IIIKoJ1a MOJIOABIX YY€HBIX H MEKIYHAPOIHANA KOH(epeHIHsI 10 BLIYNCINTEIbHO-
NH(OPMAIIHOHHBLIM TEXHOJOTHAM IS HAayK 00 okpy:kamomieii cpene: “CITES-2013”
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Knumatnueckasa cucrema (IPCC, 2007)




Towards Comprehensive Earth System Models

1970 2000

Atmosphere Atmosphere

Pres y i

Ocean & sea-ice Ocean & sea-ice

Sulphate ' Sulphate '- Sulphate
aerosol aerosol aerosol
/ Atmospheric
chemistry

i i Sulphur " Non-sulphate
Off-line 0cea|r1l1 g‘dz?a-lce cycler:no i s Sgls_ﬁ_
model

_Carbon
Strengthening colours Ocean carbon wsp-CYcle model
denote improvements cycle mode
in models

Atmospherlc Atmospheric
chemistry chemistry

IPCC, 2007



T. Reichler & J. Kim, 2008

TaeLE |. Climate variables and corresponding validation data. Variables listed as ““zonal mean” are latitude-height
distributions of zonal averages on twelve atmospheric pressure levels between 1000 and 100 hPa. Those listed as
“ocean,’” “land,” or ‘“global’ are single-level fields over the respective regions. The variable ‘*net surface heat flux”
represents the sum of six quantities: incoming and outgoing shortwave radiation, incoming and outgoing longwave ra-
diation, and latent and sensible heat fluxes. Period indicates years used to calculate observational climatologies.

Variable Domain Validation data Period
Sea level pressure ocean ICOADS (Woodruff et al. 1987) 197999
Air temperature zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Zonal wind stress ocean ICOADS (Woodruff et al. 1987) 197999
Meridional wind stress ocean ICOADS (Woodruff et al. 1987) 197999
2-m air temperature global CRU (Jones et al. 1999) 197999
Zonal wind zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Meridional wind zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Net surface heat flux ocean ISCCP (Zhang et al. 2004), OAFLUX (Yu et al. 2004) 1984 (1981) —29
Precipitation global CMAP (Xie and Arkin 1998) 197999
Specific humidity zonal mean ERA-40 (Simmons and Gibson 2000) 197999
Snow fraction land NSIDC (Armstrong et al. 2005) 197999
Sea surface temperature ocean GISST (Parker et al. 1995) 197999
Sea ice fraction ocean GISST (Parker et al. 1995) 197999
Sea surface salinity ocean NODC (Levitus et al. 1998) variable
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Fic. 1. Performance index {2 for individual models (circles) and model generations (rows). Best performing
models have low /* values and are located toward the left. Circle sizes indicate the length of the 95% confidence
intervals. Letters and numbers identify individual models (see supplemental online material at doi:10.1175/
BAMS-89-3-Reichler); flux-corrected models are labeled in red. Grey circles show the average /% of all models
within one model group. Black circles indicate the /> of the multimodel mean taken over one model group. The
green circle (REA) corresponds to the {2 of the NCEP/NCAR reanalyses. Last row (PICTRL) shows /2 for the
preindustrial control experiment of the CMIP-3 project.



Petaflop with ~1M Cores By 200¢
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World Modelling Summit for
WCRP-. 9

e Climate Prediction
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ECMWEF, Reading, May 6 — 9, 2008

http://www.ecmwf.int/publications/cms/get/ecmwfnews/1213113497484




Earth System Model
R. Loft. The Challenges of ESM Modeling at the Petascale

ESM Vision

Coupled Ocean-Land-Atmosphere Moc

~1 km x ~1 km (cloud-
resolving)

100 levels, whole atmosphere
Unstructured, adaptive grids

ormation Systems Laboratory

~10 km x ~10 km (eddy-
resolving)

g 100 levels
B Unstructured, adaptive
i grids

ol

Assumption: Com1puting power enhancement
by a factor of 104-10€

Mnowanb noBepxHocTn 3emnun: 510 072 000 km?



TUNG AND ORL ANDO
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Fi1G. 1. Variance power spectra of wind and potential temperature near the tropopause from GASP
aircraft data. The spectra for meridional wind and temperature are shifted one and two decades to
the right, respectively: lines with slopes —3 and —5/3 are entered at the same relative coordinates
for each variable for comparison. [Reproduced with permission from Nastrom and Gage (1985).]
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Palmer T.N. Towards the probabilistic Earth-system simulator: a vision for the
future of climate and weather prediction. - Quart. J. Roy. Meteorol. Soc., 2012,
v. 138, no. 665, p. 841-861.

-3/2 =172 -1 3,2
Macmtad Bpemenu: t(k): kK °E " (k), [k]=m", [E]=m"/c
Mycts T(k) XapaKTEPU3yeT BPEMS, 32 KOTOPOE OIIUOKH B CIIEKTPAILHOM KOMIIOHEHTE
MOJIEITBHOTO PELICHMS C BOJHOBBIM UHCIOM K 3a CYeT HeIHHEHHbIX B3aHMOICHCTBHIT TOBIHSIOT

HA TOYHOCTH BOCIIPOM3BEICHHS KOMIIOHEHTHI C BOJHOBBIM umcioM K/2. [lycth Takke kL
COOTBETCTBYET (YCJIOBHOM) IIpaBOi T'paHMIIC NJIMHHOBOJHOBOM (KPYIHOMACIITA0OHOM) YacTH
CIIEKTpa.

Bompoc: kakoBo BpeMsi 1, 32 KOTOpOe OIIMOKH B KOPOTKOBOJIHOBOI YacTH CIIEKTpa (Ha GOJBIINX

BoHoBBIX uncnax 27k , N>>1) nosmusior Ha BoCIpOU3BEICHHE KPYIHOMACIITAOHBIX
POLIECCOB?

T(N)=r(2NkL)+r(2N‘1kL)+...+T(2°kL)=ir(Z”kL)
E(k): k¥ — t(k)=const — HY_”(N): N

Ek): k7 — tk): kP — lim 7(N) : 2.77(k, )



The hierarchy of atmospheric models

GLOBAL MODELS resolution 10-100 km
(GFDL, ECHAM, HadCM, INM RAS, ...)

Planetary and synoptic scale circulations:
trade-winds, monsoons, cyclones and anticyclons, ...

REGIONAL MODELS [ | resolution 1-10 km

Circulations of meso-a, B8, y scales:
Breezes, foehns, bora, squall lines...

LARGE EDDY SIMULATION L resolution 10-100 m
Coherent structures in atmospheric boundary layer,
circulations in urban areas...




YpasHeHUA KpynHomacwTabHon auHammnkm atmocdepbl
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Mpoueccbl NnoaceToYHbIX macluTabos

0 HeagunabaTtnuyeckue UCTOMHMKU Tenna (pagnauums,
da3oBble nepexoabl Baaru, 061a4HOCTb, 0OCaAKu n 1.4.)

Q TypbyneHTHOCTb B nOrpaHUYHOM cnioe atmocdepbl,
BepXHeMm c/sioe oKeaHa U NPUAOHHOM NOrpaHUYHOM
cnoe

O KoHBeKuuA 1 rpaBUTaLlMOHHbIE BOJHDI
Q Uukn yrnepoga n metaHa; potoxmmmueckue npoL,eccol

d HEPEHOC Ténna U B1arn 8 noysee, pactmTe/ibHOmMm "1
CHeXXHOM NnoKpose, I'VI,D,pOI'IOI'M‘-IECKVli;I UMK CylUUn



Moaenb obwen uupkynsauum atmocdepbl 1 OKeaHa
BoiuucnurtenbHoro yeHtpa CO AH CCCP (Mapuyk v ap., 1984)

CoBmMecTHaa moagenb obOwen uupkynsaumm atmocdepbl U OKeaHa
(ucnonb3oBaHbl HeiIBHaAs CXeMa WHTerpupoBaHUA MO BPEMEHU U
MmeTtoa pacuwenneHus). CUHXPOHM3aUMA BpPEeMEH TepMU4YeCKou
penakcaumm atmoccepbl n okeaHa (1 «armoccepHbin» rog = 100
«OKeaHU4YeCKnM» rogam).

B aTtMmocdepe paspelwieHune coctasnsano 10x6 rpagycoB no gonrore u
lWwmpoTe n 3 yYpOBHA NO BepTUKanu Ao BbicoTbl 14 km (3240 y3nosB
cetku). Wlar no BpemeHn 40 MuHYyT. B OKeaHe pa3peLueHue 5x5
rpagycoB no A[onrore U wuporte, no BepTtukanu 4 ypoBHA (7200
y3rnoB ceTku) . LLlar no BpeMeHu 2 cyToK.

EAVHUYHBIN 3KCNEePUMEHT: pacyeT AHBAPCKOU LMPKYNALUU CUCTEMbI
aTMmoccepa — okeaH Ha 40 moaernbHbIX «aTMocepHbIX» AHen (11
«OKeaHn4yecknx» net) 3aHan Ha BACM-6 okono Tpex mecsueB
pearibHOro BpeMeHM.



B3CM-6: CpegHee ObicTpoaencTeue - 4o 1 MinH. ogHoaapecHbIX KoMaHa/cek
OnunHa cnoBa - 48 ABOMYHbLIX pa3psaaoB U ABa KOHTPOJIbHbIX pa3psapa
Paboyas yactoTta - 10 Ml'y , onepaTnBHasa namaTb — 32768 cnos

W Ml
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2.2 Small-=scdle diffusion

The rates of change of momentum, temperature and moisture caused by small-scale
di ffusion consist of two parts, F = FH + Fv, where subscripts H and V denote
the contributions of horizontal diffusion and vertical mixing, respectively.
The vertical diffusion and its parameterization in model have been described

above.

The horizontal turbulent small- scale diffusion must not affect the total angular
momentum of the system. This imposes certain constraints on flnlte—dlfference.
approximations of diffusive terms satisfying dissipative conditions and the

conservation of global angular momentum if these terms are represented as

a : <
H 1 [a 2u cosg ]
Pl |2 o Kg o054 , 20
u azcoszq)ps 3N — S H A o¢ ; 2
FH = L p + cos¢ Ji—p ZK vcos¢ o]
s 33 KH 3¢ 9¢  (20Db)

a cos ¢p_

where S = v, T, g. In (20) KT_T is the horizontal diffusion coefficient, which
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Kiaumaruueckas wmoaeab HHcTHTYyTAa BbIUMCAUTEIbHOM Maremaruku PAH
(lbIMHHUKOB M Ap., 2005, Bosoaun u {manckuu, 2006, http://ksv.inm.ras.ru/index)

CoBMecTHast MoaeJb 00IeH HUPKYJAsSuuU arMocdepbl U okeana. B armocdepe
paspenieHue cocrasiasier 2.5x2 rpaayca mo a0Jrore u mupore u 21 ypoBeHb no
BepTUKAJU 10 BbICOTHI 30 kM (272160 y3a0B cerku). lllar mo Bpemenn 6 MUHYT.
B okeane paspemenue 1x0.5 rpaagyca mo goJjrore v mupore, no Beprukaau 40
ypoBHen (3 425 600 y3a08B cerku). IIlar mo Bpemenu 2 yaca.

Mogaesb peajin3oBaHa Ha cynieprkoMnbroTepax «Yeobimes» u «JIOMOHOCOB»

3a CcyTkM peajibHOr0 BpPEMEHH PACCYHMTHIBACTCH HBOJIONUSA KIMMATHYECKOH
cucreMbl Ha 8 JjieT MoAeJbHOro BpemMenu («HeoObimen»). Takum obOpasom, ais
NMPOBEIEHUA OJAHOI0 YHMCJIEHHOI0 JKcIepuMeHTa Tpedyercss 1 - 2 mMecsina
PeaJibHOTO BPEMEHHU.

3a cyrku peajibHOI0 BPEMEHH PAaCCUUTBLIBACTCH AMHAMHMKA arMocdepsl Ha 3.3
roga MoaeJbHOro BpeMeHu («JIoMOHOCOB») MpPH MOMOIIM MOJEH pa3penieHrueM
2.5x2 rpaayca mo gojarore u mupore u 80 ypoBHed mo BEpTUKAJIU 10 BbICOTHI 90
kM (1 036 800 y3/10B ceTKH).



.
Cynepkomnsiomep MI'Y “JlomoHoco8”




OOwan xapakrtepucTuka cynepkomnbrotepa «JlomoHocoB»
(13 mecTo B TOP-500, http://parallel.ru/)

[TnkoBas Npon3BOaUTENBHOCTb 510 Tflops (1373)

TecTt Linpack 397 Tflops (674)
Yncno BblYNCINTENBHBLIX Y3M0B 5130

Uncrno npoueccopos / agep 10 260 / 44 000 (33072)

OcHoBHOM TUN BbluUCUTENbHLIX y3noB  [-Blade2/1.1 (+ Nvidia 2070 GPU)

[MpoLieccop OCHOBHOIO TMMa
BbIYNCITUTENBHbIX Y3r0B

Xeon X5570/X5670 2.93 GHz

OnepaTmBHada NamaTb 73920Tb

Sjﬁgﬁfﬁy OVUCKOBOM NaMATU 166 400 ['E

Ob6beM cncTeMbl XpaHEHUST AaHHbIX no 1350 Thb
OnepaumnoHHas cuctema Clustrx T-Platforms Edition
OHepronoTpebneHne (BbIMUCNUTEND) 1,8 MBT

[Mnowagb 252 kB. M

[MponssoaunTenos T-IMnatdopmbl




CpegHune cneKkTpanbHble pacnpeaeneHUa KBaapaToB 30HA/IbHOM U MepPUAMOHANbHOMU
rOpU3OHTA/IbHbLIX COCTABAAIOWUX CKOPOCTU BETPa, a TaKXKe KUHETUUYECKOM 3Hepruum no
pe3ynbTtatam pacyeTos ¢ nomoubio mogenu OUA UBM PAH 2.5°x2°x80 ana sMMHUX mecsaueB Ha
BbicoTe 200 rMa, ansa 60° c.wu.

CnekTp MEPUANOHANEHOTD BETPA

CnekTp MEPUAKMOHANEHOMD BETPA
T T T

CnekTpanbHad MOLLHOCTE

CnekTpanbHad MoLHOCTb

AnuHa BonHel (Km)



Mogeas OLHA UBM PAH 1°x1.5°x128 (3umHaue Mmecsinbl, BbicoTa 200 rila)

CneKrpaanaﬂ MOLWHOCTE

CnekTpel (Nno gonroTe)
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[MpnnoBepxHOCTHaA TeMnepaTypa Bo3gyxa 3MMOM:
mogenb MBM (Bepx) u HabnogeHnsa (HN3)
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Medeiros B., Deser C., Tomas R.A., Key J.E., 2011
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CMIP Model

Fia. 3. Average inversion strength for the CMIP3 models, ERA-40, and ERA-Interim for
the (gray) Arctic region (64°N—9O0°N), (red) unstable, and (blue) stable portion of the AT’
distribution. Markers show the mean value and whiskers show 4+ 1 standard deviation. The
stable and unstable conditions are divided at AT = 0. The pink and blue shading show
the +1 standard deviations of the ERA-Interim wvalues for stable and unstable conditions,
and horizontal dotted gray lines similarly show the Arctic region. Models are organized
from left to right by increasing Arctic average sea-ice concentration in November—February;
the exception is the GISS ModelE-H, for which sea-ice concentration was unavailable, so
that model was placed next to the GISS ModelE-R arbitrarily. The regional average (gray
markers) is the sum of the two regimes weighted by their relative areas, providing information
about the sizes of the regimes in each data set.



Kattsov V.M., J.E. Walsh, W.L. Chapman, V.A. Govorkova,
T.V. Pavlova, and X. Zhang, 2007

Ob: P and P-E annual means (1960-1989)
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Cuctema oLeHKU permoHasibHbIX rMApPOo/I0rMYecKMX nocneacTtsmm
nsmeHeHui Kammara (FpaHt POPU 09-05-13562-opm_u)

E—— KnumaTtunyeckasa mogens ABM PAH

AHcambneBble pacyeTbl NoO
MoZAenun NporHo3a noroabl
UBM PAH - N'mapomMmeTueHTpa

OueHKa CToKa CraTucrtnyeckas
6onbLlmnx pek AeTanusauums
(«AayHCKeMUInHIr»)
pacyeToB

OueHKa cToKa
cpeaHnX U ManbIiX pek

Pacuetbl knumata XXI Beka
HoBou Bepcuen moaenun UBM PAH
no cueHapusam IPCC

Pa3BuTUE TEXHOMOIUI 1) Ouenka acpcpexToB

Me3oMacLTabHoW BOAOEMOB Ha
neTanusaumum peruoHanbHbIN KNUMaT U
METEOoPOSIOrM4YeCcKnx ero nsMeHeHus B

noneu (TypbyneHTHble Oyayuiem
3aMblKaHUA n 2) OueHkKa 3BosOLUK

COMNpsiKEHME C BEYHOW Mep3noThl,
BUXPEPA3PELLAIOLLEN CHEeXHOro NoKpoBa,
Mozenbio) TePMOKapCTOBbIX O3ep U
3aMMCCUM MeTaHa



A 4

Knumamuyeckaa moaenbs WUBM PAK

oropu3oHTanbLHOe paspelueHmne: 2x1.5 rpagycoB rno Oonrote N WMpoTe B aTMocdepe,

1x0.5 rpagyca B okeaHe
e Ocagku NcnapeHnune

[ToOBEPXHOCTHbLIN
CTOK

o 21 n 40 ypoBHEN NO BEPTUKANM, \L
COOTBETCTBEHHO, B aTMOCcdepe 1 OKkeaHe o

[ToanoBEPXHOCTHbLIN
Pusumka cywm:

CTOK
oMofdernb «No4YBa — PacTUTENBHOCTbL — CHEr — i
NPU3EMHbIN CNon aTMocdepbI» CTok Yepes
HWXXHHIOHO
0(23 ypoBH4A B rno4se, 4 ypOBHSI B CHere) rpaHmuy

oTpexmepHaa guHamuka o3zep (Kacnunckoe mope, Jlapoxckoe n OHexxckoe o3epa,
Bbawnkan, Benukne AmepukaHckue osepa, Bukropus)
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B3aumeanenciBue anmMmocd.epbl v Kpuocd.epkb!

CHeXHbIN NOKPOB:

*Bbicokas oTpaxaTternbHas cCnocobHOCTb

C

6onee 6bICTPbIN CX04
CHera

(anb6eno)

*Hun3kasa TennonpoBO4HOCTb

YMEHbLLEHNE
ansbeno
MOBEPXHOCTU

*HakonneHwe BoObl B TeYEeHUE ONUTENbHOro
nepuoga

MHoronetTHAaAa mep3norTa:

*Tepputopusa, 3aHMMaemMasi MHOTOJTIETHEN
MEpP3MN0TON, COCTaBNSAET YETBEPTb NOBEPXHOCTY
cyLn

*CeBepHblE 3KOCUCTEMbI — Hanbonee ya3BuMbl Npu
rmobanbHOM M3MEHEeHUN KriMmara

[1nowagb, 3aHMMaemasa MHOrorieTHEW MepP3r0oToN,
OygeT cokpaliaTbes, a rnybuHa akTMBHOIO Crost
yeBenuymeatbes (IPCC, 2001)

*JKOCUCTEMBI: OT NOrNoLeHns yrnepoga —
K ero ammccun (?)

.

nonoXxuTteribHada
aHOoMaIuA

TemnepaTypbl

oonbLUuee Konnm4ecTBo
NOrnoLeHHOoN
COSTHEYHOW paanaumnm




B kiaumaruueckoin mogeam UBM PAH peanu3oBaHa TpexmepHasi MoaeJb 03ep €
HeJbi0 0oJiee TOYHOIO ONMUCAHMS NPOUECCOB B3aUMOAEHCTBUSA aTmMocdepbl ¢
BHYTPEHHMMH BoxoeMaMu cylmid. UucieHHas cxemMa U mapaMerpusauuu ''ozepHoin’
MOJeJU AHAJOTMYHBI TE€M, 4YTO HCHOJb30BAHBI B OKEaAHHYECKOM OJIOKe
KJIMMATHYECKOM Moaeu. B paccMorpeHune ObLiIM BKIYEHbI 60 O03€pHBIX CHCTEM:
Kacnuickoe mope, Jlagoxckoe 1 OHemxckoe o3epa, baiikan, Beimkue AMepukaHckue
o3epa u Buxkropusi. B nesom, Moaeb J0BOJBbHO YIA4HO BOCIHPOU3BOAUT ITOA0OBOM XO/
TEMIIEPATYPHOI0 PeKUMA HAa MOBEPXHOCTH 3JTHUX 03€pP, YTO CBUACTEJILCTBYET O
NMEePCNEKTUBHOCTH HMCIOJb30BAHHOI0 mnoaxoga. Bmecre ¢ TemM, a0CTHKeHHe
MAKCUMYyMa TeMIIepaTyp B MoOJeJM NPOUCXOAUT C OlEepPeKeHUEM IO OTHOMICHHI0 K
NAHHBbIM HaOdAeHnil npuoOau3uTeJbH0 Ha 1 Mecsn. HeoOxonmmbl aajibHelIimne
YCHUJIUSI 10 COBEPIICHCTBOBAHMI0O TEXHOJOTMH pacdyera THAPOTEPMOAMHAMHKH
BHYTPEHHUX BOJA0€MOB B KJIMMATH4YeCKHMX Moaeasax. C 3TOM 1eJbI0 OXHOMEpHAas
MoaeJ b BomoeMa, paspadarsiBaemasi B HUBIL MI'Y, nomosiHena Os0xkom pacdera
reHepamnuu, MepeHoca U CToKa MeTaHa (C y4eToM IpoueccoB B BepXHEM CJi0e IPYHTA,
B TOM YHUCJIe, B YCJIOBUSAX BEYHO! MeP3J10ThI) U CO3/1aH NMPOrPpaMMHBIA HHTEp(eiic 1A
ee CONpsiKeHUsI ¢ arMochepHBLIMH MOJAEJSIMH, B YACTHOCTH, € KJIMMATHYECKOH
mozaeabi0 UBM PAH.



KnumaTtuueckuii rogoBoii Xxoa Temnepatypbl, ocpeaHeHHO no noBepxHocTu KacnuiicKkoro mops,
«NpeaAuHAYCTPUANbHOrO» KOHTPOJIbHOIO

skcnepumeHTa (TpeyronbHuKM). KpyXKamu o0603HauveHbl AaHHble HabalgeHUW roaoBoro Xxopa

NNapoxckoro M OHEXCKOoro o3ep NO AaHHbIM

cpeaHeun No NOBEPXHOCTU TeMNepaTypbl ANA 3TUX »Ke o3ep 3a 2007 r.
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C nomombrw kiauMmaruuyeckoin mogeam MUBM PAH (Bepcus INMCMA4.0)
MPOBeAEHbI YHUCJEHHbIE IKCIIEPUMEHTHI M0 MOACJUPOBAHMIO KiauMara XX
u XXI BekoB. /las Teppuropum BocTouHO-EBponmeuckod paBHUHBI
MPOBEEHO CPABHEHHE Pe3yJbTAaTOB MOAEJbHBIX PACUETOB MOBEPXHOCTHOM
TEMIIEPATYPhbl, 0CAAKOB U PEYHOI0 CTOKA (225 y3/10B MOAEJIBHON CETKH) CO
CpeAHEMHOTI0JIeTHUMHU AaHHBIMHU 32 nepuoa 1960-1990 rr. B nesom, MmoaeJn
JOCTATOYHO XOPOMO BOCHPOU3BOAMT ITH KJIHUMATHYECKHE
XapaKTepUCTUKH, HO 3aBblinaer (Ha 15-30%) 3HayeHust OCaaKOB Ha
3aCyllIMBbIX TeppuTopusix PocToBckoun odsactu u KpacHomapckoro Kkpas,
a TaKKe I0ra YKpauHbl, 1, COOTBETCTBEHHO, 3aBbINIACT BEJIMYUHY CTOKA B
3TUX pernoHax. CpeaHue MHOroJieTHHE BeJUYMHbI TOJ0BOI0 CTOKA,
PACCYUTAHHBIE KAaK PA3HOCTb MOJAEJbHBIX OCAJAKOB M HCIHAPEHHA C
NOBEPXHOCTHU OacceilHOB (OMIuUpHUUYecKass (PYHKUHUA CYMMBbI
MOJIOKUTEJbHBIX TEMIEPATYpP), HEIJIOX0 COIVIACYITCH € JaHHBIMH
HaOJdwaeHMH: Kod3ppuuueHT Koppeasuuu pasen 0.92, a
CpeAHEeKBaAPaATHYHOE OTKJIOHeHUe cocTaBJjsieT 40.6 Mm.



Tepputopua
BocTtouHo-EBponenckomn
PaBHUHDI
. (Kncnos u gp., 2008, Cupoposa, 2010)

> [nowaab
OKOMO 5 MIH. KM?2

» 3HauuTenbHas
NpPOCTpaHCTBEHHAA O4HOPOLAHOCTb
donaunko-reorpadouUyecknx ycrnosum

» Xopowasa obecnev4eHHOCTb
OaHHbIMU
rMOpoOMeTEOPONOrMYECKNX
HabngeHnn N pesynsrtatamu
KNUMaTM4ECKOro MoaennpoBaHus
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Bocnpou3BoauMocTh CyMMBbI IOJIOKUTEJIBHBIX Temueparyp 3a roa (T,), °C kiuMaTudeckoi

mozaesbi0 UBM PAH nois mepuoga 1961-1989rr.
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YepHasa N"MHUA — TNHMA TPEHAA COOTBETCTBYOLLAA YPAaBHEHUIO PErPeccun,
OpaHKeBbIN MYHKTUP — JINHUA X = Y
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Bocnpou3BoaMMOCTb CYMMBI OJIOKUTEJNBHBIX TeMueparyp 3a rog (T,), °C
kanMmarundeckoi mogeasio UBM PAH noist mepuona 1961-1989rr.
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Bocnpou3BoauMocTh CyMMBbI 0CaaKOB 3a roa (P), mm
kanmarundeckoi mogeasio UBM PAH nois mepuona 1961-1989rr.
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AaHHble mogenu INM

YepHasa N"MHUA — TNHMA TPEHAA COOTBETCTBYOLLAA YPAaBHEHUIO PErPeccun,
OpaH»KeBbl MYHKTUP — INHUA X = Y



Bocnpou3BoauMocTh CyMMBbI 0CaaKOB 3a roa (P), mm
kanmarnueckon mogenanio UBM PAH s mepuona 1961-1989rr.
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IHockoabKy 00JbIIAS YACTh PAKTHYECKUX JAHHBIX 10 CTOKY, MMEIOINIUXCHA B
OTKPBITOM JIOCTYIIe, OTHOCATCH K nepuoay a0 1980 rr., koraa 3HayuTeAbHAsA
YacTh THAPOJOTrHYEeCKHX IMMOCTOB OblJa 3aKpbiTa, TO NpsiMasd
CTATUCTHYECKASA JAeTAJU3ANMA PEYHOI0 CTOKA BO3MOKHA HA JJAHHOM JTale
HCCJEI0BAHUA TOJBKO MJS OTAEJbHBIX He0OJbBIIUX PETrHOHOB.
HUcnonb30Banue 0aJIaHCOBON METOAUKHU JAAaeT BO3MOKHOCTb OLEHUTh CTOK
0 [JAeTAJIU3UPOBAHHBLIM METEOPOJOruYeckuM mnoasaM. C 3Toil HeJdbIo
CTATUCTHYECKASA MOJeJb ObLIa HACTPOEHA /JIA Psda PABHUHHBIX PeK
(paccmoTrpenbl 64 OacceilHa pek pPa3jIMYHOIO0 pa3Mepa, OTHOCAIIUXCH K
O0acceiiHam Boarm u CeBepHoii /IBuHbI). Pacuersl mokaszaju, 4TO0 IpPH
TAKOM IIOAX0J€ 3HAYEHHMSI CTOKA OKAa3bIBAKTCH 3aHUKEHHBIMHU (CpeaHee
3HaYeHue Oomudku cocrapiaser 37%). boJsee To4YHBIe Ppe3yJbTaThbl
MOJy4YeHbl JJI KPYINHBIX PeYHbIX 0acceiiHOB, N0 Mepe YMEHbIIEHUs
IJIOIAAM BOAOCOOpAa OIIMOKA pacTeT.



ANropuTm pacyeTa rogoBoro ctokano P u T

B KauecTBe OCHOBbI AJ1A pacyeTa cpeaHUX MHOTONIeTHUX BE/IMYUH ro0BOr0 CTOKA NPUHAT MEeTo/,
BOAHOro 6anaHca B Buae:

roe Y ,P u E, — cpegHue MHOrosieTHME Be/IMUYMHbI (MM) CTOKa, OCaiKOB U UCNapeHUA.

PacuyeT ncnapeHua E cBegeH K OUEeHKam MNo ypaBHEHUIO CBA3MU E=E(P, EO ) s
ncnonb3oBaHuem PpyHKUMKM Me3eHueBa B BUAe:

rae E, - ucnapaemocTtb. MicnapaemocTb, B CBOKO o4yepeab, onpeaenaeTca No SMNupuUYecKom
3aBMCUMOCTM OT CYMMbI MONOXKUTE/IbHbIX TeMmnepaTyp Bo3ayxa T, NO ypaBHEHUIO:




Uccnepyemblie 6acceiHbl:

64 6accenHa pek pas3/IMYHOro pa3mepa,
oTHOCAWMXCA K baccerHam Bonrn, CeBepHow
[BWHbI N OPYrnx pekK.

Boaocbopbl oTOMpPanncb No KpUTeputo
Hanbonblien ANNHDBI PAAA U HAUMEHbLLEN
XO3ANCTBEHHOM U3MEHEHHOCTM CTOKa ( He
NoABEePKEHHbIE PETY/IMPOBAHUIO)

TouyKamu 0603Ha4YeHbl reOMeTPUYECKME LIEHTPE
TAYKECTU BOAOCOOPOB, A5 KOTOPbIX OCPeaHsa

nHbopmauma.




Bocnpou3BoaumMocTh rogoBoro cjios crtoka (Y), Mm
1o pesyabraram kiaumMarudeckoud mogeau UBM PAH nas nepuona 1961-1989rr.
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Bocnpou3BoaumMocTh rogoBoro cjios crtoka (Y), Mm
¢ MOMOUIbLI0 SMIIMPUYECKOI0 COOTHOIIECHUS s nepuoaa 1961-1989rr..
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bocnpon3BoAMMOCTDb I'OA0BOI'0 CJI0S1 CTOKA (Y ), MM
HenocpeACTBEHHO KAMMATMYECKOM MOLENbIO M NO SMNUPUYECKOMY COOTHOLLEHMUIO,
CBA3bIBAIOLLLENO BE/IMYMHY CTOKA C MOAEIbHbIMUM AaHHbIMK 06 0cagKax U TemnepaType onA
nepmnoga 1961-1989rr..
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YepHasa N"MHUA — TNHMA TPEHAA COOTBETCTBYOLLAA YPAaBHEHUIO PErPeccun,
OpaH»KeBbl MYHKTUP — INHUA X = Y



OueHKa nsmeHeHMU CTOKa peK BocTtouHo-EBponencKkon paBHUHbI Ha cepeauHy
(cheBa) n KoHeuy, (cnpaBa) XXI BeKa B 401X OT COBPEMEHHDbIX BE/IMYUH MO AaHHbIM
mopenu UBM PAH (Cupoposa, 2010)
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T.J. Philips et al. (2002). Large-Scale Validation of AMIP
II Land-Surface Simulations

The Overarching Question:
What degree of LSS complexity 1s essential for climate simulation?

Schamallc of land-surtaca
puizmelerication

Single Layer "Bucket"” hlodel e s
pe— P ] = =
"7 precipuation - Al
~ -, Precip = 5eS

wapotrarspiraton .
& praciozanza

h

]

weztor I = Fiezlid

e

.

“Bucket” Scheme Complex Biophysical Scheme
= No explicit vegetation * Vegetation canopy(interception, resistance )
= Little soil physics * Soil moisture percolation/diffusion
» Overflow runoff * Surface and gravitational runoff
*» Few free parameters * Many free parameters

= Computationally cheap * Computationally expensive



Table 2. Model codes and features of the sixteen AMIP2 models analysed in Zhang et al. (2002)

Resolution Land-surface components No. of layers | No. of layers | Model
in soil temp. | in soil moist. | Country
calculations calculations

Soil model Canopy representation

complexity
T421.18 bucket const. canopy resistance 3 1 CCSR, Japan
T63L45 force-restore intercept. + transpiration 2 2 CNRM, France
4x5 L21 multi-layer diffusion | intercept. + transpiration 24 24 INM, Russia
T159L50 multi-layer diffusion | intercept. + transpiration 4 4 ECMWF, UK
T63L30 multi-layer diffusion | intercept. + transpiration 4 3 JMA, Japan
T42L.18 multi-layer diffusion | intercept.+transpiration+CO, 6 6 NCAR, USA
T62L.18 multi-layer diffusion | intercept. + transpiration 3 2 NCEP, USA
T421L.18 multi-layer diffusion | intercept. + transpiration 2 3 PNNL, USA
3.75x2.5 LL58 multi-layer diffusion | intercept.+transpiration+CO, 4 4 UGAMP, UK
3.75x2.5 L19 multi-layer diffusion | intercept.+transpiration+CO, 4 4 UKMO, UK
T47L32 multi-layer diffusion | intercept. + transpiration 3 3 CCCMA, Can
4x5 L20 multi-layer diffusion | intercept. + transpiration 2 3 GLA, USA
T421L.30 multi-layer diffusion | intercept. + transpiration 3 3 MRI, Japan
T421L.18 multi-layer diffusion | intercept.+transpiration+CO, 6 6 SUNYA, USA
4x5 1L.24 bucket no 1 1 UIUC, USA
4x5 L15 bucket no 1 1 YONU, Korea




Mopaenb AeATenbHOro Crios CyLuu
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Mopaenun cHeXXHOro NOKpoBa

(ctrl) (new snow)
OnucbiBaemMble NpoLeCChI

« TennonpoBOAHOCTb * TennonpoBOAHOCTb
T, 0 aT.,, PsnCon on _ i/l-,, oL + L;(R(z) — M(2))
psncsna_;-; — E/is,l a; in i a{_ aZ M aZ i\ S A
 Boaa B XMOKOM COCTOSHUN:
« TadHue cHera HacTynaer, ecnu NpocaynMBaHue, NOBTOPHOE 3aMep3aHune
Temneparypa ero nosepxHoctu > 0°C aw.,, o » L
O sn - (Z) = Py (*’LI(Z) _ R(Z) _ Q(Z))

at
* YNnoTHeHne noa AEUCTBUEM CUSIbI TSXKECTH
n metamopdunsma

1 dp, 1 om0+ I ©od
——— = —— |, (t () gdz
pen (@ dt 7T )P

2 rlpOHI/IKHOBeHI/Ie COJTHEYHOU paanaunmn
S(z) = S,eF=




Volodina,

Bengtsson and Lykosov (2000)
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ToamuHAa CHEKHOT0 MOKPOBA 10 JAHHBIM MO/ICJIUPOBAHUS C YUYETOM
(pa3oBbIX Nepexoa0B BJaru 1Jd c¢T. Baianai (pespanb-anpenas 1977 r.).
N30/mHMM: ITIOTHOCTH CHEra

Firmm e A =avre 1M



AHaJIN3 pe3yjbTaTOB 3KCIEPUMEHTOB N0 ABTOHOMHOMY HHTETPUPOBAHUI0 MOIECJIH
TERRA cucreMbl «IN04YBa-pacTUTEJIbHOCTh-CHEKHBI NOKPOB» (0JoKa
ME30MACIITAOHONH HEruAPOCTATUYCCKOM MOJCJH MEKIYHAPOAHOI0 KOHCOPIUYMA
COSMO) Ha paszaudyHble BpeMeHHble mnepuoabl (or 1 roma mo S50 Jer) c
HCNOJb30BAHUEM JAaHHBIX Pa3Ju4YHbIX MeTeocTaHuui (Baamai, AKyTCK,
JInHaeHOepr) moka3saJ, 4To YIPOIIEHHASs CXeMa MapaMeTpu3alMM CHera, KOTopas
HCHOJIb3yeTCHd B J3TOHM MOJeJHM, HE MOKET BOCHPOM3BECTH Pa3jJUYHBbIE
XAPaKTePUCTUKHN CHEKHOI'0 MOKPOBA (B MEPBYI0 0Yepelb, CPOK MOJTHOI0 CX04a CHEra)
C TAKOM K€ TOYHOCTHbIO, KaK 3TO AejiaeT (pudnyecKud 0ojiee MOJHAsE MOJE]b CHera,
paspaborannas B MUBM PAH. HUcnoab3oBanue 00jiee COBEPIIEHHOM «CHEKHOM»
MOJe/IM 3HAYUTEJIbHO YJAY4YlIAeT BOCHPOU3BEICHUE IBOJILUNMN CHEKHOr0 IMOKPOBA,
0COOCHHO B BECCHHHUE Mecsllbl, U 3aMETHO CKa3bIBAaeTCHd HA KadYecTBe
BOCIIPOM3BEICHUS TEMIIEPATYPbI NOBEPXHOCTU B NMEPUO HHTEHCUBHOI0 CHErOTASIHUSA
(E.E. Mauyjbckasn).



Water equivalent snow deptn, mim

Water equivalent snow depth mm

Machul’skaya and Lykosov (2007). An advanced snow parameterization ...(Valdai data)
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Results

Correlation coefficient Mean error
between time series | (+ standard deviation)
of observed and in the time of the snow
simulated SWE complete ablation
(days)

(N = 221, p<0.0001)




AHarpamma 1cuiiopa CTpYKTYPbI MOAC/JIbHBIX MMOJE€H USMCHYUBOCTH
(1979-1988 r.r.) Mec14HO OCPETHEHHOI'0 UCIIAPEHHUA HA NMOBEPXHOCTHU CYLIH
o pesyabraram AMIP-I B cpaBHeHUH ¢ JaHHBIMHU peaHaIU3a
(“Reference”) NCEP (Phillips et al., 2000).

Land-surface Evaporation: AMIP | Models vs NCEP Reanalysis
s I £y total space-time pattern analysis
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JAunarpamma TenJiopa 1/is1i U3MEHYUBOCTH MOTKA CKPHITOI0 TEILJIA HA MOBEPXHOCTH CYLIH IO

naHHbIM 3kcnnepuMenta AMIP-II (Irannejad et al., 2002).
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The hierarchy of atmospheric models

GLOBAL MODELS resolution 10-100 km
(GFDL, ECHAM, HadCM, INM RAS, ...)

Planetary and synoptic scale circulations:
trade-winds, monsoons, cyclones and anticyclons, ...

REGIONAL MODELS [ | resolution 1-10 km

Circulations of meso-a, B8, y scales:
Breezes, foehns, bora, squall lines...

LARGE EDDY SIMULATION L resolution 10-100 m
Coherent structures in atmospheric boundary layer,
circulations in urban areas...




YpaBHeHMA me3omacwitTabHou rmaporepmoamHammukm atmocoepbl

2
up, n ou_p, + vup, + Idup, = —PS%+OGPS 9 + fip, + p,(D, +R,),
ot X ay 00 0X 0x 00
2 '
ovp, N ouvp, . v p, + aC&’ps _ _pS%_l_o— a¢ fups + P, (DV +Rv),
ot ox dy 00 dy dy 90
Mp. dudp. Ip I&p. 9’
s 4 s 4 sy =-S —— + D +R
dt Jx dy do Poo T8 9s g -)
06" oud' o' 0’ 6 L '
pS+ u pS+ v ps+ ps__S%S po (C—E)'I'pS(Dg'I'Rg)a
at ax ay 8()’ (90 Cp p

op. , dup,  ovp. 9dp, (M 3¢ S(O) ¢’ _ )
O'

+
o8 dx Iy 00 x> 9y 0o

dq,p, Ouq,p, dvq,p =~ &g, p,
Py + . + P + Py =pS(E—C)+pS(DqV+qu).



KnioyeBOo MOMEHT AanbHeuwero pasBUTUA KIMMaTUYECKUX Moaereun: pa3padoTka
MHOromMacwTabHbIX MOOENUPYHLNX CUCTEM, OOAHUM U3 KpUTepueB KadecTBa
KOTOPbIX MOXET CINYXWUTb UX CMNOCOOHOCTbL BOCNPOU3IBOAUTL OCOOEHHOCTHU
HaGnwaaemMoro NPOCTPAHCTBEHHOro CHeKTpa KMHEeTUYeCKOUM U AOCTYMNHOM
NOTeHUManbHOWN 3HEepPruu.

Koshyk and Hamilton (2001): mogmenb OLA GFDL (USA) ¢ ropusoHTaribHbIM
pa3peweHueMm okono 35 kKm => B Tponocdepe cnekrpanbHoOe pacnpepeneHue
pacCYMTaHHOU KMHETUYECKOU IHEepPrum COOTBETCTBOBANIO 3aKOHY CTeneHU «-3» Ha
macwTtabax ot 5000 no 500 Kkm 1 3aKOHY cTeneHu «-5/3» Ha MeHbLUMX MacwTabax. B
cTpaTocdepe u mesoccepe — NoaoOHbIE Xe pacnpeaeneHns, HoO nepexoa oT 0AHOro
3aKoHa K gpyromy — Ha macuwTtabax 2000 m 4000 kM, COOTBETCTBEHHO, 4TO
NPOTUBOPEYNUT AAHHLIM HaOMIOAEHNUA N MOXET CBUAETEeNbCTBOBaTb O HeagocTaTKax
napameTpu3saumm NoaCeTOYHbIX NPoLeccoB.

JKcnepumMeHTbl ¢ pernoHanbHou moaenbio WRF (Skamarock, 2004) ¢ pa3nnyHbIM
ropusoHTanbHbIM pa3speweHnem (22, 10 and 4 Km): paccuynTaHHble CMEeKTPbl B
Me3oMacLuTabHOM Auana3oHe XOpOoLO COOTBETCTBYHT HabrnogaeMbiM, BKIlo4vas
nepexon OT nokasartens «-5/3» K nokasatentw «-3». OgHako MoAesibHbIN CNeKTp B
KOPOTKOBOJTHOBOM €ro 4acTu OKa3ancfA CUNbHO 3aBUCALWUM OT CBOMWCTB
BbIYMUCITUTESTbHOW TEXHOSOrM1 (B YaCTHOCTU, OT YPOBHA CXeMHOMU Auccunawmm).



Takashi Y.O., Hamilton K., Ohfuchi W. Explicit global simulation of the mesoscale
spectrum of atmospheric motions. — Geophys. Res. Lett., 2006, v. 33, L121812 :
10.1029/2006GL026429

Equivalent Total Spherical Wavenumber
10 A}O 1I00 4|00 1|0 4(0 1|00 4|00

10° _|
V\ —AFES /\
107 L \ Observations ) N |
Bg K N\ \ \“\,
- i <
10 — - e -
o g
o &
E 10° | i -+ .
T = :'-:é_.. &
Z n :
e 10 LY Al l
Zonal 3 Meridional
1 03 | Wind : - YWind _
102 " 1s s s 3 3 3 4 " Is 3 33 3 3 2 " PEPE S SRS 3 X 133 3 3 4 " X 13 33 3 1 "
1000 100 1000 100 10

Horizontal Wavslength (km)

Figure 1. The one-dimensional horizontal power spectra
of (left) zonal wind and (right) meridional wind wvariations
near the tropopause. The red curves are computed from
wind values taken along the 45N latitude circle at 200 hPa
mn the T6391.24 AFES. The crosses are trom Nasftror: arnd
Gage [1985] and are computed from wind observations
taken by commercial amrliners. Orange lines show —3 and
—5/3 slopes.



W.C. Skamarock. Evaluating

Wavenumber (radians m =)

Mesoscale NWP Models Using 10=° : 10}'5 10,"‘ 10-2 101'2
Kinetic Energy Spectra. — 108\ Sox - GASP cbastvations B
Mon. Wea. Rev., 2004, v. 132, (Nastrom and Gage, 1985)
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PermoHasibHble acnekKTbl

ATmocdepHble moaenu, B TOM Yucae rnobanbHblie KAMMaTUYeCcKmne € yay4dlleHHbIM
NPOCTPAHCTBEHHbIM pPa3peLleHneM B U3y4aeMOM PErMoHe U HernppocTtaTtuueckme
Mme3omacwTabHble moaenu (napameTpusauma mesomacliTabHon N3MeHYMBOCTH)

Mopaenun sogocbopos, BKAOUYAA pa3paboTKy moaenen pycnoBbiX NOTOKOB
(napameTtpusaumua rugponoruyeckoro LmuKna)

Mopaenu pacTtutenibHOCTU, B TOM YUC/1e ee AUHAMUKU (napame'rpmau,uﬂ
6uoreoxmmmyecKkoro u rmpgpoinornyeckoro LI,VIKIIOB)

MoaenupoBaHue NPoLLECCOB B rpyHTe (B TOM Ynucae, Npyu HaIMUUU BEYHOI
MEpP3/10Tbl), BKAOYAA MOAENIN MEXAHUKU CHEXXHOIO NOKPOBA U MepP3/10T0 FPYHTA
(napameTpusauusa rmgponornyeckoro n 6MoreoXMMmMYECKoro LMKI0B)

O6beanHeHHble (aTmochepa+nouBa+Bogo0emMbl+...) perMuoHaZibHble MoAenu
MopagennposaHue KauecTBa BoAbl U BO34yXa

CTraTucTMuecKkana u AMHaAMUYeCKaa pernoHanusauua (BKauana permoHanbHble
NPoeKUuUn rnobanbHbIX KIMMaTUYECKUX U3SMEHEHUN)
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IMUNCccUa MmemaHa e p.MoKapCcnoBbLIMU 03€6pamMu

TepmokapcToBble 03epa 3aHMMatoT B CeBepHom Yactu Cubupmn 22-48% nnowagun cyLum,
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l'udposiocuvyeckasi HEOOHOPOOHOCMb -
OAWH N3 BaXXHENLWUNX 3NIeMEHTOB HeOAHOPOAHOCTU CyLUU

lMpobrembi:

1) HeobxoanmMocTb AeTanbHOro yyeta cneundmkm TennooomeHa
C BOAHbIMN O0O6bEKTaMU B aTMOC(epHbIX MoAensx;

2) OueHKa U3MEeHEeHNN B ruaponorm4ecKknx cuctemax

npu rno6arnbHOM NOTEeNMeHUn Knmmarta un

OOpaTHOro BAUSIHNSA 3TUX CUCTEM Ha Knumart

d

Co3pgaHue n BHegpeHue B aTMocdepHyro Moaenb
OGroka rmaponorM4eckux NPoLeccoB Ha CyLUe;

OpgHa U3 BaXXHenLmnX coCcTaBnAOLWNX
rmaporiormyeckoro 6roka — moaens Boaoema




Moagesnb MeJZIKOro sogoema
(CtenaHeHKO n JIbIKOCOB,

2005)

1) OnHomepHOE TPUOIMKEHHUE.

2) Ha BepxHell rpaHuie BojoemMa
PACCUMTHIBAIOTCS TTOTOKU UMITYJIbCA,
SIBHOTO U CKPBITOTO TEIa,

COJIHEYHOM U JJIMHHOBOJIHOBOW PaJIalINU.

HuKHAA rpaHuLa; TOTOKU

TEIJIa U BJIATM OTCYTCTBYIOT.

3) B cnosix BOABI U JibJa OITUCHIBAIOTCS
IPOLECCH] TEIJIONPOBOIHOCTH.

B cHEe)XHOM MOKpPOBE U MOYBE:

IIPOLIECCHI TEMJIO- U BJIATONPOBOJXHOCTH.

U - ckopocmb eempa,

H — nomok sieHo20 menna,

LE — nomok ckpbimo20o mernina,

S — kopomkoeosiHoeasi paduayusi,
E_ - usnyyeHue ammocagpepsl,

E. - co6cmeeHHOe usny4yeHue 3emiu.

U Eal S
 HLE gg E, I //




OCHOBHbIE YpaBHEHUSA MOAENN BOAOEMA

YpaBHeHMe nepeHoca Tenna
oT _ 12 0 (9T +deh§aT_cplB or 198 .
or h” o0&\ 0&

dt hof " h "9E hoE
TypoyneHTHaa anddy3ung:
1. YpaBHeHne Konmoroposa

cp

BepTtukanbHas koopgunHaTa

Zz
A=cpC,k k=E*/¢e S=
2. «K-£» napameTpusauns ConHe4vHas pagnauus
0E __ay 0 ,0E SdhidE ., S(&) =(1-p,)S(0)exp(-a hf)

at  h> & a§ hdt 0

o _a, 9,9 JEdhoc CKOpPOCTb TEYEHUS

£
ot h* 9E ag: hdtag 'E ou _C, 0, 0u Edhou _

2
p-c X (8”) +(ﬂ) _c &kop ot W 9E 0E " h df 0F
|\ o& 0& phoE™ o C 0 v Edhay iy
SN L 4

gt R OE ag hdt &

£

(P—g),
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AMUCCNg MemaHa e pMokKap.cnoBbLIMU 03 pamm

8 - 50% aHTponoreHHoM amuccum metana go 2100 B 3aBnucumocTu ot cueHapua IPCC
(K. Walter et al., 2006, Nature)

He3amep3awwan
“ropsavan Touyka’ —
MCTOYHUK MeTaHa B

3UMHee BpeMS "

tabular
sediments
(thawed
vedoma) CH,

(e)thaw bulb




Methane transfer in the water body

CH, emmision from lake

|

el

Oxic sediments

Epilimnetic sediment
pathway

Hypolimnetic
pathway

(Bastviken et al., 2002)

CH, produced in anoxic sediments
- dissolved gases:
o methane E)[CH4] . J k E)[C[-L,]_V

o oxygen ot dz CH, 37 oxid *
o carbon dioxide —
- processes: 2)[02] o J k a[02]_2‘/ .

oxid

o turbulent diffusion ot 0z % 0z
o methane oxidation B[CO ] ) B[CO ]
2 2
= k
CH, + O, = CO, + 2H,0 ot oz % Iy

+2V

oxid
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M NOTOK Me€TaHa, Ml

My3bIpbKOBSI

PesynbraTbl pacyetoB (CTenaHeHKo u
ap.-, 2011)

* aTMOCEPHbIN POPCUHI — peaHanus
ERA-Interim (2002 -2004),

paspelueHue 3 y;
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Ha6nopeHus (K. Walter et al., 2006):
« 03epo Lyybe, 2003-2004,
paspelwleHue 1 y;
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Model validation

Observations: Lake Shuchi (K. Walter et al., 2006)
hourly observations of ebullition and diffusion methane

fluxes in different lake sections for 2003 - 2004

Annual methane| A part of open-|A part of 1ice-
emission, mg/|(water period|covered period

(mZ*yr) emission , % | emission, %
Observations 22658 54 46
Model 22588 54 46
Open water period |Ice-covered period
A part of young methane in 47 0
emissions (observations) , %
A part of young methane in net 61 32

generation (model) , %
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MapamMempu3auusi pek e KiiumMamu4ecKux MOOesIsiX:
Momueauyusi

e OLleHKa cpeHNX N 9KCTpeMarnbHbIX 3Ha4YeHU rogoBOro CTOKa,
YPOBHS peK

« BnnsHme KpynHbIX pek Ha TepMOXanMHHYI0 LIMPKYISALWIO OKeaHa

« BLIHOC pekammn paCcTBOPEHHOro OpraHNYeCcKoro yrriepoga —
brnoxmnmua okeaHa (obpasoBaHne CH, 1 1.4.)

B coBpeMeHHbIX Mogensx anarHoCcTu4eckmne
COOTHOLUEeHnA Tuna goopmyrnbl MaHHUHra:
1

R b2
U=1R4(%)

n o0x

HoBast Mogenb — ypaBHeHUs1 CeH-BeHaHa

aSU  9SU? d(h+h,) o oU gS|UU
+ =—-g5 +S5—v - >
ot 0x 0x ox  Ox RC:

0S N oSU _E.
ot 0x
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OCHOBHbIe ypasHeHUA Mmooesu: 2u0pPOOUHAMUKA

Equation Version 3 governing equations
aUB oUUB oWUB . A1 o cosaBB T dp
- - - - b - gBsmma+ g cosal3 _7—'“ — J- 'L dz
dl d X d 7 A ya, 7 X
X- momentum | 28 | :
ABT I8 . .
—_— — - Lxs +gBU
2 dX 2 a7z
, 1 P
Z-momentum 0= gcosar———
L o=
.~ . 1 . ()’ () h ‘ J'.'.
free surface 2L =2 [UBdz — [gBdz
equation A A
77 i
. aUB JdWB
continuity - - = qB
d X dz
equation of L2 = HT..Pmps. D)
state
C : -.;"'[ : ad ').{l : ad
‘onservatio - - s d BDx= dl BD.—
f n\uy e dBdD oUBD aWBD *ox ) ‘a7z ) _
of mass/heat - o —— * — - = - — qQe B+ Se B
a1 d X o 7 ad X ad 7z

where B i1s the

width, U is the longitudinal velocity, W is the vertical velocity, q is the

inflow per unit width, o is the channel angle. @ is the concentration or temperature. 1 18
the water surface elevation. P is the pressure. h is the depth, T 1s the water temperature,
Dpg 18 the concentration of TDS., dg is the concentration of suspended solids, p 1s the

density




Ilywiucmoes I1L1O., Yemnaxoe H.B., Bmopywiun M.H., Epmaxoe H.C., /lanunun A.H.
« Pe3ynomamol mooenuposanus 2uOpoOUHAMUKU U NEPEHOCA 3aZPAZHAIOUUX 6EULeCE HA

yuacmke peku Cesepnasn Cocvear, 2006
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Mamemamuyeckoe mooenuposaHue
mpexmepHbIX Pycs108bIX MOMOKO8

¢ Pa3HoOOb6pa3Hble 3a4a4m, cBA3aHHbIE C Aa/ibHEALWMM
pa3sBUTUEM KNIMMATUYECKUX Mmoaesiein N OXPaHOMU
OKpYKawoLieun cpeabil

% PeanbHble oyepTaHua 6eperoB u penbeda gHa

¢ CnoXKHafA CTPYKTypa peyHoi cetu (OCHOBHOE PYyC/o U
NPUTOKMU)

¢ Mcnonb3oBaHue COBpEMEHHbIX BbIMUCINTENbHbBIX TEXHOIOTUM
(KOHeYHO-31eMeHTHbIX MeToabl, aAanTUPyemMble CeTKU 1 ap.)



PA3BUTUE PETMOHAZIbBHOW MOJENIN B HUBL, MTY
(CrenaHeHKo 1 gp., 2006, CtrenaHeHKO u MukywuH, 2008)
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3anagnas Cubups (XMAO - FOrpa): 54.5-58.6° c.i1., 63.1-66.6 ° B.1.
pelibed U TUAPOJIOTHS C pa3pelieHueM 3.7 KM
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X, éi

lNosne 30HanbHOU cocmasnsirwel CKopocmu eempa 8 eepmuKasibHOM
(wupomHom) cedyeHuu y=0 obsracmu uHmezpupoeaHusi 8 15:00 mecmHo20
epemeHuU. ludposiocudyecKku HeOOHOPOOHbIU y4acmok 3anadHou Cubupu



Ckopocts BeTpa (Tepputopuss XMAQO, 60— 62 ° c.ur., 73 — 77 ° B.A., BKJIWO4YaeT Cypryr u
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ArperupoBanue TypOyJI€eHTHbIX IOTOKOB

Avenka mogenu OLIA = Me3omaclwutTabHas obnactb

X -ocpegHeHHasi no o6n¥cTn Benu4ynHa

[Mpouenypa arpernpoBaHuns OcpegHeHnne no obnacTtu
(Avissar and Pielke, 1989) Me3omacLuTabHon moaenu

1. NTOTOKM B KaXXaown Touke

1. NoToku Hag BogoemMamu: H C (0 (4 )
~ ey - _pc Y “ - ’
H =—pc,Cp i (19 HW) 3apava: r

= _IOCEW (Qa — QSW) _ ~ E B _IOCEu(q“ - QS)
2. MoToKK Hap cyLuen: H = H,

~ — =  — . e 2. OcpenHeHue No moaesibHOMN
Hso =—pc,Cpu (Ha - Hsso) F = F 06n1acTN: KUCTUHHbLIE» MNOTOKU

E,, =~pCp,it(d, ~T..,) H = 8™ ([Hds',
E —q fo S

3. Al'perVIpOBaHHble NMOTOKMU

ﬁ=(l_aw)ﬁso+awﬁw9 E=S_1ffEdS'
E = (1 _aw)Eso + awEw



MpocTpaHCTBEHHO-OCPeAHEHHbIe TYPOYyNneHTHbIe NOTOKU B MPU3EMHOM crioe

Momok sieHo20 menna Momok ckpbImo2o menna
KOHTpONbHbIN 25 T Domamaveraged v ]
3KCMEPUMEHT: 20, o]
BnaxHaa nouBa, 50% - s e
NOKPbLITO = ] =
PacCTUTENbHOCTBIO = ] /\ =
] 50 4
1 ° V Vi 48 72 o) | | |
u = 1.4 wmlcek ] Time, b - 2 4 &
Time, h

max 300 - 1‘2‘2
Cyxasi oroneHHas 2501 /\ \ ﬁ oo
noysa o 2 £ o]
MakcumanbHas = 10 5 e
WHTEHCUBHOCTb = 1 401
Gpu3a i AN SV NN A
u . = '/ m/cek 258 0 24 Tim:’sh 7 | e 500(_ 24 Tim:sh 72 %
CKkopocTb 101 /\ /\ /\ 07
reoctpodunyeckoro ”§ - ” = - - g a0
BeTpa = 10 m/cek: ; -10- Time/ h 5 200
OcnabneHHas = 20 W \// V\/ .
Me3omacLutTabHasn 30
LUPKYNsaLus 40 ] 3 2 A 7 %

Time, h



Synoptic variations

- Nepuodsr n”’, wac. : _
10’ 1 /I R | ad
I . i I I 1

Boundary-Layer turbulence

J |
10’ 7 _ 10°
Yacmomes: 1, uunn /vac

1072

Cnex‘r];(cxopoc'm BeTpa B NDH3eMHOM cjoe aTMocdeps [mo Bar aep
oBeRy (1957), n — uacrtora, S,(n) — cuexTpaaABHAR NACTHOCTD.

Energy range

Inertial range
E(k) =¢¥3%~53 a(x;, t) = alx;, t) + a'(x;,t) + a” (2, t)

2VE2E(R)

a(x;,t) = a(x;,t) +a (v, t)

T(k)

Dissipation range



A.V. Glazunov, V.P. Dymnikov, V.N. Lykossov. @ Mathematical modeling of
spatial spectra of atmospheric turbulence. - Russian Journal of Numerical
Analysis and Mathematical Modeling, 2010, v. 25, p. 431-451.

C nomombio Buxpepaspemaroine (LES) moaeau ucciaeaoBana (¢ TOYKH
3peHMs] BOCHPOM3BECACHHUN CHEKTPAJbHBIX CBOWCTB) TepMuUYecKas
kouBekuusa Prnes-benapa B 1BOSIKO-IepHMOAMYECKOM KaHAJIe ¢ TBEPAbLIMH
CTEHKAMHU KAaK aHAJOI MHOIOMACIITA0HON aTMOC(epHOil TYPOYJIEHTHOCTH.

boJiblIoe OTHOLIEHHE €r0 NOPU30HTAJBHOI0 pa3Mepa K BEPTUKAJILHOMY
(26.1) o0ecneunJio CylIeCTBOBaAHNE KBA3U/IBYMEPHbIX KPYMTHOMACIITAOHBIX
KOMIIOHCHT TE€YCHMSI, a pa3Mep PABHOMEPHOU pacuyeTHON ceTKHU cBbiie 40
MUJJHUOHOB Y3J0B MO3BOJHUJ SHBHO BOCIHPOU3BECTH IMHAMHUKY
MEJKOMACIITAOHOM TPEXMEPHOU TYPOYJEHTHON COCTABJISIIOLIEH.

JlekoMImo3unus M3y4aemMoro TypOyJIEeHTHOI0 Te€4YeHHsI HA 0APOTPOIHYIO
(oCpelHEHHYI0 M0 BEPTUKAJIM) U OAPOKJIMHHYKH KOMIIOHEHTHI MO3BOJINJIA
NMPeIJI0KUTh CXEMY NMPe00Pa30BAHUM KMHETHYECKOM JHEPITMHM B U3y4YaeMou
cUCTeMe, OOBSACHAKWINYI HEKOTOPbIe CHEeKTpPajJbHbIe CBONCTBA
HaOJoaauIencss armocgepHoi TypOyJJeHTHOCTH.



o L
SR
e 25,6
o _/
hd
25,6

equidistant grid 1024x1024x40

Ju;  Juai; JIp

or 0736]' Ix; T OO <®>XIx2)
ot dx; ox; eaxi

Large aspect ratio of domain
provides existing of quasi-two-
dimensional modes.

Spatial grid step is sufficient to

reproduce part of inertial interval of ~ Potential temperature at level L /8 o
3-dimentional turbulence /

For convective APBL with H~100 W/m? L;~1 km —
anomalies with spatial scale ~10 km,

o L 2 1/3 ~
Ly _L3/w* — (L%/aH) [ =1 / I characteristic time ~ 15 hours.



Barotropic and baroclinic components of the flow
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One-dimensional one-component (u, along x,) spectra of barotropic
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Parameterization of the Sea-Spray Modification of
Momentum Flux (e.g., Barenblatt 1996 and Lykossov 2001)

L a0u C 0S
<uw>a—z+g+awag=O, <SW>=—K88—Z=WfS

where S is the spray concentration profile.

5 I-w
aW z
w'ln| 1+ -1 for w=1
. = uk l-w|l| z
z _
ln() + LIJS LIJS = 9
Z, >
In[l1+aln| — for w=1
Zy
W k’z, oS
Where W = k—f, a = rg Zh -, W, the mean fall speed of droplets
U U,
o empirical parameter Z, . spray generation height o= (/OW P ) =10’

Pa



Test with Katrina (2005)

control thermal
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Test with Katrina (2005)
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