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_ ress and ENW respond linearly to SST on the oceanic mesoscale. Why?

Relate sp | igh-pass filtered surface wind stress perturbations to those of the

NW, and apply this relationship to wind-SST coupling observed from the

iIKSCAT scatterometer and AMSR-E SST

stress response to SST is directly proportional to the ENW response with a
proportionality factor containing the ambient large-scale ENW

» Variability of the large-scale ENW accounts for variability of the stress response to
SST relative to the ENW response






What'is our current understanding for what is
esponsiblefor surface wind responses to mesoscale
SST perturbations?

longer timescales, surface neutral wind response due
sponse of the actual surface winds to SST (i.e., O'Neill
next talk)

ished on this subject with evidence of a variety of
| e surface wind response to SST is a
anifestation of the response of the entire MABL to spatially-varying

ace heating perturbations induced by SST fronts.

ically, these mechanisms can be summarized fairly as:

justments of the vertical turbulent stress divergence, including vertical
mentum transfer from aloft to the surface, boundary layer height adjustments in
| equilibrium regime, and surface drag modification

essure adjustments from thermodynamic control of a variable depth MABL, such
lower pressure is found over warmer water and higher pressure over cooler
er (includes “sea-breeze” type circulations)

1duced baroclinic pressure gradients, which can modify the vertical wind
speed and directional shear and hence modify vertical mixin% depending on
orientation of MABL thermal wind vector relative to surface flow

= Sfc drag perturbations which counteract SST-induced pressure gradient driven flow
@ Imbalances between these various mechanisms produce parcel

accelerations that lead to stronger winds over warmer water and weaker
winds over cooler water

hanisms. Esse




Agulhas Return Current

Perturbation QuikSCAT ENW and AMSR-E SST
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Even though stress is a nonlinear function of ENW, both the stress and ENW respond

linearly to SST on the oceanic mesoscale
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How is surface stress estimated from
scatterometer ENW?

‘T| — p{l(;dl(ha,.‘/:?:

Qg

Cdl()n - Vn _|_ b(] + CU ‘/ﬂ?

a) Neutral Drag Coefficient
1 1 1 1

|T| = Po (a’OV; + bovf + COV:B) : 2 /

[27]
o
— e
X
o

s 1.5 /'

=
(@] 1~-.________________....

054 |——COARE3.0 Fit to COARE 3.0 Large et al. (1 994}‘ -
0 T T T T T T T T T
2 4 6 8 10 12 14 16 18 20
ENW (ms™)

b) Surface Wind Stress Magnitude
| 1 1 1 1




North Atlantic

Perturbation QuikSCAT ENW and AMSR-E SST
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South Atlantic

Perturbation QuikSCAT ENW and AMSR-E SST
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Kuroshio Extension

Perturbation QuikSCAT ENW and AMSR-E SST
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5' statistics for 7 years of
DIIKSCAT and AMSR-E observations

Corr. Coef.
. . —/
Region with T a, x 100 Qyrp
I 17/ —2 o1—1 —1 oi—1
kal V., Nm~=°C m s~ °C

Kuroshio 0.45 0.56 1.440.2 0.34 +0.05

Stronger stress and ENW responses to SST over
Southern Hemisphere compared to Northern
Hemisphere



ENWECoupling coefficient estimates from various
compinations of satellite ENW and SST datasets

SR — All datasets processed by Remote

AMSR-E ENW / AMSR-E SST
QuikSCAT ENW / Reynolds Ol v2-AVHRR only SST

QuikSCAT ENW / AMSR-E SST SenSi—ng SyStemS

Morth Atlantic Kuroshio
1.5

1

ENW SST N. Atlantic Kuroshio S. Atlantic Agulhas

QuikSCAT v4 AMSR-E v7 0.30 0.35 0.43 0.44
QuikSCAT v3 AMSR-E vH 0.32 0.37 0.44 0.47
WindSat v7 WindSat v7 0.30 0.36 0.43 0.46
AMSR-E v7  AMSR-E v7 0.30 0.35 0.42 0.44
QuikSCAT v4 Reynolds OI-v2 0.27 0.38 0.45 0.48
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. e Pl coupling coefficient estimates
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dume series of ENW coupling coefficients
rious satellite dataset combinations
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No significant temporal differences
in ENW coupling coefficients
between dataset combinations

No significant temporal variability
(particularly seasonal or
interannual) evident in ENW
responses to SST



ime series of stress and ENW
coupling coefficients

— Kuroshio Extension
0./o

 ENW coupling
coefficients (grey curves)
have a relatively small
seasonal cycle

* Stress coupling
coefficients (black curves)
have a large seasonal
cycle, with a 50-300%
stronger stress response
during winter compared
to summer
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ENW response is more
uniform while the stress
response is largest in
mid-latitude westerly
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in weak wind regimes
associated with
subtropical highs



Relating the stress and ENW responses to SST on
the ocean mesoscale

V-n, — Vn_l_vwf + -‘:‘/:?-* + ‘/ﬂ!*a

V., is the monthly-averaged, spatially low-pass filtered ENW;

e V. is the monthly-averaged, spatially high-pass filtered ENW;

—

* , . . . S
e 1, is the time-varying (on sub-monthly time-scales), spatially low-pass filtered ENW;

e and V' is the time-varying, spatially high-pass filtered ENW.

~ 2

~ o~ . . !
|T| ~ Lo (ao + 2bOVn + SCOV;, ) Vn,, + Po [(bo + 360‘/“) I/:Q —+ 60‘/?:‘3} .

Details in O’Neill et al. (2012, JCLI In press)



Relating the stress and ENW responses to SST on
the ocean mesoscale

S ~ ~ 2\ __
7~ p (ao + 2b,V, + 3¢,V ) V. + po [(b +3¢,V,) V2 + COV*3} .

L 4 _ Perturbation ENW on
Po [(bo + 3(301/;) V*2 4 COVﬂf“3] ~ (.T,.  submonthly timescales are
related linearly to monthly-
averaged SST, consistent with
— _ Sampe and Xie (2007, BAMS);
7| =~ (T, + 8:) Ty, only contributes to <~15% of
perturbation stress variability

a, ~ ', + B

Stress response to SST is directly

~ 9 proportional to ENW response to
L. = po ( )

a, + 2b Vﬂ + SCOVH SST multiplied by a factor of the
ambient large-scale ENW



Relating ratio of stress and ENW
responsesto [,
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e Each point is from one month for each region during the
84 month period June 2002-May 2009

e Stress relative to the ENW response varies mostly as a
function of the ambient large-scale ENW



summary

and ENW perturbations are both linearly
1 the oceanic mesoscale

_ O ss filtered surface wind stress

urbations are related uniquely to those of the

V, and the stress response to SST is directly

ortional to the ENW response with a proportionality
containing the ambient large-scale ENW

onal and geographic variability of the large-scale
accounts for seasonal and geographic variations of
ass response to SST relative to the ENW response

the st

\ = Analogous result for relationship between vector wind
stress and ENW derivative fields, although somewhat
more complicated than for the simple scalar magnitude
cases presented here
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Goupling coefficient as a function of
smoothing cutoff wavelengths

North Atlantic Kuroshio South Atlantic Agulhas Return Current
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Corr. Coef. Median
Region with 7,  a, x 100 v, ar/ay, ENW  B.x 100
mf V. Nm2°C"!' ms'°C! x100 ms' Nm2°C!

Kuroshio 0.45 0.56 1.4£02  0.34+0.05 4.1 8.3 0.19 +0.03
North Atlantic 0.50 0.62 1.2+02  0.30£0.05 4.0 8.3 0.18 £0.03
South Atlantic 0.66 0.72 1.8+£0.1  0.43£0.03 4.2 8.9 0.29 £0.03
Agulhas 0.67 0.71 2201 044=£0.03 4.9 9.9 0.30 £ 0.02




January 2003-2009
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Corr. Coef. Median
Region with Ty a, x 100 Qy,, ar/ay, ENW B, x 100

!

_f —f ¢ —_—
7|V, Nm2°C™" ms?'t°C" x100 ms! Nm?2°C™

Kuroshio 0.45 0.56 1.44+0.2 0.34 £+ 0.05 4.1 8.3 0.19 £0.03
North Atlantic 0.50 0.62 1.2+0.2  0.30+£0.05 4.0 8.3 0.18 +0.03
South Atlantic 0.66 0.72 1.8+0.1 0.43 £ 0.03 4.2 8.9 0.29 £0.03
Agulhas 0.67 0.71 2.2+0.1 0.44 £+ 0.03 4.9 9.9 0.30 £ 0.02
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