HpeIlCTaBJIeHI/Ie INOTOKOB Te€IllIa, BJIAaI'd 1 HMIIYJIbCA B KIIMMATHY€CKHX
MOJeJIAgX. Hepannaunonnme IMOTOKM.

Bonooun E.M. Uncmumym @viuuciumensuoi mamemamuxu PAH

PaccmaTprBaroTCs OCHOBHBIE METOJBI IIApaMETPU3aLUU MTOTOKOB TEILIa, BJIaru M UMITyJbCca B
aTMocdepe, BKJIIOYas MOTOKM C TMOACTWIAIONICH TMOBEPXHOCTH M IPOLECCHl B aTMOC(epHOM
IIOTPAHUYHOM CJIOE.

[ToToku ¢ MOBEepXHOCTH OOBIYHO PACCUUTHIBAIOTCS C MOMOIIBIO a3POIMHAMHYECKUX (POPMYIT:

Fo = pCy [V, [ (U —uy,), 1)
R =pCy [V, [ (Vs =V,), (2)
F = pC; [V, (6, -6,), ©)
Fo =pCr VL 1(Q-Q,). (4)

rae Fu, Fv, Fr, Fo — noroku ummynbca B HanmpaBIeHUU X U Yy, HOTOK SIBHOIO TEIUIAa M IOTOK
CKpBITOTO Teruia cooTBeTcTBeHHO. Cy n Cr — 6e3pa3zmepHbie k03P hUIIMEHTH 00MEHa, 3aBUCAIINE OT
ctpatudukarnmu, Cp u L — ynenpHas TETIOEMKOCTh BO3AyXa U TEIUIOTa mapoodpa3oBanus. MHaeke
s 0003HaYaeT BEJIMYMHBI Ha TIOBEPXHOCTH 3E€MJTH, MHJICKC a — BEJIMYHMHBI B aTMOoc(epe, Ha HIKHEM
ypoBHE aTMOc(hepHO MOJENN, KOTOPBIM HAXOAUTCS, KaK MPAaBUIIO, B HECKOJIBKUX JECATKaX METPOB
HaJ 3emuiei. [Ipy BBIYMCIEHUH MTOTOKOB MMITYJbCAa MOXHO MOJIOXKUTh Us = Vs = (0. Jlns pacuera
TEMIEPATypPhl TOBEPXHOCTH OKEaHa UCIOJB3YIOTCS MOACIH O0IIel IUPKYISAIUN OKeaHa, WIH, eCITH
MPOBOAUTCA pacdeT Toybko mo moaenu OLIA, To Temneparypa mMOBEpXHOCTH OKeaHa 3ajaercsd. B

CiIy4ae CyIIH JUIsl ONPENEIICHHUs TEMIIEPATYPBI TIOBEPXHOCTH PELIACTCS YPAaBHEHHUE:

oT
pC, ﬁts =-FK - FQ + Frap + Fson (5)

rae ps Cs - INIOTHOCTh U TEIUIOEMKOCTh M04BBI, F1 1 Fg — noToku sBHOTO M cKkphITOro Temia (3) u
(4), Frap u FsoiL — paauanuoHHblii OajgaHC Ha MOBEPXHOCTH M IMOTOK TeIla W3 MOYBBL Jlis
BBIYUCICHHUA IIOTOKa TCIIJIa M3 IIOYBBLI, 4@ TAKXKC A OHpGI[CJICHI/IH BJIA2KHOCTHU HOBerHOCTI/I, B
MOYBE PEINAIOTCS YpaBHEHUS TerioBaaronpoBoanoctu (JIsikocos, [Tamarun 1978)

or o , oT

—=—A—+F, 6
ot oz a7 ©
oW 0 oW oT

—=—| Ay —+ Ay —+7 |+ K 7
ot 82[2W oz oz 7) v ()

rie W — ynenpHash BIQXHOCTh TOYBBI, AT,Aw, Awr Y - KOI(PPHUIMEHTH TETUIONPOBOIHOCTH,
BJIArOTIPOBOIHOCTH, BJIArOTEILIONMPOBOIHOCTH U TUAPABINYECKHA MOTOK. Ft — MCTOYHUWK Teria
BCIeACTBUE (DA30BBIX MEPEX0I0B BOABI, F\y — HCTOUHMK Biaru BCiencTBHE (a30BBIX MEPEXOA0B H
nepexo/ia TOYBEHHOM BOJBI B CTOK. Ha HIDKHEH TpaHMIle CTaBSATCS YCIOBUS HYJEBBIX MOTOKOB, Ha
BEpXHEH rpaHHIle — MOTOKK Ha moBepxHocTH. Cucremy (6), (7) pemaroT 1100 HESBHBIM METOIOM,



coBMmecTHO ypaBHeHueM (3), (4), (5) u ypaBHEHHEM TEILIONPOBOJIHOCTH B TOTPAHMYHOM CIIOC
aTMocQepsl, THOO0 OTIEIBHO OT aTMOC(EphI, TOTA ISl ONPEISIICHUS] TEMIIEPaTyphl TOBEPXHOCTH
TpeOyIOTCS UTEepaLIUU.

B kauyecTBe BIaXHOCTM TOBEPXHOCTH Qs MPH BBIYMCICHUM TOTOKA BIIATH HCIOJIB3YETCS
3HAYCHHUE HACBIIICHHOW BIIAXXHOCTH TPU JAHHON TeMIlepaType W JABJICHUH, €CIU MOBEPXHOCTH
MOKPBITA BOJION MJIM CHETOM. ECiii MOBEpXHOCTD MPEACTABISIET COOOM OTKPHITYIO TTOUBY, TO Qs €CTh
(GYHKIIMST HACBIIICHHOM BIXXHOCTH W BJIQKHOCTH MPHUITIOBEPXHOCTHBIX CJIOEB MOUBbI. Hanbombimit
UHTEpEC TMPEICTABIISICT BHIUYUCIECHHE IOTOKA BIATM C IMOBEPXHOCTH PACTEHHUH, TaK KaKk OHHU
MOKPBIBAIOT OOJIBIYIO YacTh CYIIW, M TMPABWIbHBIA pacyeT TeMIepaTypbl MOBEPXHOCTH CYIIU
HEBO3MOXKEH 0€3 MPaBHIILHOTO BBIUYMCIICHUS MCIApPEHUsl C pacTeHUil. B 3TOM cilydae MOTOK Biaru
3amuchIBaeTCs cneayromuM oopasom (Sellers et al., 1986):

L _
- _Lp@-Q) ®
R
rac R - COHpOTI/IBJIeHPle I/ICHapeHI/IIO,
Re—1 4R 9)
C IV, ™
1
m - 06I)IIIHOC aBpO,I[I/IHaMI/I‘IeCKoe COHpOTI/IBJIeHI/Ie, a R\/eg - YCTBI/Ique COl‘IpOTI/IBHeHI/Ie,
T a

3aBHUCANICC OT MHTCHCHUBHOCTHU (I)OTOCI/IHTCSaZ

Rey = F(T)F(W)F(RAD) (10)
rae GyHkimy F BBIpakaroT 3aBHCHMOCTh YCTBHYHOTO COMPOTHBIIEHHSI OT TEMITEPATyPhI, BIAKHOCTH
NOYBBI, MPUXOMALICH paAualud W JIPYTUX BEIMYUH. DT (QYHKIUMM UMEIOT MUHMMYM @pHU
OJIarOMPHSATHBIX VTS PACTCHHUS YCIOBUAX, © MAKCUMYM — IIPH HEOJIArONPHUSTHHIX.

VY4er TypOyJeHTHOCTH B IOTPAaHUYHOM CJI0€ aTMOc(ephl MPUBOIUT K MOSBICHUIO B YpaBHEHUN
CllaraeMoro BHAa BS3KOCTH WIJIM TEIUIOMPOBOJHOCTH, a TaKKE JIOMOJHUTEILHOTO IOTOKA Y,
CBsI3aHHOI'O C HAJIMYHUEM GOHBLHI/IX BI’IXpGﬁ, " IIOTOKa, CBA3aHHOI'O C BOBJICUCHHUCM BO3AYyXa BBIIIC
BEPXHEH rpaHuIlbI morpancios (cM., Hanpumep, Hong et al., 2006):

oY o0, o¥ oF
—=—(k—-y-F z/ h)**3)=—%
ot az( 0z 7~ Fenmm(2/) )

(11)

riae Fy - motok mo Beprukanu Benuuunbl V. 3nech W - mpornoctudeckas nepemennas (U, V, 0, Q).
Takoe ypaBHEHHE OOBIYHO PEIIACTCS KOHEYHO-PA3HOCTHBIM METOJIOM C IIOMOIIBI0 HESIBHOM CXEMBI,
TaK Kak K03 GuueHTs kK MOryT OBITh OYCHB OOJIBIIUMHM, YTO MPUBOIUT K HEYCTOWUYNBOCTHU SIBHOM
cxeMbl. B xauecTBe BEpXHEro rpaHMYHOTO yCIOBHS OOBIYHO OEpeTcst HylIeBOM MOTOK, a B KA4eCTBE
HIDKHETO YCJIOBHSI — ITOTOK Ha TIOBEPXHOCTH U3 hopmyn 1-4.

Koaddunment TypOyIeHTHOCTH OYEHb CHIIBHO 3aBHCUT OT BEPTHKAIBHOW CTpaTU(UKALUW: OH
BEJIUK TIPU HEYCTOWYMBOM CTpaTH(UKAIMK U Ml IpH ycToWunBou. Kpome TOro, OH 3aBUCHUT OT
BEPTHKAIBHOTO CIIBUTA BETpa W OT MacmTaba TypOyJIeHTHOCTH, KOTOPBIH IO BBICOTHI HECKOJIBKO
COTEH METPOB IO MOPAJIKY BEIWYUHBI paBeH z. Takum oOpaszoMm (Businger et al., 1971 , Monun u
O0yxoB, 1954),

kzk(%,a—v,lj (12)
07 01



rae 0 - moTeHuanbpHas TemMreparypa, | — macmrabd TypOyIeHTHOCTH.

VYCIIOBHO pa3inyaloT KOHBEKTHBHYIO TYpOYJIEHTHOCTh, KOTOpas OOYCIIOBI€HAa B OCHOBHOM
TEMIEPATypPHOIl HEYCTOWYMBOCTHIO, U CABUTOBYIO, KOTOpasi 00ycCIOBJIEHAa BEPTUKAIBHBIM CIBUTOM
Betpa. Koapduuuent TypOylIeHTHOCTH, Kak MpaBWJIO, 1O BEJIMYMHE HA MHOTO TOPSIKOB
npeBblaeT KO3 OUIUEHT MOJIEKYISIPHONU BI3KOCTH U TEILIOMPOBOIHOCTH.

AnbTepHaTUBHAS apaMeTpu3alys TypOyJIEeHTHOCTH B IOTPAaHUYHOM CJI0€ aTMOC(hepbl COCTOUT
B MPUMEHEHUH I0/X0/1a MoToKa Macchl. COracHO eMy, BEpTHKAIbHbIE TBUKEHHS B MOTPAHCIIOE
MOPOXIAIOT TOTOK MAacChl BOCXOIANIET0 W HUcxomsmero Bo3ayxa My u Mp. Ilorox
nporHoctudyeckor nepemennoi ¥ pasen coorBerctBeHHO MYy u MYWp. B ypaBHenun mis ¥ B
pe3yabTare MOsBISAETCS JOMOTHUTEIBHOE CaraeMoe:

o¥ _ d(MYu-MWo)
ot op

(13)

B onHol siuelike MOAENIBHOM CETKH, MOMAaJaroleld Ha CYIly, MOKET CYIIECTBOBATh HECKOJIBKO
TUTOB TOBEPXHOCTH, HANPUMEp, CHET, PACTUTEIbHOCTh, OTKPBITAasl MOYBa, o3epa. Torma uist
Ka)KI0r0 TUIA TTOBEPXHOCTH BBIYHMCIIAETCS CBOSI TEMIIEpaTypa U CBOM MOTOKHU B aTMochepy. Bonpoc
0 TOM, JOJDKHO JIM COCTOSHHE MOJENbHOW arMoc(hepbl B TaKOW s4YeHKe OBITh Pa3IMYHBIM Haj
pa3HBIMU THIIaMH TOBEPXHOCTH, PEIIAETCS B Pa3HBIX MOACISIX Mo-pazHoMy. B momenn MBM
pasznuune B atMocdepe He paccMaTpuBaetcs. J{s mpumepa mpuBeIeHO UCTIAPEHUE C TTOBEPXHOCTH
EBpazum B utose, a TakkKe UCHApEeHUE TOJBKO C JIMCTHEB JKUBBIX PacTeHWil. BUIHO, B yMEpEHHBIX
MIMPOTAX BKJIAJ UCIIAPSHHS C PACTUTEIHHOCTH B TIOJHOE MCHAPEHHUE COCTaBIsieT 0oyiee TOTOBUHBI
(puc.1) k 3amany ot baiikana, 1 OKOJI0 IMOJOBUHBI MM MEHEE K BOCTOKY OT HETO.

HemnocpencTBeHHO M3MEpEeHM TOTOKOB B INIOOATFHOM MacIiTa0e HE CYIIECTBYET, MOITOMY
CPaBHHTb, JIOMYCTHM, reorpapuyeckoe pacrlpeesieHue IMOTOKa SBHOTO TeIia, MOJy4yaeMoro B
MOJIEJISIX, C JAaHHBIMU HAOI0ICHUH, HEBO3MOXKHO. MOXKHO JUIIh YTBEPKAATh, YTO, MO-BHAUMOMY,
NPEAJIOKEHHBIE METOJBl IMAPAMETPU3ALMM  I[OTOKOB B OCHOBHOM HEIUIOXH IIOTOMY, 4YTO
U3MepsieMble TTapaMeTPhl B MOJETH OJIM3KK K HaOJIONCHUSAM (HANpUMeEp, TeMIleparypa BO3AyXa).
Tem He MeHee, MOXKHO NEPEYUCIIUTh HECKOIBKO MPoOIeM KIMMAaTHUECKUX MOJIENEH, B TOM YHCIe U
mozaenu KIBM, cCBs3aHHBIX, MO-BUIAMMOMY, C HECOBEPIIEHCTBOM IIPEMJIOKEHHOIO IOAXOAAa K
napameTpHU3alny TOTOKOB.

1. T'moGambHO OCpPENHEHHBI TMOTOK CKPBITOTO TEIUIAa B MOJEISIX OOBIYHO HECKOIBKO
NPEBOCXOIUT OIIEHKY IO JaHHbIM HaOmogeHuii. Hampumep, omenka Hartmann et al. (2013)
cocrasiseT 70-85 Br/m2, nanusie mogenn UIBM PAH 87 Br/m2.

2. 3aBbIIICHUE TEMIIEPATYPhl M 3aHM)KEHUE KOJHUYECTBAa OCAJKOB B IOKHOW EBporie nerom,
CBSI3aHHOE, MO-BHJIMMOMY, CO CIIUIIIKOM OBICTPHIM BBICBIXaHHEM TOYBHI BECHOW M B Hayalle JieTa.
(puc.2).

3. 3aHmKeHUE IO MOPCKOTO JbJa B AHTapKTHKE, 0COOCHHO JieToM (puc.3).

4. HeoOX0auMOCTh BBEIEHHUS CHJIBHO pPa3aUYaronuxcs Kod3(PQOUIIMEHTOB BEPTHUKAIBLHON
muddy3un sl TeIa U UMITYJIbCa B YCIOBUSX YCTOMYMBOW CTpaTH(PUKAIUU ISl TPABUIBLHOTO
MojenupoBanus kiumaTa Cuoupu 3uMoii.
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Puc.1. cnapenue ¢ moBepxHOCTH (MM/CYT) B HIOJIE B KITuMaTHueckoi moaenu IBM. Beepxy —
MOJIHOE UCTIapEHUE, BHU3Y — UCMIAPEHUE C TIOBEPXHOCTH JTUCTHEB PACTECHUMH.
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Puc.2. Omubka moneneit CMIP5 B ucniapenuu, Mm/cyT (BBEpXY), ocamakax, MM/CYT (B cepeiiHe) U
TemrepaType y noBepxuocty, K (BHu3y) B utone-asrycre. Pucynok uz Mueller and Seneviratne
(2014).
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Puc.3. I'panuna mopckoro jipaa B ApKTUKE 1 AHTapKTHKE B SIHBape-MapTe (ClieBa) U Uioje-
ceHTs0pe (crpaBa), KpacHas JinHUA. [[BeToM mokaszano kommyectBo Mojeieii CMIPS, B koTopsIx
MOJTy4aeTCss MOPCKOM JIe] B YCIIOBHSIX COBpPEeMEHHOTO KiuMmara. Pucynok B3st u3 Flato at al. (2013).
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