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Upscale effects from unresolved Mesoscale Convective Systems
(MCSs) are known sources of uncertainty in General Circulation Models
(GCMs), which show general difficulty in reproduction of MJOs. The Non-—
hydrologiccal ICosahedral Atmospheric Model (NICAM) successfully
reproduced an MJO case using extremely fine mesh, directly resolving
MCSs without cumulus parameterization.

We analyzed the upscale effect of Convective Momentum Transport

(CMT) associated with rainbands of MCSs embedded within the
convectively active region of the reproduced MJO case. The upscale
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Icosahedral grid used in MJO cloud clusters observed from satellite
NICAM (Satoh et al. 2008) and reproduced by NICAM (Miura et al. 2007).
Composed zonal wind structure of the MJO.
NICAM (above) and JCDAS-reanalysis (below).
The center of the MJO is determined following the
EOF based procedure described in Wheeler and
NICAM succeed to reproduce an MJO case Hendon (2004).
observed during Dec 2006 — Jan 2007 with S— .
orizontal grid Icosahedralgrid  7km  (3.5km 14km)
Suranlneg hlgh accuracy by eXpIICItIy :;ir:z;]ngnd z:z:;:inate, Lorenz grid 40 layers Om ~ 38km
representing mesoscale convections without T L ek
cumulus parameterization (Miura et al. 2007). T R T
Cloud microphysics Grabowski(1998)
Surface process Bucket land model / Fixed SST
. Initial condition NCEP — Reanalysis 2006-12-15 00:00:00
In this study we use the 7km mesh output data. Sounsaycondions | Reyds ST e e vk
-topo5 topography, Matthews vegetation
Three (two) dimensional data are 6 (1.5) -hourly. R e A

K Model configuration for the MJO experiment. /
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Schematic structure of MJO and embedded convection. Arrows show the Schematic of a typical squall-line type MCS. Momentum flux divergence
Matsuno—Gill type response due to the cumulus heating ensemble. This (acceleration due to CMT), affected by the horizontal pressure gradient
study stands in the point of view that eastward propagation of the MJO is across the vertical flow, can have counter gradient effects on the vertical
controlled by the eastward shift of the region favorable for convection. wind shear when the convection are organized in to a linear structure.

CMT associated with rainbands embedded in MJOs cause upscale acceleration.

This effect Is usually parameterized as sub-grid mixing components in GCMSs.

However, it Is known from observation and numerical experiments that organized

rainbands can have counter gradient effects on the vertical wind shear (e.qg.
\LeMone and Moncrieff, 1994; Tung and Yanai 2002).

GRainbands Detected in the NICAM MJO case \

Threshold used for rainband detection : ( Size of continuous area where precipitation=20.3mm/h ) = 2000km?

Rainband frequency distributions TMIvsNICAM
T™I 16,546 cases
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0 . An example of an ideal squal |-line type rainband produced in NICAM.
Upper left figure shows the surface rainfall (color) and zonal wind
20 vectors at 1580m height. Upper central figure shows the vertical wind
-10 o B within the region determined to be under the influence of the

‘3 e e m rainband. Upper right figure shows the vertical profile of (u,V), the

Rainband frequency distribution map derived from TMI and NICAM (above). horizontal wind averaged over the circle indicated in th_e upper Ieit
The expected ratio of rainband case numbers estimated from the data figure. The lower left figure show vertical profiles of : y (blue); w
retrieval difference is about 10 — 15. Red rectangle indicates the main (purple) ; and upscale acceleration by —%% (red) . The lower right
analysis region used hereafter in this study. The lower figure shows the figure is a zonal—height cross section of u'w' . The red arrow in the
spatial distribution of rainbands relative to the MJO center. upper left figure indicates the zonal axis of the lower right figure.

Total number and frequency distribution of rainbands produced in NICAM are
consistent with satellite data (TRMM/TMI) considering data retrieval differences.
The area within 100°E - 170°E / 12°N - 12°S (red box), where the cases are
abundant and the distribution agree well, is chosen as the main analysis region.

While some ideal squall line type rainbands are found (upper right figure), there

Qere many cases with complicated structures (not shown). /

zonal acceleration ensemb

le of CMT formed a three—layered structure:

positive near the surface (below 1.6km) ; negative at low to mid levels
(2km — 6.5km) ; positive at upper levels (above 11km). CMT accounted

for =16 m/s of the 2 km -

6.5 km averaged difference (10 m/s) of the

zonal wind longitudinally across the MJO.

Two possible roles of the CMT are proposed. One is that the CMT
acts to prevent eastward advection of moisture rich air, thereby delays
the MJO propagation. Another is that it tilts the structure of the zonal

winds associated with the

MJO.

Rainband axis

Circular area used for
horizontal average.

be affected from
the rainband

MJO relative distribution of u
acceleration vectors defined

/4. Distribution of CMT Acceleration Vectors \
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Examples of various vertical profiles
calculated for a rainband

Contribution from the orange blue: u purple: (y'w')
rectangular area to this term _ _
(upscale accelerationon # ) red:/ 1 0pu'w'\ green: .—w.a_u
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of this rainband. -
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storied structure : positive zonal component ™ |

near the surface (below 1.6km) ; negative )

zonal component at low to mid troposphere .

(2km-6.5km) ; positive zonal component at
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gQuantitative Evaluation of Upscale Acceleration due to Cm\

c =4.8m/s (MJO phase speed)
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Figures on the left row are MJO relative

composites of zonal—height cross sections
achieved by aligning vertical profiles calculated

in each 5°radius circle distributed over the
equator (above). Figures on the right row

compare the difference and the integrated

tendency terms of the mean zonal wind
| & horizontal dashdash between 20° and —30° from the MJO center.

sjo(deg) “50 R (m/s) MJO phase speed ¢ is assumed to be constant
and is derived following WHO4.
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By distributing the 5° radius circles evenly over the equator, guantitative evaluation

contribution to the wind ciﬁerenée between 20° and -30° from the MJO center. In
the low to mid troposphere (2km-6.5km), its contribution on the zonal wind

to -2 is performed. -2 has significant

0z 0z

difference longitudinally across the MJO (10 m/s) was as much as -16 m/s in
average.
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progress of the flow structure
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|
Wesl Center of MJO East West Center of MJO East
Schematics describing the suggested possible roles of CMT effects (semitransparent arrows) in the MJO in (a) delaying the eastward MJO propagation and
(b) tilting the flow structure westward with height. Shades in (b) schematically express the westerly u ; darker shades represent stronger westerlies.
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