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 Intraseasonal Time Scale: 30­60 days
 Slow Eastward Propagation:
       ~5 m/s Phase Speed
 Strong Coupling Between Deep Convection    
       and Large­Scale Circulation
 Planetary Zonal Scale (Wavenumber One­Two)
 Vertical Baroclinic Structure
 Equatorially Trapped
 Strong Geographic Preference:  The Tropical 
       Indian and West Pacific Oceans (“Warm Pool”)
Strong Seasonal Dependence:                
       NH Winter: Strong; Eastward Propagation 
       NH Summer: Weak, Northeast Propagation
 Significant Interannual Variability
 Scale Interaction with Many Other High­

 Frequency, Small­Scale Convective Systems

Madden & Julian, 1972; 2005; Wang 2005; Zhang 2005

Madden­Julian OscillationMadden­Julian Oscillation  
(a.k.a. Intraseasonal, 40-50, 30-60 Day Oscillation)
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Diurnal Cycle
Tropical Weather
  Low­frequency Weather Modulation 
Tropical Cyclones and Hurricanes
Midlatitude Circulations
Asian­Australian Monsoon
  Onset and Break Periods
Tropical Oceans
  ENSO
  Decadal Variability (Indian Ocean?)
  Mean Ocean Climate
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Courtesy of D. Waliser
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Understanding, modeling, and predicting the MJO 
remains an unmet challenge for tropical atmospheric 
scientists and oceanographers (Lau and Waliser 2005; 
Zhang 2005).

Vertical moist thermodynamic structure of the MJO is 
not well understood because of the dearth of high 
vertical resolution temperature and humidity data.

Challenge 
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AIRS/AMSU Sounding System
Through multi­spectral coverage in infrared and microwave 
channels, the AIRS/AMSU system obtains vertical profiles 
of atmospheric temperature and water vapor with vertical 
resolution of 1­2 km, horizontal resolution of 45 km, 
temporal resolution of twice daily, radiosonde accuracy, 
global coverage, and for cloud cover up to about 70%. 
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Objective
To characterize the vertical moist thermodynamic structure 
and spatial­temporal evolution of the MJO by exploiting the 
high­resolution AIRS/AMSU soundings. 

To illustrate areas where confidence can be ascribed to the 
reanalyses as well as where caution might be warranted by 
comparing results from AIRS and NCEP.

To validate MJO theories and improve our theoretical 
understanding of the MJO.
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Data 
AIRS L3 v4.0.8.0 Water Vapor and Temperature Soundings

Temp: 24 WMO Standard Levels from 1000 to 1 mb 
    WV: 12 Lowest WMO Standard Layers from 1000 to 100 mb

1° x 1°, Daily, From 09/01/2002 to 01/26/2005

NCEP Water Vapor and Temperature Profiles
             Temp: 17 lvls from 1000 to 10 mb; WV: 8 lvls from 1000 to 300mb     

2.5° x 2.5°,  Daily, From 09/01/2002 to 01/26/2005 

TRMM GOES Precipitation Index (GPI) Rainfall
1° x 1°,  Daily, From 01/01/1998 to 02/04/2005
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Hovmöller diagram of TRMM rainfall MJO anomaly (averaged from 10ºS-
10ºN)
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Amplitude pentad time series for the first EEOF mode of TRMM rainfall anomaly from NH 
wintertime (November–April) and the region 30ºN–30ºS and 30ºE–150ºW. 
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Suppressed 
Convection

Enhanced 
Convection

Pressure-Longitude Diagrams of Temperature Anomaly Along Equator for the MJO; 

TRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 Days

-20 Days

-10 Days

0 Days

+10 Days

+20 Days
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Longitude-Latitude Maps of MJO Temperature Anomaly in the Free Troposphere (400 hPa);

 TRMM Rainfall Anomaly Shown as Line Plot (solid, +1 mm/day; dashed, -1 mm/day);

Panels Separated by 10 Days

A warm (cold) 
anomaly (~0.4 K) 
is collocated with 

enhanced 
(suppressed) 
convection.

Enhanced 
Convection

Suppressed 
Convection
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Suppressed 
Convection

Enhanced 
Convection

Pressure-Longitude Diagrams of Moisture Anomaly Along Equator for the MJO;

TRMM Rainfall Anomaly Shown as Line Plot (right axis); Panels Separated by 10 Days

-20 Days

-10 Days

0 Days

+10 Days

+20 Days
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What’s What’s NewNew from AIRS? from AIRS?

Can We Get the Similar MJO Vertical Can We Get the Similar MJO Vertical 
Structure from NCEP?Structure from NCEP?
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• In AIRS, a boundary­layer temperature anomaly precedes the tropospheric temperature anomaly in a 
somewhat consistent way for both the Indian and western Pacific Ocean. This doesn’t appear to be the 
case for the NCEP results. 

AIRS NCEPSuppressed 
Convection

Enhanced 
Convection
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AIRSNCEP AIRSNCEP

Vertical Profiles of MJO Temperature Anomaly In the Indian & W.Pacific Ocean

Indian Ocean Western Pacific Ocean

• The plot on the left shows the profiles over the Indian Ocean for Lag +2 pentads (disturbed) minus Lag 
-2 pentads (suppressed). The plot on the right shows the profiles over the western Pacific Ocean for 
Lag +4 pentads (disturbed) - Lag 0 pentads (suppressed). 

•  The AIRS data exhibit stronger lower-tropospheric (free tropospheric) cooling (warming) compared 
to the NCEP for the implied conditions - i.e. positive precipitation anomalies.
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AIRS NCEPSuppressed 
Convection

Enhanced 
Convection

• In this region of sparse in-situ data, there is considerable disagreement between AIRS and NCEP.
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Relation Between TRMM Rainfall and Mid-Troposphere Water Vapor Anomalies In 

the Equatorial Indian Ocean (8ºS-8ºN, 70ºE-100ºE) for the MJO

AIRS NCEP

• The data points plotted are based on a combination of the strongly disturbed (Lag 0 pentads) and strongly 
suppressed (Lag -4 & +4 pentads) phases of the MJO.

• The left plot is based on AIRS mid-tropospheric (547 hPa) water vapor and TRMM rainfall anomalies.
• The right plot is based on NCEP mid-tropospheric (500 hPa) water vapor and TRMM rainfall anomalies.
• The AIRS data exhibits a more realistic relationship to the TRMM rainfall anomalies - at least for this 

region where in-situ data is sparse. 

More Rain & Clouds 
-> More Mid-Trop 
Moisture : Expected

Less Rain & Clouds 
-> Less Mid-Trop 
Moisture : Expected

Unexpected Relation: 
Accentuated in Regions 
with Sparse Operational 
Data
e.g., Indian Ocean
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R­High

Schematic structure of the frictional convergence feedback or frictional wave­CISK 
model for the MJO (Wang 1998; 2005). 

Courtesy of B. Wang
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Pressure-Longitude Diagrams of MJO Temperature/Water Vapor Anomaly Along Equator
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The AIRS data indicate that, in the Indian Ocean and western Pacific, the 
temperature anomaly exhibits a trimodal vertical structure: a warm (cold) anomaly in 
the free troposphere [800­250 hPa] and a cold (warm) anomaly near the tropopause 
[above 250 hPa] and in the lower troposphere [below 800 hPa] associated with enhanced 
(suppressed) convection. 

The AIRS moisture anomaly also shows markedly different vertical structures as a 
function of longitude and the strength of convection anomaly. 

Most significantly, the AIRS data demonstrate that, over the Indian Ocean and 
western Pacific, the enhanced (suppressed) convection is generally preceded in both time 
and space by a low­level warm and moist (cold and dry) anomaly and followed by a low­
level cold and dry (warm and moist) anomaly. 

Summary ­ I
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The MJO vertical moist thermodynamic structure from the AIRS data is in general 
agreement, particularly in the free troposphere, with previous studies based on global 
reanalysis and limited radiosonde data. 

However, major differences in the lower­troposphere moisture and temperature 
structure between the AIRS observations and the NCEP reanalysis are found over the 
Indian and Pacific Oceans, where there are very few conventional data to constrain the 
reanalysis. 

Overall, the AIRS results are quite consistent with those predicted by the frictional 
Kelvin­Rossby wave­CISK theory for the MJO. 

Summary ­ II
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For More Information, please contact me at 
Baijun.Tian@jpl.nasa.gov or http://www.gps.caltech.edu/~btian

Tian, B., D. E. Waliser, E. J. Fetzer, B. H. Lambrigtsen, Y. L. Yung, and 
B. Wang, 2006: Vertical Moist Thermodynamic Structure and Spatial­
temporal Evolution of the MJO in AIRS Observations. J. Atmos. Sci.

The End

Thank You


