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Perturbations in surface properties 
and OLR/precip confined to Indian 

Ocean and western Pacific, but 
upper tropopsheric wind signals are 

global
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OLR power spectrum, 15ºS-15ºN, 1979–2001 (Symmetric)

from Wheeler and Kiladis, 1999



OLR power spectrum, 15ºS-15ºN, 1979–2001 (Antisymmetric)

from Wheeler and Kiladis, 1999



OLR background spectrum, 15ºS-15ºN, 1979–2001

from Wheeler and Kiladis, 1999



from
Wheeler and Kiladis, 1999

OLR power spectrum, 1979–2001 (Symmetric)



Kelvin wave Phase 
Speed: 15 m s-1

Kelvin wave dispersion 
curves for equivalent 
depths of 25 and 50 m 

from
Wheeler and Kiladis, 1999

OLR power spectrum, 1979–2001 (Symmetric)
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OLR power spectrum, 1979–2001 (Symmetric)

Kelvin
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OLR power spectrum, 1979–2001 (Symmetric)
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Wheeler and Kiladis, 1999

OLR power spectrum, 1979–2001 (Antisymmetric)



from
Wheeler and Kiladis, 1999

OLR power spectrum, 1979–2001 (Antisymmetric)
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OLR power spectrum, 1979–2001 (Symmetric)



OBSERVATIONS OF KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (5S–equator), February 1987



OBSERVATIONS OF TWO DAY (WIG), KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (2.5S–2.5N), October–December 1992



OBSERVATIONS OF TWO DAY (WIG), KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (2.5S–2.5N), October–December 1992

2 day
Westward

Inertio-Gravity
waves

(-16 m s-1)



OBSERVATIONS OF TWO DAY (WIG), KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (2.5S–2.5N), October–December 1992

Kelvin
waves

(+15 m s-1)



OBSERVATIONS OF KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (2.5S–7.5N), January–April 1987



OBSERVATIONS OF KELVIN WAVES AND THE MJO
Time–longitude diagram of CLAUS Tb (2.5S–7.5N), January–April 1987

Kelvin
waves

(15 m s-1)

MJO
(5 m s-1)



OBSERVATIONS OF KELVIN AND MRG WAVES
Time–longitude diagram of CLAUS Tb (2.5S–7.5N), May 1987



1998 OLR    2.5ºS-2.5º N

OLR shading starts at - 10 W m-2 at 20 W m-2 intervals, negative only



Regression Model
Simple Linear Model:

y = ax + b

where: x= predictor (filtered OLR)
y= predictand (OLR, circulation)



Convective Fraction from TRMM TMI Regressed against MJO-filtered 
OLR at Eq, 80°E (scaled -40 W m2) for 1998-2003  

OLR (contours, 10 W m-2)
Convective Fraction (shading, ± 2 and 5%), red positive



Convective Fraction from TRMM TMI Regressed against Kelvin-filtered 
OLR at 7.5°N, 172.5°W (scaled -40 W m2) for 1998-2003  

OLR (contours, 10 W m-2)
Convective Fraction (shading, ± 2 and 5%), red positive



Convective Fraction from TRMM TMI Regressed against MRG-filtered 
OLR at 7.5°N, 172.5°W (scaled -40 W m2) for 1998-2003  

OLR (contours, 10 W m-2)
Convective Fraction (shading, ± 2 and 5%), red positive



Morphology of a Tropical Mesoscale Convective  Complex in 
the eastern Atlantic during GATE (from Zipser et al. 1981)



Two day wave cloud morphology (from Takayabu et al. 
1996)



Observed Kelvin wave morphology (from Straub and Kiladis 
2003)



Morphology of MJO (from Wang 2005)



Equatorial Wave Structure
Consistent with a progression of shallow to deep convection, 
followed by stratiform precipitation for the Kelvin, Westward 
Inertio-gravity (2-day) Waves, and Easterly Waves

This was also observed during COARE for the MJO (e.g. Lin 
and Johnson 1996; Johnson et al. 1999; Lin et al. 2004)

This evolution is similar to that occurring on the 
Mesoscale Convective Complex scale
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OLR (shading), 1000-hPa Z (contours), 1000-hPa winds (vectors)
ECMWF reanalysis regression

Dynamical fields are 
symmetric with 
respect to the 

equator; convection 
is centered in NH 

along ITCZ

(Straub and Kiladis, 2002)



Kelvin wave in Majuro radiosonde data: 
1979-1999 (Straub and Kiladis, 2003)



Two day waves during COARE, 
from Haertel and Kiladis, 2004









OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day-16
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day-12
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day-8
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day-4
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day 0
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day+4
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day+8
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



OLR and 850 hPa Flow Regressed against MJO-filtered OLR 
(scaled -40 W m2) at eq, 155°E, 1979-1993  

Day+12
Streamfunction (contours 4 X 105 m2 s-1)

Wind (vectors, largest around 2 m s-1)
OLR (shading starts at +/- 6 W s-2), negative blue



Zonal Wind at Honiara (10°S, 160°E) Regressed against MJO-filtered 
OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
U Wind (contours, .5 m s-1), red positive

OLR

Pressure
(hPa)

from Kiladis, Straub, and Haertel, 2004



Zonal Wind at Seychelles (5°S, 55°E) Regressed against MJO-filtered 
OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
U Wind (contours, .5 m s-1), red positive

OLR

Pressure
(hPa)



Zonal Wind at Diego Garcia (7.5°S, 72°E) Regressed against MJO-
filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
U Wind (contours, .5 m s-1), red positive

OLR

Pressure
(hPa)



Temperature at Tarawa (Eq, 172.5°E) Regressed against MJO-filtered 
OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Temperature (contours, .1 °C), red positive

OLR

Pressure
(hPa)



Temperature at Honiara (10°S, 160.0°E) Regressed against MJO-filtered 
OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Temperature (contours, .1 °C), red positive

OLR

Pressure
(hPa)



Temperature at Diego Garcia (7.5°S, 72°E) Regressed against MJO-
filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Temperature (contours, .1 °C), red positive

OLR

Pressure
(hPa)



Temperature at Seychelles (5°S, 55°E) Regressed against MJO-filtered 
OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Temperature (contours, .1 °C), red positive

OLR

Pressure
(hPa)



Specific Humidity at Diego Garcia (7.5°S, 72°E) Regressed against 
MJO-filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Specific Humidity (contours, 1 X 10-1 g kg-1), red positive

OLR

Pressure
(hPa)



Specific Humidity at Medan (2.5°N, 97.5°E) Regressed against MJO-
filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Specific Humidity (contours, 1 X 10-1 g kg-1), red positive

OLR

Pressure
(hPa)



Specific Humidity at Tarawa (Eq, 172.5°E) Regressed against MJO-
filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Specific Humidity (contours, 1 X 10-1 g kg-1), red positive

OLR

Pressure
(hPa)



Specific Humidity at Truk (7.5°N, 152.5°E) Regressed against MJO-
filtered OLR (scaled -40 W m2) for 1979-1999  

OLR (top, Wm-2)
Specific Humidity (contours, 1 X 10-1 g kg-1), red positive

OLR

Pressure
(hPa)



Q1 Regressed against MJO-filtered OLR over the IFA during COARE



Q1 Regressed against MJO-filtered OLR over the IFA during COARE



Q1 Regressed against MJO-filtered OLR over the IFA during COARE



Dynamical Structures
All equatorial waves studied have tilted vertical structures, 
with:

Easterlies ahead of and westerlies following the convective 
region

Warm lower tropospheric temperatures ahead of the wave, 
with cooling behind.  The mid-troposphere is warm within the 
convective region, indicating that latent heating more than 
compensates for vertical motion.

Waves are moist ahead (high CAPE) and dry following the 
deep convection



























Conclusions
Although the MJO is comprised of a variety of higher 
frequency, smaller scale disturbances, the dynamical 
structures of all of these waves resemble each other in many 
important aspects, all consistent with shallow cumulus 
leading to deep convection followed by stratiform 
precipitation

There is a high degree of self-similar behavior seen in 
equatorial waves across a wide variety of scales

General Circulation Models do not represent such scale 
interactions, and most do not adequately represent the MJO 
or other equatorial modes sufficiently well.







Tropical cyclone 
activity and the MJO


