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Eddy-wind interaction: wind stress

T=pCp(Ua— Uo) |Ua = Ug|
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Eddy-wind interaction: wind stress

T=pCp(Us= Uo) [Ua = Us

> surface current
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Eddy-wind interaction: wind stress

T=pCo(Us= Uo) [Us = Ue|

surface current

Uo=Uob + Uoe
_ Uob<<er
We=T/[p(+O)] o)
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Eddy-wind interaction: wind stress

T=pCo(Us= Uo) |Us = Us

L |Om wind

U.= U + Ussst

surface current

Uo= Uob + er
(Uob<<er)

resulting wind stress
T = Tp +TssT + Toe




Eddy-wind interaction: wind stress

T=pCo(Us= Uo) |Us = Us

.

U.= U + Ussst

|Om wind

resulting wind stress
T = Tp +TssT + Toe

surface current

Uo= Uob + er
(Uob<<er)

Effects of Tsstand T<u,r on the ocean?

EKE and Ekman pumping




Result from previous studies and the goal of this study

* Previous studies considered either SST or U, in T formulation
in ocean-only models and saw weakened eddy variability.

uncoupled SST ~ SST-T coupled SST
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* This study examines the relative importance of SST and
ustc in a fully coupled regional model.
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Regional coupled model

Scripps Coupled Ocean-Atmosphere Regional Model |-

Atmosphere WRF or bulk physics
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* Seo et al. 2007,2014
* An input-output based

coupler; portable & flexible

e 7 km O-A resolutions &
matching mask

* 6-yr integration (2005-2010)

| Smoothing of mesoscale SST |
‘f and Uy (Putrasahan et al. 2013)

5° loess smoothing
(~3° boxcar smoothing)



Ttot Tb + Te

Utor = Upt Ue  5° loess filtering (= 3° boxcar smoothing)

Experiments

T=pCp(Ua-Uo)|Ua-Uo|

Experiments

T formulation includes

CTL T Te Ub U
Tb Ub Ue
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noTcUe Thb Us
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Summer surface eddy kinetic energy

EKE time-series CTL
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* Te no impact * 25% weaker EKE with U * 30% weaker EKE with Up+U.




Eddy kinetic energy budget

advection by mean and
/ eddy current (offshore)

Ke +U-VKe+ii'-VKe+V - (ii'p") =

—gPpWwW+p (-u'-(u' VO)+id' T +¢
A

I | T

Pe 2 K Km = Ke wind work (P) if positive
baroclinic barotropic (eddy drag if negative)
conversion conversion
(BC) (BT)

Upper 100 m average
H~fL/N, where f=104 L=10*m, N=102 = H=102m



EKE budget: CTL

CTL BT JAS 150m CTL BC JAS 150m
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* P a primary source of EKE.
- Wind work from v'T,’
- Eddy damping by u'Ty’
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EKE budget: CTL

CTL BT JAS 150m CTL BC JAS 150m
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Cross-shore distribution of EKE and P

cross-shore distance (km)
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Eddy drag and wind work

/ /
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Ekman pumping velocity

V ( - ) Stern 1965; Gaube et al. (2014)
= —V X
(f+¢)

Wi = WCW + MiSST/ background wind stress
V XT 1 (Ty% . ~x8€> 4+ 6%33 V X T%ST

po(f+O) po(f+0O°\ Oz dy po(f+C)2+\po(f+<)J'
Wiin Wg W3 Wsst
| | |
Curl-induced

linear Ekman pumping Vorticity gradient-induced
nonlinear Ekman pumping

B Ekman pumping
(negligible)
SST induced Ekman pumping
(Chelton et al. 2004)
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Wind stress curl and cross-wind
SST gradient
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Ekman pumping velocity JAS climatology
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Long-term effect of SST and vorticity on

Wek from CTL
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* SST and vorticity induce the
Wek response of comparable
magnitudes but of different
spatial pattern.

» indicative of different
feedback processes

JAS 2005-2009

42°N

38°N

A %
\ 7%
0} 1 SRE)
1Sl
' N s X
W12, AT
SOIANED RN
S-S AR
STREER
= i
~ P A A

34°N

42°N

38°N 2

34°N

Wek: CTL-

7=,
TR
/
iany
P
\
\
3

N
\
\\I\
[N
T HES),
H N
\\ e
'
L o NS
7 v
. i
o .
a2
L ol A
i ¥
7 [ | o
’
P /] ]
4 3 & ,':'
)
% e i
4
e
+
f

Wek [mday']

Wek

1

0.8

Ekman pumping velocity

vs crosswind SST gradient

Wctl'

crosswind SST gradient

[°C per 100km]

Wek vs surface vorticity

Wctl'

-1.5

-1

-0.5 0 0.5 1 15 2

surface vorticity [day']




Summary

* Examined the relative importance of Tsst vs Tcur in EKE and Ekman
pumping velocity in the CCS using a regional coupled model.

* Surface EKE is weakened almost entirely due to mesoscale current.
- SST has no impact.

* EKE budget: enhanced eddy drag and reduced wind work.

* Wsst reflects the crosswind SST gradient, while Wt surface vorticity
- Associated patterns of change imply different feedback processes.
- Further investigation on the mechanisms for feedback is underway.
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Summertime climatology: coastal upwelling
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CTL

CTL-NoTe.

Change SST and surface current
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Cross-shore vs depth EKE
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Change in JAS SST
NOAA OI SST CTL CTL-NoT.
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Change JAS Surface current

Overlaid with contours for SST
difference

Surface currents show both
alongshore and offshore

component (Ekman current). 40°N |
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QUIkSCAT wind CTL wind

P N N
450N FasanaanaN = 45N
A AR -1 SR SRNENE N
RN Y A L4 SREREEEE
Ean SR 10
::;;§\§§§ ?§ N
o BV AL LR on 110
0N | aonfiE ;
A\ IR H:
D Ha
‘ I \\ iy
‘ 1
] \ :
Sttt
O
AR N\ I 1
T + -~ iy Ty B R
130° 120°W 130°W 125

ctl-sstuvsmo wind diff

457N |[E-ssag 45°N e 459N [, ot o
oo 0.4
2~ oh £ Koo 0.2
40°N'f?; & 40°N |- % 40°N-_l::.'131t o
AP

35°N 35°N {* - 35°N |14 128

Na
130°W 125°W 120°W

wind speed (and also stress) is ENHANCED (REDUCED) over warm (cold) SST. It is a response to change in SST,
damping the SST anomaly.



