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ITCZ on 1 January 2010



ZEROTH ORDER MODEL OF ITCZ
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ENERGY CONSERVATION EQUATION

f(D [a m/ap*] ap* = [ FB_ FT]
MOISTURE CONSERVATION EQUATION

fo10a/00*100* = [E-P]

F; & F-Heat fluxes at bottom & top
E = Evaporation P = Precipitation

m=moist static energy=C,T+gZ+Lq



P=E +{F_-F._}/{ GMS}

GMS =5 = 1 /

GROSS MOIST STABILITY
Where

P =Precipitation

E= Evaporation

F: = Energy Flux at the Bottom
F. = Energy Flux at the Top

5 = -{lw[o s/op] opM{leLIo q/op] op}



GMS ={{o[om/op] op¥{/oL[o a/op] op}

GMS =06-1

Sign of GMS controlled by the value of 8
If 6 Is above 1, GMS is positive.

5 = {{o[o s/op] op¥{loL[o alop] op)




P= E+ {Q}/{06-1}

P = RAINFALL
E= EVAPORATION

Q,, =Q,. (forland)
Q.. = NET RADIATION AT TOA

0= VERTICAL STABILITY > 1

Therefore, (P-E) >0 if Que >0
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A Simple Expression for 0O

o(p) = 4o p/p,[1-p/p,]

T=R-Fz

alp*)=q,{p*}

0 =c/ py



Figure 1
NCEP 255-25N, 0-3E0E {Land)
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»

E + {QNET} / {C/Pw - 1}

P = RAINFALL

E= EVAPORATION

Q.+ = NET RADIATION AT TOA

C = VERTICAL PROFILE PARAMETER
Py = INTEGRATED WATER VAPOR



P-E={S(1-a)-F"}/{C/pwat - 1}

S = Incoming Solar Radiation at the top

varies depending upon sun-earth geometry

o = albedo , depends upon surface type
FT= Outgoing Longwave Radiation
depends upon surface temp, water vapor & clouds

pwat= Integrated water vapour

depends upon SST, and vertical motion
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Scatter plot of Water vapor content Vs Rainfall, for MPI/ECHAM5S Model
averaged over Indian land region(70-90E,10-30N)
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General circulation model :
Community Atmopshere Model 3.1

CAM31 Aqua-planet Zonally symmetric
Resolution T-42 Eulenan

_evels 26 Hybrid co-ordinates
Deep convection Zhang and McFarlane (1995) | Plume ensemble
Shallow convection Hack (1994)

Boundary condiions | Analytical SST profile BoB, Ara, Flat
Convective relaxation | Rate of CAPE consumption 1 hr (Default), 12 hr
time- 1 (Tau)




rate of CAPE change due to convection IS

assumed to be proportional to cloud base
mass flux M, given by

%:-M’u#F + Large scale forcing

Mb= :F A=CAPE  F=CAPE consump. rate
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SST and P-E for Tau=1 hr, ave@time,zonal
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Circulation for SST : BoB, Tau

Isvel {hPa)




Moisture budget : Zonal, time average

2101 eo—=pP-E

> —o—d d .
— (avi/dy W &

o—e_vdqdy [\ a4

105 55 FQ 5N 10N 15N 20N 25N 30N



Qdiv/P-E

14 -

127

10+

Qdiv/P—E" vs GMS for

0—-360E, ave@180 days

G——© 10N-20N : Off Eq. ITCZ
G——80S-3N : Eq. ITCZ

=

J

08 <04 —02
&

~0.8

0 0.2
GMS




JON

305

GMS ave@180 days

0 60t 120E 180 120W 60W 0




Qdiv
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Qdiv vs GMS for 0—360E, ave@180 days
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200 P—E vs GMS for 0—360E, ave@180 days
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Qdiv—vdm/dy

Qdiv—vdm/dy vs GMS for 0—360E, ave@180 days
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P—E vs GMS for 0=360E, ave@180 days
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GMS vs Pwat for 0—-360E, ave@180 days
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wxdm/dp BoB-Tau 1 ave@Zonal, day 1-180
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Cla%soical GMS (—wdmdp/wdqdp) BoB-Tau 1 ave@Zonal, day 1-180
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g(cjoist static energy (MSE) BoB-Tau 1 ave@Zonal, day 1-180
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%%Qvergence (dgv/dy*dp/g) BoB-Tau 1 ave@Zonal, day 1-180
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Assuming vertical profile of
MSE Is more or less
constant IiNn an ITC.Z, the
vertical profile of vertical
velocity plays a crucial role
N determination of
vertically integrated export
of MSE

1. Vertical velocity maxima
Is above MSE minima

2. Vertical velocity maxima
s below MSE minima



Neelin—Held model : Zonal, time averaqe
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d(iq*v)/dy =E-P
d(m*v)/dy = (E+S) - Q,,,

P - E + v*dg/dy = Qdiv / GMS

Q,y = (E+S)- Q4 -v'dm/dy

GMS= -{!m[a m/op*] op*}
{{o[o Lg/op* ] op*)
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CONCLUSIONS

Continental ITCZ can be
explained by simple Neelin &
Held hypothesis

Oceanic ITCZ can be
explained by Neelin and Held
model provided we include
horizontal advection terms
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