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Relation of SST and wind speed on basin, seasonal
scale

* Negative correlation:
Atmospheric wind
variability drives oceanic
SST response through
altered turbulent heat
flux and possibly mixing
process. (Atmosphere =
Ocean)

Matuna et al. 1999



How about on oceanic mesoscale? (highpass filtering)

001)uy': et e b i .
A L

NT
20N
| ON
£ 1
10§
208 1
305

-

60E 1 20E 180 120w BOW 0
!’ -H 5 *' d' 5! H uXie et al. 2004

Correlation of SST (TMI) and wind speed (QuikSCAT) on
short/small scales

Positive correlation (Ocean =» Atmosphere)
Negative correlation (Atmosphere = Ocean)




Scripps Coupled Ocean-Atmosphere Regional (SCOAR) Model

1) Higher model resolution

= Flux =) . 2) Dynamical consistency
Regional with the NCEP
ECPC Regional | plux-sST Ocean Reanalysis forcing
Spectral Model | | Coupler Modeling
(RSM) System 3) More complete and
& SST ¢ (ROMS) flexible coupling
Current strategy

. N S 4) Parallel architecture

5) State-of-the-art physics

IC and Lateral BC: Lateral BC:
NCEP Reanalysis Ocean analysis/climatology 6) Greater portabi]ity

Purpose: Examine air-sea coupled feedback arising in the
presence of oceanic and atmospheric mesoscale features



Coefficient; Vsfc and Tau_y

R(u’,7")

40W

50W 30W

(b) Correlation Coefficient;

5N

EQ

58 1

50W 40W

* Seo et al. JCLI (2007b)

Atmospheric feedback to

TIWs

* Seo et al. GRL (2006): Effect * Seo et al. JCLI (in press):

of ocean mesoscale variability African Easterly Waves and
on the tropical Atlantic climate ITCZ precipitation



Mesoscale ocean-atmosphere interaction:
tropical instability waves and atmospheric
feedback

® Correlation of u’ . and 7’
@ V X1’and TIWs
® LH’on SST of TIWs.



Tropical Instability Waves (TIWs);

OBS: TRMM Microwave Imager SST MODEL: Eastern Pacific TIWs

temp — 3 Jan of model year 1
—

Wentz et al. 2000; 45 km ROMS + 50 km RSM, daily coupled

* Instability of equatorial currents and front

* Strong mesoscale ocean-atmosphere interactions
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Feedback from wind response?
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* SST =» Wind

1) Direct influence from SST
(Wallace et al. 1989;
Lindzen and Nigam 1987)

2) Modification of wind stress curl
(Chelton et al. 2001)

* An idealized study (Pezzi et al.
2004): wind-SST coupling (that
includes both effects) slightly
reduces variability of TIWs.

* But.. why?




@O Covariability (correlation) of u’ ;. and 7



Covariability of u’ . and 7’

temp - 1 Jan of modcel yeir 1

* Daily coupled 6-year
simulations
(1999-2004) 1/4°
ROMS + 1/4° RSM

e Effect of correlation
of u’,. and 7’on the
EKE of the waves

EKE Equation

U-VK, +i'-VK, ==V (ii'p") - go'w' + p, (-

Masina et al. 1999: 2=
 +p AuVu'+pu(Au
Jochum et al. 2004; Py P, (




Correlation of TIW-current and wind response

. ' Correlatlon of v’ " and 7', ( Correlation of u e and T,
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Wind and current are negatively correlated.
* Wind-current coupling =» Energy sink
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EKE from the correlation of v’ and 7’

Averages: 30W-10W, 1999-2004, 0-150 m depth

R0 T :
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Wind contribution to
TIWs 1s ~10% of
barotropic
convergent rate.

Small but important
sink of energy

Consistent with the
previous study.

=-V-(ip)-go'w'+ p, (-
+p0A -Vii'+ pu'- (A )+ﬁ;fc-%’




Corwersion term Ay 0-95m, 140-110 W. {10°-5 kg/ms*3}

|
ra

|
N

-6

How about the TIWs 1n the Pacific Ocean?

(a) Corr (Vsfc , T,) (b) Corr (Usfc , T,)
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* [PRC Regional coupled

barotropic wind
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model (IROAM) results are
consistent with SCOAR
results.

* Wind inputs are 10 times
stronger 1n the Pacific.

10595 85 75 65 55 45 35 25 15 EQ 1N 2ZN 3N 4N SN 6N 7N 8N SN 10N IROAM results (from J. Small)



@ Perturbation wind stress curl and TIWs



Coupling of SST gradient and wind stress derivatives

TRMM & QuikSCAT from D. Chelton

27 Jul 1999

TN Sea Surfoce Temperature

Chelton et al. 2005

\ \ COLD

* WSD is linearly related to
Downwind SST gradient =»

VT 1 =VT|cos6

* WSC is linearly related to
Crosswind SST gradient =»

A

VT x 7ok = VT|sin6




Coupling of SST gradient and wind stress derivatives

—_—
nd Wind Stress 0.1N/m2

OBS: Chelton et al. 2005

QuikSCAT

Wind Stress Divergence

(b) Wind Stress Divergence and SST
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Coupling strength (coefficient)

WSD and DAT WSC and CdT
Observed: 1.35 Observed: 0.75
"Tﬁ"ll'.'”" P T T T T T e o e
oL 0) B v (Tl 1 L) T v, (M)
‘ N dl * 5S-5N, 125-100W, July-
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Lo | el
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Model: 1.47 Model: 0.89 TIW case.
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So, does this perturbation wind stress curl feed back on to TIWs?

cold

Induced ocean circulation

COLD

WARM

* Spall (2007): Impact of the observed coupling on the baroclinc

instability of the ocean

* Perturbation Ekman pumping reduces the growth rate of the most

unstable wave.
* Condition: Southerly wind from cold to warm.



Feedback of perturbation Ekman pumping to TIWs

* Perturbation Ekman
pumping velocity (w, ")
and perturbation vertical
velocity (w”) of -gow".

e Overall, w,” is much
weaker than w',

* Caveat: Difficult to
estimate Ekman
pumping near the
equator, where wind
stress curl 1s large.

w’at MLD and w,” along 2°N  ——

JAN2002 4 |

DEC2001 1§"

NOV2001

0CT2001 ~

SEP2001

AUG2001

JUL2001

JUN2001

|
-125 -100 -75 -50 -25 25 50 75 100 125

40W 30W 20W 10W

40W 30W 20W 10W

|
-2t -15 -9 -3 3 9 15 2

Unit: 10°m/s, Zonally highpass filtered, and averaged over 30W-10W



What about in the mid-latitudes, as in the CCS region?

Summertime Ekman pumpung velocity over 128W-120W, 32N-42N

15 T T f T | 6
z ’I:A:ratlgrbation
! mean /}\
anomaly [ | | s N
mean \ anomaly

Percentage of Observations

-75 -50 -25 0 25 50 75 Neo? oo Phes:
Ekman Upwe|||ng Ve]ocity (cm d—1) —00 ] -80 -60 -40 =20 0 20 140 60 80 100
Ekman Upwelling Velocity (cm d )
(Chelton et al. 2007) SCOAR Model

e SST-induced summertime Ekman upwelling velocity is as

large as 1ts mean. Feedback is important to ocean circulation
and the SST.



® Response and feedback
of turbulent heat flux



Observations of radiative and turbulent flux

Solar heat flux and SST

Deser etal. 1993 o'W 90°W

Latent heat flux and SST

(l .\\, «A%

150¥ 120¥ IIOI

-005040302010010%30406050

* Deser et al. (1993): changes in solar
radiation of ~10 W/m? due to 1K
changes in SST

= -0.75°C / month (MLD=20m).

e Zhang and McPhaden (1995): ~50
W/m? per 1K of latent heat flux.

* Thum et al. (2002) found a similar
value and a simple heat balance results
in -0.5°C / month (MLD=50m).

 Instantaneous damping of /ocal SST by perturbation heat flux




Coupling of SST and latent heat flux in SCOAR

40
. . l
Eastern Tropical Pacific ot 34 W m? [1° K SSTJ"
i
....... 100 = °
- =20 -
9'%& L 10 o

-—-'—J' T

Q =1 -
\_:__.;....II_100
wer «0— Tropical Atlantic

5W USW 108 W %0 s=-25
s 20 - ; :
0::’: -06 10 4
—0.1 - § 0
—0.2 1 . -oE —10 1
Jan _g —20
* Model results also suggest a — 30+
damping by turbulent heat flux on 40— = !

the local SSTs.



® Large-scale rectification from heat flux anomalies??
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Latent Heat Flux Parameterizations

LH = pLCLU(Aq).

Reynolds averaging of LH =»

LH = pLCx(UAq + U'AQ).

Rectification by high-frequency
(TIW-induced) LH’1s small
compared to mean LH.

TIWs still operate over the large-
scale SST gradient to modulate the
temperature advection (Jochum and
Murtugudde 2006, 2007).

6-year time series at 2°N averaged over 30°W-10°W



Summary; TIW-atmosphere coupling

o modification

TIWs

@ small

®@lo
damping

@ Wind response damps TIW-current: Small but significant damping
@ Negligible contribution at 2N (difficult to estimate near the equator)

® Damping of local SST (but small rectification to large-scale SST)
@ TIW-currents alter surface stress by £15-25% depending on phase



Conclusion and outlook

e Using this SCOAR model, we have studied
1) mesoscale air-sea coupled feedbacks 1n the eastern

Pacific sector, and
2) connection with the large-scale climate variability 1n

the tropical Atlantic sector.

* We continue to examine various aspects of coupled variability
on many spatial and temporal scales occurring throughout the
global ocean.
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Indian Ocean: Regional coupled
processes in the western Arabian Sea,
Bay of Bengal, and Southern IO. Their
connection with the monsoonal and
basin-scale variability.

North Pacific: Effect of eddies and the
ocean atmosphere coupling on the KE
variability and the downstream effect
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® Impact of ocean current
on the surface stress estimate

Kelly et al. (2001): wind difference measured from QuikSCAT
and TAO array resembles mean equatorial surface currents.



® Effect of ocean current on the surface stress estimate

‘%1‘ = pcd(iia — l_/io)2
‘%2‘ = IOCd(l_/Za)z

= |7,|-|7,|; effect of ocean
currents (mean + TIW) on
the surface wind stress

59 ' A
SOW 45W OW 35W 30W 25W 20W 15W 10W SW 0 SE 10

Ocean currents (mean + TIWs) reduce surface stresses by
15-20% (Pacanowski 1987; Luo et al. 2005; Dawe and
Thompson 2006).



@ Effect of perturbation current on the surface stress estimate

pcd (ﬁa - ﬁo)z
pC,(u, —u

) 2
o _ lowpass

= |7,|-|T;|; effect of perturbation
ocean current velocity on wind stress

— |11|'|‘t3| at 2°N, ZOOW'ISOW m'z]

0.004 -
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0

-0.002

~0.004 -

!
|
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Y

===
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Correlation with TIW currents : -0.83

TIW currents can modulate the
surface stress estimate by £15-25%.

Consistency problem in a forced
model with the QuikSCAT winds?



Modulation of SST and wind stress by TIWs

(a) Model SST and surface current (b) Model wind stress
20N - 20N e
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10N s B .o 10N .
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EQ ™ 27 EQ o1e
5S R .
- T 0.13
1088k 5 e 25 108 I
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1.0m/s |7 0.1N/m2 o
(c) Observed SST == oioa
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* 3-day averaged SST and wind stress centered on Sep. 3, 1999
* Stronger wind stress over the regions of warm water



