Equatorial Atlantic Variability: Dynamics, ENSO
Impact, and Implications for Model Development
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Anomalous equatorial Atlantic and Pacific heat
content and SST anomalies
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1. Equatorial Atlantic variability

Space-time structure of the zonal mode from POP analysis of observations, =20%
(a) imaginary part of SSH (b) real part of SSH

45°W  35°W  25°W  15°W 5°W 5°E 45°W  35°W  25°W  15°W 5°W 5°E
Longitude Longitude

part of sst and wind stress (d) real part of sst and wind stress
1 L

(¢) imaginary
L 1 L

L

gNd !
v
N >

P R <

- e e e -

up to 70%

45°W  35°W  25°W  15°W  5°W 5°E 45°W  35°W  25°W  15°W  5°W 5°E

Longitudle =~ — 0.0t Nm2 Longitude ~ —> 0.0t Nm™2

(e) Time series of combined POP analysis and cold tongue SST
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Subsurface temperature anomalies (NCEP)

precursor phase (imaginary part), temperature anomalies [T(x,z)]
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analysis supports the delayed action/recharge oscillator
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Heat content leads cold tongue SST,

surface heat flux damps
cross—correlation between SSH/Z20/QNET and SST
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2. ENSO impact

Regression of Equatorial Atlantic (Atl3) summer SST on

boreal summer SST boreal winter SS
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Atmospheric teleconnections and the different seasonal cycles matter

Ding, H., N. S. Keenlyside, and M. Latif (2011), J. Climate (dynamics)
Keenlyside, N. S., H. Ding, and M. Latif (2011), to be submitted (ENSO hindcasts)
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Coupled model forced by observed
Atlantic SST

« MPI CGCM: ECHAMS5 (T63, L31) coupled to MPI-OM (1.5°, L40)
* Tropical Atlantic - observed SST (1950-2005), elsewhere fully coupled
* Nine ensemble members, analysis of ensemble mean
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Correlation with observations

(a) correlation between HadISST and MPI 20C+SST run
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(c) Correlation in Z20 between NCEP and MPI 20C+SST run
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Cross correlation: Atl3 and Nino3 SST

Cross correlation 1970-2005: Nino3 Vs Atl3 SST anom
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The nudged (in the Atlantic only) coupled model
reproduces the link with ENSO
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Hindcast of Indo-Pacific SST is much
improved by speufymg Atlantlc SST
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(A) Nino3 SST
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The skill enhancement in the Pacific stems

mostly from the two big warm events
(A) Nino 3 SST anomalies, Months 9—11 (Oct—Dec)
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“While many of the models forecasted some degree of warming one to two
seasons prior to the onset of the El Nifio in boreal spring of 1997, none
predicted its strength until the event was already becoming very strong in
late spring.” From Barnston et al. 1999 (BAMS)
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A

Hindcasts of the 1982 and 1997 El Ninos

X

(A) Observations

(B) Observed Atlantic SST

(C) Stondord
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(E) Observed Atlantic SST

(F) Standard
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Specification of equatorial Atlantic SST helps to predict the
strong El Nifho events
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3. Implications for model development
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The zonal SST gradient along the Atlantic Equator
is reversed in many climate models @)
IFM-GEOMAR

future ocean
EEEEEEEEEEEEEEEEEE



X

|

X

Not much skill in predicting equatorial
Atlantic SST in our standard model

(A) Feb. 1st forecast of summer SST

(B) May 1st forecast of summer SST
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(D) May 1st forecast Atl. Cold Tongue SST
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Not much skill in predicting equatorial
Atlantic SST in other models too
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Multi-model prediction of summer
1999 AtI3 SSTA (from DEMETER)

Stockdale et al. 2006
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Did warm spring SST help to develop the
current cold conditions in the Pacific?

Monthly Trapical Atlantic SST Anomaly
TNA [BOW-30W, SN—20N]

0 2
“an APR2011_SST Anom. (°C) o
20N ] ~__,_.__.lllul.___._...mllllI““II“III
© 51
10N H o
EA—YY JAN L JAN JUL JAN JiL JAN
E D - 2007 2008 2009 2010 201
4 5 TSA [30W—10E, 205-0]
105 - o 157
I.
205 R N T [T | oatmemn | | | 17 [ 1
305 : — e &~ I & 0
100W g0w 60W 40W 201 0 20E — 0.3 T JAN JUL JAN JoL JAH JOL JAN
2007 2008 2009 2010 2011
_— APR2011 — APR2010 SST Anom. (°C) 1§TNA_TSA
W = o ]
20N { ¥ ] B TS 1 | |11 1] [
o £l '
- -1
T N 0L JAN UL JN JUL JAN
EQ 1 - 2007 2008 2009 2010 2011
3 5 ATL3 [20W-0, 2.55-2.5N]
108 - o 15
]
205 8 “‘2'.lll-l..||-II|Illullllllllnlll_l_nllI ..|I||lm)
L _p5-
aes — T T T : e
100W  B0OW 60W 40W 20 0 20E —1.;

JUL JAN JUC JAN JiL JAN WL
3007 3008 7009 2010 2011

A
X Y
future ocean

KIEL MARINE SCIENCES IFM'GEOMAR



Conclusions

. There is a strong El Nifio-like mode in the equatorial Atlantic that is
referred to as Atlantic zonal mode

. The Atlantic zonal mode explains a lot of variance near the Equator (locally
up to 70% in SST)

. The predictability of the Atlantic zonal mode arises from slow heat content
variations (warm water volume, del. action/recharge osc.)

. The Atlantic zonal mode influences ENSO through changes in the Walker
Circulation

. The seasonal cycle plays a crucial role, as the Atlantic affects the winds
over the western Pacific during the development phase of ENSO

. ENSO prediction can benefit from enhanced prediction of equatorial
Atlantic SST

. However, the equatorial Atlantic is a region of large model (SST and wind)
bias

. There is almost no skill in predicting equatorial Atlantic SST in current
models

. Model improvement (reduction of the tropical Atlantic SST bias) may thus
not only enhance predictions in the Atlantic but also in the Pacific @)

future ocean

IFM-GEOMAR



Link of Pacific quantities in winter with
equatorial Atlantic SST in summer

observations SST in winter coupled model
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