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Motivation

Bdulate and interact with tropical convection on various t
* and spatial scales (Takayabu 1994,Wheeler and Kiladis 1999, etc.)

Obs revealed that background meridional flows as well as,the i

envelope affect propagation and morphology of tropics
get.al. 2005, Roundy 2008, Kiladis et al. 2009)

'® Non-Kelvin aspects of Convectively-Coupled K'
B 2009)... sucliigs meridional outflow at high leve

B convectionehat are more prominent during
B (Roundy 2008).

e [here are strong associations between Kelvin w4 and extra-
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waves, along with tropical depressions, 1s increased within the MJO convective region over the western
Pacific. The MJO also modulates Kelvin wave activity (eastward propagating superclusters) within its
envelope over the Indian Ocean, but well to the east of its location once it propagates into the western

- Pacific” Kiladis et al. 2005)
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Kelvin Events during Different Phases
of the Indian Ocean MJO ... several differences
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Kelvin Events during Different Phases
of the Indian Ocean MJO ... several differences
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Kelvin Events during Different Phases
of the Indian Ocean MJO ... several differences
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Kelvin Events during Different Phases
of the Indian Ocean MJO ... several differences
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OLR and 1000 hPa Flow Regressed against Kelvin-filtered OLR
(scaled -20 W m?) at 10°N, 150°W for June-Aug. 1979-2004
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Westward Inertio-Gravity VWaves (2-day waves)
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OLR power spectrum, 1979-2001 (Symmetric)
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OLR power spectrum, 1979-2001 (Antisymmetric)
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Vertical Structure of Kelvin Wave

Temperature contours

Temperature at Majuro (7°N, 171°E) Regressed against
Kelvin-filtered OLR (scaled -40 W m?) for 1979-1999
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THE THREE CLOUD MODEL:
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Dilute parcel lifting :

Tropospheric Height

& Surface : Surface




Dilute parcel lifting

Dry troposphere with
positive CAPE will
favor congestus clouds

éeb

Moist adiabat
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Dilute parcel lifting :

Dry troposphere with Deep convection is allowed
positive CAPE will (beyond freezing level)
favor congestus clouds when troposphere is moist
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Moist Switch Based convective parametrization
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Moist Switch Based convective parametrization
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Crude vertical approximation of
primitive equations: 2 first modes

e Horizontal Velocity:

2
V = U—I—\/_COS(ZIZ> \fcos(;z)vz

T

|

‘o Vertical velocity:

H [ 1 2
w = WT V2 _sm(;;;) div v + 5 sin ;IT;

) div V9

e Potential temperature:

2
(WZ ) 01 + 2v/2sin( e
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Hr HT)

® = z + v/2sin




Linear Eqns In Shear Background

Ul(z,y,z) = To(y) + @1 V2 cos(z) + g cos(2z).
Dynamical Core
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Moisture and Convective variabl@
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Linear solution strategy o

Un(Z31)Pn (Y )
n=0
® Plus a radiation condition to eliminate
Spurious waves

Wave solution reduces to eigenvalue
problem |

® Eigenvalues: growth rate and phase




Background meridional shear and tropical-
extratropical interactions
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Zhang and Webster (1989)
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FIG. 25. The distribution of the turning latitude of an equatorially trapped Rossby wave as a function of longitude and latitude
in the two-dimensional basic boreal winter 200 mb zonal wind shown in Fig. 11. Letters X and Y denote forcing locations.

Forcing located at X where y > y, will not project significantly on equatorial trapped waves. Forcing located at Y where y < y,
will force trapped waves.
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Meridional Shear

Equatorial Easterlies Equatorial Westerlies
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dhear-free case

@ By “‘tuning’ some key parameters, other
higher frequency gravity waves (e.g 2-day
% Wwaves) can be destabilized

" But Rossby & (westward) MRG waves
L remain always stable
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Strong Eq. Easterly
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Equatorial VWesterly wind
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Unrealistic wind values yield catastrophic instabilities of moisture
modes, though
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Effect of Meridional Shear on Kelvin wave:
Induces weak meridional wind with significant contribution (30%)
to horizontal convergence and slightly more trapped.
Meridional convergence lags zonal convergence ==> growth.

Doppler
shift
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8 km,Temperature shaded
Heating Contours and Surface Wind
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8 km,Temperature shaded
Heating Contours and Surface Wind

Symmetric Westward Inertio Gravity Wave (M=1)
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Vertical Shear Profiles

ACtive uppressec

Not physical!




Ist Baroclinic Shear With high level wind
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Ist Baroclinic Shear With high level wind
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2nd Baroclinic Shear (mid-level jet)
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Righ level winds
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Instability of Non-trapped (moisture) mode at small scale.
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Remarks and Conclusions

e

on of wave structure (consistent with @
studies)

\
‘/ non-Kelvin aspects of Kelvinawaves: non-trivial meridionalawi
convergence for Kelvin wave (consistent with obs)

‘/ Strong equatorial easterly winds: instability of Rg
B waves. Purely dry-shear instability confirmed.§
¥ observation showing Rossby and MRG waves
environr&» Also GCM simulations with

‘/ E. Easterly: trapping of CCWs. Not so S|gn|Fca | Westerly
& except for highly large wind values that |lead¥ #Of small
¥ scale'ioisture mode... supportsthe theses thattF@pi€al®@Xtratropical

p—y

> -~ .

-
e



waves while high-level westerNes arare
castenlies destabilize east. G. waves and stabilize west. G. waves.

‘/Westerlles at both high- and low-levels induce east: Gt wayesg
Easterlies induce west. G. waves.

J In the absence of high level winds, strong low le
© catastrophic instabilities of non-equatorially tr

modes.

‘/These reﬁ% make physical sense since thelg
variables see only either the low-level (q, teb; H&
& (Hs) wind.
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Sea surface
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Convectively Coupled waves in MJO envelope

a) Diego Garcia Zonal Wind
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_Suppressed
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Roundy (2008

é =
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e e AP0 i : "'."ii['uulu:i‘m =iy
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