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2 May 2002 Madden Julian Oscillation
Upper panel shows active 
MJO over Indian Ocean. A 
week later (right panel) the 
convection has moved east, 
spawning two westward 
moving cyclones. 
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Air-sea interaction and the MJO 

Courtesy: Pete Inness



The MJO and coupling with the ocean: Observations
(Woolnough et al., 2000: J. Clim., 13, 2086-2104)

•Coherent 
relationship 
between 
convection  and 
SST. 

•Warm SSTs 
precede 
convection by 5-
10 days 

•Result from 
weaker winds, 
reduced LH flux 
and increased SW 
flux during 
suppressed 
phases of the 
MJO. 



The MJO in coupled models
(Inness and Slingo, 2003, J. Clim.)

CGCM has a propagating convective 
signal  compared with standing 
oscillation in AGCM. Coherent 
variations in SST in CGCM.

Coupling with the 
upper ocean is 

important for the 
MJO



Model mean state and 
air-sea coupling: 
850hPa u-wind
Obs.

HadCM3

HadCM3FA – flux adjusted 
between 10N and 10S



Coupling with the upper ocean on diurnal to 
intraseasonal timescales

Nov.
B A B

IMET Buoy data from 
TOGA-COARE

Note that the diurnal 
variations occur only 
during break (B) periods. 
Active (A) periods are 
preceded by a warming 
on sub-seasonal 
timescales. 
(From Anderson et al. 1996, J. Clim. )
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Vertical cross-section  
of temperature from the 
TOGA-COARE IMET 

mooring

Note complex temperature 
structure in top 40 meters during 
periods of light winds, associated 
with suppressed phase of the 
MJO and a strong diurnal cycle. 



Mixed layer model studies of the diurnal cycle: 
Sensitivity to vertical resolution

• 1m resolution 
(CTR) gives 
good simulation 
of diurnal and 
intraseasonal 
variability

• 10m resolution of 
most ocean 
models will not 
resolve diurnal 
variability of SST



Mixed layer model studies of the diurnal cycle: 
Sensitivity to daily versus hourly coupling

• Intraseasonal
variability of 
HR24 is 0.34°C 
less than CTR

• Implies a 40% 
underestimate of 
the strength  of 
air-sea coupling



Simulation of the diurnal cycle (and hence 
intraseasonal variability) requires:

!~3hr coupling 
frequency

!~1m thick 
upper layer in 
ocean

From: Bernie et al., 2004. J. Clim.



Trimodal distribution of convection and cumulus congestus

TOGA COARE results 
emphasize the 
dominance of 
cumulus congestus 
and point to a 
TRIMODAL cloud 
distribution in which 
the freezing level 
inversion is the key

Many conceptual models of tropical 
convection are based on a 
BIMODALcloud distribution, 
emphasizing shallow “trade-wind” or 
boundary layer cumuli and deep 
cumulonimbi.

From Johnson et al. 1999, J. Clim. 



Cumulus congestus and the diurnal cycle

TOGA-COARE observations 
also suggest that cumulus 
congestus clouds are most 
prevalent during light wind 
conditions in the presence of 
a strong diurnal cycle in SST. 
Further, these cloud occur 
most frequently in the late 
afternoon suggesting that 
they are triggered by the 
diurnal cycle in SST.

Coupling with the 
upper ocean is 

important on diurnal 
timescales



Probability distribution functions (PDF) of monthly mean 
SST and precipitation over the tropical Pacific: 

DJF (upper panels), MAM (lower panels)
CMAP HadAM3 HadAM3-CMAP

Note tendency for HadAM3 to overestimate precipitation over warm SSTs. PDF is also too tight, 
following closely the exponential relationship implied by the Clausius-Clapeyron equation for 
saturated vapour pressure.                                      

Courtesy Hilary Spencer



Concluding Remarks
If we accept that the MJO involves air-sea 

interaction then:
• Resolving the  diurnal cycle is important for 

capturing the intraseasonal warming during the 
suppressed phase of the MJO.

• This requires a resolution of  ~1m in the near 
surface ocean and a coupling frequency of at least 
3 hours.

• Air-sea interaction processes require good 
simulation of the climate basic state.

• Air-sea interaction may even be important for the 
cumulus congestus (i.e. pre-conditioning) phase of 
the MJO. 



Current and future work
• Influence of highly resolved mixed layer on diurnal to 

intraseasonal variability of convection in aquaplanet 
version of HadAM3.

• High resolution mixed layer model being used within 
ECMWF monthly forecasting system to explore 
extended predictability offered by MJO.

• Diurnal to intraseasonal effects have been explored in 
forced runs of OPA with 300 levels.

• High vertical resolution OPA being coupled to HadAM3 
to explore coupled effects of resolving air-sea 
interaction on diurnal to intraseasonal timescales.

• Planned incorporation of simple biology in high 
resolution mixed layer model and in LES of the upper 
ocean, to explore bio-physical interactions e.g. vertical 
deposition of solar radiation and effects on mixing. 
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