QTCM noxxon >

HoBbIl KiTacc MOJIEIEN TPOTTUYECKOU IUPKYJISLINA, KOTOPBIA UCTIOIb3YET
OTpaHUYCHME, HaKJIaIbIBAEMOE Ha KPYITHOMACIITAOHBIM MOTOK Yepe3
IMapaMETPU3ALMNIO KOHBEKIIMH C UCITOJIb30BAHUEM KBA3UPABHOBECHOTI'O
TepMOAUHAMUYECKOT0 npucnocodaenust (QE).

CyTb 3TOr0 KJ1acca MOAEIeH B TOM, 4TO 4acTh QE KOHBEKTHBHOIO
NpUCIocodJeHus M.0. UCTI0JIb30BaHA IS MOJYYEHUSA AHATUTHIECKHUX
peleHnii 1151 BEpTUKAILHOU CTPYKTYPhl aTMOC(ephl B pailoHax ¢ ITyOOKOMH
KOHBEKIIUEN

B cepaiie QE npucnocoOiaeHus JeKUT TPEANOI0KEHNE, YTO KOHBEKTHBHBIE
aHcaMOIM Ha MaciiTabax MeHble PeHHOJBACKOTO yIAISIOT KOHBEKTUBHYHO
HEYCTOMYMUBOCTh B BEPTHUKAJIBLHOM CTOJIOE , yCTaHABIMBAS CTAaTUCTUYECKOE
PABHOBECHUE MEXKITY NIEPEMEHHBIMH, ONPEACIIAIONAMH IJIABY4YECTh YaCTUIIBI
(k/M TeMmeparypa 1 BIaKHOCTb).

B cxeme berrca-Munnepa ynansercss KOHBEKTUBHAS J0CTYIIHAA
noreHuuagabHasi 3Heprusi (CAPE) .
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JIBa 3Tana QTCM:

1) HaxoasTcs kBa3naHAIUTUYECKHU PEIICHUS UM YacTh PELICHUs, KOTOPbIE
BBITIOJIHSIOTCSA MIPU PA3yMHBIX JOMYIIEHHUSAX €CJIM CUCTEMA HAXOJUTCS B
COCTOSIHUM KOHBEKTHBHOI'O KBa3UPaBHOBECHSI.

2) YUwucleHHBIMU METOAAMHU 3TU PEUICHUS PACTIPOCTPAHSAIOTCS HA PAMOHBI, T
HaOJII0IAI0TCS YCIOBUS, IIPU KOTOPBIX AHATUTUYECKUE PEIICHUS HE MOTYT
OBITh TPUMEHECHHBI.



IIpocThie MOAEIHN — PUKCUPYIOT BEPTUKAIBHYIO CTPYKTYPY KOHBEKTUBHOTO HarpeBa, Tak
YTO €T0 BEJIMYMHA MPOINOPIUOHATILHA KOHBEPIEHIIMY BJIard WA NPU3EMHON
KOHBEPIeHIIMU BETPA C UCIOJH30BAHUEM MOJATOHOYHBIX KOA(PHUIIMEHTOB (CXema
KOHBEpPreHIMy ¢ oOpaTHbIMU cBsI3siMu convergence feedbacks scheme)

B cnyyae ecnu maHHasi cxeMa NPUMEHSETCSI B MHOTOYPOBEHHBIX MOJIEIISIX , OHA
0aK3bIBAETCS OYEHb YYBCTBUTEIbHA K MPEANIOIAra€MON BEPTUKATIBHOU CTPYKTYpE
KOHBEKTUBHOI'O Harpesa. B aToMm ciydae Mozenb 0jin3Ka K MOJICJIH C OJTHOM CTEIEHBIO
CBOOO/IBI 110 BEPTUKAJIM, JAXKE B TOM ClIydyae, €CJIM OHA UMEET HECKOJIBKO YPOBHEM.

[Ipu yciioBuu Majioro BpeMEHU KOHBEKTUBHOTO MPUCIIOCOOJIEHHUS B YCIOBUSX PA3BUTUS
r1yookoi koHBekiuu monesib QTCM cpaBHuMma ¢ MHOrypoBeHHOH MOILIA

Braneke oT KOHBEKTUBHBIX palOHOB U B YMepeHHbIX mupoTrax QTCM1 kauecTBEHHO
IIOX0ka HAa ABYXYPOBECHHYIO MOJIEJIb C OJHUM TEMIIEPATYyPHBIM YPOBHEM.

Pemienne nmonyyaercs B iBa 3Tana: NEPBbIM 3TAll OCYIIECTBISAECTCS 10 MHTETPUPOBAHHUS T10
BPEMEHH, MO3TOMY CTa U UHTETPUPOBAHUS ITPOUCXOJUT OYEHBb OBICTPO.

KoHBEeKTHMBHAs cxeMa UMEET MHOTO CXOKET0 CO CXeMaMHu, UCIojb3yembiMu B MOILIA.



YpaBHEHUE TEMITEPATYPHI

(8%+DT)T+WB ps=0+20,RT—20,R1—20,S+gd,Fr
YpaBHEHUS IPUTOKA Baru

(8%+Dg)q+w8 pq=Qi+gopF,

T- remnieparypa B equaunax 3aeprun (Cp BKIIIOYEHA), - BJIAXKHOCTh B €IMHULIAX
sHeprum (L BKIrOUEHa),

S=T+¢ Cyxas ctatudeckas S- paguanoHHbIN OaaHC
SHEPrusl
RTand R VYxopsias u npuxosias JITMHHOBOJHOBAS paauaus Kak

HeJoKanbHast (YyHKIIHS OT TEMITEPATyPhl, BIAXKHOCTH U 00JIAYHOCTH B
BEPTUKAIBLHOM CTOJIOE

Dr=Do=y-V—krV? Bxiouaer uieH ¢ ropusoHTansHOM quddysueii u
TOPU30HTAIILHON aBEKIIUEN

Frand F, — mOTOK sSIBHOTO Teruia 1 HCIapeHue
Q. and Q, « KOHBEKTHBHBII HarpeB» M « moistening» terms



YpaBHEHHE MOMEHTA BMECTE C YPABHEHUEM CTAaTUKHU

Ps
(%+ Dv)v+ fkxXV+gd,t=—V jde In p—V ¢s
P

¢S TEOIOTCHIMAN HA YPOBHE NMPU3EMHOTO JABIICHUS

D,=v- V+Wa »—KuV? Oneparop ¢ anBextuBHbIME WwieHamu (including
curvature term) ¥ ropu30HTAIBHON Tuddy3uei

k=R/C, Tze R —ra3oBas nocrosxnas
YpaBHeHHe HEPaA3PBIBHOCTHU

W=Ws-+ jV Y dp Ws=—0a gv o VZS 1€ Z, — BBICOTA NOACTWIAIOLIEH
IIOBEPXHOCTH , P, — IPU3EMHOE [aBJICHUE,

pa — INTIOTHOCTDb BO3yXa OKOJIO 3EMJIN
[’ pannyHbIE yCIIOBUS

7‘ =() Yenosus y 3emin w =0 at p.=p,, (HeT
Sl Tororpadun)
Ts ZT‘p:pS =0.CpVsVs YcioBus Ha BEpXHEW I'paHULE

armocgeprl w,=0 at p=0



KoHBeKTHUBHBIN HAr'PEB

KoHBeK1IHS OnpeesieT BEPTUKAIBHYO CTPYKTYPY TEMIIEPATyPHOTO MoJsA. BiaxkHoe
KOHBEKTHUBHOE MPUCTIOCOOICHHE MOJCTPAUBAET TEMIIEPATYPHBIN TPOPUIH K
KBa3MPABHOBECHOMY Ha Ka)KJOM I1are MOJIECIIN.

Cxema berrca-Muiuiepa — npucnocoOieHne OCyIECTBIISIETCS B CITIaXKEHHOM BUJIE,
BpEMS IPUCTIOCOONEHS 7, HE OECKOHEYHO Majloe, 8 KOHEYHOE, 3a 3TO BPEMs
KOHBeKIMs nmpuBoauT K ymMeHblleHnto CAPE B BepTukanbHOM cT0s10€. OOBIKHOBEHHO
3TO BpeMsl MPUCTIOCOOJIEHHS] MEHBIIIE CYTOK, B cxeMe berTca-Muepa — 2 yaca.

{(TC _T) / Te, lf <TC _T>>O T* — KOHBEKTUBHBIN KBa3UPaBHOBECHBIHN MPOGHIIb, K

Q = KOTOPOMY IOJCTPAUBAETCS TEMIIEPATYPHOE BEPTUKAIBHOE
0 wuHaue pacopeaeneHne. OH 3aBUCUT OT BIAKHOW CTATUYECKOU

sHepruu [II1C, B mpeAnonoXeHnu, 4To KOHBEKIIHS
T* MOXHO anmpOKCUMHUPOBATH KaK BIAXKHYIO

.~ pa3uBaercs Boiie [TIC
ananadary, HAUMHAIOIIYIOCS OT BEPXHEU
rpanunsl [TIC
IIpucnoco6senue BiaaxHou crarndeckoit sHepruu IIIC 3a cuer moTokos
h, — Bnaxnas crarnueckas sHeprus [111C. BepTukanbHas CTpyKTypa BIaXHOW anadaTsl He
U3MEHSETCs OBICTPO BCIIEA 3a U3MEHEHUAMM hy, crienoBareinbHO I¥ MOXKET OBbITh BBIpAXKEHA Kak
oTkyioHeHue ot 6azoBoro QE npoduns T¢, (p), nociieqHuii He 3aBUCUT OT BPEMEHU U TOPU30HTAIIBHBIX

KOOpJAUHAT h,/ - otknonenus BnaxkHo# crarndeckoit snepruu II1C ot QE cocTostaus,
Te—Te A(D)VTe A ;(p) bopma BepTUKAIBLHOTO NPO(UIIS BOZMYLIEHUS TEMIIEPATYPHI,
BBI3BAHHOTO BO3MYyLIeHHEM h;/ , oy, — MpUCTIOCOOICHUE BIaXKHOM

ﬂc =h 2+5 hb cratnueckoit 3Hepruu [111C 3a cueT NOTOKOB K 'PAaHUYHBIM YCIOBUSAM
(TTIO).



Q c:(qc —Q)/Tc qc =sub QSat(TC)

g° — KBa3UPaBHOBECHBIN MPOQUIB ISl BIAKHOCTH, &,,;(p) — KOOQ(OUIMEHT HACHIILICHMS,
MEHSIIOIITUIACS TI0 BEPTUKAIIN

Ecim T, ¢ Onusku k T u g¢, u T° BeIpakaeTcs, KaK MOKa3aHO BBIIIE, TO MOYKHO 3aKJIFOUUTh,
4TO ¢° B Cilydae ITyOOKOM KOHBEKIIMHU 3aBUCHUT TOJbKO OT QE mpoduiis TemmnepaTypsl

I'ne B(p) — BepTHUKaIbHOE paclpeaesieHue Uil U3MEHEHUN
KBa3UPABHOBECHOTO PO UJISi BIAXKHOCTH IIPU TITyOOKOM

q°=qr (p)+B 1(P)710 KOHBEKLMHU. HemHennas 3aBUCUMOCTD (. OT TEMIIEpaTy phl
Ba)KHA JIJISI MOJICJIMPOBAHHUS ITPOIECCOB B YMEPEHHBIX
IIMPOTAaX, HO JIMHEAapU30BaHHAS (hopMa TAKKE MOKET OBbITh
MCIIOJIb30BaHA JIJISI MHOTHX LIEJIEU



BeprtukanbHas CTpyKTypa 0apOKJIMHOTO BETpa B palioHax ITyOOKON KOHBEKIIUU
PEACTABIACTCS CIEAYIOUIUM 00pazomM

VLY, p)V(Pr (3,0 V(p)=AH(p)-A7)

['ne BepTukanbHas cTpykrypa A;* (p) noiiyyaercs U3 ypaBHEHUSA
N TUAPOCTATUKH, ITyTEM UHTETPUPOBAHUS KBA3UPABHOBECHOTO

Aj ([9)— JAl(p)d hlp BEPTUKAIBHOTO TEMIIEPATYPHOTO NPOPUIIS ISl OTyUYeHUs OapOKIIH

rpagueHTa JaBJICHUS

ThiinopoBsl 0a30BBIE PYHKIIAU

Hcnosnb3yeTcs pa3nokeHre no 0a30BbIM (GYyHKIMSIM, 3aBUCSIIIUM OT BEPTUKAIHHON
KOOpZ[I/IHaTBI

_Tr(p)+2a k(p)Ti(x, y,1) q:qr(p)+ib K(p)gr(x, y,1)
_ka(p)w(x yt)

AHaJIUTUYECKOE PEIIEHUE MOTYyYaeTCs KaKk aCUMIITOTUYECKOE MPUOIHKEHUE TIPU
ONPEICICHHBIX YCIOBUIX (KOPOTKOE BpeMsI KOHBEKTUBHOTO MPUCIIOCOOICHUS U
npeHeOpeKEeHNE BEPTUKATIbHBIM IEPEHOCOM MOMEHTA JIBUXKCHUS) .
AHaJIUTUYECKOE PEIIEHUE UCTIONb3YETCA KaK Beayiasi 0azoBas (PyHKIIUS.
BakHblil BOpocC: KaKas 4aCTh PEIICHUSI MOXKET ObITh ONKCaHa MPU yCIOBUU
MaJIoTo KOJIMYECTBA CTENEHENH CBOOOIBI IO BEPTUKAIH

Prs



a, (p): Al (p’ﬁc) I'ne A ,(p) BepTUKaIbHAs CTPYKTypa TEMIIEPATYPHBIX U3MEHEHUH,
CBSI3aHHAs C KOHBEKTHUBHBIM MPUCTIOCOOICHUEM

VA (P)_ . A, [llome Berpa, 00ycIOBICHHOE OAPOKIMHHBIM TPAJTHEHTOM
1 \P)=A7 =41 rapnenus, KOTOPBIH B CBOIO OYEPE/Ib IOIYYaeTCs 3a CUCT
TEMIIEPaTypPHBbIX U3MEHEHUN TI1e a;* onpenensercsa Kak A ;*

bapoTopomnHas KoMIIoHEHTAa BETPa
Vs (p)=1 i ;

b (p)=B,(p) DyHKIMS 1715 BIQKHOCTH UMEET TOT KE YPOBEHB CIIOKHOCTH, YTO
et U JIJISI TEMITePaTyphl

JIJIs1 KTMMaTUYeCKOTO MOJICIUPOBAHKS B pailOHAX CyOTPOINMKOB C MajOM BIAKHOCTHIO
npuMeHsieTcs apyras opmyna

b (p)=q-p)q-ps)



Paspemenne moaenu 5.625°x3.75°
Bo3moxno - 4°x1.875°

O6nacth uHTErpupoBanus — 75,94 c.u1.-75,94 1o0.11.

Ce30HHAas1 IBMEHYMBOCTD

MexrooBas U3MEHUYUBOCTD

PacnpocTpaHeHre aHOMaJIMK B TPOIIMYECKOM aTMocdepe
JlaneHue cBa3u ¢ Dib-HUHBO B Ipeaenax TPOIMMKOB

[ mobGanbHas 30HAJIbHAS [UPKYISLS

B3anMoCBs31u ¢ yMEPEHHBIMU IIUPOTAMHA




U850 seasonal variability (1949-1997)
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Precipitation seasonal variability. 1958-1997.
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U 850 variability. 1948-1997
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U850 anomalies

Reanalysis-QTCM 2.3 correlation
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Precipitation variability. 1958-1997/.
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Precipitation anomalies

Reanlysis-QTCM 2.3 correlation
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Zonal wind stress anomalies along 3,75 S. 1982-1997
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Reanalysis
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Correlation between TX anomalies at 3,755  and anomalies of SST in NINO3
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Correlation between OLR and SST NINO3
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Tropical Tropospheric Temperature and Precipitation
Response to Sea Surface Temperature Forcing

Hui Su and J. David Neelin

Department of Atmospheric Sciences, and Institute of
Geophysics and Planetary Physics,

University of California, Los Angeles, Los Angeles,
California

Joyce E. Meyerson

Department of Atmospheric Sciences, University of
California, Los Angeles, Los Angeles, California



Tropical average tropospheric temperature anomaly (C)

Tropical average precipitation anomaly (mm/day)
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5 NSIPP AGCM Experiments 1982 - 1998
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Taking the tropical average of (5) andrearranging it, SNO3 ob-
tained the relationship between tropical average tropospheric
temperature and SST anomalies

<ff> (er. +egy) (T — Fy! + F, + < >
x(er +egym) . (6)

Substituting {6} into (3.1} or {2}, the { P} and (1) relation
can thus be expressed as

(P') = [eryler — ner,) (L) + (egyn) Fr' + er Fy
ter (B )(er +emym)™t. (D



Let us consider a simple case in which only evaporation 1s
taken into account as the dominant driving force for the trop-
ical atmospheric response to (7.} , and sensible heat and
radiative flux anomalies are neglected. In this case, setting
er. and e7 to zero 1n {6} and (/) yields

&

<j‘1r> (1) B (FTI B qu B <E>)(EH”}/’H)_1 (8)

T
(P’) Iy’ (9)

&



1 NSIPP AGCM Experiment 1982 - 1998
(3 month mean)
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The 1996 equatorial Atlantic warm event:
Origin and mechanisms

S. Illig,1 D. Gushchina,2 B. Dewitte,1 N. Ayoub,1 and Y. du Penhoatl

(ExVar=72.54%)
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ENSO teleconnection pattern over the tropical Atlantic
(model-data comparison)

Czaja et al. [2002] (obs.) ECMWEF fluxes, Reynolds SST Model forced with Reynolds SST
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June 1996
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Figure 2. (a) OLM (Reynolds) ATL3 index in black (grey) line. Unit is C. (b) June 1996 T/P+ERS meridional
section at 20W in plain black. Least mean square fit to the theoretical 2nd baroclinic-mode R1 mode structure
in dashed grey. Unit is cm. (¢) Hovmuller of simulated K contribution to SLA for the 2nd baroclinic mode at
ON. (d) Hovmuller of simulated R1 contribution to SLA for the 2nd baroclinic mode at 3N. R1 is displayed
reverse from 46W to 8E. Cl is 1 cm. Positive values are shaded.



TIMACS

Tropical Intermediate coupled
Model for Atlantic Climate Studies

ATM - atmospheric
component is the
global Quasi-
equilibrium Tropical
Circulation Model
(QTCM) [Neelin and
Zeng, 2000].

MLM - mixed layer
model similar to
Zebiak [1993]

OLM - the Equatorial
Atlantic 6 baroclinic
mode Ocean Linear
Model developed by
lllig et al. [2004],
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Figure 4. (left) Hovmuller of OLRA. Cl is 5 W/mZ2. (right) Mean June 1996 zonal-vertical circulation
cross section (scale in the top right corner). The sections are averaged between 1S-N. The vertical bars
represent the eastern and western boundary positions of the American continent.



moisture perturbation equations as:

Dyt = QL+ Frod +H' 3.1)
-D{ = Q,+F, (2)

where D)7 and —1), are the horizontal divergences of the
vertically-integrated dry static energy and moisture trans-

ports by the dynamics. The signs are chosen because the
two tend to cancel on the tropical average. Using { ) to de-

note the averages over the whole tropical band, we define
Fr' = (Dy'y and F,/ = (D}, where Frp’ and F,, are the
anomalous dry static energy and moisture fluxes across the
boundaries (25S-25N) between the tropics and mid-latitudes,
respectively. Positive values of F'r' imply an export of en-
ergy out of the tropics, while for F,’, export of moisture out
of the tropics corresponds to negative values. The anoma-
lous moist static energy transport from the tropics, given by
Fr' — F;/, is usually less than the individual terms. The at-
mospheric column radiative heating rate is denoted as .., 4.
The surface sensible and latent heat fluxes are H and . The
column-averaged convective heating and moisture sink are
@c and @q, respectively, and they satisly

—Qy=Q. = 3)



In {5), T represents the tropospheric temperature anoma-
lies and 7 and ¢, are sea surface temperature and near-
surface air moisture {1n units of K). The constants eq and ep
are proportionality coetficients for the atmospheric radiative
heating rate dependence on temperature and SS'T anomalies,
withep v 6 Wm 2K lander ~6 W m2K~1. Weuse
ey = poCuVs, where p, is surface air density and C'z7 is the
drag coefficient. The surface wind speed is denoted as V.
For a fropical mean wind speed of 5 m s~ 1!, the value of ey
is about 5 W 2K 1. The surface saturation moisture ggaz

" . " d zat
1s afunction of SST, with the dependence of v = (—{i‘i’in—) -

Because the value of ~ 1s nearly constant in the normal range

of observed SST variations, we use v ~ 3 K K1, corre-
sponding to an SST of 300 K.



