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Monenp KINMAaTUYECKONU CUCTEMBI BKJIFOUYACT B
ceOs 1Ba OCHOBHBIX OJIOKA:

MOJICIb OOIIEH NUPKYISIINN aTMOC(EephI U
MOJICJIb OOILIEH [UPKYISIUN OKEaHa,

a TAK)KE JOIOJHUTEIbHBIE OJIOKH:
YIJIEPOIHBIN 1IUKII,

[IMKJI METaHa,

XUMHIO0 aTMOC(EPHI,

a’PO30JIbHEIN OJIOK,

[apaMeTPU3aLHI0 HEKOTOPBIX AICKTPUUECCKUX
SIBIICHUU
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Mogens atMocdepbl BKIIFOYACT B Ce0s

PelieHre ypaBHEHUN TUAPOTEPMOJUHAMUKN KOHEUYHO-
PA3HOCTHBIM METOI0M

[lapameTpu3zaiuio atMocpepHON paauauu

[lapameTpu3aiyio TypOyJIeHTHOCTH B HOIPAHUYHOM CJIOE

[TapamMeTpu3aliO0 NOTOKOB Ha IIOBEPXHOCTH, a TAKXKE
CaMOM ITOBEPXHOCTH (paCTUTEIBHOCTb, I0YBA, CTOK PEK U

zp.)
IlapamMeTpu3anuio KOHBEKIIMU U KOHJICHC AU
[ ‘paBUTAIIMOHHO-BOJIHOBOE COIPOTUBIICHUE

BcnoMorarenbHble 0J10KH ((pUAbTpaLUs Y MOJIIOCOB,
ropu30HTaIbHAsA TUPPy3us,...)
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PacyeT mOTOKOB C MOBEPXHOCTH MPOUCXOJUT 10
a’dpoJMHAMMUYECKUM (0alik-) (hopMynam

F, =pC, |V, |(u,—-u,),
F, =pC, [V, |(v,-V,),

|:T :pCPCT ‘Va ‘ (‘95 _Ha)’

Fo = PLG IV, 1(Q -Q,)

PacueT Temrieparypbl IIOBEPXHOCTH CYIIIHU:

OT,
PC, ot =—F - FQ + Frap T Fsow




YpaBHEHUS TEIJIOBIArOMIPOBOJHOCTH B MTOYBE:

oT o . oOT
R I =
ot 0 ﬂTaz !

oW 0 oW oT
= + A —+7 |+F
o az(ﬂw P 7) W

Hcnapenue ¢ paCTUTEIbHOCTH:

- 2@ -0

rac R - COIIPOTHUBJIICHUC UCITIAPCHUIO,

1

R = + Rveg Rveg = F(T)F(W)F(RAD)
CT |Va |




I1oBEpXHOCTHBIN U MOANOBEPXHOCTHBIA CTOK

Rpyp =P+ W, —[1 —max(A,0)] Wsmaz, (60)

rne dyuknus A(W,, P) umeer cremyromuii BUn

W 3 p 1+a

14a
1— - — : 61
( Ws,?'nam) (1 + G)ngmaml ( )

3mech MOKa3aTelb a XapakKTePU3yeT MeJKOMACHITA0OHYIO H3MEHYNBOCTE peibeda U 3alaH
CIICIYIOITUM 0Opa3oM

A(W,, P) =

a

a = max [ﬂ? 0.01] , (62)
O + Opax
W W W —W, \*
Ry = AtAzpd, 50 ——— Ry = AtAz dmin [ dma:c - dmin ( )
12 i I"V;namj 2 d Wma:c T ( ) Wma:s - Wh



Tunonl MOYBBI

HPOHEHT comepxXKaHiA IMeCKa, 'VJIMHEBEL M1 OPrraHMKM B 8 Tunax mous

Homep IToura ITecok | 'muua | Oprammka

1 rpybasa 83 9 8

2 CpemHI 37 30 33
3 MeJIKas 17 67 16
4 rpybo-cpenusas 60 20 20
5} rpybo-meskasd o0 38 12
6 cpenHe-MeJKas 27 48 25
7 rpybo-cpenHe-MeIKast 46 39 19
8 OpraHmYecKast 16 16 68




Tunbl pacTUTEIBLHOCTH

HapameTpH MoOeJinn, CBA3aHHBIC C PACTHUTEJIBHOCTLIO

NN a b c C'rq Py, thy | dites | &
1 2336 0.01 | 154 | 0.0273 | -100 | -500 4.5 1.0
2 9802 | 10.60 | 180 | 0.0357 | -190 | -250 4.0 1.0
3 6336 7.10 | 207 | 0.0340 | -200 | -250 5.0 1.0
4 2870 3.70 | 233 | 0.0310 | -200 | -250 7.0 1.0
5 2870 3.70 | 233 | 0.0310 | -200 | -250 2.0 0.5
6 56651 | 10.80 | 165 | 0.0357 | -190 | -250 3.0 3.0
T 2582 1.09 | 110 | 0.0238 | -120 | -230 3.0 0.5
8 93989 | 0.01 | 855 | 0.0275 | -200 | -400 0.8 2.0
9 93989 | 0.01 | 855 | 0.0275 | -200 | -400 1.0 2.0

10a | 9802 | 10.55 | 180 | 0.0275 | -200 | -400 1.5 0.5

106 | 2582 1.09 | 110 | 0.0238 | -0.3 | -150 0.4 0.5

11a | 9802 | 10.60 | 180 | 0.0357 | -190 | -250 0.5 1.0

116 | 7459 5.70 25 | 0.0000 | -100 | -200 3.0 1.0

3mecs mudpsl O3HAUYAIOT: 1 — TPONMYECKUN JieC, 2 — JIMCTBEHHBIA JIMCTONAMHBIA Jiec, 3 —
CMEITaHHBIN Jiec, 4 — XBOMHBIN JieC, D — JIMCTBEHHUYHBIN Jiec, 6 — mepeBbs caBaAHHBI, [ —
TpaBa, 8 — JIUCTBEHHEIE KYCTHI ¢ TpaBoil, 9 — JIUCTBEHHBIEC KYCTHI ¢ OTKPBITOM mouBoi, 10

— TVHAOpPa, 11 — BO3OCJIBIBACMEBIC TPaBAHWUCTBIC KYJIBTYPBI ¢ OTOCIABHBIMMA NCPCBBAMM.



CymmapHoe ucnaperue (MM/CyT) ¢ TOBEPXHOCTH M HCIIAPEHHUE C PACTHTEIIBHOCTH B HIOJIC
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[TapameTpu3anus TypOyJI€HTHOCTH B IOTPAaHUYHOM
Cl0€ aTMOC(bepBI

o oy oF,
Ky ——%—Fenr(z/ h)**3) = ——
P ( v e )T) =

oV
Ky =B S| Fy(Ri),  Ri=? aﬂv”}

0z

AJ'IBTepHaTI/IBHaH NOCA IApaMCTPpHU3alUA COCTOUT B
IIPUMCHCHHH MCTO/Id IIOTOKA MACCBHI.
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[Ipoduiib NOTEHIIMATBLHOM TEMIIEPATyPhI JIETOM B KOHIIE JTHS
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HackoJIbKO BEpEH NPeAI0KECHHBIN ITOIXO0 JJIS
pacyeTa HOTOKOB C IIOBEPXHOCTH ?

[IpsiMoe cpaBHEHHE ¢ HAOJIOICHUSIMH HEBO3MOXKHO. 110 KOCBEHHBIM
IpHU3HaKaM (BOCIIPOU3BEICHUE MOACIIMU HAOJIK01a€MBbIX BEJIUYKH )
B OCHOBHOM IIOJXOJI BEPEH.

HekoTopble HEIOCTATKU KIIMMATUYECKUX MOEJIEH, BO3MOXKHO,
CBA3aHHBIE C HECOBEPILIEHCTBOM METO/A pacyeTa IOTOKOB C
IOBEPXHOCTH:

1. 3aBblllIeHHE CyMMapHOro motoka ckpeitoro remia. IPCC-5 70-85
Bt/M2. B Mozaensax Bcerjia HECKOJIBKO OOJIBIIIE.

2.  3aBbIIICHUE TEMIEPATYPhl TIOBEPXHOCTH JIETOM Ha 10re EBpoIIbL,
CBA3AHHOE HEIOCTATOYHBIM HUCIIAPEHUEM.

3. 3aHMKCHHE ILIOIIAAU MOPCKOIO jJbjia B AHTAPKTHKE.

4. BocnopousBeneHue kinmMara Hag CuOupbio 3uMoi TpeOyeT, YTOOBI
Ky ObLI0 BO MHOTO pa3 0oJiblie, ueM K.
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["om0oBOM X0 OCaIKOB MO JJaHHBIM Moaeiiei u Haomroaeuuii: 48N, 35E
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CIU1094eHHOCTD JIbh/a B
10 JaHHBIM MOJEJIEN U
HaOJIIONeHUN
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JlaBiieHME HA YPOBHE MOPS B IHBAPE




KoHaeHncanua 1 00JIa4HOCTD

IIpocreliue napaMeTpu3aluu KOHASHCAIUM, 00Ja4HOCTH 1 BIaKHOM
KOHBEKIIUU:

Konneuncarus.

Ecmu ects T, g m g>gmax(T), To mMpoUCXOaUT KOHACHCAIHS, ITOCIIC
KOTOPOU

g-dg=gmax(T+dT).

B nuHelHHOM NpUOIMKEHUU
dg=(g-gmax(T))/(1+L/Cp*dgmax(T)/dT)),
dT=dg*L/Cp

bamn obnaunoctu: C=0, eciu r<r0, C=C(r), ecau r0<r<rl, C=1, ecnu
r>rl.



[Ipocreiimas napaMeTpu3alys KOHASHCAIMHU U 00JIa4YHOCTH.
IIponomxkenue.

Boanocts ob6maka: W=W(T,P)
Brasxknas kouseknus: eci (T (k+1)-T(K))/(z(k+1)-z(k))<dT/dz(sn.az.),
to nocie padotel kouBekuu (T (k+1)-T(k))/(z(k+1)-z(k))=dT/dz(sm.am)

JIOCTOMHCTBA: MPOCTOTA U IOHATHOCTb.

Henmocrarku:

HEYYET HEKOTOPBIX MPOLECCOB (HAIIPUMED, UCIIAPECHUS OCATKOB);
Heyder nmoaceTouHon n3MEHYMBOCTH IPU Pacy€Te OCAAKOB,;
PacueTt ocaJikoB 1 00JJAYHOCTH MPOUCXOJIUT HE3ABUCUMO;

[1110Xx0 nony4aroTcs o0Jlaka HEKOTOPBIX TUIIOB (HAIPUMEDP, Ha BEPXHEM
IPaHUILIEC IOTPAHUYHOTO CJIOS)

Bo B1a)xHOW KOHBEKIIMU 4 HEU3BECTHBIX U 2 YPABHEHUS OCTAIIBHBIC 2
ITPOU3BOJILHBI.



[IpuMep KIMMaTOJIOTUU 00Ja4HOCTH B MOJCIIH.
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Hao6mronaemas kiaumaroorust oonagnoctu (ISCCP D3)




boJjee ciaoxHas nmapameTrpusanusa KOHIACHCAIINN U
o0smaunoctu (Tledtke 1993)

PaccmarpuBaeTcs 00pa3oBaHHE TPEX BUAOB 00JIAKOB:

CIIOHCTBIEC OOJIaKa,

o0J1aka I11yOOKOM KOHBEKIIUH,

o0J1aka IMOrPaHUYHOTO CII0S,
a TaKxe:

HcnapeHue 00JauHOCTH,

(hopMHpOBaHKE OCAJIKOB,

HCIIAPpCHHUC OCAAKOB



Oo6maunocts (%) ocpenaenHas Baoib Kpyros mupotel (CALIPSO)




[IporaocTuyeckue nepeMeHHbIe — 0aJlJ1 00JJaYHOCTH & U BOMHOCTH
o0axos |

98 _ A(a)+S(a)ov+S(a)eL+S(a)c—D(a),

ot

o _ A(l)+Scv +SeL+C—-E-Gp— L aFENTR,

ot p 07

rae A — nepenoc, C — ckopocTh KoHAeHcauuu, E — ckopocTs ucnapenus, Gp — CKOPOCTh
00pa3zoBaHMS OCAJKOB M3 OOJAYHBIX KaIleNb, Sc, U Sg; — ICTOYHUK OOJAYHOW BIIard BCIIEICTBUE
paboTHI MapaMeTpHU3aIui KOHBEKIIUY U TIOTPAHUIHOTO CJIOSI COOTBETCTBEHHO, Fry1g — MTOTOK
BCJICZICTBHE BOBJICUCHUS HAa BEPXHEH IpaHUIle MOTPAHUIHOTO cIost, S(a)cy, S()g,, S(a)c —
CKOPOCTH M3MEHEHUS 00beMa 00JIAKOB BCJICICTBUEC KOHBEKIIMH, TypPOYJICHTHOCTH B TTIOTPAHUIHOM
ciioe U KoHaeHcaruu, D(a) — ckopocTh yMEHBIICHUS TUTOIIA A 00Ta9HOCTH BCIICICTBHC
UCTIApCHHSI 0OJTAaUHbIX Karlelb.

q_ A(q)—-SeL—C+E+EpP— Lok (q)ENTR,
ot p Oz

% _ A(8)+L(SbL+C—E—Ep)— L OF (S)ENTR

ot p 0z

s=CpT+gz



[ IpuMmep KvUEBO-T10XKIIEBOI0 00J1aKa




CxeMa Ky4eBO-J0K/I€BOro o0j1aka

stratiform clowud

downdraft

convective updraft

cold
pool
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HapaMeTpmaunﬂ KOHBCKINU MECTOIAOM IMOTOKA MACChI

aoT 1 d
Cp (—Eg) = p az(MS +M;S; —M.S)+ L(c —¢)

(%?)m = —é E’(Muqyr +Mags —Mcq)+e—c

w o
M = be " Mg, = (M(:w_b Zb)) (exp(Ap(2)z —2)) — 1)

M, oA
Mb / Kel(z*zb)d?t _ ag: . Du(z) 5 —ﬁ a—ZD exp(lD(Z)(Z — Zb))

_8_ MS5,) = (E, —D)S +LC,
Jz

d *
oz M.qu) = Evg — Dug” — C,y

d

= (Mul) = _Duld + Cu — R,
oz



N3MeHeHus 00JIa4HOCTH BCJICACTBHUC PACTCKAHMA KOHBCKTHUBHOI'O II0OTOKA

SCV=DUIU,
Yo,

S(a)cv = (1—a) PV
Yo,

OOpa3oBaHUE CIIOUCTBIX 00JIaKOB

BrerauciseMm nsMeHeHe HaChIIIIEHHOU BIAXXHOCTU:,

dgmax (dqmax|  dgmax(dT |
dt dp dr \dt |



JIBa cmoco0a KOHAEH CAIIMK: KOHJCHCAIIUS B YK€ CYIIECTBYIOIINX
o0J1akax U 00pa3oBaHUE HOBBIX 00JIAKOB:

C=Cl+C2

KoHjieHCcanus B y’ke CyIeCTBYIOIIMX 00JaKaX BIYUCIISETCA 1O
dbopmyie:

dgmax dgmax
Ci=—a M amax

dt dt

S(2)=—(1-a) dgmax /dt | dgmax <0
guax—q  dt

C2:—S(a)quAx ’dCIMAX <0
dt dt




Ucnapenue 001aK0B

Cunraercs, 4To 00JaKa MOTYT UCIIAPATHCS B PE3YIbTATE ABYX
nporeccoB: (1) kpynmHoMacmTabOHOTro ONyCKaHUs BO3ayXa U
aaradaTHYECKOTO HarpeBaHus, (2) TypOyJI€HTHOrO IepeMEIIBAHUS
00JIAYHOTO BO3/1yXa M HEHACHIILIEHHOTO OKPYKAIOIIEro BO3ayXa:

E=Ei1+Eo.

[lepBblli MpoIeCC YYUTHIBAECTCS TEM K€ CHOCOOOM, Kak H
(hopMHUpOBaHUE 00JIaYHOCTH BCJICICTBUE KOHJICHCAIUU
MOJHUMAIOIIETOCS 1 OXJIAKIAIOIIETOCS BO3IyXa!

ElzaquAx dgmax S0,

dt dt

[Tpu yuyere yMeHbIIIEHHS KOJIMYeCTBa 00JIaKOB BCIIEIACTBUE
NepeMEeIIBaHUs C HEHACHIILICHHBIM OKPY)KEHHEM CUUTACTCS, YTO
ucrnapeHue 00JaKOB MPOIOPLMOHAIBHO JIC(DUIINTY Biaru B OKPY>KCHUM:

Ex=aK(gvax—q), D(a)=E2/lc




DopMHUpPOBaHME 0CATKOB
IIepexoa 001a4HOM BiIark B OCAJKH BBIYHCIISETCS 110 CICAYIONICH

dopmyme:
Gr=aColc(l-exp(—(Ic/lcriT)**2)),

rne C,t — xapakTepHsbIil BpeMEHHOH MacIITad KOHBEPCUH 00Ia9HBIX
KareNnb B 0CaJKY, a | ;7 — THIINYHOE copeprkaHKe BOABI B 00IaKax, Ipu
KOTOPOM HauMHAIOT 3(P(HEKTUBHO 0OPA30BBIBATHCS OCAJIKHU.

I/IcnapeHne nmaagarnummux ocCaaikoB

Ep = (1-a) *5.44*E—4*(quax—0)* | P/5.9E -3, /p/po




I'nnyOokasi M Mesikasi KoHBeknus Betts 1986

Lnew = Lold (T*r — Tﬂ.fd)ﬁi/?'j

Qﬂew — Qnid 35 (Q?‘ — Qﬂid)ﬁf‘/?-?




Oo6maunocts (%) ocpenaenHas Baoib Kpyros mupotel (CALIPSO)
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Harpesanue (K/cyT) BeimencTBre moToka SBHOTO TEILia




HMctouHuk Tenia BCJICACTBHUC KOHACHCAIINHU N UCITAPCHHUA OCAIKOB




M cTouHMK Temna BCICACTBUE NTyOOKOM KOHBEKIUM




Ocanaku B MOJIeIN
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Ocanku Xie, Arkin
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Knumaronorus 00j1a4HOCTHA B MOJIEITHA
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Hao6mronaemas kiaumaroorust oonagnoctu (ISCCP D3)




ITo ocu X: wyBctBUTEIbHOCTh MOaeaet CMIP3 (K) k ynoenuro CO?2.
IIqg ocu Y. nusmenenue oonadyHoctu (%) npu yasoenuu CO?2.
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