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

Xa B ypOaHU3MPOBAHHBIX 00JIACTSX 3aKIIIOUC-

Ha B pa3HOOOpasvM IMpPOCTPaHCTBEHHO-BpE-
MEHHBIX MacIITa0boB, B IIpejeiax KOTOPBIX MPOTeKa-
0T TIPOILIECCHI PACCESIHNS M TPaHC(HOPMALINH 3arpsi3-
HeHui. B wactHOCTH, 1Ba Hanbosee BaXKHBIX U3 HUX
BKJIIOYAIOT B ce0s1 ‘TOPOACKON MaciuTad’ - HECKOIBKO
necatkoB KwiomeTrpoB (Puc. 1 - TunuuHbld pasmep
ropoza), B MpezeIax KOTOPOro MPOUCXOANT IepBUY-
Hasi AMHCCHUSl 3arpsi3HEHMH BO3dyXa, W ‘Me3oMac-
mTad’- HECKOJIIBKO COTEH KHMJIOMETPOB, rie (Gpopmu-
PYIOTCS U PacCEMBAIOTCSl BTOPHUHBIE 3arpsi3HEHUS
Bo3nyxa (Puc. 2).

Jlist BeramcieHus: TypOyJeHTHBIX MOTOKOB MUM-
IMynbca U TEIUIA MCIOJIb30BAHBI MOJHOCTBIO SIBHBIE
asredpandecKue MOJEIH, TIOJyYeHHBIE C TIOMOILBIO
CHMBOJIBHOW aJIreOphl M3 ypaBHEHHH HepeHoca st
TIOTOKOB MIMITYJIbCA U TEIUIa B MPHOIKEHUH c1a0o
paBHOBecHOU TypOynentHoctH [1]. CpaBHeHHe pe-
3yJIbTAaTOB BHIYUCIICHUN ¢ UMEIOLUMHUCS B JIUTEPATy-
pe JaHHBIMH HaOmoneHu# [2] U pesyasrarami, I110-
JIy4YEeHHBIMH JPYTUMH YUCJIEHHBIMU MOAEISIMH, MO-
Ka3bIBaeT, YTO Pa3BUTasi MOAEIb CIOCOOHA BOCHPO-
M3BECTH HanboJiee BaXKHbIE CTPYKTYpHBIE OCOOCHHO-
CTH TypOYJIEHTHOCTH B TOPOJICKOM CJIO€ IIEPOXOBa-
TOCTH BOJIM3M ypOaHM3MPOBAHHOW MMOBEPXHOCTHU TO-
poackoro AIIC, a Taxke BO3JeicTBUE TOPOACKON
LIEPOXOBATOCTH HAa NIOOAIBHYIO CTPYKTYpY MOJeH
BETpPa M TEMIEPATypbl HaJ TOPOAOM U pacCesHUs
npumecu (Puc. 2).

Aesmoput svipasicarom brazodaprocme PODOH
3a unancosyio noodepacky (epanm 17-01-
00137).
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X km

Puc. 1. [lapaMeTpr3auma cnoA ropofcKoi LLepoXoBaToCTHL. Puc. 2. KoHueHTpauus naccmsHoro Tpaccépa C/ C,, Ha

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

NoXKeHue ropofa. 13 LST BTOpOro aHsA 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)

Vt+UVx+WVZ:—(wv)Z—jU+DV, 3)

W,+UWX+WWZ=—%—(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.>
( ) 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
Te= B 1+ E‘XZ Gy +56Gy (os(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:_(_3J , 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 )/019,
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., bavnos [1.B., laTtyHosa M.B., Hukutuu M.A.

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

B nHacrosiee Bpemst 6a30BOM CUCTEMOU MPOTHO3a ME30MACIITA0OHBIX TPOIIECCOB, MpUMEHsieMoi B [ uapo-
metnenTpe Poccun, sBisercst cucrema COSMO-Ru, ocHOBaHHasi Ha MCTIONB30BaHUK MOoJies KoHcopimyma 1mo
Mekomaciirabuomy MozaeupoBanuio armochepsr (COnsortium for Small-scale MOdelling). Poceunst siBsiercst
uyneHoM Koncoprmyma ¢ 2009 T. 1 MpOBOIUT MCCIIEAOBAHUS, HAIIPaBICHHBIE HA YCOBEPIICHCTBOBAHNE MOJICIN
COSMO wu kauecTBa YHCICHHBIX MPOTHO30B, OATOTOBICHHBIX ¢ €€ TToMOIpI0. COCTaBHOW YacThIO ATOH Jesi-
TCJIIBbHOCTH SBJISICTCS pa3pa60TKa YCOBEPIIECHCTBOBAHHBIX METOI0B BepI/Iq)I/IKaHI/II/I U UX UCIIOJIb30BAaHUC.

Hccnenosarenbekue padotsl mo Bepudukaruu cucrembl COSMO-Ru Hagarsr B 2009 ., ¢ 2011 1. Benetes
orneparuBHas BepI/Iq)I/IKaL[I/IH ITPOTHO30B. K HaCTOAIIEMY BPEMEHHU HAKOIIJICHBI TOCTATOYHO JJIMHHBIC PAIbI OLIC-
HOK KagecTBa mporHo3oB COSMO-Ru, aHann3 KOTOPHIX TO3BOJIMI BEISIBUTH OCHOBHBIE ITOTPEITHOCTH MOJIEIN
quta Tepputopun Poccun. C 2013 . I'mnpometiienTp Poccun Ha MOCTOSHHON OCHOBE YYaCTBYET B IeATEIBHOC-
i KoHcopIryma 1o cpaBHEHHIO KadecTBa MPOrHo30B Mo BepcusiM Moaenn COSMO cTpaH-y49acTHUKOB IS
€IMHON 00JIaCTH B paiioHe AJIbII, BXOAIIECH B 00IaCTH MHTETPUPOBAHMSI BCEX ITUX MoJeier («oomas» 00-
nacth). OIIEHKH KauecTBa ITPOTHO30B, MOJTyUYEHHBIE JJIsl 3TON 00JIaCTH, MPEICTABISIOTCS Ha TaK Ha3bIBAEMbIX
«obuux» rpadukax. Poccuiickasi CTOpOHA UCIONIB3YET M BHOCHT CBOW BKJIAJ B Pa3BUTHE MMAKETOB BepudrKa-
1 COSMO. B Hacrosiiee Bpems ounmnansHeiM makeToM Bepudukanuu Koncopunyma sisisiercss VERSUS
(VERIfication System Unified Survey), 10CTOMHCTBOM KOTOPOTO SIBJISIETCSI BO3BMOYKHOCTD MTPOBEACHUSI YCIIOB-
HoW Bepudukaimu. Benyrcs paborel mo BHenpeHuto nakera Rdfbk ¢ wcnonb3oBaHueM Tak Ha3bIBaGMBIX
feedback-aitnos, ocHoBa KoTOpOro paspadorana B Hemerkoii ciyx0e moroms! (feedback-gaiiiaer mpousso-
JATCA B pE3YJIbTATE pa6OTI:-I CHUCTEMBI YCBOCHUSA TaHHBIX U COACPKAT Ha6HIO)IeHI/IH 1 IIPOUHTEPIIOJIMPOBAHHBIC
B TOYKH HAOIIOJCHUIA MOJIENIbHBIE TaHHBIE, KAYECTBO KOTOPBIX TIIATEIHLHO 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) ams paznuunbix peruonos (EBpo-
nelickast Tepputopus Poccun, EBponeiickas yacts Poccuiickoit Apkruku, Llentpanbasiit @enepaiabHblil OKpyr
(IPO), IOxub1ii Penepanbubiii okpyr (FODO), a Takxke «oduias» odaacts) [3, 4, 5]. AHanu3 nokasal, 4To
Ka4ecTBO MIPOrHO30B TeMIIepaTypsl Bo3ayxa Ha ypoBHe 2 M o COSMO-Ru7 B nestom ymyummuiocs ¢ 2011 no
2016 rr. [S] (Ha puc. 1 npencrasiien mpumep Juis SSHBapsi). DTO CBSI3aHO ¢ MHOTUMHU (haKTOPaMU: yBEIMUCHUE
paspeleHns HEeMELKOH MOZIEIH, U3 KOTopol OepyTcs HauanbHble yciaoBust (GME c paspemenuewm 40, 30, u 20
kM, ICON c pazpemienuem 13 kM ¢ situBapst 2015 1), BBeleHHE CUCTEMBI YCBOCHHMSI IAaHHBIX ¢ aekadps 2015 .,
YBEJIMYCHUE KOJMYECTBA YCBAMBACMBIX HAOIIOACHUH, UCTIOIb30BAHNE PA3JIMYHBIX HACTPOCUHBIX [TapaMETPOB
MOJIEJIN.

5 Puc. 1 3Bontoumna 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 ¢ pa3pemeHneM 2 1 7 KM 3aMeTHEH B TETUIbIi IIepro/] Toaa (BECHa, JIETO) M HE3HAYH-
TENBHBI B XOJIOIHBIN nieprof (0ceHb, 3uMa). list oceHr, BECHBI U JIeTa THITHYHA HEAOOIEHKA CYyTOYHOH aMILIH-
TYJIBI TEMIIEPATYPBI, 0OCOOCHHO HOUYBIO (IIPHUEM aHAIHM3 «OOIIMX» TPaMKOB ITOKA3BIBACT, YTO ITO XAPAKTCPHO
HE TONBKO TSt poccuiickoit Bepcuu COSMO, prc. 2). ITo CBsI3aHO, ITIaBHBEIM 00pa30M, ¢ HEAOCTaTKaMH Iapa-
METpH3alnH TPOIECCOB HA MMOBEPXHOCTH MOYBBI, MAPAMETPHU3AIMH PaJHallii U OMIMCAHNS UX B3aHMOJACHCT-
BHA. 3aBUCHMOCTH OIICHOK KadecTBa OT 3abiaroBpeMeHHOCTH Uit mporao3oB or 00 BCB u 12 BCB mmeer
CXOJTHBIE YEPTHI, HAYNHas 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 owmnbKa ME v cpeHeKkBaapaTvyeckan 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 — Tepma-
Husa, C-7 — LWsenuapua, C-ME — Utanua (USAM), C-17 — Utanua (ARPA-SIMC), C-GR - 'peuus, C-PL — Monbwwa, C-RO - Py-
MblHuA, C-RU7 — Poccus, IFS - rnobansHaa mogens ELICTM, ICON — rno6anbHas Mogenb ICON, ICN-EU — pervoHanbHas Mo-
nenb ICON-EU). MporHosbl ot cpoka 00 BCB.

XoJ1 OLICHOK Cpe/iHeH CKOPOCTH BeTpa Ha ypoBHE 10 M B 3aBUCHMOCTH OT 3a0JIarOBPEMEHHOCTH BeChbMa
CXOJ BO Bce ce30HbI i1t Beex Bepenit COSMO. IIpakTudecku OTCYTCTBYET POCT OLIMOOK ¢ 3a01aroBpeMeHHO-
cTb10. MMeeTcst MOCTOSIHHOE 3aBBIIIEHHE CKOPOCTH BETPA.

OO0mast o0nagyHOCTh B 11eI0M 3aBblmaercst Mozensio COSMO. B 3uMHMI neprosl OHA 3aBBIIIACTCS U
JTHEM, 1 HOUbI0. B ipyrue ce3oHbI 001mast 001a4HOCTh 3HAYUTENFHO 3aBbIIICHA B HOYHbIE Yachl, 1 uMeeT ME,
0JIM3KHE K HYJTIO WK CIa000TPHUIIATEIbHBIC B THEBHOE BPEMSI CYTOK.

[ToBeneHue o1IeHOK MPOTHO3a KOJINYECTBA OCAAKOB OTIIMYAETCS JIETOM U 3UMOM. JIeToM nMeeTcs OTUeTIIn-
BBIIl CyTOUHBIN XO C 3aBBIIIEHHUEM HAIWYMs OCAJAKOB B JTHEBHBIC YaChl U 3aHMKEHUEM UX HOUBIO, B TO BpeMs
Kak 3UMOH (pakT 0caJkOB IPOTHO3UPYETCs CIHIIIKOM YacTo M JHEM, U HOUYbI0. Bce Bepcuu Mozeny HaunHaioT
HEI00LEHNBATh KOJTMYECTBO CITy4aeB BbINAIEHHS 0CAJKOB, 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, ITpeBbiniatomux 0.2 MM/6 4 (Ha JUarpaMMme KadecTBa OJJHOBPEMEHHO IpECTaBIeHbI IpeTyIpe-
JKJICHHOCTB SIBJICHUSI, MH/IEKC KadecTBa (1 — JI0JIs JIOKHBIX TPEBOT'), CABUT YacTOTHI (IIyHKTHPHBIC JIMHUM), U
0KazaTeb yrpo3 (CIUIONIHbIC JIMHUH); HEaIbHBIN TPOTHO3 HAXOAMWICs Obl B BEPXHEM IIPABOM YIIIy, UeM Oiu-
e K 3TOMY YTy, TeM Jy4IlIe IPOTHO3).

AHanu3 «o0umx» rpadukoB mokassiBacT, 4to oneHku COSMO-Ru HaxomsTcss 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
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! - . i’

Puc. 3. [lnarpaMMbl KauecTBa A KONMYeCTBa 0CaaKoB, Npesbilatowmx 0.2 MM/6 Y (cnabble ocagku) ana neta 2015 . (a)
1 3uMbl 2016 . (6), 0603Ha4eHMA Moaesien Kak Ha Puc. 2. MporHossl no cpory 00 BCB.

Crenyer OTMETHTB, YTO C YBEJIMYEHHEM MPOCTPAHCTBEHHOIO Pa3pelIeHHs MCIIONb3yeMbIX MOJIeINeil ar-
Mocdepbl (2 KM | BbIIIIE) HAYMHAIOT IPEABSBISTHCS HOBbIE TPEOOBAHHSI K CHCTEMaM BepH(HUKaIIMHU IIPOTHO30B,
MOCKOJIBKY TP TPAJAUIIMOHHON TOTOYEUHOH OIIEHKE MTPOTHO30B 0CA/IKOB U MO00HBIX UM IECTPHIX MOJIEeH BO3-
HUKaeT npodiema ABOHHOro mrpada, Koraa Touka, B KOTOPOM MPOTHO3UPYETCS SIBICHHE, HE3HAYUTEIHLHO
C/IBUHYTa OTHOCHTEIILHO TOYKH, B KOTOPOI HaOII0AaI0Ch siBIeHHE. B HacTosIee BpeMst JUIsi TPOTHO30B BBICO-
KOTO pa3pelieHusl pa3padarbiBalOTCsl pa3HOOOPa3HbIC MPOCTPAHCTBEHHbIE, B T.4. 00bEKTHO-OPHEHTHPOBAHHBIC
MeTO/IbI Bepu(UKaIim, oka He HallleIm1e mupokoro npumenenus B Poccnu [8, 9, 10]. B mannoii pabote pe-
3yJIBTaThl TIPOTHO30B OCAJIKOB B TOPHBIX pernoHax Kapkasa (paiion Coun) u Asibl BEpU(HUIIMPYIOTCS C TOMO-
11bI0 00beKTHO-OpueHTHPOBaHHOTO MeToga CRA (Contiguous Rain Area) [8]. Bkpariie 0H COCTOHT B CiIeayI0-
1IIeM: BHavaJle B TOJISIX HAOIIOACHUI M MPOTHO3a BBIJIEISIOTCSI 00BEKTHI (dallle BCero, 0CaaKkoB) Ha OCHOBE MO-
POroBOr0 3HaUEHMsI. 3aTE€M C MOMOIIIBIO TOW WIIM WHOI (DYHKINH (B KOTOPBIX UCIIOIB3YETCsI PACCTOSHUE MEXKIY
00BEeKTaMH) BBIJICNIAIOTCS Tapbl 0OBEKTOB B TI0JIe HAOMIOACHUH U IPOTHO30B. 3aTeM OMpEeACsSeTCsS ONTUMAITb-
HBIA CABHT TPOTHOCTHYECKOTO0 O0OBEKTa B MPOCTPAHCTBE K HAOIIOACHHOMY OOBEKTY IyTeM MHUHHMH3AIUU
OLIMOKH. 3[16Ch TAK)KE MOT'YT IIPUMEHSTHCS Pa3InYHbIC KPUTEPUH, HATPUMED, KOO (DUIINEHT KOPPEISIIUHI, HITH
cpenHekBaaparnunas ommoka MSE. B nanHoM uccrnenoBannu ucnonb3oBanack MSE. Haxonutest pa3HOCTb
ucxonnot MSE (mpencrasnsiemoit kak MSEtotal = MSEdisplacement + MSEvolume + MSEpattern) n MSE
MOCJIC CJIBUTA, 3TO OIINOKA U3-3a cABHra B poctpancTBe MSEdisplacement = MSEtotal — MSEshifted. OctaB-
masicst MSE cocTouT 13 KBajipaTa pa3HOCTH CPEIHETO KOJIMYECTBA 0CAJIKOB B IIPOrHOCTHUECKOM M HAaOITIO/ICH-
HOM 06bekTe MSEvolume = (F — X)’ v MenkomaciTabubIx pasmuauit 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 ICTEPMUHUCTCKHE MPOTHO3BI 110
poccuiickum cucremam COSMO-Ru2 u COSMO-Rul ¢ pa3pemiennem 2 u 1 kM. [l pernona AJbIl TIPUMEHS-
IOTCS IIBEHIIapcKue AeTepMUHUCTCKHE TPOrHo3sl 1o Mozenn COSMO c paspemennem 2 u 1 km (COSMO-2 n
COSMO-1), a taxske poccuiickue (COSMO-Ru2-EPS) u metinapckue (COSMO-E) ancamOieBbie TPOTHO3I
¢ paszpenierreM 2.2 kM. B xadecTBe HaOMIONEHUI NCTIONB3YIOTCS pajapHble faHHbIe (perrnoH Coun) U aHammu3
JIAHHBIX CTaHUMOHHBIX HaOmoneHuii VERA (Auxbmbl). Dkcnepumentsl ¢ CRA B pernone Coun u st
MesoVICT mo3BosIOT cienaTh CIeAyIOMUil BBIBOA: IS HU3KUX ITOPOTOB OCAJAKOB OOJBIIYIO YaCTh ONIHOKH
COCTABIISIFOT OIIMMOKH MEIKOMACIITaOHOM CTPYKTYpbhl OOBEKTOB, JUIsi BBICOKHX IIOPOTOB BO3pacTaeT JoJjs
OIIMOKM 3a CYET CBUTA MPOTHOCTHYECKOTO 00HEKTa OTHOCUTEILHO HAOMIOICHHOTO [0, 7].

B Hacrosiee BpeMst poJ0InKaIOTCst SKCIIEPUMEHTBI C Pa3IMYHBIMU (QYHKIMSIMH CTIIKHMBaHHST HCXOIHBIX
T0JIeH, Pa3IMYHBIMU [IEPUOIAMH HAKOTUICHHS M TIOPOTOBBIMH 3HAYEHHUSIMHU OCAJIKOB, a TaKkKe QYHKIMIMH Clia-
puBaHust 00bEKTOB. [IpOBOISITCS OMBITHI IO MPUMEHEHHIO 00BEKTHO-OPUEHTUPOBAHHOTO MOAX0/1a 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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YaCTHBIM CiydaeM KarabaTndeckoro Berpa. JIeZHUKOBBIM BeTep OKa3bIBaeT BIMSHHE Ha JaHAmadT
MECTHOCTH, XO3SIICTBEHHYIO JIESTEIbHOCTh YEJIOBEKA.

Knaccuueckast mopens [Ipanamis onuckiBaeT KaTabaTHUECKHU BETep Kak cTarMoHapHblil noTok[1]. s
CO3IaHUsI MOJIEIIM PEIICHO OBLIO MCIIOIb30BaTh HECTAMOHAPHYIO MOCTAHOBKY B JByMEPHOM JEKapTOBOM X —
z’ CUCTEME KOOPJUHAT, C «TOPU30HTAIbHOI KOOPIUHATON, HAlIPaBJIEHHO! B0Jb CKIOHA. CBA3b HOBBIX KOOP-
JUHAT ¢ A€KapTOBBIMH KOOPAMHATaMH, I7I€ BEPTUKAJIbHAsA OCh 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 ITIOBEPXHOCTHU CKIOHA. PaccMOTpHM OJHOMEpPHYIO CHCTEMY TEPMOTUAPOINHAMHUYE-
CKHX YPaBHEHMH B CUCTEME KOOPJUHAT, CBSI3aHHOM CO CKJIOHOM:
d s ¢
& =Knsh + gg, sina
dd _ 1 9%
& = Kig
2
rae 0 — moTeHnuaNbHast TEMIIeparypa, ¥ — KOMIHOHEHTa CKOPOCTH JIBH)KCHHUS BJIOJb CKIIOHA, K, 1 K, — KO-
3¢ PUIEHTHI TypOYITEHTHON BI3KOCTH M TEIUIOOOMEHA, COOTBETCTBEHHO, §) — CpEHSISI TTOTEHIIMAIbHAST TEMIIe-
parypa Bo31yxa, g — ycKOpeHHe cBOOOHOTO NaieHns. BepTukanbHbIi Mpop s TeMIIepaTyphl BO3AyXa MOKHO
TIPE/ICTaBHUTh CIICITYIONINM 00pa3oM:
de,,

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

2
rae A — 3HaueHne (OHOBOW TeMIeparypbl Ha MOBEPXHOCTH, (d0,)/d, — TOCTOSIHHBII ()OHOBBIN TPAUEHT
MOTEHIMANILHON TemIeparypsl, 6’(z’,1) — aHOMalusl IOTEHIMAIBbHON TEeMIIepaTyphl. 3a7a4u MoJg00HOTro BUIA
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pemarotcs He Brepbie. [10106Has 3a1aua 11 IEAHHKOBOTO BETpa Oblia IIOCTaBNeHa, B yacTHOCTH, .Opie-
MaHcoM [2].Pelienue 3a1a4u mpou3BeICHO METOAOM KOHEUHBIX PA3HOCTEH.

UucneHHbIe SKCTIEPUMEHTBI IOKa3alld, YTO PELIEHUE B MOJIEIIH IPUHIUMACT 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 PEIIEHHE OYEHb XOPOIIO COITIACYETCs C
TOYHBIM perreHreM 1o [Ipanamis juis craironapHoro cirydas. P.bappu yrBepxaer, 4yro Takoi npoduib ume-
eT KarabaTH4eCcKUi BeTep MPH YCIOBUU OTCYTCTBHS MIIM OY4EHb HE3HAYUTEIILHOTO ()OHOBOTO CHHOITHYECKOTO
moToka [3].

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

Jlyist ToCTpOeHHsT 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 MEHSIOTCS C BHICOTOW. B peasibHOI atMocdepe mocTosHHBIN ¢ BBICOTOH KOA(dUIIMEHT paKTHyie-
CKH He BcTpeuaeTcs. V3 ¢pusnuecknx cooOpakeHui U3BECTHO, YTO 3TH KOA(P(HUIIMEHTHI PacTyT C BHICOTOM, T.K.
y TIOBEpXHOCTH IiepeMelnnBanue xyxe. [ pacyera koappureHToB 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 NITB, YeM ITOCTOSTHHO 33aHHbII KOA(QQUIIMEHT, T.K. peabHbIH KO3()(OUIMEHT BSI3KOCTH CTPEMHT-
Cs1 K HYJIIO IIPHU ITPUOIKEHUH K 1ToBepxHOCTH. {1t Toro, yToOs! K-nipodmite xapakrepuzosan koa(umueHTs!
TYpOYJIECHTHOMH BSI3KOCTH 1 TerioooMeHa (k,, ¥ k, COOTBETCTBEHHO), HY)KHO HCIIOIb30BaTh MHOKUTEIH, CBSI3aH-
HBIE C KOHKPETHBIM K03 (QUIIMEeHTOM, KOTOPBIN perynupyet "ammntyay" storo npodus [4], B utore:

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

s Toro, aTo0B 00eceynTh BTOPOH MOPSIOK anmpoKcuManni Au((y3nOHHBIX YICHOB, HCIONB3YeTCS
CeTKa C yPOBHAMHU KO3 PHUIMEHTOB TYpOYICHTHOCTH, CMEIICHHBIX Ha //2 10 BBICOTE OTHOCUTEIHHO YPOBHEH
JUISL CKOPOCTH M TEMITEPaTypBl.

[Tpu BeIYUCIEHUN IPODUIIS CKOPOCTH, BEPXHEE KPAeBOE YCIOBHE OBUIO IIPUHSTO B BUIC U | . _ ;= U, TIE
U, — BEIMYMHA CKOPOCTH BeTpa Ha ypoBHe H = 50 M 110 JaHHBIM HaOmogeHus cogapa. Hiwkuee yciosue s
CKOPOCTHU C(HOPMYIUPOBAHO C YIETOM TYpOYJICHTHOIO TPEHHS U B KOHEYHO-PA3HOCTHOM BHJIE 3alTUCAHO KaK

== Cpul?_,h - o -
uls=o0 = ulson — T e €, — GespasmepHbIil KodGdummenT obMena pasubiii 1.27-107.

Banumanust Mozeny pou3BOANIACH 110 PE3ysIbTaTaM W3MEPEHUH Ha JIeHnKe KOHrcBereH B pamMKax Me-
*KayHapomHoil Poccuiicko-Hunepnanackoit sxcneqummu [5]. Jleqank KoHrcBereH pacroiioeH B 3amagHON
gacTu octpoBa 3amagasiii [lmmidepren k roro-Boctoky ot Korrcdropna. nmaa ero cocrasmseT 20 kM, 1mio-
mrams — 105 kv’

Touka n3mepeHuit HaxoauTcs Ha BeicoTe 350 M Hax ypoBHEM Mopsi. B Touke OBLTH TPOU3BEICHBI H3MEpe-
HUS C IOMOIIBIO TPagieHTHON MauThI B mepuox ¢ 30 ampens o 11 mas 2009 rona ¢ UCKPETHOCTHIO B 5 MUHYT.
Ha rpagnenTtHoil MauTe ObIIIM TIPON3BEICHBI N3MEPEHNUS TEMIIEPATyphl BO31yXa, CKOPOCTH 1 HAIPaBIICHUS Be-
Tpa Ha mecTr ypoBHIX: 1 M, 1.7 M, 2.9 M, 4.9 M, 8.3 M, 14.9 M. BMecTe ¢ TpanneHTHOM MadTON OBLT YCTAaHOBIICH
TPEXKOMITOHSHTHBIHN noriepoBckuit conap JIATAH-3wm, paspaborannsiii B MDA num. A.M.O6yxosa PAH.

C nomo1pio cosfapa ObUIN TTOTyYEHBI JAHHBIE [0 PAAUAIBHBIM CKOPOCTSAM BETPA U TUCIICPCHH PaaHallb-
HBIX cKopocTeii Ha ypoBHsX oT 30 10 300 MeTpoB.

JIisl HaxoX/IeHHUsl YHUCIICHHOTO PEIICHHs TPeOOBAIOCh ONPEAEIUTh U3MEPEHHBIC 3HAUCHUS! XapaKTepH-
CTHK aTMOC(hepsI 1IsI KOHKPETHBIX CPOKOB. [ Haxox1eHns: (JOHOBOTO IpaJleHTa MOTEHIMAIbHON TeMIIepa-
TYpPbI B IOTPAaHUYHOM CJIO€ OBUIN IPOAHAIM3UPOBAHbI PE3YIBTAThI A3POIOTHUECKOTO 30HMPOBAHNUS HA CTaH-
uuu Hro-OnecyHH, BBUTOXKEHHBIE B OOMMIA JOCTYI Ha caiite Baiiomuarckoro yamBepcureralhttp://weather.
uwyo.edu/upperair/sounding.html]. Koncrants! £, 11 k, ObITH OTKaTHOPOBAHBI BO BpEMs TECTOBEIX 3aITyCKOB
MOJIENH, ¥ UX 3HadeHus Obumn npuHaTs 32 0.4 u 0.9 M’/c, cootBeTcTBeHHO. [10PSANIOK MONTYYEeHHBIX KOHCTAHT
COBIIAJIACT C TIOPSIIKOM, TOTYYCHHBIM Y IPYTUX aBTOPOB [2, 6].

Ha Puc. 1 m3o0pakeHO cpaBHEHHE MAaHHBIX MOJENH (TIPEPBIBUCTAs JHHWSA) W TPATUCHTHOW MAadThI
(cTImonrHAst TUHS) UTSI CKOPOCTH BeTpa (CHHHN) U TeMIepaTypsl Bo3ayxa (KpacHsrit) 3a 12:00 8 mas 2009.
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Puc. 1. PesynbTat MofennpoBaHusa (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(UIIb 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
TEeMIIepaTypbl ¥ CKOPOCTH BETpa, COOTBETCTBEHHO. MoJIesIbHAsI CKOPOCTh BETPa Ha BbICOTE 2-3 M MpEeBbIIIaeT
U3MEPEHHYI0, YTO, BOBMOXKHO, CBSI3aHO C HEJOCTATOYHBIM TPEHHWEM Ha MOBEPXHOCTH, 33/1aBaCMbIM HM)KHUM
KpaeBbIM yciioBreM. Ha BbicoTax Oosiee 3 M MOJielIb HAYMHAET HEMHOTO 3aHHKATh CKOPOCTh BETPa, HO B I1EJIOM
npoduIIb BOCIPOM3BOANTCS YAOBIETBOPUTEIbHO. O1rOKa TeMneparypbl HMEeT OCTOSHHBIN 3HAK U YBEJINYH-
BAETCs C BBICOTOM.

Panee Obu1M BhIYMCIICHBI TPOQHIH KOAQ UIMEHTa BEPTUKAILHOTO MEPEMEIINBAHMUS ¢ KAIMOPOBOUHBIMH
3HAUEHUSIMH aMILIUTY/IbI 3TOTO MPOQUIIS [UIsl BI3KOCTH M TEIIONPOBOIHOCTH. Mojienb poAeMOHCTPHpOBaJIa
JIOBOJIBHO XOPOIIYIO TOYHOCTH 110 BOCIIPOM3BECHUIO TEMIIEPATYPhl U CKOPOCTH BETPa, OPSIOK BEIUUUH KO-
¢ UIHEeHTA COBNAN C OKUIAEMbIM MOPSIKOM, HO HE OBLJIO TIOJIHOM YBEPEHHOCTH B ITPABUIILHOCTH 3HAYCHUS
k03¢ GUIMEeHTA TePEMEIIUBAHHMS.

C nomolblo cofapa ObUTH MOJTYyYEHBI 3HAUSHHUS TUCIIEPCHH PaJMaIbHBIX CKOPOCTEH BeTpa Ha KaKIOM
YpOBHE U3MEPCHHU, asiee ObUTa paccunTana TypOyieHTHas kuHetuueckas sueprust (TKD), u mo 3toit Bennyu-
HE OIICHCH BEPTUKAIBHBIA KOAPPHUIIUEHT TIepeMenuBanus st ypoBaeit 50 — 300M o dpopmyiie:

. A
T 1+ Mkz

I7e A — aCHMITOTHYECKOE 3HaueHHe MaciuTaba TypOyleHTHOCTH, K - TlocTosHHas Kapmana, u”,v”,w” —

JIMCTIEPCHN BEPTHKAIBHONW CKOPOCTH.

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

Puc. 2. AHanuTn4ecKuii (cnnoLwuHan) npoguib Ko3agGULMeHTa 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/

Kax BunHO u3 Puc. 2, 3HaueHus koadduipenTa TypOyIeHTHOH BSI3KOCTH 10 JJAHHBIM cOJapa, XOpOIIo
COBMAJIAIOT CO 3HAYCHHUSMH, MOITYUYCHHBIMHU paHee ¢ MOMOIIBIO KaIMOPOBKH KOHCTAHTHI B hopmyinax (1-2), Ha
Bbeicote 50 M. Takum 0Opa3om, Ha TeKyIeM Tare Oblia MOCTPOSHa OTHOMEPHAs MOJIEIb JISTHUKOBOTO BETpa U
BepuduunposaHa 1o gaHHbM Poccuiicko-Hunepnanackoit sxcnequnun Ha steanuke Konreseren (Inumnoep-
reH). B actHoCTH, OBUT OTKaIMOPOBAaH BEPTUKAIBHBIM Mpoduib Kod(duIeHTa nepeMenBanus, XOpouio
COINIACYIOIIUICS C OIIEHKOH ATOTO0 ke K03((HUINEHTA 10 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 JTAaHHBIMU MOJICINPOBAHUS, PU3NIECKUH MIPOLIECC CUNTACTCS HEBS3-
KHM U aJI1adaTHYeCcKiM, UCKIIIOYCHO TaKXkKe BIMsiHUE oporpaduu. B Moneny ucnons3yercs cucrema ypaBHe-
nuit HaBbe-Crokca B npubmmkenun byccunecka. DddexTuBHas YncieHHas peaau3aius CHCTEMbl YpaBHEHNH
JIOCTHTaeTCsl BBEJICHHEM MCKYCCTBEHHOH CokMMaeMocT. [ToBepXHOCTh ()pOHTA OIUCHIBACTCS B MOJICIH CIIe-
LUAJIBHBIM YPABHEHUEM.
[TpuBoAsATCS pe3ysbTaThl pACYETOB IPU3EMHOTO JIABJICHUS ISl HEUTPAILHON U yCTOIUMBOI cTparndurka-
LIUH, a TAK)KE TIPH HATMYUH B aTMocdepe ciiost nHBepcuu. [1pu ycToHunBO# cTpaTnuKaiiy, o CpaBHEHHIO C
HEHTpaIbHOM, PPOHT ABHIKETCS OBICTpEE ¥ MIMEETCsl Pe3KHIA CKadOK JaBJICHUS B TOUKe HaOmroneHus. Pesynpra-
Thl PACYETOB HAXOJATCS B KAU€CTBEHHOM COINIACHHM C JAaHHBIMU MOJEIHPOBAHUS 110 KOHEYHO-PA3HOCTHON MO-
JIeITIM C UCXOHOM reHeparieil GpoHTa MpoTsHKEHHBIM HCTOYHHKOM XOJIOIHOTO BO3IyXa.

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

Paboma svinonnena npu noodepoicxke PODPHU (epanm 17-01-00137) u Ilpesuouyma PAH (npoepammol
L331111.211/3-2 u 11.211/3-3).

Simulation of the evolution of an atmospheric front
in a stratified atmosphere
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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
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Figure 1. Gravity current in the atmosphere over flat Figure 2. Surface pressure at 12 km. Neutral
orography. stratification.
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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].
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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.

References:

1. Blinov D. V, Rivin G. S., Rozinkina 1. A. System of short-term weather forecasting COSMO-Ru: the
technological aspects of the visualization and dissemination of forecasts. Proceedings Of Hydromet-
centre Of Russia. — 2011. — No. 346. — S. 47-54.

2. Kiktev D. B., Astakhova E. D., Blinov D. V., Zaripov R. B., Muravyov A. V., Rivin G. S., Rozinkina 1.
A., Smirnov A. V., tsyrulnikov M. D. the Development of prognostic technologies for meteorological
support of winter Olympics "SOCHI-2014" // Meteorology and hydrology. Moscow. — 2013. No. 10.—
S. 5-15.

3. Rivin G. S, Rozinkina I. A., Vilfand R. M., Alferov D. Yu., Astakhova E. D., Blinov D. V., Bundel A.
Yu., Kazakova E. V., Kirsanov A. A., Nikitin M. A., Perov V. L., Surkova, G. V., Revokatova A. P, Sha-
tunova M. V., Chumakov M. M. System COSMO-Ru mesoscale non-hydrostatic short term weather
forecast of the Hydrometcenter of Russia: the second stage of implementation and development //
Russian Meteorology and hydrology. — 2015. — No. 6. — S. 58-70.

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: denishlinov@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.
Janst mopenmn COSMO HauanbHble ¥ TpaHUYHBIE YCioBHs OepyTcst u3 nobansHoit Monenn ICON Hemenkoit
ciryxObl oroziel. [IpoBeieHHBIE HCCIIEJOBaHUS [TOKA3ajIM, YTO 3a4acTyl0 B Ha4YaJbHBIX JaHHBIX TIOOAIBHOM
MOJIEJIH COZIEPKATCSI OMIMOKH, 0COOCHHO YacTO BCTPEYAIHMCh 3HAYUTEIbHBIC OMIMOKH B TIOJIC TEMIIEPATYPHI.
OOHapy>keHHbIE HETOYHOCTH Ha4aJIbHBIX MOJICH BBI3BAHBI HECKOJIBKUME IPHYMHAMH. BO-TIepBBIX, 9TO CBSI3aHO
C HECOOTBETCTBHEM CETOK, NockoabKy B ['mapomeruentpe Mmogens COSMO-Ru nmena ropu3oHTalbHbIN mar
CeTKH JyIsl pa3HbIX oOnacreit cuéra 7, 2.2 u 1.1 kM, a HavyanbHbIE 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-
HUi 110 Tepputopun Poccun. B-TpeThux, ommOKy B HaUaJIbHBIX MOJISIX CBS3aHbI C HECOBEPILICHCTBOM IPOBOAH-
MOTO aHaJiM3a B HEMEIKOU CIIy>KOe IOrojibl. YCTPaHUTh UCTOYHUKH ITHX HPOOJIEM BO3MOXKHO TOJIBKO 4Yepe3
coOcTBeHHYI0 cucTeMy ycBoeHus JaHHbIX (CY/]).
B I'mnpomernentpe Poccun Obia coznana cucrema ycBoeHust JanHbIX st mopenn COSMO-Ru. Yesoe-
HUE HAOMIONEHUH C METEOPOJIOTNUYECKUX U a3pOJIOTHYECKUX CTAHIMH, ¢ caMOJIETOB, ¢ Kopabiei, ¢ npoduie-
MEpOB IPOUCXOANT C TIOMOIBIO BCTPOSHHOTO B MOJIENb METO/Ia «IToATalIKuBaHus» (nudging). CyTb ero 3axio-
YaeTcst B MOJICTAHOBKE B ITPABYIO YacTh ypaBHEHUI MOJICTIM HEBSI3KM 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 TUHAMHUKOW MOJIETH M (DH3MUYSCKUMU MTapaMeTpU3aIUsIMHU;

G, — k03D QUITHEHT TOITaIKUBAHUS;

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

W, (x,t) - Beca 110 BpeMeHHU U MPOCTPAHCTBY, HHAMBUAYATbHBIC [UIs KAXKI0U IEPEMEHHO.

Jlyist yCcBOCHUSI TaHHbBIX HAOMIONCHUH 33 TEMIIEPaTypOi Ha YPOBHE 2 METPOB HCIIONIB3YETCS CXeMa KOPPEeK-
LUK TIPU3EMHON TeMIlepaTypbl, aHajsorndHas cxeme Kpeccmana.

B pesynbrare coBMeIIEHHAs CHCTEMa YCBOCHHS U KOPPEKIIMH TTO3BOJIMIIA YMEHBIIUTh OMMOKY B Havase
MIPOTHO3a ISl [T0JIeH TeMIIEpaTyphbl, BETPa, BIAKHOCTH, 00naqHocTu (puc. 1,2).
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Puc. 1. OueHKM NporHo30B 3KCMEPUMEHTOB C Pa3NMYHbIMU HauasbHbIMM [JaHHBIMU 14 MOfel NPU3eMHOM 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 KOpPeKLMeN 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 CTaJlM yCBaUBAThCs JaHHbBIC PaJapHbIX HaOIro/1e-
HUM METOIOM «rojTankuBaHusi ckpbiToid Temors» (Latent Heat Nudging (LHN)) (puc. 3). s monenu
COSMO 1no Tepputopun Llenrpansaoro denepansrnoro okpyra (L{PO) ¢ ropuzoHTa bHBIM IAaroM 2.2 KM
(COSMO-Ru02CFO) B TeCTOBOM pEKMME MPOBOIUTCS yCBOCHHE MHTEHCHBHOCTH ocankoB (RR), xoropsie
nosy4eHs! ¢ pajgapoB LIDO. DkcnepruMeHThI IOKa3aly, YTO yCBOSHUE MHTEHCUBHOCTH 0caakoB MeTornoM LHN
I03BOJISIET YTOYHUTH IPOTHO3 BPEMEHH U MECTa MPOXOXKACHHS 0CAJIKOB, a TAKXKE APYTUX XapaKTePHCTHK, KO-
TOpPBIE CBSI3aHbI C YCBOCHHBIMU rupoMeTeopaMu. J{ist rpo3sl 13 uromnst 2016 roga B MOCKOBCKOM peruoHe yc-
BOCHHUE paJlapHbIX JAHHBIX ITO3BOJMIIO YIYYLINTh NMPEACKa3aHUE TPACKTOPHU M BPEMEHN TIPOXOXKICHUS OCal-
KOB, ITOPBIBOB BETPA, 'P0O3 HaJL MOCKOBCKUM PETHOHOM.

Puc. 3. Cxema gencraua mogy- BeprKansHbie npodunm:
nAa LHN no BEPTUKA/N. Cnesa a) Copepwarmne ofinaynod anarm (a rikr)  6) asiceoGoxgenve ckpeitod  8) LHN - nonpasxa Temnepatypei (in Kih)
1306parkeH YEPHOM NUHKE i Tensomel (1 W)
npo¢unb obnayHor Bnarun(a), B
LLeHTpe conyTcTByloLLee eMy
BbICBODOOMAEHME CKPBITOM Te- _
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JIMYMM MofeNbHOM W Habntopa- -
€MOI MHTEHCWMBHOCTY 0CaJiKOB. s ;
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CTéMa YCBOCHHMS YyIydlIuja Scaling factor o :
|
RR
JAUArHoCTUKy M IIpeJcCKa3da- 2 i | a= ‘obs
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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 ITO3BOJISIET YUUTHIBATh 00OPATHOE BIIMSHUE COCTABa BO3/IyXa Ha PsiJi METEOPOIIOTHUECKHIX MPOLIECCOB (TIepe-
HOC paJuaIny, 0CaJKkooOpa3oBaHuC).

OyiHa M3 METEOPOJIOTMYECKUX YUCICHHBIX MOJEIIeH, IPUICPKUBAIOIINXCS BTOPOH KOHLEIIIUK U TT03BO-
JISIFOILMX HE TOJILKO CIIPOTHO3MPOBATH KOHLIEHTPALUH 3arpsI3HSIOIINX BEIIECTB, HO M YIY4LIUTh IIPOTHO3 TIOT0-
16l 3a cyer ux odoparHoro BiusHUA — COSMO-ART (COnsortium for Small-scale Modelling, Aerosols and
Reactive Trace gases).

Ha cynepkommbiorepe I71aBHOTO BRIMHCIHMTENBHOTO 1IeHTpa Pocruapomera B ['mapomernentpe Poccun
peamuzoBana cuctema COSMO-Ru7-ART, ocnoBanHas Ha mogenu COSMO-ART, B koTopyto, COBMECTHO C
paspaborunkamu Os1oka ART (Texnonornueckuit uncTuTyT Kapcpys), Obll BHECEH psii n3MeHeHHH. J[Ba pasa
B cyTkH (110 ncxoaubM ganHeiM 00 UTC u 12 UTC), B I'mapomernentpe Poccun ocymiecTBisieTcst YUCICHHBIN
MIPOTHO3 KOHLIEHTPALUH 3arpsI3HSAIONINX BEIIECTB B aTMOC]epe C I1aroM CeTKH 7 KM Ui MOCKOBCKOTO peruo-
Ha. O6nacTh kBasuoneparuBHOro mporaoza COSMO-Ru7-ART nokaszana Ha pucyHke 1.
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Puc. 1. 06nactb kKBa3vonepatveHoro nporHo3a COSMO-Ru7-ART.

Kak u cuctema nporuaosza nmorogast COSMO-Ru7, COSMO-Ru7-ART ucnons3yeT chepudecKyro CHCTEMY
KOOPJMHAT CO CMEIICHHBIM ITOJI0OCOM M IMEeT IPOCTPAHCTBEHHOE paspelneHue 7 kM, 40 ypoBHel 10 BepTHKa-
JIU, UCTIOJIB3YETCS IIar 1Mo BpeMeHH! 40 CeKyHI.

COSMO-Ru7-ART mo3BoJsieT y4UTHIBaTh XUMHUYECKHE TPEOOpa30BaHus BEIIECTB B Ta30BoH (ase, (oto-
JHMCCOLUALINIO, KOATYIIALNIO, KOHICHCALMIO, HYKJICAIHIO, OCAKACHHE, BBIBEICHHE U BHIMBIBAHUE adpO30JIeH
(Pucynok 2). IIpemrycMOTpeH y4eT aspo30iIbHON XMUMUH, B3aUMOACHCTBHS a3pO30JIeH ¢ paguanueii, SMUCCHUS
MOPCKOH COJIM, MUHEPaIbHOMN IBUIH, MBLIBLBI, OHOTCHHBIE BBIOPOCHI THIPOKAPOOHATOB U FETEPOTCHHBIE PeaK-
nui. XMMHYECKHEe MPOIIeCChl B Tporocdepe nmpeacTaBieHs! 172 peakmusivu. Cpey HEOPTraHNIECKIX COCIH-
HEHHH B IBHOM BHJI€ paccMaTpUBAIOTCs 17 cTaOMIBHBIX coenHEHNN U 4 paankana. OpraHndecKue CoeIuHe-
HUS BKITIOYAIOT 26 CTaOMIBHBIX COSAMHEHUH U 16 panKaioB.
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Puc. 2. Crpyktypa COSMO-ART.
Fno6anpHas

MeTeopOJorniecKasd
MOJe]b

i

Meteoposiorsi ¥ TpaHCHOPT

C®SMO

i r XHUMHA,
i MOJIeJTh !
| Mdotous, :
! RADMKA |
| MOJae/h T i
§ PAPA |« Aspo3zo/u, pacuipesHas | ||
| Mo, tesib MADEsoot §
i 1 !
| ¥ |
| Cyxoe
! ? Buorennbre aMuccuy, MuHepaabHas MbLIb, |
| 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 UCIOIB3YOTCS PE3y/IbTaThl PO-
exta TNO (Hunepnanackas opraHu3anusi IpUKIaJHBIX HAyYHBIX HccnenoBanuii). C yd4eToM MOJHOTH Ipu-
POZIHBIX M aHTPOIIOTCHHBIX HCTOYHUKOB, YYUTHIBAEMBIX B MHBeHTapu3auu smuccuii TNO, a Takxke mogapooHo-
CTH ONMCaHHs BPEMEHHOM JBOJIIOLUH KOJIMYECTBA BHIOPOCOB (B TOM YHCIIE CYTOUHOTO X0/1a B paboune/BbIXO/I-
HBIE JTHU ¥ CE30HHOTO X0/[a) — 3TO OJIHA U3 CaMBIX MOAPOOHKIX 0a3 aHHBIX Mo BeIOpocam B EBpore. Cucrema
MOKa3bIBACT CIIOCOOHOCTH aJIEeKBAaTHO BOCIIPOM3BOANTH KOHIIEHTPALIMK 3arpsI3HAIONINX BellecTB B MOCKBE U
MocKkoBcKol 00acTy pu cpaBHEeHUH ¢ JanHbIME H3Mepenuid [ TIBY "Mocakomonutopuar”.

B cucremy COSMO-Ru7-ART BkiroueH paszpaboranusiii B ['mapomerientpe Poccun Momynb OLEHKH
OMHCCHI 3arpsI3HSIONIMX BEIIECTB B arMOc(hepy OT 04aroB JIECHBIX MOXKapOB, MCIOJIB3YIONINN CITyTHUKOBBIE
nmaraeie MODIS (MODerate Resolution Imaging Spectroradiometer — CKaHHPYIOIIHMNA CIEKTPOPATUOMETP
cpenuero pazpemienus). [Ipu MmogenupoBanuu JiecHbIX oxapoB neta 2010 roxa ans EBponeiickoit wactu Poc-
CHUH YCIICUIHBIIM MPOrHO3 KOHIICHTPALU 3arpsI3HAOIINX BEIIECTB OKa3all MONIOKUTEIbHOE BINUSHUE U Ha MPO-
THO3 TeMITepaTyphbl BO3yxa Oyiaroiaps yueTy o0paTHOTrO BIMSHHS a9p030Jisi HA PaIHAIHIO.

Ha pucynkax 3 u 4 nokazansl pe3yabrarsl mporso3a CO u PM10 cucremoit COSMO-Ru7-ART ¢ mpume-
HEHUEM Pa3pabOTaHHOTo MeToja (CHHUM) U 0e3 MPUMEHEHHs MeTo/ia (KPacHbIM), 3HaUYEHHSI TIPEICIILHO Oy~
cTuMbIX KoHIeHTpauuit cpegHecyTounsx (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 Pa3INYHBIX CTAHIIMSX.
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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-
wenuii [1K konnenrpamusimu CO u PM, 3adukcuposano ue 6bu10 (Pucynok 3). B akcnepumMenre ¢ yaetom
BBIOPOCOB B arMocdepy 3arps3HsIIOLIMX BEIIECTB OT OYaroB JIECHBIX IT0YKapoB COINIACHO pa3padOTaHHOMY Me-
TOAY MOJENb YCIEIIHO BOCIPOU3BOAUT XapaKTep M3MEHUYMBOCTH KOHIEHTpALMN 3arpsi3HSIOIINX BEIIECTB.
KoadduimenT koppensiium Mex/1y pacCUuTaHHBIMH ¥ U3MEPEHHBIMH 3HaYeHUsIMU koHneHTparmii CO u PM,,
JIoCcTUTAeT 3HaUMMbIX 3HaueHuH 0,7 1 0,69 COOTBETCTBEHHO.

Jlns oueHkH yueTa BIMSHUS KOHIEHTPALMH 3arpsi3HAIOIIMX BellecTB B MojenbHol cucteme COSMO-
Ru7-ART Ha MeTeoposioruuecKkuii MpOrHo3 ObLIM MTPOBEACHBI ABE CEPHH IKCIICPUMEHTOB: STAJIOHHBII JKCIIe-
PUMEHT C OTKJIFOUCHHBIM OJIOKOM arMOc(epHON XMMHUH M 3KCIEPHUMEHT C YUYETOM BBIOPOCOB 3arps3HSIOIINX
BEIIECTB B aTMOC(Epy OT 04aroB JIECHBIX NOKAPOB M BIUSHHS a3P0O30Jsl HA PaIMallMOHHbBIE 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 CBsI3EHl:
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

-0.5
-0.6
-0.7

-0.8
0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57 60

3abnaroBpemeHHOCTb NPOrHO3a

VYuer BIUsSHUS a3p030J1s1 Ha MOTOKU paiiallii yMEHbBIIHMIT OIHOKH MporHo3a Temneparypsl Ha 0,3-0,4°C
nueM 1 Ha 0,1°C HOubIO 17151 Beel oOnacTu pacuera kBazuoreparuBHoro nporoza COSMO-Ru7-ART. Ymens-
[IeHHE OUIMOKK BO3pacTaeT ¢ 3a01aroBpeMEeHHOCTHIO IIPOrHO3a. BajkHO OTMETHTB, 4TO PACCMOTPEHHOE YITyd-
IIeHHE KauecTBa MPOrHO3a HAOIIONAeTCs JJIsl BCETO JIOMEHA, 110 KOTOPOMY OCYIIECTBIISICTCS IPOTHO3, a HE
TOJIBKO B 00JIACTSIX MOBBIIICHHBIX KOHLIEHTPALUH IBIMOBOTO a3p030JIsi, B KOTOPHIX HAOJIIOIAI0TCsl HAanOOJIbIINE
pa3uuus MeXAy dKCrepuMeHTaMu. Ha OTHeNBHBIX CTAHNHMSX, PACHOJIOKEHHBIX B 30HE PaclpOCTPAHCHUS
1eti(hoB BO3AYIIHBIX 3arPSA3HEHHUI OT 0YaroB JICCHBIX IT0KAapOB, Ha BTOPBIE CYTKH IPOrHO3a OLINOKA paccuu-
TAHHOW TEeMIIepaTypbl yMeHbIanach 0oiee yem Ha 2°C.

B Hacrosmee BpeMs IpoJoInKatoTcst paOOoThI 110 YTOYHEHUIO aHTPONOT€HHBIX AMUCCHH. B nanmpHeimme
IUTaHBI BXOJUT BBITOJHEHUE UCCIICIOBAHUN B paMKax aHAJIOTHYHOM Tito0anpHoM ciuctembl ICON-ART u mepe-
xo1 Ha ICON-LAM-ART — peruonansnyto 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 IIUKJIOHBI — OapUUECKHUE IEIPECCHH ME30- M CyOCHHONITHYECKOTO MaciiTada, (hopMUpyromnme-
Csl 3MMOY ¥ BECHOH HaJl CBOOOIHOW OTO JIbJIa MOPCKO# MMOBEPXHOCTHEO. COMIACHO OIPEIEIICHUTO, IT0-
JSIPHBIE IIUKIIOHBI — TOATHUIT ME3OLMKIOHOB, (POPMHUPYIONIMXCS HaZ MOPCKOIM MOBEPXHOCTHIO OJIMIKE K TTOJIIOCY
(xax CeBepHOMY, Tak 1 FOKHOMY) OT OCHOBHOW OapOKIMHHOH 30HBI, C IPUIIOBEPXHOCTHBIM BETPOM, IIPEBBI-
matommmM 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 JIESATEIBHOCTh B aKBATOPHUSIX CEBEp-
HBIX MOpel U MpUOpekHBIX 30HaX. CyOCHHONTHYECKHH MacIITad MOJISIPHBIX LIUKJIOHOB U MX OBICTPOE pa3BHU-
THE B PErMOHaX, C1a00 OXBaYCHHBIX CTAHAAPTHOH CETHIO METEOPOJIOTMYECKHX HAONIONCHMH, MPUBOAAT K
OOJIBIIUM TPYAHOCTSIM TIPH MX M3yYEHUH M ITPOTHO3UPOBAHUH. XOTS ()EHOMEH PE3KOro U BHE3AITHOTO yCHIIe-
HUSI BETPa B CEBEPHBIX MOPSX OBbLIT 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
MOJISIPHBIX LUKJIOHAX MTPOBOIMIIUCH CIICIMAIbHbIC KOMITAHMH KOMIUIEKCHBIX HAOIIOACHUH (BKIIIOYAsl CITyTHH-
KOBBIE, CY/IOBBbIC U aBHAI[IOHHBIE HAOMIONIEHNS), TaKhe Kak « HOPBEKCKHUI MPOEKT 10 TOJISIPHBIM [IUKIIOHAM)
(1983-1985) u IPY-THORPEX (2008). Ha coBpemeHHOM dTarie pa3BUTHs YUCICHHBIX MOJIEIeH IIPOrHO3a MOo-
TO/lbl ¥ CUCTEM YCBOEHUS JaHHBIX MOJIPHbIE IIUKJIOHBI BCE €€ OCTAIOTCS BBI30BOM JJISl IPOrHO3UPOBAHUS,
HECMOTpsI Ha IIPOTPeCC B CUCTEMaX JUCTAHIIMOHHOIO 30H/IUPOBAHMS, TOBBIIIEHUE TPOCTPAHCTBEHHOTO pa3pe-
LIEHUs MOJIeJICH ¥ BBEJICHNE aHCaMOJIEBBIX IPOTHO30B.

Cy1miecTByeT HeCKOJIBKO MEXaHH3MOB BOSHUKHOBEHHS MTOJSIPHBIX LIMKIOHOB. B 00miem ciyyae juist ux 3a-
pOXIeHus TpeOyeTcs aJBeKIMs XOJIOJHOTO BO3/IyXa Ha CBOOOIHYIO OTO Jiba MOBEPXHOCTH MOpsi. Henocpen-
CTBEHHBIM TOJYKOM, IPUBOJSIIUM K 3apOXKICHUIO MOJISPHOIO IIUKIIOHA, SIBJISETCS B3aUMOJICHCTBHE BEpXHe-
TponocgepHOil aHOMaJIMK NOTEHIMAJIBHOTO BUXPS C HU3KOYPOBHEBOW 30HOW 0apOKIMHHOCTH. B e€ kauecTBe
MOYKET BBICTYIIATh KPOMKa JIbJla, MEJIKUH apKTHYECKHH (DPOHT WIM OCTATOYHAs OKKIIIO3MsI 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 HA3bIBAJIM «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 MTOTyYa-
FOT SHEPTHIO 32 CYET KOHBEKTUBHOTO MTOTOKA TEIUTA, BhI3BaHHOTO BeTpoM (wind-induced surface heat exchange,
WISHE).

B naHHOM pabore wuCHONB3yeTcss pervoHajbHAs HErHAPOCTaTHYECKas CUCTEMa MPOTHO3a ITOTOJIbI
COSMO-Ru, B Hacrositiee BpeMs sIBIISIIOIIAsCSt 0a30BOi B onepaTnBHOHN mpakTrke Pocrunpomera (PuBuz u
ap., 2015). JInst BeIsSBIIEHUS ClIy4daeB MOJSPHBIX [IUKJIOHOB UCIOJIB30BAJIUCH ONEPATUBHBIE IPOTHO3BI I MO-
nemu COSMO-RUENA (Europe — North Asia, EBporia — CeBeprast A3ust). Illar ceTku 310l MOZIEIH COCTaBIIS-
et 13,2 kM, 007aCTh MHTETPUPOBAHUS IOKPHIBAET BCIO TEPPUTOPHUIO EBPOITBI, 3HAYUTENIFHYIO YaCTh KOHTHHEH-
TalbHOM Tepputopuu Azuu (3a uckioueHueM VHauu, peruoHoB 1kHOro Kuras u 10ro-BoCcTouHON A3un),
yacTh akBaTopuil Amiantuueckoro, Tuxoro u CeepHoro JIenqoBUTOro okeaHoB, BKJItodas pailoH CeBepHOro
nojroca. Pacuérel BegyTcst Ha CETKE CO CJIBUHYTBIMU MOJIIOCAMH.

OCHOBHBIMHU (hOPMaJIBHBIMH KPUTEPHSIMH BBISBIICHHS ITOJISIPHBIX IMKJIIOHOB HaJl akBaropusiMu bapeHiieBa
n Kapckoro Mopeii ObUTH JMHEHHBIE pa3Mepbl HAOMIOaeMbIX OapUUECKHX JICTIPECCUIl U BHICOKHE 3HAYCHUS
CKopocTH BeTpa Ha BbicoTe 10 MeTpoB, npessimatomue 15 m/c. [1o aTuM KpuTepusiM ObUTH BBIJICIICHBI CITyYan
MIPOXOKICHUS TIOJIAPHBIX IIMKJIOHOB Haj akBaropusimu I pennanackoro, bapenneso u Kapckoro Mopeii B nepu-
012013-2016 rr. Hexotopsle 3 ciyuaeB Obutn Oosiee eTaibHO IPOMOJICINPOBAHBI HAa CETKAX C JIYUIINM pas-
peIIeHUEM.

Jls noBeIIeHNs JeTaau3aluy UCIOIb30BajICsd METO BIIOKEHHBIX CETOK. Pe3ynbTaTel MOEIMPOBaHUS HA
ceTke ¢ 1maroM 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, 3aBUCSILUX OT TPACKTOPUH ABMKEHUU
TIOJISIPHBIX LIUKJIOHOB.

Pesynbrarhbl pacuéToB CpaBHUBAINCH C JAHHBIMU CETH METEOPOJIOTMYECKUX HAOMIONCHUI U CITy THUKOBBI-
MH CHHMKaMH, IOJYYEHHBIMU C TIOMOIIbIo crekrpopaanomerpa MODIS (Moderate-Resolution Imaging
Spectroradiometer). CpaBHeHue moka3biBaceT, 4to Mojaeinb 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; Hukutun u ap., 2015).

Puc. 1. lonoxkeHne LWTOPM-TPEKOB NOMIAPHOIO LIMKMOHA,
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)

g umccnenoBaHus MEXaHU3MOB 3apOKICHHSI TOISAPHBIX IIMKJIOHOB OBLT MPOBEAEH P SKCIIEPUMEHTOB
Ha 9yBCTBUTENbHOCTh (Huxutun u np., 2016). B mepBoii rpyrine YuCIeHHBIX SKCIIEPIMEHTOB BapbUPOBANIacCh
MIPOCTPAHCTBEHHAS CTPYKTYpa JIEASHOTO ITOKPOBa. B mepBoM 3KcIieprMeHTe JIeASHONW MTOKPOB HUCKYCCTBEHHO
yHnuToxancs. [Iporsos craproBan NpuMEpHO 3a CyTKH 10 00pa30BaHus MOSIPHOTO IUKIOHA. B 3TOoM 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 BCSI aKBATOPHS IOMEHA UCKYCCTBEHHO MOKPBIBAJIACH JIHJIOM TONIIUHOM 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 BBIMOJIHEHHBIX 9KCIIEPUMEHTOB MOKHO MPEANONIOKUTD, YTO TPUTTEPOM, «CITYCKOBBIM
KPIOYKOMY» POXKIIEHUS MOJIIPHOTO IUKJIOHA, MOCIY)KUJIa BEPTHKAIbHAS TepMOJUHAMHUYECKasl CTPYKTypa art-
Mocdephl B TaHHOM perroHe. OHa 00aaeT onpenesiEHHON HHEPIUCH U TPOIOIDKACT JCHCTBOBATh, HECMOTPS
Ha pe3Koe U3MEHEHHE XapaKTEPUCTHK MOJCTUIIAIOIIEH TOBEPXHOCTH B HAYaJIbHBIX JAHHBIX YHCIECHHBIX IKCIIE-
pumenToB. OJHAKO OMPEACISTIONUM (HaKTOPOM AABHEHIIIETO pa3BUTHS 0APUYCCKOTO 0Opa30BAHUS SBISICTCS
HaJIM4Me OTKPBITOI BOIHOM MOBEPXHOCTH.

Bo BTOpOIi rpymme SKCIepUMEHTOB aHAIM3UPOBAJIOCH BIMSIHUE CIZIOYEHHOCTH JIbJIa Ha PA3BUTHE 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, fuist yuéra MenKuX onpeaeEHHbIN MTPOLIEHT sSUeeK B 00JIacTH 3a1aBaJl-
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 [iaBneHue, NpUBeAEHHOE K YPOBHIO MopA, nporHo3 oT 12 UTC 25 Mapra
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 bapeHueBom 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, npuBeSEHHOE K YpoBHIO Mops. [Tpo-
rHo3 o1 00 UTC 25 mapta 2014 roga no Mogenn COSMO-RuUBKS (cneBa — Ha 11 yacos, cnpaBa — Ha 32 yaca).

[TosTOoMy B TpeTheil rpymie SKCIEPUMEHTOB CKOPOCTh BETpa MEKAY M300apHUECKUMHU MTOBEPXHOCTIMHU
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 MPOBOAMIUCH 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 @enepanuy BBIIOIHEHO THAPOJMHAMUYECKOE MOIEIUPOBAHHE 1€TAIN3UPOBAH-

HBIX TI0JICH METEOPOJIOTMYECKHX AIeMEHTOB 3a rocienuue 30 siet (Juist pernona o. CaxalliH U aKBaTo-

pur OXOTCKOTO MOpsI) C TIOMOIIbI0O PETHOHAIBHOM ME30MaclITa0HOW HETHAPOCTaTHYECKOW MOJEIN
armocdepsr (COSMO-CLM) ¢ npocTpaHcTBeHHBIM pa3peniernem ~13, ~6 u ~2 kM. OCHOBHOH 11eJ1b10 CO3/1a-
HUSI apXMBA SBUJIACH MEPCIIEKTHBA HCCIIEIOBAHNS CTATUCTUYECKNX XapaKTEPUCTHK M (PU3MUECKUX MEXaHW3-
MOB (pOPMHPOBaHUS IKCTPEMAIILHBIX COOBITHII (B MEPBYIO 04Yepe/ib, CKOPOCTEH BeTpa) Ha MPOCTPAHCTBEHHO-
BPEMEHHBIX MacITadax, NPUHIMIIHAIBGHO YITyUIIAOIUX JaHHbIe peaHain3oB. [lomyueHne neraansupoBaH-
HOW METEOpPOJIOTNIECKOM HHPOPMALIMK Ba)KHO TaKXKe TIOTOMY, YTO [TO3BOJISICT SIBHBIM 00pa3oM yuecTb KoH]pH-
TYPaIHIo MOPCKOTO ITOOEPEXbsl U OCTPOBOB, TOPHBIE CUCTEMBI 1 JIpyrHe Me30MacIuTabHbIe 0COOCHHOCTH O/
CTHJIAIONIEH MTOBEPXHOCTH. B naHHO# paboTe npeyioxkeHa 1 0TpadoTaHa [yIsl JUINTEIbHBIX YUCICHHbIX SKCIIe-
PUMEHTOB TEXHOJIOT U Ay HCKEHIIMHTA C TPeMs IT0CIIE0BaTeIbHBIMHU «BJIOKEHHBIMH CETKaMMN», TIPEJICTABICHO
OITMCAaHUE NPUMEHEHHO! BBIYMCIUTEIEHON TEXHOJIIOTHH ¥ IPUBEICHBI PE3YJIbTaThl BEpUPHUKAIMH TTOJTyYSHHO-
TO apXUBa, a TAaKXkKe MePBbIE OLIEHKH PAcUETOB 3KCTPEMANIBHBIX CKOPOCTEH BeTpa.

B pesynbrare pacuéToB ObUTH TOJIyYEHBI aDXUBBI THAPOMETEOPOJIOTHYECKON HHPOPMALINH C IPOCTPAHCT-
BEHHBIM pa3zpelieHueM ~13 kM, ~6 kM 3a nepuon 1985 — 2014 rr., u, U1t OTAEABHBIX SKCTPEMANIBHBIX CIy4aeB,
C pasperIeHueM ~2 KM, IIPUYEM PEe3ylIbTaThl KaXX10T0 3KCIEPHMEHTa NPEICTABIISIIN COOO0M TaKkKe CTapTOBBIH
apXMB YISl TOCIIEYIOIEr0 MOJICIMPOBaHHs 00JIee BEICOKOTO pa3peieHusl.

B kadecTBe OCHOBHOTO MHCTPYMEHTA CO3/IaHMsI MHOTOJIETHETO MacCMBa METEOpoJIorniyeckoii nadopma-
LMK BBICOKOTO paspeleHus Obiia BeiOpaHa Heruapocrarnueckas mopenb COSMO-CLM (Bepcus 5.0). Ot1o
KIIMMaTH4ecKasi BEpCHsl pernoHabHON Me3omaciuradbnoi monenn COSMO [1], pazpabarsiBaemast OIHOUMEH-
HbIM KoHcoprmymoM (Consortium for Small-scale Modeling), BkitoyaronmM B cedsi HalMOHAIBHBIE CITYKOBbI
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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 CTaHJapTHOW KOH(UIypanuu: cxeMa UHTETPUPOBAHUS 110
BpemeHHu PyHre-KyTTh! ¢ paciieri€éHHbIM MOAABICHUEM aKyCTUYECKUX U IPABUTAI[IOHHBIX BOJIH U YUCJIEHHON
anmpoKcuManueld TOpU30HTAIBHON a/IBEKIIMK 5-TO MOpPs/IKa; BKIOYEHHBIMU anuddy3ueli CMaroppuHCKoro u
«CHEKTpaJIbHBIM Ha/DKMHroM». Cxema napaMerpusanny paananuu Purrepa-XKuneiina (Ritter-Geleyn) ocHo-
BaHAa Ha JIBYXIIOTOKOBOW BEPCUH ypaBHEHUS PaHallMOHHOTO IIEPEHOCca; NapaMeTpu3alisl 0CaJAKoB OMHUCHIBAET
JIBJI0- U TPafioo0pa3oBaHue B 00IaKax M BKIIOYACT SIBHOE BOCIIPOM3BEICHUE NITyOOKOH KOHBEKIINH; BIaXKHAS 1
Melikasi KoHBeKLus nmapamerpusyercsi cxemod Tuarke (Tiedtke) moroka Macchl ¢ paBHOBECHBIM 3aMBIKAHHEM
(ucnonp3oBaack Mpu pacuérax Ha pa3peuieHun ~2,2 KM); TypOyJIeHTHOCTh onuchiBaeTcst oqHoMepHoi TKE —
CXEMOH 3aMbIKaHUsA 2,5 Mopsaka; cXxema MnapaMeTpU3aluy NepeHoca B IPU3EMHOM €JI0€, OCHOBaHHAs Ha UC-
T10JIb30BaHUH YPAaBHEHUS JJIsl TypOYJICHTHON KHHETHUYECKOM SHEPTUH, BKIIIOYAET OITMCAHKUE ITPOIIECCOB B JIAMH-
HapHO-TYpOYJICHTHOM CJIO€ IIepoxoBarocTu. bosee nmoapoOHOe onrcaHne MoAEI MOYKHO HATH Ha CTPaHHLIE
ee nokymeHnTaimu [http://www.cosmo-model.org/content/model/documentation/core/default.htm].

B pesynbrare MoneupoBaHus ObUIM HOJTyYEHBI IeTaIU3UPOBAHHBIE TTOJIS (METOJIOM «BJIOYKEHHBIX CETOKY,
C TOPU3OHTANILHBIMU pa3pemenusivu 13,2, 6,6 n 2,2 km) 6onee 20 METEOPOIOrHUECKUX JIEMEHTOB 32 TTOCIIe/I-
Hue Tpuauats jet (1985 — 2014 rr.) ¢ IUCKPeTHOCThIO apXUBUPYEMBIX JaHHBIX Mo BpeMeHu | yac. IlepBona-
YaJIbHO LIEN CTaHAaPTHBIM MOJIEJIBHBIN PAacy€T 10 JaHHBIM peaHalin3a Ha 00J1acTh C CaMbIM I'PYOBIM pa3peliie-
nueM (13,2 km). 3aTeM 3TH JaHHBIE HCIOJIB30BAINCH B KQYECTBE HAYAIBHBIX M I'PAaHUYHBIX YCIIOBUH JJIsI MH-
TEPIOJIALUU U JJANbHEHIINX MOJENBHBIX PACUETOB HAa JOMEHE C IIaroM ceTku 6,6 kM. OHM, B CBOIO OUYepe/ib,
MIPE/CTABIUTN CO00I HavYaIbHBIC M IPaHUYHbIC YCIIOBHS JUIsl 001acTH ¢ paspenieHueM 2,2 kM. Pacu€rel o 00-
J1acTH 2,2 KM IPOBOJIMIIUCH TOJIBKO IS 15 IpeBapuTeIbHO OTOOPaHHBIX CIIy4aeB SKCTPEMalIbHBIX CKOPOCTEH
Berpa 3a 30-yeTHuii mepuos (cM. Tabi. 2).

[IpaxkTruyeckas peann3anusi JaHHON BBIYHCIUTEIBHON CXEMbI OCYLIECTBISUIACH HA HECKOJBKO MECSIIEB
(o1 3 — 4 MecsueB /10 TOf1a), TOBTOPSSICH JUIS KaXJI0T0 Trojia. Takast MpoJIoyDKUTEIbHOCTD IPUMEHSIIAch U3-3a
OIpaHMYEHUH BBIYMCIIUTEIBHBIX PECYPCOB U 00BEMOB XpaHEHHs JaHHBIX, @ TAK)KE TEXHUYECKHX PHCKOB «00-
PYLICHHSD» KOMITBIOTEPHOTO SKCIIEPUMEHTA [TPU HEMPEPHIBHOM CUeTe Ha OoJiee MPOJoIKUTENIbHBIE HHTEPBAJIbI
BpeMeHH. OnHcaHHas TEXHOJOTHs ObUIa peajn30oBaHa IPH MOMOIIM BeIYMCIUTENbHON cucteMbl SGI Altix
4700 B I'maBHOM BBIUMCIUTENBHOM LieHTpe Pocrunpomera Poccun. 111 0CHOBHBIX pacuéToB 30-1€THEro nepu-
0712 Ha KJlacTepe ¢ MMKOBOH Mpon3BoauTeNIbHOCTBIO 35 Tdurornc npu ncrons3oBannu 288 saep ObLIO HCHOINB-
30BaHO ~2400 4acoB MPOIECCOPHOTO BPEMEHH, YTO SKBUBaJIeHTHO 100 THSIM HENPEpBIBHON PaOOTHI.

Ha puc. 1 u B Tabin. | nmpuBeneHbl KapThl TPAHUI] HCIIOJIB30BAHHBIX PACYETHBIX JOMEHOB U MX OCHOBHBIC
XapaKkTepUCTUKH. BaxxHbIM pakTopoM mpu BeIOOpe KOHGHUrypauu odinacTu ¢ pa3pemenueM 13,2 kM mnociy-
KHJ yueT ocoOeHHocTel arMocdepHoil nnpKyssiuuy Hax JansHeBoCcTOYHBIM pernoHoM. Obnacts 6,6 kM (6a-
30Bast ISl CO3/1aBAEMOT0 apXHBa) JIMIIb HEMHOTO MEHbIe JjoMeHa 13,2 KM, B OCHOBHOM 3a CUET COKpaIeHUs
akBaropuii Tuxoro okeana u SInonckoro mops. Koudurypanus obiactu ¢ paspemennem 2,2 kM 00ycIlioBIeHa
TEM, YTO OCHOBHOH 3afaueil pacy€ToB Ha TOM pa3peLICHUU SIBJIAJIOCH JETaJbHOE MOAEIMPOBAHUE BKCTPE-
MaJIbHBIX SIBICHUH K CEBEPO-BOCTOKY OT 0. CaxasuH.

Taodu. 1. OcHOBHbIE XapaAKTEPUCTUKH PACYETHBHIX IOMEHOB

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

[1IupoTa cMemEHHOro NoMoca 60’ c.1m. 60’ c.um. 60° c.um.

OO1miee KOIMYIECTBO TOUEK 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)
[ar uHTErpUpoOBaHUs 10 BPEMEHH, CEK 120 60 20

Uucno MoenbHBIX yPOBHEH B aTMOChepe 40 40 50

Uucno MOZeNbHBIX YPOBHEH B ITOUBE 9 9 9

BaxHoii 3a1aucii ObLTO CpaBHCHHE PE3YJIBTATOB ME30MACIITAOHOTO AyHCKEHINHTA C TaHHBIMU METCOPO-
JIOTHYCCKUX CTaHIIUN HAOIIOMaTeIbHOM ceTr Pocruapomera ¢ 1ebio OIICHKH Ka4eCTBa BOCIIPOU3BEACHHUS MO-
JIENIBI0 OCHOBHBIX METEOPOJIOTHYECKHUX MTapaMeTPOB — B IIEPBYIO OUEPElb, B COOTBETCTBUH C MOCTABICHHBIMU
MPaKTUYECKUMU 3a/1auaMH, CKOPOCTH BETpa.

Jlannble HaOnropenuii mo PoccuiickuM craHimsM ObLH moydeHs! U3 6a3bl nanHbix PI'BY «'mapomer-
ueHTp Poccumny, Takke UCIONB30BATUCH TaHHBIC apXUBa BeO-caiita «Pacnucanue moroasn (Www.rpS.ru). st
TOTO, YTOOBI MMPEUMYIIECTBEHHO OLICHMBATh Ka4€CTBO PAOOTHI MOJENHU AJIsl HPUOPEKHBIX TEPPUTOPHA, ObLTH
0TOOpaHBI METEOPOJIOTMUCCKUE CTAHIIMU, PACIIONIOKECHHBIC Ha paccTosiHud He Oomee 100 kM oT Oepera u Ha
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N‘cheldomalnsi?rllz, 6.8, 2.2 km resolution P"c. 1. HapTa pacno_ BBICOTE, HE HpeBLIIHaIOIIleﬁ 500 M HaJ YpPOBHEM

= T
4 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 ro/1a [0 OCHOBHBIM Mapame-
TpaM — IIPU3EMHOHN TeMIeparype, CKOpOCTH BETpa 1
MOpBIBaM BETpa — IOKa3aja BIIOJIHE Y/IOBIECTBOPH-
e TeJIbHBIE pe3yJbTarbl. Tak, I TeMIepaTrypsl cpel-
=¥ Hss ommOka cocrasuna nopsaaka 0,5 'C, B To Bpems
. 7D ) KaK CTaHJapTHOE OTKJIOHEHHE OMIMOOK IOCTHIajio
A 2-3 °C, npuuém Goblme 3HAYEHUs OUIMOOK Xapak-
. TEPHBI JUISl NIEPEXOHBIX CE30HOB (BECHA U OCCHB).
12 1% 1aE TSI 60T TOE 1TSE CKOpPOCThL BETpa MOJIEIh 3aBHINAET BO BHYTPEHHUX
paiionax octposa u marepuka, CKO cocTaBuia oko-
70 2 M/c, TaKXkKe C MAaKCHMYMOM B IIEPEXOHBIC CE30HBI; CPEIHSS OIMOKA HE MPEBBIIIaNa ASCATHIX T0JeH M/c.
CBs13aHO 3T0, 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 MOJEh BOCTIPOM3BETA 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.
[Tpn 3TOM OBIIO TIOKAa3aHO, YTO CTATHCTHUYECKH 3HAYMMOTO YMEHBIICHHS OMIMOOK 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 aDCOIMIOTHOM OOJIBIIMHCTBE CIIy9IaeB OMINOKN CPEeHEH CKOPOCTH U TIOPHIBOB 3HAYMMO COKpa-
IIAIOTCSI TIPH TIEPEeXo/ie K pa3perieHnto 2,2 KM, B TEMIIEpaType 3TO MPOSBISETCS B MEHbIIEH cTeneHn. Takum
00pa3om, B IIEJIOM MOKHO YTBEPKAATh, YTO MOZEIb C IPUMEPHO OJMHAKOBBIM Kau€CTBOM BOCHPON3BOINT KaK
«(oHOBYI0» BHYTPHCE30HHYIO H3MEHUYMBOCTH METEOPOJIOTHYECKUX BEJINUNH, TAK U UX JJUHAMHKY B YCIIOBHSAX
9KCTPEMAIILHO BEICOKHMX CKOPOCTEH BETpa.

54°N

Ta6a. 2. [IaTsl 3KCTPpeMATBLHBIX CHHONTHYECKUX CUTYanHii B pernone OX0TCKOro Mopsi ¥ 3HaYeHHsI 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 274 25,3 28,7
9 11.01.2000 28,3 29,3 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 |6.03.2014 24,9 24,8 26,8

[IpuBenéunsie B Tabm. 2 cirydam HaubOollee SKCTPEMAIBHBIX CKOPOCTEH BeTpa OTOMpAaIHCh MO BCEMY
30-meTHEMY MaccWBy WH(MOPMALUH, IIPH ITOM HCIIONB30BAJICS TaK HA3BIBACMBIA MPHUHIUI «HE3aBHUCHMBIX
mTOpMOBY [6, 7], T.e. TpeOOBAIIOCH, YTOOBI MEKIY BRIOMPACMBIMH 3KCTPEMyMaMH OBLITO He MeHee 3-X CYTOK,
YTOOBI HCKJITFOYHUTH TIOTIAIaHUE B UTOTOBYIO BEIOOPKY SKCTPEMYMOB, CBSI3aHHBIX C OHO U TOM K€ CHHOIITHYE-
CKOM cUTyaluei.

CHHONITHYECKHE 0COOCHHOCTH, IIPUBOAUBIIIE K SKCTPEMAIEHBIM CKOPOCTSIM BETPa, 00YCIIOBICHBI CHITh-
HBIM TEPMHYCCKUM TPAJTUECHTOM MEKIY KOHTHHEHTAIBHBIM BO3IYXOM BOCTOYHOW EBpasum m MOpCKUM yme-
PEHHBIM BO31yX0M HaJ Tuxum okeaHoM U OXOTCKUM MOPEM B 3UMHHUX YCJIOBHUSX. DTO MPUBOAMIIO K AKTUBHOM
OUKJIOHUYECKOU ACATEIBHOCTH Ha IOJIIPHOM U apKTUYeCcKOM (hpoHTax HaJ akBaropueit OXOTCKOTo 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) nabironanocsh GopMUPOBAHKE IMKIOHA
Haj [Ipumopckum kpaeM 60 Hal SIMOHCKMM MopeM. 3aTeM IPOUCXOIHIIa €r0 HHTEHCU(HUKALMS, U CMellle-
HHe K 0. CaxaJIuH ero IeHTPaJIbHON WIN I0JKHOW 9acTH, B 3aBUCUMOCTH OT TpaekTtopuu (puc.2). Jlanee Buxpb
nepecekan o. CaxanuH U BIXoam1 B OXoTckoe Mope. 3/1eCh OOBIYHO BHOBB IPOUCXOIMIIO 3HAUNTENIBHOE YCHU-
JIEHUE CKOPOCTEH BeTpa Ha BOCTOYHOM Mobepekbe CaxannHa (B ThUTY IUKIOHA). JJTUTeNbHOCTh M MHTEHCUB-
HOCTb 9KCTPEMAJILHOM CHUTYallM 3aBHUCST OT MPOJOJDKUTEIBHOCTH CTA[MOHMPOBAHUS 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 ObUIN CBSI3aHbI C IPOHUKHOBEHUEM YK€ Pa3BUTOrO HHTEHCUBHOTO 11U~
ki10Ha ¢ Tuxoro okeana nmb6o yepes noyoctpoB Kamuarka, miubo uepes octpoa Kypuibckoit rpsiabl, WM HO-
cJie MPOXOXKIEHUS Yepe3 0cTpoBa AMOHCKOro apxuresnara, B IepByI0 ouepe/ip, 0. X0KKaiino. Jlanee, HUKIOHBI,
YIIyONISIsCh, JOCTATOUHO OBICTPO (MEHEE CYTOK) MepeceKasid akBaTropuio OXOTCKOro MOPSI U MTPUOIHKATIUCH K
0. Caxanus (puc. 3). Jnst TaHHOW TPYMITBI CUTYalMi ObIIIM XapakTepHbI MeHee TIIyOOKHe, HO TIPH ATOM OoJiee
OOIIMPHBIC ITUKJIOHBI.

CrienianbHOE CpaBHEHUE BOCIIPOU3BEACHHS 3TUX SKCTPEMAIIbHBIX CHHOITUYECKUX CUTYallUi Ha pa3iiny-
HBIX TOPU30HTAIILHBIX Pa3pPELICHHSIX TI0Ka3aJI0, YTO TP FTOPU3OHTAILHOM pa3peleHnt 2,2 KM MOoJI0CYaToCTh 1
ISITHUCTOCTH TOJICH MPOSIBIISIETCS sipUe, & MAKCUMYM CKOPOCTH BETpa, KaK NPaBHUJIO, HEMHOTO YBEJIUUUBAJICS
(o 2 — 3 m/c). B nmonapsironieM OOJBIIMHCTBE CITyYaeB 9TO MPUBOJUIO K 3aMETHOMY YMEHBIICHHIO OIIHMOOK
BOCITPOM3BEICHUS CPEJHEH CKOPOCTH BETPa M MOPBIBOB. B TO e BpeMs, 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 YITyUIlICHUs] PE3yJIbTaToOB, B TO BpeMsl Kak Ha CyOKHIOMETPOBOM Mac-
nIrade sSIBHOE pa3pelieHue NTyO0OKO KOHBEKITHH 1 00Jice IeTalbHOE OlMcaHue penbeda, KOHPUryparuu moode-
PEXbsl U XapaKTEPUCTHK TypOYJIEHTHOTO JABMKEHHS ITO3BOJISICT 3aMETHO YJIYUIINTh Ka4€CTBO BOCIIPOM3BEC-
HUS OKCTPEMaJIbHBIX CKOPOCTEH BETpa B PU3EMHOM CJIO€.

B pesynbrare mpoBenéHHON padOThl 0TPAO0TaHA TEXHOJIOTHS CO3IaHUSI MHOTOJICTHIX apXUBOB THIPOME-
TEOPOJIOTMYEeCKON MH(pOPMAIIMU BHICOKOTO pa3pelieH s ¢ MpuMeHeHneM Mezomacradnoi mogenu COSMO-
CLM wu MeTona tayHCKeHIMHTa. DTa TEXHOJIOIUsl, ¢ YYETOM aJlanTalii MOJEIH U KOHKPETHBIX 3a/1a4, MOXKET
OBITh MCIOJIb30BaHA JIJIsl PA3IMYHBIX PernoHoB Poccuu 1 3eMHOTO 11apa.

ITo pesysabraram pacu€ToB IpoBe/ieHa Bepru(pHUKalUs MOJYyYeHHOI0 MacCuBa Ha OCHOBE JIaHHBIX CTaHIIU-
OHHBIX HAOJIONEHNH, KOTOPasi [TO3BOJIMIIA ClIENIATh BBIBOJ] O TOM, YTO MCIOJIb30BaHHBIN METO/I ay HCKEHIIMHTa C
npumeHeHrneM Moaenun COSMO-CLM aznekBaTHO BOCHPOHM3BEN KaK METECOPONIOTHYESCKUH PEeXUM aKBaTOPUHU
OXOTCKOTO MOpSsI, TAK U CUTYallM1 YKCTPEMaJIbHBIX CKOPOCTeH BeTpa y nodepexbs CaxannHa. BbisBieHsl 3a-
BUCHMOCTH Ka4yecTBa BOCIPOW3BEICHHSI ME30MACIITA0HBIX 0COOCHHOCTEH aTMOC(EPHOM LUPKYISALUHI OT To-
PHU30HTAJIBHOTO pa3pelieHust MOJeIH. B 4acTHOCTH, MOKa3aHO, YTO WCIIOIB30BAaHHE Pa3pelieHust ~6 KM He
JAET CYIIECTBEHHOTO YIIyUIIEHUS M0 CPABHEHUIO C pa3peiieHueM ~13 KM, B TO BpeMsi Kak paspeiieHue ~2,2 KM
obecrieurBaeT yinydllleHHe KauecTBa. Takke 110 JaHHBIM apXHBa ITPOBECH CHHONTHYECKUI aHaIU3 CUTYaluH,
COMPOBOKIAIOIIUXCS AKCTPEMALHBIMUA CKOPOCTSIMU BETPA, BBISBICHBI OCHOBHBIE THIIbI, OIAronpusTCTBYIO-
M€ UX BOZHUKHOBEHHUIO.

[TonyueHHBII MAaCCHB JITAaHHBIX BBICOKOTO MPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pElICHUs SIBISIETCS HECOM-
HEHHBIM TIOJICTIOPbEM ISl JalbHEHIINX HCCIIENOBaHUN (U3MYECKHX MEXaHHW3MOB (POPMHUPOBaHHS IKCTpe-
MaJIbHBIX [TOTOJIHBIX SBJICHUH pa3IMyHOro I'eHe3Kca 1 MaciTada, aHajin3a KayecTBa BOCIIPOM3BEACHUS THAPO-
METEOPOJIOTHYECKHX IT0JIeH, UX CTATUCTHUECKUX OLICHOK, MHOTOJIETHUX TPEHJIOB B JIAaHHOM PErHOHE, a TAKKe
UCIIOJIb30BaHMUS ATOM MH(OPMAIIMHU [UIs 33184 TTIO{POOHOI OLICHKH 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 SIBIISETCS MOJSIPHBIN CTpaToc(epHbIii BUXPh - CTPYIHOE TEUSHNE CO CKOPOCTSIMU BETpa, MPEBBIIIAI0-
v 100 m/c, pacmonoxxerroe okoio ypoBHs 10 rlla (Holton, 2004). [TnaneTapHBIe BOTHBI, BOSHHKAIOIINE B
Tponocdepe U pacnpoCTPAHSIONINECS BEPTUKAIBLHO, BBI3BIBAIOT HCKaKEHUS (DOPMBI OJISIPHOTO BUXPS U / WITH
ero cMeeHue. [Ipu cuiIbHOM BOJTHOBOM aKTHBHOCTH MOXKET IIPON3OUTH TIOJIHOE pa3pylIeHHE ITOISPHOTO BUX-
PS ¥ pa3BOPOT CPEIHET0 30HAILHOTO BETpa B cTparocdepe ¢ 3amagHoro Ha BoctouHblit. [Ipn aTom cTparocdep-
HBII BO3/lyX W3 CPEJHMX IIUPOT MPOHHUKAET B MOJISIPHBIE IUPOTHI, YTO TIPUBOIUT K OBICTPOMY POCTY TEMIIepa-
Typhl Ha 25-50" K. [Tono6Has cuTyalus Ha3bIBaeTCs BHE3AMHBIM cTpatochepHbiM noternenuem (BCIT).

Pazmnuaror maxkopusie 1 MuHopHble BCII, nmpu maxxoproM BCII cpennuil 30HaNbHBIN BETEP B CTPATOC-
dbepe Ha 60° c.11. CTAHOBUTCS BOCTOYHBIM, IPOMCXOIUT Pa3pylieHne HOIIpHOro Buxpsi. [Ipu munopaom BCIT
HaOJIIONAIOTCS 3HAYMTEIIbHBIE MCKAKCHHS IIOJSIPHOTO BUXPS, HO Pa3pyIICHHs HE [POUCXOOHT, Betep Ha 60°
c.m1. ocyiabeBaeT, HO He pa3zBopaunBaercs. Yactora Bo3HHKHOBeHHs MaxopHbIX BCII o maHHbIM peaHanmmsa
nipumepHo 6 pas 3a 10 sret (Charlton A., Polvani L., 2007).

B cnty usmenstronierocst pexxnuma pacrpocTpaHeHHs IIIaHETAPHBIX BOJIH, KOTOPBIE EPECTAIOT IIPOHUKATh
B cTparocdepy Hocie pa3BopoTa cpeHero 1oiaroTHoro Berpa, BCII oka3pIBaloT BIUsIHUE HA JUHAMHKY TPO-
rocepbl Ha BpeMEHHBIX MacITabax OT HECKOJIBbKHX JTHEH 10 ce3oHa. JlaHHbIi addekT ncciemyercs B 00b-
IIOM KOJIMYEeCTBE PabOT OTEUECTBEHHBIX U 3apyOekHBIX aBTopoB (bopoBko, Kpymuaraukos, 2009; Baprus,
Mensenesa, 2015; Baldwin et al., 2003; Perlwitz, Harnik, 2004; Kolstad et al. 2010 u apyrux). Bonpmoi Hay4-
HBII MHTEpEC MPEICTaBIIET Bopoc o npeackazyemoctd BCII monensimu o01meit mupkynsiun armMocgepsl. B
paborax 1o 3T0i TeMe, B OCHOBHOM, HCCIIEyeTCsl CTaTUCTHYECKAs IPEJCKAa3yeMOCTh Ha CE30HHOM M KIIMMAaTH-
yeckoM BpeMeHHOM Maciutabe (Baprun, Bomoans, 2016; Charlton et al., 2007, Sun et al., 2012).

B nmannoi#l paboTe mcciemyercsl yCIemHOCTh AeTePMUHUCTHUECKOTO TPOrHO3a AMHAMUKHU TTOJISIPHOTO
cTpatochepHOro BUXPs MOToAk! robansHor Moaeibio arMochepsl [TJIAB (Toncreix, 2010), koTOpas sBiIsICT-
Cs1 OCHOBHBIM METOZIOM II00AJIBHOTO CPEHECPOYHOT0 IPOrHo3a noroasl B ['napomernentpe Poccnn. Menons-
3yeTcs MHOroMacrabuas Bepenst momesn [IJIAB (Tonctsix u ap., 2015) ¢ pasperiennem o ropuzonTamu 0,9
x 0,72° u 60 ypoBHeii 110 BEPTHKAJIN, BEPXHSISI TPaHuIla MOEIBHON arMocdepsl Ha yposHe 0,5 rIla (oxomo 53
kM). 13 60 BepTHKAIBHBIX YPOBHEH BBIIIE TPOIIONAY3bl HAXOAATCs 17 (3 U3 HUX - B HIDKHEW YacTH CTpaToIay-
3b1). Mconesyercst Bepcus monenu [1IJIAB ¢ ruOpugHoit curma-p koopanHaroi mo Beprukanu (ILamkus n
ap., 2017), TOBEpXHOCTH KOTOPOH COBIAAIOT C N300apHYCCKUMH BBIIIE TPOIIONAY 3Bl

NMOCTAHOBKA 3KCMNEPUMEHTA U PE3YJIbTATDI

Bbuin paccunTaHbl cepuu MPOrHo30B norojsl Ha 15 qHeit ot 1-31 suBaps 2014, 2015 u 2016 ronos. B ka-
YEeCTBE HayaJbHbIX JAHHBIX MCIOJIb30BAJIMCh ONepaTuBHbIe aHanu3bl [uapomeruentpa Poccun. B mepuon,
MOKPBIBAEMBIN TPOrHO3aMU cepuu He nonanaoT Maxopusie BCII, onqnako nonanaer 4 munopusix BCII (5
stuBapst 2015, 1 despans 2016, 2 dpespans 2014, 27 siuBaps 2015).
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BakHoli XapaKTepUCTHUKOH, WLTIOCTPUPYIOIICH CUTYaIMIO B MOJSIPHOI cTparocdepe, sBISIETCS BBICOTA
n3obapugeckoif mosepxHoctu 10 rlla (H10). Koppensun anomanuii mporuosa H10 o monenu ITJIAB u pea-
Hanmu3a ERA-Interim oTHOocuTenbHO KiTMMara npescTapieHsl Ha Puc. 1. [opu3oHTaIbHBIMU JIMHUSAME 0003Ha-
yeHb! ypoBHU Koppensauu 0,8 u 0,6 yCI0BHO OTAENAIONHNE "BEICOKOTOUHBIE" IPOTHO3HI OT "Moje3HbIX" U "1o-
ne3ubie” ot "Oecnone3nbix” (cM. Bauer et al., 2015; mactarienue o [1o0aapHO# cucTeMe 00pabOTKH JTaHHBIX
U TMPOTHO3UpOBanHus http.//library.wmo.int/pmb_ged/wmo_485-vl _ru.pdf). BepTukanbHbic TUHUA 0003HAYA-
0T JIaThl HACTyIJIeHNns: MUHOPHBIX BCIL.

W3 93 paccmarpuBaembix nporuo3oB Mozenu [TJIAB oqun nmporHos nepecraet ObITh "mosie3HbM" (Koppe-
JISIUST aHOMAJTMI OTTyCKaeTcst Hrbke ypoBHst 0,6) Ha S5-e CyTKM TocCJie 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-¢ CyTKH mocie cTapra, emie mo 5 mporHo3oB
NepecTaroT ObITh ""BHICOKOTOYHBIMU" Ha 6-¢ U 7-¢ CyTKH OT ctapTa. 50% MporHo30B NepecTaroT ObITH "BBICOKO-
TouHbIMU" TIOCHE 10-X CYyTOK OT cTapra.

Takum 00pazoM, Kpome eIMHUYHBIX Cly4aeB, Nporuo3sl Mmojeiu [IJIAB ocratores "mone3nsivMu” ipu 3a-
0JarOBPEeMEHHOCTH 7 CYTOK, TIpu 3ToM Oosiee 80% MPOrHO30B MOTYT CUMTAThCS "BBICOKOTOUHBIMU". MOXKHO
c/ienarh BBIBOJ, YTO JMHAMHKA TOJIIPHOTO CTPAaTOC(HEpPHOro BUXPS YCIEIIHO MPEICKa3bIBACTCS MOIECIBIO
[TJIAB Ha 7 cyTOK, 4TO MPEBBIIIAET CPOK JETEPMHUHUCTUUECKO MTPEACKa3yeMOCTH OOJIBITHHCTBA METEOPOIIO-
THYECKHX XapaKTepHCTHK B Tpornocdepe. JlaHHBINH BBIBOJ TAaKKe MOATBEPKIACTCSI IPU PACCMOTPEHUH HOPM
OIMOOK 1 TIOKa3aresel yCnenmHoCTH MPOrHo3a APYTUX MoJeH.

WHTepec mpeacTaBisieT HaJeKHOCTh MTPOorHo3a Mozessio [IJIAB cuimbHBIX BO3MYIIIEHHH MOJIIPHOTO CTpa-
tocdepHoro Buxps (B Tom unciie BCII). PaccMorpenue 4 momo0HBIX CITydacs, BBIMABIIMX HA ATkl IPOTHO30B,
TOBOPHUT O TOM, 4TO Mozienb [TJIAB ¢ BbICOKOH TOYHOCTBIO IO BpEMEHH U MPOCTPAHCTRY MPEICKa3bIBaeT MOje
BETPa U CTPYKTYPY BO3MYIICHUI MUHHUMYM 3a 7 CYTOK, UYTO MOJATBEPKIACT BBIBOJ, MOTYUCHHBINH U3 aHAIN3a
nokaszaresieil ycrenHocTr nporuo3a. Makt ocnabieHus 1 / WM pa3BopoTa CPEJHEro J0JITOTHOTO BETpa npei-
ckasbiBaercst Mmozenbio [TJIAB 3a 10-11 cyTok, HO MpH 3TOM OH MOXET OBITh CIIPOTHO3UPOBaH Ha 1-2 cyTOK
pasbliie, yeM HaOmiomaincs B peanbHOCTU. IIpu 3TOM, B MOMEHT, KOIIa peanbHBI BETEp pa3BopaunBaeTcs,
CTPYKTypa ToJIei BeTpa U BBICOT N300apUIECKUX TTOBEPXHOCTEH B MPOTHO3€ MPUXOAUT B KAY€CTBEHHOE COOT-
BETCTBHE C pealbHbIMU MOJsIMH. JaHHBIH (akT BuaeH Ha Puc. 1 - B MOMeHT HacTymuieHust MuHOpHOTo BCIT
(0003Ha4YEHBI BEPTUKAILHBIMU JINHUSIMH ), KPUBBIE KOPPEIISIIIMK aHOMAJIMH POTHO30B, CTApTOBABIIMX 3a 9-12
CYTOK JIO 9TOr0, 00pa3yIoT JIOKaIbHbIe MaKCUMYMBI. [IprmMepsl mporHozoB MuHopHbix BCIT mozensio [TJTIAB
npuBeaeHs! Ha Puc. 2, 3.

2014 Crnemyer oOpaTuTh BHIMaHHE HA €IIE OIHY

— 0COOEHHOCTB MPOTHO30B 110 AaHHOI BEpCHU MO-
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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
notenneHuna 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 ana 2 ¢espans
2016 ropa. NpueeneH nporHo3 mogenu J1AB

Ha 10 cyTok.
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YECTBEHHO BOCIIPOU3BOIAT 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 npozpamimol Ne§ ghyroamenmansvrvix ucciedosanuil npesuduyma 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@mihi-ras.ru

BBEOEHUE

BropskeHne XonoiHBIX BO3AYIIHBIX Macc B arMocdepy HaJ UepHbIM MOpeM depe3 CeBEpHYIO I'paHu-
11y peruoHa siBJIsIeTCS OIHUM M3 SKCTPEMaJIbHBIX ITOTOIHBIX SIBICHUI B OCEHHE-3UMHUH 11eproj. CKopocTh Be-
Tpa npu 3ToM aocturaer 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 TeTIa Yepe3 MOBEPXHOCTh Mops, focturatomum 700 — 800 Br/m” (Edumos u ap., 2014).
Takoe 3HaYNTENLHOE BBIXOJIAJKUBAHUE BHI3BIBAET OBICTPOE MOHIKEHUE TEMITEPaTyphl TIOBEPXHOCTH MOPSI, a B
OCEHHMH MEPUOJL YacTO MPUBOAUT K (POPMHUPOBAHUIO KPYITHOMACHITAOHBIX XOJIOIHBIX aHOMAJIMH TeMIepary-
pol, nocturaomux 4 — 5 °C, BcaeacTBUe BOBIGUEHHS XOIOIHON Boabl n3 TepMokanHa (Edumos u ap., 2014).
Bo Bcex cityuasix BTOp’KEHHE XOJIOHBIX BO3AYIIHBIX MacC B UepHOMOPCKUIT pernoH CONpOBOXKAAETCS Pa3BU-
THEM KOHBEKTUBHOM OOJIAYHOCTH HaJl MOPEM, ITPUYEM pa3Mepbl 00IauHbIX CTPYKTYP CYIIECTBEHHO yBEINYH-
BaIOTCs 110 MEpe yaieHus oT HaBeTpeHHoro Oepera (puc. 1). [Ipu GmmxaiitemM paccMOTPEHNH CITy THUKOBBIX
CHMMKOB OOHapy>KMBAaeTCsl, YTO I0je OOJaYHOCTH COCTOMT B OCHOBHOM M3 HEPErYJSIPHBIX KOHBEKTHBHBIX
SIUEEK, HO MOKHO TaKKe BBIJICIUTH BBITSHYTHIE 110 HAIPABJICHUIO BETPA KOPOTKHE BAJIUKU.

B nanno#i pabote nccienyeTcs XxapakTepHbIi cilydaid BTOPKEHHsI XOJIOAHOTO BO3ayXa Hajl YepHbIM Mo-
pem, nmeBmi Mecto B sitHBape 2010 1. (puc. 1) [Ipu nomomm armocdepuoii monenu WRF-ARW 6blna Bocnpo-
M3BEJIeHa MHTEHCUBHAsL KOHBEKIMs Haa MopeM 25 stuBapst 2010 . ¥ IpoBeieHO CpaBHEHUE PE3YIILTATOB MOJE-
JIMPOBAHMS C JOCTYITHBIMH JJAHHBIMU HaOr0AeHUH. {7151 BepH(UKaIny HCIIONB30BAIMCh CITy THUKOBBIE JIAHHBIC
00 obnaunoctu (cnekrpopaguomerp MODIS Ha cniytHuke Terra), Temneparype BepXHeH rpaHHIbI 00JaKoB
(panmomerp AATSR Ha criytHuKe Envisat) v yaenabHOW BiaxHocTH (paauomerp AMSR-E Ha criyTHUKE Aqua).
[To pesynbraTraM MOIEIUPOBAaHHS HAMHU OBUIM YHCICHHO M3YyY€HBI CTPYKTYpa arMOC(EepHOro MOrpaHnYHOTO
ciost (AIIC) Bo BpeMsi XOJIOJJHOI'O BTOPXKCHUS, a TAKXKE ypaBHCHHE OanaHCa KOHBEKTHBHON KHHETHYCCKOM
sneprun (KK3) B AIIC. bpuin paccMOTpeHbl TpU OCHOBHBIX ciaraemMbix ypaBHeHuss KKD, a umenHo: pabora
CHJIBI TUTaBY4€CTH, KOHBEKTHBHBIN NIepeHOC U TypOyineHTHas auddy3usi.

XAPAKTEPHbIV CJTYYAIM XON10HOM0 BTOPYKEHMA 25 AHBAPA 2010 T
Tun KoHBeKLUn

PaccmoTpum, B KakoM Bujie Oblila BOCIIPON3BE/IeHa KOHBEKIIHS Hal MopeM B Mozieru WRFE. Jlist ool nienu
HCIOJb3YEM MOJIEJIBHBIE MOJISI TOTEHIHAIBHON TEMIIEPATy Pl U BEPTUKAIBHOM ckopocTu. M3BeCTHO, UTO CcTa-
LIMOHAPHAsl KOHBEKIIMSI MOXET MPONUCXOIUTD KK B BUJIE IByMEPHBIX BAJIMKOB, TAaK U B BUJIE TPEXMEPHBIX STUCEK
(Etling, Brown, 1993). B npupone Habmromarorcst 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,,,, Ip1 KOTOPOM OAMH THIT KOHBEKIIMH CMEHSETCS Ha IPYTOil, TOYHO
YCTAHOBUTH HE TIpejcTaBisieTcss Bo3MOXHbBIM. B padote (Etling, Brown, 1993) ykaszano, uro Banukn oopasy-
rorest pu —H/ Ly, < 5, staeviku ipu —H/ Ly, > 25, aipu 5 <—H/Ly,, < 25 UMeeT MecTo CMEIIaHHAS KOHBEKIIHS.

CormtacHo pe3ynsraram MozenupoBanus WRF otHomenue —H/Ly,, MEHsII0Ch OT ~25 B IPHOPEKHOM 001a-
ctu 10 30 Hag OTKPBITBEIM MOpPEM, T.e. —H/Ly;, O1IM3K0 K TEOPETHYECKOMY ITOPOrOBOMY 3HAYCHUIO, OTACIISIOIEMY
CMEIIAaHHYIO KOHBEKIMIO OT stuencToil. Takum 00pa3om, HaJl MOPEM NMPOUCXOAWIIA CMEIIaHHas KOHBEKIHS, HO
OCHOBHYIO pOJIb B KOHBEKTUBHOM [I€PEMELINBAHUN UTPAJT UIMEHHO siueiiki. MOXKHO cenaTh BBIBOJ, YTO MOJEIb
MIPaBHJIBHO BOCIIPOU3BENIA CTPYKTYPY KOHBEKIMH, HAOIIOaeMy0 Ha CITy THUKOBOM CHUMKe (pHc. 1).

Pa3smepbl Aveek

[IpoBepum Tenepb, HACKOIBKO MOAETH YAAJIOCh BOCIIPOU3BECTH Pa3Mephl KOHBEKTUBHBIX siueeK. BricoTy
KOHBEKTUBHBIX siueeK (110 CyTH, BBICOTY BEpXHEW TpaHuLbl 00s1akoB) H,,,s MOXKHO PacCUMTATh, 3HAs TEMIIEepa-
TYpY BEpXHEH IpaHuIlbl 00JIaKOB (110 CITyTHUKOBBIM JIaHHBIM) U BEPTUKAJIbHBIN MIPOQHIL TEMIIEPaTyphbl BO3IY-
xa (o mozenu WRF). UtoObl yCTaHOBUTb, KaK M3MEHSUIACH ITPU YJIAJICHUU OT Oepera BhICOTa BEpXHEH rpaHu-
bl 00J1aKOB, OBLI IPOBEAEH pa3pe3 BIOJIb OJHOM M3 00JIAYHBIX «IIEHoueK» (YepHas JuHus Ha puc. 1). Xors
BONIM3M Oepera, rjie 00JaKoB MEHbIIIE, YeM HaJl OTKPBITBIM MopeM (puc. 1), olleHKa MeHee JJ0CTOBEpHa, HO, TEM
HE MeHee, 10 JaHHBIM HaOII0IeHHi ObIJIO YCTaHOBJICHO, YTO BeJIHYHHA H.y , IPH yiaieHuu ot Oepera Bo3pa-
craja ot ~2 710 2,5 KM.

Onpenenum Teneps BhICOTY KOHBEKTHUBHBIX SY€€K, BOCIPOU3BECHHBIX B Mozienu WRE. Tlo pesyasraTtam
MOJITTUPOBAHNUS ObUIO YCTAaHOBIJIEHO, YTO BO3YX B KOHBEKTHBHBIX IIOTOKAX IMOJHUMAJICS BBIIIE BEpXHEH rpa-
Huwbl AIIC, npoHuKas B yCTOHYHBO cTparnuInpoBaHHYyI0 atMocdepy, U, TakuMm odpazoM, Haa ATIC pacno-
JIarajcst CJIo BOBJICUCHHSI, B KOTOPOM KOHBEKTHBHBIN MTOTOK TeIlia ObLI OTpHIaTeIcH. BbicoTa BepXHel rpa-
HUIIBI CJI0S BOBJICUCHHUsI cocTaBisuia 1,2 kv BOIM3u Oepera u 1,8 KM HaJl OTKPBITHIM MOPEM.

Takum 00pa3oM, MOJIEIIb XOTS U 3aHW)KAET BEPTHKAJIbHbIE MaclITa0bl sYeeK, HO, TEM HE MEHEEe, BEPHO
BOCITPOHM3BOJIUT OOHAPYKEHHOE MO CITyTHUKOBBIM JIaHHBIM Tpupanienue H,  Ha 0,5 — 0,6 KM npu yaajaeHun
OT NoOepexbs B OTKpbITOoe Mope. Hekotopoe 3anmxkenne H,,, 4, BOSMOXHO, CBSI3aHO C TIOIPEUIHOCTSIMH B Ha-
YaJIbHBIX YCIOBUAX TSI MOJETUPOBAHUS.

Kaxk ObLIO yCTaHOBIICHO IO CITyTHUKOBOMY CHUMKY 001auHOCTH (pHC. 1), FOpU30HTaIbHBIE pa3Mephl siue-
€K HaJl MOpEM YBeJIMUMBaIUCh OT 1 — 2 kM BONM3u Oepera 1o ~10 kM Ha pacctostuuu 300 kM oT Oepera. UToOb!
OLICHUTh TOPU30HTAJIbHBIN pa3Mep KOHBEKTUBHBIX JIBMIYKCHUI 10 pe3yJbTaraM MOJICINPOBaHUsI, ObIIIM paccuu-
TaHbl IPOCTPAHCTBEHHBIE CIIEKTPHI MOJIEH BEPTHKAILHOTO TIOTOKA BIIaru, Fy = p ¢ w, TA€ p — MIIOTHOCTD, ¢ —
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yAebHas BIaKHOCTh, W — BEPTHKAIbHAsA CKOPOCTh. [l ananu3a Ol BRIOpAaHBI MMEHHO HONS F, a HE W,
MMOCKOJIbKY BHYTPEHHHE TPABUTAIMOHHBIE BOJHBI BHOCST HCKaXKEHHS B CICKTPBI BEPTHUKAIBHON CKOPOCTH
BOim3u BepxHel rpanuibl AIIC. C 1enbio MpOBEpUTh, KAK U3MEHSIICS TOPU30HTAIBHBINA pa3Mep s4eeK MpH
yaaJieHHH OT Oepera, Ui CIICKTPaTbHOTO aHAJIN3a ObUIO BRIOPAHO JBE 00NacTH: BONM3U Oepera v HaJl OTKPBI-
ThIM MOpeM (pHuc. 1). Ha kaxaom ypoBHe z none 7, packjabiBanoch B IByMepHbiit psi Dypbe v 3aTeM onpesie-
JSUTIOCH pacripeie/ieHie BOJHOBOM DHEPIHU B 3aBUCHMOCTH OT MOJIYJISl BOJHOBOTO BekTopa. Kak okaszanocs,
MaKCUMYM TPHUXOUTCS Ha BOJHBI ¢ JyTMHaMK ~1,3 kM BOIM3u Oepera u ~2 KM HaJl OTKPHITBIM MopeM. UHTe-
PECHO OTMETHTh, 4TO PA3IHUHE MEXK/Yy MacIITa0aMu JIBUKEHUN HAJl MOPEM MTPAKTHUECKH OTCYTCTBYET BOIM3U
MMOBEPXHOCTHU U 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 rOpH30HTAIBHBINA pa3Mep BO3MYIIEHHUN COCTABIISI B
cpenrem 1,2 — 1,4 kM, 94TO XOPOIIIO COTIIACYETCS ¢ pa3MepaMy KOHBEKTHBHBIX sIUCEK, OTPEICTCHHBIMH 10 CITyT-
HUKOBOMY CHUMKY (puc. 1).

KuHeTuyeckan 3HepruA KOHBEKTUBHbIX nynbcauuﬁ

Oneprerndeckoii xapakrepuctuxoir AIIC sBisieTcs konBekTHBHaA KuHeTnueckas sueprus (KKJ), CKE =
(@™ + % + (W)/2 , Te ckobku { ) 03HAYAIOT OCPEIHEHNE TI0 OHOM 13 00JIacTell, BBIEIEHHBIX HA PHC. 1,
u uaTerpupoBanune 1o Beicote AIIC. Brio ycranosieno, uro KK3 mexny obnactsamu Ha puc. 1 paznugaercs
BCEro JIMIIb HA HECKOIBKO COTeH M/c’, a, YYUTBIBAs, 9TO paccTosHUE MEeXAy obmacTsmu ~200 KM, TOIydnM,
4TO MepuauoHanbHbIA rpaauent KKD Hesnauntenen u coctabnser ~10° m’/c’. Takum 06pa3zom, HecMOTps Ha
TO, UTO MOTOK TEIlIa OT MMOBEPXHOCTH IPH yAAJCHUN OT Oepera ymenbmaercs B 1,6 — 1,7 pasa 6amanc KKO B
HallIeM CIIydae OIpeAeIIieTCs IOKAIbHBIME ITPOLECCAaMH, a BIMSHUE YIaJIeHHBIX oOacteld Ha reHepamio KKO
Maro.

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

KK3 (Edumos, Sposas, 2014) nmeer Bux acag =B+4dv+D(1), rne B — m3menenne KKD 3a cuer Hammuust myib-
canuii JaBJIeHuUs ¥ padOTHI CHITBI IaBydecTH; Adv — n3menenne KKO 3a cuer ropn3oHTanbHOTO M BEPTHKAIb-
HOTO TIepeHoca, a Takxke reHepanus KKDO BeiencTBrue BepTHKANIBHOTO cBHUra (OHOBOI ckopocTH BeTpa; D —
typOynenTHas muddysus KKD. B namem cinydae unen B B ypaBnenn (1) ypaBHOBemHMBaeTcs IByMs JPYTHMHU
YIeHaMH ypaBHeHUs Oananca, Adv u D, 1 MrHOBeHHOE M3MeHeHue naterpanbioit KKO, takum oOpasom, He-
3HAYUTEIBHO.

Paccmorpum 6osee nozxpodHo cocrasistonye dananca KK3. CoracHo mpoBeIleHHBIM pacyeTam, BeJH-
YMHA B yMEHBIIAETCs IPH yAAIEHUH OT Oepera. ITO CBA3aHO C TEM, UTO B pe3yJbTare Mporpesa TeMIieparypa
MIPUIIOBEPXHOCTHOTO BO3/LyXa [0 MEPE paCIpOCTPAHEHUS HaJl MOPEM YBEJIMUHUBACTCSI, U3-3a YETO YMEHBIIAET-
Csl TIOTOK TEIUIA M, KaK CJIE/ICTBHE, pab0oTa CHJIBI IUTaBy4YecTH. Hanndne BaaukoB, BHITSHYTHIX B MEPUANOHAIb-
HOM HaIpaBICHUH, IIPUBOIUT K TOMY, 9TO B, OonbIue, 4eM B, (MHACKCHL X, ), Z 0003HAaYal0T COOTBETCTBEHHO
30HAJIbHYI0, MEPUANOHAIBHYIO U BEPTHUKAJIBLHYIO COCTABIISIONINE pAcCMaTpUBAEMON BEITMUHHBI).

Unen Adv npeacrasisiet co00i cymMMy ABYX BennuuH: nepeHoc KKD KOHBEKTHBHBIMU ITYIIbCAUSIMU CKO-
poctu u rerepanuto KKD 3a cuet casura cpenneil ckopoctu. CornacHo pe3yabraTaM MOAECIUPOBAHUS 3a CUET
BEPTUKAIBHOTO KOHBEKTUBHOTO Nepenoca npoucxoaut ymensiienue KKO B AIIC: wacte CKE. yxoaut yepes
BEPXHIOIO IpaHuIly norpann4Horo cios. ['enepanns KKO 3a cuet BepTHKaIBHOTO CABUra CKOPOCTU MPOUCXO-
JIUT B OCHOBHOM BOJIM3M TIOBEPXHOCTH, M OCYIIECTBISIETCS IPEUMYIIECTBEHHO 32 CUET C/IBUTA MEPUANOHAIb-
HOW CKOPOCTH, TIOCKOJIbKY B HAIIIEM CIIy4ae MEpHIHOHaIbHAs KOMIIOHEHTa CKOPOCTH BETpa OOJIbIIE 30HAb-
HOIL.

WHTEepecHO 0TMETHUTD, YTO 30HAJIbHAS COCTABIIIONIast TypOyseHTHOH anddy3un, D,, 1o MO0 OoIbIIe,
geM D,. DTo, cKopee BCEro, CBA3aHO C TEM, YTO, KaK yKa3hIBAJIOCh BEIIIE, KOHBEKIUA OCOOCHHO HAa HIKHHX
YPOBHSIX IPOUCXOAUT HE TOIBKO B BUJIE IYEEK, HO M B BUJIE BAJINKOB, BBITAHYTHIX B MEPUIUOHAIBHOM HAIPaB-
nenun. Takum 00pa3oM, Ha HWKHUX YPOBHSX 30HAJbHAS KOHBEKTHBHAsl CKOPOCTH 00nagaeT Oojipliel mpo-
CTPAaHCTBEHHOW M3MEHYMBOCTBIO, UeM MEPUAMOHAIIBHAS, YTO U yBenuuuBaeT auccunanuto CKE, mo cpaBHe-
nuio ¢ CKE,. Han oTKpeITBIM MOpeM TIpeBbluenne D, Hax 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 BepuUKaIys pe3yIbTaToB MOACTUPOBaHUs WRF ¢ UCIOJIb30BAHUEM HMEHOIIUXCS
CIIyTHHKOBBIX JaHHBIX 00 00JAYHOCTH U TEMIIepaType BEPXHEH IPaHHUIIbI 00JAKOB IS ABYX 00j1acTeil: BOIM3U
noOepexbs U HaJl OTKPHITEIM MopeM. COomacHO pe3yasTaTaM MOJSINPOBaHHUS 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 00HapyKeHO, YTO XOTsI BBICOTa BEPXHEW IPaHUIbl 00JIAKOB B MOJIe-
JIM 3aHIDKCHA, pupamieHue H,, Ha 0,5 — 0,6 KM HaJ MOpPEM MPH YIAJICHUH OT O0OEPEIKbsl BOCIPOHU3BEICHO
npaBwiIbHO. Kak 1mokasain crekTpaibHblid aHalu3, BOJIM3K Oepera ropu3oHTalIbHbIC pa3Mepbl BO3MYILEHUH B
MOJISIX BEPTUKAIBHOTO MOTOKA BIIArH XOPOIIO COMNIACYIOTCS C pa3MepaMu 00JIaKoB, OIPEACICHHBIMHU O CIIYT-
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HUKOBOMY CHUMKY. Kpome Toro, Mojens BOCIpOM3Belia YBEIMUCHHE TOPU3OHTAIBHBIX Pa3MepOB O00JIaYHBIX
siYeeK TPH yJlaJICHHH OT Oepera.

[To pe3ynbraramM MOAENINPOBAHUS OBUIN PACCMOTPEHBI OCHOBHBIE CiIaraeMble B ypaBHEHHH OajlaHca KOH-
BEKTHBHOW KMHETHUECKOH sHeprun. [ aBHyto posb B renepauun KKO urpanm pabora cun rpagueHTa aasie-
HUs ¥ 1u1aBydectd. Yobuts uaTerpaitsHoil KK B AIIC nponcxonuiia B paBHOM CTENeHH, Kak 3a cueT TypOy-
JICHTHOM AMCCUNALNN, TaK ¥ 32 CUET KOHBEKTUBHOM ajBeKIuy. CoracHo pe3yibraTaM MOJSIUPOBAHUS HAJH-
Yle BaJMKOB, BHITAHYTHIX B MEPUAMOHAILHOM HAIMPABJICHUH, IPUBEJIO K YMEHBIIEHUIO MEPUINOHATIBHBIX CO-
CTaBJISIOUIMX CHJI [UIABYYECTH U TpeHHUs1. Taknum o0pa3zoM, B paboTe BOCIIPOU3BEACHBI OCHOBHBIE CBOICTBA MO-
nei obnayHocTy, HabJogaeMble Hajl YepHBIM MOPEM BO BPEMsI XOJIOIHBIX BTOP)KEHNH (CMEIIaHHbBIH THIT KOH-
BEKIMH, BHICTPANBaHNE OOJIIAYHBIX «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 QPU3UMUECKOM MHTEPIPETALMN CITy THUKOBBIX JaHHBIX.

Puc. 1. XapaKTepHbli ciyyai BTOPHEHWA X0N0AHOM0 Bo3ayxa B YepHoMopckuii pervoH 25 auBapa 2010 r. bonbLuoi npaAmMo-
YrofbHWK 0603HaYaeT [OMEH C MPOCTPaHCTBEHHbIM paspeLteHreM 200 x 200 M. [1Ba MeHbLUMX NpAMOYrofibHWKa 0603Hava-
loT 0651acTu, ANA KOTOpbIX NPoBOAMNCA aHanu3 napameTpos AlC. YepHoit nuHWel NoKasaH pa3pes BAOSb 04HOM M3 0bay-
HbIX «Leno4vyex»
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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 3nmMon-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, TOCKOJIBKY T10
Kiaccuukanuyu BeceMupHOI opraHM3aliiy 37[paBOOXpaHEHUs] OH MPHU3HAH BEIIECTBOM | Kilacca OIacHOCTH.
TponocdepHbIif 030H y4acTBYET B OKMCIMTEIBHBIX PEAKIMSIX M OTHOCHTCS K HAPHUKOBBIM razam. OCHOBHas
Macca 030Ha COCpeZIoToueHa B cTpaTocdepe, Tie Ha BEICOTax B cpeaHeM oT 15 mo 30 kM HaOIomaeTcess MaKCcH-
MYM €ro COAEpKaHus — T.H. 030HOBBII CJIOH, omnpezerstomas GyHKIHs KOTOPOro — MOMIOIeHHe Onoornye-
CKH akTHBHOW Y® conHeuHol pamuanmu (dactnaHo Y®-B nuanaszon, momHocteio Y®-C). Haubonee wacto
yIoTpeOisieMol XapakTepHCTHKON 030Ha sIBIsieTcst oouiee conepkanre o3oHa (OCO) B eIMHUYHOM BEepTH-
KaJbHOM cTos10e arMocdepsl (n3mepsiercs B eqununax Jlodcona — en./l.), koropas, o cyTu, oTpaskaet u3me-
HEHHMS1 030HOBOTO CJIOS, I7IE COCPEIOTOUCHO, KaK MpaBmiio, oosee 90% ero BepTUKaILHOTO pacIipe/ieCHHs.

OCO npucyma cyiecTBeHHas IPOCTPAaHCTBEHHO-BPEMEHHAs U3MEHUUBOCTD. JlONIrOBPEMEHHbIE 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 SKBAaTOPHAIBLHOMN 30HBI, T/I€ TeHICHIIUH ObIIN HE TAKUMHU
SIBHBIMH) HaOxIronanoch ymenplenue 3HaueHnii OCO. Bmecre ¢ ooHapykeHueM B 70-x rogax AHTapKTHYE-
CKOM «O30HOBOM ABIPBD» 3TH MPOLECCH! CTAIN OBOAOM K BHEIPEHUIO CYILECTBEHHBIX MEP MO COKPAILEHHIO
AQHTPOIIOTCHHBIX BEIOPOCOB B aTMOC(epy, Npexe Bcero, xiopdropyrieBonoponos. B XXI B. TpeH/pl cMeHH-
JIUCh HA IPOTHBOIOJIOKHBIE, XOTA U ¢ MEHbLIEH aMIIIIUTYn0l. B HacTosIee BpeMst Ha MHOTHUX CTaHLIUSAX MUpa
siBHBIE TeHieHUnU u3MeHeHnii OCO oTCyTCTBYIOT.

KparkoBpemeHHbIe H3MEHEHHsT 030HOC(hephl (0T KIMMAaTHYECKON — CPEIHEMHOTOJICTHEH HOPMBI) TIPOSIB-
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 MOBepXHOCTH 3eMun (1o oneHkam BO3 mpu
YMEHBIIECHUH 030HOBOTO cJiosi Ha 1% motok Y panuanuu yBesmunsaercs Ha 2%).

Hawubosee yacTo 030HOBBIE aHOMAJIMU HAOIIOAAIOTCS B BHICOKHX IIUpOTax 00oux nomymapuid. Han An-
TapKTUKOH, HaunHAas ¢ 70-X roJ0B, €XKEroJHO MPOSBISAETCS BECEHHsSI aHOMANHs — T.H. «O30HOBas AbIpay, B
ycnoBusax kotopoil 3HaueHus OCO nagarot Huxe 220 ex.Jl. u ymensmatorcs Ha 70% oT HOpMBL. B BeICOKHX
muporax CeBepHOro Moymapysi 3Ha4YUTeJIbHbIE 030HOBBIC aHOMAJIMH HE 00J1aJal0T TaKOH PEryIIsPHOCTBIO U,
Yalre BCero, Ipy COBPEMEHHOM ypOBHE 3HaHUI HE MOTYT OBITh CIPOrHO3MpOBaHbL. Hanbosee n3BecTHbIN H1u-
301 PE3KOro COKpAIeHHs KOHIEHTpAaLUui 030Ha TyT npousomien B mapre 2011 r, xorna 030HOBast aHOMaIUs
HAKpbLIa MHOTHE I'yCTOHACEJICHHBIE PailOHbl, 8 XUMHUYECKOE Pa3pyLICHUE 030Ha JOCTUITIO PEKOPIHBIX 3HAYE-
HUH (110 pa3In4YHBIM OLeHKaM ~38%). DTo siBIEHHE CTaJI0 aOCONIOTHON HEOKUIAHHOCTBIO U1l BCETO MUpPa U
MOCITYKIJIO TIOBOJIOM K Pa3BUTHIO MHOTOUYHMCIICHHBIX UCCIIEA0BAaHUI MIPOLECCOB, IPOUCXOASAIINX B HOISIPHON
crparocgepe. B [1] ormeuaercs, 4To IepBONPHYNHON 3HAYUTENILHOM 030HOBOH anomanuu 2011 1. cTamu Heo-
ObIYHBIC METEOPOJIOTMYECKNE YCIOBHS B APKTHKE: KpailHe HU3KHE TeMIIepaTypbl U MOIIHBIN [UPKYMITOJISP-
ue1it BUXpb (LIIIB), a Takke orcyrcTBHE 00MEHa BO3IYXOM C 00jiee HU3KUMHU IMPOTaMu. B kadecTBe 0CHOBHO-
TO BBIBOJa YKa3bIBACTCsl, YTO B OyAyIIEeM BEJIMKA BEPOSITHOCTh BO3HUKHOBEHHS aHAJOTHYHBIX MM OOJBIIMX
norepb 030Ha B Apkruke. Takas cuTyalys, BHOBb HUKEM He NIPEJICKa3aHHasl, BOSHUKIIA B 3UMHE-BECEHHUH I1e-
puoxn 2015-2016 rr.

Jist ananmza ocodennocreil m3menenuii OCO UCIIOIb30BaINCh JaHHbIE OTEYECTBEHHOMH ceTH Halbroze-
HUH 32 COCTOSHUEM O30HOBOTO CJIOS, @ TAK)KE Pe3yNbTaThl €ro CIlyTHUKOBOIO MOHUTOPHHIA, KOTOpPBIE Ipe-
crasiensl Ha caiite WOUDC (World Ozone and Ultraviolet Data Centre: Attp.//www.woudc.org). JIns oneHku
METCOPOJIOTUICCKHUX YCIOBUH MPUMEHSUTUCh aaHHble peananm3a MERRA-2 (https://gmao.gsfc.nasa.gov/
reanalysis/MERRA-2/), a takxke pe3yiabrarbl MX 00paboTKH, npeacraBineHHsie Ha Ozonewatch (https://
ozonewatch.gsfc.nasa.gov/). BepruxaibHoe pacipesielieHHe METEOPOJIOTHYECKUX YCIIOBUI aHAIN3UPOBAIOCH
C UCIIONb30BaHNEM JaHHBIX paauo3onaupoBanus (http://weather.uwyo.edu/upperair/sounding.html). B xaue-
CTBE OLEHKU XMMUYECKOI0 pa3pyllIeHHsl 030Ha B APKTHKE HCIONB30BAINUCEH pacdyeTsl N0 3-D xumuko-TpaHc-
noptHo# Mozenu SAOZ (http://saoz.obs.uvsq.fr/). Ha puc. 1 npeacraBieHsl pacrpeneineH st 030HOBBIX aHOMa-
mmii mo CeBepHomy nosymapuro B 1 ksapraiie 2016 1. (o ganasiv WOUDC).
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Puc. 1 - N3meHumnBoCTb pacnpepenequs cpeaHecyTouHblx aHomanui 0CO (ea.[d.) Hag CeepHbiM nonywapuem ¢ 02.01.16
no 17.03.16 rr. yepe3 Kaxble 5 CyToK (HaHHble nonyyeHs ¢ canta WOUDC)

W3 mpeicTaBieHHOTO PUCYHKA BUIHO, 4TO MOHMKeHHbIEe 3HaueHnss OCO B BrICOKHX mupoTax 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 n Cubupu nonmkenssie 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 00cyxaatorcst B [3]. [TokazaHo, 4TO MpUYMHAME €€ TOSIBICHHSI CTANIH, TIPEKIE BCET0, TMHAMU-
yeckue, a He xuMuueckue ¢paxropsl. K 1 deBpainst «030HOBas MUHH-JIBIPay» MOJHOCTBIO 3aTSIHYNIACh, TEM HE
MEHee, MPaKTUYCCKH BECh MECSIl HaJl ceBepHBbIMU 001acTsimu Poccuu 3HaueHust OCO ObLIH HIDKE KITHMATHYC-
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 3HaUeHUssMH OCO, 1 1o pacderaMm Ha 0cHOBe 3-D XUMHUKO-TpaHCTOPTHOHN Mozenu SAOZ xuMuue-
CKHE ITOTEPU 030HA 32 3TOT CE30H COCTAaBMIN 28%, UTO SIBISETCS TPETHUM PE3YJIbTaTOM 32 BECh IEPHOJ CHCTe-
MaTH4eCKuX HabmoneHui B Apkruueckom perrone (2010/2011 — 38%, 1995/1996 — 30%). Ananu3 MeTeopo-
JIOTHYECKUX XapaKTePUCTHK TOKa3ajd, 4yTo 3uMoi-BecHOU 2015-2016 rr. B ApKTHKe, KaKk U B MPEIBITYIIINX
SMHU30/aX, CIIOKMINCH 0COOBIC YCIOBHSA TSI CYIIIECTBEHHOTO XMMHUYECKOTO Pa3pyIICHUS 030Ha.

Tak, Haunnas ¢ nexadpst 2015 r. apkruueckuii LITIB 6bu1 oueHb 1TyOOKHMM, a 3HAYECHHSI FEONOTEHIINATIA B
ero LeHTpe ObLIM HAMHOTO HIKEe 00BIYHBIX. ETo ycuieHue Takxke ObUIO CBSI3aHO C TE€M, YTO THXOOKEAHCKHUIM
cTparocepHbIii aHTHIMKIIOH C ATOTO Iepruoja ObUT 0ojee MHTEHCHBHBIM 110 CPABHEHHUIO C KJIMMaTHUECKOM
HOpMOMi. Ha puc. 2 mpenctaBieHo cpaBHEHHE H3MEHUNBOCTH XapakTepucTuk Apkrudeckoro I{I1B 3a 1 kBap-
tax 1996,2011 n 2016 .

U3 cpaBHenust puc. 2A-I" BUHO, 4TO yclioBUSI (POPMUPOBAHHST HAMOOJIBIINX XUMHUUECKUX TIOTEPh 030HA
Hasl CeBEepHBIM MOJIIOCOM B pacCMaTprUBacMble CE30HBI CYIIECTBEHHO OTIMYAIOTCS, UMEsl B TO K€ BpeMsi 00-
HIYIO 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. xapakrepusyercst
PCKOPIHO HU3KUMH TEMIIepaTypamu ctparochepsl — oHu HIke Temreparyp ce3ona 2010/2011 ., a Bech stH-
Bapb TeMIIEpaTypbl HIDKE Iopora o0pa3oBanus NoIsIpHbIX cTparochepubix oonakos (IICO) II poxa. [TogoOHas
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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) MMHMManbHasA TeMnepaTypa B nos-
ce 50-90° c.ww. (°C); b) cpeaHee 3HaueHne 0CO BHyTpu LNB (en.[.); B) cymMapHbiit 06bem M1CO | poaa (MAH. kMY); T) CyMMap-
Hblit 06beM 1CO Il poga (MnH.kM’). Cepas 061aCTb — MaKCMMarnbHbIe U MUHUMabHbIE 3HaYeHIUA XapaKTepPUCTHK 3a Nepuos
MoHuTOpUHra 1979-2015 rr., 6enan 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 CIIOKHIACh CUTYAIHs,
KOTOpAast MOTEHIINATIBHO MOTJIA IPUBECTH K HANOOJBIIMM XUMUYECKUM TIOTEPSIM 030Ha 32 BECh MEpHOJT HAaOI0-
JIEHUH.

W3 puc. 2A cremyert, 4To 3aMEJICHNUE PAa3pyIICHHUsT 030HA COCTOSUIOCH Oarofapsi MajoMy BHE3aITHOMY
cTparoc(hepHOMY MOTEIJICHUIO B KOHIIE STHBAPSI M TIOJIHOCTBIO OHO IPEKPATHIIOCH B PE3YyNbTaTe (MHAIBHOTO
cTpaTtochepHOro MOTEIUICHH B KOHIIE (peBpais — Hadale MapTta. FiMeHHO 3T0 coOpiTHe 5-6 MapTa 2016 T, KO-
TOpOE TIPUBEJIO K MTHOBEHHOMY paszaeineHuio Apkrudeckoro L[I1B u dakTudeckn ero paspymeHHio, cTaio
MIPUYUHON TOTO, YTO XMMHUYECKOE pa3pyIIeHHe 030HA 3uMoii-BecHOH 2015/2016 TT. cTamo MU TpEeThUM 3a
BCIO HCTOPHIO MOHUTOPHHTA COCTOSIHUS 030HOBOTO ci1os1. [TonpodHoe onvcanne puHaIbHOTO cTparochepHoro
norerureHus B CeBepHOM momymapuu ce3oHa 2015/2016 rr. mpuseneHo B [4].

Kpome ocobeHHOCTEH OKONOMONMSIPHOTO APKTHYSCKOTO BUXPS, B 1 kBapTane 2016 T. CTOUT Takke OTMe-
THUTBH COCTOSTHHE PsiJia IPYTUX XapaKTEePUCTHK, I3MEHIYMBOCTH KOTOPBIX TAK)KE MOIJIA OBIUSATH HA (POPMUPOBA-
HHUE 030HOBBIX aHOMAJIMH, B T.4. HaJa TeppuTopueil Poccnn, B 3ToT niepuon. B Teuenne Bcero 1 kBaprana Ha-
Giromanacsk 3amanHast (ha3za BETPOB KBA3UABYXJIETHETO KojieOaHus, mpn Kotopoi 3HaueHnss OCO MeHbIne HOp-
MBI, B cpefiHeM, Ha 6-8 % u 6onee. OcOOCHHOCTHIO OCPEIHEHHOTO IO TIPU3EMHOTO JIaBieHns B 1 kBaprae
2016 r. cTana cymecTBeHHAs aKTUBHOCTD IICHTPOB JICHCTBHSI aTMOC(EphL. 3a BECh pacCMaTPHUBAaEMBbIN TIEPHOI,
KaK aHTHIUKIOHNYECKUE, TaK W INKIOHWIECKNE [IEHTPhI TOKa3bIBAIN 3HAYUTEILHOE OTKIOHEHHUE TaBICHUS
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ot mmarndeckoir Hopmsl (10 10 rIla mo Momyiro). DTo MpUBENO K 3HAYUTENILHBIM BEJIMUMHAM HHJEKCOB 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 oOpaszom, ce3oH 2015/2016 rr. moaTBEpAMIT BHIBO, IPUBEACHHBIN B [1], 1 B Oymyinem BIOJHE Be-
POSATHO MOBTOPEHUE CYIIECTBEHHBIX 030HOBBIX AHOMAIUN B APKTHKE B 3MMHE-BECEHHUH NIEpUOJ.

Jumepamypa:

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
euoponozeus. 2016. Ne5. C. 122-128

3. Hukugoposa M.11., 3eseunyes A.M., Bapeun I1.H., Heanosa H.C., Jlykesinos A.H., Kysneyosa U.H.
Anomanvro HusKue yposHu 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

peaHanuza. DTU JaHHbIE MOTYT OBITh HCIOJIB30BaHbI KaK B ()yHJaMEHTAIBHBIX (HAaIlpUMep, nccieno-
BaHME KIMMaTHYECKUX OOpaTHBIX CBs3€), TaK U B NPUKIAIHBIX 3a/a4ax (pacueT MaKCUMaJIbHO BO3-
MOYKHOTO TIPOMEp3aHus TPYHTOB U T.21.). B HacTosiee Bpemst pa3paboTKoil peaHaIn30B, KOTOPbIE BKIIOYAET B
ce0sl CIOKHYIO TIPOLEypy ACCHMWIISILIMK U COIIACOBAHMS PA3HOPOAHBIX JaHHBIX (CTAaHIMOHHBIE, CYJOBBIC,
CITyTHUKOBBIC HaOJIIOJICHNS) 3aHNMAIOTCS] HECKOJIBKO HAay4HBIX IIEHTpoB. Hanbosee n3BecTHbIe apXUBHI JaH-
ueIxX peanannza: NCEP/NCAR - coBmectHbIi poekt Hanponansueix LienTpos Ipenckazanust Oxpyxaromieit
Cpenst (National Centers for Environmental Prediction) — NCEP u Haunonansaoro Llentpa M3yyenus Ar-
mocdepsr (National Center for Atmospheric Research) — NCAR[1], ERA — npoxyxr EBpomneiickoro nenTpa
cpearecpouHbix mporao3oB (ECMWF).[2] B mocnenHee BpeMsi akKTHBHO HCIIONB3YETCs JAHHBIC peaHaln3a
JRA-55, coznanHoro fInonckum Meteoponornueckum AreHTcTBoM (JMA), coBmectHo ¢ LlenTpansasiv Ha-
yuHO-HcclenoBarensekuM Mucturyrom Dnexrposnepreruku (CRIEPI) [3].
HecMoTpst Ha MOCTOSTHHOE COBEPIICHCTBOBAHME METOJ/Ia YCBOCHUS JIAaHHBIX, JaHHbIE pPeaHaIn3a UMEIOT
pa3HHUILy C HAOIIOACHUSIMU.

O JAHUM U3 COBPEMCEHHBIX METOJ0B B METCOPOJIOTMHU U KIIMMATOJIOTHUHU — ABJIACTCA UCIIOJIBb30BAHUC IoJen
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ISN38WSST Puc.1 ConocTasneHue aaHHbIX Habnioae-
HWIA TeMMNepaTypbl OBEPXHOCTU MOpSA U
[BYX peaHanun3oB: CM0LLHaA 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.1I., 38 3.71.) U3 apXHBOB:
ERA 20C u ERA Interim, a Taxoke JaHHbIC HAOIIOCHUI TeMIIEpaTypbl HOBEPXHOCTH TOJyYEHHBIE C TIOMOIIBIO
Oy npoexta PIRATA[4]. TlepBrlit moka3sIBacT 6osee CraXeHHYI0 (YHKIUIO, B IpyroM OoJbIIas W3MEHYHU-
BOCTb. DT0 00ycioBieHo TeM, uto peanain3 ERA 20C ucnons3yer 0ojee cTapbie METOIBI ACCUMILIAINH. Tem
HE MEHee, OH HEIUIOXO OMKMChIBACT (PYHKIIMIO TEMIIEPaTyphl IOBEPXHOCTH MOpsi. EcTecTBeHHO, Oosee Onn3kuit
XOJI TOKa3aJj Ipyroi peaHaans.

CTONUT OTMETHUTb, YTO 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 KOTOPOU HAXOAUTCS Oyii, B 00IIeM OMHOPOAHA. B 3TOi YacTu ATiIaHTH-
YECKOTO OKeaHa MPAKTHYECKH HET CYIIH, M He HaOJII0faeTCsl MOCTOSHHBIX TeueHUH. TakuM 00pa3oM, MOXKHO
OXHJIaTh, YTO MOKa3aHHAs OIMIMOKAa B BOCIPOM3BEICHUH TEMIIEPATyPhl OBEPXHOCTU OyJeT MPUOIU3UTEIHHO
OJTMTHAKOBA JIIst OOJIBIIIOTO PETHOHA.

Bbu1 npeuiokeH cieayronpi cnocodoB KOPPEKIMK Takoi ommnoOku: [laHHble peaHaan3a UCIONb3YIOTCS
KaKk TpaHUYHBbIC yCIIOBUS B peruonanbHoil Mmonenn WRF[S]. Temmneparypa moBepXHOCTH MOpsI, KOTOpasi Mc-
MOJB3YETCS B MOJICNN KaK HIKHEE TPAaHUYHOE YCIOBHUSA JUIS yPaBHEHUS NMPHUTOKA TeIia, KOPPEKTHPYETCs Ha
PasHHIly MEXTy JTaHHBIMU HaONIOACHUH 1 peaHan3a. YYUTHIBas TO, YTO BO3AYX HMEET MATYIO TEPMUYECKYIO
MHEPIHIO, MTPUCIIOCOOICHNE TIONIeH B pelIeHHe K HOBOW TeMIlepaType MOBEPXHOCTH MPOU30MIET B TEUCHUE
HECKOJIBKHX 4acoB. Taxo# crioco0 He MPUMEHNM I BCeX pernoHoB. HampumMep, ero mo moHATHBIX MPUYHHAM
HEITb3s1 UCTIOJIb30BaTh B 00JIACTH OKEAHCKUX ()POHTOB.

Bt poBeIeHO /1Ba SKCIEPUMEHTA IO BOCITPOU3BEACHUIO THAPOMETEOPOIIOTHUECKUX BETMYHH B TICPUOJT
c | saBaps no 23 Hoa6ps 2007 rox. IlepBhlii SKCIEPUMEHT HCIIOIB30BaN BBIIICONMUCAHHYIO KOPPEKIINIO, BTO-
poii mpoBoaMIIcs 0e3 KoppeKIun. [ opu3oHTaNbHOE paszpenienne Moaenu — S0 KM, BepTUKaabHoe — 27 ypOBHEH.

Puc.2 TeMnepaTypa NoBepXHOCTM 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
— [aHHble ¢ 6y, 2- faHHbIe MOAENMpPoBa-
HUA (6e3 KoppeKLuum), 3 — faHHble Mofe-
NMpoBaHuA (C KoppeKLuen)
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Ha puc.2 nokazana temneparypa noBepxHoct okeana (TIIO) mo OyiikoBBIM JTaHHBIM, a TaK)ke JaHHBIC
peananusa. BunHo, 4yTo, pa3HuIia MEXy 3HAYSHUSMH JOCTUTaeT 2-X rpaaycoB. O4eBHIHO, YTO TaKas pa3HUIA
B 3HAYCHUAX HUKHETO 'PAHUYHOTO YCJIOBUA NPUBEACT K pa3HUIIC B BOCIPOU3BCIACHUC TEMIIEPATYPhl BO31yXa
HaJl MOBEPXHOCTBIO BOJIBL. ['padyik 3TOi XapaKTepUCTHKHU MOKa3aH Ha pHc. (3) sBiseTcst Hanboliee HarIsTHBIM
— TIOJIyYCHHBIE JIaHHbIC C KOPPEKIMeH ONM3KHM K OYyHKOBBIM TaHHBIM. MUHHMalIbHAs Pa3HUIA MEXY HUMH —
nonu rpanyca (oxono 0,3), makcumanbHas — npuMmepHo 1,3 rpagyca. Takoe oroOpakeHue sSBIsIeTCsl IPUUUHOM
CUWJIBHOT'O B3aUMOJCICTBUS MEXKAY TEMIIEpaTypaMy IIOBEPXHOCTU U BO3LyXa.

MoXHO clienaTh CeIyIoNuil BBIBOJ: MPEATIOKEHHBIN B paboTe METO MOXKET OBITh YCIEIIHO MPUMEHEH
JUIsl 00NacTell OTKPHITOTO OKeaHa, B KOTOPBIX HE HAOMIOAaeTCsl OONIBIINX TOPU30HTAIBHBIX rpaaueHToB TT1O.
Ero ucnonp3oBaHue MO3BONSET YMEHBIINTH OIIMOKH peaHaln3a B BOCIIPOM3BEACHNUHN TEMIIEpaTyphl BO3yXa,
YTO MOJIOKHUTCIIBHO CKAXKCTCA Ha KQYCCTBC IMMPOTHO3UPOBAHUA METCOPOJIOTHUUCCKUX BEJIMYMH HAA MOACTHUIIAaI0-
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 Bourleés, 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 pPa3paboTKH cucTeM aHcambieBoro mporHosa (CAIT) BeICOKOTO pa3perieHus 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 aHcaMOiie. Mozeinn BEICOKOTO paspe-
LIEHUsI UCIIOJIB3YIOT Ooiee MoAPOOHBIH pebed, YTO TTO3BOJISAET NOITYYUTh IeTaIM3UPOBAHHBII IPOTHO3 U 1aeT
BO3MOYKHOCTbB OIHCATh MEJIKOMACIITaOHbIE JIOKAJIbHBIC SBICHHS IOro/bl (HalpuMep, TyMaH B JOJMHAX, 9BO-
JIFOIMIO 00JTAaYHOCTH HHYKHETO sIpyca).

Pabora 1o pa3BUTHIO CHCTEMBI ME30MAacIITa0HOTO aHCaMOJIEBOTO MTPOTHO3a MOro/s! B ['HIpoMeTneHTpe
Poccun Obita Hayara B 2012 1. B pamkax rpoektoB FROST (MexxayHaponHblil mpoekT BeemupHO# mporpaMmbl
Mmeteoponorunueckux uccienoBanuii (BIIMM) BMO) u CORSO (nmpuopuTeTHBIH NPOEKT KOHCOpIMyMa
COSMO), mocBsilIEHHBIX OpraHu3anuu MereoodecnedeHus: OIMMIUICKUX UIP M MCCIICIOBAHUIO METO/IOB
MIPOTHO3UPOBAHUS TIOTO/IBI B TOPHOI MecTHOCTH. PaboTa 110 JTaHHBIM ITPOEKTaM BBINOIHSIACH COBMECTHO pOC-
cuiickumu (I'mapomernentp Poccun) u nranbsackumu (ARPA-SIMC, Bononsst) yuensivu. [Ipn aTom Obim
noarorosnensl Ase CAII ms Tepputopun COUMHCKOTO peruoHa, ocHoBaHHbIe Ha Mogenu COSMO c pasperie-
nueM 7 u 2,2 xm. [TonpoOHOE onmcanue TEXHOJIOTUU aHCaMOJICBOTO IIPOTHO3MPOBAHMS, Pa3padOTaHHOM IS
obecrieyeHus mporaozamu 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 U Ha4YaJbHBIC YCIOBUS T'€HEPHUPYIOTCs Ha ocHOBE mporuo3oB COSMO-S14-EPS (CAIl,
coznanHas B ARPA-SIMC na ocHoBe uranbsiHckoil cucteMbl COSMO-LEPS nyTeMm ee «cMelieHus» ¢ Teppu-
topun EBporsl Ha pernon Coun; S14 — ab6pesuarypa ot Sochi2014). B 2013-2014 rr. nundopmanus, HeoOxo-
JuMas s TeHepaluy TPaHUYHbBIX YCJIOBUI, peryaspHo nocrynana Ha cepBep npoekra FROST-2014 ¢ guc-
KpeTHOCThIO | yac. OCHOBHBIE XapaKTEPUCTHKH aHCAMOJIEBOIM CHCTEMBI BBICOKOTO ITPOCTPAHCTBEHHOI'O pa3pe-
menust COSMO-Ru2-EPS u «marepunckoit» cucremst COSMO-S14-EPS npusenens! B Tabin. 1. Puc. 1 rpa-
¢uuecku neMoHcTpupyeT crocob popmuposanus 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
Paspemenue no ropu3oHTaIH (KM) 7 2,2

Paspemenue no BepTuka/n (OCHOBHbIE YPOBHH) 40 50

KonnuecTBo y3.10B ceTkn 365%307 172x132
3a0,1aroBpeMeHHOCTb IPOTHO3a (1) 72 48

KosmmuecTBo ancaM0JieBbIX peain3anuii 10 10

HauanbHplii MOoMeHT nporuo3a (uacst BCB) 00/12 00/12

HavaabHble 1 00KOBBIE TPaHUYHBIC YCJIOBUS

WuTtepnonsmus u3 0TOOpaHHBIX
CIelHaNbHBIM METOZIOM pean3a-

Murepnonsuus pesynbra
toB COSMO-S14-EPS

nuit ancam6st EBponeiickoro 1ieH-
Tpa CpeTHECPOUHBIX TIPOTHO30B
TIOTOJIbI

Bosmymenus moznesn Hcnonp3zoBanue 1ByX cxeM mnapa- HET
METpPHU3alui KOHBEKIMH (CTyuaii-
HBII BBIOODP) ¥ BO3MYIIICHHE Iapa-

METPOB CXEMBI TypOYyIEeHTHOCTH

Meroz pacyera KOHBEKIMH [Tapamerpusanus Berruucnsercs Henocpen-

CTBCHHO

[TomyueHHBIE BEPOSITHOCTHBIE IPOTHO3B! OBUIM BOCTPEOOBAHBI CHHONTUKAMH JUISI METEOPOIOTNIECKOTO
obecrieuennst Onmumnuansl B Coun M OCTAaTOYHO BHICOKO OLIEHEHBI (CyOBEKTHMBHAS OIEHKA 10 pe3yibTaTaM
orpoca 10 cCHHONTHKOB, JaromIast PEICTaBICHUE O KauecTBE IMPOrHO3a TeMIIepaTyphl, CKOPOCTH BETpPa, Ocal-
KOB, CBOEBPEMEHHOCTH MIPOTHO3a 1 KaueCcTBE ero npescrasieHus 1o mkaie 0-3, opu1a st COSMO-Ru2-EPS
pasHa 1,7).
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G i e paspeLuenua. 0bnactu uHTerpupoBa-
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s s Hma COSMO-S14-EPS n COSMO-Ru2-
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[ SR b
- FES -t
= | = ety [ 1
N | X e e e e e s
[ o =
g COSMO-RU2-EPS

COSMO-514.EPS

[IpenBapuTenbHble pe3yabTaThl aHaIU3a kadecTBa BocnpousseaeHus cucteMoit COSMO-Ru2-EPS psna
CllydaeB ITPpUMEYaTeIbHBIX MOTOAHBIX sBiIeHui B 2012-2014 rr. mpuBenens! B crarse [1]. Paspaborannas an-
camOrieBasi cCTeMa IPOJIEMOHCTPUPOBAIa BOSMOKHOCTH JICTAIM3AIMK M YTOYHEHHs OoJiee TpyObIX aHCcaM-
0JIeBBIX IPOTHO30B C Pa3penIeHHeM 7 KM JUIsl pa3lInuHbIX pACCMOTPEHHBIX CirydaeB. Bepuukanus mpor1o3os
TeMmIeparypsl Ha ypoBHe 2 M, BeinonHeHHas a1 cucteM COSMO-S14-EPS u COSMO-Ru2-EPS ¢ nomonisio
nakera VERSUS muist suBapsi-dhespans 2013 rona, mokasana ciaboe npenmyInecTso nocieauei. [lomyuennsie
Pe3yIBTaThl IO3BOJISIOT ceNaTh BEIBO, 4To TocTpoeHHass CAIT COSMO-Ru2-EPS okasanack ciocoOHOH 1mo-
CTaBJIATH MOJIE3HYI0 MH(OPMALUIO ISl KPATKOCPOYHOTO ITPOTHO3a MOro/ibl. bosree oOmmpHbIi aHamm3 kadect-
Ba IIPOTHO30B TEMIIEPATYPHI U IPYTUX METEOPOJIOrHIECKNX BEJIIMYMH, B YACTHOCTH OCAJIKOB, OBLT IPOBEACH B
2014-2015 rr. [2, 4] u moxTBEpIMIT ITPEUMYILIECTBO IIPOTHO30B aHCAMOJIEBO CHCTEMBI O0JIee BBICOKOTO pa3pe-
IICHUS.

W3BecTHOI mpobneMoii Me30MacTaOHBIX aHCAaMOJIEBBIX CHCTEM SIBIISICTCS! CIIMIIKOM CJIA0BI POCT pas-
Opoca B aHcaMOi1e (OIpeneIsIeMoro Kak CpeTHeKBaApaTHIeCKOe OTKIOHECHNE IPOTHO30B OT CPEAHETro I10 aH-
caMOITI0) C yBEJIMUCHHEM 3a0JIaroBpeMEHHOCTH IPOTHO30B 10 CPAaBHEHHIO C COOTBETCTBYIOIIMM POCTOM
OIIMOKY CPETHETO 10 aHCaMOII0. DTO 0OBIYHO 0OBSICHAETCSI HECIIOCOOHOCTHIO aHCaMOJIsl y4eCTh BCE BO3MOXK-
HbIe UCTOUHUKHU HEONPENEIEHHOCTH IPOTrHO30B. B 3TOM €BA3H, C LENbIO YIyUIlEeHHsI IPEICTABICHHS HEOPe-
JICIICHHOCTH IIPOTHO3a B pa3pab0OTaHHOW CUCTEME aHCaMOIeBOTO MPOTrHO3a, B 20142016 rT. OBUTH BBITIOTHEHBI
YHCJIEHHBIC 3KCIICPHUMEHTBI 110 HCIIOIb30BAHUIO B aHCAMOJIe METO/Ia CTOXaCTHYECKOTO BO3MYIICHHUS MTapaMe-
Tpu3yembIX (pusndeckux TeHaeHui (Stochastically Perturbed Parameterization Tendency scheme, cokpamien-
Ho SPPT). JlaHHBII METO/ UCTIONB3YETCS sl yUeTa HEONPEIeICHHOCTH, BO3HUKAIOIIECH 3a CUET MCIOJIb30Ba-
HUSI HECOBEPIIEHHON MOJIENN NMPOrHo3a. B kauecTBe rpaHUYHBIX U HAYAJIBHBIX JAHHBIX JUIS DKCIIEPUMEHTOB
HCHONB30BANNUCH apxuBHble AaHHble Coun-2014, 94To NO3BOJIMIO COMOCTABUTH PE3YNIBTATHI IKCIIEPUMEHTANb-
HBIX IIPOTHO30B C PE3YJIbTaTaMH ONEPATHBHBIX MPOTHO30B U3 apXMBa. AHAIN3 MOKAa3all, YTO UCIOJIb30BaHNE
SPPT npuBomuT IHIIs K HEOOJIBIIOMY POCTY pa3dpoca MPOrHO30B B aHCAMOJIEe 1 IPAKTUYECKN HE BIIHSCT Ha
CpeHHIA 110 aHCaMOITIO TTPOTHO3.

[Tomumo 3T0TO, Ha TEX K€ JaHHBIX B 2016 I. OBUTH NTPOBEICHBI SKCIIEPUMEHTHI C HCITOIB30BAaHUEM 00J1a-
CTel MHTETPUPOBAHNUS PA3TMYHOTO pa3Mepa (CM. pHC. 2) ISl OLICHKH BIMSHUS pa3Mepa 00J1acTH HHTETpUpPOBa-
HUSI Ha aHCaMOJIeBBIM TPOrHOo3. DKcnepuMeHThI Ha 1aHHbIX oT 00 ¥ BCB 6 1 22 deBpans 2014 1. (cimyuan dena
B IIPOTHO3UPYEMBIH NTEPHOJT) TTOKa3alH CYIIeCTBOBAaHNE TAKOTO BIMSHUS HA IIPOTHO3 Pa3IMuHBIX MOJIEH, Ipe-
JKJIe BCETO, Ha MPU3EMHBIX YPOBHSIX (CM. puc. 3).

Puc. 2. 06nacTti uHTerpupoBaHus:
A 1 — obnactb COSMO-Ru2-EPS, vncrnonb3oBaHHas B 0nepaTyBHbIX NPOrHO3ax
Bo BpeMaA Onumnuagbl Coun-2014 (nokasaHa KenTbIM LIBETOM);
s , il 2 — pacwwmpeHHan obnactb COSMO-Ru2-EPS, ucnonb3oBaHHasA B 3Kcnepu-
- (= MeHTax 2016 rona (noKkasaHa 3e/1eHbIM LiBETOM);
b i * 3 — o6nactb COSMO-S14-EPS (noka3aHa cepbiM LIBETOM).

= = = = [

[ockomeky marasie COSMO-S14-EPS, ncnonb30BaHHBIC B Ka9eCTBE HAYATbHBIX M TPAHUYHBIX YCIIOBHHA
s COSMO-Ru2-EPS, nmoctapnsumics Torpko Bo BpeMst Ommmvmuansl Coun-2014, BO3HHUKIIA TaKKe HEOOXOIH-
MOCTh B pa3pabOTKe HOBOTO METOfIa reHepalnu ancamoOisi. B 3Toil CBsI3H, a TakKe C MEeNbI0 HAXOKACHHS J10-
TTOJTHUTEIHHBIX BO3MOKHOCTEH BapbUPOBAHNS UCXONHBIX NaHHBIX B 2015-2016 TT. ObIIH TTpOBEIECHBI TIPEABA-
PpHUTETBHBIE AKCTIEPUMEHTHI 110 ananTanui Bepcu Mmogenst COSMO-RuUENA 13 ¢ marom 13 kM [3] k ucmions3o-
BaHUIO MaHHBIX TTobanpHON Momenu GFS (HammonanpHbIe TIGHTPBI IPOTHO30B OKpyskatomier cpenbl CIIA,
NCEP), a Takxe onepaTuBHON TII00aIbHOI criekTpanbHOi Moxenn ['mapomernentpa Poccun. Cremyer otme-
TUTB, 9T0 Mozeras COSMO He npucmocobIeHa Iy NCTIOTb30BaHMsI TOYBEHHBIX 1 IIOBEPXHOCTHBIX TaHHBIX U3
YIIOMSIHYTBIX MOJIeJIeH, BBUJIY YEr0 MO-MPEKHEMY COXPaHIETCsl HOTPEOHOCTh B MOTYUYSHUH ITUX JIAHHBIX U3
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pe3ynbTaToB TitobanpHOM Moxen Hemerkoit cirysx6561 moronst ICON. Tem He MeHee, monenrs COSMO-Ru crio-
coOHa MCTIONIB30BaTh JaHHBIE HA aTMOC(HEPHBIX YPOBHAX U3 YIOMSHYTHIX II00anbHBIX Moneneil. [Ipeasapu-
TENIbHBIE PE3YJIbTaThl OKAa3aJi JOCTATOYHO XOPOIIEe COIIACOBAaHNE PE3YIBTATOB IPOTHO30B C NCTIOIb30BaHM-
€M HaYaJbHBIX/TPaHUYHBIX TAHHBIX KaK I10 crieKTpaibHOi Moxenu [mapomernentpa Poccun T339L31, Tak u
o mozaenu GFS, ¢ oneparuBubiM nporaozoMm COSMO-RUENA 13, ocHOBaHHOM Ha MCIIOIB30BAHUN HAdalb-
HBIX/TPaHUYHBIX ycnoBuit u3 monenu ICON.

100- | 200- 350- 500- | 850-
Yposens, rlla 150 | 250 300 400 450 700 | 900 925 | 975 | 1000

Temneparypa
Cuuiia Betpa

Puc. 3. XapakTepucTvika pasnuuuii pasbpoca nonei TemMnepaTypbl U cUibl BETpa B aHcaMb1e Npy MHTErpupoBaHnUm no o6-
nactaMm 1 v 2. PasHbIMY LiBETaMM NOKa3aHa CTeneHb HabNioAaBLUMXCA PasNIMUMIA: CUHWIA — Pa3NIUUMA He 3aMeTHbI; 3eMeHbli
— HeboNbLUME Pa3/INUK; HeNTbI — 3aMeTHbIe Pa3fuyms B CTPYKTYpe, B OCHOBHOM Ha 60bLUMX 33671aroBpeMeHHOCTSX;
KpacHbII - 3HaUMTENbHbIE Pa3NYMSA, KaK B CTPYKTYpE, TaK 1 B 3HAUEHUAX; GUONETOBbIN — HaUbOSbLLME Pa3NUYMS

B nacrosmiee BpeMs HCCleIoBaHus M0 YBEIMISHHUIO pa3dopoca B aHcaMOIre (BO3MYIIEHHUs TapaMeTpr3a-
LU, UCIIOJIb30BAHUE HAYaJIbHBIX U OOKOBBIX I'PAHUYHBIX AaHHBIX M3 Pa3IMuHbIX MOJIEINeil, Ooliee akKypaTHoe
npumenenune SPPT) npomomxarorcst.
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Identification of coherent structures in the stratified
turbulent Couette flow

Dernov A.V., Mortikov E.V.

Lomonosov Moscow State University, Moscow, Russia
E-mail: dernovaw@gmail.com, evgeny.mortikov@gmail.com

low us to detect the existence of coherent structures. A. S. Monin and A. M. Yaglom [1] define a coherent
structure as non-random nonlinear steady superposition of the large-scale component of turbulence. At
present, the study of this phenomenon has received attention. Coherent structures play a significant role in the
transport processes of energy, momentum and matter within the atmospheric boundary layer [2]. One of the re-
markable features of the coherent structures observed in turbulent shear flows is that these structures are self-re-
generating. Though individual structures may break up or decay, their presence ensures the creation of subsequent
structures. It is through a continuous cycle of generation and regeneration that the turbulence is sustained [3].
Some of the well-known approaches are proposed to identify coherent structures. For this purpose, the
separation of the velocity gradient tensor {/v into a symmetric (strain rate tensor) S and an antisymmetric part
(the vorticity tensor) Q is used:

I E xperimental study of the atmospheric boundary layer, carried out using various measuring instruments, al-
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Vo=S+Q, S:%[Vv+(Vv)T], Q:%[Vv—(Vv)TJ,

the following are used as the main criteria for identifying such structures:
3 2
1) Q-criterion: [4]: Q:%QQV*\S\“), where |0 =#QQ"], S‘ =1[SST].
Vortex formations are defined as the flow region in which the inequality Q> 0 (the flow region in which the
norm of the vorticity tensor exceeds the norm of the strain rate tensor) is satisfied.

2) A-criterion [5]: A :(Qj N [detvv) .

3 2

Vortex formations are defined as the flow region in which the inequality A> 0 is satisfied (in this region the
velocity gradient tensor has complex eigenvalues). In the vortex region, the rotation (the antisymmetric part of
the velocity gradient tensor) dominates over tension or compression (the symmetric part of the velocity gradient
tensor).

In this paper, the neutral stratified turbulent Couette flow is considered. This regime is characterized by the
presence of secondary to small-scale turbulence ordered structures and is used for verification of methods. The
DNS (Direct Numerical Simulation) model, developed at the MSU MSU [6], is used. It is based on the finite-
difference discretization of the Navier-Stokes equations in the Boussinesq approximation on a rectangular grid.
For spatial approximation along axes parallel to movable plates, a scheme of the fourth order of accuracy,
proposed in [7], is applied. In the normal direction, the grid is uneven, the resolution increases near the walls,
and the discretization is limited to a second-order scheme [8]. The conservatism of spatial discretization in the
equation for the balance of kinetic energy is due to the fact that the nonlinear terms in the equation of motion
are written in a skew-symmetric form. In the model, the fractional step method is applied to integrate the
equations of motion with respect to the equation of continuity. To calculate the correction to pressure at each
step, the finite-difference Poisson equation is numerically solved using the stabilized method of bi-conjugate
gradients. The software implementation is based on three-dimensional spatial decomposition of the area and
the use of functions of the MPI library for organizing exchanges. To use additional parallelism between the
cores of one node, OpenMP technology is used. The numerical model allows calculations on grids with more
than 10° cells.

It is planned to consider how the studied structures are gradually modified under the influence of stable
stratification, to estimate the area of their possible identification using the methods mentioned above, depending
on the stratification parameters-the Richardson number. It is also proposed to evaluate the role of coherent
structures in maintaining turbulence. Calculations will be conducted on the multiprocessor computer system of
the Moscow State University.

NoeHTUPUMKaUMA KorepeHTHbIX CTPYKTYP
B CTPAaTUPMUMPOBAHHOM TypbyneHTHOM TeveHun KyaTTa

HepHos A.B., MopTukos E.B.

MocKoBcKui1 rocyaapcTBeHHbI yHuBepcuteT uM. M.B. JlomoHocoBa, MockBa, Poccua
E-mail: dernovaw@gmail.com, evgeny.mortikov@gmail.com

KCIIEPUMEHTAJIbHBIE HMCCIICIOBAaHHS aTMOC(EPHOro MOTrPaHUYHOTO CJIOS, IIPOBOANMBIE C MOMOIIBIO
Pa3IMYHBIX U3MEPHUTEIIBHBIX CPEJICTB, TO3BOJISTIOT OOHAPYKUTD CYIIECTBOBAHUE AETEPMUHUPOBAHHBIX
o0pazoBaHuii — KOrepeHTHbIX CTPYKTYp. A.C. Monun n A.M. fImom [1] onpenensiror KOrepeHTHyIo
CTPYKTYpPYy KakK HECIIy4alHy0 HEIMHEWHYIO YCTOWYHMBYIO CYNEPIIO3MLHUIO KPYIHOMACIITAOHBIX KOMITOHEHT
TypOyaeHTHOCTH. B HacTosiee BpeMst HCCIIeJOBAaHUIO ATOTO SBJICHUS YIeseTcs OBhIIeHHOe BHUMaHue. Ko-
TEPEHTHBIE CTPYKTYPhI UIPAIOT CYIIECTBEHHYIO POJIb B IPOLECCaX NEPEHOCA SHEPTUU, UMITYIbCA U BEIIECTBA
BHYTPH aTMOC(EpHOro mnorpaHn4Horo cios [2]. OqHOM M3 3amedarenbHBIX OCOOCHHOCTEH KOT€PEHTHBIX
CTPYKTYD, HaOIIOAaEMbIX B TYpOYJICHTHBIX CABUTOBBIX TEUCHHSX, SBISETCS TO, YTO ITH CTPYKTYPBI SBISIOTCS
CaMOBOCCTAHABJIMBAIOMIUMUCS. XOTS OTAEIbHBIE CTPYKTYPBI MOTYT Pa3pyLIaThCs, B IPOLECCE CBOETO CyIIECT-
BOBaHUsI OHU ()OPMHUPYIOT HOBBIE CTPYKTYpPHI. TypOyJIeHTHOCTD MOJIEpKUBACTCS Oarosapsi HEMPEepHIBHOMY
LUKy TeHepallui U pereHepauy KOrepeHTHBIX CTPYKTYp [3].
Jlist uneHTHUKAMKA KOTEPEHTHBIX CTPYKTYp TIpeularaeTcsi UCIoib30BaTh HEKOTOPBIE M3 XOPOIIO W3-
BECTHBIX MOX0/10B. C 9TOM 1ENbI0 MPUMEHSIOT pa3jielieHne TEH30pa TPAJIMERTOB CKOPOCTH \/V Ha CHMMe-
TpHuuHyIO S (TEeH30p cKopocTei nedopmaryii) 1 aHTHCUMMETPUYHYIO 4acTH € (TEH30p 3aBUXPEHHOCTH):

Vo=S+Q, S:%[Vv+(Vv)T], Q:%[Vv—(Vv)T},
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a B KQUECTBE OCHOBHBIX KPUTEPUEB UICHTU(DUKALUMHU TAKUX CTPYKTYDP MCIIONb3YIOT CIEMYFOIIHE:
“ . . 1 2 2 2 T

1) Q-xputepwmii (Q-criterion) [4]: QZ;QQ\-\S\ ), rae Q" =001, ‘S ‘ =tr[SS'].

Buxpesble 06pa3oBaHus ONPEENAIOTCS KaK 00IacTh TeUEHHs, B KOTOPOH BBINOJIHSIETCS HEPABEHCTBO Q
>0 (06IacTh TeUeHHMs1, B KOTOPOH HOPMA TEH30pa 3aBMXPEHHOCTH IIPEBHILIAET HOPMY TEH30pa CKOPOCTEN Je-
(dbopmanuii).

3
2) Henpbra-kputepuii (A-criterion) [5]: A = (QJ + (

3

detvv)’
3 .

Buxpesbie 00pa3oBaHUs OMPEACTAIOTCS KaK 00JIACTh TEUYCHHS, B KOTOPOH BBITTOTHIETCS HEPABEHCTBO A >
0 (B »TOH 00MACTH TEH30DP IpaJveHTa CKOPOCTH MMEET KOMITJICKCHBIE COOCTBEHHBIC 3HaueHHs1). B BUXpeBoi
oOacTu BpamieHne (aHTHCUMMETPHYHAS 9aCcTh TEH30pa TPalieHTa CKOPOCTH) JOMUHHUPYET HaJl paCTSIKCHUEM
WIH CKaTHeM (CHUMMETPHYHAS YaCTh TEH30pa IPaIneHTa CKOPOCTH).

B nmpencrasnennoit pabote paccMarpuBaercs TypOyrneHTHOe TedeHne KyaTra mpu HelTpanbHON cTpaTH-
¢ukamum. JlaHHBIA peXUM XapaKTepU3yeTCs HATMYMEM BTOPHUYHBIX K MeTKOMacIITaOHOW TypOylTeHTHOCTH
YOOPSIOYCHHBIX CTPYKTYp M HCHONb3yeTcs s Bepupukammu metomoB. Mcmomezyercs DNS (Direct
Numerical Simulation — npsimoe YncIeHHOE MOJIETMPOBAHIE) MOJIEeTh, pa3padarbiBacmas B HUBI] MI'Y [6].
Ona ocHOBaHa Ha KOHEYHO-Pa3HOCTHON IMCKPETHU3AIUH CUCTeMBI ypaBHeHHH HaBbre-CTokca B MPHOIMKEHUT
Byccunecka Ha npsAMOyrosibHOM cerke. [lisi IpoCTpaHCTBEHHOM allpOKCUMAaLUHU 110 OCSIM, MapaljiesIbHbIM
JIBIDKUMBIM TITACTHHAM, TIPUMEHSETCS cXeMa 4-To Mopsijika TOYHOCTH, TpeiokeHHass B padore [7]. B Hop-
MaJFHOM HalpaBJICHUH CETKa HepaBHOMEpHA, pa3pelIeHNe YBEIMUNUBACTCS BOJM3M CTEHOK, a AUCKPETH3ALNA
orpaHudeHa cxemoii 2-ro nopsaka [8]. KoncepBaTHBHOCTH MPOCTPAHCTBEHHONW TUCKPETU3AINH B YPABHEHUHT
JuTsa OamaHca KWHETHYECKOM HEepPTruu 00yCIaBINBACTCS TEM, YTO HEJTMHEHHBIC CllaraeéMble B YPaBHEHUH JIBH-
JKCHHUS 3aIMCBHIBAIOTCS B KOCOCHMMETPUYHON Gopme. B Monenu 1t HHTErprUpOBaHNs YpaBHEHUS JBHKCHUS
IO BPEMEHHU C YUYETOM YPaBHEHHUS HEPa3pbIBHOCTH NMPHMEHSETCS METOA APOOHBIX miaroB. [ BRIYHUCICHUS
TIOTIPaBKH K JABJICHUIO HA KAKIOM IIare YHCICHHO pelraeTcs KOHEYHO-pPa3HOCTHOE ypaBHeHHe IlyaccoHa ¢
TTOMOIIIBIO CTAOMIIN3UPOBAHHOTO METO/Ia OMCONPSHKEHHBIX IPaANeHTOB. [IporpaMmMHast peann3aiisi OCHOBaHa
Ha TPEXMEPHOI MPOCTPAHCTBEHHOHN JEKOMIO3HMIIMU OOJACTH M MCIIONB30BaHWU (yHKIui onbmmorexn MPI
JUTA OpTaHW3allii OOMEHOB. [ MCIOIB30BaHUS JOTONHUTEIHFHOTO Tapaieu3Ma MEeXAY SAPaMH OIHOTO
y31a npumensercs texnonorus OpenMP. UncnenHast Momens MO3BOJISIET MPOBOIUTH PACUETHI HA CETKAX CO-
nepxamux 6onee 10° sucek.

B nmanpHelieM miaHUpyeTCs pacCMOTPETh, KaK M3ydaeMble CTPYKTYPHI MMOCTEIICHHO MOAU(DHUIINPYIOTCS
IOJ] IeHICTBHEM YCTOHYHMBOH CTPAaTH(PHUKALINH, OIICHUTH 00JaCTh BO3MOKHON MX WICHTH(PHUKALINHU C TOMOIIHI0
YIOMSHYTBIX BBIIIE METOIOB B 3aBUCHMOCTH OT ITapaMeTpOB cTpartudukamm — uncia Pudapacona. [Ipenmo-
JIaraeTcs TakKe OIEHUTH POJIbh KOTEPEHTHBIX CTPYKTYP B MOAJICpKAHUU TypOyneHTHOCTH. PacueTs OynyT mpo-
BOJIMTHCS HA MHOTOMIPOIIECCOPHOM BbhIYUCIUTEIbHOM KoMIuiekce MI™Y um. JlomoHocoOBa.

Jumepamypa:
1. Monun A.C., Aenom A.M.: Cmamucmuyecxas ecuopomexanuxa. T.1. M.: Hayka, 1965, T.2. M.:
Hayxa, 1967.

2. Drobinski, P, R. A. Brown, P. H. Flamant, and J. Pelon: Evidence of organized large eddies by
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structure, 1995. Volume 287, pp. 317-348.
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Center for Turbulence Research Report CTR-S88, 1988, pp. 193-208.
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Mogenb AgMHaMnKkm benoro MopAa nog Oencrsmem
aTMocdepHoro ¢popcmHra

'OHonpuenko B.A., ‘Cemenos E.B., ‘MopTukos E.B.

" MucTuTyT npobnem 6esonacHoro passuTMA aToMHol sHepreTuku PAH, Mockea, Poccus

2 WUHctutyT okeanonorum um. M.11. Wupwosa PAH, Mockea, Poccus

: Hay4Ho-uccnepoBaTenbCckuii BbluMcuTeNbHbINA LeHTp MY uM. M. B. JlomoHocoBa, Mocksa, Poccus
E-mail: vonopr@ya.ru, oceanmod@yandex.ru, evgeny.mortikov@gmail.com

pabote mpuBenéH pacuer IMPKyIsiuuu benoro mopst B 3umuee Bpems. OOCYKAatoTcsi 0COOEHHOCTH

3uMHero pexuma benoro Mopsi. OnucaHbl 3KCIIEPUMEHTHI, TTO3BOJISIONINE OLEHUTh BIMSHUE JIbJa Ha

JMHAMHKY Mopsi M arMocdepHbiii GpopcuHr. [IprBeneHo onmucaHue MCIOIb3yeMOM JIeI0BOI MOIEIH.
Benoe mope siBisieTcst oqHUM 13 HanboJiee N3yUYeHHBIX BOIOEMOB, JUIsl KOTOPOTO HAKOILIEHO OOJIBIIOE KOJInYe-
cTBO HaOmroneHwii [1]. PaccmarpuBaemast mozens benoro mops paspabarsiBanacs E. B. CeméHoBeiM 1 M. B.
Jlynésoii [2]. OHa ocHOBaHA Ha KOHEYHO-Pa3HOCTHOM arMpOKCUMAIMK ypaBHEHUH Te0(U3NUECKON THIPOaHN-
HaMMKHU B TIPHOJIVDKEHNH THAPOCTATHKKN M byccnHecka. Mojienb O3BOJISIET pacCUUThIBATh KPYITHOMACIITA0-
HYI0 CTPYKTYpy LUpKyisiuuu Bog benoro mops. ITo muenuto Ceménona [1], nunamuky benoro mopst onpene-
JSTFOT TpH (haKTOpa: NMEepBbIi — MPHIIUB, IIOCTYMAIOIINI Yepe3 y3KyIo 4acTh Bogoéma — [opiio, Bropoii — Betep,
B3aNMOJICHCTBYIOIINH C TOBEPXHOCTBIO MOPSI, TPETHI — CTOK IIPECHBIX BOJI, Ui BKJIaJ B 001K OaltaHc BOJO-
oOMeHa HanboJiee BBICOK cpeii APKTHYECKHX MOpeH [3], HOTOK MPecHO X0I0/IHOM BOIbI yBEINYHBAET IIepe-
CJIIOEHHOCTb MOPS U CO3a€T 3amac JOCTYIHONW NOTEHIUANbHOM d3Heprun. I109ToMy MOXKHO MOJTyYUTh KauecT-
BEHHO NPaBUJIbHOE MPEACTABICHUE O HUPKYIAUUH benoro Mops aaxke B OTCYTCTBHE JAHHBIX O 3HAUCHHUHU Xa-
PaKTEepUCTUK 3HAYEHUH Cpe/Ibl B OTAENBHBIX TOUKaX BoJoéMa. JlocTaTouHo 3HaTh X0 mpuiuBa B [opie, pacno-
Jarath 3HaYEHUSIMU aTMOC(EPHOT0 JAaBICHHS, NU3MEPEHHBIMH IPHOPEKHBIMH CTAaHIMSIMH U JAHHBIMH O PacXo-
Jax pek. Berep mpoBommpyeT nepeBoj IOCTYMHOM NOTEHIMAIbHONH SHEPTUH B TYPOYJICHTHBIC JIBMKCHUS, 32
CU€T 3TOr0 MPOUCXOIUT MEPEMELINBAHUE BEPXHETO CIIOS MOPs. DTO BBI3bIBAET YBEIUUEHUE TONIHHBI BEPXHETO
KBa3HMOJAHOPOAHOTO ciiost. Hanmuuue Jibaa JOMMKHO YaCTHYHO SKPaHUPOBaTh 3TOT ¢ dekt. i ucciaenoBanus
0COOCHHOCTEH 3UMHEH IUPKYIIALUY OblIa TPUMEHEHA [TPOCTast JeA0Bast MoJeb. OTCYTCTBYET yUET PEOJIOTHH,
T.€. IPOLIECCOB B3aUMOAEHUCTBHS YacTel JIbAa ApyT ¢ ApyroM. PaccuuteiBaercs auib TepMoAuHamuka. IIpo-
(e TEMIIEPATYPhI JIb/Ia CYUTACTCS JIMHEHHBIM, YTO XOPOIIO COOTBETCTBYET HAOIIOICHUSIM; BECh JIE]] CYUTACM
abcomoTHO TpecHbIM. [Ipr 3TOM HIKHSS TpaHKLA JIb/A BCETAa HAXOAUTCS MPH TeMIiieparype (a3oBoro mepe-
X0Jla, a TEeMIepaTypa BEPXHEro CJIOsl pacCUMTHIBACTCS M3 YCIOBHUS TEIUIOBOro Oananca. Hamnume npma o0-
yCIIaBIMBAET CIIEAYONIME OTOKH TEIUIa: MMOTOK Telia u3 arMocdepbl K BepXHel TpaHulle JIba, TIOTOK Teruia
yepes3 TOJLY JIbJa MO AEHCTBUEM TEIUIONPOBOIHOCTU U MOTOK TEIIa OT B BOJbI K HUIKHEH IPAHULIBI JIbJA.
Onu 6anaHCHPYIOTCS CIEAYIONIMM 00pa3oM: BHH3Y — Pa3HOCTh ITOTOKOB TEILIa OT BOABI KO JIbJLy U COOCTBEH-
HOM TETIONPOBOJHOCTH JIbJIa ONPEIEIISIET, KAKOe KOJIMYECTBO BOBI IEPEXOIHT B JICIOBYIO (ha3y MM Kakoe KO-
JIMYECTBO JIb/Ia IEPEXOIUT B BOJHYIO (ha3y; CBEPXY — Pa3HOCTh IIOTOKOB TEIIa OT BO3/LyXa KO JIbY U ITOTOK Te-
IUIa BHYTpPH JibJia OanaHcupyercst AByMs apdekramMn — 4acTpb Teria uAET Ha TastHUE JibAa(ecy IMOTOK Teruia
TIOJIO’KUTEIIEH), OCTAJIbHAsl YacTh — HAa M3MEHEHUE TeMIIepaTypsl Jbja. COOTHOLICHHUE, OTpe/elsIoniee Kakas
4yacTh TeIUIa UAET Ha TasiHUE, a Kakas — Ha U3MEHEHHEe TeMIIepaTypbl, JOBOJIbHO MPOU3BOIbHO. Ecnu nén no-
CTaTOYHO XOJIOAHBIH, CYMTaeM 4TO BCE MOABEAEHHOE K HEMY MJIET Ha HArPEB, a He Ha TasHue. COCTOsSHUE TEKY-
el JIe0BOM 0OCTAaHOBKM HE PAacCUMTHIBACTCS, a IOCTYIAeT N3BHE. B TaHHOM HCCIleJOBaHUHU HCIIOIB3YETCS
nHpopmanus, npegocrasisieMas npoekrom Copernicus B popmare netCDF.

Kpowme BimsiHuS pactpe/iesieHHe MOTOKOB Terlia JIE N3MEHSIET XapakTep Nepeiadn UMITYIIbca OT arMocde-
pHl k Bozte. I3BecTHO, UTO BeTep akTUBHEE MepeaéT FTOPU30HTAIbHBINA UMITYJIbC «IIEPOXOBATOM» MOBEPXHOCTU
BOJIbI, yeM Oosree T1a KoMy Jiby. IHTepecHO, HACKOJIBKO BaKHA AT POJIb JIEZI0BOTO MOKPOBA B 0OMIEH IUPKYIIs-
LIMH [0 CPABHEHUIO C TEPMOANHAMHYECKUM BIIMSTHUEM JIbAa. UTOOBI OTBETUTH HA 3TOT BOIIPOC, MOKHO TIOCTABUTh
CJIEYIOLIHH SKCIEPUMEHT: CPABHUTH LIUPKYJIALMIO beroro Mopst mpu UCHOJIb30BaHUK Pa3IMYHBIX 3HAYEHUH KO-
s durmenTa neperadn UMITYIIbCca JbIY OT BO3/IyXa: PEAUTUCTHYHBIX KOI(PQUIMEHTOB, TAKUX KaK y BOAbI (IIpo-
3padHbIi JUIsl BeTpa JET) U HYJEBBIX (MMITyJILC OT BO3/LyXa He mepenaéres Boje). [Ipenocrapisio ciryniarensim
CYANTBH O BAYKHOCTH 3KPaHUPYIOLIETro 3 eKTa Jib/a, NCXO/S U3 IPUBEIEHHBIX Ha CTEH/IC KAPTUHOK.

Bruto mpousBeeHo pacnapaieIMBaHNE YUCICHHBIX pacy€ToB ¢ puMeHeHneM TexHonoruu MPI. B uro-
r'e HECKOJIBKO MPOIIECCOPOB MOTYT OJJHOBPEMEHHO BBITIOJIHATH PacuéT, KaX/IbIid B CBOCH pacuéTHOI moaooia-
CTH, 110 HEOOXOZMMOCTH 3alpalinBas HyXXHYI0 HHpOpMaLHUIo y «cocenei». B kauecTBe nonobnacreid Oblin
BBIOpaHBI IPSIMOYTOJIBHBIE CTOJIOBI KMJIKOCTH OT ITOBEPXHOCTH MOpst 110 1Ha. [IporpammHuas peanun3zanms Moje-
71 00ecreYnBaeT HACHTHYHOCTD PE3yJIbTaToOB pacuéra B I0CIICI0BATEILHOM H ITapajlieIbHOM peskuMe. Bpems
pacuéra B HapajuIeJIbHOM PEeXHME YMEHBIIMIIOCH B 5 pa3. MaKkCHMalIbHYIO CKOPOCTh 00ecrednBaeT pacyér Ha
32 npoueccopax.

OpHa u3 OmKalImX 3a/1a4 — YIy4IIUTh pa3penieHne U oueHUTh 3G deKT oT pacnapauienBaHus Ha O/
pobHoii ceTke. [lpyras 3aaada — 1okas3aTh aJJeKBaTHOCTb Pacu&TOB 3MMHET0 BpeMEHH: Oy/IyT IIOCTaBJICHBI 3a/1a-
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YM Ha HMCCJICIO0BAaHUC MCXaHU3MOB O6pa3OBaHI/IH I‘J'IYGI/IHHI)IX BOJ. ITH MEXaHH3MBI XOpOUIO U3YUCHBI B XO4€
MHOTI'OJICTHHUX I/I3MepeHHﬁ B benom MOPE, KOTOPBIC MOKHO COMTOCTABUTL C PE3YJIbTaTaMU MOACJIMPOBAHUA. Tak
JKE MpceamnojaracTcsa CpaBHECHU C IPYTUMU MOACITIAMU Bbenoro MOpPA C aHAJIOTUYHBIMU Pa3pCIICHUSAMMU.

Jlumepamypa:

1. E. B. Ceménos, Ocnoguvl Ounamuxu u moHumopunea bBenoeo mops: ouc. ... 0-pa ¢.-m.n.:25.00.29,
Mocxea, 2004.
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3. A. K. Pavlov, C. A. Stedmon, A. V. Semushin, . T. Martma, B. V. Ivanov, P. Kowalczuk u M. A. Gransk-
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*M.V. Lomonosov Moscow State University Research Computing Center, Moscow, Russia
E-mail: vonopr@ya.ru, oceanmod@yandex.ru, evgeny.mortikov@gmail.com

veloped by E. V. Semenov and M. V. Luneva [2]. The model is based on finite-difference approxi-
mation of the equations of geophysical fluid dynamics with hydrostatic and Boussinesq approxi-
mations applied. The model is designed to calculate large scale circulation of White Sea.

Semenov [1] claims that White Sea dynamics are governed by three factors: external tide, fresh water
outflow and wind. The external tide passes into the White Sea from the Barents Sea through a narrow Gorlo
Strait. Annual fresh water runoff is 8-9 times higher than that is of the Arctic Ocean as a whole (Pavlov, et al.,
Linkages between the circulation and distribution of dissolved organic matter in the White Sea, Arctic Ocean,
2016). The income of cold fresh water increases sea stratification and amounts of available potential energy.
These generally allow forecast simulations of the White Sea dynamics even if the measurements are quite
sparse. The essential information is intertidal regime in the Gorlo Strait, atmospheric pressure obtained by
nearshore stations and river flows.

Wind initiates transition of available potential energy to turbulent motions resulting in the mixing of upper
layer of the sea. The authors assume that presence of ice reduces this effect.

To investigate wintertime circulation a simple model of ice dynamics was developed. It provides thermal
and momentum flows between atmosphere, water and ice, and does not account for ice rheology, i.e. interac-
tions between ice floes. The ice conditions provided with Copernicus in netCDF format is used.

The ice prevents interaction of wind with sea upper layer and its mixing. This reduces thickness of upper
quasi-homogeneous layer. In order to study this effect a series of experiments will be conducted. Sea dynamics
under various ice conditions and momentum transfer coefficients will be compared. The extreme values of
these coefficients correspond to “transparent” ice that does not modify wind-water interaction and ice that
completely blocks momentum flows from the atmosphere.

The new version of the White Sea model supports parallel computing architectures by using MPI library.
In this case, domain is divided into rectangular blocks and each of the available processors performs calcula-
tions only in one of these subdomains. This approach allowed us to decrease computational time by five times
when using 32 processors.

White Sea is one of the most studied water basins [1]. The considered model of the White Sea was de-
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Hydraulic and wave aspects of downslope windstorms
on the territory of Russia

'Shestakova A.A., 'Toropov P.A., “Moiseenko K.B.

' Lomonosov Moscow State University, Moscow, Russia
? Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: shestakova.aa.92@gmail.com

tions on the leeward slopes of mountain ranges. Such phenomena are accompanied by increased winds

and abrupt temperature changes. At the moment, the most studied downslope windstorms are the Adri-
atic bora, the winds of the Rocky Mountains in the USA (including the Chinook), the foehns in the Alps, the
Novorossiysk bora. Two approaches are commonly used to describe the mechanisms of the occurrence of
downslope windstorms: wave theory, associated with the formation, propagation and breaking of internal grav-
ity waves (IGW) above the mountains, as well as their resonance [Klemp and Lilly, 1975; Peltier and Clark,
1983]; and hydraulic theory, in which the incoming flow is approximated by a single-layer non-stratified fluid,
and the solution is obtained from the shallow water equations [Long, 1954; Smith, 1985].

The most well-documented and severe downslope windstorms on the territory of Russia were chosen for a
detailed analysis: the Novorossiysk bora, the Novaya Zemlya bora and the Pevek south windstorm. The main
purpose is to evaluate the applicability of the wave and hydraulic hypotheses for these downslope winds, and to
estimate the contribution of wave processes to the overall dynamics of these storms. The study of these phe-
nomena was carried out on the basis of observational data, MERRA reanalysis and numerical modeling using
the mesoscale atmospheric model WRF-ARW.

It is shown that the incoming flow for these downslope windstorms has a similar structure, which allows
one to assume uniform mechanisms for the formation of phenomena. A single-layer hydraulic model predicts
the transition of the subcritical flow to the supercritical over the lee slope with the formation of a hydraulic
jump. On the other hand, the values of the internal Froude number for these winds are such that the wave theory
predicts an essential nonlinearity of the flow over the range, expressed in the formation of a zone of flow block-
ing on the windward side (it is confirmed by observational data) and the wave breaking in the atmosphere
above the lee slope. The results of numerical modeling show the simultaneous existence of an analog of the
hydraulic jump and an area of wave breaking in the lower troposphere. The contribution of wave processes to
the formation of these winds, which was estimated using the ratio of wave drag and the total orographic drag, is
on average 30-50%, which indicates a mixed mechanism for the formation of the studied downslope wind-
storms.

Downslope windstorms are formed under the optimal combination of synoptic and orographic condi-
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[MAapaBIMYeCcKUin U BOSTHOBOW acmneKThbl NoABETPEHHbIX 6ypb
Ha TeppuTopun Poccum
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OZIBETpEHHbIE OypH, KOTOpbIE HAOIIOAAIOTCS BO MHOTHUX TOPHBIX paiioHaX MUpPa, BOSHUKAIOT MPH OIITH-

MaJIbHOM COYETaHUHM CHHOIITHYECKHX M OpOrpadUYecKuX YCIOBHH Ha MOABETPEHHBIX CKIOHAX TOp-

HBIX XpeOToB. Takue sBICHHs CONMPOBOKIAAIOTCS YCHICHHUEM BETpa M PE3KMMHU U3MEHEHHUSIMH TeMITe-
parypbl (IIOBBIIICHHEM TeMIIEpaTypsl pHu (HEHAX M IMOHMKEHUEM — IpU BeTpax Tura Oopsl). Takxke moase-
TpeHHbIE OypH XapaKTepU3YIOTCs MOBBIILICHHON TypOyIM30BaHHOCTBIO, KOTOPAsl BHIPA)KAETCS B IIOPBIBUCTOCTH
BeTpa. [Ipu HanM4IKMM ¢ NOABETPEHHOW CTOPOHBI HACEJICHHBIX ITYHKTOB M 00BbEKTOB HH(PACTPYKTYPHI ITH sIBJIC-
HUSI MOTYT IPUUUHATH 3HAYUTENBHBIN yep0. Ha ganHbIi MOMEHT K uuciy HanOosee H3y4eHHBIX TT0/IBETPEH-
HBIX Oypb OTHOCSTCS ajpuarudeckas 6opa, Berpsl Ckamuctoix rop B CHIA (B ToM umcie unHyk), GEHBI B
Aunpnax, HOBOpoccHiickast bopa

Jliist onMcaHysl MEXaHM3MOB BOSHUKHOBEHHS ITOJJBETPEHHBIX Oypb OOBIYHO MCHOJIB3YIOTCS JBa TTOX0/ —
BOJIHOBOH, CBSI3aHHBIN ¢ 00pa30BaHHEM, PACIPOCTPAHECHUEM 1 OOpYIICHHEM HaJ ropaMy BHYTPEHHUX I'PaBHU-
TaIMOHHBIX BOIH (nanee - BI'B), a Takxke ux pezonancom [Klemp and Lilly, 1975; Peltier and Clark, 1983], u
THPABINYECKUH, TIPH KOTOPOM HATEKAIOUIHMI TTOTOK alIPOKCUMHUPYETCs OIHOCIONHON HecTpaTu(hUIUpOBaH-
HOM JKHJIKOCTBIO, a pEellICHUE T0JTy4aeTcst U3 ypaBHeHHI Menkoi Boas! [Long, 1954; Smith, 1985].

Jliist Gonee eTaibHOTO aHANIN3a MOABETPEHHBIX Oyph Ha TeppuTopun Poccun ObuTH BEIOpaHBI HOBOPOC-
cuiickast 0opa, HOBO3eMeJbCKasi Oopa M NMEBEKCKHH F0XKaK, Kak HauboJee CHIIbHBIC ¥ OCBEILCHHBIC JJAHHBIMH
HaOoIeHnH oABeTpeHHbIe Oypu. Bee 3T BeTphl BOSHUKAIOT B PA3iIMYHBIX KIIMMAaTHYE€CKUX 30HAX M Oporpa-
(pMUECKUX YCIIOBHUSX, OJHAKO, MOTYT UMETh CXOXHE MEXaHM3Mbl ()OPMHUPOBAHMS M (HU3MUECKHE XapaKTepH-
ctrkd. OCHOBHOM LIEJIBIO PAOOTHI SBIISIETCS OLIEHKA IIPUMEHUMOCTH BOJIHOBOW M THJIPABINYECKOI TUIIOTE3 JUIs
OITMCAHUs PACCMaTPUBACMBbIX MOJBETPEHHBIX Oypb, a TAKXKE OIIEHKA BKJIaJa BOJHOBBIX IPOIECCOB B OOIIYIO
JMHAMHKY JaHHBIX [TOJABETPEHHBIX Oypb.

W3ydenue nepedncieHHbIX CUCTEM IIMPKYJISIINHU TIPOBOAMIOCH HA OCHOBE JaHHBIX HAOIIONCHHH, peaHa-
nm3a MERRA u 9ucieHHOT0 MOIEIMpPOBaHHS C MOMOIIBI0 Me3oMaciTabHoi atMochepHoit momenmu WREF-
ARW. B pabore ncronbs30Bannch JaHHbIe HA3eMHBIX N3MEPEHUH Ha CETEBBIX METEOCTAHIMSX, a TAK)KE Ha aB-
TOMAaTHYECKUX METCOCTAHIMAX, CHCTBOBABIINX B paMKaxX KCIEANIMN Kadeapbl METEOPOIIOTHH 1 KINMaTo-
agoruu MI'Y. Jlnst vcciieoBaHys HATEKAIOIETO MOTOKa B paMKax AaHHOH paboThl HCIOJIB30BAINCH TPODUITN
BeTpa u TeMmeparypsl u3 peanainza MERRA ¢ HaBeTpeHHOU cTOPOHBI XpeOTOB. He00X0AMMOCTh HCIIONB30Ba-
HUSI peaHalin3a BbI3BaHa Pa3peKeHHOCTBIO CETH a3POJIOTHUECKUX HaOMoneHNi. UNCIIeHHBIE 9KCIIEPUMEHTBI C
mozenbio WRF-ARW 3.4.1 npoBoaninch Ai1si HECKOIBKHUX SMHM30/10B KaXK101 MTOABETPEHHOI OypH (U1 HOBO-
3eMeJIbCKO OOpPBI M MEBEKCKOTO F0XKaKa MCI0JIb30Banach nossipaast Bepcus WRF) ¢ ncrnonpzoBaHieM BiIoKeH-
HBIX 00JIacTell M MaKCUMaJIbHBIM pa3pelieHreM BHyTpeHHel ceTku 600 M.

Bbu10 BBIABIEHO 3HAUUTEIBHOE CXOACTBO HATEKAIOILEro MOTOKA U MOJABETPEHHBIX BO3MYIIEHUN MPU HO-
BOPOCCHICKOI, HOBO3EMENBCKOW OOpe U MEBEKCKOM IOKaKe, Ha OCHOBAaHWM KOTOPBIX BCE paccMaTpUBacMble
CHCTEMBI LIUPKYIALUU MOXKHO OTHECTU K OJHOMY KJIacCy sIBIeHUH. B HaTekaromeM NoToke MpUCyTCTBYET Tep-
MHYECKOE PacCIOCHNE Ha HIKHUI CII0H cO cTparuduKkaryeil, O1n3koi K HeHTpaabHOM WK €11a00yCTOHYNBOH,
CJIOW NPUIOTHATONW MHBEPCHUH C HIDKHEW I'paHWIeld BOJIM3M BEpIIMHBI XpeOTa, a BBIIIE — CIIOW C MEHBILICH
ycToiuuBOCThIO. [Ipu 3TOM TONIIMHA HHBEpCUHN MOXKET focturars 1500 M, a rpaueHT TemMneparypsl B Hel —
2.5°C/100 M. XapakTepHOW 4epTOi HATEKAIOIIEro MOTOKA SIBISICTCS] HAIMYNE MaKCUMyMa CKOPOCTH BETpa B
CJI0OE€ MHBEPCHUH, TO €CTh TaKkKe BOJIM3M BeplIMHBI XpedTa. Takoe HU3KOTponochepHoe CTpyHHOE TeYeHUE 0~
CTHTACT B OTACIBHBIX CIy4asx ckopoctu 25 m/c. Taxke B OonmpmmHCTBE ciy4aeB (B 90 % ciydaeB Ui HOBO-
POCCHICKOI 1 HOBO3EMEJILCKOM O0pbI 1 B 70 % cityyaeB JUIsi IEBEKCKOTO I0Kaka) B Tporocdepe MporucXoauT
oOpalleHre BeTpa ¢ BEICOTOH, KOTOpOE Yalle BCero HadIroaaeTcs Ha Beicote 4-6 kM. B Teuenue Bcex paccma-
TPHUBAEMBIX N3070B HOBOPOCCHNCKOH, HOBO3EMEIbCKOI OOPBI M MEBEKCKOTO OJKaka HaOII0AaeTCs YacThy-
Hoe OJIOKMpOBaHUE OTOKA XpeOTaMK, KOTOPOE NPUBOIUT K CTarHallMK MIOTOKA C HABETPEHHOW CTOPOHBI.

B 3aBHCHMMOCTH OT yCIIOBHI HATEKAIOIIETO TOTOKA MOYKHO MTPEATIONaraTh npeodiiajaHue rupaBinye-
CKOTO WJIM BOJTHOBOTO MEXaHW3Ma IpH (OPMUPOBAHHUHU ITHX siBIeHUH. ClIOH MPUIIONHITOW HHBEPCHU MOXET
CIIy)XMTh BEpXHEH TpaHHLEH B THIPaBIMUECKOM 3a1aue 00TeKaHus XpeOTOB, 110 aHAJIOTHU CO CBOOOIHON rpa-
HUILIEH MexXkay BOJO! U BO3AyXoM. PelieHne ruipaBindeckoil MoJieny B 3aBUCUMOCTH OT YCIOBUHM HaTeKaroIle-
ro IOTOKa HaNISIHO JIEMOHCTPUPYIOT JIHarpaMMbl peXnMma NOToka B mpoctpanctse Fr-M (Puc.l), tne
Fr,=U,/\Jg'H, - ruapasianyeckoe uucio ®pyna, M = h,/H,, tne g'= gAbd/0,— napametp iaByuectu, Af,— nepe-
naJi MOTeHIUAIBLHOM TeMIIepaTypbl B CJI0€ MHBEPCHH, /1, — BbICOTA TOpHOTO XpeOTa, H; — BhicoTa BepXHel rpa-
HUILBI HHBepcuH, U, 6, — cpeHne B cioe OT MOBEPXHOCTH J10 H; CKOPOCTh ¥ NOTEHIMAIbHAs TeMIleparypa Ha-
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Tekaroliero noroka. Kpuebie Ha Puc.1 npeacraBisitor co0oii peieHus 0IHOCIONHOM THIPaBInieCKOi MOJIEITH
[Houghton and Kasahara, 1968], mpu KOTOpPBIX BO3HHKAET MEPEXO/] OT OJHOTO PEXKHMMA MTOTOKA K Apyromy. s
BCEX pacCMaTpUBaACMbIX TOABCTPCHHBIX 6ypb TUApaBINYCCKad MOACb NPEACKA3bIBACT BOBHUKHOBCHHUE TAKOT'O
pexuMa 00TeKaHusl, IPH KOTOPOM MPOUCXOUT MEPEX0J OT CyOKPUTHUECKOTO K CBEPXKPHUTHUECKOMY COCTOSI-
HUIO TOTOKA HaZl MOABCTPECHHBIM CKIIOHOM. HpI/I 9TOM Y MOAHOXUA MOABCTPEHHOI'O CKJIOHA UJIKM HAa HEKOTOPOM
yAaJeHUH OT HEero MPOMCXOANUT OOpaTHBIA CKAYKOOOpa3HbIH IEpPeXojl OT CBEPXKPUTUUECKOTO K CYOKpUTHYE-
CKOMY COCTOSTHHIO — TaK Ha3bIBACMBI THAPABINYCCKHIT ckadoK. B padore [Vucetic, 1993] takue xe pesyibra-
THI TOJIYY€HBI U JUIs afgpuaTndeckoi 6opbl. Cornacuo [Durran, 1986], Toibpko Takoi pexuM MOXKET OBITh acco-
[UHUPOBAH C ITOJIBETPEHHBIMH Oy PSIMHU.

a) o)

i P
- o Lt (5]

TrapagTHdeckoe THeo $pyma Fry

b
n

L
-
ange

(=3
o
T

0 02 04 06 08 1 12 14
M =h, /H,

Puc.1 [duarpammsl B npoctpaHcTae Fri-M ana Hoopoccuiickoi 6opsi (a), HoBo3eMenbcKom 6opbl (6) 1 NEBEKCKOrO 10XKaKa
(B) (Npu nopBeTpeHHoi ckopocTy bonee 15 M/c), paccumTaHHble No JaHHbIM peaHanu3a MERRA. KpacHbiMu nyHcoHamu 06o-
3Hay4eHbl Cy4am € CUIIbHOW NPUMOJHATON MHBEPCUEN (T.€. NPY BEPTUKaNbHOM rpafiueHTe TeMnepaTypsl B MHBEpCUK bonee
1.5 K/100 M), yepHbIMM NyHCOHaMK — bonee cnabbix MHBEPCUI. PUMCKUMU LindpamMmn 0603HaueHbl 0611aCTH, COOTBETCTBYIO-
LLMe Pas3fIMyYHbIM permnMamM obTeKaHnA xpebTa: | — cybrpuTUdeckuii, Il — cepxkputyeckui, Il — NMonHoe 6nokMpoBaHne
noToka, IV — Mepexop 0T Cy6KpUTUYECKOTO K CBEPXKPUTUHECKOMY PEMMMY Hafi NOABETPEHHBIM CKIIOHOM C 06pa3oBaHeM
nepeMeLLatoLLerocs (a) v ctaumoHapHoro (b) rmapaBnMyYecKoro ckavka

B T0 e Bpems npeobiiaganue B arMocdepe yCTOHYMBOM cTpaTiduKauy co3naet OaronpusTHeIe yCio-
BUSL Ul BOSHUKHOBEHHSI U PACIIPOCTPAHEHHsI BHYTPEHHHUX IPaBUTALMOHHBIX BOJIH. BoIHOBBIE MOsien 0CHO-
BaHbI Ha PELICHUH CUCTEMBbI yPaBHEHHUH JIBIKSHUSI, TPUTOKA TEILIa U HEPa3phIBHOCTH, OTIMCHIBAIOIIIE [TOBE/IC-
HUE HAaTEKaoILero MOTOKa Ha i XpeOTOM 3aaHHOT0 NMPpOoQHIs B INIOCKOCTH X-Z. JIMHEeHHbIe MOIENH JJISl CAMBIX
MPOCTHIX CITyYacB MO3BOJISIOT NONy4aTh aHamuTHYecKoe pemeHue [Klemp, Lilly 1975]. Onnako naxe B camoit
YIPOIIEHHOW KOH(UTypalny JaHHas 3a/1a4a 110 CPaBHEHUIO C OJJTHOCIIOWHOMN I'M/IPaBINYECKON MOJIEITBIO TIpe/-
CTaBJISIETCSI JOCTATOYHO TPYNOEeMKOi. VimMeromuecs Ui u3y4aeMbIX BETPOB JIaHHbIE HAOIIONCHHUI TO3BOJISIOT
JIMIIb KOCBEHHO CYIUTH O IIPE/IojiaraéMbIX BOJIHOBBIX Ipolieccax. Tak, OHMM U3 KIIOYEBBIX M1apaMeTpoB
BOJIHOBOM MOJIeIH siBIIsieTcsl BHyTpeHHee uncio Opyna Fr,=U,/Nh,,, KOTOpoe CIy)KHT KpUTEpUEM HEINHEWHO-
CTH TIpoliecca oO0TeKaHusi — npu Fr, MEHbIIE KPUTHYECKOTO 3HaYeHUs Fr,,. (B Pa3IMYHBIX UCTOYHUKAX F7,,
npuHuMaet 3HadeHus ot 0.7 o 2 [Lin, Wang 1996; Stein 1992]) ¢ mogBeTpeHHOI CTOPOHBI XpeOTa BOSHUKACT
obpymenne BI'B, a ¢ HaBeTpeHHO# cTOpOHBI (hOpMUpYETCs 30Ha OIIOKMPOBAHMS TIOTOKA. MaKCHUMaIIbHBIH OT-
KIIMK IPU3EMHOT0 BETpa Ha IMOJBETPEHHOI cTopoHe npoucxoaut rnpu Fr,=0.6+1 [Lin, Wang 1996]. lnst HOBO-
POCCHICKOI M HOBO3EMENbCKOW OOpBI pacCUUTAHHBIE 110 CPEAHUM 3HAYEHUSIM CKOPOCTH M YCTOHYUBOCTH B
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HaTEKaloIeM ITOTOKE 3Ha4eHUs F7,, B MOMEHTHI KyJIbMHHALIMN HaxoaaTcs B npenenax 0.7+1.5, a 1uisa neBekcko-
ro rokaka — 0.1+0.6, To ecTh 0O0TEKaHUE OYICT CYIICCTBCHHO HEMUHEHHBIM. COTIACHO MHOTOYHCIICHHBIM HC-
ciientoBanusM (Harpumep, [Durran 1986; Peltier, Clark 1983]), oOpymenne BI'B moxert cymiecTBeHHO yBenu-
YHMBaTh aMIUIUTYAY BO3MYILEHHUH y 3eMIIM 3a CUET PE30HAHCHBIX A(P(EKTOB M MPUBOIUT K POCTY BOIHOBOTO
conporusieHnsi. PopMUpOBaHKE MEPEMELIAHHOTO CIIOSI B pe3yJbTare OOpyIIeHUs TPUBOJANT K BO3HHKHOBE-
HUIO CaMOMHAYIIUPOBAHHOTO KPUTUYECKOT'O YPOBHSA, OT KOTOPOT'O IIPpU OIMPEACIICHHBIX YCIOBUAX MPOUCXOAUT
OTpakCHHUE BOJHOBOM DHEPIUU.

[peanonoxenne 06 obpymenun BI'B u Hannuum caMOMHIYIIMPOBAHHOTO KPUTHYECKOTO YPOBHS ITOJ-
TBEPIKJACTCS Pe3yNbTaTaMu YHCICHHOTO MojielupoBanus. Hapsay ¢ oOpyiieHnem, B OOJIBIIMHCTBE Cy4acB
MOJCJIb BOCIIPOU3BOAUT U FI/I[[paBJ'II/I‘-IeCKI/Iﬁ ckayok. bornee TOT0, paCCYUTAHHOC 11O MOAECJIbHBIM JJAaHHBIM BOJI-
HOBOE COIPOTHUBIICHUE JIJIsI H3y4aeMbIX BETPOB B cpeareM cocraniser 30-50 % ot obiiero oporpaduueckoro
conporusnenus (Tabum. 1), 4To CBUAETENBCTBYET O CMEIIAHHOM MEXaHU3Me ()OPMHUPOBAHUSI BO3MYIICHHH TTPH
JIAHHBIX MOJBETPEHHBIX Oypsix. s HoBopoccuiickoi 6opsl moutu B 50 % cityyaeB yBeJIHMUYCHHUE TTO/IBETPEH-
HOM CKOPOCTH HE CBSA3aHO C POCTOM BOJIHOBOTO COMPOTUBIEHHUS (KaK 3TO MPOUCXOAUT /it Apyrux 50 % ciyda-
€B HOBOPOCCHUIICKOH OOpPBI M JIJIsl OOJIBIIMHCTBA CITy4yacB HOBO3EMEIJILCKOM OOPBI U MEBEKCKOTO Iokaka). OOHa-
PY’KEHO, UTO TaKHe CUTYal[MH BO3HUKAIOT ITPY OYCHBb HU3KOM (MEHee 2 KM) MOJIOKEHNH (POHOBOTO KPUTHYECKO-
TO ypOBHsI (BBICOTHI O0paIleHUs BETpa).

Taou1.1 XapakTepucTHKHU BOJIHOBOI'0 HANPSIZKEHUS, BOJTHOBOI'0 CONIPOTHBJICHHS H €r0 OTHOLIEHHE K 0011eMy COIpo-
THBJICHHIO (B CKOOKAX YKa3aHO CPeJHeKBaApaTHiecKkoe OTKJIOHEHHe) 10 Pe3y/IbTaTaM MoJeTHPOBAHMS

HoBopoccuiick HoBast 3emuis IleBex
Cpenree BolHOBOE Hanpsykenue 7, (H/m’) 3.8 0.6 53
MaxkcumaibHoe BoTHOBOE Hanpsokenue 7, (H/m’) 18 1.1 17
Cpennee BonHOBoe conpotusienue D,, (H/m) 0.8*105 1*105 0.7*105
OTHOLIEHHE BOJITHOBOTO CONPOTUBIICHHUS 0.4 (:0.37) 0.24 (£0.06) 0.5(£0.32)
K o0mmemy
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Advances in land surface
hydrology representation
in INM RAS Earth system
model
'Stepanenko V., ‘Bogomolov V., *Volodin E.,
'Guseva S., ‘Vesala T., ‘Mammarella l.

' Lomonosov Moscow State University, Moscow, Russia
? Institute of Monitoring of Climatic and Ecological
Systems SB RAS, Tomsk, Russia

* Institute of Numerical Mathematics RAS, Moscow,

Russia
“ University of Helsinki, Helsinki, Finland
E-mail: stepanen@srcc.msu.ru

the mathematical description of lakes and riv-
ers in the land surface scheme of the INM
RAS Earth System Model (ESM).

A new version of the biogeochemical module is
implemented in the one-dimensional lake model
LAKE?2.0. It solves a system of 6 diffusion equations
with sources and sinks for 6 unknowns: concentra-
tion of methane, oxygen, dissolved inorganic carbon
(DIC), density of dissolved organic carbon, density
of living organisms (POCL — particulate organic car-
bon living), density of dead organisms (POCD — par-
ticulate organic carbon dead). Vertical turbulent dif-
fusion is taken into account for all substances with
the same diffusion coefficient, while for dead organ-
isms, the settling velocity for the turbulent flow is
also taken into account. The exchange of mass be-
tween the forms of organic carbon, as well as their
transformation into DIC, are described by empirical
relationships. In addition, the inflow and outflow of
substances are introduced into the model, stream dis-
charges being the external parameters of the model
(as well as the stream concentrations of substances).

The new version of the LAKE model is tested and
calibrated involving measurements of thermodynamic
and biogeochemical characteristics collected on the
Lake Kuivajérvi (Finland) by the University of Helsinki
during the last few years (including freeze-up periods).

Currently, the river routing schemes in the land
surface models of the NWP and climate models im-
plement three main functions:

- calculation of fresh water runoff into the ocean,
as it significantly affects the thermohaline circulation
of the ocean, for example, in the vicinity of mouths of
Siberian rivers;

- validation of the moisture budget in the model
of active land layer; the runoff at the mouth of the
rivers is a component of the integral moisture budget
of the river catchment and, in particular, "integrates"
the errors of evaporation from catchment;

- prediction of changes in the hydrological re-
gime of rivers, in particular, their discharge - one of
the most important consequences of climate change
for society and the economy.

This report presents the current development of
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So far, there has been no explicit representation of river flows in the INM RAS climate model.

Due to the small Froude numbers of rivers currently explicitly resolved on the grid of the Earth's system
models, the equation of motion may be approximated as an equilibrium between the forces of the horizontal
hydrostatic pressure gradient and friction at the bottom. In addition, for simplicity, the slope of the free surface
due to the gradient of the river depth can be neglected (implying kinematic wave equations). The river level is
calculated from the equation of mass conservation, taking into account the tributaries, surface and subsurface
runoff obtained from the land surface model, and using simple geometric schematization of the river bed form.
A necessary component of the river parameterization for ESMs is also the flow direction field. This report
presents the first results of implementing these approaches in the land surface scheme of the INM RAS ESM.

The work is carried out at the Lomonosov Moscow State University and is supported by grants:
RSF 17-17-01210 (regarding the development of the new biogeochemical module in the lake model),
RFBR 17-05-01165 and RFBR 16-55-44057.

PassuTtune rugponornyeckoro 651oka Moaenm
3eMHoM cuctembl IBM PAH

'Crenanenko B.M., ‘Boromonos B.10., ‘Bonoguu E.M., 'Tycesa C.1., ‘Becana T., ‘MamMmapenna W.

' MoCKOBCKMUIA rocyaapcTBeHHbIii yHBepcuTeT uMeHu M.B.JloMoHocoa, Mockea, Poccus

2 WHCTUTYT MOHUTOPUHIA KIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
: WHcTUTyT BbluMcnuTenbHo MaTeMatuku PAH, Mocksa, Poccus

“ University of Helsinki, Helsinki, Finland

E-mail: stepanen@srcc.msu.ru

OJIHbIE 0OBEKTH Ha TOBEPXHOCTH CYIIHU NPEICTAaBIECHBI BOJOEMaMH M BOJOTOKaMH. B noknane npen-
CTaBJICHO TEKyIIee Pa3BUTHE MaTeMaTHYECKOTO OMHCAHHS 3THX OOBEKTOB B OJIOKE JICSTEIHLHOTO CIIO0S
cymu mozaenu 3emHoi cucremsl UBM PAH.

B nacrosmiee Bpems Lenblil psii CUCTEM MPOTHO3a MOTOAbI U MOJENIEH KIMMaTa BKIHOUaeT OXHOMEPHBIE
napamerpuzanmu 03Ep (Balsamo et al. 2012; Subin et al. 2012). JloBOJIBHO yCIIEITHO BOCIIPOM3BOAUTCS TEMIIE-
parypa HOBEpXHOCTH 03Ep M MOTOKHM Temia B arMocdepy. CleayromuM 3TanoM pa3BUTHs MapamMeTpu3alii
BOJJOEMOB MOKHO CUHMTATh BKJIIOUCHHE OIMCAHUS JUHAMMKH ITapPHUKOBBIX ra3oB B 3THX oObekrax. Pazpabo-
TaHHBIE MOJICTIM METaHa M YIJIEKUCIIOTo rasa B BogoéMax (Crenanenko et al. 2011; Tan et al. 2015; Stepanenko
et al. 2016) TeMOHCTPUPYIOT YAOBIETBOPUTEIFHOE KaUECTBO BOCIIPOM3BECHUS KOHIIGHTPAIMHU U TIOTOKOB Me-
taHa B arMocdepy. [Ipu 5ToM, KOHIIEHTpAIHs YIIIEKHCIIOTO r'a3a B BEPXHEM IIepEeMELIaHHOM CJI0€ M, COOTBETCT-
BEHHO, IIOTOK 3TOr'0 ra3a B arMoc(epy pacCUnuTHIBAIOTCS ¢ MEHBIINM ycnexoM (Stepanenko et al. 2016). ITpu-
YHHOU SIBJISICTCS TO, YTO MCTOUHUKOB CO, B BOAHOM cpejie 3HAYNTEIBHO OOJbIIe, YeM HCTOYHUKOB METaHa, U
OHU JIOJDKHBI OBITh aKKypaTHO omucaHbl. B cBsi3u ¢ atuMm, Mmogens LAKE?2.0 Obuta gomoHeHa OJI0KoM pacuéra
Ppa3IMYHBIX OPM OPraHHYECKOTO yIIeposa.

BroreoxuMuueckuii 010K pecTaBiIeH cucTeMoit U3 6 ypaBHeHHH quddy3nn ¢ NICTOYHNKAMH M CTOKAMH
JUIsl 6 HeM3BECTHBIX: KOHLIEHTPALUKN METaHa, KHCIOPO/Ia, pacTBOPEHHOT0 HeopraHnndeckoro yriepona (PHY),
IJIOTHOCTH PACTBOPEHHOIO OPraHUYECKOr0 YIIepoaa, INIOTHOCTHU KUBBIX OPraHU3MOB, IIJIOTHOCTH OTMEPIINX
oprann3MoB. BeprukanbHas TypOyneHTHas Au(y3ust yIUTBIBACTCS ISl BCEX CYOCTaHIMI ¢ OJJHAKOBBIM KO-
s durrenToM 1udPy3un, 175 OTMEPIINX OPTaHU3MOB IIPHHUMACTCS BO BHUMAHHE TAK)XKe CKOPOCTh OCEaHuUs
B TypOysieHTHOM 1IoToKe. OOMEH Macchl MeX 1y (popMaMu OpPraHMYEeCcKOTo yIvIeposia, a TAKXKe MPEBPaIeHUe HX
BemectBa B PHY onwmcans! sMmnupryeckuMu cootHomenussmu u3 (Hanson et al. 2004; Stefan & Fang 1994).
3nech cieyeT OTMETHTh, yTo Mozenb [1. XaHcoHa U coaBTOpoB c(hOpMyIHpoBaHa sl ABYXCIOMHOTO Hpe-
CTaBJICHUsI BEPTHKAJIBHOW CTPYKTYpPBI BOZ0OEMA (SIMIMMHHIOH 1 TUIIOJIMMHUOH), ¥ B HacTosIIEeH paboTe cooT-
BETCTBYIOIINE YpaBHEHHUS OBUTH ITepENcanbl ISl HEMPEPhIBHO CTPAaTH(UIIMPOBAHHOTO 110 BEPTHUKAIIN 03€pa.
Kpome Toro, B Moziesnb 100aBICHBI IPUTOK M CTOK CyOCTAHIIMI BTEKAIOIIMMHU U BBITEKAIOIINMH BOJIOTOKaMH,
pacxoibl KOTOPBIX SIBJISIOTCS BHEIIHMMHU MapaMeTpaMH MOJEIH (TaK ke, KaK U KOHIIEHTpaluu cyOCTaHIUN B
MIPUTOKAX).

Hogas Bepcust monenn LAKE npoBepsiercst 1 kamOpyeTcst Ha JaHHBIX U3MEPEHUH TePMOMHAMUYECKIX
1 OMOTEOXMMHUYECKUX XapaKTEpPUCTHK, cCOOpaHHBIX Ha 03. KyiiBaspsu (PuHISIHANSA) YHUBEpCUTETOM Xelb-
CHHKH 32 HECKOJIBKO TIOCJICIHUX JIeT (BKJIIoUast nepuoasl gegocrasa) (Miettinen et al. 2015). lanubie HaOmo-
JICHUI BKJIFOYAIOT KOHIIEHTPAIIMK OMOTCOXUMHYECKHUX CYOCTaHIMH KaK B CaMOM BOJIOEME, TaK U B TIPUTOKAX U
BBITEKAIOIIEM BOJOTOKE.

B Hacrosiiee BpeMsi MOJIEJI PEYHOM CETH BBIIOJHSIOT TPH OCHOBHBIE (DYHKIIMHU B CXEMax JESTEIILHOTO
CJIOSI CYIIM CHCTEM ITPOTHO3a ITOToJIbl M Mojiesiel kimmata (Arora et al. 1999; Falloon et al. 2007):
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- pacy€T cTOKa NPECHOM BOBI B OKEaH; 3TOT CTOK CYIIECTBEHHO BIMSIET HA TEPMOXAIMHHYIO IUPKYIISAIHIO
OKeaHa, HalpuMep, B YCThsIX pek Cubupu;

- BaManys OajgaHca BIaru B MOJEIH JEATEIBHOTO CIIOS CYIIH; PEYHON CTOK B YCThE PEK SIBIISIETCS] KOM-
TTOHEHTOM HMHTETPAJIFHOTO IO IUIOLIAN peyHoro OacceifHa OanaHca BIaru M, B YaCTHOCTH, KMHTEIPUPYET»
OINOKH MCTIAPEHUS;

- IIPOTHO3 U3MEHEHHUS THAPOJIOTHYECKOTO PEKUMA PEK, B YACTHOCTH, MX BOJHOCTH — OJHOTO U3 BaXKHEH-
[IMX TOCJIEACTBUN N3MEHEHUI KIIMMaTa JUIsl 00IIecTBa M SKOHOMUKH.

K atum QyHKInsAM B Onipkaiiinee JecaTHIICTHE MOXKHO OKUIATh JI00aBICHUE CIIETYIOMINX:

- pacueT TeMIepaTypbl IOBEPXHOCTH PEK KaK HOBOTO THIIA IOJICTHUIIAIOIIEH TOBEPXHOCTH B paMKax MO3a-
WYHOTO TIOAX0/1a (0COOCHHO TP TOCTHYKEHUH B OyIyIIeM III00aThHBIMI MOACIISIME pa3pemreHus ~1 kM, korma
MHOTHE KPYIHBIE DKM HAYHYT SIBHO pa3peIarscest);

- pacuér JIeI0OBOTO PEKUMa peK (BayKCH ¢ TOYKH 3pPEHUs 3MMHEH JUHAMMKH IOTOKA, & TAKXKe IPOTHO3a
CPOKOB JIEIOCTaBa, CBA3aHHOTO ¢ HUMH HaBUTAIIOHHOTO MIEPHO/A, U T.11.);

- pacuéT MOTOKa MAaPHUKOBBIX I'a30B (METaHa, yIJIEKHUCIIOTO ra3a) N3 BOJOTOKOB CYIIIH.

[Ipu 5TOM, 10 HACTOALLETO BPEMEHU SIBHOE IPEJCTABIECHNUE PEYHBIX TOTOKOB B Mozenu UIBM PAH orcyT-
CTBOBAJIO.

B cuy manoctu gucna @pyna i pa3perniaeMbIX SBHO Ha CETKe COBPEMEHHBIX MoJieNeil 3eMHOH cHucTe-
MBI PEK, YPABHEHNE JIBMKCHUSI 3aIIMCHIBACTCS] KAK PABHOBECHE MEX/y CHIAMH TOPH30HTAIBHOTO I'paJNeHTa
THPOCTATUYECKOTO JAaBJICHUS M TPEHHS O THO. [Ipy 3TOM, U IPOCTOTHI YKIOHOM CBOOOIHON MOBEPXHOCTH
3a c4€T rpaineHTa NIyOUHBI PEKH MOXKHO IIPEHEOpeyb, YTO MIPUBOANUT K YPABHEHUSIM KHHEMAaTHIECKOH BOJIHBI.
YpoBeHb PEKH PacCUNTHIBAETCS IO YPAaBHEHHIO COXPAHEHMSI MACCHI C y4ETOM NPHUTOKOB, HOBEPXHOCTHOTO U
TIOATIOBEPXHOCTHOTO CTOKOB, IOJIyYEHHBIX B MOJICIIH ACSTEIBHOTO CIIOS, C TIPUBICUEHHEM ITPOCTON T€OMETPH-
4yecKkoil cxeMaruzanun (Gpopmsel pycen. HeoOxoanmMoii KOMIIOHEHTOH MapaMeTPU3AIIH PEK SBISETCS TaKXKe CO-
3IaHue 1moJis HarpaBieHui croka (Oki et al. 2001). B moxiaze mpencTaBieHs! TEpBEIE Pe3yIbTaThl peaTH3aiui
3THUX HOAX0I0B B Mojelu aesirenbHoro ciaos UBM PAH.

Paboma svinonusemcsa 6 MI'Y umenu M.B.Jlomonocosa u noodepacana epanmamiu PH® 17-17-01210
“Hccredosanue npoyeccos 3aumo0etiCmsus ammochepnozo no2panuiHo2o Clos YMEPeHHbIX U BbICOKUX
WUpom ¢ 0esTMenbHbIM CJI0eM CYuU U 8000EMAMU: pa3pabomka napamempuszayuii 0is1 mooenet 3eMHoll
cucmemvl” (8 wacmu pazeumus O10Ka OUOLEOXUMUYECKUX NPoYeccos 8 Mooenu 6000éma), PODHU 17-05-
01165-a “Ilapamempusayus peuroii cemu 015 mooeneli 3emHotl cucmemvl” (8 yacmu pazeumusi
napamempuzayuu peurou cucmemot) u PODH 16-55-44057 Moune _a “Moodenuposarnue 3aumooeticmeaus
mepmuuecko2o pedxcuma kKpynuvix ozep Cubupu u Monzonuu ¢ pecuoHabHoIMU KIUMAMUYEeCKUMU
npoyeccamu’”’ (8 uacmu 8anudayuu Mooenu 6000EMA HA KPYNHLIX 03Epax).
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turbulence were investigated. These parametrizations require a-priori analysis of high resolution simulation

data and take into account the properties of numerical schemes. The proposed parameterizations were tested
under the modeling of bidirectional energy-enstrophy cascade in isotropic homogeneous 2-D turbulence. The en-
ergy generation spectrum induced by subgrid processes was obtained using high-resolution computation. This
spectrum was used for the evaluation of subgrid stochastic model parameters. It was shown, that the proposed
model improves the large-scale dynamics. In particular, it restores the inverse energy cascade for different nu-
merical schemes and improves the sensitivity of the coarse-grid numerical models to external forcing.

The simulations of isotropic homogeneous 2-D turbulence were earlier performed in [1] with the use of dif-
ferent numerical schemes. It was shown, that the inverse energy cascade is suppressed in coarse-grid simulations
and that the results strongly depend on the scheme if the spatial scale of the forcing is close to the grid step. These
faults can be avoided by the use of stochastic kinetic energy backscatter parameterization. In contrast to the major-
ity of papers, we emphasis on the case of small-scale external forcing and on the improving of model dynamics in
energy-containing spectral range. We use stochastic autoregressive parameterizations for the energy backscatter
with the energy generation spectrum (see, e.g., fig. 1a), obtained from DNS and take into account numerical
scheme of the coarse model. As a result, the energy spectrum of the low-resolution models fits DNS simulations
much better (see, fig. 1b). The same is true for the lagged covariances of the model variables.

Stochastic subgrid parameterizations designed for coarse-grid numerical simulations of two-dimensional

(u-V)u spectrum x 107> subgrid energy production

10t 10
INMCM INMOM
INMOM s INMC M A 4’\&
2| z = ALaf\
10 DNS r '
| —— SKEBS

5 H
10 : .

10 f \

0 —N/ ‘
10° /
10° : : 5 . |

10° 10* 10° 10° 10t 10°
a} k, wavenumber b] k, wavenumber

Fig. 1. Energy generation spectrum induced by subgrid processes in a-priori test (a) and coarse-grid simulation energy
spectra vs DNS results (b). Yellow curve - simulation without stochastic backscatter. Red curve - simulation with the same
numerical scheme and spatial resolution, corrected by the proposed stochastic parameterization.
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CroxacTnyecKana napaMeTpusaunsa gByMepHOM
TypbyneHTHOCTH

MeperoruH M.A., nasyHos A.B., IpuuyH A.C.

WHcTuTyT BoluMcuTenbHOM MaTeMaTuku PAH, Mockea, Poccus
E-mail: pperezhogin@gmail.com

BBEJEHWE

MonenupoBanreM arMoc(EpHBIX U OKEAHHUYECKHX TEUCHHI 3aHUMAIOTCS MHOXKECTBO HAYYHBIX TPYIII B
MBM PAH. MaremaTiuecKkoMy ONMCAHHUIO TAKUX TCUCHHU MOCBSIICH CIICIUANIbHBIN pa3/ies HayKu — reodu-
3u4ecKasi THAPOANHAMUKA. MBI BBIICINM JIBE HanOoJee XapakTepHbIe 0COOCHHOCTH re0(pU3MIECKUX TCUCHHH.
Bo-1iepBbIX, OHU SBISIOTCS] KBa3UABYMEPHBIMH, a, BO-BTOPBIX, OCOOCHHYIO POJIb TIPH WX ONHCAHUH WUIPAIOT
npouecchl TypOylieHTHOTo XapakTepa. TypOyleHTHBIH XapakTep TedeHH i 03HaYaeT HaJMYie N3MEHYMBOCTH Ha
MacmTabax OT HECKOJIbKUX CAHTUMETPOB /10 IECSATKOB ThICAY KUIOMETpoB. HenmmHeHHbIN XapakTep ypaBHe-
HUH TUAPOTMHAMUKH TIPE/ITIoNIaraeT B3auMOCHCTBHE MEXY BCceMH 3TUMH MaciuTabamu. OcoOyro TPYIHOCTb
IIPEJCTABIISIET KBA3UABYMEPHOCTh TEUEHUM, IIOCKOJIBKY HAJIMYUE JONOJIHUTEIbHBIX 3aKOHOB COXPAHECHHUSI ITPU-
BOJIUT K PACIPOCTPAHEHUIO YHEPTHH BO3MYIICHHH M3 MEJIKMX MacITadoB B KpynHble. [IpaBuiibHOE OITUcaHue
9TOTO Mporiecca TpedyeT JU00 MPOBEICHMUS MTPSIMOTr0 YHCIEHHOTO MOJICIIMPOBAHHSI, MO0 BEIOOpA MOIXO/sIIIe-
ro TypOyJIeHTHOTO 3aMbIKaHus. Pa3paboTke mocieaHero u nocesineHa Hama padora. [Iposeneno uccienosa-
HUE BJIMSHUS YUCIECHHBIX CXEM U CTOXaCTUYECKUX MTOJICETOYHBIX [TapaMeTPU3ALUN HA CTATUCTUYECKUE XapaK-
TEPUCTUKHU MOJICIUPYeMOil TypOyieHTHOCTH. B kauecTBe MozienbHON 3a1a4un Obula BEIOpaHa TMHAMUKA JIBY-
MEpHO# )KUAKOCTH B MEPUOANYECKOI 001acTH, POpCHUPYEeMOil CTOXaCTUYECKUM BHEIITHUM BO3JCHCTBHEM 3a-
JAHHOTO MPOCTPAHCTBEHHOTo MacuTaba. Takas 3amaua SBISETCS MPOCTEHIINM aHAJIOTOM KBa3WABYMEPHBIX
KPYITHOMAcIITaOHBIX TYpOYJICHTHBIX T€UEHUI B aTMocdepe 1 okeaHe.

IIpoBeneH cpaBHUTENBHBIN aHAJIW3 YHUCICHHBIX alllIPOKCUMALUH, IPUMEHIEMBIX B 3a7jadaX MOJEIUPOBa-
HUS aTMOC(Ephl U OKeaHa, B YaCTHOCTH B kimMarnieckoi mozesin UBM PAH INMCM u monenu cpeHecpou-
Horo nporuo3a [TIJIAB. [IpoBepeHa criocOOHOCTh Pa3InYHBIX KOHEYHO-PA3HOCTHBIX M MOJTYTarPaHKEBhIX CXEM
JIOCTOBEPHO BOCIIPON3BOANTH JIBYHANPABJICHHBIN KaCKaJl SJHEPIHU U DHCTPOo(UU 1pu rpyOOM MpOCTPaHCTBEH-
HOM paspelueHuu. 110 JaHHBIM IPSIMOTO YMCIEHHOIO MOJEIMPOBaHMS IIPOBEACH allPUOPHBIN aHAJIN3 B3aUMO-
JICHCTBUS MEJIKOMACIITAOHBIX U KPYIMTHOMACIITA0OHBIX KOMIIOHEHT TeueHHusa. Ha ero ocHoBe MOTy4eHbI CIIEKT-
palibHbIe XapaKTEPUCTHUKH MOJCETOUHBIX CHJI JJIsl MOJICNHN C TPyOBIM pa3perieHueM C y4eTOM BIOpaHHOM Tpo-
CTPAHCTBEHHOM anmpokcuManuu. [Ipennoxensl, peaan3oBaHbl ¥ IPOTECTUPOBAHBI PA3IMUHBIC BAPUAHTHI CTO-
XaCTHYECKHX IOJICETOUHBIX Mojiesel. [loka3zaHo, 4To MpH MOMOIIM KPYITHOMACIITA0OHOTO CTOXaCTHYECKOTO
(dopcrHra, UMHTHPYIOIIETO B3aUMOJIEHCTBHS MEXKAY 'TOJICETOYHBIMHU'" M pa3peliaeMbIMH T'apMOHUKAMHU,
MOXKHO 3HaUYUTEIBHO YIYUIIUTh JUHAMHKY Ipy00i MOJIETH B MHTEpBaJe 00paTHOTO KacKa/ia YHEPTHH.

OrNMMCAHME MOLEN

MbI paccMaTpuBaeM YpaBHEHHS JABYMEPHOH HEC)KUMAEMOH >KHIKOCTH C OJHOPOIHBIM M H30TPOITHBIM

BHEIITHUM BO3ICHCTBUEM [ 9
w

W+}(1p,w) = —vA%w — aw + f,

R
w= ( 6y'6x>'
A =w,

W ow | 9P dw
I1€ @ — 3aBUXPEHHOCTD, i — QYHKLMS TOKA, # —— CKOPOCTh, a J(y,w)= — 5,5, T 5,5, — AKkobuan. Bueunee

BO3/ICUCTBHE f PACIIONOKEHO B Y3KOM CIICKTPaIbHOM Juana3oHe. KpylmHoMacrabHast TUCCUTIAIHS —0i0 TIMEET
BuJI PareeBcKoro TpeHus, a UCCUIIANUS B MEJIKUX MacmTabax —vA e 3ajaHa ¢ OMOIIBI0 GHTapMOHHYECKOH
BSI3KOCTH. Eciy nuccummanus 1 BHEITHEE BO3ICHCTBUEC UMCIOT Pa3IMYHBIN MacIuTad, To 00pa3yroTcs IBa HHEP-
[IMOHHBIX HHTEPBAJIA, B KOTOPBIX HAOIFOIACTCS KAaCKa [ SHEPTHH B KPYITHBIC MacIITaObl U KacKaJ SHCTPOQHH B
Menkue. B mpempayieii padore [1] Mbl H3y4miIM BIMSHUE CXEMBI aJBEKIIMU Ha (POPMUpPOBAHUE KACKAIOB
SHEpPruu U YHCTPOo(uu. BpUTO OKa3aHO, YTO €CITM BHEIIHEE BO3ACHCTBUEC HAXOMUTCS B KPYITHBIX MacmTabax,
TO SHCTPO(PHUIHBIA HHTEPBAI UMEET JIOCTATOYHYIO MPOTSKEHHOCTh W TUHAMUKA KPYITHBIX MacIITa0OB HE 3a-
BHCHUT OT BBIOOPA YHCIICHHON CXEMBI. B Ipyrom mpeaensHoM cirydae MeJIKOMacITaOHOTro (hopcHHTa HaOIroaa-
eTCsI HapyIIICHHE OOPATHOTO KacKaJia SHEPTUHU U CHIIbHASI 3aBUCUMOCTh PCIICHHS OT BRIOOPA CXEMBI a/IBEKIIUH.
Haumenpmmii ypoBeHb 3Hepruu nokasana cxema INMOM, oOiagaromniasi YMCICHHBIM aHAJIOTOM 3aKOHA COXpa-
HEHUS DHEPIUHU.

UucneHHOE WHTETPUPOBAHKE YPABHCHHUI OCYINECTBIICTCS 1Mo cxeMe Anamca-bamidopra 2-ro mopsiaka
npu Hu3kux yrcnax Kypanra, CFL = 0.2. Pemenue uiercs Ha KBaJpaTe ¢ JIIMHOM CTOPOHBI 27T U IepHOANYE-
CKUMU IPaHUYHBIMU YCIOBHSIMH. UHCIIO Y3JI0B IO OJJHOMY HaIpaBJieHUIO paBHO 360. BHemrHee Bo3neiicTBre [
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PACIIOIOKEHO Ha TOHKOHM KPYTOBOH 000I0YKE OKOJIO BOIHOBOTO yrcia 90 (COOTBETCTBYET BOJTHAM JITHMHOM Ue-
TBIPE IIara CEeTKH), 10 BpEMEHHU NMEET BH O€I0ro nryma 1 o0ecrieunBaeT MPUTOK SHEPTHUH B €IUHUILY BpeMe-
HH 6.06 -10°. Kosddunuent npu GurapMoHndeckoM oneparope paseH v = 2.27-10”, a kooddurment Ponees-
cKoro TpeHus umeeT 3HaueHue o = 0.012. YpaBHEHHS pemratoTcs 1100 B IIEPEMEHHBIX (YHKITUS TOKA-3aBHX-
peHHOCTH (W, ), MO0 B IEPEMEHHBIX CKOPOCTh-IaBICHUE (i,p) B 3aBUCIMOCTH OT YHCIICHHOH THCKpETH3a-
uun. B gaHHO# paboTe MBI OTpaHUINMCS PACCMOTPEHNEM YETHIPEX CXEM aIBEKIIHH.

Jluckperu3anuu B mepeMeHHbBIX (YHKITHS TOKA-3aBUXPEHHOCTD (W, ®):

1) Z, cxema ApakaBbl. L{eHTpaapbHO-pa3HOCTHAS aNPOKCHMAIINS BTOPOTO MOPSIKA aJBEKTHBHOTO Clla-
raemoro J(,®) 1Mo KOCOCUMMETPHYHON cXeMe, COXpaHsIeT YUCICHHBIH aHaIoT YSHCTPO(HN.

2) CCS, ucnionbiyercs B mogenu SLAV. KackagHast KoHeUHO-00beMHas TONTyJIarpaHkeBa cxema, ooma-
JlaeT 3aKOHOM COXPAHEHHUS HHTErPalIbHOM 3aBUXPEHHOCTH.

Jluckperusanuu B mepeMeHHBIX CKOPOCTh-IaBIeHUE (U, p):

1) INMOM, ucnomnedyercs B Mmogenut INMOM. [leHTpanpHO-pa3HOCTHAS alIIPOKCHMAIIHS BTOPOTO I10-
psIKa aIBEeKTHBHOIO craaraemMoro (u'\/u) o KoCoCUMMETPUYHOI cxeMe Ha pasHeceHHoM C ceTke (B TEPMHHO-
Joruu ApakaBbl), COXpaHSET YNCICHHBIN aHAJIOT SHEPTHH.

2) INMCM, ucrnons3yetcst B mopenn INMCM. JluHeitHass KOMOWHAIHS alIpOKCUMAIAN BTOPOTO TI0-
psIKa amBEeKTHBHOTO ciaraeMoro (1\/u) Ha pasaecennoii C ceTke B OOBIYHON CHCTEME KOOPIHHAT (X,)) H HO-
BEPHYTOH Ha 45 TpaaycoB MPOTHB YaCOBOH CTPEIKH (x',)").

AMNPUOPHBIE TECTbI

YroObl MCTIPAaBUTH ANHAMUKY KPYITHBIX MAacCIITa0OB JUIsl BHIOPAHHBIX JUCKPETU3ANi, HAMHU OBLTH IPOBe-
JleHBI anpuopHble TecThl Ha DNS-pacuete npu BbicokoM paspernenun 2160°. O603naunmM pemenne B DNS-
pacdere uepe3 o, a CIEKTPaJIbHYIO (DMIIBTPALIUIO JI0 pa3pelieHus rpy0oil monenu BepxHel uyeproii. Torma
MIOJICETOYHBIE CUJIBI UMEIOT BUJL:

0=, ®) =], w),

e J, — YuCIICHHAs alllPOKCUMAIHs IKOONaHa 1o BeIOpaHHOU cxeme. Eciii TOUHO BOCIIPOM3BECTH MOJCETOU-
HBIC CHJIBI, TO JMHAMHUKA TPYOOi MOAETH B KPYITHBIX MaciITabax Oyaet coBnanark ¢ DNS. O603HaunM gepes
pemnieHne rpy0oii MOJEIH 1 BBIIIUIIIEM YPABHEHUS C yUETOM MOACETOUHBIX CHII 0

ow 2

E+]h(l/),w) =V ‘w—aw+f +o,
I7Ie MH/IEKCOM /i 0003Ha4YeHbl YHCIICHHBIE JUcKpeTu3anny. Ha pucynke 1(a) nmpuBeieH CrieKTp aJBEKIMU IS
pa3iauuHbIX cxeM B cpaBHeHuHU ¢ DNS. CortacHo pUCYHKY, CIIEKTp aBEKIMHU s BceX cXeM coBmnaaaeTr ¢ DNS
B KpPYITHBIX MacmTabax. DTo 0O3Ha4YaeT, 4TO KPyIIHOMacIITabHasi N3MEHYNBOCTh UMEET OJIMHAKOBYIO JIUCIIEP-
CHIO B IpyObIx Moziessix 1 B DNS. OniHako 3Ta H3MEHYMBOCTD HE SIBJISIETCS PABHOBECHOM JUIS TPyOBIX MOJIEIeH
10 TIPUYMHE OTCYTCTBHS TeHEPALMH SHEPTHHU B KPYITHBIX MaclITabax 3a C4eT HeJIMHEHHbIX B3aUMO/ICHCTBUI C
Macurabamu ¢opcunra. HeoOXomuMocTh onMcaHus 3TOi reHepaluy BOSHUKAET 110 TPHYMHE HEJIOKaIbHOTO
xapakrepa oOpaTHOro Kackazaa sHepruu. Ha pucynke 1(b) nmpuBeneH CrekTp SHEpreTHYeCKOro BO3ICHCTBUS
MOJICETOYHBIX CHJI 0, U3 KOTOPOTO CJIEAYET, YTO MOACETOUHbIE CHJIbI OCYIIECTBISAIOT FEHEPALUIO SJHEPTUH Ha
BCEM JiMara3oHe MaciTadoB 00paTHOTO KacKa/ia JHEPTHH.

DHepreTU4YecKuil BKJIaJ MOJCETOUHBIX CHUJI MOJEIUPYETCS C MOMOILBIO CTOXaCTHYECKOTO BO3AEHCTBHUS,
MaJIOro MO aMIUIUTYIE B CPaBHEHUH C ajBekuueit, cm. puc. 1(a), SKEBS. Croxactuueckas mapamerpusanus
umeet Bu npouecca OpHInTelHa- YieHOeka B CIIEKTPaIbHOM ITPOCTPAHCTBE U YIOBIETBOPSIET YPAaBHEHHUIO Ha
(dypbe-kod3hULINEHTHI:

do,
k
—— = —Brok + 1 - (1),
ot
Puc. 1. CnekTp agBeKumm (a)
. t 5 x )
apy SO yo k87 SUMRC eaiergy produ st ona pex cxeM (INMCM,
ok o La INMOM, Z), DNS-pacueta u
10?2 g & I, A CTOXaCTUYeCKOM NapaMeTpu-
o EKER . 3aumm (SKEBS). CriekTp sHep-
10° " reTUYeCcKoro Bo3enNCTBMA
f \ MOMCETOYHBIX CUN 1A TPeX
10 b
” ( cxeM (b).
107 I
10° 5
10° 10t 102 10° 10 10°
a) k, wavenumber b) k, wavenumber
a) b)
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7€ 5, ONpeelisieT BpeMsi JISKOPPEIISIIY [TPOIIeCca U BHIONPASTCs HCXO/IS U3 PABEHCTBA CO BPEMEHEM JIeKoppe-
JISIIAY TIOJICETOYHBIX CUIL. Benblil irym 0003Ha4eH uepes &(f), aBTOKOBapUaIlMOHHas (DYHKIHSI KOTOPOTO UMEET
Bup {e()e(t')) = d(+—"). lucnepcust Georo mryma 77, 06eCIiednBaeT MPUTOK SHEPTUH H300PKEHHBIN Ha PHCYH-
ke 1(b) B uHTEepBasie MaciTaboB 00paTHOrO Kackaaa SHepruu. [I0CKOJIbKY CHIEKTP TeHEPAIMH IS BCEX CXeM
HMMEET OJIMHAKOBBIN BUJI, TO MbI IOCTPOMJIM OJIHY MApaMETPHU3AIIMIO U UCTIBITAIIN €€ HA BCEX CXEMax, B TOM YH-
ciie u Ha CCS, 151 KOTOPO#i HE YAaa0Ch HAWTH MOICETOYHBIC CUITBI.

YNCJIEHHBIE 3KCNEPUMEHTDI

Bbuti ipoBeieHbI YHCIIEHHBIE KCIIEPUMEHTHI 0e3 CTOXacTHYECKOH IMapaMeTpH3alliy U B ClTydace ee Hajlu-
yus. Ha pucynke 2 nzo6paskens! criekrpsl sHepruu 10 (NO SKEBS) n nocne Bkirouenust (SKEBS) croxactu-
Yyeckol rmapamerpusanui. JJMHaMuKa KPYIHBIX MaclITaboB BOCCTAHABIMBACTCS, a CPEIHUE MAcIITa0bl MpHU-
ommxatorcst K DNS. ITockonbKy KpyItHble MaciuTaObl ObUIM BOCCTaHOBIICHBI, CKOPOCTh a/IBEKIMH MTPUOIH3H-
nack kK DNS, 1 3T0 0Tpasuiiocs Ha yJIydlIeHHH aBTOKOBAPHALMOHHBIX (PYHKIMH (ypbe-koddduireHTon 3a-
BHUXPEHHOCTH B CPEHUX MaclTadax (pUCyHOK He IpHBeaeH). Kpome Toro, o npuyuHe BEpHOTO BOCIIPOH3BE-
JICHUSI TUCTIEPCUH U BPEMEHHU M3MEHUMBOCTH IMHAMUYECKUX MIEPEMEHHBIX Ha HHTEpBaje 00paTHOro Kackasia
9HEPrUH, YyBCTBUTEIBLHOCTh K ITOCTOSHHOMY BO3MYIICHHUIO TAaKXKe YIydIIniach (PHCYHOK He NpuBeseH). B
DNS-pacuere na maciitabe (popcrHra UMEIOTCSI MEJIKUE BUXPH, KOTOPHIE OTCYTCTBYIOT B IPyOBIX MOJIEIISIX.
[Tocrne BKIIOYEHUS CTOXACTUUECKON MTapaMeTpHU3allii BUXPH HE MOSBUINCH, a CIIEKTP SHEPIUH B MEIKUX Mac-
mrabax He n3MeHWwICs. Takum 00pa3oM, TMHAMHUKA KPYITHBIX MacIiTaboB Obljla BOCCTAHOBJICHA B OTCYTCTBHE
3HAUUTENBHBIX M3MEHEHUH B MEJIKMX MacIuTadax.

Puc. 2. Cnektp 3Hep- _ INMOM : INMCM
101 - 101 -
TUM 1A YeTbIpex CXeM RTIT —
(INMOM, INMCM, Z, 5 — i 5 —
CCS) no BKnioyeHuA 10 10
CTOXacTu4ecKoM napa- 5 3
metpusaumm (NO 10 ¢ 107 ¢
SKEBS), nocne BKio-
yeHus (SKEBS) B cpaB- 1074 ¢ | 107 |
HeHum ¢ DNS-pacue- [ I
ToM. CepbiM 0603HaueH 107 ¢ : 1073 ¢ :
MPOLIEHT SHEpPrum ot | |
DNS. -6 . L -6 . L
10 10
10° 10! 102 10° 10! 102
k, wavenumber k, wavenumber
107! z 107! e
NO SKEBS NO SKEBS
— SKEBS — SKEBS
1072 DNS 1072 DNS
103 ¢ 103 ¢
10 | 10
|
1075 F : 103
|
4 3 L -6 ;i "
10°® 10
10° 10! 102 10° 10t 102

k, wavenumber

k, wavenumber

Paboma svinonnena 6 UBM PAH npu noooeparcke eparnma PODPU 16-55-12015.

Jumepamypa:

1. P Perezhogin, A. Glazunov, E. Mortikov, V. Dymnikov, Russian Journal of Numerical Analysis and
Mathematical Modelling, 2017, 32(1), 1-14.
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Assessment of permafrost thermal regime simulation
in INMCM land surface model

Stambrovskaia A.S., Stepanenko V.M.

Lomonosov Moscow State University, Moscow, Russia
E-mail: stepanen@srcc.msu.ru

The processes of heat and moisture transfer in soil models are specified by various parameterizations. It

was found that due to the difference in these parameterizations the results of climate modeling vary
greatly [Henderson-Sellers, McGuffie, & Pitman, 1996]. The reproduction of the temperature regime, moisture
circulation regime and humidity dynamics in the soil is an important problem for further research. Particularly,
studying the thermodynamic processes in soils containing permafrost and the assessment of their reproduction
in models are important objectives.

Changing of the permafrost characteristics due to the climate change is of the interest to various areas of
science - for example, for hydrology or biogeochemistry. The results of climate modeling can be used to esti-
mate thermodynamical properties of permafrost. This research aims to evaluate the applicability of the INM
land surface model [Dymnikov, Lykosov, and Volodin, 2015] to the permafrost temperature regime modeling,
and to compare the simulation results with the observation data.

Observation data of the main meteorological variables (air temperature, humidity, precipitation, wind
speed and direction, pressure) obtained at meteorological stations [10] were used. The time step in the model is
1 hour, so linear interpolation was used to yield meteorological variables with this resolution. Arrays of daily
soil temperature values were compared with model calculations. The World Radiation Data Center (WRDC,
[11]) dataset was used to compute the shortwave radiation flux. Longwave radiation flux was calculated using
the semiempirical Brent’s formula [Kondratiev, 1965].

Numerical experiments were conducted using measurements at the stations Yakutsk (62° N, 129.7° E) and
Verkhoyansk (67° N, 133.3° E) from 1980 to 1989. Three experiments were run for these points with different
input data: under conditions of no precipitation (experiment 1); the same but taking into account the precipita-
tion (experiment 2); the aim of the 3-d experiment was to assess the sensitivity of the model results to vertical
grid spacing. In the latter experiment, the levels of the finite-difference grid of the model were altered from the
currently used in the model (1, 2, 4, 8, 15, 25, 35, 45, 55, 65, 75, 85, 95, 105, 115, 125, 135, 145, 155, 200, 300,
500 and 1000 cm) to equidistant levels.

The soil surface temperature values in summer are similar in all experiments. In winter, the temperature
varied depending on the thickness of the snow cover: snow increases the albedo of the surface, and therefore
the temperature of the soil surface under thin snow cover decreases. However, a sufficiently thick snow layer
dampens the cooling of the soil, i.e. the warming effect of the snow cover is observed. The results of the third
experiment differ most strongly in surface temperature from the measured data in both cases due to the fact that
the finite-difference grid spacing adopted in the INM model in the soil reduces towards the surface, and in ex-
periment 3, the resolution of the model at the surface became substantially more coarse.

The surface temperature plays a considerable role for adequate reproduction of climate. It was concluded
that the temperature of deep layers in the permafrost zone may be calculated with considerable errors in the
climate model, not significantly affecting the quality of the regional climate simulation because the surface
temperature is calculated much better.

However, the quality of temperature simulation at large soil depths is more important for the task of pre-
dicting the future change of permafrost, and the modern version of the active layer parameterization in the
model needs to be improved. In particular, it is shown that the initial data from which the model starts and the
vertical resolution are significant: the replacement of current scheme onto a grid with a constant step leads to an
improvement of the temperature calculations at deep layers.

The interactions between land and the atmosphere is an important part of the Earth's system modeling.
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OueHKa BocnponsseneHnA TEPMUYECKOIo PeNUMA
MHOr0/IeTHEMEP3/101 NoYBbI 6/IOKOM OeATeIbHOro C/10A
cywu Mogenu 3eMHoun cuctemsl IBM PAH

CrambpoBckas A.C., CtenaHeHKo B.M.

MocKoBcKuin rocypapcTBeHHbI yHusepcuteT uMenn M.B.JlomoHocoBa, Mocksa, Poccun
E-mail: stepanen@srcc.msu.ru

BBEOEHWE

MopenupoBaHUe MPOIECCOB 3EMHOW CHCTEMBI HEBO3MO)KHO 0Oe3 ydeTa B3aMMOICHCTBHSA aTMOC(EpHI ¢
MTOJICTHJIAFOIIEH TOBEPXHOCTHIO. [IpoIiecchl TEmTo- ¥ BIarornepeHoca B MOACISX MOTYT OBITh 33JaHBI P3Ny~
HBIMH CTIOCO0aMH. BBIIO BBISIBICHO, YTO M3-32 Pa3IHYMs B TApaMETPU3AIHSIX 3TOTO B3aNMOJICHCTBHS, PE3yITb-
TaThl MOACTHPOBAHUS KIMMaTa CHIBHO pa3NudatoTcs. J{Is cpaBHEHHS MMapaMeTpU3alldil IPOIEeCcCOB B Aes-
TEJIBHOM cJtoe cymH B 1992 roxy Obu1 Hauat MextyHapoaHsli skciepuMenT PILPS - Project for Intercomparison
of Land surface Parameterization Schemes [Henderson-Sellers, McGuffie, & Pitman, 1996].

[To pe3ynpraraM npoekTa MoKa3aHo, 9To IPH UCTIONF30BAHAH Pa3HBIX MTapaMeTpH3aLni epepacpeeie-
HHE OCAIKOB HA CTOK W WCIIAPCHHE HEOAWHAKOBO, PA3JIMYHO BOCIIPOM3BOIUTCS BIAXKHOCTH MOYBHL Pa3HbIe
CXEMBI MOTYT XOPOIIO BOCIIPOU3BOIANTE (PAaKTHUCCKUE 3HAUCHHSI OTACTBHBIX BEIMIHH, HO HET HU OJHOMH, KOTO-
past ObI XOPOIIIO BOCIIPOM3BOIIIIA OBl BCE MIEPEMEHHBIC, OMICHIBAIOIINE KIIMMATOJIOTHUECKAC U THAPOIOTHYC-
CKHE XapaKTCPUCTUKH IMyHKTOB HaOmoneHni. Ciiej0BaTeIbHO, BOCIIPOU3BEICHHE TEMIICPATyPHOTO PEKUMA,
JUHAMUKA BIQXXHOCTH ¥ OMHCAHUC PEKHUMa IUPKYJISAIUNA BOIBI B MOYBE SIBISCTCS BAXKHOH IPOOIEMON st
JABHEHITNX UCCIICIOBAaHNN. AKTyaIbHOH 3a/1aucii sIBISCTCS UCCIICAOBAHIE TEPMOANHAMIYCSCKUX MTPOIIECCOB
B MHOTOJICTHEMEP3IIBIX TPYHTaX U OIICHKA X BOCIIPOU3BEICHHS B MOJCITSX.

Kpuonuro3oHa — 9acTe KpuoCQepsl, BEpXHUH CIOH 36MHOI KOPBI, B KOTOPOM HAOIIOIAFOTCS YCTOHYHBEIC
OTpHIIATCIHHBIC TEMIICPATyPHI B IIOPOIAX M MOYBAX, & TAKIKE BOZMOKHO [UTUTEIIFHOE CYIIECTBOBAHUE ITO3EM-
HBIX J6I0B. KpHOINTO30HA COCTOUT U3 HECKOJIBKAX KOMIIOHCHTOB — MOPO3HEIC TIOPOAKI (HAXOIATCS B 00JIacTH
OTPHIATEIBHBIX TEMIIEPaTyp, HO U3-3a TOTO, YTO BIAKHOCTH CITUIIIKOM Maya, He 00pa3yeTcs Jiek), KPHOIATH
(BIara B 9THIX IMOPOJaX UMEET OYCHD BBICOKYIO MHHEPAJIH3AINI0, KOTOpas HE TaeT BOAC NEPEHTH B KPUCTAILIU-
YECKOE COCTOSHHE JIaXKe IPU HU3KUX TeMIIEpaTypax), © MHOTOJIETHEMEP3IIbIe TOPOAbl. MHOTONETHSS Mep3II0-
Ta (MHOTOJIETHEMEP3JIbIC MTOPOIBI, BEUHAS Mep3iioTa, MM) - mopobl, TeMIeparypa KOTOPBIX HE TIOTHUMACTCS
BEIIIIC HYJISI B TSUCHHE JIBYX U OOJIEE JIET, U B KOTOPBIX XOTS ObI 9aCTh BOJBI IIEPEIIlIa B TBEPI0C (Pa30BOE COCTO-
stHue [AHMCUMOB U 1p., 2012].

V3MeHeHrnEe XapaKTepUCTHK MHOTOJICTHEH MEP3JI0ThI (3aHUMAaeMOH TUTOMAN, TPOGUIST CPEIHETOIOBOM
TEMIIepaTyphI IIOYBKL, TITyOHMHBI CE30HHO-TAJIOTO CJIOS, BEPTHKAIFHON MOIITHOCTA MHOTOJIETHEMEP3IIBIX TIOPOI,
JBAACTOCTH MEP3JIBIX TPYHTOB) B CBSI3H C U3MCHEHUSMHE KIIMMATa MPEICTABISICT HHTEPEC IS Pa3IHIHBIX 00-
JacTell HayKd — HAIpUMep, THIPOIOTHH, OMOTCOXHUMHHU, TCOMOP(OIOTHH, H, C JPYTOd CTOPOHBI, IS TAKHX
MIPHUKIIQIHBIX 3214, KaK CTPOUTEIBCTBO.

CBoIiCTBa MHOTOJICTHEH MEP3JIOTHI CHIIPHO MEHSIOTCSI B 3aBUCHMOCTH OT M3MCHEHUH KIIMMaTa, 4To Jeiia-
€T €€ ECTCCTBEHHBIM ITOKa3aTeIeM H3MEHYHBOCTH KIMMaTa. B MpommIioM pacipocTpaHeHHE 1 XapaKTePUCTHKI
MHOTOJICTHEH MEpP3IIOTHI CHIIEHO MCHSITUCH HA OONBIINX BPEMEHHBIX MacIITadax, CBI3aHHBIX C JICTHUKOBBIMU
repronamMu (TaKUMH Kak, HarrpuMep, Mairblii JIGTHUKOBEIA MIEpro). YMEHBIICHUE IDIOMIA N, 3aHATOH MHOTO-
JICTHEMEP3IBIMU MTOPOAAMH, MOKHO CBSI3aTh C YBEIIMYCHUEM TEMIIEPATyp IMMOBEPXHOCTH, YTO OCOOCHHO aKTy-
QIBHO JUTSI PETHOHOB BBICOKHX IUpOT [Lemke&Ren, 2007]. st oneHKH TEpMOIMHAMUYECKOTO COCTOSHUS
MHOTOJICTHEH MEP3JI0THI MOKHO HICIIONIB30BaTh PE3yJIbTaThl PACUCTOB KIMMATHUCCKUX Mozenel [JleMueHko u
Ip., 2002, Mauynbckas, JIeikocos, 2009, Slater & Lawrence, 2013]. Pacnpenenerne MM, noy4eHHOE € T10-
MOIIIBIO TAKUX PACUCTOB, OTPEIEISICTCS IBYMsI (PaKTOPaMHU — BO-TICPBBIX, CIIOCOOHOCTHEO MOJICIIA BOCIIPOH3BO-
JUTh METCOBEIMYUHBI Ha OONBIIMX BPEMEHHBIX MacliTabaxX W, BO-BTOPBIX, CIIOCOOHOCTHIO MOJCTH pPeaH-
CTHYHO OTpPa)kaTh 0COOCHHOCTH (PH3MUCCKUX MPOIIECCOB B MHOTOJICTHEMEP3IIBIX MTOPOIAX.

Jannas pabota HampaBicHa Ha TO, YTOOBI TPOBEPUTH KAYECTBO BOCIIPOM3BEACHUS TEMIIEPAaTyPHOTO pe-
’KMMa MHOTOJIETHEH MEp3JI0Thl B MOJENU 3eMHON cuctemMbl MHCTUTYTa BRIMUCIUTENbHOU MaremaTtuku PAH
[dprmankoB, JIsikocoB, 1 BononuH, 2015] Ha GakTHyecKuX JaHHBIX. J[JTsl BRIIOTHEHUS TIOCTABICHHBIX 3a/1a4
OBLTH MTPOU3BE/ICHBI PacUeThl 3HAYCHUH TEMITEPaTyPhI TIOYBHI Ha pa3HBIX NITyOMHAX C MCIIONB30BaHUEM OJIOKa
JesTenbHOTO cios cymm Moaenu IBM PAH, oTrBewaromiero 3a mporecchl TerioBiaronepenoca (mupdysus u
(hazoBBIC ITEPEXOIBI) B TIOUBE U Y €€ IIOBEPXHOCTH.
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KPATKOE OMNMMCAHME MOOEJIN U NCMOJIb3YEMbIX AAHHBIX

Mopnens 3emuoii cuctemsl IBM PAH coctout 3 HECKONBKHUX OJI0KOB, KOTOPHIE OMHUCHIBAIOT JTUHAMUKY,
paMaloOHHBIA IEPEHOC, IPaBUTAIIMOHHO-BOJIHOBOE CONPOTUBIICHHE, TOPU3OHTANILHYIO A dy3uto, mporec-
Chbl KOHBEKI[MH ¥ KOH/ICHCALIUH, & TAKKE IMOMPAHUYHBIN CIIOH aTMOC(epbl U MPOLECCHI B TIOUBE U Y €€ TIOBEepX-
HocTH. B 1aHHOM HccieoBaHiy ObLT KCIIOIB30BaH TOJIBKO MOCIIETHUN OJIOK MOJIEITH.

Pacuets! mpon3BoaATCs Ha 23 TOPU30OHTAX 10 IIyOWHE, IIar 10 BPeMEHH KOHEUHO-Pa3HOCTHOM CXeMBbI
MOJIEJIN COCTaBJIsIeT O/IMH yac. Ha kaxJoM miare peuraioTcs ypaBHeHus Juddy3un 1 MpoucXoauT coriacoBa-
HHE TpoQuIIeH TeMIIepaTypbl U BJIary 3a CYeT Pa3IMYHbIX HCTOUHHKOB M CTOKOB. [ OpH30HTANIBHOE pa3pelieHue
MozenH cocTaBiseT 4[] mo mupoTe u 51 1Mo xoarore, s KaKIOH U3 SYeeK 3eMHOM MOBEPXHOCTH 3a1al0TCs
THUIIBI TIOYBBI, PACTUTEIBHOCTH U COOTBETCTBYIONINE UM XapaKTePUCTUKH (TIOPUCTOCTh, MAKCHMAaJIbHOE BIIAro-
cofiep)KaHUe B MOYBE U Jp.). IHTerpupoBaHue MOAETH MO3BOJIET MOJTYYUTh PE3YyNIbTaThl B BUAE XapaKTepu-
CTHK JISSITEIIFHOTO CJI0S CYIIH (TeMIIepaTypa MOBEpXHOCTH Ha Pa3HBIX YPOBHSX, BEICOTA CHE)KHOTO IIOKPOBA U
JIp.) Ha Ka)IOM BPEMEHHOM Il1are, YTO MO3BOJISET MPOCIEANTh JHHAMUKY HCCIIETyEeMbIX BETUYHH.

Jlst pacdeToB 1o MoJienu ObLITM UCTIOB30BaHbl CPOUHBIE (C IIaroM 3 yaca) JaHHble HAOMIOICHU OCHOB-
HBIX METEOPOJIOTHYECKHUX BETHYUH (TeMIIepaTypa BO3IyXa, BIaXHOCTh, OCaJIKH, CKOPOCTh M HallpaBJIeHUE Be-
Tpa, AaBlIeHUE), IOJTy4YeHHbIe Ha MeTeoponoruuecknx crannusiax (PI'bY «t BHUMTMU-MI/I», [10]). Pacuer B
MOJIEJIN BO3MOYKEH C I1IaroM [0 BPEeMEeHHM He OOJIbILINM, YeM | yac, odToMy JJist oIy YeHUsl 3HaYeHHI MeTeoBe-
JIMYMH C TaKOH AUCKPETHOCTBHIO MPUMEHSIIACh TUHEHHAS MHTEPIOAH. [l cpaBHEHUS C MOJCIBHBIMU pac-
yeraMH ObUTH MCIIO0JIb30BaHbl MACCHBBI CYTOUHBIX 3HAYCHHUH TEMIIEpaTyphbl MOYBBI T10]] €CTECTBEHHBIM MTOKPO-
BOM Ha CTaHAapTHhIX DryouHax 40, 60, 80, 120, 160, 240 u 320 cM, U3MEPEHHBIX Ha METCOPOIOTHUCCKUX
CTaHLIUAX.

JI1s1 BBIUMCIIEHUS. MHTEHCUBHOCTHU NPUXOISLICH KOPOTKOBOJIHOBOM paiuallMKd HCIOJIb30BAJICs MAacCUB
JaHHbIX MupoBoro 1enTpa paguainuoHssix ganubix (WRDC, [11]). Tak kak U3 1aHHOTO MaccHBa MOXKHO ObLIO
HOJIYYUTh TOJBKO CyTOYHBIE CYMMBI, TO HEOOXOIMMO OBLIO IIPUBECTH MX K 4aCOBOMY pa3peiieHuto. CyTouHbIH
XOJ| pajiMaliy MOXKHO alllpPOKCUMUPOBATh KBAJPAaTUUYHON (YHKIMEH, C MAKCUMYyMOM BO BpPEMSI HCTHHHOIO
TOJTYIHS M OTPUIATENbHBIMU 3HAUEHMSIMM 710 Bocxoaa u mocie 3akara Connna. CremnoBarenbHO, HHTETPA
9TOi (PYHKIMM 3a CBETIIYIO 4acTh CYTOK Oy/l€T paBeH 3HAYCHHIO JHEBHOW CyMMbl. J{iis Kaxkjaoro nHs Obuia
HaliJIeHa Y/IOBJIETBOPSIONIAs 33JIaHHBIM YCIOBUSM (YHKIIHSI, 3HAYSHHsI KOTOPOI B KX M3 CPOKOB U IPUHU-
MaJIMCh 3a 3HAUEHUS II0TOKA CyMMapHOU paauauuy. Houbro NOTOK NpUXOAAILIEN KOPOTKOBOJIHOBOM paaualnuu
OTCYTCTBYET, TIO9TOMY B IEPHO A0 BOCXOAA M MOCTIE 3aKaTa 3HaUYCHHE MPUPABHUBAIOCH K HYITIO.

PE3Y/IbTATHI

JIiist IpoBeICHNS YMCIIEHHBIX 3KCIEPHMEHTOB OBLTH MCTIONb30BaHbI PSIbI JaHHBIX N3MEPEHUH, MOy YeH-
HBIX B IIYHKTaX, KOTOPbIE HAXOASITCA B 30HE MHOTOJIETHEH Mep31oThl — CT. SKkyTck (620 c. mr., 129.70] B.1.)
Bepxostack (670 c.r., 133.30 B. 1.) ¢ 1980 mo 1989 roxsr. C momorisio mogenu UBM PAH Opin mpoBeieHbI
pacdeTsl ISl 3TUX IIYHKTOB C PAa3IMYHBIMU BXOJHBIMU JJaHHBIMH: B YCIIOBUSIX CyXOH IOUBHI, T. €. 0€3 ydera
BBITAJATOIINX OCAIKOB (PKCTIEPUMEHT 1) U B YCIOBHUAX BIaKHOH TTOUYBKI (C YIETOM OCAIKOB, SKCIIEPUMEHT 2).
OKCIEPUMEHT 3 3aKITI0YAIICS B TOM, YTOOBI M3MEHUTH IITYOWHBI 3aJIeTaHus YPOBHEH KOHEYHO-Pa3HOCTHOH CeT-
KH MOJIEJH C UCTIONIb3YEeMBIX B HacTosmiee Bpems B moxern IBM PAH (1, 2, 4, 8, 15, 25, 35, 45, 55, 65,75, 85,
95, 105, 115, 125, 135, 145, 155, 200, 300, 500 1 1000 cM) Ha paBHOMEPHO OTCTOSAIINE IPYT OT ApyTa (TIePBHIit
YpOBEHb HAXOIUTCS Ha ITyOHWHE | caHTHMETp, BTOpoi — Ha 43.5 cM, pa3HHIIa MKy 3HAYCHUSIMH TITyOHH Cie-
IYIOLTNX YpoBHEH — 43.5 cM, mocneTHui ypoBeHs pactonoxkeH Ha 10 meTpax).

AHanu3 pe3ynbTaToB MO3BOIMI ONPENCINTh, YTO 3HAYCHUSI TEMIIEPATyphl HA MTOBEPXHOCTH JIETOM BOC-
TIPOM3BO/IATCS MPAKTHUECKH OANHAKOBO BO BCEX 3KCHEPHMEHTaX (puc. 1), M pa3HOCTh CPeHUX 3HAUYCHUH TEM-
TIepaTyphl 10 U3MEPEHHSIM | IT0 MOZIENBHBIM pacdeTtaM coctapisier 0.5-1.501C. B 3umawMiA nepro mpu HATHIAN
CHEXHOTO MOKPOBa BOCHPON3BEICHUE TEMIIEPATyPhl MOKET MEHSTHCS B 3aBHCHMOCTH OT TOJIIMHBI CHETa:
CHET IOBBIMIAET alIb0E/10 MOBEPXHOCTH, B CBSI3H C YEM IPH MaJIbIX TOJIIMHAX TEMIIEpaTypa MOBEPXHOCTH MO-
YBBI CHIIBHO TIOHIKaeTcs (Harpumep, B BepxosiHcke, prc. 1a). Cinoif cHera 3HaYNTENIFHON TONIIIHBI TPETISIT-
CTBYET BBIXOJIKUBAHUIO TPYHTA, B CBSI3U C UeM HAONIOMACTCS OTEIUIAIOMMN d(PPEKT CHEKHOTO IMOKPoBa (Ha-
npumMep, B SKyTcke, puc. 16).

Puc 1. CpegHeMecA4Hble

a) 6)
20 20 ‘
LA [ (\ O _f\ /\ ’\ A A A A ;ﬁ‘ A 3HauYeHMA TeMneparypel
O 0 i L | L IV I | \ N
s < 0 \ HHHHHTH MOBEPXHOCTU MO [aHHbIM
1] h! | | | \ | o
8-20 . 1818 = » Al VAURYANA HabMI0feHit 1 Mogenb-
e ! | | = ¥ ¥ |
540§ Y ! L \( & ¥ i Y |2 l b U | ‘ ‘ HbIX 3KCnepuMeHToB 1, 2,
%’60 ' ' %-40 y ¥ ¥V \' - \ V1 3 anA nyHKToB: a) Bepxo-
2 -80 Sl fAHCKa, 6) AKyTCKa.
19801981 1982 1983 1984 1985 1986 1987 1988 1989 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
=—HabnogeHun =1 2 3 w—HABMOACHNA ] = 2 3
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BuaHo, 4TO0 pe3yasTaTsl TPETHEro AKCIEPUMEHTa CHIIbBHEE BCET0 OTIIMYAIOTCS [0 TEMIEpaType MOBEPXHO-
CTH OT U3MEPEHHBIX JIAHHBIX B 000MX CiTydasix. DTO 0OBSICHSETCSl TeM, UTO NnpuHsTas B Mozaeins IBM PAH ko-
HEYHO-PA3HOCTHAS CETKa B MOYBE CTyIAETCs K MOBEPXHOCTH, a B HKCIIEPUMEHTE 3 pa3pellieHrne MOJIENH y Mo-
BEPXHOCTH CTAJIO CYIIECTBEHHO Oosiee TpyObIM.

BakHoli XapaKTepHUCTUKON MHOTOJIETHEH MEP3JIOTHI SIBJSIETCS TEMITEpaTypa OuBbl Ha Pa3HbIX TIIyOHHAX.
Ecnu paccMoTpeTs IMHAMUKY TeMIepaTypbl OYBbI Ha NTyOnHax 80 CaHTMMETPOB U 3 METpa 110 pe3yibraram
9KCIIEPUMEHTOB 1, 2, 3 (puc. 2), TO MOXKHO BHJIETh, YTO ITOCJIEC BBOJIa PABHOMEPHOTO paclpe/iesieHHs ITyOuH 110
PO HITI0, KaYeCTBO BOCIIPOU3BEACHUSI JIETHEI TeMIIepaTyphl B OYBE CTAJIO JIy4lle (Pa3HUIIA CPEIHUX TEMIIe-
parypbl Ha IyOrHE 3 METPOB MEX/Iy pe3y/ibTaraMy SKcriepuMenTa 1 u n3mepennii 6buta — 5.7 °C, a 1y1st TpeTh-
ero skcnepuMenTa crana — 2.8 °C). [TonoxxuTenbHbIe 3HaYECHHS TEMIIEPATypPhl Ha ATUX TIIyOMHAX B IEPUOJ He-
CKOJIBKUX HEPBBIX JIET MOJICIIMPOBAHMS CBSI3aHBI C TEM, YTO B MOJIEIIH 3a/IaI0TCsl Ha4albHble IPO(UIIN 3HaYe-
HUH TeMIepaTypsl U BIaXHOCTH, KOTOPbIE HE COIIACOBAaHbI C KIMMAaTHYECKHUMHU YCIOBUSAMH JAHHOTO PErHOHa,
1 B TE€YEHHE HEKOTOPOTO BPEMEHH ITPOQHIH IPUCIIOCAOINBAIOTCS K ATUM YCIIOBHSIM.

Puc. 2. CpegHemecau-
Hble 3Ha4eHWA TeMnepa-
Typbl N0 AaHHBIM Habo-
JIEHU 1 MOfENbHbIX
acnepumMenToB 1, 2, 3 anA
BepxosHcKa Ha rnybuHe:
40 a) 85 caHTMMeTpoB, 6) 3

980 1981 1982 1983 1584 1985 1986 1987 1988 1989
s HAGMOACHNA s | s 7 3 MeTpa.

Temnepanypa, "C

1982 983 1984 1985

— HACNIOLCHAA c—] 3

3AKJTIOYEHUE

PaccmarpuBaemsrit 6mox UBM PAH sBrsieTcst 9acTpio 1m100ambHON KIUMaTHIeckord Momenu. s amex-
BaTHOTO BOCIHPOW3BEICHMS KIMMara MPEACTaBIsAeT 3HAUUTEIbHBIN MHTEPEC TEMIIepaTypa MOBepXHOCTH. M3
HAIIAX KCTIEPUMEHTOB MOYKHO 3aKJIIOYHTH, 9YTO, BOSMOXHO, B KimMatndeckoir monenn IBM PAH temmepary-
pa ryGOKHX CIIOEB B 30HE MHOTOJIETHEH MEP3IOTHI PACCUMTHIBAETCS C OMIMOKAMH, OHAKO 3TO HE JOIKHO Cy-
IIECTBEHHO CKa3bIBaThCS HA KAYE€CTBE BOCIIPOM3BEICHHUS PETHOHAIBLHOTO KIMMara, T.K. TEMIIepaTypa IoBepX-
HOCTH IIPH 3TOM PACCUUTHIBACTCS 3HAYUTEIBHO JIyHIIIe.

B 10 3xe Bpewmsl, B 3a/1a4€ MPOTHO3a OyAyIEr0 N3MEHEHH IMEHHO BEYHONW MEP3IIOTHI, HYy>KHO 00paTuTh
Oornblliee BHUMaHNE HAa Ka4€CTBO BOCIPOU3BEACHHS TEMIIEPATyphbl Ha OONBIINX ITyOHHAX, U 37I6Ch COBPEMEH-
Has Bepcus Mofenu aestenpHoro cinost IBM PAH Hyxnaetcs B COBEpIICHCTBOBaHUH. B wacTHOCTH, TTOKa3aHO,
4TO OONBIIOE 3HAYEHNE UMEIOT HauyaJIbHBIE JaHHBIE, C KOTOPBIX CTApTYEeT MOJETb, M BEPTUKAIBLHOE pa3perie-
HHE MOJZIEJIN: 3aMEHa CTYIAIONIEHCs K TOBEPXHOCTH KOHEYHO-PA3HOCTHOM CETKH, IPUHATOI B MOZIENN paHee,
Ha CETKy C IOCTOSHHBIM IIaroM, MIPUBOAUT K YIy4IIEHHIO PE3yJIbTaTOB PACUETOB TEMIIEPATyphl Ha OOJIBIINX
TIyOMHAX.
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Mathematical modeling of the underlying surface
Alipova K.A., Bogoslovskiy N.N.

Tomsk State University, Tomsk, Russia
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earth's surface. Different parameterizations with 2-4 layers are used to describe the processes occurring

in the soil. However, in spring and autumn, when the temperatures of the earth and air are very different,
parameterizations work incorrectly. This problem can be solved by describing the processes of heat and mois-
ture transfer in the soil explicitly.

In winter the modeling is complicated by the presence on the surface of the snow cover, which affects the
heat flow in the soil and in the atmosphere. That’s why it is necessary to use more complex parameterizations
that take into account the influence of snow cover in winter and especially during the snowmelt.

The paper considers the problem of temperature distribution in the soil layer, which was resolved by the
method of coordinate transformation [1]. For the numerical experiments we used data [2] from the weather
station Violett, which is located in the United States of America, Montana. The period of time for the simulation
was 1 year — from 00.00 on 1 January 2016 at 23.00 on 31 December 2016. The time step of the model was
20 minutes.

The multilayer parameterization ISBA offers several schemes for describing the snow cover on the ground.
They range from single-layer schemes with a minimal number of predictive variables and greatly simplified
thermodynamics of snow, to the detailed multilayer schemes (ES and Crocus). ISBA-ES parameterization typi-
cally uses up to three layers of snow. The last configuration is suitable for cases where the emphasis is on the
study of the properties of the snow (prediction of avalanche danger, description of the physical properties of
snow, combined use of remote sensing).

The following temperature distribution in soil was obtained by numerical simulation.

l atent and sensible heat from the soil has a great influence on the temperature and humidity of air near the

% Fig. 1. Distribution of the soil
Distribution of the soil temperature on the depth x = 0.508 m temperature on the depth x=0.508m

—Real data The modeling results qualita-

tively and quantitatively agree
with the real data. The average er-
ror of the simulation data against
the data of measurements is & =
0,6296 °C, mean-square error is &,

" =0,9099 °C.
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— Results of the modelling
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MaTeMaTnyecKoe MoaesnimpoBaHuMe rnpoueccoB
noacTunaoLen MOoBEepPXHOCTU

Anunosa K.A., borocnosckui H.H.

ToMcKuiA rocyaapcTBeHHbIM yHuBepcuTeT, ToMcK, Poccus
E-mail: aka@math.tsu.ru, nbogoslovsky@math.tsu.ru

3BECTHO, YTO IOTOKH CKPBITOTO ¥ SIBHOTO TEIUIA OT ITOYBBI OKA3BIBAIOT OOJIBIIIOE BIIMSIHAC HA TEMIICpa-

TYpY Y BIaXXHOCTh BO3yXa BOJNU3U 3€MHOI MOBEPXHOCTH. B HacTosIIee BpeMs [T YHCICHHBIX pac-

YETOB MPOTHO3a MOTOJIBI IMUPOKO UCTIONIB3YIOTCS ITapaMeTpH3anuu (PU3MIECKUX MPOIECCOB IMOCETOY-
HOro MacmTaba. J[yst onrcaHus mporeccoB, MPOTEKAIOIINX B IIOYBE, HCIIOIB3YETCSI MapaMETPU3alui, B KOTO-
PBIX JUISL ONMCAHUSI IPOLECCOB UCHONb3yeTcsl 2-4 ciosi mouBbl. OHAKO B BECEHHE-OCEHHUI Mepuo, Koraa
TEeMIIEpaTypbl 3eMJIU U BO3/1yXa CUJIBHO OTJIUYAIOTCS U MPOUCXOIUT YACTOE TasHUE U 3aMep3aHue, NapaMmeTpu-
3anuu padoTaroT HeTowHO. OTCIoNa ClieAyeT HeoOXOAUMOCTh ITOCTPOCHHUSI MATEMATHIECKOW MOJICITH, KOTOpast
MO3BOJISIET SIBHO OMUCHIBATh MPOLECCHI TEIIO-BIAronepeHoca B MoUBe U JJaeT XOPOIIYI0 TOYHOCTh pacipe/e-
JICHUS TEMIIEPATYPhl U BIAXKHOCTHU MOYBBI BHE 3aBUCUMOCTH OT BPEMEHH rojia.

B 3umHMi nepuoa MoieaupoBaHUe YCIOXKHIETCS HATMUMEM Ha MOBEPXHOCTH 3€MJIM CHEXKHOT'O TMIOKPOBA,
KOTOPBIN OKa3bIBACT BIUSHHE HAa TIOTOKU TEILIA U B TIOYBE, U B atMocdepe. B CBsI3u ¢ 3TUM BO3HHKAET HEOOXO-
JUMOCTh HCITOJB30BaHUS 00JIee CIOKHBIX TTapaMeTPH3AIMid, MO3BOJISIONINX YYeCTh BIUSHUC CHEKHOTO IMO-
KpOBa B 3MMHUI [IEPUO]] U, B 0COOCHHOCTH, B IIEPHOJT CHETOTASTHUSL.

Maremaruieckoe MOJCITUPOBAHUEC (POPMUPOBAHHS, YIDIOTHCHUS M TasSHISI CHS)KHOTO TIOKPOBA OTIIMYACT-
Csl OT MOJICTIMPOBAHUS IPYTUX BEUICCTB, TaK KaK CHET MUMEET OO0Jiee CIOKHYIO CTPYKTYPY, KOTOpasi BO MHOTOM
3aBUCHUT OT HaYaJIbHBIX YCJIOBUN U MOCTOSTHHO U3MEHSETCS ¢ TeUeHHEeM BpeMeHH. [109TOMy CHEKHBIH OKpPOB
YIOOHO pa3eisiTh Ha CIIOH, KAXK/IbIA U3 KOTOPBIX UMEET CBOU MapaMeTPhl, KOTOPhIC MOTYT PE3KO OTIHNYATHCS.
Tak, HanpuMep, B EPHUOJ] TASHHS B BEPXHHUX CIIOSIX 00pa3yeTcs BOla, KOTOpas yIACPKUBACTCSI CHETOM, 3aTeM
BOJ/Ia MOXET 3aMEP3HYTh U MPEBPATUTHCS B JIEA, U [TOCJIE ITOI0 CBEPXY MOKET BBHINACTb CBEXKUIT CHET.

CornacHo [1], B HacTos1ee BpeMsi 17151 MOAETUPOBAHUS CHEra CIOJb3YIOTCs TpH noaxoaa. [lepssiii moa-
XOJ1 3aKJTI0YAETCS B MIPEJICTABICHUH CHEKHOTO TTOKPOBA KaK OJTHOTO CJI0S, YTO 3HAUYUTEJIBHO YIPOIIAET MOJIEb,
COKpAILAET KOJMYECTBO BXOIHBIX MApaMETPOB, HO OAHOBPEMEHHO YMEHBIIAET TOYHOCTh PE3yJIbTaTOB MaTeMa-
THYECKOTO MOJICIIPOBAHMSL. DTOT MOAXOJ MMOIPOOHO omurcaH B padote [2]. Bropoit moaxox [3] ucnonb3yer He-
CKOJIBKO CIIOCB CHETa M MOAPOOHBIC CXeMbl (pu3mdecKkoil mapamerpusanuu. OIHAKO HCIIOIH30BaHUE B aTMOC-
(hepHBIX MOJEISAX TAKUX CXEM OTPAaHHYCHO UX OTHOCHTEIBHO OOJBIION BBIYUCIUTEIBHON CTOMMOCTRIO. Tpe-
THI oaxon [4] ocHoBaH Ha npeasaymeM. OH HCHONB3YeT YIPOIIEHHBIE BEPCUH CXeM (H3MYEeCKON mapame-
TPH3AIMU U ONHCHIBACT TOJIBKO TC MPOIECCHI, KOTOPBIC CYUTAIOTCS HAHOOJICe BaXKHBIMU B YCIOBHSX MOCTAB-
JISHHOM 3aJ1a4y, a TAK)Ke COKpaIIaeTcsi KOIMUECTBO CJIOEB.

1. YACJTIEHHOE MOOEJIMPOBAHUE PACMPEOENEHNA TEMIMEPATYPbI B TPYHTE
HA PEAJIbHbIX JAHHbIX

B pabote paccMoTpeHa 3aa4a o pacipe/ie]ieHHH TeMIIepaTyphl B CJIO€ TPyHTa, KOTOpasi pelaiach MeTo-
JIOM MpeoOpa3oBaHus KOOpAUHAT [S]:

ou, , du
c—t=k —=L, 0<x<s(t), t>0;
Vo T ax? ©

Ou, u
c,—2=k,—=, s(t)<x<L, t>0;
ot > ox? ()

t=0: ul(x)=uz(x):T0, 0<x<L;
x=0: u (t)=T[, 0>

x=L: P2 g 50,
X
ou ou ds
x=s(1): uy=u, =T,; kla—x'f)nza—xz:Q/pwE;
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3nech 0 <x < s(f) — mpomep31as yacTb TPyHTa, ¥, — TEMIIEpaTypa B pomep3iiei gacty, s(f) <x < L —Ta-
J1as yacTb IPYHTa, 4, — TEMIIepaTypa B TaJoH dacTy. s(f) — rpaHuIa (pa3oBoro nepexoza. L — rirybuHa paccMa-

. A 1
TPHUBAEMOTO y4acTKa I'PyHTa; , €, C, — yAEIbHAS TEIUIOEMKOCTb; k=—"k = 0’ Ais A, — K09 GULUEHTBI TETIO-
1 2
IIPOBOTHOCTH; p= % — CpelHss IIIOTHOCTb IPYHTA; W — BIQXKHOCTb IpyHTa; O, — TemIoTa (a3oBoro nepe-
xoza.

2. MAPAMETPU3ALUMA CHEXHOIO NOKPOBA ISBA-ES

[Tapametpuzanus [ISBA mpemaraeT HECKOJIBKO CXeM JIJIsl ONUCAHMS CHEXHOTO MOKpoBa Ha 3emiie. OHH
BapbHUPYIOTCS HAYMHAS OT OTHOCIIOMHBIX CXEeM ¢ MUHIMAaJIbHBIM KOTWYECTBOM IPOTHOCTHYECKHUX MEPEMEHHBIX
U CWJILHO YTIPOIIIEHHOW TEPMOJMHAMHKOHN CHETa, M 3aKaHIMBasl MOPOOHBIMIA MHOTOCTORHBIME cxemamH (ES 1
Crocus).

B mapamerpuzanuu ISBA 10CTyIHBI ONIMK ABYX MHOTOCIOMHBIX CXEM CHEXHOTO MMOKpOBa, 3T0 Explicit
Snow (ES) u Crocus. Jlinst onucaHus OpoIeccoB B CHEXHOM IMTOKPOBE ObLia BbIOpaHa mapamerpusanus ES.
Cxema ES [7] — oT0 Tak Ha3bIBaeMas cxeMa IMPOMEKYTOTHON CIIOKHOCTH, KOTOPAs SBIISIETCS MPEICTABUTEIEM
KJ1acca MoJiesiell CHe)KHOTO [TOKPOBa, B KOTOPBIX MCIOJIB3YETCs HECKOJIBKO CIIOEB M YIPOILEHHbIE pU3NYeCKue
CXEMBI TlapaMeTpu3anuu [4].

ITo cpaBHEHUIO ¢ 0a30Boit cxemoii ISBA, siBHast MHOTOCIOMHAs cxema ISBA-ES ycrpansier 6onpliue me-
pemasl TeMIeparypsl U INIOTHOCTH, KOTOPBIE MOTYT CYIIIECTBOBATH B CHEKHOM ITOKPOBE; pa3IHyacT dHepre-
THUYECKHI OaNaHC 3aCHEKEHHBIX U HE 3aCHEKEHHBIX yYaCTKOB 36MHOI MOBEPXHOCTH; BKJIIOYaeT 3(pdekT co-
JIepKaHUS )KAAKON BOJBI B CHE)KHOM TIOKPOBE; BRIYHCIISET MOMIOIIEHIE MOCTYTAIOIETO H3TyYeHHSI CHEKHBIM
TTOKPOBOM, a TaK)Ke BBIYUCISAET SIBHYIO TEIJIOMPOBOAHOCTH MEXY CHETOM M ITOYBOH.

Cxema ISBA-ES 00bI9HO HCIIOIB3YET IO TPEX CiIoeB cHera. Ilocaemusist KoHpUrypamus MOAXOIUT IS
CITydaeB, KOT/Ia aKIEHT JIeTaeTCs Ha M3YYEeHUHN CBOMCTB CAMOTO CHera (IIpOTHO3MPOBAaHUE JIABUHHOH OIacHO-
CTH, OITUCaHNE (PU3NUECKNX CBOWCTB CHEra, KOMOMHHPOBAHHOE MCIIOIB30BAHNE TUCTAHIIMOHHOTO 30HANPOBA-
HUSA).

B nmapamerpuzanuu ISBA-ES ypaBHeHne ycpenHeHHOH 10 ci10r0 cHera temmneparypsl (1) BeIpaxaeTcs
KaK

ot ’ ' °,
rae Fv — CKPBITOC MNOMIOHICHHUE WJIM BBIACJICHUC TCIJIa BCJICACTBUC (1)330BBIX nepexoa0B (Me)K,Z[y BOZ[Oﬁ u
JIBIOM).
YPaBHeHI/Ie COXpaHCHUS MACCHI JId BCCTO CHEKHOT'O MOKPOBA BbIPAKACTCA CICAYIOIINM 06p330M:
/4
L — f— — J—

61 _Ps+psn(P By) Es Esl Qn’
rae E; npencrasiseT ucrnapeHue KUIKOH BOJbI C TOBEPXHOCTH CHETa, U Mpou3BeieHue p,,(P—P,) mpeacrasiis-
€T 4acCTb 0611161“0 KOJIMYCCTBA OCAJIKOB, KOTOpasd MNEPEXBATHIBACTCA CHCKHBIM IOKPOBOM, B TO BPEMsS KakK
OCTaJIbHad 4aCTb OCAaJAKOB NE€PEXBATHIBACTCA 0OeCCHEXHOU ITOYBOM 1 PACTUTCIIBHBIM ITOKPOBOM. CKOpOCTL CHEC-
roTassHus Qn — 9TO CKOPOCTh, C KOTOpOﬁ JKUJKas BoJia MOKUJAACT OCHOBAHUC CHCYKHOT'O ITOKPOBA.

3. PE3YJIbTATbI MOOEJIMPOBAHUA

Jyist ipoBe/ieHHst YMCIIEHHBIX KCIIEPHUMEHTOB OBbUIN MCIIOIBb30BaHbI JaHHbIe [6] ¢ MeTeocTanuu Violett
(puc. 1), xoropast pacniosioxxeHa B Coenunennbix Lltarax Amepuku, mrar MonTana. ['eorpaduueckue koop-
JTUHATBI MeTeocTaHuu: 48°26' ¢. m., 111°11' 3. 1., abcosrOTHAS BRICOTA HAll YPOBHEM MOps — 983 MeTpa, ThIl
MOJICTHIIAIONICH MTOBEPXHOCTH — ToJie. 3MepeHust TemMreparyphbl OYBbI Ha CTAHIIUKM TPOU3BOMSATCS KAKIBIH
yac narunkamu Hydraprobe Analog (2.5 Volt).

Puc. 1. MeteoctaHuua Violett
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PaccmarpuBaemslit epros BpeMeHu Ais MoaenupoBanus coctasui 1 rox — ¢ 00.00 1 suBaps 2016 rona
1o 23.00 31 nexabpst 2016 rona.

JIyist NCTIONTb30BaHMs TAaHHBIX METEOCTaHIMH B MaTeMaTH4eCcKoil Mozesin Obula MpoBeaeHa POCTPaHCT-
BEHHasl JINHEIHAs HHTePHOSILKA JUI 3a/laHKs] HauaJdbHbBIX YCJIOBHH, a TaKXKe BPEMEHHAs! HHTEPIOJIALUS 11
3aJlaHMsI TPAaHUYHBIX YCJIOBUI MEPBOrO poja Ha BepXHel U HbkHel rpanunax. IIpu aToM BpeMeHHOI mar Mo-
Jenu coctaBuil 20 MUHYT.

B pesyinbrare 4yrciaeHHOro MOJITMPOBAHMS ObLIN MTOYYEHBI CIICAYIONINE PacIIpEACICH s TEMIIEPaTyPhI.

Pacnpepenenue Temnepatypel Ha ray6une x = 0.1016 m Pacnpepenenue temneparypel Ha ray6une x = 0.2032 m

—— JlaHHbIE METEOCTAHLMM
—— [aHHbie METeoCTaHLMKM

—— Pe3ynsTaThl pacuetos
Pe3yAbTaTl pacueTos

Puc. 2. Pacnpenenexvie TeMnepatypbl Ha rny6uHe Puc. 3. PacnpeneneHue TeMnepatypsl Ha rnybuHe
x=0,1016 ™M x=0,2032 ™M

% Puc. 4. Pacnpepnenexue

PacnpegeneHue Temnepatypbl Ha rnyGuHe x = 0.508 m

o TemnepaTypbl Ha riybuHe
x=0,508 M

— [laHHble MeTeOCTaH LMK

—— Pe3ynbTaTsl pacyeTos

Ha puc. 2 — 4 npeacTaBieHsl pacipeeseHus TeMIIepaTypbl B TPYHTE 3a BECh IIEPUOJ MOACIUPOBAHUS Ha
(hUKCHPOBaHHBIX TITyOWHAX. 3HAYCHHUS TTyOWH BHIOPAHBI B COOTBETCTBHH C PACIOIOKEHIEM TaTIUKOB.

U3 rpaukoB Ha puc. 2 —4 BUAHO, 4TO PE3YIbTaThl MOICIMPOBAHHS COINIACYIOTCS KAYECTBEHHO M KOJINYe-
CTBEHHO C PEasbHBIMH JaHHBIMH. /711 OLCHKH TOYHOCTHU IOJTYyYECHHBIX PE3yJIbTaTOB MOJCIMPOBAHUS BHIYH-
CIIIM CPETHIOIO (¢,) M CPEAHEKBAAPATUIHYIO (&,) OIIHOKH.

Z(”x T data )2

U = Uy

» , TII€ U; — PE3YNBTaThl MOJICIUPOBAHMS, U, — JAHHBIE U3MEPEHHH, 1 — 00-
11ee KOJINYeCTBO JAHHBIX JUIS CPAaBHEHUSI.

Cpensist ommOKa JaHHBIX MOJICTUPOBAHMS OTHOCHTENIFHO TAaHHBIX M3MepeHni Ha TiryounHe x = 0.1016 M
cocrapuna & = 0.7465 °C, cpenmnexBagparudHas omubka &, = 0.1963 °C. s mry6unsr x = 0.2032 m:
&, =0.5885°C, &,=0.7648 °C. Jlyst try6mnst x = 0.508 m: , &, = 0.5538 °C, &, = 0.6839 °C.

Paboma svinonnena npu noodepoicke npoexma PH®D Nel6-19-10257.
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and soil conditions is very important for numerical weather prediction models. Incorrect initialization of

soil fields can lead to errors in air temperature forecasts up to several degrees, deteriorates meso-f3-scale
circulation and development of thunderstorms [1,2]. Features of error sources in numerical weather predic-
tion models strongly depends on type of these models and especially on soil and boundary parameterizations.
In this paper, the SL-AV global medium-range weather forecast model with variable horizontal resolution (0.18
- 0.25° by longitude and 0.225° by latitude), 51 vertical levels and hybrid coordinate system is investigated. The
ISBA scheme is used as surface parameterization. It has two layers: surface and deep soil and 8 prognostic
variables, including soil moisture [3]. Surface analysis is independent from atmospheric and is executed every
6 hours: 00, 06, 12 and 18 UTC.

The optimal interpolation method (OI) is used for initialization of soil moisture fields in the operational
version of the SL-AV model. In this paper, the application of Simplified Extended Kalman filter (SEKF) instead
of OI [4] is investigated.

To evaluate the influence of this algorithm on model weather forecasts mean, the absolute and root-mean
square (RCOA and RMSE) errors of short-range forecasts for Europe (0° — 50° E., 35° — 65° N), Asia (50° -
135° E., 40°— 65° N) and European part of Russia (27° — 50° E., 45° — 65° N.) are calculated. These forecasts
started daily from 12 UTC data for 72-hours forecasts during the first decade of July. Herewith, two weeks of
preliminary results were calculated for adaptation of soil moisture.

Grid points, where analysis increment was more than 0.1 m’/m’ led to nonlinearity in system. Such points
are excluded from the analysis. Also, it was controlled that soil moisture values in the analyzed grid points lay
between wilting point and field capacity.

RCOA of 2-meter air temperature and RMSE of air relative humidity for all investigated regions are very
similar for SEKF and OI, but insignificant increase of amplitude of diurnal cycle is more typical for SEKF. This
is because Kalman filter responds to non-linear interactions between soil and atmosphere sharper [5]. One of
the way of smoothing these oscillations is to expand assimilation window from 6 hours to 12 hours (as in EC-
MWEF model) or 24 hours (as in COSMO-model).

Embedded simplified extended Kalman filter at the SL-AV global forecast model allows to use additional
source of soil moisture data (i.e. satellite information) for improving soil analysis without impairing quality of
weather forecasts.

f ; oil has a great influence on atmospheric processes; hence, an accurate description of soil mechanisms
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YcBoeHWe AaHHbIX MPU3EMHBIX XapaKTepPUCTUK BO3yXa
ONA MHUUManu3aumm nonemn BNaHoOCTV B IMyH6OKoM cnoe
noyBbl rMobansHon Mogenun atmocdepsl MNMJTAB20.
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JTHOM M3 BOKHEHIINX MPOOJIEM YHCIEHHOTO IIPOTHO3a MOTO/bI SIBJISIETCSI HETOYHOE OITMCAHUE IPOLeC-

COB, CBSI3aHHBIX C MOJCTHUJIAIONIEH MOBepXHOCThIO. [I0TOKM Temya U BIaru ¢ Hee CUIbHO 3aBUCAT OT

BJIArOCOJEP KAHUS U PACTUTEIILHOIO TIOKpPOBa MouBbl. Kak npaBuiio, KOJINYEeCTBO BIIaru B IEPBOM Me-
TpPE CJI0sI TIOUBBI M3MEHSETCSI MEVICHHO (BPEMEHHBIE MAcIITa0bl COCTABIISIIOT MOPSI/IKA HECKOJIBKUX HEJEIb).
Bceneacrre 3TOro MHUNMAIN3ANKS 1TOJIEH BIQXKHOCTH MOYBBI ¢ OOJIBIIMMH OIIMOKaMHU 1aKe B MOZEIISX, UMe-
IOLUX PEATUCTUYHYIO CXEMY ONUCAHMS TIOUBbI, MOXKET IPUBOIUTH K HEIPABUIBHBIM OLIEHKaM SIBHOTO U CKPBI-
TOTO MOTOKOB TEIlIa Ha MOBEPXHOCTH Ha OOJIBIINX BPEMEHHBIX MHTEpBajax. JTO, B CBOIO OYEpE/b, BEICT K
YXYIIEHUIO Ka4ecTBa KPaTKOCPOYHBIX IIPOrHO30B TOTOABI M ONMUCAHUS IUPKYJISIIUN Me30-B-Maciurada [1,2].
[Ipu3emHble napaMeTphl TAKXK€ OYE€Hb UyBCTBUTEJIbHBI K U3MEHEHUIO COCTOSIHUS MOYBBI, I0O3TOMY HEpealH-
CTHYHOE 33/IaHHE €€ XapaKTePUCTHK MOXKET IIPUBECTHU K OIIMOKaM MPOrHO3a IIPU3EMHOM TeMIieparypbl 10 He-
CKOJIBKHX IPaayCOB.

B nporecce ycBoeHus 1015 BIArocoAepskaHus MOUBbI, KaK IPaBHUIIO, aIalITUPYIOTCSI TAKMM 00pa3oM, 4To
BEJIMYMHBI TIPOTHO3a [TPU3EMHBIX XapaKTEPUCTHK MPUOIMKAIOTCS K JaHHBIM HaOmroaeHusiM. TakuM o0pasom,
MOYKHO CKa3aTh, YTO BOCCTAHOBJICHHBIE OIS BIAXKHOCTH CHJIBHO 3aBUCST OT UCIONb3YEMOI MOJIENIU IPOrHO3a
TIOTO/Ibl U 0COOEHHO OT MCHOJIB3YyEMbIX B HEH IMapaMeTpH3aliii IIOYBBI M IIOTPaHIMYHOTO cJiosi. B nanHoi# pabo-
TE B KAUYECTBE SKCIIEPUMEHTAILHON MOJIENN BEIOpaHa I1o0aibHast MOZIEb CPETHECPOUHBIX TPOTHO30B MOTObI
ITJIAB20 ¢ nepeMeHHbIM ropu30HTaIbHBIM paspernenuem (0.18 — 0.25° no gosrore u 0.225° o mupore (0Ko-
10 20 xm Hazx Tepputopueit Poccun)), 51 ypoBHeM 110 BepTHKau ¥ THOPUIAHON CHCTEMOW KOOpAWHAT. AHAN3
XapaKTePUCTHUK MOACTHIIAIONICH TOBEPXHOCTH B Hel (DYHKIIMOHAIBHO OTJIENICH OT aTMOC(EPHOT0 ¥ PACCUHTHI-
Baetcs 4 pasa B cytku B 00, 06, 12 u 18 yacos BCB exennesHo. [logcTunaromnias HOBepXHOCTh B TaHHOH MOfie-
71 atMoc(epsl OIMCHIBACTCS ABYXCII0iHOM cxemoit ISBA [3,4].

JUist yydIieHust ONMCaHusl COCTOSIHUS TTOCTHIIAIONIEH TTOBEPXHOCTH B JJTaHHOW paboTe ObUT MpUMEHEH
ynpoleHHbI pacmupenHsiil Guisrp Kanmana (Simplified Extended Kalman filter) k mossim BraxkaocTn riy-
6oxKoro ciost TouBsl cxeMbl ISBA [5]. DkcriepuMeHTalIBHO JI0Ka3aHO, YTO BIIarocoiepKaHue NOBEPXHOCTHOTO
CJI0sI OYBBI BIMSIET HAa KAa4ECTBO MIPOrHO3a TOJBKO B IEPBBIE Uachl [6], K TOMY K€, B CXeMe MOJCTUIAIOIEei
noBepxHocTu ISBA koim4ecTBO Biark Ha IIIyOOKOM YPOBHE KOCBEHHO PETyJIMPYET €¢ HaJIMUUe B TOBEPXHOCT-
HOM citoe [7]. YcBauBarh HEIOCPEICTBEHHO HAOIIIOICHNS BIIKHOCTH ITOYBHI HE IPE/ICTABISIETCSI BO3MOKHBIM,
T.K. CyILIECTBYIOIIAsl CETh HA3EMHBIX METEOPOJIOTHYECKHUX U arPOMETEOPOIOTNYECKUX CTAHINH JOBOJIbHA PEl-
Kasi ¥ IPOBOJINT M3MEPEHHUS KOJIMUECTBA BIIard HEperyJsipHO. Biarocoaepskanne riryOGoOKoro ciiost IOUBbI OKa-
3bIBACT CHJILHOE BIIMSTHUE HA TPU3EMHbIC XapaKTEPUCTHKH BO3/yXa, 0COOCHHO B yCJIOBHSIX sicHOTO HeOa [8]. B
CBSI3U C 3TUM, B MOJEJAX YHMCIEHHBIX IIPOrHO30B IOTrOJbl PACIPOCTPAHEH MOAXOJ MHUIMAIM3ALUU IOJei
BIQKHOCTU MOYBBI HA OCHOBE YCBOEHMsSI MPU3EMHBIX TEMIEPATypbl 1 OTHOCUTEIBHON BIaKHOCTH BO3/yXa
[9,10,11]. B aToM MeTOzEe mpenmnoaaraeTcs, YTo U3MEHEHUs IPU3EMHBIX XapaKTEpPUCTUK BO3AyXa CBA3AHBI C
M3MEHEHHSIMH BJI)KHOCTH MOYBBI IIIYOOKOTO CJIOSI IPAKTUYECKU JIMHEHHO. [Jist Toro, 4ToObI KOJMYECTBEHHO
0XapaKTepH30BaTh 3TO COOTHOIICHHE BBOJUTCS oreparop Habmonennii H. B odmiem ciryyae, 5T0 HeTMHEHHBIH
omneparop. OnHako, NPUMEHUB TUIIOTE3Y O IMHEAPU3YEMOCTH ITOTO OIeparopa, pasjioxkeHue B psija Teinopa u
METOJ] KOHEYHBIX Pa3HOCTEH, MBI MO’KEM €TO BBIPA3HUTh CIIEAYIOLINM 00pa3oM:

H (w +06w) =H (w) + How, (1)
_H(w+dw)—-H(w)
ow

H -(2)
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¢ OW — BO3MYIICHHE BJIAaroCOACp)KaHHs IIIyOOKOIO CJIOS MOYBBI, B JAHHOM CJIy4ae MPUHATO PaBHBIM
0.01m"/m’; 1 — SIkoGuan oneparopa HaGIOAeHHIT (TMHEAPH30BAHHBII MOJIEIBHEII OMEpaTop HAGTIONEHH ).

Brrancnenue SlkoOuana ¢ MOMOIIBIO METOa KOHEYHBIX PAa3HOCTEH NpernonaraetT JMHEWHBIH OTKIHMK
MIPOLIECCOB UCIIAPEHUS C IOBEPXHOCTH ITIOYBBI Ha HEOOJBbIIE H3MEHEHUS BIIAr0COACPIKAHMS TTI0YBEL.

T[IporHoCTHYECKUi BEKTOP W, K BEKTOP aHAIN3a W °, | BIAKHOCTH [ITyGOKOTO CJI0Sl TOYBBI BHIYMCIISIOTCS
COIIACHO ypPaBHEHUSIM:

w, = Mt-l[wza-l] ,(3)
W, = wf—l +K, [y?_ H (Wtbq )], 4)

K,,=BH'(HBH'+ R) " 5

M, | — HenMHEWHbIE ypaBHEHUS COCTOSHUA MporHocTuaeckor monenu (ISBA);

w’, | — BEKTOp (POHOBOTO COCTOSTHHS BIATOCOEP/KAHHS TIOYBBI B TITyGOKOM CIIO€ B MOMEHT BPEMEHH £—1;
y ', — BekTOp HAGMIOEHNIT B MOMEHT BPEMEHH f;

K, , — marpuna Kanimana B MOMEHT BpeMeHH —1;

B — xoBapuarmonHnas Marpuia (OHOBEIX OIIHNOOK;

R - KoBapmanmoHHass MaTpHUIa OIIHOOK HAOTIONEHHIA;

H — HenuHEWHBIN onepaTop HaOIIOICHHIA;

H — nuneitabIil omeparop HabmroneHuH (TMHeapua3aIms ).

Marpuipl B 1 R npuHSTBI CTATHYECKUMHE M IMATOHATIBHBIMU (TIPE/IIIONIAraeTcsi, 4TO OUIMOKU HE KOppeu-
pytor). Ha inaroHasx paciosoxeHbl UCIEPCHH OMOOK 6 2 = 0.01 m¥u’, 07 =1 K,0 4, =10 % [11].

B oneparuBHoit Bepcuu rmodanpHOI Monenn atmocdeps! IIJTAB20 1 nHUMaTH3aMy TOIeH BIaKHO-
CTH TIOYBHI IITyOOKOTO CJIOS TPUMEHSIETCS MeTO] onTuManbHoi naTeprosun (ON). s cpaBHEHNUS ¢ OMIHO-
KaMH [POTHO30B, MMOJIYYEHHBIX MPU €r0 UCIOJIb30BAaHUHM, OBUIM PACCUUTaHbl HAOOPHI IAHHBIX C 3a0JaroBpe-
MEHHOCTBIO OT 24 4 110 72 9 OT eXeAHEBHBIX 3amyckoB i 12 ¥ BCB misa mepsoit gekanst utons 2015 1, nmpu
9TOM I0JIAraJIoCh 2 HEeJIeNIU MPE/IBAPUTEIBHBIX PACUSTOB JUIS a/IANTAIlU OYBEHHBIX YCIOBHA.

B X071e SKCIepUMEeHTa TIPEATONaraioch, 9To y3iIbl Mofeu, rae > 50 K/v'/m’ u > 5 %/M'/M’, a Takxke uto-
TOBBIC MHKPEMEHTHI BIaKHOCTH Oombire 0.1 M/M, IMeITH He(U3NIECKHe 3HAYCHHS U, KaK CIICICTBUE, B 1aJTb-
HelimeMm aHanmu3e He yaacTBoBaid [ 10, 12]. Takxke cautanaock, 9T0 KOPPEKTHPOBKA BIAr0COAEPKaHUS TITy0o-
KOT'O CJIOS TOYBBI MOYKET IIPOBOJIMTHCS TOJIBKO B TEX y3J1aX, [JIe M0YBa HE MepecyIieHa 1 He IepeyBIaXkHeHa.

6)

a)

Puc.’
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— 24
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~4— 22
— 2

20
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336NaroBpeMeNsOCTE NPOrHO3A,Y JabnaroepewenHocTs NPOrHOIA, Y
——— T. RCAQ. D1 RH, RMSE. O T, RCAD. OF RH, RMSE, Ot
— = — T, RCAD,EKF  — — — RM, RMSE EKF — — — T, RCAD,EKF  — — — R, RMSE EKF

cpefHeKBaapaTUyeckue ownbkM (RMSE) nporHosa 0THOCUTENBHOM BNaHOCTY Bo3ayxa Mogenu MNJ1AB npu ycBoeHuUm npu-
3eMHbIX XapaKTEPUCTWK B aHaNK13e BNAXKHOCTH ryHOKOro C11oA NoYBbI METOAAMU ONTUManbHo UHTepnonauum (OU) n
YNPOLLEHHOrO pacLumMpeHHoro gpuibTpa KanMana (SEKF) no tepputopum Asum(1-a) u ETP (1-6) 3a nionb 2015 T.

Jyist OLIeHKM M3MEHEHHs KauecTBa IPOrHO30B MPU3EMHBIX IapameTpoB Obuth Beranciensl RCOA (cpen-
Hue abcomorHele omuoku) 75, 1 RMSE (cpennune kBagparuueckue ommmoku) RH,,, 1uis Tepputopun EBporst
(0° 1o 50° B.j1. m o1 35° ;10 65° c.1x), Asum (50° mo 135° B.x1. m o1 40° 10 65° c.111., pricyHOK 1-a ) n EBponeiickoit
teppuropun Poccun (27° 1o 50° B.1. 1 o1 45° 10 65° ¢.111., pucyHOK 1-6). JI1st OCIIEHEro peruoHa Iy UCIIOIb-
30BanuM (uibrpa KanmaHa cymiecTBeHHBIX H3MEHEHHH B Ka4eCTBE TMPOTHO3a MTPU3EMHBIX XapaKTePUCTHK HE

CEKLUA Il // MOZIENPOBAHWE W AHATIU3 PETVIOHAJIBHOI0 COCTOAHNA NOACTUAIOLLE MOBEPXHOCTM
W EETWAPOJIOMYECKOI0 PEHKUMA
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BBISIBJICHO, TO YK€ MOJKHO CKa3aTh U /U1 A3MaTCKOTO paifoHa (craj KayecTBa MPOTHO3a OTHOCUTEIBHOM BIaXK-
HOCTH cocTaBmI He Oonee 1.5 %), HecMOTps Ha Pa3IMYHYIO CTENEHb BEIPAKEHHOCTH CYTOYHOTO X0J1a OIIHOOK
nporuo3oB. B Epore mpu ucnons3osanun SEKF HOuHbIEC TPOrHO3bI CTAaHOBATCS 4y Th Xyxke (He 6omee 0.3 °C).
DTO CBS3aHO C TEM, YTO UCCIIEyeMbIi METO/I yCBOCHUsI O0Jiee OCTPO pearupyeT Ha N3MEHEHHs] METEOPOJIOT U~
YECKHMX XapaKTePHUCTHK, YeM METOJl ONTUMAaJIbHOW MHTEPIOJSIINY, a TAKXKE C OCOOCHHOCTSIMU OIUCAHUS pa-
CTHUTEJILHOTO MOKpoBa B napamerpusanun ISBA [13]. OnxauM u3 ciocoboB CMSATYEHHUs] CyTOYHOTO XO/1a OLIU-
0OK SIBJISIETCS YBEJIIMUCHUE OKHA aCCUMUISIHH [ 14]: ¢ 64, Kak 3TO OBbLIO pealn30BaHO B TaHHOM pabore, 10 12
4 (ananoruuno moxaeiun ECMWEF [5]), mu6o 24 4 (kak B mogenu COSMO [15]).

[TonyuenHsIii pe3ynbrar mo3BossieT AanbHeiinee npuMeHenne SEKF, T.x. mpu paBHBIX ommOKax MporHo-
3a npu3eMHbIX xapakrepuctuk y OU u SEKF, nmocnennuii mo3BonseT UCIoIb30BaTh B aHATIH3€ HE TOJIBKO Ha-
3eMHbIe HaOMIOACHUS, HO U CITyTHMKOBBIC JTaHHbBIC, KOTOPHIC B HACTOSIIEE BPEMsl SBJISIOTCS CYIIECTBEHHBIM
UCTOYHUKOM HMH(OPMALUK O BIKHOCTH MOBEPXHOCTHOTO CJIOS TOYBBI M YCIICIIHO HCIOJB3YIOTCS B OJIOKE
MOJITOTOBKH JAHHBIX JJIs MOZIeNIeH YNCIICHHBIX TTPOTHO30B MOT0/Ibl MHOTHUX Pa3BUTHIX cTpaH [16,17].
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SLAV (Semi-Lagrangian, based on the equa-

tion of Absolute vorticity) is developed at the
Institute of Numerical Mathematics RAS and Hydro-
meteorological center of Russia (HMCR). Since
2010, the SLAV model is used in HMCR for opera-
tional medium-range weather forecast. The SLAV
model is also a component of the HMCR probabilis-
tic long-range forecast system. The numerical experi-
ment on simulation of the atmospheric circulation for
16 years according to the protocol of the international
experiment AMIP2 is carried out with the new ver-
sion of the SLAV model. This new version has more
realistic annual mean precipitation field than the ver-
sion of 2015 (in comparison with the GPCP data).
The error in location of the axis of the January upper
troposphere jet has significantly decreased. The east-
erly wind near the equator in the upper stratosphere
has decreased to the observed values. Also, the errors
of mean January sea level pressure field with respect
to the reanalysis are decreased. The works on further
model improvement are going on; the results will be
presented at the conference.

The global semi-Lagrangian atmosphere model

BocnpoussegeHne
COBPEMEHHOI0 KNnmara
nonynarpaH<eson Moaesnbio
atMocoepsl [J1AB

"Tonctbix M.A., '®apees P.I0.,
'Bonogux E.M., *IllawkuH B.B.

1VIHCTMTyT BbluMCuTeNbHOM MaTeMaTuku PAH, Mocksa,
Poccua

2Fl/u:tpomeTl.l,eHTp Poccumn

E-mail: tolstykh@m.inm.ras.ru

rn06am,Ha;1 TOJTyNIarpamKkeBa MOJeTh OOmIeiH

mupkymsin - atmocepsr  [IJIAB - (Iomy-
JlarpamxeBa, OCHOBaHHAs Ha ypaBHEHHU AO-
comoTHOI 3aBuxpernoctn) [ 1] pazpaborana 8 UBM
PAH u I'mapometnentpe Poccun. C 2010 roma mo-
nenb [IJIAB npumenserca B ['mapomeruentpe Poc-
CHH JUISl OIEPAaTHBHOTO CPETHECPOUHOTO IPOTHO3a
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roro/is! ¢ 3absaroBpeMeHHocThIo 10 10 cyrok. Mozens [TJIAB Takske siBisieTcsi KOMHOHEHTOM CHCTEMBI BEPO-
SITHOCTHOTO JI0JITOCPOYHOro IporHo3a B ['uapomerientpe Poccun.

OpurnHagbHBIMH 0COOCHHOCTSIMU OJIOKa peIlleHUs] YypaBHEHHH JAuHaMuKu armocdepsl mozxenu I1JIAB
SIBJISIFOTCSI MICTIOJIb30BaHUE BEPTUKAILHON KOMIIOHEHTH! a0COIFOTHOM 3aBUXPEHHOCTH U JIMBEPIreHINHU B Kade-
CTBE IPOTHOCTUYECKHUX MEPEMEHHBIX, a TAKXKe IPUMEHEHUE KOHEUHBIX Pa3HOCTEH 4eTBEPTOro Mopsi/Ka Ha He-
CMEILEHHO ceTKe sl almpOoKCUMAIK HeaJBEeKTUBHBIX claraeMbIx ypaBHeHul. B monenu ITJIAB, Hapsay ¢
OPHUTMHAIBHBIM OJIOKOM PEIICHHs ypaBHEHHI JMHAMHUKU arMocdepbl cOOCTBEHHOM pa3pabOTKH, B OCHOBHOM
MIPUMEHSIOTCS QJITOPUTMBI TIapaMETPHU3ALUI POLIECCOB MOJCETOYHOr0 MacuITadba, pa3padboTaHHbIE 0] PYKO-
BojcTBoM JK.-D.)Kenena Bo3miasisieMbiM dpaHipiell KOHCOPIIYMOM 110 ME30MacIITaOHOMY MPOTHO3Y I10T0-
et ALADIN/LACE [2, 3, 4, 5]. Biiok pacyera panuaiiy UCIOIb3YeT CBOOOIHO PACIPOCTPAHICMBIC TAKETHI
CLIRAD-SW [6, 7] u RRTMG-LW [8] a5t KOpOTKO- U ATUHHOBOJIHOBOM pajinaliii, COOTBETCTBEHHO.

B armocdepe HeT HCKyCcCTBEHHBIX IPaHHIl MEX,y BDEMEHHBIMU MacIITa0aMu, IOATOMY KasKeTCsl €CTeCT-
BEHHOM IOIBITKA IPUMEHEHUS MOJIENIN aTMoc(epsl, apoOUPOBAHHOM HA YUCIICHHOM HPOTHO3€ TTOTO/IBI, IS
MOZICIIMPOBAHUS N3MEHEHHH KiIMMata. BriepBbie pacyer kimmaTa Moiesid aTMOC(ephl ¢ MPEANNCaHHbIM OKea-
HOM ObLI BeIONTHEH B 2015 roay, ero pe3yinbrarsl npeacTaieHs! B [1]. OMHUM U3 HEIOCTATKOB, OTMEUYCHHBIX B
TO BpeMs, SIBJIAJIOCH 30HAJILHO OCPEJHEHHOE CPEIHEE 3a BCE SIHBApU HKCIIEPUMEHTA M0JI€ 30HAIBHOM CKOPOCTH,
B KOTOPOM HaOJIrofiasiach CIIMIIKOM CHJIBHBIA BOCTOUHBIN BeTep BOJM3M 3KBaTOpa B BEpXHEW crpartocdepe U
OblTa CMelIeHa OCh CTPYHHOTO TeUeHHMsl B BepXHel Tpornocdepe npuMepHo Ha 10 rpagycoB K SKBatopy (cM.
puc. 4 B [1]). JlaHHOE HECOOTBETCTBHE YNAlIOCh YCTPAHUTH Oarofapsi BHEAPCHUIO B MOJICIIb THOPUIHOM Bep-
TUKaJIbHOW KOOPIUHATHI [9] B COYETAaHNU C TO/IaBIICHUEM BEPTHKAJIBHOTO KOMIIOHEHTA CKOPOCTH OJIM3U BEepX-
HEH rpaHuIbl pacyeTHOH oOnacTh. Takxke HaOMIIOIANIOCh «Pa3iBOCHUE)» BHYTPUTPOIIMYECKON 30HbI KOHBEPIeH-
WU,

Hapsiny ¢ nopabotkoii quHamudeckoro siapa mojenu [1IJIAB Obi1 mpoBesieH psi padoT 1o HaCTPOUKE Cy-
LIECTBYIOIIUX U BHEJPEHHIO HOBBIX MTapaMeTPU3aIMi IPOLIECCOB MOACETOYHOTO MaciTada, ¢ IelbIo OBBIIIe-
HUSI Ka4eCTBA ONMCAHUS Ka9eCTBO BOCIIPOM3BEICHUS MIPOIIECCOB B3aUMOIEHCTBUS MeX 1y arMocdepoii u no-
BepXHOCTHIO 3emin. B wactHoctn, B mozens [TJIAB Obuta MHTErprpoBaHa MOJENIb MHOTOCIOHHOM MOYBBI
VIBM PAH [10], BbIrosiHEHa HACTPOIiKa ajJropuTMa reHepanuy 00Ja4HOCTH M ONITUYECKUX CBOMCTB 00JIaKOB
(BOIHOCTB, TPEYK/IE BCET0), YTO IMO3BOJIMIIO JOCTHYb 00JIEe TOYHOTO COOTBETCTBUS JaHHBIM HaOJIO/ICHUI B Be-
JIMYMHE TOJIS 30HATLHO-0CPETHEHHOTO MHIEKCa 00JIa4HOCTH.

B mozens armocdepst [1JIAB BHenpena napameTpu3sanus MOPCKUX CIIOUCTO-Ky4eBbIX oOiakoB [11], ko-
TOpbIE, 00BIYHO, (HOPMUPYIOTCS B CPEAHUX IIMPOTAX BOIU3M 3amafHOT0 nodepexbs Adpuku, ABCTpaiuH, ce-
BEPHOU U I0KHOW AMEPHKH. DTH 00JaKa TPyJAHOBOCIIPOU3BOANMBI B paMKaxX YHHBEPCAJIBHBIX MapamMeTpu3a-
LU 001a9HOCTH BCIIEICTBUE UX HEOOJBIION TOJNIIMHBI (COTHU METPOB). BMecTe ¢ TeM OHM OKa3bIBaIOT 3aMeT-
HOE BIIMSIHUE Ha CPEIHEro/l0BOM paJMallMOHHBIN OajlaHC B COOTBETCTBYIOLIEM peruoHe. [lapamerpusanus
MOPCKHX CJIONCTO-KyUeBBIX 00J1aK0B, paspadorannas juist moaenu [IJIAB, noctpoena no ananoruu ¢ napame-
Tpusauuen, ucnoabsdyemoir B Mogenu INMCM4: B xauecTBe OCHOBHON JAMAarHOCTHUYECKON BEJIMYMHBI 3/1€Ch
BBICTYIIA€T UHTETPAJ [0 BEPTUKAIN OT IPOU3BOAHOM TEMIIEpaTyphI [0 AABICHHUIO.

Pe3ynprarhl SKCIIEPUMEHTOB C MapamMeTpH3alell MOPCKHUX CIIOMCTO-Ky4eBBIX 00JIaKOB, pa3paboTaHHOM
qutst mozienu armocdepst [IJIAB, nokazaim xopoiee Ka4eCTBEHHOE M KOJIMUECTBEHHOE COIVIache C JIAHHBIMHU
naomonennit (ISCCP). Buenpenre HOBOH napamMeTpu3aliy TakyKe TO3BOJIHIIO YIyUIIUTh COIIache B BEINYH-
HE T0JIs 30HAJIbHO-OCPETHEHHOT'0 MH/IEKCa OKPBITHS HKHUMHU obOnakamu B Mozesu [TJTAB.
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Puc. 1. loToK Tenna Ha NoBepxHOCTH (Br/M), ocpenHeHHbIn ¢ 1790 no 2150-1 MogenbHbIN AeHb. [TonoxKMTeNbHBIE 3HaYe-
HWS COOTBETCTBYIOT MOTOKY TenJia U3 aTMocdepbl B OKeaH.
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Hogas Bepcust mozienu [1JTAB Oblia nmpoBepeHa Ha cepry YHCIEHHBIX SKCIIEPUMEHTOB 110 BOCIIPOU3BE/Ie-
Huro KiuMara Hadasa 1990-x rogos 20 Beka. Pasperenne mozenu cocrasisuio 0,9° o posrore, 0,72° mo mupo-
T€, YMCJI0 YPOBHEH Mo BepTUKaiH - 28, miar 1mo BpemeHu - 1800 c.

Ha puc. 1 wiuroctpupyeTcst ocpelHeHHOE 3a ToJ] JBYMEpPHOE 110JIe CyMMapHOTIo TIOTOKA TEIUIa Ha MOBEepX-
HocTH Ha 2150-i1 MonenbHBIN 1eHb. MOXKHO BUJIETh KQYECTBEHHOE U KOJIMYECTBEHHOE COTIACHE C JaHHBIMHU
peananuza ERA Interim [12]. HanOosiee 3amMeTHbIE pacX0XkJICHUSI B aMILTUTY/IE OCPEIHEHHOTO ITOTOKA Terlia
XapaKTepHbI BOCTOYHOM "yacTi TUXoro okeaHa BOJNM3M SKBaTOpa U 'y modepexbst FOxxuoit Amepuku. Ha cyie
aBCOMOTHOE 3HAYEHHE TIOTOKA, B IEI0M, OJIM3KO0 K HYJIIO (aMIUTHTYa He Tipesbimaet 1 Br/m®). Temneparypa
MTOBEPXHOCTH MOPCKOTO JIbJIa B HKCIIEPUMEHTE PACCUUTBIBACTCS U3 YCIIOBHUS JIOKAJILHOTO TerioBoro. binaroaa-
Pl BHEPEHUIO JIOKAJIBHO OJTHOMEPHOM MHOTOCIIONHOI Mojienu TeruioBnaronepeHoca B nouse [10] Taxoke yaa-
JIOCh JOCTHYB NPaBHJILHOTO OMMCAHUS TOTOKOB CKPBITOTO U SIBHOT'O TEIJIa B IIyCTBIHHBIX PErMOHAX, TAKUX KaK
mycTelHa Caxapa. Pe3ynbsraTsl UNCICHHBIX SKCIEPUMEHTOB JEMOHCTPUPYIOT KAU€CTBEHHOE U KOJINYECTBEHHOE
COOTBETCTBHE JaHHBIM peaHanu3a EBponelckoro eHTpa B CPeIHErOA0BBIX MOJISAX MOTOKOB TEIUIa Ha MOBEPX-
HOCTH 3eMiid (CyMMapHOM M OTJEJIbHO B TMIOTOKAaX CKPBHITOTO U SIBHOTO TEIUIa, KOPOTKO- ¥ JUTMHHOBOJIHOBOM
paznuanum), 9To MO3BOJISIET HA/IESTHCS Ha MOJy4YeHHe (PU3NUeCcKOoro NMpaBWIILHOTO pe3ylibrara Ha OCHOBE TJIO-
6anbHOI Monenu armocgeps! [IJIAB B pexnme ¢ HHTEpaKTHBHOW MozieIbi0 MupoBoro okeana [13].

C nomoibio HOBOM Bepcun Moenu [1JIAB BbINoJIHEH YMCICHHBIN SKCIIEPUMEHT TI0 MOJICIUPOBAHUIO aT-
MochepHO! IUPKYIALIUH Ha 16 JIeT COrIacHO MPOTOKOITY MEXIyHApOJHOTO IKCIIEPUMEHTA 110 CPAaBHEHHUIO MO-
neneit armocepsl AMIP2 [14]. Pacuer naunnancs ¢ nanHbix peananusa ERA-Interim 3a 12 wacoB 1 sHBaps
1979 rona. Temnepatypa noBepxHocT MUpPOBOro OKeaHa u pacipeiesieHue MOPCKOTO JibJa B OKCIIEpUMEHTaX
3aJ]aBaJInCh peajbHo HaOmonaBmuMucs B 1979-1995 ronax. B pacuerax y4uuThIBajicsi CyTOYHBIH M TOZOBOM
xo/1 Connna. KoHueHTpanus pajinaliioOHHO-aKTUBHBIX Ta30B CYHMTalIach (PUKCMPOBAHHON BO BpeMeHHU (KpoMe
030Ha, JUIsl KOTOPOTO ITPUMEHSIIOCH CPETHEKIMMATHIYECKOe pacipeielieHNe, 3aBUCIIee OT MECsIa rojia).

Hogas Bepcus monenu [TJIAB nmeer Oosee peanctuunoe, yem Bepeust 2015 roza, cpeaHeromoBoe mnoie
ocajKoB (110 cpaBHeHuIo ¢ 1aHHBIMU GPCP), ommbka B 1oI0’KeHnH 0CH CTPYHHOTO TEUSHHUS B STHBAPE YMEHb-
LIMJIACh JIO JIBYX I'paJlycoB, BOCTOUHBII BeTep BOIM3M dKBaTOpa B BEpXHEW cTparocdepe yMeHbIIMICS 10 Ha-
OirofaeMbIX BeMUUH. Takke yMEHBIIMINCH OIMOKY MOJISI CPEHESTHBAPCKOTO AAaBJICHHs HA YPOBHE MOPS 110
OTHOILICHHIO K JAaHHBIM peaHajn3a. B HacTosiee BpeMs BexyTcsl paboThI 110 YCOBEPIICHCTBOBAHUIO MOJIEIH,
Ppe3yabTaThl KOTOPBIX OyAyT HpeICTaBIeHbl HAa KOHPEPEHIHH.
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A staircase signal in the warming of the mid-20" century

"*Belolipetsky P.V., ‘Bartsev S.I., “Saltykov M.Y., ‘Degermendzhi A.G., ‘Belolipetsky V.M.,
’lvanova Y.D., ‘Pochekutov A.A.

'Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia
“Institute of Biophysics SB RAS, Krasnoyarsk, Russia
E-mail: pbel@icm.krasn.ru

and related climatic variables by (Yasunaka and Hanawa 2002; Chavez et al. 2003; Lo and Hsu 2010;

eid and Beaugrand, 2012; Jones , 2012; Reid et al., 2016; Jones and Ricketts, 2017). Much attention

has been given to a pause in warming (hiatus) during 1998-2014 (Tollefson 2014). We recently suggested and
applied a simple method to adjust HadCRUT4 surface temperature anomalies for ENSO effects (Belolipetsky
et al. 2015; Bartsev et al. 2016; Bartsev et al. 2017). After this adjustment for major ENSO and volcanic effects
the hiatus is even more pronounced. Moreover, we observed similar quasi-stable periods during 1950-1987 and
1988-1997 and almost all the warming occurred during the ~1987 and ~1997 shifts. It should be mentioned that
a similar shift has likely occurred in 2015-2016, but this issue is outside the scope of this short paper. Here we
want to demonstrate the reality of the staircase pattern using different measurements and climate parameters.
We analyzed several global datasets: HadCRUT v4.5 — land and sea surface temperature (SST) anomalies;
ICOADS v2.5 — SST anomalies measured from ships; NCEP OI v2 — SST measured by satellite instruments;
UAH MSU v5.6 and RSS MSUv3.3 — two satellite datasets measuring temperature of the lower troposphere
(TLT). The ENSO signal was removed by empirical orthogonal functions (EOF) analysis, and gave similar re-
sults for all datasets. A similar staircase behavior was found in global NCEP/NCAR reanalyses of 300 mb me-

Rt;gime—shift like structures in decadal climate change have been detected in many studies of temperature

a b _ Fig. 1. Staircase consisting of
) regimes and shifts in various
climate parameters: a)
adjusted for ENSO and
volcanoes yearly global
surface temperature
anomalies (HadCRUT4) at
1950-2014 years; b) adjusted
for ENSO monthly SST
anomalies (ICOADS) at 1950-
2016 years and aerosol optical
depth (reflecting influence of
major volcanic eruptions); c)
The same as ‘b’ for satellite
based SST measurements
(NCEP 0l v2) at 1983-2016

L . . . . years; d) The same as 'b’ for
ridional wind and outgoing longwave radiation (OLR) in northern and southern databases of satellite

midlatitudes. These many different sources confirm the reality of the regime-  easurements of lower

shift staircase structure of recent warming, which is masked by short-term troposphere temperature (UAH
ENSO variability and the effects of volcanic eruptions. The warming amplitude M5y v6.0 and RSS MSU v3.3)
of the analysed datasets has not changed significantly after the adjustment, but 5 1980-2014 years.

the shape changed considerably. Adjusted for ENSO temperature dynamics the

05

1950 1960 1970 1980 1900 2000 2010
Fonmt
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considered datasets have a striking staircase form: linear trends for three quasi-stable periods 1950-1987, 1988-
1997 and 1998-2014 are near zero and nearly all warming occurred during the two shifts of 1987/1988 and
1997/1998 (Fig. la, b, ¢ and d).

«JlecTHMUa» noTensneHnA c cepeaunHbl 20 BeKa

;’ZBEHOHMHEU,KVIVI I'I.B.,zzBapu,eB CHU., 2(;anTbmos M.I0., *llerepmenmu AT,
benonuneukun B.M., ‘UBaHoBa 10.[1., ‘TlouekyToB A.A.

"MucTutyT BolumcnutensHoro Mogenuposauua CO PAH, KpacHospck, Poccus
"WncTuTyT Broguamnkm CO PAH, KpacHospck, Poccua
E-mail: pbel®@icm.krasn.ru

TPYKTYPBI BUJIa PEKUMBI-CKAYKH B N3MEHEHHAX KIIMMaTa (PUKCHPOBAIMCH BO MHOTHX HCCIECAOBAHUIX

JMHAMHKH TeMIleparypsl 1 ap. napamerpos (Yasunaka and Hanawa 2002; Chavez et al. 2003; Lo and

Hsu 2010; Reid and Beaugrand, 2012; Jones , 2012; Reid et al., 2016; Jones and Ricketts, 2017). MHuo-
TO BHUMaHHMS yessuiock nayse noreruieHus 1998-2014 ronos (Tollefson 2014). Myl pa3paborany u npuMeHH-
JIM TIPOCTOM METOJl KOPPEKIMU ITPUIIOBEPXHOCTHBIX Temreparyp Ha 3ddextsr Dnb-Hunbo HOxuoro Konebda-
nust (OHIOK) (Belolipetsky et al. 2015; Bapues u ap. 2016; Bartsev et al. 2017). [locne npuMeHeHuUs 3TOTO
MeToa Koppekimu may3a 1998-2014 rr. crana emgé 6oee oruémimBa. boiee Toro, Mbl 00HAPYKIITH aHAIOTHY-
HbIE KBa3uCTaLMOHapHble nepuoasl B 1950-1987 u 1988-1997 rr., a npakTudecku BCE NOTEMICHHUE IPOU30IILI0
nocpeacTBoM ckaukoB 1987 u 1997 ronos. CTOUT 3aMETUTh, YTO AHAJTOIMYHBIN CKAUOK BEPOSTHO IPOU30IIEN B
2015-2016, onHako 3TOT BONPOC HAXOAUTCS 32 paMKAMU JJAHHON KOPOTKOH CTaThu. 37€Ch Mbl XOTHM MPOAE-
MOHCTPHPOBATh Pa3IMYHbIE apI'yMEHTHI PeajbHOCTH TIO0AIBHOTO CHTHAJa B BUJIE «JIECTHHILBD) HCIIONB3YS
pa3IMYHbIC U3MEPEHUS U MapaMeTphl KIIUMATa.

Xopo110 U3BECTHO, YTO [TIABHOM MO0I KPaTKOCPOUHOM €CTECTBEHHON N3MEHUNBOCTHU KJINMATa SBISETCA
sieienne DHIOK (nanpumep, Wang n Fiedler 2006). Bo Bpemst crutbHbIX Ditb-HuHbO cpepnerniodanbHas npu-
MIOBEPXHOCTHAsI TEMIIEPATypa BbIPACTET HAa HECKOJIBKO JECSThIX Tpanyca Llenbcus, a 3aTeM Bo3Bpalaercs Ha-
3a]] IPH BOCCTAHOBJICHMH HOPMaJIbHBIX ycloBUil. Ho eciii paccMOTpeTh MpOCTPaHCTBEHHYIO CTPYKTYPY, OyAeT
BUJIHO, YTO TNI00AJbHBIC 3HAYEHUsI B OCHOBHOM HM3MEHSIOTCS 33 CUET BapHallMii B BOCTOYHOM TPOIHYECKOM
Tuxom okeane. Belolipetsky et al. (2015) nmokasanu, 4to JIMHEHHOE BEIYUTAHHUE POSKIMY ITTABHOW KOMIIOHEH-
Thl HA COOTBETCTBYIOIINE MPUIOBEPXHOCTHBIE TEMIIEPATYPHI MO3BOJSET MpoBecTH Koppekuuto Ha DHIOK ¢
y4€TOM MPOCTPAHCTBEHHOM CTPYKTYPBHI.

B nanHoit paboTe MBI NpoaHaIM3UPOBaIK IT00aNbHYI0 AuHaMUKY B 1950-2014 romax 1mo HECKOJIBKUM
6azam nanubix: HadCRUT v4.5 — noBepxHocTHBIE Temrieparypsl ey u okeana; [COADS v2.5 — temnepary-
pst oBepxHocTH okeaHa (TI1O) usmepsiembie Ha kopabisix; NCEP Ol v2 — TIIO usMepsiemble cO CITyTHUKOB;
UAH v5.6 u RSS MSU v3.3 — 6a3bl ClIyTHUKOBBIX U3MEpEHUi Temueparypsl HikHeH Tporocdepst (THT).
Curnran DHIOK Beinensics u3 yKa3aHHBIX MOJICH ¢ TIOMOIIBIO MeTona iaBHEIX koMmoHeHT (I'K). 3arem wc-
XOJIHBIE JJAHHBIE KOPPEKTUPOBAIUCH HA JIMHEHHBIE IPOEKIUU COOTBETCTBYIOIIMX CUTHAJIOB. BbIay mosryueHs!
CXOZIHBIE Pe3yAbTaThl JJIs1 BCEX PACCMOTPEHHBIX PA3HOPOIHBIX JaHHBIX. Jlanee aHaTOrM4yHas AMHAMUKA B BUJE
KBa3HCTALMOHAPHBIX IIEPHOJOB 1 ckaukoB 1987 1 1997 ronos Oblna 0OHapy>KeHA B HEKOTOPBIX IPYTHX I1apa-
MeTpax M 0e3 Kakoi-JIM0o mpouexypsl KOppeKun. DTo, HAlpUMep, CpeaHenIo0albHas CKOPOCTh MEPHUINO-
HaJIbHOTO TiepeHoca Ha Bbicote 300 mb o monenu peanannza NCEP/NCAR. Mnu criyTHUKOBBIE N3MEPEHUS
yxosei gmuHHoBoTHOBOH paanannu (UMD OLR) ceBepHBIX U I0)KHBIX YMEPEHHBIX IIUPOT.

METOAbI

MeToz IIIaBHBIX KOMIIOHEHT SIBISIeTCS 3 (EKTUBHBIM CLIOCOOOM BBIJICJICHNS] OCHOBHBIX MOJI H3MEHYHBO-
ctu u3 kmumaruueckux noseit (Deser et al. 2010). XoTs nmony4aeMbie OPTOrOHAIBHBIC (DYHKIIUU M COOTBETCT-
BYIOIIIME BPEMEHHBIE PSI/Ibl [IABHBIX KOMIIOHEHT HE00513aTeIbHO OTPAKAIOT pealibHbIe (PU3UYECKHE ITPOLIECCHI.
Hanpumep, 3TOT cCTaTUCTUYECKUIT aHATTN3 MOXKET UCTIBITHIBATh TPYIHOCTH C pa3eIeHUEeM Pa3IMYHbIX Ipolec-
COB U CMEIIMBATh UX B OZIHY KOMITOHEHTY. TeM He MeHee B HallleM uccienoBannu nepssie I'K oueBnaHO oTpa-
xator Bapuanun JHIOK (Puc. 1a). [ist Toro, 4To0bl 3TOr0 J0OUTHCS KCIOIB30BAIKCH ClIeIyIone MO du-
kaumu. [Ipu anamze HadCRUT meron 'K mpumeHsiicss TOBKO K TOYKaM HaJl TIOBEPXHOCTHIO OKeaHa, T.K.
MHa4e IepBble MOJIbI HEOTBPATHUMO CBSA3AaHBI C BBICOKOH H3MEHYMBOCTHIO cyln CeBepHbIX mupoT. Ilepen npu-
menenuneM meroaa ['K k remneparypam okeana ICOADS n HadCRUT SST u3 Hux npeaapuTeIbHO BBIYUTAI-
csl IMHEHHBIN TpeHn, T.K. nHaue nepsas ['K npencrasinser cymmy curnanoB DHIOK u miobansHoro noreruie-
HUs. UTO MHTEpECHO, MIPU aHANIN3€ CITyTHUKOBBIX JAHHBIX MPEBAPUTEIIEHOE BHIUNTAHUE JTMHEHHBIX TPEHIOB
He Tpedyercs, moromy 4to curHainsl DHIOK n noreruienns apromaruyecku pasaessitores. [Tpu anannze THT
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metox I'K npuMeHsicst TonbKo K TponnueckuM muporam (30° ro.ur. — 30° c.1i.), Takke 1Mo MpUYHHE CHITBHON
13MeH4YNBOCTH CeBEpHBIX HIMPOT.

Mp! He onHchIBaeM 3/ech JeTanu Merofa I'K, T.K. 3TO MIUPOKO HCIOIb3yeMBblii OAXO/ B UCCIIEIOBAHUSIX
kiMara (cM. Hanpumep, Deser et al. 2010). Meroz ucnosnb3yercst Juist IOMCKa MO U3MEHYHUBOCTH, TIPEJICTaB-
JICHHBIX NTPOCTPaHCTBEHHBbIMHU pactipenenenusiMu (OD) u Bpemennsivu psiiamu (I'K), nponsseieHre KOTOpbIx
OITMCHIBAET KaK MOXKHO OoJiblie HabmonaeMoi n3MeHunBocTH. [leranu npumenenus merona 'K k koppekuun
MMOBEPXHOCTHBIX TeMneparyp Obuin onrcansl panee (Belolipetsky et al. 2015).

Bo Bcex paccmorpenHbIx 0a3ax naHHbIX nepbie ['K orpaxkator nustaus SHIOK u noxoxu mesxay codoit
(Puc. 1a). Ho npoekuuu 3TUX CUTHAJIOB Ha COOTBETCTBYIOLIME TIOJISI HIMEIOT 3HAYUTENIbHBIC OTIIMYUS, OTpaxa-
rouue pasnmanoe Biustane DHIOK, k mpumepy, Ha Temrieparypsl IOBEPXHOCTH OKeaHa U HYKHEH Tporocde-
pst (Puc. 1a, 6, B, 1).

Jiist Toro, yToOBI ipoBecTH Koppekuuio Ha adextsr DHIOK n3 kaknoit s4eliku BBIYUTAIOCh JIMNHEHHOE
BIMsIHUE cooTBeTCTBYOMEH nepBoit I'K. KoneuHo, HEBO3MOXKHO MOTHOCTHIO OUUCTUTH MO TEMIIEPATyPhl OT
Bapuanuii DHIOK. Hameit nenbio Obuta o4ncTKa OT HAaMOONBIIMX KparkocpouHbix addexkroB DHIOK ¢ Han-
MEHBIINM PUCKOM OIMOO0K. Borunranue nuneinoi npoekunu I'K n3 kax 0¥ ssueiiki COOTBETCTBYIOIIETO MOJIS
BBIIISLIUT HauOoJee MPOCTHIM M HENPeAB3STHIM METoI0oM. [10 cpaBHEHHIO C pacCCMOTPEHHEM TOJIIBKO Cpe/IHe-
I00AJIbHBIX 3HAYSHUH HAIll ITOJIX0]I TIO3BOJISIET CEIEKTHBHO MOAXOIUTH K 00JIaCTsSM CO 3HAaUUTEIbHBIMH U Ma-
aemvu dddexramn DHIOK (Belolipetsky et al. 2015). Msbl yTBepkaaem, uro xotst yacth dpdexros IHIOK
OCTaHETCsI OCIIe KOPPEKIMY, HAanOOJIbIIIee 10 aMIUTUTY/IE KPATKOCPOYHOE BIIMSIHUE OY/IET OUHUILEHO.

PE3Y/IbTATbI

AMIIHMTYIA TIOTEIUICHHST PACCMOTPEHHBIX TI0JIEH HE MpeTepIiesa 3HaUUTEIbHbIX U3MEHEHHI 1ociie Kop-
peKuuy, a BOT (hopma Moyqmniach yauBuTenbHas. bonpiryro yacts Bpemenu B 1950-1987, 1988-1997 u 1998-
2014 rogax Temmeparypsl IPAaKTHUYECKH MTOCTOSHHBI, @ BCE MOTEIUIEHHE TPOUCXOANT B TEUCHUH KOPOTKHUX CO-
obrTrii 1987/1988 u 1997/1998 (Puc. 2a, 6, B, T) be3 nporeaypbl KOPPEKIIUU IMHAMHUKA B BUJIC «JICCTHULIBDY HE
BUJIHA, [IOTOMY 4TO 3amackupoBana BapuarusimMu DHIOK. Ho j1oruuHo nmpeanonokurh, 4To CyIecTBYIOT 1a-
pamMeTpsl KiuMara, He pearupyronie Ha DHIOK u nmeroniye aHaJorn4Hyo JUHAMHUKY B BUJIE «JIECTHULBIY.
OIHUM U3 IPUMEPOB SIBJISIETCS CPEIHErI00aIbHask CKOPOCTh MEPHIMOHAIBHOTO MepeHoca Ha BeicoTe 300 mb
mozenu peananuza NCEP/NCAR (Puc. 2x). [Ipyroii BepasuTenbHblil pUMeEp, 3TO CIIyTHUKOBBIE N3MEPEHHS
yXOJsiIei JUIMHHOBOHOBOM panuanuu. Ha puc. 2e BuHa BbICOKasi CHHXPOHHOCTbD ITPUMIOBEPXHOCTHBIX TEM-

a 0

Puc. 1. CpaBHeHve nHpaekca Nino34 IHIOK 1 rnaHbix KoMnoHeHT (TK) npeacTaBneHHoro aHanusa (a) v npoekumin 'K Ha co-
OTBETCTBYHOLLME NMONA: CNYTHUKOBYIO TeMnepaTypy noeepxHocTu okeaHa NCEP Ol (6); TeMnepaTypbl HUxHel Tponocdepsl
RSS MSU (B) u UAH MSU (r). LiBeT noKasbiBaeT KoapdULIMEHT KOPPENALMMN.
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Puc. 2. «JlecTHuua» cocToALLanA M3 pexMMOB 1 ckauko 1987, 1997 roqos B pa3nmnyHbIX NapaMeTpax Knumarta: a) CKoppek-
TMpoBaHHasA Ha ad¢ekTbl IHIOK 1 BynkaHoB cpeaHerogoBas rnobanbHas npunoBepxHocTHasA TeMnepatypa (HadCRUT) B
1950-2014 rr.; 6) ckoppeKTVpoBaHHble Ha BinAHMe JHIOK cpeiHeMecayHble HaTypHble 3Mepexusa aHomanuii TI0 (ICOADS)
B 1950-2016 rr. v onTU4ecKan NNOTHOCTb a3p0o30siew (0TparKaloLLas BO3AeMCTBUE KpYMHENLLMX BYNIKaHUHECKUX U3BEPIKe-
HUI); B) ToxKe uTo U «6» Ana cnyTHUKoBLIX 3MepeHui TMO (NCEP OI) B 1983-2016 rr.; r) Tore 4To M «6» AnsA CnyTHUKOBbIX
“3MepeHuii TeMnepatypbl HUHKHen Tponochepbl (UAH MSU 1 RSS MSU) B 1980-2016 rr.; 1) CpaBHeHWe cpeaHernobansHom
CKOPOCTM MepUAMOHANbHOIo NepeHoca Ha Bbicote 300 M6 Mogenu peaHanusa NCEP/NCAR (3enéHas MHuA) U CKOppeKTU-
POBaHHbIX NOBEPXHOCTHbIX TeMMepaTyp (KpacHas NMHKAY); ) CpaBHEHME CMYTHUKOBBIX M3MEPEHMIA YXOOALLEN AMHHOBONHO-
Boit pagumaumm (UMD/NCEI) Ha wwupotax 30° c.w. — 70° c.w. (3enéHas nuuma) n 30° 1o.1w. — 70° to.Lw. (rony6as IMHUA) U cKop-
PEKTMPOBaHHBIX MOBEPXHOCTHBIX TeMMepaTyp (KpacHaa MHUA).

neparyp, CKOppeKTUPOBAHHBIX IO MPEIOKEHHON MPOLIEAYPE U YXOAIIEH TITMHHOBOIHOBOW pajHalii yme-
PEHHBIX MIAPOT 000X MONyIIApUil. MBI CYATACM, YTO STH HE3aBUCUMbIC HAOTIOCHHS MTOATBEPKIAI0T Peaslb-
HOCTB CTPYKTYPBI MOTETJICHUS B BUJIE PEKUMOB-CKaYKOB ¢ cepelnHbl 20 Beka.
Paboma nposedena npu noddepoicke epanmos PODOU, [Ipasumenvcmea Kpacrosipckoeo kpas,
Kpacnospcrozo kpaesozo ponoa nayku No 16-45-243088, 17-45-240459 u 17-45-240724.
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To a question of an assessment of influence of natural
factors on changes of characteristics of climate

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

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
Tomsk Polytechnic University, Tomsk, Russia
E-mail: atnik3@rambler.ru

issue in climatology. Changes in surface air temperature are an integral indicator of climate change.

Each measurement is the result of a joint action of a complex of various factors. This fact complicates
the possibility of interpreting the results obtained using classical statistical analysis. As a result, there is often a
lack of connections with solar activity or its insignificance. In addition, global and hemispheric averaging can
lead to a leveling of the response of the climate system to external natural factors.

In this work, the goal was to conduct an analysis of regional specifics, to identify a response of the tem-
perature field to changes in solar activity, to determine the possible degree of influence of this external factor on
temperature fluctuations.

The normalized initial product moments in each month and for each meteorological station were calculat-
ed. These moments have the meaning of the energy of interaction or the measure of the influence of one to an-
other process. The materials under study are the average monthly temperature values for the period 1955-2010.
Data from 818 weather stations of the Northern Hemisphere and Wolf numbers were used.

Changes of the moments have a pronounced annual course. The growth of the moments corresponds to an
increase in the mean temperature. In the region of the largest positive and negative temperatures, in all months,
the saturation of the moments near the value of 0.8 is occurs. The maximum effect of solar activity on tempera-
ture can be about 80 %. At all stations of the equatorial, subequatorial, tropical and most stations of the sub-
tropical belt, the values of the mixed moments were from 0.75 to 0.8 in all months of the year. Thus, the maxi-
mum of the response of the temperature field to changes in solar activity in these regions can be an important
feature in the modeling of changes in temperature fields and the forecast. The range of quasilinearity is also re-
vealed. It corresponds to mean temperatures from -2.5 to 4.2 °C.

These signs may be important in modeling and predicting changes in surface temperature.

The nature of current changes in surface temperature and their forecast for the coming decades is a major
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K BOMpocy oueHKN BJINAHUA eCTeCTBEHHbIX q)aHTOpOB
Ha U3SMeHEHUA MNMPU3eMHbIX XapaKTePUCTUK KJIUMAaTa

'Yepenbro H.H., 'Taptakosckuii B.A., "“Bonkos 10.B

"MHCTUTYT MOHMTOPUHIa KNMMAaTUUECKNX M 3Konoruyeckux cuctem CO PAH, Tomck, Poccua/
*TOMCKWii NONUTEXHUYECKUIi yHuBepcutet, ToMcK, Poccua
E-mail: atnik3@rambler.ru

pHUpOIa COBPEMEHHBIX H3MEHEHHH TPU3EMHOI TeMIeparypbl U UX MPOTHO3 Ha OyvpKaiie necsTue-

THUS — BaKHEHIINI BONPOC B KJIMMaTojaoruu. Temmneparypa Npu3eMHOIO BO3yXa UCIONb3yeTCs B UC-

CJI€ZIOBAaHMSX, KaK HHTErPaIbHBIN II0Ka3aTeb KINMAaTHYeCKUX U3MeHeHHH. OueBHIHO IPSMOE U KOC-
BEHHOE aHTPOIIOT€HHOE BIMsHUE Ha reocdepy. C Apyroi CTOPOHBI, 3HAUMMBI €CTECTBEHHBIE KIIMMATOPETyIIH-
pytomue ¢akropbl. HeoqHO3HAaYHOCTH OLIEHOK MX OTHOCHTEJIFHOTO BKJIa/Ia O'PAHUYMBAIOT YCHEIIHOCTh MPO-
THO3UPOBAHMS U3MEHEHNH KinMmara. OCHOBHAs CIIOKHOCTD BBISIBICHUS (PU3UKH KIIMMAaTHYECKOH M3MEHYNBO-
CTH CBSI3aHA C TE€M, UTO JIaHHbIE, IOIyYE€HHbIE U3 CUCTEM MOHUTOPUHTA PA3JINYHbIX IPUPOAHO-KIMMATHUIECKUX
IIPOLIECCOB, COZIEPKAT OOJIBbILIECH YaCThIO CKPBITYI0 HH(pOpManio. Kaskablii wieH BpeMEHHOTO psiia N3MEepeHn i
SIBJISIETCS PE3YJIBTaTOM COBMECTHOTI'O JICHCTBHS KOMILIEKCa Pa3HOOOPa3HBIX MPOIECCOB, XapaKTePHU3yOIIUXCS
HEJIMHEHHOCTBIO B3aWMOJACHCTBUHA. DTOT (PAaKT yCIOKHSIET BO3MOXKHOCTH MHTEPHPETALUH MTOJTY4YEHHBIX pe-
3yJIbTAaTOB C NPUMEHEHUEM KJIACCHUECKOrO CTaTUCTUYECKOTO aHAIM3a, KOTOPbIM, KaK MPaBUIIO, MTOKa3bIBAET
OTCYTCTBHE CBsI3eH JIMOO MX HE3HAUYUTEIHHOCTb.

CouHIie BIIETCS IEPBOIPHYMHON BCEX POLECCOB B reocdepe. DTo BIMSHUE HETTOCPEICTBEHHOE, a TaK-
JKe peryiaupyroliee nHble KocMuueckue BIuaHusA. KpoMme Toro, cymecTByeT psii KOCBEHHBIX MEXAHU3MOB, KO-
TOpPbIE MOTYT 3aIlyCKaTh B KJIIMMaTHUECKOM CHCTEME IPOLIECCh O0JIBIION MOIIHOCTH BCIIEICTBUE HE3HAUNTEIb-
HOTO C TOYKH 3pPEHHUS 3€MHBIX IPOIECCOB MMITyJbca BHEIIHEro BozzeicTBus. KonebarenbHble MpoLecch B
COJIHEYHOM CHUCTEME SIBJISIOTCS 2JIEMEHTAMM B3aMMOCBSI3aHHBIX MOICUCTEM U MPOSBIIAIOTCS BO BCEX KOMIIO-
HeHTax reocdepbl. OHM HCCIIEJOBaHbI JIOCTATOYHO HIMPOKO, HO MOBBICUTH Ka4€CTBO IPOIHO30B COCTOSIHUS
Cpezbl OOMTaHNUs 32 CUET BISABICHHBIX 3aKOHOMEPHOCTEH 1T0Ka HE YAAJIO0Ch.

B 3T0#1 CBsI3M aKkTyanbHO BBIICICHHE ITPOTHOZHBIX 3aKOHOMEPHOCTEH M3 CBOMCTB HAOMIOICHHBIX CHI'HA-
JIOB, UCXOJS U3 O0MMX (PU3NYECKUX NPHHIHIIOB, IyTEM BBISBICHHS TaKUX COCTABISIONINX B PAJax AaHHBIX
N3MEpeHNnit, KOTOpbIe Obl aKIIEHTHPOBAIHM 3aKOHOMEPHOCTH OTKIIMKA IIPHU3EMHBIX 1T0JIeH KITMMaTHYeCKUX Tapa-
METPOB Ha BHEIIHNE BBIHYKAAIOIINE BO3ICHCTBHS. DTO CIIOCOOCTBYET MOIYYSHUIO HOBBIX IIPH3HAKOB M 3aKO-
HOMEpHOCTEH TMHAMHUKH KIMMAaTHYE€CKOH CUCTEMBI B Pa3JIMYHBIX POCTPAHCTBEHHBIX 1 BPEMEHHBIX MacIITa-
0ax C [eJIbI0 ONITUMHU3AINHU MOJICIINPOBAHMS TAKUX IPOLIECCOB.

B nanHO# paboTe pa3BhHBaeTCsi HOBBIM TOJAXOJ K aHAJIM3Y MPUPOAHO-KIMMATHYECKUX IPOLECCOB Yepes3
nAeHTU(UKALHUIO U BbIJeJIeHHe Ha0opa MO/l N3MEHUMBOCTH B PsijiaX JIAaHHBIX M OLICHKY CTETICHH HX COIVIaCOBaH-
HOCTH C Y4ETOM MPOSIBIICHUI BHELITHUX BBIHYKIAIOLIUX BO3AEHCTBUI, Uepe3 BBISBICHHE B MOJISIX IPUPOJHO-KIIH-
MaTHYECKUX apaMeTPOB YCTONUUBBIX IPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYP, OLIEHKY UX CBOMCTB M B3aUMOC-
BsI3eH ¢ BO3IEHCTBYIOMNM (PaKTOPOM. 32 OCHOBY IIPHHSITA THUIIOTE34, YTO BBIHY K/IAIONHE BHEIIHIE BO3ACHCTBHS,
peryaupyemble 110 OTHOLIEHHIO K 3eMJIe COJTHEYHOH aKTUBHOCTBIO, CIIOCOOCTBYIOT CHHXPOHH3AIMN KoJleOaTelb-
HBIX ITpolieccoB B reocepe. PopmupyeTcs: CONIaCOBAHHOCTh COCTABIISIONINX BBIHY)KIAIOIIETO BO3ICHCTBHS U
Pa3IMYHBIX TPUPOJHO-KIMMATHUECKUX TporieccoB. CHHXPOHHOCTH ObLIa HAMHU BBIJEIEHA KAaK CYIIHOCTHBIN
(haKkTOp COJHEYHO-3EMHBIX CBSI3EH, B MPEABIIYIIMX padoTax ObUIM MOJTYyYEHBl PA3IMYHBIC PEallM3al[MU ATOTO
npuHnmna [ 1-3]. /lanHas METOIOIOTHsI MOYKET pacCMarpuBaThesl Kak ()eHOMEHOJIOTMYECKasl.

B Hacrosmiee BpeMs akTyajbHa pa3pabOTKa BBIYUCIUTEIBHBIX TEXHOIOTHH JUIS TTOJY4YEHHsI HOBBIX 3Ha-
HUI O IPOCTPAHCTBEHHO-BPEMEHHO! CTPYKTYpe XapaKTEPUCTHK KIMMaTa ¢ aKLEHTalllell perHoHaIbHOro ac-
nexTa. B 4acTHOCTH, psifl CIIOKHOCTEH NP OLIEHKE BKJIA/1a BHEIIHMX €CTECTBEHHBIX (DaKTOPOB, B IAHHOM CITy-
Yyae COJTHEYHOI aKTUBHOCTH, Ha KIIMMAaTHYECKHAE U3MEHEHNUS MOTYT OBITH IIPEOJIOJIEHBI, €CIIH Oy/ET yUUTHIBATh-
csl pernoHanpHas crieninuka. PernonaipHple pa3innins B yCBOSHHI CUTHAJIOB BHEIIHUX BIHMSIOMINX (aKTO-
POB 3HaUNTENbHEI [4, 5]. B 3a1aue olleHKH BKJIa/1a BHEITHUX €CTECTBEHHBIX (PAKTOPOB B M3MEHEHUSI KIIMMara K
HUBEJIMPOBAHUIO OTKIIMKA MOXKET IIPHUBOIUTH MIMEHHO I1I00aJIbHOE 1 MOJyIIapHOe ycpeaHeHus. bbiia onpene-
JICHA LIeJIb, - OLICHUTD CTENeHb reorpaduieckoil 00yCIOBISHHOCTH OTKIIMKA IOJISI TEMIIEPATyPhl HA N3MEHCHHUS
COJIHEYHOH aKTHBHOCTH M BO3MOXKHYIO CTEIIEHb AETEPMUHHPOBAHHOCTH KOJIEOAHUH TEMIepaTyphl B 3aBUCH-
MOCTH OT 3TOTO BHEIIHETO (hakTopa.

Bnusinue conHedHON aKTHMBHOCTH HA M3MEHEHHS NPU3EMHOM TeMIIepaTypbl MOXKET ObITh 0XapaKTepH30-
BaHO HOPMHUPOBAHHBIMH HAYAIBHBIMU CMEIIAHHBIMA MOMEHTAMH (X, S)B KaX[OM MECSIIE /1 U JJIsL KaKIO! Me-
TEOCTaHIMH /. DTH MOMEHTBI IMEIOT CMBICII DHEPIHH B3aUMOJICHCTBHS WIIM MEPHI BIMSIHUS OTHOTO Ipoliecca
Ha Jpyroi. IIpu ux BEIUUCIIEHNH HE IPOUCXOIUT LEHTPUPOBAHHUS, T.€. B PsLIaX COXPAHAETCS HE HYJIEBOE CPel-
Hee 3HaYCHHE, KOTOPOE MOXKET UMETh (pru3ndeckuii cMbIci. Takum 00pa3om, 311eCh IO/ «BIMSHHUEM» TOHUMAEM
3HAYE€HUE HOPMHUPOBAHHOTO CMEIIAHHOTO MOMEHTA.
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MarepuanaMu UCCIIEIOBaHUS MIOCITYKUIM CpeHEMECAYHbIe 3HaUCHUs TeMIleparypsl 7,,, 3a mepuox 1955-
2010 rr. ¢ 818 mereocTaniuii CeBepHOro noymapus 3emiu [6] — Kak OIMH U3 OCHOBHBIX HHUKATOPOB U3MEHe-
HUS KJTMMara, 1 9nciia Bonbda s,, — Kak MHTerpajibHbIi MoKa3areib H3MEHYNBOCTH COITHEYHON aKTUBHOCTH [7].

[TonyueHo, 4T0 M3MEHEHHsI MOMEHTOB MMEIOT BBIP@XKEHHBIH T010BOI x01. [Tpn 3TOM pocTy MOMEHTOB
COOTBETCTBYET POCT CPeIHEN TeMIIepaTypsl (PUCYHOK 1).

Puc. 1. HopmMupoBaH-
35 Hble CMeLLaHHbIe Ha-

YarbHble MOMEHTBI pA-

Q0B TEMMepaTypbl U Yu-

—  cenBonboda (x,s),,1

15§ CpenHAn MecAYHas TeM-
neparypa 7,,[ ana 818
cTaHuuu CeepHoro no-
nyLapuA B Aekabpe u
o 200 400 620 800 UoHe

400 600 800
(x.slm,] * Tm,l (x,slm1 _* Tm,|

[TonoxurenbHbIE CMEMIAHHBIE MOMEHTHI COOTBETCTBYIOT 30HE ITOJIOKUTEIBHBIX, @ OTPHUIATEIIFHBIC — 30HE
OTPHUIATENLHBIX CPETHUX TeMmeparyp. B o0mactn HanbGOMBIINX MO MOAYIIIO MOJIOKUTEIBHBIX ¥ OTPHIIATEIb-
HBIX TEMIIEpaTyp MPOUCXOJUT HACKIIIEHNE CMEIIAHHBIX MOMEHTOB K 3Ha4eHHUI0 oKoio 0,8 1uIst BCeX MecsIIeB.
3TO MO3BOJISIET 3aKJIIOUUTD, YTO B CPEAHEM 32 56 JIeT MaKCHMAIIbHOE BIIMSTHAE COTHEYHOH aKTHBHOCTH Ha TEM-
nieparypy cocrasisier oxkono 80%. Hanbonee sipko 3Ta 3aKOHOMEPHOCTH MPOSBISIETCS B 3UMHUE MecCsIbl. B
JIETHHUE MECSIIbI Ha TIO/IaBIISIONIEM OOJIBITMHCTBE CTAHIINH 3HAYEHUSI CPETHUE TEMITEPATypHI IEPEXOIAT B 30HY
TTOJIO’KUTENNBHBIX 3HAYCHUH, TaK e KaK M CMEIIaHHbIe MOMEHTHI (prucyHok 1). M mporcxoanT ObICTpoe HACHI-
meHue nocaeaaux k +0,8.

CMermaHHbIe MOMEHTBI OTOOPaXaloT M3BECTHYIO KIMMAaTHYECKYIO Teorpaduio: MakKCUMyM COJTHEYHOTO
W3ITy9eHHS TPUXOIANTCS Ha IIUPOTHI OT 9KBATOPA JI0 CyOTPONMKOB. Ha BCex CTaHIMSIX HKBATOPHAILHOTO, Cy03-
KBaTOPHAIILHOTO, TPOITHYECKOTO 1 Ha OOJBITMHCTBE CTAHIINH CyOTPOMTIYECKOTO MOSICOB 3HAYCHHUS CMEIIAHHBIX
MomeHTOB coctaBuin ot 0,75 10 0,8 Bo Bce Mecsitbl roga. OTKIMK MOJIsl TEMIIEPATypbl HA U3MEHEHUs COJTHEY-
HOW aKTMBHOCTH B 3THUX PETMOHAX MaKCHMAJICH, YTO MOXKET CIYKUTh BaXXHBIM ITPU3HAKOM MIPU MOJIEINPOBa-
HUM U3MEHEHUH TeMIepaTypHBIX TOJICH ¥ IPOTHO3E.

B 3uMHME MeCAIBI TOTBKO YKAa3aHHBIM BBIIIE CTAHIMSIM COOTBETCTBYIOT 3HAYEHHUSI MOMEHTOB 0KoJio +0,8,
a TaK)Ke HECKOJIBKUM CTAHIMSAM, KOTOPbIE B HAHOOJBIIEH CTEIIEHH MTOABEPKEHBI BINSHUIO TII00ATBHOTO Tede-
Hust [onbderpum U TermioMy ANSICKHHCKOMY TEUEHHIO. B MeCSIIbI TepeXoiHBIX CE30HOB B 30HY «HACBIIIICHHS
TIEPEXOJAT MOCTENIEHHO CTAaHIIMK YMEPEHHOTO T10sICa, HAYMHAS CO CTAHIMH, PACTIOIIOKEHHBIX B 30HE BIMSHUS
KPYIHEHIINX OKEAHMUECKUX KIMMAaTHIECKUX IIEHTPOB JEHCTBHS aTMOC(EPHI.

Jliist cTaHyi, T7Ie BIUSTHAE U3MEHEHUH COTHEYHON aKTHBHOCTH HA TEMITEpaTypbl MUHUMAaJIbHA, HA0Tr0a-
eTcs KBa3WIMHEHHOCTh (pUCyHOK 1). B mione n aBrycre ceBepHOe Mmoiymapue MporpeBaeTcs MakCHMalIbHO,
TpaIneHTHI HEBEIIMKH, U 9Ta 3aKOHOMEPHOCTh Pa3MBIBACTCS, BO BCE OCTAIBHBIC MECSIIBI T0/1a OHA TPUCYTCTBY-
eT. /InamazoH TUHEWHOW PEerpecCHd COOTBETCTBYET MHTEPBANy Temreparyp ot -2,5 mo 4,2 °C (tabmuima), B
OonpmmHCTBE cirydaeB oH BOmm3u 0°C.

Tadanua. MaTepBasbl KBa3UIMHEHHOCTH B paclpeelIeHHN CpeiHel TeMnepaTypsl 7, 1 HOPMUPOBAHHBIX CMEIIAHHBIX
HayaJbHBIX MOMEHTOB TeMIIEpaTyphl 1 urcen Bonda (x,s),,,

MecsI] (%,8) 1 T,. YPaBHEHHUE PETPECCHH, IOCTOBEPHOCTh allMPOKCUMALIUIH
SHBapb -0,2;0,2 -1,2; 1,0 | Y=0.23x+0.01, 0.80
(bespaib -0,2; 0,1 -0,6;0,2 | Y=0.19x-0.01, 0.73
Mapt -0,2; 0,1 -0,6;0,2 | Y=0.23x-0.01, 0.59
anpesnb -0,3; 0,2 -0,7;0,7 | Y=0.30x-0.03, 0.87
Mai -0,2; 0,1 -2,2;1,6 | Y=0.21x-0.01, 0.81
HIOHb -0,4; 0,4 -1,4; 1,2 | Y=0.45x-0.04, 0.99
HIONb 0,5;0,7 0,5;2,2 | HET

aBrycr 0,0; 0,6 -0,2; 0,6 | HET

CeHTI0pb -0,2;0,3 -0,4;0,9 | Y=0.36x-0.01, 0.92
OKTSOpH -0,2; 0,2 24,42 | Y=0.26x+0.01, 0.72
HOSIOPB -0,3; 0,1 -2,5;4,1 | Y=0.18x-0.04,0.72
nexabpb -0,3;0,3 -2,5;3,7 | Y=0.29x+0.04, 0.86
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Kax BuHO 13 TaOJIHIIBI, IOCTOBEPHOCTH JIMHEWHOM alpOKCHMAIINH JUISl 3TOTO y4acTKa 3aBUCHMOCTH BBICO-
Ka, 1 B cpesHeM cocrasisier 0,8. Uem Omike K HyJIeBOI TOUKE, TEM TECHEe 3aBUCUMOCTb, U3MEHEHHE TeMITepary-
pol Ha 1°C B 5TOM JMana3oHe COOTBETCTBYIOT YBEIMUYEHHIO BIUsIHUS CA B HECKOJIBKO pa3 (PHUCYHOK 2).

[TonyueHHbIE pe3yNbTaThl MOKa3allH, YTO MPOCTPAHCTBEHHO Pa3IM4Ms B YyBCTBUTEIBHOCTH Teochepsl K
BHEIITHUM BO3/ICHCTBHSM MaKCHMaJIbHBI B 3MIMHHUE MECSIIIbI, YTO COOTBETCTBYET M M3BECTHOW reorpauu Kiu-
Mara. B 3ToT nepuon BIusiHUE U3MEHEHUH COJTHEUHOH aKTUBHOCTH HAa N3MEHEHHMS TEMIIEpaTypbl MOXKET OBbITh
PErHOHaIbHO CMOZEIMPOBaHO. BO3MOXHO, 3TO OTYACTH MOXET OOBSICHUTD (DAKT, YTO COBPEMEHHOE MOTeIIe-
HUE KJIMMaTa HPOUCXO/IUIIO INIaBHBIM 00pa30oM 3a CUeT IMOTEIICHUS] 3MMHHUX MECSILIEB.

Puc.2. 3aBucuMocTb 3Ha-

10 10
Dec Jun . sqor— YEHIR HOPMUPOBAHHBIX
i ’ | - il . CMELLIaHHbIX Ha4abHbIX
! ) .
MOMEHTOB (X,5),,, 0T cpea-
s s E‘OO ¢ . . Heli Temnepatypsl T, AnA
= a 4 818 craHuum CesepHoro
= =
o = nonyLapuA B fieKabpe
a5 3 05 ywap A p
- WioHe
o o
10 Tm,l °C 40 Tm,l °C
-20 -10 0 10 20 30 -20 -10 0 10 20 30

[TpensokeHHBIH TOX0A K aHAIM3Y Te0(U3NUECKUX JaHHBIX U pa3pabOTaHHbIE Ha €r0 OCHOBE aJITOPUTMBI
I03BOJISIIOT peliaTh CIEKTP 3ajad B JIIOOOM MPOCTPAHCTBEHHO-BPEMEHHOM MacliTade, paciiupsisi BO3MOKHO-
CTH MOJICJIUPOBAHMS TIPHUPOIHO-KINMATHYECKHUX MIPOLECCOB. BBISIBICHHBIE 3aKOHOMEPHOCTH TTO3BOJISIOT 0O-
JIee MOJTHO YYHUTHIBATh PErMOHANIBHYIO CIIeM(HUKY YCBOCHUU CUI'HAJIO0B BHELIIHUX BO3/ICHCTBYIOINX (DaKTOPOB,
YTO U3MEHHT ITOTEHIIMAJl y4eTa BKJIaJa €CTECTBEHHBIX ()aKTOPOB B U3MEHEHHS KIIMMaTa 1 O3BOJIMT I0JIy4aTh
HOBBIE MOJICJIbHBIE U IIPOTHO3HBIE NIPU3HAKU. Bo3Mymiaromue BO3AEHCTBUS Ha KIMMATUYECKY CUCTEMY BbI-
pakaroTcsl B M3MEHEHUH XapakTepa KojeOaHuil mapaMeTpoB ee KOMIIOHEHT ITyTeM CJIOXHOTO KOMIUIEKCa Ipsi-
MBIX ¥ 00paTHbIX CBsi3eil. TeM He MeHee, CyIIeCTBYET COIIaCOBAaHHOCTh dTHX U3MEHEHNH, HanboJiee BhIpayKeH-
Hasl B 30HE MAaKCMMAJILHOTO YCBOCHHSI COJTHEYHOM dHepruu, koropas Ha 80 % MoKeT ObITh MOJICJIBHO OIHCAHA.
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Wind Wave Climate of the North Atlantic Based
on Numerical Modeling of Atmosphere and Wind Waves

"’Markina M.Yu., 'Gavrikov A.V., 'Gulev S.K.

'P.P. Shirshov Institute of Oceanology RAS, Moscow, Russia
’Lomonosov Moscow State University, Russia
E-mail: markina@sail.msk.ru

wave model WAVEWATCH III in conjunction with non-hydrostatic state of the art numerical weather

prediction system WRF (Weather Research and Forecasting). Hindcast covers the period from 1979 to
2013. Spatial domain of the integration covers the North Atlantic from 20N to 70N and from 85W to 15E.
Output of the hindcast consists of the basic atmospheric and wave characteristics, including winds, significant
wave height (with spectral partitioning between wind sea and swell), mean wave period and direction.

WRF model was run at 15 km spatial resolution assimilating lateral boundary conditions from ERA-Inter-
im reanalysis every 6 hours. WRF provided high-resolution forcing fields for the WAVEWATCH model which
was run on multi-grid with global horizontal resolution of 0.25 degree (~25-30 km) and 0.1 degree (~10-15 km)
in coastal areas; spectral resolution of wave model was 40 frequencies and 36 directions. The accuracy of forc-
ing field as far as the accuracy of the parametrizations that represent the generation, exchange and dissipation
processes are crucial for the quality of wave model performance. In this study, we use ST6 physics package for
energy input, dissipation and swell decay, this scheme is the most complete one for the current version of wave
model.

The performance of both models was evaluated by comparisons against buoys and satellite altimetry data.
The solution obtained from WAVEWATCH III with WRF forcing has also been compared with wave reanalysis
ERA-Interim, and some statistics were obtained for these two databases.

The post-processing of results includes analysis of interannual variability of mean and extreme wave char-
acteristics. High-resolution wind wave hindcast based on two model settings also allows for investigating and
understanding the mechanisms behind the extreme wave heights and their association with atmospheric dy-
namics in the North Atlantic during the last decades.

The 35-yr wind wave hindcast over the North Atlantic is performed using the third generation spectral

N3MeHunBOCTL BeTpoBOro BosiHeHUA B CeBepHOU ATnaHTuKe
Mo AaHHBLIM YNCJIEHHOO MoAeNMpoBaHUA aTMocdepbl
N OKeaHa

"“Mapkuna M.10., 'Tapukos A.B., Tynes C.K.

1I/IHcmTyT OreaHonoruum um. M.1. lupwosa PAH, Mocksa, Poccus
*MoCKOBCKMif rocyapcTBeHHbIi yHusepcuTeT uM. M.B.JloMonocoBa, Poccua
E-mail: markina@sail.msk.ru

AtiaHTHYeCcKOro okeana B nociueanue aecarmierus (1979-2010 rr.) Ha OCHOBE COBMECTHOTO YHCIICH-

HOTO MOJIEIIMPOBAHMSI aTMOc(epbl U OKeaHa C BBICOKHM IPOCTPAHCTBEHHBIM paspemeHuem (15-20
KM). J[i1s1 oy 4eHust T0CTOBEPHOTO pe3yibTara Py YHCIICHHOM MOJIEIMPOBAHNH BETPOBBIX BOJIH PELIAIONIYIO
pOJIb UTPAET KAYECTBO BXOAHBIX JaHHBIX O BETPE, IOATOMY Ul IPOBEJCHUS JaHHOTO SKCIIEPUMEHTA B KaueCT-
B€ HAYaJbHBIX YCJIOBUI HJIS1 BOJIHOBOI MOJENIU UCHONB3YIOTCS JAHHBIE O BETPE C BHICOKUM IIPOCTPAHCTBEH-
HBIM pa3pelleHreM, TTOJyYCHHBIE C ITOMOIIBI0 HETHIPOCTAaTH4ecKol arMocdepHoil monenu. IlomydeHHbIi
MaccuB JaHHBIX 00 aTMocdepe 1 OKeaHe TT03BOJISIET UCCIIEI0BaTh M3MEHUYMBOCTH BOJTHOBOTO KinMmara B CeBep-
HOW ATJIaHTHKE B ITOCIICHNE JECATHIETHS, SKCTPEMAIIbHBIC BEICOTHI BOJIH, MEXaHU3MbI HX ()OPMHUPOBAHUS U
CBSI3b C IMHAMUKOM aTMochepsbl.

Jlist osmydeHnst XapakTepUCTUK NMPUBOIHOTO BETPAa M BOJMHEHUs Ha akBaropuu CeBepHOW ATIAHTHUKH
Obl1a UCTIOIb30BaHa KOMOWHALIUS JIBYX BBICOKOPA3PEIIAIOIINX MOIETIEeH: perHOHaIbHON HErHAPOCTaTHYCCKOH
Me3omacrabnoi armocgepHoit mogenn WRFEF-ARW (Weather Research and Forecasting) n criekrpaibHO#
YHUCIICHHOM Mozienn BeTpoBoro BonHeHus WaveWatch I11 (WW3). JlaHHBIC MOZICTTH TPU3HAHBI HAYYHBIM CO00-

I l CCJICAOBAHNEC HAIPABJICHO HAa BOCCTAHOBJICHUC BCTPO-BOJHOBBLIX XaPAKTECPUCTUK B CeBCpHOfI qacTu
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LIECTBOM, UHTEHCUBHO Pa3BUBAIOTCSI U UMEIOT BO3MOYKHOCTh Peau3alii pacyeToB Ha MHOTOIIPOLIECCOPHBIX
BBIUHCIIUTENIBHBIX MaIlIMHAX.

PernonanbHas Heruapocrarnueckast moaesan armocpepbl WRF (Weather Research and Forecasting) siB-
nsiercst paspadorkoit HanmonansHoro nentpa armocgepubix uccnenosanuii CIIIA (NCAR) u B HacTostmii
MOMEHT IOJJICPXKUBACTCS PSIOM KpynHbIX oprannzanuid. WRF uMeer morHoe aiuHaMuueckoe siapo, 6asupy-
olIeecsl Ha HErnApPOCTaTHUECKUX YIPYTHX ypaBHEHHsX. JlaHHas cucrema crocoOHa pelars ypaBHEHUS Ha
BJIIOJKEHHBIX CETKaxX, YTO HEOOXOAMMO NP paboTe ¢ MHTEHCUBHBIMHU ITPOIIECCAMU U BBICOKHM Pa3pelICHUEM.
BbIxoHast IpOAYKIHsI MOJIETIH COJCPIKUT MCUSPIIBIBAIOLIMN HAOOp MapaMeTpoB ISl HACTOSIIErO HCCIIeI0Ba-
nust. [1o cpaBHeHHMIO ¢ ogoOHBIME aTMOchepHbIMU MozensiMu B WREF BBenieHa rujpocrarniyeckasi BEpTHKaIb-
Hasi KOOp/IMHATA, A TAKIKE UCIIOIb3YETCsl YCOBEPIICHCTBOBAHHASI BEPCHSI BBIYUCINTEIBHOTO allrOpUTMa, 0bec-
reyuBaromiasi 0osiee BBICOKMH MOPSJOK aNlpPOKCHMAIMU TPOW3BOAHBIX II0 BPEMEHH M IPOCTPAHCTBY
(Skamarock, 2008). OnHol U3 oTMunTENbHBIX ocobeHHocTeld WRF sBisieTcst MOAYyIbHOCTB, KOTOpAsi 1aeT
BO3MOYKHOCTH BBIOOpA CXEMbI NapaMeTPU3alMU Pa3INuHbIX (U3MYECKUX MPOLECCOB: MUKPO(U3NKH, TiTy0Oo-
KOW M MeJIKOW KOHBEKLIMH, JUITMHHOBOJIHOBON M KOPOTKOBOJIHOBOH pajualluy, IIAHETAPHOTO MOIPAaHUYHOTO
CJI0s1, OZICTHJIAONIEH TOBEPXHOCTH M 1o4Bbl. KoHduUryparms Moaesu Ist KaskKa0ro OTAEIbHOTO SKCIIEPUMEH-
Ta BBIOMPAETCs] MHIUBHUIYaIbHO B 3aBUCUMOCTH OT OCOOEHHOCTEH MCCIIeyeMOro perioHa M LEeN dKCIepH-
MEHTa

B nanHO# paboTe B KauecTBe HauyaJIbHBIX M I'PaHUYHBIN yciaoBui aist armocdeproit monenn WRF wuc-
T10JIb30BaJIMCh JlaHHbIe peananu3a ERA-Interim EBpomneiickoro Lentpa Cpennecpounsix [Ipornosos [Toromst,
KOTOPBIN MMEIOT II00aJIbHOE TIOKPBITHE C TOPU30HTAIBHBIM pa3perierneM 0.7° u 60 ypoBHEil 0 BepTUKAIN U
nokpsIBatoT nepuos ¢ 1979 roxa no Hacrositee Bpemsi. [IpoctpancrBennoe paspeuienue mogenu WRF cocra-
BIIO 15 KM ¢ 36 ypoBHAMH 110 BepTUKaIU. BrIO0Op cxeM napaMeTpu3annii OCHOBHBIX (PU3MUYECKHUX MPOLIECCOB,
HCIIONIB3YEeMbIX B aTMOC(EpHON MOJIENI OCHOBAH Ha psiJie TECTOB Ha YyBCTBUTEIBHOCTh MOJICIIH U CPABHEHUHT
Pe3yJIbTaTOB MOJICIMPOBAHHMS C JIAHHBIMU HaTYPHBIX HAOIIOCHNUI.

B xadecTBe Mo/1e 11 BETPOBOT0 BOJHEHHSI ObUIA UCIIONB30BaHA CIIEKTPaIbHAsI BOJTHOBAsI MOJIEIb TPEThe-
ro nokosieanss WAVEWATCH 111 Bepcun 4.18 (WW3). B HacTosiiiee Bpemst MOZIEIb TTO/ICPKUBACTCS U Pa3BHU-
BaeTcsl HarmoHanbHBIM LEHTPOM 110 IIporHo3upoBaHuio okpysxkatomiei cpeasl CILIA NCEP (Tolman, 2014). B
BOJIHOBOII MOJIENTM COCTOSIHHE MOPCKON MOBEPXHOCTH B Ka)KIOH TOYKE IPEACTABIEHO B BHJE JIBYMEPHOTO
CIIEKTpa BOJHOBOM 3Heprun. Ha ocHOBe HauadbHBIX U TPAHUYHBIX YCIOBUH PACCUUTHIBAETCS H3MEHEHUE CIICK-
Tpa BO BpeMeHH (M3MEHEHUE HACBIIIIEHHOCTH YHEPriel pa3iIMuHbIX YacTOT U HanpasieHui). IHTerpupoBanne
JIBYMEPHOT'O CIIEKTpa B y3J1aX BBIYMCIMTEIBHOM CETKU MO3BOJIET OLEHUTh BEJIMYHMHY BOJIIHOBOI SHEpruu u
MOJIyYUTh CTATUCTUYECKHE BOJIHOBBIC XapAKTEPUCTUKHU, B TOM YHCJIE 3HAUUMYIO BBICOTY BOJIHBI, KOTOpast SIBJIS-
€TCsl NIABHOW XapaKTepUCTUKON, HCIONb3yeMOl PU aHaIK3€ BETPOBOIO BOJHEHHs. YpaBHEHUE, ONUCHIBAIO-
1iee pa3BUTHE CIEKTPa B BOJHOBBIX MOJIENSIX, HOCUT Ha3BaHHE YpaBHEHHUs OallaHCa BOJIHOBOW SHEPIUU U B
o01L1eM BUJIE 3a/1a€TCs CIECAYIOIINM COOTHOIICHUEM:

0 o 0
—F+_—(xF)+—_— tor (1)
o ox., ok

Ize x = 6w / Ok — rpymmosas ckopocTs, k = —Owm / Ox — pedpaKLust BOJH IIPH IPOXO3KICHUH BOIHOBO-
ro QpoHTa Yepe3 MOBEPXHOCTHBIC TEUCHHUS C OOJBIIMMHU TPaTUCHTAMHU CKOPOCTEH MITH BBIXOIOM BOJH Ha MEJ-
KOBOJZIbE. B mpaBoif 9acTi HaXOIATCS NCTOYHUKHU M CTOKH BOJTHOBOM dHepruu (S,,,), IpeACTaBICHHBIC TTapaMe-
Tpu3anue pU3mIecKuX MporeccoB, 00SCIICINBAOIIIX TCHEPAIINIO U JICCUTIAIINIO BOTHOBOW YHEPTUH, a TaK-
JKe Tiepepacipeie]ICHAE SHEPTHH 110 CIICKTPY BCICACTBHE HETMHEHHOTO B3aNMOICHCTBHUS BOITH.

B BostHOBOIT MOZIENM TOBEPXHOCTH OKEaHa TOydaeT SHEPTHIO OT aTMOc(epsl 4epe3 MMOTOK UMITYIbCca Ha
rpaHuIe pasaena, 1 B WW3 ecTh HECKOIBKO CXeM ITapaMeTpH3alii JTaHHOTO MpoIiecca, B KOTOPBIX Ha OCHOBE
SMIUPUYCCKUAX 3aBUCUMOCTEH M3 HAYaJIbHBIX JaHHBIX B BHJIC BeTpa Ha BbicoTe 10 M popMupyercs mMoTHBINH
po(UITb BETPa M PACCUUTHIBACTCS KOJTMUECTBO YHEPTHH, TIepeIaBaeMoe okeaHy. JJaHHBII OJIOK mapaMeTpu3a-
OUH UTpaeT BaXHYIO POJH IS JOCTOBEPHOTO BOCIIPOU3BEICHUSI MOICTBIO XapaKTEPHUCTHK MOPCKON MOBEPX-
HOoCTH. OTHAKO KITFOYEBEIM (haKTOPOM, OTIPEACIISIOIINM KaueCTBO PE3yNbTara, Kak y)ke ObLIO CKa3aHO BBIIIE,
BBICTYTIA€T ITPOCTPAHCTBCHHOE Pa3pelIeHIe HadalbHBIX YCIOBUH.

B xauecTBe HauanbHBIX YCIOBHI 1JIs1 BOJIHOBOM MOJENH BhICTynaeT Betep Ha 10 M, cipoaympOBaHHbIH
Heruapocrarnyeckor moaenso WRF 1 numeromumii npocrpancTBeHHOE paspenienue 15 km. s napamerpusa-
MU TIPOIIECCOB TCHEPAlMU W IFCCUTIAIINY BOJHOBOW DHEPTHUH HCIIONB3yeTcs Omok mapamerpm3amuit ST6
(Babanin, 2001, 2009, 2011, Rogers, 2012), KOTOpHIii SBISIETCS HAUOOIIEE MTOTHBIM [T UCTIONB3yEeMOH BEPCHH
MOJICIIH.

PacdeT BONHOBOH MoOpeIH MPOU3BOIMICS HA JBYX PETYIAPHBIX CETKaX C MCIIOIB30BAHUEM IPOIETYPHI
JIBYCTOPOHHETO B3aMMOJICHCTBHS BIOKECHHBIX CETOK. [ T00aIbHBII TOMEH UMEN TOPU30HTATIBHOE pa3pelicHre
0,250, pernoHaIBHBIN TOMEH, OXBaTHIBAIOIINI OeperoBbie oOmacTH (okoo 200 KM BIOIE BCel OeperoBoii Jin-
HUH), UMeI IpocTpancTBeHHOE paspemrenue 0,11, CrnekTpaapHOE pa3penieHne Il 00CHX CETOK COCTAaBIISIIO
36 narpasnennii (A = 10[)) wactoTHbI# nuama3oH ¢ — 40 uaTepBanos ot 0,04 mo 1,07 ', Illar Beigaun pe3yis-
tatoB coctaBui 1 yac. B mogenn WW3 nmeercs 4 mara no BpeMeHHU, KOTOPbIE HAPSAY C HAYaJIbHBIMU JaHHbI-

(kF)=S
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MU M [TapaMeTpu3alyeil reHepau 1 JUCCUITAliK BOJIHEHHST OKa3bIBAIOT OOJIBIIOE BIMSHKUE Ha JOCTOBEPHOE
BOCIIPOM3BE/ICHUE BOJIHOBBIX XapaKTEPUCTHK. B JaHHOM SKCIIepUMEHTE IIard Mo BpeMEeHH JUIs II00aibHOTo
nomeHna coctabisu: 900 cexynn (obanbHblit), 450 cexyHa (i pedpakiiy 1 yI0BICTBOPEHHIO YCIOBUIO
Kypanra-®punpuxca-Jlesn) u 60 cekynn (st pyHKIMM UCTOYHUKA); JJIsl PETHOHAIBHOTO JIOMEHA aHaJIOT Y-
Hbie maru coctapisui 300, 150, 150 u 60 cexyHn coorBeTcTBeHHO. [laHHas koH(pUTypanus oOecreynBacT ¢
OJIHOW CTOPOHBI MAKCUMaJIbHYIO CTa0MIBHOCTB PACUETOB U C JIPYTOH - ONTUMAaJIbHYIO BEIYHCINTEIbHYIO CTOU-
MOCTB ITPOBOJIUMBIX IKCIIEPUMEHTOB.

Takum o0pazom, koHpurypamuu odenx uncineHusix mozeneit (WRF u WW3) Obiin pazpabotansl crienu-
QJIBHO JUTS TIOCTABJICHHBIX 3a/1a4 U aJalTHPOBAHbI K MMEIOIIMMCS BBIUUCIUTEIILHBIM pecypcaM. Pacyers npo-
W3BOJMIIMCH Ha 0a3e CynepKOMIbIOTEpPHOTo KoMIuiekca «JIomoHocoB» 1 MexBenoMcTBeHHOTo CynepKoMITbIO-
tepHoro Llentpa (MCLI) PAH, Takxe /uist MOATOTOBKY JIaHHBIX U EPBUYHOTO aHAJIN3a MOTYYCHHBIX Pe3yJibTa-
TOB OBUTH NPHUBJIEYEHBI CYIIEPKOMIIBIOTEPHI CcpestHel MoriHocTH, nmetomuecs: B 1O PAH. Pesynbrars! skcrie-
PUMEHTOB B COBPEMEHHOM KJIUMaTe ObLIM BEpH(UIIMPOBAHBI C HCIIOIB30BAHUEM JIAHHBIX OyeB U CITy THUKOBOW
HHpOpMALIUH.

Ha nanHbBIIl MOMEHT COBMECTHOE MCIIOJIb30BAHHE JIBYX YMCICHHBIX MOJIEIICH C BBICOKMM ITPOCTPAHCTBEH-
HBIM pa3pelleHNeM Ha TaKoi OOIIMPHOIT aKBaTOPHH JUIs TIEPHO/ia BCETO COBPEMEHHOTO KinMara ObUIO peau-
30BaHO BIIEPBbIE. B aHAOrMYHBIX UCCIIEIOBAHUIX UCIIONIB3YETCsl HU3KOE TPOCTPAHCTBEHHOE pa3peleHne Mo-
JIeITH WJTH YK€ PacCMaTpPUBAIOTCSI OT/IENIBHBIE MOPSI U TPUOPEKHBIE aKBATOPUH.

Jlyist aHaIM3a MOJTyYeHHBIX BETPO-BOJTHOBBIX XapaKTEPUCTUK OBUIO IMPOM3BEACHO CPABHEHUE C JIAHHBIMHU
peananuza ERA-Interim, KoTopslii peiocTaBisier MHPOPMALIUIO O BEICOTE BETPOBBIX BOJIH, ITOJIYUYCHHYIO Ha
ocHoBe Mozieiin WAM ¢ ycBOeHHEM JIaHHBIX CITyTHUKOBOH ansTuMeTpun. Ha pucyHke 1 npezicrasiena BricoTa
3HAYUMBIX BBICOT BOJH 5% 00ECIIEYCHHOCTH [Tl 3MMHETO repuoja B iepuox ¢ 1979 mo 2013 ron u cpaBHCHHE
¢ nanHbIMK peanain3a ERA-Interim. [IpoctpaHcTBEHHOE paciipe/ieieHie BOTHOBBIX XapaKTEepUCTUK ITOBTOPSI-
€T aHAJIOTUYHOE pacrpe/ie/ieHne st IaHHBIX peaHain3a, ogHako B WW3 mosydarorcst B cpetHeM Oosiee BhICO-
KHE BOJIHBI B CyOTpOITMUECKOH ATIIaHTHKE U OKOJIo obepexbs [ pennananu u 6osiee HU3KUe BoaHbI B CeBep-
HOM Mope 1 y nobepesxbsi Bennkodpuranuu.

60N

4 85 0 @5 1 15 2 25 3

s

JHAYHMadA BBICOTA BOJHEL, M

8 ds A

20N

5OW 30w 0 6;\!; . - _3;\.v 0
Puc. 1. 3HaumMas BbIcOTbI BosIHbI 5% 06ecneyeHHOCTH 3a 3uMHUeE ce30HbI B nepuog ¢ 1979 no 2013 rog no AaHHLIM Moge-
JIMPOBaHMA M pa3HMLA C aHANOrMYHOW XapaKTePUCTUKOW AnA BoNHOBOro peaHanmsa ERA-Interim.

J11s1 BBISIBIIGHUSI PETUOHOB C PA3JIMYHBIMU JOJITOBPEMEHHBIMU TEHICHIUSAMHU CKOPOCTU BETpPa U BBICOT
BOJIH OBLJI IPOBE/ICH aHAJIN3 IPOCTPAHCTBEHHOTO PACIIPE/ISNICHNsI XapaKTepPUCTHK JIMHEHHBIX TpeHaoB. Ha pu-
CYHKE 2 IpUBEICHBI KapThl OIICHOK JMHEHHBIX TPEHIOB BETpa U BBICOT BOJIH Ha akBaTopuu CeBepHON ATnaH-
TUKH. OOJIACTH MOJIOKUTENBHBIX M OTPUIATEIBHBIX TPEHJIOB JJIsl BETPa U BOJIH 0XKUAAEMO COBIAAI0T, OJHAKO
obnacTh B 1IeHTpanbHON yacTn CeBepHOi ATIIaHTHKH, ONpeelsiemMas Juisl BETpa Kak 3Ha4MMast, OKa3bIBACTCs
HE3HAYMMOMH ISl BBICOTBI BOJIHBIL.
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Puc. 2. Tpenpbl cpefiHelt cKOPOCTH BETpa (CNeBa) M 3HaYMMOW BbICOTbI BOSHbI (CNpaBa) No JaHHbIM MogenvpoBaHua WW3 +
WRF B nepviog ¢ 1979 no 2010 r. B 3¥MHee BpeMs (*KenTbIM NoKa3aHbl NONOMMUTENbHbIE TPEHAbI, CUHUM OTPULIATENBHBIE,
LUTPMXOBKOM NOKa3aHbl 061acTH 3HAUMMBIX TPEHLOB).
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Cosnanue o0mupHOM 0a3bl JaHHBIX JUIs Beell akBatopuu CeBepHOI ATIAHTUKY Ha OCHOBE COBMECTHOTO
BBICOKOPA3PEIIAIOIICTO YUCICHHOTO MOACIHPOBAHUS aTMOC(HEPhl U OKEaHa OTKPHIBACT OOJIBIINE BO3MOXKHO-
CTH JUISl TAJIbHEHIIINX MCCIIC0BAaHUIA. B oTiiM4me OT CymeCTBYIOIINX peaHAIM30B, KOTOPBIC MOTYT OBITh HC-
0JIb30BaHbI UCKJIFOUUTENILHO JJISl OLIEHKH CPEAHUX KIMMATUYECKUX XapaKTepUCTUKU, YUCIEHHOE MOIEIUPO-
BaHUE MO3BOJISIET UCCIIE0BATh MOBEICHNE SKCTPEMYMOB, UX U3MEHEHHUE BO BPEMEHHU U IPOCTPAHCTBE, a TAaKkKe
MEXaHM3MBbI, IPUBOJISIINE K TIOSBIECHUIO TEX UM MHBIX SKCTPEMANIbHBIX CUTYaIUH.

B nanpHelimieii padote, MPOUCXOIAIICH B HACTOSIICE BPEMs, [TOIYUYCHHBIA MACCUB JJAHHBIX UCIIONB3YCTCS
JUTSI BBISIBIIGHUSI MEXaHU3MOB U3MEHUMBOCTH IKCTPEMAIbHBIX XapaKTEPUCTUK BETPOBOIO BOJIHEHUS B 3aBUCH-
MOCTH OT LUMKIIOHUYECKON aKTUBHOCTH B COBPEMEHHOM KIJIUMATe.
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Dynamics and spatial structure of Global atmospheric
oscillation based on observations, re-analyses and CMIP5
models

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

models, we built global fields mean anomalies of atmospheric pressure at sea level and the air tempera-

ture near the surface in the positive and negative phases of the recently identified by Russian scientists
Global atmospheric oscillation (GAQO), whose elements are the El Nifio and La Nifia. Also the spectra of El
Nifio — Southern Oscillation (ENSO) and GAO indices were built. Global spatial structures of GAO anomalies
and power spectra of ENSO and GAO indices from re-analyses are compared with the respective output quanti-
ties in the CMIP5 climate models (the Historical experiment). It is found that the models reproduce global
spatial structures of the near surface temperature and sea level pressure GAO anomalies very similar to these
fields in the re-analyses considered. However, the power spectra of the ENSO and GAO indices from the
CMIP5 models show no peaks at the same periods as the re-analyses power spectra. Comparison of Historical
and piControl model experiments showed that taking into account the 11-year solar activity cycle climate mod-
els reproduce the frequency of ENSO accurately than without it. It is concluded that the differences between the
model spectra and the real cause of errors in the predictions of El Nifio with a lead-time of a season.

Basing on a mathematical idea about the so-called strange nonchaotic attractor (SNA) in the quasi-period-
ically forced dynamical systems, the currently available re-analyses data are considered. It is found that ENSO
is driven not only by the seasonal heating, but also by tree more external periodicities (incommensurate to the
annual period) associated with the ~18.6-year lunar-solar nutation of the Earth rotation axis, ~11-year sunspot
activity cycle and the ~14-month Chandler wobble in the Earth's pole motion. Because of the incommensura-
bility of their periods all four forces affect the system in inappropriate time moments. As a result, the ENSO
time series look to be very complex (strange in mathematical terms) but nonchaotic. The power spectra of
ENSO indices reveal numerous peaks located at the periods that are multiples of the above periodicities as well
as at their sub- and super-harmonic. In spite of the above ENSO complexity, a mutual order seems to be inher-
ent to the ENSO time series and their spectra. This order reveals itself in the existence of a scaling of the power

ﬁ ccording to initial observations and re-analyses, as well as the results of experiments with climate
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spectrum peaks and respective rhythms in the ENSO dynamics that look like the power spectrum and dynamics
of the SNA. It means there are no limits to forecast ENSO, in principle. In practice, it opens a possibility to
forecast ENSO for several years ahead.

The work confirmed, improved and extended the earlier hypothesis on Global atmospheric oscillations
(GAO) as an attribute of the modern climate system dynamics. The composite analysis of both meteorological
and oceanographical fields grounded on available global data banks shown statistically significant quasi-cyclic
global oscillations in recent climate dynamics on inter-annual scales. These fluctuations were found to appear
in the most explicit form in terms of large-scale redistribution of atmospheric mass, accompanied by a substan-
tial enhancement of a regular positive atmospheric pressure anomaly in the Earth equatorial-tropical zone along
with formation of other major anomalies of both signs in beyond. The results obtained suggest that the known
multimode regional oscillations in dynamics of the climate system (NAO, AO, ENSO and other), which time
scales ranging from several years to decades all can be derived of GAO. Analytical detection of inter-annual
GAO gave an opportunity to formulate a new concept of physical mechanism triggering ENSO process. In
particular, it was shown that those well-known climatic events as El Nifio and La Nifia are far beyond the re-
gional scale of the Pacific basin, but should be treated as the structural elements of the GAO.

CpaBHeHMe CTPYKTYpbI M ANHaMWKK [NobanbHoM
aTMocdepHOM ocuMNNALMM NO AaHHLIM HabnogeHUN,
pe-aHanmsam n mogenaMm CMIPS

Cepsix U.B.

WHcTtuTyT okeanonorum um. M.11. Wupwosa PAH, MockBa, Poccus
E-mail: iserykh@ocean.ru

0 JIaHHBIM MCXO/IHBIX HAaOJIIOACHHUH U HX pe-aHaJIu3aM, a TAaKXKe pe3ybTaraM 3KCIIEPUMEHTOB C KiInMa-

THYECKUMHI MOZIEIISIMU IOCTPOCHBI II00AIbHBIC TIOJISI CPEAHUX aHOMATIMH aTMOC(EPHOTO TaBICHUs Ha

yposHe Mopst (IYM) u temnieparypsl Bozayxa y nmosepxaocty (TBII) Ha MonoKHUTEIBHBIX ¥ OTPHLIA-
TENBHBIX (a3ax HEIABHO BBISBICHHONH POCCHHWCKUMH Y4eHbIMH [J100aimbHONM arMoc(hepHON OCHMIIISIINT
(TAO), ubnmu snemenTamu siBisttorcest Jib-Hunpo u Jla-Hunbs. [Ipennoxen nanexkc 'AO u paccunTansl ero
CIIEKTPBI, a TAK)KE CIIEKTPBI HHAEKCOB Jnb-HuHb0 — FOxHOTO KONeGanus. [Toka3aHno, 4T0 HEKOTOpBIE U3 COBpE-
MEHHBIX MOJIEJICi COBMECTHOM LUPKYJISIIMN OKeaHa ¥ aTMOC(Eephl, y4acTBYIOIINE B MEX/yHapOIHOM MIPOCKTE
cpaBHenust moaeneir CMIPS, Hemnoxo BOCIPOU3BOAAT MpocTpaHCTBeHHYIO0 CTpykTypy [AO. Uro kacaercs
BPEMEHHBIX SHEPTeTHYECKUX CIEKTPOB, TO Y MOJENEH OHM OTIMYAIOTCS OT PEaJbHOCTH KaK OOIINM XOJI0M
CIEKTPaJIbHON IUIOTHOCTH B JMaNa30He MEXYTOJOBBIX - JICCATHICTHUX KOJIeOaHWH, TaK U MepHolaMH KOH-
KPETHBIX MHKOB, UMEIOIINX MECTO B 3TOM jauanazone. CpaBHEHHE MOJEIBHBIX dKcnepuMeHToB piControl u
Historical mokazano, 4ro npu y4ere 11-JeTHEro nyKia COMHEYHOH aKTUBHOCTH KIIMMaTHYECKHE MOJIENIN BOC-
npou3BoaT nepuoguuHocTr ['AO TouHee, uem 6e3 Hero.

BBEAEHWE

OnHUM 13 HanboJiee N3BECTHBIX SIBJICHUH, HAOIIO[aeMbIX B CHCTEME OKeaH - arMocdepa, sBiseTcs JJib-
Hunbo — IOxnoe xonebanne (OHIOK). DHIOK pasBuBaercs B y3Koil mpu3KBaTOpHAIbHOHN Tonoce Tuxoro
OKeaHa, T.€., (JOpMalIbHO, SIBJSICTCS PErMOHANIBHBIM siBIIeHHEM. BMecTe ¢ TeM, OOIIENPHHSATO CUUTATh, YTO
OHIOK oka3bIBaeT cBoe BO3EHCTBUE Ha THAPOMETEOPOIOTHUECKUE MPOIIECCHl MEKAYTOJOBBIX - ACCATUIET-
HHUX BPEMEHHBIX MacliTaboB rmoBcemecTHO Ha 3emiie. Heckonbko siet Haszan uccienosarenu u3 MHcTHTyTa
oxeanonoruu uMm. ILII. Illupmosa PAH [Bbeimes u ap., 2011, 2012, 2014] npeanosoXuin, 4To CyIecTByeT
I'moGanbuas armochepHas ocumusinus (I'AO), Ha skcTpemMaibHbIX (pazax KOTopoi pa3BuBatoTcsi Diib-HuHb0
unu Jla-Hunbs. MHaue roBopsi, 3T aBTOPBI MPEAIOI0KUIIH, YTO IEPBUYHBIM SIBJISETCS COBOKYITHOE B3aUMO-
JICUCTBHE THAPOMETEOPOJIOTMYECKHX TPOLIECCOB, MPOUCXOAsIINX Beroay Ha 3emie, a JHIOK ects nHanbonee
BBIPQ)KEHHOE MPOSBICHUE ITUX MTPOIIECCOB.

[Mockonbky 4yncio coobiTuit Dnb-Huubo u Jla-HuHbs1, CIIONB30BaHHBIX IS IOCTPOSHUSI CPETHETO OIS
pasHocteit B padbote [beiies u ap., 2012] 6bUI0 BeChbMa HEBEIUKO, BOSHUKIO COMHEHHE B CTATHCTHUCCKOU
3HAUMMOCTH cpeziHero mnoJst pazHoctedd IYM wu, cienosarensro, peanbHoct [AO. [TosTomy B padore [bbi-
ureB u zip., 2016] pacuet cpeaHero rrodanbpHOro Mostst pasHocteit IYM mexay coobitusMu Diib-Huubo u Jla-
Hunbst ObLJT BBIITOJIHEH 32aHOBO C UCIIOIB30BAaHUEM OOJIBILIETO YUCiia ATUX cOObITHIT (23 1 25), UMEBILIMX MECTO
B 1920-2012 rozmax. Kpome Toro, 1 riiaBHoe, Jiist 00euX IpyII COOBITHI ObUIN ITOJCYUTAHBI II00AIBHBIE OIS
cpelHeKBaIpaTuiecKux oTkinoHeHui JIYM ot cpennux mosei, coorBeTcTBytonmx Inb-Hunbo u Jla-Hunbs
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1O OTIENBHOCTH. Mcnonb3yst 3T cpeHEeKBaIpaTHYECKUE OTKIIOHEHHMS, JUIs KOKIOTO y3Jia reorpaduuecKoi
CETKH, MIOKPBIBAIOIIEH BCIO 3eMITt0, ObUTH BBIUMCIICHBI 3HAaYeHUs t-Tecta CThIO/IeHTa, TOKa3aBIIne, YTO 0Yar
MOJOKUTENBHBIX M OTPUIATENBHBIX pazHocTelt JIYM, BuauMble B IpoCcTpaHCTBEHHOM cTpykType ['AO, sBis-
IOTCSI BBICOKO 3HAYMMBIMHU (Ha ypoBHE 95% u naxe 6omnee). Tem cambIM 06110 JoKa3aHo, uTo 'AO peanbHoO Cy-
LIECTBYET.

Beran Bonpoc, Bocnpou3BomsT in [AO coBpeMeHHBIE MOJIENId COBMECTHON ITUPKYIISALIMN OKeaHa U aT-
Mochepsl, IPU TOM, YTO OHH BOCIIPOU3BOJAST MHOTHE YEPThI HAOIIOAAEMON MEXIoI0BOM M3MEHUMBOCTH B
Tponukax Tuxoro okeana. JlaHHas paboTa MOCBsIIEHA CPABHEHUIO NTO0ANBHBIX CTPYKTYp paznuuuii B IYM u
TBII, Bo3Hukaronwmx npu Diab-Huabo u npu Jla-HuHbs, T.e. Ha NONOXKHUTENBHBIX U OTPUIATEIBHBIX (azax
T'AO, a Taxxe BpeMEHHBIX YHepreTuueckux crekrpos uHaekcoB 'AO n DHIOK, paccunTaHHBIX MO JaHHBIM
UCXOJIHBIX HAONIONEHNH U UX pe-aHaJM3aM, C COOTBETCTBYIOIIMMH XapaKTePUCTHKaMH, MOJYyYeHHBIMH B pe-
3yJbTaTe MOACIBHBIX 3kcriepumMenToB CMIPS.

MATEPUAJTbl HABJTIOQEHNIA 1 METOOMKA X OBPABOTKM

Jlist ananu3a ObUTH BBIOpaHBI TI0OANBHBIE cpeaHeMecsyHble Mot AYM u3 cinenylomnX NCTOYHHUKOB!
NCEP/NCAR Reanalysis, Met Office Hadley Center HadSLP2, NOAA CIRES 20th Century Global Reanalysis
Version 2¢c, ECMWF ERA-20C u JMA JRA-55. I'mobanbHbIe cpeHEMECSIHbIe 3HAUCHUST TeMITepaTyphl Mo-
BepxHoctu okeana (TI1O) Oput B3siThI M3 MaccuBoB: Met Office Hadley Center HadISST, JMA COBE SST2 u
NOAA ERSST V4. JlonomHUTEIFHO aHAIN3UPOBAINCH ITI00aIbHBIE CPETHEMECSUYHbBIC TaHHBIC MTPUTIOBEPX-
HoctHOH Temneparypel Met Office Hadley Center HadCRUT.4.4, u mio6anbHBIC cpenHEMECSYHbIC JaHHBIC
TBII u3 yxe ynomsnyTsix Boite pe-anannzoB: NCEP/NCAR, 20thC ReanV2c, ERA-20C u JRA-55.

JIyist KaXKJI0T0 U3 MepeurcICHHBIX MAaCCHBOB JIAHHBIX, 32 BECh JOCTYIHBIA B HEM BPEMEHHOW MEpHO, B
Ka)KJIOM y3JI€ CeTKH PACCUMTHIBAJICS CPETHHUM TO0BOI X0/, KOTOPBIHM 3aT€M BBIYUTAIICS U3 UCXOAHBIX JTaHHBIX.
[To momy4eHHBIM TaKMM 00pa30M IOJISIM AHOMAJIMH PACCUUTHIBAIINCH TPU MHAEKCA. Bo-TiepBhIX, HHIEKC DIlb-
Hwunro, HazBanHEBIH PactmpenasiM okeanmueckuM uHIekcoM (POIM). O npencrapnset co0oi CpeHIO0 aHO-
mammto TTIO B obmactu (5°c.1mr.-5%%0.11., 170°-80°3.11.). B 3T0i1 00macTit 00BI9HO HMEETCsI OOJIBIIE JAHHBIX KO-
paGenbubix Habmonenuit TI1O, yem B 00acTH paccMaTpuBaeMOi TP OLIEHKE CTAHAAPTHOTO YIS OTIpesesie-
Hus Dnb-Huabo mHgekca Nino 3.4 (5°c.mw.-5%o0.mr., 170°-120°3.1.). Bo-BTOphIX, DKBaTOPHATHHBIN WHICKC
OxHnoTO0 KONebanust (QMIOK), on onpenensercs Mo pasHOCTH cpeaHnx aHomanuid IYM mexny obnmacTaMu
(5°c.m.-5%0.11., 90°-140°8.11.) 1 (5°c.m.-5%0.11., 130°-80°3.1.). B-Tpetbnx, nanekc AO (UI'AO), xoTopslii
TIpe/ICTaBIsIeT co00H KoMOMHaIMI0 HOpMupoBaHHBIX cpexnnx anomanuii TBIT (T) u IYM (P) B 17 owarax
mrobansHoro monst AO: T(10°c.am.-30°c.mr., 80°3.1.-40°3.1.) + T(30°0.m.-15%0.m., 45°3.1.-5°3.1.) +
T(20°r0.1m.-20°¢c.111., 50°B.1.-70°8.11.) + T(50°¢c.m1.-65°¢C.111., 170°3.11.-130°3.71.) + T(60°80.111.-45°F0.111.,, 150°3.]1.-
130°3.1.) - T(20°.m.-40°c.mr., 160°B.m1.-150°3.1.) — T(25°c.mm.-40°c.m., 110°3.m1.-60°3.1.) —
T(70°r0.1m.-55°0.111., 90°3.11.-30°3.11.) — T(40°0.111.-20°F0.111., 160°B.11.-140°3.11.) + P(10°r0.111.-10°C.111., 30°3.]1.-
10°3.1.) + P(10°r0.1m1.-10°c.11., 50°B.1.-70°B.1.) + P(50°c.m1.-70°¢c.111., 100°3.1.-80°3.11.) + P(70°F0.111.-50°F0..111.,
100°3.1.-80°3.1.) — P(35°.m.-55°c.ur., 170°3.1.-150°3.1.) — P(30°c.ar.-50°c.m., 60°3.1.-40°3.1.) —
P(50°r0.1m1.-30%0.111., 60°3.1.-40°3.1.) — P(55°%0.1m1.-35%0.1m1., 175°3.1.-155%3.11.). JluHeiHbIe TpeHAB! OBLIH
yAaJeHBI U3 TIOJyYCHHBIX PSI/I0B BCEX MHJCKCOB METOIOM HAUMEHBIIINX KBaPaTOB.

CoOsbrtust Dnb-Hunwo n Jla-Hunbs onpenensiucs no PO Tak, 4ToOb! 3HaYEHUE STOTO WHJIEKCA MIPEBBI-
I1aJI0 Ha TPOTSHKEHUH 5 MecsIeB Moapsi uin poibiie BennunHy +0.5°C npu Dnb-HuHbo 1 Ob1T0 MEHbIIE
-0.5°C npu Jla-Hunbs. {1 KaXk1oro BEIOPAaHHOTO TaKUM 00pa3oM COOBITHS OBUTH PAacCYMTAHbI III0OAILHbIC
nosst cperaux anomanuid IYM u TBII. OTtr nonst ycpequsiuch oTAeabHO o coObTHIM Dinb-Hunbo u Jla-
Hunbs. 3areM BbUUCIANIACH PA3HOCTh MOTYYEHHBIX CpeAHUX nosel. Kpome Toro, onpenensanock noie cpea-
HEKBa/JIPaTHYECKUX OTKJIOHEHHH OTJEIBHBIX COOBITHH OT CPEIHETO IO M0 KaKAOMY THITy COOBITHH (DIb-
Hunbo n Jla-Huebs) 1 Ha 3TOH OCHOBE OIEHMBAIMCH IOJISI CTATUCTHYCCKOM 3HAYMMOCTH Pa3lIMuuil MEXIY
CPEIHMMHU MOJIIMU CONNIACHO KpuTeputo t CThIOZEHTA C pa3INYHON CTENEHBIO BEPOSITHOCTU. [lonoxkuTenbHbIe
n orpunarensibie da3sl [AO onpenemsumics no UT'AO ananornuHo coObTusM Dnb-Huubo n Jla-Hunbs, HO
KpHUTEpUEM BBIOOpA ITPH 3TOM CITYXKHJIIO CPETHEKBAIPATHYHOE OTKIIOHEHHE M BPEMSI, 32 KOTOPOE aBTOKOPPEIIs-
MOHHAs (DYHKIMS MHJAEKca JocThraeT HyneBoro 3HaueHus. s ¢az [AO rtaxke mocTpoeHs! riodanbHbIC
nosist cpenuux anomanuii TBIT u IVM.

BpemMenHbIe sHEpreTHUeCKHe CIEKTPhI HHAEKCOB PACCYUTHIBAIUCH METOJIOM OBICTPOTO NMPeoOpazoBaHMs
®ypre (BIID). UtoOb! 0OecnednTsh MaKCHMaIbHOE Pa3pelieHue ITUX CIIEKTPOB MO IEpPHOJaM, pacCUUThHIBa-
Jach Iejas TpyImIa CreKTpoB. [ 3TOro u3 MCXOMHBIX PSOB BBIOMPAINCH YacTH, COOTBETCTBYIOIIUE «OK-
Ham», 4bsl IMPHHA BapbUPOBaJIa OT MOJHON JUIMHBI UCXOJHOTO psijia IO €rO MOJOBHHBI M TIPH 3TOM «OKHO»
CKOJIB3MJIO IO BCEH JJIMHE UCXOAHOTO psaja. Bee momyueHHble CHeKTphl yCpeHIIOCh, U OCPEJHEHHBIN CIIEKTP
CTVIQYKUBAJICS CKOJIB3SIIIIAM CPEAHUM.

[TomHMO 3TOTO, aHAOTHYHBIM 00pa30M OBUTH PACCYMTAHBI CIIEKTPhI TaK Ha3bIBAEMBIX OTOOpaKEeHHH 3Ha-
YEHUH MHAEKCOB Ha TOJ0BOM Teproje. I 3TOro M3 UCCIeayeMoro psia BEIOMpanach MoCieI0BaTeIbHOCTh
KaKOT0-TO OJTHOTO MECsIIIa, HalpuMep, MMOCIIeJ0BaTeIbHOCTh OJJHUX STHBAapel, omHuxX (espaneit u T. 1. st ka-
JKJI0H MOCIIE0BATENBHOCTH PACCUUTBIBANICS CBOU CIEKTP C MOMOIIBIO BBIIIEONHCAHHON TEXHUKH OKOH». 3a-
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TEM BCE JIBEHA/IIATh CIIEKTPOB YCPEAHSUINCH. TaKkoii pacyéT CeKTPOB IMO3BOJIMII YMEHBIIUTD BIHSHUE TO0BO-
rO X0/Ia Ha OLEHKY CTaTUCTUYECKON 3HAYMMOCTH TMKOB CHEKTPAJIbHOM IJIOTHOCTH, MO0 CIEKTPhI 0TOOpaxke-
HUH SIBJISIFOTCSI MEHEE KKPAaCHBIMI», YeM CIIEKTPbI OOBIYHBIX HEMPEPBIBHBIX psioB. KoHeuHo, 1uana3oH pac-
CMaTpUBAEMBbIX IIEPHUOJIOB y CIIEKTPOB OTOOpasKeHUI orpaHuYeH IByMs rogamu. Ho aToro nocrarodno s uc-
cnenoBanus auHamMuku [AO Ha XapakTepHbIX 11 Onb-HuHb0 nepuogax ot 2 10 7 JeT.

Bce paccunTaHHbIe 110 JaHHBIM U3MEPEHUH U pe-aHaIN30B [I00aNbHbIE MOJIS CPeIHEeN aMIUIUTYbI KoJIe-
6anmii JIYM u TBII npu 'AO u sHepreTHuecKUe CIEKTPhl UHIEKCOB CPAaBHUBAINCH C COOTBETCTBYIOIINMHU
MOJISIMH U CIICKTPAaMU MOJTyUYCHHBIME aHAJIOTHYHBIM CIIOCOOOM MO pe3ysbraraM skcrepuMenTa Historical 3a
nepron 1850-2005 st 47 coBMeCTHBIX Mojieneil o0Iieil NUPKYISIUE OKeaHa U aTMOC(epbl, JOCTYIHBIX K
HACTOSIIEMY BpeMeHHU B paMkax mpoekta CMIPS. U3 47 uccnenoBannbix moaeneir CMIPS Obutn BeIOpaHSHI Te,
KOTOpBIE HanboJiee OJIM3KO BOCIIPOM3BOIAT MI00aIbHYO0 cTpyKTypy ['AO M sHEpreTHuecKre CeKTphbl uccie-
JYeMbIX MHJEKCOB. ISl 3TUX KJIMMaTHYECKUX MOJIENEH OMMCAaHHBIM BBINIE CIOCOOOM PacCYMTaHbI OIS U
CIICKTPBI IO pe3yiibTatam 3kcrepumenTta piControl, B kotopoMm B oTiinuue ot 3kcrepumenta Historical orcyt-
CTBYeT BHeIIHH popcunr. Pesynsrarsl sxcniepumentoB Historical u piControl cpaBHHBanuch Mexay co0oi ¢
EIIbIO OLICHKH BIIMSIHUSI BHEITHUX CHJI Ha IepuoauyHocTh [AO.

OBCYMAEHUE PE3YJIbTATOB AHAJIN3A

CpasHenne mobanpHbIX noner pasaocteir IYM u TBII mexy npotuBonoioxasiMu ¢azamu [AO, mo-
CTPOCHHBIX IT0 TaHHBIM HCXOIHBIX HaOMoneHni, pe-anammsaM u Mozessim CMIPS, moka3zano ux 6mm3koe cxon-
ctBo. [Toxe JIYM T'AO mpencrasisier co0oif MIaHETapHYIO CTPYKTYpPY, 00IagafonIyio, ¢ y9eTOM pacroIoKe-
HUS U penbeda KOHTHHEHTOB, ONPEICIIEHHONH CHUMMETpHEH OTHOCHTEIBHO Mepruauana 90° 3.11., a Tak)Ke OTHO-
CUTETBHO dKkBaTopa [bermes u np., 2014]. Ctpykrypa xonedbanuii IYM, Ber3BaHHEIX ['AO, XOPOIIIO COOTBETCT-
ByeT cornpoBoxaatontiM e€ m3meHeHnsaMu TBI1. B Hux Takke mpociexnBaeTcs Tiio0anbHas CTPYyKTypa TeMITe-
paTypHBIX KoJeOaHH, CHMMETpHUYHas (C MONPABKON Ha KOHTUHEHTHI) KAaK OTHOCUTENILHO MEPHINAaHa, IIPOXO-
nsmero gepes 120° 3.1., Tak 1 OTHOCHTENBHO 2kBaropa [bermes u ap., 2014]. MoXHO OTMETHTH CIIEAYIOMINE
momenun CMIPS nHambomee OnM3K0 BOCHPOM3BOAAIIME IUTaHeTapHy0 cTpykTypy [AO: CESMI-CAMS,
CMCC-CM, CNRM-CMS5, GFDL-CM3 n HadGEM2-ES.

B cniektpax 'AO 1 DHIOK mocTpoeHHBIX 110 TaHHBIM HAOIIOICHUNA U pe-aHaIM30B TIaBHBIC TUKH HAXO0-
JTCs Ha iepuozax 5.6, 3.7 u 2.8 rona. OHN HE ABISAIOTCS KOMOMHAIIMOHHBIMYA TAPMOHUKAMHU TOTOBOTO TIEPHO-
na. Ho ux MoxHO ymomoouts cyneprapmonukam 1:2, 1:3 u 1:4 11-neTHero nukia cOITHEYHOH aKTHBHOCTH.
Konb ckopo 3T0 mpuHUMaeTCs, 3TO 03HAYACT, YTO KIMMAaTHUECKasl CHCTEMA pearupyeT Ha BO3/ICHCTBHE COTHEY-
HOW aKTHBHOCTH, XOTsI 5TO BO3ACHCTBHE DHEPIrETUYECKHU KpaliHe Malo. Peaknus cucTeMbl Ha 3TO Malloe BO3-
JeiicTBUE ABIsIETCS HeNmnHeHO. [loaToMy OHa BuIHA HE Ha caMoM 1 1-1eTHeM meprose, a Ha ero cymneprapmMo-
HuKaX. Takoe MpernoNokeHne yxe BrIcKa3bpiBainock [Bakynenko u Coneuxun, 2011].

Crextpsl HekoTOpBIX Moneneit CMIPS paccuuTannsie mo sxcnepumenty Historical, B koTopom opcunr
OT U3MEHEHUI COTHEUHON aKTUBHOCTH MPUCYTCTBYET, IEMOHCTPUPYIOT MUKH HA MEPHOaX, ONU3KUX K BBIIIE
yKa3aHHBIM cyneprapMoHukaM. OIHaKO B CIEKTpax, paCCUMTaHHBIX Mo 3kcrepuMenTy piControl (6e3 BHemI-
Hero (OpCHHTa), 3TH MHUKH TEPSIOTCA Ha (OHE APYTHX, O0JIee MOIIHBIX MHKOB. OTMETHM TaKKe, YTO TPYIIIIHI
MOIIIHBIX TMKOB B PEATHHOM CIIEKTpe BOIM3H NeproaoB 4.8, 3.6 1 2.4 roma MOXKHO YIO0OUTE CyOrapMOHUKAM
1:4, 1:3 u 1:2 Tak Ha3pIBAEMOTO YaHAJICPOBCKOTO Koyebanus moirocoB 3emiuu [Cumopenkos, 2002; Cepsix u
Coneuxus, 2017]. B pabote [Ceprix u Coneuknn, 2016] Op110 mMOKa3aHo, Kak 3TO KoieOaHWE MOXKET BO30y-
KJIaTh TEIUIOE MOBEPXHOCTHOE TEUEHNE Y THXOOKEeaHCKOro Oepera LleHTpanbHOM AMEPHKH, T.€. MOJTOKHUTEINb-
ueie anomanuu TIIO xapaxrepusie 111 Onb-Huupo. B Mogensx CMIPS gangnepoBckoe konebaHne MOITI0COB
BOOOIIE HE yuuThIBaeTCs. [103TOMY 3TH MUKH OTCYTCTBYIOT BO BCEX MOJIEIBHBIX CIIEKTPAX.

3AKJTIOYEHUE

[TokazaHo, 4YTO HEKOTOPBIE U3 MOJIETIEH COBMECTHOM IIUPKYJISIIMN OKeaHa U aTMOC(ephl, y4acTBYIOIINE B
MexyHapomgHoM mpoekte CMIPS, B o0miem, BOCTIpOM3BOAAT TUIaHETAPHBIC CTPYKTYPHI aHOMAINH B TOJISX
JAVYM u TBII, nabmonatomuecs mpu coObITHIX Dib-Huab0 1 Jla-HuHBS, KOTOphle OBUTH HETaBHO OOHApYKe-
HBI B peanbHoit arMocdepe u HazBaHbl [AO. KoHewuHO, cymecTBYIOT MHOTHE KOJTMUECTBEHHbIE Pa3InIns MEX-
Jly 2J€MEHTaMM PEaJbHOH M MOJEIMPOBAHHBIX MPOCTPAHCTBEHHBIX CTPYKTYp I'AO. it xapakrepu3annu
BpeMeHHOM auHaMuKH [AO ObuT pazpaboTaH WHACKC, KOTOPBIN MPEACTAaBIACT COO0H KOMOMHAIIMIO CPETHIX
agomanuii TBIT u JIYM B 17 ouyarax rmobansroro monst [AO. [1o gaHHBIM peanbHBIX METECOPOIOTHICCKIX Ha-
OmroneHnit u pesyasraram mozeneid CMIPS OpuH BBITTOTHEHBI OIIEHKH BPEMEHHBIX YHEPTeTHICCKHUX CIICKTPOB
naaekcoB [AO n OHIOK B nmnamazone macmTaboB OT IBYX JIO IECSATH JICT.

Bce criekTpsl, BKIIIOUas peasibHbIe H MOACINPOBAHHBIE, 00HAPYKUBAIOT OOJIBIIOE YUCIO CTATHCTHUECKH
3HAUMMBIX IIUKOB CIIEKTPaIbHOM MII0THOCTH. HO MX pacnonoxeHue Ha OCH MEPUOIOB Y BCEX MOIETBHBIX CTICK-
TPOB CYIIECTBEHHO OTIMYAETCS OT TAKOBOTO y PEATbHBIX CIIEKTPOB. TPy INIaBHBIX MTUKA B PEATIbHBIX CIIEKTPax
HaOTIOMaroTCA Ha Tiepuoax 5.6, 3.7 u 2.8 nert, T.e. Ha cyneprapMoHUKax | 1-JIeTHero IuKIIa COTHETHON aKTHB-
HOCTH. M3 urcia MOJIETIbHBIX CIIEKTPOB TOIBKO Y ABYX MOJIENICH MOYKHO YCMOTPETh MUK HA OJIM3KUX K yKa3aH-
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HBIM IIEpHOJax NPHU YCIOBHH, YTO ATH CIIEKTPBI MMOJCUYHUTAHBI 10 pe3yibraram skcniepuMmenTa «Historicaly,
KOT/Ia COJIHEYHAasl aKTHBHOCTh IIPMHUMAJIach BO BHUMaHKe. ECiN jke CrIeKTphI MOICUNTHIBAIMCH 110 Pe3yJibTa-
TaM ATUX Mojiesiell B akcniepumMenTe piControl, MUKK Ha BbIIIE yKa3aHHBIX CYNIEprapMOHUKAX HHU pa3y HE M0sIB-
JISUTUCH. DTO KOCBEHHO JIOKA3bIBAET, YTO IVIABHBIC ITUKH B PEAIbHBIX CHEKTPax JACUCTBUTEIHLHO MOYKHO CYMTATh
HEJNUHEIHBIMY OTKIMKAMHU peaNbHON KIMMaTHYeCKOH cucTeMsbl Ha 11-1eTHUI IIUKIT COTHEYHON aKTUBHOCTH.
Hccnedosanue svinonneno 3a cuem epanma Poccutickoeo nayunozo gponoa (npoexm Nel4-50-00095).
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Simulation of eddy heat transport in World Ocean basins
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from tropics to polar regions. The climatological mean meridional heat transport (MHT) distribution is

studied in sufficient detail by hydrographic and satellite measurements. However, its eddy component
and temporal variability are unavailable to in situ observations because of their overall low-resolution and sat-
ellite observations do not provide information on the distribution of heat transfer at depth. Therefore, ocean
general circulation models remain the only tool capable of reproducing the detailed structure of ocean eddies,
including vertically, and its influence on the heat balance of the ocean on a global scale. We use a modern
3DPEM ocean general circulation model INMIO with nominal 0.25° resolution to perform a numerical simula-
tion of the World Ocean circulation variability in conditions of the CORE-II protocol. Since most of the meso-
scale eddies energy correspond to the elements of the ocean circulation with characteristic times of less than
100 days, we use 3-months averaging to split the total kinetic energy and MHT into the slowly varying back-
ground and the fast eddy component. Thus, we consider a large part of the eddy variability, as well as more
short-period variability of the Ekman layer and tropical instability waves, but exclude seasonal, intra-annual
and interannual variability. The zonal distribution of MHT is analyzed globally and in separate ocean basins. Its
vertical structure in the upper ocean layer is also considered.

The World Ocean plays an important role in the Earth’s climate system due to its ability to transport heat
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YncneHHoe MofeniMpoBaHme BUXPEBOro rnepeHoca Tenna
B 6bacceliHax MmnpoBoro okeaHa

"**Yuiakos K.B., "*“U6paes P.A., ‘Tpomos WU.B.

1rMAp0METL|EHTp Poccuu, Mocksa, Poccua

ZVIHcmTyT okeaHonoruu um. I.M. lWupwosa PAH, Mockea, Poccua
3VIHC'eryT BbluMcnuTeNbHOM MaTeMaTuku PAH, MockBa, Poccusa
‘MoCKOBCKMIi GU3UKO-TEXHUUECKNI MHCTUTYT, Jonronpyaueii, Poccusa
E-mail: ushakovkv@mail.ru

HUPOBOY OKCaH HTPACT CYIICCTBEHHYIO POJIb B (DOPMHUPOBAHUH KITMMaTa 3eMITH OJ1arogapsi CrocoOHo-

CTH [IEPEHOCUTD TETLJIO OT TPOIIMKOB B MOJISIpHBIE pailoHbl. B cpeaHeM okeaHCKUl MEpUINOHAJIbHBII

nepenoc terwia (MIIT) uMeeT ToT e MOPSIIOK BETUYUHBI, 9TO ¥ arMocdepHsiii [1]. s konmmyect-
BeHHoro onrcanust MIIT B Moznensx okeana 0OBIYHO TIPUMEHsIETCsl popMyIna BUIa

0= ”Fdedx + ”Fsdzdx (1)

rae FV = pC,0V — sBHO BOCIIPON3BOAMMBIH a/IBEKTHBHBIN MTOTOK TeIUIa (alpOKCUMUPOBAHHBII COOTBET-
CTBYIOIIEH YUCICHHOW CXeMOW MOJIEINH), /' — MEpUIMOHAIILHBIH KOMIIOHEHT CKOPOCTH TeUeHHMs1, & — IOTEHIIU-
anbHas TeMIeparypa, p — INOTHOCTh, U Cp, — TEMII0EMKOCTh MOPCKOI BOJIBI IPU MOCTOSIHHOM JaBJeHUH. Yepes
F; 0603HaueH MOCETOYHBIH EpeHOC TEIUIa, ONPEENIeMbli B IEPBYIO OYepeIb BUXPEBBIM IT€PEMEIINBAHUEM.
WuTterpupoBanne Nponu3BOAMTCS 10 IyOMHE W JOJITOTE B MpeiesiaXx paccMarpuBaeMoro dacceliHa. B ciydae
OTCYTCTBUS (WM 1O KpaifHel Mepe MajoCTH) CyMMapHOT'0 TOKa BOJBI Yepe3 paccMaTpUBAaEMOe 30HAIBHOE Ce-
YyeHue Benu4yrHa () He 3aBUCUT OT BbIOOpa HyIIst TeMiepaTypHoii mkans! (K nnn °C) u MoxeT paccMaTpuBaThCs
KaK 0ObEKTHBHAS KOJIMYECTBEHHAs XapaKTEPUCTHKA.

Kaxk mpaBuiio, 1ojiceTouHbIi MOTOK TeIlIa MapaMeTpU3yeTcs C TOMOIIBIO (POPMYIIBI TEILIONPOBOIHOCTH
Fy=-4,pC,\/ 0 c nepementbiM ko3hduirreHToM audy3un 4,, 3aBUCSIINM OT JOKaIbHBIX CBOWCTB YHCIICH-
Horo pemienust. [Tpu takom 3aanun AH npuxogurcst mpuderarh K pa3inuHbIM HPEIIOIOKEHUSIM O CBOWCTBAX
CpeJibl, 3a4acTy0 YIPOILIAIOUIMM U HEJ0CTaTOYHO 000CHOBAaHHBIM. [109TOMY NpH J€TaIbHOM HCCIIEI0BAHUM
OKEAHCKOW LIUPKYJISILUH CTPEMSITCS ClIeNIaTh BKJIAJ TMP(Py3HOHHBIX ClIaraeMbIX Kak MO)KHO MEHBIIINM, MaKCH-
MaJIbHO SIBHO BOCIIPOHM3BOJISI CIIEKTP OKEaHCKOI TypOyJICHTHOCTH BHE IMOTPAHUYHBIX CIIOEB 33 CUET MOBBIIIIE-
HUSL pa3perieHus MOJCIN U yMeHbIIeH!s! KoddduireHToB 1uddy3un 1 BI3KOCTH.

B Hacrosiiiee Bpems cpeanee kinMarnyeckoe pacnpenenenue MIIT B MupoBom okeaHe U ero KpymHbIX
OacceliHaX JOCTATOYHO MOAPOOHO M3Yy4YEHO 1O JAAHHBIM THAPOrpadUueCcKUX W CITyTHUKOBBIX HAONIONEHHH.
OpHako ero BpeMEeHHas U3MEHYMBOCTh HEJOCTYIIHA MCCIEOBAHUSAM IO JTaHHBIM Pa3pe30B, a CIIyTHUKOBHIC
HaOJIIO/ICHUsT He Aal0T MH(OPMALMK O paclpe/ieieHHH TeIuionepeHoca no niyouHe. Takke HEBBICOKOE TIPO-
CTPaHCTBEHHO-BPEMEHHOE Pa3pelieHue THAPOTrpaduuecKux pa3pe3oB HE MO3BOJISIOT U3YUYUTh BUXPEBYIO CO-
CTaBJIAIOULYIO Teruionepenoca. [locieHsst MoXKeT ObITh OLlEHEHA KaK Pa3HOCTh MEK/LY MOJIHBIM IIEPEHOCOM H
€ro 4acThlo, 00yCJIOBICHHOW CPEJHUM TEYCHUEM BOJI B IAHHOM TOYKE:

O = ”pCPHdedx—J.J.pCP0<V>dzdx - ”AHpCPVHdde )

[lepBrle qBa wieHa B (2) COCTABIISAIOT SBHO pa3pelIaeMblil IEPEHOC TEIUIa, TOCIEAHUI COOTBETCTBYET Ha-
paMeTpU30BaHHOMY. YIJIOBBIMH CKOOKaMH 0003HAYE€HO OCPEIHEHHE MO XapaKTePHOMY BPEMEHHOMY MEPUOIY
SBOJIIOIMH Me30MacTa0HbIX BUXpel. [lockonbKy O6OmbIIast 9acTh IHEPTUH ME30MACIITAOHBIX BUXPEH COOT-
BETCTBYET 3JIEMEHTaM OKCaHCKOW IUPKYJSAINN ¢ XapakTepHbIMU BpeMeHaMmu MeHee 100 cyTok [2], 11 BIYn-
CJICHHsI BUXPEBOI1 U (DOHOBOM COCTABIISIONICH ITepeHoca Teria B (2) Mbl UCIIOIb3YeM OCPEIHEHUE MO 3-Mecsy-
HBIM MHTEpBaJIaM. Takum 06p8.30M Mbl YYUTBIBAEM OCHOBHYIO 4aCTb BPIXpeBOIZ U3MEHYMBOCTU, PABHO KaK 1
6oree KOPOTKOMIEPHOAHYIO M3MEHYMBOCTh CIIOS DKMaHA M BOJHBI TPONHWYECKOM HEYCTOWYMBOCTH B pailoHe
9KBATOPA, HO UCKIIIOYAEM CE30HHYIO M MEKTOJIOBYIO H3MCHUHUBOCTb.

Cunraercs, 4To B INI00AJIEHOM MacIITabe Me30MacIITaOHbIe BUXPH UTPAIOT HE3HAYUTEIBHYIO POJIb B TIe-
peHoce Tera, HO B OMPeAeEHHBIX palioHaX WX BKJIAJ MOXKET OBITh CYIIECTBEHHBIM. B 4acTHOCTH, BUXPEBO
TEIUIOTIEPEHOC MOXKET KOMIICHCHPOBAThCS MEPEeHOCOM cpeanero TedeHus [3]. [ns psaaa teuennit (AHTapKTH-
yeckoro LlmpkyMIonspHoOro, 3anaaHbIX IPHOPEKHBIX TEUCHNI) Ha OO0 BUXper npuxoautces 10 60% momHoH
KMHETHYECKOM OHEPIruu. YucaeHHoe MOJICIIMPOBAHUC ITOKA ocTaéTes CANHCTBEHHBIM HHCTPYMEHTOM, CHOCO6-
HBIM BOCIIPOM3BECTH B IIOOATHHOM MacIITabe NETalbHYIO CTPYKTYpY OKEAHCKHX BHUXPEH, B TOM YHCIE IO
BEPTHUKAIH, U e€ BIUSHIE Ha OaJaHC TEIlIa OKeaHa.

Uucnennas moaens Muposoro okeana UBMUO pa3paborana U1t HCCIeI0BaHUS IUPKYIIAILUH BOJ B IIIH-
pokoM nuanazoHe MacitaboB. [TonHas cuctema ypaBHEHHH TPEXMEPHON IMHAMUKH OKEaHa B MPUOIIKEHISX
ByccuHecka ¥ rTHAPOCTATHKY ANIIIPOKCUMUPOBAHA METOAOM KOHEYHBIX 00bEMOB Ha TOPU30HTAIBHON TPEXIIO-
TSIpHOH ceTke. B nanHOi paboTe HOMUHAILHOE pa3pelieHne ceTku coctapmseT 0.25°, BepTUKanbHAs TUCKpe-
TH3aIMs BKITIoUaeT 49 z-ypoBHEH, mar 1o BpeMeHH 12 MUHYT U1 6apOKIMHHBIX IpoieccoB. Pacyér OpicTpoit
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6apOoTPOIHOM TMHAMUKH BBITIOIHIETCS OT/IENIBHO My TEM PELICHUS CHCTEMBbI yPaBHEHHH MEJIKOH BOJIBI C IIIATOM
30 cexyna. ns obecrieueHNs YUCICHHON YCTOHYMBOCTH B YPaBHEHUAX MIEPEHOCA UMITYIIbCA, TEMIIEPATyPhl
COJIEHOCTH TIPUMEHSIIOTCS] OMrapMoHndeckne GribTpsl. COCTOSHIE MOPCKOTO JIb/IA OTIMCHIBACTCS C TIOMOIIBIO
TepMoarHaMu4eckoir monenu [4]. [ToBepXHOCTH pasziena BO3MyX-BoAa CBOOOMHAS C OMHCAHUEM IOTOKOB Te-
18, AIMITYIIbCA U BOMBI 10 Mojenu orpanugHoro ciost CORE [5]. B menom koH(GUTYpaIist MOAEIH COBIIAAaeT
C UCTIONIB30BAaHHON B paboTe [6] MIsd KIMMAaTHIECKUX pacu€ToB, HO B HACTOSIIEH paboTe MPUMEHEHB! YMEHbB-
[ICHHBIC 3HAYCHUS KOAPPHUIINEHTOB TypOyITeHTHOTO 0OMeHa st 0OecIieueHrst OONIbIIe HHTEHCHBHOCTH BUX-
peobpazoBanns. KoapdumuenT ropusonTansHol Auddy3un B3ST MPONOPIHOHATBHBIM ATy CETKH, KO hu-
OUEHT OMUrapMOHUYECKOH MU Qy3UH POMOPIIIOHANICH TpeThell cTeneHn mara. COOTBETCTBYIOIINE 3HAYCHUS
Ha 7KBaTope paBHbI 250 M’/c u -2.8-10" Mm'/c. Kosdduuument ropusoHTanbHOi BA3KOCTH 3a1aETCs MO CXeMe
Cmaropunckoro ¢ MEokuTeneM C=1.2 [7]. ®onoBoe 3HaYeHue Ha FkBaTope paBHO 400 M/c. [l GUrapMoHH-
YEeCKOH BA3KOCTH MHOKHUTEIb paBeH 1, GOHOBOE mosIe HylleBoe. B ypaBHEHUH MEIKOH BOIBI HCITOTIB3YETCSI KO-
s¢pdunment paskoctu 200 M’/c.

Jliist pacuéra nepeHoca UMITyIbCa, TeIIa X COJIM IPUMEHEHA CXeMa LICHTPAIbHBIX pa3HoCTel. BepTukas-
HOE INepeMEIINBaHNE MapaMeTpHU3yeTcs o cxemMe MaHKa-AH/IEpCOHa ¢ KOHBEKTHBHBIM MPHUCIIOCOOICHUEM.
DOHOBBIE 3HAYEHHS BEPTUKAIBHBIX BA3KoCTH U A dy3un cocrapisor 10™ u 10° M’/c, MakcuManbHble 3Haue-
HUA B paifoHax ¢ ManbIM 9ucaoM Puuapicona paBHb! coorseTctBenHo 10”1 107 M’/c. 3a uckioueHneM mapa-
METPH30BaHHOTO BEPTHUKAJIBHOTO MEPEMEIINBAHUS BCE IPOLECCHI ONMUCAHBI C TIOMOIIBIO SBHBIX YHCIEHHBIX
METOJIOB, YTO HO3BOIMIO 3(P(HEeKTUBHOTO pacrapaiieTuTh IPOrpaMMHBIN KoJ. Mozens peann3oBaHa Ha Mac-
CHBHO-TIIApAJUICIIbHBIX KOMIIBIOTEpaX MOJ ympasieHueM [IporpaMMHOTO KOMIIIIEKCAa COBMECTHOTO MOJEIHPO-
BaHUs [8], obecrednBaromiero napamuielbHble 0OMEHBI, MHOTOYPOBHEBYIO MHTEPIIONISAIUIO JAHHBIX U ACHH-
XpOHHYIO paboTy ¢ (haiioBol cHCTEMOIA.

[ToctanoBKa 3KcriepuMeHTa cooTBeTcTByeT poTtokorry CORE-II [9], onmpenensromemMy HUCXOASAIIHE pa-
JMAIOHHBIE TIOTOKU, OCAIKH ¥ PEYHOH CTOK, a TaKKe CyTOYHBIM X071 MapaMeTpoB arMocdeps! (Temneparypsl,
BIIXHOCTH U CKOPOCTH BETPA) 110 JAHHBIM PEaHAIN3a U CITy THUKOBBIX HaOmoneHnii. HadanbHble ons Temrie-
patypbl ¥ CONEHOCTH B3AThI PaBHBIMHU CPETHETO0BBIM MosrsiM attaca WOA (09, HauasibHbIe 3HAYEHHS CKOPOCTH
TEYEHUH U TOJIIMHBI MOPCKOTO JIbJa HyJeBble. Ha moBepXHOCTH OKeaHa Ha Ka)KIOM Ilare o BpeMEHH IpuMe-
HSIETCSl HOpMaNn3alys (BBIYUTAaHWE CPEIHETO NI00AIBHOTr0 3HAYEHHs) VIS IOTOKA BIIard. BeINosHeH pacuér
Ha riepuon 1948-1976 IT., 1 aHATH3UPYIOTCS PE3YyNBTAaThl, OCPEIHEHHBIC 32 TTOCTISIHIE ABa TOAa pacuéTa.

Pacnipenenenust noBepXHOCTHONW KMHETUYECKON SHEPIHU, [TOJIyYEHHBIE 110 IaHHBIM CITyTHUKOBOM aJIbTH-
MeTpuu [2] 1 B HameM pacuéte (Kak pa3sHOCTh ITOJHOW KHHETHYECKON SHEPTUH U YHEPTUU CPETHETO ITOTOKA),
ITOKA3bIBAIOT XOPOIIIEE COBMAICHUE HA KAYECTBEHHOM YPOBHE, HECMOTPsI Ha HEOOJIBIITYIO MPOTSKEHHOCTH Bpe-
MEHHOTO PsiJia MOJENIFHBIX JaHHBIX (puc. 1).

- e o
s O

T T T

o° 80°E 1 at;“w 90°w ) 90°E 180° 90°W 0
Puc. 1. YaenbHas KMHeTU4eCKan 3Heprina (cM’/c’) Ha MOBEPXHOCTY OKeaHa Mo AaHHbIM anbTUMeTpiK [2] 1 pacyéTos Moaenm
MBMIO.

[To pesympratam monenmu UBMUO robansasiit MIIT, ero sBHO pa3pemiacMasi ¥ ITOICETOYHAS BUXPEBEIC
KOMIIOHEHTBHI, a TAaKXKe COCTaBIstoNue 1o Atinantudeckomy n Mumo-Tuxookeanckomy O6acceiiHy npuBeieHbI
Ha puc. 2. ['papux atnmanrudaeckoro MIIT nmomagaer B rpaHUIBI MEKTOTOBOW H3MEHYHBOCTH, TTOyYCHHEIC B
[9] ¢ moMoIBI0 HESBHOHM OLIEHKH IO MOBEPXHOCTHBIM TETIIIOBBIM MOTOKaM M3 KIMMAaTOJIOTHYECKUX JaHHBIX.
Pacxokznenus ¢ JaHHBIME [2] TPUONIN3UTEIBHO COCTABISIOT BEJIMUYHHY HEONPEACIEHHOCTH HAOMIONCHUN U
MexronoBor m3menunBocTH MIIT (0.15 TIBT B paitone 20°N mirs Atnantuku o gasebM [9] u 0.25 TIBT B
paiioHax MakcuMyMa a0CcOTIOTHOM BenmuanHBI robansHoro MIIT mo manasmM [ 11]). ITo cpaBHEHHIO C UCTIONB30-
BaBIIelics paHee Oojee Bs3KoM KoH(uryparmeir monenmn UBMUO [6] yMeHpIIMIACH 10 HECYIIECTBECHHBIX
3HayeHui 105 noncerounoi yactu MIIT. Hanuune nonoxurensupix Bennund MIIT B paitone 40°S sBisiercst
OTKPBITBIM BOIIPOCOM. B 4acTHOCTH, OHO IPUCYTCTBYET B KIMMATOJIOTHH cynoBbIX Habmonenwnii [10]. ITo maxk-
CHMyMaM HHTEHCHBHOCTH BHXPEBOTO MEpEeHOCa TeIula pe3ynbrarel pacuéra mozenn MBMMUO npessomm
JaHHBIC [2], 9TO, COMNIACHO ATOM ke paboTe, MPaBaONOA00HO, T.K. 3TH AAHHBIC 3aHIKCHBI TI0 CPABHEHMIO C
OLICHKaMH 110 MAaCCHBaM CITyTHUKOBOH aJIbTUMETPHUH.
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@ Puc. 2. Pacnipenenenve MNT no

1,2-

1 =—— wupoTe B ATNIaHTUYECKOM OKeaHe
g.g (@), Mnpo-TuxooKkeaHcKoM bac-
- S cemHe (6) 1 MupoBoM oKeaHe (B).
E 3:2' 3enéHan KpuBas — NoJHaA BeNn-

04
o UMHa NepeHoca, KpacHas —paspe-
g2 LuaeMasn BUXpeBan COCTaBNAILLaA,
] ’_.___,_‘_____/\ . _
0 — \75.&5:33#*’ A 4épHanA — napamMeTpU30BaHHan
-0,11
o | BMXpEBas COCTaBNAIOLLA.
-20 0 20 40 60 80
(6)
0,757
0,5
0,254
0 — =
& 0,251
E- -0,5
=

40 60 80

(]
wwpoTa

Ha puc. 3 mpencrasnensl pactpeneneHns HHTeHCHBHOCTH BuxpeBoro MIIT (B enuammax [1BT Ha MeTp
TTyOWHBEI), TPOCYMMHUPOBAHHBIC 110 30HAIEHOMY HAIpaBICHHUIO It MUPOBOTO OKeaHa (a) M OTACIBHO IS AT-
naatuky (0). [To pesynpraram MmonenupoBanus, BuxpeBoit MIIT B sxBaTOpHaNEHBIX palfOHAX COXPAHSET CYIIe-
CTBEHHYIO HHTEHCHBHOCTB /10 TITyOHH mopsiika 250 M, mpiuuéM B TOBEPXHOCTHOM M MOAMIOBEPXHOCTHOM CIIOSIX
€T0 HaIpaBJIEHUs TPOTHBOIIOIOXKHBL. B ATmanTHdeckoM okeaHne 3TOT 3(h(eKT BhIpaKCH B MEHBIICH CTENCHH,
geMm B TuxoMm u UanuiickoMm. Atmantidecknit sxBatopuansHbiii MIIT cocrapiser mpumepHo 1/6 oT rimobans-
HOTO ¥ IUIOTHEE COCPEIOTOUCH B BEPXHEM CIIOE OKEaHa.
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Puc. 3. Pacnpenenenus uiteHcmBHocTv Buxpesoro MINT (B eguHuuax MBT Ha MeTp riy6uHbI), pocyMMMUPOBaHHbIE MO 30-
HanbHOMY HanpasJieHuto Ana MupoBoro okeaHa u anA AtnaHtukm.

Pacuémur nposedenvl ¢ ucnonvzosanuem pecypcog cynepkomnviomepHulx komniexcos MCL] PAH u MT'Y
um. M.B. Jlomorocosa. Pabomul no co30anuio u Hacmpoiike suxpedonyckaoujeti MOOeIbHOU
KoHGhueypayuu evinoanens 3a cuém epanwma Poccutickozo nayunozo ¢ponoa (npoexm Ne 14-37-00053)

6 @I'BY «I'uopomemyenmp Poccuuy. Pacuémol u ananus pe3yibmamos 6binoaHeHbl RpU No00epicKe
IHpoepammul hynoamenmanvrvix ucciedoganuti Ipesuouyma PAH 1.311.
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Climatic clustering for Northern hemisphere using analytic
signal for temperature series
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mation of the geophysical fields of various climatic parameters in recent decades. This transformation

has influence on the properties of the environment subsequently. There is increasing interest in studying
of the processes and mechanisms of transformation and distribution of external energy depositions which are
the cause of the formation of climatic zones on the Earth's surface.

Different climatic classifications have been developed. These classifications lead to a variety of climatic
conditions in a particular system and fix the distribution boundaries of different climatic patterns.

In this article we propose a formalized approach applied to the classification of climatic signals and the
isolation of climatic structures. This approach makes it possible to the variability and stability of climatic struc-
tures at different spatial-temporal scales.

In this paper the initial climatic signals are the average monthly temperature values measured in the sur-
face layer over 56 years at 818 meteorological observing station located in the Northern hemisphere.

The surface temperature is an integral indicator of climate change. The temperature values averaged over
short time intervals change because of the rotation of the Earth around the Sun with a period equal to one calen-
dar year. Changes of global natural and climatic processes are cyclical. It can be seen in the characteristic oscil-
lations in time. The oscillatory process can be described in terms of amplitude and phase. Based on the phase
characteristic new estimates describing the laws of parameters behavior during certain time intervals were
constructed. The phase is introduced on the basis of the theory of the analytical signal.

Iterative algorithm of phase grouping was developed. Classification of signals in the offered algorithm is
based on a intercomparison of all phase estimates of temperature signals and an identification of groups with
similar patterns of behavior at a predetermined value of the correlation coefficient.

The experiment for 818 series of average monthly temperatures has showed the convergence of the itera-
tive process to the established level of computational accuracy. The application of the phase grouping algorithm
has allowed for the initial 818-dimensional space of average monthly temperatures measured over 56 years to
being combined in 17 groups with typical phases characterizing temperature changes.

S pecial attention has been paid to global climate change which is accompanied by a significant transfor-
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The physical validity of the new approach is confirmed by the correspondence of the obtained clusters to
the characteristic features of known climate typifications.

BuigeneHne kKnnMmaTtnveckux knactepos B CeBepHOM
MosyLapum Ha OCHOBE NPUMEHEHMA aHaJIUTUYECKOro
CUrHana K TeMrnepaTypHbIM pagam

'TapTakoBckuii B.A., “Bonkos 10.B., 'Yepeapko H.H., "“Kanawnukosa [1.A.

1VIHcmTyT MOHUTOPUHIa KNMMaTUYECKMX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
"ToMckuii nonuTexHUYeckuii yuusepcuret, ToMck, Poccua
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MOCJIEHNE AECATHIICTHSI 0c000€ BHUMAHUE YIEISIETCsl TIO0AIbHBIM KIMMAaTHYECKUM H3MEHEHHSIM,

KOTOPBIE CONPOBOXKIAIOTCS CYIIECTBEHHOH TpaHCcopManuei reo(hU3NIeCKIX Mojael pa3IniaHbIX KIIH-

MaTHUYECKHX [TapaMeTPOB, YTO BIIOCIEICTBUHN OKA3bIBACT BIMSHHUE HA CBOWCTBA cpebl oOuTaHus. Bos-
pacraeT akTyalbHOCTb UCCIIEA0BAHUS IPOLIECCOB U MEXaHW3MOB TPaHC(HOPMAIIMHU U pacIpe/ieIeHHs BHEITHUX
9HEPreTUYECKNX BO3/ICHCTBUM, B PE3yNIbTaTe KOTOPHIX HA TOBEPXHOCTH 3eMIH (POPMHUPYIOTCS KIIMMAaTHIEeCKUE
30HBI.

PaszHbIME HccienoBaTensiMi pa3paboTaHbl KiIaCCU(UKALMKM KIMMATOB, MPUBOASIINE pa3HOOOpa3HbIC
KIIMMaTH4ECKUE YCIIOBHS B ONIPE/ICIICHHYIO CUCTEMY M (PUKCHPYIOIINE TPAHUIIBI PACIIPOCTPAHEHHS OTJCIBHBIX
TUIIOB U BUJOB Kiumara [ 1, 2].

B T0 e Bpemst cymiecTByeT psij padot [3-5], B KOTOPBIX TOBOPUTCSI O HEOOXOJMMOCTH IIEPecMOTpa Kiac-
CHYECKHX I'PaHUIl KJIMMATHYECKHUX 30H B CBS3U C HAOJIOIaeMBbIMH KIIMMAaTHYECKMMHU N3MeHeHMsIMH. [10BBICHTD
YPOBEHb OOBEKTUBHOCTH TAaKMX KJIACCU(HUKALMI MOXHO ITyTeM pa3paboTKH (POPMaIN30BAHHBIX MOIXOM0B IS
OIIEPaTHBHOIO MOHUTOPHHTA MPUPOJHO-KIMMATHIECKUX ITPOIIECCOB.

Lens nanHO# paboTh — pazpadboTka (HOpMaIn30BaHHOTO MOAX0/A ISl KIIACCU(HUKALMK KIIMMAaTHIEeCKUX
CHTHAJIOB M BBIZEICHUS KJIMMAaTHUYECKUX CTPYKTYP, MO3BOJISIONIETO TPOBOANTH UCCIICAOBAHUS X N3MEHUNBO-
CTH M YCTOWYHMBOCTH B Pa3JIMUHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX MacIITadax.

Yarue Bcero aiisi 0ObEKTUBHOTO CTPYKTYPHUPOBAHUS TTOJIEH JIEMEHTOB KJIMMAaTa UCIIOIB3YIOT pa3jindHbIe
MoAM(UKAIUK KI1acTepHOro aHanuza [6, 7]. CymiecTByeT MHOTO Pa3HOBHAHOCTEH YCHEUIHO Pealn30BaHHBIX
METOJIOB KJIaCTepH3aluK YUCIIOBBIX JaHHBIX. TeM He MeHee, I pealu3anny OOJIbIIMHCTBA U3 HUX €CTh HE0O-
XOJJMMOCTh 3aJ1aBaTh KOJIMYECTBO KJIACTEPOB JIO Havaja KIaCTepPHU3allMH, YTO CYIIECTBEHHO OrpaHUYMBACT
BO3MOYKHOCTH HCCJIE/IOBAHMS KIIMMAaTHIECKUX JIaHHBIX. 30ekarh 9T0o# MpoOIeMbl MOXKHO pean3ys nepapxu-
YeCcKHEe METO/IbI KIacTepu3anun. MepapXuueckiux MeToIbl He JTMIICHBI HEOCTATKOB, K HUIM OTHOCHTCS CJIOX-
HOCTB OIIPE/ICIICHHS YCIOBUSI OCTAaHOBKH, TAaKOE, YTO TIO3BOJIMIIO ObI BBLICINTD «ECTECTBEHHBIE» KIACTEPHI U
HE JIOIYCTUTb JaIbHEHIIEro X pa3OnueHus, a TaKkKe BEIOOP «TOUKMY pas3JIelICHNs WIIN CIHUSHUS KIIACTEPOB.

Pazpabotka axroput™a KiacCU(pUKaIMN KIMMAaTHY€CKUX CUTHAJIOB M BBLACICHHSI KIIMMAaTHYECKUX CTPYK-
TYP, MTO3BOJISIIOIIETO IPOBOANTH UCCIIEIOBAHUS X M3MEHUYMBOCTH M YCTOMYMBOCTH B PA3IMYHBIX IIPOCTPAHCT-
BEHHO-BPEMEHHBIX MaclITa0ax CBOAMTCS K PELICHHIO psija 3ajad: BBIOOp HCCIeAyeMOH XapaKTEepHUCTHKH,
olpeziesieHre OOIIero NpU3Haka U Mepbl CXOJICTBA, HOCTPOCHUE AJITOPUTMA, M0 HePAPXUIECKOMY MPUHIINILY,
He TpeOyIOIIero NpeBapUTEeIbHOIO 33aHusI KOJMUECTBA KIIACTEPOB, M CXOSILIETOCS K KOHEUHOMY YHCITY
TpyIIL

OmnperenieHne MpU3HAKA, MO3BOJISIONIETO BBIACIUTH IPYMIBI U3 COBOKYITHOCTH KJIMMAaTHYECKUX CHI'Ha-
JIOB, SIBJISIETCSI HENPOCTOM 3a/1adeid, Tak Kak TpeOyeT aHaim3a (PU3MYECKUX CBOWCTB MCXOIHBIX CHTHAJIOB U
OLICHKH IpOLEeccoB UX (opMupyromux. B nanHoi pabore B KauecTBE MCXOIHBIX KIMMAaTHUECKHX CHUTHAJIOB
B3SITBI CPEJHEMECSIYHbBIC 3HAYEHHsI TEMIIEpaTypbl, N3MEPEHHBIE B IPU3EMHOM citoe 3a 56 et Ha 818 mereo-
CTAaHIMAX, PACIIOJIOKEHHBIX B CEBEpPHOM MOIyIIaApHH 3EeMITH

[TpuzemHas Temreparypa sBISETCS HHTETPajJbHBIM MHAWKATOPOM KIMMAaTHYECKUX M3MEHEeHWH. B cury
Bpamienus 3emuin BOKpyr CoJIHIIa 3HAYSHUS! TeMIICPaTyphl, YCPEJIHEHHBIE 32 KOPOTKUE IIPOMEKYTKH BPEMEHH,
M3MEHSIIOTCS C MIEPUO/IOM, PABHBIM OJHOMY KaJICHIapHOMY Toay. MI3MeHeHHs 1100aibHBIX PUPOIHO-KIINMa-
THYECKUX IPOIIECCOB UMEIOT IMKINYECKUIT XapaKTep, YTO OTPaKaeTcst B BUJIE KOJIeOaHNM BO BPEMEHHU 3Have-
HUH BEJIMUMH UX XapakTepusyronmx. KonxebdareabHbIN Ipoliece MOXET ObITh OIUCAH B TEPMHHAX aMILUTATY/bI
n ¢assl [8]. CymiecTByeT 00JIbIIOE KOJIMYECTBO pa00T NPOBOSIINX aHAIN3 U OCTPOCHHUE KIIacCUPUKALMN C
HCIIONIb30BAaHUEM a0COJIOTHBIX M OTHOCHTEJIBHBIX 3HAYCHUH TeMIleparyp, a TaKKe OILCHOK JAMCIEPCHU THX
BenmuuH. [Ipu rpynnupoBke 3HaUCHHUH TEMIIEpaTyphl TOMYYaloT paclpeaeieH s TeMIIepaTypHBIX MoJel 110
MTOBEPXHOCTH 3eMIJIH, B KOTOPBIX HE YUUTBIBACTCS MIIM TepsieTcst HH(opMarys 00 M3MEHEHHUSIX MCCIIETyEeMOTro
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rapamerpa Bo BpeMeHH. B konebarenbHOM Ipoliecce Takol XapakTepucTHKou siBisiercs asza. [Ipu moctpoe-
HUHM aJITOPUTMa TPYIITUPOBKH JIAaHHAS XapaKTepHCTHKA BbIOpaHa B KaueCcTBE 0A30BO.

®da3oBas XapaKTepUCTUKA ONpeJeNIgeT 3aKOHBI MTOBEICHHsI HCCIEeyeMbIX TapaMeTPOB 3a ONpPEACICHHbIC
BpeMeHHbIe HHTepBabl. [IpenmyiecTBo npruMeHeHus Ga3bl 00yCIOBICHO TEM, YTO JaHHAsi XapaKTEepPUCTHKA
103BOJISIET BBIACIUTD JIOKAJIbHBIE KIMMAaTHYECKUE U3MEHEHHS, HEOOXOAMMBIE JUIsl TOCTPOCHHUS KilacCU(HKa-
LUK KIMMaTHYECKHUX 30H.

Boruncienue ¢a3nl konedanus. Konedanre MoKeT ObITh ONMUCAHO JABYMSI COCTABIISIOIIMMHU: Ornbaro-
el (ammnTy0i) U dazoil. X HempoTHBOpEUrBOE OIPE/ICICHHE IAeTCsl Ha OCHOBE aHAJIMTUYECKOTO CHI'Ha-
na (AC), Beenennoro B 1946 r. JI. ['abopowm [8].

Amnanmurnaeckuii curaan W(t) siBisieTcsi KOMIUIEKCHOH (yHKIMeH, KOTopasi IIPeICTaBIIsIeT KojieOaHne TeM-
nieparypsl 7(7) BO BpeMEHHU Kak eCTECTBEHHOE 0000IEeHNE TApPMOHMYECKHUX KOJICOaHHH:

W(e)=T(r)+ V(@) . V(e) = vp. | L as |
T —X7r—ys

7l HeCOOCTBEHHBIN MHTETPAI ONpe/IelieH B CMBICIIE INIaBHOTO 3HaueHus o Komm (v.p.) B Tex ciryyasx,
KOTrJa S — 400 M IpH 7 = §. MHUMas COCTaBIISIOIIAs aHAINTHYECKOro curHana — V() smusercst [ninpdepr-
TpaHcdopmanToii [9] ero nelicrBurenbHoM yactu 7(r). BBenenne W(r) mo3Bosnsier onpenensTb aMIUIUTyny U
(ha3y n3BECTHBIM CIIOCOOOM:

a(7) =\/T2(z')+ Vz(r) , 0(7)= arctg@.
T(7)

Ecnu cnexTp curnana cocpegoToueH B OTHOCUTENBHO Y3KOM HHTEpBae
4acTOT (Y3KOIOJIOCHBIH MJIM KBa3MMOHOXPOMATHYECKHI CUTHAIT), TO aMILIH-
Tyna u (asza Majgo MEHSIOTCS 3a BPeMsl, COOTBETCTBYIOIEE EPHOLYy Hecy-
el 4acToThl. J{1s1 KOMIIIEKCHOTO IpeAcTaBieHus Ha ocHoBe AC Benn4nHa
TAKOTO M3MEHEHHsI aMIUTUTYAbI M (a3bl MPU OTPEeIeHHBIX YCIOBUIX OKa-
3BIBACTCSI MUHUMAJIbHOM.

C BBIYMCIUTEIBHON TOUYKH 3peHus npeodpaszoBanue [ mipbepra SKBH-
BAJIEHTHO YMHOXEHHIO B 9aCTOTHOH 001acTH (V) Ha (GYHKIHMIO i SgN v, IOATO-
My AC, COOTBETCTBYIOIIUH JaHHOM aedcTBuTENbHON QyHKIMH 7(7), OIY-
YaeTcst IyTeM OOHYJIEHUs OIHOM IIOJIOBHHBI YaCTOTHOTO CIIEKTpa ATOH
¢yHkmu. Takoil 0HOCTOPOHHUH CIIEKTP Ha3BIBAIOT MPUYNHHBIM MM Kay-
3aJIbHBIM.

Kputepnii kiaccudukanuu. B ocHOBY pabOThI IOJIOKEHa THITOTE3a,
o0 reorpaduieckoii 00ycIIOBIEHHOCTH (a30BOH MOAY/ISIIIUH TEMIIEPaTyPHBIX
kosebanuit. KpynmHomacinTaOHble MUPKYISIIMOHHBIC MTPOIECCH M JIOKAJb-
HBIE reorpaMuecKie yCIOBHs BHOCAT CBOH BKJIA/L B TpaHC(opMaIuio (a3sl
TemIieparypHoro kosnebanus. [lon neiictBueM (pakTopoB pazIMIHON MPUPO-
I, TPOMCXOAAT BO3MYIIIAIOIINE BO3/ICHCTBUS HA Teoc(epy, YTO BBIpaKaeT-
csl B U3MEHEHNH XapakTepa KojeOaHui, hopMupyercst CIoKHbIN BH] (a30-
Boii Monyisiuu. KpurepueM xitaccn(uKamiy CIry’kHUT COIIaCOBAHHOCTH KO-
nebaHuil TeMIeparypbl B OTJEIBHBIX reorpaduueckix pernonax. Haunbomnee
noaxomsM KpurepreM paccTOSHHS MEXy OLEHKAMH WM KpHTepHEM
TPYIIHPOBKHU SIBISIETCSI KOI(PPHUIIMEHT KOPPEISIUN #, KaK Mepa TECHOTHI
B3aNMOCBSI3U MEK/Ty OT/IEIBHBIMU (pa30BBIMH OIIEHKAMH.

Omnucanne anroputMma. Pazpaboran uTepannoHHBII adropuT™M Kiac-
cu(rKamy TeMIepaTypHbIX CUTHAJIOB, KOTOPBIH Oy/ieM Ha3bIBaTh allTOPUTM
(azoBoii rpynmuposku. Kinaccudurkanus curHagoB B pa3padOTaHHOM ajro-
pHUTME IOCTPOEHA Ha B3aNMHOM CPaBHEHHH BCeX (Da30BBIX OLICHOK TeMIlepa-
TYPHBIX CHTHAJIOB M BBIICJICHHU TPYHII CO CXOAHBIMH 3aKOHOMEPHOCTSIMU
TIOBE/ICHUS 3TUX OLICHOK NPH 3apaHee 33JaHHOM 3Ha4eHUH Koddduimenra
Koppernsuu. [ pymiiel pa3oBbIX OLIEHOK, Y/IOBIETBOPSIONINE 331aHHOMY 3Ha-
YEHUIO KOPPEJSIIUN (OPMHUPYIOT «TEKYIIYI0» (a30BYIO OIEHKY, PACCUUTHI- L &
BaeMyI0 Kak cpegHee M3 (OPMHUPYIOUIMX TPYHITy OIeHOK. [lanmee kakmas
OLIEHKA, BXOJSIAsl B IPYIILYy 3aMEHSETCA Ha «TEKYILyl0», U MPOLECC IPyI-
ITUPOBKH TTOBTOPSIETCSI 10 TEX MOP, IMOKA OYIyT MPOUCXOIUTH U3MEHEHUS B

Puc. 1. Tunoseble ¢a3bl, pac-
MOMOMeHbI CBEPXY BHU3, COOT-
BeTcTBYloLMeE 17 BblAeNeHHbIM

COCTaBe IPyMNIl U U3MEHEHUS «TEeKyIUX» OLleHOK. [Ipu BbIMONHEHUH ycio- KNMMaTUYECKM KIIaccaM npi
BUA 3aBCPUICHUSA ITPpOLECCa UTCpallur C 3apaHeC 3aJaHHOU TOYHOCTBIO, «TC- YpOBHEe KOppenaLnn UCXOOHbIX
KyIlHE» OLIEHKH, NTOJyYCHHbIE Ha MIOCJIEAHEM IlIare UTepaluu, IPUHUMAIOT- ¢a3 =0,8. lopn3oHTanbHLIE

Csl B KauecTBE «THIOBBIX» (ha3. Kaxmast tumnosas (asa xapakrepusyeT OT- JIMHWAW NpOBEeHbI C LLIaroM
JIeTBHBIA KIIMMaTHUecKuid Kiacc (puc.l.). 3aBepuieHnem mpouecca rpyImim- 0,2 pap.
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POBKH SIBJISIETCS] BBIYMCIICHNE KO DHUIMEHTA KOPPEISILIMN MEXKTy UCXOIHBIMU M THIIOBBIMHU (Da30BBIMH OLICH-
KaMHU 1 OTHECEHUE UCXOAHBIX K OJHOM U3 IPYI WIH K KATETOPUH OLIEHOK, HE BOLIE/IINX B FPYTIIIEL.

B anropurme ¢a3oBoii rpynnmupoBKy 3HaYEHHs KOI(PPHUIMEHTA KOPPEISILIMN ONIPE/ICIISIOT YPOBEHb JIeTa-
JM3alUy TpynIl. B 3aBuCMMOCTB OT BeM4nHBI KO3 GHUINEHTA KOPPEISIIIMNA MOYKHO JIOCTHYb Pa3HbIX YPOBHEH
COKpAIlIEHUs KOJIMYEeCTBAa UHAUBUYAIbHBIX OLIEHOK IPHU CYIIECTBOBAHUU B HUX CXOJHBIX 3aKOHOMEPHOCTEH.
Pesynbrarsl mpuMeHeHHs anroputMma s Tepputopun EBpasum mpezcrasieHsl paHee [10]. Dxcnepumenrt,
MIPOBEICHHBIH /111 BHIOOPKH 13 818 psIOB CpeiHEMECSYHBIX TEMIIEPATYP, OKa3aJl CXOAUMOCTh HTEPaIlMOHHO-
TO Npolecca A0 YCTAHOBIEHHOTO YPOBHS BBIYUCIUTEIbHOM TOUHOCTH (pHC. 1).

3akouenue. B aHHO# paboTe mpecTaBieH HOBBIN ITOJXO0/ ISl PEIICHHUS 3a/1a4y NCCIIEOBAHUS U KJlac-
cu(UKaIMY KJIMMaTa Ha OCHOBE OIMCAaHKs BDEMEHHBIX PSZI0B TEMIIEpaTyphl Kak (ha30MO/ Iy IMPOBaHHOTO KoJieha-
nust. Daza BBOAUTCS HAa OCHOBE TEOPHHU aHAITMTHUECKOTO CUrHaia. Pazpaboran anroputm (pa3oBoi rpynmnupoBKy,
MIPUMEHEHHE KOTOPOTo MO3BOIMIO HCXOAHOE §18-MepHOE MPOCTPaHCTBO CPETHEMECSUHBIX 3HAUCHUH TeMIepa-
TYp, U3MEPEHHBIX 3a 56 JIET, COKpaTHTh A0 17 KIacTepoB ¢ THIOBBIMHU (pazaMu, XapaKTepH3yOIMMH H3MEHEHUS
temneparyp. ®Pusznyueckas 000CHOBAaHHOCTH HOBOTO IOJIXO/A TOATBEP)KAACTCS COOTBETCTBHUEM IONYYEHHBIX
KJIACTEPOB XapaKTePHbIM OCOOCHHOCTSIM N3BECTHBIX KIMMATHYECKUX THITH3aui. TakiuM oOpasom, daza kak xa-
paKTepHCTHKa TEMIIEPAaTypHOTO KOJIEOaHMs! ITO3BOJISIET OOBEKTUBHO BBIACISATH KIMMATHYECKHE KJIACCHI M JaeT
BO3MO)KHOCTB B JJaJIbHEHIIIEM T10JTy4arh AMHAMHYECKUE KIIMMaTHYECKIE KIIaCCU(DUKALIUH.
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Evaluation of dynamics of agroclimatic conditions
by the methods of trend and factor analysis

Sukhoveeva 0.

Institute of geography RAS, Moscow, Russia
E-mail: olgasukhoveeva@gmail.com

figures obtained with climatic norm records. One of the results of present climate warming is the change
of agroclimatic conditions, the accurate calculations of which will let to neutralize their negative conse-
quences for agriculture.
The aim of the present research is to determine regularities of change of agroclimatic conditions during
the century period taking into account the last 30 years, and to classify the climatic parameters by the factor
analysis method.

The most noteworthy climate changes were registered in the last years that may be proved by comparing

SESSION 1V // MODELING AND ANALYSIS OF REGIONAL CLIMATE


mailto:olgasukhoveeva@gmail.com

Materials of the investigation were longstanding data of 19 meteorological observatories of Central Non-
black Soil Zone. Regularities and oscillations of air temperature, amount of precipitations, active temperature
sum and hydrothermal coefficients changes were determined.

In the Central Nonblack Soil Zone the strong and intensive upward heat supply trend, especially for the
last three decades, has been marked. During the last 30 years there happened increase of average annual (0,3
°C/10 years) and average monthly air temperatures (in winter > 0,7 °C/10 years, to 0,9 °C/10 years), increase of
heat supply (growing degree-day trend 48 °C/10 years, in Western regions > 55 °/10 years), continuation of
warm and vegetation period. Moistening becomes unstable (monthly trend 5 mm/10 years, annual trend > 30
mm/10 years) but in vegetation period average moisture content increases.

Climatic conditions were classified into three factors according to method of factor analysis: the first —
winter temperatures till the beginning of active vegetation period, the second — autumn temperatures till the
formation of stable snow cower, and the third (only in southern territories) — precipitations and temperature of
the central summer months.

OLieHKa M3MeHeHWI arpoKINMaTUYECKUX YC/I0BMI MeToaaMn
TpeHa0Boro 1 pakTopHOro aHannsa

Cyxoseesa 0.3.

WnctutyT reorpadum PAH, Mockea, Poccus
E-mail: olgasukhoveeva@gmail.com

KTyalibHOCTb. [1o onpenenenuro MI'OUK, n3MeHenue kiimmara o3HadaeT U3MEHEHHE €ro COCTOSHHUS,
OIPEACIISIONIEECs C MOMOIIBI0 CTATUCTUYECKUX UCIIBITAHUN Yepe3 U3MEHEHHs CPEAHUX 3HAYCHUH 1/
MM U3MEHYUBOCTH €r0 CBOMCTB U COXPAHSIOIIEECs B TEUEHUE ATUTEIBHOTO NEPHOAA, TPOIOIKUTEINb-
HOCTBIO HE MEHEE HECKOJIBbKUX AecATWIeTHH [4]. MI3MeHeHue KiauMaTa U, B YaCTHOCTH, arpOKIMMaTHYeCKUX
YCIIOBHH, OKa3bIBa€T HEMOCPEACTBEHHO BO3CHCTBUE B TOM UHUCIIE U HA CENbCKOXO3SHCTBEHHOE MPOU3BOJICTBO.

Jlyist aHanmu3a KIIMMaTHYeCKUX YCIOBUHM M X M3MEHEHHH MCIIONb3yeTCs pa3HOO0pa3Hble MaTeMaTHYeCKue
METO/IbI, KJIFOUEBOE MECTO CPEIU KOTOPBIX 3aHUMAET HAXOXK/ICHUE CPEAHUX MTOKa3aTesel Uil OTKJIIOHEHUH Be-
JIM4MH OT HOpMBI [ 1]. Takike BO3MOXKHO HCIOIb30BAHUE MHOTOMEPHBIX CTATUCTHUECKUX METO0B, O3BOJISIIO-
LIMX ONPE/ICIUTD CTPYKTYPY B3aMMOCBSI3Ei MeK/1y IIepeMEHHBIMH, HapuMep, pakTopHOro aHanmu3a [3].

Llens nccnenoBaHus 3aKI0YaIach B TOM, YTOOBI C IOMOIIBIO CTAHIAPTHBIX U MHOTOMEPHBIX CTaTUCTHYC-
CKUX MOAXO/I0B OLICHUTh COBPEMEHHOE COCTOSHUE U U3MEHYMBOCTh arpOKIIMMAaTHYECKHUX YCIOBUH B OTHOM M3
Ba)KHEHIIINX YKOHOMUUECKUX paiioHoB EBponeiickoii Tepputopun Poccun — Ilentpansnom HeuepHosemsbe.

Marepuaiasl u MeTobI. MarepuanaMu nccieJOBaHUs MOCITY>KHIIM MHOTOJIETHHE AaHHbIe n3 6a3sl BHU-
UI'MU — ML [2] no 19 cTanuusim. B kayecTBe OCHOBHBIX arpOKIMMATHUYECKUX [TOKA3aTeNIel, OTPasKatoInX
YCIIOBUSI TEPPUTOPHH, OBUTH TPUHATHI TEIJIO- M BIAro00eCIIeUeHHOCTh, XapaKTePHU3yIOLIHeCcs: TeMIIepaTypoi
BO3/yXa U CyMMOH 0CaJKOB 110 MECSIaM, 3a TOJ U 332 BEreTal[IOHHbII MepHOoJl, CYMMaMU aKTUBHBIX TEMIIEPa-
Typ, ruaporepmudecknmu ko3punnenramu CenstanHoBa (I'TK). B kauecTBe Mepbl H3MEHUYMBOCTH UCIIOIB30-
BAJINCh CPE/IHHE KBAIPAaTHYHbIC (CTAaHIAPTHBIC) OTKIOHEHHSL.

PaccmarpuBaeMslii mepros ObIT pas3/iesieH Ha JIBa BpEMEHHBIX OTPE3Ka, B paMKaxX KOTOPBIX CPaBHUBAJIUCH
KJIMMaTU4eCKHE TapaMeTphl:

— MEPHOT 10 HavYajia MOTEIUICHISI KJIMMaTa — OT Hadaya HaomoneHwit 1o 1980 r.,

— MEepUOJ] COBPEMEHHBIX KIMMAaTHYeCKUX n3MeHeHu — nokaszarenu 30 et ¢ 1981 no 2012 rr.

Jliist mpoBeieHus (DaKTOPHOTO aHaIM3a MCHOJIB30BAINCH JIBa HanOoJee JUIMTENBHBIX psijia HaOIoneHni
CPeAHEMECSYHBIX TEMIEPATyp BO3yXa U KOIMYECTBA 0CAAKOB, MOTYUYEHHBIX OT METEOCTaHLIUH, PACIIOIO0KEH-
HBIX B Pa3JIMYHBIX IO TEIUIO- U BlaroodecreueHHOCTH 30HaX: Emarema (1886-2012 rr.) u Koctpoma (1925-
2012 rr.). AHanM3 BBITOIHSIICS C TOMOILBIO IPOrPaMMHOTO MakeTa Statistica.

YroObI MAKCUMHU3HPOBATh K3MEHUYMBOCTD H BBIICINTH Han0Oo0JIee 3HAYMMBbIE AJIEMEHTHI B COCTaBe KaXJ10T0
13 (paKkTOpPOB MPOBOJMIIOCH UX BpAIllEHNE METOAOM BapuMakc. [lJist BEIOOpa HE0OXOAMMOT0 KOJIN4ecTBa (haKkTo-
POB OBLIM MCHOJIB30BAaHBI KPUTEPUH “KaMeHHCTOH ocwimu’” U Kalizepa. PaccunTanuble (akTopHbIC Harpy3ku
HMHTEPIIPETHPOBAIUCH KaK KOPPEISILMN MEKAy (PaKTOpaMH M IEPEMEHHBIMH. Pe3ynbraThl MpoBepsuTiCh ¢ MO-
MOIIIBIO 3HAYEHUH OOIIHOCTEH M MaTPHUIIbI OCTATOYHBIX KOPPEIISILIUi.

Pe3yabratsl 1 00cy:kaenue. Tpendosoiii ananus. B remneparypaom pexxume LlenrpansHoro HeuepHo3se-
MBI IOBTOPSIETCS 00IIas TEH/ICHIINS K ITOBBIIICHUIO CPeIHEH TeMITepaTypbl BO3yXa. AHAIN3 MHOTOJIETHEH (32
1881-2012 rr.) qMHaMUKU CPEJHETONOBBIX TEMIIEPATYpP BO3AyXa MOKA3bIBAET, YTO OHA yBeJM4Mach oT 3,8 +
0,9°C B Hauane anamu3upyemoro mepuona o 5,1 = 0,9°C B xonie. Poct ee cocramsier 0,30 °C/10 neT u B
OOJIBIIMHCTBE TOYEK NPEBBIIIACT CPEHEKBAAPATHYHBIE OTKIOHCHHSI.
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Hawuboree MHTEHCHBHO HAET N3MEHEHHE TEMIIEpaTyphl BO3/lyXa B XOJIOIHbII ce30H (Tadmuua 1). Cpenne-
MeCsSIUHbIE TPEH/IbI COCTABIISIIOT B siHBape He Menee 0,70 °C/10 ner, B mapre npesbimator 0,45 °C/10 ner. 3ua-
YUTENILHBIN POCT oTMeuaeTcs B eBpaie u anpese. Habmonaemslil ucbanaHc MOXKET HapyIaTh MPaBUIbHBIN
XOJI IePEe3UMOBKHU PaCTEHUI.

JI1s 1eTHUX ¥ OCEHHMX MecCALEB XapaKTepHa HEBBICOKAs CTENIEHb U3MEHUMUBOCTH, KOTJIa TPEH/] TeMIepa-
Typbl MuHMMalieH 1 He npessimaer 0,13 °C/10 ner. OqHOBpeMEHHO HAOIIOAACTCS YBEIMYEHUE MPOIOJIKHU-
TEJILHOCTH TEIJIOr0 Meprojia 3a CUeT YBEJIUUEHHsI KOJTMUYECTBA AHEH ¢ MONOKUTEIbHBIMHI TEMIIepaTypaMHu, Kak
B €r0 Hayajle, TaK M B KOHIIE, TAK)Ke 3HAYMTEJILHO PACIIMPUIINCH TPaHUIIbI 0€33aMOPO3KOBOTO MIEPUO/IA.

Tab6auua 1
Jlunamuka u3MeHeHus1 Temneparyp Bo3ayxa (°C/10 ser) u kosimyecTBa ocaakos (Mm/10 ser) B LlenTpaabHom He-
YepHo3eMbe

Mecspl I I 111 v A% VI vil | vl | IX X XI XII | Ton
Temmeparypa 0,85 | 0,48 | 0,60 | 0,47 | 0,27 | 0,13 | 0,21 | 0,06 | 0,06 | 0,28 | -0,03 | 0,29 | 0,30
Ocanxu 4,26 | 3,27 | 1,77 | 0,95 | -0,48 | 4,29 | 0,20 | 1,26 | 2,84 | 3,82 | 2,53 | 3,20 | 26,95

CyMMa aKTHBHBIX TEMIIEpaTyp Kak MHTETpaJIbHBIH [M0Ka3aTelb N3MEHEHUs PaAUAlMOHHOTO U TEIIOBOTO
PEKUMOB OTpa)KaeT TEII000eCIeYeHHOCTh PErHOHA, a e MOBBIIICHHUE SBISIETCS CIIEACTBHEM OOIIero pocra
Temreparypsl Bo3ayxa. Jlo 1980 r. ona Obiiia paBna 2179,3 £ 211,6 °C, a 3a nocnenuue 30 j1eT yBeIn4niach 10
2280,9 +£219,0 °C. B cpemHeM poCcT CyMM aKTHBHBIX TeMIiepatyp cocraniset 49,8 °C/10 yet (Tabnuia 2).

B nacrosmee Bpemst (1981-2012 rr.) HauOosnbIiasi TemI000eCEYeHHOCTh OTMEUAeTCsl Ha I0ro-3araje
LenrpansHoro HeuepHo3eMbsl, Iyie CyMMBI aKTUBHBIX TeMneparyp nocturator 2500°C, HaumeHnsbInas odecrie-
YCHHOCTbh — BJIOJIb CEBEPHOI I'paHHMIIbI perroHa: He 6oee 2000°C.

CormtacHO OCpeHEHHBIM TToKa3aressiM, [ 010Bble CyMMBI 0caIKoB Ha Tepputopuu Llenrpansaoro Heuep-
Ho3eMbs 710 1980 1. cocrapmsum 572,4 + 88,1 MM, yBenuuuBIIUCH K nnociaenuum 30 rogam mo 651,4 £ 63,1 mwm.
B nieHTpanbHbie 3MMHUE U JIETHHE MECSIIBI B 3a1a/IHBIX PalloHaX M B OCEHHUE MECSIIBI B IO’KHBIX pailoHax oT-
MeuaeTcsi HanboJiee 3HAYUTENLHBIA UX POCT, MPEBBIIIAIONINN CTaHAAPTHBIE OTKIIOHEHHS M COCTABIISIFOLIUN 60-
aee 5 mm/10 nier.

I'TK — ocHOBHO# MOKa3areb YCIOBUH YBIaKHEHHOCTH BETeTAlMOHHOTO IIeproyia — Ha Tepputopuu LieH-
TpansHoro HeuepHosemsbs yBennuusaercs ot 1,26 1o 1980 r. 1o 1,34 3a mocnennue 30 net. OgHaKo B HEKOTO-
pble ToabI HAOMIOAeTCsl 3HAYUTENIFHOE €r0 YMEHBIIICHHE, CBSI3aHHOE C TeM, YTO Ha ()OHE POCTa TeMIepaTyp
CHIYKAETCS KOJTMYECTBE 0CAJIKOB TEIJIOTO IIePHUOAaA.

[To pe3ynbraram ocpeHEeHUsI IOKa3areliei 3a MOCIeAHNE TPH JISCATHIIETUS] CAMO# 3aCyIIUINBOM SIBISETCS
toro-socrouHas gacthb LlenrpansHoro Heueproszemss, rae I'TK e npesimaer 1,10, a Hanbonee yBiaKHEHbBI
ceBepo-3arnaanble paiionsl ¢ ['TK donee 1,55.

®daxropHblii aHanu3. [1o pesynbratam (pakTOpHOTO aHaM3a KIMMATHYECKHUE YCIOBUSI ObLTH KI1acCH(HUIIN-
poBanbl Ha Tpu ¢akropa B Enarsme, Ha nBa — B Koctpome (Tabnuna 3) 1 cOnocTaBiIeHbI C OCHOBHBIMU CE30H-
HBIMH dTallaMy TOA0BOTO LUKJIA U (hazamMy pa3BUTHs pacTeHuid. [Ipeobnanaroiee BIusHIE TEPMUIECKOTO pe-
»KMMa Ha ()OPMUPOBAHKE arpOKIMMaTHYEeCKUX YCIIoBUH HeuepHo3eMbs TOATBEPIKAAETCsl BHICOKUMU 3HAUSHH-
sIMU (DAaKTOPHBIX HArPY30K JJIsl TEMIEPATyp BO3AyXa MO CPABHEHHUIO C OCA/IKAMH.

Ta6auna 3
JleJieHHEe METeOPOIOrHYECKHX 3JIeMEHTOB Ha (pakTopbl ((PaKTOPHBIE HATPY3KH)
= g ‘é 3 £
3= ? E Mecsiip £ % =2
s =) I o] a2 3 0
< < < I = q =
=5|%| & 8 E =
= 3Rt =4
1 11 111 v A\ VI VIl VIII IX X XI XII o
: T*|-0,08 | -0,10 | 0,13 | 0,09 | 0,40 | 0,43 | 0,64 | 0,74 | 0,19 | -0,02 0,07 0,02 | 2,59 | 0,108
o | 0,10 [ 0,10 | -0,14 | 0,01 | -0,51 | -0,43 | -0,59 | -0,58 | -0,05 0,10 0,02 | -0,12
<
2 5 T | 0,63 | 0,60 | 0,70 | 0,60 | 0,17 | 0,10 | 0,24 | -0,10 | -0,08 0,01 0,03 0,07 | 2,56 | 0,107
=)
E O | 048 | 044 | 046 | -0,08 | -0,07 | 0,04 | -0,06 | 0,16 | 0,21 0,23 0,22 0,26
3 T | 0,08 | -0,05]| -0,07 | -0,01 | 0,24 |-0,36 | 0,01 | 0,14 | 0,61 0,48 0,70 0,11 1,88 | 0,078
O | -0,06 | -0,02 | 0,20 | 0,39 | -0,08 | 0,34 | 0,07 | -0,11 | -0,21 0,09 0,41 0,05
- . T | 049 | 0,58 | 0,71 | 0,56 | 0,25 | 0,37 | 0,22 | -0,07 | 0,00 0,22 -0,05 | 0,09 | 3,06 | 0,127
é O | 055 | 0,65 | 048 | 0,19 | -0,09 | -0,13 | 0,10 | 0,05 | -0,05 0,24 0,18 0,48
§ ) T 0,05 | 0,02 | -0,03 | 0,01 | 0,27 | -0,26 | 0,54 | 0,61 | 0,51 0,09 0,51 | -0,23 | 2,24 | 0,093
7
O | 0,03 | 0,05 | 0,16 | 0,35 | -0,16 | 0,17 | -0,42 | -0,46 | -0,17 | 0,30 0,36 | -0,10

* T —memnepamypa, O — ocaoku
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Tadsmua 2
JAuHamuka arpoxkauMaTudeckux ycjaosuii B Llenrpaisnom HeuepHosembe

CyMMBbI aKTUBHBIX TeMmeparyp, °C T'unporepmuyeckue K03HGUIUESHTHI
3a Bech He- Ot Havasa 3a Bech Ot Havasa
Cranus Home O Ha- HabIone- 3a 1981- | Jlunamuka TIepHOJ HabIone- 3a 1981- | Junamuka
1 P 6?1 0 )lenm?[ HUN 2012 rr. °C/10 ner | wnabGmoze- HUH 2012 rr. 3a 10 ner
a 1o 1980 . HUI 10 1980
1998,1 + 2050,3 +
Bonoroe 26298 213 — 199.0 1,45+ 0,41 - 1,48 +0,42
Toporerg 26 479 2(;8261,%i - 212%92’67i 1,57+0,48 - 1,62+0,51
2049,3 + 2092,4 +
Crapuna 26 499 2092 - 2092 1,53 +0,50 - 1,58 +£0,45
2112,7+ 20153+ | 22223+
CMmorenck | 26 781 223.9 204.9 193.7 64,7 1,51£0,44 | 1,45+041 | 1,56+0,48 0,03
2381,3+ 2296,6 + 2487,1 +
Bpstrck 26 898 2518 232.8 2372 59,5 1,32+£0,36 | 1,29+0,40 | 1,37+0,31 0,03
Kpacnas 24533 + 2374,8 + 25571+
ropa 26 976 219 1977 2119 57,0 1,28£0,38 | 1,19+0,39 | 1,40+0,34 0,07
TpyGuesck | 26 997 2‘;%1)* - 2521232’f 1,26+0,37 - 127036
Komorpus | 27 164 1719992";* - lﬁ‘;%’%i 1324048 - 127038
1990,9 + 2053,9 +
Makcaruxa | 27 208 216 - 205.7 1,40 +£0,42 — 1,41 +£0,45
2065,5 + 1978,1 = 2150,1 +
Puibunck | 27 225 2074 185.4 1943 53,8 1,37+0,41 | 1,37+0,41 | 1,37+0,42 0,00
2046,2 + 19879 + 2148,3 +
Kocrpoma | 27333 2113 189.7 211.0 50,1 1,25+0,40 | 1,22+0,40 | 1,29+0,41 0,02
Ilepe-
2105,5+ 21723+
CIaBIb- 27 425 2268 - 2132 1,29+ 0,42 - 1,29+0,44
Banecckuit

2121,6 + 2047,6 £ 2225,5+

Moxaiick | 27 509 55,6 1,39+0,43 | 1,33+0,42 | 1,48+0,45 0,05

2349 2119 2290
Konowma | 27 625 2323501:37i - 2‘;3321”39* 1,17+031 - 1,16+ 0,26
Enatsva | 27 648 23222%,69* 22291‘;191 = 23;;;;* 3,1 | 1224110 | 123£125 | 1204045 |  -0,01
Cyxummm | 27707 222178’,55* - 232121;? 1,32+0,39 - 1374033
Pusams | 27730 2327356’? 23232‘2;;* 2‘;‘;@* 353 | 1,094037 | 1,094039 | 1,10£034| 0,00
Mnasck | 27814 2‘%’%* - 2‘;5657’21' 1264041 - 1,34 0,39
Masererr | 27 823 23;%;* 222%j * 2‘;&3* 414 | 108+036| 1,08+040 | 1,07£032| 0,00
Cpennss 221}:66 2127191’,3; zzziig,j)i 498 | 1324044 | 1,25+0,50 lé?joi

«—» = NPOOONHCUMETTLHOCIb BPEMEHHO20 PA0A HeOOCMAMOUHA 0I5l pacyema cpeore

HawnGonbmas gosnst obmiel Aucnepeuy IPUXOIUTCs Ha XOJMOAHBIN EPHO, I MEPHOJL IEPE3UMOBKH OT
00pa3oBaHMs YCTOMYMBOTO CHEKHOTO TOKPOBA M yXO/1a PACTEHUH T10]1 3UMYy 10 Hadaja eproja akTHBHOM Be-
TeTalyu: TEMIIEpaTyphl ssHBapsi-anpens B Enarbme, Temmeparypsl 1 0caiku B sitHBape—ampese B Koctpome.

Bropoii (hakTop COOTBETCTBYET TEMIIEPATYPHOMY PEKUMY MIEPHO/IA TTO3THETIETHETO U OCCHHETO TIOHMKe-
HUSI TEMIIEpATYPBI, 10 ee mepexoaa uepes 0°C, co3peBaHys TII0I0B, 3aKAJKH U OTMHPAHUS Ha/[36MHO BereTa-
THBHOW YacCTH: UIONB-HOSOPH B KocTpoMckoli i CeHTA0ph-HOsI0Ph B Psa3aHcKo# 001acTH.

B 1oxHO# acTh pernoHa, B Enareme, BeIAETIACTCA e1iie OUH (PaKTOp, COTOCTABUMBINA C KIIMMAaTHIECKUMH
YCIIOBUSIMH JIETHUX MECSLEB (MIOHb-aBI'yCT), 3aXBaTHIBAIONIMH TIEPHO]] AKTUBHOM BEreTalluy PaCTCHUH, KoTia
HaOJII01at0TCsl a0COMOTHBIE MAKCUMYMBI TEMIIEPATYpP U OTMEUaroTCs (pas3bl IBETEHHs PACTCHUH U CO3PEBAHUS
MX TIJIO/IOB ¥ CEMSH.

Taxmm o6paszom, B ceBepHoOil yactu LlenTpamsHoro Heueprosemsst Koctpome Ha nmomio 1ByxX (hakTopoB
npuxoanutest 22% oOmeil aucnepcun BHEIIHUX ycinoBuil. Ha tore BbineneHHbIe TpH (haKTOpa ONUCHIBAIOT
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29,3% naucnepcun KIMMAaTHYeCKUX MapaMeTpoB: MEepBbIi (XxonogHoro nepuoaa) — 10,8%, Bropoii (ocenHero
nepuona) — 10,7%, tpetuii — (ernero nepuoxna) — 7,8%.

WHTepecHb! 00paTHBIE KOPPEISIMN OCAIKOB TEIUIOr0 IEepHoja C MEPBBIM KIMMAaTHUYECKUM (aKTOPOM
EnaTbMbl, 3Ha4EHUSI KOTOPBIX HANVISAHO MOITBEPIKAAIOT OTPUIIATEIbHBIE CBA3M MEXKIY TEMIIEpaTypoil BO3ayxa
1 KOJIMYECTBOM BBINIAJAIONINX OCAIKOB B JIETHHE MECAIB B 30HE HEJOCTATOYHOTO YBIIQKHEHUSI, TA€ PACIIONo-
JKEeHa paccMaTpuBaeMasi TOUKa.

BeiBoabl. J[MHaMUKa COBpEMEHHBIX KIMMaTHdecKux u3aMeHeHuil B LlentpanbHom HeuepHozembe nmeet
€IMHYIO0 HAIPaBICHHOCTH 110 BCEMY PETHOHY U HAXOJWUT CBOE OTPAXKEHHE B TpaHC(HOPMAIMN arpOKINMaTHyie-
CKHX PECYpPCOB, YBEIMYCHUH HPOAODKUTEIBHOCTH TETJIONO M BETETAMOHHOTO MEPUOAOB, HAPYIICHUH XOJa
NIEPE3UMOBKH.

[ToBbIIIEHNE CPEAHETONAOBBIX U CPETHEMECSIUHBIX TEMIIEPATYpP BO3/LyXa OJHOBPEMEHHO NPUBOIUT K 3HA-
YUTEJILHOMY YBEINUIEHHIO TETUI000ECIIEYEHHOCTH PETHOHA.

OTMeqaeTcs MOIOKHUTEBHBIN TPEH] TOJ0BOTO KOJIMYIECTBA OCA/KOB, IIPU 3TOM M3MEHEHHUS THAPOTEpMHIE-
CKOTO0 K03(h(HIIMEHTa HAIIPABJICHBI B CTOPOHY YBEJIMUCHUSI BIIAr000ECIICYEHHOCTH BET€TAIIMOHHOTO TIEPHOIA.

MertozoMm (hakTopHOTO aHaNIM3a KIMMarnieckue ycnosus Llenrpansaoro HeuepHozembst ObIIHM KOJITHYECT-
BEHHO KJIaCCU(HUIIUPOBAHBI, COITIACHO COHAPABICHHOCTH JUHAMWYECKUX N3MEHEHHH, Ha (JaKTOPbI, COOTBET-
CTBYIOIIHE TEMIEPATYPHOMY PEXKUMY XOJIOJHOTO CE30HA, TEPMUIECKNM YCIOBHSIM OCEHHETO IIepHo/a, a TaK-
K€ Ha IOTe YCJIOBHSM JIETHUX MECSILIEB.

Ha ocHOBaHMY BBISIBICHHBIX 32aKOHOMEPHOCTEH M3MEHEHUS! KIMMAaTHUECKUX YCIOBHUI AJIs1 Hanboiee moJl-
HOTO HCTIOJIb30BAaHMS TIPHPOIHO-PECYPCHOTO MOTEHIMAIa TEPPUTOPHN HEOOXOIMMa KOPPEKTHPOBKA PEKOMEH-
Jye€MbIX CPOKOB IIPOBE/ICHHS arPOTEXHUIECKUX MEPOTIPHSTHH.
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Investigation of city extension effect on Moscow megacity
local climate based on numerical mesoscale modelling
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ngoing processes of climate change and urban growth makes especially important investigation of the

local climate modifications, caused by extension of the cities and changes of their planning and build-

ing features, and contribution of such modifications to observed or predicted climate changes. It is well
known that features of urban surface strongly influences the atmospheric boundary layer and determine the
microclimatic features of the local environment, such as urban heat island (UHI). In turn, UHI affects the atmo-
spheric processes and conditions of meteorological comfort of urban dwellers. For Moscow city, forming the
biggest agglomeration in Europe, population growth and city extension during last 40 years increased the mean
UHI intensity (temperature difference between the city and mean value over rural area) by 0.4 [JC (from 1.6 [I1C
to 2 [JC). Warming rates within the city are by and 10-15% higher than over surrounding rural area. Higher
warming rates are observed both at the city center and its edges, but maximum rates take place not at the city
edges, where new areas were built, but at the city center, where land use changes were much smaller. Also sea-
sonal variations of UHI intensity changing rates exists. Maximum rates of its growth are observed for summer
season: during considered period mean summer UHI intensity has grown by 1 °C. Such seasonal features are
dangerous because they increase the repeatability of high air temperatures, making negative impact on the
well-being and health of citizens in conditions of summer heat waves. However, more detailed investigation of
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the city extension effect on local climate, based on observations at weather stations, is complicated because of
low amount of stations with long-term observation datasets and need to separate the signals from urban growth,
local land-use modifications in stations’ surrounding and variations of repeatability of different synoptic condi-
tions, more or less favorable for appearance of the urban-rural temperature contrasts.

Very promising for such investigations are regional climate models, because they allow to simulate chang-
es of selected parameters under invariance of other conditions. Application of these models for investigation of
city extension effect on local climate requires their possibility to adequately simulate features of urban climate
and request sufficient spatial resolution, resolving heterogeneity of urban surface and related mesoscale pro-
cesses, and special urban canopy parameterizations. In this research we consider experience of application of
regional climate model COSMO-CLM, extended by urban canopy parameterization TERRA URB (Wouters et
al., 2016) for modelling of Moscow UHI and investigation of the urban growth effect on local climate. Model
was used for dynamical downscaling of ERA-Interim reanalysis for the modeling domain, covering Moscow
region with horizontal resolution about 1 km. For control numerical experiments, launched for model verifica-
tion for several summer seasons, urban land-use and building parameters, required for TERRA URB scheme,
were defined according to realistic data of OpenStreetMaps, processed by special GIS-algorithm (Samsonov et
al., 2015). Comparison of modelling results with observations at weather stations and air-quality control sta-
tions of MosEcoMonitoring has shown that model adequately simulates spatial and temporal variations of the
UHI intensity. Modelled vertical structure of the UHI has also shown good agreement with existing studies. For
investigation of urban growth effect on local climate we considered the case of doubling of the built area by
adding new urbanized model cells around existing city and keeping constant building and land-use properties
within Moscow Ring Road. Numerical experiment with doubled urban area were launched for the same sea-
sons as control experiments, and differences between experiments with city extension and control experiments
were analyzed. It was shown that considered case of urban extinction increases temperature not only for addi-
tionally build model cells, but also for “old” part of the city and its center. For example, temperature at city
center, averaged for summer season 2014, was increased by 0.3 °C and mean nocturnal temperature - by 0.6 °C.
In addition, effect of urban growth on precipitation sum was revealed. For example, considered case of urban
extension increases mean precipitation sum for summer 2014, calculated for 50 km by 50 km area around the
city by 15%, while increase of the mean sum for whole model domain (160x160 km) was only 3%.
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TOMY, YTO Ha TEPPUTOPHUSIX TOPOIOB, UIMCIOIINX CPABHUTEIFHO HEOOIBIIUE TUTOMIA T, TIPOUCXOIUT KOH-

LEHTpaI¥sl 3HAYNTEJILHON YaCTH HacesieHus 3eMiid. B Takux ycioBUsIX CBOWCTBA OKPY’KaIOLICH Cpebl,
B YACTHOCTH, €€ KIIMMATUYCCKUEC 0OCOOCHHOCTH, MPETEPIICBAIOT N3MECHCHHUS. XOPOIIIO U3BECTHO, YTO TOPOJCKas
3aCTpOWKa OKa3bIBACT BIIMSIHUC HA MOTPAHWYHBINA CIION aTMOC(EPBI, YTO MPUBOIAUT K (POPMHUPOBAHUIO XapaKTep-
HBIX MHKPO- M ME30KIIUMAaTHICKUX OCOOCHHOCTEH, B TIEPBYIO ouepelb, 3h(deKTa ropoJCcKoro OCTpoBa TeInia.
dopmupyemasi TOPOIOM TEPMHUUCCKash aHOMAJIHs, B CBOIO O4epeilb, OKa3bIBAaCT BO3ICHUCTBHE HA aTMOC(EpHBIC
IIPOIIECCHI, a TAKXKE BIUSCT HA YCIOBHUS KOM(DOPTHOCTH/IUCKOMMDOPTHOCTH TPOKUBAHHUS JIFOICH.

Oaﬂoﬁ W3 BOKHCHIIIMX COBPEMEHHBIX OCOOCHHOCTCH Pa3BUTHS SIBISACTCS ypOaHHM3ALUs, MPUBOISIIAS K
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Ha ¢oHe coBpeMEHHOTO MOTEIUICHHS KJIMMaTa 0COOCHHO aKTyaJIbHbIM CTAHOBHUTCS U3YUYCHUC JIOKATTbHBIX
KIIMMAaTUYCCKUX MU3MCHCHUH, OOYCIIOBJICHHBIX POCTOM M PA3BUTHEM TOPOIOB, MPUBOIAIINX K YBCIUYCHUIO
CKOPOCTH M3MCHCHUSI KIIMMaTa OTHOCUTEIBHO «(OHOBOTO» PErHOHAIBLHOIO ypoBHs. Tak, st MockBsl, (hop-
MHUPYIOILIEH BMECTE C TOPOIaMU-CITyTHUKaMU KpyIHeitiyto armomepatiuto Poccun u EBporibl, poct uncieHHo-
CTH HACEJICHUS U PACIIUPEHUE Topojia 3a mocieanue 40 JeT MPUBed K TOMY, 4TO Ha (POHE MOTCIUICHHSI KITHMa-
Ta CPEIHSS HHTCHCUBHOCTh TOPOICKOTO OCTPOBA Terlia (Pa3HOCTH TEMIICPATypPhl B TOPOJIE M CPEIHEH «(POHO-
BOI» 3aropotHoi Temrieparypsl) Beipocnac 1.6 [1Cno2 [1C, r.e. Ha 0.4 [1C. B pe3ynbrare CKopoCTh MOTETIICHHS
KJIUMara B IpejeliaX ropoja 3a JaHHbId rnepuoy Obuta Ha 10-15% Oonbliie, 4em B CPETHEM 0 OKPYIKAOIIUM
MockBy «(poHOBBIMY» cTaHIUsM (puc. 1a). bombiine OTHOCUTENBHBIC pa3ndus HAOIOAATUCH s OoJiee KO-
POTKOTO TIeprojia, Ha KOTOPBIN MPHILIACH TAaK Ha3bIBaeMas «Iay3a II00aJIbHOTO MOTEIUICHUS» U CKOPOCTh
«(OHOBOTOY» MOTEIUICHUSI ObLTa MEHBIIIE (pHC. 10).

[IpumeuaTenbHO, OoJiee YTO OOJIBIIAS HHTCHCUBHOCTD MOTCIICHUS MPOSIBIISICTCS KaK B IICHTPE MOCKBBI
(Mereoctaniys badyr), Tak ¥ B Ipyrux 4acTsAX ropoja, BKIroYasl nepudeprro ropoackol arioMepanuu (Ha-
npumMep, adponoptel lllepemerseBo u BHykoBO). [Tpr 3TOM MakcHUMabHast CKOPOCTh HHTCHCH(DHUKALIUU OCTPO-
Ba TeIIa HAOJIOMACTCS HE HAa OKpaWHaX Tropojia, TIC B TCUCHHE PacCMATPHUBACMBIX TICPHUOIOB MPOHUCXOIIIIA
HMHTEHCUBHAS 3aCTPOIKa HOBBIX TEPPUTOPUH, a B IEHTpe. TakyKe CTOUT OTMETHUTD Pa3JInyusl TPEHI0B UHTEHCH-
(bukau ocTpoBa TEIIa JIs OTACIBHBIX CE30HOB — OHM MUHUMAJIbHBI 3UMON M MaKCHMAJIbHBI JICTOM: TakK,
CpeJIHsIsl JIETHSSI HHTEHCUBHOCTH OCTPOBA TEIUIA 38 PACCMATPUBAEMbIN BPEMEHHON MEPUOJT YBEIUYUIACH MTPU-
MepHo Ha 1 [1C, erie cHIbHEE YBEIMYIIACh MAKCHMAJIbHAS HHTCHCUBHOCTD, HA0IIOIacMasi B BEUCPHHUE M HOY-
HbIe Yachl. OMIACHOCTh TaKUX CE30HHBIX OCOOCHHOCTEH 3aKIIFOYacTCs B TOM, YTO OHH MOTYT CIIOCOOCTBOBAThH
YBEJIMUEHUIO MIOBTOPSIEMOCTH BRICOKUX 3HAYSHHM TeMIIepaTypbl BO3yXa, OKa3bIBAIOIINX HETATUBHOE BIUSHUE
Ha CaMOUYYBCTBHUC U 3I0POBbE TOPOXKAH, B YCIOBUSIX KCTPEMAIBHOM JICTHEH jKapbl (TaK Ha3bIBAEMbBIC «BOJTHBI
TEerIay).
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Puc. 1. KoaddnumeHTbl nMHENHOro TpeHaa M3MeHeHWA cpeaHeit ronoBor TeMnepatypbl Bosayxa (°C/10 net) ana Meteo-
CTaHLMI MOCKBbI 1 OKPECTHOCTE 3a [1Ba BPEMeHHbIX Nepuoga.

OjiHaKo, HECMOTPSI Ha HATVISZIHOCTh PE3yJIbTAaTOB, MOJIY4aeMbIX 10 JIJAHHBIM CTAHI[HOHHBIX HAOIIONECHHH,
WX UCIOJIB30BaHME I Oosee AeTaTbHOTO N3YyUeHHS KIIMMAaTHUECKUX H3MEHEHHNH, 00yCIIOBICHHBIX PacIInpe-
HHEM TOpOJa, 3aTPYIHUTEIBHO. JTO CBA3aHO C HEOOIBIINM YUCIOM METEOCTAHIIMN C IIUTENbHBIMU PAAAMU
HaOTIOICHNH B IIpe/iesiaX Topoa, a TAKXKe CIIOKHOCTHIO OT/ICIEHHUS HCKOMOTO CUTHAJIa OT M3MEHEHUH JTOKaIb-
HBIX MHUKPOKIMMATHYECKUX yCIOBUN B OKPECTHOCTSAX METEOCTAHIIMK U U3MEHEHUH TTOBTOPAEMOCTH yCIOBUI
MOTO/IbI, CIIOCOOCTBYIONIMX (DOPMUPOBAHUIO OOJIEe MM MEHEE SPKO BBIPAKEHHBIX TEPMUYECKUX KOHTPACTOB
(XOpoI1110 N3BECTHO, YTO HHTEHCHBHOCTH TOPOJICKOTO OCTPOBA TETIJIa 3aBUCHUT OT CHHONITHYECKHX yCIIOBUH, U €€
MaKcHUMaJIbHbIE 3HaUSHHUs1 HAOJIIOIAI0TCS B ICHYIO U O€3BEeTpeHHYO 1oroay). Eie Oosiblie cioXHOCTEe! BO3HHU-
KaeT IIPU U3yUEHUH Peakllii Ha pacIIpeHne ropo/a Molel IpyruX MeTEOPOIOTHIECKIX BeIHYNH, HalIpUMeEp,
0CaJIKOB.

[Iupokre BOZMOXKHOCTH JUIsl PEUICHHsI MMOAOOHBIX 33a[a4 OTKPHIBAIOT YMCICHHBIE MOJIEIH aTMOC(ephl,
TTO3BOJISIOIINE 3a/1aBaTh M3MEHEHUS TeX WM UHBIX TapaMeTPOB IIPH HEU3MEHHOCTH OCTAIBHBIX yCIOoBUH. W3-
YYeHUs OTKJIMKa MECTHOTO KJIMMAaT Ha M3MEHEHHE Pa3MepoB ropoja MIN XapaKTEPUCTUK €ro TUIAHUPOBKHU U
3aCTPOMKHU OT TaKUX MoeNeil TpeOyeTcss CIOCOOHOCTh a/IeKBaTHO BOCIIPOU3BOIUTH OCHOBHBIE OCOOCHHOCTH
TOPOJICKOTO KIMMaTa. /171 3TOro OHM TOIKHBI OBITH B TOJDKHOM Mepe IPOCTPAaHCTBEHHO AeTaTU3NPOBAHHBIMH,
YTOOBI UMETh BOBMOKHOCTh Pa3pelinTh BO3HUKAIOIINE ITO]] BIUsIHUEM (POpPMHUPYEMOli TOPOIOM TEPMUYECKOM
AQHOMAJIMU ME30MacCIITaOHbIE TIPOLIECCHI, U YIUTHIBATh 0COOCHHOCTH TOPOJICKOH MOACTUIIAIONIEH TTOBEPXHOCTH
U ee B3aUMOJCUCTBHs ¢ aTMocdepoil. B TaHHOM HCCIIe0BaHUN PAcCMaTPUBACTCS OIBIT UCTIONB30BAHMUS IS

SESSION 1V // MODELING AND ANALYSIS OF REGIONAL CLIMATE



MOJ00HOH 3a1a9X perHOHANBHON Me3oMacmTabHoi Moxenn atMochepsl COSMO-CLM (Bohm et al., 2006),
JOTIOTHEHHOW TapaMeTpu3aieid ropoackoit moactmiaromieir mosepxanoctu TERRA URB (Wouters et al.,
2016). Ilemoyka YMUCIEHHBIX YKCICPUMEHTOB C JTaHHOH MOZIETBIO OoOecTedyrnBaia THHAMHYCCKUH JTayHCKeH-
JIVHT (AeTalIn3anunio) JaHHbIX peanann3a ERA-Interim B y376I CeTKH ¢ TOPH30HTANBHBIM pa3penieHneM B | km
JUTA 00JIaCTH MOJENHUPOBAHMS, OXBaThIBaroIero MockBy U OOibIIyto 9acTh MoCKOBCKOW oOnacTu. Bmstane
TOPOJICKOH TIOBEPXHOCTH yuHThIBaJIoCch mapamerpusaueir TERRA URB 3a cuetr mogudukaium mapamMeTpoB
MIOACTHIIAIONIEH TOBEPXHOCTHU: 33JaBaINCh XapaKTEPHbIE JUI HCKYCCTBEHHBIX MaTepHaiOB 3HAUYCHHMS TETIO-
€MKOCTH M TETIONPOBOAHOCTH, MTapaMeTp MIEPOXOBATOCTH PACCUUTHIBACTCS C YUETOM BBICOTHI 3[JaHUH, a 3Ha-
YeHHs aab0eIo M M3ITydaTeIbHOI CIIOCOOHOCTH KOPPEKTHPOBAINCH TAKAUM 00pa30M, YTOOBI y4ecTb S (PEKTHI
MEPEN3IIydCHUNS U TEPEOTPAKCHUsSI paJlalliil B TaK Ha3bIBAEMBIX «TOpOACKMX kKaHboHax» (Nunez, Oke,
1977). Taxxe TOMOIHUTENHHO 3a/1aBAJICS AaHTPOIIOTCHHBIN TIOTOK TEIUIa, PACCYMTHIBAEMBIN Ha OCHOBE Cpe/IHe-
TONIOBBIX 3HAUCHHUH C YUETOM XapaKTEPHOTO CE30HHOTO U cyTogHOro Xona cornacHo (Flanner et. al., 2009).

Yro0Obl yOennThesl, 9TO MOJIEIb a/IeKBaTHO BOCIIPOU3BOJUT TEPMUIECKUI peKUM MOCKOBCKOTO pernoHa
1 TIPOCTPAHCTBEHHO-BPEMEHHYIO H3MEHUHUBOCTH TOPOACKOI0 OCTPOBA TETIa, ObliIa IPOBEAEHA CEepHUs YNCIICH-
HBIX KCIIEPUMEHTOB JIs1 HECKOJIBKHX JIETHUX CE30HOB, B KOTOPBIX 3a/1aBAJICh PEaTMCTHYHBIE TapaMeTphI T0-
POICKOM 3aCcTpOiKH (OIS TUTOMAAN YPOAHU3UPOBAHHONW TEPPUTOPHH, BHICOTA 3/IaHUI, OTHOIIIEHHE BBHICOTHI
3[aHUH K IIUPUHE «TOPOACKNX KaHBOHOBY»), paccunTaHHble 1Mo AaHHBIM OpenStreetMap ¢ HCTIONB30BaHHEM
OpPUTHHAIEHOU TeXHONorHH X 00padoTku cpencteamu [ IC (Samsonov et al., 2015). CpaBHeHHE pe3yIsTaToOB
MOZICTIMPOBAHUS C JJaHHBIMH HAONIOACHMI Ha METEOCTaHIMAX Pocruapomera M aBTOMaTH4eCKUX CTAHIMAX
KOHTPOJIS 3arpsA3HeHus arMocdepsl ceTh MocOKoMOHUTOPHHTA, PACIIONOKEHHBIX B TIpeJiesiaX TOpoAa U €ro
OKPECTHOCTSIX, OKA3aJI0, YTO MOZEIb a/ICKBATHO BOCTIPOM3BOANT XapaKTepHbIC 3HAYEHHUSI MHTCHCUBHOCTH TO-
POZICKOTO OCTpOBA TEIIA ¥ KX BPEMEHHYIO U ITPOCTPAHCTBEHHYIO (pHC. 2a) U3MEHYNBOCTB, 4TO 00JIee Moapo0-
HO Toka3zaHo B (Bapenmos u np., 2017). Taxke moka3zaHO, 9TO MOZIETh JOCTATOYHO XOPOIIO BOCIIPOU3BOIUT
BEPTHKAIBHYIO CTPYKTYpPY M IPOTSHKEHHOCTH TOPOJCKOTO OCTpOoBa Terua (puc. 20), BKIIIOYas MPUITOIHATHIN
«OCTpOBA X0JI0/Ia» HaJl TOPOJIOM, TAaKXKe M3BECTHBIN Kak crossover-effect, momyyaemsie pe3ynbTarsl coracy-
FOTCS ONTUCAaHHBIMHU B TuTeparype pesynbraramu (Kysuemosa, Haxaes, 2010; Jloxomenxko u ap., 2016, Kucios
u np., 2017).
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Puc. 2. a) lNpocTpaHcTBEHHOE pacnpeneneHre aHoManuy cpeaHen 3a neto 2014 HouHol TeMnepaTypbl Bo3ayxa (OTKIOHe-
HWA 0T cpeaHero «(OHOBOro» 3HA4EHKA) N0 AaHHBIM MOAENMPOBaHUA (UBETHOW GOH) M HAbMIOAEHUI HA METEOCTaHLMAX
(Kpyrnble MapKepbl) U cTaHumAxX MocIkoMoHWTOpUHIa (KBagpaTHble MapKepbl), 6) BEPTUKaNbHbIN pa3pes Yepes LeHTp Mo-
CKBbI C CEBEPA Ha 10T Pa3HOCTW CPeHMX HOYHbIX 3HAYEHWIA TeMnepaTypbl Bo3ayxa 3a neto 2014 rofa Mexay aKcnepuMeHTa-
MW C BK/TIOYEHHOM M BbIKNIOYeHHOM napaMeTpu3aument TERRA_URB (YepHbii 0Tpe30K NoKasbiBaeT nepeceyeHme ropoga).

s mcenemoBanus oTKIMKA KiuMaTa MOCKBBI Ha pacIIdpeHe Topoia, aHaJIOTHYHBIE YHCICHHBIE dKCIIe-
PUMEHTHI OBITH TOBTOPEHBI C €AMHCTBEHHBIM OTIIMYHEM, 3aKTIOYABITNMCS B YBEIUMUCHNH B JBA Pa3a IIOMIAAN
ypOaHM3UPOBAHHOW TEPPUTOPUH ITyTEM H00ABICHHSI HOBBIX MOJICIILHBIX SYEEK C 3aCTPONKOI MO ClieHUaNIbHO-
My aJITOPUTMY, UTEPAIIIOHHO MOAETHPYIONIETr0 MOCTENCHHOE PaCIIUpEHNe TOPO/Ia, TP STOM 3aCTPOHKa BHY-
Tpu MKA/la ocraBanace 6e3 m3MeHeHHNA. Pa3HOCTh cpeqHMX 3a pPacCMOTPEHHBIE JICTHHE CE30HBI CPEIHECY-
TOYHBIX TEMITEPATYP MKy SKCTIEPIMEHTAMH C YIBOCHHOHN W PEaTMCTUYHON IUIOMIA IO TOPO/Ia TIOKA3hIBAET,
YTO 3aCTPOHKA HOBBIX TEPPUTOPHIA HA OKParHAX OOJBIIOTO TOPOAA MPUBOIUT HE TOIBKO K JOKATHHOMY ITOTE-
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IJICHUIO B NIpeJesiaX ATUX TEPPUTOPUIl, HO M OKa3bIBAeT OTEILIAIOLIEE BIHUSHUE HA «CTAPYIO» 4acTh rOpoOa.
Tak, st nera 2014 rona MoaenupyeMoe AByKpaTHOE PACHIMPEHUE ropojia MPUBENO K MOBBIIICHUIO CpefHei
TeMIieparypsl B lieHTpe ropoaa npumepso Ha 0.3 °C u cpenneit HouHo# Temreparypy (3a 0 UTC) —na 0.6 °C.
Takoke ObIIO PAaCCMOTPEHO BIMSIHHE PACIIMPEHUs ropojia Ha roje ocaaxoB. Ha puc. 4 mokasansl 1osist pa3Ho-
CTH CYMM 0CaJKOB 3a JieTo 2014 roga MexIy IKCIIEPUMEHTAMHU C YIBOCHHOW M PCATUCTUYHOM 3aCTPOHKOH (a)
U MEXJy PKCIIEPUMEHTOM C YABOCHHOH 3aCTpOMKON M AKCIIEPUMEHTOM C OTKJIIOUEHHOM IapameTpusanuein
TERRA UBR, T.e. B KOTOPOM TOpOJ B MOJIETIH OTCYTCTBOBAII (0). BHICOKYIO ISITHHCTOCTD ATHUX MOJICH MOXKHO
OOBSICHUTH CTOXaCTHYECKON MPUPOIOH JIETHUX KOHBEKTUBHBIX OCAJIKOB, HEOOIBIINE BO3MYILICHHUS IPUBOJST K
TOMY, 4TO OOJIACTH MX BBITIa/ICHHs cMelanick. Ho Ha )oHe MATHUCTOCTH XOPOIIIO BH/IHO, YTO B palloHE Topoia
obracTell yBeJMUCHUST KOJIMYECTBA OCA/IKOB 3HAUUTENIBHO OOJbIIe, 4eM obnacrell ymeHbieHus. [1o qaHHbIM
9KCIIEPUMEHTA C JIBYKPAaTHBIM paclIMpPEeHUEM Iopojia CyMMa OCaJIKOB 3a JIeTo B mpesenax obmactu S0x50 km
BOKPYT ropojia noxyuuiiach Ha 15% 0oJblie, 4eM 1o JaHHBIM SKCIIEPUMEHTA C PEaIMCTUYHON 3aCTPOHKOM, U
Ha 25% Ooublile, YeM 110 JaHHBIM AKCIIEPUMEHTA 0e3 C OTKIIIOUYEHHOM TOPOJICKOH ITapaMeTpu3anuei (pu Tom,
YTO CyMMa 0CaJIKOB, OCpeTHeHHas 110 Bcel o0yiacTu MozesinpoBanus pazmepoM 160x160 kM yBennumiacs Ha 3
1 5% COOTBETCTBEHHO).

Takum 00pa3zoM, MOKa3aHO, YTO peruoHaNbHAs Me3oMacuTadHas Mozeib armochepsr COSMO-CLM c
napamerpuzaiueii TERRA URB criocoOHa afekBaTHO BOCIPOW3BOANTH TEPMUUECKUH pekM MOCKOBCKOTO
peruoHa 1 MOXeT OBbITh HCIIOJIb30BaHA JUIsl OLIEHKH KIMMAaTHYECKOTO BO3ICHCTBHS Pa3IMuHbIX H3MEHEHHUH pa3-
Mepa ropojia, ero IIaHUPOBKU U 3aCTPONKU. PacCMOTpeHHBIN MpUMep C ABYKPAaTHBIM PACHIMPEHHUEM ropoja
I0Ka3aJl, YTo 3aCTpoiiKa epuepuitHbIX TEPPUTOPHUI TAKKE BBI3BIBACT ITOTEIICHUE B «CTAPOI» YacTH roposia
1 €ro LEHTPE, YTO COMIAcyeTCsl C JaHHBIMH HAOIIOACHHH, a TAK)Ke IPUBOJIMUT K YBEINYEHHIO CYMMBI OCa/IKOB B
OKpPECTHOCTSIX TOPOAA.

r

‘5{ a) cpeanecyrounan Temneparypa | 4 '4 6) cpepHan HouHan Temneparypa ‘ \ Puc. 3. Pa3HOCTVb
= (\ B 2\ =i bt e ———— \ CpedHecyTouHoM (a)
e,
{

1 cpeHe HoOYHOM
(6) TeMneparypbl 3a
neto 2014 ropa
Me Oy KCnepu-
MEHTaMM C YABOEH-
HOW NnoLLaablo ro-
POfa v peanucTuy-
HOW 3aCTPOMKOM.
MopenbHble A4erky,
B KOTOpbIX Obl/a 3a-
[laHa «HoBaA» 3a-
CTPOMKa, MOKa3aHbl
CepbIM LIBETOM.
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MEHTOM C OTKJII0YEH-
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e s | ; umen TERRA_UBR

[ — (6)

& 40 2 0 2 4 50
PasHocTb cymmbl ocagros 3a nero 2014 r., mm

brazooaprocmu: Paboma evinonnena npu ¢ounancogoii noooepoicke, okazanHou Pycckum
eeoepaguueckum oougecmeom (I panm Nel2/2014/PI'O-PODH) u Poccuiickom (poHOOM
dynoamenmanvrolx uccreooganuil (I panm Nel6-35-00474 mon_a u Nel6-05-00704 A).
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The statistical experimental data analysis for mathematical
atmosphere simulation by Kalman filter
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normality is checked to use the Kalman filter algorithms, the space correlative cumulative distribution

functions of meteosize are defined in this article. The results of statistical analysis are presented for
temperature data and wind speeds data. The data were measured in two terms (0, 12 GMT) at the given heights
during 2001-2016. These data will be used for mathematical model operation of physical atmosphere processes
in a future works.

The probabilities analysis of correct aerological station work is provided, the hypothesis of empirical data
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CTaTnctnyecknn aHanms aKkcnepmMMeHTasbHbIX JaHHbIX
AN MaTeMaTMYecKoro MoaennmpoBaHna GU3nYecKux
npoLeccoB atMocdepbl HA OCHOBe annaparta ¢unbTpauum
KanMmaHa

'Kapnywwu 1.A., ‘Tlonosa A.W., Monosa K.10., "'KpacHenko H.M.

"ToMCKMIA rocy[apCTBeHHbI YHUBEPCUTET CUCTEM YNIPaBNEHUA U PaAMO3NEKTPOHMKM, Poccua
*CypryTckuii TocynapcTeHHbIi Yausepcutet, CypryT, Poccus

3VIHC'eryT MOHUTOPUHIa KNMMaTUYECKMX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: pavel.a.karpushin@tusur.ru

CTaThe NPUBOANTCS aHAJIHM3 BEPOSATHOCTEH MCIIPABHOM pabOTHI a9pOJIOrHYeCKUX CTaHIUMN, TPOBepsieT-

sl TUIIOTE3a HOPMAJIbHOCTH aHATM3UPYEMBIX SMIMPUUECKUX JAaHHBIX /Ul BO3SMOXKHOCTH UCIIOJIB30Ba-

HUSI aITOpUTMOB QuiibTpanun Kanmmana, onpenesnsroTest IpoCTPpaHCTBEHHbIC KOPPEISIIIUOHHbBIE (DYHK-
LUU paclpesereHuss MeTeoBeIndnHbl. [IpencraBiensl pe3ynbTarel CTaTUCTHUECKOIO aHaIN3a JABYXCPOUHBIX
(0, 12 GMT) paano30H10BBIX HAOMIONCHNH 33 TEMIIEPATYPOH M COCTABIIONIMX CKOPOCTH BETPa Ha 3aJaHHBIX
BbicoTax B iepuon 2001-2016 roxsl 11 ganbHEHIIET0 KX UCTIOJIb30BaHUS B MATEMATUYECKOM MOJIETTUPOBAaHUH
(pU3MUECKHX MPOLIECCOB aTMOC]EPEI.

B nocnenane roabl Uit MaTeMaTHYeCKOro MOJCIMPOBaHHS (PU3MUECKHUX MPOLIECCOB aTMoc(epsl, pa3pa-
OOTKHM M MCCIIEIOBAHMSI AJITOPUTMOB BOCCTAHOBJICHHS ME30METEOPOIOTNUECKUX TTOJIH ITUPOKO HCIONB3YeTCs
JMHAMHMKO-CTOXaCTUYECKUI MOAX0J], OCHOBAaHHBINH Ha Teopun (uibrpaunu Kanmana. [Ipumenenue ¢uistpa
Kanmana uist mogoOHbIX 33124 TpeOyeT 000CHOBaHMUS pacpe/IesICHNs] ICKOMBIX CITy4aiHbIX METCOBEJINYNH 110
T'ayccoBckomy 3akony[1]. IToaTOoMy aBTOpaMu MpoBeIEHBI COOTBETCTBYIOLINE UCCIIEOBAHUS, I1I€ B KAUeCTBE
SMITMPUYECKUX JIAHHBIX NCIIOJIL30BAHbI MHOTOJIETHHE adPOJIOrHYeCKHe HAOMIONCHHS, ITPEACTaBICHHBIC B KOJIE
KH-04 cranpaprapix OroiuteteHeil n tenerpamMm BeemupHoit Mereoponorudeckoii cetn (WMO) 3a nepuon
2001-2016 rr. B pabGore Obl1a IpOBEpEHa TUIIOTE3a O HOPMAJILHOCTH PacIpeAeIeHIs SMIMPHYECKUX JaHHbIX,
OITpe/IeIeHbl IPOCTPAHCTBEHHBIE KOPPEISIIMOHHBIC (DYHKIIMA METCOBEJIMYMH, BBINOJHEH aHAIN3 BEPOSITHO-
CTell ncrpaBHON pabOTHI KaHAJIOB HAOIIOACHHH.

JlaHHBIC OT a3POJIOTUYECKUX CTAHIUH, OBUIN CIPYNIIUPOBAHBI 110 TeorpadGuyeckuM KOOpIMHATaM B THIIO-
BbIE ME30METEOPOJIOTHUECKIE MOJUToHbl. Ha nepBom stane 00pabOTKH MCXOAHBIX adpOJIOTHYECKHUX JTAHHBIX
BBINOJHSACTCS aHAJIN3 KOJIOBBIX KOMOMHAIMI TeJIerpaMM U UCIIPaBJIeHHE OMHOOK KOAUpoBKH. [Ipumensis nu-
HEHHYI0 HHTEPIOJISILMIO BEPTUKAIBHBIE TPOQIIIN a3POJIOTHYECKHUX JAHHBIX JUIsl KaXJ10H BEIOPAaHHOM CTaHIINK
TIPUBOASATCS K CUCTEME CTaHAaPTHBIX H300apHUECKUX YPOBHEH M CHCTEME F€OMETPHUYECKHX BBICOT [2,3]

[To nomyyeHHOMY MaccHBY B pabOTe POBOJHUTCS aHAJIN3 AIPUOPHBIX BEPOSITHOCTEH NCTIPaBHOW PabOTHI
KaHaJIOB U3MEPEHHUI, a TaKKe TOMyCTUMBbIE IOPOrOBbIE 3HAYCHUS JUIsl IPUHATHS PELICHUN O HAIMYUU WU OT-
cyrcTBuM: 1) mH(pOpPManMy B KaHaJIax U3MEPEHHST; 2) aHOMaJIbHBIX BBIOPOCOB B M3MEPEHHSX; 3) aTMOC(HEpHOTOo
(poHTa B 1pezeaax BBIOpaHHOTO ME30MaCIITa0HOTO OJIUTOHA.

YToObI OLICHUTH BEPOSITHOCT UCITPABHON PaOOTHI q M BEPOSITHOCTh OTKa3a B KaHase namepenus (1-q), ams
KaXJ0H CTaHIMK (OPMHUPYIOTCS MAaCCHUBBI HAOIIOAECHHUHN 110 BCEH COBOKYITHOCTH apXHMBHBIX a3pPOJIOTHUECKHX
JTAHHBIX 33 (PMKCUPOBAHHBIN NepHOJ BpeMeH!. MaccuBbI JaHHBIX (DOPMUPYIOTCS JUIS ABYX LIEHTPAJIbHBIX Me-
CSILIEB: STHBAPS U UIOJIS.

[IpenBapuTenbHbII aHAIU3 METEOPOJIOTHYECKUX JJaHHBIX Ha HAIMYKE MPOIYCKOB IOKA3bIBAET, UTO allpH-
OpHasi BEPOSITHOCTh UCIIPABHON PaOOTHI, KaK B 3MMHUH ITEPUOJ, TaK H JICTHUH He npesbimaet 0.89.

[Tpu ananm3e ObUIO YUTCHO HAJIMYKE B TAHHBIX HAOIIOACHUH aHOMAJIBHBIX OMINOOK, BOSHUKAIOIINX B TIPO-
necce (OPMUPOBAHUS, TEPEIUCKH U JICIIH(PPUPOBAHUS JAHHBIX CTAaHJAPTHBIX METEOPOJIOTHUECKUX Telle-
rpamM. Hanmune mogoOHBIX HEOTHOPOAHOCTEH MPUBOANT K YBEIWYECHHIO OITMOOK M K HAPYIICHUIO (PyHKIIHO-
HUPOBaHUS AJITOPUTMOB IIPOTrHO3a. AHAJIN3 PACCUMTAHHBIX CTATUCTUYECKUX XapaKTEPUCTHUK MO3BOJISIET BbIsB-
JSITh aHOMAJIbHBIE OIIMOKHU. J[JIsl ATOr0 MCIONB3yeTCsl Pa3HOCTh MEK/Ly NTPOBEPSIEMBIM 3HAYEHHEM U CPEIHUM
apU(PMETHIECKHM.

B cootBercTBHM C TeopHell MPOBEPKHU T'MIIOTE3 MOAYIb ITOH Pa3sHOCTH CPAaBHUBAETCA C BEIUYMHON No,
IJIe 0 — CTaHAapTHOE OTKJIOHEHHE BHIOPAHHON METEOpOJIOTHYEeCKOH BeTnIuHbI [4], rie N = 3.

Ba)kHBIM MOMEHTOM B aHAJIM3€ a’POJOIMUECKUX JAHHBIX SIBJISIETCS ONPEAEICHUE MPOXOXKIEHHS aTMOC-
¢epHOro ponra. [yt 3TOro MCHONB3YIOTCSI COTOCTABICHUE PA3HOCTH 3HAUCHMH (IIPUpAIICHHsI) aBICHNUS,
TEeMITepaTypbl M HallpaBJICHHs BETpa B JiBa nocienosareabHbIX cpoka (k) u (k+1). Pe3koe u3menenue Harrpas-
JIEHHs BEeTpa, HapylIarollee MOHOTOHHBII XapaKkTep M3MEHEHUs 3HAYEHUH METCOBEIMYHH, CIYXKHUT SIBHBIM
MIPU3HAKOM ITPOXOKAECHHS aTMOC(HEpPHOTo (PpOHTA.

s MeTeoponoruueckux U3MepeHnit o Kak 10l CTaHLIIUU IPOU3BOAUTCS pacueT allpUOPHBIX BEPOSTHO-
cTeil OOHapyKeHUs! PPOHTA U PACUET ITOPOTOBBIX 3HAYCHUH, OTHOCUTEIHEHO KOTOPBIX IPHHUMACTCS PELICHUC
00 OTCYTCTBUH WJIM HAJIMYUH (PPOHTA.
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UToObI MONTBEPAUTH CTATUCTHYCCKYIO TUIIOTE3Y O HOPMATBHOCTH aHAIM3HPYEMBIX SMITUPUICCKUX JIaH-
HBIX METCOBEIIMYMH, HCIIOJIB3YeTCs aHan3 KoddduirmenToB acummeTpuu (A) u skcrecca (E), a Takke yucio-
Bbl€ 3HaUeHus Kputepus coracusi Konmoroposa — Cmupnosa[4,5,6]. i OlIeHKH OTIMYH KPUBOIl HOpMaJib-
HOTO PACIPEICICHUS OT IMITUPUICCKUX KPUBBIX PACIIPEICIICHUI UCTIONB3YOTCS (PopMyIIbl [7]:

24*(n-5)
n*(n+7) 1

b

TAC G, — CTaHJapTHasA CPCAHCKBAApPATHICCKAsA OIIHOKA KOB(I)(l)I/IIII/IeHTa ACUMMETPUU; G — Ta KC omroOKa

KOS(I)(l)HHI/IeHTa JKCIECCa, N — YHUCJIO B3ATBIX peanmaunﬁ. PSI,H CHUTACTCA HOPMAJIbHO paclpeaCJI€HHbIM, €CIIN
BBITIOJIHAIOTCA YCJIOBUA!

|A| <304, |E| <30 (2)
B X04€ aHaJIu3a ObLIN HCCJIEN0BaHbl BDEMEHHBIE CTATUCTUICCKUE XapaKTCPUCTUKN METCOPOTIOTUIECKUX

MOJICH. I[JIH pacdeTa CTaTUCTUICCKUX XapaKTCPUCTHUK HUCIIOJIb30BAJINCH BBIPAKCHUA:
V| — Cpe€aHee no aHcaMOJII0 3HAYCHUE METEOPOJIOTUIECKUX BEJIMINH UITN HCpBLIﬁ HadaJIbHBI MOMEHT

1 N
v, =m :—~Z§4(t)
R A S )
Uy — AUCTIICPCU NN I.[eHTpaJILHLIﬁ MOMEHT BTOPOT'O MOpsAKa CHy‘IaﬁHOFO Tponecca

=0 0= Tla0-ml

E — xoadunment sxerecca (xapakTepHusyeT MOJI0KEHNE BEPIIMHBI KPUBOH AIMITMPHUUECKOTO pacIpesere-
HUSI OTHOCHUTEJIFHO KPUBOI HOPMAJIHOTO pacipeaeIeHust)

E=*4_3
H, )

A — ko3 duneHT acuMMeTpuH (XapaKTepu3yeT «CKOIIEHHOCThY KPUBOH pacipe/iesieHus! )
A=t
2 (6)

L€ 44 — 4eTBEepThIN LIEHTPAIbHbI MOMEHT; (43 — TPETUN LIEHTPAIbHbIA MOMEHT.

Pe3ynbraThl MccIen0BaHUs MOKA3bIBACT HECYIIECTBEHHOE OTIIMYNE SMITMPUIECKON (DYHKIMH pacripese-
JICHUs! TaHHBIX HAOIIOCHNST OT HOPMAJIFHOTO TayccoBa 3aKoHa pacripeaeneHus. HepaBeHcTBo (2) coxpaHser
WCTUHHOE 3HAUYEHME IS KAXKIOW CTaHIMK nosimroHa. He3HaunTenbHbIE OTKIOHEHHUSI OT HOPMAJIBHOTO 3aKOHA
pacripeneneHust O0bSCHIIOTCS HAIMYHMEM CHCTEMAaTHIEeCKUX U CIyYailHbIX OIMOOK B JAHHBIX HAOIIONCHUH 32
METEOPOIOTHUECKUMH MTOISIMU aTMOC(EPBHI.

CTaTUCTHYECKUH aHAIN3 TTOKA3bIBACT, YTO SMIIMPUIECKNE PACTIPEICIICHUS NCCIIEJOBAaHHBIX METEOPOIIO-
TMYECKUX BEJIMYMH C JOCTAaTOYHON TOYHOCTBIO MOTYT OBITH OIMCAHBI HOPMAJIBHBIM PAcIpe/ICCHHEM, a 3TO
SIBISIETCSI OCHOBHBIM YCJIOBHEM HCIONB30BaHuUs (GuibTpa Kaimana amst mocienyonero NpuMeHEeHUs! B aJiro-
pUTMax BOCCTaHOBIICHUSI ME30METCOPOJIOTHYECKUX IToJiel. Pacripenenenue ciayXUT Xopouied MaremMaThde-
CKOM MOJIeITbIO HAOJIOIAEMBIX CITyYalHBIX BEJTHUIHH.

Pacuer KoppesIMOHHBIX (DYHKIMH TS CTAHIINHA OCYIIECTBIISUICS MO CTaHJaPTHBIM BBIPAKEHUSM [8]:

1
pe(p) = — ?:1[5(7”1') - mf(ri)] [f(ri +p) —me(r; + P)] ,(7)

rae £(r;) — 3HaYCHUS METEOBEINYMHEI B TOUKAX IIPOCTPAHCTBA 7, COOTBETCTBEHHO; /7 {p) — MaTeMaTH4e-
CKO€ O)KHaHNE METCOBEITNINHEI, p — PACCTOSTHHE.

Ha puc. 1, puc. 2 npeacraBieHsl IPOCTPAHCTBEHHbBIE KOPPEIALHOHHbIEC (PYHKIINH AJIsI BRIOPAaHHOTO MOJIH-
TOHA Ha Pa3JIMIHBIX BHICOTHBIX YPOBHAX AJISI CHHONITHYECKHUX MEPHOJIOB 3MMA, JIETO.
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[TpocTpaHCcTBEHHAsI KOPPEIISLHS TEMIIEPATYPhl M COCTABIISIONINX BETPa Ha BCEX B3ATHIX ypOBH:X (puc. 1)
3aTyXaeT ¢ YBEIUYECHUEM PACCTOSHHUS p.

Temneparypa 3oHa/IbHAs MepuauoHajabHast
COCTABJISIIOLIAS CKOPOCTH BeTpa COCTABJISIONIAs] CKOPOCTH BETpa

CITES'2017
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Puc. 2 [TpocTpaHCTBEHHbIE 3MNMUPUYECKME KOPPENALMOHHbIE PYHKLMM METEOPOSIOMMYECKMX BEIYMH, NIETO

Ha puc. 1 s netHero neproja npoCTPaHCTBEHHAs! KOPPESLHSI TEMIIEPATYPbl U COCTABISIFOIIMX BETpa
Ha BCEX B3STHIX YPOBHSIX BeJeT ce0sl aHAJIOTMYHO PUC. 2.

KoppensinoHHble (yHKIMH TPECTaBICHHbIC HA PUC. | ¥ pHC. 2 MO3BOJISIOT MCIOJIB30BATh aHAIUTHYC-
CKOE BBIPAYKEHUE

up)=e"", (8)

B Ka4eCTBE alpoKcuMupyomen pyHkunu. HecMoTpst Ha TO, 4TO KauecTBO alpoOKCUMALIH XY)KE, YEM B
[4,9], oHO 1TO3BOJISIET CYIIIECTBEHHO YIIPOCTHUTH aNropuT™ (hrutbrpa KanmaHna i1t mpocTpaHCTBEHHOTO IIPOTHO-
3MpOBaHUSI.

Pezynbmamur nonyuenvl npu wacmuunotl punancosoil noodepaicke no npoexmy 114-14/17 (pazoen 07.08)

eocyoapemeentozo 3adanus Munoopuayku Poccuu.
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Numerical modelling of the Earth ionosphere F region
'Ostanin P.A., **Kulyamin D.V., ‘Dymnikov V.P.
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’Lomonosov Moscow State University, Research Computing Center (RCC), Moscow, Russia
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E-mail: ostanin.pavel@phystech.edu

forecasting the global state of the terrestrial ionosphere by numerical modelling of the average climatic

characteristics. This work is a part of a research carried out in INM RAS, connected with modelling the
global state of the upper atmosphere, and is aimed at developing the global numerical ionosphere and thermo-
sphere model including the data assimilation system and using the dynamical-stochastic modelling for the
poorly defined factors. Thus, the key feature of this work is reconcillation of the methodology with the existing
and developed in INM RAS models of the neutral thermosphere and lower layers of the atmosphere.

The applicability of the problem is connected with the increased practical interest in the forecasting the
cosmic weather, which is connected with the special role of the ionosphere for the radio communication, satel-
lite systems and the whole cosmic branch. Nowadays there is a discontinuity between traditional semiemperi-
cal approaches and successfully applicable high-technological methods, which means high actuality of the
problem.

The developing the dynamic 3d model of the terrestrial ionosphere is considered in this particular work,
taking into account and coordinating the equations with the existing and developed in INM RAS model of the
neutral thermosphere with further implementing of the discussed model as a computational block. The tradi-
tional assumptions are taken during the development (considering only the F-layer, the ambipolar diffusion
approximation, single-ion approximation, etc.)

In the discussed model the continuity equation for the electron concentration and for the oxygen ion is
solved with the account of the ambipolar diffusion among the magnetic field lines and photochemical process-
es. The equation reduces to the transfer and diffusion equation with photochemistry and dynamic processes.
First stage is developing the unidimensional model along the vertical direction. On the second stage quasi-tridi-
mensional problem including the ambipolar diffusion among the magnetic lines is considered. The third stage
is to take into account the transverse electromagnetic drift and transfer by the neutral wind, by using the semi-
Lagrangian method.

The peculiarity of the problem is the difference of the characteristic times at the lower and upper bounds
by several orders, so, the system is rigid. The 2-nd order implicit monotonic scheme is used in the first stage.
The obtained linear system is solved with the tridiagonal matrix algorithm.

During the numerical calculation the profiles of the electron concentration were obtained. Near the upper
bound the solution behavior is determined by the photochemistry processes, and near the upper bound diffusion
prevails. The electron concentration has a maximum of 10° cm” and then decreases to 10°cm™ near the upper
bound. The sensitivity of the profiles to the external parameters were also studied. This stage showed that the
most important physical parameters of the model are the ionization rage and the neutral temperature.

The diurnal evolution of the electron concentrations at different latitudes was also investigated by varia-
tion the photoionization. The preliminary comparison with the empirical IRI model shows that the model is
adequate for the middle latitudes during the day. This comparison also shows the necessity of taking into ac-
count the transferring and the electric field influence on the global evolution of the electron concentration.

The presented work is devoted to the problem of describing the mechanisms of formation, variability and
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YncneHHoe MogenupoBaHue F-cnoa 3eMHoM noHocdepsl

'Octanmu N.A., “’Kynamun [.B., *ObiMHmKoB B.IN.

"MOCKOBCKMI GU3NKO-TEXHUYECKUII MHCTUTYT, [lonronpyaHbiii, Poccua

’HayuHo-McCNe0BaTeNbCKUIM BLIYMCIUTENBHBIN LieHTPp MOCKOBCKOTO rocy/iapcTBEHHOr0 YHUBEPCUTETa UMEHN
M.B.JlomoHocoBa, MockBa, Poccus

3VIH(:TMTyT BbluMcnuTeNbHOM MaTeMaTuku PAH, MockBa, Poccus

E-mail: ostanin.pavel@phystech.edu

perncrasieHHast paboTa MOCBsIIeHa PELICHHIO TPOOIeMbl ONTMCAHUS MEXaHN3MOB (OPMHUPOBAHUS, U3-

MEHYHMBOCTHU M IPOTHO3a II00AIBHOTO COCTOSTHUS 3eMHOM HOHOC(hEphl HAa OCHOBE YHUCIICHHOTO MOJIe-

JMPOBAHUS CPEAHCKINMATHYECKUX XapaKTePUCTHK F-ci1ost ¢ 0coObIM BHUMaHHEM K pa3padoTke 3¢-
(DeKTHBHBIX YNCIICHHBIX METOJIOB M QJITOPUTMOB UX peanu3annu. JlaHHas pabora sBIsIETCS YacThIO peainsye-
Moro B nanHoe Bpemsi B IBM PAH narpaBneHus vcciaeJ0BaHUI 0 MOICTHPOBAHUIO [TI00ATFHOTO COCTOSIHUS
BepxHel arMochepsl 3eMIIH 1 HallpaBiieHa Ha pa3paboTKy M pa3BUTHE COINIACOBAHHOM II00AILHOM YHCICHHON
MozIeIH HOHOC(hEpBI U TepMOC(Epbl BHICOKOTO YPOBHS, B TOM YHCJIE C JAITBHEHIIINM CO3/1aHHEM CHCTEMBI yC-
BOCHUS TAaHHBIX HAOJIO/ICHNH, a TaK)Ke TPUMEHEHNE METO0IOTUH JMHAMHUKO-CTOXaCTHIECKOTO MOJICINPOBa-
HUSL JUTSL y9eTa IUIOXO ONPEISJICHHBIX (haKTOPOB, BIUSIONIMX HA CPEAHEE COCTOSHUE U M3MEHYHBOCTh CPEJIBL.
Takum 00pa3om, OTHOH U3 KIIFOYEBBIX OCOOCHHOCTEH TaHHOW palbOTHI SIBISETCS COIIACOBAHHE METOIOIOTHH
pa3paboTku MozenupoBaHus noHocdepsl ¢ yxe co3nanusiMu B IBM PAH MonensiMu HeWTpanbHON TepMoc-
(epbl u HKHEX citoeB atMocdepst [ 1,2].

AKTyaJIbHOCTh JIaHHOM 3a/1a4M 00YyCJIOBJICHA TTOBBIIICHHBIM B MOCJIEAHUE TOABI MPAKTHYECKUM HHTEpe-
COM K HCCIICIOBAHHIO U MPOTHO3WPOBAHUIO KOCMHYECKON MOTO/IBI, YTO CBS3aHO C 0COOO0 POJIBIO COCTOSHUS
noHocdepbl ISt CUCTEM II00ATBHON PaaNOCBS3H, CITyTHUKOBBIX CUCTEM, a TaKXKe JJIsi KOCMHUYECKOH OTpaciiu
B nestoM. CocrosiHue cucTeMbl TepMochepa-noHocdepa onpenessieT Kak XapakTepHCTHKH JIBHKEHUST HU3KOOP-
OMTAJIBHBIX CITyTHUKOB M KOCMHUYECKHUX allaparoB, TaK W YCIOBHS Uil PAaCpPOCTPAHEHHs PaJHOCHTHAJIOB,
obecrieunBaromux o6ecrepe0oiiHyo paboTy CUCTEM JalbHEH paJruoCBsI3H, PaANOIOKalNH, a TAK)KE HaBUTalll-
OHHBIX CHCTEM INIO0AJILHOTO CIIyTHHKOBOTO MO3MLIMOHMPOBaHMS. Ha ceromHsmHuil 1eHb CyIIecTByeT pa3o-
PBaHHOCTB MEXy TPaJUINOHHBIMH ITOTY3MINPHYECKIMH IOIXOAaMH B UCCIIEIOBAHUIX BEPXHEH aTrMochepsl
U YCIIEIIHO NMPUMEHSEMBIMU JAJIs IPOTHO3a MOTOABI U U3MEHEHUH KIMMaTa BICOKOTEXHOJIOITMYHBIMU METOAA-
mu. Takum 00pa3om, 3a7ada cO3JaHuUs M0 CYIIECTBY HOBOW METO/OJIOTHH MOJACIMPOBAHUS U MPOTHO3a IJIO-
0aJBHOTO COCTOSTHMS M M3MEHUYMBOCTH CUCTEMBI HOHOC(hepa-Tepmocdepa sBiIsieTcst KpaifHe aKTyaIbHOM.

B pabote paccmarpuBaeTcs perieHne 3a1a41 10 MOCTPOSHHIO ANHAMUYECKOH TpEXMEpHOH MojienH 3eM-
Ho# moHocdeps! (qust 100-500 kM) ¢ AeTanbHBIM aHAJIN30M pelIacMbIX YPaBHEHHI, COTNIACOBAHHBIX C YKe
pa3paboTaHHOI MOJIENBIO HeHTpaabHOI TepMocdepsl UBM PAH [1], ¢ uenbio JanpHEHIEro BKIFOYCHUS 3TOU
MOJIEJIH B Ka4EeCTBE BBIYMCINTEIBHOTO OJIOKA B COBMECTHYIO MOJeNb BepxHel armocdepsl. [Ipu paspaborke
TIepBO BEPCUH MOJEIH HOHOC(EPHI UCTIONB3YIOTCS TPAAUIIHMOHHBIE TPUOIIKEHHS (PacCMOTPEHUE TOIBKO F
CJI0s, TMHAMH4YecKoe Npeodiaganue aMmonnoysipol andQy3nn, OXHOMOHHAS TTOCTAaHOBKA, JTUITOJIBHOE Mar-
HUTHOE 110J1e 3eMJTH, TIPHOJIMKEHNE COBIAICHUS reorpauecKiX U MarHUTHBIX TTOJIFOCOB U 1p.) [3].

B Mozpenu pemraercst COBMECTHOE YPaBHEHUE HEPA3PBIBHOCTH [Tl KOHIIEHTPALUH HIEKTPOHOB U IOJIOKH-
TENILHBIX MOHOB aTOMapHOIo KUCIOpoJa ¢ Y4E€TOM (POTOXMMUYECKUX TPOLECCOB (MOHM3AMK M PEeKOMOMHA-
LUK) ¥ aMOUNIONSApHON M (Dy31H BIOIE CHIIOBBIX JIMHWH 3€MHOTO MarHUTHOTO nousl. Penraemoe ypaBHeHne
CBOZIUTCA K YpaBHEHHUIO nepeHoca U quddy3nun, ¢ CymecTBEeHHOH PONbI0 JMHAMHYECKHX MPOIIECCOB B BEPX-

Electron concentration (daytime)

Puc. 1. BepTukanbHbIf npodmnb
3M1EKTPOHHOM KOHLIEHTPaLIMK B IHEB-
HOe BpeMs /1A XapaKTepHbIX YCno-
BUM CpeJHELLMPOTHON MoHoCepbI
Mo pac4eTaM OfJHOMEPHOI MoJeny.
[na yno6cTBa MacLutab no ropusoH-
TasnbHOM 0cK BbibpaH norapudMmye-
CKUM.

z, km

100 L
1000 10000 100000 le+06

n, cm™{-3}
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HUX CJIOSIX U IUIa3MOXMMHYECKHX MPOLIECCOB B HIDKHUX. Ha mepBom aTare padoThl paccMaTpuBaeTcs OIHO-
MepHasi T0OCTAaHOBKA C PACUETOM BEPTHKAJIbHBIX PacIpe/IeIeHHi KOHIIGHTPAIMU B 3aBUCUMOCTH OT BBICOTHI B
MpUOIMKEHUH aMOUIIOIISIPHON AU (y3UH BIOJIb BEPTUKAIBLHOTO HAMPAaBJICHHs O3 yueTa IOIepedHOro dJIeK-
TPOMArHUTHOTO Apeiida u apdexra HelTpaibHOro BeTpa. PacnpeaencHus TemMeparyp U KOHICHTPpAIUN Heli-
TPaJbHBIX COCTABIISIONINX, & TAKXKE MOTOKH HOHM3UPYIOLIETO COJHEYHOTO M3JIyYeHHMs IIPH ATOM CUHUTAIOTCS
3aJJaHHBIMH BHELIHUMH JUTS MOJIENM ITapaMeTpamu. Ha BTopoM aTare paccMaTpuBaeTcst KBa3UTPEXMEpHast Mo-
CTaHOBKa 3aJ1a4uu B c(epuuecKux reorpadMueckux KoopAuHarax (B MPUOIMKEHHH TOHKOTO c(hepuueckoro
CJIOSI, C YYETOM JIOJITOTHI TOJIBKO ITPY BHIYMCIICHUH JIOKAIILHOTO BPEMEHH) B IPUOJIM)KEHHUH MTpoliecca aMOumo-
JsipHOUM 1 dy3ur BOOJIb MAarHUTHBIX JIMHUM, IPU 9TOM KOHEYHbIE ypaBHEHHs (pOPMYIUPYIOTCS C MOMOIIBIO
MIPOEKIMH COOTBETCTBYIOIIErO Oleparopa Ha BEPTUKAJIBHOE M MEPHIMOHAJIbHOE HarpasieHus. Ha Tperbem
9Tare paboThl pacCMaTpUBAETCS JAOTIOIHUTENBHBIH (P PEKT ONepeyHOro MEeKTPOMarHuTHOIO ipeida u nepe-
HOCa HEHTpaJIbHBIM BETPOM, KOTOPBIH OyJIeT peai30BaH OT/EIbHO C HOMOIIBIO MOJTyJIarpaHKeBa Moaxo/a.

KiroueBoii 4acThbio JaHHOW PaOOTHI SIBISIETCS TIOATAIIHAS YHCIICHHAS peanu3anus AaHnHoi monenu. Oco-
OEHHOCTBIO pelIaeMOi 3a/1auul SIBIISIETCS Pa3HUIA B HECKOJIBKO MOPSIIKOB MEKIY XapaKTePHBIMU BPEMEHAMHU
(U3MUECKUX TPOLIECCOB ISl Pa3HBIX BBICOT, YTO OOYCIIABIMBACT CHIIbHYIO )KECTKOCTh 3aj1auu. Jis pereHus
OZIHOMEPHOH 3a/1a4¥l Ha NEPBOM dTare padoOThl IOCTPOEHA U YHCICHHO pealIi30BaHa HEsIBHASI CXeMa BTOPOIO
MopsiJIKa MO NMPOCTPAHCTBEHHOM MEpPEMEHHOH, 001aatoniast 3aKOHOM COXPaHEHHsI MAaCChl U COXPAHSIOIIAsi MO-
HOTOHHOCTB petenust. [TonyueHHas B pe3ynbpraTe KOHEUHO-Pa3HOCTHOM armpoKCUMAaLUK [IEHTPAIbHBIMH Pa3-
HOCTSIMHM JIMHEHHAs CHCTeMa PELIAeTCsl METOJIOM IPOTOHKH, TIPH 3TOM o0paijaemast TpéxinaroHaibHas MaTpu-
1la UMeeT JuaroHajibHoe rnpeobiananue. Ha BTopoM srare MCIONb3yeTcs aHAIOTHYHBIN aIrOpUTM YIS JIBY-
MEpPHOI IOCTaHOBKH.

Jliist paccMarprBaeMoil Ha epBOM IIare OJJHOMEPHOW MOCTAHOBKH IPOBEJIEH Psijl YUCICHHBIX dKCIIEPHU-
MEHTOB I10 OTJIaJIKe TOCTPOCHHON YMCIICHHOW CXeMbl PELICHHUS] YpaBHEHUsI KOHBEKIMU-IU((PY3UH U BOCIIPO-
M3BEJICHUIO BEPTUKAIBHBIX IPOQUIICH AIEKTPOHHOM KOHIIEHTPALUK B 3aBUCMOCTH OT BBICOTBI ITPU PEaIbHBIX

P— Puc. 2. BepTvkanbHble npogunu
500 - - - 3/1eKTPOHHOM KOHLIEHTpaLMK Npu
Pa3nnyYHbIX BEIMYMHAX CKOPOCTH
20% MOHU3aLMM (@) M HENTPanbHOW TEM-
nepatypbl (6), AEMOHCTPUpYIOLLME
UyBCTBUTENBHOCTB peLueHund. [ina
Ka a0 13 KpMBBIX YKa3aHo M3Me-
HeHWe TOM BENIMYMHBI, K KOTOPOM UC-
cnefyeTcA YyBCTBUTENBHOCTL (B
MPOLIEHTaX OT UCXOAHOMO 3HAYEHMA).
1 lo ropy30HTaNbHOM 0CcK BbibpaH no-
rapu¢MmyecKmin MacLuTab.
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(U3MYECKX MapaMeTpax MOJCIH, COOTBETCTBYIOIIMX XapaKTCPHBIM YCJIOBUSM JTHEBHOM CpPEIHCIIMPOTHOMN
noHoc(eps! [3]. beula mokazaHa NpaBUIIBHOCTh YHUCIICHHOW peaii3allii CXEMbl Ha aHATTUTUYCCKIX PEIICHUSIX
CTaHIIAPTHOTO BUIa. XapaKTePHBIN I JTHCBHOTO BPEMEHU BHJ] POQHIIS NpeacTaBieH Ha puc. 1. JlononHu-
TEJILHO OblIa MCCIIeI0BaHa POJIb MPOCTPAHCTBEHHOTO PAa3pELICHUs] 1 BPEMEHHOTO I1ara Jyisi TOYHOCTH peliie-
Hus. J{7151 KOHTPOJIBHBIX SKCIIEPUMEHTOB UCII0JIb30BaHbI IAry N0 BPEMEHH 5 MUHYT U 10 BEPTUKAIBHOM KOOP-
nuHare 10 xm.

Ha BricoTax, Onu3kux k 100 kM, OCHOBHOM BKJIAJ] TAIOT MPOIECCHI (POTOXUMIH, BCICACTBUE STOTO PEIIic-
HUE BO3pacTaeT BILIOTh /10 BBICOT F ciiosi. B BepxHUX cllosiX, Ha000poT, peodinanatoT andy3noHHbIE ITpolec-
CBI, CBSI3aHHBIC C JICHCTBHEM CHJIbI TSKECTH, YTO JTACT SKCIIOHCHIIMATIBHOC YOBIBAHHE KOHIICHTPAIMH C BBICO-
Toii. Bennuuua 31eKTPOHHOI KOHIEHTpauu Bo3pacTaeT g0 10° cm™ (Makcumym F-crost Ha BbICOTe MOpsIKa
250-300 kM), a HAa BEepXHEH I'PaHUIIC YMCHBIIIACTCS HA MOPSIOK.

OtzenbHO ObLIA MCCICOBaHA YyBCTBUTEIBHOCTD MPOQMICH 3JICKTPOHHOW KOHICHTPAIIMH K BHCITHHM
rnapaMeTpaM MOJEIH: CKOPOCTH MOHU3AIMH U PEKOMOHMHAIUH, JICKTPOHHOM, MOHHOHM M HEHTPAIBHOW TeMIIe-
parypam, a Tak:Ke KOHIICHTPALUSIM HeHTpalbHBIX MOJICKy1. Oc000 OTMETHM, YTO YYBCTBUTEIBHOCTH K Iapa-
MeTpaM HEeWTpaibHOW TepMocdephl BaKHBI B paMKax 3ajad JajbHEHIIeld pa3padOTKH COBMECTHON MOZEIH.
ITokazano, yTo HanboIIee CYIIECTBCHHBIMY (PU3NICCKIMHU TTapaMEeTPaMH IS JAHHOU MOJICIH HOHOC(EPHI 5B-
JISIFOTCSI CKOPOCTh MOHU3AINH, a TAKXKE HeWTpaibHast Temrieparypa. Ha pucynkax 2 u 3 npeacraBieHsl Ipodu-
JIM AJICKTPOHHOM IJIOTHOCTH 110 BBICOTE MPU Pa3IHMUHBIX 3HAYCHUSIX CKOPOCTH HOHU3AINH (OIpeeIsieMOi Ba-
puanuei NpuToKa HOHU3UPYIOLIETO U3JIYUEHUs) U HEUTpaIbHON TeMnepaTypbl. XapakTepHasi OTHOCUTEIbHAs
YYBCTBUTEJIbHOCTH MIEKTPOHHON KOHIEHTpaluu B BepxHeM F cioe ~1.1 o noHuzanuu u ~2 mno TeMreparype,
a B HWKHUX closix: ~ 0.7 u -1 cOOTBETCTBEHHO, IPU ATOM BbIcOTa Makcumyma F ciiosi HenuHelHo MeHseTcs
MIPU BapUaIUSIX TEMIEPaTyPhl.

Ha xaxom stare paGoThl 110 CO3/IaHUIO MOJIEIH ITPOBOIMIIOCH UCCIIEA0BAHUE CYTOUHOIO LIUKJIA JJIEK-
TPOHHOHM KOHUEHTPALUU HA PA3JIMYHBIX IIMPOTAX 38 CYET BapUaAlMU MOHU3ALUU. JJ11 KOHTPOJIBHBIX dKCIIEPH-
MEHTOB C KBa3UTPEXMEPHON MOJIEJIBIO UCIIOIb3YETCsI TOPU30HTANIbHAS CETKa C IIaraMu 2° 1o mupotTe u 2.5° no
noirore. [IpoBeneHo mpeaBapUTEIbHOS CPABHCHUE C JAHHBIMU PAAPHBIX HAOTIONCHUN U IMITHUPUICCKON MO-
nenbto IRI, mokazana ajgeKBaTHOCTh MOJEINH JUJIsl CPETHEIIMPOTHBIX THEBHBIX YCIOBUN MPU HEBO3MYIIIEHHOM
MOHU3AIINH, a TaKXKe HEOOXOIMMOCTh y4eTa d((EeKTOB epeHoca U ANEKTPUUSCKUX TTOJIeH A1t OoJiee TOUHOTO
OIMUCAHUSI TIIO0ATHPHOTO TTOBEACHUS MOJIS AEKTPOHHON KOHIICHTPAIIHH.
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Long-term variability of UV irradiance in Northern Eurasia
according to INM-RSHU chemical-climate model
and satellite measurements

'Pastukhova A.S., ‘Chubarova N.Ye., *Smyshlyaev S.P., *Galin V.Ya.

"Moscow State University, Russia
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Itraviolet radiation(UVR) has large influence on human health and ecosystems and plays an important

role in the atmospheric processes [12]. UV variability can be evaluated using ground and satellite

measurements [I110], numerical methods of calculations, model of reconstruction [3] and chemical-

climate models (CCM) [1,7,8]. Erythemal irradiance which has maximum sensitivity in the range of 280-315
nm has the most detrimental effect on human health.

The main goal of this work is to analyze the existing variability of erythemal UVR at the Earth's surface

on the basis of numerical experiments with CCM developed at the INM RAS and RSHU [1] as well as satellite

measurements TOMS and OMI in Northern Eurasia. In addition, we study the effect of natural and anthropo-

SESSION 1V // MODELING AND ANALYSIS OF REGIONAL CLIMATE


mailto:p-annet@mail.ru

genic factors on UVR due to variations in ozone concentration using different scenarios. We considered the in-
fluence of 4 principal factors: anthropogenic emission of halogens, sea surface temperature and sea ice cover-
age, solar activity and stratospheric aerosols. The scenario with a combination of all factors was also consid-
ered. Data of satellite instruments TOMS and OMI were used to validate the model results. In addition, the
modeled UV trends were tested against direct measurements over Moscow region by the long-term UV mea-
surements from the meteorological observatory of Moscow State University and UV reconstruction model.

The results of experiments with CCM INM-RSHU showed that the impact of anthropogenic emissions is
the most significant cause of ozone depletion and, as a result, growth of UVR over the southern and central re-
gions of Northern Eurasia. The influence of natural factors during averaging over the year is much less than the
impact of anthropogenic ones. However, when considering individual seasons of the year, the role of natural
factors increases noticeably.

MHoronetHAA nsmeH4ymsocTb YO pagnaunm B CeBepHoOU
EBpasuur no AaHHLIM XUMUKO-KTIMMaTUYeCKon Moaenm
NBM-PI'TMY 1 cnyTHMKOBLIM U3MEPEHNAM

'Mactyxosa A.C., “dy6aposa H.E., ‘CMbiwnses C.IN., ‘Tanun B.A.

'MocKOBCKMIA rocynapcTBeHHbIii yuuBepcuTeT MMeHu M.B.JloMoHocoBa, Poccus

*PoccuiicKmil rocynapcTBeHHbIN FMapOMeTeoponorueckuii yuusepcutet, Caukt-Tetepbypr, Poccua
3VIH(:mTyT BbluMcnuTenbHou MateMatuku PAH, MockBa, Poccua

E-mail: p-annet@mail.ru

asrpaduoneroBas paguaims (YOP) okaspiBaeT CyliecTBEHHOE BIMSIHUE HA IIPUPOIHYIO CPEeNy U 3110-

POBBE UEJIOBEKA M UTPAET BAXKHYIO POJb B aTMOc]epHBIX mporeccax [12]. Jlyis ee olleHKH HCHOoNb3y-

I0TCSI PA3JIMUHbIE METOABI: JaHHBIC HA3€MHBIX U CITyTHUKOBBIX M3MepeHuil [10], uncieHnoe moaenu-
pOBaHHE C UCIIOJIB30BAHUEM TOYHBIX METOZI0B pacyeToB [4], Mmoaenu YO pekoHCTpyKLuH [6], a TaK)Ke XUMUKO-
kmumarudeckue moxenu (XKM) [1,7,8]. Haubosee onacHoO# [UIs 310pOBBs YSIIOBEKA SBIISICTCS SPUTEMHAsSI Pa-
JIMAIHs], BBI3BIBAIOIIAS TIOKPACHEHHE KOXKH (IpUTEMY) M UMEIOIIAsi MAKCHMAJIbHYIO 4yBCTBHTEILHOCTD B JIHa-
na3one 280-315 HM, MO3TOMY BasKHO 3HAaTh €€ YPOBEHb y HOBEPXHOCTHU 3eMJIN.

Pazsutre XKM 103BOJIHIIO MPOBOANTH UCCIIEAOBAHUS H3MEHUYNBOCTH COZIEPXKAaHUS aTMOC(EpHOTro 030Ha
1, COOTBETCTBEHHO, TOTOKOB Y®P 3a cuer yuera B MoeisiX 0OpaTHBIX CBsI3el MEX/ly H3MEHUHUBOCTHIO COlep-
YKaHUs 030HA U IPYTHX PaIMalliOHHO-aKTUBHBIX I'a30B arMOC(epBl, a TaKKe MOJISIMH paIMalliOHHBIX ITOTOKOB,
TEeMITepaTypbl U XapakTepUCTHK TUHAMHUKH atMocdepbl. Onenka usmeHenns: YOP ¢ nomomsro XKM npuso-
aurcst B [7,12]. Ho B BEINOJIHEHHBIX paboTax paccMarpuBaeTcs, TNIAaBHBIM 00pa3oM, TOJIBKO aHTPOMOT€HHOE
BO3/EHCTBHE, IPUBOAAIIEE K M3MEHEHHIO KOHIIEHTpanuu 030Ha 1 YOP y noBepxHOCTH.

Llens naHHOI pabOTHI — TPOBECTH aHAIN3 CYIECTBYIONIECH N3MEHUMBOCTH dpuTeMHOl YDOP y moBepxHocTH
3eMJI Ha OCHOBE YHCIIEHHBIX dKcTiepuMeHToB ¢ XKM, pazpadorannoii B UBM PAH u PITMV[1], a Takxe no
JTAHHBIM CIIyTHUKOBBIX Tpr6opoB TOMS n OMI Ha teppuropun Ceseproit EBpaznuu. Kpome Toro, B 3a1a4y BXo-
JIMJIO JIETAJILHOE MCCIIEI0BAHNE BIIMSHUS €CTECTBEHHBIX U aHTPOIIOTCHHBIX (hakTOpoB Ha BennunHy YDP uepes
M3MEHEHHE KOHIIEHTPALMU 030HA 0 JaHHBIM MOJICNTMPOBaHMs. J{j1s1 9TOro OB ITOCTaBIIECH PsiJI 3a/1a4:

1. ITomy4nTh MOzEIIbHBIE OLICHKH 030HA, 00JaYHOCTH ¥ CyMMapHOH KOPOTKOBOJIHOBOH pajHalify y Ho-
BepxHoctu 3emiu ¢ nomouibio XKM UBM-PI'TMY 3a nepuoa 1979-2015 rr. st repputopuu CeepHoit EB-
pa3uu Ui pa3IMYHbIX €CTECTBEHHBIX U AHTPOIIOTE€HHBIX CLIEHAPUEB.

2. ComocraButh nonydyeHusle Januble XKM UBM-PITMY co cnytHukoBbiMu aHHBIMA TOMS 1 OMI u
OLICHHUTBH Ka4€CTBO BOCIIPOU3BEACHNS 3HAYEHNH OOILEr0 cosiepyKaHus 030Ha U 00JIAYHOTO MPOITYCKaHHs MOJIEIIBIO.

3. Ouenuts TpeH bl dpuTeMHON YDP y moBepXHOCTH 3a cueT U3MEHEHHUIT 030HA U 00Ja4HOCTH T10 JIaH-
HeIM XKM MBM-PITTMY u npoBecTtu cpaBHEHUs NOIy4YeHHbIX BeIUUUH YDP ¢ 1aHHBIMU CIIyTHUKOBBIX U3-
MepeHuil.

METOAMKA PABOTbI

B kauectBe HHCTPYMEHTA [JIA IPOBCACHUA MOAC/IbHBIX OKCIICPUMEHTOB ObLIa HCIOJIB30BaHa KOM6I/IHI/IPOBaH-
Hasl mI00alIbHAS TPEXMEpHAs XMMHUKO-KIMMATHUeCKasi Mosiesib VIHCTUTYTa BBIYMCIIUTENIbHOM Marematuku PAH u
Poccuiickoro rocymapcTBeHHOro rujapomereo-ponoruueckoro ynusepcurera (XKM MBM-PITMY)[1]. XKM
NBM-PITMY wumMeer mar cetkd 5° 1o 1oiarore u 4° 1o mmpoTe U 0XBarbiBacT ciioit arMocdepst ot 0 10 90 kM.
Xumudeckuid OJIOK BKITFOYAeT B ¢eOsl 74 OCHOBHBIX Ta30BBIX COCTABJISIOIINX aTMOC(HEpBI, MPSMO MM KOCBCHHO
BJIMSIIOIMX Ha TEeMIbI (POTOXMMHUYECKOTO U3MEHEHHsI 030Ha. MOJIeib YUNTHIBACT PeaKIMK KUCIOPO/a, BOAOPO/a,
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a3ota, XJIopa, OpoMa M CEepHBIX IMKJIOB, YTO JIEJAET BO3MOXKHBIM M3yUNTb BIMSHHE XMMHUYECKHX ITPOLIECCOB Ha
(hopMHpOBaHKE U PA3BUTHE HE TOJILKO 030HA U CBSI3aHHBIX C HUM T'a30B, HO U CTpaToc(hepHOro cyab(haTHOro a3po3o-
1. Yueno n tinbl (POTOXMMHYECKHX PEaKIHi, NCIIONIb3YyEeMbIX B MOJEIHN MO3BOJISIOT MCCIIEIOBATh N3MEHEHUSI B
OCHOBHOM CBSI3aHHBIX C 030HOM Ta30B B cTparoctepe, Tpormocdepe, 1 Me3ochepe Mmezocdepe, a TakKe pacCUUTHI-
BaTh TOJIS TEMITEPATYPhL, BETPa U BIAKHOCTH C YIETOM X 00paTHBIX CBs3EH ¢ cocTaBoM atMocdepsl [ 1].

Mogenbhble 3kcniepumenTsl ¢ XKM Bbinonssuinces 3a nepuog ¢ 1950 no 2015 r. [IpomexyTtok ¢ 1950 no
1978 ron ncnosp30Baics 11 HACTPOMKH U COITIacOBaHUsI MOZEU. PacueTsl MpOBOANIUCH IO PA3IIMYHBIM ClIe-
HapHsIM C YyU9ETOM BapHaIlfii COJIHEYHOM aKTUBHOCTH, CTPATOC(HEPHOTO a3p030JIsl, TEMIIEPATyPhl HOBEPXHOCTH
OKeaHa M IJIOIIA/AN MOKPBITHS OKEaHa JIbOM M aHTPOIOTEHHBIX BHIOPOCOB rajloreHoB. BennmunHbl aHTpOMO-
TEHHBIX BEIOPOCOB XJIOPCOICPIKAIIHX ra30B (PPEOHOB) U OpOMCOISPKAIIIX ra30B (TaJOHOB) M H3MEHUYHUBOCTH
WX TIOTOKOB C TOACTHatomel moBepxHocTu ¢ 1950 mo 2015 rox 3amaBamick mo cueHapusm BMO [13]. [an-
HbIE 00 N3MEHYMBOCTH CIIEKTPAIBHBIX TOTOKOB COTHEYHON pajMaIiiy MOJIEJIIMPOBAINCH HA OCHOBAaHUN H3Me-
penmii 1 koMmo3uuoHHEIX Moxenelr LISIRD ¢ 1980 mo 2015 rr. [6]. Temmeparypa moBepXHOCTH OKeaHa U
IJIOMIA b TOKPEITHS JIBIOM 3aIaBAINCh IO pe3ynsratam peanammsa Met Office Hadley Centre ¢ 1979 mo 2015
r. Bnusaue crparocdepHoro a’po3ois Ha cofepikaHue 030Ha 1 YO paauanuio y 3¢MHOM MOBEPXHOCTH H3yda-
JIOCh Ha OCHOBAaHWH MCIIOJIb30BaHMS JAHHBIX CITyTHUKOBBIX m3Mepernit SAGE-I u SAGE-Il ¢ 1979 mo 2015 .
[11]. Taxxe OBLT 3aITyIIICH BApUAHT C YUYETOM BIMSHUS BCEX BBIMICTICPEUHCICHHBIX (DAKTOPOB.

J171s1 OTIeHKH 9yBCTBHTEIBHOCTH SpUTEeMHON YOP K N3MEHEHHIO 030Ha MCIIONIB30BAJICS PAJTHALlOHHBIN (ak-
Top ycunenust (RAF, B % Ha 1% n3MeHeHns KOHIIEHTpaliy 030Ha), KOTOPBII paccunThIBajIcs 1o Gopmyie [5]:

RAF(h)=-1.10 * 10** k*+ 1.57 * 10* * h + 0.66,
rae i — Bbicota Counnia. [lJist OlleHKH OTHOCUTEIbHON M3MEHYMBOCTH BCE PACUYEThI POBOJIMIINCH OTHOCHTEIb-
HO 2000 1. Takast MeToMKa ObLITa HCITOIB30BaHA IS YIOOCTBA MOCICAYIOMICH oeHKH YO pecypcoB.

Kpowme Toro, 11 iccnenoBanus peanbHON n3MeHUnBOCTH YOP nomonmauTtenbHo o nanasiM XKM NBM-
PITMY paccunTanbl 3HaYCHUS 00JAYHOTO MPOITYCKAHUS, KOTOPOE MPEACTABISIET COO0M OTHOIICHUE CyMMap-
HOM pajiManuy Jyisi BCero KOPOTKOBOJIHOBOTO CIIEKTpa Mpu obnavHbix ycinoBusx (Qcloud) k Toit sxe BennunHe
npu ycioBusix sicioro Heba (Qclear): CQ=Qcloud/Qclear.

Vicnionb3yst MpUHIMI aJJUTHBHOCTH, UTOTOBBIE OTKJIOHEHUST YOP Oblin HaliIeHbI KaK CyMMa OTKJIOHE-
Hui YOP 3a cuer 0051a4HOrO MPOMYCKaHUSI U OTKJIOHEHHMH 32 CUET M3MEHEHHMsI OOILIEro COJACPIKaHMs 030Ha,
PacCUUTaHHBIX 10 CLIEHAPHIO C YYETOM COBOKYITHOCTH BCEX (haKTOPOB.

Banuaanust noiyueHHbIX 3HAYEHUI TPOBOIUIIACH 110 JIAHHBIM CITyTHHKOBBIX 1pudopoB TOMS u OMI,
MOCKOJIBKY OHU MMEIOT JUTMHHBIA BpeMeHHOH psa u3Mepenuit (¢ 1979-ro no Hacrosiiee BpeMs), a arOPUTMbI
9THUX MPUOOPOB OOECIICUUBAIOT OJHOPOIHOCTD IOJIy4aeMbIX JaHHbIX. JIOMONHUTENBbHO OblIa BBE/IEHA a’po-
30JIbHasA KOPPEKUKWA JaHHBIX CITYTHUKOBBIX HSMCPCHHﬁ. JIJ'[H 9TOT'0 MCIIOJIB30BAJIMCh JAHHBIC Me)KI[yHapOI[HOﬁ
cetu AERONET [15]. [Iiss MOCKOBCKOTO perruoHa MpoBEJeHO COTIOCTAaBIEHNE MOACIbHBIX JTaHHBIX C TaHHBI-
MU U3MEPEHUI MeTeoposioruueckoi oocepearopun MI'Y [14].

PE3Y/IbTATHI

40_ I | |
0 50 100 150
%/10 ner
I [ ([T TTT]
-2 -1 0 1 2

Puc. 1. 3HauyeHunA rofoBbIx TpeHA0B 06na4HOro nponyckaHua aputeMHon YOP(a), otknoHeHni YOP 3a cyeT 030Ha no cLie-
Hapwio ¢ y4eToM Bcex hakTopoB(6), cyMMapHbIx oTKNoHeHWI YOP(B), paccumntanHble 3a nepuog ¢ 1979 no 2015 rr. no gax-
HbiM XKM VIBM-PAH. LTtpuxoBKol Ha (a) nokasaHbl 0611acTv TpEeHA0B o 3HauMMocTbio bonee 95%. Bee TpeHabl Ha (6) v (B)
ABNAIOTCA 3HAYUMBIMU.

[To pesynbraram pacueroB XKM MBM-PITMY oueHens! TpeHbl 00Ja4HOTO mpomnyckanus 3a 10 yet
(puc. 1a). Kak BUIHO 13 prCyHKa, TNIABHOM IPHYMHON N3MEHEHHH 00JIAUHBIX MOJICH SIBIISICTCS 001IIast IUPKYIIsi-
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st arMocepbl. Posib TOro Wi WHOTO IEHTpa NeHCTBUS aTMOc(hephl MEHSICTCS B 3aBUCUMOCTH OT BPEMCHU
rozia. 3UMOH SIPKO BBIACISCTCS 00IaCTh MOJOKUTEIBHBIX TPCHIOB HaJ BanTHKOM, CBA3aHHBIX, [0 BCCH BUIH-
MOCTH, C YMCHBIIICHUEM ITOBTOPSEMOCTH IIMKIIOHOB B paiione Mcnanackoit nenpeccun. O0macTh OTpUIIATEIb-
HBIX TpeH0B HaJl OXOTCKUM MOPEM IPOSIBIISIETCS, BEPOSTHO, U3-3a YCUIICHHS AJIEyTCKOTO MUHUMYMA U, KaKk
CJIC/ICTBUE, YUAILICHHUS TOBTOPSICMOCTH IIMKJIOHAIBHOTO THIIA TIOTOJIbI. JIeTOM 00JIACTh OTPHUIIATEIBHBIX TPEH-
JIOB BO3HHKAET B parioHe Kapckoro Mopsi, MOCKOJILKY BEPOSITHO M3-3a ocobeHHocTel OLIA Bce Oonbiiast yacTh
LIUKJIOHOB CMEILAETCS K MOIyOCTPOBY TaiMbIp, IJIe 3aM0MHSETCSl U ucues3aeT. B cBs3u co CHUKEHUEM HHTEH-
CHUBHOCTH JTAJILHEBOCTOYHOTO MyCCOHa [2] Ha BocTOuHOU mepudepun EBpasun HaOMOnacTCs 30Ha MOJIOXKHU-
TEJBHBIX TPEHI0B 00JIauHOTO Tporyckanus. [Ipu ocpeHEHUN 3a T0J] BUIHO, YTO HAHOOJIbIICE 3HAYCHUC IS
JIAHHOW TEPPUTOPUHU UMEIOT Bapualuu Fcnanackoro 1 AjieyTcKOro MUHUMYMa, JaIbHEBOCTOYHOIO MYCCOHA,
a TaK)ke KOHTPACT TeMIIepaTyp cylia/Mope.

Uro kacaercs TpeH10B YOP, KOTOpHIC HAOMIOMAOTCS 32 CUCT BapHanuil 030Ha (puc.10), To ux pacmpere-
JICHHE B TCUCHHUE T0ja OOJIBIICH CTCIICHU 3aBUCUT OT (POTOXUMHUYCCKUX M JIUHAMHYCCKUX MPOIECCOB B CTpa-
Tocdepe, XOTs BIUSHUC LICHTPOB ICHCTBHS aTMOC(EPhI TAKXKE UMEET MECTO. Tak, B sHBape 00JIaCTh HYJIEBBIX
Y HEBBICOKHUX TIOJIOKUTEIBHBIX TpeH10B YDP cBsizaHa ¢ 6oJiee BEIpaKEHHOMW B TIOCIICTHIE TObI [9] aaBeKiuen
00raToro 030HOM BO3/lyXa U3 HU3KUX IIUPOT, KOTOPAs CYIIECTBYET Onarofapst nupkyisiiuu bproepa-J/{o6coHa.
B ampesie Haubosee sIpKko MPOCIICKUBACTCS YMCHBIIICHAE 030HA 32 CYET aHTPOIIOTCHHBIX AIMHUCCHUI raJIOTCHOB,
KOTOPBIC YUACTBYIOT B TETCPOTCHHBIX PEAKIIMAX Ha MOBEPXHOCTH MOJISIPHO-CTPATOCHEPHBIX 0OIAKOB, IIPUBO-
JSIIIMX K pa3pylIeHUIO MOJIEKYJ 030Ha, a CJIeJ0BATENbHO K yBennyeHuo YOP y noBepxHoctu. B utose mosno-
skuTenbHble TpeHabl Haj EBpomnoit u ETP Bo3HuKaroT, BEpOsITHO, BCIEACTBUE YBEJIMUECHHS TOBTOPSIEMOCTH B
JIAHHBIA [IEPUO]] AHTUIMKIIOHAJIBHOTO THIA MOTOMbI, CIOCOOCTBYIOIICH YMEHBIIICHHUIO 030HA HAa BBICOTaX. B
OKTSIOpE BBIJCIISIOTCS 30HBI 3HAYUMBIX OTPHIATSIBHBIX TPEeHIOB Hax Kapckum mopem, mopeMm JlanTeBbix u
Bocrouno-Cubupcknm mopeM. 13 pucynka 1B BUIHO, 4TO cCyMMapHble u3MeHeHus: YOP Bo MHOTOM 1OBTODSI-
1T oTKJIOHeHUsT YOP 3a cuer o30Ha. Bkiiag 001a4HOrO MPOMYCKaHUs B TCYCHHUE TOa 3aMETCH B MOJISIPHBIX
obnactsx Hax CeBepHoit EBporioii, a Takxke B SHBape U UIOJIC B 30HE ICHCTBHS 1aJJbHEBOCTOUHOTO MYCCOHA.

[IpoBenenue cpaBHeHust co ciryTHUKOBBIMU JaHHBIMU OMI, TOMS ¢ yueToM 10nonMHUTEIBHON a9P030Iib-
HOM KOPPEKIUU BBISIBUIO YIOBJIETBOPUTEIHLHOE COTNIACHE C JAHHBIMHU PACUETOB.

BblBOAbI

1. Pesynbrarsl skcnepumentoB ¢ XKM UBM-PITMY noka3zaiu, 4To BIMSHAE aHTPOIIOTCHHBIX BBIOPO-
COB SIBJISIETCS] HanOoJIee CyIIeCTBEHHON MPUYNHOI COKpaleHus 030Ha U, KaK clie/icTBre, pocta YOP Hax Tep-
puropueii CeBepHoii EBpasun, B TO BpeMsi Kak BIMSHHE €CTECTBEHHBIX (DAKTOPOB B OT/EIBHBIC IEPUOIBI MO-
JKET OBITh TAKXKE CYIIECTBCHHBIM.

2. B cpemneM 3a ron Ha Beelt Tepputopun CeBepHoii EBpazuu HaOMrOIat0TCs TTONIOKUTEIbHBIC TPeHIBI YDP,
cocrasisitonye 1-2%/10 net. Onpenenens! paiioHbl, r/e HaOmoaaeTcst Handosee BeIpakeHHbIe TpeH bl YOP.

3. ConocraBieHus ¢ JaHHBIMU CITyTHUKOBBIX MU3MEPEHUIl B LIEJIOM COIIACYIOTCS C PE3yJbTaTaMH, MOIy-
YEHHBIMH 110 JaHHBIM MOAEIHPOBAHUS.
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the climate system. The concept of empirical orthogonal functions (EOFs) is introduced in [1].
As the beginning the EOF analysis in the INM RAS model was applied to the monthly mean values of
sea-level pressure in the northern hemisphere. The first EOF is presented in the graph (Fig. 1).

It can be seen that the first EOF is expressed in a decrease of pressure at high latitudes and in its increase in
the subtropics. It is also evident that pressure peaks are observed over the oceans. These results correspond
quite well to observations. A similar phenomenon in nature is called arctic oscillation.

Let's consider the first EOF, built for the data of the monthly mean temperature of the Pacific Ocean in
tropics (Fig. 2). This figure is comparable with observational data of the natural TOS anomaly during El Nifio.

In addition, the air temperature at various heights and latitudes averaged along the longitude was
processed. These model data contain temperature anomalies for 199 years beginning in August of the 1st year
and ending with July of 200" year. Before calculating EOFs the annual climatic motion mean was subtracted
from data and there was left only the northern hemisphere, starting at 18.75°N. Then the first five EOFs were
calculated. The first EOF of the temperature anomaly at the 84.75°N latitude is shown in the graph (Fig. 3). It
can be seen that during the winter period the temperature anomalies drop down, and the stratosphere warms.
This process reflects a picture of sudden stratospheric warming. Also, another characteristic feature of sudden
stratospheric warming is noticeable in the INM RAS model - the period of cold weather in the near-polar
regions, which comes after this phenomenon.

Comment

Figures are the same as in the Russian version of article.

In this work we use empirical orthogonal functions to calculate the main modes of the natural variability of

NccnepoBaHue rmaBHbIX MO ecTeCTBEHHOW U3MEHYMBOCTU
B KNnMaTtudeckom mogenv UBM PAH

'Bopobbesa B.B., ‘Bonogu E.M.

"MoCKOBCKMI GU3MKO-TEXHWUECKMIA MHCTUTYT, [onronpyaubii, Poccua
ZVIHcmTyT BbluMcnuTeNnbHou MateMaTtuku PAH, MockBa, Poccua
E-mail: VVorobyeva@yandex.ru

ITIABHBIX MOJI €CT€CTBEHHOI N3MEHUMBOCTHU KIIMMATHUYE€CKOH CUCTEMBI.
BBeném noHsATHE SMIMPHYECKUX OPTOrOHAIBHBIX QyHKIMH (DOP), kak 310 crenano B [1]. [lycth
rae i — MHJIEKC 1O NMPOCTpaHcTBy, i = 1,....I; n =1,..., N — UHIEKC MO BpEMEHHU.

B JTAaHHOW pabOTe MCIOJIB3YeTCs anmapar SMIMPHYECKUX OPTOTOHAJIBHBIX (DYHKUWH AJISI BBIYHCICHHS

nMeercst Habop MaHHBIX T;

in>
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Maccus T MOXET ITpEACTaBIATh cOOO JTaHHBIE HA PETYISPHON CeTKe WM Ha craHnusx. [lycts cpenHee 1mo
BpEeMeHHM 3HaueHHE 7 B KQKI0H TOUKE MO MIPOCTPAHCTBY PABHO HYIIIO, T.C.:

N
Z Tyn=0
n=1

Jutst mro0oro i. Ecim 3To He Tak, TO BEIUTEM CpeiHee 3HaYeHHEe U3 MaccuBa .
CymmapHas gucriepcus D 3TOro MaccuBa €CTh CyMMa JUCIEPCHUI B KaXKI0H TOUKE 110 IPOCTPAHCTBY:

N 1
NXE

n=1i=1
B paccMarpuBa€MOM IIPOCTPAHCTBE MOKHO BBECTH OpTOHOpMI/IpOBaHHHﬁ Oasuc u3 BEKTOPOB E,-, 110 KOTO-

poMy paznoxxum mMaccuB T+
I
Tin = Z CinE;
i=1
rae C;, — xoadpdunuentsl Dypoe.
Bgeném nonsitue qucnepenn D,, mpuxosiieiicss Ha 6a3ucHbIN BekTop £

N
D; = Z Cty
n=1

CyMMa ,Z[PICHepCHﬁ, MPUXOASIINXCA Ha BCC Oa3nCHbBIC BCKTOPBHI, paBHA IIOJIHOI AUCIICPCUU:

I
D=ZDL
i=

OmnpenenuM SMIUPHUECKHE OPTOTOHATBHBIE @yHKI_IU/m MaccuBa T Kak 0as3uc, AJsl KOTOPOTO HA MEPBBIN
BEKTOp MPUXOANTCS MAaKCHMallbHAsl JUCHEPCHS N3 BCEX BO3MOXHBIX BEKTOPOB €AMHWYHOW JUIMHBI; BTOPOI
BEKTOpP OPTOTOHAJICH MEPBOMY, X Ha HETO MPUXOANUTCS MaKCUMAaJIbHAS TUCTIEPCHUS U3 BCEX €IMHUIHBIX BEKTO-
POB, OPTOTOHAJIBHBIX MEPBOMY; TPETHH BEKTOP OPTOTOHAJIEH NEPBBIM ABYM, M Ha HETO TPHXOIUTCS MAKCH-
MaJlbHas TUCIIEPCHS U3 BCEX BEKTOPOB, OPTOTOHAIBHBIX MIEPBBIM ABYM, H T.71. Tak onpenenénnsie DODwI sBIIs-
I0TCSI COOCTBEHHBIMH BEKTOPAMH KOBapHAaMOHHOHM MaTpuibl C ¢ 3neMeHTaMn

N
Cij= Z TinTin
n=1

D0®s! ornpeeeHsl, TakKMM 00pa3oM, ¢ TOYHOCTBIO JI0 YHCIEHHOTO MHOXKHTEIIS.

Kak npasuno, ecinu nepsasg 0@ oTneneHa o JUCHEePCHU OT CIEAYIOIUX, TO OHA ONPEAEIIeTCs KaKuM-
TO OIHUM (PU3UUECKUM IPOLIECCOM, BHOCSIIIIMM HAWOOJIBILINHA BKJIA]] B AUCIIEPCHIO pacCMaTpUBacMOro MacCH-
Ba. OOBIYHO NPOLIECCOM, JIAIOIIUM HAHOOIBIINI BKIIAJ B MCIEPCHIO KAaKOW-JINO0 METEOpOIOTHIECcKOi Beu-
4YHHBI, ABJseTCA e€ rogoBoil xoxd. IToaTomy, eciu crnenuanbHO HE CTaBUTCS 3ajada UCCIEJ0BAaHUS TOA0BOTO
Xo/1a, To Juis BeruuciaeHus D0 u3 maccuBa JAHHBIX FOJOBOM X0/ BBIYUTAIOT.

Ha nayansaoM srare anmnapar D0®-ananu3a B Mozesnin IBM PAH Ob11 mprMeHEH K JaHHBIM CpeiHeMe-
CSIYHBIX 3HAYCHUH JaBJICHUS HAa ypOBHE MOps B ceBepHOM mnoiymapuu. Ha rpaduke (puc. 1) npencrasien
nepsbiii D00.

TON
BON
SON
0N
30N
TON
10N

Puc.1. Mepsan 300 cpeHeMecAYHOro AaBNeHWA Ha YPOBHE MOPA B CEBEPHOM MOJYLLAPUM, OCTPOEHHAA MO faHHbIM Mofie-
nv VIBM PAH.

Bunano, uto nepsast D0® BbIpaxaeTcsi B yMEHBIICHUH JJaBICHUS B BBICOKUX IIMPOTAX U €r0 yBEIUYEHHH
B cyOTponukax. Taxke BUIHO, YTO MAKCUMYMBI JIaBJICHUs HAOIIOAIOTCS Hajl OKeaHaMHU. DTH pe3ybTaThl CO-
OTBETCTBYIOT HAOJIIOICHUSM, B ITPUPOJIE TAKOE SIBJICHUE HAa3bIBACTCSI apKTHYECKUM KOJIEOAHUEM.

Hanee paccmorpuM neppyro 0D, NOCTPOSHHYIO IS JAHHBIX MOJIENHU IO CPETHEMECAYHON TEMIIEPATYpe
noBepxHocTn THXOro okeana B Tpomnukax (puc. 2). laHHBIN PUCYHOK JOBOJIFHO XOPOIIO COIOCTABIIACTCS C
JaHHBIMH HaOMroneHui npupoaHoit anomaauu TTIO Bo Bpems Dib-Hunsbo.
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Puc.2. MNepsan 300 cpegHeMecAYHOM TeMNepaTypbl NOBEPXHOCTM TUXOr0 OKeaHa B TPOMMUYECKMX LUMPOTAX, NOCTPOEHHASA Mo
JaHHbIM Mogenu VIBM PAH.
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Puc.3. Mepabin 300 TeMnepaTypbl BO3[yXa Ha pa3NnyHbIX BbICOTaX, 0CPeAHEHHO BAOMb A0AOThI, Ha LmpoTe 84.75°.

Kpowme Toro, Obli1a ipoBeieHa 00paboTKa TaHHBIX, BBIIABAEMbIX MOJIEIIbIO, @ IMEHHO TEMIIepaTyphl BO3-
JlyXa Ha pa3JIMuHbIX BBICOTaX W IIUPOTaX, OCPEAHCHHON BIOJb JOATOTHL. BhInaya MOJeIH CONEpKUT JaHHbIC
aHOMaJIuy TeMmneparypsl 3a 199 net, HaunHas ¢ aBrycTa 1-ro roaa, u 3akanunBas uroaeM 200-ro rona. U3 nan-
HBIX niepest pacueToM JODOoB ObIT BEIUTEH CPEAHEKIMMATHIECKHUI TOO0BOI X0/I, U OCTABJICHO TOJIBKO CEeBEp-
HOC Tonymapue, HaunHas ¢ 18.75°c.m.. [y JaHHOW BEeIMYUHBI OBUTH BBIYUCIICHBI TIepBhIe 1siTh DODoB. Ha
rpaduxke (puc. 3) nmpeacrasieH nepsbiit DOD TemmneparypHoii anoManuu Ha 84.75°c.11.. BugHo, 9TO B TCUCHHE
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3MMHETO NepHoia aHOMAJIMKM TEMIIEPATyPhl OIyCKalOTCsl BHU3, IPOMCXOANT MOTEIUIEHHE cTparocdepsl. DToT
MIPOIIECC OTpakaeT KapTHHY BHE3AIMHOTO CTparocdepHoro notemienus. Takxke B mogenu IBM PAH 3amerHa
emé oJjHa XapaKkTepHast 0COOCHHOCTh BHE3AITHOTO CTPATOC(EPHOTO MOTEIIICHUS — HEPHO/] TOHM)KEHHNS TeMIIe-
paTtypbl B OKOJIOMIOJISIPHBIX 00JIACTSIX, HACTYHAIONINH 1TOCIIe YKA3aHHOTO SBICHUSL.

Paboma svinonnena 6 UBM PAH npu noooepacke PH®, epanm 14-27-00126.

Jumepamypa:
1. Bonoouwn E.M. Mamemamuueckoe modenuposanue oduel yupkyiayuu ammocgepul. Kypc nexyuii. —
M.:UBM PAH, 2007. — 89c.

Impact of autumn snow cover anomalies on following winter
atmospheric dynamics in Siberia

"Martynova Yu.V., °Kharyutkina E.V., "*Krupchatnikov V.N.

'Siberian Regional Hydrometeorological Research Institute, Novosibirsk, Russia
’Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia

high latitudes of the Northern Hemisphere is a fundamental scientific task. The most extensive snow

cover is formed in the Siberian part of the Eurasian continent. According to the NOAA satellite observa-
tions the main formation of snow cover in Siberia occurs in October [Gong G. et al., 2003; Dymnikov V.P. and
others, 2003] that is associated with the change of seasons and the corresponding the changeover of the climate
system behavior on this territory. It is obvious that the area of the snow cover formed in October can signifi-
cantly affect the formation of processes that determine the climate system state in the following winter. [Allen
R.J., Zender C.S., 2010; Barnett T.P. Et al., 1989; Gong G. et al., 2002; Walland D.J., Sommonds 1., 1997;
Watanabe M., Nitta T., 1998]. The mechanism of this interconnection is complex and largely involves strato-
spheric processes [Cohen J. et al., 2007].

The goal of this research is to assess the effect of positive snow cover anomalies, formed in October in Si-
beria, on the climatic conditions of this territory, which are formed in the following winter, using observations
and climatic modeling data. Here the term "positive snow cover anomaly" means the exceeding by more than
one standard deviation of the mean multi-year value of the October snow cover area.

The data obtained using the INMCMS climate model [Volodin E.M., 2014] for the two vertical resolution
options: 73 and 128 vertical levels in the atmosphere and observations were used for the study. The modeling
period was 30 years: 1979-2008. The spatial distribution of the anomalies of the geopotential height, the behav-
ior of the Arctic oscillation (AO) and the air temperature at the surface were considered.

Complex analysis of the snow cover variation in October, the AO index and the air temperature at the sur-
face in the following winter did not reveal an obvious direct relation between this parameters. The regions of
maximum and minimum of the AO pattern are shifted clockwise relative to the leading mode obtained by
NOAA for the period 1979-2000 according to NCEP reanalysis data. Analysis of the anomalies of the geopo-
tential height showed significant changes in wave activity (enhancement) in the case of snow anomalies only at
heights above the boundary layer (above 850 hPa). Amplification occurs only in December in the stratosphere.
Downward propagation of wave anomalies into the troposphere is obtained in January only in the case of a high
vertical resolution (128 vertical levels in the simulation) and in February in both vertical resolution options.

This study is partially supported by the RFBF grants 16-35-00301, 16-05-00558 and by the grant of the

RF President MK-2018.2017.5.

The study of the influence of autumn snow cover on the climate of the following winter at the middle and
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BnvAHne aHoOManui oceHHero CHeXHoro NoKpoBa
Ha aTMochepHyIo AMHAaMUKY nocneaytoLen 3umon B Cnbupm

"*MaptbiHoBa 10.B., "XapiotkuHa E.B., ““Kpynuathukos B.H.

'CH6MpCKMIA pernoHanbHbIi HayYHO-UCCef0BaTeNbCKUI MMAPOMETE0PONOrYecKmil MHCTUTYT, HoBocubupck, Poccua
ZVIH::TMTyT MOHUTOPUHIa KNIMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccua

CClIeIOBaHKE BIMSIHUSI aHOMAJIUI OCEHHEr0 CHEXHOTO MOKPOBa CPETHUX U BBICOKUX IHPOT CeBepHO-

TO TONyIIApHs Ha KIUMAT MOCICAYIOMEro 3MMHETO CE30Ha ATOW TEPPUTOPUH sBIsieTcs (hyHIaMEH-

TaJbHOM HayYyHOU 3amaducii. B 3uMHUIT Ce30H 1eNbIN PsiT AMHAMHYCCKUX acrieKToB atMocdepst Ceep-
HOTO MOJylIapusi, TAKUX KaK, HalpUMep, PACMOI0KEHHUE MOISIPHOTO CTPYHHOTO TEUEHHUs, IITOPM TPEKU, TEM-
TepaTypHbId pexxum, onpenensercs Apkrnaeckum koiebanueM (AK). CymectBoBanue AK oOycrosieHo, B
MIEPBYIO OYepelb, BHYTPCHHEH JUHAMHKON Tporocdepsl U KpyIMTHOMACIITaOHbIME BUXpsiMu. [Ipu 3ToM, oHa-
KO, CYIISCTBCHHOC BIIUSHIE HAa HETO MOT'YT OKa3bIBaTh M JIPyTUe mpoliecchl, Takue kak El Nino, kBa3u-1Byx-
JICTHEE KoJIeOaHue, a TAaK)Ke BapHallys TUIOINAAN CHE)KHOTO IMMOKPOBa. B cHly KIIMMaTHYecKUX 0COOCHHOCTEH
HauOoJee OOMUPHBIA CHEXKHBIN TTOKPOB (DOPMHUPYETCS B CHOMPCKON YaCTH €Bpa3uiicCKoro KOHTHHEHTA. boee
TOTO, 10 JAHHBIM CITyTHUKOBBIX HaOMrOneHUN HalnnoHaIpHOTO yIpaBIICHUS OKCAHHMYCCKUX M aTMOCHEPHBIX
nccnenoBannii (NOAA) ocHOBHOE (hOpM MPOBAHUE CHEXKHOTO MOKpoBa B CHOMPU MPOUCXOIUT UMEHHO B OK-
0pe [Gong G. et al., 2003; IeimankoB B.I1. 1 np., 2003], 4TO cCOMpsiKEHO CO CMCHOI CE30HOB M COOTBETCTBY-
IOILMM MEePEeCTPOCHUEM MOBEIECHUS KIMMaTHUYECKON CUCTEMBI Ha 3TOU TEPPUTOPUH.

O4YeBHHO, YTO BEIIMIHHA C(HOPMHUPOBABIIIECTOCS B OKTIOPE CHEKHOTO MOKPOBA MOXKET OKa3bIBATh 3HAYH-
TEJNIBHOC BIUSHHUE HA (POPMUPOBAHKE MIPOIECCOB, OMPEACIIIONIAX COCTOSHHIE KIIMMATHYECKONH CHCTEMBI B T10-
creayrommi 3uMHui iepuoa. CymiecTByeT psif padoT, OMUCHIBAIOIINX HATWIHE JAHHOW CBSI3U 10 Pa3IMYHBIM
nmarHbIM MonenupoBanust [Allen R.J., Zender C.S., 2010; Barnett T.P. et al., 1989; Gong G. et al., 2002; Walland
D.J., Sommonds I., 1997; Watanabe M., Nitta T., 1998]. MexaHu3m 3Tol B3aUMOCBSI3H CI0KEH U B 3HAYUTEIIb-
HOW CTeTleHH 3aTparuBacT cTparocdepHsie nporecchl [Cohen J. et al., 2007]. BenmnunHa CHEXXHOTO MMOKpPOBa
EBpasuu paccmarpuBaeMoii TEPPUTOPUE OCCHBIO OBICTPO YBEIHMYUBACTCS, IIPEBBIIIAs HOPMAIBHOE 3HAYCHHE.
BoszHukiee muadaTndecKoe BBIXOIAKUBAHUE CIIOCOOCTBYET YBEIUUCHHUIO JABJICHUS HA TCPPUTOPHH H IIPHBO
JIUT K CHMPKEHHUIO TEMIEPATYPhl HUKE HOPMBI, YTO MPUBOAUT K YBEIMUEHHUIO BOCXOSIIMX TOTOKOB SHEPTUH B
Tpormocdepe, KOTopble MOMIOImATcs B crparocdepe. CuiibHass KOHBEPICHTHOCTHh BOJHOBBIX IMOTOKOB 00-
YCIJIaBIMBAET YBEIMUCHUE 3HAUEHU I reONnOTeHIMAIBHBIX BBICOT, 3aME/JICHHE TOSIPHOTO BUXPS U YBEIUYECHUE
TeMIeparypsl B cTparocdepe. Bo3HHUKIINE aHOMATHU T€OMOTCHIIUABHBIX BEICOT H BETPOB PACIPOCTPAHSIFOT-
sl BHU3 U3 cTparocdepsl B Tporochepy BIUIOTH 10 TIOBEPXHOCTH. B pe3ynbrare, Ha MOBEPXHOCTHU MIPOSBIIICTCS
cuibHas oTpuiarenbHast (aza AK, BeIpaKCHHAS B yBEITUUCHUH PU3EMHON TEMIICpaTyphl BO3yXa.

Hecmotpst Ha To, UTO paccMaTpUBaeMblil MEXaHHU3M B3aUMOJIEHCTBHUS U3BECTEH U Xopolo onucad [Ilomo-
Ba B.B. u 1p., 2014; Cohen J. et al., 2007], cymiecTByeT HECKOIBKO MPUYUH, [0 KOTOPHIM JaJTbHEHIIINE HCCIIe-
JIOBaHUS B 3TOH 0OIACTH OCTAIOTCS aKTyallbHBIMU. BO-TIepBBIX, BBISABICHA TOJEKO OOIIas cXeMa MEXaHH3Ma
BIIMSIHUS, HO TIPU TOM OCTAETCs HE 0 KOHLA BBIICHEHHOM CrJjla BIUSHUS OHUX MPOLIECCOB HA JIpYTrHe, a TaK-
JKE YCIIOBHS NPOSIBIICHUS HAHO0JIee aKTHBHOTO BIUSHUS. BO-BTOPBIX, 1O JAHHBIM HAOIFOICHUI, B CHITY UX HE-
PETYIASPHOCTH IO MIPOCTPAHCTBY (0c0OeHHO Ha TeppuTopuu CHOMPH) U, 3a4aCTYI0, IO BPEMEHH, MOXKHO TTOJTY-
YUTH TOJBKO OOIIYIO OIICHKY CBSI3U PacCMaTPHBACMBIX IIPOIIECCOB. JJaHHBIC HAOIIONCHIIA TO3BOJISIOT TPOBE-
PUTh HATIPSMYFO TOJBKO OTIICIIEHBIC B3aUMOICHUCTBHUS B paMKaX PacCMaTPUBACMOT0 (PH3HMUYSCKOTO MEXaHU3Ma.
DTOT MEXaHHW3M B 3HAYHTEIBHOW CTEIICHU 3aTPardBacT MPOIECCHl B cTparocdepe, rie MOYTH OTCYTCTBYIOT
JTAaHHBIC MHCTPYMCHTAIBHBIX HAOIIOJCHUHN, a TIPHU HCIIOIh30BAHUY CITyTHHKOBBIX JaHHBIX BOSHHKACT PSII J10-
MTOJTHUTEIBHBIX clIokHOCTeH (Hampumep, Vermote E.F. et al., 2002). Kak crnencTBue, OQHUX TOIBKO JaHHBIX
HAOJTIOCHUN HEIOCTATOYHO ISl MCCIICAOBAHUN OTKIIMKA aTMOC(EPHBIX MPOIIECCOB HA OOJIBIINX BHICOTaX. B
9TOM CITydae HAMITYUIIAe Pe3YIbTaThl MOXKET IaTh TOJIILKO COBMECTHOC MCIIOIb30BAHUE JTJAHHBIX HAOMFOICHUHN U
MOJIETTUPOBAHUSI.

[enbro paboTHI OBLTA OIICHKA BIHASHUS MOJIOKUTEIIEHBIX AaHOMAITHI CHEKHOTO MTOKPOBA, OPMHUPYIOIIETO-
csl B OKTsI0pe Ha Tepputopun CuOMpH, Ha KIIMMATHYCCKHAC YCIOBUS 3TOW TEPPUTOPUH, (POPMUPYIOIIUECS B
MOCJETYIOMINIA 3MMHUN CE30H 0 JaHHBIM KJIMMAaTUYeCKOr0 MOACIMPOBAHUS. 3€Ch TEPMUH «IIOJIOKUTEIbHAS
AHOMAJTUs CHEXKHOTO ITOKPOBAY O3HAYACT MPEBBIIICHUE Ooee, YeM Ha OTHO CTAHJAPTHOE OTKIIOHEHUE CPETHe-
TO MHOTOJICTHETO 3HAYCHHUS TUIOMIAIA CHEKHOTO IIOKPOBA, (DOPMHUPYIOLIETOCS B OKTIOpE.

Jist mccnenoBaHus OBUTM MCIIOTB30BaHbI TAHHBIC MOJICITHPOBAHUS, TIOTyYCHHBIC C TOMOIIBI0 KITMMaTHYC-
ckoit Mmopenn INMCMS [Volodin E.M., 2014] st AByX BapuaHTOB BEpTHKaJIbHOTO paspemieHus: 73 u 128
BEPTHKAJIBHBIX ypoBHEH B armocdepe. [lepnon moxenuposanus cocrasmi 30 set: 1979-2008 rr. [{nst kaxoro
roJia pacCMaTPHUBAEMOro Iepro/ia OblIa ONMPEAeTICHA TUIOINAAb CHEXKHOTO TIOKPOBa, CPOPMUPOBABIIASCS B OK-
Ts0pe Ha Teppuropuu Cudupu (60-125 B.1. u 50-78 c.mr.). JleraiapHbBI aHATH3 CXEMbI BIUSHHUS aHOMATHN
IUIOMIAIN CHEXKHOTO MOKpoBa CuOHpH Ha aTMOC(HEPHBIC YCIOBHUS HA pacCMaTPUBACMOI TEPPUTOPUH TOCIICTY-
FOLICH 3UMOi, peIoskeHHO# B padoTe Cohen J. u ap. [Cohen J. et al., 2007], moka3an, 4ro HanboJee moKasa-
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TEJILHBIMHU JJISl HCCJIEIOBAHMS 10 JAHHBIM MOJICIIMPOBaHMUS Oy/IyT MOBEJICHNE TPOCTPAHCTBEHHOTO pacipesie-
JICHUS! aHOMaJIMii BBICOTHI I'€ONOTEHIInalIa, HoBeieHne Apkrudeckoro konebanus (AK) u remneparypa Bo3y-
Xa y MOBEPXHOCTH.

C nomompsto EOF-paznoskenust (pazioyKeHust 110 SMIUPUYECKUM OPTOTOHAIBHBIM (DYHKIIHSIM) BBICOTHI I'€0-
norennuaina Ha 1000 rlla Obut osyueH uneke u aBHas Mozxa AK st pacemarpuBaemoro riepuona 1979-2008.
CoBMeCTHBIN aHaAIIN3 BapUalliK TUIOMIA/N CHEXKHOTO TIOKPOBa, ChOpMUpPOBaBIIErocs B OKTs10pe, nHaekca AK u
TeMIEepaTyphbl BO3/lyXa Y TIOBEPXHOCTH B MOCJIEAYIOIINE 3MMHIE MECSIIbI HE BBISIBUJI SIBHOW IPSIMOW 3aBUCHMO-
CTH MEXJy paccMaTpuBaeMbIMH ITapaMeTpamu (pUCYHOK 1). 31ech He0OOX0IMMO OTMETHTb, YTO 00JIaCTH MaKCH-
MyMa U MUHHMYyMa I1aBHOUM Mozl AK cMeleHbl B HalpaBJICHUH 110 YaCOBOM CTPEJIKE OTHOCUTEIILHO BeTyIIei
moibl, mosryueHHoit NOAA s nepuoaa 1979-2000 o nanubiM peananuza NCEP (pucyHok 2).

AHanu3 aHOMaJIMi TeoOTEeHIMAaNa 110 BBICOTE ITOKa3all, YTO 3HAYMMbIE M3MEHEHHsI BOJIHOBOW aKTHBHOCTH
(ycusnenue) B ciiydae CHEXHBIX aHOMAJIMH HPUCYTCTBYIOT TOJIBKO Ha BBICOTAaX BBIIIE ITOTPAHCIIOS (BBILIC
850 rlla). B nexabpe ycuiieHne MpOUCXOIUT TOJBKO B cTparocdepe. B sHBape - TOJIBKO B Cilyyae BBICOKOTO
BEPTHKAJIBHOrO paspemieHus (128 ypoBHel 1o BepTHKaJIM MPH MOJACINPOBAHNH) HAOIIONACTCST HAYaIo pac-
MIPOCTPaHEHMs] BOJIHOBBIX aHOMaJIMi BHU3 B Tponiocdepy. B depaie, yxe npu o0onx BapuaHTax BepTHKAIb-
HOTO pa3peuIeHus! OJIyYeHO PAaCcIIPOCTPAaHEHHUs BOJIHOBBIX aHOMaJIMK BHU3 110 Tporocdepe.
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Puc. 1. Cepxy BHM3: NPOLIEHT TEPPUTOPMM, MOKPLITOI CHErOM B OKTABPE, MHAeKC AK 1 TeMnepaTypa Bo3ayxa y NoBepXHO-
CTV Ans fekabpn, aHBapa u despans, 3a nepuog 1979-2008. YepHan nnMHMA — 3HaueHus ona 3anagHoi Cubumpu; kpacHas
— ana 3anagHon 1 BoctouHoit Cnbupw; ructorpaMMa — mHLeKe AK; BepTUKanbHbIE IMHUM — MaKCMMYMbl N/10LaM OK-
TABPBLCKO0 CHEMKHOMO NOKPOBa. Pe3ynbTathl noslyyeHbl No AaHHbIM Mogenu INMCMS c a) 73 v 6) 128 BepTvKanbHbIMK ypoB-
HAMM B aTMOC(epe.

Kpome Toro 6pU10 paccMOTPEHO M3MEHEHHE MHTEHCHBHOCTH CHOMPCKOTO aHTHIMKIOHA, KaK YaCTHOTO
aTMOC(EpHOro MPOSIBICHHUS, XapaKTEPHOTO I paccMarpuBaemMoii repputopun CHOUpH B TeueHHe 3UMbIL. HH-
TeHCHBHOCTh CHOMPCKOTO aHTHIMKIOHA B JAHHOM HCCJICIOBAHUH ONPEICISIACH 0 METOMKE, MPEITOKEH-
HoW B pabote Panagiotopoulos F. [Panagiotopoulos F. et al., 2005], kak cpeanee mo tepputopun 40° — 65° c.i.
u 80° — 120° B.1. naBieHKe, IPUBEACHHOE K YPOBHIO MOpsl. BbIIO MOKa3aHO, 4TO aHOMaJIbHO OOJIbIIAsK TIIO-
aIb CHEXKHOTO TIOKPOBA HE MOXKET PACCMATPUBATHCS, KaK SMUHCTBEHHBIH (HaKTOP MPEAIICCTBYIOIINIA aHO-
MaJbHOMY TIoBeaeHHI0 CHOMPCKOTO aHTHIHKIIOHA.

Paboma svinonnena npu yacmuunoi noodepacke epanmos PODU Ne 16-35-00301, 16-05-00558 u
epanma Ilpezudenma PO MK-2018.2017.5.
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s ; 2 . Leadi F (19%) = ¥
Empirical Orthoganal Functions Empirical Orthogonal Functions Leading EOF (19%) shown as
INRACMS VR, 73, 1979.2008 INRACHIS V.R.128, 1979-2008

regression map of 1000mb height (m)
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Puc. 2. naBHasA Mofia pa3norKeHUA CpeHEMECAYHBIX 3Ha4eHNI BbICOTbI reonoTeHumana Ha 1000 rlla no amMnmpuyeckum
OpTOroHasnbHbIM dyHKLMAM 3a nepuog 1979-2008, nonyyeHHoe no aaHHbIM Mogenm INMCMS ¢ a) 73 1 6) 128 BepTUKanbHbI-
MW ypoBHAMM B aTMocdepe 1 B) nonyveHHaa NOAA no gaHHeiM NCEP 3a nepuog 1979-2000.
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Study of atmospheric circulation in the Antarctic region:
Comparison of observational data at Antarctic stations
with climat model data INMCM5

'"Marchuk E.A., *Volodin E.M.

'Lomonosov Moscow State University, Moscow, Russia
’Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: marchuk-ekaterin@mail.ru

One of the most important regions affected by global climate change is Antarctica. It contains about

61% of all fresh water on Earth, which is equivalent to 70 m level of the World Ocean. The early melting
of the Antarctic ice sheet can lead to catastrophic consequences, so it is important to correctly reproduce the
climate of this region in numerical models of the climate system.

This work consists of two stages. At the first stage, a comprehensive analysis of two Russian Antarctic sta-
tions Vostok and Bellingshausen was carried out. They are located in the zone of the Antarctic plateau, and on the
islands near the Antarctic Peninsula, respectively. It was revealed that the model reproduces well the main meteo-
rological parameters in the inland Vostok station, since the main meteorological fields remain homogeneous for
many kilometers. A completely different picture is formed at the island station Bellingshausen. In winter, the cell
of the model in which the stations are located is covered with ice and the circulation above it is reproduced as
above a glacial shield. Hence the colossal difference in the values of all meteorological quantities.

At the second stage, 14 stations were compared by three meteorological parameters: temperature at 2 me-
ters, pressure and surface wind speed. Underestimated values of wind speeds on the entire Antarctic continent
in the model were obtained. This gave grounds for carrying out further numerical experiments with the model
with a modified roughness parameter, on which wind speed mainly depends.

The climatic system, as a whole, is composed of regional climates and their interaction with each other.

N3y4deHre umprynAaumm atMocdepbl B AHTapKTUYECKOM
PEerMoHe: cpaBHeHMe AaHHbIX HabngeHnN

Ha aHTapKTUYECKMX CTAHUMAX C AaHHBbIMU KMMaTUYeCKOoN
monenu IBM PAH

'Mapuyk E.A., Bonoaut E.M.

'MocKOBCKMIA rocynapcTBeHHbIii yuBepcuTeT M. M.B. JloMoHocosa, Mockea, Poccusa
ZVIchnyT BbluMCUTeNbHOM MaTeMaTuku PAH, MockBa, Poccus
E-mail: marchuk-ekaterin@mail.ru

MaTeMaTH4eCcKOro MoJIeIMpoBants. Pa3paboTkoil U ycOBepIIEHCTBOBAHMEM INIOOAIBHBIX KIIMMaTHie-

CKHUX MOJIEJIeH B MUpE 3aHUMAIOTCsI BO MHOTHX Hay4YHO - HCCIJIEIOBATEIbCKUX IeHTpax. B nanHoii pabo-
Te McIoib3oBajack Mozaenb MHctutyra Beruncaurensnoit Maremarnku PAH (INMCM). CemelicTBo KiMMa-
traeckux moxeseit INMCM cocTouT mM3 IBYyX IVIaBHBIX OJIOKOB:O JIOKa OOIIEH HUPKYISALUH aTMOoc(epsl U
6110Ka oOrmielt nupKymsauy okeana. C HEKOTOPOH MEPUOAMIHOCTBIO BHIXOSAT HOBBIE BEPCHUH MOJIENH C MTOCTO-
SITHHO COBEPIICHCTBYIOIIEH TapameTpu3anueil. B nannoii pabore OynyT paccMoTpensl qanusie Bepcun INMCM
5. OHa uMeeT NpOoCTPaHCTBEHHOE paspemenue 2°x1,5° u 73 - 1 ypoBHS IO BEPTUKAIIH.

Knumarnueckast cuctema, Kak €JUHOE 1IeJ0€, HEIPEPIBHO U3MEHSETCS 10/ AEHCTBUEM BHEIIHUX U BHY-
TpeHHHX (pakTopoB. OHUM U3 TJIABHBIX IIOCTABLIMKOB X0JI0/Ia BHYTPH 3TOH CUCTEMBI SIBISIETCSI AHTapKTHAA.
Ona 061a7aeT caMbIM GOJBIIMM Ha TLIAHETE TTOKPOBHBIM JIEHUKOM, 00BEM KOTOPOTo AocTHraeT 30 MIH. KM,
JlenHUKOBBII NOKPOB AHTAPKTH/IBI UyBCTBUTEJICH K M3MEHEHHIO OKPY’KaroIeH cpe/pl. B ¢Bsizu ¢ rm1odanbHbIM
MOTEIUIEHUEM aHTapKTUYECKHE JIbJbl HAUMHAIOT aKTUBHEE TasiTh, BHOCS CBOW BKJIAJ B MOBBIIIEHUE YPOBHS
MupoBoro okeana. Takum 0Opa3om, AJst JaJbHEHIIero 6ojiee TOYHOTO MPOTHO3NPOBAHUS KIIMMaTa OyryIero
BaXKHO [IPABUIILHO BOCHPOU3BOAUTE KJINMAaT AHTaPKTUYECKOTO PErMOHA U €r0 OTKIMKHM Ha MU3MEHEHHE OKpY-
JKaIoLIEH cpebl.

B paccmarpuBaemoii pabote Ha ocHOBe gaHHBIX Mogean INMCMS Obutn nosydeHs! rpaguky U GpyHKIUH
pacripezieieHusi CpaBHEHHUSI OCHOBHBIX METEOPOJIOTHYECKUX ITapaMeTpoB ¢ HaOJIIONAaeMbIMU BEIMYMHAMHU Ha

B COBPEMCHHOM MHUPE OCHOBHBIC IPOLIECCHI, (bOpMI/IpyIOIHI/Ie KJIuMar 3€MJ'II/I, HU3y4aroTcd € IMOMOLIbIO
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JABYX aHTapKTHYCCKUX CTAaHIUA — EemchrayseH u BocTtok. B kauecTBe Takux napaMeTpoB 6I>IJ'II/I B3SThI. TEM-
neparypa Ha 2-x MeTpax, Ipu3eMHas TeMIleparypa, BIaXXHOCTb U CKOPOCTh BeTpa. CpaBHEHHE MPOBOAUIOCH C
MOMOIIIBIO cTaTucTHUecKuX KputepueB CthionenTta n dumepa. Takxke Obuta mocunrana aucnepcus. CTaHuu
ObLTH BBIOpaHbI KaK HanOoJIee XapaKTepHbIE Ui CBOMX PErHOHOB: BOCTOK — 115t 30HBI AHTAPKTHYECKOTO Iia-
TO, a benuHcrayseH — st AHTapKTHUYECKOTO TOOCPEIKBSI.

I'maBHBIM PE3yNBTATOM CTAJIO TO, YTO MOJETh XOPOIIO BOCIPOU3BOIUT OCHOBHBIE METEOPOJIOTHUECKHE
napaMeTpsl Ha BHYTPUKOHTHHEHTAILHOW CTaHIIMK BOCTOK, TOCKONIBKY OCHOBHBIE METEOPOJIOTHUECKUE OIS
OCTArOTCA OAHOPOAHBIMU HaA MPOTAKEHNU HECKOJIBKHUX COTCH KUJIOMETPOB BOKPYT CTAHIIHU. Taxoxe He MeHSET-
cs1 penbed. B kauecTBe mpuMepa Ha pucyHke | mpeacTaBicHa TeMIeparypa Ha 2-X MeTpax Ha CTaHI[ui BocTok.

—Modene UBM PAH  ——[Ipamble Habno0eHus
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Puc.1. CpaBHeHWe cpeHeMecAYHO TeMnepaTypbl Ha 2-X MeTpax No AaHHBIM CTaHLMM BOCTOK 1 faHHBIM KMMaTUYecKoi
mogenu VIBM PAH (3a nepvop 1980 — 2009rr.)

CoBceM apyrasi KapTHHa CKJIa/IbIBaeTCs HA CTAHIIMK benuHcray3eH, pacoyioxkeHHoH Ha ocTpose KuHr -
Jxopmk. B 3umHee BpeMs suelika MOJEIIH, B KOTOPOMl pacIoI0KeHa CTaHLUU, [IOKPBIBACTCS JIbAOM U LIUPKY-
JSIIMST HaJl HeH BOCIIPOM3BOJUTCSI KaK HaJ| JIGAHUKOBBIM LIMTOM. DTUM OOBSCHSETCS CIBUI MHHUMAaJIbHBIX
3HAYEHUH B TOZIOBOM XOJ1€ METEOPOJIOTHYECKHX MapaMeTpoB. [Ipumep npencrapieH Ha pUCyHKe 2.

= Modesnbo UBM PAH ——I[lpameie HabnwoeHusa
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Puc.2. CpaBHeHMA TeMnepaTypbl Ha 2-X MeTpax Mo AaHHbIM M3MepEeHUIA Ha CTaHLUMKM bennmuHcray3eH U JaHHbIM KnuMaTuye-
ckovi Mogenu MBM PAH (3a nepuog 1980 — 2009rr.)

B kadecTBe cnemyromiero mara ObIJIO IPOBEICHO CPAaBHEHHE JaHHBIX 14 aHTAPKTHYECKUX CTAHIAN C MO-
nenbto UBM PAH 1o Takum 0CHOBHBIM ITapaMeTpaM, Kak TEMIIEpATypa Ha 2-X MeTpax, JaBJICHUE U IpU3EMHast
ckopocTh BeTpa. Obo0bmmenue 6110 mpoBeneHo 3a mepuoxn ¢ 1980 - 1999 roxa. ITomHBIH MepedeHb CTaHIUI
MpeCTaBiIeH Ha puc. 1.

JlarHbIC TPSAMBIX HaOMFONEHUH OBLTH B3ATH 13 AHTapKTHUYecKo# 0a3pl nanHEIX READER.B xozne ananmmsa
OBLTO BEISIBIICHO 3aHIKCHHE CKOPOCTH BETPa MOJIENBIO B 2-5 pa3. Ha prucyHke 4 mpencTaBieHa CKOPOCTh BeTpa
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QHTaPKTNYECKNX
& | Hanstpasofiec) CTaHUMI, UCMOfb-
o T R 3 | Oeiswc [Asc.) 3YyeMbIX Ha BTOpOM
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Ha 10-t; MeTpax Ha cranmu MakMépmo (CILIA), koTopas mpuMepHO B 5 pa3 00JbIlIe MOACTHHON CKOPOCTH.
CTOITh BBICOKHE 3HAYECHUSI MOXKHO OOBSICHUTD HAIMYMEM CTOKOBBIX BETPOB B IJAHHOM PETHOHE, KOTOPBIE YCHITH-
BAIOTCS 110]] BO3JCHCTBHEM penbeda MecTHOCTH (cTaHums MakMEpo pacronokeHa B TOpHOI JOJHHE).
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Puc.4. CpaBHeHuA ckopocTy BeTpa Ha 10-Tu MeTpax no AaHHLIM U3MepeHuii Ha cTaHumn MakMépgo (CLUA) v faHHbIM Knu-
Matuyeckon mogenm MBM PAH (3a nepuog 1980 — 1999 rr.)

CkopocTH BeTpa B MOJIEITH OlIpelielIsieTCs, ITaBHBIM 00pa3oM, BEIMYMHOM apaMeTpa IepoxoBarocTy. B
monenu UBM PAH ona 3amaércs cnenyromiei popmyse:

S
(1500
450

rac S— CPCAHCKBAAPATUIHOC OTKIIOHCHUC TOHOFpa(l)I/II/I B JaHHOM Y3lJIC.

zy = 0.1 + min

Jl1st yny4ieHust BOCIPOU3BOACTBAa CKOPOCTH BeTpa B AHTapKTHYeckoM pernone B moaenu UBM PAH B
JalTbHEHIIIeM TUTAaHUPYETCSI TIPOBECTH YMCIICHHBIE SKCIIEPUMEHTHI C U3MEHEHHNEM TTapaMeTpa IIepOX0BaTOCTH.

ABTOp BBEIpakaeT 0co0yIo 61aro1apHOCTb COTPYAHNKaM VcciienoBaTenbCcKoro HHCTUTYTa APKTHKHY U AH-
tapktuka (T. Cavkt — [letepOypr), moanporpamme «M3ydenne u ncciaegoBanne AHTApKTHKID 33 MIPEI0CTaB-
JICHHBIC JTaHHBIC.
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acy.bas.ac.uk/met/READER/ .

Integration of modern statistical tools of analysis
of extremes into the web-GIS system «CLIMATE»

"*Ryazanova A.A., "*’Okladnikov I.G., "**Gordov E.P.

'Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
’Institute of computational technologies, Tomsk branch, Tomsk, Russia

*V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

E-mail: r.ann.1194@gmail.com

quency of occurrence and impact of precipitation and temperature extremes (heavy precipitation and

strong storms, droughts and heat wave) show positive trends in several regions of the world. These
events should be analyzed and studied in order to better understand their impact on the environment and be able
to predict them and minimize their consequences.

The system “Climate” is based on a combined use of web and GIS technologies. It is a part of a hardware
and software complex for “cloud” data analysis using various climatic data sets, as well as dedicated algorithms
for their searching, extraction, processing, and visualization. Using of this system significantly facilitates and
accelerates analysis of big volumes of geospatial data, allowing researchers to perform complex climate data
analysis using desktop PCs with internet connection.

At this moment the system already has a large number of computational modules that allow calculating
both the standard statistical characteristics of meteorological values and extreme indices recommended by the
World Meteorological Organization (WMO) Expert Team on Climate Change Detection and Indices (ETCCDI)
and hydrothermal coefficients.

For more detailed analysis of spatial and temporal dynamics of climate change and their impacts we have
integrated into our system the special additional statistical packages of program language R that allow to use
new more powerful methods of analysis (time-dependent statistics of extremes, quantile regression and copula
approach) and thus do more detailed analysis of different extremes, determine the degree of their impacts, and
obtain structural links between these extremes and different characteristics of the environment.

The second part of 1970s is characterized by the beginning of modern global climate change. The fre-
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NHTerpauma coBpeMeHHbIX CTaTUCTUYECKUX MHCTPYMEHTOB
aHanu3a sKkcTpemManbHbIX ABfieHnn B Beb-INC cnctemy
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"PazaHoBa A.A., '’

1,2,3

Oknapnukos WU.I., ““Topaos E.IN.

1VIH(:mTyT MOHUTOPUHIA KNMMaTUYECKMX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccua
"MHeTUTYT BBIYMCUTENBHBIX TexHonorui CO PAH, ToMckuit punman, Tomck, Poccus
*UncTuTyT onTukM atMocdepsl CO PAH, Tomck, Poccusa

E-mail: r.ann.1194@gmail.com

3BECTHO, 4TO 3a nepuozn 1976 roxa o 2012 rox HabIr0Aa1CsA POCT KaK CPEIHET0 3HAYCHUS TII00aTbHOM

TEMIIEpaTyphl, TaK U YBEIIMUCHHUE KOJIMUECTBA atMOc(epHbIX ocaakoB. [Ipn 3ToM yacToTa BOZHHKHO-

BEHMS M CHJIA SIBIICHN, HEIOCPEACTBEHHO CBS3aHHBIX C SKCTPEMAIbHBIMK 3HAYEHHUSIMU 9THX BEJTUUUH
(JITMBHU W yparaHbl, 3aCyX1 U aHOMaJIbHbIE BOJHBI XKapbl) TAK)Ke MMEIOT YeTKUE TeHAeHIH pocTa [1]. UToOs!
MIOJTY4UTh BO3MOXKHOCTH IIPOTHO3MPOBATh TaKHe SKCTPEMANIbHBIC SIBICHHUS 1 MUHUMH3HPOBATh UX MOCIIE/CT-
BHSI, HEOOXOIMM HX JICTAIbHBIN aHAJIN3 ¥ IOHMMAaHHE MX BO3/ICHCTBUS Ha OKPYXKAIOUIYIO Cpeay. AJEKBaTHBIM
anmaparoM JUis 3TOTO ABJISIOTCS COBPEMEHHbBIE CTATUCTUYECKUE HHCTPYMEHTHI aHAIIN3a YKCTPEMAJIbHBIX BEJIU-
uuH [2, 3, 4]. JlanHast paboTa ONKCHIBACT MPOIECC MHTETPAIIUH TAKUX HHCTPYMEHTOB B CO3/IaHHYIO paHee BeO-
T'"C cucremy «Knumary |5, 6].

Cucrema «Kimmmary, nocrpoenHast Ha ocHoBe BeO- u ['MIC-TexHoIOTHiL, SBIISICTCS YacThIO armaparHo-
MIPOrPaMMHOTO KOMIUIEKCA ISl «00JIa4HOTO» aHAIN3a KIMMAaTHYeCKUX JaHHBIX, BKJIIOYAIONIETO B ceds pas-
JIMYHBIE HAOOPBI KIIMMAaTHYECKUX ¥ METEOPOJIOTMYECKHUX JJAHHBIX, a TAK)KE CIIeHAIbHbIC HHTCPAKTUBHbBIC HH-
CTPYMEHTBI JJIsl X IOMCKA, BRIOOPKH, 00paboTKN 1 BU3yasin3annu. Fcnonp30BaHe 3TOi CHCTEMBbI 3HAUUTEIb-
HO 00JIeT4aeT M yCKOpseT paboTy ¢ OONBIIMMH 00bEMaMH I'€OIPOCTPAHCTBEHHBIX KIIMMAaTHYECKUX JaHHBIX,
TI03BOJISISL ITOJIB30BATEIIO, HE SIBIISIOIIEMYCSI CIIEUAIICTOM B MH()OPMAIIMOHHBIX TEXHOJIOTHSX, YaIEHHO BbI-
TIOJHATh MX CTATUCTHYECKUH aHaJM3, UCIOIb3Yys JIt000i coBpeMeHHbIi HacToibHbIN [IK, momgkimoueHHbIN K
cern Uurtepuer. Celiyac cucrema Mo3BOJISICT BBIYUCISATH Takue 0a30BbIe CTAaTHCTHYECKHE XapaKTEPHCTHKH
METEOPOJIOTHYECKHUX BEIMUYHUH, KaK CpeJHEe, MAKCUMYM, MUHUMYM, TUCIIEPCHs, a TAKKe JAeT BO3MOXKHOCTh
MIPOU3BOIUTH PACUCT OCHOBHBIX MHIeKCOB 3KkcTpemantbHOcTH BMO (http://etcedi.pacificclimate.org/) u ruapo-
TepMHYecKuX KodddurenTos [7].

HoBele, Gotee MOIIHBIE METOABI aHAIHM3a KIMMAaTHUYECKUX JIAHHBIX, TAKHE KaK 3aBUCSIIHE OT BPEMEHH
CTAaTHCTHKH SKCTPEMAJIbHBIX BEIMYMH U KBAHTHIIbHASI PETPECCHS JIOJDKHBI CYIIECTBEHHO PACIIMPHUTH BO3MOXK-
HOCTU cUCTeMbl. Takxke OJHUM U3 MEPCHEKTUBHBIX METOJOB Ul MHTErPALlMM B CUCTEMY SBISETCS KOITysa-
MOJXOA, KOTOPBIH MO3BOJISET ONPEICINTh CTENEHb BIUSHUSA U CTPYKTYpPHBIE CBA3H MEXKAY dKCTPEMaJIbHBIMU
SIBJICHUSIMU W PA3IMYHBIMU XapaKTEPUCTHKAMH OKPY’KaroIlel CPe/ibl, UCTIONb3Ysl UX MHOTOMEPHBIE (DYHKIMN
pacnpeneneHust.

J1J1st IpSIMOTO MCHOJIB30BAHMSI JAHHBIX METO/IOB B paMKax cucteMbl «Kiimmar» HeoOxoquMo pa3padoTarh
HOBBIE JIOTNOJIHUTEbHBIC IPOTPAMMHBIEC HHCTPYMEHTBI CTATUCTHUYECKOTO aHAIN3a BPEMEHHBIX PSAI0B IeoNpo-
CTPAHCTBEHHBIX HAOOPOB KJIMMAaTHYECKUX JIAaHHBIX. B TOXke BpeMst 3TH CTaTUCTUYECKUE METO/BI yXKE BXOJAT B
KauecTBe MPOrpaMMHBIX nakeToB (extRemes [8, 9], quantreg [10] u copula [11, 12]) B 6a30Byt0 nmocTaBky si3bl-
ka nporpammupoBanus R (https://www.r-project.org/, [13]). [TosToMy nHTErpanus STHX NaKeTOB B CUCTEMY
«KiMar» ontnmanbHel, yeM HalrcaHue BceX TpeOyeMbIX allrOPUTMOB Ha MCHOJIb3yeMOM B cucteme «Kim-
Mar» si3pike nporpammupoBannst GDL (GNU Data Language, http://gnudatalanguage.sourceforge.net/). dus
9TOH LIEJIN MCIIONB30BAIIOCH TO 0OCTOSTENBCTBO, YTO SI3bIK NporpammupoBanust GDL nmeeT BCTpoeHHBIIN HH-
Tepeiic ¢ s3p1koM nporpammuposanust Python (https://www.python.org/), 4To O3BOJNSET MOJKIIOYATH K BbI-
YHUCIIUTEILHOMY SJIPY CUCTEMbI MOIYJIH, HarnucanHble Ha Python. B cBOIo ouepenb cymiecTByeT Crienuain3u-
posannslii Python-naker RPy2 [14], npenocrasnstomuii uarepgeiic mexny sizpikamu Python u R. Mcnonszo-
BaHME TOTO MaKeTa M03BOJISIET HAM BBI3BIBATH HEOOXOIMMBIE JUISl CTATUCTHUECKOTO aHaJIM3a JAHHBIX POLE/Ty-
psl s3bika R HenocpencTBenno u3 GDL, uTo 1 1aeT BO3MOXXHOCTB HOJKIIIOYATh U pa3padarbiBaTh Ha R HOBbIe
BBIYHMCIIUTENILHBIC MOJYJIU JUISl HAILICH CHCTEMBI.

WHTerpanusi COBpEeMEHHBIX CTATUCTHUECKUX MAKETOB IS aHAJIN3a IKCTPEMalIbHBIX 3HaYeHUH, pa3pado-
TaHHBIX Ha s13bIke R B cucremy «Kimmmary» 3HaunTespHO pacimpria GpyHKIuoHan cucremsl «Kimmmary. braro-
Jlapsi 3TOMY MOJIb30BATEISIM CTaJIM JOCTYITHBI HOBBIE, 00JIee MOIIHBIE METO/Ibl aHAIN3a KIMMAaTH4eCKUX JlaH-
HBIX, TAKHE KaK 3aBUCAIINE OT BPEMEHHU CTATUCTUKHU SKCTPEMAIIbHBIX BEJIMYMH, KBAHTHIIbHAS PETPECCHs 1 KO-
myna-rnoaxo/l. JlaHHbIe METO/bI TIO3BOJIAT MPOBOANTH OOJee JNETabHbBIH aHAIN3 Pa3IMYHbIX IKCTPEMAJIbHBIX
SIBJICHUH, OIPEJICITUTD CTEIIEHb NX BIHMSHUS, a TAK)KE MOIYyYUTh CTPYKTYPHBIC CBSI3H MEXKILy 3TUMU SIBJICHUSIMA
1 pa3IMYHBIMH XapaKTEPUCTUKAMH OKPYIKaroLel Cpebl.

B kadecTBe MTIOCTpalUH YCHEIIHO NMPOBEACHHONW MHTErpAalUd NPUBEAEM PACCUUTAHHBIE IO JaHHBIM
peanamm3a ERA Interim EBpomneiickoro meHTpa cpemHecpodHbx nporao3oB norois! (European Centre for
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Medium-Range Weather Forecasts — ECMWF) [15] B y3nax cetku ¢ marom 0,75%0,75° 100-neTHre 3HaYCHUS
Bo3Bpara («return value», naker «extRemesy) /it TOJJOBBIX MAKCHMAJIbHBIX CYMM OCaJIKOB 3a mepuoj 1979-
2010 rr. s Tepputopuu FOxuo# Cubupu (50-65°c.11., 60-120°8.1.).

4T
244 T64

1183 1602 202,1 2440

Puc. 1. 100-neTH1e 3Ha4eHMA Bo3BpaTa («return value») ansA rogoBbiX MaKcMarbHbIX CyMM 0CafIKoB 3a nepuog 1979-

2010rr.

Paboma svinonuena npu yacmuunoii noodepcke Ipoexma IX.138.2.1. Ilpoepammel (hyHOGMEHMATbHBIX
uccnedosanuti CO PAH.
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nsemble prediction system is widely used to
Eobtain probabilistic weather forecast and fore-
cast accuracy estimate.

Ensemble prediction system is being developed
at the Hydrometcentre of Russia (HMCR). This sys-
tem is based on the Local ensemble transform Kal-
man filter (LETKF) data assimilation system of vari-
ables in free atmosphere, 2D variational assimilation
system of surface temperature, humidity and soil
variables, and global semi Lagrangian atmosphere
model (SLAV). This cyclic system can operate inde-
pendently.

Current version of LETKF cannot assimilate
some satellite observations. In order to improve fore-
cast accuracy, the HMCR operational analysis is
added as additional information. It is used as mean
analysis in the assimilation cycle. As a result, fore-
cast error in this version mostly depend on the HMCR
operational analysis error and ensemble spread sig-
nificantly exceed forecast error in Southern Hemi-
sphere, where LETKF has a lack of observations.

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

CEKUMA V // JAHHBIE N NHOOPMALIMOHHO-BbIYUCITUTENBHBIE CUCTEMBI 1A HAYK O 3EMJIE
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Cuctema aHcaMbneBoro NporHo3a Ha OCHOBE JIOKANIbHOMo
aHcambnesoro ¢punbTpa KanmaHa n mogenu MNJ1AB

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

! Mmapometuentp Poccun
2 WUHcTuTyT BbluMcnuTenbHoi MateMaTuku PAH, Mockea, Poccus
E-mail: rogutovwv@mail.ru

BBEOEHWE

Jlist perreHust 3a1a4y IIPOTHO3a TTOTO/IbI HEOOXOAMMO 3a/1aTh HAaYalIbHOE COCTOSHUE aTMOc(epsl Ha MO-
JenbHOM ceTke. OIeHKy COCTOSIHUS aTMOC(eps! B 3a/JaHHBIN MOMEHT BPEMEHH TIOTydal0T B pe3ysbTare o0pa-
60Tku HaOmoneHni. Uncno HabMIOAEHUH OrpaHNueHO, OHU HEOJAHOPOIHO PACHPEIEIICHbI B IPOCTPAHCTBE, U
MMEIOT TIOTPEIIHOCTH. TakuM 00pa3oM, HadalbHOE COCTOSHHE arMoc(epsl Bceraa ompenensercs (u Oymet
OIIPEAENAThCST) HETOUHO. Mozenu arMoc(epsl, UCTIONb3yeMbIe UIS YHCIEHHOTO MPOTHO3a MOTOIbI, TaK XKe
HMMEIOT OTPEHIHOCTH. Mo/IeNin IMEI0T KOHEYHOE pa3pellIeHNe, YacTh MIPOLIECCOB HE YUUTHIBAIOT HITH OTHCHI-
BAIOT napameTpudecku. [Ipu 3ToM, MOrpenHoCcTs NPOrHO3a MOTOABI T OTIPEEIICHHOTO PErnoHa MOKET 3aBHU-
CETb OT MPOTHOCTHYECKON CUTYaIlNH, CE30Ha, HAIMYNS HAOIIOCHUH B JaHHOM PETMOHE U €r0 OKPECTHOCTH.
Takum 06pa3om, cTaBUTCS 33/1a4a HE TOJIBKO J1aTh MAKCHMaJIbHO TOUHBIHN IIPOTHO3, HO M OLICHUTH MOTPEITHOCTD
MIPOTHO3A.

JleTrepMUHHUPOBAHHBII MPOTHO3 MOTOJbl HE MO3BOJIAET PEIINTh ATy 3a1ady. st pemenus 3Toil 3agauu
Obl1a MPEATIOKEHA UJIesI aHCAaMOJIEBOTO MPOrHO3a — MHOTOKPATHOTO MHTETPUPOBAHUS OTHOI NI HECKOIBKUX
Mofeneil arMmocdepsl, 3aIymeHHBIX ¢ Pa3HbIX HaYaJlbHBIX YCIOBHH (CTapTOBOTO aHcaMOist). AHCaMOIb Ha-
YaJIbHBIX YCIOBUH 3a/1al0T B MIPEAEIaX HEONPENEICHHOCTH, C KOTOPO 3TO HadaJIbHOE COCTOSIHUE U3BECTHO.
INomydeHHslii TakuM 00pa3oM aHCaMOIIb TPOTHO30B MO3BOJISIET OILICHUTH HEOIIPE/ICIIEHHOCTD IIPOTHO3A.

B I'mapomernientpe Poccun paszpabaTbiBaeTcs cucTeMa aHcaMOJIEBOTO MMPOrHO3a. JTa CHCTEMa UCTIONb3Y-
€T CUCTEMY YCBOEHHS JaHHBIX Ha OCHOBE JIOKAJIbHOTO aHcamOneBoro (uisrpa KanMana ¢ nmpeobpa3oBannem
ancam6ns (Local Ensemble transform Kalman filter - LETKF) [8] s mocTpoerns ancam6i1st Ha9aabHBIX TaH-
HBIX C HCIIOJIb30BAaHMEM OIEPATHBHBIX aHAIN30B [MIPOMETIEHTpa M MONyJIarpaHKeBy MOAEIb aTMOC(Epbl
[TJIAB [2] st BBIYHCICHUS aHCAMOIEBOTO TIPOTHO3A.

CNCTEMA AHCAMBJIEBOIO MNMPOIMMHO3A HA OCHOBE LETKF NTIJ1AB

YcBoeHue TaHHBIX — 3TO IUKINYECKUI MPOLIECcC, COCTOSIINI U3 IIara MporHO3a M I1ara aHajin3a, 00BIYHO
BpeMsi OJHOTO m1ara — 6 yacoB. OOBEKTUBHBIM aHAIIN3, TIOJMYICHHBII HA MTPEABIIYIIIEM BPEMEHHOM IIIare, wc-
TIOJTB3YETCSI JUTS BEIYMCIICHUS! IIECTHYACOBOT0O TIPOTHO3a 1Moroiel. [loryueHHbIi TporHo3 (1epBoe mpuoiImxe-
HHE) ¥ HAKOTUICHHBIE 3a 6 9acOB HAOIIOACHHSI UCTIONB3YIOTCS JUIsl BBIYMCICHNS ONITUMAIBHON OIIEHKN COCTOS-
HUS aTMOoc(hepsl B TEKYIIHN MOMEHT (0ObEKTHBHOTO aHAIIN3a).

B AncamoOneBbIx (GmIbTpax aHCaMOIb IEPBBIX TPUOIIKCHNH HCTIONB3YEeTCs sl OLIEHKH MaTpPHUIIBI KOBa-
pHanuu omMuOOK IepBoro npubnmkeHus. B nokanrsHOM aHcamOi1eBoM GuisTpe Kanmana ¢ mpeoOpazoBanneM
ancam6Ons (LETKF) [6] s anmpokcuManuy MaTprIl KOBapHAIIHA UCTIONB3YIOTCS aHCaMOIId aHAaTTN30B U TIep-
BBIX IpHOMIKeHnil. Taknum 00pa3oMm, crcTeMa YCBOSHHS BEIUHMCIISIET aHCAaMOITb aHAJIN30B, UCIIOIb3Ys HaOIo-
JICHUS ¥ Pe3yJIbTaT 6 4acoBOT0 aHCAMOJIEBOTO MIPOTHO3a B KAYECTBE TIEPBOTO MPHOIIKEHUSL.

Beruncnenust B8 LETKF nponsBonsitess B mpoCcTpaHCTBE aHCAMOIIS, YTO MTO3BOJISIET YMEHBIIUTD OOBEMBI
BBIYHMCIICHUH. MaTpuiia KoBaprualyuy aHaJin3a MpsMO HE BBIYHUCIIICTCS, TIPH 3TOM TTOTydEeHHBII aHCaMOIb aHa-
JIM30B MO3BOJISIET AMMPOKCHMUPOBATh MAaTPHILy KOBapHAILIMH OIMINOOK aHAIN3a.

X =x"+X"P(HX") R (y—Hx") 1)
Xa =Xb[(k_l)i)'a]1/2(2)
P =[(k-DI+(HX") R (HX")]" 3

3nech X“u X7 - CpeJTHIe Mo aHCaMOIIAM aHAIM3 U MepBoe Npubmmkenne, X' 1 X’ — aHcaMOIH OTKIOHe-
HUH aHAJIM30B U [EPBBIX NMPUOIMKEHUN OT CPEHETO, k — pasmep aHcamOIel (0ObIYHO, HECKOIIBKO NAECITKOB),
H — onepatop HaOJIOIEHHUH, ) - BEKTOP HaOMONeH i, R — MaTpulla KoBapualyuy omuook Habmonenuit, P* —
MarpHulia KOBapHaluy OMIMOOK aHaIi3a B IPOCTPAHCTBE aHCAMOJIsl IEPBBIX MPHOIIMKEHUI pa3MepHOCTH k X .

B cucreme ycBoenus nansbix Ha ocHoBe LETKF B HacTOsIUI MOMEHT yCBaMBAalOTCS CIEAYIOLINE Ha-
OntoneHus:

- HaOJIIO/IeHNsT Ha Ha3eMHBIX CTaHIMAX M cyaoBble HaoOmonenus (SYNOP, SHIP): npuzemnoe nasnenne,
MIpU3EMHasl BIQXKHOCTb, TEMIIEPATypa Ha YPOBHE 2 METpPa, KOMIIOHEHTBI CKOPOCTHU BeTpa Ha ypoBHe 10 MeTpoB
(oxoo 10000 nadmronenuii B 00, 06, 12 u 18 gacos);
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- HabmoneHust paano3ounoB (TEMP) Ha 16 cTaHmapTHBRIX YPOBHSX: TeMIIepaTypa, BIaKHOCTb U KOMIIO-
HEHTHI ckopocTH BeTpa (okoro 600 — 700 pagro3onnos B 00 u 12 gacos, okxono 70 - 90 pagro3zonnos B 06 u 18
4acoB);

- camonetHsie HaOmonerus (AIREP): Temmepatypa 1 KOMIOHEHTHI CKOpOCTH BeTpa (okomro 4000 — 11000
HaOJIOCHHMIA);

- cmyTHUKOBBIE HaOmronenns Betpa (SATOB): koMnoHeHTH ckopocTH BeTpa (6omee 20000 HaOmOMeHMIT).

- CIIyTHHKOBBIE HaOMroneHns ckopoctr Betpa AMV (okoo 200000 — 250000 HabmroneHmiA).

- ciytHUKOBBIe HaOmoneHnst ASCAT ckopocTH BeTpa Hall MOBEpXHOCTHIO Mops (400000 — 700000 wa-
OJTrOIeHN )

B cucreme ancam01eBoro nmporHo3a Mmorojsl MCHONb30BaIach ONEpaTUBHAS BepcHs IIOOAIBHON IOIy-
narpamxeBoit mozmenn atmochepsl IIJIAB [2] ¢ paspemenunem 0.9x0.72 rpamgyca 1o JOATOTE W MIUPOTE COOT-
BETCTBEHHO, 28 CHTMa-ypOBHEH MO BepTHKAIH. DTa MOnelb Oblia pa3paborana B MHcTHTYTEe BRIumcinTens-
ot Maremaruku PAH u 'mapomeriiertpe Poccnn. OcoOeHHOCTRIO 3TO MOJENH SBISETCS UCIIONB30BAHNE
KOHEYHBIX Pa3HOCTEH YETBEPTHOTO MOPSIKA HAa HECMENIEHHON CETKE /IS alnlpOKCHMAalWU HEaaBEKTHBHBIX
CJIaraeMblIX, a TAK)Ke NCIIOJIb30BAaHNE BEPTUKAIILHON KOMIIOHEHTHI a0COIFOTHOTO BUXPSI M TOPU30HTAIBHOM A1~
BEPreHINU B KAYECTBE MPOTHOCTHUECKHUX EPEMEHHBIX. MOzIeNb HCIIoNIB3YeT Habop napaMeTpr3aliii mpouec-
COB TIOJICETOYHOTO MaciTada (KOpOTKO- M JUIMHHOBOJIHOBOE M3JIyUeHHUE, ITyOOKast U MeJKasi KOHBEKIHI, I1a-
HETapHBIN MOTPAaHUYHBIN CJI0H, TPEeHNE T'PAaBUTAIIMOHHBIX BOJIH, TIApaMeTPpHU3aLis 0OOMEHa TeIlIa U BJIark ¢ mo-
BEPXHOCTEI0), pa3paboTaHHy0 MeKayHapoaHbM koHCcopimyMoM ADADIN/LACE [5].

J1st yCcBOGHUSI IOUBCHHBIX TIEPEMEHHBIX M IIPU3EMHOM TEMIEpaTypbl ObII Pean30BaH aJITOPUTM AByMep-
HOTO BapHAIIMOHHOTO ycBOeHHS [1]. DTa cucTema mo3BoIsAeT HHUIHAIM3HPOBATh IpH 3amycke monenu [IJIAB
MIPU3EMHYIO TEMIIEPaTypy, BIAKXHOCTb M ITOYBEHHBIE MEPEMEHHbIC (IIOBEPXHOCTHYIO TEMIIEpaTypy ITOUBHI,
TeMIeparypy TyOMHHOTO CJI0s, BIarocoAepKaHne IPUIIOBEPXHOCTHOTO U TITyOMHHOTO ci1osi). Cucrema ycBo-
eHHs cormacoBaHa ¢ mpuMeHsiemMoii B [IJIAB mapamerpu3arueli mporeccoB Ha MOBEPXHOCTH CYIIN C YIETOM
pacturensHocTH [3, 4, 7] (ISBA, Interaction Soil Biosphere Atmosphere).

Cucrema ycBoenust Ha ocHoBe LETKF morker paboTars B IMKiIe aBTOHOMHO, HCTIOJIB3YS JIUIITH TIEPBOE TIPH-
ommkenue, momydenHoe Moznensio [IJIAB n vabmronenus. OnHako, O0JbIIast 9aCTh CIIYTHUKOBBIX HAOMIONCHHH,
HECYIIMX 3HAYUTEIbHBIH 00beM HH(OPMAINU O COCTOSTHUH aTMOc(ephl, B HACTOSIIIIEE BPEMsl CHCTEMOI ycBoe-
HUSI HUKAK HE YYUTBIBAIOTCSA. DTO MPUBOIUT K HOBBIIICHHOH IMOIPENTHOCTH aHAIN30B IIPU aBTOHOMHOM paboTte
CHCTEMBI YCBOCHHS (0COOEHHO, B FO’KHOM TOYIIIAPHH, TAE YHCIIO YCBAaNBAEMbBIX HAOTFOICHI HEBEITHKO).

JIyisl TIOBBIIIEHNST TOYHOCTH aHAJIN3a NPH NUKINYECKOM YCBOCHMH ObLIA IPHUBJIIEUCHA JIOTIOJIHUTEIbHAS
nH(pOpMAaLKs. — ONIepaTUBHbBIC aHATM3bI [ MIIPOMETIEHTpa. DTH aHAIN3bI UCIIOIb30BAJIICH B KAUECTBE CPE/IHE-
T'O aHAJIM3a BMECTO BHIYUCIEHHOTO Gunsrpom X 110 popmyie (3). [Tocre uero nosyueHHsIi aHcaM6IIb aHATH-
30B HCIIOJI30BAJICS B KaYECTBE HAYAIBHOTO YCIOBHS ISl aHCAMOJIEBOTO ITPOTHO3a MOTo/Ibl Ha 6 yacoB. B aToit
BEPCHUH CHCTEMBI aHCAMOJIEBOTO IIPOTHO3a YCBOCHNE OUYBEHHBIX TIEPEMEHHBIX HE 3aITyCKaeTCsl, TaK KaK oIrepa-
TUBHBIN aHan3 [ MAPOMETIIEHTpA yKE COIEP)KUT OUBCHHBIE ITEPEMEHHBIE.

Taknm 06pa3oMm, cperHeKBapaTHIecKast OIMOKa aHCaMOJIEeBOTO MIPOTHO3a ONPEJIENETCs ONIEPaTUBHBIM
aHanmu3oM [ mapomMeTiieHTpa, a pa3dpocs! ancambieit — cucremoit ycBoenuss LETKF. Dto npuBoauT K 3aBbIiie-
HUIO pa30pocoB B TEX 00IACTAX, IIe KOIMYECTBO YCBAaMBAEMbIX HAOIIOAECHHH ONEpaTHBHON CHCTEMON yCBOE-
HUS CYLIECTBEHHO BblIlE, yeM B cucteme LETKF.

YNCJIEHHBIE 3KCNEPUMEHTDI

Bbuti poBeieHb! YMCIIEHHbBIE SKCIEPUMEHTHI 10 YCBOCHHUIO JaHHBIX ¢ 24 Hos0ps mo 31 nexadpst 2016
roja. 6-4acoBOi aHCaMOJIEBbIi IPOrHO3 MCIIOJIB30BAJICS B KAUECTBE IIEPBOT0 MPHOIIMKEHNS B CHCTEME YCBOE-
HUSL, M B pe3yJIbTaTe YCBOCHHS HAOMIOAECHUH BHIYMCIISUICS aHCaMOJIb aHAJIN30B.

Ha puc. 1 nmpuBeneHs! pe3yabTarsl IEpPBOTO 3aIlycKa CHCTEeMbl aHCaMOJIEBOTO IPOrHO3a B KBA3HOIIEPATHB-
HOM pexkume. Ha rpadukax npuBeaeHsl OTPeNIHOCTH CPEJHErO 110 aHCaMOIII0 POTHO3a M pa3dpoCkl aHCaM-
07151 TIPOrHO30B 7151 3a01aroBpeMeHHOCTel IporHo3a 24 n 72 yaca B cpok ¢ 1 1o 31 nexadps 2016 rona. Takum
00pa3oM mnepBbie 7 AHEH 3KcIepruMeHTa ObLIM MCIIOJIB30BaHbI JUIsl HACTpoiiku GuibTpa KanMana.

Kak BHJHO 13 pUCYHKOB, IIPH IIEPBBIX 3aITyCKaX CHCTEMBbI aHCAaMOJIEBOTO IIPOrHO3a Pa3HHIA pa3dpoCcoB U
cpennekBagparndeckoit ommokn (CKO) 24 yacoBbIX MPOTHO30B B CEBEPHOM MOJYIIAPUH U TPOIUKAaX OKa3a-
Jach HEBEJIHKA.

Pa36pocsr ancambieii pactyT memniennee, yeM CKO ¢ pocTom 3abmaroBpemMeHHOCTH IporHo3a. Pazopockr
72 4acoBBIX POTHO30B mouTH Be3ze 3ametHo Hike CKO. [l Toro, 4ToOsI pa3dopockl aHcaMOIeit ¢ pocToM
3a0J1aroBpeMEHHOCTH IIPOrHO3a pociH Tak ke, kak CKO, Heo0X0[MMO UCII0Ib30BaHNE CTOXaCTHYECKON Tapa-
METpPU3ALUY.

Pa3bpockr ancamOeii B I00KHOM MOJTyIIapiHy 3aBblieHbl 1o cpaBHeHnto ¢ CKO juist 0o1bIIMHCTBA MTOJIeH.
DTO CBS3aHO C HEIOCTATKOM HCHOJIB3YyEeMbIX CITyTHHKOBBIX HaOmtoneHuil B cucreme ycoenus LETKF. Ora
pa3HHIIa MOXKET ObITh yMEHbIIeHa 1myTeM jodasierus B cucteMy LETKF HOBbIX HaOmoneHui nim HacTpoii-
KOW MHQISIUH.
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Puc.1. 3oHanbHo ocpeaHeHHble cpeHEKBaApaTUYECKME NOTPELUHOCTY (CUHME IMHWK) U pa3bpockl aHcaMbnel (KpacHble)
aHcambneBbIX MPOrHO30B Ha 24 yaca (cnnowwHble) v 72 vaca (npepbiBucTbie) noneit H500, T850, PO, W850 (a — r cootBeTcT-
BEHHO) NPV LMKNMYecKow paboTe cUcTeMbl aHCaMbneBoro NporHosa.

Pa36pocsr reonorennmana H500 3aBhIeHB! B 107KHOM TTONTYIIApUN U ceBepHee 60° ¢.111. DTo 00bsCHIeTCS
MaJIBIM KoJTrdecTBOM Habmronennii B cucreMe yeBoenus: LETKF mo cpaBHeHHIO ¢ orepaTHBHOM CHCTEMOH yc-
BoeHms [ mnpomeriieHTpa. B Tponmkax u B ceBepHOM momymmapun roxkHee 60° c.u1. pa3dpockr 6mmsku k CKO.

BblBOAbI

Pazpaborana cucrema cpeHeCpOYHOro aHCaMOIEeBOro POrHo3a Ha ocHoBe cucteMsbl ycBoenust LETKF
1 m1o6anbHOH nosynarparkeBoi monenu [IJIAB. Ota cuctema paboTaeT B KBa3nOIIEpaTUBHOM PEKUME.

[Tpn nepBBIX 3amycKax CHCTEMbI aHCaMOJIeBOro MporHo3a paszuuna pazopoco 1 CKO 24 yacoBbIx mpo-
THO30B B CEBEPHOM IIOJILIAPUU M TPONMKaxX HeBenuka. Hammyumiee coorBercTBHEe pazdpocoB ancamoOieil u
CPEAHEKBAPATUUECKON MOTPEIHOCTH MOIY4EHO ATl IPU3EMHOTO JIaBJIEHUS U BHICOTHI T€ONOTEHIIMANA.

B roxxHOM monymapuu pa3opocsr ancamOel 24 9acoBBIX MPOTHO30B 3aMeTHO Bhimie, yeM CKO. [lo6aB-
nenue B cucreMy ycBoeHnsi LETKF HOBBIX cITyTHHKOBBIX HaOJIOICHUH JOJDKHO YMEHBIINTH 3Ty PasHUIYY B
MIPUIOJISIPHBIX IIHPOTAX U F0XKHOM HOIyIIAPHU.

Paboma svinonnena npu noooepoicke POOHU (epanm 17-05-01227).
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Architecture of the spatial data services system
for statistical analysis and visualization of regional climate
changes
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2V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: titov@scert.ru

ture (SDI, [1]) elements be developed and published, including, in particular, geoprocessing web ser-

vices and services of cartographical visualization. According to OGC specifications the basic functions
performed by spatial data services are the following: geospatial data visualization (WMS), data provision in
vector (WFES) and raster (WCS) formats, as well as geospatial analytical processing (WPS).

The paper presents the architecture of the geospatial OGC web services system as an integral part of the
virtual research environment (VRE) general architecture for statistical processing and visualization of meteo-
rological and climatic data. The architecture represents a set of interconnected standalone SDI nodes along with
corresponding data storage systems, each node running the specialized software such as SDI geoportal, carto-
graphical web services (WMS/WES) based on Geoserver (http://geoserver.org/), metadata catalog based on
Geonetwork Opensource (using CSW standard), MySQL database of technical metadata describing geospatial
datasets available for the node, and geospatial data processing services (WPS) based on modular computing
core realizing statistical processing functionality and thus providing access, complex processing and analysis
of big datasets, along with results visualization and export into the files of standard formats (XML, binary, etc).
Data storage systems contain geophysical spatial netCDF datasets, including numerical modeling and reanaly-
sis data as well as meteorological observations, grouped by thematic characteristics.

Within the general architecture framework the nodes' MySQL metadata databases and their interconnec-
tions have fundamental value. The metadata database of the central node contains descriptions of all the SDI
nodes available in the system as a whole, while each of them in turn is connected to a set of computing servers
(Computing system #1, ...), data storages and, finally, locally available datasets. The table of SDI node descrip-
tions consists of such fields like name, title, URL, and node's geoportal MySQL database connection parame-
ters. All other secondary nodes contain the central metadatabase replica that allows geoportal applications to
check the information about datasets available for processing for each node, as well as computing modules for
their processing. The central metadata database can be administered by the senior system administrator, while
nodes' administrators have "read-only" access rights for it and its replicas. Due to this approach end users are
provided with the information about all the geographically distributed datasets available in the system, regard-
less of the availability of direct network connections to the remote databases at any time.

Cartographical web services elaborated within the framework of the system prototype development imple-
ment user access rights separation and provide functional capabilities to work with raster (GeoTIFF) and vector
(Shapefile, PostGIS) geospatial data based on OGC WMS, WFS, WPS services. WPS cartographical service in
general provide standardized external HTTP interface used for remote configuration and running geospatial
data statistical processing as well as result presentation in the formats corresponding to the end user formalized
instructions.

‘ l sage of big geospatial datasets during climate change studies requires a set of Spatial Data Infrastruc-
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The distributed architecture presented allows smooth adding of new nodes, computing and data storage
systems as well as provides solid computational infrastructure for regional climate change studies based on
modern Web ad GIS technologies.

The work is supported by the Russian Science Foundation grant #16-19-10257.
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ApXxnTeKTypa cncTeMbl Beb6-cepBncoB 06paboTKm
MPOCTPAHCTBEHHbIX AaHHbIX /1A CTaTUCTUYECKOro aHanm3a
N BU3yannsauum permoHasnbHbIX KIMMaTUYECKUX U3MEHEHWN

TutoB A.T.

! WMHCTUTYT MOHUTOPUHIa KNMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
? WuctuTyT onTukm atmocdepbl uM. B.E. 3yesa CO PAH, Tomck, Poccusa
E-mail: titov@scert.ru

10T B ce0sl MX TOJTy4eHUe, XpaHeHne, IOMCK, 0OMeH, Iiepeady, 00paboTKy, BU3yann3auio 1 aHamu3. Mx

pelIeHUe 3aKIII0YaeTCsl B CO3IaHUU 3JIEMEHTOB MH(PACTPyKTyphl NMPOCTpaHCTBEHHBIX NaHHbIX (MII/I,
Spatial Data Infrastructure) [ 1], npenocraBisioleii, B TOM 4ucIIe, CEpBUCHI X 00pab0TKH (T€ONPOLIECCHHTA) U
Kaprorpaduieckoii BU3yan3amnu.

3 aZlayv, BO3HUKArMKEe MMpU UCIIOJIb30BaHUN Ha60pOB OOJIBILINX TCOIMPOCTPAHCTBCHHBIX JaHHBIX, BKJIFOYa-
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CormacHo criertudukanmusiM OGC 0CHOBHBIMU (PYHKITMSMH, BBITIONHSEMBIMH T€OCEPBHCAMHU, SBISIFOTCS:
BH3YaJIU3aIHsl TPOCTPAHCTBEHHBIX MaHHBIX (WMS), UX mpenocraBieHne moias3osarelto B BekropHoM (WES),
pactpoBom (WCS) hopmarax, a Takke HX reonpocTpaHcTBeHHast oopadotka (WPS).

B nanno#i pabote mpencTaBieHa apXUTEKTypa cucTeMbl BeO-cepricoB OGC B paMKkax o0IIel apXUTEeKTy-
PBI BUPTYaJIbHOIM HH()OPMAIIHOHHO-BBIYHCINTEIBHON CPEbI ATl CTATUCTHIECKON 00paOb0TKY 1 BU3yaIn3alun
METEOPOIOTHIECKHUX U KIMMaTH4eckux MaHHBIX (Puc. 1). Apxurektypa nmpeacraBiseT co00i COBOKYITHOCTh
aBroHOMHBIX y3710B UII]] (Distributed Research Center Node Nel i Node No2 B kagecTBe mprmMepa) ¢ IOIKITIO-
YEHHBIMH CHCTEMaMH XPAaHEHUs JaHHBIX, IPOTPAMMHOE 00eCIIeueHNEe Ha KQKIOM 13 KOTOPBIX MPEACTaBICHO
reonoprajom, ceprucamu BeO-kaprorpadpuu (WMS/WES) ra 6a3e [10 Geoserver (http://geoserver.org/), kara-
sorom MetananHbIX Ha 6a3e [10 Geonetwork (CSW), 6a3o0it Texanyeckux MmetaganHsix MySQL (comeprkarnieit
OTIMCAHVSI MMEIOIIIXCsI HaOOPOB MPOCTPAHCTBEHHBIX NAHHBIX), U cepBrcamMu oopadorku (WPS) Ha 6a3e mo-
JYIBHOTO BBIYHCINTEIBHOTO S/Ipa, PEaTN3yIOIEero Npoueypsl CTaTUCTUIECKOH 00padoTKH, 00ecreunBao-
IIMHA JOCTYTI, 00pabOTKy U aHaJIu3 OONBIIIX HAOOPOB MAHHBIX, BU3YATH3ALHIO PE3YIBTaTOB U AKCIIOPT UX B
(aiter Tpedyemoro opmara. CHCTeMBl XpaHEHHUS JTAHHBIX COIepyKaT HaOOPHI IMPOCTPAHCTBEHHBIX reo(u3u-
YECKHX JJAHHBIX, PEJICTABICHHBIC TaHHBIMU YHCICHHOTO MO/ICIIMPOBAHUS M HATypPHBIX HAOIIOACHUH, B O0JIb-
muHCTBe cirydae B (hopmare netCDF, u crpynnupoBaHHBIE IO TEMAaTHIECKOMY IIPU3HAKY.

B pamkax oOrieil apXUTeKTyphl OnpeAessolee 3HaYeHne UMEIOT 0a3bl MeTagaHHbIX MySQL kaxmoro
ABTOHOMHOTO Y371a, U CBSI3M MEXAy HUMHU. baza MeTagaHHBIX HEHTPAIBHOTO y3/1a COACPKUT OMHMCAHMS BCEX
MMEIOIINXCS Y3JI0B CHCTEMBI, KayK/IbIi U3 KOTOPBIX, B CBOIO OUEpPe/ib, UMEET CBOI HAOOP BBIYMCIUTEIBHBIX Y3-
moB (Computing system #1, ...), XpaHHJIHIIL, ¥ CIIACOK JOCTYITHBIX HA0OPOB TaHHBIX. TaOMuIla OMTMCAaHUHN Y3II0B
COIEPIKUT TaKue Mo, Kak uMs y3i1a, URL, n mapameTpsr moaxitodeHus k 6aze MySQL reomoprana y3na. Bee
OCTAJIbHBIC Y3JIbI COIEPIKAT PEILUIUKY LEHTPAIBHON 0a3bl, 4TO MO3BOJISET IPHUIIOKEHUSIM T€0IIOPTaIOB OOMEHH-
BaThca MH(POpMAIE 00 MMEIOIUXCS HAOOpax TaHHBIX, W BBRIYHUCIHUTEIBHBIX MPOIEaypax X 0OpabOTKH.
IenrpanbHas 0a3a JaHHBIX MOXKET 3IMUHACTPHUPOBATHCS TOIBKO aJIMHHUCTPATOPOM 0a3 JaHHbIX BCEH cHCTe-
MBI, aJIMHHUCTPATOPBI JIOKATBHBIX Y3JI0B UMEIOT JIOCTYII TOJIBKO Ha YTCHHE IEHTPAIbHOM 0a3bl JAHHBIX U €e
peruk. biarogaps peruimkaM mosib30BaTeny 001anaT HHpOpManre 0 BceX MMEIONIMXcs reorpaduiaeckn
pacIipeielleHHbIX Habopax AaHHBIX, HE3aBUCHMO OT HAJIWYMS IPSIMOTO COEAMHEHUS C yIaJIeHHBIMU Oa3zamu
METaJaHHBIX B KOHKPETHBI MOMEHT BPEMEHH.

B pamkax pa3paOOTKH MPOTOTHIIA CHCTEMBI co3nanbl PHP-puoxkenns cepBepHO 9acTu reomopraia,
peanusytomue (pyHKINOHAILHOCTD B3aUMOACHCTBHUS C BBIYUCIUTEIBHBIM SAPOM, KAPTOrpapUIeCKUMH CEPBH-
camu WMS/WFS/WPS, a taxoke npenocrapmsromue AP 1t paGoTsI ¢ KITMEHTCKON 9acThIO, BEITTOIHAEMOH B
BeO-Opayzepe nomnb3oBarens. JJanroe [1O nmeer BcrioMoraTenbHBIN XapakTep, He CONEPKUT OU3HEC-IOTUKH, U
MPEOCTABIIET OTPAaHUYCHHBIA P MpoIenyp depes cranaapTaeiid uareppec HTTP. MokHO BEIIENIHTH IBa
OCHOBHBIX CEPBEPHBIX BeO-miprtoxenus (Puc. 2):

. R Puc. 2. UML gnarpammel
e Knaccos LayerManager 1
achon = ‘ged_data - computing_system: var = ama
dataString: var ="~ oo " NetcdfMetadataConverter
format: var = json’ - data_publication_url var
language: var = amay() «  image_data_pathname. var
myeg e image_data_tithe: var
+ __construct() var - image_style_name: var
BuildStructureAmayivae, var, var, var). var = layer_name: var
bulldStructureArray2(var, vas, var, var) var = netcdd_data_publication_url: var
= fillStructureWithZeros(var, var). var - netcdf_data_repository_pathname: var
+ getCollectons(). var - xml var
+ getCollectionsByParamProcess() var = xml_image_extension var
+ getDatasets() var = xmi_image_pathname: var
+ getDataTimePeriods() var - .m]:.mi;gjlie var
+ getDataVaes() var
+ geloﬂwntlx?)[] var = buldLayeTitle(): var
+ gettsonDatal) var - createLayer() var
- gettsonDataFromarrayivar, var) var - geoserver_cresteCoveragestore(var, var) var
+ getlLevels( var = geoserver_createWorkspace(var). var
+ getlevelsByDatasetParamProcess() var - geoserver_execPostRequestivar, var) var
+ getLeveiScaleTypes(). var - geoserver_execPulCustomRequestivar, var, var). var
+  getheteorologicalP ) v - geosener_execPutUploadRequestivar, var, var) var
+ getParamsByCollectionScenanoProcess(). var - geoserver_getLatlonBoundngBox(var) var
+ getProcesses() var - geoserver_isWorkspaceExists(var): var
+ getProcessesByDatasetParambLevel) var - getDatastoreNamedvar): var
+  getProcGroups(): var - getDateRange(): var
+ gutProcGroupTypes(: var getElement Byld(var, var, var) var
: g'limop."o e gMEuropeanDatefvar) var
getProcSetOyOptions(: ver getLayerDatafvar, var, var) var
+ puProcTemplatasDyClaseSet]; var etLayerName(var). var
+ getResoltionsByCollectionScenanoPsramProcess() var getLay
getLayerTithe(var). var
+ getScenanos() var ublishNetcdData(; var
+ getScenariosByCollectionParamProcess(). var g
+ getSpatialResolutions() var - runComputationaliemel(): var
+ gutTimeSteps() var setDefaultStylefvar, var) var
+ getTimeStepsByCollectionScenanoParamResohution() var +  stan(). var
+ getUnits() var - uploadGeotifLayer(var) var
ind(). var - uploadLayer(): var
prirdDatadvar): var = uplosdNetcafDatal): var
= setLanguage(var). var - uploadShapeLayer(var). var
+  $1an(): var - uphoadStyle(var). var
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1. Menemxep kaprorpaduueckux cinoes (LayerManager), odecniednBaroiuii GyHKIIMOHAIBHOCTD aJi-
MHUHHCTPUPOBAHMS PacTPOBBIX U BeKTOpHBIX ciioeB [10 Geoserver (http://geoserver.org) uepes cTaHIapTHBIN
RESTful (Representational State Transfer) nntepdeiic. O Takxke BKIItO4aeT 00pabOTYMK BBIYHUCIUTEIBHOTO
XML-3ananus, Noy4aeMoro oT MoJIb30BaTeNs, a TAKXkKe MOY/Ib YIaJIEHHOTO BBI30BA M OTCIIEKHBAHUS BBIIOJN-
HEHMs BBIYUCIUTENILHOTO s111pa, ¢ (haitmom XML-3a1anues B kauecTBe apryMeHTa.

2. Menemxep meranannbix (NetcdfMetadataConverter) HaOOpOB POCTPAHCTBEHHBIX IreOPHU3NIECKUX
JAHHBIX, CIPOCKTHPOBAHHBIN /11 pabOTHI ¢ pa3paboTaHHO 0230l MeTananHbIXx MySQL, 1 obecreunBaronmii
(dyHKIMOHANBHOCTH NpeacTaBieHns: merananubix netCDF B popmare JSON, koTOpBIi ONTUMH3UPOBAH IS B
BeO Opaysepe. [Ipumenenune ganHoro hopmara mo3BoJIsieT KIIUPOBATh CTPYKTYPHUPOBAHHbBIE JAHHBIE HA CTO-
POHE KJIMEHTA, a TAKIKE JIETKO 3arpykarb 0OHOBJICHHYIO HH(OPMALIMIO C LIeJIbI0 OOHOBIICHHUS 1T0JIeH HHTEpEii-
ca IoJIb30BaTelIsl.

CooTBeTcTBYIOIINE KapTorpaduuecKie BeO-CepBUCHI MPOTOTHUIIA CHCTEMbI PEallM3yIOT pa3/ielieHue IpaB
JIOCTyIa IOJIb30BaTeNel, ¥ MPEAOCTABISIOT (YHKIMOHAIBHBIE BO3MOXKHOCTH JUIsi pabOTHI C PacTpOBBIMHU
(GeoTIFF) u BexropubiMu (Shapefile, PostGIS) npocrpancTBeHHBIMH 1aHHBIMU Ha ocHOBe cepBrcoB OGC
WMS, WFS, WPS. I1pu sTom kaprorpaduyeckunii cepsuc WPS B o0rmiem Busie obecrieunBaeT CTaHAapTH30-
BanHbIi BHemHUI HTTP-unTepdeiic st yaaneHHOro KOHGUIypHpOBaHHUs U 3aIlycKa IpoLeyp CTaTUCTHYe-
CKOI 00pabOTKH MPOCTPAHCTBEHHBIX JaHHBIX, & TAKXKE IIPEJCTABICHHS pe3yJIbTaToB (popmarax coracHo ¢op-
MaJIM30BaHHBIM MHCTPYKIMSIM KOHEUHOT'O TI0JIb30BaTEIIS.

[IpencraBneHHas pacupelelieHHas: apXUTEKTypa IO3BOJISIET OINEPAaTHBHO J00aBISTh HOBBIC BBIYHMCIIN-
TEJIbHBIC Y3JIbl, CUCTEMbI XPaHEHHUS JJAHHBIX, & TAKKe o0ecriedyrBaeT HH()OPMAIOHHO-BBIYUCINTEIbHYIO TOJI-
JICPIKKY UCCIIEIOBAHUI PErMOHANBHBIX KIMMAaTHYECKHX W3MEHEHHH C TIOMOIbIO COBpeMeHHBIX BeO- u [C
TEXHOJIOTHH.

Paboma noooepoicana epanmom PH® Nel6-19-10257.

Jumepamypa:

1. Steiniger S., Hunter A.J.S. Free and open source GIS software for building a spatial data infrastruc-
ture. / In: Bocher E., Neteler M., (eds.), Geospatial Free and Open SourceSoftware in the 21st Cen-
tury, LNGC, Heidelberg, Springer, 2012a, p. 247-261.

Development of the parallel multigrid elliptic problem
solver for the SL-AV global atmospheric problem

Goyman G.S., Tolstykh M.A.

Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: gordeygoyman@gmail.com, tolstykh@m.inm.ras.ru

The use of semi-implicit semi-Lagrangian [1] time stepping and Z-grid in the SL-AV global atmospheric

model [9] leads to the 2d elliptic type equations at every vertical level:

(k2 =A)p=Rk=>0

02 1 0 ( 6)
cos<pa(p ' (1L1)

which have to be solved at every model time step. Here 4,¢ — longitude and latitude; a — Earth’s radius. At the
moment, 1d domain decomposition and direct method based on FFT [5] are used in the SL-AV global atmo-
spheric model. However, if 2d domain decomposition and big amount of cores are used, this method will be
inefficient. In this article we present new parallel multigrid solver for the elliptic problems on the regular lat-lon
grid.

For the spatial discretization of the equation (1.1) we use second-order finite volume method [2]. This ap-
proximation leads to 5-diagonal system of equations. Geometric multigrid with V-cycle [6] is chosen as a base
algorithm for the new solver. Intergrid operators are bilinear interpolation and 8-point full weighting. Gauss-
Seidel method with red-black ordering is used as a smoother. At the bottom level of V-cycle system matrix is
inversed with BICGstab solver [8]. We use conditional semi-coarsening approach [7] to account for the anisot-
ropy of the regular lat-lon grid near the poles.

Fig. 1 shows convergence rate of the new solver for the 2d problems with different grid size and different
number of pre- and post- smoothing iterations. One can see that this algorithm is robust with respect to a prob-
lem size.

A= + —
a?cos@ dA*  a*cos@ dg
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Fig. 1. Convergence rate of the multigrid solver Fig. 2. Strong scaling of the multigrid solver

For the parallel implementation of the solver we use 2d MPI-decomposition. The results of strong scaling
tests of the new solver for two problem sizes are presented in Fig. 2.

Multigrid solver was implemented in the SL-AV global atmospheric model to solve the Helmholtz prob-
lem. Numerical tests show that new discretization does not affect accuracy of the model and that the reduction
of the residual norm by a factor of 10-4 (1-3 V-cycle iteration) is sufficient.
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Peanunsauma napannensHoro anropmtma peLlueHua
3NIMNTUYECKUX YPaBHEHW B rNobanbHoM Mogenu
atMocoepsl [MJTIAB

lonman I.C., Tonctbix M.A.

WHcTuTyT BoIMMCuTeNnbHOM MaTeMaTuku PAH, MockBa, Poccus
E-mail: gordeygoyman@gmail.com, tolstykh@m.inm.ras.ru

BBEJEHWE

VBeau4yeHue NpOCTPaHCTBEHHOTO pa3pelleHHs] B YHCICHHBIX MOJEISX arMOC(epsl SIBISIETCS OJHUM M3
OCHOBHBIX (DaKTOPOB YIyUIlIEHHsI Ka4eCTBa MPOTHO3a IOT0/Ibl ¥ MOAEIMPOBaHUs KiuMara. [Ipu aTom ucnosns-
30BaHUE BCce OoJiee MOAPOOHBIX PAaCUETHBIX CETOK TpeOyeT HAMUMs JOCTATOUHBIX BBIYUCIMTEIBHBIX pecyp-
coB. O/lHaKoO pacyeT Ha MacCHUBHO-TIAPAJUICIBHBIX CHCTEMaX BO3MOXKEH TOJIBKO IPH MCIONIb30BaHUH dddek-
THUBHBIX M MacIITaOMPYEMBIX YHCIICHHBIX aJITOPUTMOB. [103TOMY MHOTHE METO/IBI M MTOAXO/bI, KOTOPbIE OBLTH
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HIMPOKO PAaCHpPOCTPaHEHbI B MOJEISIX arMOc(epsl elle AeCATHICTUE Ha3a/l, Ha CErojIHsIIHUN JIeHb TpeOyeT
HepecMOTpa WIU TOJTHOI 3aMEHBI B CBSI3U C HEBO3MO)KHOCTBIO UX 3(()EKTHBHOTO MCIIOIb30BaHUE HA MACCHB-
HO-IIapaJIJICJIHBIX CUCTEMAX.

B mobansHoit Mmonenu armocgepst I[TJIAB [9] npumensieTcs nonyHesiBHbIH nomynarpanxes [1] meron
WHTETPUPOBAHUS 110 BPEMEHU COBMECTHO C IPOCTPAHCTBEHHON NUCKpETU3aIMel ypaBHEHUH, chopmynupo-
BaHHBIX B TEPMHUHAX BUXPb-AMBEPreHIIMs, HA HECMEIIEHHOH Z-ceTke. Mcrnonbp3oBanue Takoro mnojxona odec-
[I€4MBAET XOPOILUUE JUCIIEPCUOHHBIE XapPAKTEPUCTUKU UHEPLUOHHO-IPABUTALIMOHHBIX BOJIH U I103BOJIAET MC-
MOJIB30BaTh 3aMETHO OOJIBIINI MaKCUMaJbHBIM 1Al HHTErPUPOBAHUS 110 BpeMeHH. [1naroii 3a 1o sBiseTcs
HEOOXOIMMOCTh PELICHHsI Ha Ka)K/IOM Ilare 1o BpeMeHH HaOopa JByMEpHBIX ypaBHeHHH [enbMroibua s
[I0JIyY€HUs 3HAUEHUS IUBEPIEHLMY Ha CIIELYIOLEM BPEMEHHOM cj10¢€ U ypaBHeHui ITyaccona i BoccTaHOB-
JICHUSI TOPU3OHTAIILHOTO 110J1s1 CKOpocTel. DPpdEeKTHBHOCTD U 11€1ec000pa3HOCTh IPUMEHEHUS! ITAHHOTO TIOJI-
X0/1a, TAKMM 00pa3oM, BO MHOTOM 3aBUCHT OT d((PEKTUBHOCTH AJIITOPUTMA PELICHHUS] CUCTEM JIMHEHHBIX alire-
Opandeckux ypaBHeHHH(CJIAY), BOSHUKAIOIIUX BCIIEACTBHE TUCKPETU3ALMH 10 TIPOCTPAHCTBY.

Ha nannsiit MomenT B Mozenu ITJIAB ncnons3yercsa npsamoit Mmeton pemenus CJIAY ¢ ucnosiab3oBaHHEM
ObICTpOrO IpeodpazoBanust Dypbe v BEKTOPHOUM MPOTOHKH [5]. B COBOKYITHOCTH C OJTHOMEPHOI! IEKOMITO3HIIU-
eit obmactu mo MPI-niporieccam qaHHBIM anropuT™ 10CTaTouHO 3(dekruBeH. OaHAKO UCIOIB30BAHUE OTHO-
MEpPHOH JIEKOMIIO3ULIUY HAKJIaIbIBACT OTPAHUYECHUE HA MAKCUMaJIbHO BO3MOKHOE KOJIMYECTBO UCIIOIb3YEMBbIX
BBIYHUCIIUTEIBHBIX SEP, 4 3HAYUT, U Ha MAaKCUMaJbHO JOCTYIIHYI BBIYHACIMTEIbHYI MOLIHOCTb. [loaTOMYy,
NP yBEIMYEHUH POCTPAHCTBEHHOTO Pa3peLIeHUs MOJIENIU NOTpedyeTcs epexosl Ha JIByMEPHYIO JIEKOMITO3H1-
1uto oonactu. B Toxke Bpemst 3 peKTuBHAS peanu3aus IpsiMOro MeTo/ia, OIMCAHHOTO BBIIIE, B COBOKYITHOCTH
C ZIByMEPHOH JICKOMIIO3UIIMEH SIBIISICTCS 3aTPyIHUTEILHOM. Bo-11epBbIX, IpUMeHeHne ObICTpOro rnpeodpaszosa-
Husg Dypbe noTpedyeT M100aibHBIX KOMMYHHUKALMH [UIsl IO/ICUETa YaCTHYHBIX CyMM. BO-BTOpBIX, BEKTOpHAs
IIPOrOHKA SIBJIETCSA IUI0XO PACHIapAILICIIMBAEMbIM aJITOPUTMOM.

B nanHo#i paboTe paccMarpuBaeTcs peain3alys napauleIbHOr0 MHOTOCETOYHOTO ajIropuTMa pPelIeH s
CJIAY, BO3HHKAIOIIMX BCIEICTBHE AUCKPETU3ALNN YPABHEHUH AIIUITHYECKOTO TUIIA HA PErYIISIPHOIl HPOT-
HO-J0JroTHOH ceTke. Iloka3ano, 4To cXOAMMOCTh aaropuTMa He 3aBUCUT OT pazMmepa 3anadu. [Iposenenst 3a-
Mepbl MaclITaOUPyEeMOCTH JUIsl pa3MEPOB PACUETHBIX CETOK XapakTepHbix st moaeiu [TJIAB. TIpousseneno
BHezipeHue anroputma B Mojens ITJTAB u ero tectupoBaHue Ha akaJeMHUYECKUX T€CTaX U CEPHM NMPOrHO30B
IIOTOJBL.

MNMOCTAHOBKA 3AAYN 1 OINMMCAHUE AITOPUTMA PELLEHWA

B pesynbrare muckpeTH3auu 1Mo BpeMeH! ypaBHEHUH nuHamuky B mozaenu [IJIAB Ha kaxmom BepTH-

KaJbHOM yPOBHE BO3HUKAIOT AUINITUIECKNE yPAaBHEHNS BUJA:
k*=ANYp=Rk=0
2
A=— ‘ =t ! ni(coswﬂi\,(m)

3nech 4, — I0NroTa U MUpoTa; a — pagnyc 3emin. [l IpoCTpaHCTBEHHON ANCKPETH3ALNH YPaBHEHHS
(2.1) Ha peryssipHOM MMPOTHO-AOJITOTHOIN CETKE MCHOJIB3YeTCs CTaHJapTHAs! MATUTOYEUHAsT KOHEYHO-00bEeM-
Has anpoKCHMALUs BTOPOTO TOPSAAKA TOYHOCTH [2]. B pe3ynbrare AMCKpeTH3aiy Ha KaXXJOM BEPTHKAIEHOM
ypoBHe Bo3HHKaeT CJIAY ¢ pa3peskeHHOH MATHANATOHATHHON MaTpHIIEH.

B xauectBe anroputma pemenust CJIAY npeamaraeTcst HCIIOIB30BaTh MHOTOCETOUHBIA METOJ ¢ V-ITHKIOM
[7]. JJaHHBIH METOI HCIIOIB3YETCSI B OTACIFHOCTH IS K&KIOH IBYMEpHOH moa3anaqn. J{is yMEHbBIICHUS aM-
TUIATYB! BBICOKOYACTOTHBIX KOMITIOHEHT OMIMOKM HcIoib3yercst mMeron ['aycca-3elaenst ¢ KpacHO-4epHBIM
YIIOpSI0YMBAaHUEM TIEpeMEHHBIX. OnepaTopsl Mepexoia Mex/1y CeTKaMu — OMIIMHEHHAS HHTePIOJISLHS U CO-
MIPSHKEHHBIN K HEMY OIlepaTop 8-MM TOUEYHOTO OCPEAHEHHMs. B KauecTBe MaTpHIIbl CHCTEMBI Ha TPYOBIX CeTKax
WCTIONB3YeTCs TUCKPETN3aAIMs YPAaBHEHNUS HA 9THX CeKTax. Ha HikHeM ypoBHE V-IIMKIIA MaTpHlia CUCTEMBbI
oOparaercs Mpy MOMOIITH METO/a OMCOTPSKEHHBIX CTAOMITM3UPOBAHHBIX TPATUCHTOB [8].

OnHUM M3 IIIABHBIX HEJJOCTATKOB CTAHAAPTHOTO MHOTOCETOYHOTO METOIA SIBISIETCS YXY/AIIEHHE CXOANMO-
CTH TIPH HAJIMYUH aHU30TPOIHHU B KO (PUIIMEHTaX ypaBHEHNs. B TaHHOM cilydae 1okasarenb aHn30TPOIINH B
YPaBHEHHH BBIPA)KACTCSl KAK OTHOLIEHHE IIara CETKU 110 MIMPOTHOMY HAMPABICHUIO K IIAry 10 AOJTOTHOMY
HalpaBsJIeHHIO, M 3TOT ITOKA3aTEIb YBEINUMUBACTCS I10 MEpe MPHOIIKEHNUS K ITOII0caM CeTKU. B nanHo# peann-
3aI1H UCIIOIB3YETCsl METO] yCIOBHOTO crpyonenns cetku [7]. CyTh JaHHOTO METO/a 3aKJIIOYaeTCs B TOM, YTO
crpyOJsieHre OCYIIECTBISIETCSI B 000MX HAIPABICHUSIX TOJIBKO 00IACTAX C HU3KUM IOKa3aTeseM aHH30TPOTIHH.
B 31011 3a1au€ 3TO MPUBOJUT K CTPYOJIEHUIO CETKN TOIBKO B JIOJTOTHOM HAIlPABJIEHUH B OKOJIOTIOJIIOCHON 30HE.
[Ipn 3TOM KOJIMYECTBO TOUYEK MpH IEepexoze Ha Oosiee rpyOyl0 CETKy yMEHbBIIAeTCsl MPUONIN3UTEIBHO B TPH
pasa, a He B 4yeThIpe. [locTpoeHne mocie10BaTeNbHOCTH IPYObIX CETOK MPOWU3BOAMUTCS OJMH Pa3 Ha CTAIUN
MHHULHATN3AINHN aJITOPUTMA.
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CXOOAMMOCTb AJTTOPUTMA

PaccMOTpUM CXOIMMOCTH MOITYYEHHOTO aJrOPUTMA MPH Pa3IHYHOM MPOCTPAHCTBEHHOM Pa3pelICHUN U
Pa3NIUIHOM KOIWYECTBE UTEPAIIU OTlepaTopa CIIaKuBaHMA. B kKauecTBe TOUHOTO penIeHHs HCTIONb3yeTCs BEeK-
TOpP CIyYaiHBIX YHCEI, IpaBast YaCTh CUCTEMBI ITOJIy4aeTCs ITyTEeM TOMHOXKECHHUS TOUHOTO PEIIeHHUs Ha MaTpH-

1y cucteMbl. Hac nHTEepecyeT Kod(GUIMEHT CXOIMUMOCTH, ONpeAeisieMblii o Gopmyie:
1

_ (IEnIN\N-1
,Ll - )
(E31]
rae fk — omnOKa mocie K-oi uTepanuu MeToaa, N — KOJIIM4eCcTBO I/ITepaL[I/Iﬁ METOJa. Ba)KHO, YTOOBI OTOT K03(1)-
@HHHCHT HE 3aBHCCJI OT pa3sMepa 3aa49u.

Ha puc. 1 HOPUBEACHBI KO:‘)(bq)I/IHI/IeHTBI CXOAMMOCTHU METOAa MPU PA3JINIHOM HPOCTPAHCTBEHHOM pa3pe-
IICHUHU WU PA3JIMIHOM KOJINYCCTBE I/ITepaI_[I/Iﬁ oreparopa CriaXuBaHUs. 3;[60}, VvV, — KOJIMYE€CTBO I/ITepaLlI/Iﬁ OIIC-
paropa CrilaXXuBaHus Ipu ABMXKCHUN BHU3 110 MUKITY, V, — IPU JIBHUKCHUU BBEPX. CXO,I[I/IMOCTB paccMarpuBacT-

s ISl OMHOM TByMepHOM 3ama4un. 3 puc. 1 BUIHO, 9TO MPH HCIIOTH30BAHUH TOCTATOYHOTO YHCIIa HTEPAIIUiT
CTIIQ)KUBAaHUS CXOIMMOCTH METO/Ia IPAKTUICCKH HE 3aBUCHUT OT pa3Mepa 3aJadm.

Puc. 1. CxogumocTtb MeTofa B

CxoammocTtb metoaa 3aBMCMMOCTY OT KONMYECTBa

< 0,35 WUTepauuii CrnammBaHna
o 03 g
E 1
g 025 g
g | m 128x64
g 02
E B 256x128
& 015
= W 517%75
| m 512x256
3 01 1 :
g bk g 1024x512
.05 1 i i
m i -
s “ I [ T e
v_1=1 vi=1 v 1=2 v_1=2 v_1=3 _1=3
v_2=0 yv_2=1 v_2=1 v 2=2 v 2=2 v_2=3

KonunuecTeo nTepawuii NOCT U Npes crnaxueaHua

NAPAJIIESIBHAA PEAJTU3AUMA N MACLUTABMPYEMOCTb AJTTOPUTMA

Jl1st mapaniensHOM peanu3aliy aaropyuTMa UCTIONb3yeTCs IByMepHas JeKoMmo3uius obnactu mo MPI-
npouieccaM. Bee HeoOXoanmbie 0OMEHBI ISl KXKAO0TO BEPTUKAILHOTO YPOBHSI IPYIIUPYIOTCS B OIMH U TIPOU3-
BOJISITCSI OTHOBPEMEHHO, YTO MO3BOJISIET HE MeperpykaTh CeTh 0OMEHOB M YMEHBIINTH KOJMYECTBO BPEMEHH,
3aTPavYeHHOr0 Ha HHUIMATH3AIHIO TIepeIadl OOJBIIOr0 KOJIMUYCCTBA HEOOIBbIINX coo0IIeHui. KoMMmyHuKans
C MPOIIeCCaMH, «ISKAIIUMHU TI0 TUaroHajIi» OT JIAHHOTO MPOLecca, Peaau3yroTCs TPU IOMOIIM 0OMEHOB CHa-
yajia B TOPU30HTAJIBFHOM, a 3aT€M B BEPTHKAJIHLHOM HANPABICHHH, YTO MO3BOJSET YMEHBIIUTH 0OIIee YHCI0
0OMCHOB B JIBa pasa.

[Tpu BUXXEHNU BHU3 110 V-IIMKITY YMEHbBIIAETCSI OTHOIICHHE KOJIMYECTBA BHIUUCICHUI K KOJINYECTBY 00-
MEHOB, 00JIee TOr0 MOXKET BO3HUKHYTh CHTYaIIUs1, KOT/Ia Ha MPOIeCcCe HE OCTACTCs HM OJTHOM PacyeTHON TOUKH.
B ¢BsA31 ¢ 3TUM IPUMEHSETCS aIrOPUTM YMEHbBIIEHHUE KoJlMuecTBa akTuBHbIX MPI-nipouieccoB no mepe ymeHsb-
HICHUs KOJIMYecTBa pacu€THbhIX Touek. Ha mociennem ypoBHe V-11kia Bce JaHHbIE MIEPEIat0TCsl Ha OJIUH MPO-
I[ECC, TI€ MPOUCXOAUT 0OpaleHne MaTPUIIBl. YMEHBIICHHE KOJTHYECTBA MPOIECCOB MOXKET IMPOU3BOAUTCS KaK
B 000MX HaIPaBJICHUAX Cpa3y, TAK U TOJIBKO [ OHOTO HANPABICHUA. AJITOPUTM PEaTN30BaH /Ui KOTHYECTBa
MPI-nponeccos, SBISIOLIMXCS AEIUTEIEM IBONKU.

B pesynbrare nmpuMeHeHHs: alirTOpUTMa yCIOBHOTO CrpyOlieHHst TIpH Tiepexojie Ha Oojiee rpyOyro CeTky,
KOJIMYECTBO PACUETHBIX TOUEK y MPOLIECCOB COACPIKAIINX OKOJIOMOIIOCHYIO 00JIaCTh CETKH CTAHOBUTCS OOJTB-
1Ie, YeM y OCTaJIbHBIX IPOILIECCOB. B CBA3M ¢ 3THM peann30oBaHa OMIUSA OCYIIECTBICHHS MepepacipeeIeHus
TOYEK MEXy MpOoIIecCaMy IIPHU MEPEX0/Ie MEXKTy YPOBHAMHU V-IIHKJIIA.

3amepbl MacTabupyeMOCTH anroputMa nmpoBozsaTcs Ha kinactepe MBC-10I1, ocHameHHBIM BBIUNCITH-
TeNbHBIMHU y3l1amu ¢ 2 nporeccopamu Intel Xeon ES-2690. Mccnenyercs cuiibHas MacrabupyeMocTh ajro-
puTMa TSt 3a71a9u pasMepoM 512x256x28 u 2048x1024x51 Todek, TO MPUMEPHO COOTBETCTBYET IMPOCTPAHCT-
BEHHOMY Pa3peIICHHUIO0, UCTIONIB3yeMOMY B MByX Bepcusix moaenu ITJIAB. Yckopenue BeraucisieTcs Mo OTHO-
HICHUIO KO BPEMEHH BBITIOIHEHHUS HAa OJHOM BBIYHUCIMTENBHOM y3ie. I paduk cuiabHOM MacmTabupyemMocTi
anropuTMa MPUBEACH Ha pUcyHKe 2. U3 rpaduka BUAHO, 9TO 3a1a4a pasMepoM 512x256x28 touek macmtadu-
pyetcsi ¢ 3pPeKTUBHOCTRIO Oosiee SO MPOIEHTOB BILIOTH 110 256 siaep. 3amadya pasmepom 2048x1024x51 a¢-
(eKTHBHO MacIITAOMPYEMOCTH 0 KpaitHeil mepe 10 1024 BBIYHUCIUTENBHBIX SIED.
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Puc. 2. CunbHanA MacLuTa-

E: 61pyeMocTb anropuTMa 64
o /
.‘N 32
)
Ll g 16
= z
() g 2 o
g
> 4
2
1
16 32 64 128 256 512 1024
Honu4yecTso Adep
—8—512x256x28 —8—2048x1024x51 ——/IMHeNHOE yCKOpeHHe
BHEOPEHWME B MOEJb INJ1AB

[omy4eHHBIH alTOpPUTM BHEAPEH B MI00ANBHYI0 Moaens atMochepsl [IJIAB s pemeHust AByMEpHBIX
ypaBHeHui ['enpmrombua. s TecTupoBaHUS M BepU(UKAIMK aIropuTMa HCHOJIB3YeTCS BEPCHUS MOJIEIH
IIJIAB ¢ mpocTtpaHcTBeHHBIM pa3perrenuem 400x251x28. AHann3 CXOOMMOCTH W TOYHOCTH HOBOTO aJTOPHT-
Ma pELIeHUsI IPOBOIUTCS HA aKaZIEMHUUECKUX TECTaX U CEPHU IPOTHO30B MOTO/IBI C 32071aroBPEMEHHOCTHIO 72
yaca. AHaJIN3 MIHOBEHHBIX  OCPETHEHHBIX MOJIEH MOKa3aj, YTO MCIIOIb30BAHUE MHOTOCETOYHOTO METOIa HE
MIPUBOANT K YXyALIEHHIO TOYHOCTH Mozenu. [Ipu pemenun ypasHeHus [eapMronbna HOCTATOUYHO HAJEHUS
HOPMBI HEeBS3KH perneHus B 104 pa3, 9To COOTBETCTBYET ITpUMEHeHHIO -3 urepanunii V-nukia.
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An automated graphical system Isograph for visualization
of meteorological fields and observational data

Kopeykin V.V., Alferov Yu.V.

Hydrometeorological Research Center of Russian Federation
E-mail: v.v.kopeykin@mail.ru, alferov@mecom.ru

alization of meteorological fields and observational data. The software is designed both for operational
needs and research.

Isograph can display meteorological data in the form of georeferenced maps in one of the supported pro-
jections (equidistant cylindrical, cylindrical Mercator, polar stereographic). Several images can be easily com-
bined by setting parameters describing the map view. The parameter set can be saved as a profile and used again
later. The data can be both on regular and irregular grids. If input fields are defined on one and the same grid, it
is possible to display a linear combination of the fields thus allowing additional data analysis.

Isograph has its own library of geographical objects (coastlines, rivers, state boundaries, weather stations,
etc.), it has the ability to obtain meteorological information both from local sources (text and binary files on a
user’s computer) and network databases. In the second case, the projection parameters can be obtained auto-
matically, provided that they are present in the database.

The program has a user-friendly Russian-language interface, based on menus and dialogs. In addition to
the interactive mode, the program can also work in a batch mode, which allows to automate the creation of
maps on preliminary prepared templates using the built-in scripting language. Scripts can be created manually,
as well as through a script generator built into the software package. To make a script with the script generator,
you need only to set a necessary sequence of actions using intuitive dialog boxes.

The constant development of Isograph makes it possible to provide meteorologists and researchers with
more and more convenient and powerful tools for analyzing meteorological data.

3 n automated graphical system Isograph has been developed at the Hydrometcentre of Russia for visu-

Isograph — aBTOMaTM3MpoBaHHaA rpapuyeckan cuctemMa
ONA BU3yanmsaumm MeTeoposiorMyecknx nonen n gaHHbIX
HabnogeHun

Koneitkuh B.B., Andepos 10.B.

TppomeTueHTp Poccuu
E-mail: v.v.kopeykin@mail.ru, alferov@mecom.ru

3yaliu3alliiid METEOPOJIOTHUSCKUX TOJIeH M JaHHBIX HaOmoneHuit — Isograph (puc. 1). JlaHHEBI TipO-

B OI'BY «I'mppomernentp Poccum» pazpaborana aBroMaTH3upoBaHHas rpaduuecKkas cucremMa Juis BU-
IpaMMHBII KOMIIJIEKC NpeJHa3HaYeH Ul UCIONb30BaHMs, KaK B ONEPAaTUBHBIX, TAK U HCCIE]0BaTEIb-

CKHX ICIIAX.

Puc. 1. HTepakTvBHBIN pe-
Q UM paboTbl Isograph
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Isograph naér BO3MOXXHOCTH OTOOpAXKaTh METEOPOJIOTHUECKUE JaHHbIE B (hopMe KapT ¢ reorpapuyeckon
MIPUBSI3KOIM B OJJHOI M3 AOCTYIHBIX IPOEKIMH (IKBUIUCTAHTHAS [IMIMHAPHYECKasl, IUIMHAPHYECKas MepKa-
TOpCKasl, MOJIIpHAst cTepeorpaduyeckast), Mo3BOJIsisl KOMOMHUPOBATH HECKOJIBKO H300paKEHUI ¢ HACTPOUKON
napameTpoB (puc. 2). [TapameTpsl 0TOOpaKeHHsI MOTYT OBITH COXPAHEHBI B BHJIC TIPOMUIICH U UCIIOIb30BaHbBI
MOBTOPHO. /IaHHBIE MOTYT MOCTYNATh KaK B BUJE PETYIAPHOM, TaK ¥ HEPEryIIpHOM ceTu Touek. Takxe B mpo-
rpamMMe JI0OCTYITHa BO3MOYKHOCTb ITPOM3BOAUTD JINHEWHbIE KOMOWHALIUY JBYX I10JIEH, 3aJaHHBIX Ha OJHOM CeT-
Ke, YTO Ja€T BO3MOYKHOCTB ITPOBOJUTH JTOTOJIHUTENbHBIN aHAIN3 JaHHBIX.

Puc. 2. MeTeoponoruyeckve aaHHble B GopMe KapT € reorpaguyeckoin NpuBA3KO

Isograph nmeet cBoto OMONIMOTEKY reorpaduuecKkix 00beKTOB (OeperoBble JIMHUH, PEKH, TPAHHIIBI TOCY-
JIapCTB, METEOCTAHIMH U T.J.), 00JIaJIaeT BO3MOXKHOCTBIO MOJYYSHUSI METEOPOJIOrnYecKor MH(pOpPMAIMU 13
JIOKQJIbHBIX MCTOYHHMKOB (TEKCTOBBIX M OMHApHBIX (hailIoB) U M3 ceTeBbIX 0a3 naHHbIX (puc. 3). Bo BTopom
clly4ae mapaMeTphbl MPOEKIIMU MOTYT OBITh TIOJIy4eHbI aBTOMATHUYECKH, ITPH YCIIOBUU HAJIMYMUS TAKOBBIX B 0a3e
NaHHBIX.

Ob6ecne4MBalolne TEXHONOTMK APM

IlpueM 1aHHEIX HAOMONEHHH H
aaunsrx GRIB, nepeuunas
obpaborka

TexHonoruu 06paboTkn AaHHbIX /
(noaroToBKa AaHHbIX
HabnwaeHuin, 00BeKTUBHBINA
aHanus, mogenun aTMOCL*pephI 4
T.M.)

IMoas3zoBarenn
(mporsosHCTHI, [

Puc. 3. Mecto Isograph B TexHonorum 06paboTku MeTeonHdopmaLmm
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[Tporpamma o0nagaer Ipy»KEeCTBEHHBIM K I0JIb30BATEII0 PYCCKOS3bIYHBIM UHTEP(EicOM, OCHOBaHHBIM
Ha MEHIO U juanorax. [loMMMO MHTEpaKTHBHOTO peXKHMa ITPorpaMma TakKe MOXKET padoTaTh B AKETHOM pe-
JKHMeE, TI03BOJISIOIIEM, UCIIOIb3YsI BCTPOEHHBIN CKPUITOBOH S3BIK, aBTOMaTU3UPOBATh CO3JJaHKE KapT IO 3apa-
Hee 3aroTOBJICHHBIM I1a0ioHaM. CKPUITHI MOTYT CO3/[aBaThCsl BpYUYHYI0, a TAKXKe [I0CPECTBAM BCTPOSHHOTO B
MIPOrpaMMHBIN KOMIUIEKC TeHepaTopa CKPUIITOB, B KOTOPOM 3aJaHne HEOOXOIMMOI1 IOCIIe10BaTEeIbHOCTH JIeH-
CTBHH IPOU3BOAUTCS MTPU OMOIIY HHTYUTUBHO MOHATHBIX THAJIOTOBBIX OKOH (pHC. 4).

—
CTPYKTYPHEIA E4ia)
[
E Sanare uma atnacal Tporkos Jxaerepa HS00+TBS0™)

2 date=deciutc.4h) Wma afing ¢ MakeTom
S date=siok12{date) ["Kaprof3rs_H500_ta501gm"
E@Umnmzburﬂno?ﬂcwml? Jara u cpox
Cosnars xaprdl Kapre\Irs_ HE00_ 1850 igm" date 2b.1) ﬁe

Koweu umkna 3a6Nar OBpEMEHHOCTE
3agate konUeecTEo cToabuos(3) Ezb
Showétas(1.0.0.0.0) Nexana

2 a=datetost(’™ date) i
2 s=addsh("E:\I_Oper\”, 3,"_", stlasname)

Arcnopruposars arnac(a,0.0 rewite)
3axpems Isograph
Korew nporpai

Crpur [TexcTossii siu)

| ~ P aiin crpuUnTa
Atlas( Mporros Ikserepa HS00+TE50") A
date=deculc.4h) Cosgars Hossi |
datessiok12{date] |
Forzb=12 to 78 step 12 I 3arpyauTe W3 Qaiina ]

Create("Kapret3xs_HS00_t950.igm" date zb 1]

Next ¥l Coxpasre B @aiin I
SetColsMumber(3) L
1Showétas(1,0,0,0,0)

| o-daretostit™ dote) Ornaaxa crpurma
a=addsti{"E:\I_Oper\", a.""_", atlasname] L MposepuTe cuHTaKcHe j

Exportatias(a,0,0,rewite]
Exit % Bomonrrs & lsograph |

Napamerper

# 3axpeme Meneparop crpunmos

Puc. 4. [eHepatop cKpunToB

IlocTostHHOE pa3BUTHE Isograph Ja€T BO3MOXKHOCTD IPEAOCTABIIATE METCOPOJIOraM U UCCIICA0BATCIIAM
Bce Oonee y,I[O6HBI€ 1 MOIIIHBIE NHCTPYMEHTLI aHAIN3a METCOPOJIOTNICCKNUX TaHHBIX.

Jumepamypa:

1. Angepos FO.B., Koneiikun B.B. Acnexmol asmomamusayuu 6 2u0poMemeoposoc2uteckoll cucmeme
suzyanuzayuu Isograph// Tpyowr I'uopomemyenmpa Poccuu. — 2011. — Bwin. 346. — C. 17-27.

2. Koneiixun B.B., Anghepos FO.B. [locmpoenue uzonunuil no Hepe2yisipHoll cemu moyex 6 pamKax
epaghuuecxoii cucmemvl Isograph// Tpyowr I'uopomemyenmpa Poccuu. — 2011. — Boin. 346. — C.
62-75.

3. Anghepos IO.B., Konetikun B.B. [Ipumenenue mroconomounocmu 6 epaguueckoil cucmeme Iso-
graph// Tpyoul I'uopomemyenmpa Poccuu. — 2015. — Bvin. 353. — C. 15-25.
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The use of correlated observation errors in satellite AMV
data for the ensemble data assimilation system based
on LETKF algorithm

'Mizyak V., “Shlyaeva A., "“Tolstykh M.

' Hydrometeorological Research Centre of Russia, Moscow, Russia

? Cooperative Institute for Research in Environmental Sciences, Boulder, USA
* Institute of Numerical Mathematics RAS, Moscow, Russia

E-mail: vmizyak@mecom.ru

of data assimilation, so-called analysis, combine the model state and observational data. The huge
number of satellite data is needed to improve analysis accuracy, because in situ observations are sparse
and irregularly located.

Satellite observations usually provide indirect information on temperature, humidity, surface parameters,
clouds, ozone and other constituents. Converting observational parameters to model variables is a complex
problem, partially related to significant correlations in observational errors.

The suggestion about uncorrelated observation errors in data assimilation is very convenient, because the
observation errors covariance matrix R used in assimilation scheme is diagonal and there is no need to invert it.
It was shown before that the use of correlated data with diagonal matrix R in data assimilation deteriorates the
analysis accuracy.

Satellite-derived atmospheric motion vectors (AMV) observations are the important source of wind infor-
mation above the Tropics, ocean areas and Polar regions. Their errors have significant autocorrelations and one
of the ways to improve the analysis quality is a more accurate specification of the AMV observation errors. This
necessitates the use of the non-diagonal observation error covariance matrix R in the data assimilation scheme.
We perform the Second Order Autoregressive function (SOAR) from [Bormann, 2003] to model non-diagonal
elements in R.

Data assimilation system used is based on LETKF scheme [Hunt, 2007]. The operational SL-AV model
[Tolstykh, 2015] with the horizontal resolution of 0.9°x0.72° lon-lat and 28 vertical levels is used as forecast
model to generate first guess (or background) fields. It is demonstrated that accounting for correlations in AMV
observation errors in the data assimilation system reduces the errors of 5-days forecasts computed from the
initial data of this system.

D ata assimilation methods are used in meteorology to generate initial data for NWP models. The results
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BBEOEHWE

B MeTeoposoruu yCBOCHHEM JaHHBIX HA3bIBAIOT [IMKINYECKHI NPOLECC, B X0/1€ KOTOPOTO ONPENEIISIOTCS
YHCIICHHBIE XapaKTePUCTHKN COCTOSIHUS aTMOC(Ephl B OIpeIeIEHHbIE MOMEHTBI BPEMEHH C UCIIONB30BAaHUEM
HMEIOIIXCS JAHHBIX METEOPOIIOrHYECKUX HAOIOACHHI U HEKOTOPOH anpropHOU nH(opMauy 00 ucciienye-
MOM COCTOSIHHU aTMocepsl. B pesynprare monydaror peryisipHoe TpEXMEpHOe pacipeeieHue epeMeHHBIX
(IIBe KOMIIOHEHTBI BETpPa, TEMIIEPATypa U BIAXXHOCTb, JIABICHUE Ha IIOBEPXHOCTH 3eMIIN ), KOTOPBIC UCIIONB3Y-
F0TCS B YHCJICHHBIX MOJICJISIX IIPOTHO3a MOTOIBI B KAYECTBE HauallbHBIX JaHHBIX. Takoe pacrpeneieHue pHHsi-
TO Ha3bIBaTh OOBEKTHBHBIM aHAIN30M, WM Yalle IPOCTO aHauu30M. OObEKTHBHBIN aHAIN3 SBISETCS MaKCH-
MaJIBFHO TOYHOM (B HEKOTOPOM CMEBICIIE) OLIEHKOI COCTOSHUS aTMOC(hEpHI.

Jlnist TOBBILICHHST TOYHOCTH aHAJIM3a HEOOXOAMMO YCBaMBaTh IIOCTOSHHO YBEJIMYMBAIOLIMECS MaCCHBBI
JJAHHBIX CITy THUKOBBIX HaOroeHu . CI0KHOCTh YCBOCHUSI TAKUX JaHHBIX CTOMT B TOM, YTO B XOJ€ CITy THUKO-
BBIX M3MEPEHUIl (B OTIIMYHME OT TPAJAULUOHHBIX KOHTAKTHBIX HAOIFONCHUI) IPOUCXOAUT ONpeIeICHHE BEeIH-
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YHH, KOTOpbIE HE SIBJISIOTCS MIPSIMOW MH(pOpMALUei O COCTOSHUN MOZEJIBHBIX IIepeMeHHbIX. J[is monydeHus
3HAYECHUU MOJCIIBHBIX IEPEMEHHBIX U3 CILyTHUKOBbIX JAHHBIX IIPUXOIUTCS IPUMEHSTH CII0KHbBIE aJITOPUTMBL U
MIPOLIEAYPHI, KOTOPBIE CIOCOOHBI BHOCUTH CBOM OLIMOKHM B M3MEPEHHBIE 3HAYCHUS. YUET ITHX OLIMOOK M MX
CBOMCTB SIBIISIETCS CIIOXKHOM 3a/1aueii, KoTopasi TpeOyeT pelleHus, T. K. JAHHBIX TPaJUIUOHHOI Halmonaresb-
HOH CeTU KpaiHe HE JOCTATOYHO AJIs [IOATOTOBKU KaY€CTBEHHBIX AHAIU30B.

YCBOEHWE OAHHbIX HAB/TIOOEHNA AMV

OJHUM 13 BHJOB CITyTHUKOBBIX HAOJIIOJICHUH, TO3BOJISIOIMM BOCIIOJIHMTE HEJJOCTAaTOK HHPOPMALIUK OT
ceTell TPaJIMIIMOHHBIX KOHTAKTHBIX METEOPOJIOINYEeCKNX HAOIIONEHHH, SIBISIIOTCSl HAOMIIO/ICHNST BETpa I10 BbI-
YHCIIEHUIO BJIAXXHBIX CTPYKTYp Ha CIyTHHKOBBIX n300paxkeHusix (AMV). lanunas pabora nocsiena sddex-
TUBHOMY HCIIOJIb30BaHUIO HAOIIONEHHUI 9TOTO BHJIa B CHCTEME YCBOCHUSI, OCHOBAaHHOMW Ha anroputme JIokas-
HOro ancamoOnesoro ¢misTpa Kanmana ¢ mpeoOpa3oBanmem aHcamOis (anmi. Local Ensemble Transform
Kalman Filter, LETKF) [1, 2].

HaOmonennst AMV nonyyarot, OTCIIC)KUBas IEPEIBUKEHNsT 00JIAaKOB MJIM CKOTUICHHH BOASIHOTO T1apa I1o
CepUsIM CITyTHHKOBBIX M300pa)K€HHH, CACNaHHbIX B PAa3IMYHbIX JHaNa30Hax 4acToT (BUAMMBIN, HH(pakpac-
HBIH, BOJISTHOH 11ap). [1o 10JI0KEH IO OTMHAKOBBIX CTPYKTYpP Ha H300paKEeHHSIX, CACTaHHbIX CITyTHUKAMH Yepe3
paBHBIE IPOMEXYTKH BPEMEHH, JICNAIOT BBIBOJ O CKOPOCTH M HAalpaBJICHWH BETpa B TOUKe HaOmoneHus. Takoe
MIPE/ICTaBIICHUE JaHHBIX CYIIECTBEHHO YIPOIIAET IPUMEHSIEMBIN TP UX YCBOCHHH OIIEPaTOp HAOIIOACHHH.

HaOmonennss AMV obecniednBaroT mio0ajibHOE TOKPBITHE 3€MHOTO IIapa JaHHBIMU O BETpe, B T.4. U B
APKTHYECKHX MIMPOTaX, YTO KpaliHe BaYKHO BBUY MPAKTHYECKH ITOJTHOTO OTCYTCTBHS IPYTUX HCTOUHUKOB HH-
(dopmaruu 00 aTMOC(EpHOI IUPKYJISILIUY B 9THX PErHOHAX.

B npoBoaMMBIX HCCIIEIOBAaHUSX BIMSHUS PAa3IMYHBIX BUJOB HAOIIOAEHUH Ha TOYHOCTH YHCIICHHBIX IIPO-
THO30B MOTo/IbI [3] OBLIO BBISBICHO, 4TO HaOoneHUs AMV BHOCST 3aMETHBIH BKJIAJl, XOTS U HE PEIIAIOIINHT, B
MOBBIIIEHUE TOYHOCTH aHAJIU30B U IPOTHO30B.

TexHonorus noxyueHus HaOIIOACHUH COCTOUT B BEIOOPE M OTCIIC)KUBAHUU HEKOTOPOH LIEJIN Ha MOCIIe 10~
BaTEJIbHOCTH U3 TPEX CITyTHUKOBBIX N300paKEHHH.

[TpuHMMaroTCs Cieyonye NpearnoanKeHus (1 orpanndenus) [4]:

- BBIOpaHHast 11eJIb JABMIKETCS C TOH JK€ CKOPOCTBIO U B TOM K€ HAIIPABJICHHUH, YTO JIOKAIBHBII BETED;

- OTCJIC)KEHHOE JIBIYKEHHE TIPEJICTABIISIET ABMKEHHE BEPIIMHBI 00J1aKka (Ha ’TOM OCHOBaH BBIOOD BBICOTHI,
Ha KOTOPOU HaOIIoacTCs BeTep).

Jlanee nmpoBoasT creayromue qeicTBus:

- BBIOOD LIeJIM Ha Ha4YaJbHOW KapTUHKE;

- OIIpe/ieNieHNE TTOJIOKEHHSI 1IN Ha MOCIEAYIOMNX H300paKeHUsIX (MILEeTCs JTy4llee COBIMaJICHHE BCEX
MTUKCEeNel N3 BCceX BOBMOKHBIX BAPHAHTOB, HCIIOJIB3YsT KPOCC-KOPPEIISIIIHN);

- OTIpeJIeJIeHNE CKOPOCTH U HallpaBJICHUs BETPa;

- COIIOCTABIICHHE BBICOTHI HAOINIONCHHUIO, T.€. ONpPEAEICHUE AAaBJICHHs, Ha KOTOPOM HaOJIIOAaeTCs BETEp
(uare Bcero B AaBJIeHHE PEOOPa30BBIBACTCS TEMIIEPATYpa, ONPE/CIEHHAs 110 HACKIIIEHHOCTH I[BETA 1IEJIH, C
HCII0JIb30BAaHHEM NPOTHOCTUYECKUX MPOpUIICH TeMIepaTypsl);

- ABTOMaTHYECKHH KOHTPOJIb KadecTBa (BBIYMCICHUE HHMKATOpa Ka4yeCTBa).

Bo Bpemst poBesieH st KaXKI0T0 U3 BBILICTTPUBEIEHHBIX STAllOB BO3MOKHO BHECEHHE OLIMOOK B OIpejie-
JICHHE BCEX BEJIMYHH, COACPIKAIMXCS B HAOMIONEHNHU. DTOT (haKkT 00yCIaBIMBACT CIOKHYIO CTPYKTYpY 00mIen
OLIMOKH, a TAK)KE HAJIMYHE TPOCTPAHCTBEHHOMN U BPEMEHHOW KOPPEIISILIUN STHX OLIHOOK.

Hamnpumep, ncrnonp3yemble JUIst ONPeeNICHNs] BBICOTHI TPOQHIIN TEMITEpaTypbl U3 MPOTHOCTHYECKOH MO-
JIeITIH, OOBIYHO MTPOCTPAHCTBEHHO KOPPEIMPOBAHBI, @ 3HAUUT, Oy1yT KOPPEITHUPOBAHBI M OIIMOKH HAOIIOACHHH.
Kpome Toro, o0HapykeHHe ITOXOKHX 00JIauHBIX CTPYKTYP B COCEHUX CETMEHTaX MOXKET PUBECTH K CXOXKUM
ouMOKaM oOHapy)KEHHMs MM BEIYUCICHUSI BBICOTHI. [Ipolieypbl KOHTPOJISI Ka4eCTBa TAKXKE CUIIbHEE TOBEPSIOT
BETpaM, KOTOPBIE CXOXKH C COCEIHIUMH, YTO YBEIMUMBACT BEPOSTHOCTH KOPPEINPOBAHHBIX OIIHOOK [5].

HccnenoBanne npocTpaHCTBEHHOM Koppersinuu omuook Halmonennit AMV npoBoautcs B padote [5].
HaoOmonennss AMV cpaBHUBaiMCh ¢ HAOMIONEHHUSMH PaJNO30HJIOB M PACCUUTHIBAIMCH KOPPEISIIMOHHBIC
¢byHkuuu HabmoneHnit AMV B PEIIONoKeHIH, YTO OMUOKH 30H10B 1 AMV He koppenupoBaHbl. Pesynbra-
TBI HCCIIEJOBAHMUS [TOKA3aJIM, YTO HaOmoeHnsIM AMYV, TONy4eHHBIM C pa3JIndHbIX CITyTHHUKOB M 00paboTaH-
HBIX PA3JINYHBIMU AJITOPUTMAMU, CBOMCTBEHHA MPOCTPAHCTBEHHAs! KOPPENIALUSA Ha paJuycax, JOCTUTAIOLINX
800 xm.

Hannuue xoppensnuii B ommoOKax HaOIIOACHUH BBI3BIBACT TPYAHOCTH IIPH MX yCBOGHUH. B MarpuuHbIe
(opMyIIBI CXEM YCBOCHHS BXOJMT MaTpHLia KOBapHaluii ommbok HadmoneHuid R, koropyro Heodxoxmumo oopa-
1[aTh HA KAKUX-TO ATAIaX BBIMOJIHEHUS aaropurMa. [IpuHsaTo cunrars, 4TO 3Ta MaTpHULla UIMEET JUAarOHaIbHBIN
BUJI, T.K. KOBApHALMHM MEXY OIIMOKaMK HAONIONEHUH WIIM OTCYTCTBYIOT, HJIM MIMH MOXKHO ITpeHeOpedb. ITo
TIPEATIOIOKEHNE XOPOIIO MOAXOINUT JUIS TPAJANIMOHHBIX KOHTAKTHBIX JIAHHBIX HAOIIONEHUH, HO CYILECTBEHHO
HapPYIIACTCS YIS CITyTHUKOBBIX HAOIONeHM [6, 5, 7]. B uccnenoanuu [8] mokasaHo, 4To B Cliydac OTCYTCT-
BUs y4éTa KOppEJISIUIA TIPH YCBOCHNH JTaHHBIX HAONIOCHNH, B OTMOKAaX KOTOPHIX CYIIECTBYET aBTOKOPpEIIsi-
L(Usl, HOTYYECHHBIN aHAIU3 CYLIECTBEHHO TEePsieT B TOUHOCTH.
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Jlo HestaBHETro BpEMEHH B Ka4eCTBE PEIIeHHUS POOIeMbl ObLIO IPHHSTO MPOPEKMBaHIe Habopa HadroIe-
HUi. Takoil moxo/ Mo3BoIsuT N30aBUTHCS OT KOPPEISIMN OLTHOOK B OJIMKAMIIMX HAOIIOACHUSIX U IPeHEOpeUb
MaJIbIMH Koppenauusamu B 1anékux [8]. Kpome Toro, 1is npuaaHus MEHBIIETO Beca CITyTHUKOBBIM JTaHHBIM B
XO0JIC YCBOCHUSI OBLIO MPUHSTO 3aBEJOMO HECKOIBKO YBEIMYMBATh AUCIIEPCHHU OIIMOOK HabmoneHuid. B ycno-
BUSIX JIE(PUIIMTA BEIYMCIUTEIBHBIX PECYPCOB ITH LIIArH MTO3BOJISUIM HE OTKA3bIBaThCsI OT OoJiee 3(h(HEeKTHBHOTO C
TOYKH 3pCHUS BBIYMCICHUN HCIIOIb30BAHMUS JHATOHAIIBHOW MaTPHUIIBL.

Jlydmmm ke BBIXOZOM SIBJISIETCSI MCIOJIb30BaHHE HEMAaroHaJIbHOW MaTpHIbl KOBapHallUil OIMOOK Ha-
omronernii R. [Tpu vCmonb30BaHUU HEIHATOHAIBHON MaTpHilbl R 00IIero Buja HEOOXOMUMO peIlaTh 3a1aqy
oOpallleHHs] MaTPUIIbl, YTO CYIIECTBEHHO YBEIMUMBACT BBHIUMCIHMTEIBHBIC 3aTPaThl HA BBIUMCICHUE aHATN3a
NPU pean3alii cXxeMbl ycBoeHus. KomrmuecTBo HaOMIOACHUI 1aKke B JIOKAIBHBIX 001aCTsIX (B Cilyyae HCIOJb-
30BaHMs JIOKAJIN3AIIUH MIPY BBIYUCICHNH aHAJIN3a) ITPU 3TOM JIOCTATOYHO BEJIHKO.

MorkHO, TEM He MeHee, MOPo0oBaTh MOA00PATh BUJ MaTPHUIIBI KOBAPHAIHI, KOTOPYIO OyAET OTHOCHTEIb-
HO rpocTo oOparuTh. Hanpumep, B pabore [9] rccnenoBaaoch BIMsSHEE KOPPEITUPOBAHHBIX OIHOOK HAOrO/1e-
HUM Ha TOYHOCTH aHAJIN3a, TPU 3TOM PACCMATPUBAIIMCH PA3IMYHBIC alMPOKCUMAIINN HEIUATOHATIBHBIX MAaTPHUI]
KOBapHaluii omuOOK HaOIOICHUI: JMaroHanbHas ammpokcuManus (C yBeJIHMYCHUEM AUCIIEPCUI), MaTPHIIbI
MapkoBa ¥ pa3ioKEeHHUE 10 COOCTBEHHBIM 3HaYCHUAM. OIINOKU yCBaUBaeMbIX HAOFOICHUI OB CTCHEPHPO-
BaHBI KaK MaTpHIla KOBapHaIUii Ipoliecca aBTOPErpecCHy IEPBOTo MopsiaKa M MaTpHIla KoBapHaIuii mporecca
ABTOPErPECCHU BTOPOTO MOPSIKA.

B nanHnoii pabore marpuia R 3a1aBanach B COOTBETCTBUE C MATPUYHBIM ypaBHEHHEM

R'=DpD (1),
\o; 0 0
2
D= 0 N . 0
2
e 0 0 Goc ) — 3HAUEHWS CTAHJAPTHBIX OTKJIOHEHHH OMOOK HAbMIIO1e-

HUH, KOTOPBIE 3aBUCST OT PACCTOSHUS MEKIY PACCMAaTPHBAEMOM TOUKOH CETKH M HAOIIOACHUSIMHI, TONABITUMHU
B pajinyc JOKaJIN3alNH, nloc — KOJIMYECTBO MONABIINX B PAANYC JIOKAIN3AIMN HAOIIONCHHH.

DIIeMENTBI KOPPEIAUMOHHON MaTPHILIbI ;; BBIYUCISIOTCS ¢ IIOMOILBIO IPEIIOKEHHOM B [5] T.H. aBTOpET-
pecuonnoi ¢ynkiuu Broporo nopsiaka (auri. Second Order Autoregressive function, SOAR):

p= {py,i,j = l,nloc},

ar
(o :R0[1+z’je /L. )

3neck R, > 0 — HACTPOCUHBIH MapaMeTp, OTBEUAIOIINIA 3a OO0 KOPPEIUPOBaHHOM yacTn omuoOkw, L > 0
— HACTPOCUHBIN MTapaMeTp, U3MEPSEMbIH B KHJIOMETPaX W OTBEUAOIIHNI 33 PACCTOSHIE, HA KOTOPOM BIIMSTHHE
paccTOsIHNS CKa3bIBAeTCs Ha BennunHe Koppemstnun. O0a 3THX mapaMeTpa BapbUPYIOTCS HCXO/IS U3 CITyTHHKA,
JIMana3oHa, IUPOTHI U BEICOTHI HAOMIONEHHSI.

Crnenyer OTMETHTB, YTO, HECMOTPSI Ha BO3POCIIEE KOMTMUECTBO BEIUYMCICHUH MPU MCIOIB30BaHIH HEHa-
TOHAJIFHOW MaTPHITHl KOBAPHANNH OITMOOK HAOTIOMCHUN M3-32 BRIYHCICHUS IIEMEHTOB MaTpHIBI U e€ o0pa-
meHws, 00IIee BpeMs paboTHI MPOrpaMMBI BO3pACTaeT HECYIIECTBEHHO, €CIIH MTOJJ00paHkl 000CHOBAaHHBIC Pa-
JIYCHI JIOKQJTM3AIMH HAOMIOeHUH. DTO CTAHOBUTCS BO3MOXKHBIM, MO BCEH BUMMOCTH, TI0 IPUYHHE UCTIONB30-
BaHMS JIMHEHHBIX ITPe00pa30BaHNN, yMEHBIIAIOMINX Pa3MEPHOCTH MaTPHIl, KOTOPbIE HEOOXOANMO 00paIaTh 1
XOpOIIIei ONITHMH3AINH BCTPOCHHBIX B OnbnmoTeky Intel MKL nponenyp nuaeitHO# anreOps.

YNCJIEHHBIE 3KCNEPUMEHTDI

Jlyist IpoBeICHUSI YUCIICHHBIX SKCIIEPUMEHTOB B JIAHHOW padoTe MCIONb30Balach CHCTEMa aHcaMOiIeBast
ycBoeHus [2], ocHoBanHas Ha anroputMe LETKF [1]. Anroputm ocHOBaH Ha ClIeAyIOIINX KIKOUEBBIX UAEAX:
- MaTpHIa KOBapHalllK OIEHUBACTCS C MOMOIIBIO pa3dpoca aHcaMOsl TMEPBHIX NPUOIMKEHNH BOKPYT

b N —b
CBOETO CPETHETO 3HAYECHHUS pP’'=X"’ X Ul (k —1), e Xi= { b0 _ -X,i=1 k} MaTpuIa OTKIOHEHHUH Tep-

BBIX TIPUOTIDKCHUN OT CPETHETO x’ th(’) k — pa3Mep aHCcaMmOIls, KOTOPBIA B TAHHOH pealn3aIliu Co-
crasiset 40 4JICHOB; i=l

- Mpoleaypa YCBOSHUS MPOBOJUTCS NIl KAKIOM TOYKH MOJEJIBHOIO MPOCTPAHCTBA C MCIOJIb30BAHUEM
TOJIBKO TEX HAOIIONCHHIA, KOTOPBIC ITOTIAJAI0T B HEKOTOPBIN YCTaHOBICHHBIN PAIyC JTOKATH3AIINY;

- (hopmyel kmaccuyeckoro (rnbTpa KaniMana mpUMEHSFOTCS JJ1s1 CHCTEMBI TTOCIIE TIepeXo/ia B IPOCTPaH-
CTBO aHCAMOISL.

B ycBoeHHMH y4acTBYIOT CIICMyIOIINE BUIBI HAOMOneHMi: paarno3ouasl TEMP, Ha3eMHbIC 1 KOopaOenbHEIC
nHaomonerus SYNOP, -SHIP, camonernsie Habmonenus AIREP, crryraukoBbie HaOmonenuss ASCAT, SATOB,
AMV.
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B xadecTBe MpOrHOCTHYECKON MOJICIIH JIJIsl OTYUESHHSI TTOJIeH TIEPBOTO MPHOIIMKEHHUS UCIIONB3YeTCsl III0-
OanbHas omneparuBHas Mozenb armocdeps! I1IJIAB [10, 11] B BepcuM ¢ rOpU30HTaIBHBIM pa3pelieHueM
0.9°x0.72° n 28 BepTUKAIBHBIMU YPOBHSIMU.

Ha puc. 1 npuBenens! rpaduky, Ha KOTOPBIX TIPUBOJUTCSI CPABHEHHUE TIEPBBIX PE3YJIbTATOB YCBOCHHUS JIaH-
HBIX HaOroneHni AMV Ipu MCIOJIb30BaHUK KOPPEIMPOBAHHBIX M HEKOPPEIMPOBAHHBIX OLIMOOK HaOIro/Ie-
HUW. Bepudukarys mpoBoaniach Mo HaOIIOACHUSIM paJrio30HA0B, BXonsuM B ciincok CBS/WMO (omnepa-
TUBHAsl TEXHOJIOTUsI BepU(HKAIIMA NPOTHOCTHYECKON npoaykuuu [uapomernentpa Poccun). Ha rpadukax
MpHUBeNIeHBI cpenHue 3a Mecsitl (toub 2015 roga) ocpenuénubie Mo npunoispHoi yactu CeBEepHOTO MOMyIa-
pust (20° — 90° c.11.) cpeJHEKBaIpaTHYECKHUE OIUOKN MTPOTHOCTHUECKUX BEIMYHH C JIOBEPUTEILHBIMU HHTEP-
BaJIaMH ¢ ypoBHeM JoBepus 0,95. YeBanBanuch HaOmoneHus: co crnyTHUKOB Aqua u Terra, n300pakeHust B
uH(pakpacHOM JHara3oHe.

a | W850 6, W500

nf

=

=
'
"

L=
T
L
=

RMSV, m/c
(Y=
—
RMSV, m/c

-~ oo

e

.

o =}
=y

6 1
24 48 7 96 120 24 48 7 96 120
Y 4
Was0 T500
: ry
18
16 35
8
2 ur e o
a $
E r X5 1
10 - 1 2
8 15 '
24 48 7 96 120 24 48 n 96 120
y Y

Puc. 1. CpegHeKBagpaTMyecKan oLwM6OKa noseit NporHoCTUUECKMX NepeMeHHbIX, 0CpeHEHHaA No NpunonspHoi vactu Ce-
BEPHOr0 NoNyLIapus, KaKk $yHKLMA 3a61aroBpeMeHHOCTM NporHo3a. KpacHbil LBeT — NporHo3bl, paccumTaHHble Npu Uc-
MosIb30BaHMM aHanM30B, NoJyYeHHbIX 6e3 UCMONb30BaHKA NPeNosIoKeHUs 06 aBTOKOPPENALMM OLLMOOK HabnlogeHUi; cu-
HWI LBET — NPOrHO3bl, CTapTOBaBLUME C aHANIM30B, NPY NOYYEHUM KOTOPbIX NONaranoch Haau4ve aBTOKOpPenALUM B
oLwmbKax HabntopeHui. lporHocTMYeCKMe Nojsisi: a) BEKTOP CKOpOCTM BeTpa Ha BbicoTe 850 rlla; 6) BeKTop CKOpoCTY BETpa Ha
Bbicote 500 rfla; B) BEKTOp cKopocTu BeTpa Ha BbicoTe 250 rfla; r) TeMnepartypa Ha Bbicote 500 rfla.

3AKJTIOYEHUE

Pe3ynbrarhl NpOBENEHHBIX AKCIIEPUMEHTOB TOKA3bIBAIOT, YTO MPH MPABUILHOM NOA00pE MapamMmeTpoB R, u
L (7151 pa3invHbIX CIIyTHUKOB, KAHAJIOB M PETHOHOB), MOXXHO JOOUTHCS YBEJIMUCHHUSI TOYHOCTH aHAIM3a U, KaK
CJIC/ICTBHE, YMEHBIIICHHS OIIHOOK IPOrHO30B 3a CYET UCTIOIb30BAHMUS MATPHULIBI OIHOOK HaOMoeHnl R Henu-
aroHanpHoro Buja. [IpuMenenue 0osee MPaBUIIbHOTO OMUCAHUS YJIEMEHTOB 3TOW MATPHIIBI TO3BOJISIET YIHUTHI-
BaTh B CXeMe yCBOCHHA HH(opManmio 06 ommdkax HaOmoaeHuH B 0ojee orHoM 00BhEMe, YTO CKa3bIBAeTCs Ha
MOBBIIICHUH TOYHOCTH MOJICIIBHBIX IIPOTHO30B. YiIyullleHHe, TI0J00HOE MMPEACTaBICHHOMY Ha pUCyHKe 1, Ha-
OJrofiaeTes M B JPYTMX PEruoHaX MPH YCBOSHHMH JaHHBIX C JPYTHX CIyTHHKOB, KAHAIIOB M reorpaduyeckux
KOOpJAMHAT TOUKU HaOmrofeHus. CTOMT TaKkyKe OTMETHUTD, YTO 32 CUET yMEHbBIICHUsI HEONPEIeIEHHOCTH B JIaH-
HBIX O BETPE, CXeMa YCBOCHUSI HECKOJIBKO YBEIMUMBACT TOUHOCTh OLEHKH M O TEMIIEpaType.

HUccnedosanue epinonneno 6 I'uopomemyenmpe Poccuu 3a cuem epanma Poccutickozo nayunozo ¢honoa
(npoexm Nel4-37-00053)
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Applying COSMO-Ru model for daily analysis of snow water
equivalent and snow density fields

“*Churiulin E., 'Kuzmina E., ‘Chumakov M., 'Kopeykin V.V., "*Rivin G., "“Rozinkina l.A.,

' Hydrometcenter of Russia

? Lomonosov Moscow State University, Russia
s Gazprom VNIIGAZ LLC, Russia

E-mail: evgenychur@gmail.com

tions of analysis fields of snow water equivalent (SWE) and snow density (SD) for atmospheric
models. Following types of initial data are required.

1) Standard meteorological in-citu observations (T2m, V10m, snow depth, precipitation), which are
transmitted across SYNOP code;

2) Information about initial conditions occurrence of snow cover;

3) Information about snow frontiers;

We have implemented the scheme of SYNOP data assimilation in a program complex. Moreover, we ap-
ply the initial 2-d fields of SWE and snow density, which are generated by a nonhydrostatic limited-area atmo-
spheric prediction model COSMO. We get these data from DAS of DWD global modeling center (In general,
we apply the first guess fields of named parameters). Last type of data, which we use in our work, is informa-
tion about snow frontiers. We assimilate this data from remote sensing data or the MODIS project of NASA.

Our program complex is based on the 1-d multilayer model of snow cover. The 1-d multilayer model al-
lows us to calculate daily values of snow water equivalent accumulation and changes in snow density.

In the program complex, we have implemented two fundamentally different schemes of the definition of
output parameters of SWE and SD values. The first one is calculations for real stations, another one is for grid
points. In this program complex we have applied the schemes to three regions explored with different spatial
resolution steps (SFO — 2.2 km, ETR — 7 km, ENA — 13.2 km). This work shows the efficiency of our analysis
on the example of the estuary part of the Onega river for the winter period from January to February 2017.

‘ ’ ’ e are exploring the opportunity of applying automated program complex for calculations and defini-
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ExKeqHeBHbIVM aHanu3 rnoJsier BOOHOMO 3KBMBaJIeHTa

M MJIOTHOCTM CHEXHOIO MOKPOBa C UCMO0JIb30BaHNEM
COSMO-Ru

""Yypronm E.B., 'KysbMuna E.B., *dymaros M.M., 'Koneikun B.B., “Pusun I".C., “Po3unkuna U.A.

! Mmapometuentp Poccun

2 MocKoBCKMIA rocyfapcTBeHHbli yHuBepcuteT uM. M.B. JlomoHocoBa, Poccus
* 000 «Tasnpom BHUUTA3», Poccus

E-mail: evgenychur@gmail.com

HEXKHBII TIOKPOB SIBIISETCA OJHUM U3 KOMIOHEHTOB IIPUPOJHOM Cpebl, OMPEAENISIONNX TOToOAy U KIU-

Mar. 3HaHHE XapaKTEePUCTUK CHEXHOIO MOKPOBA UMEET CYILIECTBEHHOE MPHUKIIAJHOE 3HAUCHUE AT pas-

JIMYHBIX OTpaciel X03giCTBa U MPOTHO3HBIX Lienel. B yacTHocTH, U1 Mozenel YMCIEHHOro IPOrHo3a
riorozpl. st Toro, 4ToObI MOJIEb paboTaia KOPPEKTHO, B HEE JIOJDKHBI BKIIFOYATHCS TTOJSI TEKYIIUX 3HAYCHHIH
KOJIMYECTBA BOJIBI B CHEIKHOM TTIOKPOBE W MH(OpMaIus o Beicote cHera. Kpome toro, B padore E.B. Ky3pmuHoit
[1] mpuBoOASITCS TOKA3aTENBCTBA TOTO, YTO TIPH MPOTHO3UPOBAHUHY TEMIIEPATyphI BO3AyXa HAOIIONACTCSI BBICOKAsI
YyBCTBUTEIBHOCTb MOJIENIEH, TOUHOCTh KOTOPBIX 3aBHCUT OT TOUHOCTH ONPEAETICHUS KOTUYECTBA BOJBI B CHEX-
HOM TIOKPOBE BOJIM3H CHE)KHOW IPaHUIIBL. ABTOPOM 3TOH pabOThl yCTAaHOBJIEHO, YTO OIIMOKA IPH TPOTHO3MPOBA-
HUH TIOBEPXHOCTHOM TeMIepaTyphl BOIM3M CHEKHOM MPaHHIIBI MOMKET AocTurath 6onee 10 C'.

Bropoit nmpuunHO#, nocimyKUBIIEH I pa3pabOTKH METOJa aHajiM3a IOJICH BOAHOTO SKBHUBAJICHTA M
TUIOTHOCTH CHEXHOTO ITI0KpoBa ¢ uctonb3zoBanneM COSMO-Ru, siBisietcst TOT (PakT, 4To HaOIIONatoTCs Cylie-
CTBEHHbBIC HETOYHOCTH B HA4YaJbHBIX MOJIAX (MOJSIX mepBoro npubmmkenus) SWE n SD, mocTynarommx B
Pocruapomer n3 ro6anbpHOTO IEHTPa 0 MOJICIMPOBAHUIO B [ epMaHuy, 0COOEHHO 3TH ITOTPELIHOCTH 3aMETHBI
JUISl PETHOHOB C JUIMTEIILHOM M CHEXKHOM 3UMOif. [l Takux ciiydaeB HaMM OBUIO YCTaHOBJIEHO, YTO OIIMOKa
MoxeT octurath 100 npouentoB unu 1 merpa.

o 2016 rona cuexHerid 610k Monenn COSMO-Ru ObuT HE MPUMEHUM 7151 KAY€CTBEHHOTO MPOTHO3UPO-
BaHMs HHpOpMannu o TexymnieM coctossHnd SWE u SD B mepro/; BeCEeHHEro MoIoBO/Ibs 1Sl y4aCTKOB MECTHO-
CTH C PEAKOH ceThio HaOmoneHnid. Ha HauampHOM ATare Co3Aanust TeKyIero MeTo/ia aHaIn3a Mbl 33/1aBaJIUCh
LIeNIbI0 — pa3paboTark cucTeMy 00paOOTKH M yCBOEHUsI MH(OpPMAIMH, pe3yabTaTbl KOTOPO MOIH Obl OBITH
MIPUMEHUMBI, JUTs O0siee TOYHOH pabOoThl YMCIIEHHBIX MOJIENIEH TPOrHO3a TOTO/IbI M HCIIOJIb30BAJINCH OBI CIICIIH-
aNHUCTaMM TUAPOJIOraMU PU MPOTHO3UPOBAHUU BOJHOCTH PEK.

Ipu paszpabomke 0anHo20 mMemood, Mbl CMOIKHYIUCH C PAOOM CLONCHOCMEN.:

1) B nacTosiiee BpeMsi B OIIEPaTHBHOM PEXHMME Ha CTAHIUSX U3MEPSIETCs TOJILKO BBICOTA CHera, nH(pop-
Malusi O KOJINYECTBE BOJIbI B CHEKHOM ITOKPOBE, U JAHHBIE O €r0 INIOTHOCTH JOCTYIHBI C JUCKPETHOCTHIO 5-10
CYTOK.

2) CoBpeMeHHbIE CHCTEMBI AUCTAHIIMOHHOTO 30HIMPOBAHUS 3EMIIH, ONPEICISIIONINE TOCTOBEPHO 3HA-
yenust SWE u SD (ocobenno miist CeBepHBIX PETHOHOB) HAXOASATCS B pa3padOTKe U OyayT NOCTYITHBI B OvKaii-
meM OymyIem.

3) 3nauenus SWE u SD 3aBUCST OT BCEro nepHojia HaKOIUICHHs CHEra, OoJiee Toro, IpuMEHEeHUE TOCTO-
SIHHBIX (DYHKIMI U QYHKIMH CTapeHHUs IUIOTHOCTH MOTYT IIPUBOJUTH K OLIMOOYHBIM pesynbraraM (puc.l).

4) Tlpu mopenupoBanuu SWE u SD B armocepHbIX Moaesix DAS mukiia HaKalIMBaloTCsT OIIUOKH,
MPUBOJAIINE K CEPbE3HBIM MOTPELIHOCTSIM B UTOTOBBIX pacyeTax.

[TpoanaimM3npoBaB UMEIONIYIOCS HHPOPMALIUIO, MBI ITPUILIH K BHIBOY, YTO OIepaTHBHAast HH(OPMAIHS O
BBICOTE CHEXKHOTO OKPOBA, MOCTyNAroIas B BUAe CHHONTUYECKOro kofa SYNOP, u naHHbIE O CHEKHOI Mac-
K€, OCHOBAHHbBIE HA CITyTHUKOBBIX U3MEPEHUSIX, SIBISIOTCS PEATMCTUYHBIMU. MBI peann3oBalu METOA KOPPEeK-
THUPOBKH MCXOJHBIX TOJICH MEpBOro MPHOMIKEHUS TEKYIIIMMH JaHHBIMU JITst Tepputopun Poccuiickoii dene-
pauum.

200 - Puc. 1. Pe3ynbtathl BbluMCneHWA
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MBbI pa3paboTtanu cucteMy, KoTopasi 00pabaThIBaeT, yCBauBaeT M BbIJAET JIOCTOBEPHBII pe3yJIbTar, OCHO-
BaHHBIN Ha CIEIYIOIIMX TUIIAX JAHHBIX: | — cTaHJapTHBIE METEOPOJIOTHYECKHE n3Mepenust co cranumi (7,
V1, BBICOTA CHEIKHOTO IIOKPOBA, OCaJKH), HepenaBaemble B kone SYNOP; 2 — undopmaiys 00 UCXOIHOM CO-
CTOSIHUM CHE)XHOTO MOKPOBA; 3 — MHPOPMALIUS 0 HAXOXKICHUH €ro TPaHHII.

B nporpaMMHOM KOoMILIEKCE peanu3oBaHa cxema ycBoeHus: SYNOP nanubix. Kpome Toro, i nomyueHus
HCXOIHOI MH(OPMALIK O COCTOSTHIH CHEKHOTO TOKPOBA MCIIOIB3YETCs CUCTEMa MHJIPOJJMHAMUYECKOTO Me30-
Macmrabnoro moaenuposanuss COSMO-Ru (B 4aCTHOCTH, ISl aHAJIM3a 110 Pa3padOTaHHON METOIUKE IpUMe-
HSIIOTCS TIOJISL [IEPBOT'O MpUOKeHus, noctynatonme u3 DWD). udopmanus o rpaHHlie CHEKHOTO ITOKPOBa
YCBaMBAETCsI O IaHHBIM JUCTAHIMOHHOTO 30HAUpoBaHua MODIS ¢ mpOCTpaHCTBEHHBIM pa3peleHUeM 4 KM.

Mertoauka aHaau3a MoJiel BOJHOIO 3KBUBAJICHTA U IJIOTHOCTH CHEra peaJin30BaHa Ha OCHOBE OJHOMEp-
HOM MHOTOCIIOMHOM MOJIEM CHEXKHOTO TIOKPOBA, MPUMEHSIIOILEICS AT pacueTa exXe/JHEBHbIX 3HAUECHU, HaKa-
IJIMBAEMBIX BJIaro3anacoB U U3MEHSIONIeHcs MIIOTHOCTH CHera. B mporpaMMHOM KOMITJIEKCE Pealn30BaHoO J1BE
MIPUHIMIIHAIBHO PA3JIMYHbIE CXEMbI TIOCTPOEHHS BHIXOHON MH(OpMAaLUK (BBIITOIHEHHE pacuéTa JiIsi CTaHIIK
W JUIS Y3JI0B CETKH) JUISl TPEX PA3JIMYHBIX PETHOHOB C Pa3IMYHBIM IPOCTPAHCTBEHHBIM 1aroM (SFO — 2.2 km,
ETR —7 kM, ENA — 13.2 xm). [lpuHnunuansHas cxema paboThl CHCTEMBI TPUBOAMTCS Ha puC. 2.

Onpe.neﬂenuc TEKYLLErDs COCTOAHHA CHEMHOrO NoOKpoBa

Puc. 2. lpyHumnuaneHan
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Buixoonwe napavempur: IThnomuocme chexcnoco nokpoea u
KOMUMECHEO 600bI 6 HEM NO CROAM U CpedHee 3Havene 018 6celo

Texnonorus
He paGoraer

CHENCHO O CT0R

Jist MpoBEpKH JAHHOTO METO/1A aHAJIN3a UCTIONB3YETCs He3aBHCUMast HH(POPMAINHU O KOJIMIECTBE BOJIBI B
CHEXHOM TTOKPOBE ¥ €T0 INIOTHOCTH C ANCKPETHOCTHIO pa3 B 5 — 10 cyTOK AJIst BCei TeppUTOPUH HamIel cTpa-
Hbl. KpoMe MapuipyTHBIX CHETOMEPHBIX HAONIOAEHHUH IJIsl TIPOBEPKU JAHHOI CHCTEMBI UCIIOIB30BAINCh JaH-
HBIE C 3UMHEH MTOJIEBOH SKCTICIHIINH.

B staBape-depane 2017 1. Ha xadenpe ruaponoruu cyut MI'Y umenu M.B. JlomoHocoea CUIaMu CTY-
JICHTOB U IIpenoyiaBaresnei OblIa OpraHu30BaHa HayqHast SKCIIEANIHS B YCThEBYI0 o0macTs p. Onera. OHoi u3
00s13aTeNbHBIX 33/1a9 SKCIIEANINHN SIBISUIOCH TPOBECHUE HAOMIOICHUH 32 CHEXHBIM ITOKPOBOM.

[Tpu BEIMOTHEHNH CHETOMEPHBIX MapIIPpyTOB MPECIIEIOBAINCH CICTYIOMINE 3a1a9H:

1) TomyunTs mpencTaBieHNs O MPOCTPAHCTBEHHOM PACIIPEIEICHUN BBICOTHI, INIOTHOCTH | 3aI1aCe BOJIBI
B CHE’KHOM TTOKpOBe Ha BojiocOope pekn OHera n pekn Tamuna B pasIHyHbBIX YCIOBHAX (JIec, TOJIe, OMyIIKa
Jeca, TOUeuHbIe U3MEPEHHs CHETa Ha JIbJY);

2) CpaBHHTH NONyYCHHBIC PE3YIBTAThl MAPIIPYTHBIX CHETOMEPHBIX HAOMIONECHUH C JaHHBIMHU TTACCHB-
HOW MHKPOBOIHOBOH PaTuOMETpHH — IPOCKT « GlobSnowy [4], ¢ TaHHBIMH, ITOTydaeMbIME 10 Moaenu Cosmo-
Ru [5], peammsoBannoit B @IFY «l uopomemyenmp Poccuuy, a Takxe BHIIIOTHUTH CPAaBHCHHE C pealbHBIMU
MapIIpyTHBIMH U3MEPEHHSIMH, TIPOBOANMBIMH Ha METEOPOIOTHUECKOM ctannuy B . Onera. [To pesymbraram
paboTHI MOCTPOCHBI TPA(UKH U TPOBEAEH CPABHUTEIIFHBIN aHAIN3 IOy IEHHBIX PE3YIbTaTOB.

Puc. 3. I'paduK cpaBHeHUA 140

nosieBbIX MaTepKanos co 5 Ve N —!

cny'rHMKOBblMM naHHb'MM’ m'"lzo 5 S 5 I O O I .V.. N o/ ANEL S — 2

Mogenbto Cosmo-Ru v pe- %; 100 A = AV it A .

arnbHbIMW [JaHHBIMM C CETU

PocrupopoMerta fin1a cHero- 80 = ——

MepHOro MapLLpyTa B6M3u X 5
60 S e e B

cena flopor. 1 - ENA, 2 - 01.01.2017 11.01.2017 21.01.2017 31.01.2017 10.02.2017 20.02.20171ata

ENA-op, 3 - Poczudpomem,
4 — GlobSnow, 5 — Monesble
[aHHble
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Puc. 4. ['padwiK cpaBHeHuA none-

150
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f % MapLupyTa B6nm3m 13-14 kM. 1-
1 A3 ENA, 2 — ENA-op, 3 — Pocaudpo-
90 -
‘ mem, 4 — GlobSnow, 5 - lNonesble
|5 [JaHHble
(I N NN NN ]
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Puc. 5. 'padwik cpaBHeHus none-
BbIX MaTepyarnoB o CMyTHUKOBbI-
MM [aHHbIMW, Mofienbio Cosmo-

—_—2 Ru v peanbHbIM1 JaHHBIMY € CETU
Pocrippometa A cHeroMepHoro

SWE, mm

—4 MapLUpyTa Ha Bofochope pek
A3 Tamuua. 1-ENA, 2— ENA-op, 3 -
Pocaudpomem, 4 - GlobSnow, 5 -
X 5 [ToneBsble gaHHble

70
01.01.2017 11.01.2017 21.01.2017 31.01.2017 10.02.2017 20.02.2017Tara

PE3Y/IbTATbI PABOTbI:

- Coznannas Texaonoruss SNOWE nist TOATOTOBKY ITOJIEH BOTHOTO SKBUBAJICHTA M TUNTIOTHOCTH CHETa MPH-
MEHHUMa JIJIs TF000# MOIeH aTMOC(EpHI;

- Co3nmaHHast TEXHOJIOTHS pabOTaeT Kak Ha OCHOBE JaHHBIX M3MEPEHHM, TaK W CETOYHBIX IMOJISAX MOICIN
aTMocQephI 3a MPEIBIAYIIIe CPOKH (peann3arus 000X BapHaHTOB BHIIOTHEHA),

- YCTaHOBIICHO, YTO /T OONBIINX TEPPUTOPUIN WM TEPPUTOPUI C PEIKON CeThI0 HAOMIONCHUH (HampH-
Mep, B TeppuToprst Poccri) B kKadecTBE OCHOBHI IS pa0OTHI MOJIENH CHEKHOTO TIOKPOBA MIPEATIOUTHTEIbHEES
HCTIOTB30BaTh TIOJIS MOJICTTH aTMOC(EpHI, a HE CTAHAAPTHBIE METEOPOJIOTHYSCKIE N3MEPEHHUS Ha CTAHITHAX;

- TexHOMOTHS PEATUCTUIHO BOCIIPOMU3BOIUT SBOJIOIMIO CHEKHOTO TTOKPOBA, OCOOCHHO TSI HEJIECHBIX
TEPPUTOPHI ¥ B IEPHOJ CHETOHAKOTIICHIIS

- Mcmonp30BaHue CITyTHUKOBBIX JAHHBIX O (DPAKIIIOHHOM ITOKPBITHH SYSHKH COBMECTHO C TEXHOJOTHEH
MTO3BOJISIET O0JIEe TOYHO ONPEEIIATH MOJI0KEHUE TPAHHIIBI CHEKHOTO ITOKPOBA;

- Uem MEHBIIIE AT CeTKH MOJENH U YeM OOJbIIe CTaHINH, TeM, KaK MMPaBHUiI0, OoIee TOYHbIC 3HAYCHUS
BOITHOTO SKBHBAJICHTA CHETa ITOTyJaloTCsI C UCIIOIBb30BaHHeM TexHomorun SNOWE.

Jumepamypa:
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2. Churiulin E., Kuzmina E., Kopeykin V., Rozinkina I., Experience of preoperational runs for winter
2016/17 of SNOWE — technology for continuous modelling (from synoptical observations) and for
initialization for COSMO-Ru runs of SWE values. — HarmoSnow — COST ESSEM 1404, Frankfurter,
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Cloud classification using radiation data
Zuev S.V., Krasnenko N.P., Kartashova E.S.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: zuev@imces.ru

o automate the process of determining cloud forms, it is necessary to have a formal description of their
amplitude and time actinometric features. Amplitude features are the transmission ratio of direct radia-

_S D
tion Cs = s, and change of diffuse radiation Cp = D, - Here S u D are the mean measured, S, u D, are the

values of direct and diffuse radiation by cloudless atmosphere at the same height of the Sun above the horizon.
(o)

Time features are the coefficients of variation Vs = 3 and?» = 7 - The mean values of direct and diffuse radia-
tion were calculated over a 20-minute period. Knowing the ranges of variations of these coefficients for each
form of cloudiness, it becomes possible to classify the state of the sky according to the basic forms of clouds or
as a clear sky. When processing data for a particular algorithm, it is more convenient to classify clouds using
the binary representation of a quantity, rather than the range of its values. If the mean values of the coefficients
calculated for the basic cloud forms Cs>0,7; C,> 1,6; V> 0,66 and V,,> 0,05 are marked as "1", and C;<0,7;
Cy,<1,6; V5<0,66and V,,<0,05 as "0", we obtain a binary description of the sky state (Table 1).

Table 1.
Transmission of direct radiation S (optical thickness of clouds) Cloud forms Cs Ve | Cp v,
Fully transparent condition Clear sky 1 0 0 0
Ci Cc* 1 1 1 1
Translucent clouds
Cs* 1 0 1 0
Ac* 0 1 1 1
semi-tranlucent clouds
As* 1 0 1 0
Sc* 0 1 1 1
St* 0 0 1 0
Opaque clouds
Cu 0 0 1 1
Cb Ns 0 1 0 1

*is calculated values.

In this case, each cloud form and clear sky state can be described by the unique binary identifier CsVC,V,
(for axample, 1111 for cirrus Ci or 0011 for cumulus Cu clouds). The exception is two identifiers — 0111 (4c
and Sc) and 1010 (Cs and 4s), for which additional estimation of the Cy and C,, coefficients is required.

The research is carried out within the framework of projects 1X.138.2.5 "Scientific and methodological
foundations for develop and use of technologies and information-measuring systems for remote monitor-
ing of the lower atmosphere" of program for Basic Research of SB RAS.

Knaccndmkauma ¢opm 0651a4HOCTM HA OCHOBE
aKTUHOMETPUYECKON MHbopMaLnK

3yes C.B., KpacHeHko H.[1., Kaptawosa E.C.

WMHCTUTYT MOHUTOPUHIa KNTMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
E-mail: zuev@imces.ru

0e3 co3aHMsT aBTOMAaTH4YeCKUX M aBTOMAaTH3UPOBAHHBIX W3MEPHUTEIICH, TO3BOJISIOIINX ONPEIEISTh OC-
HOBHBIC METEOPOJIOTHUYECKHE IapaMeTphl, (POPMHUPYIOMINE MOTOLY M KiIuMar Tepputopuit. Popma n
6aJu1 00JIAYHOCTH SBJISIIOTCS TEMU NapaMeTpaMH, KOTOpPBIC B OOJIBIIMHCTBE CIIy4aeB ONPEIEIISIOTCS BU3yallb-
Ho. [Tapamerpuzatust hopM 00Ja4HOCTH HA OCHOBE aKTHHOMETPUYECKUX PU3HAKOB SIBIISICTCS] OTHUM M3 CIO-
co0O0B, TO3BOJIIONIMM aBTOMATH3HPOBATh TaKHE MPOLECCHl. AMIUINTYAHbIE aKTHHOMETPHUYECKHE MPU3HAKH

P ACIIMPECHUC CCTU METCOPOJIOTHYCCKUX U, B HaCTHOCTU, aAKTUHOMCTPUICCKUX Ha6J'IIOZ[€HPIﬁ HCBO3MOXHO
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OIMUCHIBAIOTCS KOAPPHUIMECHTAMU OCIAOICHUS IPSIMOM ~S ~ s, Ppamuaruu, rie S — cpennue u3MepeHHEIE, a S,
— 3HAUCHMS IPSIMOM paaMaluy MpH SICHOM Hebe npu ouHaKoBoi Beicote ConHua . Mcronb3ys naHHbIi Kodd-
(UIMEeHT MOXXHO ONHCaTh U (POPMAIN30BATH CIIOCOOHOCTH PA3IMYHBIX (POPM OOJIAYHOCTH MPOITYCKATh COTHEY-
Hy10 paguanuio. Hanpumep, 60abIIMHCTBO ()OPM MEPUCTON 00JIAYHOCTH cJ1ab0 YMEHBIIAIOT MPSMYIO pajHa-
LIUIO OTHOCUTEJIBHO 3HAYCHUH NPH SICHOM HeOe 1 3HaueHHs KoddduieHToB 00bIYHO J1exaT B npenenax 0,8 <
Cs < 1,2. B nmpoTHBOIIOIOKHOCTD MEPUCTOH, KydeBast 00JIaYHOCTh OKa3bIBaCT CHIIHOE BIIMSIHUE HA TIOTOKH
MIPSIMON COJIHEYHOM pajiialiii ¥ MOXET €€ MJIM MOJHOCTBIO MpoItycKarh (S = S;) MM MOJHOCTBIO HE MPOIy-
ckathb (S = 0) (T.H. "rpurrepusiii 3¢ pext").

[TomoOHBIH oaX0/ K MapamMeTpu3auu GopM 00IaYHOCTH C PA3TMYHBIMU BapHALMSIMU HCIIOJIB30BAJICS
panee [1-2]. B ykazaHHBIX paboTax THIT 00JIAYHOCTH OIPEICISACTCS MyTEM YCPSTHCHUS U3MEPEHHOM 32 HEKO-
TOpOE BPEMsI BEJTMUUHBI IPSIMOM painalinyl Py IPOXOKICHUH 00JIa9HOCTH OPE/IeNICHHOM (OPMBI IO COTHEY-
HOMY JINCKY ¥ CPAaBHEHHUS €€ ¢ BEIMUMHON Npu oTKpbIToM COJIHIIE, T.€. IPOBOANTCS aHailu3 obiaka "Ha mpoc-
BeT". OJTHMM U3 HEIOCTATKOB TAKOTO ITOJX0JIa SIBJISICTCS HAJIMYME HEONPEEICHHOCTH, KOTAa pa3Hble (popMbl
00J1aKOB MOT'YT OJMHAKOBO BJIMATH HAa BEIWYMHY OCIA0JICHUs NPSMOM paguanuy. B ommune oT yka3aHHBIX
palorT, mpejtaraeTcst CCiIe0BaTh 00IAYHOCTh HE TOJBKO "Ha MPOCBET", HO M Ha MX CIIOCOOHOCTDH MEpeusity-
4yaTh COJHEUYHYIO paJuallMIo, T.€. aHAU3UPOBATh U3MEHEHNE BETMYMHBI PACCESIHHON pagualnu, U3Iyd4aeMon
o0JlaKaMy ¥ CpaBHUBATH €€ CO 3HAYCHUSIMU IPH SICHOM HeOe, JJISl 4ero UCIoNb3yeTcs: Ko duIeHT n3Mene-

Cs

HUS paccesHHoi pamuanuu Co = D%’ riae D — cpeanue usmMepeHHsie, a D — 3HAYEHUs PACCESHHON pajualuy
npu sicioM Hebe. Tak, cpaBHHBas MEPUCTYIO M Ky4deBYIO OOJNAYHOCTb, MOXXKHO OTMETHTh, UTO IEepBast ciadbo
BIIHSIET HA BEMUUMHY paccestHHoil paguanuu (0,5 < Cp, < 1,6), B TO BpeMs Kak BTOpasi MOXKET 3HAYUTEIBHO yBe-
JUYUBATh paccestHHyro panuanmio (1,6 < Cp<5).

Ho u B TakoM ciydae MOTYT BO3HUKATh HeonpeneneHnoctu. Hanpumep, kyuessie miockue Cu hum. v pa-
30pBaHo-KyueBbie Cu fi: 00J1aka IMEIOT OIMHAKOBYIO MOP(OIIOTHI0 1 MUKpodu3udeckoe ctpoenue (puc.1) [3].
CooTBeTCTBEHHO, 00a THINA 0OIaYHOCTH MMEIOT OJIMHAKOBBIE AMILUIUTYAHBbIE AKTHHOMETPUYECKUE MPU3HAKH
(k03¢ dunmentsr Cyu Cp). Ho nepBbie SBISIOTCS 00NakaMy XOPOILIeH MOro/Ibl U EPEMEIIAOTCsI 110 HeDOCBOLY
JIOCTaTOYHO MEUIEHHO, B TO BPEMsI KaK pPa30pBaHO-KydeBasi 00Ja9HOCTh UMEET OOJIBIIYI0 CKOPOCTh MepeMe-
meHust. [l1st onMcanus TAKUX CBOWCTB 00JaYHOCTH MCIHONB3YIOTCSI €6 BPEMEHHbIC aKTHHOMETPHUECKHE MTPHU-
3HAKH, KOTOPBIC OMUCHIBAIOTCS KOADPHUIIMEHTAMU BapHaLlUK IIPIMOU Vs 1 paccessHHOi V;, paauaiuu, 3aBucs-
IIMMHA OT YaCTOThI CMEHBI MUHUMAKCHBIX 3HAUYCHUH S ¥ D 3a HEKOTOPHIA HEMpOaoKuTenbHbIH (20-30 MuH.)
IIPOMEXKYTOK BpeMeHH. [1epBblif kK03(hGHUIMEHT ONHUCHIBAET YaCTOTY CMEHBI CTEIICHU IOKPBITHS COIHEYHOTO
JIMICKa TIPOCBEUNBAOIINMH, MOITYIIPOCBEYNBAIOIINMH U HETTPOCBEUNBAIOIUMHU 00JIaKaMH, BTOPOH 3aBUCHUT OT
CKOPOCTH TiepeMeIieHust 001akoB (B OCHOBHOM B 3¢HUTHOM 00JaCTH), TpUUeM OONBITHE 3HAYCHUST KO UIH-
CHTOB BapHAIlK COOTBETCTBYIOT OOIBIIEH YINIOBOI CKOPOCTH TIepeMeIeHus 061akoB 1o Hebocromy. T.0., Cu
hum. n Cu fr. umeroT oguHakoBbie k0dhpunuentsl Csu Cp, HO OYyT 3HAYUTEIBHO OTINYATHCS KO PUITUCH-
TaMmu Bapuauuu Veu V.

Puc. 1. BHewwHui BUA Ky4eBoi niockoi Cu hum. (a) v pasopBaHHo-Ky4eBor Cu fr. (6) 06nadyHocTy

Omnpenenus Ut pa3auyHbIX GOpPM U BUJIOB oOsaqHOCTH 3HaYeHus koaddunnenros Cy u Cp (aMILTUTYI-
HBIC TIPU3HAKN) U VU V), (BpeMEHHbIE IPU3HAKH), CTAHOBHUTCSI BOSMOKHBIM OCYIIECTBIISITh JIETEKTHPOBAHNE
(hopM 1 BUI0B 001a9HOCTH 110 MX (POPMAILHBIM aKTHHOMETPUYECKUM IIPU3HAKAM, YTO IT03BOJISICT aBTOMATH3HU-
pOBaTh JAHHBIN IpoOLECC.
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Kak n gns xoapdunmenroB Csu C,, [4], it onpeneneHus 3Ha9eHN ko3 dunnenTos Bapuanuu Vyu V,
HCIIONIB30BAJINCh OAHOMHUHYTHBIC JTAHHBIC aBTOMAaTH3MPOBAHHOTO aKTHHOMETpudeckoro koMiurekca (AAK) u
JIaHHbIe cpodHbIX Habmoxenuit (B 03:00, 06:00 u 09:00 UTC) mereocrantmm "A Oryproso" (HoBocubupcek,
WMO 29638) 3a maii-apryct 2015-2016 rr. I pacueToB ucmons3oBaics 20-TH MAUHYTHBI HHTEpBAaJ 3HAYC-
vyt Su D (10 muH. 1o 1 10 MUH. TIOCTIe CpoKa onpeaeaeHus (OpMBI 00TaKOB) B TE MOMEHTEHI, KOTIa OBLIO sic-
Hoe HeOo mim Ha HeOOCBO/IE IPHCYTCTBOBAJIA TOJIBKO OHA (hopma obnauHOCTH. B KauecTBe 3HAUeHN IpsIMOit
S, 1 paccessHHOM D, pauialiiy IpH SICHOM HeOe MCII0Ib30BAIICH CPEJHNE MHOTOIeTHHE 3HaYeHus u3 [5]. ITo-
JTy4EHHbIC ¥ pacyeTHBIC 3HaYCHUS KOA(P(UIIMEHTOB AJIs1 OCHOBHBIX ()OpPM 0OIAUHOCTH MPUBOJSATCS B Ta0M. 1.

Tabu. 1.
Cocrostane He6ocBoa ((hopma 00IaKOB) KommuectBo m3mepenmnit, n Cy Vs (&% vy
Slcuo 27 1,0 | 0,05 0,8 0,04
Ci Cc* 0,7 0,7 2,2 0,06
Cs* 0,7 | 0,50 | 2,1 0,02
Ac* 0,5 0,7 2,6 0,10
As* 07 | 05 | 38 | 0,04
Sc* 0,1 0,89 | 3,2 0,15
St* 0,3 0,50 | 2,1 0,02
Cu 19 0,6 | 0,62 1,8 0,18
Cb Ns 42 0,0 | 0,90 1,5 0,21

Hpumeqayue. *- pacdemmuvle 3Ha4erusl

dopma 1 6asut 00IaYHOCTH AOTIOIHUTENILHO KOHTPOJIMPOBAIKUCH 10 TAHOPAMHBIM H300paKEHUSIM BCETO
HeOO0CBO/A, MOMYYCHHBIM C TIOMOIIBIO TEJICBU3HOHHOTO M3MEPHTENS XapaKTepUCTUK obmadHocTH [6], ycra-
HOBJICHHOTO HETIOCPEACTBEHHO Ha MeTeocTaHImn "A Oryproso".

Jlst perieHus 3aauu aBTOMATU3aIMK TIporiecca onpeaesieHns (opM 00JIagHOCTH He0OXoauMo (hopmab-
HOE OITMCAHUE UX aMIUIUTYIHBIX 1 BPEMEHHBIX aKTHHOMETPUYECKUX MTPU3HAKOB. Ecin cpenHue 3Ha4eH st Ko-
s unmentos C>0,7; Cp>1,6; V>0,66 u V> 0,05 0603naunts Kak "1",a C;<0,7; Cp<1,6; V<0,66 1 V),
< 0,05 xax "0", To Tab1. 1 MOXKXHO TIpeACTAaBUTH B clieAyromeM Buae (Tabm. 2). Vicrmonb3ys Takoi mMoaxomd, Ka-
KIYI0 (hopMy 00ITa9HOCTH MOYKHO OTIMCATh CBOMM YHUKAJIBHBIM JBONYHBIM HAaeHTHuKaropoMm tuna CVCpV ),
(mamp., 1111 g mepucroit Ci mnm 0011 mns xygeBoit Cu obnagrocTH). MICKimro4eHre B TaKOM CITydae MOTYT
COCTaBIATH TONBKO 1Ba uaeHTudukaropa 0111 (4c u Sc) m 1010 (Cs u As), A5 KOTOPHIX MOTPeOyeTCs TOTOoI-
HUTENBHO OLIEHUBATh BeTUIUHbI K03 durmentoB Cgu Cp,.

Taour. 2.
[Mpomyckanue npsmoit pagnanun S (ontudeckas tommuaa | CocrosHue HeG0CBOIA c
s Vs Co Vb
00J1aKOB) (popma obmakoB)
[TonHoCTHIO IPOIYCKaeT ScHo 1 0 0 0
Ci Cc* 1 1 1 1
[poceunsaronue obnaxa
Cs* 1 0 1 0
q G Ac* 0 1 1 1
OJIyTIPOCBEUNBAIOIINE OOIaKa
i As* I 0 I 0
Sc* 0 1 1 1
St* 0 0 1 0
HenpoceunBaromrue o61aka
Cu 0 0 1 1
Cb Ns 0 1 0 1

MO’KHO 3aMETUTb, YTO BCE COCTOSIHUS HeOocBOa ¢ KoadduimenTom ocnabnenus npsiMoit paguanuu Cg=
0 (kpome Ac) onpenensIoTes Kak HeMpOoCBeunBaromye ooaka HIKHETo sipyca (S, Sc, Ns) i BepTHKaJIbHOTO
pasBurus (Cu, Ch). Bricokue 3HaueHus koapduimenta Vg (6ombinast HEOJHOPOAHOCTH) XapaKTEPHBI IS Kyde-
BOOOpa3HOI 00JIAYHOCTH 3a HCKIMoueHHeM KydeBor Cu. CocTtostHnst HeO0CBO/Ia ¢ KOG PHUIIMEHTOM Bapralnu
V,, = 0 xapakTepHO 15t sIcCHOTO Heba u crorctooOpasHoit odmaunoctu (Cs, As, St, Ns). Kpome Toro, mist mpoc-
BEUMBAIOUINX U MOJYTTPOCBEYMBAIOIINX 0OIAKOB 3HAUYCHNUS KOIPPHUIIUESHTOB V), TIOBTOPSIIOT 3HAUCHNUS V.

dopmabHOE ONMCAHUE AMITTUTYIHBIX U BPEMEHHBIX aKTHHOMETPHUYECKHUX IIPH3HAKOB MO3BOJISIET CO3/1ATh
QJITOPUTM U aBTOMaTHU3UPOBATH ITPOIIECC ONPEAEICHHSI OCHOBHBIX (hopm obiauHocTH. OrpaHnvyeHHeM JaHHOTO
METo/ia Ha JIAHHBI MOMEHT SIBJISIETCS ONpeiesieHne ()OPMBI TOJIBKO OTHOCIIOHHOM 00JIAYHOCTH CO CPETHUM U
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BbICOKMM OayutoM. Huzkuii 6ayut obnaynoctu (ot 0 10 3) npu 5TOM onpeiensieTest Kak sCHOe COCTOsIHNE Heboc-

BOJa.

Paboma svinonnena 6 pamkax npoexma gpynoamenmansroix uccieoosanuit CO PAH
IX.138.2.5."Hayuno-memoouueckue 0CHOGbL CO30AHUS U UCNONb308AHUSL MEXHOI02UU U UHPOPMAYUOHHO-
UBMEPUMENbHBIX KOMIIEKCO8 OJis OUCMAHYUOHHO20 MOHUMOPUHEA HUJICHE20 CI0sL ammocepbl”.
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Development

of an interactive service

to raise awareness of public
and decision-makers about
climate change

Gordova Yu.E., Okladnikov I.G., Titov A.G.,
Gordov E.P.

Institute of monitoring of climatic and ecological system
SB RAS, Tomsk, Russia
E-mail: yulia@scert.ru

ue to a global climate change the following
D consequences are predicted: rise in sea level

due to melting glaciers and polar ice, chang-
es in precipitation, changes in the hydrological re-
gime, impact on ecosystems, agriculture and forestry.
In Russia’s vast territory these effects will be most
dramatic. According to Hydrometeorological Center
of Russian Federation report there is an increase in
the magnitude and frequency of extreme weather
events, as well as in their damage to ecosystems and
infrastructure.

In the framework of adaptation to climate
change and mitigation of its consequences it is neces-
sary to promote and support activities aimed at re-
ducing possible risks. Adaptation methods include
among others improving seasonal weather forecasts,
systems of early warning and systems of manage-
ment of risks.

But there is a problem of insufficient awareness
among decision-makers, as well a lack of scientific
background. Those responsible for making decisions,
stakeholders and the public do not have the skills and
knowledge to work with the accumulated climate
data to development an adaptation and sustainable
development strategy. The goal is to provide these
groups with tools, skills, thematic information for
understanding climate processes occurring in the re-
gion.

We believe that the preparation of both the per-
sons responsible for decision-making, and the future
specialist in environmental sciences shouldn’t be re-
alized artificial learning environment, but on the ba-
sis of actual operating computational and information
systems used in climate research. Such kind of a sys-
tem was developed by a team of the Institute of
Monitoring of Climatic and Ecological Systems SB
RAS. The information-computational Web GIS "Cli-
mate" (http://climate.climate.scert.ru) provides op-
portunities to study regional climate change and its
consequences providing access to climate and weath-
er models, a large set of geophysical data and means
of processing and visualization. Also, the system is
used for undergraduate and graduate students train-
ing. In addition, the system capabilities allow creat-
ing information resources to raise public awareness
about climate change, its causes and consequences,
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which is a necessary step for the subsequent adaptation to these changes. “Climate” allows climatologists, spe-
cialists in related fields, decision-makers, stakeholders and the public use a variety of geographically distributed
spatially-referenced data, resources and processing services via a web-browser.

Currently, an interactive System User Manual for decision-makers is developed. It contains not only the
information needed to use the system and perform practical tasks, but also the basic concepts explained in de-
tail. The knowledge necessary for understanding the causes and possible consequences of the processes is giv-
en. The results of implementation of practical tasks are available not only in the form of color surface maps, but
also on the Internet and in the form of layers for most GIS. Thus these layers can be used in usual desktop GIS
which is a common software for most of decision-makers. Thus, this manual helps to prepare qualified users,
which in the future will be able to determine the policy of the region to adapt to climate change consequences.

The work is supported by Russian Science Foundation grant Ne 16-19-10257.

Pa3pa60THa MHTEPaKTUBHOIO cepBUCa )14 NoBbILUEHUA
ocBeajoOMJ1eHHOCTU O6LL|,eCTBeHHOCTVI " nd, oTBETCTBEHHbIX
3a rNnpnHATHUe pEUJEHMVI 06 N3MEeHeHUAX KNnMMaTa

lopposa 10.E., OknagHukos WU.I., Tutos A.T., Topgos E.I.

MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: yulia@scert.ru

JIOKJIaJIe PACCMOTPEHBI MOAXO/bI K ITOBBIIICHHUIO YPOBHS OCBEIOMIICHHOCTH IIUPOKHX CJIOEB Hacee-
HUS, @ TAKXKE JIHI, OTBCTCTBCHHBIX 32 MIPUHATUC PCIICHUIA, O IPOUCXOISAIINX U OXKHUIACMBIX KITUMATH-
YECKUX M3MCHCHHSIX U MX MOCIICICTBUAX ISl PETHOHA.

HabnroneHus 1 pe3ylibTaThl MOJCITUPOBAHUS YKA3bIBAIOT HA TO, 4TO KimMar 3emitn Mersiercs (http:/ www.
ipcc.ch/pdf/assessment-report/arS/wg2/arS wgll spm_en.pdf) u Poccust oTHOCHTCSI K perroHam 3eMii ¢ Mak-
CUMAJIbHBIM HaOIIFOIaeMBbIM U TIPOTHO3UPYEMBIM H3MEHCHHEM KIIUMaTa Oaroiaps pa3mepaM CBOCH TeppuTo-
PHUH U TOMY, YTO 3HAYHUTEIIbHAS €€ YaCTh HAXOMUTCS B BRICOKUX U MOJISIPHBIX MUPOTaX. J[aHHBIE MOHUTOPUHTA
COBPEMEHHOTO KJIMMaTa POCCUM MOKa3bIBAIOT, UTO B ITOCIICAHUE TOIBI TCHICHIIHS K IIOTCIUICHUIO 3HAYUTEIIEHO
yCHITHIIACch. Takke UMEET MECTO POCT BEJIIMYMHBI H YACTOTHI MOSIBICHHS SKCTPEMAIBHBIX KIIMMATHYCCKUX SIB-
JICHWH, a Takke BO3PACTAIOMWIMK yImepO JUls SKOCHCTeM W MH(PACTPYKTYpbl OoT HUX. CONIACHO MOCIETHUM
nmaHHBIM Pocrunmpomeriientpa (goo.gl/6zvSQt) B 2016 romy B menom Ha Tepputopuu PO ormedanock 988
OIIACHBIX THAPOMETEOPOJIOrNYECKUX SIBJICHUM (BKIIOYAsh arpOMETEOpOJIOrHYeCcKue M THAPOJIIOTHYECKHE), U3
Hux 380 HaHEC)IH 3HAYUTENBHBINA YIIIEPO OTPACIISIM SKOHOMHKH U KH3HECSITCIPHOCTH HACCIICHUS.

Bce ot (hakThl yKa3bIBarOT Ha HEOOXOIMMOCTH MPOBEACHHS OLIEHKH KOJIOTMYECKHX, SKOHOMHUUECKUX,
MTOJIUTHYCCKUX M COIUANIBHBIX TOCICICTBHI MT00AIBHBIX U3MECHCHUN KIIUMATa [l KOHKPETHOTO PETHOHA, a
TaKXKe BRIPAOOTKH MEp IO a/IalTalliy K STHM H3MCHCHISIM U YMEHBIICHUIO UX HeraTUBHOTO BiusHUsL. Cornac-
HO ganHbM MI'DUK ys3BEMOCTB B OyIyIlIeM 3aBHCUT HE TOJIBKO OT M3MEHCHHI KITMMATa, HO M OT BEIOPAHHOTO
criocoba pazputusi. CTaOMIbHOE PA3BUTHE MOXKET YMCHBIIUTD YSI3BUMOCTB. 1JIs TOCTHIKCHHUS yCIieXa aJiarnTa-
LU TOJDKHA BXOIUTH B TUIAHBI CTAOMILHOTO PA3BUTHS Ha HAIIMOHAIBHOM U MEXKIyHapOIHOM YpoBHsX. Ha Ha-
[MOHAJIBHOM YPOBHE JIJIs pa3pa0oTKu 3((EKTHBHOMN CTPATETHUH aJanTallii HeOOX0IMMa TIPEXKIIC BCETO pa3pa-
00TKa 00pa30BATEIFHBIX MPOTPaMM, YIIYUNICHUE MPAKTHUCCKON MOATOTOBKH M IOBBIIICHUE OOIICCTBCHHOM
OCBEIOMJIEHHOCTH 00 3TOH mpolbiieMe, Mpesk/ie BCETO JINII, ONPEICISIIONIMX CTPATETHIO aIalTalMH K H3MEHe-
HusM. CrcreMa ajanTtaiy K KIMMaTHIeCKUM U3MCHCHUSM JIOJDKHA BKITFOUATh B Ce0sl Pa3IUYHbIC aJIMAHUCT-
pATHUBHBIC YPOBHH OT (eICPANBHBIX IO MECTHBIX, C YICTOM PETHOHAIBHBIX TIPUPOIHBIX H COIIHATHHO-3KOHO-
MHUYECKUX 0COOCHHOCTEH. 17151 TOr0 HE0OXOIMMO COTPYIHHYECTBO 1 COITIACOBAaHNE ACHCTBUI MEXTy pa3iind-
HBIMU aJIMHHUCTPATHBHBIMH YPOBHIMH, 8 TAKXKE MAKCUMAIIbHOE BOBJICYCHUC B MPOIICCC aIAITAllUN BCEX 3a-
WHTEPECOBAaHHBIX CTOPOH.

Comacao Kimmmarmueckoit nokrpune PO (http://www.meteoinfo.ru/climatedoctrine) HeoOXoauMbIM yCITO-
BHEM YCIICIIHON TIOJIMTHKA B 00JIACTH KITUMaTa SIBIISICTCS IPUMCHCHHE PE3yJIbTaTOB HCCIICIOBAHIN IS OI[CHKU
PUCKOB U BBITOI, CBSI3aHHBIX C TIOCJICACTBHAMYI M3MCHECHHI KJIMMAara, a TAKKE BOBMOKHOCTH aalTaIllUH K STHM
mocieCTBUSAM. 17151 pean3aliuy STOH MOJUTHKY He0OX0IMMa MOATOTOBKA JIHII, KOTOPBIC OyIyT pa3padarsiBaTh U
MIPUMCHSATH MEPHI 110 aJIaNTaluy. B HacTosIee BpeMs JIHIa, OTBETCTBCHHBIC 32 IPUHSTUC PCIICHUI, 3aMHTEPECO-
BaHHBIC CTOPOHBI U HACEIICHHE, OT KOTOPBIX M 3aBUCHT BBIPAOOTKA aJICKBATHBIX MEp I10 aalTalud U yMCHBIIIC-
HUIO HETATUBHBIX ITOCIICICTBUI H3MEHEHUI KIIMMAaTa, He UMCIOT HABBIKOB M 3HAHUH JJIs1 Pa0OTHI C HAKOTUICHHBI-
MU KITUMaTHYCCKAMHU JaHHBIMH, HCOOXOAUMBIX JIJIsl aHAJIH3a M BBIPA0OTKH COOTBETCTBYOMICH cTpaTernd. Heoo-
XOJIIMO 00CCIICUUTh 3TH TPYIITBI 3aHHTCPECOBAHHBIX JIUI] MHCTPYMEHTAMHU U YMEHHSIMU, a TAK)KE TEMaTHICCKOU
WH(pOpMANUEH TSI TOHUMAHUS TPOUCXOISANIAX KIMMATHYCCKIX MPOIIECCOB B PETHOHE.
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MBbI cunTaeM, YTO MOATOTOBKA KakK JIMII, OTBETCTBEHHBIX 3a MPUHITHE PELICHUH, TaK U OyIylIuX Crielua-
JIMCTOB JI0JKHA OCYIIECTBIISTHCS HE B NCKYCCTBEHHO CO3/IaHHOM 00y4Jaroniel cpere, a Ha 6a3e peajibHoO JAeHCT-
BYIOIINX BBIUYUCIHTEILHO-MH(POPMAIIMOHHBIX KOMIUICKCOB, HCIIOJIB3YEMbIX B KIIMMATHYECKUX UCCIICOBAHUSIX.
Junst perieHus 5TOM 3a/1a4yl TpeyIaraeTesl UCIob30BaTh BO3MOKHOCTH MH(OPMAIMOHHO-BBIYUCIUTEILHON
BeO-I'NC «Kmumary.

Wudopmanmonno-serauciutensuas Bed-I'MC «Kmumar» (http://climate.climate.scert.ru) obecrieunBaet
(YHKIIMOHUPOBaHUE Web-OPHEHTHPOBAHHOTO IIPON3BOACTBEHHO-MCCIIEI0BATEIBCKOTO IIEHTPa B 00JIaCTH HC-
CJIeIoBaHMs U3MEHEHUH perroHaibHoro kiumara [[opnos u ap., 2013]. Cucrema gaet JOCTyn K OOJIBIIUM
HabOpaM IMPOCTPAHCTBEHHBIX JAHHBIX O COCTOSIHUH OKPY’KarOIIel Cpeibl, CPEACTBAM UX aHAIN3a M BU3yajIn3a-
LUK PE3YJIbTaTOB, IPOBEICHHS HAyYHbBIX UCCIICAOBAHUM pacIpe/ie]IeHHBIMU HayYHBIMHU KOJUIEKTHBAMH Ha OC-
HOBE 9THX NPWJIOKEHHH, a TAKKe OpraHu3aluK 00y4eHHUs CTYACHTOB U acnipaHToB [['opnosa u ap., 2013].

Crienuanucr - moJib30BaTellb CUCTEMBbI B3aUMOJICHCTBYET C CHCTEMOM 4epe3 ee HHTEPHET-I10PTall, OTKPHI-
TBII B IMCIOIIEMCS Ha JIF00O0M COBpEeMEHHOM paboueii ctanimu BeO-Opay3epe. C moMoIIbio rpadyiaecKoro uH-
Tepdeiica cUCTEMbI MOIB30BaTENb MOKET, Hcnonb3yst [ MC-(pyHKINOHAIBHOCTD, MAaHHUITYJINPOBATh PE3yJibTa-
TamMu 00pabOTKH 1 aHall3a, PEICTaBICHHBIMU B BUJIE CJIOEB Ha reorpaduueckoil KapTe Juis BBIOPaHHOTO pe-
ruoHa. [loap30Baresnto npesoCcTaBisieTcsl BO3MOYKHOCTD BBIOMPATH MOAXOSIIMI HA0OP JaHHBIX, COOTBETCTBY-
IOLLYIO IPOLEY Py MX aHAJIN3a, HHTEPECYIOINH BpEeMEHHOH Tepro1 ¥ reorpaduyeckyo oonacts. s ananmsza
MOJTY4EHHBIX PE3yJIbTaTOB OH MOXKET MPOBOANTH YBEJIIMUEHHE U YMEHBIIEHHE MaciTada Kaprorpaguyeckoro
CJIOS1, TTOJTy4aTh 3HAYEHHS CO BCEX CIIOEB B TOUKE, IPOM3BOAUTH JIOIOIHUTEIBHYIO 00pabOTKy paHee MoTyYeH-
HBIX PE3yJIbTaToOB (HalpUMep, CPABHUBATH JIAHHBIE C PA3JINYHBIX CIIOEB).

Cucrema «Knumar» obecrieqnBaet:

- 00paboTKy U aHaIM3 HA0OPOB ITeOPHU3MUCCKUX TAHHBIX, IPEICTABISIONIAX COOOH HAOOPHI TCONIPHUBSI3aH-
HBIX KIIMMAaTHYECKUX H METEOPOIOTUUECKUX BEJIMUNH, ITOJTYUYEHHBIX B PE3yJIbTaTe M3MEPEHNUH WII YUCIICHHOTO
MOJICJIMPOBAHUS, & TAK)KE JJAaHHBIX JUCTAaHIIHOHHOTO 30HIUPOBAHMSI.

- UHTEpOIIepadesIbHOCTh C APYTUMH HH()OPMAIIMOHHO-BBIYHUCINTEIBHBIMU CUCTEMaMHU TIPH OITUCAHUH pe-
3yJIBTAaTOB BBIYMCIICHUH 1 IIPEIOCTABICHUN COOTBETCTBYIOIIMX BEO-CEPBHCOB;

- HCIIOJIb30BaHKe TexHooruii Be6-I' 1C;

- MOJIYJIbHYIO OPT@HH3ALUIO OT/IEJIBHBIX ITPOrPAMMHBIX KOMIIOHEHT C BO3MOXKHOCTBIO PacIIMPEHUS (PyHK-
LIMOHAJILHBIX BO3MOYKHOCTEH aHaJIi3a 3a CUeT MCIOIB30BaHMSI JIOTTOIHUTEIBHBIX TPOrPAMMHBIX MOJTYJICH;

- HCTIOJIB30BaHUE ITPOCTPAHCTBEHHO-PACIIPeAeIeHHbIX HAaOOPOB reopU3NIeCKUX JTAaHHBIX (JJaHHBIX peaHa-
JIM30B, KIIMMATHYECKOTO MOJICTIMPOBAHUS U CITy THUKOBBIX HAOIIOJICHUIT) JUIsl HCCIICIOBAHHS KIIMMATHYECKUX U
9KOJIOTHYECKHX U3MEHEHHUH.

- BO3MOKHOCTH BU3YaJIM3AIMHU PE3YJIBTATOB MOJICIMPOBAHUS;

- BO3MOKHOCTB JJ0OABJICHHS HOBBIX PECYPCOB (KaK anliapaTHbIX, TAK U IPOrPaMMHbIX );

- B3aMO/ICHICTBHE I10JIb30BATEIICH;

- TIOJVIEPXKKY MOJIb30BaTeel (MCCie0BaTeN , MPENnoiaBaTeld, CTYICHTbI, IIUPOKHUE CIIOW HACEJICHUS,
3aWHTEPECOBAHHBIC JIMLIA).

[ToMrMO TIpOBE/IEHHST HENOCPEACTBEHHBIX HCCIICOBaHHM, MOJIb30BATENb TAKKE MOXKET IIPOBOANUTH COB-
MECTHBIE HCCIIEJOBAHMUS C JIPyTHMMHU I10JIb30BATENISIMH, OOMEHUBATHCS MTOJIYYEHHBIMU pe3yiabraramu. Jis 00-
meHust, oOMeHa MH(pOpMaIMeil 1 COBMECTHBIX MCCIICIOBAaHUN B CHCTeMe UMeeTcst (hopyM, a JJisl HallOJTHEHUS
BBIJICJICHHBIX Pa3/IeIoB BeO-caliTa COOCTBEHHBIM COZIEpXKAaHUEM - cucteMa wiki, koTopast obecrieunBaeT 1 op-
raHu3yeT COBMECTHBIN ITPOLIECC CO3aHusl, peJaKTUPOBaHKs U yIIpaBlieHus copepxkanueM. Kpome toro, cucre-
Ma HCIIONB3YeTCs JUIsl 00yYEHHUs] OCHOBAM HCCIIEIOBAaHHS M3MEHEHUH PErHMOHAIBHOTO KJIMMara U KJIMMaToo-
Opasyromux (GpakTopoB, st YEro B HEll PelyCMOTPEH CIeUalIbHbINA pa3/iel, CoAeprKalliii 00pa3oBarelibHbIC
Marepualibl 1 HFHTEPaKTUBHbIE 00yYarole KypChl.

B Hacrosiiiee Bpemst B cucTeMe pa3MelieH B OTKPBITOM J0CTyIe HH()OPMAIMOHHBINA Kype 110 KIIMMaTnye-
CKUM U3MEHEHHUSIM, OPUEHTHPOBAHHBII Ha NIMPOKKE CJION HACEIICHUS U JIUII, OTBETCTBEHHBIX 3a NPUHSTHE pe-
menuii (http://climate.scert.ru/resources/courses/). B pamkax Kypca HOCTYIHBIM sI3bIKOM U3JIArar0TCs U TOMY-
JSIPHO MJUTIOCTPHPYIOTCS OCHOBHBIE MOHSTHS M MPOOJIEMBbI COBPEMEHHBIX KIMMATHYE€CKUX U3MEHEHUH U MX
BO3MOXHBIX TocsiecTBUi. Oco00e BHUMaHHE Y/ENISeTCsS PErHOHaIbHBIM KIMMaTH4eCKuM u3MeHeHusM. [1o-
MHUMO MH(pOPMAIMOHHOHN YacTH, KypC TaKKe BKJIIOYAET B ce0sl MO00PKY CCHUIOK Ha CETEBBIE PECYPCHI 110 aK-
TYaJIbHBIM BOIIPOCAaM HayK O 3eMile U MPaKTHYECKHUE 3aJaHusl Ui 3aKpeIuICHHUs] MaTepralla, KOTOpble TaKke
BBITIOJIHSIIOTCS JUIS KOHKPETHOW TeppuTOpuu. B paMkax 3a1aHunii nonp30BaTessiM HEOOX0IMMO POaHATH3HPO-
BaTh, Ha OCHOBE 3apaHee IOJrOTOBJICHHBIX B pAMKaX CHCTEMBI CJIOEB KIIMMAaTHYECKUX XapaKTePUCTHK, KaK Me-
HSUICS KITIMaT MHTEPECYIOIEH ero TeppUTOPHH M OTBETUTH Ha KOHKPETHBIE BOIPOCHI, ICTATH3UPYIOIIUE KITH-
MaruyuecKue u3MeHeHus: «Kak M3MeHHIMCch MUHUMAIIbHBIE 3HAaYEHHs 3MMHUX TeMmIeparyp», «Kakosa nuna-
MHKa MaKCUMaJIbHBIX JIETHUX TEMIIEPaTyp» M T.1.

[TpoxoxieHne Kypca o3BoJIsieT 03HAKOMUTHCS C BIMSTHUEM KIMMaTHYeCKUX U3MEHEHHU I Ha COOTBETCTBY-
OLIME TPOLIECCHI B MCCIIEyEMOM PErHoHe, He U3y4asi Ipe/IBapUTEIbHO METO/IbI CTATHCTHYECKOTO aHaINn3a U
paboThl ¢ OONBIIMMHU apXWBaMU AAHHBIX, @ TaK)KE COBPEMEHHOE MPOTrPaMMHMPOBAHUE Ha SI3bIKaX BBHICOKOTO
yposHsi. [IpoBeneHre caMOCTOSATEIBHOTO aHAIN3a JUHAMHUKH KIMMAaTHYECKUX W3MEHEHHH CIIOCOOCTBYET JIyd-
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[ieMy TMOHUMAHHUIO MPOMCXOASANINX KIMMATHUECKUX MPOLECcCOB. [IpoxoxkIeHne Kypca B ILEJIOM IOBBIIIAET
ypOBeHb HH()OPMHUPOBAHHOCTH HIMPOKUX CJIOCB HaceseHus. JloBejeHHas 10 3aMHTEPECOBAHHBIX TPYIIIT JIUL]
Hay4YHO-000CHOBaHHAsT HHPOPMALIUS O TIPOUCXOSIIUX U OXKUIAIOIIUXCS KJIMMATHUECKUX U3MEHEHUSAX B PETU-
OHE MTPOXKUBAHMS TTOJITOTOBUT K OXKUIAEMBIM MTOCJICICTBUSIM U OyIET CTUMYJIUPOBATh MIOMCK TyTEH aaanTaluu
K HHM.

Jliist pa3pabotku 3 PEKTUBHBIX MEp MO aJaNTallid U YMEHBIICHUIO HEraTUBHBIX MMOCIECICTBUN KCTpe-
MaJIbHBIX TPOSIBIICHUI KIIMMATa HA PErMOHATIBHOM YPOBHE HEOOXOMMbI TOUHBIC 3HAHUS O Teorpaduu Kiinma-
THYECKUX IKCTPEMYMOB, YaCTOTE UX MOSIBJICHHS U MHTEHCUBHOCTH. B HacTosiee Bpemst B cucteme «Kimumar»
pa3pabaThIBacTCs MPAKTUKYM « AHAJIM3 IKCTPEMAJIbHBIX I0Ka3aTelieii pernoHaaIbHbIX H3MEHEHUH Kinmaray. B
HEM M3JI0KEHBI OCHOBHBIE CTATUCTUYECKUE MPUEMbBI 00pabOTKH M aHAIN3a METEOPOJIOTHYECKUX AaHHBIX IS
KOJIMYECTBEHHOTO OMUCAHHSI SKCTPEMAIbHBIX KIIMMATHYECKUX SIBICHUIN B YCIIOBHSX COBPEMEHHBIX KIIUMATH-
YEeCKHUX U3MEHEHHI M UX BO3MOXKHOTO BIIMSIHUSI HA COCTOSIHUE OKPY’KaloIieil cpeibl peruona. TeopeTndeckuit
Marepual MOIKPEIUICH MPAKTHYECKUMHU paboTamMu JUIsl U3yYEHUS] MHOTOJICTHETO PEXHUMa TeIlla U BJIAard Ha
TEPPUTOPUH OT/IEIIbHBIX PErHOHOB. [IpOX0KIEHIE TAKOTO Kypca MO3BOJIUT MOTYYUTh 3HAHUS O CII0CO0axX aHa-
JIU3a 9KCTPEMANIbHBIX KIIMMATUYECKUX SIBJICHUI PErHOHAIBHOTO MaciiTaba, 1aayT MpeJCTaBIeHUE O IIPOU30-
HIEAMIMX U3MEHEHUAX KIIMMATHYECKUX IKCTPEMYMOB M YIIIyOsIT MIOHUMAHUE POJIM 3TUX U3MEHEHHI B IMHAMU-
Ke 6uocdepHbIX MPOIECCOB (HAPUMED, U3MEHEHHS YIIIEPOJHOTO M MHIPOIOTUYECKOTO IUKIIOB), U Pa3BUTHS
COI[MO-9KOHOMUYECKOH chepbl. Kpome TOTo, MojydeHHbIe 3HAHUSI MOTYT SIBUTHCSI OCHOBOM JIJISl TOATOTOBKH
aJIPECHBIX PEKOMEH QLM 10 aIalTallii U YMEHBIIEHHIO HETATUBHBIX MOCIIEACTBHI SKCTPEMAIbHBIX SIBJICHUM
HAOJIOIAEMBIX B UCCIIEyEMOM PETHOHE.

B Hacrosiiiee BpeMsi Ha 6ase pa3pabOTaHHOrO Kypca HIeT paboTa Mo CO3JaHHI0 HHTEPAKTUBHOTO PYKO-
BOJICTBA JIJIsI ITOJIb30BATEIIsl CHCTEMbI — OTBETCTBEHHOT'O 3a IIPUHSTHE PELICHUM. B pyKOBOICTBE COMEPIKUTCS HE
TOJILKO MH(pOpMAIUs, HEOOXOMUMAst IS [IOJTb30BAHUSI CUCTEMOW U BBIMIOJHEHUS TIPAKTUYECKUX 3aJaHUl, HO
TAKXKe JETAIBHO OOBACHSIOTCS 0A30BbIe MOHSTHS, JAIOTCS 3HAHHS, HEOOXOMUMBIE [l TIOHUMAHUS TPUYHH U
BO3MOYKHBIX [TOCJIEICTBUI POUCXOSIIUX MTPOIIECCOB, pa3padarTbiBACTCsl HHTEPAKTUBHBIN TIoccapuil. Pe3yiib-
TaThl BHITIOJIHEHHUS PACUCTOB MPECTABICHBI HE TOJIBKO B BUJIE KAPT, HO TAKXKE IOCTYITHBI B UHTEPHETE U B BUJIC
cioeB Jutst 6osbiHcTBa ['IC, KOTOPBIE B HACTOSIIEE BPEMSI ITUPOKO HCIIONIB3YFOTCS IPEACTABUTEIISIMU a/IMHU-
HUCTPATUBHBIX CTPYKTYP ISl pa3pabOTKH CTPATErwii Pa3sBUTHSI B PA3IMUYHBIX OTPACIsAX. ITOrOM IPOXOKICHUS
TAKOM MOArOTOBKH JIOJIKHO CTATh MOSIBJIEHUE KBATH(DUIIMPOBAHHOTO MOJIB30BATENSI CHCTEMbBI, KOTOPBIN B 1aJIb-
HEHIIEM CMOXKET OIPEIENISATh MOJUTHKY aJaTalliyd PETHOHA K MOCIEACTBISIM H3MEHEHUsI KIIMMaTa.
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Droughts and moistening periods in South Siberia
at the end of XX and the beginning of XXI centuries
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n recent years a large number of papers have been devoted to study of the global and regional climate
changes. Special attention is paid to climate extremes, such as droughts and excessive moistening periods.
Distinct periodic behavior of droughts or certain unidirectional trend of recurrence and intensity on Russian
territory in the 20th century was not detected. Significant trends of recurrence of droughts appeared only in
some regions [Second Roshydromet assessment report, 2014].
In this study the area assessment of moistening / aridity of territory is given. The estimation was carried
out using the web GIS system “Climate”. The system “Climate” is based on a combined use of web and GIS
technologies. It is a part of a hardware and software complex for “cloud” data analysis using various climatic
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data sets, as well as dedicated algorithms for their searching, extraction, processing, and visualization [Gordov
et. al, 2012]. The ECMWF ERA Interim reanalysis data for South Siberia (50-65°N, 60-120°E) for the time
period from 1979 to 2010 year with grid cell 0,75%0,75° was used. A great variety of landscapes are represented
at the study area, so hydrothermal conditions were estimated by D.A. Ped (Si) index that is the normalized indi-
cator of ratio of air temperature to total atmospheric precipitation. To calculate the necessary characteristics, we
used the approach previously presented in [Riazanova et al., 2016]. This approach allowed us to characterize
hydrothermal conditions not only in place where the weather stations are, but in complex orographic conditions
and also in areas with a rare observational network.

The hydrothermal conditions on the study area in different months are ambiguous. The mountain regions
of Eastern Siberia are becoming more arid in all months during last 30 year. In Western Siberia aridity increases
in May and decreases in June, in other month the positive and negative values of trend are distributed evenly.
Increasing aridity is associated with both the increase in temperature and the decrease in total monthly precipi-
tation. And vice versa, we see an increase of moistening in regions where there is an increase in total precipita-
tion and a decrease in the average monthly temperature. The greatest contrasts in the trend of both the aridity
index (Si) and its component are observed in July. The results of the study are in good agreement with the con-
clusions obtained by the authors earlier in the analysis of droughts and excessive moistening periods [ Voropay
et al., 2016] and with the work of other researchers [Second Roshydromet assessment report, 2014, Hydrome-
teorological disasters 2001, Zolotokrylin et. al, 2013, and others].

3acyxu 1 nepuofbl nepeyBnarHeHUA Ha tore Cnbmpu
B KOoHLe XX — Hayane XXI BeKoB

'PasaHoBa A.A., “Boponaii H.H.

! WMHCTUTYT MOHUTOPUHIa KNMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
? UnctuyT reorpadum um. B. B. Couasbl CO PAH, UpkyTck, Poccua
E-mail: raa@scert.ru, voropay_nn@mail.ru

B nocnennue rofsl 00IbIIOE KOJMYECTBO PAOOT MOCBSIIEHO M3YyUEHHIO IIIOOATBHBIX M PETHMOHAIBHBIX
KIIMMaTH4ecKuX u3MeHeHuni. [Ipu 3Tom paccMarpuBaeTcst HI3MEHEHHE HE TOJIBKO CPEAHUX MOKa3arelei, K Ko-
TOPBIM B NIEPBYIO OUEPE/lb OTHOCATCS CPEHSSI MECSUYHAs, CPEIHssS TOJ0Basi TEMIIEpAaTypa BO3AyXa U CyMMBbI
aTMoc(epHBIX 0CAJIKOB, HO U U3MEHEHNE SKCTPEMANIbHBIX 3HAUCHUH 3THX MapaMeTpOB, KOTOPHIE B CBOIO O4e-
pelb aCCOLUMPYIOTCS C 3aCyIUTUBBIMU U TIEPEYBIAXKHEHHBIMHU ITEPHOIAMH.

3acyxa — KOMIIJIEKCHOE TIPUPOIHOE SIBIICHUE C CUIbHEHIINMMHU PErHOHATBHBIMUA aHOMAJIUSIMU TEMIIEpaTy-
psl 1 yBnaxkaeHus [['mapomereoponormueckue onacuoctr, 2001]. B obmmx geprax 3acyxa o3Ha4aeT BpEMEH-
HOE ITOHMKCHNE BIIAXKHOCTH OKPY’KarOIIeH CPe/ibl 10 OTHOLICHHUIO K €€ CPETHEMY COCTOSTHHIO. BBUY ClIOKHOM
MIPUPOJBI 3aCYXU OOBIYHO OTPAHUUUBAIOTCS M3yUECHHEM OTHON U3 €€ CTOPOH, MPOSIBIIIONIEHCS Wik B aTMOC(e-
pe, win B ouse. HeGmaronpusaTHele arpoKIMMaTHYECKUE SIBICHUS CYILIECTBEHHO CHIM)KAIOT CEIbCKOX035HCT-
BEHHBII MoTeHnua knnmara. [Ipu arMmocdepHoii 3acyXxe MpOUCXOAUT MPOLECC aKTHBHOTO NMPOTPEBAHMS U OT-
HOCHTEIIBHOTO UCCYIICHNUS BO3/LyXa IPH OTCYTCTBUH OCAKOB U OOJIBIIOM PaJnalliOHHOM PUTOKE TEIlIa.

B MHOTOUMCIEHHBIX PabOTax, MOCBSIICHHBIX U3yYEHUIO 3aCyX, PACCMATPHBAIOTCS Pa3INUHBIC CIIOCOOBI
ee OIIpEICTICHU, XapaKTePHbIEC THITBI M YCIOBUS (DOPMHUPOBAHUS 3TOTO SIBICHHUS, pa3padaTeiBaloTcs Handoee
pEeIpe3eHTaTUBHBIC HHAEKCHI 3aCYIIIIMBOCTH, POBOIUTCS aHAIN3 KaTaCTPO(PHUIECKNX 3aCyX U KaTalOTH3aLus
3acyx [Memepckas u ap., 1978; Memepckas u np., 1986; Ilens, 1975; Censtaunos, 1928; Paynep, 1981; dpo-
3108, 1980; ITokposckas, 1979 3onotokpsummH, 2013; u ap.].

YeTkoH BbIpaXXKEHHOM NMEPUOAMYHOCTH 3aCyX WUJIM ONPEICIICHHON OJHOHANpPABICHHON TEHJEHUUH B I10-
BTOPSIEMOCTH ¥ MHTCHCUBHOCTH 3acyX Ha Tepputopru Poccuu B XX B. He ObUTO BBIsIBIEHO. TeHICHINA K YBe-
JIMYEHHIO TOBTOPSIEMOCTH 3aCyX MPOSIBIJIACH JIUIITh B HEKOTOPBIX PerrmoHax [BTopoii orieHouHsIi. ..., 2014].

B nanHoi1 paboTe, B OTIMYME OT UCCIEAOBAHUM APYTHUX aBTOPOB, JaHA IJIOIMIAAHAs OIIEHKA yBIaKHEHUs!/
3aCyNIUIMBOCTH TeppuTopun. OnieHUBaHKE MPOBEACHO ¢ ucnoibp3oBanueM Bed-I' MIC cucremsr «Kmmmaty. Crc-
tema «KimmMary», moctpoerHas Ha ocHoBe BeO- 1 [ MIC-TeXHONIOTHH, SBIAETCS YacThIO almapaTHO-IIPOTPaMM-
HOTO KOMIIJIEKCA ISl «00IauHOTrOY» aHaIM3a KIMMAaTHYECKUX JaHHbIX, BKIIOYAIOIIETro B ce0s pa3inuHble Habo-
PBI KIMMAaTHYECKUX M METEOPOJIIOTHUECKUX JAHHBIX, a TAK)KE CIEIMalbHble MHTCPAKTUBHBIE HHCTPYMEHTHI
JUTA WX TIOMCKa, BEIOOPKHM, 00pabOTKH M BU3yalu3anuy. Vcronp30BaHne Takoi CHCTEMBI 3HAYUTEIHHO 00JIeT-
YaeT M YCKOpseT paboTy ¢ OOIBIIMMHU 00bEMAaMH TEONPOCTPAHCTBEHHBIX KIIMMATHIECKUX JTAHHBIX, TO3BOJISS
TI0JTb30BATEIIO0, HE SIBISIIONIEMYCS CIIEIUAINCTOM B MH(POPMALMOHHBIX TEXHOJOTUAX, YAAJIEHHO BBINOIHATH
aHAJIN3 WX TMPOCTPAHCTBEHHBIX XapaKTEPUCTHK, HCIIOIB3Ys 0001 coBpeMeHHbII HacTonbpHbIHN 1K, moxkimio-
4yeHHbIH K cetn MnTepuer [Topnos u ap., 2012].
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B kavectBe MH(OpPMAIIMIOHHOW OCHOBBI MCIOJIb30BaHbI JaHHble peanann3a ERA Interim EBponeiickoro
LEHTpa cpeaHecpouHbXx nporuo3oB noroxasl (European Centre for Medium-Range Weather Forecasts —
ECMWF) [Dee et al., 2011] B y3max cerku ¢ marom 0,75%0,75° 3a nmepuon 1979-2010 rr. [IpemyoxeHHbIN
TIO/IXO0/] ITO3BOJIMJI OXapaKTEPHU30BaTh THAPOTEPMUUECKUE YCIOBUSI HE TOJIBKO B TOUYKAX PACIIOJIOKEHHS METEO-
POJIOTHYECKUX CTaHLUH, HO ¥ B CJIOKHBIX OpOorpaMueCcKHUX YCIOBHSX, a TAK)KE B paliloHaX ¢ pelikoil Habuona-
TeNnbHOI ceTbio. Teppuropus uccnenosanus — ror Cudupu (50-65°c.mr., 60-120°B.1.). B cBsi3u ¢ Tem, uto Ha
paccmarpruBaeMoil TEpPUTOPHH NPEJICTABICHO OOJIBIIOE pa3HOOOpasue JaHIadToB, THAPOTEPMUIECKUE YC-
JIOBUSI OLIEHUBAJIMCH NpH Hctionb3oBanun nuaexca [.A.Ilexs (S;), sBistromerocsi HOpMUPOBaHHBIM TTOKa3aTe-
JIEM COOTHOILIEHUS TeMIIEpaTyphbl BO3yXa U CyMMbl aTMOC(EPHBIX 0CAJIKOB.

S AT; AP;
L= e op' D
rne AT,=T1,-T,,, — aHOMaJIMsl TEMIIEPATYPHI 3a i-U IEPUOJ, 0 — €€ CPEAHEKBAAPATUUECKOE OTKIIOHEHUE.

Jns ocaakoB aHaOTUYHO.

B pabote paccMOTpeHO M3MEHEHHE THAPOTEPMUUECKOTO peknMa Ha TeppuTopuu rora Cubupu 3a Maii-
ceHTsI0pb B mpenenax nepuoaa 1979-2010 rr. AHanu3 npoBejieH, Kak JUIs KOMIIEKCHOTO THAPOTEPMUYECKOTO
nokaszaresns (uuaekc [least Si), Tak W JJIsl €r0 COCTABISIIONIMX (CPEHsISl MECSYHas TeMIeparypa Bo3ayxa, Me-
CsIUHBIE CYyMMBI OCajkoB). Jlysi pacuera JaHHBIX XapakTepHcTHK (yHKIMOHanbHOCTh BeO-I'MC cucTemsl
«KnmMary pacimpeHa J0moIHUTETBHBIM IPOrpaMMHBIM MoAyJieM. B 0CHOBY anroputMa rnosioykeHa opmyina
(1). Panee ycraHoBieH (axt, 4To JaHHBIE 0CaAKOB peaHanu3a Era Interim 3HaYnTENIHHO OTIIMYAIOTCS OT JlaH-
HBIX METEOPOJIOTHUECKUX CTAHIUH (3aHMKEeHbI IpuMepHo B 2 pasa) [[ynsruna, 2012], mostomy 1uis yayuiie-
HHS Ka4eCTBa NCXOHBIX JIAHHBIX UCIIONIB30BAJICS MOXO0/I, paHee NpeCTaBIeHHbIH B padote [Riazanova et al.,
2016]. CornacHo 3TOMY HOAXO.TY, OTJCNIBHO IS KaXKI0T0 To/la U MecsIa CyTOYHbIE CyMMBI OCAIKOB peaHajn3a
UHTEPIONUPYIOTCS. B TOUKH KOOPJMHAT METEOPOJIOTHUECKUX CTaHIMK (0ToOpaHbl 127 cTaHIMid, UMEIOINX
HanboJiee MOJHbIC U OJIHOPOJIHBIE Psi/ibl HAOMIONEHMH ). 3aTeM C TOMOIIBI0 METO/Ia JIMHEIHOW perpeccuu, rie
JlaHHBIC CTAHLUHI BBICTYNAIOT B POJIM 3aBUCHUMOM IIEPEMEHHOH, a JaHHbIC PEaHAIN3a B POJIU HE3aBUCUMOM,
PacCUNTHIBAIOTCSI KOPPEKTUPOBOUHBIE KOI(DDHUIIMEHTHI ISl ITAHHBIX peaHain3a 3a Mai-CeHTsIOpb 10 Kak oMy
roxy. [Tocie yero mporcxoauT pacueT HeOOXOTUMBIX TUIOIIATHBIX XapaKTEPUCTHK.

Kak cnenyer 13 aHanu3a, MHOTOJICTHHE CPEIHNE MECSIYHbIE TEMIIEPaTyphl Ha pPacCMaTpPUBAEMON TEPPHUTO-
PHYH M3MEHSIIOTCS B TEUSHHE TEIUIOro neproa (Mai-ceHTsiops) ot -1 o +25°C. B nenom Bo Bce MecsIbl Ha-
OJrolaeTesl MIMPOTHOE paclpe/ielieHne cpefneil Mecsunoi Temneparypsl. [Ipu atom B Boctounoit Cubupu
oporpaduueckuii pakTop BHOCUT CBOHM BKJIaJ B HEKOTOPOE HapyIICHUE ATOW 3aKOHOMEpHOCTH. BricoTa Hax
YPOBHEM MODsI B TIpE/IeiIax paccMarpuBacMoi Tepputopuu usmensercs ot 0 (3amagHo-Cudbupckasi paBHUHA)
1o 4506 m (r.benyxa, Antait). ['ogoBoii Makcumym Habronaetrcst B utosie. Cambie BBICOKHE TEMIIEPATYPhI 3a-
(ukcupoBansbl Ha toro-3anaje reppuropun (Cesepnblii Kazaxcran). C yBeIMYeHUEM IIUPOTH OHU MOHKAIOT-
cs 1o 17°C. B ropHbIx paitonax Anras u CastHax cpeHssl MecsiuHas TeMIepaTypa He HogHnMaeTtcs Beiie 10-
12°C. B ropax 3a0aiikanbs (CtaHoBoe Haropbe) Temreparypsl 4yTh Boime (13-15°C). B utone u aBrycre 00-
IIMe 3aKOHOMEPHOCTH paclpeiesieHHsl TeMIIepaTyphl Te JkKe, YTO B MIOJIE TpH Oosiee HU3KHMX 3HaueHwusix (7-
21°C). Paznnune temneparyp Ha ceBepe U Fore TeppUTOPUH Hanboliee BEIPAXKEHO B Mae, KOT/ia Ha Foro-3amnajie
CpeIHsisl MecsiuHas TeMieparypa nogaumaetcs 10 16°C, a B ceBepHbIX mmpoTax coctanisiet Hike 0°C. Cxema
pacnpeneneHus TPeHA0B CpeaHel MECSIHON TeMIepaTypbl MEHSETCS B TeUCHHE TEIUIOro nepuoaa. B mae Ha
OoITbIIIeH YacTH paccMaTpUBAEMOM TEPPUTOPHUHU IPOUCXOJMT TOBBIIICHHE TEMIEpaTyphl co ckopocThio 0,3-
0,7°C/10 net. Makcumanbhbie TenaeHun (o 1°C/10 net) HaOar0AaI0TCs B LIEHTPAJIBHBIX paiioHax 3araHoi
Cubupu. Otpurnarenbhbie TpeHabl (okoio -0,2°C/10 net) ¢pukcupyrorcs: B Anrae-CasHCKOM PErHOHE U Ha ce-
Bepe Tepputopud, B paiione Hwkueit Tyurycku. B utone u urosne B 3anaanoit Cubupu HaOIOIaeTCs TOHMKE-
HHe Temreparypsl, B Bocrounoit Cubupu — ee moBbllieHne. MakCUMalIbHBII KOHTPACT B paclpeieieHUuH
TPEH/IOB IO TEPPUTOPHH B HIoNe Ha tore Tepputopuu. Koaddunuents: nzmenstores ot -0,65 °C/10 ner Ha
1oro-3amnaze 10 1,2 Ha roro-Boctoke. I[Ipu 3TOM TpeHABI TeMIepaTypsl Ha ceBepe MUHUMAJIbHBI IO MOIYIIO B
9TOM Mecsilie. A B aBrycTe M CEHTIOpe Ha 3amajie M I0ro-BOCTOKE HAOIIOaeTCsl MOBBIIICHUE CPETHUX MeCsy-
HbIX Temmneparyp (0,4-0,8°C/10 net), 1uist OCTANbHON TEPPUTOPUH XapaKTEPHbI MEHEE 3HAUYMMBbIC TEHJICHIIUH
(ot -0,05 10 0,2 °C/10 neT).

B pacnpenenennu o TeppUTOPUN MHOTOJICTHUX CPEIHUX CYyMM MECSYHBIX OCAJKOB, B OTNINYHE OT TeMIIe-
partypbl BO3/lyXa, B TEYCHHE BCEX MECSIICB HAOOMAIOTCS OJTHH U TE JKe 3aKOHOMEpHOCTH. MakcumyM (1o 125
MM) ukcupyercs B ropax (Anrait, 3anmagueiii 1 Boctounstit Castn, Xamap-/ladban, CTaHoBoe Haropbe), MUHHU-
MyM (MeHee 10 MM) — Ha 10T0-3ara1e TeppuUTOpHu. [IpH ATOM Ha BCel TeppUTOPHH HANOOJIbIIEE YBIAKHEHUE
HaOJIoaeTcs B MIOJIe, HAaMMEHbIIee B Mae. TeHIeHIIMH U3MEHEHUSI CyMM arMOC(EepHBIX OCA/IKOB B TCUCHUE
TEIUIOTO MEPHOia Pa3HOHAIIPABIICHBI. B OONBIIMHCTBE ClydyacB OHU OTpHUIATe/bHBL. MuHuMyM (okoio -30
mMm/10 siet) — B Boctounom CasiHe B utosie. MakcuMasibHOE yBeTHUCHHE 0caakoB (10 14 mm/10 sieT) ormevaer-
Csl B LICHTPaJIbHOM yacTu Tepputopui (cpeanee Teuenre Oou u Enuces).

AHanu3 M3MEHEeHM KOMIUIEKCHOTO MHIEKca Si MoKasall, YTO THAPOTEPMUYECKUE YCIIOBUS B pa3HbIE Me-
CSIIIBI B ITpeJiesiaXx TePPUTOPUH He OJJHO3HAuHBI. B Mae Ha OombIneil yacTu TEPPUTOPUN YBEIUIMBACTCS 3aCyIl-
JIUBOCTB, JIMIIL B TOPHBIX paiioHax 3abaiikaibs HaOMOmacTcs HEOObIIOe YMEHbIeHHE Si. B MroHe B 1EHT-
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paibHBIX paiioHax 3amagHoit CHOUpPHU pacTeT YBIaKHEHHUE, B TO BpeMsl Kak tor BocTounoit CuOupu CTaHOBUT-
cs1 0oJiee 3aCyIUTUBBIM. B HI0JI€ KOHTPACTHI YBEIIMYMBAIOTCS — TPEH/IBI Si HA TCPPUTOPHH U3MEHSIFOTCsS OT -1,0
1m0 +1,4 en./10 ner. Tlpu 3TOM ouar MakCMMajabHOTO YBEJIMUYCHHS YBJIAXKHCHHUS MEPEMEINACTCS B CEBEPHBIC
paitonsl Kazaxcrana. [[jst aBrycra XxapakTepHO YBEJIMYCHUE 3aCyIUIMBOCTH B KKHBIX paifoHAX TEPPUTOPUU
HCCIICAIOBAHKS M €€ YMCHBIICHHUEC B CCBEPHBIX. B CEHTIOpe TakKe OTMEYAeTCs NMIUPOTHOE PACHpPEACICHUC
TPEH/IOB — OT MOJIOKHUTEIBHBIX Ha IOTC K OTPHULIATEIbHBIM Ha ceBepe Cubupu. Takum 00pa3oM, FOpHBIC pafoHbI
Bocrounoit CubOupu cTaHOBATCS O0Jiee 3aCYIUTUBBIMU BO BCE MECSIIbI, T 3anaaHoil CuOupH MOXKHO OTME-
TUTh YBEIIMYCHHUE 3aCYIUIMBOCTH B Mac U €€ YMCHBIIICHUE B HIOHE, IPU OTHOCUTEIILHO PABHOMEPHOM paciipe-
JICIICHUH TIOJIOKUTEIBHBIX H OTPHUIIATCIBHBIX TPEHIOB B OCTAIBHBIC MCCSIIBI.

[oBbIlIeHUE 3aCyIUTMBOCTH TEPPUTOPUH CBS3aHO KaK ¢ POCTOM TEMIICPATyphl, TAK U C YMCHBIICHUCM
MECSIUHBIX CyMM arMoc(hepHbIX ocankoB. M Hao0opoT, B paiioHax ,rie HaOoaeTcsl yBEIMUeHHE 0CaIKOB U
MMOHIKCHUE CPEIHCH MECSYHOM TeMIeparypbl Mbl HaOIOIacM MepeyBIaKHeHNUE TeppuTopun. Haubomnbiime
KOHTPACTBI B PaclpeIe/ICHUH TCHCHIINH, KaK CaMOTO MHJICKCA 3aCYIINTUBOCTH S, TAK M €r0 COCTABJISIOLIIX
HaOJIOAIOTCS B HIOJIE.

Pe3ysbTarhl HCCe0BaHMS XOPOIIIO COTIACYIOTCS ¢ BHIBOJAMHU, MOJYUYCHHBIME PaHEEe TIPU aHAIU3e 3acyX
U MIEPUOJIOB nepeyBiakHeHust [ Voropay et al., 2016]. Oxgnako, B HacTosIIIeH paboTe, B OTIIMYUE OT MPEIBITY-
KX, [JIC aHAJTU3UPOBAIKUCH TOJBKO TOUCUHBIC TAHHBIC METCOPOIOTMYCCKUX CTAHIUH, PACCMOTPEHBI TUIOIIA -
HBIC XapaKTEPUCTUKHU THAPOTCPMHUUCCKOTO PEKUMA, MOIYUCHHBIC 0 JaHHBIM peaHanu3a ERA Interim. Xopo-
11ast CXOAUMOCTB PE3yJIBTaTOB UCCIICIOBAHUS MTOJyUCHA Oarofaps MpeIBapuTeIbHOW KOPPEKTUPOBKE TAHHBIX
peananusa.

Paboma svinonnena npu nodoepoicke Ilpoexma IX.138.2.1. I[Ipoepammol hynoamenmansrvlx
uccneoosanuut CO PAH

Temmneparypa Bo3ayxa, ATMocdepHbIe ocaqku, MHaekc 3acymanBocTH Si,
°C/10 aer mm/10 et en./10 et

Mait

Hronn

Urons

ABrycr

CeHTs0pn

-0.7 0.2 04 1.2 -34.0 127 73 14.0 -1.0 0.1 0.3

Puc. 1. TeHOeHUMM M3MEHEHMA KNMMaTUYeCKUX XxapakTepucTuk (1979-2010 rr.)
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Experimental study of wintertime heat and momentum
exchange between a lake, surrounded by forest,
and the atmospheric boundary layer
'Barskov K.V. , “Chernyshev R.V., “Stepanenko V.M., 'Repina I.A., 'Artamonov A.Yu.,
*Guseva S.P., ‘Gavrikov A.V.

1 A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
2 Lomonosov Moscow State University, Moscow, Russia

3 P.P. Shirshov Institute of Oceanology RAS, Moscow, Russia

E-mail: barskovkv@gmail.com

atmosphere over a small lake surrounded by forest at winter. An experiment was conducted at small lake
close to White Sea Biological Station (WSBS) of Moscow State University from 25.01.2017 to
03.02.2017. 6-meter mast with instruments was installed in the center of the lake. There were 3 ultrasonic
three-component anemometers at levels 2m,4m and 6m, which measured wind speed and temperature fluctua-
tions with a frequency of 20 Hz. There was automatic meteorological stations Davis at levels 3m and 5m,
which measured humidity and air temperature. In addition it was a gas analyzer Li-Cor 7500 for measuring CO,
and H10 concentration. The total radiation balance (Kipp & Zonen sensors) was also measured. Temperature
in snow was measured at two levels - at the surface and at lower boundary of the snow (10 cm). Temperature
profile of the atmosphere was recorded with 50m step by microwave profiler MTP-5.
It was calculated full heat flux using Eddy-Covarience method, gradient method and method of heat bal-
ance.

This paper presents the results of experimental studies of the turbulent structure of the surface layer of the

The results show that the calculation of the
energy  transfer  characteristics  over  an
inhomogeneous surface by traditional methods,
including the conclusions of similarity theory, is
difficult. Due to the discrepancy between the low
wind speed and the degree of turbulence, calculations
based on the Monin-Obukhov theory give very low
values of the fluxes. When the turbulence of the
atmosphere is significant, strong vertical mixing
. leads to a strong heat flux directed from the
¥ w1 w1 w1 1 w12 12 X0 atmosphere to the surface (negative flow). Because
of the nonuniform mixing, the layer of constant flows
is absent in this case, which makes it difficult to use

Mo NOTOX TENNA & NOBEEIMOCTH

su|[ , _'::L-f,ﬁ‘?vm rennosoro anasca) the similarity theory to calculate the fluxes. In this
A .
« 9 wJ 4 AR - case, the balance method gives more acceptable
é., m;-r" W AVKFM ;‘J Wﬁﬂ%ﬁﬁﬁ results.
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Ha[ 03epOM OKPY*EHHbIM S1IECOM MO AaHHbIM
3KCMepuMeHTasbHbIX HabI4eHNI B 3UMHUIA Nepuog

'bapckos K.B., “YepHbiwes P.B., ‘Crenanenko B.M, 'Penuna U.A., 'AptamoHos A.10.,
“lycesa C.IN., ‘Tapuros A.B.

" UHcTuTyT Pu3mnkm atMochepbl uM. A.M. 06yxoBa PAH, MockBa, Poccua

? MoCKOBCKMIA rocyiapcTBeHHbIN YHUBepcuTeT UM. M.B. JloMoHocoBa, Mocksa, Poccua
* UHeTuTyT oKeaHonorum um. M1, Wupwosa PAH, Mocksa, Poccus

E-mail: barskovkv@gmail.com

1. BBEOEHUE

O3epa 3aHUMAIOT 3HAUUTEIIBHYIO YacTh CEBEPHBIX TeppuTOpuil EBpazun n AMepuky U BHOCSAT 3HAUUTEIb-
HBII BKJIa]] B TEIUIO- ¥ Fa3000MeH aTMocdepsl U IoBEepXHOCTHU. [lapamMeTpusanus 3TUX IpoLeccoB, 0COOEHHO ¢
yueTOM He6OJ'II>IJ_II/lX O3C€PHBIX CUCTEM IMOACETOYHOT'O MacmTa6a, BaXHa JJ1d ;[am)Hei/'uuero pa3BUTHUA MO}IeJ’leﬁ
MporHo3a norojsl u knuMara [1]. Ho ucnons3oBanue cTaHAapTHBIX MOIXOA0B K PAcUeTy COCTABIISIOIINX Te-
IUIOBOTO 0ajaHca B IPU3EMHOM CJI0€ aTMOC(epsl IPUBOIUT B 9TOM CIIydyae K CyIIeCTBEHHBIM OLIMOKaM U3-3a
HEOJHOPOIHOCTH IOACTUIIAIOIISH TOBEPXHOCTH. B 4acTHOCTH, HEOAHOPOJHOCTS JIaHAMA(Ta BHOCUT CYLIECT-
BCHHbBIC UBMCHCHUA B CTATUCTUYCCKUC XapaKTCPUCTHUKH Typ6yﬂeHTHOCTI/l, IO3TOMY IMPUMEHCHUEC TCOPUH 110~
no6ust MonrnHa-OO0yxoBa Jiisl BBIYMCICHUS IIOTOKOB TEIUIA, BJIATH M UMITYJIbCa, CTPOrO TOBOPSI, HEKOPPEKTHO
[2]. Kpome TorO, CymiecTByeT npodieMa 3aMbIKaHUs TEIUIOBOTO OajlaHCa, COIIACHO KOTOPOi B OOJIBIIMHCTBE
9KCIIEPUMEHTOB CyMMapHasi 3HEPIUsi COTHEYHOTO M3JIy4EHHs U ITOTOKOB TEIUIa Yyepe3 MMOBEPXHOCTH (JIe]], CHer
WA TIOBEPXHOCTh IIOYBBI) OKa3bIBACTCSI OOJIbIIE SHEPTUH, YHOCUMOW TYpOYJIEHTHBIMHU IIOTOKAMU SIBHOTO U
ckpsbitoro Teruia [3]. [Ipobiema onncanus TerniooOMeHa Hajl HEOAHOPOIHBIM JIAHIIAPTOM TAKKE OCIOKHSIET-
Cs1 HEAOCTATKOM OKCIICPUMEHTAJIbHBIX JaHHBIX.

B nanHoii pabote mpeacTaBieHbl Pe3yNbTaThl IKCIIEPUMEHTAIBHbBIX HCCIeOBAaHUN TYpOYJISHTHOH CTPYK-
TYPbI IIPU3EMHOTO CJI0s1 aTMOC(hepPhl HaJl HEOOJIBIIMM 03€POM, OKPYKEHHBIM JiecOM. UTOOBI BBIACIHUTH BIUSIHUE
HEOJHOPOIHOro JaHAmadTa Ha TypOyIeHTHBII 0OMeH B cucTeMe arMoc(epa-IIoBEPXHOCTb, UCKIIOUUB (-
(DeKThI TEPMHUYECKOTO PEIKHMA 03€Pa, IKCIIEPUMEHT ITPOBOIUIICS B 3MMHEE BpeMsl HaJl TOKPBITOH JIbJIOM 03ep-
HOH ITOBEPXHOCTHIO.

2. METOObl PACHETA TYPBYJIEHTHbIX NOTOKOB B NPN3EMHOM CJ10E

OCHOBHBIMU XapaKTEPUCTUKAMH TypOyIEHTHOTO B3aUMOACHUCTBHS CIIOS TPEHHUS WIN MPU3EMHOTO CIIOS
arMocQephl ¢ MOACTUIAIONICH MOBEPXHOCTHIO SIBIISTIOTCS MOTOKH siBHOTO Teruta (H), ummyisca (T) 1 BIard win
ckpbrToro teria (LsE). [IpakTiyecky BO BCel TOIMIIE TIOIPAHUYHOTO CJI0sI, TIe 3P PEKTh MOJIEKY/ISPHOTO 00-
MeHa MMPeHeOPEeKNMO MaJIbl 110 CPABHEHHIO C BEPTUKAIBHBIM TYPOYJICHTHBIM IIEPEHOCOM HUMITYJIbCA, TEIUIa U
BJIATH, 3TH BEJIMYUHBI XapaKTEPU3YIOT MOJTHBIE MOTOKH, IMEePECEKAIONINe MOACTUIIAIONIYI0 TTOBEPXHOCTh. s
orpezielieH TYpOYJeHTHBIX MOTOKOB HAMHU HCIIOJIb30BAIUCh: METON TypOyslieHTHbIX myiabcaiuii (Eddy
Covariance), METO/I TEIUIOBOTO OayiaHca, a TakKe TPAAMESHTHBIN METO/l, OCHOBAHHBIN Ha TEOPUHU MOA00usT Mo-
HuHa-O0yxoBa.

[Ipsimoit MeTom, Wi MeTo] TYPOYJIEHTHBIX My/TbCAIlMid, OCHOBAH Ha U3MEPEHUH MyJIbCalluii TPeX KOMIIO-
HEHT CKOPOCTH BeTpa U’,v’ U W’, TeMrieparypbl T’ U yIelbHON BIQXKHOCTH q° B OJJHOW TOYKE HaJl TIOBEPXHO-
cTbI0. [10TOKM BRIYHCIISIOTCS TI0 KOBAPHALIMAM MEXITYy HUMH KaK BTOPBIE CMEIIaHHBIE MOMEHTHI [4].

B Hamiem cityyae MOTOKH BBIYHUCISUIACH JUTst 30-MUHYTHBIX HHTEPBAJIOB, YTO MOYKHO CYMTATh ONTHMAJIb-
HBIM BpeMeHeM ocpeaHeHus [S]. JIms BeraucaeHus MOTOKOB MCIOIb3oBaics mporpaMMubii nakeT EddyUH [6].

['pasiMeHTHBII METOJT OCHOBAH Ha MPEIIONI0KEHHH, YTO BCE CTATUCTUYECKUE XapAKTEPUCTUKH MOJIS TEM-
reparypbl U CKOPOCTH BETpa, HOPMHUPOBAHHbBIE Ha COOTBETCTBYIOIINE MacCIITa0bl TemIeparypsl T*, BiaxxHO-
CTH q* ¥ CKOPOCTH U*, OIIMCHIBAOTCS YHUBEPCATbHBIMU (QYHKIIUSIMH OT Oe3pa3MepHOl BeICOTHI E=z/L, Tne L —
Macitad MounHa-O0yx0Ba, a z — BeicoTa uaMepenuid. CortacHo Teopun moaooust Monnna-O0yxoBa rpau-
€HTBhI METEOPOJIOINUYECKUX XapaKTEPUCTHUK B aTMOC(Epe ONpeessiFoTCes Kak.

_ _u, z
Au= u,—u,; = 7[lnz_0 - ‘i’u(f)] @Y)

z
AT =T,-T, =T, [lnz—o— WT(E)] 2)

Z
4= 1wy =, =q.[ln ==, 0] 3
0
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W3 (1)-(3) noToKu BEIMHUCIIAIOTCS IO hopMysIam:

r=p? (@)
H = _chpou*T* (5)
LSE = _KPOLSu*q* (6)

TJIE ¢, U p, — TEMIOEMKOCTb H IIIOTHOCTD BO31yXa, L - yNe/ibHas TeII0Ta HCIAPEHHUS.

Mertoz TerioBoro OanaHca OCHOBaH Ha TOM, YTO OajlaHC SHEPTUH B JIF000I CHCTEME BBIMOIHSIETCS, KOT/a
MOTOK TEIUIA, MOCTYIAIOUINI B CHCTEMY, PABEH CYMME BBIXOJISILETO IIOTOKA M H3MEHEHHUs SHEPTUH, COXPAHEH-
HOU B cucTeMe. J{jist MOBepXHOCTH 3E€MITH 3TOT MPOLIECC MOXKHO OIKCATh TaK:

R,=H+ LE+G(7)

rae R, — paadanoHHbIN OalaHC TOBEPXHOCTH, G — MOTOK TEIlIa, POXOISAIICT0 Yepe3 OBEPXHOCTh.

Tak Kak COJTHEYHas paJualiysi IPOHUKAET CKBO3b MIOBEPXHOCTH B TOJIIILY CHEr'a U Jib/la, YPAaBHCHUE TEILIO-
MIPOBOJAHOCTH B CJIOSIX CHETa U JibJida MOYKHO 3aIllKCaTh CJCIYIOIINM 00pa3oM (MHICKCHI S U 1 JIJIs CHera U JibJia
COOTBETCTBEHHO): oT d 060 0S

psCs—— == Ago— —— (8)
dt dz °0z 0z

c oT 0 A a6 0dS ©)
L e L
dt 0z 0z 0z

31ech p - IWIOTHOCTh, C - TEIII0EMKOCTh, A - MOJICKYJISIPHAs! TEIIONPOBOIHOCTD, @ - TemIeparypa, S - 1no-
TOK COJIHEUHOH panuaruu. MaTerpupys ypaBHeHus (8-9) 1o Bcel TONIIUHE CHETA ¥ JIbJIA U CKJIAIbIBAs, TIPUHU-
Mast MOJIEKYJISIPHBIH TIOTOK TeIUIa U OTOK PaJHaliii PABHBIMH HYJIIO Ha [TyOUHE JIbja /1;, IOIy4YUM ypaBHEHHE:

20

_/’{S a_Z

o (M a ("
|0=pCiaLSsz+pCsafo Tdz -S|, (10)

B nanHOM KcriepuMeHTe ToimuHa cHera obuia i, = 10 oM, abaa A; = 32 cM, TeMneparypa cHera u3Mepsi-
Jach B IByX TOYKaX — Ha MMOBEPXHOCTH U Ha rpaHuIie cHera u abja (0 u 10 cM COOTBETCTBEHHO), TeMIeparypa
Ha HWKHEW TOBEpXHOCTH JibJia Obuia mpuHsiTa 3a 0 rpaxycoB. B kauecTBe IUIOTHOCTH JIbJia, TEIUIOEMKOCTH
JIbJIa ¥ CHETa OBITH MCIIOIb30BaHbl TAOJIMYHBIC 3HAYECHUSI, IUIOTHOCTH CHETa Obl1a M3MepeHa HEeMOCPEACTBEHHO.

3. ONMNCAHUE 3KCNEPUMEHTA

N3mepenus mpoBonuiarch Ha 6a3e benomopckoii 6nonorndeckoit craniuu (BBC) MI'Y ¢ 25.01.2017 no
03.02.2017. M3mepuTenbHBII KOMIUIEKC OBLT pacionokeH Ha o3epe Kucno-Cnankoe B 2 KM K BOCTOKY OT CTaH-
MY BIOJL Tobepekbs Kanmpanakmickoro 3anmBa bemoro mopst. Pasmepsr o3epa coctarmsiror 200 M Ha 150 M,
03€pO CO BCEX CTOPOH OKPY>KEHO JIECOM, KPOME IBYX CKBO3HBIX «KOPHIOPOBY MIHUPUHON 0K0I0 30 M, CBSI3BIBA-
FOIIIX 03epo ¢ 3aJuBOM. B 1eHTpe o3epa OblIa ycTaHOBIIEHa 6-MeTpoBas MadTa ¢ mpudopamu. Ha ypoBHsxX 2
M, 4 M 1 6 M ¢ gactoToif 20 ['11 u3MepsInch MyabCaii CKOPOCTH BETPA M TEMIIEPATYPHI C TIOMOIIBIO TPEXKOM-
TTOHEHTHBIX YIIBTPa3ByKOBBIX aHeMoMeTpoB Gill. Ha ypoBHAX 3 M 1 5 M U3MepsuIHCh BIAKHOCTH U TEMIIEPATy-
pa BO3myXa aBTOMaTHYECKUMH MeTeocTaHIusAMHU Davis Instrumentals. JlomomauTensHO Ha ypoBHE 2 M OBLT
ycranosineH razoananu3arop Li-Cor 7500, mcmons3yemsblii Ui pacdeToB MOTOKOB BIIATX (CKPBITOTO TEIlIa) U
YIJIEKUCIIOTO Ta3a. Takke M3MepsIIcs TMONHBIA paanaoHHbi 6ananc (marunku Kipp&Zonen). Ha paccros-
HUH oKosto 10 M oT Ma4ThI OBLTA yCTaHOBJIEHA MMOYBEHHASA CTaHIUA Davis Instruments, u3mepsiorias TemMepa-
TypY CHEXHOTO ITOKPOBa Ha MOBEPXHOCTH U HA HIDKHEH rpanwuie cHera (10 cm). Temneparypa Ha HIDKHEH 110-
BEPXHOCTH Jibaa ObuTa ipuHATa 32 0°C, Tpr U3MEPEHHOH TOJIIMHE JibJa 32 cM. Mi3MepeHus Ha 03epe COnpOBO-
JKTAJIICh PEerHCTpanneii mpohuis TeMrepaTypsl aTMoc(epsl BRICOTOH OT MOBEPXHOCTH 10 1 kM ¢ maroMm 50 m
(MukpoBoHOBBIH Tpodunemep MTP-5) na reppuropun BbC MI'Y.

4. PE3YJIbTATbI

Jlyist pacuera MOTOKOB TETIIa UCTIOIb30BANCH BCE BBIICIPUBEACHHBIE METOABI. METOI0OM TYpOYIEHTHBIX
IMyJbcanuii ObUT pacCUUTaH MOTOK SIBHOTO TETIa Ha BBICOTAX 2 M, 4 M 1 6 M. I paglieHTHBIM METO/IOM ObLTH
paccunTaHbl TOTOKH SIBHOTO Teruia Heale 1 Barn ¢ ucnonb30BaHueM H3MEPEHHH TEMIIEPaTyphbl, BIaXKHOCTH 1
CKOPOCTH BETpa Ha Pa3HBIX YPOBHIX. MeTOx TEIUIOBOTO OajaHca MCIOMb30BAJICS JUIS pacdeTa CyMMapHOTO
MTOTOKA TETJIA 110 JAHHBIM TTOYBEHHON CTaHIUH.

PaccMoTpnM BepTHKAIBHBIN TPO(MIIE TEMIIEpaTyphl BO3yXa U TypOyJICHTHbIC ITOTOKH TETIa Ha BHICOTAX
2 m,4 M u 6 M. (Puc. 1) B Teuenne Bcero skcnepuMenTa HalIromamach yCToMdmBas cTpaTaudukanus atmocde-



PBI, ¥ ITOTOK OBLJT HAIIpaBJieH OT aTMocdepbl K ToBepxHOCTH. OOpalaeT BHUMaHHUE, YTO B O/IHUX CITydasx yBe-
JIMYSHUE N0 MOJYJII0 U3MEPEHHOTO TIOTOKA KOPPENUPYET C pacueTaMu, a B JPYTHX CIy4asX pacdeThl B 3TOM
CMBICIIE HE COTTIAcyIOTCs ¢ dKciepuMeHToM. B mepBom ciyyae (26.01 12:00, 31.01 00:00, 01.02 12:00) sxcTpe-
MYM IO0TOKa TeIljIa ONpeAeNsIeTcs yCuieHneM Betpa (5-6 M/C) M pasHUIIeH TeMIrepaTypbl MEX/y ITOBEpXHO-
CTBIO 1 aTMOoc(epoii Ha ypOBHE H3MEPEHHH, TAK YTO TEOPHSI ITOT IKCTPEMYM BOCIIPOU3BONT, 3aHMKas!, TEM HE
MEHee, €ro aOCONIIOTHYIO BETHUHHY.

Bo Bropom ciyuae (28.01 00:00 u 29.01 00:00) ckopocTh BeTpa HE3HAUUTENbHA, HO CYIIECTBYIOT 3aTOK
TEIJIOro BO3/yXa B Cpe/IHEH M BEPXHEH 4acTH MOrPaHUYHOrO CIIOSl M, COOTBETCTBEHHO, TypOyneHTHas 1uddy-
3Ms MIOTOKA TEIUIa M3 BBIIIENIEKAIINX CIOCB aTMocdepbl. B 3ToM ciydae MOTOK SIBHOTO Terjia CTAaHOBHTCS
OYEHb YYBCTBUTEJICH K CKOPOCTH BETPa, TIOBBIIIEHHE CKOPOCTH € 1 M/C 110 2 M/C IPUBOJUT K TIOBBIIICHHIO MO~
Toka ¢ 40 Bt/mM* 1o 120 B1/M’ o moaymio. IIpu 3TOM MOTOK 3HAYUTENHHO 3aBHCHT OT BHICOTHI. B MonHOYBL
28.01 HabmonaroTcs cnenyromue 3Hadenus: 50 Br/m” Ha Beicote 2m, 80 B1/M’ Ha BEIcOTE 4 M 1 120 B1/M” Ha
BbicOTe 6 M. To e€cTh, P OMpPENEICHHBIX YCIOBUSAX HAJl HEOJHOPOIHON MOBEPXHOCTHIO CIIOM MOCTOSHHBIX
MIOTOKOB, MPE/IOJIOKEHHE O KOTOPOM SIBIISIETCS] OCHOBOM PacYeTHBIX METOJIOB ONPEACICHUH TOTOKOB, OTCYTCT-
ByeT. 371eCh, I0-BUANMOMY, UTPAET POJIb U HEOTHOPOJHOCTD JIaHAmadTa (OKpY KON Jiec), TPUBOSIIAs K
(hopMHUPOBaHHIO ME30MACIITA0HOM IUPKYJIALUK. B nTore, 3Ha4eHNs N3MEPEHHBIX IIOTOKOB ITOTOKA TerlIa (OKO-
710 50-120 B1/M”) M pacueToB 110 TpagUeHTHOMY MeToy (0Komo 5 BT/M’) 3HAUMTEIBHO PacXOIATCs.

Puc. 1. Mpo¢unb TeMnepaTtypbl B no-
rpaHU4HOM crioe aTMocepsl (a), noTo-
KM AIBHOTO TeMNa no AaHHbIM nysbca-
LIMOHHBIX U3MEPEHMIA Ha Pa3HbIX Bbl-
CcOTax, pac4eToB rpafMeHTHbIM MeTo-
aoM (H,) v cpeHAsA cKopocCTb BETpa

(6).

BRICOTR, M

=l =120
2801 29.01

H, Brin®

L, nele

-120

25.1 261 271 2.1 20.1 30.1 311 12 22 32
JaTa

4.1. TENIOBOWV BANTAHC

Haiinem cymMapHBIif TOTOK SBHOTO M cKphIToro Terura H+LE Ha BbicoTe 2M U CpaBHHM PE3yIBTaTH C
pacueToM o MEeTOAy TerutoBoro Oananca. (Puc. 2)

MoKt NOTOK TeNNa ¢ NoBepKOCTH Puc. 2. CymMMapHbIi NOTOK ABHOMO U
—H+Lg (EC) CKPBITOro Tensa no AaHHbIM NPAMbIX
50t »
—He L, (Moo Yervcein Canerie) n3amepeHui (EC) n pacyetos no Metomy

Tennosoro banaxca.

Py

H+ LE Brim2
=
-

-200!

2T 2801 290 30.01 1m 01.02 0202

W3 rpaduka BUAHO, YTO JaHHBIC XOPOIIO KOPPEIUPYIOT MEXAy coOoii. Kak u B mpeapaynieM ImyHKTe,
HaunOoIbIIIee PACXOKICHUE MEX/Ly METOIaMH HaOIrofaeTes 28 stHBapsi BO BpeMsl 3aTOKa TETUIOTO BO3IyXa.

BpemeHHOM X011 MOTOKAa UMITYJIbCA HA Ka’KJOM U3 BBICOT MO3BOJISET BBIAECIUTH BPEMEHHBIE HHTEPBAJIBI C
MPUMEPHO MOCTOSHHBIM 3HAYEHUEM MOTOKA:

27.01 20:45 —28.01 03:15 (ygacTok co BTOPEIM TUIIOM 00pa30BaHMsI TOTOKA TETIIa).

31.01 02:15—-31.01 07:45 (yyacTok ¢ IepBBIM THIIOM 00pa30BaHMS IOTOKA TEILIA).

[Tpouis 1 OCPETHEHHOTO ITOTOKA MMITYJIbCa Ha K)KJIO0M BPEMEHHOM HHTEpBaJe MPE/ICTaBIIeH Ha puc. 3.
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Npoduns NOTOK MMNYNLEA Puc. 3. Mpodmnb notoka MMNynbca no faHHLIM NPAMBIX
* tau (27/01 20:45 - 28/01 03:15) M3MEepPEHUNA.
. . * tau (31/01 02:15 - 31/01 07:45)

[loTox MMIynabCa NPAKTUYECKHU JIMHEHHO YBe-
JUYUBACTCS 10 MOAYIIO C BBICOTOW, TPH ITOM Ha
r . . ypoBHe OM MOTOK MMITyJIbca cTpeMuTcs K 0, 9To co-
IIaCyeTCs C YNCIICHHBIMU YKCIIEPIMEHTaMH [2].

5. Bbl

025 02 016 01 006 0 006
MoTok umnynbca, kr'm*c-1

BOAbI

[IpencTaBieHHbIe IPUMEPHI IIOKA3bIBAIOT, YTO PACUET XaPAKTEPUCTUK SHEProoOMeHa Hajl HEOTHOPOJHOM
MIOBEPXHOCTH I10 TPAJUIMOHHBIM METOJ[aM, BKJIIOUAasl BHIBOJIBI TEOPHUHU 1TOA00MS, 3aTpyaHeHbl. V3-3a HecooT-
BETCTBUS HEOOJIBILIONH CKOPOCTH BETPOBOTO ITOTOKA M CTETICHU €ro TypOyJIM3alny, pacueTsl 1o Teopurt MoHu-
Ha-O0yxoBa Jal0T CHWJIBHO 3aHIDKEHHBIC MO0 MOJYJIO 3Ha4deHHUs NOTOKOB. Korma TypOynmzanms arMocdepbl
3HAYUTEIIbHA, CUJIbHOE BEPTUKAIbHOE IEPEMEIINBAHNE IPUBOAUT K CUIIBHOMY IIOTOKY TeIlIa, HAIIPABICHHOMY
13 arMoc(epsl K OBEPXHOCTH (OTPUIATEIbHBIN MTOTOK). V3-3a HEOTHOPOHOTO MepEeMENIMBAHMS CIIOH MTOCTO-

SIHHBIX

IIOTOKOB B 3TOM CJIy4a€ OTCYTCTBYCT, UYTO 3aTPYAHACT UCIOJIb30BAHNUE TCOPUU HOHO6I/I${ JUIA pacucTa

IIOTOKOB. HpI/I 3TOM 0aJIaHCOBBII METOJA 1acT Ooiee MPUEMJIEMBIC PE3YyJIbTAThI.

Paboma svinonnena npu noooepoicke epanma PH® 17-17-01210.
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