS-
MU TeMIIepaTypsl, a, cneposarensHo, U MPET B HouHOe Bpems cyTok. FI3BeCTHO, 4TO MUHUMYM B CYTOUHOM XOJI€
TeMIeparypbl BO3yXa MPUXOIUTCS Ha BpeMs [IOCJIE BOCXOa COJIHIA, @ MaKcUMyM Ha 14-15 vacos [16] Haunnast
C Masi, HAUMHAET MOSABIIATHCSA HE3HAUUTEINIbHBIN U yMEpEeHHBIH TernoBoil crpecc, B npenenax 10% u 3% coorser-
CTBEHHO. B uione He3HaunTeNnbHbINH TEIIOBOM cTpece yBennunBaetcs a0 20%, a ymepennslii 10 11%. Dkcrpe-
MaJIbHBIX TUCKOM(OPTHBIX 3HAYEHHUI PAKTHYECKN HEe HAOMIOAIOTCS: TeMIIepaTyphl BbIIIE 35 UMEIOT IOBTOpsie-
mocTb MeHee 1%. lepuoa ¢ 1976 no 1985 rog He cMIbHO OTIIMYAETCS OT MPEABIAYIIETO NECATHUIIETHS. 3aMETHOE
ToBBIIIeHKE TUcKoMpopTa HaurHaeTcs ¢ nepuoaa 1996-2005 rr. Tak, B viose Mecsie )KUTEIU Topo/ia 4yBCTBYIOT
ce0dst «crerka rerio» B 16% cirydaes u «rerio» 7 B % cirydaes. C nepruoaa 2006-2015 nosiisieTcst CHIIbHBII Te-
IJIOBOM CTpecc B aBrycTe. 3aMeTHM, UTO 110 CPABHEHUIO ¢ TIepruoaoM 1966-1975 rr. skcTpeManbHbIN X0JI00BOM
crpecc ymensbiaercs K 2015 roxy ¢ 6 10 3 % B Mae u ¢ 9 10 1% B ceHTsI0pE.

Takum 006pa3oM, OCHOBHAsI YaCTh HEONATOMPUSATHBIX YCIOBUI TepMHUUYECKOro KoM(pOopTa B TEIUIBIN MepH-
O] IPUXOJUTCS Ha He3HAUYNTEIbHBIN TETIOBOH cTpecc. {0 CHIBHOTO TEIIOBOTO CTpecca M0 CPAaBHEHHIO C
OCTaJBHBIMH 3HAUCHWSIMHU HeBennka, a Temneparypa mPET Brimre 41 B menom 1yt MOCKBBI HEe XapaKTepHa.
CrnemoBaTeTbHO, pacCMaTPUBAEMEI TOPO JOCTATOYHO KOM(OPTEH C TOYKH 3PEHISI KIMMATHISCKUAX YCIOBUH.
Urto KacaeTcsi KIMMaTHYeCKUX TeHIEHINM, HECMOTPs Ha TIOCTOSIHHBIN pocT Temneparypsl Bo3ayxa C 1900 mo
2000 r [17], nossimienue mPET He siBnsieTcs rulaHOMEpHBIM B TeueHHe 49 JeT, a XapaKTepHO TOJIBKO IS MO-
CJIC/THUX JIBA/ILATH JieT. JlaHHYI0 TEHACHIIMIO MOYKHO CBSI3aTh MOKHO CBSI3aTh C MpolieccaMy ypOaHU3alnu: C
cepenuubl 90-x TomoB XX ctonetus 10 cepeauHbl 2010-X IT. HTHTEHCUBHOCTh MOCKOBCKOTO OCTPOBa TeIUIa
BEIpocia B cpenHeM ¢ 1.6 mo 2.0 °C [18]. He crout 3a0bIBaTh, 94TO JIOKAIbHBIE ()aKTOPHI ICHCTBYIOT B3aUMOC-
BA3aHO ¢ (pakTOpamMH PETHOHANBHOTO W TioOampHOTOo MacmTa®oB [19]. B ycmoBusax oOmiero moTerieHus
BCTPEUAIOTCS PA3JIMYHbIE aHOMAJIMK B XOJIe KIIMMAaTHYECKUX BEJIMUMH, KaK HalpUMep I0XoJIofaHue, Haluo-
nasieecs: B Mockse B 1980-x u 1990-x rojax noxosiofjaHue B NEPHUOJT KIMMAaTHYECKOro npeaszumbs [20].

Wrak, ananu3 ropozra MoCKBbI TIOKa3aJl, YTO MPOLECCH N3MEHEHHS YCIIOBUI TepMHUYECKOro KoM(popTa 3a
49-neTHWIi TIEpUOJI, XOTh M 3aBUCHUMBI OT II00aIbHON TEHICHIIUH K MOTEIJICHHUIO, JTOJDKHBI PACCMATPUBATHCS B
KOHKPETHBIX YCIOBHSAX TOpoackoro manamadra. Pazsuruem paboThl TIIaHUPYETCS MPOBEIEHUE PAcUIeTOB IO
OCTaJbHBIM KpyIHbIM ropogam Poccuiickoir ®@enepanuu u Kazaxcrana. Oxugaercs, 4To pacueTbl MOKaXKYyT
JIeTaIbHBIC PA3INYHS B KIIMMAaTHIECKNX XapaKTEPUCTUKAX OT/IEIBHBIX TEPPUTOPHUIL B ITO3BOJISIT BBISIBUTD BIIHS-
HHUE KaK reorpauyeckoro MojoKeHHs, Tak 1 MUKPOKIMMAaTHYECKHX O0COOeHHOCTEeH. B mensix ajexkBarHoro
CpaBHEHUsI KOM(OPTHOCTH MPOXKMBAHKS B FOPOAAX, OLEHKA M0 OMOKIMMAaTHYECKUM TT0Ka3aTelsiM OyaeT 1po-
BOJIUTHCS B Tpeneax OJUHAKOBOH 3aCTPONKH, YTO MO3BOJMT M3bexkarh pazopoca 3Hadennid mPET u UTCI
W3-3a BIMSHUS Pa3HOTO THIA YPOAHHCTHUIECKUX MOP(OCTPYKTYp. YCIoBHS KOM(pOPTa POCCHIICKIX TOPOTOB
OyIyT pacCMOTPEHBI Ha IPUMEPE MUKPOKINMATHICCKIX XapaKTEPUCTHK TeppuTopuu [1aBHoro 3narns MI'Y
. MOCKBBI, Ka3aXCTaHCKUX — TOCTHHHUIBI «KazaxcTam» I. Aimarsl.
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Assessment of CO, flux variation for Russian forest
ecosystems under climate change with JSBACH model
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existence in a particular territory is limited to low temperatures. An increase in the growing season and

an increase in temperature reduce some environmental restrictions and open up areas for invading plants
from lower latitudes. It is expected that local species diversity will increase, since the rate of distribution of
species from low to higher latitudes will be higher than the rate of extinction of species already existing in this
area.

The purpose of this work is to assess the response of the geographical distribution of woody vegetation in
Russia and their ability to absorb carbon dioxide from the atmosphere to the climate forcing set by the RCP 8.5
scenario.

The study was carried out using the land surface model JSBACH. To set the atmospheric conditions for
the JSBACH model, two data sets were used, which were previously obtained using the global large-scale
model of intermediate complexity PLASIM and the global climate model INMCM4. The task of changing cli-
matic conditions was carried out by means of the RCP 8.5 climate scenario, according to which the concentra-
tion of carbon dioxide in the atmosphere increases with the simulation from 296 ppm to 936 ppm.

The study showed that extratropical forest vegetation showed high sensitivity to atmospheric forcing. In
the given conditions, there was not only a significant expansion of the habitat of this plant type, but also a sig-
nificant increase in the level of CO, absorption from the atmosphere over the entire area where this type is lo-
cated. The general increase in the amount of biomass in northern Russia, triggered by climate warming, has led
to an increase in the absorption of CO, from the atmosphere. However, the weakening of the total absorption of
CO, in the south of Western Siberia near the state borders of the territory and in the central part of Eastern Sibe-
ria may presumably indicate a change in the absorbing properties of the plant types under consideration due to
climatic forcing.

An analysis of all the data obtained showed that by the end of the 21" century, under the conditions of the
specified intensive climate changes, on the whole, in the territory of Russia, as well as for each region consid-
ered separately, an increase in the absorption intensity of carbon dioxide from the atmosphere occurs. However,
the obtained growth rates of the absorption intensity are significantly lower than the rates of growth of carbon
dioxide concentration in the atmosphere set by the scenario. The combination of these factors explains the de-
crease by the end of the simulation on average over the period 2081-2100 the balance value of the flow of car-
bon dioxide into the atmosphere by 57.64% relative to the historical time interval 1981-2000.

E cosystems of the territory of Russia are considered to be very sensitive to climate change, since their
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OueHka Bapuaumm notokoB CO, On1A NecHbIX 3KoCUCTEM
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mogenun JSBACH
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BBEAEHWE

Kiaumarnueckue YCIIOBUA ABJIAIOTCA OCHOBHBIM (I)aKTOpOM Ppa3BUTHA PA3JIMYHBIX BUIOB PaCTUTCIIBHOCTH.
B 10 %e BpEMS PACTUTCIILHOCTD BIIUACT HAa KIIUMATUYCCKOE COCTOSIHUEC ITYTEM KOHTPOJIA HaAJI3EMHBIX BO/T, SHEP-
rerndyeckoro Oamanca, kounenrpauun CO, [1-5]. Ciaeqyer oTMETHTh, YTO HaubOJICEe BEPOSTHBIC OOpaTHBIC
CBA3H C KIIMMATOM C PACTUTCIIBHOCTBIO JOJIPKHBI 6I)ITI> OCO6€HHO 3aMETHBIMU B BEICOKUX HIUPOTAX.

Teppuropust Poccun npoctupaercs OT TPaBSHUCTBIX CTEIEW Ha Ore 10 TYHAPbI HA MOJIIPHOM CEBEpE.
besnecnas 6omoTrcTas TyHApa HaCYUTHIBAET MOYTH 10 MPOIEHTOB TEPPUTOPHUHU CTpaHbl. [I0BepXHOCTHBIHN THIT
Poccun COACPIKUT BCC OCHOBHBIC 30HBI PACTUTECIIBHOCTH MUPA, 38 UCKITIOUCHUEM TPOIMNMYCCKUX JOKACBLIX JIC-
coB. bornee monoBuHEI cTpaHbl HaXoAUTCS BhIIe 60° ceBEPHOI MUPOTHI M MMOKPHITO CHETOM TOYTH TOJIOBHHY
rozia. 3a mporueamiee croneTre B Poccun HaOmonazocs yBenn4eHne CpeTHEr00BON TeMIIepaTyphl TOBEPXHO-
ctr 0.8-0.9°C, a cpenHss MPOAOIKUTEIBHOCTD BETeTAaIIMOHHOTO NIeproAa ¢ Hadana 1960 roga yBennumnach Ha
10-11 nmueit. B teuenne XXI Beka rogosas temmeparypa B Poccuu, mo oreHkam, npogoinkaer pactu Ha 0.1-
0.5°C 3a necstunerue [6].

DKOCUCTEMBI TCPPUTOPUUN Poccum cunrtarorcst oueHb YYBCTBUTECJIbHBIMU K UBMCHCHHUIO KJIMMATa, IMOCKOJIbKY
HX CYIIECTBOBAHUEC HA KOHerTHOﬁ TCPPUTOPUHN OT'PAHNYCHO HU3KMUMHU TEMIIEpATypaMU. VBennueHne BCreTanu-
OHHOT'O IE€PUOJa U MMOBBINICHUC TEMIICPATYPhI CHMKAIOT HEKOTOPBIC SKOJIOT'MYECKUE OTrPaHUYCHUSA U OTKPBIBAIOT
paloHBI [T BTOPXKEHUS pacTeHUH n3 Oosee HU3KHUX MHUPOT. OKumaeTces, 9T0 MECTHOE BUIIOBOE Pa3HOOOpas3ue
OyZieT yBeIn4MBaThCs, MMOCKOJIBKY TEMITbI PACIPOCTPAHEHUS BUIOB U3 HU3KUX LIMPOT B Oojee BBICOKHE OyayT
OyZyT BBIIIIE, YeM TEMITbl OTMHUPAHHUS yXKe CYIIECTBYIOIIMEX Ha 3ToH Tepputopun Bunos. Hanmpumep, Claussen M.
u Esch M. oxxuaror 61aronpusiTHbIC YCIOBHS /ISl YMEPEHHOTO JIMCTBEHHOTO Jieca B IlIBeriu, caBUT Talru B
HBIHCIITHUE PaiOHbI TYHAPbI, B CHOMpHU 1 Ha AJIICKe, 00IIee COKPAIICHNUE XOJIOAHOIO JMCTBCHHOIO Jieca U TyH-
JIPBI ¥ YBEJTMUEHHE XOJIOHOTO CMEIIaHHOTO JIeca, XOJIOIHOTO XBOMHOTO U TAaeXKHOTO [7].

Llenbto 9TO# pabOTHI SBJISETCS OLIEHKA OTKJIMKA reorpadMuecKoro pacipeieieH s APEeBECHbIX THIIOB pa-
CTUTEIBHOCTH Poccuu 1 MX CIIOCOOHOCTH K MOIVIOMICHHUIO YITIEKHCIIOTO ra3a n3 arMocgepsl Ha KIMMaTHye-
CKUii popcuHr, 3a1aBaemblii cieHaprem RCP 8.5.

AAHHbIE W METOO NCCJTEAQOBAHUA

YucneHHbin 3KCNepuMeHT

HccnenoBannus OTKIMKA PAaCTUTEILHOTO TOKpoBa CHOMPH HA KIMMATHYIECKHUE N3MEHEHHS IPOBONIINCH C
momorsio Mmoaenu JSBACH, pa3paborannoii B UactutyTe Maxkca-Ilnanka no mereoponoruu (MPI-M) [8-10].
DTa MOAEb SABISIETCS HA3€MHOM KOMITOHEHTOW Mozmenn 3eMHoil cuctembl MPI-ESM. Kak cocraBHas gacTe
monenun ECHAMG6, 3Ta Moziennb pacCYUTHIBACT yCIOBHS HIDKHEW TPaHUIIBI aTMOC(HEPHOTO MTOTPAHUIHOTO CIIOS.
JSBACH mo3BomsieT pacCUMTHIBATh OONBIIOE KOJMYECTBO XapaKTEPHCTHK TMOBEPXHOCTH. OCyIIecTBIsIeTCS
MOZIETTMPOBAHUE TTOYBEHHBIX ITPOLECCOB (THAPOIOTHHY MOYB, IEPEHOC TEIIa B TIOYBAX M SHEPreTHIECKUi Oa-
JIAHC HA TIOBEPXHOCTH T04B) [11], yuuThIBaeTCS NTMHAMUKA MTOTIIONMICHUS, XPAaHEHUS U BRIOPOCOB yIIIeposa U3
pacTeHuil ¥ MouB, HOTOCHHTETHYECKUE M ()EHOTOTUIECKUE TIPOLIECCHI, TOBEPXHOCTHYIO paJiHalnio U JUHAMH-
yeckoe (poHoBoe anpdeno [12,13], m3MeHEeHNS pacTUTENFHOTO TOKPOBA (BKITIOYAs MOBPEKICHHUS BETPOM H T10-
xkapawmi) [10, 14]. Dta Momens MoXeT OBITH 3ammymieHa B offline pesknme, 9TO TO3BONIAET PACCUUTATH TIOBEAC-
HHUE Pa3INYHBIX XapaKTEPUCTUK IMOBEPXHOCTH B 3aBUCHMOCTH OT 33JaBaEMbIX N3BHE, a HE PACCUMTHIBAEMBIX
online, aTMOC()EPHBIX YCIIOBHIA.

s 3anaans atMocepHBIX YCIOBHA, HEOOXOMMMBIX s paboThl Moaenu moBepxaocti JSSBACH, 6putm
WCIIONB30BaHbI 1B HA00PA JAHHBIX, IPEIBAPUTENBHO MOTyYEHHBIE C TOMOIIBIO II00aNBHO KpyTHOMAacIITa0-
HOW Mozenu mpoMexyTodHoi cinoxkaocT PLASIM [15] u mobansHON KiamMaTmdeckoit moxenn INMCM4
[16]. 3amanue M3MEHEHUS KIMMAaTHYSCKUX YCIIOBHH OCYIIECTBISUIOCH TIOCPEACTBOM KIMMATHIECKOTO CIIeHA-
pust RCP 8.5 [17], cormacHO KOTOpOMY KOHIIGHTpAIIHS YIIICKHUCIIOTO Ta3a B aTMOC(epe pacTeT C X0Ie MOICITH-
poBanus ot 296 ppm 10 936 ppm.
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®oHoBble AnA MoennpoBaHuUA aTMOCdJeprIe ycnoBuA

Knumarnueckuii cieHapuii, UCIIOIb30BaHHBIN B paboTe, MO3BOJINII 3a/1aTh [Uist Tepputopuu Poccun ycio-
BHS OYEHb CUJIBHOIO MOTeNJIeHus knumara. [Ipu 3a1aHHOM pocTe KOHIIEHTPALUH YIIIEKUCIIOro ra3a ¢ 296 ppm
710 936 ppm (OTHOCHUTENBHOE yBEeIHYEHUE B ~2.36 pa3a) pe3yJbTarhl MOJCIMPOBAHUS II100AILHOI KpyHOMac-
mTabHOW MOJIENN TPOMEKYTOUHOH ciaokHocTH PLASIM 1eMOHCTPHPYIOT pOCT cpeqHel 3a Mepuoji MUHHU-
MaJbHOM M MakcUMaJIbHOW cyTOuHOHM Temmneparypsl. I1o ceBepy paccmarpuBaeMoil TeppUTOpUN pa3HULIA J10-
cruraet 8°C. [Tonyueno HebombIIOE YBEIMUCHNE CPEAHEH 3a TIEPHO/] MHTEHCHBHOCTH BBINA/ICHHS 0CAKOB Ha
Ooubineit yactu Tepputopur CubupH, 1 HeOOJIBIIOE YMEHBILICHNE - B/IOJIb F0)KHOW I'PaHUIIbI PETHOHA. Y/IeIb-
Hasl BIQXXHOCTh HA MOBEPXHOCTHU MPU YBEJIUUEHUH aHTPOIIOI€HHON Harpy3Ky yBEeJIMUMBAeTCs M0 BCel TeppU-
topuun. CkopocTh BeTpa Ha ceBepe Bocrounoii Cubupu u Jlaasnem Bocroke yBennunsaercs Ha 0.3-0.6 m/c u
YMEHBIIAETCS M yMEHbIIAETCs Ha OCTAIBHOM YacTH Teppuropun Ha 0.3-1.2 m/c. PaqnannonHesle napamMeTps! B
pesyabrare pocTa I100aabHON KOHIECHTPALMY YIVIEKHCIIOTO ra3a B arMoc(epe N3MEHUITUCH CIIEAYIOIUM 00pa-
30M: IIPOM3O0IILIO YBEIMYCHUE HUCXO/IIECH JUTMHHOBOJIHOBOM pa/iMaliiy Ha IIOBEPXHOCTH U YMEHbIIEHHE Oa-
JIaHCa COJTHEYHOW pajMaliy Ha ITOBEPXHOCTH NpH 0e300a4HOM HeOe BCIOLY MO paccMaTrphBaeMOoil TEppHUTO-
pHH, a HUCXOJIIasi KOPOTKOBOJIHOBAsI pajMalis Ha IMOBEPXHOCTH YBEIMYWIACh Ha toro-3amane Cubupw, n
YMEHBIINIIACh Ha OCTAIbHON TEPPUTOPHH.

Mogens INMCM4 oka3zanach MeHEe UyBCTBUTENIBHON K BHOCUMbIM Bo3MmylIeHusIM. [1o ee pe3ynbraram B
CpeaHeM 10 BCEii paccMaTpuBaeMoi TEPPUTOPUH cpeiHAs cyTodHas Temneparypa (T,,) k kouiy 21 Beka BbIpo-
cia Ha 4.77 °C no cpaBHeHH10 ¢ KoHIIOM 20-T0. [Tpn 3TOM MUHUMasBHAS cyTouHas Temneparypa (T,,,) yBenu-
YyuJachk CUIIbHee, yeM MakcumanbHas cytounas (T,,.): 5.44 °C npotus 4.23 °C. YBelMUMINCh TaKkXKe yAeTbHas
BII&)KHOCTh BO3/yXa Y MOBEPXHOCTH (Q,,,,) Ha 1.11 r/kr 1 rofosas cymma ocazkos (Pr.,) na 107.34 mm. [loutu
0e3 U3MEHEHUI 0cTallach TOJIBKO CKopocTh BeTpa Ha 10 M (Berep), yBenuuusmics jumb Ha 0.03 m/c.

PE3Y/IbTATbI

CpaBHEHHE HCTOPUUYECKOTO MEPHOa M CIIEHAPHOTO MepHoAa MOKa3ajlo, YTO MPHU POCTE aHTPONOTCHHON
Harpy3Kd OCHOBHbIE H3MEHEHHUsI TIOTOKOB YIJIEKUCIIOTO ra3a B arMocdepy cleyeT 0XKH1IaTh BIOJb XKHOI rpa-
Huns! Poccun (pucynok 1). Kpome toro, n3amenenns notokoB CO, yKa3bIBalOT HA CMEICHUE PACTUTEIBHBIX
30H Ha ceBep Teppuropuu Poccuu.

B nienom, BereacTBUE HAMMYHS OOIBIIOTO KOJIMYECTBA PACTUTENIBHOCTH, Ha Tepputopuu Cubupu npouc-
xonut noromerne CO, u3 arMocdepsl, 0 YeM FOBOPHUT OTpHIIATEbHbIN 3HaK moToka CO, B armocdepy. [Tox
BO3JICHCTBHEM 3a/1aBa€MOI0 [I00aIbHOTO MOTEIUICHUs KiinMara Ha ceBepe Cubupu u B paiione baiikaa B 00-
JACTSIX, TJIE IPOU30LIIO YBEIMYeHNE (PPaKIUid PACTUTEIILHOCTH JIECHOM M KyCTapHUKOBOI IIPOUCXOUT yCHIIe-
HHE CyMMapHOI'0 MOTOKa YIJIEKHCIIOro ra3a u3 armocgeps! B mo4By. Hapsiy ¢ 3TUM mojydeHo ociabieHue
cymmapsoro nonmomieHust CO, Ha rore 3anagHoit CuOUpH y ToCyIapCTBEHHBIX IPAHHIl TEPPUTOPHH U B IICHT-
panbHOii yactu Bocrounoit CHOMPH, YTO MOXKET OBITH CBSI3aHO C U3MEHEHHEM IOIIOLIAIONINX CBOMCTB pac-
CMaTPHUBAEMBIX PACTUTEIHHBIX TUIIOB B 331aBAEMBIX YCIOBUAX MEHSIONIETOCS KIMMaTa.

[Tonmy4yeHHbIe pe3yabTaThl MMOKA3bIBAIOT YMEHBIICHHE K KOHILy MOJCTHUPOBAHHSA B CPETHEM 3a IEPHOJ
2081-2100 rr. 6ataHCHOTO 3HAYCHHMSI [TOTOKA YIICKKCIIOro rasa B armocdepy Ha 57.64 % OTHOCHUTEIBHO HCTO-
puyeckoro uHTepsaia Bpemenu 1981-2000 rr.. Takoe moBeneHnEe MOKHO OOBSCHUTH TEM, YTO TOJyYSHHbIE
TEMIIBI POCTa UHTEHCHUBHOCTH TOIVIOIIEHHUS CYIIECTBEHHO HIDKE 33/]aBAEMbIX CIEHAPHEM TEMIIOB pOCTa KOH-
LEHTpAaIMK YIJIEKKCIIOro ra3a B arMocdepe.

PucyHok 1. Motoku CO2 B atMocdepy anA a) koHua 20-ro v 6) 21-ro BeKa, 1 B) pasHuLLA MEXAY HUMW N0 pe3ynbTataM Mo-
penuposanua JSBACH Ha ocHose aTMocdepHbIX nonei, nonyyveHHbIx ¢ nomMoLbio INMCMA.

Pe3ynbraThl YMCIIEHHBIX 9KCIIEPUMEHTOB, TIOCTPOSHHBIX HA OCHOBE HA0OOPOB JaHHBIX, TOIYYEHHBIX C MO-
Molsio pasHbix Mozaesnei (PLASIM u INMCM4), mpu conocTaBlIeHUs TOKa3aJIn CX0KYI0 KapTHHY.
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3AK/IIOYEHUE

O0600mmas xapakTep reorpaduieckoro rnepepacrpeesneHns] paccCMaTpuBaeMbIX THIIOB PaCTHTEIHLHOCTH
MOYKHO 3aKJIFOUUTb, YTO BHETPOIINYECKAs JIECHASI PACTUTEIEHOCTH (KaK XBOWHAs, TaK M JINCTBEHHAS) IPOSIBUIIA
BBICOKYIO UyBCTBUTEIBHOCTh K arMocepHoMy (opcuHTy. B 3a1aHHBIX YCIOBHSX ITPOM30IILIO HE TOJIBKO Cy-
LIECTBEHHOE paclIUpeHNe apeaa IPOU3PaCTaHUs TOI0 PACTUTENIBHOTO TUIA, HO U CYLIECTBEHHOE YBEJINYe-
Hue ypoBHs noromnteHust CO, n3 arMocdepsl Ha BCel III0Ia/u, I7Ie pachoiaraeTcs 3ToT THII.

OOmiee yBenmmueHne KojandecTBa OnoMacchl Ha ceBepe Poccnu, CipoBOIMpPOBaHHOE 337aBaeMbIM IIOTe-
TUIEHHEM KJIMMara IpuBeo K yBenndenuto nonmomenus CO, u3 armocgepsl. OnHako, ocinabieHne cyMMapHO-
ro nomtomenust CO, Ha tore 3anagHoit Cubupy y rocyJapCcTBEHHBIX I'PaHHUI] TEPPUTOPUH U B IIEHTPAIHLHOMN
yacti Bocrounoit CHOMpH MpearnoaokuTeIbHO MOXKET yKa3bIBaTh HA W3MEHEHHEM ITOIVIOIIAIONINX CBOMCTB
paccMarpruBaeMbIX PACTUTEIBHBIX THITOB BCIEICTBUE KIMMAaTHIECKOTO (POPCHHTA.

AHanu3 Bcex MOJIy4eHHBIX JaHHBIX IOKA3all, 4YTO K KOHITy 21-ro Beka B yCIOBHUSX 337aBa€MbIX HHTEHCUB-
HBIX KIIMMAaTHYECKUX M3MEHEHUH (2 MMEHHO MOTETICHUSI KIIMMaTa COTJIaCHO KJIMMaTH4deckoMy crieHapuio RCP
8.5) B menoM cymMmapHo Ha TeppuTopun Poccun, a Takke UIst KaXJI0T0 paCCMOTPEHHOTO PErHOHA B OT/IEIBHO-
CTH, IPOMCXOANT POCT MHTCHCHUBHOCTH TTOIJIOMIEHHS YITIEKHUCIIOTO ra3a u3 armocdepsl. OHAKO, OIyYeHHbIe
TEMIIBl POCTa UHTEHCHUBHOCTH MOMIOIIEHUS CYIIECTBEHHO HUKE 33aBAEMBIX CLEHAPHEM TEMIIOB POCTa KOH-
LIEHTPALIH YIIIEKUCIIOTOo Tasza B armocepe. Coueranne yka3aHHBIX (PaKTOPOB OOBSCHIET yMEHBIIEHHE K KOH-
Iy MOJICTTUPOBaHUs B cpeqHeM 3a meprox 2081-2100 rr. 6araHCHOTO 3HAUCHISI TOTOKA YITICKHICIIOTO ra3a B aT-
Mocdepy Ha 57.64 % oTHOCHTEIBHO HCTOpUYECKOro HHTepBaa Bpemenn 1981-2000 rr.

Hccnedosanue 6vi10 6binonneno 6 pamxax eocordcemmnoti memol No AAAA-A17-117013050037-0 u Ne
AAAA-A17-117022250098-1.
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Stability of relic methane hydrates at climatic changes
in the Holocene

'Arzhanov M.M., “Malakhova V.V., 'Mokhov L1, 'Parfenova M.R.

' A.M.Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
? Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: arzhanov@ifaran.ru

Western Siberia. Since 2014, craters with a diameter of about 10-20 m with traces of discarded rock have

been discovered in the Yamal Peninsula and adjacent regions, which may be a consequence of an increase
in near-surface temperature in recent years with the dissociation of shallow deposits of relict methanhydrates.
The results of numerical modeling of the thermal regime of permafrost in Western Siberia (the Yamal Peninsu-
la) and of methane hydrates stability zone of over the past 10 thousand years are presented. Thermobaric condi-
tions of continental methane hydrates stability and dissociation are obtained. It is shown that the present time
existence of relict methane hydrates at depths of up to 150 m, which could have “survived” the warming in the
Holocene optimum and persisted at negative temperatures in permafrost rocks, is possible in the strata of frozen
rocks of the Yamal region above the modern boundary of the stability zone in conditions of increased geother-
mal flow. According to the obtained results, the nowadays warming in the Yamal region might exceed the Holo-
cene optimum warming. A possible reason for the formation of hydrates in the upper layers (up to 100 m) of the
cryolithozone is the pressure factor that might be caused, for example, by an ice sheet overlying or marine
transgression.

The results of calculations run with the static and dynamic models of thermophysical processes in the
glacier-soil system reveal that the upper limit of methane hydrates stability zone could reach the ground surface
in Yamal region during the glaciation periods of about 95-80 and 70-59 thousand years ago. Methane hydrates
dissociation is possible as a result of pressure decrease due to the ice sheets melting and, therefore, disruption
of stability conditions. At the same time, observational data indicate that in the pore space, methanhydrates can
be in a metastable state for a long time at a negative temperature of about -6 °C. As a result of the warming that
began about 11 thousand years ago, the southern boundary of the permafrost zone in Western Siberia is shifted
up north to approximately 68N. At the same time, the Yamal region remains in the permafrost zone. An increase
in the near-surface temperature affects the thermal regime of permafrost soils and the stability of relict methane
hydrates laying near the surface. In order to assess the thermobaric conditions of methanhydrates in permafrost
of the Yamal Peninsula over the past 10 thousand years, the calculations were performed considering (using)
the heat transfer model in soil, taking into account external atmospheric forcing based on the results of calcula-
tions with the global climate model CLIMBER-2.

The analysis of the maxima of the present near-surface temperature anomalies over the past 10 thousand
years shows that the current regional warming may exceed the magnitude of the Holocene optimum warming.
The results of calculations obtained in show that the global near-surface temperature at the beginning of the
21st century (2000-2009) could have exceeded the temperature in the Holocene optimum by 0.3 °C. According
to the results obtained, the permafrost thickness in the analyzed region decreases from 512 m at about 10 thou-
sand years ago to 465 m under current climatic conditions. An increase in the surface temperature over the pe-
riod of 10 to 5 thousand years ago leads to an increase in the depth of the upper boundary of the stability zone of
methane hydrates to 217 m. With a subsequent decrease in air temperature, the model depth of the stability zone
boundary remains almost unchanged. The results obtained indicate that at present time, stable and relict meth-
anhydrates might have persisted at negative temperatures below -7 °C for the last 10 thousand years, including
the optimum Holocene preiod, and still might exist in the frozen soil of Yamal at depths of up to 150 m, which
is above the modern boundary of the stability zone. The disruption of their stability might be a consequence of
ongoing climate change.

In recent years, new geophysical phenomena have been observed in the high-latitude permafrost regions of

SESSION 11 // MODELING AND ANALYSIS OF GLOBAL AND REGIONAL CLIMATE AND RELATED ATMOSPHERIC PROCESSES

n back to content



YcTonumBocTb PEeJIMKTOBbIX METAHINOPAaTOB
Nnpn KiinMaTnyeckme nsMeHeHMAX B roJjioLieHe

'Apxanos M.M., “Manaxosa B.B., 'Moxos WU.U., Mapgenosa M.P.

" MucTuTyT pusmkm atMocdepbl uM. A.M. 06yxosa PAH, Mocksa, Poccusa
? IHCTUTYT BBIMMCIUTENBHON MaTEMaTUKM M MaTeMaTuuecKoii reodusmukmn CO PAH, Hosocnéupck, Poccus
E-mail: arzhanov@ifaran.ru

TIOCJIEIHUE TO/IbI B BBICOKOIIMPOTHBIX peruoHax 3arnagHoi CHOMpH B yCIOBUSIX BEYHON MEP3JIOTHI OT-

MeueHBI HOBbIE reousndeckue siienus [ 1]. Haunnas ¢ 2014 . Ha n-Be SIMan U B COCETHUX PETHOHAX

00OHapy>kKeHbI BOPOHKH C AuameTpoM okouo 10-20 M co ciieraMu BBIOPOIICHHON ITOPOABI, KOTOPBIE MO-
T'YT OBITB CJIEZCTBHEM MTOBBIIICHNUS TPUIIOBEPXHOCTHOM TEMIIEpaTyphl B TOCIIEIHHUE IO/IbI C IUcCOolManneil He-
DIyOOKMX 3aJIe)Keil PeNMKTOBBIX METaHTHIPAToB. [IpeacTaBieHbl pe3ysbTaThl YHCICHHOTO MOAEIHPOBAHUS
TEPMHYECKOTO PEXMMa MHOTOJIETHEMEP3JIbIX Nopoy 3ananHoi Cubupwu (1-oB SImMai) u 30HBI CTAOMIBHOCTH
MeTaHTuAparoB 3a rnociegaue 10 Teic. sieT. OnpeneneHsl TepMoOapuUecKue yCIoBUs CTaOMIBHOCTH U JIUCCO-
LUAlMA KOHTHHEHTAIbHBIX MEeTaHruapaToB. [loka3zaHo, 4TO B HacTodAllee BpeMs B TONIAX MEP3IBIX MOPOJ
SImaia BbIlIe COBPEMEHHOMN IPaHUIIBI 30HBI CTAOMIIBHOCTH BO3MOYKHO CYIIIECTBOBAHUE PEITMKTOBBIX METaHIH-
JparoB Ha nryouHax 10 150 M, KoTopble MOIIH "MEPEKUTH" MOTEIIICHUE B ONITHMYME TOJIOLIEHA OKOJIO 6 THIC.
JIET U COXPAHUTHCS IPU OTPHULIATEIBHBIX TEMIIEPATYPAX B MHOTOJIETHEMEP3bIX Nopoaax. ComlacHO MoryueH-
HBIM pe3ylbTaTaM, YPOBEHb COBPEMEHHOIO MOTEIUIEHUS B peruoHe SIMana MOXKET MPEBBIIIATh OTEIUIEHUE B
ONTUMYME FOJIOLIEHA.

Bo3morkHO# npuunHON ()OPMUPOBAHMS THIPATOB B BEPXHUX ropu30HTaX (10 100 M) KpHOIUTO30HBI SIB-
nsiercst Oapuyeckuil (GakTop, BBHI3BAHHBIN, HAIPUMED, BBIMICIC)KAIIUM JICIHUKOBBIM IIUTOM MM MOPCKOW
TpaHcrpeccueil. Pe3ynbrarsl pacueToB ¢ paBHOBECHOH [2] 1 quHaAMHUYecKoH [3] MozessiMu TenIopU3MIECKIX
MIPOLIECCOB B CUCTEME JIEAHUK-TPYHT ITOKa3aJd, YTO B peruoHe SImaina Bo BpeMs IepHOI0B OJIEIEHEHUI OKOJI0
95-80 u 70-59 ThIC. NeT Hazax [4, 5] BepXHsisA TpaHULA 30HBI CTAOMIBHOCTH METaHTHIPATOB MOIVIA JOCTUTATh
MOBEPXHOCTH TpyHTa. [locne TasHMs JeJHUKOBBIX IIMTOB, B PE3y/lbTaTe CHUKEHUS JABICHUS U HApYLICHUS
YCIIOBHUH CTa0MIBHOCTH METAHTUAPATOB BO3MOXKHA UX Jiucconuanus. [Ipu 3ToM sKcriepuMeHTaIbHbIC JaHHbIC
CBUJIETEIILCTBYIOT O TOM, UTO B IOPOBOM MIPOCTPAHCTBE METAHTHIPATHI MOTYT IPOJOKUTEIBLHOE BPEMsI HaXo-
JIMThCS B METACTAOMIBHOM COCTOSIHUH MIPU OTPHULIATENILHOM TeMmepatype okodo -6 °C [6]. B pesynbrare Hauas-
mrerocst okoiio 11 ThIC. JIeT Ha3a/1 MOTEIJICHUs! F0XKHAs TPaHUIla KPHOJIUTO30Hb! B 3arnaanoil Cubupu caBuHy-
Jlack K ceBepy npumepHo 1o 68o c.. [7]. [Ipu atom peruon SImana octancs B 30HE MHOTOJIETHEMEP3IBIX
rpyHTOB. [IoBBIIIEHNE TPUITOBEPXHOCTHON TeMIIEpaTyphl OKA3bIBAET BIUSIHUE HA TEPMUUECKUI PEXKUM MHOTO-
JIETHEMP3JIBIX I'PYHTOB W YCTOWYHMBOCTH PEIMKTOBBIX METAHTHMAPATOB, 3aJETalONIMX BOJIM3U MOBEPXHOCTH.
Jlist orleHKH TepMOoOapHUEeCKUX YCIOBUI METaHTMPaTOB B MHOTOJIETHEMEP3JIBIX TOPO/ax n-Ba SIMai B Teue-
HUe nocieaHux 10 ThIc. 1eT ObUTM MPOBEICHBI PACUETHI C UCTIOIB30BAaHNEM MOJIEIH TEIUIONEPEHOCca B TPYHTE
[8] c yueTom BHemHNX aTMOC(EPHBIX BO3/ICHCTBUI 110 pe3ysbTaTaM pacueToB C INI00AIBHON KIMMAaTHYECKON
mozenbto CLIMBER-2 [9]. I'myOuna pacuetHoii obiactu B rpyHTe coctasisiia 1500 M. Terutodusnueckne
XapaKTEePUCTUKH IPyHTa BBIOWPAINCH COOTBETCTBYIOIIMMH CYIJIMHKY B COOTBETCTBHMU C JIAHHBIMU OypEHUsS B
peruone fImana [10]. Taxke yuuThIBaIaCh KOHIIEHTPALUS COJNEH B IOPOBOM PAaCTBOPE, MOHMKAIOLIAs TEMIIE-
patypy 3aMep3aHus BOABI B TpYHTE. B cBsI3u ¢ 3TUM npu MoJEINpOBaHUN TEPMUUYECKOTO PEKUMA TPYHTA TEM-
nieparypa (a3oBbIX IEpEexX0J0B Boja-jIea NpuHUManach paBHoi -1 °C. B HauaibHBIII MOMEHT BpEeMEHH IIPO-
(s TEMIIEpaTyphl B TPYHTE OIPEACISIICS PELICHUEM CTAIIMOHAPHOTO YPaBHEHUS TEIUIONIEpeHOca JUlsl Cpe-

-2 T T T Y Y Puc. 1. lpvnoBepxHocTHasA

: : : . : TeMrepatypa no AaHHbIM pea-
Hanusa CERA-20C (cBeTno-ce-
pas KpuBas), N0 AaHHbIM
CLIMBER-2 (ToHKan YepHas nu-
HWA) U AaHHBIM HaboAeHUI
[12] (reMHo-cepas nHUA).
lpunoBepxHoCTHaA TeMnepary-
pa B ONTUMyMe rofoLieHa no
HaHHbIM CLIMBER-2 (ropum3oH-
TarnbHas YepHas NMHKA). AHo-

T.°€

9} : 90 -60 -30 O

Manuu NpUNoBepXHOCTHOM
10 . . 10°2 ner TeMnepaTypbl BO3/lyXa fiN1A pe-
1960 1980 2000 2020 2040 rnoHa fiMana no AaHHbIM
rof CLIMBER-2 3a nocnegHue 10

TbIC. NeT (NaHeNb Ha rpaguke).
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HET0/I0BOH NMPHUITOBEPXHOCTHOW TeMIlepaTypbl arMoc(epsbl IPpU 3alaHHOM [TOTOKE TeIUIa Ha HW)KHEH rpaHuLe
pacueTtHoit oOnactu. Ha BepxHeil rpanuie o01acTu Temiieparypa oBepXHOCTH TpyHTa (CHEra, Py ero Hajlu-
YMW) TIPUHUMAJIACh PAaBHOW MPUIIOBEPXHOCTHOM TeMIIepaType AJIsl paccMaTpuBaeMOro perioHa B COOTBETCT-
BHU C pe3yabraraMu pacuetoB ¢ Moaensto CLIMBER-2. I'eoTepManbHbli MOTOK HAa HUXKHEH TpaHUIE IPUHU-
Masicst paBHbIM 50 MBT/M’. TIpu MOJETHPOBAHUH 30HBI CTAOMIBHOCTH METAHTHIPATOB MCTIONB30BAINCEH yPaB-
HEHUsI PaBHOBECHOT'O CYILIECTBOBaHMS TMpaTa MeTaHa B Tanoil u mep3noil cpene [11]. B monenu nasnenue
paccUMTHIBAETCS KaK IMPOCTaTHIECKOE.

AHOManIMu NPUINOBEPXHOCTHON TeMMeparypsl B Iipezenax nocneauux 10 teic. get ans SImana no Moaenu
CLIMBER-2, a Tax:xe MoaenbHas TeMIeparypa sl ONTUMyMa rojioueHa u 3a nepuon 1950-2049 rr. B cono-
crasnennu ¢ peananuzom CERA-20C u nanubivu HaOmronenuid [ 12] npepcrasienst Ha puc. 1. OT Havana ro-
JIOL[€HA K ONTUMYMY TOJIOLIEHA OTMEUAETCsI XOPOLIO BBIPAXKEHHBIN TPEH] K OTEMJICHUIO, a OT OITUMYMa rojIo-
LIeHa K COBPEMEHHOMY MEPUOY — OTPULIATEJILHBIN TPEH], HO MEHEee Pe3KUi ueM Ipu MOTEIUICHUH (TTaHesb Ha
rpaduke), 4TO COINAcyeTcsl C MaJICOPEKOHCTPYKIMSIMU Ha OCHOBE MAJIMHOJIOTHYECKHUX AaHHbIX [13].

MozenbHbIi TPEeH T TPUITIOBEPXHOCTHOU Temiepatypsl 3a 1950-2049 rr. cocrapmser 0.02 °C/rox u corna-
cyercs ¢ Tpengom no peanannsy CERA-20C u mannbsiM Habmrogenuii [12] 0.02-0.03 °C/r. CpaBHeHHE MaKCH-
MyMOB aHOMaJIUIl MOZIEIbHOM NMPUMOBEPXHOCTHOM TeMIepaTypsl 3a nociaenHue 10 Thic. JeT MoKa3bIBaeT, 4To
COBPEMEHHOE PETHOHAIBHOE ITOTEIICHUE MOXKET ITPEBBICUTH YPOBEHB MOTEIUICHHS B OITHMYME ToJI0IeHa (CM.
naHesb Ha puc. 1). Pesynbrarsl pacueToB nosydeHHbIe B [ 14] 1OKa3bIBalOT, 4TO U 1N100aNIbHAS TPUIIOBEPXHOCT-
Hast TeMneparypa B Hayaste XXI Beka (B 2000-2009 rr.) Moria mpeBbICUTH TEMIIEPaTypy B ONITHMYyME TOJI0ICHA
Ha 0.3 °C.

CornnacHO NOTy4eHHBIM pe3yabTaTaM MOILIHOCTh MHOTOJIETHEMEP3IIBbIX TOPOJ] B pacCMaTpUBAEMOM PETH-
oHe yMeHbIaercs oT 512 M oxoso 10 TeIc. J1eT Hazazg 10 465 M IIpU COBPEMEHHBIX KIIMMATHYECKUX YCIOBUSX.
Poct npunoBepxHocTHO# TeMneparypbl 3a nepros ot 10 10 5 ThIC. JIET Ha3aa NPUBOJUT K YBEINYEHHIO TITyOHU-
HBI BEpXHEH I'PaHUIIbl 30HbI CTAOMIBHOCTH MeTaHTuIpaToB 10 217 M. [Ipu nocienyromem NOHHKEHUH TeMIIe-
parypbl BO3yXa MOZIeIbHAs [NTyOHHA IPAaHUIIBI 30HbI CTAOMIBHOCTH MTPAKTHYECKH HE MEHSIETCSL.

Ha puc. 2 npezacraBieHsl pe3yabTaThl pacueTa CPeAHEro10BOI TeMmeparypsl TpyHTa Ui pernoHa Smana
3a nocnenHue 10 Teic. net. CortacHO MOMYYEHHBIM pe3ysbTaTaM B Hauasle ToJO0LeHa TeMIlepaTypa IpyHTa B
BepxHHX 100 M cocraBisiet okoio -8 °C, yBeNIHYHBasCh K ONTUMYMY roioreHa o -7-6 °C. HauuHast ¢ ontumy-
Ma roJIOIIeHa TPOUCXOIUT YMEHbBIIIEHHE TEMIIEPaTypbl B BEpXHUX ropu3oHTax. [Ipu coBpeMeHHbIX KIuMaTuye-
CKHUX YCJIOBHSIX TEMIIepaTypa rpyHTa BOJM3M MOBEPXHOCTH MOBBILIAETCS U COCTABIIET OKoulo -6-5.5 °C (puc.
3), 9TO COOTBETCTBYET JaHHBIM HaOroneHui [1]. TloayueHHbIe pe3ynbraThl CBUACTEIBCTBYIOT O TOM, YTO B
HacTosiIIee BpeMsl B TOJIIAX MEP3IIBIX IOpo/ SIMalia BO3MOXKHO CYIIECTBOBAHNE CTA0MIBLHBIX METaHTUAPATOB,
a TaK)Ke PEITMKTOBBIX METaHTH/PATOB Ha TITyOHHax J10 150 M, BbIIIIE COBPEMEHHON IPaHMIIBI 30HBI CTAOMIIEHO-
CTH, KOTOPBIE MOIJIU COXPAHUTHLCS MTPU OTPULIATENIBHBIX TeMIepaTypax Huxke -7 °C Ha IPOTSHKEHUU ITOCIEIHUX
10 TBIC. JIET, B TOM YHCIIE€ B ONTUMYM T'OJIOIEHA.
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Puc. 2. PaccuntaHHas cpeHerogoBas TeMnepaTypa rpyHTa 3a nocnegHue 10 Puc. 3. [podmnm cpegHeronosoi Temne-

ThIC. NIET ANA peruoHa fAmana. paTypbl FpyHTa 1A ONTUMyMa rofoLiEeHa U
COBpPEMEHHOTO0 Nepuoaa (CMHUIA — onTU-
MyM rofoLieHa, 3eneHblii — cepeauHa XX
BEKa, KpaCHbIN — COBPEMEHHbI Nepuoa).

Hapymienne ux cTabUIbHOCTH MOXKET OBITh CIEICTBHEM COBPEMEHHBIX KIMMaTHYeCKuX u3MeHenuil. Co-
IVIaCHO MOJIY4EHHBIM Pe3yJIbTaTaM COBPEMEHHOE MOTeNIeHUe Ha ceBepe 3anananoi CHOMpH mpeBbIIIacT noTe-
IUIGHHE B ONITUMYME TOJOIIEHa OKOJI0 6 THIC. JeT Ha3aja. CoBpeMeHHas TeMIeparypa rpyHTa B BEpXHHUX He-
CKOJIBKHX JIECATKAaX METPOB MPEBBIIIACT TEMIIEPATypy IPyHTa B ONITUMyME rojoreHa (puc. 26) u MOXeT mpe-
BBIIIIATh [TOPOTOBYIO TEMIIEpaTypy JUCCOIMAIIMN METaHTUApaToB. Kpome Toro, mpUIoBEpXHOCTHOE MOTEIUIe-
HHE, B YaCTHOCTH B perHoHe SIMaia, CocoOCTBYeT TakyKe CHIYKEHUIO TPOYHOCTH MHOTOJIETHEMEP3IIBIX TOPO/.
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B pesynbrare 370 MOXET MPUBOIUTH K TUCCOIMALIMU Ta30BBIX THIPATOB U BHIOpOCAM ras3a ¢ pa3pylICHHEM
MEP3JIBIX TOPO/I.

Hccnedosanue gvinonneno npu gunancosoil nodoepocke PODU 6 pamrax Hayunvix npoexmog NeNe [7-
05-01097, 18-05-60111, 19-05-00409.
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change. One of the most important such gases is methane. In addition to being the second most im-
portant greenhouse gas, it also has a fairly high chemical activity and, in particular, determines the
effectiveness of the formation of tropospheric ozone and affects the content of hydroxyl radicals, which are the
main oxidizers of the troposphere [1-3]. In the stratosphere, methane is a major source of water vapor. The im-
portant role of methane as a greenhouse gas and its high chemical activity lead to the fact that in numerical
modeling of climate change, taking into account the influence of methane and tropospheric ozone, it is neces-
sary to use chemistry-climate models that take into account the interaction of physical and chemical processes
in the atmosphere [5-7].
An important feature of CH4 is that it is not formed in the atmosphere and the only source of atmospheric
methane is its emission from the surface [5]. At the same time, methane flux from the surface are determined by

Much attention is now being paid to the impact of non-carbon dioxide greenhouse gases on climate
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both natural processes and anthropogenic factors. Considering the climatic effects of methane, it is necessary to
take into account that the intensity of natural biogenic methane emissions strongly depends on the climate and
promptly responds to its changes, which leads to the formation of feedbacks between climate changes and meth-
ane content in the atmosphere [8]. In particular, in the Arctic zone, where accumulated a huge amount of methane
in the permafrost and on the continental shelf and in the gas hydrate and where climate change is happening faster
than in other parts of the Earth, the melting of permafrost and the destruction of gas hydrates can lead to release of
large amounts of methane that may lead to a further strengthening of climate change, which in turn may affect the
increase in emissions of methane from melting permafrost and destruction of gas hydrates [9].

In addition to the chemical and climatic feedbacks associated with the increase in methane emissions into
the atmosphere in the Arctic zone as a result of climate change, there are also purely chemical feedbacks formed
due to the fact that the intensive melting of methane hydrates and the growth of its content in these zones can
greatly reduce the hydroxyl radicals, because methane is one of the main destroyers of it. As a result, the meth-
ane content may increase even more, since the main destruction of atmospheric methane occurs as a result of
chemical interaction with OH [1]. On the other hand, the reduction of hydroxyl radicals, in addition to the effect
on methane itself, can have an impact on other gases of the atmosphere, since the self-cleaning ability of the
atmosphere is mainly determined by the content of hydroxyl radicals OH.

To assess the climatic effects of methane emissions of their gas hydrates, numerical experiments with
CCM were carried out to calculate the temperature and gas composition of the atmosphere up to 2050 under
several scenarios of methane emissions from gas hydrates. In different scenarios, modern methane emissions
from gas hydrates increase by 5, 10 and 20 times in accordance with the assumptions about the melting inten-
sity of gas hydrates. Based on the comparison of the results of calculations for different scenarios, the pecu-
liarities of methane variability are studied, the nature of this variability and the role of feedbacks are estimated.

The results of model calculations have shown that the increase in the lifetime of methane in the atmo-
sphere with a decrease in the content of hydroxyl radicals increases its impact not only on regional chemistry,
but also due to transboundary transport and chemical processes in neighboring regions. The chemical positive
feedback between the increase in methane content and the decrease in hydroxyl content in the methane emis-
sion region leads not only to an even greater increase in the methane content, but also to an increase in the
content of other environmentally harmful gases for which the reaction with hydroxyl is the main drain [7]. The
results of the calculations showed that in addition to chemical feedbacks in the region of methane emissions
from gas hydrates, physicochemical feedbacks resulting from the influence of methane on the water vapor
content also play an important role, since methane is one of the main sources of water vapor due to chemical
reactions in the upper troposphere and stratosphere [2]. The increase in ozone may be affected by changes in
atmospheric circulation due to physical feedback and emissions of nitrogen oxides in industrial and heavy ship-
ping areas.

YncneHHoe MogenMpoBaHue B/IMAHUA apKTUYECKNX
MeTaHOormapaToB Ha U3MEHYNBOCTb KNIMMAaTa M ra3oBoro
cocTaBa aTMocoepbl

Yepenosa M.B., Cmbiwnses C.[1.

Poccuitckuii rocynapcTBeHHbI ruapoMeTeoponoruyeckuii yausepcuteT, CaukT-letepbypr, Poccus
E-mail: mariacherepova@ya.ru, smyshl@rshu.ru

HacTosiIee BpeMsi O0JIbIIOe BHUMAHKE YACISIETCSl BIMSHHUIO TIAPHUKOBBIX T'a30B HA U3MEHEHHUS KIIMMa-
Ta. OHUM U3 BXKHEHIINX MTOZOOHBIX Ta30B sBJIsICTCS MeTaH. [IoMHMO TOTO, YTO OH SIBIISIETCS] BTOPBIM
10 3HAYMMOCTH NapHUKOBBIM razoM, CH, Taxke o0nagaer J0CTaTOYHO BBICOKOH XUMHYECKON aKTHB-
HOCTBIO U, B YaCTHOCTH, ONpe/essieT 3pPEeKTUBHOCTh 00pa30BaHuUs TPOIOCHEPHOTO 030HA U OKa3bIBAET BIHS-
HUE Ha COJlepKaHNE I'MIPOKCHIIBHBIX PaIMKAJIOB, KOTOPBIC SBISIOTCS OCHOBHBIMU OKHCIIUTESIMU Tporocde-
pet [1-3]. TIpu okucnenun oxHoi Monekynsl MeTana CH, rugpokcunbsabiM pagukanoM OH B pesynbrare ne-
MTOYKH XUMUYECKHX peakiMii 00pasyeTcs 10 YeThIpeX MOJIeKy1 030Ha O, P HAJIMYHMH JIOCTATOYHOTO KOJINYe-
CTBa OKHMCIIOB a30Ta [4]. B cTparocepe MeTaH sIBISICTCS OMHUM M3 OCHOBHBIX MCTOYHHKOB BOISIHOTO Iapa.
Baknast posib MeTaHa Kak MAapHUKOBOIO ra3a U €ro BBICOKAs XMMUYECKasl aKTUBHOCTb IPUBOJAT K TOMY, UTO
IIPY YUCIICHHOM MOJICJIMPOBAHWM M3MEHEHHMH KJIMMara ¢ y4eTOM BIIMSHHUS METaHa M Tporoc(epHOro o3oHa
HEO00XO0AMMO HCII0JIb30BaTh XMMHUKO-KIMMAaTHYECKUE MOJICIH, TI03BOJISIIOIINE YYUTBIBATh B3auMoieiicTBre Qu-
3MYECKUX ¥ XHMUYECKHX MPOIECCOB B aTMocdepe [5-7].
Baxmnoii ocobennoctsio CH, siBiIsieTCsI TO, 4TO OH HE 00pa3yercsi B arMocepe M eAMHCTBEHHBIM HCTOU-
HHUKOM aTMOC(EpHOT0 METaHa SBJISIOTCS ero SMHCCHHU ¢ 3eMHOHU 1oBepxHOCTH [5]. IIpr 3TOM 1oTokn MeTaHa ¢
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MTOBEPXHOCTH ONPENEIISIOTCS KaK MPUPOIHBIMH IPOLIECCAMU, TaK M aHTPOIIOreHHbIMH (hakTopamu. Paccma-
TpuBas KIIMMaTnyeckue 3(p(eKTbl MeTaHa HeOOXOMMO YUUTHIBATh, YTO HMHTEHCUBHOCTH IPUPOIHBIX OMOTEH-
HBIX YMUCCHI METaHa CHJIBHO 3aBUCHUT OT COCTOSIHUS KJTUMaTa ¥ OBICTPO OTKJIMKAETCS HA €r0 N3MEHEHHS, YTO
CO3/aeT MoTeHnual JJsi GOpMHUPOBaHUSI OOpATHBIX CBSI3el MEXKAYy M3MEHEHUSIMH KiIMMara M COAEp)KaHueM
MeraHa B armocdepe [8]. B yacTHOCTH, B apKTHUECKOM 30HE, I7Ie HAKOIUIEHO OIPOMHOE KOJIMYECTBO METaHa B
BEYHOH Mep3JIoTe, Ha HIejb(e U B ra30BbIX FHJpaTax M IJie U3MEHEHUS KIIMMaTa [IPOUCXOST ObICTpee, YeM B
Jpyrux paifoHax 3eMJIH, TassHUE BEYHOM MEP3JIOTHI U pa3pyLICHUE Ta30BbIX THPATOB MOXKET IPUBECTH K BbIC-
BOOOXK/ICHUIO OOJIBIIIOrO KOJINYECTBA METaHa, YTO MOXKET BbI3BATh elile 0oJIbliee yCHIeHHe N3MEHEHUH KITnMa-
Ta, 4TO, B CBOIO OYE€PE]b, MOXKET MOBIUATh Ha YBEIMYEHHE IMMUCCUI MeTaHa B pe3yJbTaTe TasHUS BEUHON
MEp3JIOTHI U pa3pyLICHHs Ta30BbIX THIPATOB [9].

Takum o6pas3om, B OyyiieM, IIpH MOBBIIICHUN TEMIIEPaTyphl, POJIb METaHa KaK ITApHUKOBOI'O ra3a 1 ap-
KTHYECKUX Ta30BbIX TMJIPATOB KaK MCTOYHHMKA METaHa B TI00abHOM Macmitabe OyayT emie Oosiblle BO3pa-
CTaTh, YTO MOATBEPAKAACT aKTyaIbHOCTb IIPOBEICHUS UCCIIEA0OBAaHUN MOIIIHOCTH TOTOKOB METaHa U3 apKTHYe-
CKHX ra30BbIX TH/PATOB U MTOCIIECCTBUI MX BIMSHUS Ha U3MEHEHHsI KilMMara U cocrasa armocgepst [10].

[ToMHMO XMMHKO-KIMMAaTHYECKUX O0PaTHBIX CBsI3€H, CBSI3aHHBIX C yBEJIMYCHUEM BHIOPOCOB METaHa B ar-
Mocdepy B apKTHIECKOH 30HE B pe3yJIbTaTe N3MEHEHHH KIIMMaTa, BOHUKAIOT U YHCTO XMMUYECKUE 00paTHbIe
CBsI3H, 00pa3yoIHecs 13-3a TOro, YTO NPU HHTEHCHBHOM TastHUM METAHOTUAPATOB U POCTE €r0 COACPIKaHMUs B
9THX 30HaX MOXET CHJIBHO YMEHBIIUTHCS COJACPHKAHNE M'MIPOKCUIIBHBIX PaJUKaIOB, TaK KaK METaH SBISIETCS
OJIHUM U3 OCHOBHBIX pa3pymmteneid OH. B pesynbsrare aToro conepikanie Merana erie 0ojblie MOKeT Bo3pa-
CTH BBHJY TOTO, YTO OCHOBHOE pa3pylIeHHE aTMOC(EPHOro MeTaHa MPOUCXOAUT B PE3yNbTaTe XMMUYECKOTO
B3aumopeiictsus ¢ OH [1]. C apyroit cTOpOHBI, COKpALIEHNE COJIEPHKAHNUS THAPOKCUIBHBIX PaJAUKAJIOB, IOMH-
MO BJIMSIHUSI COOCTBEHHO Ha METaH, MOXKET OKa3aTh BO3/ICHCTBUE U Ha JIPyTUe Ta3bl aTMOC(ephl, TaK Kak camo-
OYMIIAIOIIASICS CIIOCOOHOCTh aTMOC(EpPBI, INIABHBIM 00pa30M, OIPEAEIIETCS COEPKAHUEM THIPOKCHUITBHBIX
panukanos OH.

B cBsi31 ¢ Tem, 4TO poJIb METAHOTHIPATOB B N3MEHEHMSIX KIIMMara M Ira30BOro cocraBa arMocdeps! Tpe-
OyeT JIeTalIbHOTO TEOPETHYECKOr0 W3YUYEHUs], B HACTOAIICH padoTe aHaIM3UPYIOTCSl PE3YJIbTaThl YUCICHHBIX
SKCIICPUMCHTOB C HCIIOJIb30BAaHHEM I[I00AIbHOW XUMHKO-KIUMatuueckod monenn UBM PAH — PITMY
(XKM) u otdmnaiinoBoit xumuko-rpancriopraoi mozesn Eur(A)CTM, paspaborannoii B PITMY nus apkru-
yeckoro pernona u armocgeps! EBpazun. s vccinenoBanus KIMMaTHYeCKUX 3()(PEKTOB apKTUYECKUX ra30-
BBIX THJIPaTOB M 00paTHBIX CBsA3EH Mek1y GU3MUECKHMMHU U XMMHUYECKUMH TTpolieccamMu uenonbiyercs XKM, a
JUISL IETAIBHOTO UCCIIEA0BaHUs JIOKaIbHBIX 3P dekToB - Eur(A)CTM.

Xumuko-knumaruueckas moaens UIBM PAH — PITTMY [7] oxBaTbiBaeT Bech 3€MHOM 11ap OT 3eMHOI 110-
BEPXHOCTU /0 ME30Iay3bl ¢ TOPU3OHTAIBHBIM pa3pelieHueM 4x5 rpaaycoB LIMPOTHI-AOJITOTHI, TOTJAA Kak
Eur(A)CTM oxsareiBaeT ApkTuky 1 EBpasuto ot CeBepHoro momoca 0 28° C.III. ¢ TOPH30HTAILHBIM Pa3pe-
menueM 0.25%0.25 rpatycoB U IPOCTHPAETCs OT MOBEPXHOCTH JI0 cTparomnay3sl. O0e Mojeny UMEIOT OJIMHa-
KOBYI0 XUMHUYECKYIO CXEMY, YUUTHIBAIOLIYI0 U3MEHUMBOCTb 74 MaJIbIX Ta30BBIX COCTABJISAIOLINX, CPEAU KOTO-
PBIX IPUCYTCTBYIOT KaK OpraHU4eCcKHe, TaK U HEOPTaHUUECKHUE COSIUHEHHUS, IOJITOKUBYIIIUE UITH KOPOTKOKH-
Bymue. Cxema Biimodaer 174 xumuueckue peakuuu u 51 npouecc goroaucconmanun. B Monensx yuursisa-
FOTCSI TTPOLIECCHI aJIBEKIIMU, XMMUUECKUE MTPe0o0pa3oBaHusi, TypOyJIeHTHOCTb, CyX0€ M BIaKHOE OCaXK/ICHHE,
(hazoBbIe MEpexo/ipl, MOBEPXHOCTHBIC 3MHUCCHH Ha OocHOBaHWHU 0a3 maHHbIX EDGAR, GISS NASA, GEIA,
MEGAN. Ha ocHoBanuu 6a3 1aHHBIX 0 OMOTE€HHBIX (TEPMHTBI, BOAHO-O0JIOTHBIE YOS, PA3JI0KEHNE OPraHu-
YEeCKOTO BEIECTBa B OKEaHaX, JIECHBIC IIOXKapbl) U aHTPOIIOTCHHBIX (IIPOMBIIIJICHHBIE BEIOPOCHI, TPAHCIIOPT,
J00bIua He)TH U ra3a, JHEPreTHKA, CEIbCKOX035ICTBEHHAs S TENILHOCTD M €€ OTXO/Ibl, CKUI'aHUEe OMOMAacChl)
SMHCCHUSAX METAHA 3a/Ial0TCsI €r0 MOTOKU C TOBEPXHOCTH.

J1J1st OLIeHKH KIMMaTniecKux 3 ¢GeKToB BHIOPOCOB METAHA MX I'a30BBIX THIPATOB ITPOBE/ICHBI YUCICHHBIC
skcriepuMenTsl ¢ XKM 110 pacyety n3MeHeHHs TeMIIepaTyphbl U ra3oBoro cocrara armocdepst 10 2050 roga o
HECKOJILKMM CLIEHAPUsIM MOIIHOCTH BEIOPOCOB METaHa M3 Ta30BbIX I'MIPATOB. B pa3HbIX clieHapHsIX COBpEMEH-
HbIE YMHCCUH METaHa U3 ra30BbIX THPATOB yBenuuuBaoTcs B 5, 10 u 20 pa3 B COOTBETCTBUU € IPEATIONONKE-
HUSIMHA 00 MHTEHCHBHOCTH TasHUSI I'a30BbIX THApaToB. Ha ocHOBaHMM CpaBHEHUs PE3y/bTaTOB PacyeToB 110
Pa3HbIM CIIEHApUSIM UCCIIEAYIOTCS 0COOEHHOCTH U3MEHYMBOCTH METaHa, OLEHWBACTCS NMPUPOJa JaHHOW M3-
MEHYMBOCTH U POJIb OOPATHBIX CBSI3CH.

BeinosnHseTcs TekyIas oneHka OMOreHHBIX SMUCCHI B apKTUYECKOM PETHOHE (B T.4. SMHCCHHU, BO3HHKA-
IOLIHE IPU pa3pylIeHUH MeTaHOTuAparoB). [Ipu 3ajaHHOM ClieHapUU pOCTa HHTEHCUBHOCTH AMHCCHUI, BO3HU-
KaIOILIUX NP pa3pylICeHUH METaHOTUAPATOB, TOIYy4YEHbl OLEHKU M3MEHUYUBOCTH I'a30BOTO COCTaBa C y4ETOM
YBEJIMYCHHBIX BHIOPOCOB B ApKTHKE (110 OTHOLICHHUIO K TEKYIIEMY YPOBHIO BHIOPOCOB); IOJy4eHa OLIEHKH
BIIMsIHUS Ha cBsi3aHHble ¢ CH, ra3bl (B T.4. 030H M THAPOKCHIIbHBIC pajuKaiibl). OLlEeHUBAIOTCS TPEH bl METaHa
IIPY COXPAHEHHUH TEKYIIEro YPOBHS BHIOPOCOB M IIPH HX POCTE.

Pesynbrarel MozeNIbHBIX pacueToB ¢ ucnosbzoBaHueM Eur(A)CTM mist Tex jke CLeHapueB yBEIWYeHHs
MOIIIHOCTH BBIOPOCOB MeTaHa M3 T'a30BbIX I'MPATOB aHAIM3UPYIOTCS JUIS OLCHKH PErHOHAJIBHBIX 0COOCHHO-
CTell XMMHUUECKUX rpeodpaszoBanuii B Apkruke n CybapkTuke. PacueTsl mokasaiu, 4To B pe3ysibTare yBenuie-
HUSI BPEMEHH KHM3HU METaHa B aTMOC(epe IPH YMEHBIICHUN COAEPKaHUs THPOKCHIIBHBIX PaIiKajIOB yCHIIN-
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BACTCS CT0 BIIMSHUC HE TOJHKO HA PETHOHAIBHYIO XUMHIO, HO 32 CYET TPAHCTPAHUYHOTO MIEPCHOCA M Ha XUMHU-
YECKHUE MPOIECCHI B COCCTHIX PErHOHAX. XUMHUYCCKasl MOJIOKUTEIIbHAS 00paTHAs CBS3b MEXK/Y YBEIHMUCHHEM
COZICPIKaHUsI METaHA U YMCHBIICHUEM COJICPIKAHUS THIPOKCUIIA B PETMOHE BHIOPOCOB METaHa MPUBOIUT HE
TOJIBKO K eIlI¢ OOJIBIIEMY YBEIHUCHHIO COCPKAHUS MCTaHA, HO U K YBEIUUCHHUIO CONCPIKAHUS APYTHX IKOJIO-
THYCCKU BPEIHBIX T'a30B, ISl KOTOPBIX PEAKIIHSI C THIPOKCHIIOM SIBIISICTCSI OCHOBHBIM CTOKOM [7]. Pe3ynbrarsl
PAacUYCeTOB MOKA3aJU, YTO KPOME XMMUYECKIX OOPATHBIX CBS3CH B PErMOHE BEIOPOCOB METAaHA U3 ra30BBIX T'H-
JIPaTOB BAXKHYO POJIb HIPAIOT M (PU3HKO-XMMUYCCKHE 0OpaTHBIC CBSI3U, BOSHUKAIOIINC B PE3YJIbTATE BIMSHUS
METaHa Ha COJIepIKaHKe BOISIHOTO Tapa, TaK KaK 3a CYeT XUMHUYCCKUX PEeaKIuil B BEpXHEH Tporocdepe u cTpa-
Toc(epe METaH SIBJSICTCS OJJHIM M3 OCHOBHBIX MCTOUYHHKOB BOJSHOTO mapa [2]. Ha yBenuueHue conepxanus
030HA MOXKET MMOBIIUSATh U3MCHECHHUE IIUPKY/ISIIIUU aTMOC(EpBI B pe3yibTare IeicTBUs (PUu3nIecKoil 00paTHOM
CBSI3U M BBIOPOCOB OKHCJIOB a30Ta B MPOMBIIIUICHHBIX 30HAX M PaOHAX HHTCHCUBHOTO CYIOXO/ICTBA.

Paboma evinonnena 6 pamkax eocyoapcmeennozo sadanus Munucmepcemea evicuieco 00paso8anus u Ha-
yku Poccutickoti @edepayuu (npoexm 5.6493.2017/8.9), a maxoice 8 pamkax npoexma 17-05-01277-a Poccuii-
CK020 (hOoHOa PYHOAMEHMANBHBIX UCCTEO0BAHUIL.
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Research of influence of ocean and the phenomena
the ELl-Nino and Southern oscillation on structure
and structure of an atmosphere

Jakovlev A.R., Smyshlyaev S.P.

Russian State Hydrometeorology University, Saint-Petershurg, Russia
E-mail: endrusj@rambler.ru

description of chemical-climatic model CCM, developed in INM RAS and RSHU is resulted. Compari-

son of results of numerical experiments with data of the reanalysis, and also the analysis of influence of
ocean and the phenomena the El-Nino and La-Nina on an atmosphere is resulted. The analysis of influence
Southern oscillation on structure and structure of a stratosphere of Arctic regions with use of data of the re-
analysis on temperature of a surface of ocean, potential vorticity, temperature of air, the relation of a mix and
the total column of ozone for 1980-2016 Is lead. It is shown, that the El-Nino increases instability circumpolar
vortex, causes sudden stratospheric warming and increase the maintenance of ozone. Also data of reanalysis
MERRA, JRA, ERA Interim and ERA20Century, and also results of simulation CCM on monthly average to
temperature of air and the relation of a mix for ozone for the period with 1980 for 2015 are analyzed. By results

The brief description of the phenomena the El-Nino, La-Nina and Southern oscillation is resulted. The
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of simulation the increase in temperature in a ground layer and reduction of temperature and the relation of a
mix for ozone in a stratosphere is observed.

The weather and climatic processes occurring on the Earth, are closely connected with interaction of an
atmosphere and ocean. This interaction generates the big variety of the various phenomena and processes in an
atmosphere and ocean. The most known source of these processes at ocean and an atmosphere is the phenome-
non the EI-Nino representing current in east part of tropical region of Pacific ocean. The El-Nino is the regional
phenomenon which lead to warming of a surface of ocean, but this phenomenon leads to various global effects.

Atmospheric component the EI-Nino is southern oscillation at which there are fluctuations of atmospheric
pressure between east and western part of Pacific ocean. Because of low pressure in east part begins deep con-
vection. Warm water leads to increase of humidity in the western part Southern and Central America that leads
to torrential rains, thunder-storms, flooding and hurricanes. It leads to easing of trade winds owing to what in
Australia the drought begins.

La-Nina is a cold phase of this phenomenon at which there is a downturn of temperatures in the top layer
of ocean. Thus atmospheric pressure increases, and convective processes stop. Interaction of ocean and an at-
mosphere including the phenomenon the EI-Nino - La-Nina is an actual subject of various scientific researches
owing to which various models have been developed for the analysis and the forecast of this phenomenon.

For numerical simulation simultaneous influence of dynamic and photochemical factors on variability of
structure and structure of a polar stratosphere in Arctic region chemical-climatic model INM RAS — RSHU was
used. The model is three-dimensional, global with the sanction 4x5 degrees on latitude/longitude and covers a
high-altitude range from a terrestrial surface up to mesopause (about 90 km) with variable step on height. Vari-
ability of dynamic characteristics of model (speeds of a wind, temperature, humidity and superficial pressure)
pays off in the general circulation models of INM RAS, and change of gas and aerosol structure of an atmo-
sphere in chemical-transport model RSHU. Models on each step online cooperate among themselves, provid-
ing the account of influence of structure of an atmosphere on change of dynamic characteristics and on the
contrary.

In the given work as initial data of parameters data of reanalysis CIRA-86 and NCEP/NCAR were used.
Data for distribution of ozone are taken from satellite data TOMS who have been received from satellites
NASA since 1978 on present time.

For numerical experiments various SST data were used: data Met Office, data ECMWF ERA Interim and
data ECMWF ERA20Century till 2010 and data ERAS with 2010 on 2015. Reanalysis SST data have been led
to a format of CCM model for their use.

Also reanalysis data for meteorological parameters were used. They are data MERRA and MERRA?2,
ERA Interim, ERA20Century and ERAS, JRA. Thus in MERRA and MERRAZ2 there are 25 vertical levels, and
in ERA Interim, ERA20Century, ERAS and JRA - 21 vertical level. Reanalysis data have been led to a model
grid for comparison.

MogenvpoBaHue BNNAHUA oKeaHa U ABfeHnA 3b-HnHbo —
OXHOM ocUMNNALMM Ha CTPYKTYPY M cocTaB aTMocdepbl

flkosnes A.P., Cmbiwnses C.I1.

Poccuiickuii rocynapcTBeHHbIN ruapoMeTeoponoruyekuin ynuepcutet, Cankr-Metepbypr, Poccua
E-mail: endrusj@rambler.ru

HMMHKO-KJIMMaTHYeCcKass MOJIeNb HIKHEH 1 cpenHeit armocdeps! (0-90 kM) ¢ 3aJjaHHON M3MEHUYHBO-

CTBIO TEMIIEPATYpbl MOBEPXHOCTH OKEaHa U IUIOIMIAAH €r0 MOKPBITHS JIBJOM IO JAHHBIM pe-aHalIHu3a

HCHOJB3YETCs JUIsl U3y4EHUs BIMAHUS BbI3bIBaeMoi HOxHOM ocummisnuedl M3MEHYHBOCTH TeMIepa-
TYpbI TOBEPXHOCTH OKEaHa Ha N3MEHEHHE TEMIIEpaTyphl U COJep KaHMsl 030Ha B Tporocdepe u crparocdepe.
C XMMHKO-KJIMMaTHIECKOM MOJIEIbIO OBIIIO IPOBE/ICHO YETHIPE YHCICHHBIX KCIEPHMEHTA 0 pacueTy u3Me-
HeHus cBoiicTB arMocdepst ¢ 1980 mo 2015 roypl. B kakaoM 13 YHCIEHHBIX SKCTIEPUMEHTOB HCIIOJIB30BAINCH
JITaHHBIE PA3HBIX pPe-aHAIHU30B I10 TEMIEpaType MOBEPXHOCTH OKE€aHa U IJIOLIAIU JIEITHOrO MoKpoBa. Jis mep-
BOTO, BTOPOTO M TPETHETO SKCIIEPUMEHTOB HcIoIb30Baiich ganubie Met Office. [Ipu aTom B 1 skciepumente
YUUTBIBAIACh MHOTOJIETHSISI M3MEHYMBOCTD TOJIBKO IIOLIAIU JIEASHOIO MMOKPOBA, TOIA Kak TeMneparypa mo-
BEPXHOCTHU OKeaHa Obl1a (PUKcHpoBaHHOH. Bo 2 skcriepumenTe GpMKCHpOBaHHO OblIa IUIOIA/b JIEASHOTO MO-
KpOBa, MEHsJIaCh TEMIIepaTypa MOBEPXHOCTH OKeaHa. B 3 skcmepuMeHTe yuuThIBaNach U3MEHUMBOCTD, Kak
TEeMITepaTypbl TOBEPXHOCTH OKeaHa, TaK W IUIOMIA M JICASHOTO TIOKPOBA, YTO CHIIbHEE NPHOIIIKAIO YUCIICH-
HBII ITPOTHO3 B MOZEIH K PEaJIbHBIM JIaHHBIM. Takxke ObIT MPOBEAEH 4 HKCIICPUMEHT, 115l KOTOPOTO MCTIOIB30-
Baych nannble ERA Interim. Kpome Toro, mpoBeseHo cpaBHEHHE pe3ylIbTaTOB YHCICHHBIX KCIIEPUMEHTOB C
naaHbIME pe-aHanmu3a ERA Interim, UKMO, JRA 1 MERRA2. CpaBHeHne QaHHBIX MOJEIBHBIX PAcueTOB C
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JAaHHBIMH pe-aHalln3a, [0Ka3ajo, YTo pe3ylbTaThl 3 U 4 SKCIIEPUMEHTOB SIBISIIOTCS Hanbosee OJIM3KUMH K JlaH-
HBIM U3MEpEHUi.

Bo3sneiicTBre N3MEHYMBOCTH TEMIIEPATypPhl TOBEPXHOCTH OKEaHa Ha arMoc(epy NpOsBISETCS, TJIAaBHBIM
00pa3om, Ha XapakTepe U3MEHEHUsI TeMIeparypbl Bo3ayxa. HkHue cion arMocdepsl, COracHo pe3yiibTaram
MOJICIIMPOBAHUSL, TIOJIBEPratoTCs OOJbIIEMY BO3CHCTBHIO OKEaHa, YeM BEPXHHUE, YTO COOTBETCTBYET PeabHO-
ctu. Temneparypa Bo3ayxa B Tpornocgepe J0CTaTOYHO XOPOIIO KOPPEIUpPYyeT ¢ TEMIepaTypoil IIOBEpXHOCTH
okeana. Taxke oOHapyKEeHbI TCHACHIMY HOBBIIICHHS TEMIIEPATyphl C roJlaMy B Tporocdepe B CeBEPHOM MO-
Jylapuy, a B ctparocdepe — TEHACHINH IIOHWKEHHS TeMIieparypsl ¢ rogamu. [lokazaHo, 4o siBieHHE DIib-
Hunbo n Jla-Hunbs okasbiBatoT BiausHue Ha arMocdepy. [Ipu aToM Hanbosblliee BIKMsSHUE ATOTO SIBJICHUS Ha-
OiromaeTcs B Tporniocdepe B TPOITMUECKOM 30HE, HOCKOJIBKY Dib-HUHBO SBISETCSI perHOHaIbHBIM SIBJICHHEM,
MIPOUCXOAAIIEM B Tponuueckoi yactu Tuxoro okeana. OiHako HeKoTopoe BiIusiHUE Dnb-HUHBO OKa3bIBaeT u
Ha Apyrue o0iacTi 3eMHOM arMocgepsl. B nmossipHbIX perronax u B crparocdepe BiausHue Jib-HuHbo He3Ha-
YHUTEJIFHO, HO ATO HAJIWYKE ATOTO BIUSHHS FOBOPUT O II0OAIBHOM XapakTepe MpoleccoB B armMocdepe, cBs-
3aHHBIX C sIBJIICHHEM Diib-HuHBO. A 3HauuT, siBiieHne Diab-HuHbO B 100anbHOM MaciTabe BIUsIET Ha pa3iind-
HBIE ITapamMeTpbl arMocepsl 1 €€ XUMUYECKUI COCTaB.

[TpoBomuicst Tak)Ke OTAEIBHBIX aHAIIU3 JaHHBIX pe-aHayn3a 0e3 pacCMOTPEHUs Pe3yJIbTaTOB MOJEIHPO-
BaHMs1. B 3TOM MccieioBaHNM M3ydyanich HIUPKYMIOJISIPHBIA BUXPb U BHE3aIHbIE CTPATOC(EPHBIE ITOTEIICHNUSI.
CrparocdepHblii MONSAPHBII BUXPh (LUPKYMIOISPHBIA BUXph, LI[IB) — 001acTh ¢ CHIIBHBIM 30HAJIBHBIM Be-
TPOM, HAIIPaBJICHHBIM Ha BOCTOK, MAKCUMYMOM OK0JI0 60° ¢.I11., TOHMKEHHBIMH 3HAYCHUAMU JaBJICHUS BHYTpU
1 OXBaThIBAIOIIAs MANa30H BBICOT OT HYDKHEW cTparocdepsl 10 Me30c(ephl. YCTOHYMBOE CYIIECTBOBAHUE
LITB npuBOAMT K MOHMKEHUIO TEMIIEPaTypbl B CTpaToc(epe U CHIKCHUIO KOHIICHTPAIMU 030HA, COTIACHO
uccienoBaHusM. B koH1e 3uMHero ce30Ha ycroiuuBsblil LIT1B npuBoauT k ycuneHHOMY pa3pylieHuIo o30Ha. B
roasl Dnb-HuHbo HabIr0KaeTCs 0oJee CUITbHOE paciipoCTpaHeHHE TOTOKOB BOJTHOBOW aKTHBHOCTH M3 TPOIOC-
(epbl B ossipHyto cTpartocdepy, kotopas ocnadmser [[I1B. Buesanusie ctpatochepusie norerienus (BCI)
— 9TO MOTEMJICHHUs, IPU KOTOPLIX TeMIepaTrypa MOXKET TOJHUMAThLCSI Ha HECKOJIBKO JE€CATKOB I'PayCOB BBIIIIE
KIIMMaTn4eckoii Hopmbl. B ceBeproM nomymapuu BCIT HaOmonaroTest MouTH Kaskayro 3UMY M3-32 BOJTHOBOM
akTHBHOCTH. OHM MOTYT OBITH BBI3BAHHI sIBJICHUEM Dib-HUHBO M KBa3u/ABYXJIETHEM KOJIEOaHHEM 30HAJILHOTO
BETpa, U MOTYT BIUATH HAa ycToiunBocTh LITIB. ITo nanubeiM ananuza 53 cunbhbix BCII, okazaBmux BiusHue
Ha HUPKYISIIHIO TPONocdepbl, BEPOSITHOCTh UX BOZHUKHOBEHUSI B TOJIbI TEILION 1 X0oaHOoH (asbl Dib-Huubo
MOYTH OAMHAKOBASI.

[IpoBenéunbiii ananu3 naHebix peaHannsa ERA Interim, MERRA2, ERA20Century u ERAS mo TIIO,
TeMIlepaTrype Bo3/yXa, IOTeHIMAILHOTO BUXPsl, OTHOLICHHSI CMECH M OOILET0 COJIep KaHHsl 030HA 32 IEPUOJL C
1980 o 2016 rozel HO3BOJIAET CAETIATh CIETYIONINE BEIBOBL:

1. SIBnenne Onb-Hunbo 6110 B 1997, 2010, 2015 11 2016 roasl, a B 1999 u 2011 roasr — Jla-Huubsa. TIIO
B 1997,2010, 2015 1 2016 roas! 6110 BhimIe 27 "C Bo BCEM TporuueckoM pernone THXOro okeana, Torja Kak B
1999 u B 2011 roas! — TOJIBKO B €ro 3amaHON YacTH.

2. Ycroituussie LI1B, kak npasuito, npemecTByoT Jnb-HUHBO, @ HEyCTOHYNBBIE OBITH €r0 CIIEACTBHEM.
B 1997 rony LIIIB 0bu1 caMbIM yCTOHUUBBIM, TIpH 3TOM Diib-Huubo 1997-1998 6611 ouenp MomHbM. B 1999
roxy, mocie 3toro Dnb-Huubo, [I1B 6bUT caMbiM HEYCTOHYUBBIM.

3. IMocneacreuem Dnb-Hunbo moryt 6biTh BCII, KoTOpBIE MPUBOIST K HEYCTOWYMBOCTH CBS3aHHOH C
LI1B obnactu Hu3kux Temneparyp (temmneparypa menee 200 K). B roas ¢ Dnp-Hunbo (2010, 2015 1 2016), a
tarke nocie Dab-Hunbo (1999 ron) nadmronanuck cepun BCII, koTOpbIe BBI3BIBAIN HEYCTOHYMBOCTH Oyara
X0J0ja.

4. Onb-HUHBO MOXKET MPUBOIUTH K YBEJIIMUCHHUIO COJIEPKaHUsI 030Ha, 4To BuHO 1o 2010, 2015 u 2016
rojam, Korjia 30Ha HU3KOTO COJICp)KaHMsl 030Ha nociie (eBpaisi HaYnHaeT ObICTPO YMEHbIIATHCS (OTHOILICHNE
cMmecH yBeanuusaercs ¢ 3.6 o 4.8 ppm).

5. Dnb-HUHBO MOXKET IPUBOUTD U K YBEIMYEHHIO OOILET0 COo/IepKaHMsl 030HA HaJl CEBEPHBIM OJIFOCOM,
yTo BuAHO 110 2010, 2015 1 2016 ronam (3HaueHue copepkanus o3o0Ha yBennuusaetcs ¢ 280 no 420-444 e]l B
TeyeHue (eBpaisi-mMapra).

Takum obpaszom, HOkHas ocHMILISALUS OKa3blBaeT IOOAIBLHOE BIMSHHUE Ha aTMOC(epy, BbI3bIBas HEy-
croitunBocTs L{[1B 4epe3 ycunenne pacnpocTpaHeHuUs BOJIHOBOM aKTUBHOCTH U3 Tporioc(epsl B crpatocdepy,
KOTOpO€ NMPpUBOAUT K Bo3HUKHOBeHUI0 BCII, a Takke MpUBO/S K 3aMIOJHEHUIO 30H HU3KOTO COZIEPKaHMsI 030Ha
1 YBEJIMYEHHIO OOILET0 COslepKaHust 030Ha. B 3Tol CBsI3M UCIIOIB30BaHUE JJAHHBIX KIIMMATHYECKOTO MOJIEIIH-
POBaHMsI, UMEIOLINX KaK OoJiee JTTMHHBIE PSbI, TAK 1 BO3MOXKHOCTB UCIIOJIB30BAHMSI HECKOJIBKUX PEeaTM3aluid,
HarpuMep, Uil COBPEMEHHOTO KJIMMara MOXKET YJIy4IINTh M YTOYHHUTH INOJyYEHHbIE B HacTosIeld padore
OLIEHKH.

BrIBOABI ATOrO HCCIEA0BAaHNS OCHOBAHBI HAa aHAJIN3€E JaHHBIX pe-aHaJIn3a, OXBAThIBAIOMIMUX Iepuoa ¢ 1980
1o 2016 1., B TeueHHE KOTOPBIX HAOIIOAAIOCH JIMIIb HECKOIBKO CHIIBHBIX siBieHui ENSO. B cBsi3u ¢ a1uM Hc-
T10JIb30BAHUE JJAHHBIX KIMMATHYECKOTO MOJICITMPOBAHHSI, UMEIOIINX KaK 0oJiee JUIMHHBIC PS/Ibl, TAaK U BO3MOX-
HOCTb UCIOJIb30BAaHUS HECKOJIBKUX pealu3alyii, Hanpumep, JUIsl COBPEMEHHOI0 KJIMMaTa MOXKET YIy4dIlIUTh U
YTOYHUTH TIOJIyYSHHBIE B HACTOSIIEH paboTe OlleHKH aTMOC(EpHBIX ITapaMeTpOB.
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Jist M3y4eHnst OTHOCUTEIBHOW POJIM M3MEHUMBOCTH TEMIIEPaTyphl HOBEPXHOCTH OKeaHa Ha ()OoHE yBeIu-
YEHUSI COICPIKAHUS YIIIEKHCIIOTO ra3a ¢ XMMUKO-KIIMMaTH4eCKOM MOJIEIbIO OBbIIIM IIPOBE/ICHBI YHCIIEHHBIE IKC-
MIEPUMEHTHI, B KOTOPBIX OTAEIBHO YYUTHIBAIOCH BIMSHUE N3MEHYMBOCTH TEMIIEPATypbl HOBEPXHOCTH OKeaHa
1 YBEJIMYEHHS COACPIKAHUS YIIICKUCIIOro ra3a. Pe3ynbrarel MOAEIBHBIX SKCIIEPUMEHTOB C pa3/Ie/IbHbIM BIIHs-
HUEM CPaBHUBAJIMCH C YUCICHHBIM HKCIIEPUMEHTOM, B KOTOPOM YUYHTBIBAIOCH OJIHOBPEMEHHOE BO3EHCTBHE
M3MEHYMBOCTHU TEMIIEPATyphl IOBEPXHOCTH OKEaHa U COZICPKAaHUs YITIEKHUCIIOTO ra3a.

Pesynbrarhl HcciieoBaHus MOKA3aJIM, YTO U3MEHEHHE TEMIIEPaTypbl BO3/lyXa HIXKHEH Tporocepsl Xopo-
o koppenupyet ¢ usmeHenusimu TI1O (ko3 dunments: koppensiiun 0.7-0.9). Mi3menenue remneparyps! BO3-
JlyXa HaJl OKeaHaMH U TPUOPEKHBIMU paliOHaMH, B 11€JI0M, COOTBETCTBYeT n3MeHunBoctr TI10, xoTs u yBenu-
yenue conepxkanus CO, u apyrue Bo3AEHCTBUS Ha arMoc(epy OKa3blBaIOT CYLIECTBEHHOE BIHMSHUE Ha MPHU-
3eMHyI0 TemIieparypy. [1o pesynbraraM MpoBeJCHHBIX MOJEIBHBIX IKCIIEPUMEHTOB MOXKHO C/IEJIaTh BBIBOJ O
TOM, YTO II00aIbHOE MOTEIUIEHHE 00yCIOBICHO, B 3HAYUTEIBHONW CTETICHH, COBOKYITHOCTBIO BO3/ICHCTBUI Ha
armocdepy u ycunupaercs yBenumueHueM conepxkanus CO,, torna kak namenenust TI1O, riaBHbIM 00pa3om,
BIIMSIIOT Ha reorpaMuecKoe pacrpesesieHne H3MeHEeHHI TeMieparypsl. [Ipu 3ToM moTernieHne HUKHeH ar-
Mocdepbl IPUBOJUT K TOMY, YTO OKEaH HAYMHAET HarpeBarhCsl, YTO BHI3BIBAET TasHUE JIbJIOB, KOTOPOE MOIJIO
MOBJIMATH Ha OcThIBaHUE JIabpajopckoro Te4eHHs M aHTAPKTHYECKHUX BOJI.

UYro xacaercst crpatocdepsl, TO B HEl B TEUEHHE HCCIIEyeMOro IIepHo/ia OTMEYaeTCsl IIOHMKEHHE TeMIIe-
patypsl Bo3nyxa Ha 2-3 °C, a BIHMsHHE OKeaHa Ha Hee 3HAYMTEbHO ciabee, yeM Ha Tporocdepy. Pesynbrars
MOJIEJIBHBIX PACUETOB TIOKa3aJIH, YTO €CIIM He yuuThiBaTh n3MeHeHnust CO, To Temreparypa Bo3/yxa B CTparoc-
(epe Oyner Mano MeHsThCs. Takum 00pazoM, TPOBEICHHOE HCCIIEI0OBAaHHUE TI0KA3aJI0, YTO [UIsl HAOII0AaeMOro
OXJIK/IeHHs cTpaTocepbl 3HAYNMBIM (DAaKTOPOM SIBIISIFOTCS n3MeHeHus conepxkanust CO,, hukcupoBaHue Ko-
TOPOTO JICNIACT TeMIIEpaTypy cTpaTochepbl MOYTH MOCTOSHHOM B TeueHue 1980-2015 rr., a usmenenune TI1O
OKa3bIBaeT Ha Hee JIMIIb HE3HAYUTEJILHOE BIHMSHHE.

V3MeHeHHe TeMnepaTypsl IOBEPXHOCTH OKEaHa TAaK)Ke OKa3bIBACT ONPEAEICHHOE BIMSHUE U HA 030HO-
BBIH CJI0H. Pe3ynbrarel MOJeIMpOBaHHsI, B LIEJIOM, [TOKa3bIBAlOT CHU)KEHHUE OTHOILICHHUSI CMEcH cTparocdepHoro
030Ha B ITOJISIPHBIX PETHOHAX M YBEJIMYEHHE B TPONMKax. [Ipy 5TOM B 11€J10M 110 IJIaHEeTe MPOMCXOANT yBEInIe-
HUE OTHOLIECHUS cMecH 030Ha. Kak 1 B cirydae ¢ TeMneparypoii Bozayxa B ctparocdepe, pacnpeaeneHue u3me-
HEHUH Cofiep)KaHus 030Ha HE3HAYMTENILHO 3aBUCHT OT u3MeHenuid TI10, uto nenaeT aToT hakTop Mao 3Ha4HU-
MbIM. bosnbiiee 3HaueHue i1s copepkanust 030Ha umeeT yposeHb CO,, BIUSIONIMN HA TEMIIEpaTypy CTpaToc-
(epbl, B 3HAYUTEILHOI CTENECHH OMNPEACNSIONICH CKOPOCTh Pa3pylICHUs] 030HA. YBEJIWYEHHE CONCpPIKaHHs
030Ha 00YCIIOBJICHO XUMUYECKUMH TIpolieccaMy B cTparocdepe, a TakKke CHKEHHEM aHTPOIIOTeHHBIX BBIOPO-
COB XJIOpa ¥ OpoMa B aTMOCdepy.

Paboma evinonnena 6 pamkax eocyoapcmeennozo sadanus Munucmepcemea svicuieco 00paso8anus u Ha-
yku Poccutickoti @edepayuu (npoexm 5.6493.2017/8.9), a maxoice 8 pamkax npoexma 17-05-01277-a Poccuii-
CK020 (hoHOa PYHOAMEHMATBHBIX UCCTEO0BAHUIL.
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SESSION IlI

DEVELOPMENT OF EARTH SYSTEM
MODEL COMPONENTS

CEKLUMA I

PASPABOTKA KOMINOHEHT MOAEJIN
CUCTEMbI 3EMJIA

A study of the Atlantic and Pacific waters impact
on reduction of the Arctic seaice

Golubeva E., lakshina D.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk State University, Russia
E-mail: e.golubeva.nsk@gmail.com

SB RAS was forced by 1948 -2017 atmospheric reanalysis data to simulate the Arctic Ocean sea ice and

ater mass variability. Simulation results reveal significant reduction of the summer Arctic sea ice ex-

tent during the last two decades with local minima in 2005, 2007 and 2012, which is in agreement with obser-
vations.

Special attention was given to variability of the Atlantic and Pacific water (AW and PW) masses entering
the Arctic Ocean, simulated by numerical model. These water masses are important heat sources in the Arctic
Basin, providing an additional mechanism of heat exchange in the Arctic atmosphere—ice—ocean system and, as
a consequence, affecting the compactness and thickness of the sea ice. Based on the simulation results, it was
found that the variability of the atmospheric dynamics influences not only the sea ice, but also the trajectory of
the PW and AW. Changing in the direction of AW and PW circulation is most typical for the Canadian Basin.
The areas, where the maximum melting rate at the bottom of the ice corresponds to the trajectories of the PW
and AW, have been identified. In the model, the influence of PW on the sea ice is most pronounced in summer
2007, when the ice in the eastern sector of the Arctic Ocean disappeared. In the Atlantic region of the Arctic
Ocean, the flow of warm AW causes a persistent lack of ice in the winter in the Barents Sea, in Norwegian Sea
and in the eastern part of the Greenland Sea. An effect of AW on the Arctic sea ice can be traced north of the
Spitsbergen and along the continental slope north of the Barents Sea, where the mixing processes cause warm-
ing of overlying layers and thinning of the ice.

ﬁ regional SibCIOM (Siberian Coupled Ice-Ocean Model) numerical model developed in the ICMMG
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NccnepoBaHue BKNaaa atnaHTUYECKUX U TUXOOKEAHCKUX
BOA B rnpotuecc CoOKpawieHnAa apKkTn4eCKoro MOpCKoro Jsibga

lony6esa E.H., AKwuHa [.0.

WHCTUTYT BbIYMCIIUTENbHOI MaTeMaTUKKU U MaTeMaTuyeckoii reodusmnku CO PAH, HoBocubupckuii HauuoHanbHbIi
uccnepoBateNibCKUi yHuBepcutet, Poccua
E-mail: e.golubeva.nsk@gmail.com

peau MHOXKeCcTBa (PU3NYECKUX TPOLECCOB, CBUCTEIILCTBYIONIMX O TOM, YTO B ITOCIICIHUE J1BA AECSATH-

JIeTUS! B KIIMMAaTHYECKON cucTeMe 3eMJIN ITPOUCXOAAT 3HAUUTEIbHbIC N3MEHEHHUS1, HAanOoJIee IPKUM sIB-

JISIeTCS PE3KOE COKpALIEHUE B JETHUH Nepro I0maa ApKTUIeCKOr0 MOPCKOTO JIbJja, HA4aBIIEECs B
Havase 2000-x TomoB. B TeueHne nocieaHux AeCATHIICTHI MTPOMCXOAMIIO TIOCTEIICHHOE COKpalleHne oobeMa
MHOTOJIETHETO JIbJIa, IEPEXO0/ K JOMHUHUPOBAHUIO CE30HHOTO JIbJa Haa MHoroseTHUM [1]. ITo nannsiM Hanmo-
HanbHOTO LleHTpa 00paboTku naHHbIX cHera u jbnaa B CIIIA (National Snow and Ice Data Center, NSIDC) a0-
CONIOTHBIH MUHUMYM 1utomamu jbaa B CJIO (3,41 muH.KB.KM) ObUT 3aduKcupoBaH B ceHTsi0pe 2012 1, 310
3HaueHue Ha 49% Huxe cpenHero 3a nepuof ¢ 1979 no 2000 rr. [2]. B HacTos1ee BpeMs TEHAEHLUS COKpallle-
HUS JIbJIa COXPAHSIETCS. CKOPOCTh COKPALLEHUS apKTHUUECKOro JibAa cocTaBiseT 12.8% 3a necsatunerue oTHO-
CUTEIIBHO CPeJHEro cocTosiHUA B nepuof ¢ 1981 mo 2010.

Omnpenenstomas poib B IPOLECCE COKPALIEHUN aPKTUYECKOTO MOPCKOTO JbJia TPAAULIMOHHO OTBOJUTCS
arMocepe B CBSA3U B PETHCTPUPYEMBIM MOBBIIICHUEM IIPU3EMHON TEMIIEpaTyphl BO3yXa B MOJISPHBIX IIHPO-
Tax ¥ U3MEHEHHEM IMPKYJSIIHOHHOTO PeXnMa, (pOpMHUPYIOIIETO YCTOWYMBBINA BHIHOC JIbJa 32 Mpeaeibl Ap-
KTU4eckoro Oacceitna [3,4]. Cpemu BepOsSTHBIX IIPUYHH, CITIOCOOCTBYIONINX YCTAHOBICHUIO COBPEMEHHOTO CO-
CTOsIHMSA JeJsHOoro nokposa CeBepHoro JIenoBUTOro okeaHa, pacCMaTpUBaeTCsl TAK)KE YCUIIEHUE TEIIOBOTIO
BO3JICHCTBYS IIOCTYNAIOMINX B APKTHYECKHI OacCeiiH amIaHTHUECKUX U THXOOKEAHCKUX BOJI.

Tuxookeanckue Boabl noctynaroT B CeBepHblil JleqoBUTHIN OKeaH uepe3 bepuHroB nponus u pacnpo-
CTPaHSIOTCS B BUJIC IOBEPXHOCTHOI'O TeUeHHs Ha mmesbpe Yykorckoro mopsi [5]. JIeToM THXOOKEaHCKHE BOJIBI
Moaupunupyrorest Ha YykoTckoM mmienbde 3a cyetT oOMeHa ¢ arMocdepoil 1 MpoLeccoB NepeMeInBaHusl, 3a-
DIyOJISIIOTCS, TOCKOJIBKY 00J1a1at0T 00Jiee BEICOKOW COJICHOCTBIO TI0 CPABHEHHIO C TIOBEPXHOCTHBIMU BOAAMH
CJIO, u pacmipocTpanstoTcs qanee B nryounHoi yactu CJIO B cioe ot 50 10 150 M, oT/maBasi TEIIIO COCEIHUM
CJIOSIM, CIIOCOOCTBYS TTOBBIIICHHUIO TEMIIEPATypPhl TOBEPXHOCTHOTO CJIOS M COKPAIIEHHIO TOJIIIMHBI JICISTHOTO
rokpoBa. B ApkruueckoM OacceiiHe 3TH BOJIbI, MOJTYYMBIINE HA3BAHNE JICTHUX THXOOKEAHCKHUX BOJI, BBIIEIISI-
I0TCS 110 JIOKAJIBHOMY MaKCHUMyMy TEMIIEPaTypbl, PACIONIOKEHHOMY I10J] BEPXHUM MEPEMELIAHHBIM CIIOEM.
JlanHble HaOIIOAEHMH [TOKA3aJIH, YTO B THXOOKEeaHCKOM cekrope B ieprof ¢ 2001 o 2007 rr. B 1Ba pa3a yBeu-
ymIICs MOTOK Tera, nocrynatomuid B CJIO uepe3 bepunros nponus [6]. Ouenku notoka temna g 2007 .
TI0Ka3aJIx, 4YTO OH CPABHHUM C IIOTOKOM KOPOTKOBOJIHOBOH paauanuu B HykoTckoe MOpe U CIIOCOOEH PacTONHTh
10 30 % ooOmiero oobeMa Jibja, pacrassiiero jsietom 2007. HenaBHuit aHamM3 JaHHBIX HAOMIOICHUH [7] moka-
3a11, 4to B nieprox ¢ 1997 mo 2017 rr. B Mope bodopra nmoutn B aBa paza yBEJIMUWIOCH TEIJIOCOECPKAHUE Ha
enuHNIy 00beMa B ciioe rajokinHa. [IpndanHOi 3TOoro cyuTaeTcsi aHOMaJIbHBIA POIPEB THXOOKEAHCKUX BOJ
Ha menbgpe YykoTcKoro Mops ¥ JaJibHEIIIee pacpoCcTpaHeHUE TeIuIa B IEHTPaJIbHYo yacTh KaHackoro Oac-
ceifna.

B mpuatnanTudeckoM CEKTOpe A0Ka3aTeIbCTBA BIMSHUS TEIUIOBOIO BO3JEHCTBUS aTJIAaHTUYECKUX BOJ Ha
JIeJITHOM TIOKPOB B 3allaJHOM YacTh KOTJIOBUHBI HaHceHa ObUI MOTydeHBI Ha OCHOBE 00pabOTKM JaHHBIX I'HM-
JPOJIOTHYECKHUX CBEMOK O TEMIEpaType aTIaHTHYECKUX BOJ, CIUIOYEHHOCTU U TOJIIMHE JIbJa 3a MEPHOJ
19792011 rr. [8,9]. TpaAUIIMOHHO CYUTAIOCH, YTO BHICBOOOXKICHUIO aTIAHTHYCCKOTO TEIUIA MPEISTCTBYCT
ycroiunBas crpaTiduKanys B O0ibNIeH YacTH APKTHKH, 3aITUPAIOIIast aTJIaHTHYECKUH TEIUIBIN CIION IO CII0-
€M TaJIoKJIMHA. VICKITIoueHneM sIBIsieTcs 001acTh K ceBepo-BocToKy oT LlInuinbeprena, rie HermocpecTBEHHOE
B3aMMOJICICTBHE MOMSIPHBIX U ATIAHTUYECKUX BOJ IPUBOAUT K MHTCHCUBHOMY IEPEMEILINBAHUIO U NEpefadn
TEIUla B BEpXHUH CIION OKeaHa U K HUKHEH MOBEPXHOCTH Jbjaa. Kiinmarudeckue Nporeccesl, IPOUCXoIsIIne B
MIOCJIEIHUE TOJbl, YCUIIMBAIOT POJIb aIAHTUUECKUX BOJ] B COKpAILEHUH JIEOBOrO OKpoBa okeaHa. [Iposenen-
Hble uccnenoBanus [ 10-12] cBUAETENbCTBYIOT O TOM, YTO, HOTEHIUAIBHO, aIAHTHYECKas! BOJIA, HUPKYIUPYIO-
masi B APKTHKE, COJICPKUT JOCTAaTOYHOE KOJMYECTBO TEIUIA, JUIS TOTO YTOOBI PACTONNTh APKTHUCCKHH JIe/.
[NoBbImeHne TeMIepaTyphl BOJBI M ITOBEM S/Ipa ATIaHTHYECKHUX BOJ K TOBEPXHOCTH CIIOCOOCTBYIOT ITepeiaue
TeIlIa B BBIIIEJIEKAIINE CJIOU U TIOATauBAaHUIO MOPCKOTO JIbJia. BBICBOOOKI€HHE OKEAaHNYECKOTO Tela YMEHb-
IIaeT MPOIECChl 00pa30BaHus JIba B CTEIIEHN CPABHUMOH C TIOTEPSMHU Jiba Oiarozapst arMocepHOMy TepMo-
JMHAMHYECKOMY BO3JICHCTBHIO, 0COOCHHO CHIIBHO 9TO CKa3bIBacTCs Ha JIeJJOBOM IOKpoBe EBpasuiickoro Oac-
ceifna. C 2011 rozma ceHTsIOpbCcKast MIIOIIA/Ab HOKPHITHS JIBOM 3TOTO PETHOHA cocTaBisieT MeHee 10 mporeH-
TOB, MO?KHO FOBOPHUTB O TOM, UTO JI€J] CTAHOBUTCS ce30HHbIM. [Tocnennue uccnenosanus [13] cBuaeTensCcTBy-
10T O TOM, YTO 00JIaCTh YCHJICHHOM TIepeiauyl TeIIa OT CJIOS aTIAaHTHYECKUX BOJ K TOBEPXHOCTH TETIephb HE Or-
paHnunBaroTcsl akBaropued, npuieraromeid k lnmunodepreny. [TogoOHbIe ycnoBus Tenepb HaOMIOIAIOTCS B
Gonbinei yactn EBpasuiickoro 6acceiina.
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Tpexmepnas uncienHas monens SibCIOM (Siberian coupled ice-ocean model), paspaborannas B 1B-
MuMI" CO PAH,[14], ucrons3yromas JaHHBIE peaHaIrn3a aTMOc(epsl, MOACTUPYET COCTOSTHUE BOIT K MOPCKO-
ro np1a CeBepHoro JlenoBuToro okeana st mepruona ¢ 1948 mo 2017 rr. AHamM3 pacyeTHBIX MOJICH TTO3BOIISIET
BBIJICIUTH aKBaTOPHH, I7I€ MaKCUMAaJIbHASI CKOPOCTh TasHUS HA HIDKHEH MOBEPXHOCTH JIbJIa COOTBETCTBYET
TPAEKTOPUH PACTIPOCTPAHEHHSI THXOOKEAHCKHX U ATIIAHTUIECKUX BOJI.

B MonenbHBIX pacueTax BIMSHUE TUXOOKEAHCKHUX BOJ OTUETIMBO Ipociexusaercs netom 2007 r., korna
MIPOM30IILIO HCUE3HOBEHHE JIb/Ia B THXOOKEAHCKOM cekTope. OcBOOOXKICHNE OTO JIbJIa CIIOCOOCTBOBAIIO JOTIOJI-
HUTEJIBHOMY HarpeBy 3TOH YacTH OKEeaHa M IOCICAYIOIEMY IEepPEeHOCY OKeaHHMYECKHMH TeUeHHsIMH. Bkian
TeueHni HanboJiee IBHO BBIPAKEH B PACHIPE/ICIICHUH, IPE/ICTABIISIONIEM 110IE CKOPOCTH TasiHUS JIbJja B CEHTS-
Ope. B mocuemyromue rozel B Moaenu (JopMUpPYyeTCst IEPEHOC TeIlla B IEHTpalbHyIo YacTh Kananckoro Oac-
ceifHa u akkymyJsIms ero B Mope bodopra.

CunTaercs, 9TO B MPUATIAHTHYECKOM CEKTOpe APKTHUECKOT0 OacceiiHa TEeIIOBbIE TIOTOKH, TTOAXOAAIINE OT
OKeaHa K HIDKHEH I'paHHIe JIEJOBOTO MOKPOBA M BBI3BIBAIOIINE TasHHUE JIb/A, 00YCIOBICHBI ATIaHTHUECKUMHU
MIPOMEXKYTOYHBIMH BOZAAMH. JTa TMIOTE3a HEOAHOKPATHO MOATBEPKIaIaCh UCCICIOBAHUAMHE C IOMOIIBIO aHa-
muTugeckux moneneit [15,16]. [lepenada Tema, MOCTYHAOMIETO OT aTTAHTHIECKUAX BOJ, B aTMOc(epy U K HIK-
Hel MOBEPXHOCTH MOPCKOTO JIbJIa B MOZEIEHOM KCIIEPIMEHTE HanboJIee OTYSTIINBO MPOsIBIIsieTcs: B bapeHiieBom
1 HopBeKCKOM MOPSIX U B BOCTOUHOM 4acTH [ peHsIaHICKoro Mopsi, Ii€ OTCYTCTBYET JIEJI 1aXe B 3UMHUI [IEPUOIL.
BrnmsiHue amiaHTHYECKUX BOZ B TIOCIIEHUE TO/IBI SIBHO ITPOCTIeXnBaeTcs K ceepy ot Llnmideprena, rae Tommm-
Ha JIb/1a B MOJIEJIbHOM pacueTe MeHsiercst oT 1 10 50 cm. Ilosie ckopocTu TasiHuS Jib/la Ha HUPKHEN TOBEPXHOCTHU B
3UMHHA TTEPUOJ YCTOWIHNBO TTOKA3hIBACT HEHYIIEBBIC 3HAYCHHUS B OTOM OONACTH W HA KPOMKeE JbJa B [ peHmana-
CKOM Mope. Takxke 3aMETHO COKpAIIeHHe TOJIIMHBI JIb/A BIOJIb MaTepPUKOBOTO CKJIOHA K ceBepy oT bapeHnesa
MOp, T7I€ TEIUIbIC aTJIAHTHYECKUE BOJIbI PACTIONATaloTCsl Hanbosee OIM3Ko K TOBEPXHOCTH, M IIPOLIECCHI IIepeme-
LIMBAaHUSI CIIOCOOCTBYIOT BOBJICYEHHIO BOJI M TI€PE/Iade TETIaA BBIICIICKAIIM CIIOSIM.

J1st TOrO 4TOOBI OLICHUTH POJIb OKEAHA B COKPAIICHUH apPKTHUECKOTO JIb/1a OBLIIN OLEHEHBI TOTOKHU TeIuIa
Ha rpaHHULaX OKeaH-JIe U artMoc(epa-ie]] ¥ ¢ TIOMOLIbI0 KO3(HUINEHTOB JINHEHHON KOPPEIALUH PACCUNTaH
BKJIQJl T€X M JPYTHX B U3MEHUMBOCTH JIEJOBOTO MOKPOBA. BelmunHa TEIIOBBIX MOTOKOB, HOCTYMAOMINX OT
OKeaHa, PACCYMTAHHBIX Ha OCHOBE YHCICHHOTO MOJICIMPOBAHMS, BAPHUPYETCSI MEKAY PErMOHAMH, B 3aBUCH-
MOCTH OT TPAaeKTOPHH PACIPOCTPAHEHUS ATIAHTHUECKUX BOJ. BBUTH paccunTaHbl BpEeMEHHBIC MACCHBBI CpeJl-
HEMECSYHBIX OCPETHEHHBIX 10 KXI0MY 13 20 pernoHOB MOTOKOB OKeaH-IE 1 aTMocdepa-iesn, a TakKe Mac-
CHUBBI CpeTHEMECSYHOT0 00beMa JIbJIa B 9TUX pernoHax 1yt nepuoxa 1967-2015. Paccuntanapie kodpduImeH-
TBI KOPPEJLSIINY MEXTy MOTOKOM TeTlIa OKeaH-1E 1 00bEMOM Jib/la HanboJee BEICOKH B PETMOHAX, PACTIONO-
JKEHHBIX BJJOJIb TPAEKTOPUH ABMKEHHS ATIAHTHUECKUX U THXOOKCAHCKUX BOJI.

Cepusi UUCIICHHBIX HKCIICPUMEHTOB, ObliIa HAalpaBjeHa Ha WCCIEJOBAaHWE UYBCTBUTEIBHOCTH MOJEIHN K
YCHIICHHIO TMHAMUYECKOTO (haKTopa aTMOC(EpHI 3a CUST YCHIICHHS/OCIA0ICHAS aHTUIIUKIIOHINYECKON ITHPKY-
msiumy B Mope bodopra 1 IMKIIOHNYeCKoi NNPKYIIALIUY B IPUAaTIAHTHIECKOM cekTope. [IpoBenenHoe mccie-
JIOBaHUE, C OJHOM CTOPOHBI, BBISBMIIO 00JIACTH HAHOOJBIIEr0 BIMSHHUSA OKCAaHNYECKNX TTOTOKOB Ha MOPCKOH
J€J, ¢ IPYTOil CTOPOHBI, MTOKa3aJ0 HEOJIHO3HAYHOCTD MIPOIIECCOB B3aMOICHCTBHUS OKEaHNIECKNX TEUCHUH U
MOPCKOTO JIbJIa.

Paboma svinonnena npu noodepoicke npoexkmos PODU (Nel7-05-00382-A, 17-05-00396-A).
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The response of Arctic Ocean methane hydrate
to the climate change
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various forms of gas hydrates. Submarine gas hydrates are generally stable under high pressures and

ow temperatures. Thus, gas hydrates can become a serious geological hazard in the near future due to
global warming and its subsequent effect on the stability marine gas hydrates. The objective of the present
study is to analyze the interactions between a methane hydrates stability zone and the ocean temperature varia-
tions and to define the hydrate sensitivity to the contemporary warming in the Arctic Ocean. We apply a nu-
merical model that estimates the base of the methane hydrate stability zone in the Arctic Ocean, taking into ac-
count the change in temperature of the bottom water.

The model of thermophysical processes in bottom sediments, supplemented by the climate change sce-
nario on the Arctic shelf in the geological section of 1500 m for the last 400 thousand years has been developed.
The current state of the permafrost rocks and the thickness of the stability zone of the methane hydrates of the
Arctic Shelf are estimated, taking into account the data on the intensity of heat flow and salinity of pore waters.
According to the calculations, the thickness of the frozen layer in the bottom sediments of the shelf depends on
the depth of the sea, the geothermal flow, and salinity of the bottom sediments and ranges from 50 to 700 m.
The formation and existence of a gas hydrates stability zone correlates with the dynamics of the lower bound-
ary of the permafrost layer. Like the dynamics of the bottom layer of frozen rocks, the depth of the lower
boundary of this zone depends on the values of the geothermal flow and the modern depth of the shelf. The po-
sition of the upper boundary depends primarily on the depth of the sea. It is located 120-220 m below the sea-
bed, which makes gas hydrates an isolated layer of frozen rocks. The increased intensity of the heat flux in the
rift structures leads to the absence of conditions for the formation of gas hydrates in the northern part of the
Laptev Sea.

Using the model the influence of talik zones associated with thermokarst lakes and processes in rift zones
on the dynamics of sub-sea permafrost rocks and for the conditions of the Laptev Sea shelf has been analyzed.
The intensification of underwater permafrost degradation is also evident in areas where thermokarst lakes are
developing, and is associated with an increase in temperature at the upper boundary of bottom sediments. The
presence of rift zones and/or thermokarst lakes contribute to the reduction of the permafrost, and, with their si-
multaneous influence, to the through-melting of the permafrost of the interglacial.

Kcent estimates show that the bottom sediments of the Arctic Ocean contain vast amounts of methane in
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To obtain the spatial-temporary variability of the ocean bottom temperature we employ the ICMMG re-
gional Arctic-North Atlantic ocean model that has been developed in the Institute of Computational Mathemat-
ics and Mathematical Geophysics. This study is based on the combination of the joint ocean-ice model, a one-
dimensional thermal diffusion sediment model and the methane hydrate stability zone simulation. We have fo-
cused on the period of 1948-2015. Results of the mathematical modeling of the dynamics of methane hydrate
stability zone in the Arctic Ocean sediment are reported. We find that the reduction of the methane hydrate sta-
bility zone occurs in the Arctic Ocean between 250 and 400 m water depths within the upper 100 m of sediment
in the Atlantic inflow area. We have identified the areas of the Arctic Ocean where an increase in methane re-
lease is probable to occur at the present time.

OTKNMK MeTaHrmapartoB OOHHbIX OT/IOMEHN CeBepHoro
JleqoBUTOro oKeaHa Ha M3MeHEHUA KNnMaTa

'Manaxosa B.B., “lony6esa E.H.

" UHCTUTYT BLIYMCANTENBHOM MaTeMaTUKKM M MaTeMaTiuecKoii reodusnku CO PAH, HoBocubupck, Poccusa
? HoBocM6MPCKNMI HaLMoHanbHBIN UcCne0BaTeNbCKUii yHuBepcuTeT, Poccua
E-mail: malax@sscc.ru

PHUPOAHBIE TA30BbIE THAPAThl, OOHAPYKEHHBIE B OOJIBIIIOM KOJIMUYECTBE B JIOHHBIX OTIIOKEHHSIX MOpEH

U OKeaHOB [1] — BO3MOXKHBII UCTOUYHHMK METaHa, KOTOPBII MOXKET BKJIFOUUTBLCS B PE3y/bTaTe MOBBIIIE-

HUS TeMIIepaTypbl IPUIOHHOM BOJBI UM YMEHBIIIEHUH YPOBHA OKeaHa. boibIlloe KOMUYecTBO MeTaHa
3aKOHCEPBHPOBAHO B T'a30BBIX I'MJparax MOpCcKuxX omiokeHui CesepHoro Jlenosuroro okeana (CJIO). IMox-
JIOHHBIE METaHT'HJPaThl APKTHYECKOro OacceliHa IOJBEpP)KEHbI TEIUIOBOMY BO3JCHCTBHIO IPH IOTCINICHUH
MIPUAOHHOTO €J10st BOAbI Ha niryouHax 250-300 M [2]. Ha MeskoBOZHOM apKTHYeCKOM Inenb(e ¢ NIyOnHaMu
menee 120 M 30Ha crabunbHOCTH ra3oBbiX rugparos (3CI'T) cBsizaHa ¢ HaTMUUEM MOABOJHOM Mep3ioTHI [3].
IIpoueccsl, KOTOpbIE PEryaupyroT Jerpaialiio ra30BbIX THAPATOB, IOTOKM METaHa U3 JOHHBIX OTJIOXKEHUI B
BOJIy, IEPEHOC PACTBOPEHHOTO METaHa B TOJIIE BOIBI M €ro MOCTYIUICHHE B arMoc(epy ApPKTHUKH, U3y4CHBI
HEJIOCTaTOYHO [2].

B nannoii pabore ucciemayercs BO3SMOXKHOE YBEJIMUCHNE BIOpPOCA METaHa U3 JIOHHBIX OTJIOKEHUH MOp-
ckoro qHa B CeBepHoM JlenoBUTOM OKeaHe, KOTOPOE MOXKET OBITh CBSI3aHO C M3MEHEHUEM KinMara. B nccneno-
BaHMM MBI paccMaTprBacM JBa BHUJA ra30BBIX rUapaToB: 1) mryOokoBoauble Metanruaparsl CJIO, xotopsie
(hopMupyYIOTCSI TIpH OJIATONPHUSITHBIX TEPMOOAPUIECKNX YCIOBHUX, HAUMHASI C MOPCKUX TiryonH 250 m; 2) Me-
TAHTUJIPAThl, KOTOPBIE MOTYT CYLIECTBOBATh B YCIOBHUSIX MHOrojieTHeMep3ublx mopox (MMIT) apkriueckux
menb(oB npu niryorHe Bob! MeHee 120 M.

Jlns ananu3a BNUsSHUS U3MEHEHUH KJIMMaTa Ha JIeOBbIH IIOKPOB, TEPMOXAIUHHYIO0 CTPYKTypy CeBepHOro
JlenoBuroro okeana (CJIO), moaBoHyI0 MEP3IIOTY apKTHUECKHX IIENb(OB, 30HY CTAOMIBHOCTH I'a30BBIX T'H-
JIpaToOB MBI UCIOIb3YEM KOMIUIEKC B3aMMOEHCTBYIOIUX YACIEHHBIX Mojenell. Kommiekc BKIItodaeT cieayro-
M€ MOJICIM: YMCIICHHYIO MOJIeNIb OKeaHa U Mopckoro Jbaa (SibCIOM), Bocipon3BOASIIyI0 H3MEHYNBOCTh
cocrostaust CJIO, coznannyro B UBMuMI™ CO PAH [4]; monenbs TepMO(pU3NUECKUX TTPOLIECCOB B JIOHHBIX OT-
JIO)KEHUSIX OKeaHa [5, 6], OCHOBaHHYIO Ha MOJICJIM Ha3eMHOIM MEp3JIOTHI; OJI0K MO PacueTy TepMOOapHIeCKUX
YCIIOBHH CyIIECTBOBAHUS ra30ruApaToB MeTaHa [7]. Takoi moAX0/ MO3BOJSET IPOAHATU3UPOBATh BPEMEHHBIE
1 IPOCTPAHCTBEHHBIE U3MEHEHNUS B COCTOSIHUM 30HBI CTaOMIIBHOCTH ra3oBbIX ruaparoB B CJIO, a Takke Bblie-
JMUTH 00acTH Hanbosee 4yBCTBUTEIBHBIC K BO3MOXHBIM KIIMMAaTHYECKUM U3MEHEHUSIM. J[JIs OLIeHKH MOIIIHO-
CTH 30HBI CTAOMIIBHOCTH UCTIONB3YETCs TEMIIEpaTypa MPUAOHHON BOJIBL, TTOJyYEeHHAs B pe3yJIbTare YUCICHHO-
'O HKCIICPUMEHTA, TPOBEJCHHOTO C UCIIOJIb30BaHNEM MOJIeNIN okeaH - jiet SibCIOM.

Jlist uccnenoBanus auHaMuKku cyOakBaibHbIX MMIT apkrrudeckoro menbgha 1 onpesiesieHus: ee coBpe-
MEHHOHI MOITHOCTH HCIIOIb3YETCsl MOAEIb HA3EMHOM MEp3/10ThI, aJallTUPOBAHHAs JUI JOHHBIX OTJIOXKEHUH B
cyOakBaJIbHBIX ycioBHsX. [Ipy MonenmMpoBaHuy TOIBOAHON MEP3JIOTHI HAa APKTUYECKOM HLIeIb(e MBI HCIOIb-
3yeM MOJIXO0I, B KOTOPOM YUHTHIBACTCS MPECTABICHNE 00 N3MEHEHUH YPOBHS OKeaHa | ITOJIOKEHHST OeperoBoit
muaud. [Ipenmonaraercs, 4to cybakBasibHas Mep3i10Ta chopMHUpOBaiach Ha CyIlIe B XOJIOIHYIO 310Xy B IIepH-
O IOHIPKEHUS! YPOBHS OKeaHa M ocylieHus meinbda. Mbl HCXOUM N3 TPEITON0KEHHS, YTO 00JIacTh mIelb(ha
¢ nryounamu 0 100-120 M B sieiHUKOBBIE IepHo/Ib! Oblna cyiueit [3]. Ha Hell B pe3yabrare mpoMep3aHust 1oj
BO3JICHCTBIEM HM3KOW TeMmueparypbl arMocdepbl chopMupoBagack Mep3iIoTa, B CTPYKTYPy KOTOpOH MeTaH
MOT BKJIIOUATHCS B (hOpMeE I'a30BBIX IHPATOB. B X0/1e moceryonumx TpaHcrpeccuii okeana, 3a/1aeTcsi 3aTorie-
HUE Mep3JIbIX OTNOKeHNH. CHIIbHAs 3aBUCHMOCTD ITPOIOJKUTEIBHOCTU NIEPUOJIOB 3aTOIICHHSI WIIN OCYLIEHUS
mesbda oT ero CoBpeMeHHOH ITyOnHBI onpenesisieT GOpMUPOBAHUE MEP3JIOTO CII0SI Pa3IMYHON MOITHOCTH: C
pOCTOM ITyOHHBI HIeNb(a YBEINYNBACTCS TPOAOIDKUTEIBHOCTD IEPHOJIOB TPAHCTPECCHH U COOTBETCTBYIOIINX
TIEPUOJIOB JIerpaaluy Cy0akBalIbHON Mep3ioThI [§].
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JI71s OLleHKH COBPEMEHHOTO COCTOSIHUS MOJBOAHOM MEp3JIOThl U ydeTa TeMIIepaTypsl U COJICHOCTH Ipu-
JIOHHOM BOJIbI, MOJIYYEHHBIX U3 KJIMMAaTHUECKOM MOJENH, MPOBEJICHA aJlanTalys MOJIEIH TepMOPU3MUECKIX
MIPOLIECCOB B JIOHHBIX OTJIOKEHUSAX APKTUUECKUX MOpPEH Ha BBIYMCIMTENBHYIO CETKy MOJAEIH OKeaH-ned. B
JTAHHOM MCCJIEZIOBAaHUYM Mbl HCXO/IUM U3 IPEATOI0KEHHUS, YTO OCHOBHBIMH OTIMYHSIMH B (pU3HKO-Teorpaduye-
CKHX YCJIOBHSIX Ha HIeb(e SBISIOTCS: U Nale0yCIIOBUI - HCHOJIb3yeMasl CXeMa TPaHCTPECCHUi - perpeccui,
re0TepPMHUYECKHUI MTOTOK, MOJIsl TEMIEPATYPbl U COJIEHOCTH (HAa OCHOBE CPEJHEKIMMATHUECKUX JaHHBIX), JJIS
COBPEMEHHBIX yClIOBMH, HauuHas ¢ 1948 rona, - MojenupyeMoe nosie TeMIepaTyp U COJICHOCTH NPUAOHHOI
BOJIBI [6, 9].

[ToyueHb! OLIEHKH COBPEMEHHOT'O COCTOSIHUSI MHOTOJIETHEMEP3JIBIX ITOPOJL M TOJIIUHBI 30HBI CTAOMIIEHO-
cTH MeTaHruIpaToB Bocrouno-Cubupckoro menbda ¢ y4eToM JaHHBIX HHTEHCHBHOCTH TEIUIOBOTO MOTOKA U
COJICHOCTH MOPOBBIX BOJI. COMIaCHO MPOBEAECHHBIM pacyeTaM TOJIIIMHA MEP3JIOTO CJIOS B JOHHBIX OTJIOKEHUAX
mesabda 3aBUCHUT OT IIyOWHBI MOPSI, TEOTEPMUYECKOTO MTOTOKA, 3aCOJICHUS JIOHHBIX OTJIOXKEHHUI U COCTABIISIET
ot 50 1o 700 M. B pesynbrare uccrnegopanus noiaydeHa moiHoctb 3CI'T MeTana a1t MEJIKOBOHBIX apKTHYE-
ckux menbdos ot 950 M i BHyTpeHHero 1menbda (rryouna Boast 10-20 M) 1 menee 100 M aist BHELTHET0
menbda (mryouna Bozsl 70-100 M), puc. 1a. opMmupoBaHue U CYNICCTBOBAHKIE 30HBI CTAOMIBHOCTH T'a30BbIX
THJPATOB KOPPEIUPYET C AMHAMUKOIN HW)KHEH I'paHMI[bI MHOTOJIETHEMEP3JIOoro ciiosl. [1o1o0Ho TuHamMuKe no-
JIOIIBBI CJIOSI MEP3JIBIX OPOJI, NTyOHHA 3aJleraHns] HU)KHEH TPaHuIIbl ATOH 30HBI 3aBUCUT OT 3HAUCHUH reorep-
MHYECKOTO IT0TOKa M COBPEMEHHOI1 NiTyOHHBI 1enbda. [TonokeHne BepxHel rpaHnIbl 3aBUCHT, ITPEXK/IE BCETO,
ot nryouHbl Mopsi. OHa pacrionokeHa Ha 120-220 M HIKe MOPCKOTO JIHA, YTO JeIacT ra30BbIe THIPATHI H30JIU-
POBaHHBIMH CJIOEM MEP3IIbIX Topo, puc. 16. [ToBbIlIeHHas HHTEHCHUBHOCTH OTOKA TEIUIA B PUPTOBBIX CTPYK-
Typax MPUBOIUT K OTCYTCTBHIO YCIIOBHH 00pa30BaHMs ra30ruparoB B ceBepHOU yacTy Mopsi JlanteBbix. Cme-
menue Bepxuei rpanuipl 3CIT 3a nepuon ¢ 1948 1o 2015 rona cocraBuiio He Oosiee OAHOTO METpa 3a CUeT
HM3MEHEHUs TEMIIEPATypPhl B TOJIIIE JOHHBIX MOPOJ. UTO SIBISETCS Pe3yabTaTOM HE3HAUUTEIbHBIX U3MEHEHHH B
paccunTaHHBIX TEMIEPaTyPHBIX NpoQuiIsIX Ha IyOMHAX, TIE BHINOJIHEHBI YCIOBUS CYIIECTBOBAHHS Ta30TH-
JapatoB. ['azoruaparHsiil ¢I0H OCTAaeTCsl M30JUPOBAHHBIM OT MOBEPXHOCTH MOPCKOTO JIHA CIOEM MEp3JIoro
rpyHTa, TaKk Kak BepxHsis rpanuiia 3CI'T naxoaurcs Ha mryoune 120-220 M Hioke nHa. [Tpu mony4eHHBIX CKO-
pOCTSIX Jerpajaly Mep3JoThl 30Ha CTaOWJILHOCTH THAPATOB METaHa OCTAHETCsl M30JIMPOBAHHOH ele He-
CKOJIBKO THICSIY JIET.

[pu ouenke momrocTr 3CI'T Merana s miyOookoBoaHbIX obnacteir CJIO 6e3 yueTa mOABOIHON Mep-
3JI0THI HAYaJIbHbIE TEMIIEPATYPHBIC MPOQHIH B JIOHHBIX OTIOKEHUSX ISl KOKIO0H TOUKH IIHUPOTHO-I0JITOTHOM
CEeTKH IOJTyUeHbI KaK PelIeHNue YPaBHEHUS TEIUIONepeHoca 10 YCTAaHOBJICHHUS C y4eTOM IPUAOHHOHN TeMmepa-
TYpBbI, OcpeHeHHO 1y1st mepuoaa 1950-1960 rr., B Buie BepXHEro rpaHUYHOTO yCinoBHs. J{is BeIaeaeHus o0-
JIACTH JIOHHBIX OCAJIKOB C JJOCTATOYHBIMH JIJIsl 00pa30BaHMs THJIPATOB METaHa TEPMOOAPHUECKIMH yCIOBUSIMU
HCIOJIb30BAJIOCh COOTHOLIEHUE ISl YCTOMUMBOIO CyIeCTBOBAHUS METAHTUApPATa B CUCTEME «TUPAT-BOJA»
0e3 yueTa Jipja.

1000 : 220
900 a 210
800 200
1700 {190
(60D {180
<500 1170
i a0 {160
300 150
200 140
100 130
L 120

Puc. 1. (a) - PaccumTaHHas MOLLHOCTb 30HbI CTaOMIBLHOCTY FMAPaTOB MeTaHa (B M) B YCIOBMAX CybaKBarbHOM Mep3ioThl 4jiA MeSi-
KOBOZHbIX LLEJbGOB apKTUYECKIMX Mopel; (6) — MOMoMeHe BepXHei FpaHuLbl 30HbI CTaBMIBHOCTY MOA MOPCKUM HOM (B M).

Tepmoannamuueckuit pexum CJIO coOTBETCTBYET YCIOBUSIM Jisl DOPMUPOBAHUSI FA30THAPATOB METAHA.
YcnmoBus TSI CYIIECTBOBAHMUS Ta30THIPATOB BBITIONHSAIOTCS, HaunHas ¢ mryonH 250-300 M. B manHOM Hiccaeno-
BaHUM MBI HCKITIOUMIHN TiTy6okoBoHBIe 06mactu CJIO (6omee 3000 M), Tak Kak OHU CUUTAIOTCS HE Ta30HOCHBI-
mu. Bepxusis rpannmia 3CI'T He Bcerma Mopckoe AHO, Tak IPH BOAHBIX ITyonHax MeHee 300 M oHa HaXOAUTCS
Ha mryonHe nopsaka 50 M Hioke Ha. OCHOBHOE OTIIMYHE TITyOOKOBOIHBIX THIPATOB OT PACCMOTPEHHBIX paHee
THJIPATOB KPUOTEHHOTO TUITa — BO3MOYKHOCTB CYIIIECTBOBAHMUS HA HEOOJBIINX MOIOHHBIX ITyOuHax. [Toatomy
OHHU MEHEee YCTONYUBBI K TIPOUCXO/ISIIIUM TIPOIECCaM MOTEIIICHUsSI B TPUIOHHOM CJIO€ BOJIBI.
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MOoIHOCTD 30HBI CTAOMIIBHOCTH Ta30BbIX THJIPATOB MOJYY€HA C y4eTOM reorpaduyeckoro pacrpeaese-
HUSI BEJIMYMHBI T€OTEPMUUECKOTO TIOTOKA, KOTOPHI OCHOBAaH HA MMEIOIUXCS TII00ABHBIX JIAHHBIX TEIJIOBOTO
noroka (6omnee 38 000 uzmepenwii) [10] u cocraBuia 100-1000 M, puc.2a.

[To pesysbTaram NMpoOBEJCHHBIX PACUETOB METAHTH/IPAThl, MPUCYTCTBYIOINE HA MOPCKUX DiryOrHax 250-
400 M, HanOoJtee oIBEPIKEHBI TEINIOBOMY BO3/ieiicTBuIO. [TociiecTBeM aHOMAJIBHO TEIIOro IIPUTOKA aTiaH-
TUYECKUX BOJ SIBUWIOCH MOBBILIEHHE TEMIIEpPaTypbl MPUAOHHOTO ¢j10si BoJ B bapenueBom mope Ha 0,5 — 1,5
rpajyca B nepuoj ¢ cepeaunnsl 1980-x rogoB 1o HacTosiiero BpemenH [ 11]. ITo Hammm orieHKam, MOBBILLICHUE
TeMIIepaTypbl IPUAOHHON BO/IBI B 9THX oOnacTsx npuseno kK cokpamienuto 3CI'T na 20 - 40 m B nepuoz 1990-
2015 rr., puc. 26.

[Tpu 5TOM OTMETHM, YTO BIHMSHUE BEJIMYUHBI F€OTEPMHUYECKOTO ITOTOKA CYIIECTBEHHO JINIIb JUIS HIKHUAX
IPaHHUI] 30HbI TEPMOJIMHAMHYECKONW YCTOMYMBOCTH TMJIPAaTOB METaHa U, COOTBETCTBEHHO, ISl OLIEHOK MOIIIHO-
CTH 3TOH 30HBI, puc.2a. IIpu ouenkax uyscrtButenbHocTH 3CIT K M3MeHEHMSAM TeMmepaTypbl NPUAOHHOI
BOJIbI BJIMSIHME MHTEHCUBHOCTH I€OTEPMHUUECKOTO IT0TOKA Ha HIMKHEH rpaHuIe pacyéTHON 00IacTh OTHOCH-
TeJabpHO craboe [11].

3AKJTIOYEHUE

[TonyueHbl OLEHKH 4yBCTBUTEIBHOCTH 30HBI CTA0OMILHOCTH METaHTHIPATOB K KJIMMaTHUYECKUM M3MEHe-
HUSIM 32 TIPOLIEAIINE HECKOIIBKO AecATHIeTHi st Beeid odnactu CJIO.
1000
800
600

400

200

Puc. 2. PaccumtaHHas MOLLHOCTb 30HbI CTabUIBbHOCTU rMapaToB MeTaHa (B M) B CeBepHoM JlejoBUTOM oKeaHe 6e3 yueTa
MHOroneTHeMep3/iblX Nopof Ha Lwenbdax; (6) — u3MeHeHue NonoxKeHUA (MOHWMKEeHWe) BEPXHEN MPaHMLIbl 30HbI CTabUIbHO-
CTU MeTaHrugpatos 3a nepuog ¢ 1950 no 2015 rog (8 M).

CozmaHHas MOETh TWHAMHUKH MEP3JBIX U OXJIAKJCHHBIX MOPOJ B IOHHBIX OTIOKCHUAX apKTHUCCKUX
ek OB MO3BOISACT BBIACIATh YIACTKHA CTAOMIBHOTO COCTOSHIS M JIETpaIallii, KaK CyOaKBaJIbHON Mep3Io-
TBI, TAaK W CJIOS TUAPATOB MeTaHa. [I[poBeqEHHBIN aHAIHN3 HE TTONTBEPKIACT, YTO HHTCHCUBHOCTD JCTPaJalii
TTOJIBOAHOI MEP3TIOTHI Ha IIeNb(e Mopelt APKTHKH B HACTOSIIEE BpeMst 00yCIIOBIICHa COBPEMEHHBIMHU H3MECHE-
HUSMH KinuMara. Jlerpaganuy moIBOTHON MEP3JIO0THl MPOUCXOANT KaK CICICTBHE OKEaHHIECKOW TpaHCTpec-
CHH, a €€ MHTCHCU(UKAINS POSIBIISICTCS B PaliOHAaX, TJIe Pa3BUBAINCH TEPMOKapCTOBBIC 03Epa [6]. Bpems ot-
kiuka 3CI'T mensgha Ha M3MEHEHHUS KIIMMaTa IOCTHTAET 15 ThIC. JIET, T. €. TIPEBBIIIAeT UM TEIFHOCTE TOJIOIeHA
[8]. Kak cnencTBue, HaOm0maeMoe BEIICIICHHE METaHa C IIenb(a B COBPEMEHHBIN TIEPHOJ CBI3aHO HE C TIOTe-
mieHrneM XX-XXI Beka, a ¢ OKOHYaHHEM IOCJIETHEro JIEJHUKOBOIO IIMKIIA.

['myOoKOBOIHBIC TA30THAPATHBIC 3AJICHKH, CYIISCTBYIOIINE B OTJIOKCHHUIX THA HA MOPCKUX TiTyOnHax 250-
400 M, 9yBCTBUTEIBHBI K IIPOUCXOISIINM U3MEHEHUSAM KiInMata. [IoTerieHne B ¢10e aTaHTHICCKIX BOTHBIX
Macc OyIeT OKa3bIBaTh OCHOBHOE BIHSIHAE Ha COCTOSHHE MOAMIOHHBIX ra3oBbiX ruaparoB CJIO. Hapymenne
YCIIOBHI YCTOIYMBOTO COCTOSIHUS THIPATOB METaHa M BO3MOXKHAS MIX JCTPaJalys MOTYT MPUBOANUTH K HAKO-
IJICHUIO CBOOOJIHOTO METaHa B CIIOSIX JOHHBIX oTioxeHui. Habmonenus motokoB metana B CJIO [12] cora-
CYIOTCS ¢ 00IacTsIMH HanOoJee TyBCTBUTEIFHBIMU K BOSMOKHOMY TIOTCIICHHIO, YKa3aHHBIMH B HACTOSIIEM
HCCIICOBAaHUN.

Paboma svinonuena npu noooepoicke npoekmos PODU (Nel7-05-00396, 18-05-00382, 18-05-60111).
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Study of cascading processes on the Kara Sea shelf
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INTRODUCTON

This study is a review to identify the most interesting features of the dynamics of the Kara Sea waters and
problems that could be solved using an approach based on numerical modeling using a regional shelf model
with high resolution embedded in a coupled large-scale model of the ocean and ice of the Arctic Ocean and
North Atlantic, SibCIOM. The special role of such models lies in the possibilities of a detailed description of
mesoscale processes, such as mesoscale eddies in the frontal zones and cascading of shelf waters.

Atlantic water

The system of currents in the area of the St. Anna trough is of increased interest to researchers of the Kara
Sea and the Arctic Ocean. The flow chart is presented by Dmitrenko et al. [10] based on analysis of data from
Hanzlick and Aagaard [12], Rudels et al. [27]. The influence of Atlantic waters here is predominant. The branch
of the Fram Strait passing through the eastern sector, following the isobaths, reaches the mouth of the trough
and here splits into two branches: the first follows further to the Laptev Sea, the second goes along the western
slope into the trough, reaches its headwater, turns around and returns to the open ocean along eastern slope.
Another branch of the Atlantic waters passing through the Barents Sea opening also reaches the area of the St.
Anna trough. Crossing the Barents Sea, the depth of which is 200-300 m along the trajectory, it is subjected to
active interaction with surface waters and the atmosphere [7,34].

River plume

River flow is a major factor in the hydrology of the Kara Sea. The two largest Siberian rivers - the Ob and
the Yenisei - together with small rivers flow into the Kara Sea. The catchment area of the Ob and Yenisei rivers
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is 5.5 million km’, which is about 4% of the earth's surface [23]. The Kara Sea receives more than half of the
river flow from the Siberian Arctic and more than a third of the total river flow into the Arctic Ocean [2, 23].
The annual river flow into the Kara Sea is 1,100-1300 km’, of which Ob and Yenisei discharge 400—450 and
600—630 km’ per year, respectively.

There are three types of distribution of desalinated water: "Western", "Central" and "Eastern" [21,30]. The
“western” type is characterized by the distribution of desalinated water to the eastern vicinity of the Novaya
Zemlya. The “central” type is distinguished by the penetration of desalinated waters north of the mouths of
rivers. The “Eastern” type implies that the river waters are held along the coast by a boundary current and
transferred to the islands of Severnaya Zemlya and further to the Laptev Sea.

Formation of dense waters and cascading

The formation of dense waters in the neighboring Barents Sea occurs under the influence of the formation
of sea ice in coastal areas and as a result of processes in polynyas [18,8]. This creates salt-rich dense water that
sinks and forms a layer of lower haloclinic water. The localized formation of dense water is often associated
with the opening of polynyas due to coastal winds and the influence of tides on the ice cover (for example,
[20,18,31,33,4]). To the west of Novaya Zemlya, cold eastern winds in winter often contribute to the opening of
a polynya [18] and the formation of more than 10 m of ice in this polynya during the middle winter [35].

Low temperature, high salinity and density suggest that, reaching the slope of St. Anna’s trough, these
waters are the source of the cascading that occurs here.

NccnepoBaHme npoueccoB KacKaguHra Ha wenbéde
KapcKoro MopA

'Mnaros I'.A., 'Tony6esa E.H., Kapauakosa A.P.

" MHCTUTYT BbIMUCAUTENBHOM MaTeMaTUKM M MaTeMaTiyecKoii reodusuku CO PAH, HoBocubupck, Poccus
* Hoocubumpckmii rocynapcTBenHbIil yunsepcuTeT, Poccua
E-mail: Platov.6@gmail.com

BBEAEHWE

Jlannast pabora npencTaBiseT coboit 0030p ¢ 1LeNbIo BbISIBICHHS HanOoJee HHTEPECHBIX 0COOEHHOCTEH
JHAMHKK Boj Kapckoro mMopst v mpo0sieM, pelieHrue KOTOPhIX MOXKHO ObLIO ObI MCKAaTh C MCIOJIL30BAaHHEM
MO/IX0/1a, OCHOBAHHOTO HA YHCICHHOM MOJICIHPOBAHHEM C MOMOIIBI0 PETHOHAIBHOMN IIenb()OBOMH MOIEH ¢
MOPOGHBIM pa3pelicHUEM, BIOKEHHON B KPYITHOMACIIITAOHY O MO/ OKeaHa  jibaa CeBepHOro JIemoBuTo-
ro okeaHa u ceBepHoit Atnantuku, SibCIOM. Ocobast poiib TaKUX MOJIEJICH COCTOUT B BO3MOYKHOCTSIX ITOIPO0-
HOTO OIMMCAHUS ME30MAaCIITA0OHBIX IMPOIECCOB, TAKNX KaK Me30MacIITaOHbIe BUXPH BO (prHTaJ'IBHBIX 30HaxX U
KaCKaauHI IHCHBd)OBBIX BOZ.

O6Lian KapTUHa ABWKeHUIA B paiioHe Wwenbda Kapckoro Mopsa

OnHUM U3 TEPBBIX TOKyMEHTHPOBAHHBIX MPEACTABICHNI 0 KapTHHE TedeHU BepxHero ciosi Kapckoro
Mops siBisieTcst pabora bepeskuna u ParmanoBa [1]. OCHOBHBIC YepTHI IPEICTaBICHHON IIUPKYIISIIAN CBOIH-
JMCh K HAJIMYHIO BIOJILOEPErOBOTO TEUEHHSI CIIEAYIONIETO BIOJb 3aMaHoOro nodepexnst Hosoit 3emmn, nanee
BJIOJTb €TO BOCTOYHOTO Oepera, 00paTHO Ha ceBep BIOIB 3ama Horo Oepera Smana u BIons Oepera Mateprka Ha
BOCTOK B CTOpOHY IpoinBoB Buibkuikoro u Lllokansckoro. B nenrpansHoi wactu Kapckoro mopsi, Takum
00pa3oM MpeAronaragocs (HOpMHUPOBAHNE AHTUIHUKIOHWIECKOTO KPyroBOPOTa. Psij OTBETBICHMI OT 3TOTO
OCHOBHOTO HaIpaBJICHHs IIEPEHOCca BOA OBIJI IIPECTABIICH TEUEHHEM Ha CEBEP BJOJIb BOCTOYHBIX CKJIIOHOB TPO-
ra CB. AHHBI 1 Tpora Boponuna. B nanpHelieM 3Ta cxeMa HEOTHOKPATHO YTOYHSIIACH KaK HA OCHOBE HOBBIX
HaOTIONCHNHN TaK U B pe3ylbTaTe YHCICHHOTO MojenupoBanus [3,14,16,5] ¢ ncnoinp30BaHIEM MPOCTHIX Oapo-
TPOTHBIX WJIM OApOKIMHHBIX TUArHOCTUIECKUX MOZIETIeH. DTH NCCIIeJOBaHNS OKA3aJl, 9To IUPKyIsiiust Kap-
CKOTO MOPS 3HAYUTEJIFHO MEHSETCS B 3aBHCUMOCTH OT Ipeobnanatomiero arMmocdeprHoro BosaeicTaus. B3an-
MozeicTBus menb(a ¢ TITyOOKMM OKEaHOM OCYIIECTBIISICTCS IPEHMYIIECTBEHHO Yepe3 JIOHHBIC JOKOMHBI
(Tporm), Hambomnee 3(h(heKTHBHBIM B ATOM ITIaHe sABIsieTcss Tpor Cestoit AHHEI [10]. PernonansHas nupKys-
LUl B OCHOBHOM PEryIHpyeTcst TOnorpagpuaecknMu 0cOOCHHOCTSIMHU, TOTPAaHNYHBIMHU TEUCHUSIMH IIETH(OBO-
TO CKJIOHA, ()POHTAIBHBIM B3aUMOJCHCTBHEM Ha TPAHUIIE BOJ PA3HOPOIHOTO MPOUCXOXKACHHS M Ha TPAHHIIEC
JB/1a ¥ OTKPBITOH BOBI [27,28,24, 36]. Bonee neranpHoe uncnennoe nccnepoBanne Harms u Karcher [14,16]
I0KAa3aJ10, YTO TIO] BO3JCHCTBHEM CE30HHOW aTMOC(EPHON KIMMATOJIOTHN O0OHAPYKHBAETCS OTCYTCTBHE BBI-
PaXEHHON aHTULMKIOHUYECKON LUPKYISALMHU B LIEHTpaJIbHOHN yacTu Kapckoro mops, a npecHast peuHast Boja
O6u n Ennces Teder Ha ceBep M BOCTOK, 00pa3ys TpH YeTKue BeTBU. B pabore [22] Ha 0CHOBE aCCHMUIIAIINI
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BCell COBOKYNTHOCTH UMEIOIIMXCS JAaHHBIX IPOU3BE/IeHA MOMBITKA BOCCTAHOBIICHHS KJIIMMATHYECKOTO pacIpe-
JIeJIeHHsI TeMIIepaTyphbl, COJIEHOCTU U CKOpOCTH TeueHuil. ConacHO MpeACTaBIEHHBIM MU pe3yJabTaTaM, ped-
HbIE BOJIBI, Monasias B Kapckoe Mope OTKIIOHSITMCH HA 3amajl ¥ 3aTeM, cieqys Brojb ckioHa HoBozemenbckoit
BIIAJIMHBI JOCTUTAJIN CEBEPHON OKOHEUHOCTHU 3TOro ocTpoBa. Llupkymsiuus xapakrepusyercs npurokamu 0,63
Cg uepe3 nponuB Kapckue Bopora u 1,18 CB moctynaer mexay 3emiieit @panna Mocuda u Hosoit 3emuieit.
Oxomno 80% Boas! Kapckux Bopot nepecexaer Bce Mope u TedeT B Mope JlanTeBrIx yepes npoauBsl Bubkuir-
xoro u Illokansckoro. OcranpHast yacTh nputoka Kapckux Bopot npoxoaut uepes tpor Boponuna. IIpurox
BOJIBI, TOCTYyMAtoLIEH K ceBepy oT HoBoit 3emuin, mpoaomkaeT ABMKEHUE BI0JIb Tpora CBATON AHHBI.

ATtnaHTM4ecKue Boabl

Cucrema TedeHuil B paifoHe Tpora CBATONH AHHBI BBI3BIBACT MOBBIIICHHBIH MHTEPEC HMCCIEI0BaTEIeH
Kapckoro mopst u CeBeproro Jlenosuroro okeana. Cxema teuenuii npezacrasiena Dmitrenko et al. [10] Ha oc-
HOBe aHanm3a JanHbix Hanzlick u Aagaard [12], Rudels et al. [27]. BiusiHue atiaHTHUECKUX BOJL 311€Ch SIBIISIET-
sl mpeobanaromuM. BeTBb TeueHUs MPOXOSIIEro Yepe3 BOCTOUHbIN ceKTop npoiuBa dpama, cienys nzoda-
TaM JJOCTUTAET YCThs TPOTA U 3/1€Ch paclagaeTcs Ha 1Ba OTBETBICHUS: IEPBOE CIIEAYeT Jajiee B CTOPOHY MOPS
JlanTeBBIX, BTOPOE 3aXOIUT BAOJb 3aIaJHOTO CKJIOHA B TPOT, TOXOIUT JI0 €r0 BEPXOBHH U, Pa3BEpHYBIINCH,
BO3BPAIIAETCS B OTKPBITHIM OKEaH BIOJIb BOCTOYHOTO CKJIOHA. J[pyrasi BETBb aTVIAHTHUYECKUX BOJ] POXOASIIAs
yepe3 bapeHiieBo Mope Takxke mocturaer pailona tpora Cestoit AuHbL [lepecekas akBaropuro bapeniesa
Mopsi, IITyOrHa KOTOPOH cocTaBisieT B0k Tpacktopun 200-300 M, OHa OKa3bIBACTCSI TOABEPIHYTOM AKTHBHO-
My B3aWMOJICHCTBHIO ¢ MOBEPXHOCTHBIMU BOmaMu U armocdepoit [7,34]. Ananusupys nepuon 1989-2004
Aksenov et al. [6] moka3anu 4To MPUTOK aTIIAHTHYECKUX BOJI B APKTUKY ObUI pa3/ieieH B PABHBIX JI0JISIX MEXKILY
npoxoznioM bapeHniieBa Mopst 1 mposBoM Ppama cHadkasi IPUMEPHO PaBHBIM PUTOKOM cOJid. B Toxke Bpems
ObIO OOHAPYKEHO YTO HAWOOJBIINKA IPUTOK TeIlIa OCYILIECTBISIICS uepe3 nponuB dpama. Mozensb npose-
MOHCTPHpPOBAJIa CJIOXKHBIN XapakTep JABMKEHHS U TpaHCHOpMalnK aTIaHTHUECKUX Boj B bapeHieBom mope.
OnHa 13 MoaMGUKALUIA TIPUIOHHOI YacTH 3THX BOA, chopMHUpOBaHHAsI B IOTO-BOCTOYHOW 4acTH MOpS B pe-
3yJIbTaTe IMOJHOTO KOHBEKTHBHOIO TEPEMEIINBAHMS B 3TOM pailoHe 00pa3yloT HWIKHUE XaJOKIMHHBIC BOJbI
MOCTYTIAIOIINE B CEBEPHYIO yacTh Kapckoro Mops u cieayrole gajiee B OTKPHITHIN OKeaH BIOIb MPaBOTO
ckJoHa Tpora CBAToi AHHBI. bosblas 4acTe 3TOr0O MOTOKA UMEET TEeMITEPaTypy HUKE HYJIS, IPU 3TOM MaKCHU-
MaJIbHasi CKOPOCTh €T0 ABWKEHHUS JOCTUTAETCS BOJIM3H JHA, T7ie TeMIIepaTypa MPaKTUYeCKH MOCTOSHHA B Teye-
Hue roxa u Ha 50% pasna npumepHo -0.5C. D1a Boga npeacTaBisieT cO00 cMeCh TEIJION COJICHON BOIbI AT-
JIAHTUYECKOTO OKeaHa M XOJI0IHOM, 000Tall[eHHO! COJIBIO BO/IbI, BO3HUKAIOILEH B pe3yJIbTare JIbJI000pa3oBaHUs
¥ KOHBEKITMH B MOJBIHBAX K 3anmaay oT Hosoii 3emin. BeicBoOokaaemMas 31€Ch COMNb yBEIUYNBACT IIJIOTHOCTh
MOBEPXHOCTHOT'O CJIOS B IOCTATOYHOI U151 KOHBEKLMU cTerieHr. CHopMUPOBAHHBII TAKMM 00pa3oM NITyOOKHii
CJIOH MpoJOIDKAeT cBOE ABMKEeHUE 10 Kapckoro Mopst 6e3 manbHEHIMX U3MCHEHUI U BXOAWT B Oacceitn Ha-
HCEHa Ha TIIyOMHE si/Ipa TeIUIoN ColIeHOM BeTBM rposinBa dpam wim Hike ero. Bee atu akTopsl roBOpsT 0
TOM, YTO, JOCTHras CKIOHa Tpora CBSITOM AHHBI, 3TH BOJBI ABJISIOTCS HCTOYHHKOM BO3HHKAIOIIETO 37ECh Ka-
CKaJIMHTA.

PeyHoi1 nnioM

Pednoii cTok siBIAETCS OCHOBHBIM (pakTopom ruaposorun Kapckoro mopst. JIBe KpymHeHie cuonpekme
peku - OO0 u Enmceif - BMecTe ¢ HeOOMBIIIMH pekamu BragaroT B Kapckoe mope. Ilmomans Bomocbopa pex
O6b u Enuceii cocTapser 5,5 MiIH KM’, 4TO cocTaBIseT okoso 4% mosepxHoctu 3emin [23]. Kapckoe Mope
oTy4aeT 0oJIee MOJIOBUHBI peuHOTr0 cToKa M3 CHOMpckolt APKTHKH U 00Jiee TPETH OOIIero peyHoro CToka B
Cesepuerii JlenoButslii okean [2, 23]. Togosoii ctok peku B Kapckoe mope cocrasmser 11001300 ku’, u3 ko-
Topeix O6b 1 Ennceit copacsisaror 400-450 1 600-630 kM’ B O COOTBETCTBEHHO.

PednbIe BOBI pacipoCTPaHIIOTCS B BEPXHEM CII0€ MOPS TOMIHUHON 0K0I0 5—15 M. CoracHO MMEFOIINM-
cs1 olleHKaM [23], oripecHeHHBIE BOABI MOTYT 3aHNMaTh 10 40% tutomaan Kapckoro mopsi. Xapakrep MpOHUK-
HOBEHMS PEYHOH BOZBI B MOPE M KOH(PUTYpAIHs CI0s OTIPECHEHHBIX BOJ TOCTOSTHHO U3MEHSIOTCS B 3aBUCHMO-
CTH OT 00BbEMa PEYHOI0 CTOKA 1 OT BETPOBBIX YCIOBUH. Pa3ndatoT Tpu THIIA pacIpOCTPAHEHHUS ONIPECHEHHBIX
BOJI: «3aIaAHBIN», «IICHTPATBHBII (FITH «Beepo0Opa3HbI») U «BoCTOUHBIN» [21,30]. /s “3anamHoro” Trma
XapaKTepHO PacIpOCTpaHEHNE ONPECHEHHBIX BOA 0 BOCTOYHOH OKpamHBI ocTpoBoB HoBoit 3emmn. “LleHT-
paTBHBIN” THII OTINYASTCS IPOHUKHOBEHNEM OIIPECHEHHBIX BOJ K CEBEPY OT YCThEB pek. ‘“‘BocTounbIil” Trml
MIOAPa3yMEBAET, YTO PEUHBIE BOJIBI YAEPIKUBAIOTCS y Oepera morpaHuIHbIM TEIEHHEM 1 IIEPEHOCATCS B CTOPO-
Hy ocTpoBoB CeBepHoit 3emiu 1 fanee B Mope JIanTeBbIX.

Harms et al. [15], Mmomenupys ABIDKEHHE YaCTHII, IO pe3yiIbTaTaM ImoKa3aiu, 9To Tpaccepsl O0u u Exnces
Be/yT ceds mo-pasHoMy. EHnceiickne Tpaccepsl T0BOIBHO OBICTPO MokuAaoT Kapckoe Mope B HalpaBiIeHUH
CesepHoro JlenoBuToro okeana miu Mopst JlanTeBeix, a Tpaccepsl OOM pacrpoCTPaHIIOTCSA TAKXKE B FOKHOM
gactu Kapckoro mops. Kubryakov et al. [17] Takke oTcnexnBany ABIDKESHUE YaCTHUIT U pacdeTa IMyTeH pac-
MIPOCTPaHEHHMs TIITFOMa Ha OCHOBE CITyTHUKOBOW aJIbTUMETPUH U JAHHBIX pPEaHaIn3a 110 BETPY B TECUEHHE J(Ba/I-
naruietHero nepuona (1993-2013 rr). [TokazaHo, 9TO caMOOPTaHU3YIOMIASCS Te0CTpOodUIecKas IUPKYIIAINSI
TUTIOMa, 00YCIIOBIIEHHAS PA3IMYMAMH B IUIOTHOCTH BOJBI TUTFOMA U OKEAHCKOW BOJIBI, @ TAKXKE N3MEHEHUSIMHU
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npe06ﬂa;[a10mer0 HalmpaBJICHHUA BE€Tpa, ABJIAKOTCA OCHOBHBIMHU (l)aKTOpaMI/I, KOHTPOJIMPYIOIIIUMU NTUHAMUKY
IJIrOMa U €ro MEXKTroA0BYH0O U3MCHYMBOCTD.

QOPMMPOBaHMe MJIOTHbIX BOA4 U KaCKaguHr

dopmupoBaHUE TUIOTHBIX BOJ B COCEHEM bapeHiieBoM MOpe MPOUCXOAUT TOJI BIUsSHHEM 00pa3oBaHUs
MOPCKOT0 JibJia B IPUOPEKHBIMHU paiioOHaX U B Pe3yJIbTaTe MPOLECCOB B MOJbIHbsX [18,8]. D10 co3naer obora-
IICHHYIO COJIBIO MJIOTHYIO BOAY, KOTOpast OTpy’kaeTcs U 00pa3yeT ClI0H HIKHHUX XaJIOKJINHHBIX BoJ. Jlokanu-
30BaHHOE 00pa30BaHUE IUIOTHOM BOJBI YaCTO CBS3aHO C PACKPBITHEM IOJIbIHb H3-32 NPUOPEKHBIX BETPOB U
BIIMSAHUS NIPUIMBOB Ha JIeASHONW MOKpoB (Hampumep, [20,18,31,33,4]). K 3amany ot HoBoii 3emin xomogHbie
BOCTOYHBIC BETPhI 3MMOM YacTO CIIOCOOCTBYIOT OTKPBITHIO TONIBIHBH [ 18] 11 hopmupoBanuto 6oee 10 M sibaa B
9TOM TIOJIBIHBE B TEUEHUE CPeAHEeH 3uMbI [35].

Bonee panHue uccienoBaHUs MMOKa3aiM, YTO MEXKIOIOBash M3MEHUMBOCTH IMPONECCOB (DOPMUPOBAHUS
IUIOTHO# BOJIBI Bennka (Harpumep, [20,29,32]). Bbiio ycTaHOBICHO, YTO MEPBBIM OIPEACISIONINM (aKTOPOM
SBJISIETCA COJICHOCTh MOBEPXHOCTH TIepe]] Ce30HOM 3amep3aHus. Ee 3HaueHHe 3aBHCUT OT MPUTOKA MPECHON
BO/IbI, IEPEHOCHMO¥ OEPErOBbIM TCUCHUEM BKJIFOYAOIIMM BObI KOHTHHEHTAJIBHOTO cTOKa [26,31,32], oT mpo-
[IECCOB 3aMOPaXMBaHUs U TasHUS JibJa [13], a Takke OT UMITOPT JibJa ¢ ceBepa peruoHa [11]. CtaOmibHOCTD
TOJILIM BOABI - elie OJUH (aKTOp OIPEEISIOIINi H3MEHYUBOCTh TPOLECCOB (DOPMHUPOBAHUS IJIOTHBIX BOJ
[9,13,19,33]. Cortacao Harms [13], HauanbHas crpatuuKaiys 3aBUCUT OT BIUSHUSA ATJIAHTHKU Ha 3aMep3a-
HHe WM TasHue Jibja, a Backhaus et al. [9] yTBepikianu, 4T0 UMITOPT TEIUION aTJIaHTHYECKOW BOJIbI HA M)
bapeHiieBa MOpst MOJKET BbI3BaTh HETaTUBHYIO O0OPATHYIO CBS3b KaK B OTHOLICHUH TNTyOOKOI KOHBEKLIUH, TaK 1
pocra spaa. [Tocnennee BakHO Jyisi 00pa3oBaHMs IUIOTHOM BOJBI yepe3 nocrtyruieHue coiu [18,35,31,33].
Schauer et al. [32] Takke NOAUEPKUBAIHA BAKHOCTh H3MEHUYMBOCTH CBOMCTB aTJIAHTHYCCKUX BOJI M3-32 CYIECT-
BEHHOMW TpaHc(opMaluy CBOWCTB, MPOUCXOSIINX, KOTa 00pa3oBaBLIascs INIOTHASI BOJA CIIyCKAaeTCsl BHU3 K
Oonee yOoKuM BriazuHaM B bapeHieBom Mope 1 k Tpory CaToit AHHBL. AHaIM3UPYsl pactpeseicHue Ba, Al
u Si B BOCTOUHOM yacTu OacceitHa HaHceHa B ciioe MpoOMeKyTOYHBIX amiaHTHYecKuX Boa Roeske et al. [25]
YETKO MMOKa3bIBaJIKM JOMUHHPYIOIEe BIMSHUE KACKaJWHra aTJaHTHYeCKoW BOJbI, MoAauduimpoBanHoi B ba-
pernneBoM u Kapckom mopsx. K cesepy or CeepHoii 3eMiM BIMSIHHE 3THX BOJ MPOSIBISETCS B HECKOIBKO
Oounbiem cootHoureHreM Ba:Al u Ba:Si. Dtu cooTHOIIEHHS CHOBA 00HAPYKHUBAIOTCS B IIPOMEKYTOYHBIX BO-
nax bacceitHoB AMyH/iceHa U ['akkers.
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BnuaHue BbicoKopaspeluatowero atMochepHoro popcuHra
Ha BOCMPOM3BEAEHMNE OKEAHCKNX BUXPEN U IMybHoKon
KOHBeKLUWM B cybrionAapHon CeBepHon ATnaHTUKe
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yonomsipaast CeBepHast ATIIaHTHKA SIBJISIETCS KIFOYEBBIM KIIMMaTtoo0pa3yommm paiioHoM MupoBoro oxe-

aHa, TJIe B TOM 9ucie (POPMHUPYETCst KITMMaTHYeCKasi M'3BMEHYMBOCTb [NI00AIbHON OKEaHCKOH IIMPKYJISIIIH.

31eck B pe3ysbTare TEIUIONOTeph 3a CYET B3aUMOICHCTBHS ¢ aTMOCc(epoli TOBEPXHOCTHBIE BOJIBI IIPHO-
OpeTaroT JIOMOIHUTENBHYIO INIOTHOCTH U, 3aNTyOIISISICh, TIEPEMEIINBAIOTCS C BOJIAMH M3 APKTHUYECKOTO OacceiHa.
Tak ¢dopmupyeTcs HIKHSS BETBb MEPUAMOHAIBHON SMEHKH ATIAHTHYECKOH TEPMOXaIMHHOW LUPKYJISALUNA —
KJIFOUEBOT'0 KITMMAaTUYECKOI'0 MPOLEcca, KOTOPBIM BO MHOTOM OIPEEISET BIMSIHUE OKEaHa Ha KIIMMaT Ha BPEMEH-
HBIX MacmTadax g0 necstwretnii (Gulev and Latif 2015, McCarthy et al. 2015, Smeed et al. 2018). Peakuus
OKeaHa Ha aTMOC(EpHBII CUTHAJ CUITBHO MOJYJHMPYETCs IPOLIECCaMH B OKEaHe, B IEPBYIO OUepeb Me30- U CyO-
ME30MacIITaOHBIMU [MPKYISIIIMOHHBIMU CTPYKTypaMu. Kpome Toro, sHeprooOMeH okean-arMocdepa, BIHSIO-
LU HAa YIUIOTHEHHUE TIOBEPXHOCTHBIX BOJI, CHJIBHO BAPUATUBEH KaK BO BPEMEHH, TaK U 110 IPOCTPAHCTBY. DKCTpe-
MaJIbHO CHJIBHBIE TIOTOKH TEIUIA Ha IOBEPXHOCTH, 00ECIICYNBAOLINE OT/IEIbHBIC KOHBEKTHBHBIE COOBITHS, CHIIb-
HO JIOKAJIM30BaHbI U TI0XO OIIeHEeHKI KommdecTBeHHO (Moore et al. 2015, 2016, Gulev and Belyaev 2012), Tak xak
MIPOCTPAHCTBEHHOE Pa3peIlIeHue COBPEMEHHBIX PEaHaIN30B HE 00€CIIeUNBACT JJOCTOBEPHOIO BOCIIPOM3BEICHNUS
ME30MacIITaOHBIX ITPOLIECCOB, C KOTOPBIMHU 3TH IIOTOKU MOTYT OBITh CBSI3aHBI.

JlaHHBIC in-situ HaOIIOACHUH M pa3pelIeHNe CYIIECTBYIOINX OKEAaHCKUX MOZIENICH B JaHHOM pErHOHE He
MIO3BOJISIIOT B IOJTHOM Mepe M3Y4NTh MEXaHU3MbI ()OPMUPOBAaHMs KOHBEKTHUBHBIX 31HM30710B. Kpome Toro, Ha
BEpXHEH I'paHUIe MOJEJIM OKeaHa, pa3pelleHHe KOTOPOH J0CTaTOYHO ISl OLIEHKHM XapaKTePUCTHK NIyOOKOMH
KOHBEKIIMHU, HEOOXOMMO HCIIONB30BaTh JaHHbIE 00 arMocdepe BhICOKOTo paspemeHus. OJHako gaxe coBpe-
MEHHBIE PEAHAIN3bI TOCIIEIHETO MOKOJIIEHUS IOKA3bIBAIOT 3HAYUTENIBHOE 3aHIKECHUE XapaKTePUCTUK Me30Mac-
mrabHol aktuBHOCTH (Verezemskaya et al., 2017).

Taknum 006pa3oMm, HEbI0 TAHHOTO MCCIICIOBAHUS SIBIISCTCS TOCTPOCHUE M BAIMIALMS PETHOHAIBHON BBI-
COKOpa3pelIaonell MoAeIn OKeaHa, C MOMOIIBIO KOTOPOH OyIyT M3ydeHbl MEXaHH3Mbl ()OPMHUPOBAHHUS KOH-
BEKIMH, €€ JIONTONEePHOIHAs U3MEHYNBOCTh M OTKJIMK Ha MCIOJIb30BaHUE BBICOKOpa3pelaroiero armocep-
Horo (opcuHra.

B xavecTBe MHCTpYMEHTA /IS U3yUCHHS XapaKTEpPUCTUK OKeaHa Oblila BBIOpaHa MoJIeb II00aIbHON Iup-
kyssinun okeana NEMOV3.6 (Madec, 2008). Kordurypauus, noixyunsmas Hazsanne NNATL12, oxBarsiBaeT
o0JacTh CyOIOSIPHOTO BUXPSI ¢ TOPU3OHTANBHBIM paspemiernem 1/12° u 75 ypoBHsimu o Beprukanu. O0-
JaCTh UMEET TPHU OTKPHITHIX IPAHMIIBI, YCIOBHS Ha KOTOPBIX 3a/JIaI0TCS U3 TNI00AJIBHOTO OKEaHCKOTO peaHain3a
GLORYS2v4 (Garric and Parent, 2018). B mensx uccienoBanust 4yBCTBUTEIBHOCTH MOJETH K Pa3peIICHHIO
YCIIOBUI Ha BepXHEH rpaHulie — armocdepHoro GopcruHra — HCHOJIB3YIOTCS PE3yJIbTaThl ANHAMUYECKOTO JlayH-
ckeitmuara peanamusa ERA-Interim ¢ momompio mogenu WREF (Gulev et al., 2019) ¢ ropuszoHTaIbHEIM pa3pe-
menuem 0,7° u 0,12°.

Pe3ynbraThl YNCICHHBIX SKCIIEPUMEHTOB OKEaHCKOH MOJIENH C aTMOC(hEepHBIM (POPCHHIOM Pa3HOTo paspe-
menust (31ech U ganee HR14 — skcniepumenT ¢ BbICOKUM paspenienueM ¢opcunra, LR 14 — ¢ Hu3kuM) rnokasa-
JM, YTO MOJAEIb OOHApY)XKMBACT 3HAYMTEIBHYIO YyBCTBUTEIBHOCTh XapaKTEPUCTHK OKeaHa K Pa3pelICHUI0
¢dopcunra. Tak, B cpaBHenun ¢ LR 14, HR14 ycroitunBo nemonctpupyer 6onee Huskue (Ha 1,5°) netHue Tem-
repaTypbl IOBEPXHOCTH OKeaHa, M TEINIOCOepiKaHts okeaHa B ¢i1osix 710 1500 m (o 0.5x1022 JTx). Pazpere-
HHUe aTtMoc(epHOro (GopcuHra CKa3bIBa€TCsl HA MHTEHCUBHOCTH M TTOJIOKEHUN OCHOBHBIX KPYITHOMACIITaOHBIX
TeYeHni u obracTeil MaKCUMaIbHOW BUXPEBOM KMHETHUYECKOW sHepruu. IIpakTnyecku Bo Bcel oOnacTu uc-
T10JIb30BaHUE BBICOKOPA3pENIaloNiero popcuHra BiIedéT yriyOieHne NepeMelIaHHoro CiIosi OKeaHa, OHaKo B
Mope Jlabpaiop yBenuueHne epeMenIMBaHus OTPAKACTCS B YMEHBIIEHUH MaKCUMAaJIbHOW TITyOHHBI IlepeMe-
LIAHHOTO CJIOS.
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Impact of fine atmospheric scales on ocean eddies and deep
convection in the Subpolar Northern Atlantic
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INTRODUCTION

Convective processes in the Northern Atlantic play a critical role in the variability of the Atlantic
Meridional Overturning Circulation (AMOC) - a key climate phenomenon that largely determines the impact
of the ocean on the global climate (Gulev and Latif 2015, McCarthy et al. 2015, Smeed et al. 2018). Convection
in the sub polar latitudes links the upper and lower limbs of the AMOC — a general northward flow in the upper
1000 m and a compensating southward flow in the deep ocean. At first glance, the convection process may
appear simple: in the northern latitudes surface waters experience cooling due to the air-sea interaction
processes and becoming denser, start to sink to depths of several hundred meters, forming the North Atlantic
Intermediate waters. After being mixed with Arctic waters advected over the sills of the Nordic Seas, these
waters form the lower limb of the AMOC.

However, this is a seeming simplicity. First, because the response of the ocean on the atmospheric diabatic
cooling is strongly modulated by the inner ocean variability, especially represented by mesoscale and sub-
mesoscale circulation structures. Second, air-sea exchanges affecting densification of the surface waters and
forcing their sinking are highly variable in time and space. Intensive mesoscale atmospheric phenomena are
strongly localized and poorly quantified, mostly because of the questionable ability of modern reanalyses to
represent them. Thus, the North Atlantic convective processes are the result of interactions between large- and
mesoscale structures in the ocean and between ocean and atmosphere exchange on meso-, synoptic and large
scales.

Importantly, many characteristics of the convection in the sub polar North Atlantic sites are hardly
observable. Full depth hydrographic surveys, undertaken typically annually (e.g. Yashayev 2007; Rhein et al.
2011; Sarafanov et al. 2010) provide space-time integrated measures of the volume of intermediate waters
formed during the preceding winter. Some studies tracked the pathways of Labrador Sea water using different
observations at different oceanic cross-sections. Moreover, these observations, documenting inter annual
variability in MLD, cannot hint on the physical mechanisms responsible for forming particular convective
events in different years.

In this respect ocean high-resolution modelling looks to be invaluable tool to supplement observational
data and to provide insights on the mechanisms behind the convection. However, modelling efforts in these
regions require extremely high spatial resolution in order to fully resolve mesoscale ocean processes, while the
existent model configuration with such resolution are still very few. Concerning the space-time scales of
convection, it is also very important to drive these very high-resolution simulations with high-resolution
atmospheric boundary conditions.

The problems highlighted above motivate the choice of methods used in this study in order to address the
mechanisms to provide end-to-end physical description of the convection processes in the Northern Atlantic.
The main goal of this study is to build and validate against the observations a regional high-resolution ocean
model configuration, which will provide data to investigate convection mechanisms, long-term variability, and
response to the high-resolution atmospheric forcing.

DATA AND METHOD

We developed for this study an original regional configuration of the ocean and sea-ice general circulation
model NEMOvV3.6 (Madec, 2008). Referred to as NNATL 12, this configuration covers the subpolar gyre of the
North Atlantic (Fig. 2) with a resolution of 1/12° (approximately 4.5 km in these high latitudes) and 75 vertical
z-levels with higher density in the upper ocean. The domain has three open ocean boundaries in the north, south
and west (Hudson Bay) where flow properties are driven by monthly mean temperature, salinity, velocity and
sea-ice data obtained from the GLORY S2v4 ocean reanalysis (Garric and Parent, 2018).

In order to investigate the impact of the atmospheric forcing resolution on the ocean eddies characteristics
and convection processes, of the model can be driven by three atmospheric datasets. The widely used Drakkar
Forcing Set version 5.2 (DFS5.2, Dussin et al., 2016) and constructed from a combination of ERA40 and ERA-
Interim reanalysis (Dee et al. 2011) was used at the stage of configuration setup. Two particular model
experiments, discussed in this study are forced with the new atmospheric North Atlantic Atmospheric
Downscaling (NAAD, Gulev et al., 2019) dataset produced by IORAS based on ta downscaling of ERAinterim
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with the Weather Research and Forecasting (WRF) model. The horizontal resolution of these datasets is 0.7°
and 0.12° (hereafter LoRes and HiRes datasets respectively).

A large number of simulations where performed to reach the present configuration setup (so-called MP14)
that tested details of the configuration geometry, open boundary conditions, numerical schemes and physical
process parameterisations. Decisions were made by comparing the model solution with the new generation of
high-resolution reanalysis at 1/12° GLORYS12 produced by the Copernicus Marine Environment Monitoring
Service (Fernandez and Lellouche, 2018), satellite observations, and repeated full depth hydrographic sections.

In order to investigate the sensitivity of the ocean mean state and variability, mesoscale activity and deep
convection characteristics to the mesoscale resolving atmospheric forcing, two numerical experiments based
on MP14 were conducted, driven respectively by the LoRes and HiRes dynamical downscaling of ERAinterim
(referred to as LR 14 and HR 14 respectively). Each experiment covers period from 1992 to 2015, and the ocean
three-dimensional fields are stored every day.

RESULTS

Significant differences in the representation of the heat fluxes (turbulent and radiation) at the ocean surface
in LoRes and HiRes forcing datasets result in large differences in the ocean state as simulated by the
corresponding ocean model experiments.

Domain-averaged sea surface temperature (SST) in summer is sustainably lower by 1 to 1.5°C in HR14
than in LR 14, in better agreement with ESA SST observational dataset (Fig.2). HR14 run shows the exact same
temperature trend as the observations.

—r i Figure 1. Domain-averaged SST
0 (°C) seasonal variability and trend
as simulated by HR14 (orange line),
104 LR14 (purple line), and as in ESA
SST observational dataset (green
8 line).
[ L

1942 1904 1996 1998 2000 0z 2004 2006 2008 2010 2012

The spatial distribution of the differences in sea surface temperature and salinity (SSS) averaged over the
whole run period (1992-2015) is shown in Figure 4. SST in HR14 is 1 to 1.5°C lower than in LR14 (fig. 2a)
everywhere except in vicinity of Greenland coast, where a positive difference is caused by a smaller mean sea-
ice concentration (no figure shown).
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Figure 2. Long term mean (1992-2015) difference between HR14 and LR14 for (a) surface temperature (°C) and (b) salinity
(no unit). Blue colors indicate that HR14 is cooler or fresher.

The difference pattern in mean SSS (fig. 2b) is the result of various causes acting separately from each
other. The large scale slightly negative signal (-0.15) seen over most of the domain is caused by increased
precipitation in HiRes NAAD (not shown), and less intensive precipitations in HiRes could well drive the
positive differences north of Iceland and south of British Isles. The high positive difference (0.5 to 1) near the
East Greenland coast is caused by lower ice concentration and therefore less fresh water release, as in this area
sea-ice is typically advected along the coast from higher latitudes. Baffin and Saint-Laurent Bays positive
biases are at least partially caused by higher wind speed seen in coastal area simulated in HR14 (no figure
shown).

Cumulative effect of more intensive turbulent heat loss from the ocean surface (no fig. shown)) and more
precise cloudiness and radiative fluxes representation in HiRes NAAD resulted in lower net heat income during
the summer time in HR14. Consequently, this simulation represents lower ocean heat content in the upper
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ocean (0-700 m layer, fig. 3, upper panel). Ocean heat content at intermediate depth (700-1500 m) in HR14 is
slightly lower than in LR 14 (fig. 3, lower panel), which could be linked to a more intensive ventilation of this
layer due to the deep convection processes.

1023 Ocean heat content in the 0-700m layer Figure 3. Ocean heat content in the
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Comparison of surface currents in HR14 and LR14 revealed some differences in main surface currents
characteristics (fig. 4). While the shallow coastal currents show a robust intensification of speed (up to 20%) in
HR14 (see for example East Greenland Coastal Current and the Norwegian Atlantic current). This reflects the
sensitivity of the model to the higher coastal wind speeds seen in the HiRes dataset. On the contrary, the large
scale currents that occupies greater depth (e.g. the Irminger Current, or the Labrador Current) are slightly
weaker at surface. A large scale southward shift of North Atlantic current main path is suggested by the dipole
structure in the south-central part of domain, which means that the high-resolution wind characteristics have an
impact on the NAC path.
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Figure 4. Surface current velocity (m/s) (a) as simulated by HR14 and (b) difference between HR14 and LR14.

High-resolution forcing also has an impact on mesoscale eddy activity, differences in EKE between the
two runs exhibiting patterns similar to those seen in the mean currents.

Several differences in thermodynamical characteristics of the ocean caused by high-resolution atmospheric
forcing such as surface heat balance, ice conditions, and mesoscale eddy activity lead to significant differences
in the representation of deep convection process. Here we examine the mixed layer depth (MLD) characteristics
as a product of convection processes. Maximum mean and variability of March MLD in HR14 is located in the
eastern Labrador Sea and below 60°N, in good agreement with observations (fig. 5a). March MLD in HR 14 is
deeper than in LR14 (by 100 meters) over a large part of the domain (fig. 5b), especially at the sea-ice edge,
where HR 14 reproduces less icy conditions. However, HR14 MLD is shallower in the region of the Labrador
Sea where maximum convection occurs, so the stirring induced by the high-resolution forcing may reduce the
maximum convection depth.

Daily climatologies of the winter time mixed layer depth in the Labrador and Irminger Seas (fig. 6) shows
that the ML deepens slower in HR14, but remains deeper in the second part of winter (March-April). This is
seen on the mean and variability.
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Figure 5. March mixed layer depth (a) period mean (colored) and standard deviation (dashed lines) as simulated by HR14
and (b) mean difference between HR14 and LR14. Red colors indicate a deeper MLD in HR14.
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Figure 6. Mixed layer depth daily climatology (thick lines) and variability (vertical thin lines) from January to April regionally
averaged over (a) Labrador Sea and (b) Irminger Sea.

CONCLUSION

We found a significant sensitivity of the surface temperature and salinity fields, and ocean heat content
simulated by the regional ocean model to the high-resolution of the atmospheric forcing We revealed, that the
amplitude of ocean surface currents, sea_ice cover and eddy properties are sensitive to the high-resolution wind
representation. Differences due to the high-resolution atmospheric forcing may sometimes extend almost all
over the domain, as for mixed layer depth or the SST. Dynamical causes of this sensitivity are still having to be
examined.
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troposphere. The significant influence of stratospheric conditions on the tropospheric circulation on the
scales from a week to season is showed in many works reviewed in [1]. The stratosphere is considered as
an important source of predictability in long-range forecasting systems.

At INM RAS and Hydrometcenter of Russia the SLAV multiscale atmospheric model is developed for the
solution of such tasks as medium range weather forecast, probabilistic seasonal, subseasonal and decadal
weather prediction. Improvement of stratosphere dynamics and stratosphere-troposphere connections repro-
duction is an important part of the works on the SLAV model development.

In [3] the SLAV model version with a grid optimized for stratosphere reproduction is shown to reproduce
stratospheric dynamical processes. Here we repeat and partly improve the results of [3], but with grid with a
smaller number of levels and much better resolution in the troposphere. This grid is selected to be the basic for
the SLAV model version for Hydrometcenter seasonal forecasting system.

The grid of 96 levels is built to be a compromise between a limited number of levels (from computational effi-
ciency considerations), resolution in stratosphere fine enough to reproduce quasi-biennial oscillation (QBO) and fin-
est possible resolution in the lower troposphere. The height dependence of vertical grid step is plotted in Fig. 1.

We also introduced some changes in the SLAV model formulation. These are the use of finite element
scheme with cubic B-splines functions for integration of hydrostatic equation [9] and modified surface momen-
tum flux formula in orographic gravity-wave drag parameterization [4]. The mean squared slope of subgrid-
scale orography is taken into account. This results in the redistribution of gravity-wave drag between tropo-
spheric and stratospheric jet streams that improves the accuracy of the model.

The prototype of SLAV model for the seasonal prediction system with the new 96 levels vertical grid and
horizontal resolution of about 70 km is tested with model climate computation in 9-years experiment with pre-
scribed sea surface temperature and ozone concentration. The model correctly reproduces stratosphere average
state and seasonal features. The QBO is reproduced with realistic period of 28 months and amplitude of 15 m/s
in the westerly phase and -30-35 m/s in the easterly phase. The difference with SLAV models version using
100-levels grid are insignificant. One should note that the vertical resolution in the QBO zone is slightly coarser
than the theoretical limit of 500 m [2].

Using surface momentum flux formula with the account for the slope leads to the increase of the wind
speed in the stratospheric polar night jet in the Northern hemisphere, while the speed of the tropospheric jet
stream is slightly reduced and better fit ERA-Interim reanalysis than with non-modified formula (Fig 2). As
compared to the 100-levels version, wind speed in the stratospheric jet increased and become closer to the re-
analysis.

S tratospheric circulation determines the upper boundary conditions for Rossby waves propagation in the
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BBEOEHWE

Pexxum 1upKyssimu ctparocdepbl onpeenseT TpaHuuHbIe YCIOBHS ISl paclpocTpaHeHust BoH Poccou
B Tporocdepe. 3HaYNMOE BIMSIHUE CTPAaToc(EpHBIX YCIOBHH Ha LUPKYISIHIO Tporocdepbl Ha BPEMEHHBIX
MaciTadax oT HeAEN! 10 Ce30Ha ObLIO IIOKa3aHO BO MHOXKECTBE PabOT, COBPEMEHHBIH 0030p KOTOPBIX J1aH B
[1]. Haubonee BaxkHO, C TOUKU 3pEHHS NPAKTUYECKUX MPUIIOKEHH, BIMSIHUE CTparoc(epHOl IIMPKYJISIINY, B
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YaCTHOCTH, BHE3AITHBIX CTPaToc(epHBIX MOTEIJICHUH Ha HHJEKC CeBepO-aTiIaHTHYecKoro kosiedbanus. Takxke,
crparoc(epa yyacTByeT B IPOXOKAEHHH curHaiia ot Jn-Huubo (FOxHOTO KosleOaHust) U3 TPOITMKOB B CPEIHUE
1 BBICOKHE MIMPOTHI [5]. B HacTosiiee Bpemst, ctparocdepa paccMaTpuBaeTcst Kak BayKHBIH HCTOUHHK TpeJCcKa-
3yeMOCTH B CHCTEMax JIOJATOCPOYHOIO IPOrHO3a MOTOJbl, B YaCTHOCTH, OOJIbIIIOE BHUMAaHUE BOCIIPOM3BE/Ie-
HUIO cTparochepHbIX mporeccos yuensiercs B EBponetickom LlenTpe CpeaHecpodHbIX IPOrHO30B MMOross! [7].

B BM PAH u I'mapomernentpe Poccum, pazpadarbiBaeTcsi MHOroMacurabHasi Mozieib arMocdepsl
TJIAB [8], npenHa3HayeHHAs ISl PELICHUS TaKUX 3aa4 KaK CPEIHECPOYHBINA MPOrHo3 moroas! (3-10 mHeit),
CE30HHBII U BHYTPHUCE30HHBIH BEPOSTHOCTHBIN MTPOTrHO3 ToroAs! (1 - 3 Mec.), BEepOSTHOCTHBIN JIeKaJHbIH IPO-
rHo3 (1 - 10 ser), B TOM 4mcie COBMECTHO ¢ Mozeibio okeana UIBMUO [6]. I1oBblmieHrE JOCTOBEPHOCTH BOC-
MIPOM3BEACHUSI CTPATOC(EPHBIX MPOLECCOB M B3aUMOJICHCTBHSI CTpaTocdepbl M TPOrocgepsl — BaKHas 4acTh
pabot B pamkax pa3sutus moxeiu [IJIAB.

B crarse [3] mpuBonuTcs onucanue pesynsTaros Bepcun moaenu ITJIAB ¢ BeprukansHol cetkoit u3 100
YPOBHEH, ONTUMH3MPOBAHHOM JJIsi BOCIIPOM3BECHUS AMHAMUYECKUX ITporieccoB B crparocdepe. [TokazaHo,
YTO MOJEJIb C BBICOKOW CTENEHBIO JOCTOBEPHOCTH BOCIIPOM3BOIUT CPEAHEE COCTOSIHHE cTparocdepbl, KBa-
3MJIBYXJIETHHE U TIOJTyTOJIOBBIE KOJIEOAHUsI BETPA B 9KBaTOPHAJIbHOM cTparocdepe, BHE3anHble cTparochepHble
norerienust B CeBepHOM MONyIIapuu 3UMoil. B naHHOI pabore, y1anock MoBTOPUTH M, OTYACTH, YIYYILIHTh
pe3ynbrarsl [3], HO Ha CETKE ¢ MEHBIIMM KOJIMYECTBOM YPOBHEH M MX 3HAYMTEIILHO 0OJiee BHICOKOH MJIOTHO-
CThIO B Tponiocdepe. BeprukanbHas ceTka, UCIOIb3YIONIascs B JaHHOH paboTe, BbIOpaHa B Ka4eCTBE OCHOB-
HOW BEpPTHUKAJIBbHOHN CETKM JUIsl Ucnoab3oBaHus Mozaenu IIJIAB B cucreMe c€30HHOrO Mporuo3a norojsl B ['u-
npomeTtieHTpe PO.

MOCTPOEHWE BEPTUKAJIbHOW CETKMN

KoppekTHOCTh BOCIIPOHU3BEACHHS IMHAMUUECKHIX MIPOLIECCOB B CTpaToc(epe SBISETCS BXKHBIM, HO Jlajie-
KO HE €AMHCTBCHHBIM (DaKTOPOM, BIIMSIOLIMM Ha OOIIHI yCIeX MPOrHo3a Morosl (CPpeaHEeCPOUHOr0, CE30HHO-
ro, JIekaiHoro). TakiuM 00pa3oM, B peasbHbIX MPHIMKEHUSX MOJIEIH aTMOC(Epbl BEPTHKAIBHOE Pa3pelieHue B
Tponocdepe, B YaCTHOCTH, B TIOTPAHUYHOM CJI0€ aTMochepbl, HE MOXKET ObITh IPUHECEHO B JKEPTBY Pajiy MO-
BBILICHHSI BEPTUKAIBLHOTO paspelieHus B crpatocdepe. [locrpoeHne BepTHKaIbHOM CeTKH TpeOyeT TIareb-
HOT'O TIOMCKa KOMIIPOMHCCOB.

KonnuecTBo ypoBHEl BEPTHKAIBHOM CETKH, KOTOPOE HEOOXOMMO pa3MeCcTHTh B cTparocdepe, onpees-
eTcsl He0OXOIMMOCTBIO pa3pemiarh kBasuByxierHee konedanue (K/IK) Berpa B axBaTopuaibHOii 30He. Mak-
CHUMaJIbHBIH IIar CETKH, IIPH KOTOPOM MOXHO HajesThes Ha Bocnpoussenacuue KJIK, onpenenen B padore [2] u
cocrtasisieT 500 Mm..

C y4eToM JOCTYIHBIX BBIYUCIUTEIBHBIX PECYPCOB, KOJMUYECTBO BEPTHKAIBHBIX YPOBHEH B CeTKe ObLIO
orpanundeHo yuciom 100. B Hmxuel Tpornocdepe TpedoBaHUS K BEPTUKAIBHOM CETKE 3aKIIF0YAIUCH B TOM, YTO
OHA HE JIOJDKHA 3HAYMTENILHO YCTYIATh 110 Pa3pelICHHIO TEKYIIEH CeTKe Ul ONepaTHBHOIO CPETHECPOUHOTO
MIPOTHO3a MOToJIbl, cocTosmei n3 51 ypoBHs. Jlomyckanock OrpyOUTh pa3perieHne B BEpXHEW 4acTH TPOIoC-
(bepol (500-250 rlla). BaxkHbIM TpeOOBaHUEM TAKXKE SIBIISIIACH [VIAIKOCTh 3aBUCUMOCTH II1ara CETKH OT BBICOTHI
(HO He 00s13aTeNbHAsI MOHOTOHHOCTB TAKOH 3aBUCUMOCTH).

Ha Puc. 1 mokazana 3aBUCHUMOCTb pa3pelieHus OT BHICOTHI JJIs HOBOM BEPTHUKAIBHON CETKH ¢ 96-10 ypOB-
HSMHU U ceTOK 51 ypoBeHb (TeKyIas BepcHusl MOAEIHU JJIsl ONEepPaTuBHOTO MporHo3a noroasl) u 100 ypoBHei
(ucronp3oBanack B padore [3]). B cimoe 1000-700 rlla HoBast ceTka CyIeCcTBEHHO TouHee ceTku u3 100 ypos-
Hell M MPaKTUYECKU HE YCTYIaeT CeTKEe JUIsl CPEeJHECPOUHOro MPOrHo3a MOrojbl. B Toxe Bpemsi, BUIHO, 4TO
paspemuenue B ciioe 600-100 rIla u Beiie 10 rlla orpy6ieHo mist JocTH)eHHs TPeOyeMOoro pa3pelieH s B 30He
KJIK (100-10 rIla). B nanHOM cityuae, Mbl pyKOBOACTBOBAJIMCH COOOPYKEHUSIMHU, YTO BEPTUKAIIBHOE pa3peliie-
Hue B 30He 600-100 rlla He cTONB BayKHO AJIS1 CE30HHOTO MTPOTHO3a U, CO3HATEIFHO OKEPTBOBAJIN TOYHOCTHIO
B BepXHell cTparocdepe, IFIaBHbIM 00pa30M TOYHOCTHIO BOCIIPOU3BEICHHUS aMILTUTYIIbI OJYTOJI0BOTO Kosieha-
HUSI BETpa Ha 9KBaTope.

MOONOUMKALMW MOAEJTI ATMOCOEPHI

[To cpaBrenuto ¢ pabotoii [3], B Mmonenu [TJIAB Opia n3MeHeHa cXeMa WHTETPUPOBAHUS YPaBHEHHS TH-
JPOCTATHKH 110 BEPTUKAIN M MoguduIupoBaHa GopMyiia OTOKa NMIyJbca Ha IOBEPXHOCTH B IapaMeTpu3a-
LMH OpPOrpauIecKoro rpaBUTALIMOHHO-BOIHOBOTO CONPOTHBIICHUS. VIHTEerpupoBaHue ypaBHEHHUS THIPOCTa-
THKH HY>KHO JUISl BBIYMCIICHHS T€OIIOTEHIM A, BXOAALIETO B CHIIy FpaJlieHTa JAABICHUS B yPaBHEHUSX TOPH-
30HTAJIFHOTO BeTpa. VIcmonb3yeTcs KOHEYHO-JIEMEHTHAs cXeMa Ha Kyomdeckux B-crmaiinax [9]. Kak Hagerot-
CsI aBTOPBI, JaHHAS CXeMa BBICOKOTO MOPSAKA allIPOKCUMAIIUK IIO3BOJIUT ITOBBICUTE d(()EKTHBHOE BEPTUKAIIb-
HOE pa3perreHne Moaen, B ToM gucie B 30He KJIK u B 30He orpy6nennoro paspemenns B ciaoe 600-100 rlla.

B mapamerpusanun oporpamueckoro rpaBUTalHOHHO-BOJIHOBOTO COIPOTHBICHHS, B GopMyIie IOTOKA
HMITYJIbCA C NTOBEPXHOCTHU CJelaHa MONpaBKa, yYUTHIBAIOIIAS HE TOJIBKO CPEIHEKBAJPaTHYHOE OTKIOHECHHE
MTOJICETOYHOM oporpaduu (OTHOCUTETHHO KPYITHOMACIITAOHOTO CPEIHETO0), HO M CPEAHEKBAAPATHIHBIHN YKIIOH.
Takas popmyra 6onee pusndeckn-odocHoBana [4]. B pamkax moxenn IIJTAB ¢ ropu3oHTaIBHBIM pa3pelieHu-
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eM okosto 70 KM, IpU PaBHOM MHTErpajibHOM IIOTOKE MMITyJbca 1o CeBepHOMY MOyIIapHuio (OH 3aaaeTcs ¢
TOYHOCTBIO /IO HACTPOCUYHOTO MHOXKHUTEJIS) YUYCT YKIIOHA MPUBOIUT K MTOBBIIICHUIO IOTOKA UMITYJIbCa B paiioHe
l'umarnaeB u cHIKCHHIO B paiione Ypaia, Anbl 1 CKalUCTBIX TOP OTHOCUTEIBHO BepcHu 0e3 yueTa yKiioHa. B
pe3yibTare, TopMO3sIiasi CUJia TPABUTAIMOHHBIX BOJH OpOTrpadUyYeCKOl MPUPOIBI ITePePaCIIPEICIIICTCS MEXK-
Jly CTpaToCcepHbIM MUPKYMIIOISPHBIM BUXPEM U TPOIIOCHEPHBIM CTPYHHBIM TCUCHHEM 00JIee IPABUIIBHO.

BbIYUCTINTESbHBIA 3KCMEPUMEHT U PE3YJIbTATbI

Jst Bepudukaiuu mpoToTriia HoBoi Bepcuu monenu [IJIAB a1 ce30HHOTO MPOrHO3a MOro/Ibl ¢ CETKOM
96 ypoBHeii 110 BepTHKaIM U pa3perieHreM okosio 70 KM 10 ropu30HTaIN ObUT IPOBEAEH PacyeT MOJIEIILHOTO
KJIuMara Ha 9 JIeT ¢ mpennmucaHHON TeMIepaTypoil MOBEPXHOCTH OKeaHa M KOHIIGHTpaLueil 030Ha. DKCIepH-
MEHT T0Ka3all, YTO MOJEb KOPPEKTHO BOCIPOM3BOJHUT CPEIHEE COCTOSIHUE CTparoc(epbl U CE30HHBINH XOI.
KBazunByxiieTHee KojicOaHHEe BOCIIPOU3BOIUTCS C TICPUOIOM OTM3KUM K TaHHBIM HaOoneHuit (28 mecsiies) u
amruutynoi (15 m/c 3anannas dasa, -35 m/c BoctosiHast (a3a), OTIHUKS OT Bepcuu ¢ ceTkoil 100 ypoBHeii -
MuHUMabHbIC. Pasperienue B 30He KJIK, npu 3ToM, Heckoiibko rpydee, yem Teoperuueckuii mpeaes (600 m
nporuB 500 m). Moaudukanus napamerpuzanuy oporpaduueckoro rpaBUTaMOHHO-BOJIHOBOTO COPOTHBIIE-
HUSI IPUBOJIUT K YCUIICHHIO CTPATOC(EPHOrO IUPKYMIIOJISIPHOTO BUXPSI IPH HEKOTOPOM 3aMEJICHUU CKOPOCTH
BeTpa B TponochepHoM cTpyiiHom Tedenun (Puc.2). Hactpoiika Mojenu npuBesia K TOMY, 4TO CKOPOCTh BeTpa
B cTpaToc(hepHOM CTPYHHOM TEUSHUH BbIpOCiia U cTaja Onvke Kk peanannsy ERA-Interim, oTHocuTenbHO Bep-
cuu mozenu [3]

Troposphere Stratosphera
2000 4000
1000 2000 /
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Puc. 1. BepTvKkanbHoe pa3peLLeHye B 3aBUCUMOCTM OT BbICOThI (MY NOCTOAHHOM TeMme-
patype T=270K) B cetkax Mopenu [1J1AB: senTbiit - 96 ypoBHEN HOBI BapyUaHT A1A Ce30H-
HOro NporHo3a, cuHuii - 100 ypoBHeR, BapuaHT, ONTUMWU3MPOBaHHBIN [N1A pa3peLLeHns
cTpatocdepbl, KpacHbI — 51 ypoBeHb, BapyaHT AnA onepaTMBHOIO CPeAHECPOYHOrO Mpo-
rHo3a norogbl. [ns cpaBHeHuA npveefeHa cetka Mogenu IFS ELICTM ¢ 91 yposHeM (3ene-
HbIA, COBMAAAeT C ceTKoM peaHanusa ERA-Interim).
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Puc. 2. CpepiHan 3a 9 neT 30HaNbHO-0CpeJHEHHaA CKOPOCTb BETPa B 3KCMIEPUMEHTE C MOTOKOM UMNY/IbCa, 3aAaHHBIM C y4e-
TOM Cpe[JHEKBAPATUYHOIO YK/IOHa (cneBa) 1 be3 (cripaga).
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Study of ice conditions of the Azov Sea using satellite data
and numerical simulation results

Puzina 0.S., Mizyuk A.l.

Marine Hydrophysical Institute of RAS, Sevastopol, Russia
E-mail: oksana_puzina@mhi-ras.ru, artem.mizyuk@mhi-ras.ru

simulation. Given the fact that the Azov Sea is covered with ice for almost 3 months, it is necessary to

find data containing information about ice conditions. Such information is extremely important for
maritime navigation, since a large number of ships can be locked in the ice of the Azov Sea. Ice was determined
by the surface temperature of the sea at the 0 © C isotherm. The ERAS5 data from the ECMWEF system (https://
www.ecmwf.int) was used. Satellite OSTIA measurements of the L4 level were also analyzed. Data provided
by the resource Copernicus (marine.copernicus.eu). IMS data taken National Snow and Ice Data Center (nsidc.
org). Also used optical images Terra / MODIS L1B level taken from a resource WorldView (worldview.earth-
data.nasa.gov). At the beginning of January 2014 the ice is present only in ERAS. Initially, it is formed in the
Taganrog Bay, then ice appears in the Yasensky Bay. Starting from January 20 in NEMO, the water begins to
freeze in the Taganrog Bay. Until the end of January, the area grows evenly, where the ice reaches the Kerch
Strait, which corresponds to MODIS data. While there is no ice in ERAS. However, according to IMS ice it
appears only at the end of January. In February, the area of ice in NEMO gradually decreases and disappears at
the end of the month. The IMS ice covers the entire surface of the Sea of Azov to 25 February and MODIS to
23. After the ice behaves the same way, it occupies the Taganrog Bay and the northern coast of the basin. In
March, in ERAS, ice appears in the Taganrog Bay for only 2 days. At the end of November 2014, ice is ob-
served only in MODIS. In January 2015, ice in NEMO and ERAS is formed in the Taganrog Bay and its area
increases over 10 days. In NEMO, the ice occupies a little more than half of the basin and until the end of the
month the area is monotonously reduced and the ice disappears in early February. In ERAS, ice occupies almost
the entire Azov Sea basin, but it is present in the MODIS satellite image in the Taganrog Bay and along the
northern coast. In IMS, for almost the entire month, ice is observed in the Taganrog Bay and throughout the
entire coast of the basin. In the first half of February 2015, ice at NEMO is observed in the coastal part of the
Taganrog Bay, which corresponds to optical images. In the same period, ice formed at ERAS in the western half
of the Azov Sea, which does not coincide with observations. In the second half of February 2015, NEMO and
ERAS have ice in the Taganrog Bay. In ERAS, there is also ice in the western part of the basin during this period
and at the beginning of March, while there is no ice on the satellite images. According to IMS, ice is observed
in the first half in the northern coast, in the western part of the Azov Sea and in the Yasensky Bay. After the area

ﬁ t present, there are no reproduction of dynamics and thermodynamics of the Azov Sea using numerical
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is reduced and occupies the eastern part of the Taganrog Bay. In March 2015, ice is observed in ERAS and in
IMS, in the first case in the western part, in the second - in the northern part of Taganrog, which does not cor-
respond to MODIS images. In January 2016, satellite images show that the ice covers the Taganrog Bay and is
located in the bays of the northern part of the Azov Sea. A similar picture is observed in the calculation of
NEMO in the first half of January. In the second half of January, ice forms in the Taganrog Bay and during this
month its area increases and takes up more than half of the Azov Sea According to OSTIA, ice is present in the
Taganrog and Yasensky bays as well as off the coast of the northern coast, but they do not coincide with MO-
DIS. In the ERAS reanalysis, there is no ice in the northern part of the basin. In February 2016, in NEMO, ice
shrinks until the end of the first half of February, in which it is not available. In ERAS and OSTIA, the ice con-
ditions coincide and ice is mainly observed in the Taganrog and Yasensky bays and in the northern bays of the
Azov Sea. IMS ice is located along the northern, eastern and Taganrog shores. In December 2016, ice is present
in NEMO, ERAS, OSTIA and IMS, however, according to MODIS, there is no ice this month. In February
2017, there are differences between IMS and OSTIA, where in IMS ice occupies the entire water area of the
Azov Sea, there is almost no ice in OSTIA. In the MODIS optical image, the Azov Sea is completely covered
with ice. Based on the analysis of NEMO, ERAS, OSTIA, IMS data and MODIS optical range images, it can be
seen that the overall dynamics of the sea ice manifestation coincide. In all cases, ice is initially formed in the
Taganrog Bay, after the north coast and later, depending on weather conditions, ice can occupy the entire sur-
face of the Azov Sea. However, a more detailed analysis shows that the products in question differ from MO-
DIS optical images. However, MODIS also has problems - data are not available in cloudy weather, which is
common in winter.

NccneposaHue negosbix ycnosmin A30BCKOIo MopA
MO CNYTHMKOBbLIM aHHbLIM 1 MO pe3y/ibTaTaM YNCITIEHHOIo
MoaenIMpoBaHuA

MysunHa 0.C., Musiok A.U.

Mopckoii ruapogusudeckui ubictutyt PAH, Ceactononsb, Poccuiickas ®Oepepauums
E-mail: oksana_puzina@mhi-ras.ru , artem.mizyuk@mhi-ras.ru

BBEAEHWE

Ha ceromusimHuil 1€Hb OTCYCTBYET Kakne-IM00 pacué€Thbl colepikaline TUApopU3MYECKHe MO BCEro
Oacceiina A3oBckoro Mopsi. C yu€romM TOro, 4To A30BCKOE MOPE MOKPHIBAETCSI JIbJOM IIPAKTUYECKHU Ha 3 Mecs-
12, He0OXOAMMO HATH JaHHbBIE coziepKanire nHdopmaruio o JeqoBoi o0cranoBke. Takas uHpoOpMalys Ypes-
BBIYalHO Ba)KHA JUISI MOPCKOT'O CYJOXOJICTBA, T. K. OOJIBIIOE KOJMYECTBO KOpadiel MOXKeT ObITh 3alepTo BO
npaax A30Bckoro Mops. [IpoBoauiICcs psit UCCIIEAOBAaHUM 10 JIEIOBBIM YCIOBHUSIM C TOMOIIBIO JAHHBIX CITyTHH-
koB. Tak B pabote [1] B Ka4yeCTBE MCXOMHBIX JaHHBIX HCIIOIb30BAJICS MacCHB CHUMKOB cepun NOAA B BUIH-
MOM U HH(paKpacHOM JuarazoHe npuHsTeix ycranoBieHHod B @I’ BHY«IOrHUPO» (Kepub) simoHckoit cTaH-
et «Su-8» ¢upmbl «Furunoy, 3a 3sumuunii nepuon 2015 — 2016 rr. B gaHHBIX UCCIICIOBAHUAX OCHOBHBIMHU
3aja4aMy ObUIN: TIOCTPOCHHE KapT OIMCHIBAIOIINE OCHOBHBIC (ha3bl JIEJOBOTO pexuma. Takxke CyliecTByeT
NpUMep MOHHUTOPHUHTA JIEJIOBOI 0OCTAaHOBKH 110 JIaHHBIM pajapHbix ciyTHukoB COSMO-SkyMed (E-GEOS,
Wranust), B Lesix peryisipHO MMoy4aTh HHGOPMAIIMIO O CKJIA/IbIBAIOIIEHCS JIESIHOM 00CTAaHOBKE U MOJIOKEHUE
cynoB [2]. B pabote [3] npoBoauIoCh MaTeMaTHYECKOE MOICIIMPOBAHKE JIGAOBUTOCTH, TOJIIHHBI JIbIa U TEM-
nepatypsl Boabl A30Bckoro Mops 1yt iepuoga 19202016 rt. ¢ moMoIpio MyaIsTHKOMIIAPTMEHTAIBHOM OanaH-
COBOI THAPOTIOTHYECKON MozaeH. Pe3yasTaTsl MOAEIMPOBAaHUS CpaBHUBAIUCH co cHUMKaMu MODIS Terra u
Aqua 322006 — 2016 IT. ¥ KOHTaKTHBIMH U3MEPEHHUSIMH Ha OeperoBeIX NocTax. B padore [4] paccmarpuBaiuch
cepuu HAOJIIOICHNH MTOJyYEeHHbIE PA3IMYHBIMU CITyTHUKAMH ONTHYECKOTO JIana3oHa ¢ IIOMOIIbIO CITy THUKO-
BO cepBuca «See The Sea». B [S] Ha oCHOBE IBYXMEPHOH MareMaTH4eCKOW MOJEIIN MCCIIEA0BaIaCh 3aBHCH-
MOCTb IBOJIFOLMH TIOJIsI CKOPOCTH Jpeiida Jibia B A30BCKOM MOPE OT HAIpaBJICHHs ¥ BPEMEHHU BO3JEHCTBHS
BETpa MOCTOSTHHOI HHTEHCUBHOCTH.

AAHHbBIE )17 AHAJTTIN3A

Jns ananm3a mpuBIeKaIcs pacyET MOTy9IeHHBIN ¢ MOMOIIBI0 MoeapHOTO KoMIuiekca NEMO [6], Ho 6e3
BKJTFOUEHHS MOJICITH MOPCKOTO Jibjia. [OpH30HTaIBHOE pasperienue coctasmsieT 1/24°. JIEn BBIASISIICS 10 T10-
BEepXHOCTHOW TeMmeparype Mops o m3orepme 0°C. HMcmonszoBamucsk nanasie ERAS [7] cuctemsr ECMWEF
(https://www.ecmwf.int). IIpocTpaHCTBEHHOE paspelnieHue paBHo 1/4°. B pabore 3TH TaHHBIC B3STHI 32 TEPHOLT
2014 —2016 rr. Taxkxe aHanu3npoBanch ciryTHUKOBEIE M3Meperns OSTIA ypoas L4 ¢ pazpemennem 0,050.
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KoHneHnTpanus jpja pacCunThIBACTCS 110 aTMOC(HEPHBIM CKOPPEKTHPOBAHHBIM 3Ha4eHUsIM sspkoctu SSMIS ¢
HCIIOJIb30BaHHEM KOMOMHAIMH COBPEMEHHBIX adropuTMoB. JlanHble npexocrasiens Ha 2016 — 2018 rr. pe-
cypcom Copernicus (http://marine.copernicus.eu). A Taxxe B3sThl naHubie IMS cucremsl HarnmonamsHOTO
LICHTPa JaHHBIX 10 cHery u Jbay NSIDC (https://nsidc.org/). Cuctema npeoCTaBIIsACT JaHHBIC U3 HHTEPAK-
TUBHOHM MYJIBTUCEHCOPHOW CHCTEMBI KapTHPOBaHUs cHera W Jibjaa HanmonansHoro senosoro nenrpa (NIC).
OHH 1OJTy4eHBI U3 Pa3IMuHbIX IPOJIYKTOB, BKJIOYAasl CITy THUKOBBIE H300pakeHHs 1 in situ paHubie. [Ipoctpan-
CTBeHHOC pas3pericHue — 4 kM. Kpome Toro ucnoins3oBanuchk ontudeckue caumku Terra/MODIS yposust L1B
B3sThIC U3 pecypca WorldView (https://worldview.earthdata.nasa.gov/).

Taﬁnuu,a 1. Cnncok MCNOJIb3yeMbIX aHHbIX N UX OCHOBHbIE XapaKTePUCTUKK.

Ha3Banmue npoaykra Pecype IIpocTpancTBeHHoe paspemienne | Uccaenyemblii nepuosn

NEMO - 1/24° 2014 -2016

ERAS ECMWF 1/4° 2014 -2016

OSTIA Copernicus | 0,05° 20162018

IMS NSIDC 4 xMm 2014 -2019

MODIS WorldView | 250 m 2014-2019
AHAJIN3 PE3Y/IbTATOB

B nagane staBaps 2014 1. néx npucyrcrByet Topko B ERAS. [lepBonadanpHO 0H 00pasyercs B Taranpor-
CKOM 3aJluBe, jajiee JIE nossisiercs B ScenckoM 3anuse. Haunnas ¢ 20 ssuBapst B NEMO Boza HauMHaer 3a-
Mep3arb B Taranporckom 3anuse. M 0 KOHIA sSTHBaps IUIOMIAlb PABHOMEPHO pacTérT, e ién gocturaet Kep-
YEHCKHI IPOJIUB, 4TO cooTBETCTBYeT AaHHBIM MODIS. B 1o Bpems kak néx orcyctByer B ERAS. Onnako, o
JnaHHbIM IMS n€n nosiBasieTcs TOIBKO B CaMOM KOHLE SIHBApSL.

B despane mromans a1p1a 8 NEMO nocTeneHHO COKpaIiaeTcs U IporagaeT B KOHIIE TaHHOTO Mecsma. B
IMS néxn 3aHEMaeT BCIO TOBEPXHOCTH A30BCKOTO MOpst 110 25 deBpairst, a B MODIS mo 23. [Tocne nén Benér
ce0s1 OMHAKOBO, OH 3aHUMaeT TaraHpOrCKH 3aJIMB U CEBEpHOE MOOEpeKbe NaHHOTO OacceiiHa. B mapre B
ERAS nén mosinsiercst B TaranporckoM 3anuBe Bcero Ha 2 nHsA. B koHie HostOpst 2014 1. nén Habnromaercs
tonbko y MODIS.

1.0 1.0
—— NEMO
0.8 1 - — ERAS T 0.8
e & — osma |l .
— IMS
041 ' 0.4
0.2 {4 e 0.2
ool A \ il 0.0
O 07 ok Vo V2 o> KN ok Ry ok o?
I S SR: O ,Lgxﬁ T VT oo v

Puc. 1. OTHoLLeHVe NNoLLaam Nbaa K nioLLaam noBepxHocT A30BCKOTO MOpA.

B nexabpe nén npucyrctByetr B Taranporckom 3amuBe y NEMO, ERAS u B IMS. B nepyro nonoBuHy
nmaHHOTO Mecsna B ERAS miomans 1eqoBoro mokpoBa yBEIHYMIACH U 3aHUMACT TOJIOBUHY OacceiiHa A30B-
CKOTO MOps, B TO BpeMs kak y NEMO mtomaznp 1b/1a H3MEHIIIACh HE3HAYUTEIBHO, OHAKO 710 KOHIIA eKadpst
ona yosBaet. [1o manasiMm ERAS 24 nexaOps n€x mOKphIBaeT HEHTPATIBHYIO YacTh MOPS, HO Ha ONTHYECKOM
canMke MODIS on B A30BCKOM MOpE OTCYCTBYET.

B smBape 2015 . 1én B NEMO u ERAS o6pasyercs B Taranporckom 3anuse u ¢ TedenneM 10 gHeil ero
mwiomans pactéT. B NEMO néx 3anumaer gyTh O0IbIe TONIOBUHBI OacceliHa W 0 KOHIIA MECsIa TUIONIaIb
MOHOTOHHO COKpAIaeTcs U yxe B Hadane ¢espans 1€ nponanaet. B ERAS nénx 3aanMaet moutu Bech Oac-
ceifH A30BCKOTO MOpsI, OTHAKO Ha cimyTHHKOBOM cHUMKe MODIS on nmpucyTcTByer B Taranporckom 3annse
BIIOJIb CeBepHOTO Mmobepexbs. B IMS B TeueHne mpakTHYeCKH BCEro Mecsia jén HabmonaeTcss B Taranpor-
CKOM 3aJIMBE U BO BCEM MoOepexbe Oacceitna.

B nepgoii monosune ¢enpanst 2015 r. néx y NEMO nabmronaercs B mpuOpekHON gacTu TaraHporckoro
3aJIMBa, YTO COOTBETCTBYET ONTHYECKUM CHUMKaM. B 3T0T ke mepuox y ERAS néx obpa3oBaics B 3amagHon
OJIOBHHE A30BCKOTO MOPSI, YTO HE COBIMAIaeT ¢ HaOmoneHmssMHA. Bo Bropoit momoBune despans 2015y
NEMO u ERAS nén naxomutcst B Taranporckom 3anuBe. B ERAS Takoke né€n numeercs B 3anmaaHoi gacTu 6ac-
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ceifHa B IaHHBIN NEPUOJ U B HaYaJle MapTa, IPHU ITOM Ha CIyTHUKOBBIX CHUMKaX JIE] OTCyCcTBYeT. [1o naHHBIM
IMS B nepByo noI0BHHY JI1€]] HAOIIOAACTCS B CEBEPHOM T0OEPEkKbE, B 3alaJHON YacTH A30BCKOIO MOPS U B
ScenckoM 3anuse. [locie miomans cokpamaercss 1 3aHUMaeT BOCTOUHYIO 4acTh TaraHporckoro 3anusa. B
mapte 2015 r. nén nadmronaercs B ERAS u B IMS, B nepBoM citydae B 3araiHOH 4yacTd, BO BTOPOM — B CEBep-
Holi yactu Taranpora, uTo He cooTBeTCcTBYeT cHuMKkam MODIS.

47.1°
46.8°
46,57
46.2°
459
45.6°
45.3°

47.1°
46.8°
46.5°
46.2°
45.9%
45.6°

45.3° é%: ég:
i T

34.8°35.4°36.0°36.6"37.2°37.8°38.4°39.0° 34.8°35.4°36.0°36.6°37.2°37.8°38.4°39.0°

Puc. 2. Jlenosan obcraHoBKa A3oBckoro Mopsi Ha 2016-01-15 no gaHHbIM a) NEMO, 6) IMS, B) ERAS, ) OSTIAB siHBape 2016
. 110 CMTHUKOBBIM CHUMKaM BUAHO, YTO NEQ NOKpbIBaeT TaraHpOrcKWii 3anme M HaX0[MUTCA B 3aNMBaX CEBEPHOI YacTu
AsoBckoro Mops. lNoxoxan kapTuHa HabnopaetcA B pacuéte NEMO B nepByio nonosuHy AHBapA. Bo BTopoit nonosuHe AHBa-
pA nép obpasyetca B TaraHporcKoM 3anumBe W B TeYeHWE JAHHO0 MecALa ero nioLaab yBeM41BaeTCA U 3aHUMAET 60/1b-
Lwe nonosumHy A3oBckoro Mops. o gaHHbiM OSTIA nén npucyTcTBytoT B TaraHporckoM v ACEeHCKOM 3anuBax a TakKe y bepe-
roB CeBepHOro nobepexbs, 0fHaKo oHu He coBrnapatoT ¢ MODIS. B peananuse ERAS népn oTcycTByeT B ceBepHOM YacTu bac-
ceiiHa.

B ¢epaine 2016 . B NEMO nén cokparaercs 10 KOHIA MepBOi ITOJIOBUHBI (peBpajis, B IeJIbHEHIIEM OH
orcyctByeT. B ERAS u OSTIA nenoBast 00CTaHOBKA COBIIAAACT ¥ JIE B OCHOBHOM HaOIonaeTcst B TaraHpor-
CKOM M SICEeHCKOM 3aJIMBaxX U B CEBEPHBIX 3aIMBax A30BCKOro Mopsi. Y IMS népn pacrnonoxeH BIOJIb CEBEPHOTO,
BOCTOYHOTO U Taranporckoro Geperos.

B nexabpe 2016 r. nén npucyrctyer B NEMO, ERAS, OSTIA u B IMS, onnako B o ganasiM MODIS
JIbIa B 9TOM MECSIIE HeT.

B ¢espane 2017 r. Habmonatorest paznuuuns Mmexay IMS u OSTIA, e B IMS 1€ 3aHuMaeT BCro akBaro-
puto AzoBckoro Mops, a B OSTIA nén npaktuuecku orcyctByeT. Ha ontuueckom cauMke MODIS A3sosckoe
MOpE MOJTHOCTBIO MOKPHITO JIbJIOM.

3AKJTIOYEHUE

Ha ocunore ananmza nanaeix NEMO, ERAS, OSTIA, IMS u cHuMKoB ontrueckoro auarnazona MODIS
BHJIHO, YTO OOIIasi TMHAMHUKA MPOSBIECHUS MOPCKOTO JIbJIa COBIMajaeT. Bo Bcex ciydasx JI€ MepBOHAYAILHO
oOpasyercst B TaraHpOrCKOM 3aJIMBE, TMOCIIE Y CEBEPHOIO MOOEPEXkbs M B TaTbHEHIIIEM B 3aBUCHMOCTH OT T10-
TOAHBIX YCIOBUH JIENT MOXKET 3aHITH BCIO TIOBEPXHOCTh A30BCKOTO MOpsi. OgHaKO Tpy Oosiee moapoOHOM aHa-
JIM3€ BHUJIHO, YTO paccMaTpuBaeMble MPOAYKTHI OTIUYAIOTCS OT onTudecknx cHUMKOB MODIS. Onnako u y
MODIS ectb npo0iieMbl — JaHHBIE OTCYTCTBYIOT IIPH 00JIAYHOI TIOT0/Ie, KOTOpast SIBISIETCS PACTIPOCTPaHEHHOM
B 3UMHU NIEPHO/I.

Jlumepamypa:
1. P. B. boposckas Hccnedosanue 1e008bix YCA08ULL A308CKO20 MOPS U KEPUEHCKO20 NPOIUBA 8 3UMHUL

nepuood 2015-2016 ee. U oyenxa ux 61usnusi Ha npoMulCio8y0 00CMAHOBK) U NPOYeCcc Muepayuu u
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The influence of differents open boundary conditions
on the results of numerical simulation in the north-eastern
part of the Black Sea

Senderov M.V., Mizyuk A.l.

Marine Hydrophysical Institute of RAS, Sevastopol, Russia
E-mail: senderovmaxim@gmail.com

meso- and submesoscale processes. Such circulation for the Black Sea is typical mainly in the coast-

al and shelf zones. Numerical simulation reproduced such processes only when using computational
domains with high spatial resolution. Carrying out such calculations for the entire pool for an acceptable ma-
chine time will require large computing powers. Therefore, the nested grids method is used or a regional con-
figuration (nested domain) is created. The main impact on the nested domain is carried out by setting the
boundary conditions at the open side boundaries.

In the study, three schemes were used.

The Flow Relaxation Scheme (FRS), applies asimple relaxation of the model fields to externally-specified
values over a zone next to the edge of the model domain. Thus the model solution is completely prescribed by
the external conditions at the edge of the model domain and is relaxed towards the external conditions over the
rest of the FRS zone. The application of a relaxation zone helps to prevent spurious reflection of outgoing sig-
nals from the model boundary.

The Flather scheme is a radiation condition on the normal, depth-mean transport across the open bound-
ary. The depth-mean normal velocity along the edge of the model domain is set equal to the external depth-
mean normal velocity, plus a correction term that allows gravity waves generated internally to exit the model
boundary.

When using Dirichlet-type boundary conditions, the values at the boundary of the region are equal to the
values from the external (basin) configuration.

In the present work, a numerical simulation of hydrophysical parameters near the southeastern coast of the
Crimean peninsula was carried out. A regional configuration was created with a spatial resolution of 1.5 km. In
order to make sure that the method of specifying the boundary conditions at the open side boundary in the first
experiment, six additional short-term experiments were carried out correctly. As a result of the work done, it
can be noted that for correct reproduction of hydrophysical parameters one should not take into account baro-
tropic velocities at the open border. In the fields of temperature and salinity, at the open boundary, there is no
numerical noise when using the flow relaxation scheme. This scheme helps to reduce or prevent the reflection
of waves from the border. Sea level is reproduced correctly when using the Flater scheme.

‘ ’ r hen receiving marine forecasts, it is important to reproduce not only large-scale processes, but also

SESSION 111 // DEVELOPMENT OF EARTH SYSTEM MODEL COMPONENTS

n back to content



BnvAHme pa3nnyHbIX BUO0B FPaHUYHbIX YC0BUI Ha *NOKOM
60KoBOW rpaHuLIe Ha pe3ynbTaTbl YUC/IEHHOIO
Mo1e/IMpoBaHMA B CEBEPO-BOCTOYHOM YacT YepHoro Mops

CeHpepos M.B., Musiok A.U.

Mopckoii ruapodusmnyeckuii actutyt PAH, Cesactonons, Poccus
E-mail: senderovmaxim@gmail.com

BBEOEHWE

[Tpn moxydeHnn MOPCKHUX IMPOTHO30B BaXKHO BOCHPOU3BOJANTH HE TOJIBKO KPYITHOMAcCIITaOHBIE ITpOIEc-
CBI, HO M M€30- 1 cyOMe3oMaciuTabHble nporeccehl. [t akBaropun YepHOTo MOpsI IUPKYISILHS C TAKUMH Mac-
mrabdaMy XapakTepHa B OCHOBHOM B IIPHOPEXHON 1 11esb(oBoH 30HaX. UHCIEHHOE MOJEITMPOBAaHNE BOCIIPO-
M3BOJMT TaKHE MPOLECCHI TOIBKO MPH MCHOJIB30BAHMH PACUETHBIX JOMEHOB C BBICOKHM IPOCTPAHCTBEHHBIM
paspemeruem. [IpoBeieHne Takux pacyeToB It BCEro OacceifHa 3a mpueMiIeMoe MalInHHOE BpeMs oTpedy-
eT OOJIBIINX BBIYUCINTEIBHBIX MOITHOCTEH. [103TOMY MprMeHseTCS METO BIOKEHHBIX CETOK MIIH CO3IACTCS
pernoHanbHas KOH(UTYypanus (BIOKEHHBIH noMeH). OCHOBHOE BO3JCHCTBHE HAa BIIOKCHHBIA TOMEH OCY-
LIECTBIISETCS TOCPECTBOM 33JaHUs TPAHUYHBIX YCIIOBUI Ha OTKPBITBIX OOKOBBIX FPaHHIIAX.

CyIecTBYIOT pa3iIAIHbIe CITOCOOBI 3aIaHUs TPAHUIHBIX YCIOBUH Ha KUIKOH OTKPHITOH OOKOBOH I'paHU-
e. Llenpto naHHOM pabOoTHI ABISAETCS ONPEIEICHUE ONITUMAIBHOTO CII0C00a MX 3aaHus..

MOAEJTb UMPRYTALMW NEMO N HEKOTOPbIE OCOBEHHOCTU PEAJTN3ALIN

Jlns peleHyst MOCTaBACHHBIX LieJel NCIO0Nb30BaNach YUCIEHHAs TPEXMEepHas HeJIMHENHast MOJEIb LUp-
xymsimut NEMO OPA [1]. Ona ocHOBaHa Ha CHCT€ME INPUMUTHBHBIX YPAaBHEHHMH THAPOTEPMOAMHAMUKH B
npubmkeHnn byccuHecka M ruipocTaTHKi. B Mozjenn peannzoBaHbl HanOoliee pacrpoCTPaHEHHBIE BHIBI
YpaBHEHHI COCTOSIHHSL, U3 KOTOPHIX ObLta BeIOpaHa dpopmyna KOHECKO.

Ha nmoBepxHOCTH MOps 331a€TCs1 KUHEMATUUECKOE YCIOBUE, HA OCHOBE KOTOPOIO PAaCCUUTHIBAETCS ypO-
BEHB!

g
=S4V Ly V() + P E

[Ipu 3TOM HCIIONMB3YETCS CXeMa PaCIICIUICHHUS 0 BPeMEHH Ha OBICTPYIO (0apOoTpOITHYI0) H MEUICHHYIO
(6apokIMHHYT0) MOJIEI [2].

Jluckpern3anus cucTeMbl ypaBHESHHUI BRITIOTHEHA Ha ceTke «Cy» mo TepMmuHonorun Apakassl [3]. YpaBHe-
HUS IBIKEHUS TIpeacTaBieHsl B hopme ['pomexn — JIamba. [y HETMHEHHBIX ClTaraeMbIX B YpaBHEHHSX ITepe-
HOCa MMITYJIbCca TeMIIepaTyphl U COICHOCTH Hcnoib3yeTrcs TVD cxema [4]. BeptukansHoe TypOyleHTHOE T1e-
pEeMEIIMBaHNE B MOJIETM PACCUUTHIBACTCS C UCTIOIB30BAaHNEM TUIIOTE3bI 3aMbIKaHus k-¢ [5].

PernonansHas koH(MUTYpalus OblIa MoOTy4deHa ¢ ueroib3oBanneM HHCTpyMeHTOB «NESTING TOOLS»,
pacmpocTpaHIeMbIX BMECTE C KOJIOM MOJIeIH [6].

B monermn NEMO peann3oBaHO HECKOIBEKO CXEM € ITOMOIIBIO KOTOPBIX MOYKHO 33/1aBaTh TPAHUIHEIC YCIIO-
BHS HA OTKPBITON rpaHmIie. B mpoBomMoM HucciieoBaHNN OBUIN NCTIONB30BAHBI CIIETYOIINE CXEMBbI:

Cxema pesrakcaly IIOTOKOB: TIPUMEHSIETCSI TPOCTast pesIaKcaisi MOJIENIbHBIX MTOJIEH K 3HAYEHHUSIM B HEKO-
TOpOH 00JIaCTH OKOJIO JKUIKOHM OTKPBITON TpaHuLiE [ 1, 9]. YpaBHEHHE A7 HEKOTOPOH MOJICTHHOM MTPOTHOCTH-
4yecKoil mepeMeHHas @ B 3TOM ciiydae OyeT UMETh BU:

D(d)=a(d)®.(d)*+(1-a(d))P,(d);d=1,N,

rae @, — 3alaHHOE BHEILIHEE I10JIE;

@, — MOJIENIbHOE PEILICHHUE;

d — IMCKPETHOE PAacCTOSIHUE OT IPaHMIIBI pacyeTHOI o0siacTy, a o mapamerp, KoTopbiii paseH 1 npu d = 1
U YMEHBIIIAETCS ¢ pocTOM 3HadueHus d. DyHkius o(d) 3amaeTces Cleay oM 00pa3om:

- d-1\. ,_
a(d)=1- tanh(T);d— 1,N

Taknum 00pa3oM, B 3a1laHHOM 30HE pelaKcaui MOJEIbHOE PelIeHre OO0IbIIe 3aBHCUT OT BHEIIHUX yCIIO-
BHI Ha Kparo pacyeTHOH 00acTu 1 0cIa0IIseTCs IO OTHOMIEHHIO K HUM C OTAaJIeHHueM oT Kkpas. [Ipumenenne
TaKOM CXEMbI IIOMOTaeT YMEHBIINTD WM MIPEAOTBPATUTH OTPAKEHNE BOJIH OT TpaHunsl. IlapameTp d 0ObraHO
n3MeHseTcs B npeaenax ot § 1o 10.

Cxema m3mydeHus, npeuioxkeHHas OIaTepoM: cXeMa yUUTBIBACT N3TyueHHe HOPMaIbHOTO EPEHOCca 10
TTyOWHE BIOb OTKPBITOH rpanusl [1, 10]. YeraoBue cTaBUTCS ClieayomuM oopa3om:

U=U .+ (n=n.).
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rae U — cpessist o myOrHE CKOPOCTh, HOPpMaJibHAasl K TPaHUIIC, a 7 — YPOBEHb Mopsi. HukHuUI HHICKC e
YKa3bIBaCT HA TAKUE K€ MMOJIS TOJIBKO BHEIIHUE. CKOPOCTh BHEIIHUX IPABUTAI[MOHHBIX BOJIH OMPEACISICTCS Kak
c=N\gh, h — rybuna cnosi. CKOpOCTH HOPMAJIBHBIC K KPAK0 PACYETHOH 0OIACTH U CPEAHHUE IO IIyOUHE MPH-
PABHUBAIOTCS K BHCITHUM 3HAYCHUSM C HCKOTOPOW MOIIPABKOM, KOTOPAst MTO3BOJISICT TPABUTALIMOHHBIM BOJTHAM
TCHEPHUPYEMbBIM BHYTPH MOKUHYTH IIPEICIIbI JOMEHA.

[pu rcronp30BaHUM TPAHUYHBIX YCIIOBUH THIA [IMpUXIie 3HAYCHUS HA TPAHKIIC 001aCTH IPUPABHUBAIOT-
Cs K 3HAUCHUSIM U3 BHEIIHEH (0acceiiHOBO) KOH(HTYpaIlHu.

OMUCAHME NCMOJ1Ib30BAHHBIX KOHOUIYPALIMIA

Hccnenyst TepMOIUHAMUYECKHE MOJIS TPEX BHYTPEHHUX Mope: UepHoro, A3oBckoro 1 MpaMopHoro, pa-
Hee OblIa co3/iaHa KOH(Urypauus ¢ NpOCTPAHCTBEHHBIM paspelneHneM 4,6 kM. UnciieHHbIe SKCIEPUMEHTBI
MPOBOJIMMBIE C €€ TIOMOIIBIO TI0KA3aJIi XOPOIIKE PEe3yJbTarhl, IOITOMY pErHOHaIbHAsI KOH(PUTYpaIHsl, COOT-
BETCTBYIOILIAs] FOTO-BOCTOYHOMY nobepexbio Kpbima ¢ paspemenuem 1,5 kM, co3naBaiack Ha ee OoCHOBe. B
000uX KOH(UTypanuusx M0 BEpTUKAIM 33Jal0TCs 35 OJMHAKOBBIX Z-TOPH30HTOB, YTO BA)KHO JJISl PACUETOB B
peKuMe BIOKEHHBIX CETOK, TOCKOJIBKY HET Ka4eCTBEHHO! MPOLIEAYPbl HHTEPIOJIALUH JAHHBIX 110 BEPTUKAIIH.
barumerpus nanHoii koHduUrypaunu npuseeHa Ha pucyHke 1. lllar no Bpemenu 1 MuHyTa.

I'pannuHBIC YCIOBHS Ha TTOBEPXHOCTH B NMPOBOJUMBIX YHCICHHBIX SKCIEPUMEHTAX, IS 6acCceiiHOBOW U
pEeruoHATBHOM KOH(UTYpAIHii 3a1aBajIiCh Ha OCHOBE pe3y/IbTaToB arMochepHoro peananusa ERAS [8].

Jliist mapameTpu3aiiy TOPU30HTAIBHOTO TYPOYJIEHTHOTO OOMEHa, B PErHOHAIBHON KOH(Urypaluu, Hc-
TI0NIb3yeTcsl GurapMoHMUeckuii oneparop ¢ koddduumentamu (—5x10° m*/c) n (=5x10" M*/c) ns BaskocTH u
st auddy3ur coOTBETCTBEHHO. B OacceiiHOBO# KOH(Urypauuu 3HaueHUs] 3TUX KOIPPUIMEHTOB PaBHbI
—5x10" m*/c 1 -4x10° m*/c. Takoii BBIGOP 3HAYEHMIT TAPAMETPOB OBLI C/IENIAH HA OCHOBE PE3yJILTATOB IPE/IBAPH-
TEJBHBIX YHCICHHBIX 3KCIIEPUMEHTOB.

Ha TBep/bix OOKOBBIX I'paHMIAX Ul KOMIIOHEHT CKOPOCTH CTaBUTCS YCJIOBHE NPHIMIIAHMS JUIS 00enX
KoH(urypanuid. Mcrnonbs3yercs: «kBaJipaTHIHOE» TpeHUE Ha aHe. B ypaBHeHusx agsekunu — quddysnu temna
U COJIM Ha TBEP/IbIX OOKOBBIX IPAHHIIAX U JTHE CTABSITCS YCJIOBHUSI OTCYTCTBHUS ITOTOKOB.

PE3YJ/IbTATbI PACHETOB

OxkcnepuMeHT | 6611 TpoBeeH s epuona ¢ 1 staBapst 2008 1. o 1 gexadpst 2009 1. B aToM skcniepumen-
TE Ha OTKPBITHIX OOKOBBIX IPAHUIIAX 3aJaBAJICSl yPOBEHb IIOBEPXHOCTH MOPS ¢ OMOIIb0 cxeMbl dnerapa, Ga-
POTPOIIHBIE CKOPOCTH HE YUHUTHIBAIUCE, U1 OAPOKIMHHBIX CKOPOCTEil ObliIa BEIOpaHa cXeMa pejakCaliy I10-
TOKOB, TaKXKe KaK JUIsl TEMIIepaTypbl H COJICHOCTH. Pe3ynbTaTsl YHCICHHOTO MOJEIUPOBAHHUS COIIOCTABIISIIUCH
C JaHHBIMU [TOJTy4YEHHBIMHU B OacceiiHOBOI KoH(pUrypauuu. [1py nepBu4HOM aHaIn3e BUAHO, YTO PErHOHAIb-
Hast MOZEJb KOPPEKTHO BOCIIPOM3BOAUT TEPMOIMHAMUYCCKHE APAMETPBI.

Urto0s1 yOoenuTcsi, 9To OBIITH BRIOPAHBI MOAXOMAIINE CXEMBI 3aJaHHUsI OOKOBBIX TPAHUYHBIX yCIOBHN OBLI
IIPOBEJICH PsiJl KCIEPUMEHTOB C Pa3IMYHbIMK BapHaLUsIMHU CXeM IPENIOKEHHBIX B Moziesii. Bee nmpoBoanmele
JIOTIOJIHUTEINBHBIE PACUeThl TPOBOMINCH CPOKOM Ha OJIMH MECSILL.
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Bo BropoM skcnieprMeHTe JuIst OapOKIMHHBIX CKOPOCTEH, TeMIIEpaTypbl U COJIEHOCTH HCIIOIb30BAIUCH
ycaoBust J{lupuxie. YpoBeHb ITOBEPXHOCTH M 0ApOTPOITHBIE CKOPOCTH HE YUUTHIBAIKCH. Kak BUIHO U3 pHCYHKa
1 mpocTpaHCTBEHHOE paclpeielIeHUE COJICHOCTH, B TPOBECHHBIX SKCIIEpUMEHTax Oyn3ka Kk OacceitnoBoil. Ho
BO BTOPOM pacueTe Ha OOKOBOW IpaHHIle HAONIONACTCSl YMCICHHBIA IIyM, KOTOPBIH ITOXO0X Ha JIBYXIAaroBble
BOJIHBI. OHU MOIVIM MOSIBUTCS M3-32 OTPa)KEHHOH BOJIHBL. B NepBOM sKCHepHMEHTE TaKoro He Halmonaercs,
MIOTOMY UTO JUIsl TEMIIEpaTyphl U COJICHOCTH UCHOJIb30BaHA CXEMa PelaKCcallid IOTOKOB, KOTOpas NMPeJoTBpa-
1[aeT MOSIBICHUE TAKUX BOJIH.

YroObl M30aBUTHCS OT YUCICHHOTO [IyMa Ha OTKPBITON OOKOBOW TpaHUIIE B MOJISIX TEMIIEPaTyphl U CoJle-
HOCTHU B 9KCIIEPUMEHTE 3 3TU MapaMeTphl 3a/1aBAJINCh CXEMOI! peslakcaliuy MOTOKOB. bapoKIMHHbBIE CKOPOCTH
TAKKE YYUTBHIBAIUCH C TIOMOIBIO CXEMBI PEJIAKCAIIH MTOTOKOB. YPOBEHb M 0apOTPOITHBIE CKOPOCTH MO HPEK-
HEMY HE HCIIOJIb30BAJIUCD.

Kak BuiHO U3 pucyHKa |, YUUCIIEHHOTrO IIyMa B MOJISIX COJICHOCTH HeT. J[aHHBIE MMOJIS KaueCTBEHHO U KOJIH-
YECTBEHHO OJIM3KH. DTH Pe3yJIbTaThl TOKA3bIBAIOT HAM, YTO BO BTOPOM DKCIIEPUMEHTE YMCIICHHAs! HEYCTOWYH-
BOCTB Ha OTKPBITOH IpaHuIe ObUIa BBI3BaHA OTPAKEHHOM BOJIHOM.

Crenyromuii 4eTBepThIil IKCIIEPUMEHT IPOBOAMICS co cxeMol dieTapa AJist ypOBHsI MOPsi, 0apOTPOITHEIC
CKOPOCTH HE YUHTHIBAIOTCS, OAPOKIMHHBIC — C TIOMOII[BIO CXEMBI peJlakcalliy MMOTOKOB. JlJist TeMneparypsl 1
COJICHOCTH HUCHOJIb30BAINCH ycIoBUs Tuna J{upuxie. B nmonsx reMnepaTypsl U COJICHOCTH HAa OTKPBITOH rpa-
HUIIE IPUCYTCTBYET YUCJIEHHBIHN LITyM, IS 9TUX MMapaMeTPOB HE HCIIOIb30BajIach CXeMa peslakCallii OTOKOB.

Jlyist IATOTO HKCIIEpUMEHTa OBbUIM BHIOPAHBI T/y TaKHE e KaK B YETBEPTOM DKCHEPUMEHTE (JUIsl YPOBHS U
0apoTponHbIX ckopocTel — cxema deTapa, OapOKIMHHBIE CKOPOCTH — CXeMa PeJIaKCaliu MOTOKOB, TeMIIepa-
Typa U coineHocTs — Tana Jupuxie). [lons Temmneparypsl U COJIEHOCTH B 3TOM pacueTe MMEIOT OTIUYHYIO
CTPYKTYDY, OT ITOJICH TTOJly4eHHBIX B OacceiiHOBOM KOH(UTYpalny 1 epBoM dKcrepumenTe (pucyHok 1). Tak-
K€ KaK U B YeTBEPTOM IKCIIEPUMEHTE Ha OTKPBITOM I'paHMIIE CYIeCTBYET YHCICHHBIH I1yM, BBI3BAHHBINA OTpa-
YKEHHOU BOJHOI1.

[TocnenHuii, mecToi SKCIEPUMEHT IPOBOMIICS CO CXEMaMU UCIOJIb30BaHHBIMU B IIEPBOM IKCIIEPUMEHTE
(ypoBeHb MOpst 1 0apOTpOIHBIE CKOpOCTH — cxeMa DieTspa, GapOKIMHHBIE CKOPOCTH, TEMIIepaTypa U colle-
HOCTb — CXEMBI pellakcaliy MOTOKOB). JlaHHbIE MTOTy4eHHBIE B Pe3y/IbTaTe IMOCIEeIHEr0 IKCIePUMEHTa, KaK B
T10J1€ YPOBHS MOPSI, TaK U B TIOJISIX TEMIIEPATYPhI M COJICHOCTH (PUCYHOK 1) UMEIOT CYIIECTBEHHBIE OTIMYMSI OT
MIEPBOTO AKCIIEPUMEHTA U PE3yJIbTaTOB 0acCeHOBOW KOH(UTypaLny.

3AKRJTIOYEHUE

B Hacrosiieit paboTe MpoBeeHO YHCIEHHOE MOJICTMPOBAHIE THAPOPHU3NUECKHUX TapaMETPOB Y I0I0-BOC-
TOYHOTO Nobepexbsi KppiMckoro noiyoctposa. J{iist BBITOMHEHUs ATOW 3a1a4n Oblia CO3/1aHa PerMoHa bHas
KOH(UTYypalys ¢ MPOCTPAHCTBEHHBIM pazperieHueM 1,5 kM. UToObl yoeauTces, 4To crnocod 3aJaHusi TpaHuy-
HBIX YCJIOBHI Ha OTKPBITOH OOKOBOM IpaHUIIE B TIEPBOM IKCIIEPUMEHTE ObUI C/IeNIaH MPAaBUIILHO OBLIO POBe-
JICHO IIECTh JIOMOJIHUTEIbHBIX KPATKOCPOUHBIX AKCIIEpUMEHTa. B pesynbrare npojenaHHoil paboThl MOXKHO
OTMETHTBD, YTO JJIsl KOPPEKTHOTO BOCIIPOU3BE/ICHHs THAPO(U3NUECKUX TApaMETPOB HE CTOUT yYUThIBATh Oapo-
TPOIHBIE CKOPOCTH Ha OTKPBITOM I'paHuIe. B mossix Temmeparypbl U COIICHOCTH, HA OTKPBITOM TpaHUIe, HE
BO3HHKAET YHMCJIEHHOTO IIyMa MPH HMCIOJB30BAHUM CXEMbl pEaKCallid MOTOKoB. JaHHas cxema momoraer
YMEHBIIHUTh WK IPEJOTBPATUTh OTPAXKEHHUE BOJIH OT IPAHUIIBL. YPOBEHb IIOBEPXHOCTH MOPS BOCIIPOU3BO/IHUT-
Csl IPABWJILHO MIPU MCIONIb30BaHUU cxeMbl Drierapa. ClieyroniuMm TarnoM JaHHOH paboTsl OyueT Oolnee je-
TaJILHOE COTIOCTABIICHUE PE3YJIBTATOB MOIYUYSHHBIX B IEPBOM 3KCIIEPHUMEHTE C JIaHHBIMH OacceitHOBO# KoH(u-
rypaiuuu. YBeJIudeHue MpoCTPAHCTBEHHOTO pa3pelieH sl J0JKHO ObLIO MOBIHATH HAa BOCIIPOU3BEIeHNE O0JIb-
IIETO YHCIIa Me30- U CyOMe30MacIITaOHbIX CTPYKTYD.
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Negative viscosity parameterization in NEMO ocean model
Perezhogin P.A.

Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: pperezhogin@gmail.com

permittingy since they resolve mesoscale eddies just partly and underestimate mesoscale eddy activity

contrary to «eddy-resolving» models with typical resolution of 1/10 degree. This problem can be over-
comed by applying energy budget-based backscatter parameterizations, which return energy dissipated by vis-
cosity to ensure energy conservation as geostrophic turbulence requires. In [1] it is proposed to use biharmonic
viscosity for numerical stability and Laplace negative viscosity to ensure total energy conservation. Later, they
proposed an additional equation for subgrid energy to adapt parameterization to nonhomogeneous turbulent
flows [2]. We implemented this parameterization [2] in NEMO ocean model in Double Gyre configuration,
which led to significant improvements in circulation.

Figure 1 shows meridional heat flux in eddy-permitting (R4, R4 negative viscosity) and eddy-resolving
models (R9). Full heat flux is a sum of eddy and mean flow heat fluxes. Eddy heat flux peak corresponds to the
latitude of boundary current separation. Applying of parameterization (R4 negative viscosity) allows to shift
this peak relatively to the bare model (R4) in south direction as eddy-resolving model predicts (R9). Restora-
tion of true eddy heat flux leads to the improvements in mean fields, especially in mean SST in current separa-
tion zone (not shown). Advances in the dynamics concern not only the surface currents, but also a deep ocean
circulation: Meridional Overturning Circulation (MOC) cell at 1 km depth was recovered (not shown).

O cean models currently used in climate research have resolution of 1/4 degree and referred to as «eddy-
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Figure 1. 20-years mean meridional heat flux in eddy-permitting (R4, R4 negative viscosity) and eddy-resolving (R9)
models, in Watts. Total heat flux (full) is a sum of mean flow flux and eddy flux.
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[NapaMeTpu3auma oTpuuaTeslbHON BA3KOCTU B MO e
okeaHa NEMO

Nepexorun M.A.

WHcTuTyT BbluMCuTENbHOM MaTeMaTuku uM. I.U. Mapuyka PAH, MockBa, Poccua
E-mail: pperezhogin@gmail.com.

OBpPEMEHHBIE MOJIETIN OKEAaHa, UCIONb3YEMbIE B KIMMAaTHYECKUX HCCIEJOBaHUAX, UMEIOT TaK Ha3bIBae-
MO€ «BHXpEJOIyCKarolee» paspemeHne okoino 1/4 rpagyca. MesoMacmraOHas JMHAMUAKA B TaKHX
MOJIEJISIX ONUCBIBACTCS JIMIIb YACTUYHO, B OTIMUYUE OT «BUXPEPa3pEIIAIOINX» MOJENEH C pa3pelieHu-

em okosio 1/10 rpangyca. ['eneparms me3omMacmTabHBIX BUXpEH B OKEaHE MPOHUCXOIUT Ha MaciuiTabe BHYyTpPEH-

Hero pajuyca 1edopmannu PoccOu, 1 B BUXPEIOITyCKAIOINX MOAEISIX Ha 3TOT MacIuTad NPUXOAUTCS MOPsIIKa

JIBYX TOUEK pacyeTHOW ceTKU. BeaencTsue HeAOCTaTOYHOrO MPOCTPAHCTBEHHOTO Pa3pelleH s, BUXPEBas ak-

TUBHOCTb OKa3bIBAETCS 3aHUKEHHOMN, YTO B YACTHOCTHU NIPUBOAUT K HENPABUIIBHOMY ONUCAHUIO BUXPEBBIX MO-

TOKOB TeIlIa U, KaK CJIEACTBHUE, K OIIMOKaM B TeMIIepaType MOBEPXHOCTH OKeaHa, KOTopasi Ba)KHa JJIsl 10CTa-

HOBKH TPaHUYHBIX YCJIOBHH B aTMOCc(epHON KOMIIOHEHTE MOJIeNH KimMata. J{jist Toro yToOs! ydecTs Hepaspe-

[1aeMble SIBHO ME30MacUITaOHbIE MPOLECCHl, OBUTH MPEUIOKEHBI Pa3InYHbIC MTapaMeTPU3alii MOACETOYHOMN

KBa3HIBYMEpHOU TypOynentHoctH [2], [4], [S].

Mopenu kumara IpeAblIyLIero NOKOJIECHHS UMENN «BUXPEHEIOIIyCKaIOIEee» pa3pelleHUe B OKeaHe Mo-
psaaxa 1 rpamyca, KOTOpO€ OKa3bIBA€TCA HEJOCTATOUHBIM Ul BOCIIPOU3BEACHUS MPOLEcca FEeHEepalud Me30-
MacmTabHbeIX Buxpei. [To 1ol nmprunHe napaMeTpu3anny Me3oMacTabHON TypOyJeHTHOCTH COCTOSIIH M3
JIByX KOMITOHEHT [1]: TopH30HTaIbHAS BSI3KOCTH M M30NMKHUUYECKas AU((Py3usi, MOAETHPYIONIHE MPOLECCHI
TYpOYJICHTHOTO TIepeMEIIMBAHMUS ME30MAacITAOHBIMHI BUXPSIMHU, U TapaMeTpu3anus [ enra-MaxsuibsiMca [2],
MOJIEIIMPYIOIast CTOK JOCTYITHOW HMOTEHIMAIbHON SHEPTHH, BHI3BAHHBIN TeHepaleldl Me30MaciTaOHbIX BUX-
peii. C mepexosioM K BUXPEAOITYCKAIOMIEMY pa3pelieHnio 00a 3TH Ipoliecca CTIN YaCTUYHO OIUCHIBATHCS
SIBHO, YTO TIOBJIMSUIO M Ha Pa3padOTKy NapaMeTpu3alyii MOACCTOYHOM Me30MacIITaOHOH TypOyJeHTHOCTH.
Tak, B kauecTBe orneparopoB AU Qy3UH U BI3KOCTH CTall UCIIOIb30BaThCs oneparop Jlamiaca B BEICOKOH cTe-
TICHH, JICHCTBYIONINH B TOPU30HTAIBHOH IIIOCKOCTH. TakuM 00pa3oM, OCHOBHOE NpeIHa3HAuYCHNE ITHX I1apa-
METpH3aluil HadyaJlo COCTOSTh HE B TypOYJICHTHOM INEPEMELIMBAHHUN, a B MOAJCPKAHUN YCTOHYMBOCTH YH-
CJIEHHOTrO0 pacuera. B cBoro ouepens, mapamerpusanus [enta-MakBuibsMca He pEKOMEHYETCsI K UCIOIb30Ba-
HUIO B BUXpeoIycKaromux moaeisix [3]. B padorax [4], [5] mis ycuieHns akTHBHOCTH ME30MaCIITAOHBIX
BUXpEH OBUIO NMPEAJIOKEHO COBMECTHO C OMTapMOHMYECKOW JMCCHUIAIMEH HCIIOIb30BaTh ITapaMeTpH3aLiio
OTPHULIATEIILHON BSI3KOCTH, KOTOpasi BO3BPAIlacT SHEPIUIO U3 Hepa3pellaeMbIX Ha ceTke MaciTaboB B paspe-
maemble (backscatter). Koaddurment orpuniarensHoil BI3KOCTH BBIOUpPAETCs TaKMM 00pa3oM, 4ToObI B Cpeji-
HEM DHEPrHs pa3pelraeMbIX TeUCHUH He TMCCUIIMPOBAach BCIEACTBUE JEHCTBHS KOMOMHAIIMHY STHX JBYX I1a-
paMeTpu3anuii, Kak 3TO JOJDKHO MPOUCXOIUTH B KBa3WABYMEPHOH TypOyJleHTHOCTH. B ciyuae omHOpomHOH
TYpOYJIECHTHOCTH JIOCTATOYHO BHIOPATh HE3aBUCSIITYIO OT MPOCTPAHCTBA OTPHLATEIBHYIO BSI3KOCTH [4], a B He-
OZIHOPOJIHOM CITy4ae NpelaraeTcs BBOJUTH JOIOIHHUTEIFHOS YPaBHEHNE HA MOACETOUHYIO TYpOYJICHTHYIO
KUHETHYECKYIO SJHEepruo [5].

B nannHoM nccnenoBannu napamerpusanus [4], [S] BnepBbie onpoOoBaHa B NIPUMHUTHBHBIX YPaBHEHHSX
OKeaHa Ha OCHOBE MOJIeTIbHOM KoH(purypannu Double Gyre [6] B Mmonenu okeana NEMO [1]. Pemraercs cucre-
Ma aupepeHINaTbHBIX ypaBHEHHH]:

aT_o 4,
dt " dt ’
?+ advy, + cory, = —EVhp,g = —pg,
5 V-U=0,
==y ((H+ )T

p = po(1—a(T —Ty) + b(S = Sy)),

rne T,S,U, U, Uy, p,M,p, H — IOTEHIIMATILHAS TEMIIEPATYPA, CONEHOCTh, CKOPOCTh, TOPH30HTANIbHAS CKO-
POCTh, BEPTUKAIBHO-OCPEIHEHHAsI TOPU30HTAIbHASL CKOPOCTh, IaBICHUE, YPOBEHb CBOOOIHON MOBEPXHOCTH,
IUIOTHOCTb, [IyOuHa. PacyeTHas ob6macth mpsimoyroibHast 3180 kM*2120 KM ¢ TUTOCKHAM JTHOM U TIOCTOSIHHON
DIyOuHOM 4kM. Ha TOpu30HTaIBHBIX TPAHUIIAX HCIIOIB3YIOTCSl TPAHUYHBIC YCIOBUS CBOOOIHOTO MPOCKAIIh3bI-
BaHUS U OTCYTCTBHS IIOTOKA TEMIIEPATypbl U COJIEHOCTH, MPUJTOHHOE TPEHHUE MOJUUHAETCS KBaJpaTHUHOMY
3aKkoHy. bacceitH Monenupyet ATIaHTUKY B CPEIHUX IIMPOTaX, s cuiibl Kopronuca ucnosib3yercs JIMHEHHOe
NMpHOIMKEHUE 0eTa-MI0CKOCTU. I yBeIMYCHHUs [UTHMHBI TIPUCTCHOYHOTO TCUCHHs 0acCeilH OBEpHYT Ha 45
IpajlycoB OTHOCHUTEIHHO 30HAJILHOTO HarpasieHus. HaganbHoe 1mojie CKopoCTH HyJIeBOE, HauallbHbIH TPOQHITH
TEMIIepaTyphl M COJICHOCTH HE 3aBUCHUT OT TOPU30HTAIBHOM KoOpauHATEL. Ha CBOOOIHO TOBEPXHOCTH 3a1aHO
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HaIpsDKEHUE TPEHHsI 30HAIBHOTO BETPa, NMEoIee MAKCUMYM Ha 35 MHUPOTEe U CIIeAYIONINe NOTOKH ILIaByye-
CTH: SIBHBIH TOTOK Teruia B arMocdepy, MOTOK MPECHOI BOJBI U COJTHEUHOE U3ilydeHue. BHyTpeHHul pajauyc
nedopmanun Poccou Bappupyercst ot 5 kM Ha ceepe 110 40 kM Ha tore. HYncieHHoe HHTerprpoBaHUE IPOU3BO-
JIUTCSI HA PAaBHOMEPHOH 110 TOpH30HTaIN ceTke ¢ 30 ypOBHSIMHU 110 BepTHKaIU. PaccMarpuBaroTest MOJEH U
Tpex paspemenusx: R1 (war cetku 1 rpanyc (106 kM), konmmuectBo y3noB 30%20), R4 (war cerku 1/4 rpanyca
(26.5 kM), kommuecTBO y3710B 120x80), R9 (mar cetku 1/9 rpamyca (11.7 kM), komudectBo y3ioB 270%180).
[TapameTpu3zalys OTpHLIATEIbHON BI3KOCTH UMEET CIICITYIOIINI BU:
au
—o == Vel Un = T2V,
I7ie TIEPBOE CIaraéMoe OTBEYAET 3a AUCCUMIALUIO SHEPTuH ¢ v,> 0, A, — TOpU30HTaNIBHBIH oneparop Jlamn-
naca. Bropoe ciaraemoe Bo3BpaIaeT SHEPTHIo B pa3pemaemMble MacTaosl, v, > 0. Koaddumment v, Beibupa-
€TCsI UCXO/IS M3 YPOBHS MOACETOYHON TypOyneHTHOM KuHeTnaeckoi sueprun (IITKD):

Vy = Ox - Cpack V max(el 0)9

Couck = 0.4\2 [5]. HaIITKD e = e(x,,z,¢) BBOOIUTCS JOTIOJHUTEIBHOE YpaBHEHUE:
de

E = Ediss - Eback + veApe,

yi () % — jarpasskeBa Tpou3BojHas, v, = 1000 M’/c, 4TO COOTBETCTBYET TypOy/IeHTHOM auddysuu Me30-
MacITaOHbIX BUxpeit. OOMEH SHEpruel ¢ MOACETOYHBIMU MaciuTabamMu st OMrapMOHHUYECKOrO OIeparopa u
oreparopa Jlamaca paBHBI COOTBETCTBEHHO!

Eaiss = =vaVpUp - Vi (BpUn), Epacke = v2ViUp * Vi Up.

Ha Bcex rpaHmiax 3aJaHbl yCIOBUS OTCYTCTBUS MTOTOKA.

B 4nCIIEHHBIX YKCIIEPUMEHTAX MbI CPABHUBACM CTATHCTUYECKHU-PABHOBECHBIC COCTOSHUS BUXpepa3pelia-
touteit monenu R9 u Buxpenonyckarommx mozaeneit R4 (v,=0) n R4 negative viscosity (v,#0). list Toro 4ro0st
JIOCTHYb CTaTUCTMUYECKOTO PAaBHOBECHS, CHavasa npopoautcs pacuet Ha 1000 et ¢ moaensio R1, 3arem pac-
YeT MPOA0JIKACTCS C UCCIIeAyeMbIME MoiesisiMy Ha 100 JieT, mociie 4yero TomnoiHUTe IbHbIC 20 JIET UCTIONIB3YHOT-
cst iist cOopa CTaTHCTUKU. XapaKTePHBIH BUI pEIICHUs IUIsl MoJed R9 B IMPOTHO-ONITOTHBIX KOOPAUHATAX
moka3aH Ha pucyHke 1. [Toj nelictBuem nepemeHHoro napamerpa Kopuosnuca BIojib 3ammaHoi TpaHuIlbl bac-
ceitHa (opMHPYETCsI MPUCTCHOYHOE TCUCHUE, KOTOPOE OTPBIBACTCS OT CTCHKH MPUMEPHO Ha mupore 32N u
pacmpocTpaHseTcsi BHYyTpb 00JIaCTH B 30HAJILHOM HaIpaBicHUU. B Oosiee rpyObIX MOIEINSAX IIMPOTA OTPHIBA
C/IBHTAeTCsl HA CEBEP BCJICACTBUC 3aHIDKCHHOM Me30MacIITaOHON BUXPEBOM aKTHBHOCTH. Ba)KHOCThH BOCIIPO-
W3BEJICHUS MIPABHJIBHON TOUKM OTPBIBA CBSI3aHA C TEM, YTO BJOJb CTPYHHOrO TCYCHHUS MPOXOAUT U30TEpMa
temneparypsl noBepxHoctu okeaHa (TIIO). Takum oOpa3om, B TpyObIX MOJEISX HAOIFOIAOTCS CHIIbHBIC
omuOku B cpeaneit mo Bpemenu TTIO. Ha pucyHke 2 moka3aHo, 4YTO UCIOJIb30BAHUE MTapaMETPU3AIIUHN OTPHIIA-
TEJIBHOM BSI3KOCTH MO3BOJISIET CUJIBHO YMEHBIINTH omuoOku B cpeauei TI1O B 30He oTphiBa cTpyu. Ha pucyHke
3 u300paXkeH MEPUINOHAIBHBIN MOTOK Teria. [10MHbI MEpUINOHAIBHBIH OTOK TEIlIa HAIPABIICH HA CEBEP U
OIIPEIICIISICTCS TEIUIOBBIM OOMEHOM C aTMOC(EPOii, ¥ MOITOMY MPAKTUYECKH HE 3aBUCUT OT BRIOpaHHOW MOjie-
nu. TToMHBII TTOTOK paBEH CyMME BUXPEBOTO ITOTOKA U MIEPEHOCA CPEIHUM TeUCHUEM. BUXPEBOM MOTOK OKa3bI-
BACTCs HAINIPABJICHHBIM HA OT U UMEET CBOW MaKCHMMYyM B TOYKE OTPBIBA CTPYWHOTO TeucHwus. Vcmons30Banue
napaMeTpU3alui OTPUIIATSIIFHON BSI3KOCTH MPHUBEJIO K CIBUTY MaKCHMyMa BHXPEBOTO ITOTOKA TEIUIA HA IOT,
YTO B CBOIO OUEPEIb IIOBJIHSIIO M HA CPEIHUE TT0JIsI, B YacTHOCTH Ha cpernHioto TI1O. [TonokuTenbHbIe H3MEHE-
HUS 3aTPArkBarOT HE TOJIBKO PUIIOBEPXHOCTHBIC TCUCHHSI, HO U IITyOUHHYO IIUPKYIAIUI0 Okeana. Ha pucyHke
4 moka3zaHa TepMoXanuHHas QYHKUHUS TOKA Yo (Y, Z) = f__; [ V(x,y,z)dxdz' (V - mepuanonansHas cko-
POCTB, X,y — NOITOTHOE U IIUPOTHOE HarpasiieHus ). Kak BUHO U3 PUCYHKA, UCIIOJIb30BAaHKE TTapaMeTPH3aIiu
OTPHIIATEIIFHON BSI3KOCTH TO3BOJIMJIO MCIPABUTH siYeiiKy Ha miyOmHe 1000 METpOB, pacHONOKCHHYIO HIDKE
TEPMOKJIMHA.

S A TiRCERCS PucyHok 1. MrHoBeHHOe none TeMnepaTypbl NOBEPXHOCTM OKeaHa
; e (TNO) B Mogenu R9 B cTaTUCTUYECKM-PABHOBECHOM COCTOAHMM, B
= ' | B, rpapycax Lenbcusa. PacueTHan 06nacTb noKasaHa B LUMPOTHO-L[0N-
FOTHbIX KOOpPAMHATaX.
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PucyHok 2. CpepHss 3a 20 net Temnepatypa noepxHocTu okeaHa (TT10) B Mogensx R4, R4 negative viscosity u R9, B rpagy-
cax Lienbcus.

B nanHO# paboTe Mmoka3aHo, YTo ¢ MOMOLIBIO IPOCTON MapaMeTPH3aLMU OTPULIATEIEHOM BI3KOCTH MOXK-
HO 3HAUUTENIHHO YIIYYIINTh HUPKYISILHIO OKeaHa IIOCPEICTBOM YCHICHHS BUXPEBOH aKTHBHOCTH. V3MeHeH s
3aTparuBaroT TEMIIEPATypy IIOBEPXHOCTH OKeaHa, BUXPEBOH IMOTOK TEIUIA U NIYOWHHYIO TePMOXAIMHHYIO LIHP-
Kymsiuio. JloGaBieHre Takol mapaMeTpH3alii B MOJIEIIb HE CBA3aHO CO 3HAYUTENILHBIMH BBIYUCIHTEIbHBIMU
3aTpaTamMi, MOCKOJIbKY SKBHBAJICHTHO €IlIe OJHOMY YPaBHEHHUIO Ha IepeHoC cKaisipoB. [lapamerpusanuio Tak-
JKe TIPOCTO 3aIPOTPAMMHUPOBATH, IIOCKOJIBKY BCE HEOOXOMUMBIE QYHKINH (TypOyaeHTHas TudPy3ns, IepeHoC
CKaJIIPOB) Y’KE HMEIOTCS B MOJICIISAX OKEeaHa.
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Pucynok 3. CpegHuii 3a 20 neT MepuavoHanbHbI NoToK Tenna B Mogenax R4, R4 negative viscosity v R9, B Battax. lon-
HbliA noTok Tenna (full), nepeHoc cpegHeit TeMnepatypel cpeaHuM TedeHneM (mean flow), BUxpeBoi noTok Tenna (eddy).
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PucyHok 4. CpepHss 3a 20 net TepMoxanuHHan ¢pyHKumMA Toka (MOC), B CBepapynax.

Paboma evinonnena npu wacmuunoti noooepaicke Poccutickoeo nayunozo gonoa (epanm Ne 17-17-01210,
paspabomka moodenet noocemounou mypoyrenmuocmu) u POOU (npoexm 18-05-60184, pacuemuvl ¢ uoeanu-
3UPOBAHHOU MOOEbIO OKEAHA U AHATU3 PE3VIIbIMANO8).
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Sensitivity of modeling results of the Black Sea circulation
to the choice of boundary conditions on the free surface

Demyshev S.G., Dymova 0.A.

Marine Hydrophysical Institute RAS, Sevastopol, Russia
E-mail: olgadym@yahoo.com

coastal areas. Along with in-situ observations mathematical models are one of the main systems com-

ponents for monitoring of the marine environment changes. The quality of numerical diagnosis and
prognosis directly depends on the accuracy of hydrophysical parameters reproduction by models. This work is
devoted to the analysis of the influence of the sea surface boundary conditions on the modeling results of the
sea level fields in the Black Sea.

The z-coordinate nonlinear eddy-resolving model of the Black Sea circulation [1] created in Marine Hy-
drophysical Institute of the RAS are used as a research tool. Atmospheric forcing is set by SKIRON data for
2011. The model takes into account runoff of the Black Sea rivers and water exchange through the Bosphorus
and Kerch Strait. Assimilation of observations data is not performed in present work. Two numerical experi-
ments are carried out. The difference between the experiments is in the type of equation for calculating the ele-
vation of the free surface. The linearized kinematic condition on the sea surface is used in the first case (experi-
ment 1) and the full one — in the second case (experiment 2). Integration of the complete system of equations,
including the equations of heat and salt transfer, is performed for one year.

The analysis of the modeling results showed that the both experiments reconstruct the Black Sea surface
dynamic in accordance with the sea level calculated with altimetry assimilation [2]. But it is obtained that the
height of sea level near the Western boundary of the basin is decreased under account of the full kinematic
conditions for cases of extreme level rise (more than 30 cm) caused by storm winds. The decrease in the maxi-
mum level heights in shallow water can be explained by the fact that the account of all terms in the free surface
equation allows to describe a wider class of wave motions, resulting in a decrease in kinetic energy due to its
redistribution between the movements of different spatial and temporal scales.

Comparison of calculations results showed that the greatest differences in the structure of the sea level
fields are observed during the period of the RIM Current weakening (a warm season) in zones of evolution of
the Sevastopol and Batumi anticyclones. It is note the minimal and maximal values of level heights are almost
equal for both experiments but its locations do not match. The discrepancy in the spatial positions of raising /
lowering level is due to the mismatch in the motion phases of anticyclones and the mesoscale eddies along the
periphery of the RIM Current.

Experiment 1 was carried out within the Russian Foundation for Basic Research (RFBR) grant (No. 18-
05-00353). Implementation of new model version and experiment 2 were performed in the framework of the
state assignment No. 0827-2019-0003.

Determination and prediction of sea level oscillations are important in terms of risk assessment for
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1. Demyshev SG (2012) A numerical model of online forecasting Black Sea currents. Izv. Atmos. Ocean.
Phys. 48(1):120-132.

2. Korotaev GK, Ratner YB, Ivanchik MV, Kholod AL, Ivanchik AM (2016) Operational system for di-
agnosis and forecast of hydrophysical characteristics of the Black Sea. Izv. Atmos. Ocean. Phys.
52(5):542-549.
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OueHKa YyBCTBUTENIbHOCTM Pe3yNbTaToB MOAe/IMpoBaHWA
LMPKYNALUK YepHoro MopA K BblIbopy MpaHNYHbIX YCII0BUM
Ha cBO60QHOM NOBEPXHOCTH

Hembiwes C.I., [lbimoBa 0.A.

Mopckoii ruapogusmnyeckui ubictutyt PAH, Ceactonons, Poccua
E-mail: olgadym@yahoo.com

3MEHEHHUE YPOBHS B IPHUOPEKHBIX 30HAX BHYTPEHHUX MOPEH MOXET IPEJICTaBIsATh CEPhE3HYIO OIac-

HOCTB JIUIsl HACEJICHNSI M 0OBEKTOB HApOAHOTO X03sHcTBa. Tak, COracHo JaHHBIM HaOJIOICHNH KaTa-

CTpO(HUUCCKUE MTOIBEMbI YPOBHS B UepHOM M A30BCKOM MOPSX JOCTHTAJIX BBICOT OKOJO 7 M [1], B
Kacnniickom Mope — 6ostee 20 M [2], 4TO IPUBOIHIIO K 3aTOIUICHHUIO TEPPUTOPHU U HAHECECHHIO 3HAUUTEIIHHOTO
yuep6a. IToaTroMy ToUHOE OmpesesieHne U MPOTrHO3UPOBAHUE U3MEHEHHS YPOBHSI HMEET BAXKHOE 3HAUCHUE C
TOYKM 3PEHHUS OLIEHKH PUCKOB JJIsI IPUOPEKHBIX TEPPUTOPHA. B CBOIO 0uepesb TOYHOCTh BOCIIPOM3BEICHUS
YPOBHSI IIPU pacueTax Mo TUAPOAMHAMUYECKUM MOJEISIM 3aBUCHUT OT a/IeKBaTHOM MOCTaHOBKHU KPAeBBIX yCIIO-
BUI Ha IOBEpXHOCTH Mops. Hactosimas paboTa NocCBsIleHa aHaInM3y BIMSHHS TPaHUYHBIX YCIOBHH Ha MO-
BEPXHOCTHU MOPs Ha pPe3yAbTaThl MOJAEIUPOBAHNUS M1OJISL YPOBHSL.

B xauecTBe MHCTpYMEHTA UCCIIEIOBAHUS UCIONb30BaHa Z-KOOPJUHATHAS HEIMHENHHasl BUXpepa3pellato-
mast Mozesib nupKyssinun YepHoro Mopst [3], coznanHas B MopckoMm runpodusndeckom nHetutyre PAH
(MI'N). [onnas cucreMa ypaBHEHHH TEPMOTHAPOIMHAMUIKH OKeaHa 3alvcaHa B Mpuommkennn byccunecka,
THIPOCTAaTUKU U HEC)KUMAEMOCTH MOPCKOI Bozibl. Perienne cucteMsl ypaBHEHU MOJENIN CTPOUTCS. B TEPMHU-
Hax MPUBEIECHHOIO YPOBHs OKeaHa. VIcronb30BaHUE 3TOTO MOAXO0AA MO3BOJSET YUUTHIBATH BIUSAHUE U3MEHE-
HUH MOJIS TUNIOTHOCTU B BEPXHUX CJOSIX, MIPEUMYIIECTBEHHO ONpPEIEIAIOINX BO3BhIILICHHE YpOBHA. Panee B
paboTax 1o MOAENMPOBaHUIO HUPKYISAUK B UepHOoM Mope [4] nCronb30BaIoch YCIOBHE “TBEPIOH KPBIIIKH .
OHaKo /TSt KCCIIEI0BAHMS M3MEHUYMBOCTH YPOBHS T10]1 BO3/ICHCTBHEM OBICTPBIX HECTAIMOHAPHBIX ITPOIIECCOB
HEOOXOAMMO TMEPEeXONTh OT NPUOIMKEHHS “TBEpIOW KPBIIKKA K PEIICHHUIO YPaBHEHUS ISl CBOOOIHOM MO-
BepxHocTu. Kak ObUTO MoOKa3aHo B [5], B meproj yCTAaHOBIICHUS TEYCHUH MOCIIE HAYaJIbHOTO BO3MYILCHHS B
menb(oBbIX paiionax UepHOro Mopsi CyIIeCTBEHHO N3MEHSIETCS XapaKTep JIBIKEHUH 10 CPAaBHEHHUIO C TaHHBI-
MU, NOJTYYEHHBIMU C YCIOBUEM “TBEPHOH KPBIIIKH .

VYpaBHEeHHE CBOOOHOM OBEPXHOCTH CTPOUTCS B MIPEATIOIOKEHUH BBIITOJIHEHHS KHHEMAaTHYECKOTO yCII0-
BHs1, 0003HAYAIONIETO HEMTPOHUIIAEMOCTh CBOOOIHOM MOBEPXHOCTH IS KHUKOCTH:

z={(x, 3 0.

T.x. BepTHKaJIbHasI CKOPOCTb ABHKEHUI TOBEPXHOCTH OKEaHa ONPEAEIAeTCs KaK MOIHAs IPOU3BOIHAS MO
BPEMEHHU OT z, TO ypaBHEHHE CBOOOJHON MOBEPXHOCTH B Cllydae OTCYTCTBHSI OTOKa MacChl M3 aTMOC(epbl
HUMeEEeT BUJL:

bl

w+ % +u % + v% =0
o Ox 0Oy

TJE U, V, W — KOMIIOHEHTBI CKOPOCTH T€YEHHsI Ha CBOOOIHOM MOBEPXHOCTH, { — BO3BBILIEHHE CBOOOTHOM
nosepxHoct. Korna ornomenue {/H << 1 (H — myOuHa), TpeThiM ¥ Y€TBEPTHIM YJICHOM B JICBOW YacTH Ipe-
HeOperaroT (JIMHeapu30BaHHOE yciioBHe). MakcumaibHas rryOuHa UepHOro Mopst IpeBbIIIaeT 2 KM, ITPU 9TOM
6onee 20% rurommaay Mopsi 3aHUMacT akBaTopus ¢ miyouHamu MeHee 100 m. CeBepo-3amaaHasi 4acTb MOPSI
npezcTaBisieT co0oit 0omupHyro mmenbdosyro 30uy (C3I) co cpearumu riyounamu okoso 20 m. Kak ykazano
B [1] akCTpeMabHbIe MOBBILICHUS YPOBHS 3/I€Ch MOTYT JIOCTUTaTh HECKOJILKUX METPOB, CJIEIOBATEIILHO YCIIO-
Bue (/H << 1 B HEKOTOPBIX CIIy4asXx CTAHOBHUTHLCSI HEKOPPEKTHBIM. Llesbio HacToseil paboThl ObIIIO OLEHUTD
TOYHOCTDH PE3YJIBTATOB MOACIMPOBAHNA BO3BBIILICHUSA YPOBHA ‘lepHoro MOpA IIpU 3aJaHUHN JIMHEAPHU30BaHHOTO
U ITOJTHOTO KMHEMAaTHYECKOTO YCJIOBHSI Ha CBOOOHOI MOBEPXHOCTH.

B pabote mpoBeneHO Ba YHCIICHHBIX SKCIICPUMCHTA [0 MOJICIIMPOBAHMIO IIUPKYIISAIUK C YISTOM Peajib-
HOTO aTMOC(EPHOT0 BO3ACHCTBHUS. B KayecTBe rpaHMYHBIX YCIOBHI Ha MIOBEPXHOCTH 33Ial0TCS KacaTeIbHbBIC
HapsKCHUA TPEHUA BETPaA, IIOTOKU TEIIA, OCAAKN U UCITaAPpCHUC. B MOJCIIN YUYTCHBI BTOKHM OCHOBHBIX YEPHO-
MOpPCKHUX peK 1 BozooOMeH 4yepe3 bocopeknuit u Kepuenckuii nposiusel. [TomHoe onrcanne MoJesu, HCHOJb-
3yeMble TIPUOJIMIKEHUSI U YMCIICHHBIE alllipoKcuManuy TuddepeHIraibHbIX YpaBHEHUH rpecraBiieHs! B [3].
Otnuune MCXKIY SKCIECPUMCHTAMU 3aK/IIO4YaJIOCh B THUIIC YpAaBHCHHUA JIA pacd€Ta BO3BBILMICHUSA CBOGOHHOﬁ
NoBepXHOCTHU. B mepBoM BapHuaHTe (1ajee 3KCIIepUMEHT 1) paccMaTpuBalIoCh TMHEAPU30BaHHOE KHHEMATHYe-
CKOC YCJIOBHE Ha CBOOOIHO# oBepXHOCTH (z = 0):

w‘ N ac _Pr—Ev
=0 5 Po ’ (1)
BO BTOPOM (3KCIIEPUMEHT 2) — MOJTHOE KHHEMAaTHIeCKOe yCIOBHUE:!

o o oL Pr—Ev
Wt 2 tu2 v 2=——". ()
=0 ot ox oy Po
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INTERNATIONAL YOUNG SCIENTISTS SCHOOL AND CO

B ypaBuenusix (1) u (2) B mpaBoii 4acTu 3a/iaH CyMMapHbIil TOTOK Macchl U3 aTMOC(Epbl, yUUTHIBAIOIIUH
ocajku Pru ucnapenue Ev, p0 — cpeqHsist INIOTHOCTb BOABI B TOBEPXHOCTHOM CJIO€.

PacueTs! npoBeicHbI HA PABHOMEPHOI CETKE € IIaroM 110 FOPU30HTAJIBHBIM KOOpAUHATaM 1.6 KM, 1o Bep-
THKaJI PACCMOTPEHBI 27 Z-rOPU30HTOB, IIar 110 BpeMeHH paBeH 96 cek. barumerpus 6acceiina nocrpoeHa my-
TEeM MHTEPIIOSIIMK MaccuBa IIyOuH u3 basel okeanorpaduueckux nanubix MI'U Ha cerky monenu. Ha nne
CTaBsITCA YCJIOBUS HENPOTEKAHUS M OTCYTCTBHUS IOTOKOB TEIlIa U COJIM, TPEHUE O JHO He yuuThlBaeTcs. Ha
TBEP/IbIX OOKOBBIX Y4acTKaX I'PAHUIIbI BBITOIHSIOTCS YCIOBHSI CKOJIBKEHHSI M HEMPOTEKaHUs, JUIs TeMIlepary-
PBI ¥ COJICHOCTH HOPMaJbHbIE IIPOM3BOJHBIE PABHBI HYNMIO. Temmeparypa, COIEHOCTb U CKOPOCTh TEUEHHUH B
YCTBSIX PEK M MPOJIMBAX 3a/Ia€TCSl B COOTBETCTBUM C KIMMAaTHYE€CKUMH JJaHHBIMU. BeprukanbHoe TypOyiieHT-
HOE IepeMeIINBaHNe MapaMeTPU30BaHO C MOMOIIBIO MOJIENN TypOyJIeHTHOroO 3aMblkaHus Mesutopa-SImazbt
[6]. TopuszoHTanbHas TypOyseHTHas BI3KOCTb U TU(dy3Hs alIpOKCUMHUPYIOTCSI OUTapMOHHYECKHMH OTIepaTo-
pamy ¢ OCTOSIHHBIMH Kod(puiieHTaMy. B HayaIpbHbI MOMEHT BPEMEHH 3a/IaHbl BO3BBIILICHUE YPOBHS, TEM-
nepaTypa, COJICHOCTh U FTOPU30HTAIBHBIE CKOPOCTH TEUCHUH, COOTBETCTBOBABIINE | SHBaps KIIMMAaTH4YECKOTO
roga. B xauectBe armocdepHoro opcuHra 1Cronb30BaHbl OIS, OTy4eHHbIe 110 JaHHbIM Moaenn SKIRON/
Eta 3a 2011 r. ¢ ropusoHTasIbHBIM pa3pemennem 1/10 rpaxyca no mupore U J0JIrote. ACCUMHIISIINS TaHHBIX
HaOJIIOICHNH B MOJIENIN He BhINosIHseTcs. [lepen npoBeieHneM pacyeToB HavyalbHbIe U IPAHUYHBIC MTOJIS ObUTH
JIMHEWHO MHTEPIONIUPOBAHbI B y3JIbl CETKH MoAeIH. HTerpupoBaHue NOJIHONM CHCTEMBbl ypaBHEHUH, BKITIOUast
ypaBHEHHUs [IEpEeHOCca TeIlJIa U COJH, BBIIIOJIHEHO Ha OIUH rof. PaccunTanHble Mo ypoBHSA MOpsl, TeMIIepary-
PBI, COJICHOCTH ¥ KOMIIOHEHT CKOPOCTHU YCPEAHSIIUCH 38 OAHU CYTKH M 3TU MAaCCHUBBI 3aITUCHIBAJINCH KAK BBIXO/I-
HBIE IaHHBIC HA KaX/Ible CYTKH.

PaccMoTpuM pe3ynbTarhl pacueToB, B TEKCTE HHICKCOM 0003HAaYeH HOMEP dKCIepuMenTa. J{is konuyect-
BEHHOM OIIEHKH PACXOXKICHHSI MEXIY Pe3ylbTaTaMu JIByX pacdeToB Obuia paccuntana pasnuna AL =, - §, B
Ka)XJIOM y3JI€ CETKH U ITOCTPOCHBI KapThl IIPOCTPAHCTBEHHOTO pacnpeneiacHus Al. AHanu3 KapT 1ojel pasHu-
LBl YPOBHSI I10Ka3aJl, YTO B TEUEHHE MEPBBIX TPEX MECSIIEB IOCIe Havyajla MHTETPUPOBaHHs BeandrHa Al He
npesbinraeT B cpegueM 0.6 cM. 3umoii 2011 1. HaGiroAaNack JOBOJBHO INIAJKasi CTPYKTypa MOJs TEYSHUH B
BEPXHEM CJIO€, ITPY 3TOM SMH30/IMUECKUE YBEIMUYCHUS YPOBHS OKOJIO CEBEPO-3allaIHOTO T00EPEXbsl, BHI3BAH-
HBIC MHTCHCUBHBIM BETPOM, OBUTH BOCIIPOU3BEICHBI TPAKTHYECKH UICHTUYHO B 00OMX SKCIIEPHMEHTaX, a Be-
snuuHbl §; 1 {, COOTBETCTBOBAIM YPOBHIO, PACCYUMTAHHOMY C YCBOCHHEM JIOCTYITHBIX JIaHHBIX HaOMoneHNuH (B
TOM YHCIIE allbTUMETPUN) [7].

Jlanee ¢ TedyeHreM BpeMEHH HaOJIOaINCh CUTYalluH, BbI3BAaHHBIC JICHCTBHEM LITOPMOBBIX BETPOB, KOT/IA
IIPY 3HAYMTEJILHBIX MOBBINICHUX ypoBHS (Oosee 30 cM) Ha menb(e 0KoJIo 3araHOl IpaHulbl OacceiiHa Beu-
yrHa AL ObUIa MOJIOKUTENbHA, YTO COOTBETCTBYET Oojiee HM3KMM 3HaueHusM (,. Hanbonee nokazarensHble
anM30/1b1 ObUH 3adukcrpoBanbl 2 — 3 anpens ¥ 17 — 18 okta6ps 2011 1., B 9T0 BpeMst pa3HHLIAa MEXIY JaHHBI-
MH dKCTIepUMEHTOB ocTurana 3 cMm. Ha puc. 1 mpencrasiens! kapTbl noneit yposus Ha 02.04.11, noctpoen-
HBIE 110 JJaHHBIM YepHOMOPCKOTO LIEHTPa MOPCKUX MPOTHO30B [ 7], skcniepumenToB 1 u 2. BuaHo, 4to cTpyKTy-
PBI 1OJIeH KaueCTBEHHO COOTBETCTBYIOT IPYT ApyTy. J{/1s ciiyyaeB 3HAUUTEIBHOTO OITyCKaHUS yPOBHS B paiioHe
Juenpo-byrckoro simmana (0ojee -15 cM) 0OTMEUEeHO, UTO Pe3y IbTaThl MOJACIMPOBAHMS 3aa3/(bIBAIOT HA CYTKH
110 CPAaBHEHMIO C JaHHBIMU CUCTEMBI [7], mpu 3ToM aHanu3 AL mokasaj, 4TO BBICOTHI YPOBHSI, IIOJIyUEHHBIE B
9KCIIEepUMEHTax | U 2, aroT OJIM3KUE 3HAYCHHUS.

Puc. 1 - KapTbl nonen yposHA (cM) Ha 02.04.11:a—no
i [aHHbIM cucTeMbl [7], 6 — no pe3ynbTataM aKcnepuMeHTa 1,
2 B — 10 pe3y/bTataM SKcrepuMeHTa 2.
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OTau4us B CTPYKTYPE MOJIs1 yPOBHS HAOJIIOAIOTCS TPUMEPHO Yepe3 7 MeCsILEB [T0ciIe Havyaia MOJEIHPO-
BaHMs1. AOCOIOTHOE 3HaUeHNE BeMUUHbI AL artm3oandecku focturaeT 15 cM. ITo CBsI3aHO C TeM, He COBIIa 1a-
10T (ha3bl IEpEeMENICHUs] BUXPEBBIX CTPYKTYP, opmupyrommxcs Ha nepupepun OCHOBHOTO Y€PHOMOPCKOTO
teyenust (OUT). HanGonpime ommyns JIokaan3oBaHbl B paiioHax CeBacTonoiabekoro 1 barymckoro antuny-
kioHOB. Ha puc. 2 npencrasieHo npocrpanctsenHoe pacnpenenenne Al Ha 10.08.11. AHanu3 nokasai, 4Tto BO
BTOPOH MOJIOBHHE rojia B 9kcriepuMeHTe 2 CeBacTONOIbCKUIM aHTUIMKIIOH B CpeHeM Ha 14 nHell paHblle Ha-
YUTAET epeMENIaThCs Ha I0r0-3amajl, 4eM 10 JaHHBIM 3KCIepUMeHTa 1. A IUKIOHNYEeCKHH KPYroBOPOT K ce-
BEPO-BOCTOKY OT baryMcKOro aHTHIMKIIOHA 00JIee MHTEHCUBEH M 3aHMMAeT OOJIbILYIO TUIOMIAb MO Pe3yJibTa-
TaM IEepPBOro pacyera.

Puc. 2 - pocTpaHcTBeHHoe pacnpegeneque Al Ha
10.08.11.
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Takum 00pa3oM, aHaIN3 IAHHBIX MPOBECHHBIX YUCICHHBIX SKCIIEPUMEHTOB I10Ka3all, YTO y4YeT MOJHOIOo
KMHEMAaTH4eCKOTO YCJIOBHS Ha TOBEPXHOCTH MOPSI TPUBOAUT K YMEHBIICHHIO BHICOTBI OHITHSI YPOBHS MOPSI
OKOJIO 3aTaTHON TPaHuUIlBl OacceiiHa B CIIydasx IKCTpeMaIbHBIX HaroHoB (Oosee 30 ¢cM), BRI3BAHHBIX JCHCTBU-
€M BeTpa. YMEHbIICHUE MAKCUMAJIbHBIX BBICOT YPOBHS HA MEJIKOBO/IbE BO3MOKHO OOBSICHSIETCS] TEM, UTO YUeT
BCEX ClIaraeMbIX B YpaBHEHHH (2) MO3BOJISIET OMUCATh OoJiee IIMPOKHIA KIaCcC BOTHOBBIX JBIKEHHM, B PE3YIb-
Tare 4ero MpPOUCXOJUT Ooliee TOYHOE Mepepacipe/iesieHue KHHETHYSCKOW YHEPIriU MEXIY ABHIKCHUSIMH pas-
HBIX MIPOCTPAHCTBEHHBIX M BPEMEHHBIX MaciTaboB. CpaBHEHHE Pe3yJbTATOB PACUETOB [TOKA3aJI0, YTO Hau-
OoIbInme pas3adus B CTPYKTYpe MoJiel ypoBHs HabmonaroTcs B nepuos ocnadbnerns OUT (B Teruislil ce30H) B
30Hax sBomoiKr CeBacTononbCKoro U barymckoro anTuiukiionoB. Crenyer OTMETHTh, YTO MUHUMAIIbHbIC U
MaKCHMaJIbHbIC 3HAYCHHSI BLICOT YPOBHEH MMOYTH OTMHAKOBBI JIJIsl 000MX SKCIEPHUMEHTOB, HO MX JIOKAJIU3AINU
HE COBMaaOT. PacXok/ieHHe B MPOCTPAHCTBEHHBIX MOJIOKEHHUSIX MOIBEMOB / OMyCKaHUN YPOBHs 00yCIIOBIIe-
HO HECOOTBETCTBHEM (a3 ABMKEHHUS aHTUIIMKIOHOB U Me30oMacITaOHbIX BUXpel 1o nepudepun OUT.

Tlposeoenue sxcnepumenma 1 u conocmagnenue ¢ OQHHbIMU HAOTIOOEHUL BLINOIHEHO NPU PUHAHCOBOU
noooepicke Poccutickoeo ¢onoa ghynoamenmanvruix ucciredosanuti (epaum Ne 18-05-00353). Peanuzayus
HOB020 BapUAHMA MOOeaU U NPosedeHUe IKCnepumenma 2 npoeedero 6 pamkax coczadanus (mema Ne 0827-
2019-0003).
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Heat, mass and salt fluxes in the Lofoten basin
(Norwegian sea) estimating using reanalysis data

Naumov L.M., Gordeeva S.M., Belonenko T.V.

Institute of Earth Sciences SPBU, St. Petershurg, Russia
E-mail: levnaumov9é@gmail.com

of various characteristics in this region determines the climatic picture of the entire polar region and,

above all, the weather in Northern Europe. Separately, the Lofoten Basin (LB) is distinguished, within
there is a quasi-stationary mesoscale eddy - Lofoten eddy. According to some authors [1], at present this eddy is
a convective channel of heat and salt transfer between the surface and deep-water zones of the ocean. The pur-
pose of the work is to climate assessment of mass, heat and salt flows in the LB area.

The study area is a rectangular area in the extreme geographic coordinates of 69 °-72°c.and0°d. -8 °e.
The area of the district is 116811 km?, the perimeter is 2040 km. The selected spatial limits are determined on
the basis of the long-term localization of the Lofoten vortex, which manifests itself in pronounced anomalies of
various hydrophysical characteristics.

Data on hydrophysical parameters (temperature, salinity, orthogonal components of current velocity and
sea level) at the surface and depths are taken from the newest product ECMWF Oras5 [2]. This product was
released in 2019 and is a global eddy-resolving reanalysis of ORAPS (horizontal resolution of 0.25 © and 75
vertical levels). Reanalysis is based on the NEMO 3.4.1 model, the LIM2 model is responsible for the ice
block. The assimilation of observations by the model is carried out on average values using the Kalman filter.
The data on ice cohesion, as well as data on the level of the GRACE satellite, are assimilated. The assimilation
window is 5 days [2]. It should be noted that ORASS data is on a curved grid. To correctly calculate the flows,
the data were interpolated onto a rectangular grid with a resolution of 0.25 °.

Also, the data was selected from the older ECMWF ORAS4 reanalysis [3], which is based on the NEMO
3.0 model; there is no hotel model for ice physics and dynamics. ORAS4 has a horizontal resolution of 1 ° and
42 vertical levels. The model also assimilates climate level data from AVISO altimeters. The assimilation win-
dow is 10 days [3]. All data were selected for the period from 1993 to 2016. Then the data were averaged over
time to climate values for the period under consideration.

The atmospheric reanalysis ECMWF Era-Interim [4] data was used to close the heat and mass balances.
This reanalysis has a horizontal resolution of 0.125 © and temporal data resolution of 3 hours.

Revealed that the flows calculated by different reanalysis differ from each other. It can be seen that when
calculating the mass fluxes by ORAS4 reanalysis, the meridional flux at the south boundary plays a dominant
role, and in the basin, the inflow flows prevail over the outgoing ones. At this time, according to the ORASS
reanalysis, there is a shortage of water in the region, the outgoing flows predominate over the incoming flows,
which is consistent with the climatic value of sea level in the LB area (-0.8 m). Thus, it can be said that the new
ECMWEF reanalysis more accurately reproduces the regional variability of um characteristics as compared to
the ORAS4 reanalysis.

In general, the heat turnover per second in the LB region is 106—133 TJ. In the heat fluxes, the dominance
of the meridional component over the zonal component is also observed. Most of the heat comes to the water
area of LB through the southern border, and leaves - through the north. It also speaks of the strong influence of
the Norwegian flow on heat exchange in the region. It should also be noted that the exchange of heat between
the ocean and the atmosphere, in contrast to the exchange of mass, cannot be neglected; it accounts for 23% of
the total heat entering the region and plays a large role in the heat balance. Based on the data obtained, it can be
said that in the LB water area, the prevalence of outgoing heat over the incoming water is observed, and the re-
gion must lose its heat reserves. The residual heat balance can be explained both by the non-viscous mass bal-
ance and by the rather coarse resolution in ORASS, therefore the heat transfer by mesoscale vortex structures
(which obviously cannot be neglected in this region due to its active dynamic pattern) is not taken into account,
as “under the grid phenomena”. The climatic meaning of the salt flow in the studied region is 106 - 133 t/s. In
general, the distribution of the salt flow in the area of the LB corresponds to the distribution of the temperature
flow, and the dominance of the meridional salt transport associated with the influence of the Norwegian current
on the studied region is also noted. There is also a significant discrepancy in the salt stream, which can also be
associated with both the mass balance discrepancy and the rather coarse resolution of the model on which
ORASS is based.

Norwegian Sea is one of the most dynamic regions of the North European Basin. The variability of flows
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OueHKa NoTOKOoB Tersia, Macchl U conu B J1opoTeHCKOM
KOTnoBMHe HopBerKCKOro MopsA Ha 0CHOBE JaHHbIX
peaHann3os

Haymos J1.M., lopaeesa C.M., benoHenko T.B.

WnctutyT Hayk o 3emne CI6I'Y, Cankr-letepbypr, Poccun
E-mail: levnaumov96@gmail.com

OPBEKCKOE MOpE — OJMH U3 HauboJee NHTEPECHBIX B ANHAMUYECKOM OTHOLICHUH paiioHOB CeBepo-
EBporneiickoro Oacceiina. FI3MeHUMBOCTD IOTOKOB Pa3JIMUHBIX XapaKTEPHCTHK B 9TOM PErHOHE Ompe-
JIeIsieT KIIMMaTH4YeCcKy0 KapTHHY BCel MOISIpHO 001acTH U, KpoMe Beero, oroay B CeBepHoii EBpo-
nie. OrnensHoO Beigensercs Jlohorenckas kortosuHa (JIK), B mpenenax KoTopoit CylecTByeT KBa3ucTaluoHap-
HBI Me3omaciuTaOHbI BUXph — JlopoTreHnckuid Buxpb. [Io MHeHHIO HEKOTOPHIX aBTOpOB [1], B HacTosIiee
BpEMsI 5TOT BUXPb SIBJSIETCS] KOHBEKTUBHBIM KaHAJIOM TI€peady Terla U COJIM MEX/Iy IIOBEPXHOCTHIO U ITy0o-
KOBOJIHBIMHU 30HAMH OKEaHa.
Lens paboTHI 3aKiTIO4aeTCs B KIIMMATHUECKOM OIIEHKE MOTOKOB MacChl, TeIjIa ¥ CoJi B okpecTHOCTH JIK.
VYpaBuenue BoxHoro Gananca Jlodorenckoro Oacceiitna HopBesKcKOro Mopsi ¢ OTKPBITBIMH BHELITHUMH
TPaHUIIAMU MOYKHO MPEJCTaBUTh B CEAYIOLIEM BUae [2]:

AV=U+W+E,, (1.1)

rae AV — m3meHeHne oobemMa Mopsl 32 KOHKPETHBIN ITePHOJ BPEMEHU;

U — ropu30oHTaJIbHBIC TIOTOKH MAacCHI 10 IepuMeTpy OacceiiHa;

W — BepTHUKaJIbHBIM TOTOK MACChl YEPE3 HUKHIOIO I'PAaHULLY;

E,, — 5pdexTuBHOE HCTIapEHKE C TOBEPXHOCTH, PABHOE PA3HOCTH UCTIAPEHHUS £ 1 0CaIKoB P.

Bonmnsnii 6anaHc kpome 00BEMHON XapaKTEPHCTHKH MOXKHO BBIPA3UTh YEpe3 MPHUPAIIECHUE CIOSI BOABI
(ypoBH:) AH Ha TOBEPXHOCTH MOPS, TaK KaK

AV=AH"S, (1.2)
rae S — miomab NOBEPXHOCTH OacceliHa.

TemnnoBoii NOTOK — KOJIMYECTBO TEIUIOTHI, EpeaBacMoi 3a €AMHUILY BPEMEHH Yepe3 eIUHUILY IIIO0IIa M,

KOTOPBIIl MOXHO OMPEAEINTH, Kak [3]
F,=C,; pTV,(1.3)

rie F, — norok Terna (Br/v’);

C,” — ylenbHas TEMIOEMKOCTh BOJbI, PACCUUTBIBAJIACK 110 NOJIMHOMUHANIbLHOMY ypaBHeHuro JOHECKO
[4] (ZLx/(kr-C));

V' — ckopocTh TeueHwus (M/c);

o 3

p — IUTOTHOCTH BOZIBI, PACCUNTHIBAJIACH [T0 YPABHEHUIO cOCTOSTHUS MOpcKoi Botel TEOS-10 [5] (kr/m’);

Crenyer OTMETHTB, UTO /ISl COJICHBIX MOPEH, Temreparypa 3aMep3aHusi KOTopsix orindaercst ot 0 °C,
ypaBHeHwue (1.3) mpUHUMACT CIICTYFOTIA BUI:

F=Cp(I-T)V,
e T,- TeMIeparypa 3aMep3aHus MOPCKOK BOJIBI (PACCYUTHIBANIACH MO MOJMHOMUHAIIBHOMY YPABHEHHIO
IOHECKO [4])

[ToTOK COJIM — KOJIMYECTBO COJH, TIEPEIaBaeMOii 32 €IMHHUILY BPEMEHHU Yepe3 eINUHHUILY IUIOIIAI1, KOTOPbIH
MOXKHO OTIPEIeNIUTD, KaK [3]

Fo=pS,V,(14)
rie F, — notok comu (kr/(M’-c));
S, — COJICHOCTh MOPCKOH BOJIBI (T/KT).

Paiion nccnenoBanus npencTaBiIseT co00l NPSMOYTOIBHYIO 00JIaCTh B KpAaiHNX reorpauecKux Koop-
nuHarax 69° — 72° c.ur. u 0° n.— 8°B.1. [Tnomane paitona cocrasiser 116811 km?, nepumerp — 2040 kM. Boi-
OpaHHBIE NIPOCTPAHCTBEHHBIE MPEIEIBI ONPE/ENICHbI, UCXOs N3 MHOTOJNETHEH Jokanu3anuu JlodoreHckoro
BHXPsi, KOTOPBI TPOSIBISCTCS B SIPKO BBIPAXKCHHBIX aHOMAJUSIX PAa3IMYHBIX THIPOPYUIUUCCKHX XapaKTCPH-
CTHK.

JlaHHBIE O THIPO(PU3NIECKUX NapaMeTpax (TemIieparypa, CoICHOCTb, OPTOrOHAJIbHBIE KOMIIOHEHTHI CKO-
pPOCTH TEUEHHWH M YPOBEHb MOps) Ha IMOBEPXHOCTH M TIIyOMHaX B3sIThl M3 HoBeimiero npoaykra ECMWF
ORASS[5]. Jaunslii nponykt BeimymieH B 2019 rony u npeacrasisier co0oil m100anbHbIN BUXpepa3peliar-
it peananu3 ORAPS (ropuzonransHoe paspenienue 0.25° u 75 BepTHKaNbHBIX ypoBHEH). Peananus ocHo-
Bad Ha mojead NEMO 3.4.1, 3a nefoBslii 010K orBeuaeT Mojeinb LIM2. AccuMuiisnys HaONMIOAEHUH MOIEIIBIO
MPOBOJUTCS TI0 CPEIHUM 3HAYCHUSIM C HCIONb30BaHUEeM (uibTpa KaniMaHa. ACCUMIIIUPYIOTCS JaHHBIC O
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CIIOYEHHOCTH JIb/a, a TaKkxke JAaHHble 00 ypoBHe cnyTHHKa GRACE. AccuMIISIIMOHHOE OKHO COCTaBIISIeT 5
cyTok [5]. Cnenyer otmMeTuTh, uto qaHHble ORASS HaxonsTcs Ha KpUBOMUMHEHHON ceTke. J[JIsi KOppEeKTHOTOo
pacuera OTOKOB JIaHHBIE HHTEPIIOIUPOBATIUCH Ha MPSMOYTOJILHYIO CETKY C paspernienuem 0.25°.

Taxoke naHHbie BeIOMpanuch U3 Oosee craporo peanannza ECMWF ORAS4 [6], koTopblii 0OCHOBaH Ha
mozein NEMO 3.0, orenbHast Mozens Juist GU3UKH M JUHAMHKH Jibjia oTcyTcTByeT. ORAS4 mmMeer ropuzoH-
TajbHOE pa3pemieHne 1° u 42 BepTUKaNIbHBIX YPOBHA. Mozeb Takke aCCUMUIMPYET KINMaTH4YeCKHUe JaHHbIe
00 ypoBHe ¢ ansTuMeTpoB AVISO. AccuMmisiiinoHHOe OKHO cocTaBisieT 10 cyTok [6]. Bee nanHbie BhIOUpa-
smck 3a epuoz ¢ 1993 no 2016 rr. 3areM JaHHbIe OBUTH YCPEJIHEHBI 110 BPEMEHH /10 KIIMMATHYeCKUX 3HAaUCHN I
3a paccMaTpUBaeMbIi IEPUOI.

Jlyist 3aMbIkaHust OAaJaHCOB TEILIA U MAacChl MCIIOIB30BAIKUCH JIaHHbIe aTMocdepHoro peanHanuza ECMWF
Era-Interim [7]. [lanHblii peanaan3 uMeeT ropu3oHTaibHOE paspericHue 0.125° 1 BpeMEHHY0 TUCKPETHOCTh
JMaHHbBIX 3 yaca. [1Jis 3aMbIKaHus OajaHCca MacChl HCIOIb30BATUCH 3HAYCHUS 3P PEKTUBHOTO UCTIapeHuUs (pa3-
HOCTB OCAJIKOB M UCIIApPEHHsI) B HCCIIelyeMOoil 00J1acTH 3a UcCieyeMblid Iepro/]. 3HAUYeHHUs! IOTOKOB TeIlIa 13
OKeaHa B arMoc(epy HaXOIMIMCh U3 YPAaBHEHUs BHELIHET0 TEIUIOBOTO OalaHca:

B =R+LE+F, (1.5)

rae B — cymmapasiii notok Tera (Br/v’);

R — pajuanuoHHeli 6anaHc moBepXHOCTH okeaHa (B1/v’);
LE — cKphITHI TypOyneHTHBIH T0ToK Teria (B/v’);

F — sBHEI TypOyneHTHEI noTok Tera (Br/a’).

Jlist nanpHEHIIero aHanm3a arMocepHbIe TapaMeTphl TAKXKe ObUTH yCPEIHEHBI 32 NCCIIEeyeMbIH TePHOI.
Crenyer OTMETHUTD, YTO IIPH TAKOM YCPEIHEHNH HE YUUTBIBAIOTCS MaKpOTYpOYIEHTHBIE IOTOKH BOJIBI, BKJIAJ
KOTOPBIX B JAHHOM paiiOHE HE MOXKET OBITh MAJIBIM, YYUTBIBAsI IIPHUCYTCTBHE TAKOTO MHTEHCHBHOI'O TEUCHHS,
kak Hopsexckoe.

ITo 3HaYeHUAM CKOPOCTEH TEUCHMH C YUeTOM IUIOMAAeH pacCUUTHIBAINCH HHTErPAIbHBIE TIOTOKH MacCHl,
TeIlIa ¥ CONU yepe3 OOKOBBIE MTOBEPXHOCTH 00beMa OacceiiHa 1 c/ieTlanbl OLICHKH JUIs TIOBEPXHOCTH. Bee koM-
TIOHEHTBI BOJHOTO GallaHca BhIpaKaIiCh Kak B 00beMHbIX equnuuax (Cepapynax, 1 C = 10° m'/c), Tak u B
BEJIMYMHAX CJIOS BOJIbI, OTHECEHHOH K IIIOIIAAN TOBEPXHOCTH aKBATOPHH (M/C).

Jlist ipeBapUTENbHON OLEHKH JUHAMHYECKOTO COCTOSIHMSI PErMOHA PACcCMaTPHBAINCh BEPTHKAIBHBIC
pacrmpeneneHus CKOpoCTel TeUeHHI Ha TpaHUIaxX HCCIeayeMoit oomacTu (pucyHku 1 — 2).

a) U, sepTukansueii paspes, lon = 0 a) U, ropu3oHTansMeii paspes, lat = 69

|
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6) V, BEpTUKaNLHLIA pa3pes, lon = 0 6) V, ropu3OHTaNLHbIA paspes, lat = 69
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PucyHok 1. BepTukanbHbIi pa3pe3 opToroHanbHbIX KOM- PucyHoK 2. ['0pu30HTabHbIi pa3pe3 OpToroHasbHbIX KOM-
MOHEHT TEYEHUI Ha FpaHuLe UCcCedyeMoi akBaTopum No MOHEHT TEYEHWIA Ha FPaHuMLIe UCCRedyeMOI aKBaTOpUM Mo
JaHHbIM ORASS. JaHHbIM ORASS.

Ha pucynkax 1-2 3aMeTHO, 4TO KJIMMaTHUECKUE TEICHHUSI HAIIPABJIECHBI B pa3HbIE CTOPOHBI  UMEIOT (hop-
My cTpyil. Hambomee BrICOKHE MOIOKHUTENBHBIC 3HAYCHUS CKOPOCTEH TeUeHUIT HaOIIOMaloTCs B TOBEPXHOCT-
HOM H TTOJIIOBEPXHOCTHOM CJI0siX (B cpegHeM 1o riryoun 500 m). Jlanee Ha Goree BRICOKHX TITyOHMHax Habmroma-
IOTCSI IPOTUBOTEUYEHUS. B 11e10M, MOKHO CcKa3aTh, 4To B JIooTeHCKON KOTIOBHHE HAOMIOIAETCSl HHTEPECHAS
JVHAMHUYECKasi KapTHHA, CBsI3aHHas C BIUsiHUEM HOpBEKCKOTO TeueHHs U peTHOHAIBLHOM Tororpadun 1Ha.

Jlanee, Ha pucyHKax 3-4 MpPeACTaBICHO PacIpeAEIeHHe HHTETPAIbHBIX TOTOKOB MAacChl Yepe3 IPaHUIIbI
ncciexyemoii akBatopuu 1mo ganaeiM ORASS (pucynox 3) 1 ORAS4 (pucyHoxk 4).

Ha pucynkax 3 u 4 BUJHO, YTO IOTOKH, PACCUUTAHHBIE TI0 PA3IMIHBIMHU PEaHAIN3aM OTIANYAIOTCS IPyT
ot npyra. Tak, BUIHO, 9TO TIPH pacdeTe MOTOKOB Macchl mo peaHannsy ORAS4 mepuanoHambHBIN TOTOK Ha
HIDKHEH TpaHuIe UIpaeT JOMUHHUPYIONIYIO POjib, U B OacceifHe BXOAAIINE TOTOKU Peo0IanaoT Hal BBIXOAS-
muMu. B 3T0 Bpems o peananuszy ORASS B pernone HaOmo1aeTCsi HEIOCTATOK BOABI, TK BBIXOASAIINE MOTOKH
peo0IagaroT Hajl BXOIAIMINME, YTO COTIIACYETCS ¢ KIIMMAaTHYeCKUM 3Ha4eHHeM ypoBHs Mops B 30He JIK (-0.8

SESSION 111 // DEVELOPMENT OF EARTH SYSTEM MODEL COMPONENTS

n back to content



72 cow. '
, 72 c.w. !
2.41
5% t:> 0.39 1.08 ::}

CITES'2019

o o
S| 69cuw | i 5;1 69 c. ! Ei
2.37 517
Pucynok 3. Pacnipesienetue notokos Bogbl (CB) Ha rpaHu- PucyHok 4. PacnpeneneHue notokos Bofbl (CB) Ha FpaHu-
Liax uccnepyemoro paroHa (ORASS). Lax uccnepyemoro panoHa (ORASA).

M). Takum 0Opa3oM, MOJKHO CKa3aTh, YTO HOBBIN peanann3 ECMWF Gomnee kauecTBEHHO BOCITPOU3BOANT PErH-
OHAJIbHYIO M3MEHUYNBOCTh I'M XapaKTEPUCTHK MO cpaBHEHUIO ¢ peaHan3oM ORAS4. Tak kak HeBs3Ka MacChl B
peananuse ORAS4 Benuka (mopsiaka 4 CB) masiee OyeT paccMaTpuBaThes TOJbKO peanann3 ORASS.

B Tabnure 1 Bce KOMIIOHEHTHI BOXHOTO OasiaHCca IIePECUNTAHbI Ha BEJIMYUHY CJIOS IOBEPXHOCTH OacceiHa
B cooTBeTcTBHU ¢ (hopmy:toit (1.2). To ecth, ecim 3a cekyH/y B OacceilH NPUHOCHTCSI HECKOJILKO KyOOMETPOB
BOJIbI, TO OHA MOXKET ChOPMHUPOBATH HA OBEPXHOCTH CJIOW KOHKPETHOM TOJIIMHBI.

Ta6nuua 1. CocTaBnatowme BogHoro 6anaHca B 6acceiite J1K 3a MHoroneTHuiA nepuog.

BesimunHa cJ10s1 BOAbI HOBEPXHOCTH facceliHa
XapakTepucTHKA P

m/c 10 %
Bxonsmmii motok
Uepes 3anmaHyIo TpaHUILy 5.08 20.03
Uepes 10KHYIO I'PaHULLY 20.28 79.96
D¢ dexTrBHOE HCTIapeHne 0.0017 0.01
Cymma 25.36 100
Brixomsiiuii moTok
Yepes BOCTOUHYIO TPAHUILY 11.05 43.57
Uepes ceBepHYIO TPpaHHILy 20.62 81.28
Cymma 31.67 124.85
Bonuplii 6ananc
Pa3sHOCTh BXOAALINMX U BBIXOAAIINX [IOTOKOB -6.32 24.9
YpOoBEHb OTHOCUTENILHO OKPY>KAIOIIUX BOJL -0.8 3.15
Hesszka 5.52 21.76

W3 tabnuupl 1 ciieyer, 4To HECMOTPSI Ha Jiydlliee 110 cpaBHeHuIo ¢ peaHanu3zom ORAS4 kauectBo peana-
nmu3a ORASS maHHBI TPOIYKT HE TOYHO BOCIPOM3BOIUT KIMMATHYECKUI OallaHC MacChl HA PETHOHAIEHOM
macmtabe. Buano, uto ncxons u3 nanueix peanannsza ORASS B 6acceiine JIK Habmomaercs He1oCcTaTok Mac-
CBI, KOTOPBIN HE MTOJTHOCTHIO0 KOMIIEHCHPYETCS MOHIKEHUEM YPOBHS B HCCIEAYEeMOM PETHOHE, HEBSA3Ka COCTa-
Buuta 22% OT Bcell BOLIG/IICH B MCCIIeyeMblii perioH Boibl. Takxke MOXKHO c/IeJ1aTh BbIBOJ 00 aOCOIIOTHOM
HE3HAYUTEILHOCTHU IMOTOKA MAcChl M3 arMocdepsl B BUJIE 0CAIKOB Ha (JOHE a/IBEKTHBHOTO NepeHoca. Cremyer
OTMETHTB, 4To peananu3 Era-Interim xopoio Bocriponsses 3G (heKTHBHOE UCTIAPEHHE B PErMOHE, TK H3BECTHO,
YTO JUIS TaHHBIX IIHUPOT XapaKTEepHO Ipeodiaganue ocankoB Hax ncnapenueM [8]. Taxke Ha pucyHke 3 u B
tabnuie 1 3aMeTHO JOMUHUPOBAHNE MEPUIMOHAIILHBIX [TOTOKOB HaJl 30HAIIBHBIMHU, YTO MOXKET OBbITh 00BsICHE-
HO BiussHHEM HOpBEXCKOTO TeUeHNSI.

[Tocrne oeHKH KIIMMAaTHYeCKOTO MMOTOKA MACChI B UCCIIEAYEMOM PErHOHE IIeTIeCO00Pa3HO MPOBECTH OLICH-
Ky KIMMaTHYeCKUX 3HAYCHWH MOTOKOB TEIUIAa M CONM Yepe3 TpaHUIly HccieayeMoro pernona. IloxydenHsie
OIICHKH IPUBEICHBI B TA0IUIaX 2 ¥ 3 (OIEHKH MPOU3BOIAMINCH TOJIBKO 110 JaHHBIM ORASS).
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Tabnuua 2. CocTaBnstoLmMe NOTOKOB Tenna B 6accerHe JIK 3a MHOroneTHui nepuog.

XapakTepucTHKA BesinunHa cJ10s1 BOJbI HOBEPXHOCTH DacceliHa
TBr (=10" Br) | %

Bxopsuuii norox

Uepes 3anmaHyro TpaHUILy 12.91 13.97

Uepes 10KHYIO I'PaHULLY 79.5 86.03

Cymma 92.41 100

Brixomsimii moTox

Uepe3 BOCTOUHYO IPaHULLY 32.16 34.8

Yepes ceBepHYIO IPaHHULLY 52.58 56.9

TeruoobMmeH ¢ atMmocdepoit 21.49 23.26

Cymma 106.23 115.06

bananc

Pa3sHOCTh BXOAALIMX U BBIXOAAIINX [IOTOKOB -13.92 15.06

Tabnuua 3. CoctaBnaioLLme NoToKoB conu B baccemHe JIK 3a MHOroneTHuiM nepuop.

XapaKTepl{lCTl/IKa BeaunuuHa cJios BOAbI MOBEPXHOCTH Dacceiina

T/c %

Bxopgsammii motox

Uepes 3anaiHyI0 rpaHUIly 21.38 20.02
Uepes 10KHYIO I'PaHULLY 85.44 79.98
Cymma 106.83 100
Brixomsimimii moTok

Uepe3 BOCTOUHYIO I'PaHULLY 46.68 43.7
Uepes ceBepHYIO TPaHUILy 86.69 81.15
Cymma 133.37 124.8
Bbananc

Pa3HOCTb BXOAAMNX U BBIXOIAIINX TIOTOKOB —26.54 | 24.8

B mermom o6opot teruta B cekyHmy B perrone JIK cocramser 106—133 T/x. B moTokax Terma Takxe Ha-
OiromaeTcss JOMMHUPOBAHUE MEPUIMOHAIBHOM KOMIIOHEHTHI HaJl 30HaIbHON. boJblie Bcero Teria NpuxoauT B
akBaropuio JIK uepes 10XKHyI0 TpaHUILy, @ yXOIHT - 4epe3 CEBEPHYI0. DTO TaKKEe TOBOPUT O CHIBHOM BIIMSHUH
HopBexckoro TedeHust Ha TETUIOOOMEH B perroHe. Tarke CiiefyeT OTMETUTh, YTO OOMEHOM TEIIOM MEXIY
OKeaHoOM U arMoc(epoii, B OTIIMYNH 0T 0OMEHa Maccoi, Helb3sl MpeHedpedb, oH cocTasisieT 23% ot olrero
BXO/ISIIIIETO B PETHOH TEIIa ¥ UTPacT OOJIBIITYIO poItb B OanaHce Teria. OCHOBBIBASCH HA MOTYYCHHBIX JaHHBIX,
MOXKHO CKa3aTh, 4To B akBaropuu JIK Habmrogaercst mpeobiaaganue BEIXOSIIETO TEIUIa Ha/l BXOASAIINM, T€ pe-
THOH JIOJDKEH TEPSITh CBOM 3arachl Teruia. Hessi3ka Oananca Tema MoxXeT ObITh 0OBsICHEHA KaK HEBS3KOH Oa-
JIaHCa MAcChl, TaK U JOCTaTO4HO TpyOsIM pazpemenneM B ORASS, mosTomy nepeHoc Termia Me3oMacTaObHbI-
MH BUXPEBBIMH CTPYKTYpaMH (KOTOPBIM, OYEBHIHO, HEJIB3sI MPeHeOpedb B JAHHOM PETHOHE M3-3a €TO aKTHB-
HOW TMHAMHUUYECKOHW KapTHHBI) HE YUUTHIBACTCA, TAK KaK “MpoBalnBacTcs 1moj ceTky” . Kimmarndaeckoe 3Have-
HUE MTOTOKA COJIM B UCCIIEAyeMOM perroHe coctaisieT 106 — 133 1/c. B menom, pacnpeneneHne moToka CoIu B
akBaropuio JIK cooTBEeTCTBYeT pacrpeaereHHIo MOTOKAa TeMIIEpaTyphl, TAKXKE OTMEYaeTCsl TOMUHUPOBAHHUE
MEpHUIMOHAIBHOTO TIEPEHOCA COJIH, CBSI3aHHOTO ¢ BIMAHNEM HOpPBEKCKOTO TEUSHHMS Ha MCCIIETyeMblIil PETHOH.
B noTtoke comnm Taxke MpUCYTCTBYET 3HAYMMasi HEBsI3Ka, KOTOpasi TAK)KE MOXKET OBITh CBA3aHa KaK C HEBA3KOM
GaaHca Macchl, Tak U ¢ JOCTaTOYHO TPyOBIM pa3pelieHHeM MOJICTIH, Ha KOTopoi ocHoBaH ORASS.

Ilpoexm evinonnen npu gurarcosoti noodepoicke epanma PH®D Nel8-17-00027 “Buxpesas ounamura
Jloghomencxoii komnogunsl u ee poib 6 nepenoce MepMoXaIuHHbIX c80ticme 600 6 Hopeesicckom mope ™.
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the intraseasonal scales. In the latter case, the convergence of eddy heat fluxes associated with tropical

instability waves (TIWs) makes a significant contribution to the ocean heat balance. TIWs are strongest
during the boreal autumn, weakening in spring and during El Nifio [1]. Due to their rather large sizes, TIWs can be
explicitly reproduced even by medium-resolution models. However, the complexity of describing their thin cusps,
as well as model errors, can lead to significant biases in the solution. Therefore, to successfully reproduce the dy-
namics of Equatorial Pacific waters, it seems reasonable to use high-resolution models that explicitly resolve the
basic elements of circulation and are minimally burdened by parameterization ambiguities.

The INMIO model of 3DPEM type approximates the ocean dynamics equations in the Boussinesq and
hydrostatic approximations by the finite volume (box) method on a B-type grid in vertical z-coordinates with
the non-linear kinematic free surface condition and the horizontal resolution of 0.1°. We conducted a numerical
experiment for 5 model years (1978 — 1982) with atmosphere-ocean fluxes calculated using the data and bulk
formulae of the CORE-II protocol [4].

In order to focus on the characteristic periods of TIWs, we process the detrended model SST field with a
temporal band-pass filter centred on the window 10 to 60 days. Fig. 1(a) shows the result in the form of a Hov-
moller diagram at the latitude of 1°N. As might be expected, during the period of weak El Nifio (autumn 1979
— spring 1980), the TIW signal is weakly expressed, while with a strong El Nifio of 1982-1983 it is almost ab-
sent. The autumn of 1980 was characterized by approximately neutral conditions, and the autumn of 1981 by
weak La Nifna. During these years, the model shows a strong TIW signal. The TIWs propagation velocity can
be approximately estimated from the slope of the isolines shown here with green segments. During 1980-1982
in the fall it is 0.44—0.53 m/s (segments 1 and 2) and in the spring it is 0.34-0.41 m/s (segments 4 and 3, respec-
tively). These values are qualitatively consistent with the microware-based estimates [6] (0.48 m/s in spring
and 0.62 m/s in autumn of 2010). Also in [6], for a coupled model with a weak SST relaxation to observations,
a 0.55 m/s speed for the fall was obtained, which suggests that some underestimation of the TIWs velocity is a
common bias of the internal dynamics of at least some up-to-date ocean models.

The graph also shows that model TIWs are generated mainly to the west of 120°W (not of 90-110°W, as in
nature). An analysis of the solutions of the INMIO and POCM models in [5] showed that in both models near
110°W there are significantly underestimated values the eddy meridional heat transport convergence compared
with the estimates from observational data. Fig. 1(b,c) shows the model SST and wind stress, averaged over
1979-1982 and in the 2°S — 2°N band, compared with the HadISST1 and ERA-Interim data. The principal bias
of the model is the westward shift of the temperature minimum. Thus, the model TIW activity zone approxi-
mately coincides with the zone of underestimated SSTs and enhanced wind stress. The reason for this bias may
be in the distortion of the equatorial thermocline by excessively viscous model schemes or in the inaccuracy of
atmospheric data or bulk formulae.

Ocean circulation of Equatorial Pacific is characterized by a high level of variability, from interannual to
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As can be seen in the vertical cross-section of WOA09 temperatures (Fig. 2, also with averaging over 2°S-
2°N), from 90°W (near the Galapagos Islands) when moving to the west, a gradual sinking of the thermocline
begins. On the contrary, in the model data, the thermocline turns out to be noticeably diffused and rapidly sinks
starting from 110-120°W.

Fig. 2(c) shows that the cold model bias extends eastward to about 105°W. It is known, that in the Tropics,
the heat content of the upper ocean is balanced mainly by internal ocean heat fluxes [4]. Therefore, it can be
assumed that the cold upper ocean bias is caused by the lack of TIWs’ heat transport at 105-170°W. Fig. 3, as an
example for 110°W and 140°W, shows that isotherms of the model solution bend steeper upwards near the
equator as compared to isotherms of the WOAO09 climatology, also showing the diffused model thermocline.
One of the manifestations of the eddy heat transport convergence by TIWs is the heating of the Pacific “cold
tongue” in the 100200 m upper ocean layer and the corresponding flattening of isotherms through baroclinic
instability mechanism. In nature, this makes it possible to reach the equator for waters that are warmer than in
model results that underestimate the TIWs intensity.

OcobeHHOCTW YMCITIEHHOIO MoadesnimpoBaHnA QUMHaMUKHU
TponnmyeCKMX BOCTOYHO-TUXOOKeaHCKUX BO/ B rnobanbHOM
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1. BBEOAEHUE

Hupxynsius 5KBaTOpHaIbHBIX PaioHOB THXOro okeaHa XapaKTepHU3yeTCs BHICOKUM YPOBHEM HU3MEHUH-
BOCTH B OOJIBIIIOM JHala30HE MacmTaboB, OT MEKIOJAOBBIX IO BHYTPUCE30HHBIX. B mocennem cirydae B Te-
TUTOBOI OallaHC OKeaHa 3HAUYMMBbIH BKJIAJ] BHOCHT KOHBEPI€HIIMU BUXPEBBIX IIOTOKOB TEILIA, CBSI3aHHBIX C BOJI-
HamH Tpornueckoi HeycroitunBocTr (BTH). OTuacTu 0HM KOMIICHCHPYIOT PacXOASIIMICS OT 9KBAaTOpa IKMa-
HoBcKuit neperoc temna. BTH mpeacrasisior coboii Bo3MyIieHHs GpOHTa MPUIIOBEPXHOCTHOM TeMIlepaTyphbl
110 00€ CTOPOHBI OT ““XOJIOZHOTO SI3bIKa’ BOCTOYHO-THXOOKEAHCKHX BOJ. CHHMTAETCs, YTO OHM 00pa3yloTcs Kak
CIIEAICTBUE CIBUTOBOM HeycToWumBocTH Ha rpanunax lOxxoro IlaccatHoro TedeHus, 1€MOHCTPUPYs BbIpa-
JKEHHBbIe cKadky Temmneparypsl B 1-2°C u nepuon 20-40 nueit ¢ qymmHoi BosHbl 1000-2000 kM.

060 BTH dopmupytorest okono 90-110°W u pacripocTpaHsIOTCs Ha 3amaji, paclupsisiCh B CiIydyae
ocnabeBaHMs IpaIieHTOB (POHOBOTO TOJIST TeMneparypbl. OHM Hanbosiee CHITBHBI BO BPEMsI OCEHH CEBEPHOTO
TIOJTyIIapHsi, a 0caadeBaloT BeCHOW 1 BO BpeMs Dib-Hunbo [1]. B cuity nocrarouno 6onbunx pasmepos, BTH
MOTYT SIBHO BOCIIPOM3BOIUTBCS JaXKe MOJACISIMU CpeAHero paspemeHus. OJHAKO CIOKHOCTb ONUCAHMS HX
TOHKHX “TpeOHel”, a Takke HETOYHOCTH MOJIENICH MOTYT HIPUBOJIUTD K CYIIECTBEHHBIM OTKJIOHEHHUSIM PEIICHUS
OT JaHHBIX HaOmoneHwid. Tak, cormacHo [2], IUIs COBPEMEHHBIX MOJICJICH TEIUIOBOH OaTaHC 3KBAaTOPHAIHLHOTO
TEPMOKJIMHA OTPE/eIseTCs] IPEUMYIIIECTBEHHO SIBHO pa3peniaeMbIMH (HaJICETOYHBIME) IPOLIECCAMU TIEPEHO-
ca ¥ IIO3TOMY MOJKET 3aMETHO MCKa)KaThCsl JJayke HEOONBIIUMHI OIIMOKAaMH IapaMeTpH3aliH TypOyJIeHTHOTO
NepeMeINBaHNs WM YUCICHHON anddy3ueld cxeMsl reperoca. [103ToMy JuIs ycIienrHoro BOCIIpOM3BEICHUS
JMHAMHKH BOJI B TPONMKAX THXOro okeaHa IpeacTaBIIsieTcs! Helleco00pa3HbIM HCITOIb30BaHNE MOJIEIICH BBICO-
KOTO pa3pelleHus, SBHO OMUCHIBAOIINX OCHOBHBIE JIEMEHTHI HUPKYIISAUN 1 MUHUMAJIBHO OTSTOLIEHHBIX HEO-
NpeJeéHHOCTBIO TapaMeTpU3aluil.

2. MOAEJTb MMPOBOI'O0 OKEAHA MBMNO N NMOCTAHOBKA YMCJ/IEHHOIO
3KCMNEPNMEHTA

Monens UBMUO, paspabarsiBaemas 8 UIBM PAH n 1O PAH, annpokcuMupyeT cucteMy ypaBHEHUH
TpEXMEPHOH IMHAMUKH OKeaHa B MPHOIIKEHUSIX byccuHecka n THApOCTaTHKH METOJIOM KOHEUHBIX 00BEMOB
Ha CeTKe THIMa B B BepTHKAJIBHBIX Z-KOOPIMHATAX C HEJIMHEHHBIM KHHEMaTHUECKUM yCIOBHEM Ha CBOOOIHOM
noBepxHocTu. Vcnonb3yemast B 1aHHOM paboTe miobanbHas Buxpepaspemaromniast 0.1-rpaxycHas Bepcust Mo-
nenu (World Ocean model 0.1°, WOM-0.1) moctpoeHa Ha TpEXIIOIIPHON TOPU30HTAIBHOH ceTke. BepTrkas-
Hasl ANCKPETH3aLusl BKI09aeT 49 HepaBHOMEPHO OTCTOSIIINX TOPU30HTOB. 32 NCKIIIOUCHHEM NapaMeTpU3alnu
BEPTHKAJIBHOTO MEPEeMEIINBAaHNUS, U BCEX HECTAMOHAPHBIX YPaBHEHUH MPUMEHEHHI SIBHBIE CXEMBI 110 Bpe-
MEHH, 9TO TT03BOIIIO 3P (PEKTHBHO pacrapaienTuTs Mozaeib [3].
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Koodduuuent auddysuu Tpacepos B3aT paBHbIM 100 M’/c Ha SKBaTOpe ¥ MACIITAGHPYEMBIM K TIOTIOCAM
MIPOTIOPIIMOHAIBHO KOPHIO U3 IUIOMIAAN SUeiiKi. B ypaBHEHHMSIX ISl CKOPOCTH MCIIONIb30BaH OMIapMOHHYE-
ckuit GuisTp ¢ kodpdummentom —18-10” m'/c Ha sKBaTOpE, MacCIITAGHUPYEMBIM TIPOHOPIMOHANBLHO TLIONIAAN
SIMEWKU B CTENIeHU 3/2, 6e3 J1aruiacoBCKOH BsI3KOCTH. DOHOBBIE 3HAUCHHUS KOI(PPHUIIMEHTOB BEPTUKAIIBHBIX BSI3-
koctu 1 auddysun cocrapnsmior 10” u 107 M’/c, cABUTOBOE BepTHKANBLHOE MEpeMeNIHBaHNE HapaMETPU3YeTCs
1o cxeMe MaHka-AH/IEpCOHA ¢ MAKCUMATbHBIMH 3HAYEHUAMHU 9THX Kodddumuentos 10° u 10° M’/c cooTBeTCT-
BeHHo. Illar o Bpemenu paBeH 4 MUHYyTaM, 6apOTPOITHBIE CKOPOCTH PACCYUTHIBAIOTCS BO BIIOYKEHHOM IIMKJIE C
marom 5 cekyHz. Jlist nepeHoca uMITyiibca MpUMEHEeHa cXxeMa [IeHTPaIbHBIX Pa3HOCTEMH, JUIs TIepeHoca Tpace-
POB — cxema 3ajiecaka ¢ KOppeKLuen MOTOKOB.

Pacuétsl npoBeneHsbl Ha 5 sieT — ¢ 1978 mo 1982 roael. [Toroku Ha rpaHuile aTMochepa-OKeaH BbIYHCIIS-
JIUCh TI0 MAaCCHBY CBOWCTB arMoc(epbl u Oank-popmynam nporokoia CORE-II [4]. Monens craptyeT u3 co-
CTOSIHMSA TIOKOSI CO CPEAHETr0/I0BBIX Mouielt Temneparypsl 1 conénoctu WOAQ9. IepBblii rog pac4€ToB UCTIONb-
3yeTcst UIsl pa3roHa MOJIEIIM U B3aMMHOM aJianTaluy 1ojieid CKOPOCTH U IJIOTHOCTH [S]. Pesynbrarsl coxpaHsi-
JOTCS B BUZE 5-CYTOUHBIX CPEIHUX, aHATU3UPYIOTCSA CPEIHUE XapaKTepucTUKu 3a 1979 — 1982 ronel.

3. MEXKIoaoBAA M3MEHYMBOCTbL TINO N BTH

BoiHbI TpOnUYecKoi HEYCTOWYMBOCTH XapaKTEPU3YIOTCSI TECHON CBSI3BIO MEXIy arMochepol U okea-
HOM, TI0O3TOMY MOTYT YCIEIIHO M3y9aThCs 0 TAHHBIM 0 TeMrieparype nmoBepxHocTtu okeana (TTIO) [6]. UToObt
c(hoKycHpoBaTh BHUMaHHE Ha XapakrepHbIx nepuonax BTH, odpadoraem moxenproe mose TIIO dumsrpom ¢
okHOM mporyckanus ot 10 1o 60 cytok. s ymenbiieHus kpaeBbix dhdextoB [m66ca Kk BXOMTHOMY MacCHUBY
J00aBUM JaHHBIE PEUICHHS 10 45 CyTOK mepea M MOCiIe pacCMaTpUBAeMOro 4-IeTHETO HHTEPBala U BEIYTEM
Tpena. Puc. 1(a) mokaseiBaet pe3yinbrar (GUasTpanyy B BUae auarpaMMbl Xopmémrepa Ha mupote 1°N.

a) 6)
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Puc. 1. (a) TNO no gaHHbIM Mogenn MBMUO (°C) Ha wupoTe 1°N, 0bpaboTtaHHas GunbTpoMm ¢
OKHOM nponyckanus 10-60 gHeit. OTpe3KkaMm NoKasaH NpUBM3UTENBHBINA HAKNOH U30NIMHUI.
(6,8) TINO v HanpsKeHWe TPeHWA BeTPa, ocpeaHEHHbIe 3a 1979-1982 rr. v B nonoce 2°S — 2°N.

Kak M0kHO OBLTO OJKHIATH, B IEPHOI HE3HAYUTENEHOTO D1b-Huabo (ocens 1979 — Becna 1980 rr) cur-
Han BTH Bripaxen crmabo, a npu cuibHOM Onb-Hunapo 1982-1983 1T oH mpakTHuecku oTcyTcTByeT. OCceHb
1980 1. XapakTepr30oBaiach IPUOTU3UTEIHHO HEUTPATHHBIMH YCIOBUAMH, a oceHb 1981 1. — cmabemv Jla-Hu-
Hbs1. B 3TH roJibl MoAEIIb TOKA3bIBAeT CUIbHBIN curHai BTH.

I'pacduk moxa3pIBaeT BEIHMUUHY aHOMAIHI TeMmnepaTypsl okono +2°C. CxkopocTs pactnpoctpanenus BTH
MOYKHO TIPHOTIDKEHHO OICHWUTH 110 HAKJIOHY W30JIUHHN, ITOKa3aHHOMY Ha PHCYHKE 3€IEHBIMU OTpe3Kamu. B
1980-1982 rT. oHa coctapmset oceHpio 0.44-0.53 m/c (otpesku 1 u 2) u BecHoii 0.34-0.41 m/c (otpe3ku 4 u 3
COOTBETCTBEHHO). DTH BEIMYWHBI HA KAaUECTBEHHOM YPOBHE COTIIACYIOTCS ¢ pesynbTaramu omneHku [6] (0.48
Mm/c BecHoit u 0.62 m/c ocensro 2010 r.), MOTy4YeHHOH 1O JaHHBIM MUKPOBOJIHOBBIX H3MepeHH. B 3T0i1 e pa-
00Te 111 COBMECTHOM MozienH co ciaboii penakcanueit TTIO k HaOMIOASHUAM MOTydeHa TakKe HECKOJIBKO 3a-
HIkeHHast ckopocTh (0.55 m/c amsa ocern 2010 1), 9TO MO3BOISAET MPEATIONOKUTD, YTO 3aHIDKEHHE CKOPOCTH
BTH sBnsercsa xapakTepHOH OMTHOKOH COOCTBEHHOM OKEaHCKOH TMHAMUKH COBPEMEHHBIX MOJICIIEH.

I'paduk Tarxoke mokaseiBaet, uto BTH renepupyroTcst Moaensio B OCHOBHOM B HHTepBajie oT 120°W (a He
ot 90-110°W) mo 170°E, mpu4ém BOCTOYHOTO Kpas OHH TOCTUTAIOT TONBKO K cepennHe ce3oHa 1981-1982 rr.
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Amnanus pewenns mozpeneit UBMUO u POCM B [5] nokasan y o6enx mozeneit B paiione 110°W 3ameTHO 3aHu-
JKEHHbIE 3HAUCHHUSI KOHBEPI'CHIIMY BUXPEBOI'O MEPUANOHAIBHOIO MIEpeHoca TeIlla 10 CPAaBHEHHUIO C OLIEHKAMHU
110 JIaHHBIM HaOroeHuH. [IpUYnHON 3TOro0 MOXKET SIBISITHCS UCKaXKEHHE 3KBaTOPHAILHOTO TEPMOKJIMHA W3-
JIMIITHE BSI3KUMU MOJICJIBHBIMH CXeMaMH. PaccMOTpUM TemIiepaTypHbIe XapaKTepHUCTHKH PELISHUs B 9TOH 00-
JaCTH.

4. TEMNEPATYPHbBIE XAPAKTEPUCTVKW PELLLEHNA

Ha puc. 1(6,B) npusenens! monenbHbie TTIO n HanpsbkeHne TpeHus BeTpa, ocpeHEHHbIe 32 1979 — 1982
IT. 1 B ojioce 2°S — 2°N. Jlnst BepudHuKauy UCIoIb3yeM 3a T€ XKe roibl JaHHbIe 1o Temmeparype HadISSTI.
HaHpﬂ)I(eHI/IC TPEHUA BETPA, YCBAMBAEMOC HEMMOCPEACTBECHHO JTUHAMUYECCKUM AAPOM MOJEIN, PACCUYUTBIBACTCA
no Oank-popmynam u armocepubim nanHbiM CORE-II. [lnist cpaBHeHHs 10 3TOMY Mapamerpy HCIOIb3yeM
naHHbIe peaHann3za ERA-Interim.

HpI/IHHI/IHI/IaHLHLIM PacxoXKACHUEM MOACIN C JaHHBIMH Ha6ﬂlO}IeHHI>i ABJIACTCA CMEIICHUE MUHHUMYMa
9KBaTOPHUAJIbHBIX TEMIEpaTyp Ha 3amaj. DT0 yCTOHUUBBIN AP (EKT, COXpaHSIOIMUICS IPH BBIMOJIHEHUH pac-
yéta ¢ 6onee HU3KUM pasperierreM (0.25°) B aHaOTHYHBIX YCIOBHSIX, B TOM YHCIE U MIPH TPOIOJIKESHUH HA
cnexyrommue 9 net (3enénsle kpuskle). CpaBHEHUE ¢ puc. 1(a) moka3piBaeT, 4To 30Ha akTuBHOCTH BTH B Mozte-
JIM IPUMEPHO COBIIAAAET ¢ 30HOM MOHMKEHHBIX TI1O 1 yCcuIeHHOTo HalpsKeHUs TPEHUS BETpa.

Jluist Gosee JieTaNbHOTO aHaIM3a OIMOOK MOJICIIEHOM TeMIIEpaTypbl pACCMOTPHUM Ha pHC. 2 €€ BepTHKAIIb-
HOE DKBATOPHAIILHOE CEYCHHE B CPABHEHUH CO CPEAHETr0J0BbIMH JaHHbIMH KiuMaronorud WOAQ9, B oboux
ciIydasx Takxke ¢ ocpeqHeHueM B nosioce 2°S — 2°N. Ot mepunuana 90°W (nmpumepHas nonrota ["amamaroc-
CKHUX OCTpOBOB) B JJaHHBIX KJIMMATOJIOTUH MPU ABMIKCHHUU Ha 3allaJl HAYMHACTCA MOCTCIICHHOC IMOTPYKECHUEC
TCPMOKJIIMHA. HaHpOTI/IB, B JaHHBIX MOJECJIU TCPMOKIIMH OKa3bIBACTCA 3aMCTHO Pa3sMBITBIM U PE3KO MMOIPyKa€T-
cs1, HaunHast ot 110-120°W. Taxoke BKJ1aa B HOALEM X0JIOAHBIX Bo HA 120-160°W MOKeT BHOCUTD IOBBIIIEH-
Has BEJIMYMHA HAIIPSAXKCHUA TPEHHUA BOCTOYHOT'O BETPA, MPUBOAAIIAA K YCUIICHUIO DKMaHOBCKOT'O aliBEJIJIMHTA.
HO3TOMy IMOMHUMO YTOYHCHHSA MOICJIBHBIX CXEM 3aCIYXKUBACT PACCMOTPEHHA BOIIPOC TOYHOCTHU 3aJlaHUA B
9TOM paiioHe arMOCc(hepHBIX YCIOBHI 1 KOPPEKTHOCTH Oak-hopmy: uist mepecuéra napaMeTpoB BOJbI U BO3-
JyXa B IOTOKH TeTIa, MacChl ¥ UMITYJIbCA.

Puc. 2(B) mokaspIBaeT, 4TO 30HA XOJOMHON aHOMAJIMHM MOJAEIHHOTO PEIICHUs MPOCTUPAETCS Ha BOCTOK
npumepHo 10 105°W. Tlpu 3ToM B Tpomnukax OajiaHC TeIUIOCOIePKaHHsI BEPXHETO CIIOsl OKeaHa OIPeAeIsIeTCs
MNpEeUMYyHICCTBEHHO )II/IBCPFCHHPIGFI BHYTPCHHHX OKCAHCKHX ITOTOKOB TCIJIA, B OTIIMYXUE OT CPECAHUX ITUPOT, II€
npeobia aeT BIUSHUE CE30HHOTO IMKJIA TOBEPXHOCTHBIX MOTOKOB [4]. [T09TOMY MOXKHO IPE/IIONI0KUTh, YTO
XOJIOJTHASI aHOMAJIHS B BEPXHEM CJI0€ MOJIETFHOTO OKEeaHa BbI3BaHa HeoCTaTkoM nepeHoca terta BTH va 105-
170°W.

Puc. 2. Mone Temnepatypsl (°C), ocpeaHéHHoe B nonoce 2°S — 2°N. (a) Mogenb IBMWUO, cpeaHee 3a 1979-1982 rr.; (6)
cpenHeronoan knumartonorua WOAQY; (B) nx pasHocTb.

Puc. 3 s mpumepoB 110°W u 140°W moka3sIBaeT, 4TO H30TEPMBI MOJICIEHOTO PEIICHUS Kpyde BRITHOA-
FOTCSL BBEpX BOJM3M SKBAaTOpa MO CPAaBHEHHIO ¢ m30TepMaMu KimMatomorun WOAOQ9, Takxke JeMOHCTPHPYS
pa3MbITHE TEPMOKIHMHA. [Ipn 9TOM M3BECTHO, YTO OHUM M3 MPOSIBICHUI KOHBEPreHIIMH BUXPEBOTO IIEPEeHOCa
teruia BTH sBrisieTcst HarpeB BOCTOUHO-THXOOKEAHCKOTO «XOIOMHOTO si3b1ka» B 100 — 200-MeTpoBOM BepXxHEM
CIIO€ M COOTBETCTBYIOLIEE YILIOMEHHE H30TEPM Yepe3 MEXaHn3M OapoKIIMHHOI HeycToiunBoCTH. B pupone
9TO MO3BOJISIET AOCTUraTh HKBaTOpa Ooliee TEIIBIM BOAAM, YeM B MOJEIBHBIX pe3yabrarax. [loaToMy naHHbIH
IIPUMED TaKKe CBUIETEIILCTBYET O TOM, YTO HHTeHCUBHOCTH BTH B MOIEIbHOM penieHnn 3aHIKeHa B JTAHHOM
paiioHe 10 CPaBHEHUIO C IPUCYTCTBYIOLLEHN B IIPUPOJIE.

Paboma evinonnena 6 pamrax cocyoapcmeentozo 3aoanus MO PAH (mema Ne 0149-2018-0001) npu ua-
cmuunoll noooepixcke PODHU (npoexm Ne 16-05-01101). Pacuemvl npogoounucs Ha 8biCOKONPOU3B00UMENb-
Hotl svruucaumensvroli cucmeme MBC-10I1 6 Medicsedomcmeentom cynepkomnviomeprom yeumpe Poccutickoii
akademuu Hayk (MCL] PAH).
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Puc. 3. BeptukansHoe ceueHue nons temnepatypsl (°C). (a,6) Mogens UBMUO, cpepaHee 3a
1979-1982 rr.; (8,r) cpenHeroposas knumatonorus WOAQY; (a,B) Ha Mepuamare 110°W; (6,r)
Ha MepuauaHe 140°W.
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SESSION IV

LAND SURFACE PROCESSES:
OBSERVATIONS, MODELS,
DATA ASSIMILATION

CERKUMUA IV

[MPOLIECCHI HA NMOBEPXHOCTW
CyLWin: HABJTIOAEHWA, MOOEJIN
N YCBOEHME OAHHbBIX

Assessment of treed bogs carbon balance disturbances
under climate change from observation and modelling data

'Martynova Yu.V., "“Dyukarev E.A., 'Golovatskaya E.A.

1 Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?Yugra State University, Khanty-Mansiysk, Russia
E-mail: dekot@mail.ru

house gases (GHG) (Ciais et al., 2013; Rydin and Jeglum, 2015). In West Siberia peatlands occupy over

30% of the area (Sheng et al., 2004). The same, peatland ecosystems in different years can serve as both
a source and a sink of carbon (Panzaoo et al., 2017). The estimation of the rate of carbon exchange between
peatlands and the atmosphere, as well as the climatic factors affecting carbon exchange, is an important scien-
tific task.

The model of net ecosystem exchange was used to study the influence of different environmental factors
and to calculate growing season carbon budget for three oligotrophic treed bogs with different water table re-
gime at South Taiga Zone of West Siberia, Russia. The model uses air and soil temperature, incoming photo-
synthetically active radiation, as the explanatory factors for gross primary production and ecosystem respira-
tion. The model coefficients were calibrated using data collected in field experiments in 1999-2011. Net pri-
mary production (NPP) was obtained from manual clipping of wetland plants and CO, emission efflux was
calculated from manual chamber experiments (Golovatskaya, Dyukarev, 2012).

The net ecosystem exchange has the lowest values for the drained treed bog (134 g/m’). The NEE values
for undisturbed high and low treed bogs ecosystems are close (197 and 223 g/m’). The net primary production,
the observations of which were used to calibrate the model, decreases from 323 g/m’ for high treed bog to 306
g/m’ for low treed bog and then to 214 g/m’ for drained treed bog.

Draining of native bog in the long term leads to a decrease in both input and expenditure components of
the carbon balance, however, the total annual carbon uptake in drained ecosystems decreases by 20-200 g/m’
depending on the weather conditions. However, the decline of water level does not yet change the ecosystem
from an absorber of atmospheric carbon into its source.

Forecast of changes in the carbon balance components are made using a suggested model (Dyukarev, 2015)
calibrated against observation data (Golovatskaya, Dyukarev, 2012). Air temperature and incoming photosyn-
thetically active radiation were obtained from the results of calculations using the PLASIM model (Fraedrich K. et
al., 2005) for the period 1901-2100, with an increase in carbon dioxide concentration according the RCP 8.5 sce-
nario (Moss et al. 2010). The PASIM model consists of a series of modules of varying complexity: atmospheric,
oceanic, soil, modules for modeling sea ice and land surface. Being a model of intermediate complexity, the PA-
SIM model allows modeling for a sufficiently long period in a reasonable estimated time, and, at the same time,
makes it possible to estimate the magnitude and overall dynamics of the studied processes.

Peatland ecosystems play a significant role in the global carbon cycle, being sources and sinks of green-
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The net primary production of the studied treed bogs increases over two centuries during climatic changes.
However, NPP growth in the drained treed bog is projected at approximately two times slower (NPP growth by
25% over the study period) than in native high and low treed bogs (NPP rises by 54 and 58%). Despite the fact
that for a given scenario of warming and an increase in carbon dioxide concentration, both the expenditure
(ecosystem respiration) and input (gross primary production) part of the carbon balance is predicted to grow,
the net ecosystem exchange (carbon accumulation in the ecosystem) also increases in native treed bogs. The
increase in NEE for high treed bog is 73%, and for low treed bog is 70%. However, in the drained treed bog
with warming the value of ecosystem respiration increases faster than gross primary production, which results
in a certain (by 8%) decrease in NEE. Nevertheless, even with a significant warming scenario, it is predicted
that even drained treed bog will continue to act as an absorber of atmospheric carbon. Additional forecast esti-
mates showed that a drained treed bog will transit to a net carbon source for the atmosphere with another two
degrees warming relative to the RCP 8.5 scenario.

OueHKa HapyLLeHWI yriepodHoro 6anaHca 06neceHHbIX
60710T NpU M3MEHEHUWN KNUMaTa Mo AaHHbLIM HabnogeHU
N MOIeNTMPOBaHNA

'MaprtbiHoBa 10.B., “[liokapes E.A., Tonosaukas E.A.

! WMHCTUTYT MOHUTOPUHIA KIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
? l0ropcKuii rocyapcTBeHHbI yHUBepcuTeT, XaHTbl-MaHcuiick, Poccua
E-mail: dekot@mail.ru

opdsiHbIe 000Ta UrPAIOT BAXKHYIO POJIb B IIOOAJIBHOM YIJICPOJAHOM LHUKIIE, SBISISACH HCTOUHHKAMH U

MOIVIOTUTEISIMU MapHUKOBBIX Ta30B (Rydin and Jeglum, 2015; Ciais et al., 2013). B 3anaxnoii Cubupu

TopdsHuky 3aHnMaroT 6onee 30% mnomany (Sheng et al., 2004). IHTeHCHBHOCTD NMOTOKOB MTAPHHUKO-
BBIX Ta30B KOHTPOJHMPYETCS TUAPOJIOTHYECKHM M TEPMUYECKUM PEKUMOM TOp(dsiHOM 3anexu. [loBblmenne
TEeMITepaTyphbl MIPU3EMHOTO BO3/lyXa M TIOHWKEHHE YPOBHS BOJIbI BBI3BIBAIOT BHICBIXaHUE TOpP(Qa, MOBHIIICHNE
TEeMITEpaTyphbl M ad3palii, 4YTO CIIOCOOCTBYET POCTY BHIOPOCOB MapHUKOBBIX ra3oB (Baird et al., 2012). Onxu
TE YK€ IKOCHCTEMBI TOP(SHUKOB B Pa3HBIC TOABI MOTYT CIIY’KUTh KaK HCTOYHHKOM, TaK U MOIIOTUTEIIEM yIIIepO-
na (Panzaoo u np., 2017). Onpenenenue ckopocTn oOMeHa yriepoaa Mex 1y Oosoramu 1 aTMocdepoii, a Tarxke
KIIMMaTH4eCcKuX (pakTopoB, BIUSIONIMX Ha OOMEH yIiiepo/a, sIBJSIeTCSs] BaXKHOM Hay4qHOM 3a/1auei.

Harypusie Habronenus 3a notokamu CO, U onpeeicHue YucTor neppuyHoi nponykiwu (NPP) ykoc-
HBIM METOZIOM IPOBOIMIN Ha TeppuTopuu bakuapckoro GonorHoro maccusa B 2008-2011 rr (I'onmoBaukas,
Hroxapes, 2012). [ocrioncTytoliee MoioKeHue Ha TEPPUTOPUN UCCIICJOBAHMUS 3aHUMAIOT OIUTOTpOodHEIE (u-
TOLIEHO3BI C Y3KUM HaOopoMm o0Opasyronux BHAOB. [IyHKTBHI HaOMrOAEHHS OBUIM OPraHU30BAaHHBI B BBICOKOM
psme (BP), auzkom psime (HP) B 6acceiine p. Kitou 1 B HU3KOM psiMe Ha TEPPUTOPUH OCYLIEHHOT0 y4yacTka Ne5
T.M. Bacroranckoe (OHP).

Jliist pacnipocTpaHeHUsl MTOTYYEHHBIX JaHHBIX HAOIIOAECHUH Ha NpYrHe MEepHOIbl MCCIIEI0BaHUH U KOp-
PEKTHOTO pacdeTa roZl0BOro Oro/KeTa yriiepoia SKOCUCTEMbI ObUIa MPEATIOKEHa MOJIETb CYMMapHOTO 9KOCHC-
temuoro oomeHa (Dyukarev, 2017). Vzmepsiemblii cymmapHsiit skocucteMublii ooMeH (NEE) Ob11 pa3our Ha
npuxoanyto (GPP) u pacxonnyto (ER) cocrasmstomue. O6mee nprxanue sxocucteMsl (ER) 0bu10 pasneneno
Ha rereporpodHoe (HR) u aBroTpodHOE npixanue (AR).

NEE =ER - GPP. ER =HR + AR;

Ka)x7ipIif KOMIIOHEHT JIBIXaHHSI MOJICIINPOBAIIH C TIOMOIIBIO SKCIIOHEHIIMAIBHOTO YPaBHEHHSI ITMPOKO HC-

TONB3yeMoTo [T 00bsicHeHus Bapuanuii neixanus (Laine et al., 2009; Kandel et al., 2013).
HR =E, x exp(k;xT,); AR =LAI x k, x HR, (1)

rae Ta temmnieparypa Bosnyxa (°C), EO yposenb 6a3oBoro nsixanus rnoussl npu 0° C, ky; - koaddunuent
TEeMIIEpaTypHOI 4yBCTBUTEIILHOCTH, K, — KO3 GHUIMEHT ONpeessIFoUi JOJII0 TEMHOBOTO JIBIXaHHS PACTCHUI
B 0011IeM YKOCHCTEMHOM JIbIXaHUH.

Jljist MOZIeTMpOBaHMsI CBETOBOTO OTKJIMKA CKOPOCTH (POTOCHHTE3A HUCIIOIB30BAIOCH CIIE/IYIOLIEee BhIpaxKe-
uue (Makela et al., 2004; Laine et al., 2009; Kandel et al., 2013; Campbell et al., 2015):

GPP = LAIxaxPARxG,, / (aXPAR + G,)), (2)
rae PAR - porocuHTeTHYeCKH aKTUBHAS paananys, o - HAYaJIbHBII HAKJIOH KPUBOM OTKIIMKA IIPH HU3KOH

ocgerieHHOCTH (3h(exTHBHOCTH oTOCHHTE3a), G,, - TeOpETHUECKasi MAKCHMaJIbHast CKOPOCTh (POTOCHHTE3a
pu 6eckoHedHOM PAR (poTocnHTeTHYIECKAS MOIITHOCTB).

CEKLUA 1V // NPOLIECCHI HA MOBEPXHOCTW CYLLW: HABNKOAEHWA, MOLENN U YCBOEHME JAHHBIX
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s Bemmamasl LAT ipezioxkeHa mpocTast MOAEIh, OTIMCHIBAOIIAs CE30HHBIC N3MEHEHHUS 3€IeHOH (hUTO-
MAacCCHI BCIIE/T 32 BapHAIlUSMU CPETHEH JeKaTHON TeMIrepaTypsl Bo3ayxa (Tm). B Hauane BererarioHHOTO ce-
3oHa (mpu niepexone Tm gepes 5°C) unmexe LAl =0.5. Takas ske Bernunaa LAl mpuHYIUTEIBHO yCTaAHABINBA-
€TCs ¥ B KOHIIC BET€TAI[IOHHOTO ce30Ha. B MepByro MOIOBHHY BETeTAIMOHHOTO Ce30Ha (110 JOCTIDKCHHS MaK-
cumyma Tm) LAI yBennumBaeTcst mponopIHoOHaIbHO BenuanHe Tm:

dLAl/dt=L,*(Tm-15), ecmu Tm > 5, (3)

ITocne qocTuKeHUs: CE30HHOIO0 MakCMMyMa TeMIiepaTypbl Tm HauMHaeTCss OTMHpPAHHE 3€J€HOM pacTu-
TEJIBHOCTH U yMeHbIeHne LA mo sKkcroHeHIMaIbHOMY 3aKOHY:

dLAI/dt=-L,*exp(1 — Tm), ecoiu Tm > 5, (4)

rae L, u L, — mapameTpbl pocTa 1 OTMHPaHHS PACTHTEIBHOCTH, kK — HOMEp IIara 1o BpeMCHH.

KannbOpoBka Mo/ienu nmpoBeieHa o JaHHBIM HAaTYPHBIX HaOmroneHnid 3a NPP B 1999-2011 rr.

Pesynbrarbl pacueToB MOTOKOB yIiepoaa AJis KaXkI0H HCCIelyeMON SKOCUCTEMbl CYMMUPOBAJIUCH €XKe-
roxHO st mepuona ¢ 1 mast mo 30 ceHTs0ps. B cpeqHem 3a mccieayeMblil epHol SKOCHCTEMHOE JIbIXaHHe
YMEHBILAETCSL B PSAY BBICOKUH-HU3KUN-OCYIIEHHBIN paM. OxupaeMoe yBeJInYeHUe SMUCCUOHHBIX MMOTOKOB
MIPH OCYIICHUU TOP(SHOM 3aJICKU B MOJICIBHBIX OIICHKAX He HaOmomaercs. HekoTopoe yBeludeHue reTepo-
TPO(MHOTO TBIXaHUS BCICACTBUE POCTA MOIHOCTH a3PUPYEMOTO CIIOSI ITOTHOCTHIO KOMIICHCHPYETCSI CHIDKCHH-
€M TEMHOBOTO JIbIXaHHUsI PAaCTEHUH.

o Puc. 1. YrnepopHbiii 6anaHc pAMOBLIX KOMMNEKCoB bak-

200 : 1 i YapcKoro 60/10THOMO MaccvBa 1 ero CcoctaBnAoLme (cpep,—

Hl 1o o R

Hee + CKO) 3a 1999 -2017 rr.

Novok C, i

400
BF mHP wm OHP

-600

CyMMapHBIif SKocHCTeMHBIH 00MeH (Puc.2.), mMeeT HanMeHbIIMe 3HAYCHUS IS OCyIIeHHOTO psiva (134
r/M°), a 1715 HeHapYIIEHHBIX SKOCHCTEM BBICOKOTO M HHU3KOTO PAMOB BEIMUMHbI TIOTyuuanch 6iuskue (197 u
223 r/M’). Uncras nepBUYHas NPOAYKIMs, HAGMIOIEHUS KOTOPOH HCTOJB30BAIUCh VISl KaTMOPOBKH MOJIEH,
YMEHBILIAETCS OT BeJMUMH 323 /M’ 171 BBICOKOTO psama 110 306 /M’ 1T HU3KOTO psMa u panee 0 214 /™M st
OCYIIIEHHOTO psMa.

Taknum 06pa3oMm, JeCOMEINOPATUBHBIE MEPOIPHUSATHS B JOJITOBPEMEHHON MEPCTIEKTHBE MPUBOAAT K CHHU-
KEHUIO KaK MPUXOIHOM, TaK M PACXOTHOM COCTABISIONINX YIIIEPOAHOTO OaaHca, OIHAKO CyMMapHOE TOI0BOE
TOIIONIEHHE YIVIEPO/a B OCYLICHHBIX 3KOCHCTeMaxX cHuxkaercs Ha 20-200 r/m’ (umn 16-70%) B 3aBUCUMOCTH
OT TOTO/IHBIX YCIIOBHI TO/1a MccieioBanuid. TeM He MeHee, 3TO CHIKEHHE TI0Ka HE TIEPEBOANT SKOCUCTEMY M3
MOTVIOTUTENS aTMOC(EPHOTO YIIIepo/a B €ro HCTOYHHK.

[TporHo3HBIC OIIEHKN N3MEHEHHWH COCTABIAIONINX YIIEPOIHOTo OajaHca BBITOIHEHBI 10 BBIIICONHCAH-
HOW Mozenu. B kadecTBe ynmpaBsIOMNX MapaMETPOB MOAEIHN (TEMIepaTypbl BO3AyXa U mpuxoasmei ¢horo-
CHUHTETHYCCKH aKTHBHOM paJuaIlii) UCIIOIB30BaHbI Pe3ynbTaThl pacueToB 1o Mogenu PLASIM (Fraedrich K.
et al., 2005) 3a mepuox 1901-2100 T, mpu pocTe KOHIECHTPAIMU YIJTIEKHCIOro rasa no cuenaputo RCP 8.5
(http://climate.uvic.ca/EMICARS; Moss et al. 2010). Cornacao crienapuro RCP 8.5, cpenssis mobansHas
xonneHTparnms CO, BozpacraeT oT 296 10 936 ppm, B pe3yibTare 4ero, COrTacHO MOJICTHHBIM OIEHKAM YBEIH-
YHMBaCTCS M IIPU3EMHAs TEMIIEpaTypa Bo3ayxa. Tak, CpeiHss To0Bask TeMIepaTypa OCpeHEHHAs 3a IIEpPBOE U
mocienHee 20-7IeTre ueeeayeMoro meproaa yeemunansaetcs ¢ -0,4 10 5,0°C, a cpeHss TeMieparypa Berera-
IIHOHHOTO TIeproa (Mait-ceHTsops) — ¢ 9,7 mo 15,8 °C. Cpenusist 3a BereTallMOHHBIN mepron Beananta GAP B
TEYEHHUE ABYX BEKOB HE IIPETEPIICBACT 3HAYNTEILHBIX HAPABICHHBIX H3MEHEHHH.

[TockonbKy B MOzieNN 3aJI0)K€Ha HKCIIOHECHIINANIbHASL YyBCTBUTEIBHOCTH 9KOCHCTEMHOTO JIBIXaHHS K TEM-
neparype, To BenunHa EP yBenmmumBaeTcs B COOTBETCTBHH C POCTOM TEMIIEPATYPHI BO3/AyXa B TEUCHHU ABYX
cronetuii. B HU3KOM M BBICOKOM psiMax rozpoBas BennunHa ER Bospacraer Ha 75 u 71% (Tabin.1). B ocymien-
HOM HHU3KOM psiMe KO3 (GHUIIMEHT TyBCTBUTEIBHOCTH JABIXaHUS K TEMIIEpaType MPHOIU3UTENIBHO B 2 pasa 00Ib-
11e, YTO IIPUBOUT K ToMY, uTo ER Bo3pactaet Ha 182%.

BanoBoe HaxoruteHue ymieposa pactutenbHocThio (GPP) Tak ske yBenmumBaeTcst BO BCEX IKOCHCTEMAX.
Poct GPP wactiuaHO 00yCIIOBIICH He3HAYNTEIHHBIME yBenuaeHUSIM DAP, 11 B O0IbIIIeli CTENCHH — YBETHYCHH-
€M MaKCHMaJIbHBIX 3HAUCHUH 3amacoB OMOMAcChl, HAKAIUIMBAEMbIX B TEUCHUE BETETAMOHHOTO CE30HA, WIIH
naaekca LAIL Poct LAI o0ycioBieH yBeIHIeHHEM TPOJODKATEIFHOCTH BET€TAIIMOHHOTO CE30Ha, OJJHAKO B
JEHCTBUTEIBHOCTH MOXKET HE TIPON30UTH, TIOCKOJIBKY CYIIECTBYET (HE YUUTHIBAEMOE B MOJICIIH) OTpaHHMUCHUE
MaKCHMaJIbHBIX 3a11acoB OMOMACChl PACTUTEIBHOCTH BCIIEJCTBUE COXPAHEHMS CTPYKTYPBI PACTHTEILHOTO MO-
kpoBa. OziHaKo, HanboJee BEPOITHO, YTO MPH CTOIb 3HAYUTEIHHOM MOTEIICHUH MTPOM30ii1eT HapyIIeHHE TH-
JIPOJIOTUYECKOTO PeXkrnMa OOJIOT M CMEHA THITA PACTUTENILHOCTH. TakuM 00pa3oM, 10 HaCTOSIIIUM MOJICITEHBIM
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OLICHKaM, BO BCEX MCCIIEyEeMbIX psiMax nporaosupyercst poct GPP na 71 — 76%.

Ta6nuua 1. MporHo3HbIe OLieHKM NOTOKOB yriepofa (r/M’) B pAMOBbLIX KOMMNeKcax bakyapckoro 60710THOro MaccuBa 3a
nepsoe 20neTue XX B.  nocnepHee 20-netne XXI B., A - pa3HOCTb Mer [y NoToKamm (%).

Ilepuon GPP NPP ER NEE

BP 1901-1920 -305 -220 183 -122
2081-2100 -523 -339 313 -210

A 71% 54% 71% 73%

HP 1901-1920 =277 -208 134 -143
2081-2100 -478 -328 235 -243

A 73% 58% 75% 70%

OHP 1901-1920 -198 -154 88 -110
2081-2100 -349 -192 248 -101

A 76% 25% 182% -8%

Yucras nepsuunas npoaykuus (NPP) mccienyeMbix psMOB B TeYeHHE ABYX CTOJIETHH Bo3pacTaeT. OjHa-
ko pocT NPP B ocynieHHOH HU3KOM psiMe IIPOTHO3UPYETCS MPUONIN3UTEIBHO B JBa paza MeJieHHee (IIPHPOCT
NPP 25% 3a uccnenyemblil mepruos), 4eM B HATUBHBIX BBICOKOM M HHM3KOM psiMax (mpupoct NPP 54 u 58%).
HecMmortpst Ha TO, 4TO NMpH 3aJaHHOM CLIEHApUH MOTEIJICHUS U POCTa KOHIIEHTPALUH YITIEKUCIIOTO rasa, mpo-
THO3UpYeTcs Kak poct pacxonHoit (ER) yactu yrieponHoro 6ananca, Tak U poct ero npuxoanoi yact (GPP),
CYyMMapHBIH KOCHCTEMBIII 0OMeH (HaKOIUIEHHE yIIepo/ia B IKOCUCTEME) TaK )K€ YBEJINYNBACTCS] B HATHBHBIX
psamax. IIpupoct NEE s Beicokoro psimMa coctaBisieT 73%, a s Hu3koro psima — 70%. OpHako, B OCyIIeH-
HOM HHU3KOM psIME IpH TIOTEIUICHWH BEIMYMHA SKOCHCTEMHOTO JIbIXaHHsl BO3pAacTaeT ObICTpee, YeM BasloBast
TIepBUYHAs IPOJYKIHS, YTO BhIpaxkaeTcss B HeKoTopoM (Ha 8%) cHmkennn NEE. Tem He Menee, naxe npu
CTOJIb 3HAYUTEIBHOM CIIEHAPUH MOTEMJICHUS IPOTHO3UPYETCs], UTO AaXKE OCYIICHHBIN PSM MPOJOJIKUT BBICTY-
rate B pOJIM MODIOTUTENS arMocdepHoro yriepoaa. JomoiaHuTe bHbIE TIPOTHO3HBIE OLIEHKH MOKa3ald, YTO
OCYIICHHBIH psIM IIepeiieT B pa3psiJi HETTO-UCTOYHUKA yIIIepoa st aTMOC(epbl MPH NOTEIUICHHH ellle MTPHU-
OJIM3MTENHHO Ha JIBa Ipajlyca OTHOCUTeIbHO cueHapus RCP 8.5.
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Temperature regime of drained and natural peatlands
in arid and water-logged years

'Kiselev M.V., "“Voropay N.N., "“Dyukarev E.A., 'Preis Yu.l.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?V.B.Sochava Institute of Geography SB RAS, Irkutsk, Russia
* Yugra State University, Khanty-Mansiysk, Russia

of microclimate and it is a key factor controlling many biotic and abiotic processes that occur in organic
and mineral soils: decomposition and mineralization of soil organic matter, greenhouse gas emission
(CO,, CH,, N,0), leaching of dissolved organic carbon.

Studies of the temperature regime of soils were carried out in the geophysical field station "Vasyuganje" at
native and drained treed bog with peat soil. Soil temperatures were measured at 14 depths from 0 to 320 cm in
the period from 2011 to 2018 using Atmospheric-Soil Measurement Complex (IMCES SB RAS). Observations
were carried out at two sites with a significantly different hydrological regime and the bog water levels. Data of
the amount of precipitation at bog obtained using the precipitation gauge HOBO Rain Gauge 3M (Onset Com-
puter Corp., USA).

Determination of waterlogged (excessive moisture) and arid years was carried out by calculating the arid-
ity index of Ped’.

The most contrasting hydrothermal conditions over the past 10 years were 2012 and 2018. In 2012,
drought was observed from April to July, with extreme aridity in June (S=4,07) and severe drought in July
(S=3,42). The beginning of the warm season of 2018 was characterized by a long waterlogging (excessive
moisture) of the territory with a maximum in May (S= -4,05).

It was found that the native treed bog in a wet year warms up much better than in a dry year. On average,
for all depths, the temperature values are higher by 1.5°C. In turn, the drained treed bog has lower maximum
temperatures and generally warms up worse than the native treed bog, under the same conditions of atmo-
spheric aridity. On average, the drained bog is colder than the natural one at depths to 80 cm by 4.0°C, and at
depths of 120-240 cm by 2.5°C.

The duration of the period with temperatures above +15°C in the dry year in the native bog is lower by
10-20 days during the warm period than in the wet year. This decrease is mainly due to changes in the bog water
level. The duration of the period with temperatures above +15°C at drained bob is much lower than in the na-
tive bog (by 30-40 days on average). This is due to the initially lower bog water level (60 cm).

To estimate the degree of influence of hydrothermal conditions on the heating of peat deposits, the differ-
ences between the soil temperatures on the studied sites were calculated. The results show that the peat deposit
under the native treed bog in the wet year warms up better than the peat deposit under the drained bog. The
maximum differences for the warm period of the waterlogged (excessive moisture) year to a depth of 60 cm are
8,0°C, at depths from 80 to 240 cm are reduced (decreased) from 5,0 to 2,5°C.

A similar result was observed when comparing the temperature of the peat deposit on a native bog in the
waterlogged (excessive moisture) 2018 and dry 2012. The maximum differences for the warm period to a depth
of 60 cm are 8,0-9,0°C, from 80 to 240 c¢cm are reduced from 6,0 to 1,5°C.

The obtained results give information on the influence of atmospheric aridity on the temperature regime of
peat treed bogs. It shows possible negative consequences as a result of anthropogenic or natural drainage of
peatlands, such as an increase in carbon dioxide emissions from bogs in wet years. Some reduction of methane
and carbon dioxide emissions in dry years can be recognized as a positive effect. However, the drainage of
peatlands leads to an increase in fire hazard in dry years.

The study was carried out with the financial support of RFBR in the framework of scientific projects Ne
18-45-700015, Nel8-05-00306.

The temperature of peat soils affects the growth of ground vegetation (mosses, shrubs, etc.), the formation

SESSION IV // LAND SURFACE PROCESSES: OBSERVATIONS, MODELS, DATA ASSIMILATION

n back to content



TeMnepaTypHbI PEXUM OCYLLEHHbIX N eCTECTBEHHbIX 6010T
B 3aCyLUMBbIE 1 NepeyBaHEHHbIE roabl

'Kucenes M.B., “Boponait H.H., ’[iokapes E.A., 'Mpeiic 10.1.

" MIHCTMTYT MOHMTOPUHIa KNMMAaTMUeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
? WucTutyT reorpadmm um. B.B. Couassl CO PAH, UpkyTck, Poccua
* I0ropckuii rocyaapcTeeHHbIN yHUBEpCHTET, XaHTbi-MaHcuiick, Poccua

opdstHas 3aJIekKb MPEICTABISIET COOO0H CIIOKHYIO OPraHOMHUHEPAIILHYIO CUCTEMY, 00JIaJIafONIYIO0 CIICIIH-
(bMUECKIMHU CBOMCTBaMH: BHICOKOH OOBOJIHEHHOCTBIO M IOPUCTOCTHIO, COJEPIKaHUEM OOJIBIIOTO KOJIU-
4eCcTBa MaJIOPa3JI0KUBILErOCs OPraHN4ecKoro BemecTna [1].

Temmneparypa Top(hsSHOH TOYBBI BO3ACHCTBYET Ha POCT HA3€MHON PACTUTEIBLHOCTH (MXH, KyCTaPHUKH H
Ip.), opMHUpOBaHNE MUKPOKJINMATA U SIBISIETCS KIIFOUEBBIM (DAKTOPOM, KOHTPOJIMPYIOIUM MHOTHE OHOTHYe-
CKHE 1 a0MOTHYECKHE TPOLECChI, TPOTEKAIOIINE B ITOYBAX (TOP(PSHBIX, MUHEPAJIBHBIX ): PA3JIOKCHNE 1 MUHE-
pATA3aLHI0 OPTaHUYECKOTO BEIIECTBA TIOYB, SMHICCHUIO MAapHUKOBEIX Ta3oB (CO,, CH,, N,O), BeineneHue pac-
TBOPEHHOI'0 OPraHUYECKOro yriepona [2].

B 3anagnoit Cubupu pacroioXeHbl OCHOBHbIE MUPOBBIE 3arackl Topda (1 yrepona). [1o pasHeIM oreH-
KaM OOJIOTHBIC SKOcUCTeMbI 3amaqHoi Cubupu conepxkar 10 70 muipa. ToHH yriepona [3]. CToib 3HAYHTEIb-
HBII pe3epByap yIiepoaa B pe3ybTaTe N3MEHEHHs KIIMMaTa WK aHTPOIIOI€HHOI0 BO3/I€IICTBUS TOTEHIIUATIBHO
MOXKET YaCTH4HO mnepeitu B armocdepy B Bune CO, wim CH, 1 BHECTH 3HAUUTEINILHBIN BKJIAJ B YIJICPOIHBIH
6ananc arMmocepsl.

HccnenoBanus TeMIiepaTypHOTO pesKMMa MOYB MIPOBOAMINCH Ha TEPPUTOPHU Ire0(pU3NIeCKOro cTafoHa-
pa «Bactoranse» [4]. HaOnroneHust BBINMOIHSIIMCH HA JBYX IUIOMIAAKAX C CYIIECTBEHHO PA3IMYHBIM THAPOJIO-
TMYECKHM PEKMMOM M YpOBHEM O0ioTHBIX BoA. [lepBast muromaska (Hu3Kkuil psam) pacrnonoxena B 200 M ot
OKpauHBI 00JIOTHOTO MaccuBa B Oacceiine p. Kirtod, pacTUTEIbHOCTD MPE/ICTaBIeHa COCHOBO-KYCTapHHYKOBO-
c(harHoBBIM COOOIIECTBOM C YTHETEHHBIM JPEBOCTOEM BBICOTOH 2-4 M; MOIIHOCTH TOP(SHON 3aiexu 2 M,
cpenHuid ypoBeHb 601oTHBIX BoX (YBB) okoio 25 ¢m ot noBepxHocTu. Bropas mromaska (0CyIeHHBIH psiM)
HaXOJUTCS Ha OCYIIEHHOM y4acTke MkcuHcKoro 6osora B 50 M OT MarucTpajibHOrO OCYIIUTEIBHOTO KaHaa;
PACTHTEIIBHOCTB - COCHOBO-KYCTapHUYKOBO C(parHOBOE COOOIIECTBO € JPEBOCTOCM 3-85 M; MOXKHOCTH Topda
— 1.2 M, cpennnit YBB — 50 cm.

Ha rurommaakax mpoBOIrIINCh U3MEPCHHS TEMIIEpaTyphl TouBkI Ha 14 riryounax (0, 2, 5, 10, 15, 20, 30, 40,
60, 80, 120, 160, 240, 320 cm) u TemIIepaTypbl BO34yXa Ha BRICOTE 2 M IIPH IIOMOIIIH aTMOC(EpPHO-TIOUBEHHOTO
n3MepuTesnsHoro kommuiekea [5] B mepuon ¢ 11 centsiops 2011 roga mo 10 centsiops 2018 rona (2384 nus)
BpPEMEHHBIM I1aroM 1 gac. B pabore Takke MCIONB30BaHbI IaHHBIE O TEMIIEpaType BO3AyXa M KOJIMYECTBE ar-
Moc(epHBIX 0CaaKOB 110 HaOMONCHUM Onvkaiimel Meteoctaninu «bakdyap» (30 kM K 3amay oT KCIepu-
MEHTAJILHBIX TUIOMIAJIOK) ToydeHHbIe u3 apxuBa BHUWUT'MU-MILJ] [6]. [laHHBIC O KOIMYECTBE OCAIKOB Ha
6osnote nosyueHs! ¢ momouipio ocagkomepa HOBO Rain Gauge 3M (Onset Computer Corp., USA) ycraHOB-
JIEHHOT'O Ha NEePBOM IIOLIAIKE.

OnpeneneHue nepeyBIaKHEHHBIX U 3aCyIUIMBBIX TO0B OCYILECTBIISIOCH ITyTEM pacueTa MHJEKca 3a-
cyuumBoctu [lens [7].

5~ hu_on
o Oy

rae At,= t,—t,,,,, — AHOMAaJHS TEMIIepaTyphl BO3IYyXa 3a i-i MPOMEKYTOK BPEeMEHH, 0, — €€ CpeTHEKBaIpaTH-
YeCKoe OTKIIOHEHHE, A7, =1, —1,,,,, — AHOMAJIHAS CyMMBI aTMOC(EpPHBIX 0CAIKOB 32 i-1 MPOMEKYTOK BPEMEHH, 0,
— e€ cpeqHeKBaIpaTHUECKOe OTKIOHEHHE. MHIeKC S MpHHUMAET MOJIOKUATEbHBIC 3HAYCHUS TIPH 3aCyXe U OT-
pHUmaTeNbHBIe — B MEpUOABl NepeyBiaxHeHnss. CormacHo kmaccu(ukauy, BeIIensroT ciadeie (1 < |S| < 2),
ymepenHsie (2 < |S| < 3), cunbHbie (3 < [S| <4) u sxcTpeManbHbIC sBieHuA (|S| > 4).

PazHOCTH MKy CpeIHIMH MECSYHBIMH 3HAYCHUSMH TEMIICpaTyphl BO3AyXa, H3MEPCHHOW Ha METEOPO-
JIOTHYECKON CTAHIMH U Ha OOJIOTE, MMEIOT CE30HHBIN XOJ — C MapTa 0 aBI'yCT OHU ITOJIOKUTEIBHEI (TeMITepa-
Typa Ha 6onote BeImIe B cpenaeM Ha 0,2-0,7 °C), B ocTambHBIC MECAIBI OTPULIATEIBHEI (TeMIIepaTypa Ha 00110~
Te Hke B cpenaeM Ha 0,1-0,9 °C). PasHOCTH CyMM 0CaJIKOB B 3UMHHE MECSIIBI OTPHULIATEIHHEI — B CPEIHEM Ha
6omote Beimanaet Ha 10-20 MM/MecsIT MEHBIIIE, YeM B paiioHe MeTeocTaHIu bakgap. B Teruibie mecsp! (Maii-
CEHTSAOpb) HAOIFOMAIOTCS KaK MOJIOKUTEIbHBIC OTKIOHSHHS (10 78 MM, utonb 2017 1), Tak U OTpHIIATEIHHBIC
(mo -68 mm, aBrycr, 2011 1), mpu cpemHEeM 3a IEPUO M3MEPCHHUN 3HAYCHUN Pa3HOCTH -3 ...-7 MM/MECSIL.

HecmoTpst Ha 3HAYUTETBHBIC PA3ITHYNS B MECSIIHBIX CyMMaX OCaIKOB IT0 JAHHBIM HAOIONCHIS HA METEO-
porormueckoii ctanmy bakdap u Ha cTanmoHape, 0ObACHSIEMBIC JTOKATHbHOCTHIO BEITAJICHUS KOHBEKTHBHBIX
0cankoB (0COOCHHO B JICTHUU TIEPHON), XapaKTEPUCTHKA 3aCYIUTNBOCTH/TICPEYBIAKHCHUS OTICIIEHBIX MECs-
LIeB IIPH UCTIONIb30BaHUU HHICKca [le1s nAeHTHYHA [T IBYX ITyHKTOB METCOHAOIIONCHUS.

[To oTHOMIEHWIO K MHOTONETHEMY Tieproy (1936-2018 1T.), B oAbl MUKPOKITMMATHIESCKUX HAOIIONCHIH
Ha CTaIloOHape, B TEUCHHNE BETCTAIIMOHHOTO CE30HA OTMEYAINCh KaK 3aCyIUINBBIC, TaK U TCPCYBIaKHCHHBIC
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TIEPUO/IBI PA3INYHON MHTEHCHBHOCTH IPOIOKUTENBHOCTBIO OT 1 110 4 Mecsnes. Hanbosee KOHTpacTHBIME 110
THIPOTEPMHUYESCKUM ycIIoBHAM 3a rocnenuue 10 ner spisttores 2012 2018 . B 2012 1. 3acyxa Habmonanack
C ampeJIst o MIOJTh, C SKCTPEMaTbHON 3aCyITHBOCTRIO B HtoHe (S=4,07) 1 3acyXoi CHIIbHON HHTCHCHBHOCTH B
ntone (S=3,42). Hagamo Termoro cezona 2018 r. xapakTepr30BaIOCh MPOIOKUTEIFHBIM MIEpeyBIaKHCHHEM
TEPPUTOPUH C MAKCUMYMOM B Mae (S=—4,05).

3a Terueid mepuox ¢ 15 ampens mo 15 oxTa0ps ObUTH OTpeneNeHBl MaKCUMAaJbHBIE CPETHIE CYTOYHEIC
TeMIIepaTyphl IIOYBHI Ha pa3HBIX NTyOnHax (Tabm. 1) u maTel UX HACTYIIICHUS.

Tabnuua 1. MakcumanbHan Temnepatypa (°C) u aata ee HabniogeHUA B TOPOAHOI 3anexu.

I'ny6una, cm
Inomanxa T'on
0 10 20 40 80 120 160 240
Huskuii vt 2012 21,0 18,2 14,8 9,6 7.3 6,0 4,9 3,9
p (30.07) |(30.07) | (01.08) | (13.08) | (07.09) | (20.09) | (04.10) | (04.10)
Huskuii psivt 2018 23,8 19,7 16,4 13,0 10,0 7.8 6.4 5,4
p (27.06) | (28.06) | (11.08) | (01.08) | (01.08) | (12.08) | (13.09) | (07.10)
OcymeHHbIH HU3KUI psiM 2018 17,2 15,6 12,5 8,9 >4 4,2 37 2,9
(27.06) | (28.06) | (11.08) |(29.08) | (02.09) | (09.09) | (28.09) | (02.10)

[Tomy4eHo, 4TO eCTeCTBEHHbIN HU3KUI psAM B IepeyBrakHeHHbIH rog (2018) mporpeBaeTcst 3HAYUTENBEHO
Jydie, 4eM B cyxoii rof (2012). B cpennem i Bcex TTyOuH 3HaueHus Temneparyps! B 2018 rony Ha HU3KoM
psme Boie Ha 1,5°C. B cBoro ouepeab OCYIISHHBIN HU3KUH psIM MMeeT HeOOobIIne MaKCUMaJIbHbIE TeMIIepa-
TYPBI M B LI€JIOM IIPOTPEBACTCS Xy’Ke, YeM HEHApyLICHHbIM HU3KUIl PsIM, IPH OJJMHAKOBBIX YCIOBHUSIX aTMOC-
(epHoii 3acynumBocTH. B cpejHeM ocymeHHbI y4acToK 60J10Ta X0JI0HEee ECTECTBEHHOTO Ha ITyOuHax 10 80
cM Ha 4,0°C, a Ha nyouHax 120-240 cm Ha 2,5°C.

Ha nccrnenyeMbIx miolmiaakax B pa3Hble Tob! ObIJIO pACCYMTAHO KOJIMYECTBO JHEH ¢ TeMIIepaTypoil BhIIIE
+15°C. Yka3aHHbIe TeMIlepaTypbl HAOMIOIAIOTCS B UIOHE-aBI'yCTe, MIPOJIOJKUTEILHOCTD TIEPHO/ia BAPbUPYETCS
B 3aBUCHMOCTH OT INTyOMHBI.

MakcumaibHOe KOJIMYeCTBO JHEH ¢ Temneparypoii Topda Beime 15°C Hab10aa10Ch HA HU3KOM psiME B
nepeysiaxxkaeHHoM 2018 romy. [IpogomkuTenbHOCTh COCTaBIIsIa 57 AHEH HA TIOBEPXHOCTH, 42 THS HA TITyOuHE
10 cm u 19 gueit Ha 20 cm. B cyxoii 2012 roa, HecMOTpst Ha TO YTO TeMIleparypa Bo3/yxa Oblia BbIIIE, YeM B
2018, xoau4ecTBO JHEH ¢ TeMieparypamu Bbiiie +15°C Ha HU3KOM psiMe MEHbBIIIE Ha BCEX IIyOHMHAx, KpoMe
noBepxHocty. [IponomkuTensHOCTh cocTapisiia 57 nHel Ha moBepxHocTH 1 29 nHei Ha 10 cM. Ha rimyoune 20
CM 1o4Ba nporpenach Bcero 10 +14.8°C. Takue omIMuus MOKa3bIBAIOT, 4TO aTMOoc(epHas 3aCyIITMBOCTh MO-
JKeT YMEHBIINUTh MPOJOKUTEIBHOCTh Ieprosa ¢ TeMieparypamu Boiie +15°C Ha 10-20 nHelt B TeueHue Te-
wioro nepuoaa. Takoe yMeHbIICHHE MPOUCXOIUT IIIaBHBIM 00pa3oM 3a CYeT M3MEHEHHs YPOBHS OOJOTHBIX
BoJ. Ero yBenuueHnue BeneT K yBeITHMUCHHIO KOITUYECTBA MOINIOIAEMOro TeIlIa B TEUEHHE THEBHOIO NMporpeBa
TOp(SHOM 3aJIeKH U K yMEHBIICHUIO CKOPOCTH OCThIBAHHSI TOP(SHON 3aJIC)KH B HOYHOU MEPUOI.

Ha ocyIiiieHHOM HU3KOM psiME KOJIMUECTBO JHEH ¢ Temmeparypoii TophsiHoi 3aiexu 6onee +15°C B nepe-
yBrnaxxHeHHOM 2018 roay 3HaUMTEIHHO HIKE, YeM Ha HEHapYIICHHOM y4acTke. [IpofgomKuTenbHOCTh COCTaB-
nset 16 nHel Ha moBepxHOCTH, 4 nHsA Ha 10 cM u Hke He HabmrogaeTcs. Takas HeOONbIIas MPOAOIKHUTEIb-
HOCTB CBsI3aHa C U3HAYAJILHO 0OJIee HU3KUM YPOBHEM OOIOTHBIX Bof (B cpemaneM 60 cM). A Takxke ¢ OoJbIieit
CKOpPOCTbIO CHUXEHMsI YBB 1ocie MHTEHCUBHBIX JOXKIEH, 10 CPABHEHUIO C HU3KUM pAMOM. Takue oTiauuus
IIPUBOZST K TOMY, 4TO IOBbILICHHE Y BB Ha 0CylIEHHOM HU3KOM PSIME B NIEPEYBIIAKHEHHBIN I0J] IIPOUCXOAUT
Ha MEHbIIEH BPEMEHHOM IIPOMEXKYTOK, KOTOPBIM COCTABIIAET B CPEIHEM 5-7 JHEM.

JIJIst OLIGHKH CTENEHM BIMSHUS IMIPOTEPMUYECKUX YCIOBHH Ha MPOTpeB TOPQSIHOW 3alieku ObUIM pac-
CUUTaHBl PA3HOCTU MEX/Y 3HAYCHHSMH TeMIIEpaTyphbl MOYBbI Ha BHIOPAHHBIX Y4acTKax Ha NIyOMHAX OT MO-
BepxHoctH 110 320 cM (Puc. 1). [TonyueHHbIe pe3ynbTraThl MOKa3bIBAIOT, YTO TOPQSIHAS 3aJIeKb [0/l €CTECTBEH-
HBIM COCHOBO-KYCTapHHKOBBIM C()arHOBBIM (PUTOLIEHO30M B IepeyBiakHeHHbIH 2018 rox nporpesaeTcs jyd-
1Ie, 4YeM aHaJIOrM4YHasi TOpdsiHast 3aJIeXKb 110]] OCYILIEHHBIM COCHOBO-KYCTapHHYKOBBIM C(arHoBbIM (PUTOLIEHO-
30M. MakcuMasbHbIe pa3iudusi 32 TETUIbIN MePHO/ epeyBIaXXHEHHOTO rofa (C anmperst Mo KOHel] CEHTA0ps) 10
1youHsl 60 cm coctapisitoT 8,0°C, Ha miyounax ot 80 1o 240 cm ymensbmaroTcest ot 5,0 mo 2,5°C.

AHaNoOrn4HbIN pe3ysbTar HaOMIOAeTCs ITPY CPABHEHUH TeMIeparypbl TOP(SHOI 3a11ekn Ha HeHapyIICeH-
HOM ydYacTke B nepeysnakHeHHbIH 2018-11 u cyxoit 2012-i rogsl. MakcuManbHble pa3auyus 3a TEIUIbIN nepu-
o1 (¢ amperst 1o KoHell ceHTsI0pst) 1o r1youHbl 60 cM coctaisiiot 8,0-9,0°C, ot 80 10 240 cM yMEHBIIIAKOTCSI OT
6,0 o 1,5°C) (Puc. 1).

Temmneparypa 1 BIaXHOCTb TOP(SHON 3aJIe)KN UTPAIOT BXKHYIO POJIb B OMUCCUHM METaHa U YIJIEKUCIIOTO
rasza. [locnenHue pe3ynpraTsl MOKa3bIBAIOT, UTO MpH TeMmeparype Boime +15°C u +20°C HaunHaeTcs caMblit
AKTHBHBIN MEPUOJT SMUCCUH MeTaHa [8], mpy yCcIoBUY 3aroHeHUs TOp(siHO# 3anexu Bonol. Takum o0pazom,
nepeyBIaKHEHUE TOPQSIHON 3aJIeKH CIIOCOOCTBYET KaK YBEIWYCHHIO TEMIIEPATyp, TaK ¥ YBEJINYECHHIO dMHC-
CHUH METaHa.
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Puc. 1. PazHoctv Temnepartyp TopdaHoi 3anexu. A — HU3KUM paM (Togi. — Too1o0)-

B - (Tumawﬁ pamM2018r. — TocyLueHHblﬁ HU3KNI pamM 2018 r.)'

Takoke yBenMUYeHNE BIQKHOCTH M TEMIIEPATypbl MPUBOAUT K YBEIWYCHHIO SMUCCUH YIJICKHCIIOTO ras3a ¢
TTOBEPXHOCTHU 00JIECEHHBIX C(harHOBbIX 00J10T [9]. OmHaKo npu 3TOM TOpdsiHAsK 3aJIEXKb JI0JKHA OCTaBaThCs HE
HaChIIEHHON BOJI0H. briaronapst n3navansHo HeOonbioMy Y BB u otHOcuTEnbHO ObICTpOl (DuIIbTpanum Boja B
OCYIIICHHOM HHU3KOM psIME TIPOMCXO/IUT 3HAUUTENbHBII porpeB Topda B nepeyBiaxHeHHbIH roj. Takum oOpa-
30M, BOBMO)KHO YBEJIMYCHUE dMHCCHH YIVIEKHUCIIOTO Ta3a, OCHOBHAsS JIOJSI KOTOPOTO BBIJEISIETCS B BEPXHHUX
CIIOSIX TOP(STHOM 3aJICKH.

[TonyueHHbIe pe3y/IbTaThl Jal0T NPEICTaBICHHIE O BIUSHUE aTMOC(EpHON 3aCyIIIIMBOCTH Ha TEMIIEpaTyp-
HBIN PeXXNUM TOP(DSHBIX 00JIeCEHHBIX 0010T. [T0Ka3bIBalOT BO3MOXKHBIE HET'aTHBHBIE OCIIE/ACTBHS, B PE3YJIbTaTe
AQHTPOIOTEHHOTO MJIM €CTECTBEHHOTO OCYIICHNUS TOP(SHOH 3a/1ekKH, TaKhe KaK YBEJIIMUECHUE YMUCCHHU YIIICKHC-
JI0TO0 ra3a 00JI0TaMy TaeKHOM 30HBI B NIEpEyBIIaKHEHHBIE TOJIbl. V3 MO3UTUBHBIX MOCIEACTBHN MOKHO BBIJIE-
JIUTh HEKOTOPOE YMEHBIICHHE SMUCCUH METaHa U YIIIEKHCIIOTO Tasa B cyxue rojisl. OHaKo ocyuieHue Topdsi-
HOM 3aJIe’KH IPUBOJIUT K YBEIMUYCHHUIO TOXKAPHOW OIMTACHOCTH B CYXHUE TOJIBI.

Hccnedosanue svinonneno npu unarcosou noodepoicke PODU ¢ pamkax nayunvix npoekmos Ne 18-45-
700015, Nel8-05-00306.
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MogenuposaHme 06TekaHnA 3D-noBepxHoOCTeN
Npy UccnegoBaHMM U3IMEHEHUM 30/10BbIX POpM penbeda

ManuHoBcKas E.A.

WUHcTutyT dmsmukm atMocdepnbl uM. A.M. 06yxoBa PAH, Mockea, Poccus

polecchl B3aUMOJICHCTBHS Ha TPaHUIIE aTMOC(EPHI U TIOYBBI TPUBOIST K BETPOBOH 3PO31H, 3arpsi3He-

HHIO aTMoc(epbl YacTHIAMH TOBEPXHOCTH TEXHOT€HHOTO IIPOUCXOXK/ICHHSI, BIHMSIOT HA OIyCThIHUBA-

HHE 1 3pOIUPYEMOCTb 1104B [ 1] M JOIKHBI YUNTHIBATHCS NIPH pa3paboTke

naneorcorpadudeckux cueHapues [2]. Penped Ha Manmbix Macintabax [3], [4] BIUsSCT HA pEKUMBI BETPO-
BOT'O BBbIHOCA [5], Ha LIUPKYJIALUIO B IOTPAHUYHOM CIIO€ HaJ OIMYCTBIHEHHBIMU TepputopusimMu [6]. IIpu aTom
Ba)XKEH TIOMCK CIIOCOOOB OOBEJMHEHHOTO aHAIM3a JUHAMHYECKHX MPOLECCOB C PAa3IMYHBIMU BPEMEHHBIMHU
MacumTabaMu: 00TEeKaHWe BO3AYIIHBIMH IIOTOKaMH PEaJIbHBIX 0OBEKTOB MOBEPXHOCTH penbeda U M3MEHEHUS
90JI0BBIX CTPYKTYp. JlanHbie cHuMkoB nosepxHoctn SRTM (Shuttle Radar Topographic Mission - pagapHas
Tonorpaduyeckasi cbeMka OOJIbIICH YacTH TEPPUTOPHU 3EMHOTO I1apa) UCTIOIb30BAHBI ISl ABYX 33/1a4: OLCH-
KM 3aMeJUIEHUS BO3AYIIHOTO ITOTOKA IPU JBU>KEHUH BBEPX [0 HABETPEHHOMY CKJIOHY; YUCIEHHOTO MOAEIHPO-
BaHMs O0TEKaHUs CIOKHOH 3D-moBEepXHOCTH BO3AYIIHBIM ITOTOKOM. Oripenesss u3MEHEHNE AMHAMUYECKOH
CKOPOCTH IPU JBM>KEHHM BBEPX 10 HABETPEHHOMY CKJIOHY Ha OCHOBE aHaJM3a FeOMETPHUECKUX XapaKTepu-
CTHK DOJIOBBIX (popM, osTydeH KO (UIIMEHT JINHEHHOTO 3aMeUICHHs AMHAMUYECKOH CKOPOCTH M €r0 YMEHbB-
LIEHNE C POCTOM CTPYKTYPHI [7]. B 3aBUCHMOCTH OT BBICOTHI S0JI0BBIX CTPYKTYP MEHSIETCS CKOPOCTh UX POCTa
1 TIEPEMEILCHNUS], YTO BEPOSTHO CBS3aHO C N3MEHEHHEM XapaKTepa OOTEKaHUs U IIUPKYJISIINHU Y TIOBEPXHOCTH.
YMeHblIeHHe JUHAMUYECKOW CKOPOCTH TAKKe ONPEJENIEHO U MPU MOAEIHPOBAHUU CPEACTBAMU OTKPBITOTO
naketa OpenFOAM. [l11 HaBETPEHHOTO CKJIOHA MO HAIPABJICHUIO IBMKEHHS BO3AYIIHOIO TOTOKA OHO OCTa-
Buto 0,022 m/c na xaxzabie 10 M, 4TO B 11€JIOM COOTBETCTBYET pe3yibTaTaM NPHOIMKEHHON OLICHKH JUIs 30510~
BBIX CTPYKTYP BBICOTOI1 0Ko0J10 10 M.
Paboma evinonnena npu ¢unarcogoii noddepoicke Ilpoepammol pynoamenmanvuvix ucciedoganutl Ilpe-

suouyma PAH Nel2.
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Simulation of the flow around 3D surfaces in the study
of changes in aeolian relief forms

Malinovskaya E.A.
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

ntroduction. Processes of interaction at the border of the atmosphere and soil lead to wind erosion, atmo-
spheric pollution by particles of anthropogenic origin, affect desertification and erodibility of soils [1] and
should be taken into account when developing paleogeographic scenarios [2]. Relief on small scales [3], [7]
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affects the mode of wind removal [4], boundary circulation over deserts [5]. Influence wind-sandy flow on
process of the acolian relief formation of the structure is noted in the known models [6], [7]. It is important to
take into account local circulation using relief data for local tasks on scales of the order of tens and hundreds of
meters, including forecast of extreme events. This is reproduced normally when more detailed surface models
are considered.

At the same time, it is important to search for methods of combined analysis of dynamic processes with
different time scales: the flow of real objects around the surface of the relief and changes in aeolian structures
by air flows.

As shown in [9], the assessment of changes in air velocity when moving over acolian structures is possible
using the base of radar images of the SRTM (Shuttle Radar Topographic Mission) surface which is used, in
particular, in Google Earth (Fig. 1).

In contrast to the tasks of analyzing small-scale weather phenomena, taking into account the relief [8],
acolian processes include the need to study the relationship between two media: air and sand. Therefore, SRTM
surface imaging data is used for two tasks.

1. Evaluation of airflow deceleration when moving up the windward slope.

2. Nnumerical simulation of airflow around a complex 3D surface.

a

Figure 1. Surface mapping in GoogleEarth.

Sections 1-3 then describe the solution of these two problems using SRTM surface imaging data.

1. Using SRTM surface radar imagery to assess airflow deceleration as it moves up the windward
slope. Five territories were selected for which accretion and where low precipitation per year can be disre-
garded: (territories 1-3) Algeria, Libya United Arab Emirates (Sahara desert), (territory 4) US-Mexico border
(Sonoran desert), ( territory 5) China (Takla-Makan desert).

An assessment of the deceleration of the air flow when moving up the windward slope was carried out us-
ing the model of the formation of the windward slope assuming the structure of ripples [10]. Some fraction of
particles k of the upper layer is carried out by air sweat, and the remaining ones roll over the surface of the
lower layer to an obstacle in the form of a platform formed of fixed particles, forming an extended element of
the layer.

The equation for the length of the elements of the layer x when k is linearly dependent on the depth of the
layer z (k = k, + uz at z= 0, the fraction of detached particles is equal to k), has the form:

Bty ge) 2
t t, Oz
where <” > - average particle radius, #, - average time of separation.

The displacement of the leeward line can be estimated from [10]:
1 A2’ AR

-cosff,

Ax = —
2 z

where Ak = k, — k>0 is the difference k and £, of the fractions of detached particles at a given point and
point at a distance equal to the length of saltation L, f is the critical angle of inclination of the leeward slope to
the horizon, Az is an increase in the structure height, z,,, is the structure height.

To determine the values specified in the formulas, we used SRTM surface images from GoogleEarth,
which allow (Fig. 1)

1. to obtain historical photographs of the relief of the territories,

2. to keep broken lines that determine the position of the ridges in different years,

3. todefine distances and angles.

Determining the change in friction velocity when moving upward on the windward slope based on the
analysis of the geometric characteristics of aeolian forms, the coefficient of linear deceleration of the friction
velocity and its decrease with increasing structure are obtained. To clarify the results of the assessment, the
following is a statement of the computational experiment tied to the relief of a specific territory.
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2. Technology of preparing a streamlined 3D object for conducting a numerical experiment.

To prepare a 3D-streamlined surface object, you need to unload the surface of the relief (GlobalMapper)
from the map in the geotif format, render it in the stl format (Autodesk Civil 3D), create a streamlined 3D ob-
ject (Salome).

Technical elements in the preparation of a streamlined 3D-object (Fig. 2):

1) geotif map element file format: SRTM Tile Grabber http://dwtkns.com/srtm/ or from GlobalMapper up
to 300x300 m;

2) trimming, unloading dew file heights;

3) exporting a drawing (Autodesk Civil 3D, 2013) and an SLT file;

4) OpenFoam: grid generation, numerical simulation of flow.

To solve the problem of instability of the numerical solution and increase the computation error when the
surface is flattened (Fig. 3). Flat plates to the level of 0 m (flattening, 100 m) are added to the surface of the ex-
ported relief element, the side and bottom planes are added.

CITES'2019

Figure 2. GlobalMapper display area and its presentation in Autodesk Civil 3D: drawing export (2013).
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Figure 3. Surface Smoothing.

3. Results of numerical simulation. In the simulation, a laminar flow model with heat transfer was used
as a test case. The boundary conditions adopted the following parameters: vertical gradient of the horizontal
component of wind velocity (left and right walls), sticking on the surface. We used the open package Open-
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FOAM, the rhoPisoCentralFOAM solver with the ability to use turbulent models, the snappyHexMesh utility
for layer-by-layer representation of the grid with adaptation to the surface shape. The streamlined volume is
modeled by 3D modeling tools. The decrease in the shear velocity for the windward slope in the direction of the
air flow left 0,022 m / s for every 10 m, which generally corresponds to the results of an approximate estimate
for acolian structures with a height of about 10 m.

Conclusion. Using SRTM images allows you to combine the results of studies of dynamic processes of
different scales. Historical data for the 10-year interval is taken to assess changes in the eolian relief. Depend-
ing on the height of the acolian structures, the rate of their growth and displacement changes, which is probably
due to a change in the nature of the flow and circulation at the surface. A detailed study of changes in dynamics
is possible, in particular, with the use of modern IT technologies and numerical simulation packages. A test
laminar flow model with heat transfer implemented using open packages confirms a decrease in the friction
velocity value when moving up the windward slope.

Figure 4. The dependence of the value
of shear velocity from a point up the
windward slope. The results of
numerical simulation.
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Soil moisture initialization for use in multilayer soil model
of the global weather prediction system SL-AV
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attention in the community of weather forecast systems developers [1, 2, 3, 4]. It is caused by the well-

known fact that land surface processes determine the lower boundary conditions of the atmosphere and the
energy partitioning between sensible and latent heat fluxes. The global atmosphere model SL-AV [5] has the
possibility to use two different soil models: ISBA-2L [6] that describes processes inside the ground and interac-
tions between vegetation, land surface and atmosphere, and the multilayer soil model INM RAS [7]. This soil
model has 8 layers and presents water phase transitions in a more detailed way(for example, it considers hyster-
esis at freezing water, uses water vapor as the prognostic variable, and it’s thermo-, hydro- and vapor conduc-
tivities depend on soil texture). Multilayer soil model has reasonable behavior in climate regime of the SL-AV
model, but it requires an initialization system for application in medium and long-range weather forecasts.

Initial data for multilayer soil model include soil temperature, liquid water, ice, water vapor at the 8 soil
layers and snow water equivalent. The temperature and the snow layer are analyzed using a “local” one-dimen-
sional Optimal Interpolation (1D OI) technique. Water vapor is climate field, and the ice is corrected depending
on soil liquid water content. We focus on assimilation of screen-level parameters to analyze deep soil moisture
[8]. This variable influences atmosphere boundary layer by transpiration process and also by controlling the
humidity surface layer implicitly. Sensitivity experiments determine the greatest response to screen-level tem-
perature and relative humidity on the soil moisture perturbations for 18cm and 54 cm layers. These horizons
were chosen for assimilation by the simplified extended Kalman filter method (SEKF) [8].

The SEKF demands five extra of 6-hours numerical weather forecasts for calculation of the observation
operator and one run for preparing first-guess fields. This approach has expensive numerical cost. We have de-
veloped off-line soil model version. At every time step, it receives forcing from the atmospheric model for ev-
ery grid box and calculates surface fluxes. The forcing includes low-level atmosphere temperature, humidity,

In recent years, the land surface models and surface data assimilation techniques have been gaining more
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horizontal wind components, pressure, precipitation, radiation [8, 9]. This model allows to cut computational
cost of assimilation cycle by factor 2 approximately.

The assimilation system described was tested with data initialization of multilayer soil model for a period
from 14.06.2014 to 31.07.2014. The assessed period is July only. These results were compared with open loop
multilayer soil model forecasts and ISBA-2L forecasts with OI data assimilation (operational version). Use of
the SEKF method allows to reduce screen-level temperature errors for short-range forecasts compared to open
loop. But the application of multilayer soil model introduces larger bias errors. The work is in progress to re-
duce these errors.

NHnunanusauma BnarocogepraHna geATesIbHoro criod
noacTunaloLLen NoBEPXHOCTM O1A MHOMOC/IOMHOM
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TOCJIEHNE JICCATUIICTHS B paboTax, MOCBSAIIEHHBIX CHCTEMaM IPOrHO3a MOTo/Ibl, BCE OOJbIIE yes-

€TCsl BHUMaHHE MOJEISIM COCTOSHUS MOJACTHUJIAIONIEH MOBEPXHOCTH M METOIaM IOArOTOBKH MOJEH

MIEPBOTO MPHONVKEeHUS s HUX [1, 2, 3, 4]. DT0 00BICHIETCS IMHUPOKO U3BECTHBHIM (haKTOM CHIIBHOTO
BIIMSIHUSL COCTOSIHUS I€ATEJIBHOTO CJIOSI TOYBBI U PACTUTEIBHOCTH HA HIDKHIOIO YaCTh IIOIPAaHUYHOIO CIIOS aT-
Mocdepsl. B cucreme ritobansuoro nporuosa norozst [TJIAB [S] Ha 1aHHBI MOMEHT €CTh BO3MOKHOCTb TTOJI-
KIIIOUEHUSI IByX CXEM IOJCTUIIAIOIIEH TOBEPXHOCTH: AByXcIoWHON cxeMmbl ISBA-2L [6], koTOpast onuckiBaeT
MIPOLIECCH BHYTPH IOYBBI U B3aWMOJICHCTBUE PACTUTEIBHOCTH U OTOJICHHOM IIOYBBI ¢ aTMOC(EpoOH, a TaKkxke
MHorocioiHo# mozenu noussl IBM PAH [7], kotopast umeet 8 ypoBHE#i 110 BEpTUKAIIN U ITOPOOHEE OIHCHI-
BaeT (ha3oBbIC MEPEXO/Ibl BOJBI B IOUBE 110 cpaBHeHMIO ¢ ISBA-2L (Harpumep, yUUTBIBAaeT rUCTEPE3UC TIPH 3a-
Mep3aHHUHU BOABI, UCIIOJIB3YET BOASHON Map B MOYBE KaK IPOrHOCTHUYECKYIO NEPEMEHHYI0, 4 UCIONb3YEMbIE KO-
3 PUIMEHTHI TEPMO-, BJIaro- U MaporpoBOAHOCTH 3aBUCST OT cOCTaBa IpyHTa). [IppuMeHeHne MHOTOCIIONHOM
MOJIEJIH XOPOIIO ce0sl 3apEKOMEH/IOBAJIO B KIIMMAaTHYECKNX PACUeTax, OHAKO VISl €€ IPUMEHEHHS B ITPOTHO-
CTHYECKOM PeXHUMe HEOOXOIMMO PEeaIn30BaTh COOTBETCTBYIOIEE YCBOCHHUE.

Jliist paGotsl mapamerpusatu noussl UIBM PAH HeoOxonnma MHAIMAIM3AIMS TIOJICH TeMIlepaTypbl, Co-
JIep>KaHMsI BJIarH B TPeX ee (pa30BbIX COCTOSHHUAX HA BCEX TOPU30HTAX, BOIHBIIM SKBUBAJICHT cHera. Temmepary-
pa nOYBBI U BOAHBIN AKBUBAJICHT CHETa MOArOTABIMBAIOTCS € IOMOILBIO METO/1a TOKAIbHOM OTHOMEPHOI ONTH-
ManbHOM uHTepnoyauuu. IToas BoasHOro napa ABIAIOTCA KIMMaTUYECKHUMH, a JAaHHBIE O COAEPIKAHUM JIbJa
KOPPEKTUPYIOTCS B 3aBUCMOCTH OT HAJIMYNS BOJIBI B rpyHTE. B 1aHHOI paboTte paccMarpuBaeTcs peann3anus
METOo/ia YIPOIIEHHOT0 paciipenHoro ¢puisrpa Kanmana aist MHAIMaIu3anuy rnojei siar [8].

BosneiicTBre BIaXXHOCTH TIIYOOKHX CIIOEB MOYBHI HA HIYKHIOIO TPAHUILY arMoOc(epbl OCYIIECTBISICTCS
yepe3 MpoLecChl TPAHCIUPALUU PACTEHUI U €€ OIOCPEJOBAaHHOIO BIMSHUS HA BIAXKHOCTb MOBEPXHOCTHOTO
YPOBHSI. DKCIIEPUMEHTAIILHO OBIJIO YCTAaHOBJICHO, YTO HANOOJBIINH OTKJIMK B COCTOSIHIH ITPU3EMHOM TemIiepa-
TYpPbI U OTHOCUTEIBHON BIAKHOCTH HAa M3MEHEHHUE KOJIMUECTBA BJIAark B IIOYBBI, HAOIIOIAETCS ISl TOPU30HTOB
18 1 54cMm. D10 00BsCHACTCS MAKCUMAJIBHOIM KOHIIEHTpanue KopHel B 3THX 30HaX. st HUX ¥ ObIIO pean3o-
BaHO YCBOCHHE METOOM YIPOILIEHHOT0 pacipeHHoro ¢puibsrpa Kanmana.

CTAHOAPTHbLIE YPABHEHMA METOA YINPOLLEHHOIMO PACLLMPEHHOIO ®UJ1bTPA
KAJIMAHA

B 1aHHOM CITydae JUT HaXOXKIEHHS BEKTOP COCTOAHMS W, IPOTHOCTHUECKHE YPABHEHHUS COCTOSHUS T10-
4BbI M, , MPUMEHSIOTCS K BeKTOpy aHanu3a w, ;" (1). OGa BeKTOpa UMEIOT Pa3MEPHOCTh W, W,], T.K. MBI KOD-
pekTHpyeM 2 cIiost To4YBbL. BekTop HabMrONeHNU , ,° TAKIKE COCTOMT U3 JIBYX IEMEHTOB, T.K. Y HAC pacCMaTpu-
BacTCs 2 BUJIa HA3EMHBIX HAOIIOACHUH (IIPU3EMHBIC TEMIIEpaTypa U OTHOCUTEIIbHAS BIAKHOCTB) (2).

w, =M, [wf—l], M
Wi, = wffl K. [YL _H(wf—l )], @
K,,=BH'(HBH” +R)’ 3)
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B ypaBuennu (3) R - nuaronanpHas KOBapHaIllHOHHAs MaTpHUIa OIINOOK HAOMIONCHUH (07, = 1K, 0ppon=
10%), a B - koBapHanMoOHHAasl MaTpPHUIa OMIMOOK TepBOoro NpuOIKkeHns . T.K. CIION B MHOTOCJIOWHOH TTO4YBE
B3aMMOCBSI3aHBI, MAaTPHUIla (POHOBBIX OIMMOOK HeTnaroHagbHast [1,9].

B ypasuenuu (2) H(w,,”) - nepBoe IpuOIusKeHne T0Nei IPU3eMHBIX XapaKTEPUCTHK, B TO BPeMs KaK B
ypaBuennd (3) H - muHeapn30BaHHBIN onieparop HaOmroneHUH. /1111 ero TMHeapu3auy BOCIOIb3YeMCs Pasiio-
JKeHHEM B psap Triimopa mepBoro mopsaka (4):

H(x+6x)=H(x)+Hdx (4)

Baenem manbie Bo3myieHus (mopsiaka 10-5) BIaXHOCTH MOYBBI IPOTHUBOTIONOKHBIX 3HAKOB TIO0YEPETHO
B Ka)KI[LIﬁ 13 pacCMaTpuBAEMBIX CJIOCB. Hx BeanunHa OIMPECACTIACTCA SKCIICPUMEHTAJIBHO U TOJKHA OBITh J10-
CTaTOYHO HEOOJIBIION, YTOOBI HE HAPYILATH MIPEAIOIOKCHHUE O TMHEHHOCTH, M HE CIIUIIKOM MaJlOi, 4TOOBI HE
BBI3BATh JIOTIOJIHUTEIBHBIN IIIyM, CBA3aHHBINA C OmMOKaMu OKpyrieHus [9]. Takxe oHM 3aBUCAT OT MHIEKCA
YBIIQXKHEHHOCTH ITOYBHI. B ciTydae BRIIOIHEHHUS yCIOBUN TMHEHHOCTH OTKIIMKa ornepaTtop HabmoneHuit H npu
TMOJIOKUTEJIbHBIX U OTPULATCIbHBIX BO3BMYIICHUAX BJIAXKHOCTU ITOYBBI 6y)IeT pas3jindaTrbCa HECYIIECTBEHHO, a
ero OOJIbIIME OTIIMYKS 6y)1yT TOBOPUTH O HEBO3MOKHOCTU IMTPUMEHCHUSA I[aHHOfI TUIIOTE3bI U, KaK CICACTBUC,
OTCYTCTBUA KOPPEKUIHHU BIAXKHOCTH ITOYBEI.

B JAHHOM CJiy4dac I MHUIIUAIU3alunu ITOJICH COCTOSIHMS TTOUYBBI Tpe6yeTC$[ 5 JOTIOJTHUTCIIbHBIX IMPOTHO-
30B MOJIEJIU C 3a0JIarOBPEMEHHOCTBIO 64 ISl pacyeTa oreparopa HaOMIOIeHHH, a TaKk)Ke IPOrHO3 C MOy 4HB-
HIMXCSI CTAPTOBBIX MOJICH, YTO 3aHUMAET 3HAYUTENILHOE KOMITbIOTepHOE BpeMst. [{iist ero cokparienust Obuia co-
3[]aHa aBTOHOMHAsI CXeMa IPOTHO3a COCTOSIHUSI IIOUBBI, MCIIOJIB3YIOIIAsi IPOrHOCTHUYECKHE TI0JIST aTMOC(Ephbl
(pamumanus, BeTep, OCaJKH, TEMIIEPATypa U BIAKHOCTh) Ha MOJICNIbHBIX YPOBHSIX C HEBO3MYIIICHHBIX JAHHBIX B
kayectBe BHewiHero ¢opcunra [9, 10]. DTo MO3BOJIMIO COKPATHTH BpeMsl pacuera orneparopa HaOIOICHU
nprUMepHoO B 2 pa3a. bonee mogpo6GHO 0 Hell ITaHUpPYyeTCsl paccKas3aTh B yCTHOM JOKIIAJIE.

yr[OMS[HyTafI BBIIIIE CUCTEMA YCBOCHUS C MPEANTMCAHHBIM (I)OpCI/IHFOM 6])1.]'[8. HCIIOJIb30BaHa AJIsd MOoAT0OTOB-
KW HauyaJIbHBIX JIaHHBIX MIPOrHO30B C UCIOJIb30BAHUEM CXEMbl MHOTOCJIONHOI MOUBbL. PacueT ocyecTBisuics
Ha Mmecs1l (¢ 14.06.14 mo 31.07.14), o1ieHOYHBIM TEPHUOJIOM CUUTAJICS TOJIBKO HIOJb. /st MOHMMAaHMs KauecTBa
paGOTBI CHUCTEMBI 3a OTOT XK€ BpeMeHHOﬁ HHTEpBaJ 6I)IJ'II/I IMPOBEACHBI SKCIICPUMEHTBI C UCIIOJIB30BAHUEM CXC-
Mbl MHOTOCJIOMHOM MOYBKI 663 YCBOCHUA BJIAXKHOCTHU IIOYBLI B I‘J'Iy6OKI/IX CJI0IX U C MPUMEHCHUEM MOICIN
ISBA. B nocnennem ciaydae A1 MHUITUATU3AINH [I0JIeH UCTIOIB30BAJICS METOJ] ONTUMAIbHON HHTEPIOIALUI

Russia. Screen-level temperature forecast errors o E.Russia. Sc I 1 temp ture fi errors
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(omeparuBHbIN BapuanT). Ha puc.] npeacraBieHsl cpeHeMeCsIuHbIe a0COMOTHBIEC, CPEIHEKBAIPATUIECKHUE U
cpennue ommoOKu A1 Tepputopun Poccun u ee eBponeiickoit uactu. [1o cpaBHEHHIO ¢ OTCYTCTBHEM YCBOCHUS
YIPOIIEHHBIH pacuupeHHblil puibTp KaiMaHa 1mo3BosisieT yiaydIuTh IPOTrHO3 PU3EMHON TeMIlepaTypbl Ha
CPOKH C 3a0J1aroBpeMeHHOCThIO OT 12 4 10 72 4. B 3aBHcuMOCTH OT paccmarpuBaeMoid ommoku addexT npu-
MeHeHus ycBoeHus Bapeupyercs oT 0.1C o 0.3C. Ognaxo B 060UX ClIydasx CHCTEMa CyIECTBEHHO yCTyMaeT
pe3ysibTaTtaM JIBYXCJIOMHOM CXeMbl C TIOJrOTOBKOW JaHHBIX METOAOM ONTHMAaJIbHOW MHTeproisiuuen. Takoit
pe3yabTar o0bsicHIeTCs OOJbLIeH CHCTEMaTHYeCKON OLIMOKOM MPOTHO3a MPU3EMHBIX XapaKTePHCTHK C HC-
MOJIb30BAHUEM MHOTOCIIOMHOM Moiesi. PaboThI 110 €e yCTpaHCHHIO BEIyTCS.

PE3Y/IbTAThI

B xozne paboThl OblTa cO37aHa CHCTEMa MHUNIMAIN3AINHU TIOJIEH BIaXXHOCTU TIOYBBI HA OCHOBE METOJA
YIOPOIICHHOTO pacipeHHoro ¢pmisTpoM KanMana mis MHOTOCTOMHOM Monenu mouBsl UBM PAH B rimo6ains-
HOM cucteme nporuosa moroasl IIJIAB. Beut peann3oBan G510k yCBOCHHS, a TaK)Ke aBTOHOMHAS BEPCHS MOJICITN
TTOYBHI JIJIS pacdeTa oneparopa HaOIIOACHUH MPIMEHUTENHHO K TaHHBIM JIBYX YPOBHEH MHOTOCIIONHON CXEeMBI
mouss! [IJTAB.

KauecTBO Mporuo3a mpru3eMHbIX XapaKTePUCTUK TIPH €0 HCIOIb30BAHUH BBIIIE, 10 CPABHEHUIO C OTCYT-
CTBHEM YCBOCHHMS [ MHOTOCIIONHOM 1ouBbI. OJJHAKO OHO YCTYNAEeT ONEPATHBHOMY aHAJIU3Y C UCIIOIb30BaHHU-
em cxeMbl ISBA 1 MeTo0M ONTHMAaIbHON HHTEPIONANH. 711 yCTpaHEeHUs] CHCTEMAaTHIeCKON ONMOKH Tpo-
THO3a IPU3EMHBIX XapaKTepPUCTHK, BO3HHUKAIOIIEH B CIydae MPUMEHEHNSI MHOTOCIIOHHOM MOJIENTN OYBBI, I1j1a-
HHUpYETCs POBECTH PACUETHI, CTAPTYSI ¢ KIIMMAaTUIECKUX HaYaJIbHBIX JAHHBIX. Pe3ynbTaTsl 3THX 9KCIIEpUMEH-
TOB Oy/IyT IPEACTABICHBI HA KOH(PEPEHITHH.
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Investigation of microclimate, ground-level inversions
and human thermal comfort conditions in Arctic cities
of Russian federation (based on UHIARC observations)
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lobal climate change amplification in Arctic latitudes affects not only natural landscapes but also cities
Gand its infrastructure (permafrost melting, growing of urban heat island magnitude etc).

First assumption about microclimate of polar cities in Eastern Arctic was based on the UHIARC (Urban
Heat Island Arctic Research Campaign) seasonal-scale experimental meteorological observations in the five
cities: Apatity in Kola peninsula, Vorkuta in the north-east of the European Russia (Komi republic) and Nadym,
Novy Urengoy and Salekhard in located in the north of Western Siberia. All of them have quite similar popula-
tion (from 50 to 115 thousands inhabitants) and building features.

In this study we focused on investigation of differences between the Arctic cities, caused by both geo-
graphic location and various types of urban development. To do this, we estimated the differences in long-term
trends in air temperature and in urban thermal comfort between different cities. In addition, deep regionaliza-
tion was carried out using the WUDAPT-technology of the urban environment in the studied points to show
quantitative differences in the types of building structure. An attempt was also made to estimate how the trends
in cities differ from the trends in the rural area.

The already existing UHIARC network was expanded in the cities of Apatity (Kola Peninsula) and Nadym
(Western Siberia) by the low-cost recorders of temperature inversions in the surface layer at heights of 1.5 and
3 meters, respectively. With the help of these complexes, it is supposed to obtain a reliable climatology of sur-
face inversions in city core area and outside the city for the winter period, when episodes of high concentrations
of atmospheric pollutants are most frequent.

This study was supported by Russian Foundation for Basic Research (RFBR) project Nel8-05-60146 and
18-05-60126

NccnepgoBaHve MUKpoOKMMaTa, MOBTOPAEMOCTU MPU3EMHbIX
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2 MI'Y umenu M.B. JlomoHocoBa, HUBL,, MockBa, Poccusa

3 UHctutyT Ousmnkm Atmocdepbl uMeHn A.M. 06yxosa PAH, Mockea, Poccua

4 LienTpa [133 1 n3y4yeHus okpy:xatowien cpegbl uM. @. HaHcena, bepren, Hopserus
5 BcemupHan Meteoponoruyeckan Opranusauus (BMO0), Henesa, LLiseruapus
E-mail: kostadini@mail.ru

CTaHIMI B €BPONEHCKUX CTOJHIAX, MEPEIAIOIINX B PEXKUME PEaTbHOTO BPEMEHH MOTO/Ty B TOUKE Ha-

OJIOZEHNST MCUNCIISITCS] THICSIYAMH €AWMHHII, K HACTOAIIEMY MOMEHTY COBpEMEHHAas KIMMaTOJIOTHs
obnasiaer KpaifHe CKy/THOH MH(pOpManreil 0 MUKPOKINMATHYECKIX 0COOEHHOCTSX TOPO/IOB, PACIIOIOKEHHBIX
3a noJsipHBIM KpyroM. Jlo Hawara XXI Beka MMENHCh JIMIIb €IMHUYHBIE MCCIIETOBAHMS, MTPOBEICHHBIX Ha
AJTicKe ¥ MTOKa3aBIIMX CYIIECTBOBAHHE B 3MMHEE BPEMs MOIIHBIX OCTPOBOB TEIIa B OTHOCHTEIILHO HEOOIb-
mmx ropoaax bappoy u ®@apbankce. (Magee u ap., 1999). MoxkHO O)kuzaTh, 4TO B O0sIee KPYITHBIX TOPOJIax C
Ooree MIIOTHOM 3acTpoiKoi ManHbI 2(dekT Oyer 3HaunTeNpHO critbHee. B cBs3n ¢ 9TMM ObLTa chopMUpoBa-
Ha ocHoBHast 3a1a4da nmpoekra UHIARC (Urban Heat Island Arctic Research Campaign): nmpoBecTr skcriepu-

I I €CMOTpPA Ha TO, YTO KOJIMYECTBO, K IIPUMEPY, JIFOOUTENBCKUX aBTOMATUUYECKUX METCOPOJJOTNYCCKUX
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MEHTAJIbHOE HCCIIeIOBAaHNE MUKPOKJIMMaTa B KPYIHBIX ropojax cesepa Poccun (k TekyIieMy MOMEHTY HMe-
10TCS U3MepeHus B Anartutax, Bopkyre, Mypmancke, Hopunscke, Hanpime, Canexapne u Hosom Ypenroe), a
TaKKe yCTAaHOBHUTH NOCTOSIHHBIE CHCTEMbI HAOMIOIEHUH 715 cOOpa KIIMMAaTOJIOrHYeckol HH(OopMaIuu o ropo-
CKOM OCTPOBE TeIljIa, IOBTOPAEMOCTH NMPU3EMHBIX MHBEPCUI U UX TPOCTPAHCTBEHHON HEOTHOPOIHOCTH.

Jannbie paboThl pomonkarTes yxke ¢ 2013 roza, K HACTOSAIIEMY MOMEHTY YK€ MOJTydeHbBI MIEPBhIC pe-
sysnbrarsl. K 2014 rony Bnepsbie B uctopun Hopuibcka, BopkyTsl, MypmaHcka 1 Aniatut ObUIH M3MEpEHbI
MPOCTPAHCTBEHHBIE XapAKTEPUCTUKU TOPOJCKOTO OCTPOBA TEIUIA AJIi COOTBETCTBYIOIINX CHHONTHYECKUX YC-
nouii. Tak B Hopuiibcke u B AnaTutax pa3HuIia TeMIepaTryp MeKay LEHTPOM roposia i OKPECTHOCTSAMH JIOXO-
T 110 5-7 rpanycoB, B MypMaHcke u BopkyTe pa3iuuust HOJIyYHIiCh Ooee Crila)KeHHBIMH.

Bornee moapoOHbIN aHATN3 TEPMUYECKOH HEOJHOPOAHOCTH B ANaTHTax C MPUBICYCHUEM PE3YJIbTATOB
YHUCIEHHBIX SKCIEPUMEHTOB, IPOBEJCHHBIX C HCIONb30BAaHHEM pErMOHAIbHON KIMMAaTH4eCKOM Moenn
COSMO-CLM, conpsiKeHHOM €O CIeIUaIn3UPOBAHHON CyOMOIEIIbI0 TOPOJICKOM MOICTHIIAKOIICH TTOBEPXHO-
CTH, TT0Ka3aJl MPUOIM3UTENILHO PAaBHBIIA BKJIAJ| BIUSHUS pelibeda U TOPOJICKOTO OCTPOBa Teria B (hOpMUpPOBa-
HUE 3UMHEH TeMieparypHoii anomanuu (Varentsov et al., 2018). CoracHo mpenBapUTEIIbHBIM PE3yibTaram,
no100HbIe (PyHITaMEHTaIbHBIE UCCIIEIOBAHHSI TEOPETHUECKH MOTYT HMETh M IPUKJIAHON 3P PEKT.

C 2015 rona B Anarutax, Hagpive u Canexape npoBOAUTCS MUIOTHBIHM SKCIIEPUMEHT 10 HEPEPHIBHOMY
U3MEPEHHUI0 XapaKTEPUCTUK TOPOJCKOTO OCTPOBA TeMja, UTOTOM KOTOPOTO Y)K€ CTalu JaHHbIE O Ce30HHOI
KJIMMaTosoruu seiaeHus. CpeaHee 3HaUeHHE TePMUYECKOH aHOMAJINK B 3UMHMI nepuos, Hanpumep B Hagsive
cocrasisier nopsiaka 1°C (Konstantinov et al., 2018).

B 3umHuem ce3one 2018-2019 rogy B Anaturax u HansiMe ceTh OblIa YKOMITJICKTOBaHA KOMILICKTOB J1aT-
YHUKOB JUISl PErUCTPALMM MOILIHOCTH TPH3EMHBIX TEMIIEpaTypHbIX MHBEPCUH Ha OCTHOBe JardnkoB Hobo
(Puc.1) , a Taxyxe ObLIM BIiepBbIE MPOBEICHO 30HANpOBaHKe HIKHEro 100-MeTpoBoro ciost arMocdepsl ¢ no-
MOILBIO U3MEPUTEILHOM CUCTEMBI, YCTAaHOBIEHHON Ha KBAIPOKOIITEPE.

Jlns oleHKH MepcrneKTUBHOCTH KBAaPOKONTEpHBIX n3MepeHuil B pamkax cetu UHIARC B 3uMHIOI0 Kam-
nanuto 2018-2019 6bu10 TPOBEIEHO NPSIMOE CPAaBHEHUE JIAHHBIX JIBYX KBapokonTepos cucrembl DJI Phantom
4 Pro, 000pyI0BaHHBIX JaT4ukamu TeMieparypbl iMet-XQ u TepMOKOCHI ¢ gaTyrkamu iButton, mpukpernieH-
HBIMU 4epe3 Kaxzsie 10 M.

mgpoﬁmnb TemnepaTypsbl (BbiCcOTa OT noBepxHocTw) 28.01.19 19:25
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Puc. 1. Pesynbtathl BepTUKanbHoOMo

23 22 21 20 -19 -18 -17  30HAMpOBaHMA B nocenke Tvk-Tyba
Temneparypa [°C] (OKpecTHOCTM I. AnaTuTbl).

KpacHuoii nuamel 0003Ha4eHBI H3MEPEHUS, BEITIOIHEHHBIC MTPY TIOMOIIH KBaIPOKOIITEPa, YePHOHN — H3Me-
pEeHHS TIPY TIOMOIIHN TepMOKOCH. Ha rpaduke BuaHO, uTo B mepBeIX 20-30 MeTpax HaOIOmaeTcsi HHBEPCUS
MOIITHOCTHIO 4,5 (110 TaHHBIM TEPMOKOCHI) — 5,5 (TI0 TaHHBIM KBaJIpoOKOITepa) TpaxycoB. [lanee, mpuMepHO 10
120 meTpoB HaOMOMAaETCS M30TEPMHUS, 3aTEeM CMEHSIOMIAsICS TIaICHIEM TeMIIepaTyphl C BEICOTOM.

[Ipodwib KBaapOKONITEPHBIX H3MEPEHNN O0lee TIaIKUi, YTO CBSI3aHO C Pa3HOI HEMPEePBHIBHOCTHIO H3Me-
PEHUH (IaTYMK KBaAPOKONTEPa U3MEPST TEMIIEpaTypy pa3 B MUHYTY BO BpEMs IIOIbEMA, a JaTINKH TEPMOKO-
CBI — Ha OTPE/ICJICHHBIX YPOBHSIX, YK ITOCIIE MOABEMA TEPMOKOCH ). OHAKO pa3HUIIA MEXTY IBYMsI Ipo(mIs-
MU HeOombIas U He cocTapisier 6onee 0,5 rpamyca mo Temreparype u 6onee 3-4 MeTpoB 1o BeicoTe. [Ipeasa-
pUTENBHBIE PE3YIbTAaThl OKA3aJIM B paifoHe T ATAaTUTHI IPOCTPAHCTBEHHYIO HEOTHOPOJHOCTD MOIITHOCTH HMH-
BEPCHH, MT0-BUIUMOMY, B OCHOBHOM CBSI3aHHYIO C BIMSTHHEM Topojia (OTEIUIAIOIETrO BIUSHUS TOPOACKOH 3a-
CTPOMKH: OCTPOBA TEILIA).

[TpoaHann3MpOBaHHOE COOTHOIIECHNE MEXIY MOIIHOCTSIMU HPH3EMHBIX MHBEPCHH B ropoae M (OHOBOH
30HE Ha IMpuMepe TopooB HaasiM 1 ATIaTHTHI TOKA3BIBACT OJHO3HAYHOE TIPeodIaganie yCIOBHHA ¢ TIPH3EMHON
MHBEPCHEH TeMIeparypsl B JOHOBOM TEPPUTOPHUH U pa3MbIBaHUE 1 OCIa0JICHHUE TOCIEAHEN B LIEHTPE TOPOa.
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J1J1st OLIEHKH YCIIOBHH TEINIOBOrO KOM(OpTa B ropojax ApKTHYECKOro peruoHa ObuIr BEIOpaHbl Hanbosee
pacripocTpaHéHHbIe U PU3MOJIOTHYECKH 000CHOBaHHbIE OMOKIMMATHUECKHE NHJIEKCHI KOM(OPTHOCTH CPEJIbL.
¢dusnonorunyeck - sxBuBaieHTHas temieparypa (PET) u UTCI - ynuBepcaibHbIN HHIEKC TEIIOBOT0 KoMdop-
Ta AHalM3 JOJITOBPEMEHHBIX TPEHAOB, Harpumep B HajpiMe nokasai HEOJHOPOIHYIO CKOPOCTh M3MEHEHUS
TaKHUX MHAEKCOB 3a IOCIIEIHUE FOJIbl, 10 CPABHEHHUIO C POCTOM CPEIHET00BOM TeMIIepaTyphl.

Puc.2. [paguneHTHan MayTa gna
perucTpaLmm npu3eMHbIX TeM-
nepaTypHbIX UHBEPCUIA B @3po-
nopty r. Hagbim.

J1J1s1 OLIEHKH YCIIOBHH TEINIOBOTO KOM(OpTa B ropojiax ApKTHYECKOT0 perroHa ObUIr BEIOpaHbl Hanbosee
pacrpocTpaHEHHbIC ¥ (PU3HOIIOTHYECKH 000CHOBAHHBIC OHOKIMMATHYCCKHUE HHICKCHI KOM(MOPTHOCTH CPE/IBI.
¢dusmonorunyeck - sxkBuBaieHTHas temieparypa (PET) u UTCI - yHuBepcanbHbIi HHIIEKC TEIIOBOTO KoMdop-
Ta AHalM3 JOJITOBPEMEHHBIX TPEHAOB, Harpumep B HajpiMe mokasain HEeOJHOPOIHYI0 CKOPOCTh M3MEHEHUS
TaKUX WHJ/ICKCOB 3a MOCJIETHUE TOJIbI, 10 CPABHEHHIO C POCTOM CPEIHETO/I0BOI TEMIIEPATYPHI.

Paboma 6vina svinoanena npu noooepoicke epanmos PODU Nel8-05-60146 (6 uacmu uccredosanus yc-
Ja08utl mepmudeckoeo kompopma) u 18-05-60126 “Apxmuxa’” (8 uacmu ucciedos8anus KiuMamonio2uu npu-
3eMHBIX UHBEPCULL).

Jlumepamypa:

1. Magee N., Curtis J., Wendler G., The Urban Heat Island Effect at Fairbanks, Alaska// Theor. Appl. Cli-
matol. 1999. V. 64, pp 39-47

2. Pavel Konstantinov, Mikhail Varentsov, and Igor Esau. A high density urban temperature network de-
ployed in several cities of Eurasian Arctic. Environmental Research Letters, 13(7), 2018. https://doi.
org/10.1088/1748-9326/aacb84

3. Varentsov, M., Konstantinov, P, Baklanov, A., Esau, 1., Miles, V., and Davy, R.: Anthropogenic and nat-
ural drivers of a strong winter urban heat island in a typical Arctic city, Atmos. Chem. Phys., 18, 17573-
17587, https://doi.org/10.5194/acp-18-17573-2018, 2018

Regional photochemical sources of tropospheric ozone
in Siberia and ETR

Shtabkin Y.A., Moiseenko K.B., Skorokhod A.l., Berezina E.V.

A.M. Obukhov Instutute of Atmospheric Physics RAS, Moscow, Russia
E-mail: yuryshtabkin@gmail.com

ated plume of polluted air traced in the surface CO field has significant effect on the background tropo-

spheric photochemical system, including ozone generation in the mid-latitude lower troposphere of the

North Eurasia. Such impact of upwind sources of atmospheric contamination is clearly seen, as an example, in

the ZOTTO Tall Tower observation data showing synoptic time scale increase in CO, NO,, and O, concentra-
tions as air masses move from industrial areas of Ural and southern Siberia.

Using GEOS-Chem chemical transport model, we conduct a series of numerical experiments to assess the

impact of anthropogenic NO, and biogenic volatile organic compounds (VOC) emissions on surface ozone

production efficiency as well as total ozone production under various emission scenarios. We show that anthro-

3 ir transport from industrial regions of Northern Eurasia (Europe and southern Siberia) and the associ-
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pogenic NO, emissions, being a major precursor for ozone formation, contribute up to 20 ppbv of ozone (~50%
of background concentrations) on the primary dispersal axis of across-continent plume of polluted air. In the
cold season, anthropogenic NO, emissions are responsible for 10 ppbv of ozone depleting due to titration of
ozone by NO under low sun light conditions. Hence, the primary contribution of local anthropogenic pollution
sources and regional biogenic VOC emissions compared to long-range air transport from Western Europe is
evidenced for the most part of the mid-latitude of Northern Eurasia.

This work was supported by the Russian Foundation for Basic Research under grant Ne18-35-20031.

PervoHasnbHble POTOXMMUYECKME MCTOYHUKN TporocdepHOro
030Ha B Cnbupn 1 Ha ETP

LLitabkuH 10.A., Mouceenko K.b., Ckopoxog A.WU., bepesuna E.B.

WHcTutyT dpusmkm atMocdepnl M. A.M.06yxoBa PAH, Mockea, Poccus
E-mail: yuryshtabkin@gmail.com

BBEAEHWE

OOMpHbIe AaHHbIE HAOIIONEHUH U PE3YJIbTaThl YUCICHHOTO MOJICTMPOBAHMS IOKA3bIBAIOT, YTO BO3/ICH-
cTBHE aTMOC(EpHBIX BHIOPOCOB (POTOXMMHUUECKH aKTUBHBIX COCAMHEHUI Ha COCTAB BO3/lyXa B BHICOKOMH/Y-
CTPUANBHBIX PETHOHAX MMEET CYIIECTBEHHO HEJIOKAIbHBIM XapakTep U BO MHOTHX CIyYasX MPOCIIEKHUBACTCS
Ha PErHOHAJBHOM M TPAHCKOHTHHEHTaJbHOM MaciuTabax [1]. XapakrepHbIMH MPUMEpPaMH TAKOrO BIMSHUS
SIBJISIIOTCSI KpYITHOMAcCIITaOHbIe HUIel(bl 3arpsI3HEHHOTO BO3/lyXa OT MHJYCTpHalbHBIX paiioHoB FOro-Boc-
ToyHoil A3umu, CeBepHOil AMepuku u EBporibl, ycTaHaBiIMBaeMbIe 1O JAHHBIM CITyTHUKOBOTO MOHUTOPHHTA,
CaMOJIETHBIX HAaOJIOJICHUI TpaccepHbIX (onaroxuByinux) coenunenuii (CO, NO,, psiia opraHMYecKUX COeu-
HEHMH) B X0/1€ I3MEPHUTEIBHBIX KaMITAaHUH U Pe3yJabTaTaM YUCIEHHOTO MOJCTUpOBaHus. [IJis MHOTHX palilOHOB
CesepHoii EBpazuu 3Ha4unTe IbHBIN HHTEPEC C TOUKU 3pEHHS BIMSHUS Ha (POHOBYIO (aHTPOIIOTEHHO HEBO3MY-
nIeHHy0) Tpornochepuyro ®XC, npeacTaBiIsiFOT HHAYCTpUAIbHbBIC perHoHbI 3anaaHoi EBpomnsl, EBporneiickoit
tepputopuu Poccun (ETP) u tora Cubupu u CBsIi3aHHBII ¢ HUMH 1UIei] 3arpsi3HEHHOTO BO3/LyXa, IPOCIIEKHU-
BaemblIii B mpu3eMHBIX onsix CO u O, B cpefHux mupoTax BioTh 10 ~120° B.a. [2,3]. Bnusiaue «HaBeTpeH-
HBIX» UH/YCTPHAJIbHBIX PETMOHOB Ha XMMHUYECKHUI1 COCTAB BO3/yXa B yAaJeHHbIX paiioHax CHOMPH OTYETINBO
NPOSIBIISIETCS, HAIIPUMED, B IAHHBIX HaOroneHui Ha GoHoBOIT HabmoaaTenbHoM cranunu ZOTTO (60.8° c.u.,
89.4° B.1.) B Bujie ce30HHOTO Konebanus conepxkanus CO (c makcumymom ~200 ppbv B KOHIIE 3UMbI U MHHH-
myMmoM ~90 ppbv B cepenune jieTa), a TAK)KEe KPAaTKOBPEMEHHBIX 3MHM30/I0B IMOBBIIICHHBIX KoHIeHTpanui CO,
O, u NO, nipu aIBEeKIIUH aHTPOIIOTEHHO 3arPs3HEHHOI0 BO3/1yXa OT HCTOYHHUKOB Ha tore Cubupu [1,2].

KonnuecTBeHHbIE OLIEHKH BKJIa/1a PErMOHAIIBHBIX U YIAJCHHBIX HCTOUHHKOB arMOC(EpHOro 3arpsi3HeH s
B PETHOHAJBHBIN 0aJaHC MIPU3EMHOTO 030HA MOT'YT OBITh BHIIIOJIHEHBI C IPUBICUEHUEM TPAHCIIOPTHO-XUMHUYE-
ckux mozeneit (TXM) npu 3a7aHuu peanuCTUIHBIX Mosiel aMuccuii. HecMoTpst Ha O4eBHIIHYIO aKTyalIbHOCTD
MOAO0OHBIX HCCIEOBAHUH, Ha/Ie)KHBIE KOMUYECTBEHHBIE OIEHKH PO PETHOHAIBFHOTO U JAJIBHETO TIepeHoca B
OanmaHce IPU3EMHOT0 030HA B peruoHax Poccuu, XapakTepu3yromuXcs MOBBIIIEHHONW aHTPOIIOTEHHOM Harpy3-
KOH, B HACTOSAIIIEE BPEMS IPAKTUIECKH OTCYTCTBYIOT.

MOJEJ1b GEOS-CHEM

Mopnens GEOS-Chem (http://acmg.seas.harvard.edu/geos/, ncionszoBana Bepcus 11-02) — aucnennas
iiepoBa 00abHas TPAHCIOPTHO-XUMUYECKask MO COCTaBa aTMOC(ephl, yUUTHIBAIOIIAs BCE OCHOBHbIE
[IPUPOJHBIE U aHTPOIIOTCHHBIE HCTOYHUKH U CTOKM XUMHUYECKH aKTUBHBIX I'a30B U adpo3oiieil. Mereopooru-
YeCcKHUe MOJISI U JAHHBIE O TOJCTHUIIAIOINIEH MOBEPXHOCTH C BpEMEHHBIM pa3peIrieHneM 1 (IBymMepHbIe o), 3 u
6 (TpexMepHBIe OIS ) 9acoB OepyTCs U3 CUCTEMBI TITo0aIpHOM accummannu JanHEIXx MERRA-2 u penpoenn-
PYIOTCS Ha pacueTHYIO ceTKy Mozend. [Ipu npoBeieHuH YHCICHHBIX SKCIIEPUMEHTOB C TIOMOLIBIO TPAHCHIOPT-
HO-xuMudeckoit Mmogenn GEOS-Chem ncnonp3oBanack ropu3oHTanbHas ceTka 4°x5° [2]. Pacuérel xumunde-
CKO¥ 9BOJIIOIIH POBOAWINCE B cTaHnaptHoM pexknme “NO,—O,~hydrocarbon—aerosol” (T.H. pexxum “moiaHOi
xuMHn” I Tporocdepsl, 236 peaxiyid, mar mo BpeMeHr 60 MHUH.) YIUTHIBAIONIEM B OOIIEH CIOKHOCTH 66
WHAWKATOPHBIX COEAWHEHHUU (TpaccepoB), Ui KOTOPBIX PEIIAIOTCs ypaBHEHHS NepeHoca Ha cdepe (mar mo
Bpemenu 30 MuH.). PaccuntanHble cpeJHEMECSUHbIe BEIMYUHBI IPU3EMHOTO COACPIKAHHS 030HAa OCHOBBIBA-
forcs Ha cpenaux nHeBHBIX (12:00 — 18:00) 3HaueHHUAX, TaKk Kak MOCIeTHIEe HAauboIee penpe3eHTaTHBHBI B
HIDKHEH Tporocdepe.
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KOJINMYECTBEHHBLIE OLLIEHKW YYBCTBUTEJIbHOCTU NMPU3EMHOIO O30HA

KonnvecTBeHHbIE OIICHKH 1yBCTBUTEIBHOCTH MPU3EMHOM KOHIEHTPAIMH 030HA K MPUPOIHBIM U aHTPO-
TTOT€HHBIM SMHUCCHSM OBIITH BBIMTOJIHEHBI HA OCHOBE perHOHAILHOTO moaxosa [1,2], mpu 3ToM OB onpeneneH
MaKpOPETHOH, BKIIOYAIONINI B ce0s eBpomelckyro Tepputopuio Poccnn, nenTpansayio Cubups u Eporry
(Puc. 1). JInst 0603Ha4eHHOTO MaKpOpeTHoHa ObUTH BhIeNeHbI anTpororenHsie (NO,) u OMoreHHbIe (OKucIe-
Hue 6uorernbix JIOC) smuccun. s qr060i# reorpadudeckoi TOUKH atMochepHbIid oTKINK (nanee — AO) Ha
SMUCCHH TIPH 33JJAHHOM CIICHAPHUU PACCUUTHIBAJICS KaK Pa3sHOCTh MeX Iy KoHIeHTpanueit y(0;), (ppbv), momy-
YEHHOW M3 0a30BOT0 MOJENILHOIO pacuéra, B KOTOPOM YYHMTBIBAIOTCS TIOJHBIE SMHCCHH, U KOHIEHTPAIHEH,
PacCUUTaHHOI MOJIENIBIO ITPU U3MEHEHHH SMHCCHIA B COOTBETCTBHHU C HCIIONIB3yeMbIM ciieHapueM, x(0O,):

AO =7(0:) = 1(03)c (ppbv). (1)
boun paccunrtansl cpeaHemecsunsle nonsg AO 3a 2007 — 2012 rr, npu 3TOM UCHONb3yeMbIe CLIEHAPHU
TIPEAIIOIarajiy Mocie0BaTelIbHOe YMEHbIICHHE aHTPOIIOTeHHBIX U OMOreHHBIX dMuccuid Ha 50% u Ha 100%
OTHOCHTEJIBHO BEJIMYHH, IPUHATHIX B 6a30BoM MozesbHOM pacuere (NO, — 6a3a nanasix EDGAR, JIOC — mo-
nenb onorenHsix smuccuit MEGAN). CpaBHuTenbHbIN aHanu3 BennanH AO,,, npoBoamiics it CeBepHoii EB-
paszuu B ienom. Cpexnue Beamuunbl AO; U paccMaTpUBAEMOT0 peruoHa npuseacHsl B Tadnuiie 1 u Ha Puc.
2, COOTBETCTBEHHO.

L

Puc. 1. Teorpa¢uyeckme paiioHsl,
a0 e .= - BblbpaHHble ana pacyetos AO: ETP —

- e —-;'1 WO o P Esponeickas Tepputopua Poccum
™ =t CHBHPL e
a| ', (/E;?P‘“ ﬁ] o (461-75N, 27-60 E), Cnbupb (49-75
: M EIP y ﬁ‘ N, 60120 E), Epona (35-75 N, -15-
* 27E).
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Haubonsmme 3aauenus AOy; Ha ETP un B Cubupu npuxonsaTcs Ha IMUAPOTHEIHA nosic 50-55° c.u1. 1 nmeroT,
TakuM 00pa30M, OTUETIMBO BRIPAKEHHYIO MIPOCTPAHCTBEHHYIO MPUBS3KY K ocu mmieida CO, hopmupyemoro
pEeTHOHATBHBIMI aHTPOTIOTEHHBIMH UCTOYHUKAMH [ 1].

Tabnuua 1. CpeHve 3Ha4eHWA BENMUMHBI aTMOCPEpHOro OTKIMKa (AQy;) Ha 0CM KOHTUHEHTanbHoro wrenda (50-55° N)
3arpA3HeHUiA B 0TAeNbHbIX pervoHax 3a 2007-2012 rr. npum pa3nunyHbIx cueHapuax amuccuid NOx u JTOC B MakpopervoHe
EBpasun (3E, ETP, Cubmpb) (cM. Puc.2). BennmumnHa 6 xapakTepusyeT 0THOCUTENbHOE YMeHbLLeHUe cyMMapHoi amuccm NOx
unu JT0C B MaKpoperuoHe B % 0T GaKTUUECKOI BENIMYMHBI, MCMONb30BaHHOM B 6a30BOM pacyeTe. B ckobKax AaHbl COOTBET-
cTBytoLme 3HaueHmnsA AOy, npu yMeHblueHum Ha 100% smuccuin NO, B pervore 3anaaHas Eepona (3E). Bo BTopoM cTonbue
(cueHapuit 6NO,=0%, 6/10C=0%) npmBeeHbl cpeiHMe KOHLEHTPaLMM (pOHOBOrO Npu3eMHoro o3oHa [03] Ha ocu wnenda B
6a30BOM pacueTe.

Hronb — aBrycr

SNOx=0% S NOx =50 % 0 NOx =100 %

S BJIOC, % S BJIOC, % 3 BJIOC, %
Pernon 0 50 100 0 50 100 0 50 100
3E 603 |26 6.4 3.8 5.7 8.6 10.2 (10.6) | 11.3 13.1
ETP 524 |25 6.2 35 5.4 8.4 8.8(2.3) |10.1 12.2
Cubups 51.4 1.6 43 2.7 39 6.1 6.7(03) |74 9.0
Jlexabpb — (heBpaib

dNOx=0% 3 NOx =50 % 3 NOx =100 %

S BJIOC, % S BJIOC, % 8 BJIOC, %
Peruon 0 50 100 0 50 100 0 50 100
3E 345 0.1 0.2 -1.6 | -1.5 | -14 -1.6(-1.1) |-1.6 -1.5
ETP 18.7 0.1 0.1 -4.5 -44 | -43 -9.1(-0.4) |-9.1 -9.0
Cubups 29.8 |0.1 0.1 24 |24 |-23 -4.6(0.1) |-45 -4.4
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Puc.2. CpegHue 3a netHue (a) 1 3umnue (6) Mecaupl 2007-2012 rr. nona AOO3 npu ymeHbLuennm Ha 100% samuceuin NO, B
MaKpopervoHe EBpasus.

Jlist otieHKHM BIUSTHES JallbHETO TiepeHoca u3 3amaqaoii EBponsl Ha ose o3oHa Ha ETP u B Cubupu Obut
TaKKe NMPOBe/IeH pacyeT ¢ yMeHbieHHbBIMU Ha 100% smuccusmu NO, B 3ananHoit Epone (Puc.3). CpaBuu-
TENBHBIA aHaN3 PUC.2 U 3 TIO3BOJISCT CIENATh BHIBOX 00 OTPAaHWYCHHOM BIIMSHUH PETHOHAIBHBIX SMUCCHU
NO,, mpu XapaKTepHOM BPEMEHH KH3HH OKHCIIOB a30Ta B HIDKHEH Tporocdepe mopsiaka 1 — 2 cyTok.

Puc.3. CpegHue 3a netHue (a)
1 3uMHMe (6) Mecaubl 2007—
2012 rr. nona AQ,, npu yMeHb-
weHuu Ha 100% amumccmia NO, B
pervoHe 3anagHan EBpona.

3AKJTIOYEHUE

Kak ciemyer U3 OTy4eHHBIX PE3YIIBTAaTOB, aHTPONIOreHHbIe SMuccnd NO, BHOCST OIpeAeNsomunil BKIa
B (POTOXMMHUYECKYIO HapaOOTKy 030Ha (110 cpaBHeHHIO ¢ OnoreHHbIMU JIOC), Bemn4yrHa KOTOPOTO 3aKOHOMEP-
HO YMEHBIIIAETCS IIPU CMEIIECHNH K BOCTOKY BBH/Y OOIIIEr0 yMEHBIIEHHSI 00bEMOB aHTPOIIOT€HHBIX BEIOPOCOB
NO, B Cubupu n Ha ETP no cpaBrenuto ¢ 3amagnoit EBpomnoii. 3naunmenii a¢pdext ot smuccuit NO, B mose
MpU3eMHOT0 030Ha Ha ypoBHE AO,;=5—10 ppbv (i 15-30 % oTHOCHTENBHO CpenHEH KOHIEHTPALMH MIPHU-
3eMHOTO 030HA B JICTHHE MECSIIBI, Ha YpOBHE 35 ppbv), mpociexnBaeTcsa B CpeHux muportax 1o ~110-130°
B.JI., OXBAaTbIBasl 3HAYUTENIbHYIO 9acTh BocTounoit Cubupu. IIpu 3TOM OIpenensionyo poib UrPatoT pPeruo-
HaJbHBIC SMUCCHH, BIUSHUE TaJIHHETO MIEpPEeH0Cca OT MICTOYHHUKOB 3arpsi3HeHnid B EBporie Ha @XC B moagBeTpeH-
HBIX 00JIaCTSIX B IIEJIOM UMEET CHIIHO OTPAHMUCHHBIN XapaKTep ¥ NPaKTUIECKN HE MPOCIIEKNBAETCS K BOCTO-
Ky Janslie Ypaubckux rop (60° B.1.).

Paboma bvina evinonnena npu ghurarcosoii noooepaicke no eparmy PODHU Nel8-35-2003 1.
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Verification of temperature and humidity conditions
of mineral soils in the active layer model
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etailed monitoring of the temperature of the soil layer provides a unique experimental material for
studying the complex processes of heat transfer from the surface layer of the atmosphere to soils. Ac-
cording to the data of autonomous devices of air temperature, it was found that within each key area
there are no significant differences between the observation sits. According to the annual (2011-2018) observa-
tions of the temperature regime of the soil and ground, it has been found that the microclimatic specificity of
bog ecosystems is clearly manifested in the characteristics of the daily and annual variations in soil tempera-
ture. A regression model describing the change in the maximum freezing depth during the winter has been pro-
posed, using air temperature, snow depth and bog water level as predictors. The effects of BWL and snow cover
have similar values, which indicates an approximately equal contribution of BWL variations and snow depth to
changes in freezing. The thickness of the seasonally frozen layer at all sites is 20-60 cm and the maximum
freezing of the peat layer is reached in February-March. Degradation of the seasonally frozen layer occurs both
from above and below.
It was found that similar bog ecosystems in different bog massifs have significantly different temperature
regimes. The peat stratum of northern bogs can be both warmer (in winter) and colder (in summer) in compari-
son with bogs, located 520 km to the south and 860 km to the west.

BepVICI)MHaLl,MFl TeMrnepaTtypHOro 1 BJlalKHOCTHOIO pexnMa
60NOTHbIX U MUHEepPAaJibHbIX NMOYB B MOoeJ11 AeATeJIbHOIo
CJ10A4

"*Boromonos B.I0., "[iokapes E., *‘Crenanenko B.M., ‘BonoguH E.M.

! WHCTMTYT MOHUTOPMHIA KMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus

2 Hay4Ho-uccnenoBaTenbcKuid BblMMCUTENbHBINA LeHTp MY umenn M.B.JloMoHocoBa, Mockea, Poccua
* l0ropcKuii rocyapcTBeHHbIi yHUBepcuTeT, XaHTbl-MaHcuiick, Poccua

“ Teorpauueckuii parynsTet MI'Y umenn M.B.JloMoHocoBa, Mockea, Poccus

® MHCTUTYT BbluMCAMTeNbHOM MaTeMaTukn PAH, Mockea, Poccua

€TaJIbHBII MOHUTOPHHI TEMIIepaTypbl MOYBEHHOIO CIIOS MPEJOCTABISIET YHUKAJIBHBINA HKCIIEPUMEH-
TaJbHBII MaTepHas A U3Y4YEHUS CIIOKHBIX IPOLECCOB Mepeiauu TeIla 0T IPU3EMHOTO CJIOs aTMOC-
(bepsr B moyBorpyHTHIL. [10 TaHHBIM aBTOHOMHBIX U3MEPHTENICH TeMITepaTyphl BO3yXa IOIy4eHO, YTO B
aMKax KaykKI0ro KJIFOYEBOr0 ydacTKa 3HaYMMble Pa3HOCTH MEXIy MYHKTaMHU HaOIIOeHUH oTcyTcTBYIOT. [0
JaHHBIM MHOroseTHUX (2011-2018 rr.) HaOMrOAEHMI 32 TeMIlepaTypHBIM PEKUMOM IIOYBOTPYHTOB MOIYYEHO,
YTO MUKPOKJIMMaTH4IecKast crielidrka O0JIOTHBIX SKOCHCTEM SIPKO IPOSIBIISIETCS] B 0COOCHHOCTSIX CYTOYHOTO U
TOZI0BOTO X0Ja TeMIeparypsl ouBkl. [Ipeanoxena perpecCuoHHas MOJIENb ONMUCHIBAIOIIAs U3MEHEHUE MaKCH-
MaJIbHOH 3a 3UMy TIIyOMHBI IIPOMEP3aHusl, NCIOJB3YIOMIasi B KaueCTBE NPEJUKTOPOB TEMIIEpaTypy BO3IyXa,
BBICOTY CHE)KHOTO MTOKPOBAa M ypOBEHb OOJIOTHBIX BoJ. Bimsinne YBB n cHexHOro nokpoBa, HMeEIOT Oln3Kne
3HAUYEHUS], 4TO TOBOPUT O MPHOIM3UTEILHO PABHOM BKJIa/ie Bapualuii Y BB 1 BEICOTEI cCHera B M3MEHEHUsI Ipo-
Mep3aHus. ToNMHa Ce30HHO-MEP3II0ro 10 Ha Beex IuIolaakax cocrasiseT 20-60 cM 1 MaKCUMaIbHO MPO-
Mep3aHue TopQsHOHN ToNIKM focTUraeTcs B peBpase-mapre. Jlerpagarusi Ce30HHO-MEP3II0T0 CII0sI TPOUCXOANUT
KaK CBEpXY, TAK U CHU3Y.

[Tonyueno, 4To cX0KHe OOIOTHBIE HKOCHCTEMBI HA PA3TMYHBIX OOJIOTHBIX MAaCCHBAX MMEIOT CYIICCTBEHHO
pasinyaroImecs TeMIeparypHabie pexuMsl. TopgsHas Toma ceBepHbIX 00J0T MOXKET OBITh, KaK Teriee (3u-
MOH), TaK 1 XonoHee (JIeToM) 60JI0T, pacronokeHHbIX Ha 520 kM roxHee n 860 kM 3amaaHee.

BonoTHbIE AKOCHCTEMBI WIPAIOT 3HAYUTENFHYIO POJIb B TIIOOATBLHOM KPYroBOPOTE YIVIEposa, SIBIISSICH
WCTOYHMKAaMHM M CTOKAMHM ITapHUKOBBIX ra3oB. Ha Teppuropun 3ananHoit Cubupu 6010Ta 3aHUMaoT CBhIe 36
% mnomaau. CornacHo orenkam MI'OUK, smuccus MeTaHa U3 €CTECTBEHHBIX 00JIOT cocTasiser 61-82% ot
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BCEX MPUPOJHBIX HCTOUHUKOB MeTaHa. IHTEHCUBHOCTh TOTOKOB MAaPHUKOBBIX Ia30B yIPaBJISETCS THIPOJIOTU-
YECKMM U TEPMHUUECKUM PEKUMOM TOp(siHOM 3anexu. [ToBbIleHre TPU3eMHOMN TeMITepaTypbl BO3/lyXa 1 CHHU-
JKEHUE YPOBHSI BOJ| BBI3BIBAET MCCYIICHHE TOP(a, TIOBBIIICHHE TEMIIEPATYPhI U a9pUPYEMOCTH, YTO CIOCOOCT-
BYET POCTY SMHCCUH TIAPHUKOBBIX Ta30B. OnpeiesieHne CKOPOCTH YIIIEPOAHOr0 0OMEeHa MEKAy O0IIoTaMH |
armocdepoi, a TakKe KIMMaTHUECKUX (aKTOPOB BIUSIONINX Ha YIIEPOIHBIH OOMEH SIBIISICTCS BAYKHOM Hayd-
HoW 3aa4eil. TemIiepaTypHbIi peKUM IT0YB SIBIISICTCS BAKHEHIINM (aKTOPOM YIPaBISIONMM OHOXUMHYECKH-
MU IIpolieccamMy B TOpGsiHOM 3anexu. [lonydyeHHbIe JaHHbIe MOCTyKaT MaTepHaIoM ISl KaTMOPOBKH U BEpH-
¢uKanuy Mojesel Terio-MaccolepeHoca B IOYBOIPYHTaX, MO3BOJSIT KOJIMYECTBEHHO OLEHHUTH TEIUIOBOE
BJIMSTHUE MEJIMOPALIUH M TIOKapOB Ha OOJIOTHBIE 9KOCUCTEMBI, TIOCITYKaT OCHOBOM JJIsl pPEKOHCTPYKIMH KIIUMa-
Ta royoueHa Ha tepputopuu 3anaaHoi Cubupu. TeroBbie pexxUMbl TOPQSHBIX 1 MUHEPAJIBHBIX ITOYB CYIIIe-
CTBEHHO paznnyarorcs. TopdsiHas 3ajieXb HPeNCTaBiIsIeT cOOOH CIOKHYIO OPraHOMHUHEPAIbHYIO CHUCTEMY,
o0aaronyto crienuduyecknMu CBOMCTBAMH: BBICOKOW OOBOJHEHHOCTBIO U IOPUCTOCTBIO, COAEP)KAHUEM
0O0JIBILIOrO KOJIMUECTBA MAJIOPA3JIOKUBIIEIOCS OPraHHYECKOTro BelecTBa. Ha HU3KMX BIaXKHBIX MecTax ¢ 00JIb-
LIMM KOJIMYECTBOM OPraHUKH ciiabasi TeIuIONpOBOJHOCTh YacTO IPOBOLUPYET 3aMOPO3KH Ha MOBEPXHOCTH
TIOYBBI BECHOM M OCEHBI0, & CHIILHO 3aTOP(OBAHHBIC OYBBI CEBEPHBIX IIHPOT CIIOCOOCTBYIOT MObEMY YPOBHS
MHOTOJIETHEH MEp3JI0ThI ¥ IPOABMKEHHIO ee B 0oJiee I0KHbIE palioHbl. TemreparyponpoBogHOCTb TOP(IHOM
3aJ1e)%H 00JIOT 0COOCHHO B IIEPUOJL €€ IIPOMEP3aHHUs U OTTAaUBAHUSI 3aBUCUT OT ITPOLIECCOB BBIACICHHS I MO-
IJIOIEHHUS TEIUIA, CBSI3aHHBIX ¢ ()a30BBIMHU MPEBPAILCHUSIMH BOJbI. [103TOMY CKOPOCTBH pacnpocTpaHeHus Te-
TUIa B 3QJI€KHU OTIPEEISIeTCs BEIMUMHOM d(phexTrBHOTrO KOd(dUIeHTa TEMIIepaTypOIpOBOIHOCTH.

MOHHTOPUHT TeMIIepaTypbl OJIMTOTPO(GHBIX OOJIOTHBIX MTOYB, B Ieproy ¢ aBrycrta 2014 roxa no ceHTsIOpb
2018 . M03BOJIMIT MCCIIEIOBATh BO3/ICHCTBUE CHU)KEHHSI YPOBHSI OOJIOTHBIX BOJI BCJIECTBUE OCYIICHUS HA TEM-
TepaTypHbIA PEKUM ILIECTH OJUTOTPOMHBIX 00JIECEHHBIX OOJIOT.

[pensnokeHa perpeccuoHHast MOJIENb ONMCHIBAIONIAs U3MEHEHNE MaKCUMAJIbHOH 3a 3UMY ITyOWHBI TIPO-
Mep3aHMs, UCIOJb3YIONIas B KaUeCTBE NPEAUKTOPOB TEMIIEPaTypy BO3/LyXa, BEICOTY CHEXKHOTO TIOKPOBA U ypo-
BEHb OOJIOTHBIX BOA. CpaBHHUTENIBHBIM aHAJIM3 JAHHBIX MOJEIBHBIX PACUCTOB M PE3yJIbTaTOB HAOIIOACHHH MO-
Ka3all, YTO CTaHapTHAsl OIIMOKA MOJICIIU IO MOJYJIF0 COCTaBMIa 2,4CM, OIpaBIaHHOCTh Mozenu 6,5 %. Hau-
Oosbinast ommoOKa He npebimaet 5 cM. Biusaue YBB 1 cHexXHOro nmokpoBa, MMEIOT OJIM3KKE 3HAYEHUsI, YTO
TOBOPHUT O NPUOJIN3UTEIBHO PAaBHOM BKJIaJie Bapuanuii YBB 1 BBICOTHI cHera B M3MeHEeHUs ipoMep3anust. [1a-
nenue YBB Ha 12 cM win yMeHblIeHre BbICOThI cHera Ha 10 cM oka3bIBaeT oxJiaxKaarollee BO3IeHCTBUE HA
TOP(MSIHYIO TOJIY aHAIIOTHYHOE YMEHBIICHHIO CPEIHEH TeMIepaTypbl 3uMHUX MecsiieB Ha 1 °C 1 BbI3bIBaro-
1iee yBeJn4eHne NryOuHbl mpoMep3anust Ha 2 cM. [To nanubsiM MHoronetHux (2011-2018 rr) Habmonenui 3a
TEeMITepaTypHbIM PEKMMOM MOYBOTPYHTOB OJIMroTpodHOro 6osora «bakdyapckoe» MomydeHo, 4T0 MUKPOKIIH-
Maruueckas crieriuka O0J0THBIX SIKOCHCTEM SIPKO MPOSIBISIETCS] B OCOOCHHOCTSIX CyTOYHOTO U TOZ0BOT0 X012
TeMnepaTypbl mouBbl. TopdsiHbIe MOYBBI X0JI0JHEee MUHEpaIbHBIX Ha 8-10 °C B Temnoe BpeMs U Teriee ux Ha
1-3 oC B x0noaHOE BpeMs roja. bbuio ycTaHOBIEHO, UTO B TEILIBIA epHo/] 00I0Ta ¢ HU3KMM YPOBHEM O0JIOT-
HBIX BOJ[ XOJIO[HEe 00oT ¢ BhicokiM YBB. B xonmoaHbIi nieprox — Ha000pOT: 00BOJHEHHBIC TOIH XOJIOHEE
psmoB. [IpemioxkeHHasi perpeccuoHHast MOJEIb IT03BOJISIET IPOrHO3MPOBATh MaKCUMAaJIbHYIO IIyOWHY HpO-
Mep3aHMs, UCTIONb3Ysl JaHHBIC O MAKCUMAJIbHON BBICOTE CHEra U CpefHel 3a 3uMy TemIeparype Bo3ayxa Te-
TUIOBBIE PEXKUMBI TOP(SHBIX U MUHEPAJIBHBIX [T0YB CYILECTBEHHO Pa3IHYarOTCsl.

Jlyist MozienMpoBaHusl TEMIIEPAaTYPHOTO PEXKNMa MUHEPAJIbHBIX TIOYB U OOJIOTHBIX SKOCHTEM ObljIa HCIIOJb-
30BaHHAs U3MEHEHHAsI MOJIEIIb IeATeNIbHOrO cios. [10 cOCTOSIHMIO Ha TEKYIIUIH MOMEHT, B MOJIENIHN AEATEIIbHO-
ro ciog UBM PAH cymia noapasaensiercs Ha 5 TUIIOB HOBEPXHOCTH — PACTUTEIBHOCTh, OTKPBITAsl I0YBA, BO-
JIOEMBI, CHET ¥ CJIOH IepeXxBauyeHHON BiIaru (Karuiy 0I5, OCTaBIIMECS HA JMCTHSIX, IOBEPXHOCTHAS IIJICHKA
BJIarY Ha MOYBE U T.I1.). S[YEHKH CyIIM MOXKET BKIIIOYATh B Ce0sl pa3IMYHbIC TUIIBI B Pa3HBIX MPOIMOPIHSIX, KOTO-
pBI€ 3aBUCST OT BpeMeHU. Pa3nuuus B TUNaxX MOBEPXHOCTHU 3aK/II0YAIOTCS B BAPHALIUAX OCHOBHOTO aJITOPUTMa
MIPU pacueTe TeMIIEPaTypbl IOBEPXHOCTH, @ TAKXKE B 3HAUCHUSX CIIETYIOIUX XapaKTePUCTHK: - YPOBEHb LIEPO-
XOBATOCTH; - BJI&XKHOCTb BO3/yXa y OBEPXHOCTH; - CONPOTUBIICHHE IOBEPXHOCTH Hcnapenuto; [eorpaduye-
CKHUE Pa3JIN4Ms B MOAEIH AJIS SU€eK CYIIU: OIS PACTUTEIbHOCTH PA3HOTO TUIIA, OTKPHITOM IOUBHI U BOJOEMOB
B ITOKPBITHHN STYEUKH; JI0JIs1 [IECKa ¥ TIIMHBI B IOUBaX; IyOMHA BOJj0eMOB. Pacripeesienye THIIOB TOBEPXHOCTH,
TeMITepaTypbl IOBEPXHOCTH OKEaHa MpPEICTaBISIeTCsl JUIsd Kax10ro u3 12 Mecses, anpdeno OecCHe)XHOU No-
BEPXHOCTH — JUIsl STHBAPSI, anpelisi, Mroist M okTs10psi. CocTostHue esiTenbHoro ciiost B Mozaean IBM PAH xapax-
TepU3yeTcs 1eCAThIO BEIMUMHAMU. B kauecTBe HauanbHBIX YCIOBHH NEPEMEHHBIX UCIOIb3YIOTCS MO 3HAYE-
HUMH, SBJAIOLMECS BHEIIHUMY TapaMeTpaMH MOJIEIH AEATEILHOTO CIIOSI.

B 1ouBe paccmaTpuBarOTCs YaCTHIBI TpeX (PpaKLUi — IecyaHoH, WIMCTOW M TIIMHUCTOM. [lomyueHHbIe
JITaHHBIE XapaKTepU3yIOT IPaHYJIOMETPUUYECKHUI COCTaB MOYBEHHON TONIIY B LIEJIOM, OJJHAKO MpeJnosaraercs,
YTO MIMCTas (PPaKIL¥si COOTBETCTBYET OPraHMYECKOMY BEILIECTBY ITOYBBI M KOHIIGHTPUPYETCSI B BEPXHUX CIIOSIX
mozenu 10 ypoBHs 70 cM. To ecTh, 110 CyTH, B MOJIEJIN OTCYTCTBYET TaKoW THIT Kak OMomacca COOTBETCTBYIO-
1asi B YaCTHOCTH TOP(SHBIM 3ajiexkaM. A JJaHHOE JIMHEHHOE pacipeielieHHe 110 TIIyOrHe 1ake TIPUMEPHO He
OTpaXkaeT JeHCTBUTENLHOCTb. 110 9TOl npu4KHEe B MOZIENb B AesATeNbHbIN ciioi monenu UBM PAH 6butn un-
TErpUpOBAHBI HOBBIE JAHHBIE KaK 110 KapTe pacrpeaeIeHH TUIIOB CYIIH, TaK H (PAKIMOHHOE PacIIpeIeICHUS
royB 110 nryoune. [Tpu aToM ObLT CO3/1aH MaKeT MPOrpamm, MO3BOJISIOIINI U3 HCXOIHBIX 0a3 ¢ pa3penieHue B 1
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kM. [Tosrydarb HEOOXOMMBIE KapThl C HY’KHBIM Pa3pelIeHUEM B 3aBUCHMOCTH OT KIIMMATHYECKOTO MM METEO-
POJIOTHYECKOTO YHMCIEHHOTO HSKCIEpUMEHTa. VIcXoiHble JaHHBIC MPEACTAaBISIOT CO00M 0a3bl M3 MpOeKTa
ECOCLIMAP https://opensource.umr-cnrm.fr/projects/ecoclimap/wiki. JlaHHBIH IPOEKT NpencTaBiIseT co00i
Ha0Oop 0a3 AaHHBIX C pa3perieHneM | KM, KOTOpOe BKIJIIOYAIOT KIACCU(PHKAIMIO YKOCHCTEM U COIVIACOBAHHBIN
Ha0Oop MapamMeTpoB 3eMHOI OBEPXHOCTH, KOTOPBIE B TIEPBYIO OUYEPEb SIBIISIIOTCS 00s13aTEIIbHBIMU TIPH METEO-
POJIOTHYECKOM MOJISTUPOBAHHH (B YaCTHOCTH, MH/IEKC TUIOLIA M JINCTA U alib0e10). A MNMEHHO HamMu Obli1a Uc-
nosb3oBana 6aza naHHbIXx ECOCLIMAP-I (Faroux 2013)- ato miobanbHas 6a3a JaHHBIX, KOTOPYIO MOKHO HC-
T10JIb30BATH ISl MHUIMAIM3AIMHU CXeM Nepejadn oyBa-pacTutenbHocTb-arMocdepa (SVAT) B mereoposoru-
YECKHMX M KIIMMAaTHYECKHX MOJIEJISIX (BO BCEX FOPU3OHTANIBHBIX MacuTadax). [lomydenHbie udpoBble KapThl
TT03BOJIMIIH, IPOBOJJUT ME30MACIITA0HbIE YNCIICHHBIE SKCKPEMEHTBI C MOJIEJIBIO JiesiTenbHoro cinos UBM PAH
C M3y4YCHHEM POJI OOJOTHBIX HKOCHCTEM Ha TEPPUTOPUH 3anaHOi CHONPCKOM HU3MEHHOCTH U 3HAYUTEIBHO
WM3MEHUT MOJEIMPOBAHUE KIMMATHYECKUX XapaKTEPUCTHK B MPH3EMHOM CJIOE€ HA YPOBHE SKCIIEPHUMEHTOB C
100aTbHON KIIMMaTHYECKOH Moziesbio. CTPYKTypa IOYBBI B MOJIENN MPE/CTaBIeHa CIeIYIOMNM o0pa3om: S
— CHEXHBIH IIOKPOB — BpeMeHHbIH cioi. C — catotelm. - TopdsiHast Tosa B 00bIYHOM ITOHUMaHUK — HACHIILCH-
HBIC BOJIOH CJIOM PACTHTENILHBIX OCTAaTKOB, MEJICHHO pa3jiararolrecs B aHadpOOHbIX ycioBusx. Ha rpanuie
A u C pacronoxeH ruIpoXMMHUYECKUil Oapbep Iie BCsIKHe OMOXMMUYECKUE MPOLeCcChl MHTEHCUDUINPYIOTCS
KOJIOCCAJIbHO. YPOBEHb OOJOTHBIX BOJI OOJIBIIYIO YaCTh BPEMEHH HaXOIUTCsl Ha 9TOH rpaHule (rpaHuia mnos-
BIJIACh, OCKOJIbKY Melkue Konebanust YBB n criocoOcTBytoT ee popmupoBannio). MS — MuHepalibHast 1o4Ba.
['pyHTHI, OACTHIIAIOIINE OOJIOTO U B OOIIEM CIlydae sIBISIONIMECs BoAoyrnopoM. Takoe paszeseHue Ha CIou
MOJIOUICT JUTSL OMTUCAHUS OJIMTOTPOMHBIX 00I0T, OT 8 cM 110 1.5 MeTpoB uaet Topd. Ot 1.5 1o 10 M — moacTHIA-
torye rpyHThl — Ha. Huskwii pssm (LR) 1 Beicokuit psim (TR) = cocHOBO-KycTapHHUUKOBO- c(harHOBOE J10J10-
TO MMEIOT TaKylo K€ CTPYKTYpy TOP(MSHOI 3ajexH, 32 HEKOTOPHIMH OTIMYHSIMHU — MOIHOCTb a3pUPyeMOro
cousl y HuX 0OoJiblie, a ToiuHa Topda — MeHble. B BeicokoM psime Beero 1 metp. Hy n kak npenenbHblil city-
yaif — F — iecHas mouBa He Ha OoioTe. B 1aHHOM ciy4yae MOXOBOIi CJI0H OTCYTCTBYET. B BepxHeMm ciioe conep-
YKaHUE OPTaHMKH ITOCTOSTHHOE U OOJIBIIOE (TOPU30HT A), BO BTOPOM CJIOE - COZIEpYKaHUE OPraHUKHU C IITyOWHOM
JIOJDKHO TaJath 70 Hyis (ropu3oHT B). Tpertuii cioit — noxctuinaromye nouBorpyHTs (ropuszont C).

Hccnedosanue svinonneno npu gunarncosotl noooepoicke POOU 6 pamkax nayunozo npoexma Nel8-05-
00306.

CooTHoLLEeHMe 3Mmnccnn MeTaHa oT 60/10T 1 Hambonee
3KCTpeMasibHbIX NoXKapos B 3anagHon Cubupu
Ha ocHoBe gaHHbiXx MACC/CAMS n GFED

'Autoxuna 0.10., 'AntoxuH MN.H., “’MapTbinosa 10.B.

" UcTuTyT onTukm atMochepbi uM. B.E. 3yesa CO PAH, Tomck, Poccua

? IHCTUTYT MOHMTOPMHIa KMMaTUYECKUX U 3Konornueckux cuctem CO PAH, ToMck, Poccua

* CMBMPCKUIA pervoHanbHbIl HayuHo-MCCNe0BaTeNbCKUIA TMAPOMeTeoponoruyeckmii uHeTuTyT, HoBocubupcek, Poccus
E-mail: olgayumarchenko@gmail.com, apn@iao.ru

€TaH SIBISIETCS B)KHBIM TTAPHUKOBBIM T'a30M, M €r0 KOHIIEHTPALMs B arMocdepe MouTH yTpomiach ¢
JIOMHAYCTpUaIbHBIX BpeMeH. CKOpOoCTh pocTa MeTaHa B arMocdepe onpeznensercs: 0alaHCOM MEXITy
MOBEPXHOCTHBIMU SMUCCHSIMHU U (DOTOXMMHYECKUM Pa3pyIICHUEM IIPH PEaKIUU C THAPOKCUIT paIiKa-
nom [1]. CeBepHast yacts EBpazuu siBisieTcsi BaXKHBIM HCTOYHUKOM METaHa M3-3a HAJINYHUS OOMIMPHBIX OOJIOT 1
YaCTBIX JIECHBIX NOKapoB. OlLleHKa MOITHOCTH 000MX ITUX NCTOYHHKOB BCer/ia Oblia 04eHb HEOOX0AMMA JUIsl CO-
cTaBJIeHUs TII00anbHOTO OanaHca MeTaHa. Harpumep, B ctarbe [5], OLlEHEHBI SMUCCHN METaHa B pe3yJIbTaTe Jiec-
HBIX TT0XapoB B CeBepo-Bocrounoit EBpaznu 3a 20002011 rops! v 1o cpaBHEHHUIO C SMUCCUSIMU MeTaHa oT 00-
110T. OKa3aJ10Ch, 4TO SMUCCHH OT TIOYKAPOB JI00ABIISIIOT B CpeIHEM Mopsiaka 5-15% ot 6onoTHOM amuccuu. OtHaKo
MBI IIPEIIONIAraeM, 4YTo MaKCUMaJIbHbIE SMUCCHH METaHa OT M0XAPOB B ceBepHOI yacTu EBpasuu cBs3aHBI C aT-
MochepHbIM OnokupoBanueM [6]. [ToaTomy KirtodeBbIM (hakTopoM siBisteTcst GopMUpOBaHUE OJIOKUPOBOK B HaH-
OoJiee 3HAYMMBIX PETHOHAX C TOYKU 3PEHUS PaclpOCTPaHEHHMs JecoB. B 3aBUCHMMOCTH OT CLiCHApHs Pa3BUTHS
OJIOKMPOBAHMS B JICTHUI MEPHOJ COOTHOIICHNE AMHUccHid MeTaHa ot Oonot (B3) n or noxapos (JIIID) moxer
CHJIBHO pa3ianyarhes. B paboTe MbI cTaBUM CBOEH LIENBIO MPOIEMOHCTPUPOBATH BAYKHYIO POJIb OJIOKMPOBAHUS
armocdeps! B 3amaanoit Cubupu (3C) kak OCHOBHOW NMPUYMHBI BOZHUKHOBEHHSI KPYIHBIX JICCHBIX TT0KapOB H
paccunrars cootHotenue JIITD, conpoBoxaaromux coobITHs OoKupoBanust u b3.
B pat6ote ucnonszoBansl janasie ECMWF Era-Interim [8], GFED (Global Fire Emissions Database) [14]
and CAMS GFAS (Global Fire Assimilation System) [15], MACC-III greenhouse gases inversions, v10_ an
[16]. dns onpenesnenust OIIOKMPOBAHMS HCIIOJIB30BAHBI Pe3yibTaThl padoT [6,12], kputepuid, pazpadoTaHHbII B
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pabotax [9-11] — FOxwusrit rpaanent reonorenmmana (GHGS), a Takke moTeHIInanbHas TeMIIiepaTypa Ha TnHa-
MHu9eckoi Tpomonayse (PV-0).

Br1no mokazano, uyto Makcumanbhbie JITID B 3C (2005, 2006, 2007, 2010, 2011, 2012 u 2013) nHabmroaa-
THCh HA (OHE OIOKUPYIOMHUX MPOIEccCOB B arMocdepe. OmHako B padboTe MOAUEPKUBACTCS, YTO MEKAY Hada-
JI0M OJIOKHpOBaHHSA (a 3a4acTyIO M BCEM MEPHUOIOM OJIOKHPOBAHMS) CYIIECTBYET HEOOIBIION CABHT 3-6 THEH.
CHHOINITHYECKUI aHAJIN3 BO3HUKHOBEHUS, CTAlIMOHUPOBAHMS U Pa3pyLLCHUs OTACIBHBIX OJIOKUHIOB, a TAKKE
0YaroB YMUCCUH METaHa OT IT0XKaPOB, MO3BOIMIN CHOPMYIUPOBATH JIBE OCHOBHBIC IPHYNHBI HAJTUYHS CIIBHIA.
[lepBasi TOBOJILHO OYEBHUIHA M CBA3aHA C TEM, YTO 3aCYLUIMBOCTh JOCTHIAET CBOMX MaKCHMAaJIbHBIX 3HAYCHHUH
B CepeinHe Ieprona OokupoBaHus. Bropas npiyrHa MeHee OueBHIHA U CBsi3aHa C JMHAMUKOW rpeOHel BbI-
COKOTO MaBiieHUs Han 3amanHoit u Bocrtounoit Cubuppro. MakcuMmanbHast SMUCCHS OT MOXKAPOB 3a4acTyro
(ukcupyeTcs pu CMeIIeHNH ONToKuHTa (Wi TpebHs) ¢ 3amaaHoit Ha Boctounyro CHOUpS.

Cpasnenne JII13 B mepuonsr 6mokuposanue mo ganaeiM GFAS u GFED mokasano, 9To 3a HCKITIOYeHHEeM
2010 rona JIIID no narabiM GFAS 3nauntensro Beime. [To nanasiv GFED, cpennsis JITTD B meproas! OIOKHIH-
TOB 3a BCe TofbI cocTapisieT Bcero 14,2% ot b (MakcumanbHas smuccus coctasuseT 35% (2012 r.), muaH-
ManbHas - 2,2% (2007 r.)). ITo narasiM GFAS, cpennss smuccust 3a cocrapister 38,1% ot BD (makcumanbHas
ammuccns coctaBisieT 127,4% (2012 r.), muaumansHast — 6,1% (2010 ) ot WE).

Ratio of methane emissions from wetlands
and the most extreme fires in Western Siberia based
on MACC / CAMS and GFED data

'Antokhina 0.Yu., 'Antokhin P.N., “*Martynova Yu.V.

"V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia

* Siberian Regional Hydrometeorological Research Institute, Russia, Novosibirsk, Russia
E-mail: olgayumarchenko@gmail.com, apn@iao.ru

1. INTRODUCTION

Methane is an important greenhouse gas, and its atmospheric concentration has nearly tripled since pre-
industrial times. The growth rate of atmospheric methane is determined by the balance between surface
emissions and photochemical destruction by the hydroxyl radical [1] The past three decades have seen
prolonged periods of increasing atmospheric methane, but the growth rate slowed in the 1990s, and from 1999
to 2006, the methane burden (that is, the total amount of methane in the air) was nearly constant. Yet strong
growth resumed in 2007. The reasons for these observed changes remain poorly understood because of limited
knowledge of what controls the global methane budget [2]. Early in [3] was showed the increased growth rate
during 1998 corresponds to an increase in the imbalance between CH4 sources and sinks equal to -24 Tg CH,,
the largest perturbation observed in 16 years of measurements. Authors [3] suggest that wetland and boreal
biomass burning sources may have contributed to the anomaly. Later in [4] authors demonstrated the
anomalously high flux was observed in June and July 2007 in West Siberian Lowland. Thus, north part of
Eurasia is an important source of methane, due to extensive wetlands and wildfires. Estimation of the power of
both these sources has always been very necessary for compiling a global methane balance. For example in
paper [5] authors estimates of methane wildfire emissions from Northeast Eurasia for years 2000-2011 and
compared to the methane wetland emissions reported in literature, it turn out the wildfire add about 5-20%.
However we suppose that the maxima methane emissions from biomass burning in north part of Eurasia link to
atmospheric blocking [6]. Therefore, the key factor is the formation of blockings in the most significant regions
in terms of biomass density in the summer season. Depending on the development scenario of blocking during
the summer period, the ratio of methane emissions from wetlands and from biomass burning (RWBB) can vary
greatly. Of course the blocking changes in the future may have an ambiguous effect on the ratio of RWBB:s.
And as the analysis of some recent blocking events shows [7], it is important not only the change in the
frequency of blocking, but also their configuration. However, an analysis of such nuances is still to come. In
present work our goals to demonstrate importance role of atmospheric blocking in Western Siberia (WS) as a
driving forces of wildfires and calculate to the ratio of methane emission from wildfires accompanied to
blocking events and the wetland emission.

2. DATA AND METHODS

Atmospheric data used in this study are from the European Centre for Medium-Range Weather Forecasts
ECMWF Era-Interim [8]. The spatial and time resolution is 2.5%2.5 and 12 UTC. In this work we used the
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blocking periods obtained in [6] for 2005-2013. To clarify the period and position of blocking events, we use a
GHGS (geopotential height — gradient south) criterion is developed in works [9-11]. We use GHGS with the fix
blocking latitude (¢;,) and flexible blocking latitude (¢g,,) according [12]. The flexible latitude was used only
for some of the periods. The GHGS criterion was used for determine blocking dates in 2016.
GHGS = Z(@o)—Z(9s)
Po—Ps

where Z is the 500 hPa geopotential height, for @g,: 90=60° N £A, ¢,=40° N £A, for @4.,.= 9,=70° N %A,
¢,~=50° N A (for Western Siberia). Unlike in [9-10], we took the following values for A: A=-5°, -2.5°, 0°, 2.5°
or 5°, which were first offered for use in [11]. For clarify the blocking dates we also used the potential
temperature on the dynamic tropopause (PV—0). According to [13] PV-0 is a very good candidate to study the
synoptic development of blocking as it is materially conserved in time, providing an excellent tracer for the air
masses contributing to blocking formation, and can be inverted to give the balanced component of the flow. In
addition the reversal of the meridional gradient PV—0 is associated with Rossby wave-breaking [13]. The
determined of blocking dates are showed in table 1.

Table 1. The blocking dates for summer period with the maxima blocking frequency in WS.

Y,m lon, lat Block, data Y,m lon,lat Block, data
2005/7 SEGOMN | 22080y 01006 | T E00N |3
s [BEm [0t Loaer [mman[Higae
s[RI [Pl [ [ |l
2010/7-8 65E, 60-40N 26 July- 6 Aug 2016/7 ;gg Zg:igg }‘7‘55 ﬁg

We used daily data of methane emission are from GFED (Global Fire Emissions Database) [14, available at:
https://www.globalfiredata.org/] and CAMS GFAS (Global Fire Assimilation System) [15, available at: https://
apps.ecmwf.int/datasets/data/cams-gfas/|. The Global Fire Assimilation System (GFASv1.0) calculates biomass
burning emissions (BBE) by assimilating Fire Radiative Power (FRP) observations from the MODIS instruments
onboard the Terra and Aqua satellites (resolution 0.1x0.1). The Global Fire Emissions Database (GFED4)
calculated emission by burned area from the MODIS. For estimate of methane emission from wetland (WE) we
use the data from MACC-III greenhouse gases inversions, v10_an based on delayed-mode analysis of the GOSAT
satellite and surface observations. Regular updates of global CH4 flux inversions are provided every 6 months (for
period ~7-13 months before real-time). These 'Delayed-Mode' CH4 inversions use generally both satellite and
surface observations. Since beginning 2012, the GOSAT Remote C PROXY v2.0 XCH4 retrievals are used. The
model output from these GOSAT based delayed-mode inversions is available under the MACC version ID v10_
an. Further details of the 'Delayed-mode' CH4 flux inversions are described in [16].

3. RESULT AND CONCUSSIONS

A

o 00 , Fig. 1 shows the
comparison of BBE from
two databases for
summertime.

i Figure 1. Biomass burning

R e e AP AR S emission during summertime
according to GFED and GFAS

for 50-70N, 60-90E. Solid line

e 00

i

0

: /f'm ﬂ L — the blocking periods, dash
. i b i line — maximum methane

U6 WI6 G216 TG 1016 2018 TG 1006 B2 %3016 emission.
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It is clearly visible that the periods of blocking and the periods of maximum BBE coincide, although there
is the delay in the growth of emissions relative to the blocking period. We investigated all the events, and have
come to the conclusion that this delay was mainly due to the peculiarities of blocking in Western and Eastern
Siberia (except for 2010, when the blocking bordered the WS region from the west). In order to demonstrate the
reason for the delay, we present fig. 2 which shows methane emission according GFAS, PV-O and streamflow
at 500 hPa. The case of July 2006 (fig. 2) is the quite typical in term the development blocking and high-
pressure ridge in Siberia. Fig. 2 shows the time-longitude diagram of GHGS for July 2006. In fig. 2,3 from 10
to 23 July we can see the following blocking scenario caused the increasing BBE’s. The moving of the blocking
ridge take place — first we can see Ural-WS blocking (10-16 July), than eastward shifting of blocking ridge (17-
19 July) and finally 20-23 July — Eastern Siberia-Russian Far East blocking. The maximus BBE’s was observed
for third stage. This eastward moving of high-pressure ridge depending on the growth amplitude can be look
likes following:

1. WS (WS-Urals) ridge — eastward moving — ES (ES-RFE) blocking

2. WS (WS-Urals) blocking — eastward moving — ES (ES-RFE) ridge

3. WS (WS-Urals) blocking — eastward moving — ES (ES-RFE) blocking

In addition to the above we should note that the inertia of formation of BBE’s maximum caused by
increasing of anomalous dryness by the end of blocking.

Wicfir Sin of Ukaarss (130 ig = 2 6

Figure 2. Right panel — BBE, left panel — PV-6 15, 19, 22 July 2006 (for both panel showed the streamline at 500 hPa).

31/07+ ' ' ' ' ' ' ~ Figure 3. Time-longitude

21/07 - | — . diagram of GHGS (fix latitude)
for July 2006.

107 v o .|'

1/07 —
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In table 1 we demonstrate the comparison of BBE’s emission for two databases and WE’s. First of all we
can pay attention for difference between GFAS and GFED data for WS. With the exception of 2010 and 2016,
GFAS shows much higher values than GFED. Depending on which of these values will be compared with the
WE’s, we will get different results. According to GFED the average emission for all years is only 14.2% from
WE’s (maximum emission is 35% (2012), minimum — 2.2% (2007) from WE’s). According to GFAS the
average emission for all years is 38.1% from WE’s (maximum emission is 127,4% (2012), minimum — 6.1
(2010) % from WE’s).

This research was supported by the Russian Foundation for Basic Research (grants no. 17-05-00119 and
no. 17-05-00374)
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Table 1. The ratio of methane emission from wetland and from biomass burning.

Summer (June-August) average total for WS emission from Average for period maximum emission (fig. 1) from
wetland, calculated for 2012, 2013. biomass burning total for Western Siberia.
GFAS GFED

Year kefs (\))/;est)lfand kefs :é)e(t)lfand
2005 197.6 28.8 72.4 10.6
2006 175.9 25.6 42.6 6.2
2007 83.4 12.1 14.8 22
2010 42.0 6.10 54.0 7.9
2011 155.6 22.7 34.0 5.0

685 kg/s —100% 2012/1 872.9 127.4 239.7 |35
2012/11 | 469.0 68.5 183.5 |26.8
2013 229.7 335 73.6 10.7
2016 123.1 18.0 1553 | 227
Mean 261 38.08 96.66 | 14.12
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