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AZELUZEIS B22]ds  Wang et al. (2018) Dynamics-Oriented Diagnostics for the
Ik MJO

1) the horizontal structure of boundary layer moisture convergence
2) the horizontal structure of 850-hPa zonal wind and its equatorial
asymmetry(Kelvin easterly versus Rossby westerly intensity)

3) the equatorial vertical-longitudinal structure of the equivalent
potential temperature and convective instability index

: e ey 4) the MJO available potential energy generation that reflects the

::gn}uSCQZ?:t;acLiA'acgrrsg:élt‘;Zasggr:g;yesgylge:zg?jrl:gi:rreOf amp"fication and propag ation of an MJO

gence
X

Wang et al. (2020) Teleconnections over the PNA region
in climate models +







Basic diagnostics in MJO properties

- Key Features: 20N (a) Filtered Vﬂl‘lﬂt‘l{:e (20~70day Precipitation) GPCP
* Variance Peak at I5°N 1 -
1O and WP EQ -
* ITCZ/SPCZ band 15°S -
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0° 60°E 120"E 1 80" 120°W 60" W 0°
-Stronger variability 30°N
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Basic diagnostics in MJO properties
_(GPCP). (GC2)
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- Key Features of frequency-wavenumber spectrum of the precipitation
* Maximum power occurs at 40-50-day periods and zonal wavenumber one
* The power for westward propagation is much weaker than eastward movement

- GC2 simulation successfully capture the planetary scale of precipitation anomalies(zonal wavenumber one)
* Shorter time scale at wavenumber 2 is stronger and westward propagation in stronger than the observation



MJO eastward propagation

(ERADB) (GC2)

lifecycle(GS5-GC2,0lr,uv850) : Nov to Apr
“‘\g}w'ﬁ**hmfé‘::/"»; N i

[ T 1T T T T
2 4 8 8 10

- Composite anomalies of OLR and low-level(850hPa) wind from MJO phase 1 to 8
* Systematic eastward propagation from IO to the dateline

- Largest convection center over the I0(P4) and WP(P6)

- GC2 produces MJO eastward propagation successfully

Z|ECE2M but weaker intensity and fast decay over WP(northern edge) from phase 7
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Basic diagnostics in MJO properties

GPCP precipitation

(G PCP) Winter

B T
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-10 —

averaged over 5°S-5°N with reference to the precipitation at
the equator eastern Indian Ocean(5°S-5°N, 90°-110°E) from

GPCP and the model(GC2)

Q’ - Lead-lag correlation of 20-70 day filtered precipitation

- GC2 produces MJO eastward propagation quite
successfully compared with the models in the previous
slide(wet and dry anomalies with the center at IO and WP)
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Basic diagnostics in MJO properties

P1

P2

P3

P4

P5

P6

P7

P8

(OBS)

20N

‘T (OLR & U850)
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20S
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-25-20-15-10 -5 0 & 10 15 20 25

OLR and U850 averaged over the Indian Ocean from MJO phase 1 to 8
- Maximum convection centered at the equator, easterly leading the convection
- GC2 has fast propagation, U850 and OLR has simultaneous evolution

| ZCE&EFY
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Evaluation of MJO using dynamic-oriented diagnostics
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Evaluation of MJO using dynamic-oriented diagnostics

Horizontal structure of 850-hPa zonal wind
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- the Kelvin wave is closely coupled with the
Rossby wave around the convective center
in the eastern Indian Ocean

- The peak of easterly at the EQ is comparable
to the peak of westerly + asymmetry between
Rossby and Kelvin Wave

- Key feature(R:K zonal extent, intensity) is
well captured
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MJO Period
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Diagnostic 2
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MJO Pattern

Diagnostic 1
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MJO Teleconnection Pattern

tho) ISO—teleconnection(DJFMA) .O(P3) (b) WNP(P7)
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MJO Teleconnection Amplitude
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MJO teleconnection (Intra Phase Consistency) )
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Rossby Wave Source Pattern
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Rossby Wave Source Amplitude
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5. 29F

The Madden Julian Oscillation (MJO) is the important prediction source for the sub-
seasonal to seasonal forecast

GC2 successfully captures three-dimensional dynamics and thermodynamics
structure of MJO eastward propagation. The model produces the boundary layer
(BL) moisture convergence anomalies to the east of the MJO deep convection
with easterly anomalies associated with the Kelvin wave.

The enhanced BL moisture convergence increases upward transport of moisture
from the surface to the lower troposphere, inducing the moist lower troposphere
and the positive convective instability by destabilization of the lower atmosphere
and, thus, generating the next convection to the east of MJO deep convection
and promoting MJO eastward propagation.

However, the signal for eastward propagation is relatively weak in the Maritime
Continent (MC) and the Western Pacific (WP). To improve the MJO eastward
propagation in the MC and WP, improved heating induced by shallow (or
congestus) clouds interacting with enhanced BL dynamics may be required.
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