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. . . What is the meaning of La Nifia and how
La Nina event tipped to be declared, points to will the weather event affect Australia’s

stormy, wet times ahead summer?

Tue 23 Nov 2021 16.44
By Peter Hannam https://www.smh.com.au/environment/weather/la-nina-event-tipped-to-be-declared-
September 28,2020 — 6.25pm points-to-stormy-wet-times-ahead-20200928-p5600b.html

The weather pattern occurs every few years and typically brings
increased rainfall to the country’s north and east

BoM declares 2021 La Niiia weather event for Australia

https://www.theguardian.com/australia-news/2021/nov/23/la-nina-2021-
weather-australia-meaning-definition-summer

-8 Back so soon, La Nifia? Here's why
= we're copping two soggy summers
in a row

Published: December 14, 2021 12.32pm AEDT
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https://theconversation.com/back-so-soon-la-nina-heres-why-were-
copping-two-soggy-summers-in-a-row-173684

.-:
g% Published: March 7, 2022 2.40pm AEDT

Jason O'BrienVAAP

https://theconversation.com/the-east-coast-rain-seems-endless-where-on-earth-is-

‘Triple La Nifia": Australia may face slithesterconine rom /8318
another summer of flooding rains, US
expert Wﬂrns W @readfearn

Fri 10 Jun 2022 03.30

Scientists are Wﬂt(’.‘hillg an area in Pacific Ocean that has been https://www.theguardian.com/environment/2022/jun/10/triple-la-nina-
unusua]ly cool-a signal current La Nifia could ]iIlgEl’ australia-may-face-another-summer-of-flooding-rains-us-expert-warns
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Climate Change?

How will ENSO change in the future?
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Observations. Approx. 20% increase between pre-1960 and post-1960 in Eastern Pacific (EP) and

Central Pacific (CP) ENSO variability.

Increase in EP and CP variability is characterised by more frequent extreme El Nifio and extreme

La Nifa events, respectively.

a E-index and Nino3

b C-index and Nifio4
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Proxy-inferred variance of ENSO (wrt 1971-2000CE)
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Karamperidou et al. (2020, Chapter 21 ENSO book)

Multiple paleo-ENSO proxy data sets point to an intensifying
ENSO variability toward late 20th century relative to
preindustrial (McGregor et al., 2013; Cobb et al., 2013; Li et al.,
2013; Liu et al., 2017).

Interestingly, a CMIP5-based 6180 pseudo coral proxy network
shows an increase in interannual variance that seems to
continue the reconstructed trend from the real coral data.
Similarly, changes in future simulated rainfall variance over a
network of proxy locations are qualitatively consistent with the
reconstructed ENSO-related hydroclimate variance trends.

This finding raises the issue as to whether 20th century
changes in ENSO characteristics are already impacted by
greenhouse warming and whether observed trends are already
emergent against natural variability.

El Nifio Southern

Oscillation ina
Changing Climate

See Chapter 5 (Emile-Geay et al. 2020) for methods and
challenges in proxy reconstructions.




Global warming

Temperature anomaly (°C) relative to 1961-1880

Observed change in surface temperature 1901-2012
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Earth is warming up as greenhouse
gas emission continues to climb.

The increase in temperature is not
smooth (staircase like) due to
internal multi-decadal climate
variability (e.g., Interdecadal Pacific
Oscillation).

The warming is not distributed
equally at all spatial locations.



We use climate models for projecting the future, by subjecting the
® i s X models to specified emission scenarios.
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The level of warming depends
on how much we emit.
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e There are over 60 climate models from
about 30 modelling groups all over the
world.

« Climate model data are provided under the
efforts of Climate Model Intercomparison
Project (CMIP)

« They can reasonably simulate the earth
climate and modes of variability

0 80 120 180 240 300

Multi-Model Mean (CMIP5) ——

120°E 180°W 120°W 120°E 180°W 120"W
Taschetto et al. 2014, J. Climate



Coupled Model Intercomparison Project (CMIP) Progress in climate modeling

There was no “CMIP4”

Models not yet
organized as CMIP

IPCC ARG
(2020,
planned)

IPCC FAR IPCC SAR IPCCTAR IPCC AR4 IPCC AR5
(1990) (1995) (2001) (2007) (2013)

Fact Sheets

ipcc

INTERGOVERNMENTAL PANEL on ClimaTe change

Task Group on Data and Scenario Support for Impact and Climate Analysis (TGICA)

Mean metric values relative to CMIP5

2 * CMIP5

Model inter-com pa rison A 95% confidence interval of MMV CMIP5 (46)
3 (Monte Carlo sampling method) CMIP6 (42)
C
Bl T T T T e
Planton et al. 2021, J. Climate §

CMIP6 outperforms CMIPS in 8 out of 24 5"""’5';’§ §§§§$§§§§§§ : “‘¢§§§§ g

ENSO metrics (tropical Pacific time-mean, @
seasonal cycle, ENSO patterns, diversity, | . . ... -
and remote teleconnections). E l l l l T
v
reference

Worse in one metric (coupling between
subsurface and surface temperature).
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M) Check for updates.

OPEN
Increased ENSO sea surface temperature

variability under four IPCC emission scenarios

Wenju Cai ©'2=, Benjamin Ng 2, Guojian Wang ©'2, Agus Santoso @23, Lixin Wu ©®'®
and Kai Yang &4



Future mean state change

Future changes
— e 3
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Cai et al. (2020, ENSO book Chapter 13)

The various components are described in e.g., Meehl & Washington 1996; Timmermann et al. 1999; Liu et al. 2005; Held & Soden 2006;
Vecchi & Soden 2007; Xie et al. 2010, Stuecker et al. 2020, Heede et al. 2020.




Progress in ENSO projections



VOLUME 8 JOURNAL OF CLIMATE JUNE 1995

b) 1 to 10 yeor stondord deviotion
Nino 3 Region
0.50F T T T T T T T ' ' T T v 3
= ----  Transient e
0.40 - =
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ABSTRACT 5 10 15 20 25 30 3% 40 45 50 55 60 65 70 75
A 75-year integration of a coupled atmosphere—-ocean model is examined for tropical interannual variability. fime (yeors)
The atmospheric model has interactive cloud and a seasonal cycle. The fluxes of heat and salinity into the ocean
component of the model are flux corrected. The model has tropical variability that is qualitatively similar to . Equatorial Cross—section
that of the observed El Nifio/Southern Oscillation (ENSQ). The maximum amplitude of the model Nino3 c) Oceon Temperature difference
the first 50 years of the integration the model has eight warm events. Each event is one of two types: one

characterized by a standing SST anomaly in the central and eastern Pacific and the other by a westward propagating
sea surface temperature anomaly. The majority of the model warm ¢vents are of the first type.

The first type of event is triggered by the eastward propagation of Kelvin waves across the Pacific, and the
seccond by westward propagation of warm temperature anomalies through the atmospheric response to a warm
anomaly causing the suppression of equatorial upwelling. There is a coupling to the seasonal cycle for the first
type of event. A positive feedback through changes in marine stratocumulus in the east Pacific is an important

warm events

Another integration was carried out in which atmospheric CO, was increased at a rate of 1% (compounded)
per annum. There is no significant change in the one to ten year interannual variance of 85T in the east Pacific,
and this suggests that the size of the S§T anomalies during warm or cold events in the “‘greenhouse™ world may
not be significantly different from those of today.

signal is approximately half that observed and the modeled ENSO timescale is greater than that observed. In : LI H “—-.._____._§__,__2'2i__,.."—-’[f—?-'
i i.7s i i :

120E 150€ 180 150W 120W Sow
Longitude

Control: constant CO2 at 323 ppm (75 years integrated)
Transient experiment: CO2 increased at a rate of 1% per year (75 years integrated)
Both integrated for 75 years from the same initial conditions obtained from spin up run of 150
years
Consistent message as Meehl et al. (1993)
Atm (11 vertical levels) and Ocn models (17 levels with 7 in upper 100 m) have resolution of 2.5
lat, 3.75 lon.
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The El Nifio/Southern Oscillation (ENSO) phenomenon is the b gg T T L L. d 150
strongest natural interannual climate fluctuation'. ENSO origi- a5

nates in the tropical Pacific Ocean and has large effects on the 40 1

ecology of the region, but it also influences the entire global 35 f

climate system and affects the societies and economies of _ a0 100 &
many countries’. ENSO can be understood as an irregular low- <, Sg é
frequency oscillation between a warm (El Nine) and a cold (La 2 15 =
Nina) state. The strong El Ninos of 1982/1983 and 1997/1998, % 1.0 | §
along with the more frequent occurrences of El Ninos during the 0.5 50
past few decades, raise the question of whether human-induced _gg ]

‘greenhouse’ warming affects, or will affect, ENSO’. Several global 10 3

climate models have been applied to transient greenhouse-gas- -15 . ﬂﬂﬂfﬂ m

induced warming simulations to address this question**, but the _2-?98{] . 20}]0 : 20'20 . 20'40 ‘ 20'60 : 2{]I80 2100 35 ""_‘55 15 05 05 15 25 3_5'3

results have been debated owing to the inability of the models to . -
fully simulate ENSO (because of their coarse equatorial Time (years) SSTA (°C)
resolution)’. Here we present results from a global climate

* the mean climate in the tropical Pacific will change towards “El Nino-like”

model with sufficient resolution in the tropics to adequately

represent the narrow cquatorial upwelling and low-frequency conditions. “It is therefore likely that events typical of EI Nino will also become
waves. When the model is forced by a realistic future scenario of

increasing greenhouse-gas concentrations, more frequent El- more frequent”

Nino-like conditions and stronger cold events in the tropical " L

Pacific Ocean resullt. * “year-to-year variations may become more extreme under enhanced greenhouse

conditions”
* “interannual variability will be more strongly skewed, with strong cold events
GCM: ECHAM“_/OPYCE; ~2.8" mesh, Wiﬂ_‘ meridional _ (relative to the warmer mean state) becoming more frequent”
spacing reduction of the OGCM to 0.5% in the equatorial long-term increase of vertical stratification in the eastern tropical Pacific

region. Two experiments: 300-yr fixed CO2, observed CO2 . ] )
(1560-1990) |sp92a ’business-aZ-usuaI’ scenario (1990- enhanced the sensitivity of SST to ENSO-related wind stress forcing.

2100).
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Collins, Matthew (2000, J. Climate, 1299-1312)

_2xC02 NINO3 __4xC02 NINO3
aa | A HadCMZ2: 2.5 lat x 3.75 lon (both AGCM and
12l 121 CGCM). AGCM has 19 levels, OGCM 20 levels
s 101, S 101 ENSO amplitude 20% larger due to a sharper
5 oal @ ol thermocline.
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Climate Dynamics (2006) 26: 329—-348 DOI 10.1007/s00382-005-0084-6

Eric Guilyardi

El Nino—-mean state-seasonal cycle interactions in a multi-model

ensemble

“The models that exhibit the largest El Nino amplitude change in
these GHG scenarios are those that exhibit a mode change
towards a T-mode (either from S-mode to hybrid or hybrid to T-
mode). This is all the more interesting as the 1976 climate shift
in the tropical Pacific also involved such a mode shift and several
studies suggested this shift was climate change related
(although this issue it still hotly debated as it might also be a
decadal variability signal—Trenberth and Hurrell 1994). In many
respects, these models are also among those that best simulate
the tropical Pacific climatology (ECHAMS5/MPI-OM, GFDLCM2.0,
GFDL-CM2.1, MRI-CGM2.3.2, UKMOHadCM3). This suggest the
likelihood of increased El Nino amplitude in a warmer climate...”

GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L11704,
doi:10.1029/2006GL026196, 2006

Shifts in ENSO coupling processes under global warming

Sjoukje Philip' and Geert Jan van Oldenborgh'

“Changes in the mean state affect the feedback loop.
Higher mean SST provides higher damping through cloud
feedback. The shallower thermocline and mixed layer
depth increase SST sensitivity to thermocline variability
and wind stress. Wind response to SST variability increases
where the mean SST has increased the most. However, the
higher damping and more stable atmosphere compensate
the other changes and the residual change in ENSO

properties is relatively small.”




Yeh et al. (2009, Nature, 461, 511-514)

Based on analysis of 11 CMIP3 models finding a projected increase in frequency of CP El
Nino compared to EP El Nino. The change is related to flattening of the equatorial Pacific
thermocline.

CP-EP ENSO definition is based on Nino4 and Nino3 indices.

-m_20C3M _=m_SRESA1B

log [CP El Nino/EP El Nifo occurrence ratio]

200 , , , ‘ , ,
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ENSO response to greenhouse warming?
No clear picture.....

nature
geoscience s e

The impact of global warming on the tropical
Pacific Ocean and El Ninho

Mat Collins', Soon-Il An?, Wenju Cai®, Alexandre Ganachaud®, Eric Guilyardi®, Fei-Fei Jin®,
Markus Jochum’, Matthieu Lengaigne®, Scott Power®, Axel Timmermann', Gabe Vecchi" and

Andrew Wittenberg"
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compensating feedbacks
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Despite strong consensus in mean
state change: weakened Walker
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2015 Greenhouse warming -> increase in ENSO extremes
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ENSO Response to Greenhouse Forcing
E N S 0 an d gl’ee n hOU Se wadrm i I'Ig Wenju Cai'?, Agus Santoso'?, Guojian Wang'?, Lixin Wu?, Mat Collins*, Matthieu Lengaigne®®,

Scott Power’#, and Axel Timmermann®'®
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Late-twentieth-century emergence of the El Nifio
propagation asymmetry and future projections
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Zonal advective/Ekman feedback

Thermocline feedback
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Increasing frequency of extreme El Nifio events
due to greenhouse warming

Wenju Cai'?*, Simon Borlace', Matthieu Lengaigne?, Peter van Rensch', Mat Collins®,
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Matthew H. England’, Guojian Wang'?, Eric Guilyardi®*® and Fei-Fei Jin'®
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Increased frequency of extreme La Nifia events

under greenhouse warming

Wenju Cai'?*, Guojian Wang'?, Agus Santoso?, Michael J. McPhaden?, Lixin Wu?, Fei-Fei Jin®,
Axel Timmermann®, Mat Collins’, Gabriel Vecchi®, Matthieu Lengaigne®, Matthew H. England?,
Dietmar Dommenget'?, Ken Takahashi™ and Eric Guilyardi®'?
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Robust twenty-first-century projections of El Nino
and related precipitation variability

Scott Power!, Francois Delage!, Christine Chung', Greg Kociuba' & Kevin Keay'
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Cai et al. 2018, Nature
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Without model selection, majority of CMIP6
models generate an increase in Nifo3 and Nifo4
SST variability, with 28 and 27 out of 34 models,
respectively, producing an increase of 10-15%.
There was little consensus in CMIP5.

Cai et al. (2021, Nature Rev. Earth & Environment)
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Increased ENSO sea surface temperature

variability under four IPCC emission scenarios
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Abstract

Seasurface temperature (S5T) variability of El Nifno-Southern Oscillation (ENSO) underpins
its global impact, and its future change is a long-standing science issue. Inits sixth
assessment, the IPCC reports no systematic change in ENSO S5T variability under any
emission scenarios considered. However, comparison between the 20th and 21st century
shows a robust increase in century-long ENSO 55T variability under four IPCC plausible

emission scenarios.

(a) Nino3.4 SST amplitude change

207 Historical (45) IPCC AR6 WG1 Chapter 4

|ssP1-1.9(13
SSP1-26 (40)
SSP2-4'5 (40)
1.5 5SP3-7.0 (36)
| SsP5-85 (43)

0.5—

Standard deviation ratio (wrt 1995-2014)
o
I
|
I
I
I
I
I
I
I
I
I
I

0'0 T T T T | T T T T | T T T T |
1950 2000 2050 2100

(b) Nino3.4 precipitation amplitude change

3 _| Historical (44)
$SP1-19(13)

| SSP1-26(39)
SSP2-4.5 (39)
SSP3-7.0 (36)
2— SSP5-8.5 (42)

Standard deviation ratio (wrt 1995-2014)




Cold tongue bias

(g) CMIP6 SST Bias
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SCIENTIFIC Indian Ocean Dipole in CMIP5

REPORTS  and cmiPs: characteristics, biases,
mees® - and links to ENSO
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Continued increase of extreme El Nino frequency long

after 1.5 °C warming stabilization

Guojian Wang, Wenju Cai, Bolan Gan, Lixin Wu . Agus Santoso, Xiaopei Lin, Zhachui Chen & Michael

J. McPhaden

Wang et al. (2017, NCC, 7)
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OPEN Lopez et al. (2022, Nature Comm., 13)

Projections of faster onset and slower decay of El
Nifio in the 21st century

Hosmay Lopez & 1= Sang-Ki Lee(® ', Dongmin Kim® "2 Andrew T. Wittenberg ® i g Sang-Wook Yeh® 4

Based on Fang and Yu (2020, GRL, 47) in defining onset, duration, and

i demise months based on SSTA exceeding 0.5°C.
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Supplementary Table 4. Relative contribution of changes in the mean climate (i.e., overbar) and
changes in ENSO (1.e., prime) to the total feedback terms. The subscripts indicate whether the
terms are evaluated in the 20C or 21C period.
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Key Points:

* Dynamical processes underpinning ENSO do respond to greenhouse forcing.

Competing feedback processes can lead to undetectable change in ENSO
amplitude.

e Changes in the dynamics can manifest in detectable change in some ENSO
characteristics in models that simulate these characteristics.

After a series of CMIPs, finally there is an inter-model consensus in increased
ENSO amplitude in CMIP6 models.



Factors affecting ENSO projections



Cold tongue bias

Cold tongue bias can weaken Bjerknes feedback, while thermal damping is also weakened (Bellenger et al. 2014 Clim.
Dyn.; Kim et al. 2014 Clim. Dyn.; Bayr et al. 2019 Clim. Dyn.)

Hampers simulation of ENSO asymmetry (e.g., Hayashi et al. 2020 Nat. Com.)
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Li et al. (2016, Climate Dyn., 47)
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Stronger ENSO amplitude <-> “El Nino-like” warming

Li et al. (2016) result implies that correcting the cold-tongue
bias would lead to more El Nino-like warming associated with
stronger increase in ENSO amplitude.



Nino3 Rainfall
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Perturbed Physics Ensemble (PPE): a flux correction strategy
applied directly within coupled models to reduce present-day
mean-state bias (Collins et al., 2011).
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33 SST-bias-corrected PPE experiments, conducted with the HadCM3 CGCM forced
with historical radiative perturbations and a 1% per year CO, increase for the future
climate change runs -> 4 times increase in extreme El Nino events.



e There are many other attempts in identifying sources of intermodel uncertainty in
ENSO amplitude change that appear to be linked with uncertainty in the climatological
mean state (e.g. Ham & Kug, 2016; Rashid et al., 2016; Chen et al., 2017).

* Model spread in ENSO amplitude change linked to the climatological location of the
convergence zones in present-day simulation, which controls the air-sea coupling
strength change and the amplitude of ENSO variability (Ham & Kug, 2016).

* Chen et al. (2017) found that the CMIP5 intermodel divergence in the ENSO amplitude
change is closely tied to the spread in the thermocline feedback changes, which are in
turn linked to changes in the mean equatorial upwelling and thermocline.

Such investigations should be continued, for other variables and for CMIP6 and future
models.



Interbasin-interactions

Pantropical climate interactions
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Cai et al. (2021, Nature Rev. Earth & Environment)
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Possible differences between models and observations:

* Internal variability (e.g., IPO) — some models/ensemble members capture the observed strengthening of
Walker Circulation (Chung et al. 2019, NCC) and equatorial zonal SST gradients (Watanabe et al. 2021,
NCC).

* West-east damping differential (Knutson et al. 1995; Liu et al. 2005; Xie et al. 2010, JCLIM)

e Ocean thermostat (Clement et al. 1996 JCLIM)

* Inter-basin interactions



Atlantic-Pacific basin connection with Indo-Pacific amplification | LUO et al. (2012’ PNAS), IVICGregOF et al. (2018, NCC), KUCharSki
e et al. (2015, Clim. Dyn.), Luo et al. (2018, Clim. Dyn.)
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A positive NTA SST anomaly in boreal spring can trigger a central Pacific La Nifa (e.g., Ham et al. 2013 NGeo.; Wang et al. 2017 Nat. Comm.).
Equatorial Atlantic Nifa in boreal summer can force an EP El Nifio (e.g., Keenlyside & Latif 2007, J. Climate).

Positive 10D can favor the onset of El Nifo, and an El Nifilo—forced IOB can accelerate the demise of an El Nifo and its transition to La Nifa
(Kug et al. 2006 J. Climate; Izumo et al. 2010 NGeo; Luo et al. 2010 J. Climate).

Modeling studies suggest that the net impact of the Indian and Atlantic Oceans on the ENSO cycle damps its amplitude and increases its

frequency (Kug et al. 2006 GRL, Ohba & Ueda 2007 J. Met Soc. Jap.; Terray et al. 2016 Clim. Dyn.; Kajtar et al. 2017 Clim. Dyn.; Dommenget &
Yu 2017 Clim. Dyn.).
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Fig. 1 Evolution of tropical interbasin interactions during a typical El Nifio event.



Given these external influences, it is necessary to consider future projections of other modes of variability.

Weakening Atlantic Nino—Pacific connection under
greenhouse warming
Jia et al. (2019, Science Advances)
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Reduced ENSO variability due to a collapsed Orihuela-Pinto, Santoso, England, Taschetto
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Internal variability

ENSO projections are also influenced by internal variability.

ENSO variability differs markedly across ensemble members of a
single model, despite the same emission scenario (Maher et al. 2018
GRL; Zheng et al. 2018 Clim. Dyn.; Ng et al. 2021 JClim).
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Time of Emergence (ToE)

Mean-state

a Time of emergence for annual-mean value over the Nifio3.4 region
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For interannual variability, it is the opposite:
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a ToE of annual-mean SST in HadlISSTv1
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Figure 21.3 Seasonal cycle and ENSO variance changes in future CMIP5 simulations. Here the seasonal cycle is
defined as the range of climatological SST in the Nino-3 region, while ENSO variance is defined as the variance
of the SST anomalies in the Nifo-3.4 region. The change is defined as the ratio of the high emissions scenario
(RCP8.5) value over the preindustrial control value (piControl). Numbers indicate CMIP5 models as ordered in
Karamperidou et al. (2017). The shaded area indicates the 95% confidence intervals for the linear regression fit.
The clear positive relationship, which is consistent with the changes described in Timmermann et al. (2004), is
indicative of the fact that coupled processes control both the magnitude of seasonal cycle and ENSO variability.

Karamperidou et al. (2021, Chapter 21 ENSO book)
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Projected change in ENSO teleconnection

As a result of projected faster warming in the
eastern equatorial Pacific, mean convection centres
shift eastward and rainfall responses strengthen
during both CP and EP ENSO events.

Many regions affected by ENSO in the present
climate are likely to experience more intense ENSO-
driven rainfall variability in the future (Power &
Delage 2018, J. Climate).

Due to increased mean-state moisture and
increased ENSO variability under greenhouse
warming, the asymmetric atmospheric response
between El Nifio and La Nifia are expected to
increase (Huang & Chen 2017, J. Climate).

Cai et al. (2021, NREE)

=3 =2

T T
=20 -10 0 10 20 30 40 50

Z200 anomalies (m)

-1 0 1 2 3
Precipitation anomalies (mm per day)

Present day

— == Positive pressure  ——— Negative pressure
centre centre centre centre

® Maximum === 1mm per day +  Maximum — 1mm per day
pressure anomaly rainfall anomaly pressure anomaly rainfall anomaly

Future

Positive pressure Negative pressure




a)
90°N

60°N "EUJ

30°N

Projected ENSO precipitation pattern changes (DJF)

EQ

SWi
30°S

XX X¥

- =

b) SSP126 PR difference (SSP126 - HIST) <) SSP245 PR difference (SSP245 HIST)

2\

60°S |

60°N [ G0

90°s
0°E 60°E 120°E 180°E 120°W  60°W 0°W 30°N

EQ

A
qqo.n <.¢.o

EQ = i

Regions displaying

0)25 PR teleconnection changes 30°S

30°s

o 1B

e Al 60°S -5°/j’f9% -

—e— Amplification
' —e— Damping | . : :

N
o

/i 0°E  60°E 120°E 180°E 120°W  60°W 60°E 120°E 180°E 120°W  60°W

—
(4]
\

L

e) SSP585 PR dlfference (sspsss HIST)

Number of regions
N\

v
/ |
10 g2 ;
/ 4 ; { : o
2o I3 ¥ 7o g
/ E A N N TR s N * oy At b OB A B e G|t | "ﬂ'q ERe
/ BRI | iy Y) ot R | A LB | ey NS I i s oy I atnaankhsls
o Ony R | B e Ryt D ) Al S SRR RN o Qo CAr V) ARG P ik
o 1 30°N "= P s RRSRI S O G et 0°N. = Sty Do R R e
a2 A %0 2 I s & A
¥ Fatatd ! 7 +4 b * ¥
P 7 ¥ 2 2 N XX
7 q f, E ATl ) 2 A\t
y + + ~— SR Ean s
EQ iyl EQ “paawe I
Z g ; -
pZ % G =5 R H*ng. Aes,
( '}} Pty X o F [ { 5|58 1) ++-vo1 ot
\ t . M ¢ L b g ty '7'
\ { > ”, 4 . 4,
0 \ ¥ J 4 15%% 4t (o} \ \ " ) e, If s/ s
* * ° 307S t\V Ldh. e T, . Sy 30°S | DA i, ESa Y ':~:':~:~:+:~'*;,& T
- FAI AT X 7 2 FA AT, T Y| X AR, | (5.3 Ty
= "+ A
o Q’Q_'Q_.-"‘v’f TENRIA, > 3 / R VR % y{/ X8 7T +
7'1 e Frlras x 2 X 0% X LA
27%/27% s P 35%/39% i PO M8 555 X Vel
60°S 2 . 60°S e :
- el S - s rrmrate
— Sy e v g ':.*,'.':,*"19‘ B o <
E"‘ ‘) S e ;a ‘, LR AR 1 it "?‘ié?
lSSl ns c n rl -!11-0'4117ﬁ'4‘0 140*" e """“" = 14Q114¢0 xxo1+1¢1-¢ f«f‘v»'-o =
SR g " = B A i

McGregor, S., Cassou, C., Kosaka, Y., & Phillips, A. S (2022) 60°E  120°E 180°E 120°W  60°W 60°E 120°E 180°E 120°W 60°W

Projected ENSO teleconnection changes in CMIP6. Geophysical _ _
L | | |

Research Letters,
49, e2021GL097511. https://doi.org/10.1029/2021GL097511 ' ’ mm/day/°C



https://doi.org/10.1029/2021GL097511

ENSO-associated marine heatwaves

(b) Nigaloo Nino 6-3-2011 Chapter 18
B ) y . (Holbrook et al.)

20°S

El Nifio Southern
Oscillationina
Changing Climate

20°S

40°S
40°S

60°S . ) R . . ‘ fr
140°E 160°E 180° 160°W 140°W 120°W 100°W B80°W 80°E  90°E 100°E 110°E  120°E 130°E  140°E
WILEY
(c) The Blob 15-2-2015
GOON T T T 1
m' : i \\_\.? Marine Heatwave Category
- $
L ?ﬁ 4 Extreme
3 L Also Chapter 15 (Sprintall et al.)
40°NF g P Y .
1 . Severe on oceanic teleconnection
Strong
20°N
Moderate
oo L

160°W 140°W 120°W 100°W  BO°W



Latitude

Latitude

Journal of

Climate C I.i n'latE

(a) SODA-2.2.4

80 100 120 140 160

Depth (m)

Indonesian Throughflow Variability and Linkage to ENSO and IOD in an Ensemble of CMIP5 Models
Agus Santoso-3, Matthew H. England®?, Jules B. Kajtar*>, and Wenju Cai>%/

Published-online: 29 Apr 2022

(a) ITF mean state difference

0 (c) ITF,_,_, vs Nino3.4 (interannual < (d) Variability dif. (ENSO vs ITF,;, 5,)
- 41t i ]
(=] I .
o E 27
e}
500} 8 o% ol
% g 7|
) L
3 =
B - r=0.93 (0.00)
-1000 ¢ h —4 3 . . . . ,
R 02 0 02 04
=1 12 0 12 A std Nino3.4 (°C)
Lag (month)
~1500 : ‘ : : - : .
1 05 0 05 1 El Nino corresponds Significant inter-model correlations
(x107% Sv) with weaker ITF. La between projected changes in ITF

Nina with stronger ITF. variability vs ENSO future change.



Future Southern Ocean warming linked to projected

ENSO variability
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Summary

Projecting future ENSO is a challenging task as it is linked to progress in climate
modeling.

The current standing is that there is an inter-model consensus among the latest
generation of climate models (i.e., CMIP6) in projecting ENSO: increased ENSO
variability, manifesting in more frequent extreme El Nino and extreme La Nina
events.

Regardless of how ENSO SSTs will change in the future, ENSO impacts are
expected to increase.

Projection uncertainties are linked to the projection of the mean climate. Model
biases/deficiencies (e.g., cold tongue and associated biases, underestimated
inter-basin interactions) and relatively short observations remain important
source of these uncertainties.

As ENSO impacts on myriad aspects of the climate system, achieving a reliable
global climate projections requires an improved representation of ENSO in
climate models.



