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Air-sea interaction
- over different oceanic
scales?



http://earthobservatory.nasa.gov

Large-scale air-sea interactions:

Winds over a slab ocean without dynamic eddies/fronts
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Air-sea interaction with no dynamic role of oceans
— Correlation between wind speed and SST
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NOAA-OI SST Negative correlation: Oceanic response to the atmosphere



However, the oceans are filled with energetic eddies and. fronts

Average eddy life time of 32 wks
Gulf Stream
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http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=3820

Eddy-mediated air-sea interaction
—Correlation between high-pass filtered wind speed and SST
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Mesoscale SST alters the vertical mixing in the ABL
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Limited to the MABL, the atmospheric response to mesoscale
SST may not affect the deep troposphere.

But it is critically important for ocean circulation through
changes In wind stress and wind stress curls.



Let’s look at the wind stress

T = pa CD (W— U) |W - Ul U: surface current vector

Consider an idealized anticyclonic warm-core W:10m wind vector|W = Wy + Wssr

eddy (e.g., Chelton 2013)
SST and SSH Dipole EKman pumping

P curl

Ekman pumping anomaly in
quadrature with SSH

———gp — equatorward propagation of a

- warm-core anticyclonic eddy

--------

© curl

Affect the position




Distinct dynamical influences of air-sea interaction
due to eddy SST vs surface current

U: surface current vector |U = Up + Ue
T = pa Cp (W-U) IW - UI

W: 10m wind vector |\W = Wp + WssT
SST and SSH Te-driven EKP

Chelton 2013; Gaube et al. 2015 Affect the position Reduce the eddy-amplitude



Objective

Examine effect of eddy-mediated air-sea interactions
through SST and surface current

on energetics of the two boundary current systems:

California Current System & Somali Current System



California Current System
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Scripps Coupled Ocean-Atmosphere Regional (SCOAR) Model

7km CCS

Surface meteorology Surface forcing http:/(
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Scripps Coupled Ocean- Atmosphere Reglonal (SCOAR) Model

Onlme 2 D Loess

; smoothing (~3°x3°)

Surface meteorology .
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. Surface current " |
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Seo et al. (2007;

2014: 2016, JCLI)
ROMS

Separation of spatial-scale of air-sea coupling

- Smoothed

Putrasahan et al. (2013); Seo et al. (2016)
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Scripps Coupled Ocean- Atmosphere eglonal (SCOAR) Model
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AVISO

Effect on Eddy Kinetic Energy

CTL Te & Ue

790m2(
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nole

JAS 2005-2010

+ Te-T has no impact on EKE
- Ue-T reduces the EKE substantially
- Utot-T reduces the EKE only slightly

more (additional 10%)
— The EKE reduction by under-
stress occurs largely due to small-

scale coupling
Seo et al. 2016 JPO

Te-driven EkP _ Ue-driven EKP
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Affect the position Reduce the eddy-amplitude



Depth-averaged EKE budget along-shore averages
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nole=583 | -

noUe=91.2

— CTL=0.74

noUe=0.64 |

— T =1.85

nole=1.95

noUe=2.3

400 350 300 250 200 150 100 50 O
cross-shore distance [km]

Across-shore distribution of
EKE budget terms

- Baroclinic conversion

- Only a small reduction in noUe
— can't explain the higher EKE

- Eddy-wind interaction

- 24% Iincrease in noUe over the
eddy-rich coastal zone
— Ue-T reduces the wind work



Ue-T reduces the momentum input and increases the eddy drag

b1 T+ ), Px (eddy drag) | |
py o | =——CTL=- 069 |
—CTL=185 | | | | A noTe=-0.77 | _
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nole=2.72

- In noUe, ~30% weaker eddy drag 4l nalja=D 78

- In noUe ~10% stronger wind work 1
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Eddy-driven Ekman pumping velocity

1 T
W., = —V X ( N Stern 1965
Po (f when Ro~O(l) Gaube et al. 2015

V XT 1 (~y5’C %x%) V X Tsor
29 po(f+0)] A9

~
0x 0y

— e N

WssT

Curl-indued Surface vorticity gradient- SST induced Ekman
linear Ekman pumping  induced nonlinear Ekman  pumping (Chelton et al.
pumping 2007)



Estimating eddy SST-driven Ekman pumping velocity
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AVISO &
QuikSCAT

OBS

Estimated Ekman pumping velocities
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NOoTe
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Inferred feedback to eddy activity through W¢

CTL-noUe WroTVs C Downwelling over cyclonic
. . .. 1 vorticity anomaly

— Ue-T weakens the
amplitude of the eddies

upwelling downwelling

2 1 0 12
anticyclonic ¢ cyclonic

JAS 2005-2010



Inferred Feedback to eddy activities through Wsst

CTL- Wrot & VI CTL- WroTVvs VI Ekman pumping acting on

the maximum SST
gradients — influences the
105 geostrophic speed within
the eddy interior
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Confirming two distinct dynamical influences of air-sea coupling

U-7 coupling decreases the KE by reducing the momentum input
(b) T CTL (c)TnoTle (d) TnolUe (e) T noUtot
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Te-7 influences the position of GW and the Somali Current overshooting

1m/s Surface current: Somali Current SSH 15cm: GW
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About 1° downstream shifts in eastward jet in SC and GW in noTe
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Some downstream influence on the moisture transport
(c) SST CTL-noUtot

(a) SST CTL

(b) SST CTL-noTe
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Summary and Discussion

Distinct impacts of air-sea interaction mediated by SST vs surface
current on the energetics of the two boundary current systems

+ Te-T coupling affects the position of eddy fields through Ekman pumping

velocity
— E.g., the Great Whirl is shifted northeastward by ~1°

- Ue-T coupling attenuates the kinetic energy
— by reducing wind work and increasing eddy-drag. W¢ further suppresses the
eddy amplitude

- Some geographical difference
— In the AS, Utot-t coupling is more important than Ue-7 coupling

« Some evidence of potentially important downstream influence
— The so-called “frontal-scale air—sea interactions” should consider beyond the
thermal coupling the mechanical coupling arising from the boundary currents
and eddies.
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