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Knumatnueckasa cucrema (IPCC, 2007)
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Michel Desgagné (Reading, 13 HPC Workshop, 3-7/11/2008)
High performance computing at the Canadian Meteorological Centres

Uninterrupted (24/7, year-round) weather and environmental forecasts,
serving public and military needs of Canadians
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T. Reichler & J. Kim, 2008

TasLE |1. 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) 1979—-99
Meridiconal wind stress ocean ICCOADS (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 (198]) —29
Frecipitation 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) 1979-99
Sea surface temperature ocean GISST (Parker et al. 1995) 1979—99
Sea ice fraction ocean GISST (Parker et al. 1995) 1979—-99
Sea surface salinity ocean NODC (Levitus et al. 1998) variable
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Fic. |I. Performance index J* for individual models (circles) and model generations (rows). Best performing
models have low I? 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 [Z for the
preindustrial control experiment of the CMIP-3 project.



YpaBHEHUA KpynHOMacWTabHO guHamunKmn atmocdepbl

du 1 o® RT op
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Ilpouecchbl MOACETOYHBIX MACIITA00B

Q HeagumabaTuyeckue MCTOYHMKH Telia (paavanus,
(pazoBble mepexoabl BJarv, 00J1a4H0CTh, OCAAKHA M T.]1.)

A TypOyJIeHTHOCTH B OIPAHUYHOM CJIoe aTMoc(ephl,
BEPXHEM CJI0€ OKeaHAa U MPUAOHHOM MOIPAHUYHOM
cjioe

d KOHBEKHI/IH N I'PABUTAIIMOHHBIC BOJIHbI

A Huka yriaepoaa u MeTaHa; pOTOXMMHUYECKHE
IPOIECCHI

d IlepeHoc Temia 1 BJIard B No4YBe, PACTUTEJIHLHOM U
CHEKHOM IMOKPOBE; THAPOJOrHYeCKUU MUK CYIIH
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YpaBHeHHUs Me30MaCIITA0OHOU ruapoTepMoauHaMuKu atMochepsl (Miller,
White, 1984; Miranda, 1990; JIbixocoB u coasT., 2012)
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TUNG AND ORL ANDO
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FiG. 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).]



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.

Macnrrab Bpemernn: (k) ~k > "E " (k), [k]l=m", [E]l=m"/C
ycts  7(k) XapaKTepHU3yeT BPEMsl, 32 KOTOPOE OIIMOKH B CIIEKTPAIbHON KOMIIOHEHTE

MOJEJILHOI'O PEIICHUS C BOJIHOBBIM YHUCJIOM k 32 CUET HEJIMHENHBIX B3aNMOJAEHUCTBUU TOBIUIIOT

HAa TOYHOCTH BOCIIPOM3BENCHHS KOMIIOHEHTHI C BOJNHOBBIM umciom K/2. Tlycts Tarke kL
COOTBETCTBYET (YCJIOBHOM) MpaBOdl T'paHUIE IJIWHHOBOJHOBOM (KPYyHMHOMACIITAOHOM) YacTh
CIIEKTpA.

Bormpoc: kakoBo BpeMsi 1, 32 KOTOpOe OLIMOKH B KOPOTKOBOJIHOBOI YaCTH CIIEKTPa (Ha GOJIBIIMX

BoHOBBIX unciax 2Nk , N>>1) nosmmsror Ha Bocmpom3BemeHHE KPYITHOMACIITAGHBIX
IIPOLECCOB?

T(N)=t2" k) +t2" k) +..+7(2°k,) = Zr(2”k)
Ek)~k> — t(k)=const — T(N)

Ek)~k = 1)~k > 1limT(N)~2.77(k,)

N—w



Aerosols and Climate

Aerosols interact with clouds and
the hydrological cycle by acting as
cloud condensation nuclei and ice
nuclei.

A larger number of cloud
condensation nuclei increases cloud
albedo and reduces precipitation
efficiency, which result in a
reduction of the global annual mean
net radiation at the top of the
atmosphere.

These effects may be partly offset
by evaporation of cloud droplets
due to absorbing aerosols and/or by
more ice nuclei.

Cloud albedo and lifetime eftect (negative radiative effect for warm clouds at
TOA; less precipitation and less solar radiation at the surface)

more r{:{l;:—i:;: » higher albedo
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"+, smaller cloud parlicles
1+ less precipitation

polluted ' ;
{ higher optical depth
— |ess radiation al surface

Semi-direct effect (positive radiative effect at TOA for soot inside clouds,
negative for soot above clouds)

evaporation of cloud droplets
» shrinking of cloud

absorplicn ¢

] M
» heating +

@ . I @

less radiation ,
at surface

Glaciation effect (positive radiative effect at TOA and more precipitation),
thermodynamic effect (sign of radiative effect and change in precipitation not

et known
y ) delayed [reezing - higher (and colder) clouds

L more ico cryslals
' — mare preciptation



B cuay cBoeit 00J1b1I0M MPOCTPAHCTBEHHOM NMPOTHAKEHHOCTH CJIOMCTAs 00JIa4YHOCTh MOKET
OBITH IBHO PACCYMTAHA B YMCJICHHBIX MO/AEJAX POrHO3a MOr0JAbl U KJIMMATA, YTO, TEM HE
MEHee, BCe PABHO NMPeANoaraer napamMeTrpusauu MUKpopusndyeckux nmpoueccos. B
o01IeM ciay4ae BO BHUMaHMe IPUHUMAKOTCA cJeayinue GopMbl COCTOSIHUS BJIATH U UX
KOHIEHTPAIMH: BOASHOM AP, 00J1a4HAsI BOAA, 00JIaYHbIN Jiell, CHEI' M 10XKAb. J1jid
ONMUCAHUA TEPMOANHAMHUYECKHUX MPOLECCOB NPUBJICKAITCH YPABHEHUS CJIEAYIOLIEro BUAA
(cm., Hampumep, Warner, 2011):

dq
Equ+S3+S12+S13—S1 -5, -9,
%quZ +S,-8.-S, S, -5,

dqice
7:]:% +S2 +S5 _S8_S10_S129

a anow aqSI’IOW ’,’ | | | | —
Cdr dt_wgsy_ qs Sl Sg S9 SlO Sll Sl3’
da . oqg . .

rain _ yy Mrain _ F, +5,+5,+5,-38;.

dt ¥ 0z
Kecrkas cucrema! Meroa pacuiervieHus nmo gpusudeckum npoueccam (Mapuyk,
1967): 1) nepenoc o rpaekropusam u 1udpdysus, 2) MUKpopu3nKa.
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IlorpaHM4YHBIN CJI0H aTMOC(hepbI

IHorpaHu4YHbIN cJIOM aTMocdepbl pacmoJiaraercs BOJIM3H
MOBEPXHOCTH 3eMJIU, UMEET XapPAKTEPHbIH BePTUKAJbHBIN pasmep ~ 1
KM M ABJACTCH KJIYEBBIM 3BCHOM KIUMATHYCCKOW CHCTEMBbI,
o0ecneuyuBas:

(1) mpeoOpa3zoBaHue IHEPrUdUd COJTHEYHOM paauanvu, MOIJIOLICHHON
NOACTIWIAKIICH NMOBEPXHOCTbIO, B JHEPrUI0 KPYIMHOMACIITAOHBIX
ABIKeHUT B aTtMocepe U OKeaHe (C NMOMOINBI0 TYPOYJEHTHOIO
nepeHoca),

(2) TerioBJIAroNEpPeHoOC B cucreMe ''pacTUTELHOCTD - CHer - mo4yBa''

(3) KOHTPOJIb YPOBHS AUCCHNANUHU KHHETHYECKOM HJHEPrum BcCel
KJIMMATHYECKON CUCTEMBI.



MoaeaupoBaHue ITMHAMUAKH MOTPAHUYHOIO ¢J1051 aTMOChepbl

ge.ﬂl/l:

(1) Boctipou3BeaeHEe MECTPOl KAPTUHBI ATMOC(EPHBIX ABUKEHUIN HA/l peajibHOU
MOACTUJIAKOIIEH MOBEPXHOCTHIO IPU CPABHUTEIBHO OHOPOAHBIX NpoLeccax B
cB00OIHOM aTMOchepe,

(2) u3y4yeHHe MpoueccoB B3aUMOAEHCTBUS AEATEILHOIO CJI0M CYIIN U BEPXHEro cJost
OKeaHa ¢ arMocepoit,

(3) pazpaboTka cxeM mapaMeTpHU3aLUM AJIsl THAPOANHAMUYECKHAX MojIeJIen
o01ei nMpKyJIauu atMochepbl U KJIUMATA,

(4) oneHKa BO3MOKHOCTEH HANIPABJIEHHBIX BO3AEMCTBHUH C LIEJbI0 YMEHbIIIEHUS
PHUCKOB, CBSI3AHHBIX C OIIACHBIMH AABJEHUSAMH, 1 JTOCTHKEHHUSI IKOHOMHYECKOI0
3¢ dekTa (paccessHHMEe TYMAHOB, 00pb0a ¢ 3aAMOPO3KAMM M 3aCyX0M, U3BMEHEHHE
TYpOYJI€HTHOI0 Pe:KMMA, B YAaCTHOCTH, CHHMKEHHE CONPOTHBJICHUS U JP.).



CpencrTBa:

1. KoMmmjieKCHbIe HATYPHbIE IKCIIEPUMEHTDbI, Takue, Hanpumep, Kak HbIO®AIKC-
88, nposeneHHbIl B pamMkax nporpammsbl ''Paspessl', B Xo1e KOTOPOIro moJ1y4eHbl
CUHXPOHHbBIE JAHHbIE 10 ATMOC(PEePHBLIM M OKeaHUYeCKUM napamerpam. Ha cyure:
CAIIDKC (coBeTcKO-aMePUKAHCKHUN NbLIEBOM IKCIIEPUMEHT, CeHTaA0ps 1989 1.,
Tamxkuxkucran), 3xcneauunuu UOA PAH B Kaambikuio u Ilpuapanabe (1995 1. - 1998
.), LSP (Land Surface Processes) - B moaiynycrbIHHbIX o0J1acTsax Uuaun (1997 ) u
ap. ba3bl HA0MIOAEHHBIX JAHHBIX ¢ Pa3HO00pa3Hoi HHpoOpMaKeld 00 U3yUaeMbIX
npoiueccax.

2. Moaeab Kak '"'J1adoparopHblil cTeHa ' :

1) ypaBHeHus,

2) 3aMbIKaHM,

3) BBIYMCIAUTEIbHAA TEXHOJOIUS (YMCJICHHbIN MeTOA M NPOrpaMMHasi peaju3amnus),
4) YncJaeHHbIE IKCIIEPUMEHThI,

5) 00pabdoTKa U aHAJU3 Pe3YJabTATOB IKCIICEPUMEHTOB.



IIpo0jeMbI

KorepeHTHbIE CTPYKTYPBI (KPYIIHbIE BUXPH, BHYTPEHHHE IPABUTALMOHHbIEC

BOJIHBI U T.IL.); HEOAHOPOAHOCTDH MOACTHJIAKOINEH IMOBEPXHOCTH; HAJIHYHE
PACTUTEJBHOIO0 M CHEKHOIO MOKPOBA; cnennduKa TypOyJIeHTHOIO nepeMemiBaHuA
BHYTPM PACTUTEIbHOCTH, 0COOEHHO, B JIeCy; paIUalMOHHbIE MPOLECCHI; BOJHBI HA
MOBEPXHOCTH BOAHBIX 00bEKTOB; caJbTaluAa U AP Py3ust YacTUll MOYBbI, CHEra u
BOAbI B aTMocdepy.

Tpu TMna ABUKEHUH (MTOJTHOCTHIO YIIOPAA0YCHHOE CPeIHee TeUeHH e, KOTCPEHTHBIE
CTPYKTYPbI THIIA KPYNHbIX BUXPEeH WM BHYTPEHHUX BOJIH, Xa0THYECKAsA
TpexMepHasi TYpPOYJeHTHOCTb) U MPo0dieMa TYpPOYJEeHTHOI0 3aMbIKAHUS YPABHEHU I
PeiiHOJIbACA; HEOOXOAMMOCTD yueTa crenuuKu, CBA3aHHOM ¢ oporpadpuyecKuMuU
HEOAHOPOTHOCTAMHU NMOACTUIAKIICH MOBEPXHOCTH (KaTadaTUHYeCKUM BeTep, FOPHO-
AOJJUHHAA HUPKYJISAUHUSA U T.I1.); HHBEPCHUOHHbIE CJIOU; CJIOMCTHIEC U CJIOMCTO-KY4YeBble
o0s1aka, o0pasyroiue 00JIa4HOCTb J0CTATOYHO BBICOKOI0 0aJ1/1a, U MeJIKHE Ky4YeBble
o0s1aka, (popMupyroIMe, Kak MNPaBuJI0, CAJILHO PA3PEKEHHYI0 00/Ia4HOCTD;
B3aMMO/IeiCTBHE CO CBOOOAHOI aTMOc(epoii.



dbdexT Tomca

Toms B.A. Some observation on the flow of linear polymer solutions
through straight tubes at large Reynolds numbers. - Proc. 1st Intl. Congr.
on Rheology, v. 11, p. 135-141, North Holland, Amsterdam, 1948.

Tomc: mnpu go0aBjeHMM B BOAY IOJMMEPHOM MNpHCAAKH (pacTBOp
MOJIMMETHJIMETAKPUJIATA B MOHOXJIOpPOEeH30J1€) TpeHue MEXKTY
TYypOYJEeHTHBIM IIOTOKOM U TPYOONPOBOAOM 3HAYUTEIbHO CHUKAETCS.

dPpdexT Tomca o0ycaaBanBaeTcsi 00pa30BaHMEeM HA IPAHUIE TBEPAOE TeJ0-
KUIKOCTh MOJIEKYJISAPHBIX PacTBOpOB, KOTOpPbIE 0CJIA0JIAIOT
TYPOYJIEHTHOCTh MOTOKA. YCTAHOBJIEHO, 4YTO A00aBKa IOJUMEPOB 0oJiee
3G (PEeKTUBHO [IEUCTBYET MMPH BBICOKUX CKOPOCTAX IOTOKA, KOIJAa €ro
TYpOYJIEHTHOCTb NPOSABJISIETCS CHJIbHEe.

IIpakTHyeckoe mnpuUMeHeHHe: ''cMa3bIBAKWT'' PpasiMYHbIMH NPUCAAKAMM
TPYOONpoBOAbI, ''cMa3bIBalOT' mNmOJUMepaMH MOPCKHE M PeYHbIe Cy/aa,
HAIMOPHbIE KOJOHHBbI INIy0OOKNX CKBAKUH U T.[.

dPpdexr Tomca HaOdMOHaeTCA W NPH ABHKEHMM TBEPAbIX 4YaCTHIl B
KUJKOCTH (B YACTHOCTH, 32 CYET CTPATU(PUKAUHU IUIOTHOCTH B3BECH).



Dust Storm
(Stratford, Texas, USA, April 18, 1935. NOAA: George E. Marsh Album)




CHexHbIe OypH

Byps MrJ1010 He00 KpoeT,
Buxpu cHe)KHbIe KPYTH;

To, kak 3Bepb, OHA 3aBOET,
To 3an1aver, Kak JUTH,

To mo KposJie 00BeTIIATION
Bapyr cosiomon 3a1mymMur,
To, Kak NYTHHUK 3a11031aJIbIH,
K HaM B OKOIIKO 3aCTYYHT.

A. IlymikuH, «3uMHu# Beuep» (1825)

== A. CaBpacoB «3UMHSIS1 HOYb
(1869)
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Polymeric stresses, wall vortices and drag
reduction

Ronald J. Adrian

Arizona State University-Tempe

Mechanical and Aerospace Engineering

“High Reynolds Number Turbulence”, Isaac Newton Institute, Sept. 8-12, 2008



Eddies in Wall Turbulence

Near-wall vortical structures are closely related with production of Reynolds shear stress. (Quasi-
streamwise vortices, low-speed streaks, hairpin vortices, vortex packets, etc)
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Near-Wall Vortical Structures

Vortical structures in polymer solutions are:
Weaker

Thicker

Longer

Fewer

DR=61% -

A v/ui=0.04

A.i: Swirling strength



Structural changes found in experiments

— Increased spacing and coarsening of streamwise streaks
— Damping of small spatial scales

— Reduced streamwise vorticity

— Enhanced streamwise velocity fluctuations

— Reduced vertical and spanwise velocity fluctuations and
Reynolds stresses

— Parallel shift of mean velocity profile in low DR

— Increase in the slope of log-law in high DR

Laminar flow

Newtonian ;
Turbulent flow |

\
LDR HDR Maximum DR limit



Barenblatt and Golitsyn (1974) => Wamser and Lykossov (1995),
Dery and Taylor (1996), Bintanja (2001)

z=H

Ne saltation layer Z=Hf
/7272272222 e




Cnoui NOCTOAHHbLIX MNOTOKOB

CorunacHo teopuu nogoduss Mouuna-O0yxoBa, 6e3pasMepHbie BepTUKAJbHbIC IPOUIN
CKOPOCTH BeTPa, TeMIIEPATYPbI U BJIAKHOCTH B IPU3EMHOM CJI0€ ONUCHIBAKOTCS
HEKOTOPbLIMH YHUBEPCAJIbHBIMHU (DYHKIIMSIMHU, 3ABUCAIIMMH OT 0e3pa3MepHOH mepeMeHHOM
7L, rne L - Tak Ha3pIBaeMbId MacITad ajanHbl Monuna - O0yxoBa.

B npakTuyeckoM I1aHe, 3Ta NPoUeAYyPa IKBUBAJIECHTHA a3POAMHAMUYECKOMY METOAY,
CBOAALLEMYCH K pacyery NPUIIOBEPXHOCTHBIX IOTOKOB MMITYJIbCA, TEIJIA U BJIATH C
NMOMOIIbI0 KO3QPUIIHEHTOB 00MEHA, 3HAYCHU CKOPOCTH BeTPa U J1epUuuuTOB
COOTBETCTBYHIIUX CYOCTAHLIMIA.

ACHUMIITOTHYECKOE MOBEACHUE YHUBEPCAIbHBIX (PYHKIUH (IPU CUJIBHO YCTONYMBON MJIU
CUJIbHO HEYCTOMYMBON CTPATH(PUKALMH IJIOTHOCTH) U3YYE€HO JO0CTATOYHO MOJAPOOHO, HO
TPeOYITCS JaHHbIE HA0IIOACHUH, YTOObI BOCCTAHOBUTH MX NMOBEICHUE IJIA
MPOMEKYTOYHBIX PEKUMOB.

ITOT MOAXO0/ XOPOIIO 32aPEKOMEHI0BAJ Ce0sl B YCJIOBHAX CTATUCTUYECKH OTHOPOIHOM
MOACTHJIAOIIEH MTOBEPXHOCTH, MPOCT B PEAJIU3ANUN U ObLJIO BIIOJIHE €CTeCTBEHHbIM
HCI0JIb30BATH €r0 B MO/IeJIsiX 001Ieil MUPKYJISAINA aTMOoC(hephbl.

BMmecTte ¢ TeM, B pazMepax 3JIEeMEHTAPHOU STYEHKH CETKH MO/AEJIH MOACTUIIAKOIIAS
MOBEPXHOCTH PEAKO ObIBAET OITHOPOAHOI.

Hajim4yue pacTUTEJBbHOI0 U CHEKHOIO NMIOKPOBA, crieu(puKa TypOyIeHTHOTO
nepeMelinBaHMs BHYTPU PACTUTEIbHOCTH, 0COOCHHO, B JieCy, PAAHUALIMOHHBIE IPOLECCHI,
cajgbTranus U 1P Gy3ust 4acTUll MOYBBI M CHera B arMoc(epy, nepeHoc OpbI3r ¢
IMOBEPXHOCTH OKEAHA B IITOPMOBBIX YCJIOBHSX - BCE ITO CYILIECTBEHHO BO3/IeHCTBYeT HA
Mpouecchl TYPOYJEHTHOI0 B3aMMOACHCTBHS aTMOC(epbl ¢ MOACTUIAKIICH OBEPXHOCTHIO.



TypOy/eHTHBIC TOTOKM HMNYJIbCa 7,,7 , ABHOTO Tenia H, u Biaru E; Ha MOBepXHOCTH 3eMJIH

onpeacjaaroTCA ¢ MIOMOIIBLI0O APOAUNHAMHAYICCKOI0O METOAA:

Tiagy = PU VW ==p,C U, (1),
H =c,pw'0 =-c,p,C,U,(6,-6),

N

E =pw'q' =-p,CU,q, — TG (7, T,)]

e U=~u’+v’ - moxyan cxopocrn Berpa; 6 =(1 +0.61q)T(p0/p)R/c” - MOTeHUHAJIbLHAS

remmeparypsbl (py=1000 rlla); » — oTHOCHTEJBbHASA BJAKHOCTb; §nax — HACBIIIAKONIEE 3HAYEHUE
/NeJIbHOU BJIAKHOCTH.

Ko>¢ppuuuentsr conporusiaenus C, u Temaosaarooomena C H,C £ CBfI3aHBI ¢ HHTErpajbHbLIMH

kod¢ppunuentamu nepenoca wmnyiasca C , , Temna Cy, m Biaarm C, COOTHOLICHHAMH

2
¢,=C,,C,=C,C,,Cp =C,C, .B cBoio ouepenn, HHTerpaabuble KodGdUIUMEHTHI MepeHoca

C.(i=m,0,q) B coorBercTBHH ¢ Teopueii nog06ust MoHnHa-O0yX0Ba NPEACTABISIOTCH B BH/IE

C = £ ,
In(7/z,;) = ¥,(5)

rne ¢ =z/L - Gespa3mepHasi BbIcOTa, LIJi_ COOTBETCTBYIOILIIHE YHUBEPCAJbHbIEe (PYHKIMH,

Z,; - mapaMeTp mepoxoBaroctu, K - nocrosinnasi Kapmana.



IIo onpenesienuro, macmirad Mouuna-O0yxoBa umeer B/

3
L, =2z
g Kp'w
_‘{/ 12 12 rr
rie u,=\Vu'w +vWw - ckopocts TpeHmsi, gPoW'/p, - NMOTOK NJIaBy4ecTH, O, -

HEKOTOPOEe CTAHAAPTHOE 3HAYeHHMe IUIOTHOCTH. B mMomenu o0men mupryasuuu UBM
PAH (Mapuyk u ap., 1984, AuxnekceeB u ap., 1998) ucnosb30BaHbl yHUBEpPCAJIbHBIEC
pyukuuu, unpeacrasjaswumme codoii komOuHaumi (KasakoB wu Jlbikocos, 1982)
MOJYYUBIIMX I[IHPOKOE PACHPOCTPAHEHHE HSMIMPUYECKUX HMHTEPHOJIALUMOHHBIX
¢pyuxkuuii bycunmxepa-Jaiiepa (Businger et al., 1971) c¢ 3akonom '"crenenu -1/3". It
(GyHKIMH ACUMIOTOTUYECCKH ONMUCHIBAKT PEKUM CBOOONHOW KOHBEKIUU M IMO3BOJIAIOT
U30eKaATh HEPeaJbHO 3AHUKCHHBIX 3HAYEHUIN TYPOYJEHTHBIX IMOTOKOB NPU MAJbIX
CKOPOCTSX BeTpa.

B3aumonaeiicresue arMocdepsl ¢ MOACTHIAONICH TOBEPXHOCTHIO B BLICOKMX HIMPOTAX B
3UMHUU NEPUO BPEMEHHU MPOUCXOIUT HA (pOHE KAK NMPABUJIO YCTOMYUBOMN
cTpaTUu(PpUKALUN NOTPAHUYHOIO CJ105. B yciioBusX nepuuura KOpOTKOBOJTHOBOH
pPaaraluy MOBEPXHOCTH CHEra BbIX0JIA:KUBAECTCH (0COOCHHO MHTEHCUBHO - IIPH
0e300,12a4HOM Helde), YTO NPUBOAMT K JajIbHelIeMy YCUICHUI0 YCTONYUBOCTH
IPU3EMHOI0 CJI0S U, KAK CJIEACTBUE, K 0CIA0JCHUI0 KOMIICHCUPYIOLIEro 3TOT MPOoLece
TYPOYJICHTHOI'O IEPEHOCA ABHOI'0 U CKPBITOr0 TeIuia.



B pamMKax TpaJMIMOHHOIO NOJX0/a HHTerpajibHble YHHBepcaibHble Gynkuun YV, npn

ycToiiunBoi crpaTudguKanum, To ecth npu ¢ > 0, 3aga0TCcs CJeIyIOIUM 00pa3omM:

-V, = (5 —6u)>

rne ¢,,=z,,/L,,a =5 - svmnupudeckuii 6e3pasmMepHsblii kod3dpdunnent. Ocodblii

HHTepeC NMPeACTABJISIET TAK Ha3bIBaeMoe NOTOKoBoe yuciao Puuyapacona Rf

f= 5 .
l-¢d¥, /dg

. -1
Jlerko yoemutnhcsi, uto limRf = Rf_, mpuuem '"'kpurnueckoe 3uauenme' Rf_ =/ .
g—> 0

CoraacHo TeoperndeckuM npeacrapjeHuaM (Mouun u O0yxoB, 1954), craumonapHas
pa3BuTasi TYPOYJIEHTHOCTbL HAJd CTATUCTHYECKH OJHOPOJAHOM MOACTUWIAKIIEH
NMOBEPXHOCTHIO HEe MOKeT cylecTBoBaTh Rf > 1. B peajbHbIX yCJI0BUAX MOACTHIAOLIASA
NMOBEPXHOCTh PeaKO ObIBAeT OJHOPOJAHOU, a TMPOMCXOAAINME HAaJA HeH INpouecchbl -
craMoHapHbIMHU. I103TOMY YacTO0 BMECTO TEOPETHYECKHUX YHHUBEPCAIBHBIX (QYHKIMNH
UCNOJIb3YTCH «IMOATOHOYHBbIE» 3ABUCUMMOCTH OT XaPAKTEPUCTUK COCTOAHUA aTMOChepbI
(ckopocTH BeTpa, B MEPBYI0 oO4Yepelb) MM OT JAMHAMHUYECKOro uuciaa Puuapacona

i & 000z
0, (ou/dz) +(ov/oz)




B3BeleHHbIEe YaCTUI I

IIpu 00JbIIOM CKOPOCTH BETpPa, HANpUMep, M/C, BO B3aMMOJAEHMCTBHHM aTMochepsl ¢
NOJACTUJIAKIIEH IOBEPXHOCTHI) BO3HUKAKWT HOBbIe 3 dexrnl. Ha okxeaHe pasBurue
MOBEPXHOCTHOI0 BOJIHCHHUS] MPUBOAUT K TOMY, YTO B HITOPMOBBIX YCJOBUAX HE TOJbKO
MEHSIETCH HIEPOXOBATOCTHh MOBEPXHOCTH, HO M BO3HUKAECT NPUIOBEPXHOCTHBIN CJIOH C
00JIbIIUM KOJHYECTBOM Kamejab Boabl. Ha cyme B pesyabrare geiicTBUSl CHJI
HAMIPS2KEHUS TPEHUS MeEJIKHUE YaCTUbI (CHera, nbljid, NecKa M T.J.) TAK:Ke OTPbIBAIOTCH
OT MOACTUJIAKOINEH MOBEPXHOCTH M HAXOAATCHA B MOTOKE BO B3BCIHICHHOM COCTOSIHMM.
Eciiv KOHUEHTPauua 4acTHUIl J0CTATOYHO BEJIMKA, TO CPeay MOKHO PacCMAaTPUBATh KaK
ABYX(a3HYI KHMAKOCTb, IUIOTHOCTH KOTOPOM ompeaeasieTcd, B TOM YHCIe, U
KoHUeHTpamuenn  yactun.  CylmecrBeHHOe  YMEHbUIEHHE  a3POAUHAMHUYECKOIO
conporuBjeHus (Barenblatt and Golitsyn, 1974, Wamser and Lykossov, 1995, Lykossov,
2001) B Takoro poaa Te4YeHUAX CKA3bIBACTCHA M HA XapakKrepe TYPOYJEHTHOIr0 MepeHoca
BO BHCIIHEeHd (MO OTHOUICHUI0O K NMPUIOBEPXHOCTHOMY CJIOK) 00/1aCTH MOTPAHUYHOIO
cjioa arMmocepbl. ILIOTHOCTH CMeCH «BO3AYX — YACTHLBLD> MOKET ObITH NMPEACTABJICHA
CJeAYIOIHUM 00pa3om:

p=p,01-C)+p,C=p,(1+,C), ¢, =(p,—p,)/ P,



Macmtad Mounna-O0yxoBa IJ1sl 3THX YCJIOBHI MOKeT ObITH 3alIUCAH B BUJIE
p.(1+,0)u
LMO - 1. —~ Wal
Kg[paw A-C)+p,ewC ]

Eciu BOCIOJIb30BATHLCH YPaBHEHHEM 0aJ/IaHCa KOHIEHTPAIMU YaCTUHIl B
CTAMOHAPHOM NPUOJIMKEHUH

i(W'C' -w,C)=0, C.,,—0: wC'=wC.
=" . (1+&.Cyil
B ciayyae TepMuuecku HellTpaabHoil atMocdepsl L), = — > 0.
xkgw,&,C
—~-1
_ m kKow & zC
WC' =-KdC/dz, Kd—uzuf, K:Ku*z[l-l—ﬂ gwi < j :
dz us
C C kow & zC _ _
dC+Wg (1+'B gW§ i ):O, C_.=C,
dz «xu.z us '
_ O (1— o . _
Cin=_ClU-oNz/z) " w, | ku., f=pi’gezC, I ul

l—w+ f[(z/z)™ 1]



Torna

2
o' In 1+,Ba) z 1], w#1
_ _u, z | u, I-o|\ z,
u(z)=u.+—In +— -
K z, K 3 .
Inj1+fIn| — ||, w=1
z

S

ITockoaBbKY B ~ QM ,~ () » TO IPH OTHOM M TOM K€ 3HAYEHHH AMHAMHYECKOU
CKOPOCTH 3HAYEHME CPeJHell CKOPOCTH J0JIKHO ObITH 00JIbIIE B CJIy4ae
MPUCYTCTBUA B MOTOKE B3BCIIEHHBIX YACTUI. ITO 03HAYACT, YTO KOIPPUMeHT
CONPOTHUBJICHUS J0JI2KeH ObITh MEHbIIIE 110 CPABHEHHUIO C TEM, UTO XapaKTepU3yeT
YUCTHIA MOTOK. /IJ11 TOr0, YTO0BI OLIEHUTH 3P PeKT B3BEIIEHHbIX YACTHII
KOJIM1eCTBEHHO, MOKHO MOJIOKUTD | _ () 4 M/C B KaueCcTBe TUIIUMYHOT0 3HAYCHU A
AUHAMUYECKOU CKOPOCTH, r = 1() MKM KaK XapaKTepHOe 3HAYCHHUE PAJUYCA YACTHUI U

¢ =10". Hcmoansys ¢popmyny Crokca w, =2¢, gr’ /9v , MOKHO mosryautb w, =0.016
M/c 1 5= ]. llomaras z =0.]8MH z, = 10~* M, a TaK:Ke CUUTasl, YTO HA MPOPUID
BETPA MEKAY M YACTHIBI BJUAIOT HE CHJILHO, MOKHO MOJYYUTH CJIETYIOIIYIO
OLEeHKY: mpu n3MeHennu 3Hauenuii C. or 107 1o 10, ckopocTh BeTpa Ha BbICOTE
10 m Bo3pactaer Ha 4 — 35% 10 cCpaBHEHHIO ¢ TedeHHEeM 0e3 B3BEIICHHbBIX YACTHII.



Atmospheric boundary layer model
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IIblJIbHBIE OYPH M CHEKHbIE MeTeJIU
(Barenblatt and Golitsyn, 1974, Wamser and Lykossov, 1995)

T K i, |

" In(h/z,)-¥Y (h/L)
3
u .,

] = —

K(BO—C'W"O)

C'w'= —KCaC

0z

Stokes: w. = o gd’ /18v

S

Chambarlain: z, = yu, / g



Lykossov

atmospheric boundary layer and the Antarctic

V.N. Numerical

modelling

of interaction between

ice shelf. -

Numer. Anal. Math. Modelling, 2001, v. 16, 315-330.
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On left: surface temperature (a) and sensible heat flux.

On right: near-the-surface wind velocity (a) and momentum flux (b);

5 — with snow saltation and diffusion

Surface temperature (C)

Sensible heat flux (Wt/m"2)

12 15 18

Time

(hours)

Friction velocity (m/s)

Windspeed (m/s)
= = =

Time (hours)

r b)
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V. Makin and V. Kudryavtsev. “The drag of the sea surface at
hurricane winds”. NATO ARW (Dubrovnik, 2006)

Suspension layer in the regime of limited saturation

Main assumption

A thin adjacent to the sea part of the suspension layer is characterized by a regime

of limiting saturation (Makin, 2004). In this regime for the case of an unrestricted

supply of droplets by actively breaking waves the airflow absorbs the maximum

possible amount of droplets for the given friction velocity. The droplets form a e
very stable layer close to the sea surface.

Description o) o) &
Is based on the balance equation of the turbulent kinetic energy (TKE) for an o )

airflow with suspended particles (Barenblatt, 1953; 1979).

— —
—u'w'—u—gp—s'w'—gt =0

dz o3

0 <s <1 —droplets concentration

Solution is known —_—

—SW =—-as
U,
u(z) =—1Inz+ const.
KD a - terminal fall velocity of droplets.
17} Physical explanation: the friction velocity is proportional to the
w=—-x=<1 mean square of the turbulent velocity fluctuation, and the latter
KU, should be large enough to carry the particle into the airflow and

keep it sustained.



Direct Evidence

Field measurements Laboratory measurements

Donelan et al. (2004) — in the Air-Sea Interaction Facility

Powell et al. (2003) — measurements in tropical cyclones g " Moo evired tray SoulTisHLS WL vaicus Mlde

Green squares = profile method (Qeampo-Torres et al | 1994)

4.5 Blue asterlsks = profile method (Donelan et al, 2003)
al Red circles = momentum budgel (Donelan et al,, 2003)
E Hiack diamonds = Reynalds strese (Donelan et al, 20039)
235! Magenta dots = dissipation  (Large and Pond, 1981)
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Parameterization of the Sea-Spray Modification of
Momentum Flux (e.g., Barenblatt 1996 and Lykossov 2001)

' |a ' ' 88
(u W>6—lzj+g+0'Wng:O, (S w>:—K56—Z:WfS

where S is the spray concentration profile.

( — —_

) I-w
_ a W z
w'n| 1+ —1 for w=1
Uk l-w|\ z
U, = i ]
ln(zj Ty, W, = i
Z, ~
Inf1+aln| — for w=1
Zy
W k*z, oS
Where W = k—f, a = P 2h -, W, the mean fall speed of droplets
Uu. U,
° o . . . _(pw_pa)~103
b empirical parameter Z, . spray generation height o = =

Pa



Test with Katrina (2005)

control I%% thermal

BN GO N4 -0

O L) D — s - s NN

thermal + momentum

. Valid at 0060 UTC
Igg 29 Aug 2005



Test with Katrina (2005)

control .
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Kazakos A.JlL., JIsikocoB B.H. K Bornpocy o napamerpu3zanuu TenjaoB/JIaroo0MeHa npu
HITOPMAX NPUMEHUTEIbHO K 3aa4aM B3aMMO/AelicTBUA aTMOC(pephI U OKeaHa. -
MeteopoJiorusi 1 ruapoJorus, 1980, Ne 8, c. 58-64.

Ha ocHoBe Mo1e/id MPOI1IeCCOB TEMJIOBJIAro00MeHa OPbI3roBbIX 00JIAK0B, 00pa30BABIIMUXCS 32
cyer cxJjonbiBaHusa ny3sipbkoB neHbl (bopucenkos E.Il., KysnwemoB M.A. O
napamMeTrpu3aluu B3aUMOJACHCTBUA arTMocepbl M OKeaHa NPH IITOPMOBBLIX YCJIOBUSAX
NoroJbl NMPUMEHUTEJBHO K MOAeJAAM O001med HMpKyJIsauud armochepbl. — U3Bectuas AH
CCCP. ®dusuka armochepnl u oxkeana, 1978, 1. 14, Ne 5) npensio’keHa BbIYHCJIUTEIbHAA
TEXHOJIOTHA JJIf pacyera X00aBOYHBLIX NOTOKOB fABHOro (H, u ckpeitoro (LE,) Temia 3a
cuet OpbI3T.

H, = fw,H,dD, LE, =L fw,E,dD,
0 0

(n+4)/k * 4 k
6k u o) D D n
f: 4 CXp| —H s M=,
F(n+4j7zwam D, D, k
. 218u; i D
o =0.22exp 172 u53 : ugzg, u=100 cm/c, w,=—""w,,
+uj u



f— QpyHKuuA pacnpenejieHus Kanejab o pasmepam; D — nmamerp kanom; D, —
MOJAJIbHBIN JUAMETP KAIJIU, IPU KOTOPOM (PYHKUUA f JOCTUraeT
MAaKCUMAJILHOI'0 3HAYEHUS; k, n — 0e3pa3MepHbIe NOCTOAHHBIE, BLIOUPaeMble 110
JAHHBIM HAOJMIOACHMI; §° — BOJAHOCTH 00J1aKa OpbI3r; W, — HaYaJbHas
BePTHKAJIbLHAs COCTABJIAIOMIAS CKOPOCTH KaIJIM; W, — €€ 3HadeHue npu D =

D

m.

L
H,=1C c—(col—(pz)(qmax—qa)—coz(Tw—Ta) :
eff

ol
LE, =LpdC ¢1—C—(¢1—¢2 (@ —9.) 00, (T, =T,) ¢,
eff

12kp™ P w, 8t D, u
_ 2 L pny = sy +021,,\[Re,,  Re, =2
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CywmecTByer Tak:ke moaxoja (cm., Hanpumep, [Tpouukas, Peioymkuna, 2008; Troitskaya
et al., 2012]), coriacHo KOTOpOMY AJIsl OoNIpPee/iecHUst KOA(PPUIUEHTA A3POJUHAMUYECKOT0
CONPOTHUBJICHUS IMMOBEPXHOCTHM OKeaHAa T[PHM YpParaHHbIX BeTpax MCHOJb3yeTcs
KBa3WJIMHEeHHAasA MOJeJb BETPOBOI0 NOIPAHUYHOIO CJIOS, OCHOBAHHA HA PeEIICHUU
ypaBHeHu PeitHoabaca ¢ yueToM 3¢ (PeKToB BA3KOr0o noacjaosa. B pamkax 3Tol Moaeu
3Q(PeKT CHUKEeHHUsI NPHU YPAraHHbIX BeTPax 00bSCHACTCH TeM, UTO BeTPOBas reHepanus
BOJIH BbI3bIBAET Iepeaadyy MMIYJbCa OT BeTpa K BOJHaAM, B pe3yJbTare 4ero
TypOyJICHTHOE HANpPSAKeHUEe BOJIU3HM MOBEPXHOCTH CHJIbLHO CHHMKAETCHA. JTO NMPUBOJUT K
YMCHBbIICHUI) BUXPEBON BA3KOCTH BOJM3M NOBEPXHOCTH M JAepopManuu npodpuis
CKOPOCTH BeTpaA. CpaBHUMTEJIbHbIN aHaJIM3 pe3yJabTaToB pacueTroB U
IKCIEPUMEHTAJBbHBbIX JTAHHBIX JJIS HIMPOKOr0 AMANA30HA CKOPOCTEH BeTpPa MO3BOJIMII
aBTOPaAaM LMUTHPOBAHHBLIX BbIlIe NYOJUKAUUN NPEAJIOKUTH U O000CHOBATH INPOCTYIO
napaMeTpu3anui Ko3IQ@PUUUEHTA CONMPOTUBJICHUS IS MCIOJb30BAHUSA B YHMCJICHHbIX
MO eJIAX NPOrH03a BeTPAa U BOJTHECHMUS.

1. Tpounkas IO.HU., PeiOymkumua I'.B. KpasmiamHenHass Moaejab B3auMOJAEHCTBHUA
MOBEPXHOCTHBIX BOJIH ¢ CWIbBHBIMHU M yparanubiMu Berpamu. — U3B. PAH. ®u3uka
atmocdepnbl u okeana, 2008, 1. 44, Ne 5, ¢. 670-694.

2. Troitskaya Yu.l.,, Sergeev D.A., Kandaurov A.A., Baidakov G.A, Vdovin M.A.,
Kazakov V.I. Laboratory and theoretical modeling of air-sea momentum transfer
under severe wind conditions. — J. Geophys. Res., 2012, v. 117, C00J21.



Heo0XxoaumMo OTMETHTH elle OJHO O0CTOATENbCTBO, BJIUAKIICe HA MPoUecc O0OMeHa
UMIIYJIbCOM MEKIAY aTMOC(hPepod M BOAHBIM O00BLEKTOM M CBSI3AHHOE C BO3JAeHCTBHEM
HOKIS HA COCTOSIHHE €r0 MOBEPXHOCTH. JKCIIEPUMEHTAJIbHO HalaeHo [Poon et al., 1992],
4TO BO BpeMs J0KAsl BbICOKOYACTOTHBIE (B Auama3zoHe 2 — S I'im) BOJIHBI CYIIECTBEHHO
MOJABJISIOTCH, a4 HHU3KOYACTOTHbIC BOJIHbI, HA000POT, yCHWJIMBAKTCA. TeopernyeckKu
yCTaHOBJIEHO (cM., HanpuMmep, [Le Méhauté, Khangaonkar, 1990]), 4ro ckopocTh
AeMII(PUPOBAHUS BbICOKOYACTOTHBLIX BOJIH MOKET 3aBHCETh OT MHTEHCHMBHOCTH 0K/,
CKOPOCTH NMAaJeHUsA J0KAEeBbIX KamnejJb U Apyrux (gpaxkropos. B padore [Reynolds, 1900]
BbICKA3aHO MPEANO0JI0KeHUe, YTO MAJA0NIMe KAIUIM 0K/l NPUBOIAT K (OPMUPOBAHUIO
BUXPEBbIX KOJIell, KOTOPble HMHTEHCHU(PUUUPYHOT BEePTUKAJIbHOE IepeMellUBAHUE B
BEepPXHEeM CJioe BOAbI. ToJIMHA 3TOr0 CJ0A COCTABJISACT, B 3aBHUCHMOCTH OT 01,
BeJMYUHY OT 5 10 20 cM, a KO3 PUIUEHT TYPOYJECHTHOU BA3KOCTH M0 KPaWHEl Mepe Ha
MOPSI0OK NMPEBbIIIACT 3HAYECHNE MOJIEKYJIAPHON BA3KOCTH s BoAbI [Poon et al., 1992].

1. Le Méhauté B., Khangaonkar T. Dynamic interaction of intense rain with water
waves. — J. Phys. Oceanogr., 1990, v. 20, p. 1805-1812.

2. Poon J.-K., Tang S., Wu J. Interactions between rain and wind waves. — J. Phys.
Oceanogr., 1992, v. 22, p. 976-987.

3. Reynolds O. On the action of rain to calm the sea. — Papers on Mechanical and
Physical Subjects, 1900, v. 1, Cambridge University Press, p. 86-88.



MopaeJsb CKJIOHOBOI'O T€UEeHH C B3BEeIIEHHBIMHU YaCTHLIAMMU CHera

(Pycaes, 2012)

du 0 Ou
—=(AF-g(C)smna + -V )+ —Vv—,

g~ o sQsmar fvmv) e vy

dv 0 Ov
—=(A9—-gC)sin - —u, )+—v—,

- Ad-g )ysinff— fu—u,) raldew

dS : : 4,0 08
E+S[(u—ug)sma+(v—vg)sm,8}:Pr lazv o,
dC oC 4,0 oC

— —w,—=Sm V—,

dt 0z Oz Oz

d/dt=0/0t+uo/ox+vo/oy+wd/oz, Pr=v/y, Sm=v/y., w >0.



CranuoHapHasi aHAJIUTHYECKASA MO/AeJIb CKJIOHOBOI'0 TEUEHUH C
B3BeIIeHHbIMHU YacTuamu cHera (Psizanos, 2008; Pycaes, 2012)

d’u

=

(AF—2gC)sina +v

0,

dz

d*9

dz*

oC 4, d ‘C

w,—+Sm v—;
0z dz

u—>0,0—->0,C—>0 npuz—> oo,
u=0,0=0,, C=C, npuz=0.

—Susina + Pr'v 0,

=0,



CranuoHapHasi aHAJIUTHYECKASA MO/AeJIb CKJIOHOBOI'0 TEUEHUH C
B3BeIIeHHbIMHU YacTuamu cHera (Psizanos, 2008; Pycaes, 2012)

A2)=Ge™*,
—z/d

u(z)=c e+ —c cos(z/ d)+( —c,) SiPr sin(z/d) le

O=ce”“ + (—c,))oos(z/ d)+c, /S7Pr si(z/ d) le 7,

aSsite T w T (dd Ay (4Ad P

e it/ 4PV p Sm'v  gCdisina eCA'Ssin’



CpaBHenue pemienu 3aaauu IIpanarias AJis CKOPOCTH BeTpa
C Y4eTOM (CILIOIIHAS JIMHUA) U 0e3 yuyeTa (MIYHKTUP) NPUMeECH
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JIByMepHas 3a1a4a: IKCIePpUMEHT 0e3 YacTuil.
IHoust pyHKIUU TOKA (BepX) U OTKJIOHEHUS MOTEHIUAJBHOU TeMIepaTypbl (HU3)
HA MOMEHT MOJeJIbHOI0 BpeMeHH 6 Jac.
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JIBymMepHas 3a1a4a: IKCIEPUMEHT € YACTHIAMM.
IHouast pyHKIMU TOKA (BepX), OTKJIOHEHUS NMOTEHIMAJBHON TeMIIePaATyPbl

(cepeauHa) M MAaCCOBOM KOHIEHTPALIMU YACTHIL (HA3) HA MOMEHT MOJEJIbHOI0
BpeMeHH 6 uac.
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P. Viterbo et al. The representation of soil moisture freezing and its impact
on the stable boundary layer. — Q.J.R. Meteorol. Soc.,
1999, v. 125, 2401-2426.

Q A positive feedback exists in the land surface boundary-layer
coupling: if the surface is cooled too much the boundary layer
becomes too stable, reducing the downward heat flux and
making the surface even colder.

O The process of soil freezing turns out to be an important
damping mechanism on the seasonal temperature cycle: in
winter the freezing prevents the boundary layer from becoming
too stable.

Q Itis quite possible that mesoscale variability plays a key role in
the transport of heat and moisture towards the surface.
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Figure 15. History of monthly biases (thick solid and dashed lines) and standard deviations {thin solid and

dashed lines} with respect to observations of the daytime (72-hour: solid lines) and night-time (60-hour: dashed

lines} operational 2 m temperature forecasts, averaged over all available SYNOP stations in the Europcan area of
30°N to 72°N and 22°W to 42°E.



B EBponeiickoM mneHTpe cpeaHecpouHbix mnporuo3oB mnoroabl (EIICIIIT) mocaennme 20 Jer
HCIOJIb30BAJICH MOAXO0, C MOMOIIbI) KOTOPOI0 MCKYCCTBEHHO 3aBbIIIAJACH CTENEeHb TYPOYJIeHTHOIO
nepeMemIMBaAHUsI B MOTPAHUYHOM CJioe aTMocC(epbl B YCJIOBUAX €r0 YCTOMYUBOM CTpaTH(PUKAIMH
[Sandu et al., 2013], 4T0o0BI Yy4YecThb BKJIAA MOACETOYHBIX IMPOUECCOB, OOYCJIOBICHHbIX
HEOHOPOAHOCTHI)  NMOACTHJIAOINEH  TNMOBEPXHOCTH, TPABUTAIMOHHLIMH  BOJHAMH  WJIH
Me30MACIITAOHOM M3MEHYMBOCTHI), He pa3pemiaeMbiX SIBHO MPOTrHOCTHYECKOW Moaeabro. C
MOMOIILI0 TAKOI0 IMOAX0Aa YIAJ0Ch YJIYYIIUTHL KAa4eCTBO BOCIHPOU3BEACHUS TeMIIEPATYpPbI
MOACTHJIAKOIIEH MOBEPXHOCTH M CHHONITUHYECKHUX 00pa30BaAHUM.

AHau3 pe3yabratoB psiga 10-1HeBHBIX NPOrHOCTHYECKUX IKCIIEPUMEHTOB, npoBeaeHHbIX B ELICIIII
¢ mozesibio TS111L.91 (ropu3oHTAJIBHOTO paspemeHust 0K0JI0 S0 KM ¥ BePTHUKAJIBHOTO — 91 ypoBeHb)
nst 3umMHero (suBapb 2011 r.) u jgetHero (urouab 2010 r.) ce3oHoB, moka3aJj [Sandu et al., 2013], uro
O0TKa3 OT MCKYCCTBEHHOI0 3aBbIIICHUS CTENEHHU TYypOyJICHTHOT0 O00MeHa B YCTOMYHMBO
CTPATU(PUUUPOBAHHOM MNOIPAHUYHOM CJI0e arMoc(hepbl NPUBOAUT K YJAYYUICHHIO Ka4ecTBA
BOCIIPOU3BEICHUS HU3KOYPOBEHHbLIX CTPYMHBIX TEYEHHH M CYTOYHOI0 XO0AAa TeMIepaTrypbl
MOBEPXHOCTH M BJUAECT (B HEKOTOPbIX CJAy4YasiX — HEraruBHO) Ha XapaKTePUCTHUKH
KPYIIHOMACIITAOHBIX TEYEHHW — MHTEHCHUBHOCTHL CHHONTHYECKHX OOpPa3soBaAaHMU H AMILIMTYAY
CTAIMOHAPHBIX IUIAHETAPHBIX BOJH. CyleCTBEHHYI0 PoJib 3/eChb HIPAOT KaK BbIOOP
TYpPOYJIEHTHOT0 3aMBbIKAHUS, TAK U, HAIPUMeEP, MapaMeTPU3alusa OporpapuuecKoro ConpoTuBJICeHUA
WM ONMUCAHUE B3AaUMOAEHCTBUA aTMOC(epbl M CYIIIH.

Sandu 1., Beljaars A., Bechtold P., Mauritsen T., Balsamo G. Why is it so difficult to represent stably
stratified conditions in numerical weather prediction (NWP) models? — J. Adv. Model. Earth Syst.,
2013, v. 5, p. 117-133.



du3uKa CylmIu: THAPOJOrHYecKast HEOAHOPOAHOCTh
(cpennee Teuenue O0u, Xantol-Mancuuckud AQO)

Copyright ©@ Rand McNally & Company or its licensors. All rights reserved. http:ffenwrw.randmcecnally.com



KpuocdepHbie XapaKTEepUCTUKH, BO3ACHCTBYIOIINE
HA KJIMMATHYECKHUE MPOLECChI

QO AuabOeno cHe:xxkHoro nmokpona (Lynch et al., 1998)

O TemionepeHoc M MHPUIALTPANUS KUTKON BJIATA B CHEKHOM IMOKPOBeE
(Mocko and Sud, 2001)

O IMopucras crpykrypa rpynra (Tilley and Lynch, 1998)

Q da3osble nepexoanbl Biaaru (Bogoaun u JIsikocon, 1998, Takata and
Kimoto, 2000)

Q I'mapoJsorunyeckasi HEOJJHOPOAHOCTH MOACTHJIAIOIIEH TOBEPXHOCTH
(03épa, 00s10TA, pEYHBbIE CHCTEMBI)

d HwusoBbIle MeTe N



Soil Moisture Processes (E. Blyth, 2007)

*Gravity

*Surface tension
Q Q *Drainage
Upward flow
O Groundwater
O *Evaporation
O ___|*SoilFreezing |
*\Vapour Flow
Q *Soil swelling/cracking
Macropores
*Organic soils
*Chalk Soils




From Point to Spatial (E. Blyth)

Infiltration of rainfall into frozen soil

(55-60% of soil freezes in winter in the northern
hemisphere)

At a point, rainfall does not infiltrate a frozen soil

At the catchment scale rainfall does penetrate a frozen soil

(Niu G.-Y. and Z.-L. Yang, Effects of Frozen Soil on Snowmelt
Runoff and Soil Water Storage at a Continental Scale, Journal of
Hydrometeorology, 2006, v. 7, 937-952).



IlepeoxiiakaeHHAA KUAKAsA Bjiara B Mep3JioOM IPYHTe

» B npornecce nmpomMep3aHus MOYBbI BOja Ha
MIOBEPXHOCTH COCTABJISIOIIMX €€ YaCTHII
OCTaeTCs B XXUJKOH (pa3e BCICACTBUE
ACUCTBUS KAIWISIPHBIX CHUJI U CHUJI
abcopO1um.

» HeoOxoanma mapaMeTpu3amnus
coaepkaHusI 00beMa KHUIAKOW BIIard MpHU
OTpHULIATEIBbHBIX TEMIIEpaTypax.




UNFROZEN WATER CONTENT (%)

B0

Ishizaki, 1994
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Knumatnueckasa moapens ABM PAH
(Bepcus INMCMA4.0)

O ropu3OHTarbHOe paspelleHmne: 2x1.5 rpagyca no gonrote 1 LWNPOTe B atMmocdepe,
1x0.5 rpagyca B okeaHe Ocagkm  Wcnapenwue

[ToBEPXHOCTHLIN
CHer 1 CTOK

0 21 140 ypoBHeN No BepTUKanu,
COOTBETCTBEHHO, B aTMOC(epe 1 okeaHe

[MlognoBepXHOCTHbLIN

dusunka cyLum: CTOK

O MOAeEesb «IMo4YBa — PpaCTUTENIbHOCTb — CHEer — CT1OK yepes

NPU3EMHbIN CNOW aTtMocepbI» HUBKHIOIO
rpaHuuy

0 (23 ypoBHSA B rnoyse, 4 ypoBHSA B CHere)

o TpexmepHasa guHamuka o3ep (Kacnumnckoe mope, Jlagoxckoe n OHexckoe o3epa,
Bbawnkan, Benukne AmepukaHckune osepa, Bukropus)



B3zanmopgeucteue atmocodepbl n Kpnocodepsbl

CHeXHbIN NOKPOB:

Donee ObICTPLIN CX0A
CHera

« Bbicokas oTpaxaTenbHasi cCnocoBHOCTb ‘
ansbeno
( .D. ) YMEHbLUEHNE

* Hwuskasa TennonpoBOOHOCTb anbbeno

« HakonneHue Boabl B TEYEHUE ANUTENBHOMO JLSSREONIR
nepvoga

MHoroneTHAs Mep3noTa: k

Tepputopus, 3aHUMMaemMasd MHOIONETHEN
MEP3r0TON, COCTaBMNAET YeTBEPTb MOBEPXHOCTU
cyLumn

CeBepHble 3KOCUCTEMbI — Hanbornee ys3BUMBbI Mpu
rmo6anbHOM U3MEHEHUU KnnmaTa

[Mnowaagb, 3aHMMaemMmasi MHOrofIeETHEU MEP3NOTOM,
OyneT cokpawiatbcs, a rnybruHa akTUBHOMO Cros
yBenuymeatbca (IPCC, 2001)

OKOCUCTEMbI: OT MOrMNoLLEeHNs yrrepoga —
K ero amuccuu (?)

)

NONOoXWTenbHas
aHomanus
Temneparypbl

OonblUlee KonmyecTBo
NOrnoLleHHON
COSTHEMHOW paanauunm




T.J. Philips et al. (2002). Large-Scale Validation of AMIP
II Land-Surface Simulations

The Overarching Question:
What degree of .SS complexity is essential for climate simulation?

Schamallc of land-sUrtacs
a1 sl sl

Single Layer "Bucket" Bode=l R -_r'“'x_
R T

e ~ 5
il e

eapotrzrspiraton

prac1aatiza

“Bucket” Scheme Complex Biophysical Scheme

= No explicit vegetation = Vegetation canopy{interception, resistance )
= Little soil physics * Soil moisture percolation/diffusion

* Overflow runofft * 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
T159L.50 multi-layer diffusion | intercept. + transpiration 4 4 ECMWEF, UK
T631L.30 multi-layer diffusion | intercept. + transpiration 4 3 JMA, Japan
T421.18 multi-layer diffusion | intercept.+transpiration+CO, 6 6 NCAR, USA
T62L.18 multi-layer diffusion | intercept. + transpiration 3 2 NCEP, USA
T421.18 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 LL19 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
T42L.30 multi-layer diffusion | intercept. + transpiration 3 3 MRI, Japan
T421.18 multi-layer diffusion | intercept.+transpiration+CO, 6 6 SUNYA, USA
4x5 L.24 bucket no 1 1 UIuC, USA
4x5 L15 bucket no 1 1 YONU, Korea
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Water Path Through a Plant as Part of Transpiration

Interceptlon"k

.-_Runo-ﬂ‘ 2 : ' * ‘ ‘

Water absorbed ——/
by root hairs

infiltration

©The COMET Program

Ocagku NcnapeHune

MoBEPXHOCTHBIN
CTOK

[MogonoBepXHOCTHbLIN
CTOK

CTOK 4epes
HUXXHIOH

rpaHnuy




Mopenu cHeXXHOro NoKpoBa

(ctrl)

(new snow)

OnuncbiBaeMble NPOLIECCHI

* TennonpoBoaHOCTb

aTS‘H
at

pS?l CS!Z

« TagHue cHera HacTynaert, ecnu
Temneparypa ero nosepxHoctn >0 C

* TennonpoBOAHOCTb

T, _ 9 , 0T,

Psn Csn W = E’Lsn a_; + Lz‘ (R(Z) - *M(Z))

« Booa B XXKMOKOM COCTOSAHUMN:
npocavynBaHue, NOBTOPHOE 3aMep3aHune
oW,
Pen - (2) = P (M(2) = R(2) — q(2))
* YNnoTHeHne noa AeUCTBUEM CUTIbl THXKECTU
n metamopdusma

1 dp;, 1 l
= ag
psn(t) dt  n(t)

n(©+ [ pan(©g]

« [IPOHMKHOBEHME COMHEYHOI paamaLmm
S(2) = Sye=F?




Volodina, Bengtsson and Lykosov (2000)
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TomuHA CHEXXHOI0 MOKPOBA 110 TAHHBIM MOJAEJIMPOBAHUSA C YUETOM
(a30BBIX Nepexoa0B BJaru s cr. Baagau (pespanab-anpeis 1977 r.).
N30 1MHUM: TUIOTHOCTH CHEra

Firmmeaea Al=avswwe 1M



AHAJIM3 Pe3yJbTATOB JKCIEPUMEHTOB M0 ABTOHOMHOMY MHTEIrPUPOBAHUI0 MOHEJIH
TERRA CUCTEMbI «IMOYBA-PACTUTEIbHOCTb-CHEKHbIU IIOKPOB) (010K
Me30MACIITA0OHOM HeruJApoCTATHYECCKOM MOAEJH MEKAYHAPOAHOI0 KOHCOPIHUYMA
COSMO) Ha pas3auuyHble BpeMeHHble mepuoabl (or 1 roma g0 S0 Jer) c
UCNOJIb30BAHMEM  JAHHBIX  pa3sjMYHbIX MerTeocTaHuuu (Baaman, Skyrck,
JInnaeHOepr) mokasaj, Yro YHPOIICEHHAsl CXeMa NmapaMeTpu3aluvy CHera, KoTopas
UCIOJbB3YeTCd B J3TOM MOAEJIHM, He MOKET BOCIHPOU3BECTH PpPa3jMYHbIE
XAPAKTEPUCTUKH CHEKHOI0 MOKPOBA (B MEPBYIO 04Yepedb, CPOK MOJHOIO CX01a CHera)
C TAKOH Ke TOYHOCTHIO, KAK 3TO Aejaer pusuuyecku 0oJiee MOJHAsA MOJE]b CHera,
paspadoranHas B MUBM PAH. HUcnogb3oBanue 00Jiee COBEPIIEHHOM «CHEXKHO)
MOJEJM 3HAYUTEIbHO YJIyYIlIaeT BOCIPOU3BEICHHE IBOJIONUU CHEKHOIO NMOKPOBA,
0CO0OEHHO B BeCEHHHE MeCslbl, M 3aMETHO CKa3bIBAeTCHd Ha KayecrBe
BOCIIPOU3BEACHUA TEMIIEPATYPhl NOBEPXHOCTH B MEPHUO] HHTEHCUBHOIO0 CHErOTAsIHUA
(E.E. MauyJabckas).



Water equivalent snow depth, mm

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 | (x standard deviation)
of observed and in the time of the snow
simulated SWE complete ablation
(days)

(N = 221, p<0.0001)




JliarpaMma 1 emJjiopa CTPYKTYPbl MOJAEJIbHBIX M0JIeM U3MEHYUBOCTH (1Y /Y-
1988 r.r.) MeCA4YHO OCPEeTHEHHOT0 UCIIAPEHMA HA MOBEPXHOCTH CYIIH 110
pesyiabtaramM AMIP-I B cpaBHenuu ¢ 1aHHbIMM peanain3a (“Reference”)
NCEP (Phillips et al., 2000).

Land-surface Evaporation: AMIP | Models vs NCEF Reanalysis

s I 4] total space-time pattern analysis
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JAunarpamma Teusiopa 1Ji1 M3MEHYUBOCTH NMOTKA CKPHITOr0 TEIJIA HA MOBEPXHOCTH CYUIH 110

naHHbIM 3kcniepumenta AMIP-II (Irannejad et al., 2002).
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IIpocTpaHcTBEeHHOE pacnpeaesieHue HenpepbIBHON ((puoJ1eTOBBIN LBET) U
CIIOPAUUYECKOM (ro1y0oil HBeT) BeYHOU MEP3JI0ThI 0 JAHHBIM YHCJIEHHbIX
IKCIEPUMEHTOB ¢ KiuMaTuueckou moaeaso UBM PAH: B 1981-2000 rr.
(Bepx), 2081-2100 rr. npu cuenapuu B1 (cepeauna) u 8 2081-2100 rr. npu
cueHapuu A2 (Hu3)
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OMUCCUA MeTaHa TEPMOKaApPCTOBLIMMN O3epamMu

TepmokapcToBble 03epa 3aHumatoT B CeBepHon Yactu Cubunpmn 22 — 48 % nnowagu
cylin, HabnaaeTcs TeHAEHUUA pocTa UxX nnoLwagu.




OMUCCUA MeTaHa TEPMOKApPCTOBbLIMM O3€pamMu

8 — 50 % aHTponoreHHon amunccum metaHa oo 2100 B 3aBUCMMOCTU OT CLIEHapUS
IPCC (K. Walter et al., 2006, Nature)

He3amep3satrowan
“ropsvyas Touyka’ —
WCTOYHUK MeTaHa B

3MMHee Bpems |

ie)thaw bulb .,.







