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Introduction

» Convectively Coupled Atmospheric Kelvin waves (CCKWs) are
part of the substructure of the Madden-Julian Oscillation (MJO).

« CCKWs are present in most MJO events (Roundy 2008, JAS)

« Schubert and Massarik (2006, Dynamics of Atmospheres and
Oceans) showed that latent heat release in the MJO is
associated with PV generation off the equator

Could diabatic heating from rainfall within CCKWs contribute

to PV inside of the MJO?

Kyle MacRitchie and Paul E. Roundy

Data Sources

« ECMWEF Interim Reanalysis (1989-2009) - anomalies

 Ertel's PV on 315k and isobaric surfaces

« /onal and meridional winds on 315k surface.
 NOAA Interpolated OLR (1979-2009)

« MJO filtered

« CCKW filtered
« NCEP/NCAR Reanalysis (1979-2009)

« MJO filtered zonal winds at 200 hPa and 850 hPa
« TRMM 3B42 Rainfall Estimates (1998-2008)

Composite Analysis of PV
Three types of composites were created. This poster targets phase 4, but
phases 3-7 all show similar results.
 MJO Only: all days when MJO has an amplitude of 2 0.750 in Phase 4
« CCKW Only: centered on day when CCKW-filtered OLR is at a time
local minimum (<-0.750) at specified longitude
* Simultaneous: centered on days when the above two criteria both hold
true
We looked at CCKWs centered on longitudes from 70°E to 120°E at 2.5°
intervals
We then shifted all the composites together to create a CCKW centered
composite.

Custom MJO Index
« Similar to Wheeler and Hendon (2004)
 We used MJO filtered:
* OLR, Zonal Wind at 200 and 850 hPa
* First 2 principal components correspond to RMMs 1 and 2
* Necessary to remove CCKW and other signals
* Otherwise MJO events contain redundant CCKW
information which can bias composites.
* Full details found in MacRitchie and Roundy (2012)

30 Days of Filtered PCs Starting 23 Apr 2004

Figure 1 Comparison of MJO indices for an arbitrarily chosen 30 day
period beginning on 23 April 2004.
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TRMM Rainfall Analysis
How much of the rainfall within the MJO occurs within CCKWs?
Procedure:
1. Find grid points of all negative (active) MJO filtered OLR anomalies in a
box between 65°E to 65°W and 10°S to 10°N
2. Choose a subset of those points where CCKW filtered OLR was
negative with a minimum value of at least -0.750.

ENTIRE DOMAIN

We compare the rainfall within the CCKW to the rainfall outside of it, but
within the MJO.

Composite Hovmoller on 315k Surface

Phase 4 — PV Anomaly 315k Sfc. and Filtered OLR
(b) Kelvin Wave, PV

(a) MJO Only Phase 4, PV (c) MJO and Kelvin Wave, PV
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Legend
blue contours - negative MJO filtered OLR

red contours - negative CCKW filtered OLR
shading - PV in PV units (blue = negative, red - positive)

TRMM Analysis Results

68% of rainfall in active MJO occurs in active CCKW
Rain rates per unit area are:
 60% higher in active CCKW than in entire active MJO
« 88% higher in active CCKW than outside of CCKW but inside of active MJO

Take Home Points

. PV in active MJO increases abruptly after CCKW passage.
. This does not occur in CCKWs alone

» Suggests that the MJO background state is conducive to CCKW modulated
convection

. Rainfall within the MJO is concentrated within CCKWs which partially explains the

iIncrease in PV using diabatic heating arguments
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Red -> Filtered index * |n other words, compare rainfall within red outline to rainfall within blue
Blue 2 RMM index outline.




