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I.  INTRODUCTION  
The Madden-Julian Oscillation (MJO) is the dominant form of intraseasonal variability in the 
Tropics (Madden and Julian, 1994).  It impacts a wide range of phenomena, such as El Niño/La 
Nina, Asian-Australian monsoons, mid-latitude weather, and tropical cyclones [Lau and Waliser, 
2005].  To date, the large-scale MJO convection and circulation characteristics have been 
relatively well documented and in some cases understood. There are, however, challenges/
shortcomings in our weather forecast and climate simulation model representations of the 
MJO, and it is believed that they are related to shortcomings in the modeling of cloud and 
convective processes. 

Four years of version-2 data products are now available from the Aura MLS, including 
Temperature (T), Cloud Ice Water Content (IWC), Water Vapor (H2O), Ozone (O3) and Carbon 
Monoxide (CO). These data can provide constraints on the impact of MJO in models of UT/LS 
hydrology, as well as its impact on UT pollution and the control of entry of air into the 
stratosphere.    

Conclusions 

•  MLS IWC MJO anomalies have a coherent vertical structure, positively correlated with 
TRMM rainfall anomalies.  

• At 147 and 100 hPa, MLS temperature anomalies tends to be negatively-correlated with 
convection, but have significant subtropical structure associated with the Rossby gyres 
that propagate eastward with the MJO. 

• Water Vapor anomalies are positively correlated with convection at both  215 hPa and at 
68 hPa.  Water vapor anomalies are positively correlated with temperature anomalies at 
100 hPa.    

• CO and O3 anomalies provide insight into the influence of MJO on the control of air 
entering the stratosphere.  This is definitely a work in progress.   

• MLS IWC and water vapor help provide a comprehensive picture of upper tropospheric 
hydrology and provide important tests/constraints for validating and/or improving model 
representations of the MJO. 

Analysis Method 

• MLS data is averaged over 8º longitude, 4º latitude, 5 day (pentad) grid boxes. 
• The mean and annual cycle are removed for each latitude/longitude point. 
• Data are band-pass filtered to retain 30--90-day variability. 
• Extended (in time) Empirical Orthogonal Function (EEOF) analysis is performed on 215 hPa IWC to create 
a phase-coherent MJO index. “Vectors” in this analysis are overlapping 11-pentad blocks of 32E-152W, 
30S-30N maps 
• The projection of the leading EEOF of 215 hPa IWC variability, which is dominated by MJO, is used as an 
MJO index.   

• A separate index is calculated for MJJASO and NDJFMA. 
• 55-day blocks of data centered at times when the index has a maximum (>1σ) are averaged to give 
temporal-spatial MJO anomalies. 

Dynamic Structure of the MJO 

The MJO is an equatorially-trapped Kelvin wave with an associated convection anomaly and 
subtropical Rossby waves over warm waters of the Eastern hemisphere.  The Kelvin wave 
propagates eastward at ~5m/s where it is coupled strongly to convection, and ~10 m/s in much of the 
western hemisphere.  Boreal-winter convection anomalies propagate eastward while boreal-summer 
anomalies, interacting with the Asian Monsoon, have a more-complex, north-eastern propagation 
direction. 

MJO Composite Anomalies 

• Composites formed by averaging multiple 55-day blocks of data are shown at the lower 
left. The upper row shows an average over 10 phase-synchronized boreal-winter MJO 
events and the lower shows averages of 11 MJO events in boreal summer.   

• TRMM rain-rate (3B42) contours are overlaid: +1,+2 mm/day in white, -1, -2 mm/day in 
black. 

Ice Water Content (IWC) 
• IWC has vertically-coherent anomalies which are all strongly-positively correlated with 
TRMM rain-rate anomalies up to 68 hPa.  Amplitudes of these anomalies are ±3 mg/
m^3 at 215 hPa and drop to ±0.15 mg/m^3 at 100 hPa and ±0.015 mg/m^3 at 68 hPa.  

• Boreal winter (NDJFMA) anomalies propagate eastward with the Kelvin wave from the 
Indian Ocean into the Western Pacific, and pop up again in South America.   Boreal 
Summer (MJJASO) IWC propagate with the TRMM anomaly from the Indian Ocean to 
the northeast. 

• The projection of the leading EEOF of the 215-hPa IWC has been used as the index to 
select the averaged events for boreal winter and summer, separately.  These EEOFs 
are not shown, but they look very much like normalized versions of the 215-hPa 
composites. 

Temperature (T) 
• MLS 215 hPa Temperature anomalies are not well correlated with the TRMM 
convection anomaly, showing a positive correlation with amplitude less than ±0.5 K.  
Cold biases in the presence of thick cloud may be masking warming due to latent heat 
release.  Anomalies associated with the off-equator Rossby gyres have larger 
magnitude than those associated with the convection anomaly. 

• At 147 hPa and 100 hPa, IWC anomalies tend to be anticorrelated with convection, 
although the subtropical anomalies associate with the Rossby gyres are significant.  
These subtropical temperature anomalies are larger in the winter hemisphere, while the 
boreal summer convection anomaly propagates into the northern (summer) hemisphere. 

• In Hovmöller diagrams of temperature (not shown), equatorial anomalies near the 
tropopause propagate around the globe with the Kelvin wave at longitudes where there 
is no convective anomaly. 

Water Vapor (H2O) 
• H2O at  215 hPa is strongly, positively correlated with convection. 

• 147 hPa H2O anomalies are correlated with convection in boreal winter, but not so 
clearly so in boreal summer. 

• At 100 hPa, H2O is positively correlated with temperature, which a significant departure 
from the convective anomaly in the boreal summer. 

• At 68 hPa, H2O is positively-correlated with the convection anomaly.  This correlation, 
noted in preliminary analysis of MLS v1.5 boreal winter data, is seen here in both 
seasons and it persists when analysis is done on isentropic surfaces.   The amplitude of 
this signal is small (±0.05 ppmv) compared to the ~3-ppmv amplitude of the seasonal 
cycle at this level.  

Carbon Monoxide (CO) 
• CO at 100 hPa has a positive correlation with convection.  The amplitude of the signal 
(less than ±5 ppbv) is small compared to the 30-ppbv amplitude of the seasonal (tape 
recorder) cycle at this level. 

• At 215 hPa and 147 hPa, near the “head” of the CO stratospheric tape recorder, the 
CO MJO composite is rather muddled.  Convection is not sufficient to enrich the upper 
troposphere (UT) with CO; a source of CO in the boundary layer (from biomass burning 
or anthropogenically polluted air) is also required. 

• Further analysis MLS CO is warranted to investigate the role MJO in modulating CO in 
the UT.   This analysis will need to account for the inhomogeneity of CO in the boundary 
layer, with focus on the African and South American burning seasons and Southern 
Asian pollution. 

Ozone (O3) 
• MLS ozone anomalies are shown on isentropic levels..   

• MLS 347K O3 (near 215 hPa at the equator) is positively-correlated with convection.  
One would expect convectively-lofted Indian-ocean boundary-layer air to be relatively 
ozone-poor, although convectively-lifted air might be somewhat enriched by lightning.  
This result bears  further investigation and validation. 

• At 353K (near 147 hPa at the equator), O3 is negatively correlated with convection, 
with eastward-propagating convection leading the O3 anomaly.  The magnitude of the 
353-K O3 anomalies are ±12 ppbv, compared to an equatorial seasonal cycle ~50 ppbv 
amplitude. 
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From Rui and Wang [1990]. 

MJO Events 

• The rightmost  panel in the grouping 
to the right shows projections of the 
leading EEOFs of 30-90 day 
variability in 215-hPa MLS IWC, in 
Red for MJJASO and in Blue for 
NDJFMA. 
• Selected events are marked with 
horizontal lines. 
• On the four Hovmöller diagrams, 
the horizontal is longitude and time 
increases downward in the vertical. 
• Line contours are TRMM rain-rate 
anomalies +0.25mm/day in white,    
-0.25 mm/day in black. 
• Eastward propagating anomalies 
slope downward to the right. 
• Convection anomalies are primarily 
in the eastern hemisphere over 
South America. 
• The 100-hPa H2O anomaly is 
evident in both hemispheres. 
• H2O is generally positively 
correlated with convection at 147hPa 
and 68hPa and negatively correlated 
at 100 hPa. 
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