ENSO and short-term variability
of the South Equatorial Current

William S. Kessler and Sophie Cravatte
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* Extend transport estimates back to 1985 using XBT data
* ENSO signal: (,z) structure and a simple Rossby model
* Compare with transport entering the Solomon Sea from glider data

* Strong mesoscale eddy aliasing .... consequences



SEC (mostly) flows to Solomon Sea
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Mean circulation splits around N. Caledon
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XBT data along the Auckland-Solomon St track

0° 3917 profiles 1985-2000

1346 between 20°S-11°S
(~1 profile / 1.3°lat / month)

10°S - To 400m: not deep enough
for the mean, but gets most
of the interannual variabilty
(test with Argo since 2004).
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Transport on the XBT track

0-400m XBT transport is insufficient
for the mean, but represents most of
the interannual variance (test with
Argo Atlas data during 2004-2010).

SEC velocity/transport anomalies on the XBT track:
highly correlated with ENSO (2-4 month lag)

Green = IFREMER XBT line. Red = Argo Atlas. Black = AVISO (h=111m). Blue = SOl

SOl (non—dim)

Transport (Sv) (XBT, Argo, Aviso)
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SEC estimated as anomalies within 20°S—11°S on the track. XBT, Argo transports 0/400m.

While the XBT and Argo data do not overlap, Aviso spans both.
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Mean crosstrack ug on the XBT track

IFREMER XBTs 1985—-2001. Argo Atlas 2004—2011. (cm/s)
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ENSO anomalies are focused shallow and close to the equator

* Much larger anomalies in the NV] (<15°5),
Very little change in the NCJ.

* Surface intensification = Aviso is a good
index of transport anomalies.

* Best-fitting implies a scale depth of 111m
for 0-400m interannual transport anomalies

(183m for 0-2000m)

Mean

Depth (m)

El Nifio

Depth (m)

La Nlna

500 4

Depth (m

Blue = westward, red eastward

500

1000

20°S
|

12004-2010 mean

15°S
I T

500

1000

T
20°S
!

1 I ]
------- BT
e N oy
~70 o
_ NN s
e ,
~NA s o
< col R
B 1 e N,
~ i R
' A \\_
\ A
N = ,” -
. < o A0
N ~———— //
N
AN -

- 0.

1000

5

'Feb 2008 |

0.5

2O S

10°S



Transport (Sv)

SOI (non-dim)

Interannual SEC transport anomalies are well represented
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by a simple Rossby model
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Curl averaged over ENSO phases:
Red = downwelling
+  Blue = upwelling

La Nina: Curl pattern reduces
the thermocline slope across the
SEC and weakens its transport.

El Nino curl does the opposite.



Solomon Sea Aviso surface vg is very similar to the SEC

A\/|So eshmotes of the SEC cmd Slolomoln Seo \/elomty
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Solomon Sea transport measured by the Spray glider

Total transport between the Solomon Islands and Papua New Guinea
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Solomon Sea transport measured by the Spray glider
Total transport between the Solomon Islands and Papua New Guinea Overlay SO|

SOI
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ENSO transport variability entering the Glider tracks and contours of function PHI

Solomon Sea is focused in the upper

Glider transport time series by region and SOI
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Can we measure transport from sparse (ship, glider) sampling?

Examples of absolute 0-700m velocity measured by the Spray glider in the eastern Sol. Sea.
Substantially different patterns even a few weeks apart.

Eddy scales are 50-200km
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. Aviso SLA and ug (blue vectors)

Can we measure transport from P11S track and surface ug (green)

sparse (ship, glider) sampling”?
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The ubiquitous eddies revealed by altimetry produce
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aliasing in snapshot samples of ug, or absolute u from
the glider.

The WOCE P11S cruise (Sokolov & Rintoul 2000),
probably the most authoritative sampling across the
Coral Sea, estimated SEC transport about twice as
large as other estimates.
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Unfortunately, the P11S data was strongly aliased B (DN T A -
(westward) by mesoscale eddies, amounting to 20°S _ SN .

perhaps 1/3 the estimated transport.

> 20. cm/s

AVISO Ug anomalies on the WOCE P115 track

Green dots show P11S CTD profile locations/times

Crosstrack surface velocity on P11S
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Deducing western boundary current anomalies
from the interior Rossby solution

* By its neglect of velocity acceleration terms, friction and nonlinearity,
the long Rossby model explicitly excludes western boundary dynamics.

* But, the WBC can be deduced as an equatorward accumulation of the
incoming zonal transport due to Rossby waves (Godfrey 1975, Appendix B.2).

In the reduced gravity system, the WBC transport anomaly is:
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Non—dimensional

Fstimates of transport entering the Solomon Sea

Aviso surface mean vy, Rossby model WBC and SEC. All non—dimensional.
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Transport (Sv)
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Solomon Sea transport measured by the Spray glider

Total transport between the Solomon Islands and Papua New Guinea Overlay Aviso vg

W
o

N
o)

N
@)

—

@)

o

@)

o

JJASONDJFMAMJUJASONDIJFMAMIIJASONDIVUFMAMIUJASONDIJFMAMIJASONDJIFMAM

2007/ 20038 2009 2010 2011 2012

(Blue = corrected, green = raw)

13°5

(Lots of short-term variability!

152°E

153°E

154°E 155°E  156°E 157°E 158°E 159°E 160°E 161°E

Even with more than 5 sections/yr,
we are barely resolving the ENSO cycle)
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