
  

     

IntraseasonalIntraseasonal VariabilityVariabilityIntraseasonalIntraseasonal VariabilityVariability 

•	 Stochastic excitation of the equatorial
Stochastic excitation of the equatorial 
waveguide 

•	 WISHE•	 WISHE 
• Moisture-convection feedback 
• Cloud-radiation feedback 
• Ocean interaction 
• Self-aggregation on the equator 
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Wind Induced Surface Heat
Wind--Induced Surface Heat 

E hE h  ((WWIISSHHEE)) 
EExcxchhangeange (WISHE)(WISHE)
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Add back WISHE term to linear 

unddampedd equatiions:
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First look for Kelvin-like modes with v=0:
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Note: α must be < 0 for ωr > 0 and ωi > 0
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  As k → ∞ ωi → -α/2
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Effect of StratosphereEffect of Stratosphere
 

(Y(Y dd EE ll 1991)1991)
(Y(Yano anano andd EEmanuemanuell,, 1991)1991)
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Effect of finite convective response time: 
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Go back to dimensional, quasi-
Go back to dimensional, quasi-

linearlinear QEQE equationsequations onon ββ planeplane
linearlinear QEQE equationsequations onon ββ planeplane
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Quasi Linear Quasi--Linear Plane System ,Plane System , 

N lN l ii BB  ii MM dd 
NNegegllectectiingng BBarotroparotropiicc MMooddee 
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Define an equilibrum updraft mass flux from
Define an equilibrum updraft mass flux from 
boundary layer QE: 
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Relax to equilibrium over a finite time scale:
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and enforce M  0 
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Numerical solution ofNumerical solution of ββ planeplane 

quasquasiiii lili--lilinear equatnear equatiiiionsons
 

• Nonlinearity retained only in surface fluxes
 

•	 Zonally symmetric SST specified; alsoZonally symmetric SST specified; also 
symmetric about equator 

••	 Background easterly wind of 2 ms-1 Background easterly wind of 2 ms 1
 

imposed
 

• CConvectition relaxed td to equilibrium overl ilib i 
time scale of 3 hours 

16



17



18



19



20



21



22



  CloudCloud--CloudCloud RadiativeRadiative FeedbackFeedbackRadiativeRadiative FeedbackFeedback 
•	 Set OLR proportional to difference in θe 

between boundary layer and mid 
troposphere (Sandrine Bony) 
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MoistureMoisture--MoistureMoisture ConvectionConvection FeedbackFeedbackConvectionConvection FeedbackFeedback
 

•	 Allow precipitation efficiency to depend on
Allow precipitation efficiency to depend on 
relative humidity 

• Greater heating/upward motion in moister
•	 Greater heating/upward motion in moister 
air upward motion moistens air 

• NNecessary ffor tropiicall cycllones 
• Appears to excite planetary Rossby waves 

near equator 
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        PossiblePossible effectseffects ofof oceanocean responseresponse
PossiblePossible effectseffects ofof oceanocean responseresponse
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II tthh MJOMJO ll ff lflf
IIss ththee MJOMJO lle oe off selflf--
aaggggrereggated convection on theated convection on the
gggggg
 

equatorial beta plane?equatorial beta plane?
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tt
Explicitly SimulatedExplicitly Simulated 

R dR di ti tiiRRaadidiaatitiveve-CC-CConveconvec iititiveve 
EquilibriumEquilibriumEquilibriumEquilibrium
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Nolan et al., QJRMS, 2007Nolan et al., QJRMS, 2007
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Necessary Conditions for Self AggregationEmpiricalEmpirical Necessary Conditions for Self--Aggregation 

(after Held et al 1993; Bretherton et al 2005; Nolan et al ;
(after Held et al., 1993; Bretherton et al., 2005; Nolan et al.;
 

2007)
 

• Small vertical shear of horizontal wind
 

•• Interaction of radiation with clouds
Interaction of radiation with clouds
 
and/or water vapor
 

F db k  f  ti  d  d ft 
• Feedback of convective downdraft
 
surface winds on surface fluxes
 

• Sufficiently high surface temperature 
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