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Outline	
  
•  What	
  cons3tutes	
  a	
  “high-­‐resolu3on”	
  ocean	
  
model?	
  

•  Small-­‐scale	
  features/processes	
  newly	
  resolved	
  
–  SST	
  coupling	
  with	
  low-­‐level	
  winds	
  
–  Intrinsic	
  variability	
  in	
  upper	
  ocean	
  heat	
  content	
  &	
  
surface	
  fluxes	
  

•  Interac3ons	
  small-­‐scale/large-­‐scale	
  
– Modula3on	
  of	
  the	
  N.	
  Pacific	
  storm	
  track	
  
–  Ini3a3on	
  of	
  tropical	
  convec3on	
  
–  Sea	
  ice	
  polynas	
  and	
  water	
  mass	
  forma3on	
  

•  Large-­‐scale	
  features:	
  bias	
  reduc3on/amplifica3on	
  
–  Eastern	
  boundary	
  current	
  SST	
  biases	
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1.	
  Response	
  of	
  Low-­‐level	
  Winds	
  to	
  SST	
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Observational efforts so far have failed to yield con-
clusive evidence of SST effects on the planetary-scale
atmospheric circulation over cool oceans because of a
high level of weather noise in the extratropics on one
hand, and short and sparse in situ observations on the
other. Most often negative correlations between SST
and surface wind speed variability are observed in the
extratropics for seasonal means and on the basin scale
(Fig. 1). Researchers have viewed this as being indica-
tive of one-way forcing from atmosphere to ocean
through wind-induced changes in surface turbulence
heat flux (sidebar 1).

To achieve an adequate sample size in a grid box,
climate datasets typically have resolutions of several
hundred to 1000 km and of a month to a season.
Major ocean currents like the Kuroshio and Gulf
Stream are only around 100–200 km wide and form
sharp SST fronts that are poorly represented in these
datasets. It is on these narrow oceanic fronts, however,
that ocean dynamics become important and cause
large SST variations. Thus, conventional climate
datasets may severely underrepresent such dynami-
cally induced SST anomalies and their atmospheric
effect.

The vast oceans can only be sparsely observed by
traditional ship-based measurements, but the rapid
advance in space-based microwave remote sensing is
revolutionizing ocean observations, providing global
fields of key ocean–atmospheric variables at unprec-
edented resolutions in space and time. Unlike visible
and infrared remote sensing, microwave measure-

ments are unaffected by clouds except by those with
sizable precipitation. Based on microwave remote-
sensing data, several recent studies have identified SST
variations induced by ocean dynamics, and they have
mapped the effects of these variations on the atmo-
sphere (Xie et al. 1998; Wentz et al. 2000; Chelton
et al. 2001; Xie et al. 2001; Liu 2002; White and Annis
2003; O’Neill et al. 2003; Vecchi et al. 2004). These
new satellite observations reveal a rich variety of pat-
terns of ocean–atmosphere coupling in the Indian,
Pacific, and Atlantic Oceans, from the equator to the
midlatitudes. Because individual papers tend to focus
on one particular phenomenon in one particular re-
gion, the full spectrum of cool ocean–atmosphere
interaction has not been identified.

The present paper synthesizes these recent stud-
ies and compares atmospheric response over differ-
ent ocean conditions in different parts of the World
Ocean. By assembling these observational facts, we
wish to see whether there is a common atmospheric
response pattern, and if so, by what mechanisms and
under what conditions this response takes place. A
synthesis of similarities and differences in the atmo-
spheric adjustment over different regions of the
World Ocean can help shed light on the dynamics of
cool ocean–atmosphere interaction and stimulate fu-
ture studies.

Over cool oceans, the direct effect of SST variations
is likely to be trapped within the planetary boundary
layer (PBL), the lowest 1–2 km of the atmosphere,
because this layer is capped by a stable layer, often in

FIG. 1. SST–wind relation in the North Pacific and Atlantic Oceans. (left) COADS SST (color shade),
surface wind vectors, and SLP regressed upon the Pacific decadal oscillation index (Mantua et al. 1997).
(right) COADS SST (color in °C) and NCEP surface wind (m s-----1) composites in Jan–Mar based on a
cross-equatorial SST gradient index (Okumura et al. 2001).
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SST INFLUENCE ON CLOUDS 
AND TROPOSPHERIC WINDS
The preceding discussion has empha-
sized the mesoscale SST influence on 
winds within the marine atmospheric 

boundary layer. Evidence is accumu-
lating that ocean frontal effects can 
extend beyond the boundary layer into 
the free troposphere and may there-
fore have far-reaching effects on the 

large-scale circulation of the atmosphere. 
Mesoscale features in the SST field can 
generate vertical motion by convective 
heating of the lower atmosphere and by 
surface convergence and divergence of 
cross-frontal surface winds. The vertical 
velocities from either of these effects 
act to deepen the boundary layer and 
can penetrate into the troposphere. The 
most favorable conditions for tropo-
spheric influence are in regions where 
convection and low-level convergence 
occur together.

The tropospheric response to meso-
scale features in the SST field and the 
possible implications of this indirect 
coupling for the large-scale circulation 
of the atmosphere are in the early stages 
of study. The Gulf Stream region in the 
Northwest Atlantic has been an area of 
particular interest (Sweet et al., 1981; 
Wai and Stage, 1989; Warner et al., 1990; 
Song et al., 2006; Minobe et al., 2008, 
2010). Conditions there are often very 
favorable for SST influence on the tropo-
sphere. Seaward of Cape Hatteras where 
it separates from the coast, the Gulf 
Stream in winter is characterized as a 
narrow ribbon of warm water. The water 
on the landward flank of the sharp SST 
front associated with the Gulf Stream is 
very cold. When wintertime northwest-
erly winds blow off the North American 
continent, the cold, dry continental air 
is subjected to rapid heating from below 
as it encounters the warm water of the 
Gulf Stream. This heating from the large 
air-sea temperature difference is intensi-
fied by surface evaporation driven by 
the large air-sea humidity difference 
and the increasing wind speed from 
SST-induced acceleration (divergence) 
of the winds as they approach the Gulf 
Stream. After crossing the warm ribbon 

a)

b)

c)

d)

Figure 4. Monthly averages for July 2002 of spatially high-pass-filtered SST (contours in all panels) 
and (a) 10-m wind speed from the ECMWF operational model, (b) 10-m wind speed from the 
WRF model with Mellor and Yamada (1982) parameterization of vertical mixing, (c) 10-m equiv-
alent neutral wind speed from QuikSCAT observations, and (d) 10-m equivalent neutral wind 
speed from the WRF model with Grener and Bretherton (2001) parameterization of vertical 
mixing. SST is from RTG in panels a and b and from AMSR-E in panels c and d. Positive and 
negative high-pass-filtered SSTs are shown as solid and dotted lines, respectively, with a contour 
interval of 1°C and with the zero contours omitted for clarity. Modified from Song et al. (2009)
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2. Coupled Variability in Surface Heat Fluxes 
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3.	
  Decadal	
  variability	
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  Kuroshio	
  Extension	
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Atmospheric Response: Poleward Heat Flux 
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Schematic Summary: 
 “Local Bjerknes Compensation” 
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Onset	
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Heat loss though sea ice 
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Better sea ice resolution allows for more concentrated heat loss, increasing the 
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Isopycnal MOC 

0.1° resolution 1.0° resolution 

The Lower Cell is stronger, deeper, and extends more 
northward at fine resolution?	
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Heat loss though sea ice 
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LOW-RES OCEAN BIAS 
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Conclusions	
  
•  Qualita3ve	
  difference	
  in	
  mechanisms	
  involved	
  in	
  ocean-­‐

atmosphere	
  interac3on	
  when	
  ocean	
  eddies	
  resolved	
  
•  Strong	
  observa3onal	
  and	
  computa3onal	
  evidence	
  for	
  role	
  of	
  

intrinsic	
  ocean	
  variability	
  as	
  an	
  important	
  source	
  of	
  variability	
  in	
  air-­‐
sea	
  interac3on	
  at	
  scales	
  below	
  about	
  1000km	
  

•  Current	
  high-­‐resolu3on	
  coupled	
  models	
  do	
  a	
  credible	
  job	
  of	
  
capturing	
  this	
  class	
  of	
  variability	
  and	
  ocean-­‐atmos.	
  Interac3on.	
  
PROSPECTS	
  GOOD	
  for	
  improvement	
  with	
  increased	
  resoluEon.	
  

•  Sugges've	
  of	
  source	
  of	
  sub-­‐seasonal	
  to	
  seasonal	
  predictability,	
  but	
  
as	
  yet	
  not	
  demonstrated.	
  Challenges	
  for	
  ini3aliza3on	
  of	
  ocean	
  
mesoscale	
  and	
  hence	
  improved	
  predic3ons.	
  

•  Weak	
  signatures	
  of	
  impact	
  on	
  larger-­‐scale	
  atmospheric	
  state	
  
–  Eastern	
  boundary	
  current/marine	
  stratus	
  deck	
  systems	
  
–  Some	
  response	
  in	
  storm	
  track	
  sta3s3cs	
  

•  Improvement	
  with	
  resolu3on	
  is	
  non-­‐uniform/non-­‐monotonic	
  
especially	
  when	
  resolu3on	
  of	
  ocean	
  and	
  atmosphere	
  are	
  not	
  
increased	
  in	
  concert.	
  



Postscript:	
  S3ll	
  to	
  Be	
  Explored	
  
•  Atmospheric	
  Coupling/Interac3on	
  with	
  the	
  Oceanic	
  Sub-­‐mesoscale	
  

•  Iner3al	
  wave	
  genera3on	
  
•  TC	
  cold	
  wake	
  restra3fica3on	
  
•  ...	
  ?	
  


