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Observations (W. Pacific) 
- strongest net surface heat flux
- large cancelation among buoyancy 
flux components
- weak SST sensitivity to precip

Numerical/Theoretical Models
- weakest net surface heat flux
- small cancelation among buoyancy 
flux components
- strongest SST sensitivity to precip

Structural Models of the MJO

Air-Sea Interaction Connecting the MJO and Diurnal Cycle 
Issues:
•Importance of the MJO structure (phase relationships among its surface 
forcing)
•Importance of buoyancy flux (sensitivity of SST to precipitation)
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Sensitivity of Intraseasonal

 
SST Perturbations to Precipitation

x: strong wind stress
+: weak wind stress
o: weak wind stress + enhanced mean precipitation
∆SST’: MJO SST sensitivity to MJO precipitation
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Interaction between the MJO and ENSO
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Stochastic forcing of climate
variability (Hasselmann 1976):

z = s + f
df/dt

 
= P(f, s0

 

)
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= W(s) + G(f)

P: high-frequency dynamics
Ω: low-frequency dynamics
G:

 
stochastic forcing dynamics

For ENSO:
s = SST
f = τx

W: delayed oscillator; energy 
discharge-recharge; ….
P: MJO dynamics (?)
G(f)

 
= [M(SST)+A]f

M=0: additive stochastic 
forcing
M≠0: mulpiplicative

 stochastic
 

forcing



(a) (b) (c) (d) (e)

Anomalies of (a) zonal wind, (b) SST, and (c) 20°C depth (an index 
 for the depth of the thermocline), (d) sea surface height, and (e) 

 zonal current velocity averaged between 2°N–2°S relative to the 
 mean seasonal cycle for January 2001 ‐

 
September 2003. (From 

 McPhaden
 

2004)
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Kelvin-Wave Forcing:

Kelvin-Wave Forcing by the MJO: K(�MJO )

= τx(x,t0 −
x0 − x

c
)dx

0

x0

∫K(x0 ,t0 ) = K(�x )



Oceanic Kelvin wave: reduction in equatorial 
upwelling

Zavala‐Garay

 

et al 2007



Is the MJO a source of multiplicative stochastic forcing?



Summary:

•Impacts of errors in model precipitation (or surface buoyancy flux) on 
tropical intraseasonal fluctuations in SST can be amplified by biases in the 
simulated MJO structure – mainly through the diurnal variability of the 
mixed layer;

•Atmospheric stochastic influences on ENSO depend on their spatial 
distributions and low-frequency (annual and interannual) components, 
which mainly come from the MJO. 





Difference between noise 
variance in zonal stress for 
periods of more and less 
predictable ENSO based on a 
prediction experiment by a 
coupled model of intermediate 
complexity in a linear stable 
dynamic regime. (From Flügle 
et al. 2004). 

Distributions of MJO standard 
deviation derived from 
observed total stochastic 
forcing (courtesy of Javier 
Zavala)
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