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Came to Scripps in 2002 to study air-sea coupling…
& met my advisors

Art, the ROMS guyJohn, the RSM guy

coupling!



Dove right into modeling!!
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The model sort of worked… But now what??



And then we saw these papers…. 

Chelton et al. 2001Xie et al. 1998 TIWs



Ugh… wind varies over the scale of eddy…?

Can the SCOAR simulate it?

Is this atmospheric response important?



The SCOAR reproduced the observed coupling!
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FIG. 10. Binned scatterplots of the relationships between the zonally
high-pass filtered SST and wind stress fields in the longitude range
1508–1008W and the latitude range 38N–18S on the north side of the
cold tongue: (a) the perturbation wind stress divergence, = · t9, plot-
ted as a function of the perturbation downwind SST gradient,

; (b) the perturbation wind stress curl, = 3 t 9 · k̂, plotted(=T · t̂ )9
as a function of the perturbation crosswind SST gradient, (=T 3

; and (c) histograms of the number of observations within eacht̂ )9 · k̂
bin for (a) (thick line) and (b) (thin line). The solid circles in (a) and
(b) represent the overall mean values within each bin over the 3-month
data record. The associated vertical bars represent the 61 standard
deviation of the mean values within each bin computed individually
for each 3-day period over the 3-month data record. These standard
deviations provide a measure of the uncertainty of the estimate of
the overall mean in each bin. The smooth lines through the binned
means represent least squares fits of the binned overall means to
straight lines.

FIG. 11. The same as Fig. 10, except for the zonally high-pass
filtered fields in the longitude range 1508–1008W and latitude range
18–58S on the south side of the cold tongue.

south of the cold tongue. In contrast, the mean gradient
of the wind stress magnitude is nearly symmetric about
the cold tongue. The ratio of |(= |t |)| to |=T| is thus
about twice as large on the south side of the cold tongue.
The asymmetry in the mean SST gradient results in an
asymmetry in the magnitudes of the SST gradients in
the perturbation SST fields; the mean perturbation SST
gradients |=T9| are about twice as large north of the cold
tongue as they are south of the cold tongue (cf. Figs.
6c and 7c). The ratio of the amplitude of the cosine
angular dependence of = · t9 to the magnitude of the
perturbation SST gradient |=T9| is therefore also about
twice as large south of the cold tongue. This is a qual-
itative independent verification of the approximate fac-
tor of 2 larger sensitivity of the wind stress divergence
south of the cold tongue.
The reason for the asymmetric response of the wind

stress divergence on opposite sides of the cold tongue

is not immediately apparent. One possible explanation
is the asymmetric response of atmospheric turbulence
to stability changes in stable versus unstable regimes.
The Richardson number and other dimensionless mea-
sures of turbulent flow characteristics in the surface lay-
er are observed to have a different functional depen-
dence on atmospheric stability in stable and unstable
regimes (see discussion by Kraus and Businger 1994).
All other things being equal, a local increase in stability
under preexisting stable conditions will result in a great-
er decrease in the magnitude of turbulent vertical trans-
fers of horizontal momentum than an equivalent in-
crease in stability under preexisting unstable conditions.
A similar stability dependence of turbulent and con-
vective momentum fluxes is expected above the surface
layer as well.
Other local boundary layer effects that might con-

tribute to asymmetry include a difference between the
boundary layer depth north and south of the equator and
the difference in adjustment timescales due to turbu-
lence and convection for stable and unstable boundary
layers. Large-scale dynamics may also contribute to the
asymmetry of the atmospheric response to TIWs. The
change in sign of the Coriolis force across the cold
tongue introduces a fundamental asymmetry for cross-
equatorial boundary layer flow. The large-scale adjust-
ment processes in cross-equatorial flow have been ex-
amined theoretically by Tomas et al. (1999) and others
assuming neutral static stability in the atmospheric
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The Scripps Coupled Ocean–Atmosphere Regional (SCOAR) Model, with
Applications in the Eastern Pacific Sector
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(Manuscript received 28 October 2005, in final form 13 June 2006)

ABSTRACT

A regional coupled ocean–atmosphere model is introduced. It is designed to admit the air–sea feedbacks
arising in the presence of an oceanic mesoscale eddy field. It consists of the Regional Ocean Modeling
System (ROMS) and the Regional Spectral Model (RSM). Large-scale forcing is provided by NCEP/DOE
reanalysis fields, which have physics consistent with the RSM. Coupling allows the sea surface temperature
(SST) to influence the stability of the atmospheric boundary layer and, hence, the surface wind stress and
heat flux fields. The system is denominated the Scripps Coupled Ocean–Atmosphere Regional (SCOAR)
Model.

The model is tested in three scenarios in the eastern Pacific Ocean sector: tropical instability waves of the
eastern tropical Pacific, mesoscale eddies and fronts of the California Current System, and gap winds of the
Central American coast. Recent observational evidence suggests air–sea interactions involving the oceanic
mesoscale in these three regions. Evolving SST fronts are shown to drive an unambiguous response of the
atmospheric boundary layer in the coupled model. This results in significant model anomalies of wind stress
curl, wind stress divergence, surface heat flux, and precipitation that resemble the observations and sub-
stantiate the importance of ocean–atmosphere feedbacks involving the oceanic mesoscale.

1. Introduction

Increased interest in ocean–atmosphere interaction
on spatial scales associated with the oceanic mesoscale
has arisen because of new enhanced views of the global
ocean and atmosphere from satellite remote sensing.
Two extensive reviews by Chelton et al. (2004) and Xie
(2004) describe numerous efforts to understand these
observations of mesoscale air–sea coupling processes
throughout the World Ocean.

The close associations among ocean states [sea sur-
face temperature (SST), currents, and thermocline
depth], atmospheric states (surface winds, cloudiness,
and rainfall), surface flux components (wind stress, heat
flux, and freshwater flux), and geography (orography,
coastlines, bathymetry, and islands) on various space
and time scales are common features worldwide. Radar
scatterometry and microwave imagers now provide
daily estimates of wind, SST, and rainfall over 90% of

the global ocean with remarkable accuracy (Chelton
and Wentz 2005; Wentz and Meissner 2000; Chelton
and Freilich 2005). This has stimulated air–sea interac-
tion studies and unveiled various aspects of climatically
important air–sea interaction processes. Current large-
scale global analyses of the atmosphere and ocean,
however, have inadequate resolution to resolve the
sharp transitions of SST fronts or realistic coastal
mountain ranges. Understanding the mechanisms of
air–sea coupling therefore has been limited, especially
in such regions.

This new information from satellites has now started
to serve as a validation benchmark for the high-resolu-
tion global coupled model studies. Sakamoto et al.
(2004), for example, used the high-resolution atmo-
sphere–ocean coupled general circulation model run on
Japan’s Earth Simulator to successfully reproduce the
far-reaching influences of the Hawaiian Islands. This
verified the hypothesis by Xie et al. (2001), based on
the observations, that disturbances of SST, wind, and
cloudiness in the wake of the Hawaiian Islands are
caused by island-induced wind stress curl.

Although global coupled models are beginning to in-
crease their resolution to attempt to resolve smaller-
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Submission to J. Climate
→ Reject → Major → Major → Minor 
→ Accept → Our first SCOAR paper!

and the tour began…



Then met Markus and Ragu…
… Got me into the Atlantic… and also the habit of heavy drinking…

Energetics of the TIWs
Jochum et al. 2004

Legeckis and Reverdin (1987) and Steger and Carton (1991). The analysis of ship drift and drifter
data confirms the satellite based observations (Richardson and Reverdin, 1987); moreover the
analysis by Richardson and Philander (1987) demonstrates that the TIWs are strongest away from
the eastern or western boundary, in the center of the basin.

The subsurface structure and the frequency domain of TIWs have been studied with current
meter moorings by Weisberg (1984) and Weisberg and Weingartner (1988, WW from here on).
The mooring records show that their potential energy is negligible and that their kinetic energy
has a central periodicity of approximately 25 days. The energy reaches a maximum of 1600 cm2/s2

at the surface and the center of the basin along the equator and decays rapidly below 50 m depth
or east of 15!W. Still, signals of TIWs were found as deep as 800 m (Boebel et al., 1999) and as far
east as 4!W (Weisberg et al., 1979).

Early analytical studies by Philander (1976, 1978) demonstrate that the equatorial zonal cur-
rents are barotropically unstable and preferentially generate waves with wavelengths and periods
of the observed TIWs. A series of highly idealized numerical studies corroborated these findings
but showed that baroclinic (Cox, 1980), frontal (Yu et al., 1995) and Kelvin–Helmholtz insta-
bilities (Proehl, 1996) can contribute as well. Cox (1980) pointed out that what is simply referred
to as TIWs is a superposition of unstable waves and their projection on the set of free equatorial
waves. The latest and most thorough study on TIWs and their energetics is provided by Masina
and Philander (1999) and Masina et al. (1999). With an idealized numerical model of the Pacific
Ocean they show that localized studies of the energy budget might be misleading, the whole
equatorial domain has to be analyzed before a definite conclusion about the energy sources and
sinks of the TIWs can be reached. This study emphasizes that TIWs cannot be analyzed in general
or in isolation, but that the generation, structure and decay of TIWs depends on the particular
generation region.

A detailed understanding of the TIWs is necessary because of their potential importance for
climate. WW estimate that the equatorward heat flux of the TIWs in the upper 50 m is ap-

Fig. 1. TIWs as seen by SeaWiFS (courtesy of M. Uz). Note the cusps in ocean color along 4!S and 4!N.

146 M. Jochum et al. / Ocean Modelling 7 (2004) 145–163

But it lacked atmospheric coupling..



Eddy wind work?
A surprisingly important EKE sink term that no climate models can represent…
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ABSTRACT

The effects of atmospheric feedbacks on tropical instability waves (TIWs) in the equatorial Atlantic
Ocean are examined using a regional high-resolution coupled climate model. The analysis from a 6-yr
hindcast from 1999 to 2004 reveals a negative correlation between TIW-induced wind perturbations and
TIW-induced ocean currents, which implies damping of the TIWs. On the other hand, the feedback effect
from the modification of Ekman pumping velocity by TIWs is small compared to the contribution to TIW
growth by baroclinic instability. Overall, the atmosphere reduces the growth of TIWs by adjusting its wind
response to the evolving TIWs. The analysis also shows that including ocean current (mean ! TIWs) in the
wind stress parameterization reduces the surface stress estimate by 15%–20% over the region of the South
Equatorial Current. Moreover, TIW-induced perturbation ocean currents can significantly alter surface
stress estimations from scatterometers, especially at TIW frequencies. Finally, the rectification effect from
the atmospheric response to TIWs on latent heat flux is small compared to the mean latent heat flux.

1. Introduction

Tropical instability waves (TIWs) are generated from
instabilities of equatorial zonal currents and are a com-
mon feature in both the tropical Atlantic (Düing et al.
1975) and Pacific Oceans (Legeckis 1977; Legeckis et
al. 1983). Observations reveal TIWs as westward propa-
gating wavelike oscillations of the sea surface tempera-
ture (SST) near the equator with a typical wavelength
of "10° longitude and a phase speed of "0.5 m s#1

(Weisberg and Weingartner 1988; Qiao and Weisberg
1995, and references therein). A detailed study of TIWs

is necessary because they are an important element in
the momentum balance (Weisberg 1984) and equatorial
ocean heat budget (Hansen and Paul 1984; Bryden
and Brady 1989; Baturin and Niiler 1997; Jochum and
Murtugudde 2006).

Numerous studies have discussed the generation
mechanisms and energetics of TIWs. Analytical studies
by Philander (1976, 1978) showed that meridional shear
of the zonal currents leads to a barotropic conversion of
mean kinetic energy to eddy kinetic energy (EKE),
which supports the growth of waves with wavelengths
and periods similar to those of the observed TIWs. Cox
(1980) showed that baroclinic instability, though less
important, is also a source of the EKE that is drawn
from the mean potential energy. In addition, frontal
instability (Yu et al. 1995) and Kelvin–Helmholtz insta-
bility (Proehl 1996) were shown to be important EKE
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Concluding my air-sea research at Scripps…

my mom & dad, Art & John
2007 summer commencement 2008



Many questions remain unanswered:
How different are the effects by eddy SST-wind coupling vs current-wind coupling?
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Because of its enormous heat capacity, 
the ocean plays a critical role in 
regulating the Earth’s climate. Up to 

about a decade ago, it was generally believed 
that, outside the tropics, the ocean responds 
only passively to atmospheric forcing1. 
However, with the advent of satellite 
measurements of sea surface temperature 
and surface winds with resolutions down 
to about 50 km, it became apparent that the 
strong gradients in sea surface temperature 
that are associated with meanders in the 
Gulf Stream, the California Current and 
most other ocean currents can directly 
affect surface winds1–3. Writing in Nature 
Geoscience, Frenger et al.4 present evidence 
of this same coupling between sea surface 
temperature and wind speed occurring over 
circular rotating eddies with radii of around 
100 km (referred to as mesoscale) that are 
found throughout the ocean5.

Over warm ocean regions, the marine 
atmospheric boundary layer — the lowest 
level of the atmosphere that is directly 
influenced by the ocean beneath — is locally 
heated. Likewise, above colder sea surface 
temperatures, the marine atmospheric 
boundary layer cools. As a result, strong 
gradients in the temperature of the ocean 
surface, for example where the Gulf 
Stream carries warm water northwards 
into a cooler surrounding ocean, affect the 
atmospheric temperature structure. These 
changes in atmospheric temperature, in 
turn, alter turbulent mixing of the air as well 
as atmospheric pressure anomalies in the 
boundary layer. Both effects create winds with 
higher speeds over warmer water and lower 
speeds over cooler water.

Frenger et al.4 examined atmospheric 
conditions that are coupled to spatial 
variations in sea surface temperature, using 
more than 600,000 satellite observations of 
mesoscale eddies in the Southern Ocean. 
To do this, they studied multiple sets of 
collocated satellite data, consisting of radar 
altimeter measurements of sea surface height, 
microwave radiometer measurements of sea 
surface temperature and radar scatterometer 
measurements of surface winds. According 
to their analysis, cool sea surface temperature 

anomalies associated with cyclonic — that 
is, clockwise-rotating in the Southern 
Hemisphere — eddies weaken surface winds, 
whereas warm anomalies associated with 
anticyclonic eddies strengthen surface winds. 
The eddies not only leave a remarkably clear 
imprint on the surface wind field, but their 
relatively small-scale anomalies in sea surface 
temperature also modify low-level clouds and 
precipitation. The relationships apparently 
hold throughout the Southern Ocean.

The coupling between mesoscale 
ocean eddies and atmospheric conditions 
documented by Frenger et al. occurs 
globally6, but seems to be restricted to 
the marine atmospheric boundary layer. 
Moreover, the eddy-induced perturbations of 
wind speed, clouds and precipitation amount 
only to a few per cent of the mean states 
of these fields. As such, it is unlikely that 
eddies have much influence on atmospheric 
circulation above the marine boundary layer, 
which is where the patterns of weather and 
climate variability are determined.

There is no doubt, however, that the 
eddy influence on the overlying atmosphere 

in turn affects the ocean circulation. 
Frenger et al. mention two such effects. 
Changes in wind speed and cloud fraction 
over eddies can dampen the sea surface 
temperature anomalies in the eddy interior, 
thus attenuating the eddies. Furthermore, 
anomalies in sea surface temperatures 
associated with mesoscale eddies affect the 
wind stress curl, a measure of lateral shear and 
rotation of the surface winds that is the key 
control of vertical velocities in the open ocean.

Vertical water velocities that result from 
the wind stress curl associated with eddy-
induced sea surface temperatures anomalies 
— such as those identified by Frenger et al. 
from composites of many eddies — consist of 
a dipole structure: upwelling occurs on one 
side of the eddy and downwelling on the other 
(Fig. 1). It is not yet fully understood how 
this dipole structure affects eddy energetics; 
however, a numerical simulation found a 
decrease of about 25% in the kinetic energy of 
the eddy field7.

Eddies also influence the curl of the 
surface stress through their horizontally 
rotating surface currents, an effect that is even 

OCEAN–ATMOSPHERE COUPLING

Mesoscale eddy effects
Interactions between the ocean and atmosphere are complex. An analysis of satellite data from the Southern 
Ocean reveals a tight coupling of ocean and atmosphere on horizontal scales of around 100 km that modifies both 
near-surface winds and ocean circulation.

Dudley Chelton
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Figure 1 | Vertical ocean velocities induced by an idealized Southern Ocean eddy. a,b, Mesoscale ocean 
eddies have distinct patterns of surface temperature and height, with warm temperatures and elevated 
height at the centre of an anticlockwise-rotating eddy in the Southern Hemisphere (a) and vice versa for a 
clockwise-rotating eddy. Frenger and colleagues4 show that the temperature patterns alter surface winds, 
cloud cover and rainfall, which in turn affect the eddies. For example, eastward winds of 10 m s–1 over the 
idealized eddy in a would induce vertical velocities with a dipole structure of downwelling in the northern 
half of the eddy, and upwelling in the southern half (b). c, The rotating surface currents associated with 
the eddies have an even stronger effect on the vertical velocities, in the form of a monopole structure of 
upwelling centred on the core of the idealized eddy in a under eastward winds of 10 m s–1. The signs of the 
surface temperature and height anomalies in a and the upwelling and downwelling patterns in b and c 
reverse for clockwise-rotating eddies (adapted with permission from ref. 6).
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Figure 1 | Vertical ocean velocities induced by an idealized Southern Ocean eddy. a,b, Mesoscale ocean 
eddies have distinct patterns of surface temperature and height, with warm temperatures and elevated 
height at the centre of an anticlockwise-rotating eddy in the Southern Hemisphere (a) and vice versa for a 
clockwise-rotating eddy. Frenger and colleagues4 show that the temperature patterns alter surface winds, 
cloud cover and rainfall, which in turn affect the eddies. For example, eastward winds of 10 m s–1 over the 
idealized eddy in a would induce vertical velocities with a dipole structure of downwelling in the northern 
half of the eddy, and upwelling in the southern half (b). c, The rotating surface currents associated with 
the eddies have an even stronger effect on the vertical velocities, in the form of a monopole structure of 
upwelling centred on the core of the idealized eddy in a under eastward winds of 10 m s–1. The signs of the 
surface temperature and height anomalies in a and the upwelling and downwelling patterns in b and c 
reverse for clockwise-rotating eddies (adapted with permission from ref. 6).

© 2013 Macmillan Publishers Limited. All rights reserved
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B
ecause of its enormous heat capacity, 
the ocean plays a critical role in 
regulating the Earth’s climate. Up to 

about a decade ago, it was generally believed 
that, outside the tropics, the ocean responds 
only passively to atmospheric forcing1. 
However, with the advent of satellite 
measurements of sea surface temperature 
and surface winds with resolutions down 
to about 50 km, it became apparent that the 
strong gradients in sea surface temperature 
that are associated with meanders in the 
Gulf Stream, the California Current and 
most other ocean currents can directly 
affect surface winds1–3. Writing in Nature 
Geoscience, Frenger et al.4 present evidence 
of this same coupling between sea surface 
temperature and wind speed occurring over 
circular rotating eddies with radii of around 
100 km (referred to as mesoscale) that are 
found throughout the ocean5.

Over warm ocean regions, the marine 
atmospheric boundary layer — the lowest 
level of the atmosphere that is directly 
influenced by the ocean beneath — is locally 
heated. Likewise, above colder sea surface 
temperatures, the marine atmospheric 
boundary layer cools. As a result, strong 
gradients in the temperature of the ocean 
surface, for example where the Gulf 
Stream carries warm water northwards 
into a cooler surrounding ocean, affect the 
atmospheric temperature structure. These 
changes in atmospheric temperature, in 
turn, alter turbulent mixing of the air as well 
as atmospheric pressure anomalies in the 
boundary layer. Both effects create winds with 
higher speeds over warmer water and lower 
speeds over cooler water.

Frenger et al.4 examined atmospheric 
conditions that are coupled to spatial 
variations in sea surface temperature, using 
more than 600,000 satellite observations of 
mesoscale eddies in the Southern Ocean. 
To do this, they studied multiple sets of 
collocated satellite data, consisting of radar 
altimeter measurements of sea surface height, 
microwave radiometer measurements of sea 
surface temperature and radar scatterometer 
measurements of surface winds. According 
to their analysis, cool sea surface temperature 

anomalies associated with cyclonic — that 
is, clockwise-rotating in the Southern 
Hemisphere — eddies weaken surface winds, 
whereas warm anomalies associated with 
anticyclonic eddies strengthen surface winds. 
The eddies not only leave a remarkably clear 
imprint on the surface wind field, but their 
relatively small-scale anomalies in sea surface 
temperature also modify low-level clouds and 
precipitation. The relationships apparently 
hold throughout the Southern Ocean.

The coupling between mesoscale 
ocean eddies and atmospheric conditions 
documented by Frenger et al. occurs 
globally6, but seems to be restricted to 
the marine atmospheric boundary layer. 
Moreover, the eddy-induced perturbations of 
wind speed, clouds and precipitation amount 
only to a few per cent of the mean states 
of these fields. As such, it is unlikely that 
eddies have much influence on atmospheric 
circulation above the marine boundary layer, 
which is where the patterns of weather and 
climate variability are determined.

There is no doubt, however, that the 
eddy influence on the overlying atmosphere 

in turn affects the ocean circulation. 
Frenger et al. mention two such effects. 
Changes in wind speed and cloud fraction 
over eddies can dampen the sea surface 
temperature anomalies in the eddy interior, 
thus attenuating the eddies. Furthermore, 
anomalies in sea surface temperatures 
associated with mesoscale eddies affect the 
wind stress curl, a measure of lateral shear and 
rotation of the surface winds that is the key 
control of vertical velocities in the open ocean.

Vertical water velocities that result from 
the wind stress curl associated with eddy-
induced sea surface temperatures anomalies 
— such as those identified by Frenger et al. 
from composites of many eddies — consist of 
a dipole structure: upwelling occurs on one 
side of the eddy and downwelling on the other 
(Fig. 1). It is not yet fully understood how 
this dipole structure affects eddy energetics; 
however, a numerical simulation found a 
decrease of about 25% in the kinetic energy of 
the eddy field7.

Eddies also influence the curl of the 
surface stress through their horizontally 
rotating surface currents, an effect that is even 

OCEAN–ATMOSPHERE COUPLING

Mesoscale eddy effects Interactions between the ocean and atmosphere are complex. An analysis of satellite data from the Southern 
Ocean reveals a tight coupling of ocean and atmosphere on horizontal scales of around 100 km that modifies both 
near-surface winds and ocean circulation.
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Figure 1 | Vertical ocean velocities induced by an idealized Southern Ocean eddy. a,b, Mesoscale ocean 
eddies have distinct patterns of surface temperature and height, with warm temperatures and elevated 
height at the centre of an anticlockwise-rotating eddy in the Southern Hemisphere (a) and vice versa for a 
clockwise-rotating eddy. Frenger and colleagues4 show that the temperature patterns alter surface winds, 
cloud cover and rainfall, which in turn affect the eddies. For example, eastward winds of 10 m s–1 over the 
idealized eddy in a would induce vertical velocities with a dipole structure of downwelling in the northern 
half of the eddy, and upwelling in the southern half (b). c, The rotating surface currents associated with 
the eddies have an even stronger effect on the vertical velocities, in the form of a monopole structure of 
upwelling centred on the core of the idealized eddy in a under eastward winds of 10 m s–1. The signs of the 
surface temperature and height anomalies in a and the upwelling and downwelling patterns in b and c 
reverse for clockwise-rotating eddies (adapted with permission from ref. 6).
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SCOAR, which is likely attributed to the presence of oceanic mesoscale eddies and its feedback onto
the atmosphere.

This analysis was repeated for every month of 2003–2007 and a time series of the coupling
coefficients is plotted in Fig. 2b, along with the standard error of each coupling coefficient rep-
resented by the error bars. All three cases, Control SCOAR, Smoothed SCOAR and observations,
indicate that the coupling has a seasonal cycle with a pronounced and significant peak in the win-
ter season (DJFM) when both the winds strengthen and the vertical stability of the atmosphere
is weaker than in summer. During summer months, the coupling is near zero and not significant.
In winter months, however, the model exhibits coupling estimates that are higher than obser-
vations by roughly a factor of two. Possible reasons for this model-data mismatch are (i) model
errors, (ii) noise in the observations, (iii) systematic undersampling in the wind stress observa-
tions (50 km resolution) due to smoothing of the mesoscale features that may  yield a stronger
coupling, or (iv) model-data differences in the random mesoscale SST distribution leading to poten-
tial biases in the scale or strength of model SST anomalies and their phasing with the ambient wind
field.

To better understand the seasonal cycle of the coupling coefficients, we plot the distribution of
wind stress and SST (Fig. 3) for a typical winter (January 2006) and summer month (July 2005), as
well as their corresponding wind stress divergence and downwind SST gradients patterns (Fig. 4).
Fig. 3 indicates prevailing westerlies in winter and southerlies in summer, with larger wind stresses in
winter compared to summer. In Fig. 4, the patterns co-locate similarly for summer and winter months,
indicating no preferential difference in response to the alteration of the prevailing wind direction. Also,
for a given SST gradient, the magnitude of the wind stress divergence is much weaker in summer than

Fig. 1. Averaged SST distribution during January 2006, over entire model domain for Control SCOAR (top) and Smoothed SCOAR
(bottom). Boxed region is the active eddy region (KE region [34–40◦ N, 145–163◦ E]) for which analysis are performed.
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a  b  s  t  r  a  c  t

The  Kuroshio  Extension  region  is  characterized  by  energetic  oceanic
mesoscale  and  frontal  variability  that  alters  the  air–sea  fluxes  that
can  influence  large-scale  climate  variability  in  the  North  Pacific.  We
investigate  this  mesoscale  air-sea  coupling  using  a  regional  eddy-
resolving  coupled  ocean–atmosphere  (OA)  model  that  downscales
the  observed  large-scale  climate  variability  from  2001  to  2007.
The  model  simulates  many  aspects  of  the  observed  seasonal  cycle
of  OA  coupling  strength  for both  momentum  and  turbulent  heat
fluxes.  We  introduce  a  new  modeling  approach  to study  the  scale-
dependence  of  two  well-known  mechanisms  for  the  surface  wind
response  to mesoscale  sea  surface  temperatures  (SSTs),  namely,
the  ‘vertical  mixing  mechanism’  (VMM)  and  the  ‘pressure  adjust-
ment  mechanism’  (PAM).  We  compare  the  fully  coupled  model  to
the  same  model  with  an  online,  2-D  spatial  smoother  applied  to
remove  the  mesoscale  SST  field  felt  by  the  atmosphere.  Both  VMM
and  PAM  are  found  to  be active  during  the  strong  wintertime  peak
seen  in the  coupling  strength  in  both  the  model  and  observations.
For VMM,  large-scale  SST  gradients  surprisingly  generate  coupling
between  downwind  SST  gradient  and  wind  stress  divergence  that
is  often  stronger  than  the  coupling  on the  mesoscale,  indicating
their  joint  importance  in  OA  interaction  in  this  region.  In  contrast,
VMM  coupling  between  crosswind  SST  gradient  and  wind  stress
curl  occurs  only  on  the  mesoscale,  and  not  over  large-scale  SST  gra-
dients,  indicating  the essential  role  of  the  ocean  mesocale.  For  PAM,
the  model  results  indicate  that  coupling  between  the  Laplacian  of
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Ocean mesoscale air-sea coupling is an active area of research now!

It is NOT a high-wavenumber noise, but 
forms a fundamental part of the coupled 

system.

It is natural to ask how important it is, 
how to best measure, simulate, and 

interpret.

With insights, opportunities, and many 
unconditional supports by Art,

I am extremely fortunate to be trained to 
become part of the community leading 

this sort of research!
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Happy Birthday!

Thank you, Team Miller!


