On the inter-annhual tropical Atlantic variabuztv modes
under AMO phases in the observational record

(Under review i Journal of Climate)
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The decadal inkernal SST variabiti?:v i the

Atlantic Ocean is driven bv the Atlawtic

Multidecadal Oscillation,
Knight et al. 2006)
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The AMO seems ko modulate:

«  The Tropical Pacific mean state and ENSO

variabilik (Dong et al. 2006; Dong and Sutton 2007;
Timmerman' el al, 2007),

The Brazilian and Sahelian precipitation (Knight et
al. 2008),

 European summer climate (Sutbon and Hodsown 2003;
Sutbton’ and Dong 2012).
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Atlantic Multidecadal Oscillation (AMO) Atlantic-Pacific Ninos connection
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The Abtlankic Nillo teleconnections have been

changed and strengthened after the 1970s (Polo 200%;
Kucharski et al. 2009; Rodriquez-Fonseca et al. 2009,;Ding et al. 2012;
Losada et al. 2012a; Losada and Rodriquez-Fonseca 2018),

W The wultidecadal wodulation of the Atlantic-

Pacific Nillos connection could be driven by AMO
(Martin-Rey et al. 2014),
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The AMO seems ko modulate:

«  The Tropical Pacific mean state and ENSO

variabiltk (Dong et al. 2006; Dong and Sutton 2007;
Tinmmerman et al, 2007),

The Brazilian and Sahelian precipi&a&iam (Knight et
al. 2008).

¢ Eburopean summer climake (Sutbon and Hodsown 2003;
Sutton’ and Dong 2012).
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The AMO seems ko modulate:

«  The Tropical Pacific mean state and ENSO
variabilik (Dong et al. 2006; Dong and Sutton 2007;
Timmerman' el al, 2007),

The Brazilian and Sahelian precipitation (Knight et
al. 2008),

¢ Eburopean summer climake (Sutbon and Hodsown 2003;
Sutton’ and Dong 2012).
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The Atlantic Niflo teleconnections have been

changed and strengthened after the 1970s (7olo 200%;
Kucharski et al. 2009; Rodriquez-Fonseca et al. 2009,;Ding et al. 2012;
Losada et al. 2012a; Losada and Rodriquez-Fonseca 2015%.

The wmultidecadal wodulation of the Abtlantic-
Pacific Nillos connection could be driven by AMO

-

(Martin-Rey et al. 2014),

Does AMO impact on
tropical Atlantic variability?
(Tokinaga and Xie 2011; Svendsen
et al, 2013; Polo et al. 2013)



BATA AN‘D METH Obs AMO index 1870-2014 HADISST

 SST for 1%570-2014 from HADISST (Rayner <t al. 2003) A —z
ol AMO positive |
* Surface WIND and SLP for 1900-2010 from ERA20C
reavmtjsés (Poli et al. 2013) i /\ ﬂ 7
* Thermocline depth (Isotherm of 16C, D1&) for 1¥71-200% | \ [\ \ |
from SODA reahatjsis (Giese and Ray 2011) \\//\/ /
<+ High-Pass (7 year cutt-of) Butterworth filter i AMO negative I
(Butterworth 1930) 2 i

» Common period of study: 1900-200%

» Principal Component Analysis (PCA) applied to the summer (J9A5) SST anomalies for different AMO phases:

* 34 years for posi&ive AMO phase: 192%, 1929, 1939, 1931, 1932, 1933, 1934, 1938, 1936, 1937, 193%, 1939, 1940, 1941, 1942,
1951,719582, 1953, 1954, 1988, 1984, 1957, 195%, 1959, 1960, 1999, 2000, 2001, 2002, 2003, 2004, 2008, 2006, 2007,

* 36 years for negative AMO phase 1906, 1907, 190%, 1909, 191%, 1919, 1920, 1921, 1922, 1923, 196%, 1969, 1970, 1971, 1972,
1973 1974, 1978, 1976, 1977, 197%, 1979, 19%0, 19%1, 19%2, 19%¥3, 19%4, 19%§, 19%6, 19%7, 19%%, 19%9, 1990, 1991, 1992, 1993,

1994, 1995
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RESULTS: Does the TA SST variability change under AMO phases?
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RESULTS: Does the TA SST variability change under AMO phases?

EOF1 36.4-4» NEGATIVE AMO:

Atlantic Niko show larger
amplitude and  fraction
o«f explained  variance.

The WAT M &engu,e
Fzresan&s a wesbward
extension
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RESULTS: Does the TA SST variability change under AMO phases?
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RESULTS: Does bthe TA SST variabiiiﬁj change under AMO phases?

AMO NEG

NEGATIVE AMO:

HS mode only emerges in
hegative AMO periods as
the second variability
mode,

Martin-Rey et al. 2016, Jclim (under review)



RESULTS: Does the TA SST variability change under AMO phases?
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RESULTS: What is the role of the Subtropical Highs in the Atlantic Niio?
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> low pressure in easterin STA > weakened
southern trades > reduced the AB upwelling
*local winds (Polo ek al. 200%; Richker ek al, 2010)
*Wind-excited equa&ormt KW (Liibbecke et al. 2010)
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RESULTS: What is the role of the Subtropical Highs in the Atlantic Niio?

AMO POS ATLANTIC NINO
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> Strengthening of Azores High > intensified
norbth-easterlies > enhanced the e.vapom&éve
cooling.

> low pressure in easterin STA > weakened
southern trades > reduced the AB upwelling
*local winds (Polo ek al. 200%; Richker ek al, 2010)
*Wind-excited equa&ormt KW (Liibbecke et al. 2010)

MAMI:

> Meridional evolved into easb-west Erc:-pi,aat SLP
gradient > reinforced westerlies at the equator
> deepened thermocline and warming,
* Bjerlenes feedback (keenlyside and Latif 2007)
*Wind-excited equa&oriat KW (Litbbecke et al. 2010)

> Negative Meridional Mode-type S$ST pattern in

srrims precedes the Atlantic NiRo (servain <t al.
1999 Folkz etk al. 2010;Lubbecke and McPhaden 2012).
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RESULTS: What is the role of the Subtropical Highs in the Atlantic Nilio?
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RESULTS: What is the role of the Subtropical Highs in the Atlantic Nilio?
MAMI
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RESULTS: Which are the atmospheric forcings of the Horse-Shoe
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RESULTS: Which are the atmospheric forcings of the Horse-Shoe
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RESULTS: Is the HS mode remotely forced?
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COV\ETQSE&V\S wikh PT‘?.VEOU,S resulbs (Polo <t al. 200%; Liibbecke et al. 2010; Nnamchi et al. R0O16):

Both Subtropical High Pressure Systems seems to drive the development of different
Atlantic NiRo confiqurations and HS pattern under AMO phases.

AMO POS AMO NEG

Ablankic Nito Atlawntic NirRo

Martin-Rey et al. 2016, Jclim



CONCLUSIONS

> Observed inter-annual TAV seems to be modulabed bj AMO: the emergence and spo&f,aL
confiquration of the modes vary under AMO phases.

> During negative AMO phases the Atlantic Nillo presents larger amplitude and a westward
extension of its warm tongue. Its development is associated with the weakening of both

Azores and St Helena Highs, reducing the tropical trades.

> For positive AMO phases, the Atlantic Nilo is related to a weridional SLP patteri,
Lm&emsi{:jms the northern trades. This SLP comfiquration evolves into a east-west tropical
gradient, reinforcing the westerlies along the equatorial Atlantic,



CONCLUSIONS

> A new TAV pattern shows up during negative AMO phases: the Horse-Shoe mode. It is
characterized by a horse-shoe of positive SST anomalies in NTA and STA, surrounding an

anomalous cooling i the eastern equa&oréat Aklankic,

> HS only emerges during negative AMO phases, forced bv an EL Nio phenomenon from

previ,ou,s winker,

> These changes in Atlantic Nillo cownfiquration and HS pottern are related to the

interaction of both Subtropical Highs Pressure Systems.
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> Changes in the Atlantic Nilo amplitude could be caused by shallower thermocline
along the equatorial band from boreal spring to summer months, which increases the
effect of the Bjerknes feedback and in turn the SST variability during negative AMO
Phases.
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> An enhancement of ENSO tropical-extratropical teleconnections over the

Atlantic, toqgether with an intensification of the Wallker circulation could

favour the ENSO impact o the TAV during negative AMO periods.

(a) DIF STD SLP JFMA AMOneg -AMOpos

(b) DIF MEAN CHI200 MJJA AMOneg -AMOpos
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CHANGFES IN THE EQUATORIAL ATLANTIC SST VARIABILITY ALONG THE 20t CENTURY

(a) AtleqSST and AMO index 1870-2010
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(a) EOF1 37.79 % HADISST 1870-2014

(b) EOF219.23 % HADISST 1870-2014

(c) EOF311.95% HADISST 1870-2014
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