What caused the 2009 cold event in the Atlantic cold tongue region? ¢
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=>» The 2009 non-ENSO like cold event in the Atlantic is revisited, =2 Meridional advection for non-ENSO like cold events seems to
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= Higher order baroclinic mode waves appear to contribute to

using in situ data, satellite and reanalysis products be less important than for non-ENSO like warm events the development of the 2009 cold event

The 2009 Cold
Event

eStrong negative Atlantic meridional
mode event associated with north-
westerly wind anomalies along the
equator from March to May 2009

®|nstead from what would be expected
from ENSO like dynamics, an abrupt
cooling took place in the Atlantic cold
tongue (ACT) region from May to
August 2009
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Anomalous TMI sea surface temperatures
(shading) and CCMP pseudo wind stress
(arrows) in 2009 with respect to the mean
seasonal cycle (1998-2011).

Meridional Temperature Advection

Hypothesis I: Wind induced, warm temperature anomalies at ~4°N are advected into
the ACT region by equatorward subsurface currents and can trigger warm non-ENSO
like events (Richter et al., 2013). The same process may cause the 2009 cold event.

Equatorial Wave Dynamics

Hypothesis 1l: Wind forced equatorial Rossby waves and reflected equatorial Kelvin
waves transport cold sea surface temperature anomalies into the ACT region (Foltz and

McPhaden, 2010). As the observed Kelvin wave signal in Sea Level Anomaly (SLA) data
Is weak, this mechanism is revisited.

In Situ and Reanalysis Data 2009 Satellite and In Situ Observations
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eMoored observations show ano-
malous cold subsurface tempe-
ratures and equatorward subsur-
face currents in the equatorial
Atlantic (EA) in 2009

eStrong signal of an reflected
Kelvin wave in ARGO Z_ (depth

of 20°C-isotherm) data
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e Analysis of the vertical density
structure of Argo float profiles
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.Quanﬁﬁcaﬁon of Meridional Tem- Jan Feb Mar ApréMay:Jun.JuI.Aug Sep Oct' Nov.Dec reveals Signals that propagate
perature Advection (MTA) in 2009 — Te_r?;pejt“rez”“ja'y'l - T r— along the thermocline in the EA
through reanalysis data Anomalous subsurface temperatures observed by PIRATA .

Cooling by MTA after onset of 2009 buoys in 2009 with respect to the mean seasonal cycle Conclusion:
cold event (2006-2013). eHigher order baroclinic mode

. T R | b |1 waves transfer the upwelling

Conclusion: e o1 /A ——orss | pod p il sighal in the thermocline

e Anomalous north-westerlies (south- ; ol Z 7 AT N7 westward from the central
easterlies) that are associated with % 004 Atlantic just north of the
non-ENSO like cold (warm) events 32: equator and then eastward
tend to weaken (strengthen) equa- ~ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec along the equator, from the
torward subsurface flow 2009 meridional velocities observed by TACE moorings western boundary toward the

. averaged in a depth of 35m-100m at 0°N, 50m-100m at ACT region

*Hence, for cold events, there is no 0.75°N, and 75m-100m at 0.75°S. | | | |

significant meridional advection of ®SLA signal is dominated by first

30°W-15°W, 3°S-3°N

and second baroclinic modes,
which may explain the weak
signal observed in SLA

subsurface temperatures that can
drive an anomalous cooling of the
ACT region
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4 applicable to the 2009 Anomalous MTA calculated from GODAS (solid lines) and > Applicable to the 2009 cold

cold event ORAS4 (dashed lines) reanalysis data in 2009 with event
respect to the mean seasonal cycle (1980-2014).
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2009 anomalies of (a,b) AVISO SLA and (c,d) Argo Z,, with

respect to the mean seasonal cycle (2005 to 2012),
propagation speed of negative amplitudes (black lines).
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Empirical orthogonal function analysis of density displacement
profiles estimated from Argo floats profiles in the EA in 2009.
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