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A blast from the past...
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(previous findings from modeling studies)

• Many studies have demonstrated improved ISV when 
coupling is introduced.

• Several modeling studies suggest that coupling is more 
important in the Indian Ocean than the West Pacific 
Ocean.

• In the absence of coupling, high frequency SSTs can 
improve ISV.
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What kinds of improvements?
it depends on the study...

• speed up or slow down the oscillation.

• increase or decrease the intraseasonal variability.

• produce an eastward-propagating ISO when the AGCM 
could not.

• extend eastward propagation beyond the Maritime 
Continent.

Compared to an AGCM simulation, coupling can:



• In what manner do SST anomalies affect 
the simulated ISO?

• latent heat fluxes--moistening

• sensible heat fluxes--lower tropospheric stability

• How does the choice of model physics 
influence coupled and uncoupled behavior?

Questions

These questions are addressed with 
a suite of model simulations



A Typical Experimental Setup
SP-CCSM SP-CAM CCSMGPCP/NCEPa) b) c) d)

e) f ) g) h)

coupled vs. uncoupled simulations with the same model 
are analyzed in terms of their ISO simulation



a)

b)

Caveat to the Typical Experimental Setup

Coupled models 
often result in cold 
SST biases, leading to 
different mean 
climate states 
than their uncoupled 
counterparts.

Does improved ISV 
arise from coupling, 
or from mean state 
changes?



The MJO with SP with a slab ocean model

Benedict and Randall 2011

extra-tropical 
variance is greater 
than equatorial 
variance:  excessive 
ER wave activity

coupling mitigates 
this somewhat
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Another Experimental Setup

AGCM AGCM AGCM

OGCM
prescribed 

SSTs
prescribed 

SSTs

coupled 
(interactive SSTs)

uncoupled
(HF SSTs)

uncoupled
(monthly SSTs)
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• same mean state

• different variability

• weaker MJO amplitude

compared to SPCCSM3, SPCAM3_5d has:

mean states in CAM3_x, CAM4_x 
also resemble SPCAM3_5d
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how sensitive are the surface fluxes to SST anomalies?



typical SST anomaly range @ ISO timescales (K)

greater variability in Indian Ocean



linearized latent heat flux terms

which term dominates LH’?



sensitivity of anomaly terms to SST perturbations



What controls LHFLX?



What controls LHFLX?



What controls LHFLX?



What controls LHFLX?



What controls LHFLX?

• Equatorial LH fluxes are small

• Equatorial LH fluxes are mostly 
determined by wind speed

• Subtropical LH fluxes are large

• Subtropical LH fluxes are 
sensitive to both wind speed 
and vertical moisture gradient
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linearized latent heat flux terms

how sensitive are anomalies to SST?

how sensitive are mean quantities to model physics?

how sensitive are mean quantities to ocean treatment?

to model physics?
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How sensitive are LHFLX terms to SST treatment?

SP
CAM3
CAM4
ERAI

• vertical differences arise from model physics

• solid line slopes indicate sensitivity to ocean treatment (coupling or 
no coupling; presence or absence of high-frequency variability)

sloped line
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How sensitive are LHFLX terms to SST, model physics?

• Seasonal means are sensitive to model physics, but not to ocean treatment.
• Variance about the mean is sensitive to both model physics and ocean treatment.
• Local effect:  vertical moisture gradient variability is highly sensitive to SST anomalies.  
• Remote effect:  sensitivity of wind speed variability to ocean treatment.
• LHFLX terms that are most sensitive SST anomalies account for only 10~15% of total LHFLX variability.

SP
CAM3
CAM4
ERAI

Ocean-only data points.  
Variance and regressions 
are based on 20-70 day 
filtered data.



How sensitive are LHFLX terms to local, remote SST effects?

x

x =

=

• Vertical moisture gradient is sensitive to the local SST anomaly.
• Processes that control wind speed variance are probably complex and non-local.



local vs remote SST effects is sensitive to model physics



Does SST sensitivity vary with region and season?

• SST effects are larger in the Indian Ocean than the West Pacific Ocean.
• Indian Ocean SST effects are greater during boreal summer than in boreal winter.

IO WPac
JJA

D
JF



Conclusions I

• Model physics (cumulus parameterization) 
appears to be more important than 
coupling or realistic SST variability for 
simulating the ISO.

• Latent heat fluxes vary with model physics 
and ocean treatment, and are dominated by 
wind speed variability.

• Sensitivity of wind speed variability to 
ocean treatment is probably complex and 
non-local.
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• Many question remain in trying to 
understand the role of air-sea interaction in 
models and the real world.
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Extra Slides



Can we understand ISV in terms of SST sensitivity?

• Does CAM3 struggle because delta-q effects are small?  It has the smallest delta-q of all models.
• CAM4-SP differences cannot be explained by SST effects.  Possibly:

• tropical-subtropical interactions?  we have not examined this here.
• Inherent atmospheric control of ISV?

• Could diminished ISV in SP models simply be a result of decreased LHFLX and moisture convergence?

IO WPac

JJA
D

JF

all season



Latent Heat Flux Terms (poleward, JJA)

Correlations
black:   r = 0.2 (rainfall’)
green:  r = 0.2 (SST’)

Regressions
Surface fluxes are 
regressed onto Indian 
Ocean rainfall and 
scaled by 1.5 standard 
deviations of the base 
point time series.
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Rainfall and SST anomaly lag-correlation (all seasons)

(lag vs latitude)
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Rainfall vs other anomalies

• In OBS and coupled 
runs, warm SSTs 
prior to 
precipitation are 
the result of 
reduced cloudiness 
and surface fluxes 
(atm driving SSTs).

• How might the 
atmosphere 
respond to the 
phasing of flux 
anomalies?



Fig. 3.  Annual mean SST bias compared to HadISST (top row) and 20-100 day 
SST variance bias compared to HadISST (bottom row)



Air-Sea Interactions as a Function of Rainfall Rate



• Surface anomalies 
tend to change sign 
with increasing 
rainrate.

Air-Sea Interactions as a Function of Rainfall Rate



• Surface anomalies 
tend to change sign 
with increasing 
rainrate.

• How do these 
distributions change 
with time?

Air-Sea Interactions as a Function of Rainfall Rate


