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MJO



Eastward-moving Active Convection from 
Indian Ocean to Western Pacific

• Takes 1-2 month to move around the tropical globe

• Detected by Madden and Julian in 1971

• Called “Madden-Julian Oscillation” or “Tropical 
Intraseasonal Oscillation”

• Not well simulated in the model

(Reference：http://envam1.env.uea.ac.uk/)

Tropical Intraseasonal Oscillation

(Madden and Julian, 1972)



Lin et al., 2006, J. Clim. 14 IPCC-4 Models for MJO



MYSTERY OF MJO
MJO is a largest organized convection system (zonal 
wavenumber of 1 - 2) over the globe, but we do not 
know the organization mechanism into a planetary scale.

It is really hard to draw the whole picture of it, due to 
its planetary scale. The data are usually band-pass 
filtered in time, to try to understand the behavior, but it 
does not help, because MJO is a mutli-scale phenomenon, 
composed by moist Kelvin waves. 

Most atmospheric GCMs can simulate moist Kelvin waves, 
but not MJO. Why?

Pre-conditioning, or MJO-genesis is not well known.



Latent Heating Characteristics of  MJO

Morita et al. (2006)
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as the MJO is a tropical phenomenon, we turn off shallow
convection only in the tropical belt within 25 degrees from the
Equator. We run 5-yr long simulations to produce enough
MJOs for the analysis, starting from September 1, 1979 and
ending on December 31, 1984with observedmonthly-varying
sea surface temperatures (SST) as boundary conditions. Out-
put from January 1980 through December 1984 for both runs
is used for the analysis. Daily outgoing longwave radiation

(OLR) from Advanced Very High Resolution Radiometer
(AVHRR) estimates and specific humidity from the NCEP/
NCAR reanalysis are used to evaluate the model results.

3. Results

[6] A model’s ability to simulate MJO can be affected by
many factors, including model physics parameterization,

Figure 1. Lag correlation between OLR in the central Indian Ocean and other longitudes for (top) AVHRR, (middle) CTL and
(bottom) NHK for northern winter half-year (Nov–Apr). Shadings are for correlations above the 99% significance level.

L09708 ZHANG AND SONG: INFLUENCE OF THE SAL ON TC INTENSITY L09708

2 of 6

Ocean and the western Pacific, and becomes more intensi-
fied. As the MJO moves further eastward, it decays to
complete its life cycle. The CTL simulation has a very similar
life cycle to the observations with similar amplitude in OLR
anomalies, except with smaller spatial scale. When shallow
convection is turned off, the MJO signal becomes extremely
weak, and the eastward propagation is hardly identifiable.
The dramatic difference in MJO life cycle between the two
simulations suggests that shallow convection plays an im-
portant role in MJO simulation. It is worth noting that the
standard CAM3 has a poor MJO simulation. When the deep
convection scheme is modified, MJO simulation becomes
realistic. Mu and Zhang [2008] showed that in the standard
CAM3 shallow convection is negatively correlated with deep
convection on MJO timescale whereas in the simulation in
which deep convection uses the revised Zhang-McFarlane
scheme, shallow convection is positively correlated with
deep convection, with shallow convection leading by several
days. This, together with Figure 2, suggests that when deep
convection is not properly represented in the model, MJO
simulation will be poor; even with proper parameterization of
deep convection, without the action of shallow convection

the MJO simulation will also fail. Therefore, the interaction
between deep and shallow convection is key toMJO simulation.
[8] Observations have suggested that shallow convection

can serve to precondition the lower troposphere for deep
convection [Kikuchi and Takayabu, 2004]. Thus, shallow
convection ahead of deep convection should be a key fea-
ture of MJO development in model simulations. Figure 3
shows the height-longitude cross section of specific humid-
ity anomalies in the developing and mature stages of MJO
cycle from the NCEP reanalyses and model simulations. In
an eight-phase MJO life cycle, phases 2 and 3 correspond to
the developing stage of MJO, with deep convection in the
Indian Ocean, and phases 4 and 5 correspond to mature
stage, with deep convection in the western Pacific [Wheeler
and Hendon, 2004]. For the NCEP reanalyses, phase 3 is
plotted and for CAM3 simulations phase 2 is plotted to
represent the developing phase because the anomaly struc-
ture in the NCEP phase 3 has closer resemblance to that in
phase 2 in CAM3. In the deep convection region, as sig-
nified by the negative OLR anomalies below each contour
plot, there are large positive specific humidity anomalies.
Ahead of them, there is a region of positive moisture

Figure 3. Height-longitude cross section of moisture anomalies at the developing and mature phases of MJO from the
(left) NCEP reanalyses, (middle) CTL run and (right) NHK run. Positive anomalies are in solid contours and blue shading.
The zero lines are in green. The OLR anomaly line below each cross section plot is used to show the location of convection
(strongest negative anomaly).
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ZHANG  AND SONG, 2009 GRL
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WIDE PERIODICITY OF MJO
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MJO BY SCATTEROMETERS

Pre-conditioning over the Indian Ocean would be a key?

Indian Ocean: Genesis Region

Coupling of moist Kelvin waves with convection

Kelvin-wave westerlies west of MJO

Trade wind easterlies east of MJO

Detailed Circulation Analysis by Scatterometers 
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Tropical Cyclones
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http://sharaku.eorc.jaxa.jp/GSMaP/index.htm

Hourly Rainfall

http://sharaku.eorc.jaxa.jp/GSMaP/index.htm
http://sharaku.eorc.jaxa.jp/GSMaP/index.htm


More Frequent Stronger 
TCs are Coming?

Questions

Best Track Intensity Data, based on Dvorak 
Method, are reliable?

Same Intensity for Same Typhoon in JTWC 
and JMA over WP?

Longer Series of Scatterometer Data are 
Important!



Fig. 4. Intensity of hurricanes according to the Saffir-Simpson scale (categories 1 to 5)
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Wu et al.(2006)
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Differences in Dvorak CIs

http://www.jstage.jst.go.jp/article/sola/5/0/33/_pdf

Nakazawa and Hoshino (2009)

http://www.jstage.jst.go.jp/article/sola/5/0/33/_pdf
http://www.jstage.jst.go.jp/article/sola/5/0/33/_pdf
http://www.jstage.jst.go.jp/article/sola/5/0/33/_pdf
http://www.jstage.jst.go.jp/article/sola/5/0/33/_pdf


More Severe TCs in late 21st Centuries 
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TC BY SCATTEROMETERS
Better Performance in Higher Winds is a KEY!

Operational Use

Data Assimilation

Representations of TCs are getting better

Sometimes the data are rejected... Why?

Research Use

Long-term Trend Analysis on TC Intensity Changes

Structural Changes of TC Wind Distributions

TC Genesis under Weak Wind Conditions


