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( jJ‘IO)KHOCTL peleHus 3aJa4 0 KaueCTBE BO3MY-

Xa B ypOaHU3MPOBAHHBIX 00JIACTSX 3aKIIIOUC-

Ha B pa3HOOOpasvM IMpPOCTPaHCTBEHHO-BpE-
MEHHBIX MaclITa0oB, B Ipejeiax KOTOPBIX MpOTeKa-
0T TPOLECCHI PACCESIHUS M TPaHC(HOPMALINH 3arpsi3-
HeHui. B wactHOCTH, 1Ba Hanbosee BaXKHBIX U3 HUX
BKJIIOYAIOT B ce0s1 ‘TOPOACKON MaciuTad’ - HECKOIBKO
JecatkoB KwiomeTrpoB (Puc. 1 - Tunu4Hbld pazmep
ropoza), B MpezeIax KOTOPOro MPOUCXOAUT IepBUY-
Hasi AMHCCHUS 3arpsi3HEHMH BO3dyXa, U ‘Me3oMac-
mTad’- HECKOJIIBKO COTEH KHMJIOMETpPOB, rae (Gpopmu-
PYIOTCS U PacCEMBAIOTCSl BTOPHUHBIE 3arps3HEHUS
Bo3nyxa (Puc. 2).

Jlist BeramcieHus TypOyJeHTHBIX MOTOKOB MUM-
IMynbca U TEIUIA HCIOJIb30BAHBI MOJHOCTBHIO SIBHBIE
asredpandeckue MOJEIIH, TOJyYeHHBIE C TIOMOIBIO
CHUMBOJILHOM anreOpbl U3 ypaBHEHHUI NepeHoca Juis
TIOTOKOB MIMITYJIbCA U TEIUIa B MPHOJIKEHUH c1abo
paBHOBecHOU TypOynentHoctH [1]. CpaBHeHHe pe-
3yJIbTAaTOB BHIYUCIICHUN ¢ UMEIOLUMHUCS B JIUTEPATy-
pe JaHHBIMH HaOmoneHn# [2] U pesyasrarami, I10-
JIy4YEeHHBIMH JPYTUMH YUCJIEHHBIMU MOAEISIMHU, MO-
Ka3bIBaeT, YTO Pa3BUTasi MOAENIb CIOCOOHA BOCHPO-
N3BECTH HanboJjiee BaXKHbIE CTPYKTYpHBIE 0COOCHHO-
CTH TYpOYJICHTHOCTH B TOPOJICKOM CJIOE IIEPOXOBa-
TOCTH BOJIN3W ypOaHM3MPOBAHHON MMOBEPXHOCTHU TO-
poackoro AIIC, a Taxke BO3JeicTBUE TOPOACKON
LIEPOXOBATOCTH HAa NIOOAIBHYIO CTPYKTYpY MOJeH
BETpPa M TEMIEPATypbl HaJ TOPOAOM U PacCesHUs
npumecu (Puc. 2).

Aemopwt svipasicarom brazodaprocme PODOH
3a punancosyro nodoepoicky (eparwm 17-01-
00137).
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X km

Puc. 1. [lapaMeTpr3auma cnoA ropofcKoi LLepoxoBaTocTL. Puc. 2. KoHueHTpauwus naccmsHoro Tpaccépa C/ C,, Ha

ToncTas nuuma Mexkay 45 km and 55 km oTMeuvaeT pacno- HuHeM cnoe: 07 LST nepsoro aHs MogenvpoBanus (H);

NoXKeHue ropofa. 13 LST BTOpOro aHs MofenupoBaHua (@), Kak GyHKLMA ro-
PWU30HTaNbHOMO PacCTOAHMA.

Modeling and Simulation of Thermal Air Circulation
above an Urbanized Area

'Kurbatskiy A.F., Kurbatskaya L.l.

'Kristianovich Institute of Theoretical and Applied Mechanics SB RAS, Novosibirsk State University, Novosibirsk, Russia
’Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia

E-mail: kurbat@itam.nsc.ru, L.Kurbatskaya@ommgp.sscc.ru

1. INTRODUCTION

Urbanization causes drastic changes in radiative, thermal, moisture and aecrodynamic characteristics of the
land surface, leading to heterogeneities of the airflow. The main reasons for complexity of urban modeling lies
in the diversity of spatio-temporal scales over the phenomena occur. In order to compute the mean and turbu-
lent transport, several variables are needed (wind, turbulent coefficients, temperature, pressure, humidity). The
numerical models must, indeed, ideally be able to represent the two main scales (the ‘urban’ and the meso’)
involved. Since the horizontal dimensions of the domain are on the order of the meso’scale (~100 km), to keep
the number of grid points compatible with the CPU time cost, the horizontal grid resolution of such (meso’scale)
models ranges between several hundreds of meters and a few kilometers. Because is not possible to resolve the
city structure in detail (buildings or blocks), but that the effects of the urban surfaces must be parameterized [1].
The most important urban effects on the airflow are: (i) the presence of an intense shear layer at the top of the
urban canopy (there, the mean kinetic energy of the flow is converted into turbulent kinetic energy (TKE)); (ii)
the development of the turbulent wakes that generated by the roughness elements; efficiently mix and diffuse
momentum, heat and mass; (iii) drag due to buildings, i.e. the pressure differences across individual roughness
elements; (iv) phenomena of differential heating/cooling of sunlit/shaded surfaces, radiation trapping effects in
street canyons and heat storage in buildings can generate the so-called urban heat island effect [2, 3]. (In model-
ing, the urban heat island effect can be specified by an urban-rural temperature difference. The urban heat island
effect may produce major temporal and spatial alterations to the thermodynamics and circulation of the urban
airflow).

This study attempts to formulate a three-parametric numerical model for simulation of the air circulation
over the urbanized areas. In this model, the turbulent transfer of momentum, heat and concentration in the ur-
ban boundary layer is numerically simulated by a time-dependent Reynolds-averaged Navier-Stokes (T-RANS
approach). In the present model, two new ingredients are employed:

1) an updated expression for the pressure-strain correlation,

2) an updated expression for the pressure-temperature correlation. The turbulent momentum and scalar
fluxes are determined by the full explicit algebraic expressions, which are derived from the closed transport
equations for turbulent fluxes and simplified using the weak-equilibrium assumption and symbolic algebra.
Closure is achieved by solving the evolution equations for the turbulent kinetic energy, its dissipation rate and
scalar variance (the three-parametric turbulence model [1, 4]). This improved meso’scale model is able to re-
produce the most important features of a wind field above the city.
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2. THE CLOSURE MODEL FOR TURBULENT ABL

Both mean and turbulent variables are needed to model an ABL. The following system of partial differen-
tial equations models the ABL flow over the urban heat island for a full 24 hour cycle. The Boussinesq approxi-
mation for density variations is used to include buoyancy effects:

U, +W, =0, (1)

P —_—
U +UU_+WU, =—2>- + fV+D,,
t X z p (Wu)z f (2)

V,+UV +WV_=—(wv) - fU+D,, 3)

VV,+UVVX+WVVZ=—%—(WW)Z+B®g+DW, ()

©,+UO, + WO, =—(u0). ~(w8), + Dp. (5)

The dependent variables in (1)-(5) are the mean flow velocities U, V, and W in x, y, and z directions respec-
tively, mean pressure P, mean deviation @ from a reference temperature 7,. The terms D,, D,, D,, here repre-
sent the forces (e.g., frictional force, drag force etc.) and D, denotes the impact of the sensible heat fluxes from
solid surfaces (ground or buildings) on the potential temperature budget. The parametric quantities in the equa-
tions (1)-(5) include gravitational acceleration (9.8 ms?), Coriolis parameter (0.8x10™ at latitude 35°N), volu-
metric expansion rate of air B (3.53x10” K), and mean air density (1.25 kgm™). The lower case terms u, v, w,
and 6 represent time dependent deviations from their respective mean values, and their products in (1)-(5) give
the turbulent Reynolds stresses and heat fluxes. They are modeled by the full explicit anisotropic algebraic ex-
pressions which are obtained from the differential closed transport equations for turbulent fluxes by reducing
them to the system of algebraic equations using the weak-equilibrium assumption. The system of algebraic
turbulent flux equations is solved using symbolic algebra (cf. [4]). Three-parametric turbulence model [1, 5] is
used to close expressions for the turbulent momentum and scalar fluxes. The turbulent fluxes expressions are
not shown here because of their bulkiness.

2.1. Explicit algebraic turbulence model for turbulent momentum and heat fluxes

Equations for the turbulent momentum and heat fluxes were solved via symbol algebra. Below, we present
expressions for those turbulent momentum and heat fluxes that were used in a numerical test to solve system of
equations (1) —(5):

— ou ory) — 00
uw, v )=—K, | —,— |, wO=—K,;, —+7.>
C ) M ( 0z Oz j " oz Ve
Sy [1 +5,Gy (55— 53Gy )} +
121 .
Sy =— S b Sy =—15—(1+sGy)p>
26 D |3 ¢y
45485 (1 +5sGy )(‘CB 2) E
1 2 5 n2
Ye= D 1+ 50‘2 Gy +56Gy (0s(BEO” i the countergradient term.

The quantities G, and G, are defined as
Gy =(N) .Gy =S,
2 2
N2 = Bga® , §? E(G_Uj +(8_Vj ,
oz 0z 0z
7 a4 2 o

D=1+dGy, +dyGyy ~dsGyy Gy +dyG, dy=202,dy =19, 4, =20, %5 o,
3 3 Cle 3 Cle 2

4( a 2 1 (o
54:_(_3] , Sozgaz’ 5 =— =3, 5, =0, 05, s3:a5((x3/cle), Sy =030 s5=(x5+(4/3)(x2,
Clo AN\ Co

1- 1- 1-
S6=0L3/Cle, (},1:(4/3)?%, (12 :C—cz, a3 = CC3 Py (X,4 :(1—6'29), OLS =(1—6‘29 )/Cle,
1 1 1

(6,22, ¢=0. 54, ¢,=0.8, ¢,y =3.28, ¢,y =0.5).
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3. NUMERICAL TEST

The 2D numerical test is carried out. The size of the computational domain is 6x120 km with the resolu-
tion of 1 km. The topography is flat with a 10-km wide city surrounded by a rural area. In the model, urban heat
island effects are specified by the urban-rural temperature difference. The magnitude of rural-urban tempera-
ture difference driving this circulation depends on a variety of factors including the morphology of urban cano-
py layer. Therefore, the urban roughness parameterization has been incorporated in the improved meso’scale
model (Fig. 1). The ground temperature is the only unsteady boundary condition [1]. This thermal boundary
condition simulates the 24 hour cycle of heating by the sun on a land mass located from km to km. The meteo-
rological initial conditions are geostrophic wind from the west of 1, 3 and 5m s”, and atmospheric thermal
stratification equal to 3.5 K km™ in potential temperature.

4. SIMULATION RESULTS

Results of numerical modeling of the urban boundary layer lead to the following conclusions about trans-
formation of the global structure of wind velocity field above the urbanized surface (Fig.1).

4.1. Momentum

5 — 1/4
Comparison of the vertical profile of local u. defined as (uw I ) with the measurements data [6-8] is

presented in Fig. 2. Above the roughness sublayer, urban simulations show a region where u. is nearly constant
with height during day and night for both geostrophic wind speeds. In the roughness, sublayer the behavior of
vertical profile of u.exhibit a very similar shape as in the observations during night and daytime.

The extensive data set of measurements in the cities is presented in review [9] for the ratio of the local fric-
tion velocity u. to the mean velocity of horizontal wind (six groups of data; squares in Fig. 3). The calculated pro-
file of u./U (solid line in Fig. 3) has a maximum near the top of the building and then decreases with increasing
height, reaching a value close to 0.1 at a height of about a fourfold average height of the building. The profiles
calculated for two values of the geostrophic wind (3 and 5 m/s) are in good agreement with observational data.

The simulated results presented in these two figures show that the modified model of turbulence for the

Z, km

f — e
WIND
A
¥ H\IN 20 Flg' 1. The concept incorporated of urban canopy layer. The thick line on abscissa
3 e Nk between 45 km and 55 km indicates the city location.
T = : I
. H‘ S e 6 L\ P

1N = WL

== A IR ¢

3 m'l
i\

m feal scale data
from Rath (2000

: i ; Bl
- i =
D“ wlu,, ) 0.05 01 0.11“”.’&.2 0.25 0.3 0.35
Fig. 2. Vertical profiles of the local Fig. 3. Vertical profiles of the ratio Fig. 4. Passive tracer concentration C/C,,,
friction velocity u./U,,,,- between the local u to the mean wind  at the lowest level at 07 LST of the first
speed U. day of modeling (M) and at 13 LST the
The squares refer to the large number  second day of modeling (®), as function
of full-scale observations [9]. of horizontal distance.

The more realistic turbulence model of ABL and the urban roughness (Fig. 1) are able to reproduce the
vertical profiles of both the turbulent momentum flux and the mean velocity of horizontal wind that are consis-
tent with observational data.
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4.2. Impact on the dispersion of a passive tracer

A passive tracer is emitted in the city at ground level with a time variation typical of traffic emissions
characterized by high values in a morning and low values during night hours in order to reproduce realistic
profiles. Concentrations computed by the model at the lowest level in the centre of the urban area are plotted in
Fig. 4. They show the impact of the city on pollutant dispersion.

Acknowledgements. The Russian Foundation for Basic Research supported this study (project No. 17-
01-00137).
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ent (COSMO stands for COnsortium for Small-scale MOdelling) at present. Russia is a member of

COSMO consortium from 2009 and participates in COSMO model development, including verifica-
tion. Verification research began in 2009, operational verification is carried out from 2011. Thus, rather long
time series of COSMO-Ru scores are accumulated and the main model errors are determined for the Russian
territory. From 2013, the Hydrometcentre of Russia regularly participates in the COSMO consortium activity
of comparing the model versions in a common area in the Alpine region, where the model domains intersect
(the common area, hereinafter). The scores are presented on the common plots. Russia uses and contributes to
the development of common COSMO verification packages. At present, the VERSUS (VERification System
Unified Survey) package is an official COSMO verification tool. Its advantage is the possibility to perform
conditional verification. The work is going on to implement Rfdbk package developed in DWD and using the
feedback-files obtained as an output of data assimilation system and containing the observation and model data
interpolated to the station points with thorough quality control.

This work analyzes the scores of COSMO-Ru forecasts of different grid spacing (13.2 km: COSMO-
Rul3, 7 km: COSMO-Ru7, 2.2 km: COSMO-Ru2 and 1.1 km: COSMO-Rul) for different regions (European
Russia, Russian Arctic, Central Federal region, Southern Federal region, and the common are in the Alps,
where the COSMO versions of different COSMO members are compared [3, 4, 5].

ﬁ t the Hydrometcentre of Russia, the mesoscale forecasting is based on the COSMO-Ru system at pres-
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Common plot analysis shows that the COSMO-Ru scores are at the good level compared to other COSMO
versions.

The T2m (air temperature at 2 m) COSMO-Ru7 scores are improved overall from 2011 to 2016. The T2m
amplitude is underestimated in the diurnal cycle in fall, spring and summer, in particular at night (the analysis
of the common plots shows that this is a common feature not only for COSMO-Ru version). It is most likely
due to the deficiencies in the parameterizations of land surface and radiation. In winter, temperature is underes-
timated in the daytime and in the nighttime, and the diurnal cycle is flattened. The dependence of scores on the
lead time is similar for 00 and 12 UTC runs from approximately 6 h leadtime.

The wind scores dependence on the lead time is similar for all the seasons for all COSMO versions. There
is almost no error growth with the lead time. The wind speed is constantly overestimated.

The total clouds are mostly overestimated by the COSMO model.

Precipitation scores are somewhat different in summer and in winter. There is a clear diurnal cycle with an
overestimation of precipitation occurrence during the daytime, and underestimating it in the nighttime. In win-
ter, the models overestimate precipitation occurrence all the time. All COSMO versions underestimate intense
precipitation.

It should be noted that the pointwise verification is not enough for high-resolution models for precipitation
fields and other patchy fields, as it can suffer from the double-penalty problem, when a point of forecasted event
is shifted relative to the point of observed event. Numerous spatial verification methods are developed in the
last decade [8, 9, 10]. In the present work, the precipitation forecasts in the mountainous regions of Caucausus
(Sochi) and the Alps are verified using the features-based Contiguous Rain Area (CRA) method [8]. The fore-
casts are made in the framework of the WMO FROST-2014 project [1, 2, 11] and the MesoVICT (https://www.
ral.ucar.edu/projects/icp/) project. The COSMO-Rul and COSMO-Ru2 deterministic systems are used for the
Sochi region and the Swiss COSMO-1 and COSMO-2 systems with 1 and 2 km grid spacing are used for the
Alpine region. Also, the Russian (COSMO-Ru2-EPS) and Swiss (COSMO-E) ensemble systems are used. The
radar data (Sochi) and the VERA station analysis (the Alps) are used as the reference data. Different precipita-
tion accumulation periods and thresholds are investigated. The influence of the features matching function
choice on the CRA scores is studied. The first results of the application of features-based method to ensembles
are given [6, 7].

Bepudurkauma nporHo3oB no MesoMaclutabHom Moaenm
COSMO-Ru

bynpenb A.10., Kupcanos A.A., MypaBbeB A.B., Kukres [1.b., Actaxosa E.[l., Andepos [.10.,
PusuH I.C., Po3unkuna U.A., barpos A.H., bannos [1.B., laTtyHoBa M.B., Hukutuu M.A.

MppomeTuentp Poccun, Mocksa, Poccua
E-mail: a.bundel@gmail.com

B nHacrosiee Bpemst 6a30BOM CUCTEMOM MPOTHO3a ME30MACIITA0OHBIX TPOIIECCOB, MpUMEHsieMol B [ uapo-
metnenTpe Poccun, ssercst cucrema COSMO-Ru, ocHOBaHHast Ha MCTIONB30BaHUK MOoJies KoHcopimyma 1mo
Menkomaciirabuomy mozaeupoBanuio armochepsr (COnsortium for Small-scale MOdelling). Poccust siBsiercst
uyneHoM Koncoprmyma ¢ 2009 1. 1 MpOBOIUT MCCIIEAOBAHUS, HAIlPaBICHHBIE HA YCOBEPIICHCTBOBAHNE MOJIENN
COSMO wu kauecTBa YHCICHHBIX MPOTHO30B, MOATOTOBICHHBIX ¢ €€ TToMOIbI0. COCTaBHOW YacThIO ATOH Jesi-
TCJIbHOCTH SBJISICTCS pa3pa60TKa YCOBEPIIECHCTBOBAHHBIX METOI0B BepI/Iq)I/IKa[H/II/I U UX UCIIOJIB30BAaHUEC.

Hccnenorarenbekue padotsl mo Bepudukaruu cucrembl COSMO-Ru Hagarsr B 2009 ., ¢ 2011 1. Benetes
orneparuBHas BepI/I(bI/IKaL[I/IH ITPOTHO30B. K HaCTOAIIEMY BPEMEHHU HAKOIIJICHBI TOCTATOYHO JJIMHHBIC PAbI OLIC-
HOK KagecTBa mporao3oB COSMO-Ru, aHamn3 KOTOPHIX TO3BOJIMI BBISIBUTE OCHOBHBIE ITOTPEITHOCTH MOJIEIN
quta repputopun Poccun. C 2013 . I'mnpometiieHTp Poccun Ha MOCTOSHHON OCHOBE YYaCTBYET B IeATEIBHOC-
i KoHcopIiyma 1o cpaBHEHHIO KadecTBa MPOrHo30B o BepcusiM Moaenn COSMO cTpaH-y49acTHUKOB IS
€IMHON 00JIacTH B paiioHe AJIbII, BXOJAIICH B 001aCTH MHTETPUPOBAHMSI BCEX ITUX MoJeien («oomas» 00-
nacth). OLlEHKH KauecTBa MPOTHO30B, MOJIyYSHHBIE JIJIs 9TOM 00NacTH, NMPECTABISIOTCS Ha TAK HA3bIBAEMBIX
«obumx» rpadukax. Poccuiickasi CTOpOHA UCIONIB3YET M BHOCHT CBOU BKJIAJ B pa3BUTHE MMAKETOB BepuprKa-
un COSMO. B Hacrosiiee Bpems ounranbHeiM aketoM Bepudukanun Koncopunyma sisissercss VERSUS
(VERIfication System Unified Survey), 10CTOMHCTBOM KOTOPOTO SIBJISIETCSI BO3MOYKHOCTD MTPOBEACHUSI YCIIOB-
HoW Bepudukaimu. Benyrcs paborsl mo BHenpeHuto nakera Rdfbk ¢ wmcnonb3oBaHueM Tak Ha3bIBaeMBIX
feedback-aitnos, ocHoBa KoTOporo paspadorana B Hemerkoii ciyxoe moroms! (feedback-gaiiiaer mpousso-
JATCA B pE3YJIbTATE pa6OTI:.I CHUCTEMBI YCBOCHUA TaHHBIX U COACPKAT Ha6HIO)IeHI/IH U IIPOUHTECPIIOJIMPOBAHHBIC
B TOYKH HAOIOJCHUI MOJIENIbHBIE TaHHBIE, KAYECTBO KOTOPBIX TIIATETHLHO KOHTPOIUPYETCS).
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B pabore anammsupyrores psaasl onenok juist COSMO-Ru pasnoro paspemenus (13.2 km — COSMO-
Rul3, 7 xm - COSMO-Ru7,2.2 km - COSMO-Ru2 u 1.1 km - COSMO-Rul) amns paznuunbix peruonos (EBpo-
nielickast Tepputopust Poccun, EBponeiickas yacts Poccuiickoit Apkruku, Llentpansasiit @enepaiabHblil OKpyr
(IPO), IOxub1i Penepanbubiii okpyr (FODO), a Takxke «obduias» odnacts) [3, 4, 5]. AHanu3 nokasal, 4To
Ka4ecTBO MIPOrHO30B TEMIIepaTypsl Bo3ayxa Ha ypoBHe 2 M o COSMO-Ru7 B nentom ymyummuocs ¢ 2011 no
2016 rr. [S] (Ha puc. 1 npencrasiien mpumep Juist SSHBapst). DTO CBSI3aHO ¢ MHOTUMHU (haKTOpPaMU: yBEIMUCHUE
paspeleHns HEeMELKOH MOZIEIH, U3 KOTopol OepyTcs HauanbHble yeiaoBust (GME c paspemenuewm 40, 30, u 20
kM, ICON c paspemtenuem 13 kM ¢ situBapst 2015 1), BBelleHHE CUCTEMBI YCBOSHHMSI IAaHHBIX ¢ aekadps 2015 .,
YBEJIMYCHUE KOJMYECTBA YCBAMBACMBIX HAOIIOACHUH, UCIIOIb30BAHNE PA3JIMYHBIX HACTPOCUHBIX ITapaMETPOB
MOJIEJIN.

5 Puc. 1 3sontoumna cpenHek-
45 | BaJpaTM4eCKuX OLLIMOOK
—2011 " nporosos COSMO-Ru7
& —2012  3pa4eHmit TeMMepaTypbl Ha
35 - —2013 BbicoTe 2 M (°C) B 3aBUCK-

—2014 MOCT OT 3abnaroBpemeH-
—2015 HOCTM B Yacax [inA AHBapA
2011-2016 rr. pna Espo-

nemncKoi Tepputopuu Poc-

12 24 36 48 60 72 cun.

—2016

Paznnanst mporHo30B ¢ pa3pemmeHneM 2 1 7 KM 3aMeTHEH B TETUIbIH Iepro/] Toa (BECHa, JIETO) M HE3HAYH-
TENBHBI B XOJIOIHBIH nIeprof (0ceHb, 3uMa). li1st oceHr, BECHBI U JIeTa THITHYHA HEAOOICHKA CYyTOYHOH aMIUIH-
TYJIBI TEMIIEPATYPBI, 0COOCHHO HOUBIO (IIPHUEM aHATHN3 «OOIIMX» TPa(hMKOB MTOKA3BIBACT, YTO 3TO XAPAKTEPHO
HE TOJBKO TSt poccuiickoit Bepcuu COSMO, puc. 2). ITo CBsI3aHO, ITIaBHBEIM 00pa30M, ¢ HEAOCTaTKaMH Imapa-
METpH3alnH POIECCOB HA MMOBEPXHOCTH MOYBHI, MAPAMETPHU3AINH PaHallii U OMIMCAHNS UX B3aHMOJACHCT-
BHA. 3aBUCHMOCTH OIICHOK KadecTBa OT 3abiaroBpeMeHHOCTH Uit mporao3oB ot 00 BCB u 12 BCB mmeer
CXOJTHBIE YEPTHI, HAUNHas C 3a0JIaTOBPEMEHHOCTH OKOJIO 6 1.

Temperature 2m JJA 2015 Common Area, All Stations Temperature 2m DJF 2016 Common Area, All Stations
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Puc. 2. CpegHnan owmbKka ME v cpeHeKkBaapaTuyeckan owmbka RMSE TeMnepatypbl Ha ypoBHe 2 M ans neta 2015T. (a) u
3umbl 2016 T. (6) anA 7-KM Bepcuin Moaenew CTpaH-y4acTHUKOB B «0bLLel» obnacTu, a Takke mogenu IFS (C-EU — lepma-
Hua, C-7 — Wsenuapua, C-ME — Utanua (USAM), C-17 — Utanua (ARPA-SIMC), C-GR - 'peuus, C-PL — Monbwwa, C-RO - Py-
MblHuA, C-RU7 — Poceus, IFS - rnobanbHaa Mogens ELICTM, ICON — rno6anbHas mogenb ICON, ICN-EU — pervoHanbHas Mo-
nenb ICON-EU). MporHosbl ot cpoka 00 BCB.

XoJ1 OLIEHOK CpeiHeH CKOpPOCTH BeTpa Ha ypoBHE 10 M B 3aBUCHMOCTH OT 3a0JIarOBPEMEHHOCTH BeChbMa
CXOJK BO Bce ce30HbI i1t Beex Bepenit COSMO. TIpakTudecku OTCYTCTBYET POCT OLUIMOOK ¢ 3a01aroBpeMeHHO-
cTb10. MMeeTcst MOCTOSIHHOE 3aBBIIIEHHE CKOPOCTH BETPA.

OO0mast o0nagyHOCTh B 11eI0M 3aBblmaercst Mozensio COSMO. B 3uMHMI nepHosl OHA 3aBBIIIACTCS H
JTHEM, 1 HOUYbI0. B ipyrue ce3oHbI 0011ast 001a4HOCTh 3HAYUTENIFHO 3aBbIIICHA B HOYHBIE Yachl, 1 uMeeT ME,
0JIM3KHE K HYJTIO WK C1a000TPHUIIATEIbHBIC B THEBHOE BPEMSI CYTOK.

[ToBeneHue O1IEHOK TPOTHO3a KOJINYECTBA OCAAKOB OTIIMYAETCS JIETOM U 3UMOM. JIeToM nMeeTcs OTUeTIIN-
BBIIl CyTOUHBIN X0 C 3aBBIIIEHHEM HAIWYMs OCAJAKOB B JIHEBHBIC YaChl U 3aHMKEHUEM UX HOUBIO, B TO BpeMs
Kak 3UMOH (pakT 0caJIkOB IPOTHO3MPYETCs CIMIIKOM YacTo U JHEM, M HOUbl0. Bce Bepcuu Mozeny HaunHaioT
HEI00LEHNBATh KOJTMYECTBO CITy4aeB BbINAIEHHS 0CAKOB, CyMMa KOTOPBIX MIPEBBIIIAET HEKOTOPOE TOPOrOBOE
3HAUYEHUE, 10 MEpe YBEINYEHNUs 3TOro 3HadeHus. Ha puc. 3 npeacraBineHsl [uarpaMMbl KauecTBa JJIs KOJInde-
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CTBa 0CaJIKOB, IpeBbiniatoux 0.2 MM/6 4 (Ha JUarpaMMe KadyecTBa OJJHOBPEMEHHO IpEeCTaBIeHbI peTyIpe-
JKJICHHOCTB SIBJICHUSI, MH/IEKC KadecTBa (1 — JI0JIs JIOKHBIX TPEBOT'), CABUT YacTOTHI (IIyHKTHPHBIC JIMHUM), U
0KazaTesb yrpo3 (CIUIONIHbIC JIMHUH); EaIbHBINA TPOTHO3 HAXOAMWICs Obl B BEPXHEM IIPABOM YIITY, 4eM Oiu-
e K 3TOMY YTy, TeM Jy4IlIe IPOTHO3).

AHanu3 «o0umx» rpapukoB mokassiBact, 4to oneHku COSMO-Ru HaxomaTcs Ha XOPOIIEM YPOBHE IO
cpaBHeHHIO ¢ Bepcuamu monenu COSMO npyrux ctpaH.

JIAZO1S-CA: Preciplation m 65 - 0 Imm threshoid DJF2016-CA: Procipiation in 67 - 0 2mm threshold
[ \ : 18 s A 1 " T 13

FORECAST DAY |

sy <F Bt ctice
-
Frotasasy of Deosiber

! - . i’

Puc. 3. [lnarpaMMbl KauecTBa 1A KONMYeCcTBa 0CafKoB, npesbiluaiolmx 0.2 MM/6 u (cnabble ocagku) ans neta 2015 . (a)
1 3uMbl 2016 1. (6), 0603Ha4eHMA Moaesien Kak Ha Puc. 2. MporHossl no cpory 00 BCB.

Crenyer OTMETHTB, YTO C YBEJIMYEHHEM MTPOCTPAHCTBEHHOIO Pa3pelIeHHs MCIONb3yeMbIX MOJIeNeil ar-
Mocdepbl (2 KM U BbIIIIE) HAYMHAIOT TPEABSBISTHCS HOBBIE TPEOOBaHHSI K CHCTEMaM BepH(HUKaIIMHU IIPOTHO30B,
MOCKOJIbKY TP TPAJAUIIMOHHOW TOTOYEYHOH OLIEHKE MTPOTHO30B 0CA/IKOB U MO00HBIX UM MECTPHIX MOJIeH BO3-
HUKaeT npodiema ABOHHOro mrpada, Koraa Touka, B KOTOPOM MPOTHO3UPYETCS SIBICHHE, HE3HAYUTEIHLHO
C/IBUHYTa OTHOCHTEIILHO TOUKH, B KOTOPOI HaOII0AaI0Ch siBIeHHE. B HacTosIee BpeMst [UIsl TPOTHO30B BBICO-
KOTO pa3pelieHusl pa3padarbiBalOTCsl pa3HOOOPa3HbIC IPOCTPAHCTBEHHbIE, B T.4. 00bEKTHO-OPHEHTHPOBAHHBIC
MeTO/IbI BepHu(UKaIiy, oKa He Halllemne mupokoro npumerenus B Poccnu [8, 9, 10]. B mannoii pabote pe-
3yJIBTaThl IIPOTHO30B OCAJIKOB B TOPHBIX pernoHax Kapkasa (paiion Coun) u Asibll BEpU(HUIIMPYIOTCS C TOMO-
11bI0 00beKTHO-OpueHTHPOBaHHOTO MeToga CRA (Contiguous Rain Area) [8]. Bkpariie 0H COCTOHT B ClIeayI0-
IeM: BHavaJle B TOJISIX HAOIIOACHUH M MPOTHO3a BIJIEIISIOTCSI 00BEKTHI (dallle BCero, 0CaaKkoB) Ha OCHOBE MO-
POroBOT0 3HaUEHMsI. 3aTE€M C MOMOIIIBIO TOW HWIIM WHOI (DYHKIMH (B KOTOPBIX HCIIOIB3YETCSI PACCTOSHUE MEXKIY
00bEeKTaMH) BBIJICIAIOTCS Taphl 0OBEKTOB B TI0JI€ HAOMIOACHUH 1 IPOTHO30B. 3aTeM OMpPEACIsIeTCsS ONTUMAITb-
HBIA CIBHT TIPOTHOCTHYECKOTO0 O0BEKTa B MPOCTPAHCTBE K HAOIIOACHHOMY OOBEKTY IyTeM MHUHHMH3AIUU
OLIMOKH. 3/16Ch TAK)KE MOT'YT IIPUMEHSTHCS Pa3JInYHbIC KPUTEPUH, HATPUMED, KOAD(DUIIMEHT KOPPEIISIIUHI, HITH
cpenHekBaaparndnas ommoOka MSE. B manHoM uccrnenoBannu ucnonb3oBanack MSE. HaxonuTcst pa3HOCTb
ucxonnot MSE (mpencrasnsiemoit kak MSEtotal = MSEdisplacement + MSEvolume + MSEpattern) n MSE
MOCJIC CJIBUTA, 3TO OINOKA U3-3a cABHra B poctpancTBe MSEdisplacement = MSEtotal — MSEshifted. OctaB-
masicst MSE cocTouT 13 KBajipaTa pa3HOCTH CPEIHETO KOJIMYECTBA 0CAJIKOB B IIPOrHOCTHUECKOM M HAaOIIO/ICH-
HOM 06bekTe MSEvolume = (F — X)’ v MenkomacmTabubIx pazmuauit MSEpattern = MSEshift — MSEvolume.

[TporHo3sl BeInonHeHb! B paMkax npoekroB BMO FROST-2014 (Forecast and Research in the Olympic
Sochi Testbed) [1, 2, 11] u MesoVICT (Mesoscale Verification Intercomparison in Complex Terrain, http://
www.ral.ucar.edu/projects/icp). s COYMHCKOTO pErroHa HCHONB3YIOTCS ACTEPMUHUCTCKHE MPOTHO3BI 10
poccuiickum cucremam COSMO-Ru2 u COSMO-Rul ¢ pazpemiernem 2 u 1 kM. [l pernona AJbIl IpUMEHS-
JOTCS IIBEHIIapcKue AeTepMUHUCTCKHE MPOrHo3sl 1o Monenn COSMO c paspemennem 2 u 1 km (COSMO-2 n
COSMO-1), a taxske poccuiickue (COSMO-Ru2-EPS) u metinapckue (COSMO-E) ancamOeBbie TpOTHO3BI
¢ paszpenierneM 2.2 kM. B xadecTBe HaOMIONEHUH NCIIONB3YIOTCS pajapHble faHHbIe (perrnoH Coun) U aHammu3
JaHHBIX CTaHIMOHHBIX HaOmiomeHuit VERA (Anbmer). Oxcnepumentsl ¢ CRA B permone Counm u s
MesoVICT mo3BosIOT cienaTh CIeAyIOMUi BBIBOA: AT HU3KUX ITOPOTOB OCAJAKOB OOJBIIYIO YaCTh OUTHOKN
COCTABIISIFOT OIIMMOKH MEIKOMACIITaOHON CTPYKTYpbl OOBEKTOB, JUISi BBICOKHX IIOPOTOB BO3pacTaeT JojIs
OIIMOKHM 32 CYET CABUTA MPOTHOCTHYECKOTO 00HEKTa OTHOCUTEIHLHO HaOMIOIEHHOTO [0, 7].

B HacTosiee BpeMst poJoInKalOTCs IKCIIEPUMEHTBI C Pa3IMYHBIMU (QYHKIMSIMH CTIIaKHMBaHHSI HCXOIHBIX
HoJIeH, pa3IMYHBIMU EPHOJIAMH HAKOIUICHHUS X TIOPOTOBBIMH 3HAYECHHSMH OCAJIKOB, & TaKkKe QYHKIMIMH Clia-
puBaHHs 00bEKTOB. [IPOBOISITCS OMBITHI IO MPUMEHEHHIO 00BEKTHO-OPUEHTUPOBAHHOTO MOX0/1a K aHcaMOIie-
BBIM [TPOTHO3aM.
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resolution to resolve the glacier winds. The purpose of the work is the construction of the model of
glacial wind, based on a system of thermo-hydrodynamic equations, suitable to be used for parame-
terization of these winds in larger-scale atmospheric models.

Modern numerical weather prediction systems (NWP) and climate models have not enough vertical
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To construct a model the non-stationary 1D mathematical formulation with the vertical coordinate perpen-
dicular to the slope, was chosen. The system included the equations of motion along the slope involving the
buoyancy term, and a heat balance equation. The system was solved by explicit finite difference method and
tested using analytical Prandtl solution[1].

The numerical model was validated vs. experimental data. The data used were obtained from measure-
ments on the Kongsvegen glacier during the Russian-Dutch expedition in the spring 2009. The measurements
were performed using the gradient mast with sensors at 6 levels and SODAR system [2].

In the real atmosphere the vertical eddy viscosity strongly varies with height. Therefore, to calculate this
coefficient in a model domain (0-20 m), the exponential profile was involved [3], including constants to be
calibrated. Constants regulate amplitude of the profile. The calibration constants (Oerlemans, 2010) eddy dif-
fusivity k,, and eddy heat conductivity &, were calibrated during test runs of the model, and their values have
been taken as 0.4 m’/ s and 0.9 m’/ s, respectively. As a result, the model reproduces the observed wind and
temperature profiles satisfactorily.

Using the values of wind speed variance obtained by SODAR with 10 m vertical spacing, the vertical
profile of vertical eddy viscosity was calculated. The lowest point of this profile located at the upper boundary
of the model domain, and the modeled profile of eddy viscosity matched well the SODAR-derived value at this
level .
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MoaennpoBaHve NegHMKOBOIO BETPa M ero Bannagauma
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YaCTHBIM CiydaeM KarabaTndeckoro Berpa. JIeZHUKOBBIM BeTep OKa3bIBaeT BIMSHHE Ha JaHAmadT
MECTHOCTH, XO3SIICTBEHHYIO JIESTEIbHOCTh YEJIOBEKA.

Knaccuueckast moznens [Ipanaris onuckiBaeT KaTabaTHUECKH BeTep Kak cTarMoHapHbIil noTok[1]. s
CO3IaHUsI MOJIEITH PEIICHO OBLIO MCIIOIb30BaTh HECTAMOHAPHYIO OCTAHOBKY B JByMEPHOM JEKapTOBOM X —
z’ CUCTEME KOOPJUHAT, C «TOPU30HTAIBHOI» KOOPIUHATON, HAllPaBJIEHHOH! B0Jb CKIOHA. CBA3b HOBBIX KOOP-
JIUHAT ¢ JAE€KapTOBBIMH KOOpPAMHATaMH, I7I€ BEPTUKAJIbHAsA OChb Z HAIPABJIEHA IIPOTHB CUIIBI TSKECTH, NaéTcs
COOTHOIIICHHEM:

B HaCTOSIHIeﬁ pa60Te OblIa [TOCTaBIICHA [ejib MOACINPOBAHUA JICAHUKOBOTO BETPA, KOTOpLIﬁ SBJISACTCA

z=2z"cos O.—x'sin Q.
T7I€ 0. — yTOJl HAKJIOHA ITIOBEPXHOCTH CKIOHA. PaccMOTpHM OHOMEpPHYIO CHCTEMY TEPMOTHUAPOANHAMHUYE-
CKHX YPAaBHEHMH B CUCTEME KOOPJUHAT, CBSI3aHHOM CO CKJIOHOM:
d s ¢
& =Knsh + gg, sina
dd _ 1 9%
& = Kig
2
rae 0 — moTeHnuaNbHast TEMIeparypa, ¥ — KOMIHOHEHTa CKOPOCTH JIBH)KCHHUS BJIOJb CKIIOHA, K, 1 K, — KO-
3¢ PUIEHTHI TYypOYITEHTHON BI3KOCTH M TEIUIOOOMEHA, COOTBETCTBEHHO, §) — CpETHSISI TTIOTEHIIMAIbHAS TEMIIe-
parypa Bo31yxa, g — ycKOpeHHe cBOOOHOTO NaeHns. BepTrukanbHbIi MpopMiIs TeMIepaTyphl BO3AyXa MOKHO
TIPE/ICTaBHUTh CIIEITYIONIAM 00pa3oM:
de,,

0=A+ = z+6(2t)

2
rae A — 3HaueHue (OHOBOW TeMIeparypbl Ha MOBEPXHOCTH, (d0,)/d, — TOCTOSIHHBII ()OHOBBIN TPAJUEHT
MOTEHIUANILHON Temreparypsl, 6’(z’,1) — aHOMalus TIOTEHIMAIBHON TeMIIepaTyphbl. 3a7a4u MoJg00HOTro BUIA
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pemarotcs He BrepBbie. [10106Has 3a1aua 111 IEAHHKOBOIO BETpa Oblia IIOCTaBNeHa, B yacTHOCTH, .Opie-
MaHcoM [2].Pelienue 3a1a4u mpou3BeICHO METOAOM KOHEUHBIX PA3HOCTEH.

UucneHHbIe SKCTIEPUMEHTBI TIOKa3alld, YTO PELIEHUE B MOJEIIH MPUHIUMACT CTAallMOHAPHBIN BUJ] IPUMEPHO
yepe3 90 MUHYT BUPTYaJIbHOIO BpeMeHHU. Tak Kak BepTUKAIbHOE PACHPOCTPAHCHHUE JIEAHUKOBOTO BETPA, KaK Mpa-
BUJIO, OTPAHUUCHO HIDKHEH COTHEN MeTpoB [2], u yxke K ypoBHIO 50 METpOB JIEIHUKOBBIM BeTEp NMPAKTUUECKU
OTCYTCTBYET, TO ypoBeHb H = 50 MeTpoB ObLI IPUHAT B KaUeCTBE BEPXHEH I'PaHUIIBI 001aCTH MOJIEIIH.

TecTbl KOHEUHO-PA3HOCTHON CXEMBI MOKA3aJIM, YTO YUCICHHOE PEIlIEHHE OYEHb XOPOIIO COIVIACYeTCs C
TOYHBIM perreHueM 1o [Ipanamis juis craimonapHoro cirydas. P.bappu yrBepxiaer, 4yro Takoi npoduib uMme-
eT KarabaTH4eCcKUi BeTep MPH YCIOBUU OTCYTCTBHS MIIM OY4EHb HE3HAYUTEIILHOTO ()OHOBOTO CHHOITHYECKOTO
moToka [3].

VY aHanuTHYECKON MOAEIH €CTh HEIOCTATKU, KOTOPBIE CYIIECTBEHHO CHIKAIOT €€ MOTEHIUA B THAPOIH-
HaMHMYECKOM MOJICITMPOBAHNH, TAKUE KAK: UCIIOIb30BAHNE TIOCTOSIHHBIX BEPTHKAIBHBIX KOI(P(QHUIIUEHTOB Typ-
OyJIEHTHOTO IIepeMEIINBaHNsl, CTALIMOHAPHOCTD MOJIEIIN, BEpXHEE T'PAHUYHOE YCIIOBHUE, IIOCTAaBIEHHOE Ha Oec-
KOHEYHOCTH.

Jlyist mocTpoeHHsT KOHEYHO-PA3HOCTHOM CXEMBI U OIIEHKH ee paboThl IIPH CPAaBHEHUH C aHAIUTUYECKOMH
Mozenbto [Ipanamist ObIII0 NPUHATO AOMYyIIEHKE, YTO KO3(D(PUINUEHTHI TYypOYJISHTHOH TEIJIONPOBOJHOCTH U
BSI3KOCTH HE MEHSIOTCSI C BHICOTOW. B peasibHOI atMocdepe mocTosHHBIH ¢ BBICOTOH KOA(dUIIMEHT paKTHyie-
CKH He BcTpeuaeTcs. V3 ¢pusnuecknx cooOpakeHui U3BECTHO, YTO 3TH KOA(P(HUIIMEHTHI PacTyT C BHICOTOM, T.K.
y HOBEPXHOCTH IiepeMelnnBanue xyxe. [ pacyera koappuireHToB TypOyIEeHTHOW BSI3KOCTH U TEILIONPO-
BOZIHOCTH B ciioe Hike 50 MeTpoB ObUIO pemieHo ucnosb3oBarh npodmis (K-npodwiie), npemioxkeHHblH
ﬁ.OpneMaHCOM[4]:

K(z)=1-exp(~(z/L)), (1)
T7Ie mepeMeHHas

- (-:L- ko ) 1/4
gBsina
€CTb BEPTHKAJIbHBIA MaclITad JIeTHUKOBOro BeTpa. O4eBUIHO, YTO 3Ta (GOpMyIIa JIyyllle OIUCHIBACT pe-
JIBHBIN PO NIIb, YeM ITOCTOSTHHO 33JaHHbII KOA(QQUIMEHT, T.K. peabHbIH KO3()(OUIMEHT BSI3KOCTH CTPEMHT-
Csl K HYJIIO I ITPpUOIIKEHUH K 1ToBepxHOCTH. {1t Toro, ytoOs! K-nipodmite xapakrepuzosan kod(uueHTs!
TypOYJIECHTHOM BSI3KOCTH 1 TerioooMeHa (k,, ¥ k, COOTBETCTBEHHO), HY)KHO HCIIOIb30BaTh MHOKUTEIH, CBSI3aH-
HBIE C KOHKPETHBIM K03 (QUIIMEHTOM, KOTOPBIN perynupyet "ammntyay" storo npodus [4], B utore:

K, (z) = k,K(2)K(2") = kK(z") (2)

Jns Toro, 9To6B1 00eCeYynTh BTOPOH MOPSIOK anmpoKcuManni Au(dy3HOHHBIX YICHOB, HCIONB3YeTCS
CeTKa C yPOBHAMHU KO3 (PHUIIMEHTOB TYpOYICHTHOCTH, CMEIICHHBIX Ha //2 10 BHICOTE OTHOCUTEIHHO YPOBHEH
JUISl CKOPOCTH U TEMIIEPaTyphl.

[Tpu BbIuKCcIeHUH TPODUIISE CKOPOCTH, BEPXHEE KPAEBOE YCIOBUE OBLIO MPHHSATO B BUIIE U |, _ ;7 = U, T/IC
u,,, — BEIIMYMHA CKOPOCTH BeTpa Ha ypoBHe H = 50 M 1o JaHHbIM HaOmo/ieHus coapa. HukHee ycnoBue st
CKOpOCTH CHOPMYIUPOBAHO C YUETOM TypOYJIEHTHOTO TPEHHS M B KOHEYHO-PA3HOCTHOM BHUJIE 3aMHCAHO KaK

== Cpul?_,h - o -
uls=0 = ulson — T e €, — GespasmepHblil KodGdummentT obMena pasubiii 1.27-107.

Banumanust Moeny pou3BOANIACH 110 PE3ysIbTaTaM U3MEPEHUH Ha JIeHuKe KOHrcBereH B paMKax Me-
*KayHapomHoil Poccuiicko-Hunepnanackoit sxcneqummu [5]. Jlemank KoHTcBereH pacroiioeH B 3amagHON
gacTu octpoBa 3amagasiit [lmmidepren k roro-Boctoky ot Korrcdropna. nmHa ero cocrasnseT 20 kM, 1m10-
mrams — 105 kv’

Touka n3mepeHuit HaxoanuTcs Ha BeicoTe 350 M Hax ypoBHEM Mopsi. B Touke ObITH TPOU3BEICHBI H3MEpe-
HUS C IOMOIIBIO TPaIieHTHON MauThI B mepuox ¢ 30 ampens o 11 mas 2009 rona ¢ UCKPETHOCTHIO B 5 MUHYT.
Ha rpaguenTtHoil MauTe ObIIIM TPON3BEICHBI N3MEPEHNUS TEMIIEPATyphl BO3AyXa, CKOPOCTH 1 HAIPaBIICHUS Be-
Tpa Ha mecT ypoBHIX: 1 M, 1.7 M, 2.9 M, 4.9 M, 8.3 M, 14.9 M. BMecTe ¢ TpaineHTHOM MadTON OBLT YCTAaHOBIICH
TPEXKOMITOHEHTHBIN noriepoBckuit conap JIATAH-3wm, paspaborannsiii B MDA num. A.M.Ob6yxosa PAH.

C nomo1eio cosapa ObUIN TTOTyYEHBI JAHHBIE M0 PAAUAIBHBIM CKOPOCTSAM BETPA U TUCIICPCHH PaaHallb-
HBIX cKopocTeil Ha ypoBHsX oT 30 10 300 MeTpoB.

JIisl HaxoX/IeHHsl YHUCIICHHOTO PEIICHHs TPeOOBaIOCh ONPEAEINTh U3MEPEHHBIE 3HAUCHUS! XapaKTepH-
CTHK aTMOC(hepsI 1Is1 KOHKPETHBIX CPOKOB. [ Haxox1eHns: JOHOBOTO IpaJleHTa MOTEHIMAIBHON TeMIIepa-
TYpPbI B IOTPAaHUYHOM CJIO€ OBUIN IPOAHAIM3UPOBAHbI PE3YIbTAThl A3POIOTHUECKOTO 30HMPOBAHNUS HA CTaH-
uuu Hro-OnecyHH, BBUTOXKEHHBIE B OOIMIA JOCTYI Ha caiite Baiiomuarckoro yamsepcureralhttp://weather.
uwyo.edu/upperair/sounding.html]. KoncranTs! £, 11 k, Op1TH OTKaTHOPOBAHBI BO BpeMs TECTOBBIX 3aITyCKOB
MOJIENH, U UX 3HadeHus Obumn npuHaTs 32 0.4 u 0.9 M’/c, cootBeTcTBeHHO. [10PSANIOK HONTYYEeHHBIX KOHCTAHT
COBITIAJIACT C TIOPSIIKOM, OJTYICHHBIM Y IPYTUX aBTOPOB [2, 6].

Ha Puc. 1 n3obpakeHO cpaBHEHHE MAaHHBIX MOJENH (TPEPBIBUCTAs JMHWSA) W TPATUCHTHOW MadThI
(cTImonHAst TUHS) UTSI CKOPOCTH BeTpa (CHHHN) U TeMIlepaTypsl Bo3ayxa (kpacHsrii) 3a 12:00 8 mas 2009.
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Puc. 1. PesynbTat MofennpoBaHua (MpepbIBKUCTan IMHKA) U AaHHbIe
M3MepeHui (CNoLWHanA NIMHWA) ANA CKOPOCTM BETpa (CUHUE IMHMK)
1 TeMnepaTypbl (KpacHble NnHum) 3a 8 Mas 2009 roga 12:00 UTC.

Loicoma m
i

0 g ]
Tewriapartyad °6 CHOpocTs BeTpa v

Pesynbrarhl pac4éTOB XOPOLIO OMUCHIBAIOT BEPTHKAIBHBIN PO(MIIb BeTpa U TeMieparypbl. OTHOCHTEIb-
Has omunOka He npesbimaet 13% u 7%, adcomotnas 1.2 K u 0.5 m/c, cpenusist ommbka 0.4 K un 0.2 m/c s
TeMIIepaTypbl ¥ CKOPOCTH BETpa, COOTBETCTBEHHO. MoJIesIbHAsl CKOPOCTh BETPa Ha BbICOTE 2-3 M MpEBbIIIaeT
U3MEPEHHYIO, YTO, BOBMOXKHO, CBSI3aHO C HEJIOCTATOYHBIM TPEHHEM Ha MOBEPXHOCTH, 33/1aBaCMbIM HM)KHUM
KpaeBbIM yciioBreM. Ha BbicoTax 0osiee 3 M MOJielIb HAYMHAET HEMHOTO 3aHHKATh CKOPOCTh BETPa, HO B I1€JIOM
npoduITb BOCIPOM3BOANTCS YAOBIETBOPUTEIbHO. O1rOKa TeMneparypbl IMEeT OCTOSHHBIN 3HAK U YBEJINYHU-
BAETCs C BBICOTOM.

Panee Obu1M BhIYMCIICHBI TPOQHIH KO UIMEHTa BEPTUKAILHOTO MEPEMEIINBAHMUS ¢ KATMOPOBOUHBIMH
3HAUEHUSIMH aMILIUTY/IbI 3TOTO MPOQUIIS [UIsl BI3KOCTH M TEIIONPOBOJIHOCTH. Mojienb poAeMOHCTPHpOBaIa
JIOBOJIBHO XOPOIIYIO TOYHOCTH 110 BOCIIPOM3BECHUIO TEMIIEPATYPhl U CKOPOCTH BETPa, MOPSIOK BETUUUH KO-
s dUIMEeHTa COBNAN C OKUIAEMbIM MOPSIKOM, HO HE OBLJIO TIOJIHON YBEPEHHOCTH B ITPABUIILHOCTH 3HAYCHUS
k03 GUIMEeHTA TEPEMEIIUBAHHMS.

C nomolnplo cofapa ObUTH MOJTYyYEHBI 3HAUSHHUS TUCIIEPCHH PaJMAIbHBIX CKOPOCTEH BeTpa Ha KaKIOM
YpOBHE U3MEPCHHUH, faiee ObUIa paccunTana TypOyieHTHas kunetuueckas sueprust (TKD), u mo 3Toit Bennyu-
HE OIICHCH BEPTUKAIBHBIA KOAPPHUIIUEHT TIepeMenuBanus st ypoBreit 50 — 300M o ¢popmyiie:

. A
T 1+ Mkz
re / — aCHMITOTHYECKOE 3HAUYeHHe MacIuTada TypOyleHTHOCTH, K - TocTosHHas Kapmana, u”,v”w” —
JIMCTIEPCHN BEPTHKAIBHOW CKOPOCTH.

V0.5(u? + v2 + w?)

Puc. 2. AHanuTn4ecKuii (cnnoLwuHas) npo¢uib Ko3hGULMeHTa BA3KO- 0 .
CTM M paccumTaHHbIv o TK3 (Toukm) npoduib w0y

50 e

200 -

50 .

n/.‘ . . . \ , . .

02 04 06 08 1 12 14 16 18 2
KoafhibiiLieHT BEpTUKANEHOMD NEDEMELLMBINNR, W7/

Kaxk BunHo u3 Puc. 2, 3HaueHus koadduipenta TypOyIeHTHOH BSI3KOCTH 1O JJAHHBIM COJapa, XOpOIIo
COBIAJIAIOT CO 3HAYCHHUSAMH, MOITYUYCHHBIMHU paHee ¢ MOMOIIBIO KaTMOPOBKHM KOHCTAHTHI B hopmynax (1-2), Ha
Boicote 50 M. Takum 0Opa3om, Ha TeKyIIeM dTare Oblia MOCTPOSHa OTHOMEPHAs MOJICIb JIETHUKOBOTO BETpa U
BepudunnposaHa 1o gaHHbM Poccuiicko-Hunepnanackoit sxcnequnun Ha seanuke Konreseren (Inumnoep-
reH). B gactHocTH, OBUT OTKaIMOPOBAaH BEPTUKAIBHBIN Mpoduib Kod(duIeHTa nepeMennBanus, XOpomio
COINIACYIOIIUICS C OIIEHKOH ATOTO0 ke K03(PHUINECHTA IO COTapHBIM JaHHBIM.
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MopoenupoBaHue 3BooUnM atMochepHoro GpoHTa
B CTpaTUdULMpOBaHHOM aTMocdepe
i0amu M. C.

WUHctutyT BoluncnurtenbHoii MateMatuku u MateMatuueckoi lfeodusmuku CO PAH, Hosocubupck, Poccus
E-mail : yudin@ommfao.sscc.ru

CTpaHEHHUH IPaBUTALMOHHOTO TeUeHUs (aTMOC(HEpHOTo X0JIOAHOTO (PPOHTA) HAJl INIOCKOH oporpadueit
C MOMOUIBI0 KOHEYHO-PA3HOCTHOM HETHIPOCTATHYECKOH Moaenu JuHaMuKH armocdepsl. C menbio
CPaBHEHUSI C UMEIOLIMMHUCS B JINTEPATYPEe JTaHHBIMU MOZICINPOBAHUS, PU3NIECKUH MIPOLIECC CUNTACTCS HEBS3-
KHM ¥ aJI1adaTHYeCcKiM, UCKIIIOYEHO TaKXkKe BInsiHUE oporpaduu. B Moneny ucnons3yercs cucrema ypaBHe-
nuit HaBbe-Crokca B npubmmkennn byccunecka. DddexTuBHas YncieHHas peaau3ausi CHCTEMbl YpaBHEHNH
JOCTHTaeTCsl BBEJICHHEM MCKYCCTBEHHOH CokMMaeMocTH. [ToBepXHOCTh ()pOHTA OIUCHIBACTCS B MOJICIH CIIe-
LUAJIBHBIM YPABHEHUEM.
[TpuBoAsTCS pe3ysbTaThl PACYETOB IPU3EMHOTO JIABJICHUS ISl HEUTPAIBLHON U yCTOIUMBOII cTparudurka-
LIUH, a TAK)KE TIPU HATMYUH B aTMocdepe ciiost nHBepcuu. [1pu ycToHunBOM cTpaTnuKaiiy, o CpaBHEHHIO C
HEHTpaIbHOM, PPOHT ABMIKETCSI OBICTPEE ¥ IMEETCs Pe3KHIA CKadOK JaBJICHUS B TOUKe HaOmroaeHus. Pesynpra-
Thl PACYETOB HAXOJATCS B KAUECTBEHHOM COINIACHM C JAaHHBIMU MOJEIHPOBAHUS 110 KOHEYHO-PA3HOCTHON MO-
JIeTIM C UCXOHOM reHepareil GpoHTa MpoTsHKEHHBIM HCTOYHHKOM XOJIOTHOTO BO3IyXa.

B pabote nccnenyrorcs 3pdekTsl crpaTuduKanuy ¥ MHBEPCUHU HA TPH3EMHOE JABICHHE TIPH Paclpo-

Paboma svinonnena npu noodepoicke PODPHU (epanm 17-01-00137) u lIpesuouyma PAH (npoepammol
L33I111.211/3-2 u I1.211/3-3).

Simulation of the evolution of an atmospheric front
in a stratified atmosphere

Yudin M. S.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail : yudin@ommfao.sscc.ru

1. INTRODUCTION

A front in the atmosphere is a phenomenon of gravitational flows that take place in a variety of forms:
breeze fronts, storm flows etc [1]. Phenomena of great importance are cold atmospheric fronts propagating near
the surface with high speeds. These fronts may be retarded and changed in shape under the influence of the un-
derlying surface and stratification of the atmosphere. The retardation of a frontal system on the windward side
of a mountain is a commonly observed phenomenon [11, 12].

Atmospheric gravity currents occupy a wide range of length scales from several meters to thousands of
kilometers. These currents can be subdivided into classes varying from micro- to macro-scales. Mesoscale
flows lie in an interval approximately from 2 to 2 thousand kilometers [7]. The flows of interest in the present
study are mesoscale currents. These flows are relatively shallow: they belong to the atmospheric boundary layer
and range only a few kilometers from the surface in the lower atmosphere.

Stratification and inversion effects on surface pressure in the propagation of an atmospheric gravity cur-
rent (cold front) over flat terrain are estimated in the present study with a non-hydrostatic finite-difference
model of atmospheric dynamics. Artificial compressibility is introduced into the model in order to make its
equations hyperbolic. For comparison with available simulation data, the physical processes under study are
assumed to be non-viscous and adiabatic. The influence of orography is also eliminated. The results of simula-
tions of surface pressure under stable stratification with an inversion layer are presented.

2. MODEL FORMULATION

The Navier-Stokes equations for a compressible air flow are used here for the calculation of gravity flows
in a stratified atmosphere The exact form of the equations is given in [3].A more detailed description of the
model can be found, for instance, in [4].In the present study, a two-dimensional finite-difference version of the
model is employed [2].The time discretization is similar to that proposed in [5].1t is also described in paper [3].
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3. NUMERICAL EXPERIMENTS

The results of a series of calculations are presented here to simulate the stratification and inversion effects
on surface pressure in the propagation of an atmospheric gravity current (cold front) over flat terrain .The
model parameters are taken from paper [1]. The calculation domain is 25x25 km. In contrast to [1], where the
front is generated by a volume of cold air, in the present study the front is initially given in the form of a step-
function of 400 m in height.

Figure 1 shows the initial location of the front . Figure 2 shows the results of calculations of the surface
pressure at the point of 12 km under neutral stratification. In Figures 3 and 4 the time evolution of the surface
pressure is given at the same spatial point at stable stratification and stable stratification with inversion. Under
stable stratification the front moves faster and shows an abrupt pressure jump at the point of observation. The
introduction of an inversion layer into the atmosphere increases the pressure further.

26 B height(m ) 100 F p(Nm2) surface pressure
1800 w |
E COLD FRONT PROPAGATION -
1600 s
160 0 S_ e ol
E o ./’
1200 50 | L
inoa sof /
so0 af //
E 9 e
GR0 e air b i
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3 coldair F e
20 4 S dstance( kin ) wE G tme ( min )
akb SIVIRTSSISIONS JUDIOIUE, GOUSSIRPIRES (UNTSR b e L Y R P A Y A E R § 860
a gl 10 15 20 5 e 10 20 a0 40 50 EQ
Figure 1. Gravity current in the atmosphere over flat Figure 2. Surface pressure at 12 km. Neutral
orography. stratification.
100 pinme2) surizce pressure 160 PINMZ) SUITACH Prassule
&0 — i)
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20 f 20k 4
: o i 7
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Figure 3. Surface pressure at 12 km. Stable stratification. Figure 4. Surface pressure at 12 km. Stable stratification

with inversion.
4, CONCLUSION

The change in stratification from neutral to stable in the propagation of a cold atmospheric front shows a
time evolution of surface pressure that is in good agreement with the available observational data [1]. Under
stable stratification the front moves faster and shows an abrupt pressure jump at the point of observation. The
introduction of an inversion layer into the atmosphere increases the pressure further and its behavior is also in
accordance with the simulation results obtained by a finite-difference model with initial generation of the front
by an extended source of cold air [1].

Acknowledgement. This work was supported by the Russian Foundation for Basic Research under grant
17-01-00137 and the Presidium of RAS under programs 1.33P, 11.2P/3-2 and 11.2P/3-3.

CEKLUA I // MOOENIMPOBAHWE U AHAJTN3 PETOHATTBHBIX ATMOCOEPHbIX MPOLIECCOB

CITES'2017

L
=
[°8]
o
(=]
=
L
=]
2
<t
x
>
o
==
(=}
La
(=}
X
>
=9
EES
5
=
=
=
-
o
=
o
==
<
L
—
=
-0
==
EE
(=}
=
=
=
=
[
o
e
EE
=
o
==
-0
(==
[T}
—
=
=
(&)
=
=
-0
o
o
et
==
=
=
EE
[T}
o
(T}
e
==
(=}
==
=
<t
=
(=}
==
3
==
=
==
=
[}
=
o
=
o
=
o=
<t
EE
=
o
o
=
==
>
=
=S
[T¥)
=




CITES'2017

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}
—
=

References:

1. Bischoff-Gauss I., Gross G., Numerical studies on cold fronts. Part 1: Gravity flows in a neutral and
stratified atmosphere//Meteorol. Atmos. Phys- 1989- V.40. - P.150--158.

2. Yudin M.S., Wilderotter K. Simulating atmospheric flows in the vicinity of a water basin. // Computa-
tional Technologies. V.11, - No. 3,-P. 128-134.

3. Yudin M.S., Study of orograthy and stratification effects in atmospheric front propagation//

4. GEO-Siberia-2014. International Sci. Conf., proceedings-Novosibirsk: SGGA, 2014. v.1.-
P 146-150., (in Russian).

5. Yudin, M.S. Numerical simulation of orographic waves // Bull. Nov. Comp. Center, Num. Model. in
Atmosph., — 1995. —V.2. — P 101-107.

6. ITkawa M. Comparison of some schemes for non-hydrostatic models with Orography //J. Meteor. Soc.
Japan.-1988- V. 66,- No. 5,- P. 753-776.

7. Yudin M.S., Atmospheric front dynamics over steep orography: finite element model// ENVIRO-
MIS-2014. International Sci. Conf.,Proceedings ,2014.,P.71-73.

8. Pielke R.A. Mesoscale Meteorological Modeling. Orlando: Academic Press, 1984.

9. Marchuk G.1. Mathematical Modelling in the Problem of the Environment. North Holland, Amster-
dam, 1982.

10. Marchuk G.1., Numerical Methods in Weather Prediction, Academic Press, 1974.

11. Penenko V.V., Aloyan A.E.Models and methods for environmental problems. Novosibirsk: Nauka,
1985 (in Russian).

12. Davies,H. C., On the orographic retardation of a cold front //Beitr. Phys. Atmos. 1984.\ Vol.57,
P409--418.

13. Schumann U. Influence of mesoscale orography on idealized cold fronts //J. Atmos. Sci.\ 1987.\
Vol.44, \N023.\ P.3423--3441.

14. Yudin M.S. Estimation of topography constraints on the numerical stability of mountain wave simu-
lation // NCC Bull., Num. Model. Atm., 2004,No. 9, P .51-56.

15. Wilkinson J.H., Reinsch C., Handbook for Automatic Computation, Linear Algebra II, Springer, New
York, 1971.

16. Press W.H., Flannery B.P, Teukolsky S.A., Vetterling W.T. Numerical Recipes , Cambridge Univ.
Press, Cambridge, 1986.

17. Ritchie H. Semi-Lagrangian advection on a Gaussian grid //Mon. Wea. Rev. 1987.\ Vol.115.\ P.136--
146.

18. Krupchatnikoff V.N., Fomenko A.A. Semi-Lagrangian semi-implicit scheme of transport in the cli-
matic model ECSib., Preprint ICMMG, 1997 (in Russian).

19. Peshkov I., Romenski E. A hyperbolic model for viscous newtonian flows.// Continuum Mechanics
and Thermodynamics-2016.-Vol.28-P.85=104

Data assimilation system for mesoscale model COSMO
in the Hydrometeorological Center of Russia

Blinov D.V., Rivin G.S., Rozinkina I.A., Revokatova A.P.

Hydrometcentre of Russia, Moscow, Russia
E-mail: denishlinov@yandex.ru

this error lead to serious errors in all time forecast. Especially high disagreement between observations
(temperature at 2 meters-t2m) and initial GME data observed during cold period. Through the assimila-
tion, we were trying to reduce the errors in the atmospheric fields.

Data Assimilation System (DAS) based on nudging was organized in RHM for COSMO-Ru. The initial
conditions from DAS were compared with the initial conditions from operating system. The evaluation showed
that mainly DAS helps to improve the result of forecasts for 0-3 hours.

To improve temperature at low model levels we suppose to assimilate temperature at 2 meters, obtained
from synoptic stations. Besides, it is necessary to correct soil temperature. We do it by distribution of tempera-
ture increment from the surface to the deep layers with linear decreasing of correction increment. Special “cor-
rection module” for soil and air temperature was developed.

The “module correction” was tested and show good results: initial field of temperature can be improved,
and quality of t2m forecast increases. Detailed assessment has been done for hot period (1-31 July 2014). We

S ometimes initial data from global model ICON have significant errors for domain COSMO-Ru. Often
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did experiments with different initial data: GME data, corrected temperature and soil field and temperature field
obtained after data assimilation system. The combination with the DAS leads to improved temperature and dew
point at the initial time. Estimates of the other fields (wind, pressure, cloud cover) are the same as that with field
from data assimilation.

In result assimilation helps to improve the fields of dew point, pressure, wind, temperature during the early
stages of forecast.
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Cuctema ycBoeHWA OaHHbIX 451A Me3oMacliTabHon Mogenm
COSMO B 'mapomMeTueHTpe Poccum

bnuHos [.B., Puun I'.C., Po3unkuHa U.A., PeBokatoBa A.I1.

MppomeTueHTp Poccuu, Mockea, Poccua
E-mail: denisblinov@yandex.ru

7151 paboTHl Me3oMacIuTaOHOM Moen aTMocdepsbl TpeOyIOTCsl HavyalbHbIC ¥ IPAaHUYHBIC YCIOBHS, KO-
TOpBIE XapaKTEePHU3YyIOT COCTOSTHHE aTMOc(epbl ¥ OICTHIIAIONIEH MOBEPXHOCTH B HAYAJILHBIH U TTOCIIe-
JIyIOL[I€ MOMEHTBI BpeMeHH. YeM TOuHee HayaJbHbIe U IPAHUYHBIE YCIOBUS, TEM TOYHEE MPOTHO3.
Jnst mopenmn COSMO HauanbHbIE ¥ TpaHUYHBIE YCioBHs OepyTcst u3 nobansHoit Monesnn ICON Hemenkoit
ciryxObl oroziel. [IpoBeieHHBIE HCCIIEJOBaHUS [TOKA3aJIM, YTO 3a4acTyl0 B HaYaJbHBIX JaHHBIX TIOOAILHOM
MOJIEJIH COZIEPIKATCSI OIIMOKH, 0COOCHHO YacTO BCTPEYAIHNCh 3HAUYMTEIbHBIC OMIMOKH B TIOJIC TEMIIEPATYPHI.
OOHapy>kKeHHbIE HETOYHOCTH Ha4YaJIbHBIX MOJICH BBI3BAHBI HECKOIBKUMHE PHYHMHAMH. BO-TIEpBBIX, 9TO CBSI3aHO
C HECOOTBETCTBHEM CETOK, NockoabKy B ['mapomeruentpe Mmogens COSMO-Ru nmena ropu3oHTalbHbIN Har
CETKH JyIsl pa3HbIX oOnacreii cuéra 7, 2.2 u 1.1 kM, a HavyanbHbIC JaHHBIC TPUXOIAT HA ceTke 13 kM (paHee miar
6611 20, 30 1 nake 40 km). Bo-BTOpBIX, y 3apyOeKHBIX LIEHTPOB OTCYTCTBYET 3HAUMTENIbHAs YacTh HaOIro/1e-
HU# 1o Teppuropun Poccun. B-TpeThux, ommOKy B HaYaJIbHBIX MOJISX CBS3aHbI C HECOBEPILICHCTBOM IPOBOAH-
MOTO aHaJIM3a B HEMENKOH CIIy>KOe IMOrojibl. YCTPaHUTh UCTOYHUKH ITHX MPOOJIEM BO3MOXKHO TOJBKO Yepe3
coOcTBeHHYI0 cucteMy ycBoeHus JaHHbIX (CY/]).
B I'mnpomernentpe Poccun Obiia coznana cucrema ycBoeHust JanHbIX st mopenn COSMO-Ru. Yesoe-
HUE HAOMIONEHUH C METEOPOJIOTNYECKUX U a3pOJIOTHYECKUX CTAHIMH, ¢ caMONETOB, ¢ Kopabiei, ¢ mpoduie-
MEpOB IPOUCXOANT C TIOMOIIBIO BCTPOCHHOTO B MOJIENb METO/IA «ITOATaIKUBaHus» (nudging). CyTb ero 3axio-
YaeTcst B MOJICTAHOBKE B ITPABYIO YacTh yPaBHEHUI MOJICTIH HEBS3KM MEX/y MOJCIbHBIM 3HaYCHHEM U HaOIII0-
nerusimu (1).

VD = PG Gye ) Vi) R 0]
k(obs)

e y(x,t) — IepeMeHHasl B MOMEHT BpeMeHH t B TOUKE X;

F(y,x,t) — 4neHbl, CBSI3aHHBIC C TUHAMUKOW MOJIETH ¥ (PHU3MUSCKUMH MapaMeTpU3aIUsIMH;

G, — k03D QUITHCHT TOITaIKUBAHUS;

w,"” — 3Hadenne Habmonenus K, Oka3bIBAIOIIEro BIMSAHUE HA y3el ¢ KOOPIMHATAMHU X B MOMEHT BPEMEHH t

W, (x,t) - Beca 10 BpeMeHHU U MPOCTPAHCTBY, HHMBUAYATbHBIC [T KaX 10U IEPEMEHHOM.

J1ist yCBOCHUSI TaHHBIX HAOMIONEHNH 33 TEMIIEPATypOi Ha YPOBHE 2 METPOB HCIIONIB3YETCS CXeMa KOPPEK-
LUK TIPU3EMHON TeMITepaTyphl, aHajsorndHas cxeme Kpeccmana.

B pesynbrare coBMEIIEHHAS CHCTEMa YCBOCHHSI M KOPPEKIIMH TTO3BOJIMIIA YMEHBIIUTh OMIMOKY B Havase
MIPOTHO3a TSl [T0JIeH TeMIIeEpaTyphbl, BETPa, BIAKHOCTH, 00naqHocTu (puc. 1,2).
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Puc. 1. OueHKM NporHo30B 3KCMEPUMEHTOB C Pa3NIMYHbIMU HauasbHbIMM JaHHBIMU 14 MOfel NPU3eMHO TeMmepaTypbl
(a), To4rm pocsl (6), ckopocTv BeTpa (B) ana 165 ctaHummn OO mogenu COSMO-Ru07. kcnepuMeHT contr(oper) — Havanb-
Hble jaHHble W3 rnobanbHoM Mofienu 6e3 Ucnonb3oBaHWA YcBoeHUs, DAS — sKcnepuMMEHTLI C CUCTEMOIA YCBOEHWA METOLOM
NOATaNKMBaHWA, COIT — IKCMEPUMEHTbI C KOPPEKLIMEN HauasbHbIX Mofe TeMnepaTypbl U3 rnobansHoi Mogenu, corrDAS —
3KCMEPUMEHTBI C COBMELLEHHOM KOpPeKLIMeN Nosiel TeMNepaTypbl ¥ CUCTEMOM YCBOEHUS.
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Puc. 2. OueHKM NporHo30B aKcne-
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Ha crenyromem stamne (B 2016 1) B crcTeMe YCBOGHHS CTalM yCBaUBAThCS JaHHbBIC PaJapHbIX HaOIro/1e-
HUM METOIOM «rojaTankuBaHus ckpbiToid Temors» (Latent Heat Nudging (LHN)) (puc. 3). s monenu
COSMO 1no repputopun Llenrpansaoro denepansroro okpyra (L{PO) ¢ ropuzoHTaIbHBIM mIaroM 2.2 KM
(COSMO-Ru02CFO) B TeCTOBOM pEKMME MPOBOIUTCS yCBOCHUE MHTEHCHBHOCTH ocankoB (RR), xoropsie
noy4eHs! ¢ pajgapoB LIDO. DkcnepruMeHThI IOKa3aln, YTO yCBOCHUE HHTEHCUBHOCTH 0caakoB MeTonoM LHN
MI03BOJISIET YTOYHUTH IPOTHO3 BPEMEHH U MECTa MPOXOXKACHHS 0CAJIKOB, a TAKXKE APYTUX XapaKTePHCTHK, KO-
TOpPBIE CBSI3aHbI C YCBOCHHBIMU rHApoMeTeopaMu. J{ist rpo3sl 13 uromnst 2016 roga B MOCKOBCKOM peruoHe yc-
BOCHHUE paJlapHbIX JaHHBIX ITO3BOJMIIO YIYYLINTh NPEACKa3aHUE TPACKTOPHU M BPEMEHN TIPOXOXKICHUS 0Cal-
KOB, ITOPBIBOB BETPA, 'P0O3 HaJL MOCKOBCKUM PETHOHOM.

Puc. 3. Cxema gencraua mogy- BeprKansHbie npodunm:
na LHN no BEPTUKAN. Cnesa a) Copepwarmne ofinaynod anarm (a rikr)  6) asiceoGoxgenve ckpeitod  8) LHN - nonpasxa Temnepatypei (in Kih)
M306parKeH YEPHOM NUHMEN i Tensomel (1 W)
npo¢unb obnayHor Bnarun(a), B
LLeHTpe conyTcTByloLLee eMy
BbICBODOOMAEHME CKPBITOM Te- _
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COSMO-Ru7-ART system for a coupled meteorology
and pollutant concentrations forecast

Kirsanov A.A., Revokatova A.P., Rivin G.S., Surkova G.V.

Hydrometcentre of Russia, Moscow, Russia
E-mail: heu3becteh@gmail.com

the use of the output of numerical models of the atmosphere. The second is based on the integration of

an atmospheric chemistry block in the atmospheric circulation model, which allows to take into account
the feedback of air composition on a number of meteorological processes (radiation transfer, sedimentation,
nucleation).

One of the meteorological numerical models that adhere to the second concept and allow not only to pre-
dict the concentrations of pollutants, but also to improve the weather forecast due to the feedback of air compo-
sition on the meteorological processes is COSMO-ART (COnsortium for Small-scale Modelling, Aerosols and
Reactive Trace gases).

The COSMO-Ru7-ART system based on the COSMO-ART model was implemented at the Hydrometcen-
tre of Russia. Along with the developers of the ART block (Karlsruhe Institute of Technology) a number of
changes were made in the model. Twice a day (from 00 UTC and 12 UTC initial time) at the Hydrometcentre of
Russia a numerical forecast is calculated for the concentrations of pollutants in the atmosphere of Moscow re-
gion with a grid spacing of 7 km.

The COSMO-Ru7-ART system includes a developed at the Hydrometcentre of Russia module for esti-
mating emissions of pollutants into the atmosphere from forest fires using MODIS satellite data (MODerate
Resolution Imaging Spectroradiometer). In the modeling of forest fires of the summer 2010 for the European
part of Russia, a successful prediction of the concentrations of pollutants had a positive effect on the air tem-
perature forecast due to the inclusion of the feedback of aerosol on radiation.

At present, work is continuing on improving the quality of anthropogenic emissions estimation. Future
plans include the implementation of a similar global ICON-ART system and the transition to ICON-LAM-
ART, a regional version of ICON-ART.

There are two concepts for modeling the distribution of pollutants in the atmosphere. The first is based on
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Cuctema COSMO-Ru7-ART anAa coBMecTHOro nporHosa
norofabl U KOHLUEHTPaLUM 3arpA3HAIOLLMX BeLLecTs

KupcaHos A.A., PeBokatoBa A.[l., PusuH I.C., CypkoBa I".B.

TppomeTuentp Poccun, Mocksa, Poccua
E-mail: heu3becteh@gmail.com

YILECTBYET JIBE KOHIIETIIIMY MOACINPOBAHUS PACIIPOCTPAHEHUS 3arpsI3HAIOIINX BEIIECTB B aTMocdepe.

[TepBast OCHOBBIBaeTCS Ha MCIIOIb30BAHUK BBIXOAHOW MPOAYKIIMU YHCICHHBIX MOJeNel arMoc(hepsl.

Bropas ocHoBana Ha BcTpanBaHWM OJ0Ka arMOc(epHOW XUMHUHU B MOJENb HUPKYJISIUN arMochepsl,
YTO ITO3BOJISICT YUUTHIBATh 00OPATHOE BIMSHUE COCTABa BO3/1yXa Ha PsiJl METEOPOJIOTHUECKHIX MPOLIECCoB (Tiepe-
HOC paJuaIny, 0CaJkooOpa3oBaHuC).

OpiHa M3 METEOPOJIOTMYECKUX YUCICHHBIX MOJEIIeH, IPUICPKUBAIOIINXCS BTOPOH KOHLEIIIUH U TT03BO-
JISIFOILIMX HE TOJILKO CITPOTHO3MPOBATH KOHLICHTPALUH 3arpsI3HSIOIINX BEIECTB, HO M YIY4LIHTh IIPOrHO3 TOT0-
16l 3a cyer ux odoparHoro BiusiHUA — COSMO-ART (COnsortium for Small-scale Modelling, Aerosols and
Reactive Trace gases).

Ha cynepkommbiorepe Ii1aBHOTO BRIMHCInTENbHOTO 1IeHTpa Pocruapomera B ['mapomernentpe Poccun
peanu3oBana cuctema COSMO-Ru7-ART, ocHoBannas Ha mogenu COSMO-ART, B koTopyt0, COBMECTHO €
paspaborunkamu Oioka ART (Texnonornueckuit uncTuTyT Kapcpys), Obl1 BHECEH psit n3MeHeHHH. J[Ba pasa
B cyTkH (110 ucxoaubM ganHeiM 00 UTC u 12 UTC), B I'mapomernentpe Poccnn ocymiecTBisieTcst YNCICHHBIN
MIPOTHO3 KOHLIEHTPALUH 3arpsI3HSIONINX BEIIECTB B aTMOCdepe C I1aroM CeTKH 7 KM Uit MOCKOBCKOTO peruo-
Ha. O6nacts kBaznoneparuBHoro rnporaoza COSMO-Ru7-ART noka3zana Ha pucyHke 1.
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Puc. 1. 06nactb KBa3vonepatveHoro nporHo3a COSMO-Ru7-ART.

Kak u cuctema nporuaosza nmorogast COSMO-Ru7, COSMO-Ru7-ART ucnons3yeT chepudecKyro CHCTEMY
KOOPJMHAT CO CMEIICHHBIM ITOJI0COM M IMEeT IPOCTPAHCTBEHHOE paspelneHue 7 kM, 40 ypoBHel 10 BepTHKa-
JIU, UCTIOJIB3YETCS IIar 1Mo BpeMeHH! 40 CeKyHI.

COSMO-Ru7-ART mo3BoJsieT yIUTHIBaTh XUMHUYECKHE TPEOOpa30BaHus BEIIECTB B Ta30BoH (ase, oto-
JHMCCOLMALINIO, KOATYIIALNIO, KOHICHCALMIO, HYKJICAIHIO, OCAKACHNE, BBIBEICHHE U BHIMBIBAHUE adpO30JIeH
(Pucynok 2). IIpemycMOTpeH y4eT aspo30iIbHON XMMUH, B3aUMOACHCTBHS a3pO30JIeH ¢ paguanueii, SMACCHUS
MOPCKOH COJIM, MUHEPaIbHOMN IBUIH, MBLIBLBI, OHOTCHHBIE BBIOPOCHI THIPOKAPOOHATOB U FETEPOTCHHBIE PeaK-
nuu. XUMHYECKHEe MPOIIECCh B Tporochepe npeacTaBieHs! 172 peakmusivu. Cpey HEOPTraHMIECKIX COCIH-
HEHHH B IBHOM BHJI€ pacCMaTpUBAIOTCs 17 cTaOMIBHBIX coenHEHNN U 4 paankana. OpraHndecKue CoeIuHe-
HUS BKITIOYAIOT 26 CTaOMIBHBIX COSAMHEHUH U 16 panKaioB.

CEKLMA 1 // MOOENTMPOBAHWUE 1 AHAJTIU3 PETMOHAJbHBIX ATMOCOEPHbIX MPOLIECCOB
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Puc. 2. Crpyktypa COSMO-ART.
Fno6anpHas

MeTeopOJorniecKasd
MOJe]b

i
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| M BJaKHOE |
i MOPCKAas COJb ;
| ocakaeHue ;
Hannabie AHTpOIOreHHble
0 3€MJIETIOTb30BaHUH AMUCCHH

B xauecTBe rpaHMYHBIX ¥ HAYaJIBHBIX YCIOBUH MU pacdeTe MeTeoponornueckux nosie B COSMO-Ru7-
ART B HacTos11I€E BpeMsI HCIIONB3YIOTCS aHAJIN3 U IPOTHO3 OTNIEpaTHBHON MeTeoposiorndeckoit monenu ['mapo-
metrentpa Poccurn COSMO-Ru7. B kauecTBe JaHHBIX O BRIOPOCAX BEIIECTB UCIONIB3YOTCS PE3y/IbTaThl PO-
exta TNO (Hunepnanackast opraHu3anusi MPUKIaJHBIX HAyYHBIX HccienoBaHuii). C yd4eToM MOJHOTH Ipu-
POIIHBIX ¥ @HTPOIIOT€HHBIX HCTOYHUKOB, YUUTHIBAEMbIX B MHBeHTapu3annu smMuccuii TNO, a taroke noxpo0OHo-
CTH ONMCaHMs BPEMEHHOM JBOJIIOLUH KOJIMYECTBA BHIOPOCOB (B TOM YHCIIE CYTOYHOTO X0/1a B paboune/BbIXO/I-
HBIE JTHU ¥ CE30HHOTO X0/[a) — 3TO OJIHA U3 CaMbIX MOAPOOHKIX 0a3 TaHHBIX Mo BeIOpocam B EBpore. Cucrema
MOKa3bIBaeT CIIOCOOHOCTH aJIeKBAaTHO BOCIIPOM3BOANTH KOHIIEHTPALIMK 3arpsI3HSIONINX BellecTB B MOCKBE U
MockoBcKol 00acTy pu cpaBHeHNH ¢ JaHHbIME H3Mepenuid [ TIBY "Mocakomonutopuar”.

B cucremy COSMO-Ru7-ART BkiroueH paszpaboranusiii B ['mapomerientpe Poccun Momynb OLEHKH
OMHCCHI 3arpsI3HSIONIMX BEIIECTB B arMoc(depy OT 04aroB JIECHBIX MOXKapOB, MCIOJIB3YIONINN CITyTHUKOBBIC
nmaraeie MODIS (MODerate Resolution Imaging Spectroradiometer — CKaHHPYIOIIHMNA CIIEKTPOPATUOMETP
cpenuero pazpemienus). [Ipu MmogenupoBanuu JiecHbIX oxkapoB neta 2010 roxa ans EBponeiickoit wactu Poc-
CHUH YCIICUIHBIM MPOrHO3 KOHIICHTPALUH 3arpsI3HAIOIINX BEIIECTB OKa3all MONIOKUTEIbHOE BINUSHUE U Ha MTPO-
THO3 TeMITepaTypbl BO3/yxa Oyaroaps y4eTy 00paTHOTO BIMSTHHS a9p030Jisl Ha PaIHAIHIO.

Ha pucynkax 3 u 4 nokazansl pe3yabrarsl mporsoza CO u PM10 cucremoit COSMO-Ru7-ART ¢ mpume-
HEHUEM Pa3pabOTaHHOTo MeToza (CHHUM) U 0e3 MPUMEHEHHs MeTo/ia (KPacHbIM), 3HaUYEHHSI TIPEICITLHO IOy~
cTUMbIX KoHIeHTpauuit cpegnecytounslx (ITIKCC) n makcumaneubix pa3oBbix (IT1K,,,), a Takke ocpeaHeH-
HBIE TI0 BceM cTaHuusAM u3Mmepenus cetu I'TIY "MocakomonutopuHr" (depHas crutonrHas auHus). CepsIMu
MHTEPBAJIaMH OTMEUEH pa30dpoc 3HaUCHUH N3MEPEHHBIX KOHIIEHTPALIUI Ha Pa3JIMYHBIX CTAHIIMSX.

cO, mr/m? HabnogeHn PM.,.. mr/m?® HABAOARHMA
1k , mr/ i K bt 10 MT/! e AEC

- = - NaKmp

=== NAKNp 12
——— Vue1 necHuK nomapos 1

YYET MECHBIX MOMAPOB

- = = Bea yuera nowapos i = = = Beayuera nowapos

0.6
04 -

et fuitiintu il g ey S -

1.68.100:00
12.08.100:00
1308 100100 -4
05.08.300:00

13.08.300:00

g 2 2
] 8 g
2 = £

Puc. 3. lporHo3 Ha 4-12 asrycta 2010 roga cucTeMbl Puc. 4. lporHo3 Ha 4-12 aBrycta 2010 roga cucteMbl
COSMO-Ru7-ART: rpa¢uk nsMeHeHma KoHueHTpaumm CO. COSMO-Ru7-ART: rpa¢mK M3MeHeHWA KOHLEHTpaLMm
PM10.
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Crenyer oTMETUTb, 4TO O€3 MPUMEHEHHMS pa3padOTaHHOTO METO/IA PacueTa MUPOreHHBIX YMUCCHI MIPEBBI-
wennit [1K konnenrpamusimu CO u PM, 3adukcuposano ue 6bu10 (Pucynok 3). B akcnepumMenre ¢ yaetom
BBIOPOCOB B arMocdepy 3arps3HsIIOLIMX BEIIECTB OT OYaroB JIECHBIX IT0YKapoB COINIACHO pa3pabOTaHHOMY Me-
TOAY MOJENb YCIEIIHO BOCIPOU3BOAUT XapaKTep M3MEHUYMBOCTH KOHIEHTpALMN 3arpsi3HSIOIINX BEIIECTB.
KoadduimenT koppensiium Mex/y pacCUuTaHHBIMH ¥ U3MEPEHHBIMH 3HaYeHUsIMU KoHeHTparmid CO u PM,,
JlocTUraeT 3HaunMbIx 3HaueHui 0,7 1 0,69 COOTBETCTBEHHO.

Jlns oneHkH yueTa BIMSHHUS KOHIEHTpALUH 3arpsi3HAIOIIMX BellecTB B MojenbHol cucteme COSMO-
Ru7-ART Ha MeTeoposiorHuecKuii NpPOrHo3 ObLIH MTPOBEACHBI ABE CEPHH IKCIICPUMEHTOB: STAJIOHHBII JKCIIe-
PUMEHT C OTKJIFOUCHHBIM OJIOKOM arMOc(epHON XMMHUH M 3KCIEPHMEHT C YYETOM BBIOPOCOB 3arps3HSIOIINX
BEIIECTB B aTMOC(Epy OT 04aroB JIECHBIX NOKAPOB M BIMSHHS a3P0O30JIsl HA PaIMallMOHHbIE TOTOKK B aTMOC-
¢epe. [poruo3 ocymectrisuics ¢ 4 — 12 aBrycra 2010 roma Ha 60 yacoB. Ha prucyHke 5 moka3zaHbl pa3HOCTH
OLIMOOK (IKCHEPHMEHT C yYETOM OOPATHBIX CBSI3EH — KOHTPOJIBHBIN AKCIIEPUMEHT 0e3 yueTa 00paTHBIX CBsI3Eil:
AME u ARMSE) u noBeputenbHble HHTEpBaJIbI ¢ ypoBHEM joBepust 0,95.

0.3 Puc. 5. MporHos Ha

0.2 4-12 aBrycTa 2010 roga

0.1 cucteMbl COSMO-Ru7-

0 ART: pa3HocTb ownboK

01 MporHo3a Temneparypbl
o 0.2 BO3/jyXa Ha BbICOTE 2 M.
< 03 —— AME

04 4+—t—f—Ftttddid R T b MR ] e, ARMSE
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3abnaroBpemeHHOCTb NPOrHO3a

VYuer BIMSHUS a3p030J1s1 Ha MOTOKU paJiiallii yMEHbBIIHII OIHOKH MporHo3a Temneparyps! Ha 0,3-0,4°C
naeM 1 Ha 0,1°C HOubIO 17151 Beel oOnacTu pacuera kBazuoreparuBHoro nporoza COSMO-Ru7-ART. Ymens-
[IeHUE OUIMOKH BO3pacTaeT ¢ 3a01aroBpeMEeHHOCTHIO IIPOrHO3a. BajkHO OTMETHTB, 4TO PACCMOTPEHHOE yITyd-
IIeHHE KauecTBa MPOrHO3a HAOIIONACTCs JJIsl BCETO JIOMEHA, 110 KOTOPOMY OCYIIECTBIISICTCS IPOTHO3, a HE
TOJIBKO B 00JIACTSIX MOBBIIICHHBIX KOHLIEHTPALUH IBIMOBOTO a3p030JIsi, B KOTOPHIX HAOJIOIAI0TCsl HAaMOOJIbIINE
pa3nuus MeXAy dKcrepuMeHTaMu. Ha OTHeNBbHBIX CTAHNHMSX, PACHOJIOKEHHBIX B 30HE PaclpOCTPaHCHUS
1eii(hoB BO3AYIIHBIX 3arpSA3HEHUH OT 0YaroB JICCHBIX IT0KAapOB, Ha BTOPbIE CYTKH IPOTHO3a OLINOKA paccuu-
TAHHOW TEeMIIepaTypbl yMeHbIanach Ooiee yeM Ha 2°C.

B Hacrosmee BpeMs poJoInKatoTCst paOOoThI 110 YTOYHEHUIO aHTPONOTEHHBIX AMUCCHI. B nanmpHeimme
IUTaHBI BXOJWUT BBITOJHEHUE UCCIICIOBAHUN B paMKax aHAJIOTHYHOM Tito0anpHoi ciucrembl ICON-ART u mepe-
xox Ha ICON-LAM-ART — pernonansnyto Bepcuto [CON-ART.
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Use of COSMO-Ru forecasting system for polar low’s
research: sensitivity experiments.

"Nikitin M.A., " Rivin G.S., * Chumakov M.M.

' Hydrometcentre of Russia, Moscow, Russia
2 Gazprom VNIIGAZ LLC, Russia
E-mail: Arhin@yandex.ru

Such objects are well detected on synoptic maps, they can be easily observed via land network of stan-

dard meteorological observations. Yet the size of pressure systems varies over a wide range. In many
regions of the globe, in particular over water area of arctic seas, mesoscale cyclones with spatial scale less than
1000 km are observed. This term describes rather various meteorological objects starting with small atmo-
spheric vortexes visible only in cloud field and ending with polar lows in which heavy precipitation and storm
(in specific cases — hurricane) wind speed are observed.

Polar low is a small but fairly intense maritime cyclone that forms poleward of the main baroclinic zone
(polar front or other major baroclinic zone). The horizontal scale of polar lows varies from 200 to 1000 km, and
surface winds near or above gale force. Polar lows are formed during cold season from October to May. They
develop rapidly, their characteristic lifetime is about a 2-3 days. Meteorological conditions in polar lows are
characterized by intense precipitation and wind speeds more than 15 m/s.

In this research is used a non-hydrostatic limited-area weather forecast system COSMO-Ru. Grid step of
the model COSMO-RUENA (Europe — Northern Asia, ENA) is 13,2 km. The grid covers area of 13200 km x
6600 km including a large part of the water area of Arctic Ocean. The model versions with grid steps of 6.6 and
2.2 km were used for more detailed study of polar lows. As a result of the conducted research several cases of
polar lows passing over the water area of the Norwegian, Barents and Kara Sea in 2013-2016 were revealed.
For the verification of model data were used observations from coastal meteostations as well as satellite data of
spectroradiometer MODIS. A comparison shows that atmospheric model COSMO-Ru is capable to adequately
reproduce dynamics and evolution of polar lows, although forecast of motion path of a polar low strongly de-
pends on forecast lead time.

A number of sensitivity experiments was conducted to investigate mechanisms of development of polar
lows. Among them were experiments with variations of ice cover, wind speed in upper troposphere and sea
surface temperature.

Characteristic dimension of pressure systems such as cyclones and anticyclones is about thousand km.

NccnepoBaHme NonApHbBIX LMKIOHOB C MOMOLLbIO
nporHoctnyeckom cmcteMbl COSMO-Ru: akcnepnMeHThl
Ha YyBCTBUTESIbHOCTb

" Hukutn MA., ' PuBun I.C.,  Yymakos M.M.

! Mmppometuentp Poccuu, MockBa, Poccus
? Tasnpom BHUMIA3, Poccus
E-mail: Arhin@yandex.ru

JISIpHBIE IIMKJIOHBI — OapUUECKHUe IEIPECCHH ME30- M CyOCHHONITHYECKOTO MaciiTada, (hopMUpyromnme-
Csl 3MMOY ¥ BECHOH HaJl CBOOOIHOW OTO JIbJIa MOPCKO# MMOBEPXHOCTHEO. COMIACHO OIPEIICIICHUTO, IT0-
JSIPHBIE IIUKIIOHBI — TOATHUIT ME3OLMKIOHOB, (POPMHUPYIONIMXCS HaZl MOPCKOIM MOBEPXHOCTHIO OJIMIKE K TTOJIIOCY
(xax CeBepHOMY, Tak 1 FO>KHOMY) OT OCHOBHOW OapOKIMHHOH 30HBI, C IPUIIOBEPXHOCTHBIM BETPOM, IIPEBBI-
matomuM 15 M/c, u pazmepom, meHbIuM 1000 kM.
braronapst KOpoTkoMy BpeMeHH XH3HH (2-3 CyTOK) M BBICOKOH cKopocTH mepemenieHus (40 km/4) otu
Gapuyeckre 00pa3oBaHUsI MOTYT HETaTHBHO BIIMSITH Ha XO3SHCTBEHHYIO JIESTEIBHOCTh B aKBATOPHUSIX CEBEp-
HBIX MOpel U MpUOpekHbIX 30HaX. CyOCHHONTHYECKHH MacIITald MOJISIPHBIX LIUKJIOHOB U X OBICTPOE pa3BHU-
THE B PErMOHaX, C1a00 OXBaYCHHBIX CTAHAAPTHOH CETHIO METEOPOJIOTMYECKHX HAONIONCHHH, MPUBOAAT K
OOJIBIIUM TPYAHOCTSIM TIPH MX M3yYEHUH M IIPOTHO3UPOBAHUH. XOTs ()EHOMEH PE3KOro U BHE3AITHOTO yCHIIe-
HUSI BETPa B CEBEPHBIX MOPSX OBLIT M3BECTEH yXKE JJABHO, CBSI3aTh €0 ¢ ME30MAacCIITaOHBIMH LIUKJIOHAMH y/a-

Oaﬂoﬁ 13 XapaKTEepPHBIX OCOOCHHOCTEH HUPKYISIMN aTMOC(epsl B BEICOKHX MIMPOTaX SIBISIOTCS I10-
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JIOCH JIMIIB B 60-X roJjax ¢ MOsIBJICHUEM IEPBBIX CITyTHUKOBBIX CHUMKOB. J[J1s1 ITOTy4eHus JeTanbHbIX JaHHBIX O
TMOJISIPHBIX LUKJIOHAX MTPOBOIMIIUCH CIICIMAIbHbIC KOMITAHMH KOMIUIEKCHBIX HAOIIOACHUH (BKJIIOYAsl CITyTHH-
KOBBIE, CY/IOBBbIC U aBHAI[IOHHBIE HAOMIONIEHNS), TaKhe Kak « HOPBEKCKHUI MPOEKT 10 TOJISIPHBIM [IUKIIOHAM)
(1983-1985) u IPY-THORPEX (2008). Ha coBpeMeHHOM 3Tarie pa3BUTHs YUCICHHBIX MOJIEIeH IIPOrHO3a MOo-
TO/lbl ¥ CUCTEM YCBOEHUS JaHHBIX MOJIPHbIE IIUKJIOHBI BCE €€ OCTAIOTCS BBI30BOM JJISl IPOrHO3UPOBAHUS,
HECMOTpsI Ha IIPOTPeCC B CUCTEMaX JUCTAHIIMOHHOIO 30H/IUPOBAHHs, TOBBIIIEHUE TPOCTPAHCTBEHHOTO pa3pe-
LIEHUs MOJIeJICH ¥ BBEJICHNE aHCaMOJIEBBIX IPOTHO30B.

Cy1miecTByeT HeCKOJIBKO MEXaHH3MOB BOSHUKHOBEHHS MTOJSIPHBIX LIMKIOHOB. B 00mem ciyyae uist ux 3a-
pOXIeHus TpeOyeTcs aJBeKIMs XOJIOJHOTO BO3/IyXa Ha CBOOOIHYIO OTO Jiba MOBEPXHOCTH MOpsi. Henocpen-
CTBEHHBIM TOJYKOM, IPUBOJSIIUM K 3apOXKIACHUIO MOJISPHOIO IIUKIIOHA, SIBJISETCS B3aMMOJICHICTBHE BEpXHe-
TponocgepHOil aHOMaJIMK NOTEHIMAJIBHOTO BUXPS C HU3KOYPOBHEBOW 30HOW 0apOKIMHHOCTH. B e€ kauecTBe
MOYKET BBICTYIIATh KPOMKa JIbJla, MEJIKUH apKTHYECKHH (POHT WIM OCTAaTOYHAs! OKKIIO3MsI CHHOITHYECKOTO
LUKJIOHA.

[Tpu pa3BUTHM NOJISPHOTO LUKJIOHA B HEM aKTUBU3UPYIOTCS IPOLIECCHI TITyOOKOI KOHBEKIIMH, YTO IT03BO-
JISIET TPOBECTH aHAJIOTUIO MEK/TY TTOJISIPHBIMH M TPONMYECKUMH LIUKJIOHAMH (J10 TOTO, KaK TEPMUH «IOJISPHBINA
LIUKJIOH» CTaJl yCTOSIBIIUMCS, 9TO SBJICHHE HAa3bIBAJIM «aPKTHUECKUMHU yparaHaMmmuy). Pa3zBurue riry0okoi KOH-
BEKIIUU B TOJIIPHOM LIUKJIOHE BO3MOXKHO JaXKe MPU MOTHOM OTCYTCTBUU KOHBEKTHBHOM JOCTYNHON MOTEHIM-
anpHOM Hepruu (convective available potential energy, CAPE), npu 5ToM KOHBEKTHBHBIE POLIECCHI MTOJTyYa-
FOT SHEPTHIO 32 CYET KOHBEKTUBHOTO MTOTOKA TEIUIA, BhI3BaHHOTO BeTpoM (wind-induced surface heat exchange,
WISHE).

B naHHON pabore wuCHONB3yeTcs pervoHajbHAs HErHAPOCTaTHYECKas CUCTEMa MPOTHO3a ITOTOJIbI
COSMO-Ru, B Hacrosiliee BpeMs sIBIIsIIOIIAsCSE 0a30BOi B onepaTnBHOH mpakThke Pocrunpomera (Pusuz u
ap., 2015). JInst BeIsSBIIEHUS ClIy4yaeB MOJSPHBIX [IUKJIOHOB UCIOJIB30BAJIUCH ONEPATUBHBIE IPOTHO3BI I MO-
nemu COSMO-RUENA (Europe — North Asia, EBporia — CeBeprast Asust). Illar ceTku 310l MOZIEIH COCTaBIIS-
et 13,2 kM, 00JaCTh MHTETPUPOBAHUS IOKPHIBAET BCIO TEPPUTOPHUIO EBPOITBI, 3HAYUTENIFHYIO YaCTh KOHTHHEH-
TalnbHOM Tepputopuu Azuu (3a uckioueHueM WHauu, peruoHoB 1kHOro Kuras u 10ro-BocTouHON A3zun),
yacTh akBaTopuil Amiantuueckoro, Tuxoro u CesepHoro JIenoBUTOro okeaHoB, BKJItodas pailoH CeBepHOro
nojroca. PacuéTel BegyTcs Ha CETKE CO CIBUHYTBIMU MOJIIOCAMH.

OCHOBHBIMHU (hOPMaJIBHBIMH KPUTEPHSIMH BBISBICHHS MTOJISIPHBIX IMKIIOHOB HaJl akBaropusiMu bapeHiieBa
n Kapckoro Mopeii ObuTH JMHEHHBIE pa3Mepbl HAOMIOaeMbIX OapUUeCKHX JICIPECCUIl U BHICOKHE 3HAYCHUS
CKopocTH BeTpa Ha BbicoTe 10 MeTpoB, npessimatomue 15 m/c. [1o aTuM kpuTepusiM ObUTH BBIJICIICHBI CITyYan
MIPOXOKICHUS TIOJIAPHBIX IIMKJIOHOB Haj akBaropusmu I pennanackoro, bapenneso u Kapckoro Mopeit B nepu-
012013-2016 rr. Hexotopsle 3 ciydaeB Obutn Oosiee eTaibHO IPOMOJICINPOBAHBI HAa CETKAX C JIYUIINM pas-
peIIeHUEM.

Jlns noBeIIeHNs JeTaau3aluy UCI0Ib30BajICsd METO BIIOKEHHBIX CETOK. Pe3ynbTaTel MOEIUPOBaHUS HA
ceTke ¢ maroM 13,2 KM HCIOJIB30BAIMCh B KaYECTBE HAYAIBHBIX M I'PAHUYHBIX YCIOBHH JUIs OoJjiee MEIIKOH
CEeTKH ¢ IaroM 6,6 KM, a OHH, B CBOIO OUepelb — /Ul MOAEIMPOBAHUS Ha ceTke ¢ marom 2,2 kM. ITpu atoMm cy-
LIECTBOBAJIO HECKOJIBKO BAPHAHTOB JOMEHOB C LIATOM CETKU 2,2 KM, 3aBUCSIIUX OT TPACKTOPUH ABMKEHUU
TIOJISIPHBIX LIUKJIOHOB.

Pesynbrarbl pacuéToB CpaBHUBAIUCH C JAHHBIMU CETH METEOPOJIOTMYECKUX HAOMIOCHUI U CITy THUKOBBI-
MH CHHMKaMH, IOJYYEHHBIMU C TIOMOIIbI0 crekrpopaanomerpa MODIS (Moderate-Resolution Imaging
Spectroradiometer). CpaBHeHue moka3biBaceT, 4to Mozaeinb COSMO-Ru criocoOHa peaarcTUYHO BOCIIPOU3BO-
JUTH TMHAMUKY M 9BOJIIOLMIO MOJISIPHBIX LIUKJIOHOB, XOTSI UX TPACKTOPHHU CYIIECTBEHHO 3aBUCST OT 3a0J1aros-
pemennocty nporHosa (puc. 1) (Nikitin, Chumakov, 2014; Hukutus u ap., 2015).

Puc. 1. lonoxkeHne WTOPM-TPEKOB NOMIAPHOIO LIMKIOHA,
HabniopasLuerocs 25-26 mapta 2014 roaa, npu nporHo3sax
C pa3NnyHOM 3a61aroBpeEMEHHOCTbIO: B Ha4ane 1 KoHLe
KarK[oro LUTOPM-TPeKa yKa3aHo BpeMA 3ap0oKaeHNA v Bpe-
MA 3aM0JIHEHWA NONIAPHOIO LMKIOHA COOTBETCTBEHHO (MO-
Jenb COSMO-Ru ¢ waroM ceTku 2,2 KM)

Jlyist uccnejoBaHusl MEXaHU3MOB 3apOK/ICHHS TTOJSIPHBIX LIUKIOHOB OBLT MPOBEAEH PsiJ] IKCIIEPUMEHTOB
Ha 9yBcTBHUTEIbHOCTh (HukutuH u ap., 2016). B mepBoii rpyIie YHcIeHHBIX YKCIIEPUMEHTOB BaphUPOBaIach
MIPOCTPAHCTBEHHASI CTPYKTYpa JISISTHOTO MOKPOBa. B mepBoM 3KkcnieprMeHTe JIesIHONW MOKPOB MCKYCCTBEHHO
yHRUTOXKaICs. [IporHo3 cTapToBat NpUMEPHO 3a CYTKH JI0 00pa30BaHus MOJSIPHOTO IUKIOHA. B aToM ciydae
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CYIIECTBEHHBIX PA3IUYUN MEXKY IKCIICPUMEHTOM «0€30 JIbJIa» U KOHTPOJIBHBIM B IOJISIX TIPU3EMHOTO BETpa U
JTABJICHISI HA HAYaJILHOM 3Tare (JOPMHUPOBAHUS MOJISIPHOTO IIMKIIOHA HE BBIABICHO. Ha Oosee mo3aHuX dTamnax,
KOTJIa IMKJIOH BBIXOJMT Ha MIOKPBITYIO JILJIOM aKBaTOPHUIO [1e40pCKOro MOpsi, B KCIIEPUMEHTE «0e30 JIb/1ay Ha-
OuroatoTcst 0os1ee BHICOKHE 3HAUYCHHsI CKOPOCTH BETpA.

Bo BTOpOM 3KCTIEpUMEHTE BCS aKBATOPHST IOMEHA UCKYCCTBEHHO MOKPBIBAJIACH JIHJIOM TONIIMHOM 0,5 Me-
Tpa u ¢ Temreparypoit 268 K. Takum 00pa3oM, MOTOKH SIBHOTO U CKPBITOTO TEIlJIa PE3KO YMEHBINAIKCEH. B 3TOM
SKCIICPUMCHTE MOJISIPHBIN ITUKIIOH HE 00Pa30BaJICs, XOTS B ONPEACICHHBI MOMEHT C(HOPMHUPOBAIACH 3aMKHY-
Tast u300apa, a CKOpOCTh BeTpa MecTaMu rpesbicuiia 17,5 m/c.

Ha ocHoBe aHanu3a BBINMOJIHEHHBIX 9KCIIEPUMEHTOB MOKHO MPEANONIOKUTD, YTO TPUTTEPOM, «CITYCKOBBIM
KPIOYKOMY» POXKJIEHUS MOJIIPHOTO IUKJIOHA, MOCIYKUJIa BEPTHKAIbHAS TepMOJUHAMHUYECKasl CTPYKTypa art-
Mocdephl B TaHHOM perroHe. OHa 00aaeT onpenesiEHHON HHEPIUCH U TPOIOIDKACT JCHCTBOBATh, HECMOTPS
Ha pe3Koe U3MEHEHHE XapaKTEPUCTHUK MOJCTUIIAIOIIEH TOBEPXHOCTH B HAYaJIbHBIX JAHHBIX YHCIECHHBIX IKCIIE-
pumenToB. OJHAKO OMPEACISTIONUM (HaKTOPOM AABHEHIIIETO pa3BUTHS 0APUYCCKOTO 0Opa30BAHUS SBISICTCS
HaJIM4Me OTKPBITOI BOIHOM MOBEPXHOCTH.

Bo BTOpOIi rpymnme SKCIepruMEHTOB aHAIM3UPOBAJIOCH BIMSIHUE CIJIOYEHHOCTH JIbJIa Ha PAa3BUTHE MOJISIP-
HOTO LIMKJIOHA. B mapamerpusanuu MOpPCKOro Jibaa, ucrnonb3yromeics B Mmogenn COSMO, paccunThIBarOTCst
TeMIIeparypa M TOJIIUHA JIbJa, HO HE €ro CIUNIOYEHHOCTD. [1o3ToMy Uit 0TOOpaXeHus: JaHHOTO YPdeKra Tpe-
OyeTcst Ha MECTe IOJIBIHEH 3a/1aBaTh sIUCHKU, CBOOOIHBIC OTO Jibaa. KpyIHBIC OJIBIHBH BOCIPOU3BOIUIUCH 110
JaHHBIM cnekrpopaanomerpa MODIS, fuis yuéra MenKuX onpeeEHHbIN MTPOLIEHT sSUeeK B 00JIacTH 3a1aBall-
cs1 cBOOONHBIM OTO Jibfa. Ilpu crioueHHOCTH, paBHO# 80%, NaBICHUE B LICHTPE MOJISIPHOTO IUKJIOHA OBLIO
HUXE, a CKOPOCTh BeTpa — BhIie (puc.2).

CropocTe BETpa y noBepxwocTn Wa 26 vaca CkopocTe seTpa y noeepxuocTw Wa 26 waca
=

e I s a 2 R i 328 T D G RIS £ T = 2.5 : I - T

Puc. 2. CropocTb BeTpa (M/c) Ha BbicoTe 10 MeTpoB v fiaBneHue, NpUBeAEHHOE K YPOBHIO MopA, nporHo3 oT 12 UTC 25 MapTa
2014 ropa Ha 26 yacos no Mogeny COSMO-Ru. CneBa — KOHTPOMbHbIN 3KcnepuMeHT. CnpaBa — 3KCMEPUMEHT €O CMI0YEHHO-
CTblo Nibaa, paBHon 80%.

dopmupoBaHKe MOJISPHOTO IMKIIOHA, HaOmonasmerocs B bapeHuesom mope 25-26 mapra 2014 ropa,
MIPOMCXO/INIIO HEMONAIEKY OT OCH BEPXHETPONOC(HEPHOTr0 CTPYHHOTO TEUEHHUS, a B IIPOIIECCE PA3BUTHUS 3TOTO
TOJISIPHOTO IMKJIOHA CKOPOCTh BETpa B CTPYHHOM T€UeHHHU Bo3pacTaia (puc. 3).

A% CRATGES P-OFIa-lnT G CUANS RO 11 2

Puc. 3. CkopocTb BeTpa (M/c) Ha n3obapuyeckoi nosepxHoctv 300 rfla v faBneHve, npuBeJEHHOE K YpoBHI0 Mops. [Tpo-
rHo3 o1 00 UTC 25 mapta 2014 roga no Mogenn COSMO-RuUBKS (cneBa — Ha 11 yacos, cnpaBa — Ha 32 yaca).

[TosToMy B TpeTheil rpymnie SKCIEPUMEHTOB CKOPOCTh BETpa MEKAY N300apHUECKUMHU MTOBEPXHOCTSIMH
H500 u H300 6puta nckyccTBeHHO orpanndeHa 15 m/c. B pesynbrare MONSpHBIA UKIOH C(OPMHPOBAJICS B
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BeChbMa 0CJIA0JIEHHOM COCTOSIHUHM, CYIIIECTBEHHO M3MEHH TPAEKTOPHUIO, @ CKOPOCTh BETPa B HEM HE TPEBbIIIAIA
20 m/c.
TakoKke POBOAMIUCH IKCIIEPUMEHTHI, B KOTOPBIX BAPHUPOBAIACH TEMIIEPATYPA TOBEPXHOCTH MOPSL.
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2014) was performed for the Okhotsk Sea and the Sakhalin island regions. The regional non-hydrostatic

atmospheric model COSMO-CLM used for this long-term simulation with ~13.2, ~6.6 and ~2.2 km
horizontal resolutions. The main objective of creation this dataset was the outlook of the investigation of statis-
tical characteristics and the physical mechanisms of extreme weather events (primarily, wind speed extremes)
formation on the small spatio-temporal scales. The detailed meteorological information is also important since
it allows to take into account sea and islands coast configuration, mountain systems and other mesoscale fea-
tures of surface terrain. This work suggests and describes the downscaling technology for the long-term simu-
lations using three consequent “nesting domain”, shows the results of obtained archive verification, as well as
extreme wind velocities estimation.

The COSMO-CLM model (v. 5.0) used as main tool for creation of this long-term meteorological archive.
COSMO-CLM is the climate version of the well-known mesoscale COSMO model, including some modifica-
tions and extensions adapting to the long-term numerical experiments. The downscaling technique was realized
and developed for the long-term simulations with three consequent nesting domains and standard configuration
of COSMO-CLM model. ERA-Interim reanalysis (~0.750 degrees resolution) used as global forcing data for
the starting domain (~13.2 km horizontal resolution), then these simulation data used as initial and boundary
conditions for the next model runs over the domain with ~6.6 km resolution, and similarly, for the next step to
~2.2 km domain. Besides, the COSMO-CLM model configuration for ~13.2 km run included the ‘spectral
nudging’ technique, i.e. an additional assimilation of reanalysis data not only at boundaries, but also inside the
whole domain. Figure 1 and Table 1 shows the boundaries and main characteristics of used domains. Practi-
cally, this computational scheme realized on the SGI Altix 4700 supercomputer system in the Main Computer
Center of Roshydromet and used ~2,400 hours of CPU time total. More than 20 meteorological fields were ob-
tained finally over these three domains with 1-hour temporal resolution throughout 30 years.

According to modelling results, the verification of the obtained dataset was performed on the observation
data, obtained from “Hydrometcenter database” and www.rp5.ru archive. Estimations for the whole period, all

The detailed hydrodynamic modelling of meteorological parameters during the last 30 years (1985 —
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domains and different seasons showed the mean error -0.5 °C, up to 2 — 3 °C RMSE in temperature (error maxi-
ma was during spring and autumn), and overestimation of inland wind speed (RMSE is up to 2 m/s). It’s note-
worthy that wind gusts were reproduced by model notably good (ME was up to 1 m/s, RMSE was 2 — 3.5 m/s,
correlation coefficients were 0,8 and more), despite to a fairly simple algorithm [5]. Overall, analysis showed
that the used downscaling technique with applying the COSMO-CLM model reproduced the meteorological
conditions, spatial distribution, seasonal and synoptic variability of temperature and extreme wind speed for
the study area with approximately the same adequate quality. The dependencies between reproduction quality
of mesoscale atmospheric circulation features and the horizontal resolution of the model were revealed. In
particular, it was shown that ~6.6 km resolution does not give any significant improvement comparing to ~13
km resolution, whereas ~2.2 km resolution provides an appreciable quality enhancement.

Detailed synoptic analysis of extreme wind speed situations identified the two main types of favorable to
their genesis. The first one (more frequent) was associated with developing of cyclones over the Japan Islands
or the Primorsky Kray of Russia, the subsequent moving the Sakhalin Island, crossing it and coming in the
Okhotsk Sea. The second one characterized by penetration of intensified cyclones from Pacific Ocean through
the Kamchatka peninsula, Kuril or Japan Islands. Next, the deepening cyclones crossed the Okhotsk Sea and
got close to the Sakhalin Island, causing extreme winds offshore.

The obtained high-resolution dataset will continue to be used for a fully and comprehensive analysis of
physical mechanisms of extreme weather events, the reproduction quality of hydrometeorological fields, their
statistical estimates, climatological trends, using this information for the detailed environment state assessment
and many other objectives.

TexHonorna MesoMacLUTabHoro MogenMpoBaHuA
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nepsble B Poccuiickoit @eaepanuy BBITOIHEHO THAPOJMHAMUYECKOE MOIEIUPOBAHHE 1€TAIN3UPOBaH-

HBIX TI0JICH METEOPOJIOTHYECKHX 3IeMEHTOB 3a rocienaue 30 siet (Juist pernona o. CaxalliH U aKBaTo-

pur OXOTCKOTO MOpsI) C TIOMOIIbI0O PETHOHAIBHOM ME30MaclITa0HOW HETHAPOCTaTHYECKOW MOJEIN
armocdepsr (COSMO-CLM) ¢ npocTpaHcTBeHHBIM pa3pemierneM ~13, ~6 u ~2 kM. OCHOBHOH 11eJ1b10 cO3/1a-
HUSI apXMBa SIBUJIACH MEPCIIEKTHBA UCCIIEIOBAHNS CTATUCTUYECKUX XapaKTEPUCTHK M (PU3MUECKUX MEXaHU3-
MOB (pOPMHPOBaHUS IKCTPEMAIILHBIX COOBITHII (B IEPBYIO 0O4Yepe/lb, CKOPOCTEH BeTpa) Ha MPOCTPAHCTBEHHO-
BPEMEHHBIX MacIITadax, NPUHIMIIHAIBGHO YIyUIIAIOIUX JaHHbIe peaHain3oB. [lomyuenne neraau3upoBaH-
HOW METEOpPOJIOTNYECKOM HHPOPMALMK Ba)KHO TaKXKe TIOTOMY, YTO ITO3BOJISICT SIBHBIM 00pa3oM yuecTb KoH]pH-
TYPaIHio MOPCKOTO ITOOEPEXbsi U OCTPOBOB, TOPHBIE CUCTEMBI 1 JIpyTHe Me30MacIITadHbIe 0COOCHHOCTH O/
CTHJIAIONIEH MTOBEPXHOCTHU. B naHHO# paboTe npeyioxkeHa 1 0TpadoTaHa Jyisl JUINTEIbHBIX YHCICHHbIX SKCIIe-
PUMEHTOB TEXHOJIOT U Ay HCKEHIIMHT'a C TPeMsI IT0CIIE0BaTeIbHBIMHU «BJIOKEHHBIMH CETKaMMN», IIPEJICTABICHO
OITMCAaHUE NPUMEHEHHO! BBIYMCIUTEIEHON TEXHOJIIOTHH ¥ IPUBEICHBI PE3YIIbTaThl BEpUPHUKAIMH TTOTyYSHHO-
TO apXUBa, a TAKXkKe MEePBbIE OLIEHKH PAcUETOB 3KCTPEMANIBHBIX CKOPOCTEH BETpa.

B pesynbrare pacuéToB ObUTH HOJIyYEHBI aDXUBBI THAPOMETEOPOIOTHYECKON HHPOPMALINH C TIPOCTPAHCT-
BEHHBIM pa3zpelieHueM ~13 kM, ~6 kM 3a nepuop 1985 — 2014 rr., u, U1l OTAEABHBIX SKCTPEMANIBHBIX CIy4aesB,
C pasperieHueM ~2 KM, IIPUYEM Pe3yJIbTaThl KaX10T0 3KCIEPHMEHTa NPEICTABISIIN COO0M TaKkKe CTapTOBBIH
apXMB JUISl TOCIIEYIOIEr0 MOJICIIMPOBaHHs 00JIee BEICOKOTO pa3peieHusl.

B kadecTBe OCHOBHOTO MHCTPYMEHTA CO3/IaHMsI MHOTOJIETHETO MacCuBa METEOpoJIornieckoii nadopma-
LMK BBICOKOTO paspelieHus: Obiia BeiOpaHa Heruapocraruueckas mopens COSMO-CLM (Bepcus 5.0). Do
KIIMMaTH4ecKasi BEpCHsi pernoHabHON Me3omaciuradbnoi mogenn COSMO [1], pazpabarsiBaemast OIHOUMEH-
HbIM KoHcopiymoM (Consortium for Small-scale Modeling), BkitoyaronM B cedsi HalMOHAIBHBIE CITY)KObI
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MIPOTrHO3a MOTOABI psiia cTpaH, B ToM uncie Pocrunpomer Poccuiickoit denepannn. Pa3zpurue kmumaruueckon
BEPCUM MOJIEJI OCYILECTBISIETCSl B paMKax MEKAyHapogHoro HayyHoro coodmectsa CLM-Community [2].
['maBHbIE OTIIMYMS KJIMMaTHYECKOH BEPCHUHM MOJENN OT ONEPAaTHBHOM 3aKIIIOYAIOTCS B Psije MOAUGDHUKALMA 1
pacuIMpeHui, MpeHa3HaYeHHbIX IS I0JITOBPEMEHHBIX YHCIICHHBIX SKCIIEPUMEHTOB, TAKUX KaK OOJIbILast TTy-
OMHAa MOJICIIUPYEMOTO CJIOS TIOICTUIIAIOIICH ITOBEPXHOCTH U YUST CE30HHOTO X0/1a e¢ TapameTpos [3, 4].

Moznens COSMO-CLM v.5.0 3amyckanack B CTaHIapTHOW KOH(UIypaluu: cxeMa UHTETPUPOBAHUS 110
BpemeHHu PyHre-KyTTh! ¢ paciieri€éHHbIM MOAAaBICHUEM aKyCTUYECKUX U IPABUTAI[MOHHBIX BOJIH U YUCJIEHHON
anmpoKcuManueld TOpU30HTAIBHON a/IBEKIMH 5-TO MOpPs/IKa; BKIOYEHHBIMU auddy3ueli CMaropuHcKoro u
«CHEKTpaJIbHBIM Ha/DKHMHroM». Cxema napaMerpusannu paananuu Purrepa-XKuneiina (Ritter-Geleyn) ocHo-
BaHAa Ha JIBYXIIOTOKOBOW BEpCUH ypaBHEHUS PaJHallMOHHOTO NIePEeH0Cca; NapaMeTpu3alisl 0CaJAKoB OMHUCHIBAET
JIBJI0- U TPafioo0pa3oBaHue B 00IaKax M BKIFOYACT SIBHOE BOCIIPOM3BEICHUE NITyOOKOH KOHBEKIINH; BIaXKHAS U
Melikasi KoHBeKLus nmapamerpusyercsi cxemod Tuarke (Tiedtke) moroka Macchl ¢ paBHOBECHBIM 3aMBbIKAHHEM
(ucnonp3oBaack Mpu pacuérax Ha pa3peuieHun ~2,2 KM); TypOyJIeHTHOCTh onuchiBaeTcst oqHoMepHoi TKE —
CXEMOH 3aMbIKaHUsA 2,5 Mopsaka; cXxema MnapaMeTpU3aluy NepeHoca B IPU3EMHOM cJI0€, OCHOBaHHAs Ha UC-
T10JIb30BaHUH YPAaBHEHUS IS TypOYJICHTHON KHHETHUYECKOH SHEPTUH, BKIIIOYAET OIMCAHNUE ITPOIIECCOB B JIAMHU-
HapHO-TYpOYJICHTHOM CJIO€ IIepoxoBaTocTu. bosee moapoOHOe onrcaHne MOAEIN MOYKHO HATH Ha CTPaHHLIE
ee nokymeHnTaimu [http://www.cosmo-model.org/content/model/documentation/core/default.htm].

B pesynbrare MoneupoBaHus ObUIH MOJTyYEHBI IeTaIu3UPOBAHHBIE TTOJIS (METOJIOM «BJIOXKEHHBIX CETOKY,
C TOPU3OHTAIILHBIMU pa3pemenusivu 13,2, 6,6 n 2,2 km) 6onee 20 METEOPOIOrHUECKUX JIEMEHTOB 32 TTOCIIe]I-
Hue Tpuauats jet (1985 — 2014 rr.) ¢ TUCKPeTHOCThIO apXUBUPYEMBIX JaHHBIX Mo BpeMeHu | yac. IlepBona-
YaJIbHO MIEJ CTaHAaPTHBIM MOJIEJIBHBIM PAacyET 10 JaHHBIM peaHalin3a Ha 00J1acTh C CaMbIM IPYOBIM pa3peliie-
nueM (13,2 km). 3aTeM 3TH JaHHbBIE HCIOJIB30BAINCH B KQYECTBE HAYAIBHBIX M I'PAaHUYHBIX YCIIOBUH JJIsI MH-
TEPIOJIALUU U JJANbHEHIINX MOJENBHBIX PACUETOB HAa JOMEHE C IIaroM ceTku 6,6 kM. OHH, B CBOIO OUYepesb,
MIPE/CTABISUIN CO00I HavYaIbHbIC M IPaHUYHbIC YCIIOBHS JUIsl 001acTH ¢ paspeuieHueM 2,2 kM. Pacuérel o 00-
J1acTH 2,2 KM IPOBOJIMIIUCH TOJIBKO ISl 15 IpeBapuTeIbHO OTOOPaHHBIX CIIy4aeB SKCTPEMaNIbHBIX CKOPOCTEH
Berpa 3a 30-yeTHuii mepuos (cM. Tabi. 2).

[IpaxkTuyeckas peann3anusi JaHHON BBIYUCIUTEIBHON CXEMbI OCYILIECTBIISUIACh HA HECKOJBKO MECSIIEB
(o1 3 — 4 MecsueB /10 TOz1a), TOBTOPSSICH JUIS KaXI0r0 Trojia. Takas MpoJIoyDKUTEIbHOCTD IPUMEHSIIAch U3-3a
OIpaHMYEHUH BBIYMCIUTEIBHBIX PECYPCOB U 00bEMOB XpaHEHHs JaHHBIX, & TAK)KE TEXHUYECKHX PHCKOB «00-
PYLICHHSD» KOMITBIOTEPHOTO SKCIIEPUMEHTA [TPU HEMPEPHIBHOM CUeTe Ha OoJiee MPOJOIKUTENIbHBIE HHTEPBAJIbI
BpeMeHH. OnMcaHHas TEXHOJOTHs ObUIa peajn3oBaHa IPH MOMOIIM BeIYMCIUTENbHONW cucteMbl SGI Altix
4700 B I'maBHOM BBIUMCIUTENBHOM LieHTpe Pocrunpomera Poccun. 111 0CHOBHBIX pacuéToB 30-1€THEro nepu-
0712 Ha KJlacTepe ¢ MMKOBOH MPon3BoauTeNIbHOCTBIO 35 Tdhutornc npu ncnonbs3oBannu 288 saep ObLIO HCHOINb-
30BaHO ~2400 4acoB MPOIECCOPHOTO BPEMEHH, YTO AKBUBaJIeHTHO 100 THSIM HENPEpBIBHON PadOTHI.

Ha puc. 1 u B Tabin. | nmpuBeneHbl KapThl TPAHUL] HCIIOJIB30BAHHBIX PACYETHBIX JOMEHOB M UX OCHOBHBIC
XapaKkTepUCTUKH. BaxxHbIM pakTopoM mpu BeIOOpe KOHGHUrypauu odnacTu ¢ pa3pemenueM 13,2 kM rnociy-
KHJI yueT ocoOeHHocTel arMocdepHoi nupKyssiuuy Hax JansHeBoCcTOYHBIM pernoHoM. Obnacts 6,6 kM (6a-
30Bast ISl CO3/1aBAEMOT0 apXHBa) JIMIIb HEMHOTO MEHbIe JjoMeHa 13,2 KM, B OCHOBHOM 3a CUET COKpaICHUS
akBaropuii Tuxoro okeana u SInonckoro mops. Koudurypauus obiactu ¢ paspemennem 2,2 kM 00ycIlioBIeHa
TEM, YTO OCHOBHOH 3afaueil pacy€ToB Ha TOM pa3peLICHUU SBJIAJIOCH JETaJbHOE MOAEIHPOBAHUE BKCTPE-
MaJIbHBIX SIBICHUH K CEBEPO-BOCTOKY OT 0. CaxasuH.

Taodu. 1. OcHOBHbIE XapaAKTEPUCTUKH PACYETHBHIX IOMEHOB

XapakTepucTHKA Jomen 13,2 km | TlomeH 6,6 km Jlomen 2,2 kM
Jlonrora cMemEHHOTO TOTIOCa 110° B.11. 110° B.1. 110° B.1.

[1IupoTa cMemEHHOTo HoMoca 60’ c.1m. 60’ c.um. 60° c.um.

OO0111ee KOJIMYECTBO TOYEK 145%355 =151475 | 228*525=119700 | 300*500 = 150000
[ar cetku, rpamycs (kM) 0,12° (~13,2xm) | 0,06° (~6,6 kM) 0,02° (~2,2 kM)
[Har uHTErpUpOBaHUs 10 BPEMEHH, CEK 120 60 20

Yucio MOzIeNbHBIX YPOBHEH B aTMOcdepe 40 40 50

Umcito MOIETbHBIX YPOBHEH B MOYBE 9 9 9

BaxHoii 3a1aucii ObLTO CpaBHCHHE PE3YJIBTATOB ME30MACIITAOHOTO AyHCKEHINHTA C TaHHBIMU METEOPO-
JIOTHYCCKUX CTAHIIUN HAOIIOMaTeIbHOM ceTr Pocruapomera ¢ 1esbio OIICHKH Ka4eCTBa BOCIIPOU3BEACHHUS MO-
JICNIBI0 OCHOBHBIX METEOPOJIOTHYECKHUX TapaMeTPOB — B IIEPBYIO OUEPE/lb, B COOTBETCTBUH C MOCTABICHHBIMU
MPaKTUYECKUMU 3a/1auaMH, CKOPOCTH BETpa.

Jlannble HabnropeHuii mo Poccuiickum craHiumsM ObLH moydeHs! U3 6a3bl nanHbix PI'BY «'mapomer-
ueHTp Poccnmny, Takke UCIONB30BATUCH TaHHBIC apXUBa BeO-caiita «Pacnucanue moroasn (Www.rpS.ru). Jlist
TOTO, YTOOBI MMPEUMYIIECTBEHHO OLICHMBATh Ka4€CTBO PAOOTHI MOJENHU AJIsl HPUOPEKHBIX TEPPUTOPHA, OBLTH
0TOOpaHBI METEOPOJIOTMUCCKUE CTAHIIMU, PACIIONIOKCHHBIC Ha paccTosiHud He Oosee 100 kM oT Oepera u Ha
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N‘cheldomalnsi?rlf.z, 6.8, 2.2 km resolution P"c. 1. HapTa paCI'IO- BBICOTE, HE HpeBLIIHaIOIIleﬁ 500 M HaJ YpPOBHEM

T
7 - NOXKEHWA rpaHuL, Mopst (st odmact ~13,2 KM Takux okazayioch 124,
pacyéTHbIX obnacTen Uit obnactu ~6,6 km — 50).
o C paspeLueHueM 13.2, [IpoBeneHHast BepudUKALUS IO MHOTOJICTHUM
6.6 1 2.2 kM. apxuBaM Ha o0JacTsax ¢ pasperieHuem 13.2 u 6.6 km

JUISL Pa3JIMYHBIX CE30HOB ro1a [0 OCHOBHBIM Mapame-
TpaM — IIPU3EMHOHN TeMIeparype, CKOpOCTH BETpa 1
MOpBIBaM BETpa — IOKa3aja BIIOJIHE Y/IOBIECTBOPH-
e TeJIbHBIE pe3yJbTarbl. Tak, s TeMIeparypsl cpel-
=¥ Hss ommOka cocrasuna nopsaaka 0,5 'C, B To Bpems
. 7D ) KaK CTaHJapTHOE OTKJIOHEHHE OMIMOOK IOCTHIajo
A 2-3 °C, npuuém Goblme 3HAYEHUs OUIMOOK Xapak-
. TEPHBI JUISl NIEPEXOHBIX CE30HOB (BECHA U OCEHB).
12 1% 1aE TSI 60T TOE 1TSE CKOpPOCThL BETpa MOJIETh 3aBIIAET BO BHYTPEHHUX
paiionax octposa u marepuka, CKO cocTtaBuia oko-
70 2 M/c, TaKXkKe C MAaKCHMYMOM B IIEPEXOHBIC CE30HBI; CPEIHSS OIMOKA HE MPEBBIIIaNa ASCATHIX T0JeH M/c.
CBs13aHO 3TO, CKOpEE BCETO, C OCOOCHHOCTSIMH PACTIONOKEHNSI KOHKPETHBIX METCOCTAHIIMI W HEMIOJIHBIM COOT-
BETCTBHEM pEaTbHOM IEpOXOBATOCTH TTOJICTUIIAIOIIECH TTOBEPXHOCTH M €€ 3HAYCHUH, HCII0JIb3yEeMbIX MOAEIBIO.
Jist npuOpeXHBIX U OCTPOBHBIX METEOCTAHIINI OMIMOKH MeHbIe. UTo KacaeTcst OPHIBOB BETPa, HECMOTPS Ha
JOCTaTOYHO TPOCTOH aITrOpUTM pacuéra B MOJEIH [5], TO MOJETh BOCTIPOM3BENA X OYEHb HETIJIOX0, CO Cpeji-
HuME ommoOkamu He 6onee 1 m/c, CKO ot 2 mo 3,5 M/c u kodddurmenTamu Koppesanuu okoro 0,8 i BeIIe.
[Tpu 3TOM OBIIO TIOKAa3aHO, YTO CTATHCTHUYECKH 3HAUMMOTO YMEHBIICHHS OIIHOOK IIPU TIEPEXOE OT pasperie-
Hus 13,2 kM K 6,6 KM He TpoucxonuT. UTo KacaeTcst BepUPHUKAINU pacuETOB CIIydaeB SKCTPEMAIBHBIX CKOPO-
cTell BeTpa, TO B a0COIMIOTHOM OOJIBITMHCTBE CIIy9YaeB OIINOKN CPEeHEH CKOPOCTH U TIOPBIBOB 3HAYMMO COKpa-
IIAIOTCSI TIPH MIEpeXo/ie K pasperieHnto 2,2 KM, B TEMIIEpaType 3TO MPOSBISLETCS B MEHbIIEH cTeneHn. Takum
00pa3om, B IIEJIOM MOKHO YTBEPKAATh, YTO MOZEIb C IPUMEPHO OJMHAKOBBIM Kau€CTBOM BOCHPON3BOINT KaK
«(oHOBYI0» BHYTPHCE30HHYIO H3MEHUYNBOCTH METEOPOJIOTHYECKUX BEJIMYNH, TAK U UX JJUHAMHKY B YCIIOBHSX
9KCTPEMAIILHO BBEICOKHMX CKOPOCTEH BETpa.

54°N

Ta6a. 2. /IaThl 3KCTPpeMATBLHBIX CHHONTHYECKUX CUTYanHii B pernone OX0TCKOro Mopsi ¥ 3HaYeHHsSI MAKCHMAJIb-
HOJi ckopocTH BeTpa (M/c), Bocnpou3BeaenHbie Mmoaeabio COSMO-CLM

CkopocTh BeTpa, M/c
Jara
13,2 km 6,6 KM 2,2 KM

1 25.03.1987 27,7 - -

2 28.01.1989 32,3 343 343
3 19.12.1989 28,6 - -

4 8.11.1995 27,0 26,7 27,0
5 1.02.1996 28,3 29,2 28,9
6 14.02.1996 32,8 342 34,0
7 28.02.1999 33,3 35,2 35,5
8 14.11.1999 27.4 25,3 28,7
9 11.01.2000 28,3 293 29,6
10 | 12.01.2001 30,8 30,3 30,7
11 |5.12.2002 27,7 30,0 29,0
12 | 8.01.2005 29,8 28,7 30,6
13 | 27.02.2006 28,9 29,0 30,6
14 |3.02.2014 27,7 - -

15 16.03.2014 24,9 24,8 26,8

[IpuBenéunsie B Tabm. 2 cirydam HaubOollee SKCTPEMAIBHBIX CKOPOCTEH BeTpa OTOMpAaIHCh MO BCEMY
30-meTHEMY MaccWBy WH(OPMAILUH, MIPH ITOM HCIIONB30BAJICS TaK HA3BIBACMBIA MPHUHIUI «HE3aBHUCHMBIX
mTOpMOBY [6, 7], T.e. TpeOOBAIIOCH, YTOOBI MEKIY BRIOMPASMBIMH 3KCTPEMyMaMH OBLITO HE MeHee 3-X CYTOK,
YTOOBI HCKITFOYHUTH TIOTAIaHUE B UTOTOBYIO BEIOOPKY SKCTPEMYMOB, CBSI3aHHBIX C OHO U TOM K€ CHHOIITHYE-
CKOM cuTyaluei.

CHHONITHYECKHE 0COOCHHOCTH, IIPUBOAUBIIIE K SKCTPEMAIEHBIM CKOPOCTSIM BETPa, 00YCIOBICHBI CHITh-
HBIM TEPMHYCCKUM TPAJTUECHTOM MEKIY KOHTHHEHTAIBHBIM BO3IYXOM BOCTOYHOW EBpa3sum m MOpCKUM yme-
PEHHBIM BO31yX0M HaJ TuxuMm okeaHoM U OXOTCKUM MOPEM B 3UMHHUX YCJIOBHUSAX. DTO MPUBOAMIIO K AKTUBHOM
OUKJIOHUYECKOU ACATEIBHOCTH Ha TOJIIPHOM U apKTUYEeCcKOM (hpOHTaxX HaJ akBaropueit OXOTCKOro MOps H, B
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yacTHOCTH, Haa CaxannHoMm. Bce 0e3 MCKIIOueHHs dKCTpeMalibHbIe BEeTpa ObUIM CEBEPHBIX HANpaBICHUH U
00YyCIIOBJICHBI TPOXOXKICHUEM IIUKJIOHOB.

B GonbrmucTBe ciyyaes (28.01.1989, 14.02.1996, 28.02.1999) nabironanock GopMUPOBAHKE IUKIOHA
Haj [Ipumopckum kpaeM 60 Hal SIMOHCKMM MopeM. 3aTeM IPOUCXOIHIIa €r0 HHTEHCU(HUKALMS, U CMellle-
HHe K 0. CaxaJIiH ero IeHTPaJIbHON WK I0JKHOW 9acTH, B 3aBUCUMOCTH OT TpaekTtopuu (puc.2). Jlanee Buxpb
nepecekan o. CaxanuH U BeIXoam1 B OXoTckoe Mope. 3/1eCh 0OBIYHO BHOBB IPOUCXOIMIIO 3HAUNTENIBHOE YCHU-
JIEHUE CKOPOCTEH BeTpa Ha BOCTOYHOM Mobepekbe CaxannHa (B ThUTY IUKIOHA). JJTUTENbHOCTh M MHTEHCUB-
HOCTb 9KCTPEMAJILHON CHUTYallM 3aBHUCST OT MPOJOJDKUTEIBHOCTH CTA[HIOHMPOBAHUS LIMKIOHA U CKOPOCTH
€ro JajbHEHIIero NepeMeeHus, U BAPbUPYIOT OT HECKOJIBKUX YacOB JI0 CYTOK M CO CKOPOCTSIMH BeTpa oT 25
m/c 10 35 m/c.

Jlpyrue sKcTpeManbHble CUTYallMy ObUIH CBSI3aHbI C IPOHUKHOBEHUEM YK€ Pa3BUTOrO HHTEHCUBHOTO 111~
ki10Ha ¢ Tuxoro okeana oo yepes noiyoctpoB Kamuarka, miubo uepes octpoa Kypuiibckoit rpsiabl, WM HO-
cJie MPOXOXKIEHUS Yepe3 0cTpoBa AMOHCKOro apxuresnara, B IEpByI0 ouepe/ip, 0. X0KKaiino. Jlanee, IUKIOHBI,
YIIyONSIsCh, JOCTATOUHO OBICTPO (MEHEE CYTOK) MepeceKalid akBaropuio OXOTCKOro MOPSI U MPUOIHKATIHMCH K
0. Caxanus (puc. 3). Jnst TaHHOU TPYMITBI CUTYaIMi ObIIIM XapakTepHbI MeHee TIIyOOKHUe, HO TIPH ATOM OoJiee
OOIIMPHBIC ITUKJIOHBI.

CrienanbHOE CpaBHEHUE BOCIIPOU3BEACHHS 3TUX SKCTPEMAIIbHBIX CHHOITHYECKUX CUTYallUi Ha pa3iiny-
HBIX TOPU30HTAIIBLHBIX PAa3pPELICHHSIX TI0KA3aJI0, YTO TP FOPU30OHTAIILHOM pa3peleHnt 2,2 KM MoJI0CYaToCTh 1
ISITHUCTOCTH TIOJICH MPOSIBIISIETCS ipUe, & MAKCUMYM CKOPOCTH BETpa, KaK NPaBHUJIO, HEMHOTO YBEJIUUUBAJICS
(o 2 — 3 m/c). B nonapstronieM OOJBIIMHCTBE CITyYaeB 3TO MPUBOJUIO K 3aMETHOMY YMEHBIICHHIO OIIHMOOK
BOCITPOM3BEICHUS CPETHEH CKOPOCTH BETPa M MOPBIBOB. B TO e BpeMsi, U3MEHEHHS! BBILICYTOMSIHYThIX Xapak-
TEPUCTHK Ipu nepexose oT 13,2 kM k 6,6 KM BEIpaKEHBI MEHEe SIPKO M OTHO3HAYHO. DTO, BKYIIE C TPUBEACHHBI-
MM BBIIIE Pe3y/ibTaTaMu Bepu(UKaLUK, TIO3BOJISIET 3aKIIOYUTh, YTO MOJICIIMPOBAHKE TIPH Pa3pelieHut 6,6 KM,
NO-BHMMOMY, HE NaéT CyIIECTBEHHOTO YIIyUIlICHUs] PE3yJIbTaToOB, B TO BpeMsl Kak Ha CyOKHIOMETPOBOM Mac-
nIrade sSIBHOE pa3pelieHue NTyO0KOH KOHBEKITHH 1 00Jiee IeTalbHOE OlMcaHue penbeda, KOHPUryparuu moode-
PEXbsl U XapaKTEPUCTHK TypOYJIEHTHOTO JABMKECHHS ITO3BOJISICT 3aMETHO YJIYUIINTh Ka4€CTBO BOCIIPOM3BEIC-
HUSL OKCTPEMaJIbHBIX CKOPOCTEH BETpa B PU3EMHOM CJIO€.

B pesynbrare mpoBenéHHON paboThl OTPaOd0TaHA TEXHOJIOTHS CO3IaHUSI MHOTOJICTHIX apXHUBOB THAPOME-
TEOPOJIOrMYEeCKON MH(pOPMAIIMU BEICOKOTO pa3pelieHts ¢ MpuMeHeHneM Mezomacuradnoi mogenn COSMO-
CLM wu MeTona layHCKeHIMHTa. DTa TEXHOJIOIUsl, ¢ YYETOM aJlanTalui MOJEIH U KOHKPETHBIX 3a/1a4, MOXKET
OBITh MCIOJIb30BaHA JJIsl PA3IMYHBIX PernoHOB Poccuu 1 3eMHOTO 11apa.

ITo pesysbraram pacu€ToB IpoBesieHa BeprupHUKalUs MOJYyYeHHOI0 MacCuBa HAa OCHOBE JIaHHBIX CTaHIIU-
OHHBIX HAOMNIONEHNH, KOTOPAsi [TO3BOJIMIIA ClIENIAaTh BBIBOJ] O TOM, YTO MCIIOJIb30BaHHBIN METO/I ay HCKEHIIMHTa C
npumeHeHrneM Moaenun COSMO-CLM aznekBaTHO BOCHPOHM3BEN KaK METECOPONIOTHYESCKHM PEeXUM aKBaTOPUHU
OXOTCKOTO MOpsI, TAK U CUTYallMH SKCTPEMaJIbHBIX CKOPOCTeH BeTpa y nodepexbs CaxannHa. BbisBieHs 3a-
BHUCHMOCTH Ka4yecTBa BOCIPOW3BEICHHSI ME30MACIITA0HBIX 0COOCHHOCTEH aTMOC(EPHOM LHUPKYISALUH OT To-
PHU30HTAJIBHOTO pa3pelieHust MOJCIH. B 4acTHOCTH, MOKa3aHO, YTO MCIIOIB30BAaHHE Pa3pelieHust ~6 KM He
JAET CYIIECTBEHHOTO YIIyUIIEHHS MO0 CPABHEHUIO C pa3peiieHueM ~13 KM, B TO BpeMsl Kak paspeiieHue ~2,2 KM
obecrieurBaeT yiydllleHHe KauecTBa. Takke 110 JaHHBIM apXHBa ITPOBECH CHHONTHYECKUI aHaIU3 CUTYaluH,
COMPOBOKIAIOIIUXCS AKCTPEMALHBIMUA CKOPOCTSMHU BETPA, BBISBICHBI OCHOBHBIE THIIbI, ONaronpusTCTBYIO-
M€ UX BOZHUKHOBEHHUIO.

[TonyueHHBII MAaCCHB JTaHHBIX BBICOKOTO MPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pEIICHUS SIBISETCS HECOM-
HEHHBIM TIOJICTIOPbEM JUISI JalibHEHIINX HCCIIENOBaHUN (DU3MYECKHX MEXaHHW3MOB (POPMHUPOBaHHS IKCTpe-
MaJIbHBIX [TOTOJIHBIX SIBJICHUH pa3InyHOro I'eHe3Kca 1 MaciTada, aHajin3a KayecTBa BOCIIPOM3BEACHUS THAPO-
METEOPOJIOTHYECKHX IT0JIeH, UX CTATUCTHUECKHUX OLICHOK, MHOTOJIETHUX TPEHJIOB B JIAHHOM PErHOHE, a TaKKe
UCIIOJIb30BaHMUS ATOM MH(MOPMAIMHU [UIs 33184 TTOPOOHOI OLIEHKH COCTOSIHUSI OKPYKAIOILEH CPe/Ibl.
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Forecast of polar stratospheric vortex dynamics
using SL-AV global atmospheric model

Shashkin V.V., Tolstykh M.A.

G.l. Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
Hydrometeorological centre of Russia, Moscow, Russia
E-mail: vvshashkin@gmail.com

the influence of planetary waves raising from the troposphere, the polar vortex can be distorted and even

broken up. During the vortex breaking the relatively warm mid-latitude stratospheric air is advected to
the high latitudes that results in the grow of stratospheric temperature by 25-50 'K in a few days. This situation
is called sudden stratospheric warming (SSW). The number of articles show the influence of SSW on the dy-
namics of troposphere (Borovko, Krupchatnikov, 2009; Vargin, Medvedeva, 2015; Baldwin et al., 2003; Perl-
witz, Harnik, 2004; Kolstad et al. 2010 and many others). Therefore the particular question of interest is the
predictability of SSWs by the atmospheric general circulation models. Most of works study the predictability in
the statistical context on the seasonal and climatic time-scales (Vargin, Volodin, 2016; Charlton et al., 2007,
Sun et al., 2012).

This work studies the quality of deterministic forecast of polar stratospheric vortex dynamics by the SL-
AV global atmospheric model (Tolstykh, 2010). We use multiscale version of the SL-AV model (Tolstykh et al.,
2015) with horizontal resolution of 0.9°x0.72° and 60 vertical levels. 17 vertical levels are located above the
tropopause.

The serie of 15 days forecasts starting at 12 UTC of 1-31 January of 2014, 2015, 2016 is carried out. The
initial data is Hydrometeorological centre of Russia operative analysis. The period covered by forecasts in-
cludes 4 minor SSWs associated with vortex splitting (2 February 2014, 5 January 2015, 27 January 2015) and
shifting (1 February 2016).

The particular characteristic illustrating the accuracy of polar vortex dynamics reproduction is correlation
of 10 hPa surface geopotential height anomalies between the forecast and reanalysis (ERA-Interim) plotted in
Fig. 1. Horizontal lines in Fig. 1 indicate 0.8 and 0.6 levels corresponding to "highly accurate" (above 0,8) and
"useful" (between 0.6 and 0.8) forecasts according to (Bauer et al., 2015; Manual on the global data processing
and forecasting system http.//library.wmo.int/pmb_ged/wmo_485-vl _en.pdf). All test forecasts, but 3 are use-
ful for at least 7 days, with 80% of forecasts are "highly accurate" at day 7. Anomaly correlation of 50% of test
forecasts falls below 0.6 by day 12 from start. One can conclude that SL-AV model accurately reproduces the
dynamics of polar stratospheric vortex for 7 days, that is somewhat longer than the accurate forecast range for
the most of meteorological characteristics in troposphere. Consideration of other fields and forecast scores
confirm this conclusion.

The reliability of SL-AV forecast of strong polar vortex perturbations is of special interest. SL-AV forecast
examples during minor SSW are shown in Figs. 2, 3. Considering 4 minor SSWs cases included in the test

P olar stratospheric vortex is the characteristic feature of the winter-time stratospheric circulatution. Under
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forecasts serie we find that the structure of 10 hPa wind field and 10 hPa height anomalies are accurately pre-
dicted 7 days ahead. The fact of mean zonal wind weakening or reversal is successfully forecasted for 10-11
days ahead, however the model wind can weaken/reverse 1-2 days before the real wind does.

One can see in Fig. 1 that some of the anomaly correlation curves of forecasts started 10-12 days before
the minor SSW experience local maxima at the time of minor SSW occurrence. This means that the situation of
strong polar vortex perturbations is beneficial for the forecast accuracy. Also, it should be mentioned that SL-
AV model tends to exaggerate the perturbations of the polar vortex after forecast day 10. In the cases when the
polar vortex is disturbed and then stabilized, SL-AV model is likely to predict minor SSW. The real minor
SSWs can be wrongly predicted to develop in a major SSW when forecast leadtime is greater than 10 days.

[porHo3 AMHaMWKKW NONAPHOro cTpaTochepHOro BUXPA
rnobanbHon Mogenbio atMocdepsl MNJ1AB

LWawkuu B.B., ToncTtbix M.A.

WHcTuTtyT BoiumcnuTensHoin MateMatuku PAH um. IU. Mapuyka, MapomeTtuentp Poccun, MockBsa, Poccus
E-mail: vvshashkin@gmail.com

BBEOEHWE

JlomMuHUpYIomIeil 0COOEHHOCTBIO IUPKYJISIIUK CTpatoc(ephl B CPEJHUX U MOJSIPHBIX IIMPOTax B 3MMHUHN
TICPUOJL SIBISETCS MOJSIPHBIN CTpaToc(epHbIi BUXPh - CTPYIHOE TEUSHNE CO CKOPOCTSIMU BETpa, MPEBBIIIAI0-
v 100 m/c, pacmonoxxerroe okoio ypoBHs 10 rlla (Holton, 2004). [TnaneTapHBIe BOITHBI, BOSHHKAIOIINE B
Tponocdepe U pacnpoCTPAHSIONINECS BEPTUKAIBLHO, BBI3BIBAIOT HCKaKEHUS (DOPMBI OJIIPHOTO BUXPSI U / UITH
ero cMeieHue. [Ipu cuiibHOM BOJTHOBOM aKTHBHOCTH MOXKET IIPOM30UTH TIOJIHOE pa3pylIeHHE ITOISPHOTO BUX-
Ps ¥ pa3BOPOT CPEIHET0 30HAILHOTO BETpa B cTparocdepe ¢ 3amagHoro Ha BoctouHbli. [Ipn aTom cTparocdep-
HBII BO3/lyX W3 CPEJHMX IIUPOT MPOHHUKACT B MOJISIPHBIE IUPOTHI, YTO TIPUBOIUT K OBICTPOMY POCTY TEMIIepa-
Typhl Ha 25-50" K. [Ton06Has cCHTyalus Ha3bIBAeTCs BHE3AMHBIM cTpatochepHbM noternenuem (BCIT).

Pazmnuaror maxkopusie 1 MuHopHbsle BCII, npu maxxoproM BCII cpenHuil 30HaNbHBIN BETEP B CTPATOC-
dbepe Ha 60° c.11. CTAHOBUTCS BOCTOYHBIM, IPOMCXOIUT PaspylieHne HOIIpHOro Buxps. [Ipu munopaom BCIT
HaOJIONAIOTCS 3HAYMTEIIbHBIE MCKAKCHHS IIOJSIPHOTO BUXPS, HO Pa3pyIUCHHs HE [IPOUCXOOHT, Betep Ha 60°
c.m1. ocsabeBaet, HO He pa3zBopaunBaercs. Yactora Bo3HHKHOBeHHs MaxopHbIX BCII o maHHbIM peaHanmmsa
nipumepHo 6 pas 3a 10 sret (Charlton A., Polvani L., 2007).

B crty u3menstronerocst pexxnuma pacrpoCcTpaHeHHs IIIaHETAPHBIX BOJIH, KOTOPBIE EPECTAIOT IIPOHUKATh
B cTparocdepy Hocie pa3BopoTa CpeHero 1oiaroTHoro Berpa, BCII oka3pIBaloT BIUsIHUE HA JUHAMHKY TPO-
rocepbl Ha BpEeMEHHBIX MaclITabax OT HECKOJIBbKHX JTHEH 10 ce3oHa. JlaHHbli addekT ncciemyercs B 60b-
IIOM KOJIMYEeCTBE PabOT OTEUECTBEHHBIX W 3apyOekHBIX aBTopoB (bopoBko, Kpymuaraukos, 2009; Baprus,
Mensenesa, 2015; Baldwin et al., 2003; Perlwitz, Harnik, 2004; Kolstad et al. 2010 u gpyrux). Bonpmoi Hay4-
HBII MHTEpEC MPEICTaBIIET Bompoc o npeackazyemoctd BCII monensmu o01meit mupkynsiun armMocgepsl. B
paboTax 1o 3T0i TeMe, B OCHOBHOM, HCCIIEIyeTCsl CTaTUCTHUECKAsI IPECKAa3yeMOCTh Ha CE30HHOM M KIIMMAaTH-
yeckoM BpeMeHHOM Maciutabe (Baprun, Bomoans, 2016; Charlton et al., 2007, Sun et al., 2012).

B nmanHoOi#l paboTe mcciemyercsl yCIemHOCTh AeTePMUHUCTHUECKOTO TPOrHO3a AWHAMUKHU TTOJSIPHOTO
cTpaTtochepHOro BUXPS MOToAb! robansHor Moaeibio arMochepsl [IJIAB (Toncreix, 2010), koTOpas sBiIsICT-
Cs1 OCHOBHBIM METOZIOM II00AJIBHOTO CPEHECPOYHOT0 IPOrHo3a noroas! B ['uapomernentpe Pocenu. Menosns-
3yeTcs MHOroMacrabuas Bepenst momein [IJIAB (Tonctsix u ap., 2015) ¢ pasperiennem mo ropuzonTamu 0,9
x 0,72° u 60 ypoBHeii 110 BEPTHKAJIN, BEPXHSISI TPaHuIla MOEIBbHON arMocdepsl Ha yposHe 0,5 rTla (oxomo 53
kM). 13 60 BepTHKATBHBIX YPOBHEH BBIIIE TPOIIONAY3bl HAX0AATCs 17 (3 U3 HUX - B HIDKHEW 9acTH CTpaToIay-
3b1). Mcnonesyercst Bepcus monenu [1IJIAB ¢ ruOpugHo#t curma-p koopanHaroi mo Beprukanu (ILlamkus n
ap., 2017), mTOBEpXHOCTH KOTOPOH COBIMAAIOT C W300apHYCCKUMH BBIIIE TPOIIONAY 3Bl

NMOCTAHOBKA 3KCMNEPUMEHTA U PE3YJIbTATDI

Bbuin paccunTaHbl cepuy MPOrHo30B norojsl Ha 15 qHeit ot 1-31 suBaps 2014, 2015 u 2016 ronos. B ka-
YEeCTBE HayaJbHbBIX JAHHBIX MCIOJIb30BAJIMCh ONepaTuBHbIe aHanu3bl [uapomeruentpa Poccun. B mepuon,
MOKPBIBAEMBIN TIPOrHO3aMU cepuu He nonanaT Maxopusie BCII, onqnako nonanaer 4 muHopusix BCII (5
stuBapst 2015, 1 despanst 2016, 2 dpespains 2014, 27 siuBaps 2015).
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BakHoli XapaKTepUCTHUKOH, WLTIOCTPUPYIOIICH CUTYaIMIO B MOJSIPHOI cTparocdepe, sBISIETCS BBICOTA
n3obapugeckoif mosepxxHoctu 10 rlla (H10). Koppensun anomanuii mporuosa H10 nmo monenu ITJIAB u pea-
Hanm3a ERA-Interim oTHOocuTENnbHO KiTMMara npecTapieHsl Ha Puc. 1. [opu3oHTaIbHBIMU JIMHUAME 0003Ha-
4yeHb! ypoBHU Koppensauu 0,8 u 0,6 yCI0BHO OTAENAIOMHNE "BEICOKOTOUHBIE" IPOTHO3HI OT "MoJe3HbIX" U "Mo-
ne3ubie” ot "Oecnone3nbix” (cM. Bauer et al., 2015; mactarienue o [1o0aabpHO# cucTeMe 00pabOTKH JTaHHBIX
U TMPOTHO3UpOBanus http.//library.wmo.int/pmb_ged/wmo_485-vl _ru.pdf). BepTukanbHbic TUHUA 0003HAYA-
0T JIaThl HACTyIJIeHNs: MUHOPHBIX BCIL.

W3 93 paccmarpuBaembix nporuo3oB Mozenu [TJIAB oqun nmporHos nepecraet ObITh "mosie3HbM" (Koppe-
JISIUST aHOMAJTMI OTTyCKaeTcst Hrbke ypoBHst 0,6) Ha 5-e CyTKM MocCJie CTapTa, elle 1Mo OAHOMY Ha 6-¢ U 7-€ CyT-
ku. K 12-m cyTkam nocine crapta Koppessius anomanuii 50% nporuo3oB nepexoaut yposeHs 0,6, mpu 3Tom 18
nporuo3oB (20%) umeroT Koppessinuio anoManuii 6onee 0,6 mocie 15 cyrok. Koppensinus anomanuii 5 npo-
THO30B OITyCKAaeTCsl HUKE YPOBHsI BbICOKOM TouHOCTH (0,8) Ha 5-€ CyTKu mocie cTapra, emie o 5 mporHo30B
NepecTaroT ObITh ""BHICOKOTOYHBIMU" Ha 6-¢ U 7-¢ CyTKH OT crapTa. 50% MporHo30B NepecTaroT ObITh "BBICOKO-
TouHbIMU" TIOCHE 10-X CYyTOK OT cTapra.

Takum 00pazoM, KpoMe eIMHUYHBIX Cly4aeB, Nporuo3sl Mmojeiu [IJIAB ocratores "mone3nsivMu” ipu 3a-
0J1aroBpeMEHHOCTH 7 CYTOK, TIpu 3ToM Oosiee 80% MPOrHO30B MOTYT CUMTAThCS "BBICOKOTOUHBIMU". MOXKHO
c/ienarh BBIBOJ, YTO JMHAMHKA TOJIIPHOTO CTPAaTOC(HEpPHOro BUXPS YCIEIIHO MPEICKa3bIBACTCSI MOIECIBIO
[TJIAB Ha 7 CyTOK, 4TO MPEBBIIIAET CPOK JETEPMHUHUCTUUECKO MPEACKa3yeMOCTH OOJIBITMHCTBA METEOPOIIO-
THYECKHX XapaKTepHCTHK B Tporniocdepe. JJaHHBINH BBIBOJ TAKKe MOATBEPKIACTCSI IPU PACCMOTPEHUH HOPM
OIMOOK 1 TIOKa3aresel yCemHoCTH MPOrHo3a APYTUX MoJeH.

WHTepec mpeacTaBisieT HafeKHOCTh MTPOorHo3a Mozesnsio [IJIAB cuimbHBIX BO3MYIIIEHHUH MOJIIPHOTO CTpa-
TocdepHoro Buxps (B Tom unciie BCII). Paccmorpenue 4 momo0HBIX CITydacs, BBIMABIIMX HA ATkl IPOTHO30B,
TOBOPHUT O TOM, 4TO Mojienib [TJIAB ¢ BbICOKOH TOYHOCTBIO IO BpPEMEHHU U MPOCTPAHCTRY MpEICcKa3biBaeT Moje
BETPa U CTPYKTYPY BO3MYIICHHI MUHHUMYM 3a 7 CYTOK, UYTO MOJATBEPKIACT BBIBOJ, MOTYUCHHBINH U3 aHATN3a
nokaszareseil ycrenHocTy nporuo3a. Makt ocnabieHus 1 / WM pa3BopoTa CPeJHEro J0JITOTHOTO BETpa npe-
ckasbiBaercst Mmozenbio [TJIAB 3a 10-11 cyTok, HO MpH 3TOM OH MOXET OBITh CIIPOTHO3UPOBaH Ha 1-2 cyTOK
pasbliie, yeM HaOmiomaincs B peanbHOCTU. IIpn 3TOM, B MOMEHT, KOTIa peanbHbI BETEp pa3BopauynBaeTcs,
CTPYKTypa MoJIei BeTpa U BBICOT N300apUIECKUX TTOBEPXHOCTEH B MPOTHO3€ MPUXOAUT B KAY€CTBEHHOE COOT-
BETCTBHE C pealbHbIMU MOJsIMH. JaHHBIH (akT BugeH Ha Puc. 1 - B MOMeHT HacTymuieHust MuHopHoro BCIT
(0003HaUYEHBI BEPTUKAILHBIMU JINHUSIMH ), KPUBBIE KOPPEISIIIMK aHOMAJIMH POTHO30B, CTApTOBABIIMX 3a 9-12
CYTOK JIO 9TOr0, 00pa3yIoT JIOKaIbHbIe MaKCUMYMBI. [IpumMepsl mporHozoB MuHopHbIx BCIT mozensio [TJIAB
npuBeaeHs! Ha Puc. 2, 3.

2014 Crnenyer oOpaTuTh BHIMaHHE HA €IE OIHY
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SLAV frc 2015 Jan.1 + 120 10nPa wind

Era 2015 Jan 6 10nPa wind

Puc 2. HanpaBneHue (MMHUM TOKa) U CKOpOCTb
(3anuBka) BeTpa Ha noBepxHocTu 10 rlla Bo
BpEMS MUHOPHOI0 BHE3aMHOro CTpaTochepHoro
notenneHua 6 auapa 2015 roga. Cnesa - npo-
rHo3 mogenu MNJ1AB Ha 5 cyTok, cnpaBa — pea-
Hanu3 ERA-Interim, cHM3y — 3aBMCUMOCTb
CpeaHero JONTOTHOMO BETPA OT LUMPOTHI (Kpac-
Hasl NIMHUA — NPOTHO3, CUHSAA - peaHanus).

SLAV e 2016 Jan 23 + 2401 10nPa wind £ra 2016 Feb 2 10nPs wind Puc 3. AHanoruuHo Puc. 2, Ho gna 2 ¢espana
2016 ropa. NpueeneH nporHo3 mogenu J1AB

Ha 10 cyTok.
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YECTBEHHO BOCIIPOU3BOAT JHHAMUKY TOJIIPHOTO CTPATOC(HEPHOTO BUXPS BIUIOTH 10 10-TH CyTOK MOCIIE cTap-
Ta. DaKThl HACTYIUICHUS MHHOPHBIX BHE3AIMHBIX CTPAaTOCHEPHBIX MOTCIUICHUN MPOTHO3UPYIOTCS MOICIBIO
TTIUTAB ¢ BbICOKO TOYHOCTHIO MUHUMYM 3a 7 CYTOK. B 11e710M, B cUTyaluy CUIIBHBIX BO3MYILIEHUH TOJISIPHOTO
cTpatocepHoro BUxps mporuo3 mozenu [1IJIAB Gonee ToueH, yeM mpu ciaadbix Bo3MyIneHUsIX. CleayeT Tak
JKE OTMETHTB, UTO B IaHHOM dKcniepuMmenTe monenb [1JIAB ckioHHa nepeoneHuBaTh BOSMYIICHHS MOSPHOTO
cTpaTochepHOTO BUXPs MPH 3a0IarOBPEMEHHOCTH IPOTHO3a Oojee 10-TH CyTOK, YTO MOXKET CBHIICTECIHCTBO-
BaTh KaK O HEIOCTAaTKaX MOCTAHOBKH YHCICHHOTO SKCICPUMEHTA (B YACTHOCTH, UCIIONB3YETCs TOCTOSHHOE
mozie TTIO), Tak 1 06 ocobenHOCTIX Mozenu [TJTAB.
Paboma evinonnena npu nodoepoicke npocpamvimol Ne§ ghyroamenmanvrvix ucciedosanuil npezuouyma PAH.
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Modelling of Cloud Cells in the Atmosphere
over the Black Sea during the Cold Air Invasion

larovaia D.A.,

Marine Hydrophysical Institute of the Russian Academy of Sciences, Sevastopol, Russia
E-mail: darik777@mhi-ras.ru

Using WRF numerical model we simulated intensive convection over the sea on January 25 and

verified the modeling results using satellite data on cloudiness, cloud top temperature, and humidity.
It was shown that according to both the modeling results and the satellite data there was mixed convection over
the sea, but convective cells dominated and played the main role in the mixing in the atmospheric boundary
layer (ABL). It was shown that the model captured the increase of cloud top height over the sea. Using spectral
analysis of vertical moisture flux fields we showed that the model correctly reproduced the horizontal size of
cloud structures near the shore. It was found out from the modeling results and satellite pictures that horizontal
size of convective cells over the sea increased downwind. Also, we studied main terms in the convective Kinetic
energy (CKE) equation. In particular, we considered CKE generation in the ABL due to pressure pulsations and
buoyancy, as well as its decrease due to turbulent dissipation and convective advection.

‘ ’ ’ e performed a case study of cold air invasion during winter in the Black Sea Region in January 2010.

MogennpoBaHue 06na4vHbIX AYEEK MPY BTOPHEHUN
X0/104HOro Bo3gyxa B atTMocdepy Hag HepHbIM MopeM

flposas [1.A.

Mopckoii ruapogusmndeckui ubictutyt PAH, Ceactonons, Poccus
E-mail: darik777@mhi-ras.ru

BBEOEHUE

BropskeHne XonoiHBIX BO3AYIIHBIX Macc B arMocdepy HaJ UepHbIM MOpeM depe3 CEeBEpHYIO I'paHu-
11y PeruoHa sIBJISIeTCS OIHUM M3 SKCTPEMAJIbHBIX ITOTOIHBIX SIBICHUI B OCEHHE-3UMHUH 11eprnoj. CKopocTh Be-
Tpa npu 3ToM gocturaer 15 — 20 m/c, Temneparypa NpUIoBEpXHOCTHOTO BO3yxa omyckaercs 10 —10 ...—15
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’C, 4TO TIpU TeMIepaType MOBEPXHOCTH MOps 5 — 7 "C MPHBOAMT K GONBIIAM BETMYMHAM CYMMApHOTO (SIBHOTO
H CKPBITOTO) TIOTOKA TEMIa Yepe3 MOBEPXHOCTh Mops, focturaomum 700 — 800 Br/m* (Edumos u ap., 2014).
Takoe 3HaYNTEIBHOE BHIXOJAKMBAHHE BBI3BIBACT OBICTPOE TIOHMKEHHE TEMIIEpaTyphbl TIOBEPXHOCTH MODS, a B
OCEHHMH MEPUOJL YacTO MPUBOAUT K (POPMHUPOBAHUIO KPYITHOMACHITAOHBIX XOJIOHBIX aHOMAJIMH TeMIepary-
pol, nocturaomux 4 — 5 °C, BcIeacTBUe BOBIGUEHHS XOIOIHON Boabl n3 TepMokanHa (Edumos u ap., 2014).
Bo Bcex citydasix BTOp’KE€HHE XOJIOHBIX BO3AYIIHBIX MacC B UepHOMOPCKUIT pernoH CONpPOBOXKAAETCS Pa3BU-
THEM KOHBEKTUBHOM OOJIAYHOCTH HaJl MOPEM, ITPUYEM pa3Mephbl 00IauHbIX CTPYKTYP CYIIECTBEHHO yBEINYH-
BAaIOTCs 110 MEpe yaieHus oT HaBeTpeHHoro Oepera (puc. 1). [Ipu GmmxaiiiemM paccMOTPEHHH CITy THUKOBBIX
CHMMKOB OOHapy>KMBAaeTCsl, YTO I10je OOJaYHOCTH COCTOMT B OCHOBHOM M3 HEPErYJSIPHBIX KOHBEKTHBHBIX
SIUEEK, HO MOKHO TaKKe BBIJICIUTH BBITSHYTHIE 110 HATIPABJICHUIO BETPA KOPOTKHE BAJIUKU.

B nanno#i pabote mccienyeTcs XxapakTepHbIi cilydaidl BTOPKEHHsI XOJIOAHOTO BO3ayXa Hajl YepHbIM Mo-
pem, nmeBnmi Mecto B sitHBape 2010 1. (puc. 1) [Ipu nomomm armocdepuoii monenu WRF-ARW 6blna Bocnpo-
M3BEJIeHa MHTEHCUBHAsL KOHBEKIMs Haa MopeM 25 stHBapst 2010 . ¥ IpoBeJieHO CpaBHEHUE PE3YJIBTaTOB MOJE-
JMPOBAHUS C IOCTYITHBIMH JAHHBIMH HaOmtoieHuid. J{iist BepuguKay HCIoib30BaINCh CITy THUKOBBIE JAaHHBIC
00 obnaunoctu (cnekrpopaguomerp MODIS Ha cniytHuke Terra), Temneparype BepXHed rpaHHIbI 00JaKoB
(panmomerp AATSR Ha criytHUKe Envisat) v yaenabHOW BiaxkHocTH (paauomerp AMSR-E Ha criyTHUKE Aqua).
[To pesynbratamM MOJEIUPOBaHHS HAMHU OBUIM YUCICHHO M3YyY€HBI CTPYKTYpa arMOC(EepHOro MOrpaHnYHOTO
ciost (AIIC) Bo BpeMsi XOJIOJJHOTO BTOPXKCHUS, a TAKXKE ypaBHEHHE OanaHCa KOHBEKTUBHON KUHETHYCCKOM
sHeprun (KKD) B AIIC. bpuin paccMOTpeHbl TpU OCHOBHBIX ciaraeMbix ypaBHeHuss KKD, a umenHo: pabora
CHJIBI TUTaBY4€CTH, KOHBEKTHBHBIN NEpeHOC U TypOyineHTHas auddy3usi.

XAPAKTEPHbIV CJTYYAIM XON10HOM0 BTOPYKEHMA 25 AHBAPA 2010 T
Tun KoHBeKLUn

PaccmoTpum, B KakoM BUjie Oblila BOCIIPON3BE/IeHa KOHBEKIHS Hal MopeM B Mozieiu WRFE. Jlnst ool nenu
HCIOJb3YEM MOJIEJIBHBIE MOJISI TOTEHIMAIBHON TEMIIEPATy Pl U BEPTUKATIBHOM ckopocTu. M3BeCTHO, UTO CcTa-
LIMOHAPHAsl KOHBEKIIMSI MOXKET MPOUCXOIUTD KaK B BUJIE IByMEPHBIX BAJIMKOB, TAK U B BUJIE TPEXMEPHBIX STUCEK
(Etling, Brown, 1993). B npupone nabnromarorcst 06e 3t hopmbl B 3aBrcuMoctd 0T napameTpoB ATIC. Tun
KOHBEKINH (BaJIMKH WJIH SIYCHKH) 3aBUCHUT OT OTHOLICHHSI BBICOTHI MHBEpCUH, H, K MaciuTaly JyIMHE MOHUHA-
O0yxoBa, L. [Toporooe 3nauenne —H/L,,,, IpX KOTOPOM OAMH THIT KOHBEKIIMH CMEHSETCS Ha IPYTOil, TOYHO
YCTAHOBUTH HE TIpejcTaBisieTcs BO3MOXHBIM. B padote (Etling, Brown, 1993) yka3zano, uro Banukn oopasy-
rorest pu —H/ Ly, < 5, staeviku ipu —H/ Ly, > 25, aipu 5 <—H/L,,, < 25 uMeeT MecTo CMEIIaHHAST KOHBEKIIHS.

CormtacHo pe3ynsraram MozenupoBanus WRF otHomenue —H/Ly,, MEHsII0Ch OT ~25 B IPHOPEKHOI 001a-
ctu 110 30 Hag OTKPBITBIM MOpPEM, T.e. —H/Ly;, O1IM3K0 K TEOPETHYECKOMY ITOPOrOBOMY 3HAUYCHUIO, OTACIISIOIEMY
CMEIIAHHYIO KOHBEKIMIO OT stuercToil. Takum 00pa3oM, HaJl MOPEM NMPOMCXOAWIIA CMEIIaHHas KOHBEKLHS, HO
OCHOBHYIO pOJIb B KOHBEKTUBHOM [I€PEMELIMBAHUY UTPAST IMEHHO siueiiki. MOXKHO cenaTh BBIBOJ, YTO MOJEIb
MIPaBHIIBHO BOCIIPOU3BEIIA CTPYKTYPY KOHBEKIMH, HAOIIOaeMyI0 Ha CITy THUKOBOM CHUMKe (pHc. 1).

Pa3smepbl Aveek

[IpoBepum Tenepb, HACKOIBKO MOAETH YAAJIOCh BOCIIPOU3BECTH Pa3Mephl KOHBEKTUBHBIX siueeK. BricoTy
KOHBEKTUBHBIX siueek (I10 CyTH, BBICOTY BEpXHEW TpaHuLbl 00J1akoB) H,,,s MOXKHO PacCUMTATh, 3HAs TEMIIepa-
TYpY BEpXHE# IpaHuIlbl 00JIaKOB (110 CITyTHUKOBBIM JaHHBIM) U BEPTUKAJIBHBIN MPOQHIL TEMIIEpaTyphbl BO3IY-
xa (o mozenu WRF). UtoObl yCTaHOBUTb, KaK M3MEHSUIACH ITPU YJIAJICHUU OT Oepera BhICOTa BEpXHEH rpaHu-
bl 00J1aKOB, OBLI IPOBEAEH pa3pe3 BIOJIb OJHOM U3 00JIAYHBIX «IIeHoueKk» (YepHas JuHus Ha puc. 1). Xors
BONIM3M Oepera, rje 00JaKoB MEHbIIIE, YeM HaJl OTKPBITBIM MopeM (puc. 1), olleHKka MeHee JOCTOBEpHa, HO, TEM
HE MeHee, 10 JaHHBIM HaOMIoIeHHi ObIJIO YCTaHOBJICHO, YTO BeJIHYHHA H  , IPH yiaieHuu ot Oepera Bo3pa-
craja ot ~2 710 2,5 KM.

Onpenenum Teneps BhICOTY KOHBEKTHUBHBIX Y€K, BOCIIPOU3BECHHBIX B Mozienu WRE. Tlo pe3yiasraTam
MOJIETTUPOBAHNUS ObUIO YCTAHOBJIEHO, YTO BO3YX B KOHBEKTHBHBIX IOTOKAX MMOJHUMAJICS BbIIIE BEpXHEH rpa-
Huwbl ATIC, npoHuKas B yCTOHYHBO cTparnUIMpoBaHHYIO arMocdepy, U, TakuM odpazoM, Haa ATIC pacno-
JIarajcsi CJIO BOBJICUCHHSI, B KOTOPOM KOHBEKTHBHBIN MTOTOK TeIlia ObLI OTpUlaTeIeH. BbicoTa BepXHEel rpa-
HUIIBI CJI0S BOBJICUCHHSI cocTaBisuia 1,2 kv BOM3u Oepera u 1,8 KM HaJl OTKPBITHIM MOPEM.

Takum 00pa3oM, MOJIEIb XOTS U 3aHW)KAET BEPTHKAIbHbIE MaclITa0bl sYeeK, HO, TEM HE MEHEe, BEPHO
BOCITPOHM3BOJIUT OOHAPYKEHHOE MO CITyTHUKOBBIM JIaHHBIM Tpupaiienue H 4 Ha 0,5 — 0,6 KM npu yaajaeHun
oT noOepexbs B OTKpbITOoe Mope. Hekotopoe 3anmxkenne H,,,y, BOSMOXHO, CBSI3aHO C TIOIPELUIHOCTSIMH B Ha-
YaJIbHBIX YCIOBUAX TSI MOJCTUPOBAHUS.

Kaxk ObLIO yCTaHOBIICHO IO CITyTHUKOBOMY CHUMKY 001auHOCTH (pHC. 1), FOpU30HTaJIbHBIE pa3Mephl siue-
€K HaJl MOpEM YBeJIMUMBaICh OT 1 — 2 kM BONM3u Oepera 1o ~10 kM Ha pacctostuuu 300 kM oT Gepera. UToOb!
OLICHUTh TOPU30HTAJILHBIN pa3Mep KOHBEKTUBHBIX JIBMXKCHUH 110 pe3yJbTaraM MOJCINPOBaHUsI, ObIJIM paccuu-
TaHbl IPOCTPAHCTBEHHBIC CIIEKTPHI MOJIEH BEPTHKAILHOTO TIOTOKA BNIaru, Fy = p ¢ w, TA€ p — MIIOTHOCTD, ¢ —
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yAebHas BIaKHOCTh, W — BEPTHKAIbHAsA CKOPOCTh. [l ananu3a ObUIM BRIOpAHBI HMEHHO HONS F, a HE W,
MOCKOJIbKY BHYTPEHHHE TPABUTAIMOHHBIE BOJHBI BHOCST HCKaKEHHS B CICKTPBI BEPTHUKAIBHON CKOPOCTH
BOim3u BepxHeil rpanuibl AIIC. C 1enbio MpOBEpHUTh, KAK U3MEHSIICS TOPU30HTAIBHBINA pa3Mep s4YeeKk MpH
yaaJieHHH OT Oepera, JUIs CIICKTPaTbHOTO aHaJIN3a OBUIO BRIOPAHO JBE 00acTH: BONM3K Oepera v HaJl OTKPBI-
ThIM MOpeM (pHuc. 1). Ha kaxaom ypoBHe z none 7, packjabiBanoch B IByMepHbiii psa Dypbe v 3aTeM onpesie-
JSUTIOCH pacrpejieieHie BOJHOBOM dHEPIHU B 3aBUCHMOCTH OT MOJIYJISl BOJHOBOTO BekTopa. Kak okaszanocs,
MaKCUMYM TPHUXOIUTCS Ha BOJHBI ¢ JyTMHaMK ~1,3 kM BOMHM3u Gepera u ~2 KM HaJl OTKPHITBIM MopeM. UHTe-
PECHO OTMETHTh, 4TO PA3IHUHE MEXK/Yy MacIITa0aMu JABUKEHHUN HAJl MOPEM NMPAKTHUECKH OTCYTCTBYET BOIHU3U
MMOBEPXHOCTHU M MPOSIBJSIETCS JIMIIh HA BHICOTE MPOHUKAOIIEH KOHBEKIIUK. Takum 00pa3oM, MaciTab BO3My-
uieHuil B mone [, yBelnuuMBaeTCs 10 Mepe ylaleHus oT Oepera, XoTs M HE TaK 3HAYMTETBHO KaK MacITaObl
00JIaYHOCTH Ha CITyTHUKOBOM CHHMMKE. BOu3u Gepera ropu30HTAIbHBINA pa3Mep BO3MYILIEHHUN COCTABIISI B
cpenrem 1,2 — 1,4 kM, 94TO XOPOIIIO COTIACYETCS ¢ pa3MepaMy KOHBEKTHBHBIX sIUCEK, OTPEIETCHHBIMH 10 CITyT-
HUKOBOMY CHUMKY (puc. 1).

KuHeTuyeckan 3HepruAa KOHBEKTUBHbIX nynbcauuﬁ

Oueprerndeckoii xapakrepuctuxoir AIIC sBisieTcs konBekTHBHaA KuHeTnueckas sueprust (KKJ), CKE =
W™y + % + (W)/2 , Te ckobku { ) 03HAYAIOT OCPEIHEHNE TI0 OHOM 13 00JIacTell, BBIEIEHHBIX HA PHC. 1,
u uHTerpupoBanue 1o Beicote AIIC. brio ycranosieno, uro KK3 mexay obmactsamu Ha puc. 1 paznugaercs
BCEro JINIIb HA HECKOJIBKO COTeH M/c’, a, YYUTBIBAs, 9TO paccTosHUE MEeXAy obmacTsmu ~200 KM, TOIydnM,
4TO MepuauoHaNbHbIA rpaauent KKD Hesnauntenen u coctasnser ~10° m’/c’. Takum 06pa3zom, HecMOTps HA
TO, UTO MOTOK TETlIa OT MMOBEPXHOCTH IIPH yAAJICHUN OT Oepera ymenbmaercs B 1,6 — 1,7 pa3a 6amanc KKO B
HalleM CIlydae OIpeAeIIieTCs IOKAIbHBIME TPOLECCAaMH, a BIMSHUE YIaJIeHHBIX oOacteld Ha reHeparmio KKO
Maro.

PaccmoTpuM ocHOBHEIE (akTopbl, Biustonre Ha usmenenne KK3. YpaBaenue O6amanca MHTErpanbHOM

KK3 (E¢dumos, Sposas, 2014) nmeer Bux acag =B+4dv+D(1), rne B —m3menenne KKD 3a cuer Hamuuust myib-
canuii JaBIeHUst ¥ padOTHI CHITB MaBydecT; Adv — namenenne KKO 3a cuer ropn3oHTanbHOTO M BEPTHKAIb-
HOTO TIepeHoca, a Takxke reHepanns KKDO BeiencTBre BepTHKAIBHOTO cBHra (POHOBOI ckopocTH BeTpa; D —
typOynentHas muddysus KKD. B namewm cinydae unen B B ypaBuenn (1) ypaBHOBemHMBaeTcs IByMs JPYTHMHU
YIeHaMH ypaBHeHUs Oananca, Adv u D, 1 MrHOBeHHOE M3MeHeHue naterpanbioit KKO, takum obpaszom, He-
3HAYUTEIBHO.

Paccmorpum Oosee noxpodHo cocrasistonye dananca KK3. CoracHo mpoBeIeHHBIM pacyeTam, BeJ-
YMHA B yMEHBIIAETCs IPH yAaIeHUH OT Oepera. ITO CBA3aHO C TEM, UTO B pe3yJbTare Mporpesa TeMieparypa
MIPUIIOBEPXHOCTHOTO BO3LyXa [0 MEPE paCIpOCTPAHEHUS HaJl MOPEM YBEIMUHUBAETCSI, U3-3a YETO YMEHBIIAET-
Csl ITOTOK TEIUIA M, KaK CIIE/ICTBHE, pab0oTa CHJIBI IUTaBy4YecTH. Hanndue BaaukoB, BRITSHYTHIX B MEPUANOHAIb-
HOM HAIpaBICHUH, IIPUBOJUT K TOMY, 9T0 B, OonbIue, 4eM B, (MHACKCHL X, ), Z 0003HAaYal0T COOTBETCTBEHHO
30HAJIbHYI0, MEPUINOHAIBHYIO U BEPTHUKAIBHYIO COCTABIISIONINE pacCMaTpUBAEMON BEITMYNHBI).

Unen Adv npeacrasisieT co00i cymMMy ABYX BenmnuuH: nepeHoc KKD KoHBEKTHBHBIMU ITyIIbCAUSIMU CKO-
poctu u rerepanuto KKO 3a cuet casura cpenneil ckopoctu. CornacHo pe3yabraTaM MOAEIHUPOBAHUS 3a CUET
BEPTUKAIBHOTO KOHBEKTUBHOIO nepenoca npoucxoqut ymensiienue KKO B AIIC: wacte CKE. yxoaut yepes
BEPXHIOIO I'paHuIly norpann4Horo cios. ['enepanns KKO 3a cuet BepTHKaIBHOTO CABUra CKOPOCTU MPOUCXO-
JIUT B OCHOBHOM BOJIM3M TIOBEPXHOCTH, M OCYILECTBIISIETCS IPEUMYIIECTBEHHO 32 CUET C/IBUTA MEPUANOHAIb-
HOW CKOPOCTH, TIOCKOJIbKY B HAIIEM CIIy4ae MEpHIHOHalIbHAs KOMIIOHEHTa CKOPOCTH BETpa OOJIbIIE 30HAb-
HOIL.

WHTEepecHO 0TMETUTD, YTO 30HAJIbHAS COCTABIIIONIast TypOyneHTHOH anddys3un, D,, 1o MOLyIio OoIbIIe,
geM D,. DTo, cKopee BCEro, CBA3aHO C TEM, YTO, KaK yKa3hIBAJIOCh BEIIIE, KOHBEKIUA OCOOCHHO HA HIKHHX
YPOBHSIX IPOUCXOAUT HE TOIBKO B BUJIE IYEEK, HO U B BUJIE€ BAJIUKOB, BBITAHYTHIX B MEPUIHUOHAIEHOM HAIPaB-
nenun. Takum 00pa3oM, Ha HW)KHUX YPOBHSX 30HAJbHAS KOHBEKTHBHAsl CKOPOCTH 0OnagaeT Oojipliel mpo-
CTPAaHCTBEHHOW M3MEHYMBOCTBIO, UeM MEPUAMOHAIIbHAS, YTO U yBeauuuBaeT auccunanuto CKE, mo cpaBHe-
nuio ¢ CKE,. Han oTKpeITBIM MOpeM TIpeBblenne D, Hajx D, He3HAUMTENbHO, TaK KaK KOHBEKIU TaM Oonee
stYencTast, 4eM BOIM3u Oepera.

3AK/IIOYEHUE

B pabote paccMOTpeH XapaKTepHBIN CIy4ail 3MMHET0 BTOPIKEHHUS XOJIOIHOTO BO3AyXa B UepHOMOPCKHIA
peruoH. beuia mpoBeneHa BepudUKaIys pe3y/IbTaToOB MOACIUPOBaHus WRF ¢ UCIOJIb30BAHUEM HMEHOIIUXCS
CIIyTHHKOBBIX JaHHBIX 00 00JaYHOCTH U TEMIIepaType BEPXHEH IPaHHUIIbI 00JAKOB IS ABYX 00j1acTeil: BOIM3U
noOepexbs U HaJl OTKPBITBIM MopeM. COmIacHO pe3yiasTaTaM MOJSINPOBAaHNS KOHBEKIINS OTHOCHUIIACh K CMe-
HIaHHOMY THUILY, T.C. IIPOTCKaja KaK B BUJIC BaJIMKOB, TaK U B BUJIC AUYCCK, IPUUCM ITOCICIHUC UTPAJIN ITIABHYIO
POJIb B KOHBEKTHBHOM TeII000MeHe. bblsio 00HapyKEeHO, YTO XOTsI BBICOTA BEPXHEW IPaHUIIbl 00JIAKOB B MOJIe-
JIM 3aHIDKCHA, pupaiieHue H,, Ha 0,5 — 0,6 KM HaJ MOpPEM MPH YIAJICHUH OT 0OEPEIKbs BOCIPOU3BEICHO
npaBwiIbHO. Kak rmokasain criekTpajibHblii aHalu3, BOJIM3K Oepera ropu3oHTaIbHbIC pa3Mepbl BO3MYILEHUH B
MOJISIX BEPTHUKAIBHOTO MOTOKA BIIArH XOPOILO COMIACYIOTCS C pa3MepaMu 00JaKoB, ONPEAEICHHBIMHU IO CIYT-
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HUKOBOMY CHUMKY. Kpome Toro, Mojens BOCIpOM3Belia YBEIMUCHHE TOPU3OHTAIBHBIX Pa3MepOB O00JIaYHBIX
siYeeK TPH yJlaJICHHH OT Oepera.

[To pe3ynbraramM MOAENIMPOBAHUS OBUIN PACCMOTPEHBI OCHOBHBIE ClIaraeMble B ypaBHEHHH OajiaHca KOH-
BEKTHBHOW KMHETHUECKOH sHeprun. [ aBHyio posb B renepauun KK urpanum pabora cun rpagneHTa aasie-
HUs ¥ Tu1aBydectd. YObuts uaTerpaitsHoil KK B AIIC npoucxonuiia B paBHOM CTeNeHH, Kak 3a cueT TypOy-
JICHTHOM AMCCUNALNN, TaK ¥ 32 CUET KOHBEKTUBHOM ajBeKIuy. CoracHo pe3yibraTaM MOJCIUPOBAHUS HAJHU-
Yle BaJMKOB, BHITAHYTHIX B MEPUAMOHAILHOM HAIMPABICHUH, IPUBEJIO K YMEHBIIEHUIO MEPUANOHATIBHBIX CO-
CTaBJISIOUIMX CHJI [UIABYYECTH U TpeHHUs1. Takum o0pa3zoM, B paboTe BOCIIPOU3BEACHBI OCHOBHBIE CBOICTBA MO-
nei obnayHocTH, HaOJogaeMble Hajl YepHBIM MOPEM BO BPEMsI XOJIOIHBIX BTOP)KEHNH (CMEIIaHHbBIH THIT KOH-
BEKIMH, BHICTPANBaHNE OOJIAUHBIX «IETTOYEK» B MEPUIMOHAILHOM HAIIPABICHHUH, @ TAK)KE YBEINYEHHE BBICO-
TBI BEPXHEH I'PaHUIIbI 00JIaKOB IIPH YaJICHUH OT Oepera), ¥ oKa3aHo, 4To MoeIb WRF MOXKeT HCIOIb30BaTh-
cst 1u1s QU3MUECKOM MHTEPIPETALMN CITy THUKOBBIX JaHHBIX.

Puc. 1. XapaKTepHbii ciyyai BTOPHEHWA X0N0AHOr0 Bo3ayxa B YepHoMopckuii pervoH 25 auBapa 2010 r. bonbLuoi npaAmMo-
YrofbHWK 0603HaYaeT OMEH C MPOCTPaHCTBEHHbIM paspeLteHreM 200 x 200 M. [1Ba MeHbLUMX NpAMOYrofibHWKa 0603Ha4a-
loT 0651acTu, ANA KOTOpbIX NPoBOAWINCA aHanu3 napameTpos AlC. YepHoit nuHWel NoKasaH pa3pes BAOSb 04HOM M3 0bay-
HbIX «Leno4vyex»

Jlumepamypa:

1.  Egumos B.B., Aposas JI.A. Hucrennoe mooenuposarue KOHEEKYUU 6 ammocgepe npu 6moprHceHUn
X0N00H020 6030yxa HaO Yepnvim mopem // Uze. PAH @usuxa ammocghepor u oxkeana. 2014. T. 50. Ne
6. C.692-703.

2. Eg¢umos B.B., Casuenko A.O., Anucumog A.E. Ocobennocmu meniooomena Yeproeo mopsi ¢
ammocghepotui 8 ocenne-3umnull nepuood // Mopckou cuopogusuueckuii scypran. 2014. Ne 6. C. 71 —
81.

3. Etling D., Brown R.A. Roll vortices in the planetary boundary layer: a review // Boundary-Layer
Meteorology. 1993. Vol. 65. P. 215 — 248.
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The features of total ozone amount variability over Arctic
in winter-spring 2015-2016 period
Nikiforova M.P.

V.1. Vernadsky Crimean Federal University, Simferopol, Russia
E-mail: nikiforovamp@yandex.ru

range) solar radiation, protecting the biosphere from its negative influence. Over the past several de-

cades increased attention to the atmosphere ozone, most of which is located in the lower stratosphere (at
altitudes of approximately 15 to 30 km), is connected with discovered in the early 1980s negative tendencies of
total ozone amount (TOA) all over the World. According to most researchers it was caused be an increase in
stratosphere the contents of the so-called ozone-depleting compounds (primarily chlorofluorocarbons) of an-
thropogenic origin.

The field of total ozone in the atmosphere is not homogeneous and is characterized by significant spatial-
temporal variability, mostly long-term and periodic changes (dominated by the seasonal cycle), as well as ir-
regular phenomena of large-scale ozone anomalies. TOA significantly depends on the geographical location
(latitude and longitude) and time of year; anomalies of the TOA field can occur under the influence of a chemi-
cal (due to the dynamics of the atmosphere) and purely dynamic factors. Such long-term ozone negative anom-
aly was seen in the winter-spring period 2015-2016 over Arctic.

Lowered TOA values in the high latitudes of the Northern hemisphere were observed throughout the 1-st
quarter of 2016. In January over the northern parts of European Russia and Siberia reduced TOA were observed
from the end of December 2015. By the end of January over Northern Siberia and the Urals for the first time in
the entire history of observations in the first half of the year the "ozone mini-hole" formed. By the February, 1
"ozone mini-hole" had fully disappeared, however, almost the entire month over the Northern regions of Russia
the TOA values were below normal. By the third week of February, formed a second long-term ozone anomaly,
which on February 23-26, covered a large part of European Russia. The following significant ozone anomaly
was observed during the second decade of March. On average, this episode is characterized by reduced levels
of total ozone in 27-39 %, and its absolute values correspond to the levels of 257-332 DU.

Thus, almost the entire winter-spring 2015-2016 period was characterized by low TOA values and the
calculations based on the 3-D chemical-transport model of the SAOZ showed chemical ozone loss during this
season was 28%, which is the third result for the entire period of systematic observations in the Arctic region
(2010/2011 — 38%, 1995/1996 — 30%). The analysis of meteorological parameters showed that the winter-
spring season 2015-2016 in the Arctic, as in previous episodes, can be characterized by special conditions for
substantial chemical ozone loss.

Starting from December 2015 Arctic polar cyclone was very deep, and the values of the geopotential in its
center were far below the usual. Its strengthening was also due to the fact that the stratospheric anticyclone of
the Pacific from this period was more intense compared to the climatic norm.

The beginning of the winter-spring season 2015/2016 was characterized by record low temperatures in the
stratosphere — they were lower than temperatures of the 2010/2011. January temperatures were below the
threshold for the formation of polar stratospheric clouds II type. Such situation is typical for the South pole and
almost never occurs in the Arctic stratosphere.

The slowing of ozone destruction took place due to the minor stratospheric sudden warming in late Janu-
ary and was stopped completely in the result of the final stratospheric warming in late February — early March.
This event 5-6 March 2016, which resulted in the Arctic cyclone breaking, and in fact its destruction, was the
reason that the chemical ozone depletion in the winter-spring 2015/2016 became only the third in the history of
monitoring of the ozone layer state.

Thus, the season 2015/2016, confirmed that in the future it is likely the repetition of significant ozone
anomalies in the Arctic in winter-spring period.

The ozone in the atmosphere plays a key role because it absorbs shortwave (fully UVC and partially UVB
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OcobeHHOCTM M3MEHUMBOCTM 06LLEr0 COOepHKaHNA 030HA
B ApKTuKe 3umMon-secHon 2015-2016 rr.

Hukudoposa M.II.

KpbIMckuii dpepepanbHblii yHuBepcuteT umenu B.U. BepHaackoro, Cumdeponons, Poccus
E-mail: nikiforovamp@yandex.ru

30H — MaJiasi Ta30Basi COCTABIISAIONIAsl 3MHOM arMocdepbl, KOTopast UTpaeT OHY U3 MEPBOCTEIEHHBIX

poseit st Beero kuBoro Ha 3emiie. OOHapyKMBAeTCsl OH OT 36MHOW IMOBEPXHOCTH JI0 BBICOT OKOJIO

100 kKM, IpH 3TOM B Ka)kKIOM M3 CJI0eB arMocdepbl (PYHKIMH 030HA pa3inuyHbl. Tak, IPU3EeMHBINH 030H
SIBIIICTCSI CUJIbHEHIITNM 3aTPSI3HUTENIEM, U BO BCEM MUPE BEJIETCSI MOHUTOPUHT €T0 COAEPAKAHNUS, TOCKOIIBKY T10
Kiaccudukanuyu BeceMupHOI opraHu3aiiiy 37paBoOXpaHEHUs] OH MPHU3HAH BEIIECTBOM | Kilacca OIacHOCTH.
TponocdepHblii 030H y4acTBYET B OKHCIMTEIBHBIX PEAKIMSIX M OTHOCHTCS K HAPHUKOBBIM razam. OCHOBHas
Macca 030Ha COCpeZIoToueHa B cTpaTocdepe, Tie Ha BEICOTax B cpeaHeM oT 15 mo 30 kM HaOIonaeTcess MaKCH-
MYM €ro COAEpKaHus — T.H. 030HOBBIN CJIOH, omnpezerstomas GyHKIHs KOTOPOro — MOrIOoIeHHEe Onoornye-
cKH akTHBHOW Y® conHeuHol panuanuu (yactnaHo Y®-B nuanaszon, nomHocteio Y®-C). Haubonee wacto
YHOTPeOIsIeMOl XapaKTepPUCTHKOW 030HA sBIsICTCs obmiee conepxanue o3oHa (OCO) B eMUHHYHOM BEPTH-
KaJbHOM cToj10e arMocdeps! (n3mepsiercs B eqununax lodbcona — en./l.), koropas, 1o cyTu, oTpaskaet u3me-
HEHHUS1 030HOBOTO CJIOS, I7IE COCPEIOTOUCHO, KaK MpaBmiio, oosee 90% ero BepTUKaILHOTO pacIipe/ieIeHHs.

OCO npucyma cyiecTBeHHas IPOCTPAaHCTBEHHO-BPEMEHHAs U3MEHUYUBOCTD. JlOIrOBPEMEHHbIE U3MEHE-
HUSI 030Ha, KaK IPaBHII0, UMEIOT OIMHAKOBBIE YEPTHI st Bceil 3eMHOI arMocdepsl. Tak, B koHne XX B. mpa-
KTHYECKH Ha BCEX CTaHLMIX MUPA (32 NCKIIIOYCHUEM SKBAaTOPHAIBEHOMN 30HBI, T/I€ TeHICHIUH ObIIN HE TAKUMHU
SIBHBIMH) HaOxIronanoch ymenplenue 3HaueHnii OCO. Bmecre ¢ ooHapyskeHneM B 70-x rogax AHTapKTHYeE-
CKOM «O30HOBOM ABIPED» 3TH MPOLECCH! CTAIN OBOAOM K BHEIPEHUIO CYILECTBEHHBIX MEP MO COKPAILEHHIO
AHTPOIIOTEHHBIX BEIOPOCOB B aTMOC(epy, Npexe Bcero, xiopdropyrieBonoponos. B XXI B. TpeH/pI cMeHH-
JIUCh HA IPOTUBOIOJIOXKHBIE, XOT U C MEHbLIEH aMIIIUTY0l. B HacTosIee BpeMst Ha MHOTHUX CTaHLUAX MUpa
siBHBIE TeHAeHUnU u3MeHeHniit OCO oTCyTCTBYIOT.

KparkoBpemeHHbIe H3MEHEHHsI 030HOC(hephI (0T KIMMAaTHYECKON — CPEIHEMHOTOJICTHEH HOPMBI) IIPOSIB-
JIIIOTCSL B BUJIE KOPOTKOXKUBYIIMX O30HOBBIX aHOMAJMM, KaK OTPUIATENIBHBIX, TaK M MOJOXKUTENbHBIX. Hau-
OOJIBIINI MHTEPEC BBI3BIBAIOT MIEPBBIC — IIOCKOJIBKY IPH pe3koM yMeHblienun 3Hadennii OCO Tak xe yBenu-
YUBAETCS U MOTOK Y® COMHEYHOH pamuanuu, JOCTUTAIONICH MOoBepXHOCTH 3eMun (1o oneHkam BO3 mpu
YMEHBIIIEHUH 030HOBOTO cJ1osi Ha 1% motok Y panuanun yBesnunsaercs Ha 2%).

Hawubosee yacTo 030HOBbIE aHOMAJIMU HAOIIOAAIOTCS B BHICOKHX IUPOTaxX o0oux nomymapuid. Han An-
TapKTUKOH, HaunHas ¢ 70-X roJ0B, €XKEroJHO MPOSBISAETCS BECEHHsSI aHOMANHs — T.H. «O30HOBas AbIpay, B
ycnoBusax kotopoil 3HaueHus OCO nagaror Huxe 220 en.Jl. u ymensmatorcs Ha 70% oT HOpMbL. B BeICOKHX
muporax CeBepHOro Moyymapys 3Ha4YUTeNIbHbIE 030HOBBIC aHOMAJIMK HE 00J1aJal0T TaKOH PEryIIsPHOCTBIO U,
Yalre BCero, Ipy COBPEMEHHOM ypOBHE 3HaHUI HE MOTYT OBITh CHPOrHO3MpOBaHbL. Hanbosee n3BecTHBIN H1u-
301 PE3KOr0 COKpAILEHHs KOHIIEHTpaLUui 030Ha TyT npousomen B mapre 2011 r, xorna o30HOBast aHOMaIUs
HAaKpbLIa MHOTHE I'yCTOHACEJICHHBIE PailOHbI, 8 XUMHUYECKOE Pa3pyLICHUE 030Ha JOCTUITIO PEKOPIHBIX 3HAYE-
HUH (10 pa3IM4YHBIM OLeHKaM ~38%). DTo siBIEHHE CTaJI0 aOCONIOTHON HEOKUAAHHOCTBIO U1l BCETO MUpPa U
MIOCITYKUJIO TIOBOJIOM K Pa3BUTHIO MHOTOUYHMCIICHHBIX UCCIIEA0BAaHUI MIPOLECCOB, MPOUCXOAAININX B HOISIPHON
crparoctepe. B [1] ormeuaercs, 4To IepBONPHYNHON 3HAYUTENILHOM 030HOBOH anomanuu 2011 1. cTamu Heo-
ObIYHBIC METEOPOJIOTMYECKNE YCIOBHS B APKTHKE: KpallHe HU3KHE TeMIIepaTypbl U MOIIHBIN [UPKYMITOJISP-
ueii BUXpb (LIIIB), a Takske orcyrcTBHE 0OMEHa BO3IyXOM C 00jiee HU3KUMH IMPOTaMu. B kadecTBe 0CHOBHO-
TO BBIBOJIa YKa3bIBACTCsl, YTO B OyAyIIEeM BEJIMKA BEPOSITHOCTh BO3HUKHOBEHHS aHAJIOTHYHBIX MM OOJBIIMX
norepb 030Ha B Apkruke. Takas cuTyalys, BHOBb HUKEM He NPEJICKa3aHHasl, BOSHUKIIA B 3UMHE-BECEHHUH 11e-
puoxn 2015-2016 rr.

st ananmza ocodennocreit m3menenuii OCO UCIIOIbp30BaMCh JaHHbIE OTEYECTBEHHOMH ceTH Halbroze-
HUH 32 COCTOSHUEM O30HOBOTO CJIOS, @ TAK)XKE PE3yNbTaThl €ro CIlyTHUKOBOIO MOHUTOPHHIA, KOTOPBIE Ipe-
crasiensl Ha caiite WOUDC (World Ozone and Ultraviolet Data Centre: http.//www.woudc.org). JIns oneHku
METCOPOJIOTHYCCKHUX YCIOBUN MPUMEHSUTUCh aaHHble peaHanm3a MERRA-2 (https://gmao.gsfc.nasa.gov/
reanalysis/MERRA-2/), a takxe pe3yabrarbl MX 00pabOTKH, npeacraBineHHsle Ha Ozonewatch (https://
ozonewatch.gsfc.nasa.gov/). BeprukanbHoe paciipe/ielieHHe METEOPOJIOTHYECKUX YCIIOBUI aHAIN3NPOBAIOChH
C UCIIONB30BAaHNEM JaHHBIX pajauo3onaupoBanus (http://weather.uwyo.edu/upperair/sounding.html). B xaue-
CTBE OLEHKU XMMUYECKOI0 pa3pylleHHsl 030Ha B APKTHKE HCIONB30BAINUCH pacdyeTsl N0 3-D xumuko-TpaHc-
noptHo# Mozenu SAOZ (http://saoz.obs.uvsq.fr/). Ha puc. 1 npeacraBineHsl paciipeaeneHust 030HOBBIX aHOMa-
mii 1o CeBepHoMy nonymapuro B 1 ksapraiie 2016 1. (o ganasiv WOUDC).
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Puc. 1- N3meHumnBoCTb pacnpepenequs cpeaHecyTouHbix aHomanui 0CO (ea.[d.) Hag CeepHbiM nonywapuem ¢ 02.01.16
no 17.03.16 rr. yepe3 Kaxble 5 CyToK (HaHHble nonyyeHs ¢ canta WOUDC)

W3 mpescTaBieHHOTO PUCYHKA BUIHO, 4TO MOHMKeHHbIEe 3HaueHnss OCO B BrICOKHX mipoTax CeBepHOTO
HoNymapHs HabJIIAAINCh Ha TPOTshKkeHHH Beero 1 kBaprana 2016 r. OcoOeHHOCTH MX TIPOSIBIICHHS HAJl TEPPHU-
Topuei Poccun onmcanst B [2].

B stuBape Haj ceBepHbIMU paiionamu EBponeiickoit ywactu Poccun nu Cubupu nonmkenusie OCO naOmo-
Januck ¢ koHna jaexadps 2015 r. K xonity stuBapst Haj ceBepom Cubupu n Ypania BriepBbie 3a BCIO HCTOPHUIO
HaOJIO/ICHUIT B IEPBOM MOJIYToink c(hOPMUPOBAIIACH «O30HOBAss MHUHHU-BIPa», OCOOCHHOCTH U (DAKTOPHI e
BO3HUKHOBeHHMs1 00cyxaatorcest B [3]. [TokazaHo, 4TO MpUYMHAME €€ TOSIBICHHSI CTANIH, TIPEKIE BCETo, IMHAMU-
yeckue, a He xuMuueckue ¢paxropsl. K 1 deBpainst «030HOBas MUHH-JIBIPay» MOJHOCTBIO 3aTSIHYNIACh, TEM HE
MEHee, MPaKTUYCCKH BECh MECSIl HaJl ceBepHBbIMHU 001acTsimu Poccuu 3HaueHust OCO ObLIH HIDKE KIIHMATHYC-
ckoit HopMbl. K Tpetbeii nexane deBpaiis chopMupoBaiack BTopas JOITOKHUBYIIAs 030HOBAsI aHOMAJIHsI, KOTO-
past 23-26 ¢eBpast oxBarbiBasia 00JbIIYyI0 YacTh EBponeiickoii Tepputopun Poccnu. Cremyroias odmmpHas
aHoMaJus HabJIroaach B TEUEHUE BCEl BTOPOH JeKa bl MapTa. B cpeqHeM, TaHHbIN 31130/ XapaKTepU3yeTcst
camwkerneM ypoHeir OCO Ha 27-39 %, a ero abCONOTHBIC 3HaUEHHUSI COOTBETCTBYIOT YpOBHAM 257-332 en. /1.

Takum 00pa3oM, NpakTHYECKH BeCh 3MMHe-BeceHHUH nepuopa 2015-2016 rr. xapakTepu30BaJICs TTOHHU-
skeHHBIMU 3Ha9eHUssMH OCO, 1 1o pacdeTam Ha 0cHOBe 3-D XUMHUKO-TpaHCTOPTHOHN Mozenu SAOZ xuMmuue-
CKHE ITOTEPU 030HA 32 3TOT CE30H COCTAaBMIN 28%, UTO SIBIISETCS TPETHUM PE3YJIbTaTOM 32 BECh IEPHOJ CHCTe-
MaTHYeCKuX HabmoneHui B ApkruueckoM perroe (2010/2011 — 38%, 1995/1996 — 30%). Ananu3 MeTeopo-
JIOTHYECKUX XapaKTePUCTHK TOKa3ajd, 4yTo 3uMoi-BecHoU 2015-2016 rr. B ApKTHKe, KaKk U B MPEIBITYIIINX
SMU30/aX, CIIOKMINCH 0COOBIC YCIOBHSA TSI CYIIIECTBEHHOTO XMMHUYECKOTO Pa3pyIICHUS 030Ha.

Tak, Haunnas ¢ nexadpst 2015 r. apkruueckuii LITIB 6bu1 oueHb 11yOOKKMM, a 3HAYEHHSI TEONOTEHIINATIA B
€ro LeHTpe ObLIM HAMHOTO HIKEe 00BIYHBIX. ETo ycuieHue Takxke ObUIO CBSI3aHO C TE€M, YTO THXOOKEAHCKHUIM
cTparocepHbIil aHTHIMKIIOH C ATOTO Iepruoja ObUT Oojee MHTEHCHBHBIM 110 CPABHEHHUIO C KIMMaTHUECKOM
HOpMOMi. Ha puc. 2 mpenctaBieHo cpaBHEHHE H3MEHUNBOCTH XapakTepucTuk Apkrudeckoro I{I1B 3a 1 kBap-
tax 1996,2011 2016 .

W3 cpaBuenust puc. 2A-I" BUHO, 4TO yclioBUSI (POPMUPOBAHHSI HAMOOJIBIINX XUMHUUECKUX TIOTEPh 030HA
HaJl CeBEepHBIM MOJIIOCOM B pacCMaTprUBacMble CE30HBI CYIIECTBEHHO OTIMYAIOTCS, UMEsl B TO K€ BpeMsi 00-
IIYIO YepTy — B HEKOTOPbIE Mepro/ibl XapakTepucTuku LIITB Obutn ONU3KK UM SIBISUIUCH PEKOPIHBIME 32 BCE
Bpemsi HaOmonenust. M3 puc. 2A BUIIHO, 4TO Hauasno 3uMHe-BeceHHero cezona 2015/2016 rr. xapakrepusyercs
PCKOPIHO HU3KUMH TEMIIepaTypamu ctparochepsl — oHu HIKe Temreparyp ce3ona 2010/2011 ., a Bech stH-
Bapb TeMIIEpaTypbl HIDKE Iopora o0pa3oBanus NOIIpHbIX cTparochepHbix oonakos (IICO) II poxa. [TogoOHas

SESSION I // MODELING AND ANALYSIS OF REGIONAL ATMOSPHERIC PROCESSES



20152016
20102011
18051906

20152016
25 4 | ————— 201002011
1995/1996

s
= 140
3
o
g -
[=]
D E 120 —
8 £
= z
@ 5
= g wo
g 8
=
= 8 80
@
- ==
= S A =
g nco | poa o
5 (195K = -7BC) 2 &0
5 8
-4
s 1
I
= | 40
= NCO 1l poaa
(188K = -B5C}
20
180 - T - - - — 0 . - . -
Aexalpb AHBapL thespans mapt anpenk nexabpb | AHBaph thespant MapT
i T 5 *® T T 1
525 |
2015/2016 40 201572016
—_— 201012011 —_— 2‘D IIII'20 1
500 | ————— 19051006 1 iQS‘isl'!‘J;
3B
of 475
= -
s g
g £
c
c =
g g =
z -9
§ =
Q
o gl
Q c
F 3
g 1
£ =3
=
g =}
=
[&] 10
300
5
2715
250 T o T
nexabpe AHBAPL deepans | mapT anpene perabps AHBAPL peBpans mapr

Puc. 2 - CpaBHeHue BpeMeHHO0 X0fa XapakTepucTuk Apktiyeckoro LIMB 3a rogbl ¢ HaMboNbLLIMMM 3HAYEHUAMU XUMUYe-
CKMX NOTEPb 030Ha Hafl NOOCOM 3a 3UMHe-BeceHHUI nepuop (1996, 2011, 2016 rr.): A) MUHMManbHasA TeMnepaTypa B nos-
ce 50-90° c.ww. (°C); b) cpeaHee 3HaueHne 0CO BHyTpu LNB (ea.[.); B) cymMapHbiit 06bem M1CO | poaa (MAH. kMY); T) CyMMap-
Hblit 06beM 1CO Il poga (MnH.kM). Cepas 061aCcTb — MaKCMMarnbHbIe U MUHUMabHbIE 3HaYEHWUA XapaKTepPUCTHK 3a Nepuos
MoHuTOpUHra 1979-2015 rr., benan KpuBas — cpefHee 3Ha4eHWe 3a 3TOT e Nepuog

CHUTyalus XapakTepHa /uisi FO>KHOTo Tosrfoca M MpakTHYeCKH He BCTpedaeTcs B APKTHUECKO# cTparocdepe.
Oto moaTBepkaactT puc. 21, U3 KOTOporo BUAHO HacKoIbKo Oombmmmu 0butn 006eMel [1ICO II pona B stHBape
2016 rr. Takum 00pa3om, K HadaTy 3uMHe-BeceHHero ce30Ha 2015/2016 rT. B ApKTHKE CIIOXKHIACh CUTYaIHs,
KOTOpAast MOTEHIINATIBHO MOTJIA IPUBECTH K HANOOJBITMM XUMUYECKUM TIOTEPSIM 030Ha 32 BECh MEpHOJT HAaO0-
JIEHUH.

W3 puc. 2A cremyert, 4To 3aMEJICHHUE Pa3pyIICHHUs] 030HA COCTOSUIOCH Oarofapsi MajoMy BHE3aITHOMY
cTparoc(hepHOMY MOTEIJICHUIO B KOHIIE STHBAPS M TIOJIHOCTBHIO OHO IPEKPATHIIOCH B PE3YyNbTaTe (MHAIBHOTO
cTpaTtochepHOro MOTEIUICHH B KOHIIE (heBpais — Hadale MapTa. FiMeHHO 3T0 coOpiTHe 5-6 MapTa 2016 1., KO-
TOpOE TIPHUBEJIO K MTHOBEHHOMY paszaeineHuio Apkrudeckoro L[I1B u dakTudeckn ero paspymeHHio, cTaio
MIPUYUHON TOTO, YTO XMMHUYECKOE pa3pyIIeHHe 030Ha 3uMoii-BecHOH 2015/2016 TT. cTanmo Mumb TpeThUM 3a
BCIO HCTOPHIO MOHUTOPHHTA COCTOSIHUS 030HOBOTO ci10s1. [TonpodHoe onvcanne GpuHaIbHOTO cTparochepHoro
moreruieHus B CeBepHOM monmymapuu ce3oHa 2015/2016 rr. mpuseneHo B [4].

Kpome ocobeHHOCTEH OKONMOMOMSPHOTO APKTHYSCKOTO BUXPS, B 1 kBapTane 2016 T. CTOUT Takke OTMe-
THUTB COCTOSTHHE PsiJia IPYTUX XapaKTEPUCTHK, I3MEHIYMBOCTH KOTOPBIX TAK)KE MOIJIA OBIUSATH HA (POPMUPOBA-
HHUE 030HOBBIX aHOMAJINH, B T.4. HaJa TeppuTopueil Poccnm, B 3ToT niepuon. B Teuenne Bcero 1 kBaprana Ha-
Giromanacsk 3amaHast (ha3a BETPOB KBA3HABYXJIETHETO KojieOaHus, pu Kotopoii 3HaueHnss OCO MeHbIne HOp-
MBI, B cpefiHeM, Ha 6-8 % u 6onee. OcOOCHHOCTHIO OCPEIHEHHOTO IO TIPU3EMHOTO JIaBieHns B 1 kBaprane
2016 r. cTana cymecTBCHHAs aKTHBHOCTD IICHTPOB JICHCTBHSI aTMOC(EphI. 3a BECh pacCMaTPHBAaEMBbIN TIEPHOI,
KaK aHTHIUKIOHNYECKUE, TaK W IUKIOHWYECKNE [IEHTPhI TOKa3bIBAIN 3HAYUTEILHOE OTKIOHEHHUE TaBICHUS
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ot mmarndeckoid Hopmsl (10 10 rIla mo Momyiro). DTo MpUBENO K 3HAYUTEILHBIM BEJIMUMHAM HH/EKCOB ar-
MocdepHO MPKYJSIIKU. B To ke BpeMsi, Tpu aHOMaJIbHO XOJIOAHOW cTparocdepe Mpu3eMHbIe TeMIIepaTyphbl
oyt 1o Bcemy CeBepHOMY MOJYIIApHIO OBUTH YpEe3BBIYAHHO BHICOKMMH. Tak, aHOMaJIMN CpeaHeIeKaHOH
TemIieparypsl B ssHBape U (espaie gocruranu +15 °C aist Hekotopbix oonactelt EBoneiickoit wactu Poccun n
Cubupu. AHOMaJIBHO TEIUTBIMK OBLIH M TEMIIEPATYPbl TOBEPXHOCTH OKEAHOB.

Taxum o0paszom, ce3oH 2015/2016 rr. moaTBEpAMIT BBIBO, IPUBEACHHBIN B [1], 1 B Oymyinem BIOJHE Be-
POSATHO MOBTOPEHUE CYIIECTBEHHBIX 030HOBBIX AHOMAIUN B APKTHKE B 3MMHE-BECEHHUH NIEpUOJ.

Jlumepamypa:

1.  WMO (World Meteorological Organization), Scientific Assessment of Ozone Depletion: 2014, Glob-
al Ozone Research and Monitoring Project — Report No. 55, 416 pp., Geneva, Switzerland, 2014

2. 3Beseunyes A.M., Usanosa H.C., Huxugpopoea M.11., Kysneyosa U.H., Bapeun I[1.H. Codepoicarue
030Ha Hao meppumopuetl Poccutickoti @edepayuu ¢ nepsom keapmaine 2016 2. // Memeoponozust u
euoponozus. 2016. Ne5. C. 122-128

3. Hukugoposa M.11., 3esecunyes A.M., Bapeun I1.H., Heanosa H.C., Jlykesnos A.H., Kysneyosa U.H.
Anomanvro HusKue ypoeHu 00we2o cooepaicanus 030na Hao ceeepom Ypana u Cubupu 6 konye
sneaps 2016 e. // Onmuxa ammocgepvr u okeana. 2017. Tom 30, Nel. C. 12-19

4. Manney G.L., Lawrence Z.D. The major stratospheric final warming in 2016: dispersal of vortex air
and termination of Arctic chemical ozone loss // Atmospheric chemistry and physics. 2016. P. 15371-
15396

Correction of reanalysis by buoy data using the WRF model

Strigunova Ya.V.

Russian State Hydrometeorological University, Saint-Petershurg, Russia
E-mail: strigunova.yana@stud.rshu.ru

briefly considered . More detail, the reanalysis is described. Then is produce a comparison between the
two reanalysis and buoy data. The author notes a significant difference. This is confirmed by experi-
ments. At the end, graphs and their analysis are shown. The last paragraph are specifed the used data.

This article investigate the comparison of reanalysis and observe data. The physics and model WRF is

KoppeKuua peaHanu3a gaHHbIMM 6yeB € MOMOLLbI0 MOAEeNM
WRF

CrpuryHosa fl.B.

Poccuiickuii rocynapcTBeHHbli rugpoMeTeoponoruyeckuin yuusepeutet, Cankr-lMetepbypr, Poccua
E-mail: strigunova.yana@stud.rshu.ru

peananuza. DTH J1aHHbIE MOT'YT OBITh MCIOJIB30BaHbI KaK B ()yHJaMEHTAIBHBIX (HAaIIpUMep, nccieno-
BaHHE KIMMaTHYECKUX OOpaTHBIX CBs3€i), TaK U B NPUKIAIHBIX 3a/a4ax (pacueT MaKCUMaJIbHO BO3-
MOYKHOTO TIPOMEp3aHus TPYHTOB U T.21.). B HacTosiee Bpemst pa3paboTKoii peaHaIn30B, KOTOPbIE BKIIOYAET B
ce0sl CIOKHYIO TIPOLEyPy aCCHMWIISILIMK U COIIACOBAHMs Pa3HOPOAHBIX JaHHBIX (CTAaHIMOHHBIE, CYJOBBIC,
CITyTHUKOBBIC HaOJIIOJICHNS) 3aHNMAIOTCSl HECKOJIBKO HAy4HBIX IIEHTpoB. Hanbosee n3BecTHbIe apXUBHI JaH-
ueIx peanannza: NCEP/NCAR - coBmectHbIi poekt Hanponansueix Lientpos Ipenckazanust Oxpyxaromieit
Cpenbt (National Centers for Environmental Prediction) — NCEP u Haunonansnoro Llentpa M3yuyenus Ar-
mocdepsr (National Center for Atmospheric Research) — NCAR[1], ERA — npoxyxr EBpomneiickoro nienrtpa
cpearecpouHbix mporao3oB (ECMWF).[2] B mocnenHee BpeMsi akKTHBHO HCIIONB3YETCsl JAHHBIC peaHaln3a
JRA-55, coznanHoro SInonckum Meteoponornueckum AreHTcTBoM (JMA), coBmectHo ¢ LlenTpansasiv Ha-
yuHO-HcclieoBarensekuM Mucturyrom Dnexrposnepreruku (CRIEPI) [3].
HecMoTpst Ha MOCTOSTHHOE COBEPIICHCTBOBAHHE METOJ/Ia YCBOCHUS JIAaHHBIX, JIaHHbIC pPeaHaIn3a UMEIOT
pa3HHUILy C HAOIIOACHUSIMU.

O JAHUM U3 COBPEMCEHHBIX METOJ0B B METCOPOJIOTMHU U KIIMMATOJIOTHUHU — ABJIACTCA UCIIOJIBb30BAHUC IoJen
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ISN38WSST Puc.1 ConocTaBneHue aaHHbIX Habnioae-
HWIA TeMMNepaTypbl OBEPXHOCTU MOpSA U
[BYX peaHanun3oB: CMoLLHaA YepHaa in-
HWA — AaHHble ¢ byA, NpepbiBUCTanA- AaH-
Hble peaHanu3a ERA 20C, nyHKTupHas—
peaHanus ERA Interim.

Sea_surd_temp,

Ha Puc. | npencraBneHs! JaHHBIE TIO TEMIIEPATyphl TOBEPXHOCTH B Touke (15 c.m1., 38 3.71.) U3 apXHBOB:
ERA 20C u ERA Interim, a Taxoke JaHHbIC HAOIIOACHUN TeMIIEpaTypbl HOBEPXHOCTH TOJyYEHHBIE C TIOMOIIBIO
Oysa npoexta PIRATA[4]. TlepBrlit moka3sIBacT Oosee CrIaXeHHYI0 (YHKIUIO, B IpyroM OoJbIIas W3MEHYH-
BOCTb. DT0 00ycioBieHo TeM, uto peaHann3 ERA 20C ucnons3yer 0ojee cTapbie METOIBI ACCUMILTAIIH. Tem
HE MEHee, OH HEIlJIOXO OIMMCHIBAeT (PYyHKIIUIO TeMIIepaTyphbl IOBEPXHOCTH Mopsi. EcTtecTBeHHO, Oosiee OIU3Kuii
XOJI TOKa3aJj Ipyroi peaHaans.

CTONUT OTMETHUTb, UTO HAWOOMbIIAs Pa3HUIIA OTMEYACTCS B 3UMHHE MECSIIbI (Ha9aao ¥ KOHEI[ JaHHBIX).
HaunbGonee xoporio peaHann3 BOCIIPOU3BOAUT BECEHHUE MECSIIBI (MapT-anpenb), a Takke aBryct. Hanbomnbiee
OTKJIOHEHHE B HOsIOpe cocTarisitoT it ERA 2 °C 2,1 °C, ansa ERA-Interim — 1,5°C.

CTOUT OTMETHUTH, YTO 00JIaCTh, B KOTOPOW HAXOAUTCS Oyii, B 00IIeM OMHOPOAHA. B 31Ol yacTu ATiIaHTH-
YECKOTO OKeaHa MPAaKTHYECKH HET CyIIH, M He HaONI0aeTCsl MOCTOSHHBIX TedeHUH. TakuM 00pa3oM, MOXKHO
OXHJIaTh, YTO MOKa3aHHAs OMIMOKAa B BOCIPOM3BEICHUH TEMIIEPATyPhl MOBEPXHOCTU OyJAeT MPUOIM3UTEIHHO
OJTMTHAKOBA JIJIsI OOJIBIIIOTO PETHOHA.

Bbu1 npeuiokeH cieayronpii cnoco0oB KOPPEKIMK Takoi ommnoOku: /laHHble peaHaan3a HCIONb3YITCS
Kak TpaHUYHBbIC yCIIOBUS B peruonansHoil Mmonenn WRF[S]. Temmneparypa moBepXHOCTH MOpsI, KOTOpasi uc-
MOJB3YETCS B MOJIENH KaK HIYKHEE TPaHHYHOE YCIOBHUSA JUIS yPaBHEHHUS NMPHUTOKA TeIia, KOPPEKTHPYETCs Ha
PasHHIly MEXTy JTaHHBIMH HAONIONCHUH 1 peaHan3a. Y YUTHIBAs TO, YTO BO3AYX HMEET MATYIO TEPMUYECKYIO
MHEPIHIO, MTPUCIIOCOOICHNE TIONIeH B pelIeHHe K HOBOW TeMIlepaType MOBEPXHOCTH MPOU30MIET B TEUCHUE
HECKOJIBKHX 9acoB. Takol crmocob He MPUMEHUM IS BceX pernoHoB. Hamprmep, ero 1mo moHATHBIX TPUYXHAM
HEJIIb3s UCTIOJIb30BaTh B 00IACTH OKEAHCKUX (DPOHTOB.

Brbut ipoBeIeHO /1Ba SKCIEPUMEHTA IO BOCITPOU3BEACHUIO THAPOMETEOPOIOTHUECKUX BETUYHH B TICPUOJ
c | saBaps no 23 Hoa6ps 2007 rox. IlepBhlii SKCIEPUMEHT HCIOIB30BAN BBIIICONMUCAHHYIO KOPPEKIINIO, BTO-
poii mpoBoaMIIcs 6e3 KoppeKiuu. [ opu3oHTaNbHOE paszpenienne Moaeau — S0 KM, BepTUKaabHoe — 27 ypOBHEH.

Puc.2 TeMnepatypa noBepXHOCTX MOpA ) 15 N 38W.May.SST
(°C). 1 — naHHble ¢ by, 2- naHHble Mope- '
NMpoBaHuA (6e3 KoppeKLum).

T Puc.3 Temnepatypa Bo3ayxa Ha 2 M (°C). 1
— haHHble ¢ 6y, 2- faHHble MOAENMpPoBa-
HUA (6e3 KoppeKuum), 3 — faHHble Mofie-
NIMpOBaHuA (C KoppeKLuen)
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Ha puc.2 nokazana temneparypa noBepxHoct okeana (TIIO) mo OyiikoBBIM JTaHHBIM, a TaK)ke JaHHBIC
peananusa. BunHo, 4yTo, pa3HuIa MEXy 3HAYEHUSIMH JOCTHTAaeT 2-X rpaaycoB. O4eBHIHO, YTO TaKas pa3HUIA
B 3HAYCHUAX HUKHETO 'PAHUYHOTO YCJIOBUA NPUBEACT K pa3HUIIC B BOCIPOU3BCIACHUC TEMIIEPATYPhl BO3yXa
HaJl MOBEPXHOCTHIO BOIBL. ['padyik 3TOi XapaKTepUCTHKHU MTOKa3aH Ha puc. (3) sBisercst Hanboliee HarIs THBIM
— TIOJIyYCHHBIE JIaHHBIC C KOPPEKIUeH ONM3KHM K OYyHKOBBIM JTaHHBIM. MUHMMaJIbHAs Pa3HUIA MEXY HUMH —
nonu rpanyca (oxono 0,3), MmakcumanbHas — npuMmepHo 1,3 rpagyca. Takoe oroOpakeHue SBIsieTCsl IPUUUHON
CUWJIBHOT'O B3aUMOJCICTBHS MEXKAY TEMIIEpaTypaMy IIOBEPXHOCTU U BO3/LyXa.

MoXHO clienaTh CeIyIoNuil BBIBOJ: MPEATIOKEHHBIN B paboTe METO MOXKET OBITh YCIEIIHO MPUMEHEH
JUIsl 00JNIacTell OTKPHITOTO OKeaHa, B KOTOPBIX HEe HAOMIOAaeTcsl OONIBIINX TOPU30HTAIBHBIX rpaaneHToB TT1O.
Ero ucnonp3oBaHue MO3BONSET YMEHBIIUTH OIIMOKH peaHan3a B BOCIIPOM3BEACHNUHN TEMIIEpaTyphl BO3yXa,
YTO MOJIOKHUTCIIBHO CKAXKCTCA Ha KQUYCCTBC IMPOTHO3UPOBAHUA METCOPOJIOTHUUCCKUX BEJIMYMH HAAd MOACTHUIIAI0-
el MOBEPXHOCTHIO.

Jlumepamypa:

1. E.Kalnay, M. Chelliah, Roy Jenne, Dennis Joseph et al. The NCEP/NCAR 40-Year Reanalysis Proj-
ect // BAMS. March 1996. P.1

2. Paul Berrisford, Dick Dee, Paul Poli et al. ERA report series. 2011. P.1

3. Ayataka Ebita, Shinya Kobayashi, Yukinari Ota et al. The Japanese 55-year Reanalysis “JRA-55":
An Interim Report. // SOLA, 2011, Vol. 7, 149—152, doi:10.2151/s0la.2011-038. P.150

4. Bernard Bourles, Rick Lumpkin, Michael J. McPhaden et al. The Pirata Program: History, Accom-
plishments, and Future Directions // BAMS. Aug. 2008. P.1115

5. http://www2.mmm.ucar.edu/wrflusers/docs/user_guide V3/ARWUsersGuideV3.pdf

Mesoscale ensemble forecasting using nonhydrostatic
atmospheric COSMO-Ru model at the Hydrometcentre
of Russia

Alferov D.Yu., Astakhova E.D., Rivin G.S., Rozinkina I.A.

Hydrometcentre of Russia, Moscow, Russia
E-mail: dmalferov@yandex.ru

tion system COSMO-Ru2-EPS using nonhydrostatic mesoscale atmospheric model COSMO-Ru with hori-

zontal grid step 2.2 km. This work has been made in Hydrometcentre of Russia since 2012. COSMO-Ru2-
EPS system was used by forecasters during the Winter Olympic Games in Sochi-2014, and its forecasts were
rather well rated by them (1.7 out of 3 by average opinion of 10 forecasters for temperature, wind speed and
precipitation forecast, as well as timeliness and presentation quality of the forecasts). Verification scores also
show the usefulness of COSMO-Ru2-EPS for short-term forecasting. In present time experiments are made to
find proper perturbation generation method to improve the ensemble spread: stochastic perturbation of physical
tendencies (SPPT), use of perturbed subgrid-scale physical parameterizations and different sources of initial
and lateral boundary data. We also work on verification of COSMO-Ru2-EPS on standard WMO MesoVICT
project cases (see presentation of A. Yu. Bundel et al.)

In this work we shall discuss the current results of our work on development of mesoscale ensemble predic-
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Me3oMacLuTabHbI aHcambeBbl MPOrHO3 Moroabl
B [mgpomeTueHTpe Poccnmn Ha ocHoBe HermapocTaTu4ecKou
mMogenu atMocdepsl COSMO-Ru

Andepos [1.10., Actaxosa E.[l., PuBuH I".C., PosuHkuHa U.A.

TuppomeTuentp Poccun, Mocksa, Poccua
E-mail: dmalferov@yandex.ru

€00X0aMMOCTh Pa3paboTKH cucTeM aHcambieBoro mporHosa (CAIT) BeICOKOTO pa3pemieHus onpese-

JSIETCSL TEM, YTO TIPH FOPU3OHTAIBHOM pa3pelieHnH MOJENIN arMocdepsl OKoiIo 1—3 KM Iporecchl

KOHBEKIIMY ONHCHIBAIOTCS SIBHBIM 00pa3oM, 0e3 IpUMEHEHHs TapaMeTpU3anuii, 4T0 MOKET HOBJIUSTH
KaK Ha Ka4eCTBO OT/EJILHOTO MMPOTHO3a, TaK U Ha pa3dpoc NPOrHO30B B aHcaMOie. Mojenn BEICOKOTO paspe-
LIEHUsI UCIIOJIB3YIOT OoJiee MoAPOOHBIH pebed, YTO TTO3BOJISAET NOIYYUTh IeTaIM3UPOBAHHBII IPOTHO3 U JaeT
BO3MOYKHOCTbH OTIHCAaTh MEJIKOMACIITaOHbIe JIOKAJIbHBIC SBJICHHS ITOro/bl (HalpuMep, TyMaH B JOJMHAX, 9BO-
JIFOIMIO 00JTAaYHOCTH HHYKHETO sIpyca).

Pabora 1o pa3BUTHIO cHCTEMBI ME30MAacIITaOHOTO aHCaMOJIEBOTO MTPOTHO3a MOro/b! B ['HIpoMeTeHTpe
Poccun Obita Hayara B 2012 1. B pamkax rpoektoB FROST (MexxayHaponHblil mpoekT BeemupHO# mporpaMmmbl
Mmeteoponoruueckux uccienoBanuii (BIIMM) BMO) u CORSO (nmpuopuTeTHBI NPOEKT KOHCOpIHMyMa
COSMO), mocBsilIeHHBIX OpraHu3anuu MereoodecnedeHus: OIMMIUIICKUX UIP M MCCIICOBAHUIO METO/IOB
IIPOTHO3NPOBAHMS TIOTO/IBI B TOPHOI MecTHOCTH. PaboTa 110 JaHHBIM ITPOEKTaM BBINOJIHSIACH COBMECTHO pOC-
cuiickumu (I'mapomeruentp Poccun) u nranbsackumu (ARPA-SIMC, Bononsst) yuensivu. [Ipu aTom Obim
noarorosnens! Ase CAII s Tepputopun COUMHCKOTo peruoHa, ocHoBaHHbIe Ha Mogenu COSMO c paspernie-
nueM 7 u 2,2 xm. [TonpoOHOE onmcanue TEXHOJIOTUN aHCaMOJIEBOTO IIPOTHO3MPOBAHMS, Pa3pabOTaHHOM ISt
obecniedeHus poraozamu OnuMmuiickux urp B Couu, IpeICTaBICHO B CTaThsx [ 1, 2].

B pazpaborannoii B I'mapomernentpe Poccun CAIT COSMO-Ru2-EPS ucnosns3oBana mogens COSMO-
Ru2 [3], rpanuuHbIe 1 HaYaJIbHBIC YCIOBUS T'€HEPHUPYIOTCs HAa ocHOBE mporuo3oB COSMO-S14-EPS (CAIl,
coznanHas B ARPA-SIMC Ha ocHoBe uranbsiHckoit cucteMbl COSMO-LEPS nyTeMm ee «cMelieHus» ¢ Teppu-
topun EBponsl Ha pernon Coun; S14 — ab6pesuarypa ot Sochi2014). B 2013-2014 rr. nundopmanusi, HeoOXxo-
JuMas 71 TeHepaluy TPaHUYHbIX YCJIOBUI, peryaspHo nocrynana Ha cepep npoekra FROST-2014 ¢ auc-
KpeTHOCThIO | yac. OCHOBHBIE XapaKTEPUCTHKN aHCAMOJIEBOM CHCTEMBI BEICOKOTO ITPOCTPAHCTBEHHOI'O pa3pe-
menust COSMO-Ru2-EPS u «marepunckoit» cucremst COSMO-S14-EPS npusenens! B Tabin. 1. Puc. 1 rpa-
¢uuecku neMoHcTpupyeT crocob dpopmuposanus ancamons B cucreme COSMO-Ru2-EPS u obnactu unrer-
puposanus cuctem COSMO-S14-EPS u COSMO-Ru2-EPS.

Tabnuya 1. Xapakxmepucmuka ucnob3yemolx ancamonegvix cucmem

CAII COSMO-S14-EPS COSMO-Ru2-EPS
Paspermenue no ropu3oHTaIH (KM) 7 2,2

Paspemenune no BepTukaju (0CHOBHbIE YDOBHH) 40 50

KosnnuecrBo y3/10B ceTkHn 365%307 172x132
3a0/1aroBpeMeHHOCTb IPOTHO3a (1) 72 48

KosnyecTBo ancaM0J1eBbIX peann3anuii 10 10

Hauanbuplii MoMeHT nporuo3a (uacst BCB) 00/12 00/12

HauyanbHble 1 60KOBbIE TPAHHYHBIC YCI0BUS WnTepnonsamus u3 0TOOpaHHBIX
CHelraIbHBIM METOJIOM pealn3a-
nuit ancamOis EBponeiickoro 1eH-
Tpa CPEAHECPOUHBIX TPOTHO30B

IOTO/IbI

WuTepnionsuus pe3ynbTa-
toB COSMO-S14-EPS

Bosmymenus mopeau Hcnonp3oBaHue IBYX cxeM napa- HET
METpHU3aLNH KOHBEKINH (CITyyaii-
HBIIT BBIOOP) M BO3MYIIIEHHE ITapa-

METPOB CXEMBI TyPOY/I€HTHOCTH

MeTton pacueTra KOHBEKIIMH HapaMeTpI/BauI/m Beraucnsiercs Henocpen-

CTBCHHO

[TomyueHHBIE BEPOSITHOCTHBIE IPOTHO3B! OBUIM BOCTPEOOBAHBI CHHONTUKAMH JUISI METEOPOIOTNIECKOTO
obecrieuennst Onnmnuansl B Coun M OCTAaTOYHO BBHICOKO OLIEHEHBI (CyOBEKTHUBHAS OIEHKA IO pe3yibTaTaM
orpoca 10 cCHHONTHKOB, JTaromIast IPE/ICTaBICHUE O KaueCTBE MPOrHO3a TeMIIEpaTyphl, CKOPOCTH BETpPa, Ocal-
KOB, CBOEBPEMEHHOCTH MIPOTHO3a 1 KaueCcTBE ero npescrapieHus 1o mkaie 0-3, oputa st COSMO-Ru2-EPS
pasHa 1,7).

CEKLUA I // MOOEJIMPOBAHWE U AHAJTN3 PETIOHATTBHBIX ATMOCOEPHbIX MPOLIECCOB
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COSMO-514.EPS

[IpenBapuTenbHble pe3yabTaThl aHaIU3a kadecTBa BocnpousseaeHus cucteMoit COSMO-Ru2-EPS psna
Clly4yaeB ITPUMEUaTeIbHBIX MOToAHbIX sBiIeHui B 2012-2014 rr. mpuBenens! B crarse [1]. Paspaborannas an-
camOrieBasi cCTeMa IPOJIEMOHCTPUPOBAIa BOSMOKHOCTH JICTAIM3AIMK M YyTOYHEHHs OoJiee TpyObIX aHCaM-
0J1eBBIX IPOTHO30B C Pa3penIeHHeM 7 KM JUIsl pa3lInuHbIX PACCMOTPEHHBIX CilydaeB. Bepuukanus mporao3os
TeMIeparypsl Ha ypoBHe 2 M, BeinonHeHHas a1 cucteM COSMO-S14-EPS u COSMO-Ru2-EPS ¢ nomonisio
nakera VERSUS must suBapsi-dhespans 2013 rona, mokasana cnaboe npenmyInecTso nocieauei. [lomyuennsie
Pe3yIBTaThl IO3BOJISIOT CeNaTh BRIBO, 4To TocTpoeHHass CAIT COSMO-Ru2-EPS okasanack ciocoOHOM 1mo-
CTaBJIATH MOJIE3HYI0 MH(OPMALUIO ISl KPATKOCPOYHOTO MPOTHO3a MOro/ikl. bosee o0mmpHbIi aHamm3 Kadect-
Ba IIPOTHO30B TEMIIEPATYPHI U IPyTUX METEOPOJIOrHIECKNX BEJIIMYMH, B YACTHOCTH OCAJ/IKOB, OBLT IPOBEACH B
2014-2015 rr. [2, 4] 1 moxTBEpIMIT ITPEUMYILIECTBO IPOTHO30B aHCAMOJIEBOH CHCTEMBI O0JIee BBICOKOTO pa3pe-
LIEHUS.

W3BecTHOI mpobneMoii Me30MacTaOHBIX aHCAMOJIEBBIX CHCTEM SIBIISICTCS CIMIIKOM CJIA0BI POCT pas-
Opoca B aHcaMOJe (OIpEeneIsIeMOro Kak CpeTHeKBaApaTHIeCKOe OTKIOHCHNE IPOTHO30B OT CPEAHETro I10 aH-
caMOITI0) C yBEJIMUCHHEM 3a0JIarOBPEMEHHOCTH IPOTHO30B 10 CPAaBHEHHIO C COOTBETCTBYIOIIMM POCTOM
OILIMOKY CPETHETO 10 aHCaMOII0. DTO 0OBIYHO 0OBSICHAETCSI HECTIOCOOHOCTHIO aHCaMOJIsl y4eCTh BCEe BO3MOJXK-
HbIE UCTOUHUKHU HEONPENEIEHHOCTH IPOTrHO30B. B 3TOM CBA3H, C LENbIO YIyUIlIeHHsI IPEICTABICHHS HEOIPe-
JICIICHHOCTH IIPOTHO3a B Pa3pab0OTaHHOW CHCTEME aHCaMOIeBOTO MPOTrHo3a, B 20142016 rT. OBUTH BBITIOHEHBI
YHCJIEHHBIC 3KCIICPHMEHTBI 110 HUCIIOIb30BAHUIO B aHCAMOJIe METO/Ia CTOXaCTHYECKOTO BO3MYIICHHUS MTapaMe-
Tpu3yeMbIX (pusndeckux TenaeHui (Stochastically Perturbed Parameterization Tendency scheme, cokpamien-
Ho SPPT). JlauHBIi METO/ UCTIONB3YETCS ISl yUeTa HEONPEICICHHOCTH, BO3HUKAIOIIEH 3a CUET MCIOJIb30Ba-
HUSI HECOBEPIIEHHON MOJIENN NMPOrHo3a. B KauecTBe rpaHUYHBIX U HAYAJIBHBIX JaHHBIX JUIS DKCIIEPUMEHTOB
HCIONB30BANNCH apxuBHbIe AaHHbIe Coun-2014, 94To NO3BOJIMIO COMOCTABUTH PE3YNIBTAThI IKCIIEPUMEHTANb-
HBIX IIPOTHO30B C PE3YJIbTaTaMH ONEPATHUBHBIX MPOTHO30B U3 apXHBa. AHAIN3 MOKAa3all, YTO UCIIOJIb30BaHUE
SPPT npuBomuT aHIIbs K HEOOJIBIIOMY PO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>