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* Widespread warming trends over land and oceans
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Background GEOMAR

Accelerated warming during the satellite era
since 1981.

Not everywhere is warming; in facts, some
places may as well well be cooling!

Gulev et al 2021, IPCC AR6

-06 -04 =02 =01 00 O .
Significant ~ Trend (*C per decade)

Non significant

HELMHOLTZ &iociiitnees



N
Outline GEOMAR

“Warming holes” in tropical oceans during the satellite era
Tropical Atlantic variability and impacts under climate change

Atlantic interactions with the Pacific under climate change
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GEOMAR

“Warming holes” in tropical oceans during the satellite era
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»Warming holes”

* No warming in the
eastern boundaries,
most prominent in
the Pacific.

Latif et al 2023, Comm.
Earth & Environ.
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»Warming holes”

* No warming in the eastern
boundaries, most prominent in
the Pacific.

*  “Warming holes” become more
prominent after accounting for
global warming.

Latif et al 2023, Comm.
Earth & Environ.
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Warming holes explained by Pacific decadal oscillation

Multi-decadal climate indices
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Raw trends Global-average removed GEOMAR

Cbserved trends Observed trends, global-average removed

CMIP6 ensemble fail to
reproduce ,,warming
hole”
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GEOMAR

A switch in trends in the Atlantic cold tongue region:
1950-2009 vs 1981-present
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Atlantic Nino-like
warming of the
Atlantic in
observations, 1950-
2009
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Trends phase-
locked to the
upwelling season
along the equator,
1950-2009.
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CMIP3 historical ensemble,
1900-1999.

CMIP3 shows Atlantic meridional mode-like
trends.

Precipitation increased over the warm SSTs,
decreased precipitation over West Africa.
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»,Warming hole” 1981-
present

Also phase-locked to the boreal summer
upwelling season.
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40-year trends show multidecadal
variations

a

40-yr running-trend JAS Atl3 (°C 40-year")
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CMIP6 historical
ensemble 1979-
2005.

* Warming hole not seen.

* Northward gradient could be
linked to aerosol forcing.
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Outline GEOMAR

* “Warming holes” in tropical oceans during the satellite era
* Tropical Atlantic variability and impacts under climate change

* Atlantic interactions with the Pacific under climate change
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GEOMAR
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Weakened SST and winds

1582-1999 C 2000-2017
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Weakened Bjerknes feedback
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Future weakening Atlantic Nino in CMIP6
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Accounting for biases in mean state GEOMAR
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Accounting for biases in mean state GEOMAR
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GEOMAR

Yang et al., 2022, Nature

Clim. Change
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Weakened Bjerknes . GEOMAR

50

- L]
feedback explained by 37 <! &, S
=]
1 _ 3 ol B CanESMS-CanDE
induced by deeper § Ei ) g
thermocline and more 2 | + oenie
a_;. 4 CESMZ-WACCM
stable atmopshere 5 o cesy
= A CMCC-CM2-SRS
40° W BPW  20°W I°W o° 10 ! B CMCCESM2
Lengilude -4 4 -2 0 2 4 @ B 10
S Tzem it 4 civcuesn
a 0.5 10 16 20 $ EC-Eanna
. mﬁrég:e'?“?mgi:;:lwﬂﬂmﬁm O FOOALEg3
* Faster warming of the ocean surface ) i
especially in the east. am _ 04 i an;wm-
. s00 ;.'a. bl P IFSL-CMEA-LR
* Mid-troposphere warms faster than L 8 G
the surface, leading to a more stable w0 B | S
atmosphere in the future. s %é L < vt
) ) E §§ ® TaESM1
* Thus, the Bjerknes feedback is Bh pitlwoes A UKESM1OLL
weakened (Lander et al., 2022; Yang et Be | sopeom .
al., 2022). O T pcom 4
40°W 30w 20°W 10t W o 0.3 L L L L
Langiude 05 10 18 20

Change in atmosphanc stratification
I°C per “C of global warming)
1.2 14 1B iB 20 22 24

Change in alr temperature Yang et a.l., 2022, Nature
. Clim. Change

HELMHOLTZ 00t ttees




Weakening impacts of the Atlantic GEOMAR
Nino on Guinea Coast
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Outline GEOMAR

*  “Warming holes” in tropical oceans during the satellite era
* Tropical Atlantic variability and impacts under climate change

* Atlantic interactions with the Pacific under climate change
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Atlantic variability leads ENSO
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Atlantic improves ENSO prediction

30°E 90°E  150°E  150°W  @0"W  30°W

G 1980-2017 .
E‘ |
E 09
By
[
o Ninc3.4(t) = o » Ninod 4(t-7
0.5 +3e H (7}
2 | + o w 10(tr) :
£ o + 6= ADt) 3

SON(D) JJALD) MAM(D) DJF(D) SON1) JJA-1)

Potential predictability

=
o

2
o

=
w

=
w

GEOMAR

D soni-1). s—f_eqsan lead, CMIPS MME

30l°E anc:"E 150°E lsul"w au:“w 30w

H1996:2017

= Pacific Ocean
4 =—All oceans

= Indian Ocean
A Atlantic Ocean

SON(D) JJA(D) MAM) DJF(0) SON(-1) .uﬁ;-n Cai 2019 et al., 2019,
Science

HELMHOLTZ &iociiitnees



Atlantic modifies the
Walker cell,
enhancing La Nina
anomalies

A

Req (u & omega, At-EOF index) 1900-1960 JJAD
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Atlantic improves ENSO prediction

A 20-year running correlation of Allantic Nifio (JJAD) and Pacific S5T (DOJF1) in HadISST
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Closing perspectives

Climate change signal over tropical Atlantic is strong mixed with decadal climate
variability. Disentangling this connection can be challenging

The equatorial Atlantic variability is projected to decline under climate change.

Variability to the north of the equator gets stronger, giving rise to a north-south

SST warming gradient. Aerosol forcing may have played some roles during the
historical period.

The Bjerknes feedback is projected to weaken in the future under increased
greenhouse forcing. This is related to stabilisation of the atmosphere and a
deeper thermocline under intensified warming.

Impacts on precipitation over the continent will also weaken.
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Thank you
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