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Motivation GEOMAR -

ENSO asymmetry

cold events |

(Larkin and Harrison, 2002)

» La Nifa is not just the mirror image of El Nifio
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Mokivakion
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ENSO asymmetry

« SST anomaly associated with El Nino typically
larger than that associated with La Nina

« SST anomalies are located further to the east
for strong El Nifos than for strong La Nihas

(a) strong El Nifio (b) strong La Nina
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(Dommenget et al., 2012)

(a) NDJF Nino3(black) & Nino3.4(gray)
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Motivakion GEOMAR

ENSO asymmetry

= differences in state-dependent noise forcing (Levine et al., 2016)
» nonlinearities in the the heat flux damping (e.g. Hoerling et al., 1997)
» nonlinearities in the components of the Bjerknes feedback

« different wind response to warm and cold SSTs in the eastern
equatorial Pacific (Kang and Kug,2002; Dommenget et al., 2012)

* larger dynamical ocean response per unit anomalous zonal wind
stress during El Nifio compared to La Nifia phases (Im et al., 2015)

* positive anomalies in warm water volume (WWV) are associated
with larger SST anomalies than negative WWV anomalies (Meinen
and McPhaden, 2000)
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Motivakion GEOMAR

What about the Atlantic Nino?

= Argued to be governed by 12 Z | smofiassta § 4
atmosphere-ocean dynamics . 5 ., and wind stress  J HE
similar to those of ENSO: =N
* Thermal damping
* Bjerknes feedback:

(1) SSTAs (E) drive 1, (W)
(2) 1,, (W) drive upwelling and
thermocline depth (E)

(3) Thermocline depth and
upwelling an. result in local
SSTAs

»asymmetric as well?
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Daka and Mebhods GEOMAR

= Reanalysis products
< ORA-S4

* 1958 to 2009
» forced with ERA-40 and ERA-Interim
* 1° horizontal resolution

» Composite analysis
* 14 warm and 15 cold events

 defined as years in which the detrended interannual Atl3 SST anomalies
exceed 1 std for at least two months between May and September

» Bjerknes feedback components separately for warm and cold phases

» focus on boreal summer months
« compare to Pacific
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» Atlantic Nino mode much more symmetric than Pacific ENSO in terms of amplitude
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cold*(-1) differences

"
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Composi%&s GEOMAR -

Onset of warm/cold events

cold*(-1) differences
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« weaking/strengthening of trades
« SST anomaly first at African coast, then in eastern equatorial Atlantic

« accompanied by deepening/shoaling of thermocline
» symmetric in timing and amplitude
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Composi%&s GEOMAR -

Peak of warm/cold events

warm cold*(-1) differences
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« SST anomaly reaches peak in June
« accompanied by deepening/shoaling of thermocline
» symmetric in timing and amplitude
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Decay of warm/cold events

warm differences
8°N 8°N
4°N 4°N .
Q° 0°
4°S 4°S -
8°S 8°S Z
12°S 12°S
16°S 16°S \ % '
20°S 20°S
60°W 40°W 20°W 0° 60°W 40°W 20°W ° 60°W 40°W 20°W
August August August
8°N ”I,,I » : \,I \ 8°N 8°N
e AN N ‘o :
ek AN e i 5
12°S 12°S 12°S
16°S 16°S 16°S
20°S 20°S 20°S
60°W 40°W 20°W 0° 60°W 40°W 20°W 0° 60°W 40°W 20°W 0°
September September September
« weaker wind anomalies, southerly/northerly in EEA
« SST anomaly decays
» symmetric in timing and amplitude
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Lomposi%@s GEOMAR
T Western equatorial Atlantic
zonal wind stress anomalies
=

il | Eastern equatorial Atlantic
| thermocline depth anomalies

(©) | ‘ ‘ | |
,/i/i_—%\i\i ] Eastern equatorial Atlantic
_ W SST anomalies

1 1 1 1 1 1
Apr May Jun Jul Aug Sep
[Calendar Months]

Atl3 SST an [K]
o

TAV meeting, Paris, 30 November 2016 ﬁ HELMHOLTZ

| ASSOCIATION



B jerknes feedback
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Why is the Atlantic Nino mode much
more symmetric than ENSO?

» check symmetry of individual
components of the Bjerknes
feedback:

(1) SSTAs (E) drive 1, (W)

(2) 1,,(W) drive upwelling and

thermocline depth (E)

(3) Thermocline depth and upwelling
an. result in local SSTAs

+ thermocline

depth

SST

e
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Bjerknes feedbacie GEOMAR

wind
\ Relationship between eastern equatorial SST anomalies and
S —— western equatorial wind stress symmetrical for warm and cold
depth SSTAs in both Atlantic and Pacific
SST / .
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C
i | | | | | | | | | | ! | | | | | | | | | | (U | | | | | | | | | | | | | | |
c 207 B 6.0 - -
© | r=0.86 X X - N 4| r=0.83 L
@ 63l 521.96+0.34x102Nm2Kt | * (a) N @ >0 7| $=1.64+0.31x102Nm2K? * (b) .
9 1.2 7] N » 4.0 ] B
17 2-3; [ 2 301 . " -
-g o:o - N E 207 I -
; = o G 1.0 A * x -
= -0.4 - S . . 2t -
S -0 1 : g ?’Z: N " !
N -1.2 1 - 8 -1.0 1 e . -
= -1.61 T £ 204 * x x -
%E 0o ] r=0.75 - < 50 r=0.93 ¥
& —2.4 $=1.85+0.46x10°Nm2K* |~ <23 ao0d * 5=1.48+0.17x102Nm2K* [T
2 —2I.OI—1I.6I—1I‘2I—CI).8I—(;.4I O!O | O!4 | O!8 | 1!2 | 1!6 | 2!0 "(L_) | —1I-6 | —CI)-8 | 0.0 | 0!8 | 1!6 | 2!4 | 3!2 | 4.0
May Atl3 SSTA © Oct-Nov Nino3 SSTA
TAV meeting, Paris, 30 November 2016 7 veLmnoLrz

| ASSOCIATION



Q

Bjerknes feedbacie GEOMAR

wind
\ Relationship between western equatorial wind stress and
s [ thermodiine equatorial thermocline slope symmetrical for Atlantic,
i slightly stronger for warm phase in Pacific
SST /
Atlantic Pacific
30 | I T N I Y [N N Y N N N N | | TN T N Y A N S N | 90. ] 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 | | | | | -
4| r=0.92 - - 807 r=0.88 C
- 20. 4| $=8.19%+1.43m/102Nm™ (C) o % 70. 4| $=9.84+1.49m/102Nm2 (d) -
@ . L O 503 C
C i L
.g 10. - -5 ig: i .
3] . -2 4 n
o E 30. ] -
< 0. ’G_J 20. 1 N
E _ B 5 10. 7 B
£ -10. 1 - O 0.7 N
8 . L 8 -10. 1 x % B
35 —20. - $ -20. ] %7 % r=0.96 C
- O -30.4 * x " : -
1 - 5=10.60+2.34m/10°Nm2 | Z _ " $=12.91+1.13m/102Nm?2 |-
_30.—2.8I—2I.4I—2I.0I—1I.6I—1I.2I—CI).8I—CI).4I O!O I O!4 I O!8I 1!2 I 1!6I2!O —AILOI—II’>.OI—2I.OI—1I.OI 0.0 I 1!0 I 2!0 I 3!0 I 4!0 I 5!0 I 6.0
May WALl zonal wind stress an. Oct-Nov Nino4 zonal wind stress an.
TAV meeting, Paris, 30 November 2016 7 nemnorz

| ASSOCIATION



Q

Bjerknes feedbacie GEOMAR

v \ Relationship between eastern equatorial thermocline depth and
SST anomalies symmetric for warm and cold SSTAs in Atlantic,
= | termocine but stronger response to deepening of thermocline in Pacific
SST /
Atlantic Pacific
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Conclusions GEOMAR

= Atlantic Nino mode much more symmetric than
Pacific ENSO in terms of amplitude, timing and
location of events

» Analysis of individual feedback terms suggests
that all components are symmetric in the Atlantic
while relationship between thermocline depth and
SST anomalies stronger for warm events in
Pacific
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