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Air Temperature response to ENSO
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El Nifio events usually

lead to a short-term rise in
averaged temperatures, while
global-mean temperatures
typically decrease during La Nifa.
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Nino3.4 x Air Temperature

Maximum regression of 3-month mean air
temperature anomaly onto Nov-to-Jan Nifio3.4 index.
Units in Celsius/std. Histograms for regions
encompassing the boxes : Distribution of mean air
temperature anomalies in the 3-months when
maximum correlation with ENSO peak occurs. Vertical
lines are anomalies when maximum correlation occurs
during Eastern Pacific El Nifio (red line), Central Pacific
El Nifio (black line) and La Nifia (blue line). Dashed lines
represent the year of largest anomalies. -

Data from HadISST and NCEP/NCAR Reanalysis ’ o source: Adapted from
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Precipitation response to ENSO

El Niflo events typically induce dry
conditions in the Maritime
Continent, Australia, northern
South America, South Asia and
South Africa, and wet conditions in
southwestern North America,
western Antarctica, and east Africa.

Maximum regression of 3-month mean precipitation
anomaly onto Nov-to-Jan Nifio3.4 index. Units in
mm/day/std. Histograms for regions encompassing
the boxes: Distribution of mean precipitation
anomalies in the 3-months when maximum
correlation with ENSO peak occurs. Vertical lines are
anomalies when maximum correlation occurs during
Eastern Pacific El Nifio (red line), Central Pacific El
Nifio (black line) and La Nifia (blue line). Dashed lines

represent the year of largest anomalies. oo 1 g : .
. 2 06 0 O 2 S - Adapted
Data from HadISST and NCEP/NCAR Reanalysis ’ ! T(a)::rfchtto StpaT 20?81
Rain Anomaly by Region (y-axis = fraction of years, x-axis = mm/day) Month of Max Rainfall Anomaly / State of ENSO '
(DEC/1948 to NOV/2017). EPEN avg = CPEN avg = LNavg Jun  Jul  Aug Sep Oct Nov Dec Jan Feb Mar Ao May,
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Mechanisms for Teleconnections

Stratosphere: Ineson and Scaife 2009; Domeisen et al. 2019

Equatorial Pacific and Walker Circulation: ) )
Bjerknes 1969; Matsuno 1966; Gill 1980 Tropaspheric Temperature Mechanism:

Chiang and Sobel 2002
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Why is ENSO climatic impact difficult to predict?

N . . .o ENSO li it d diversity: EOF patt f DJF SST. Relationship betw PC1 and
Nonlinearity of ENSO: While the global effects of La Nifia are PC2, with a quadratic function fitted onto the PCLPC2 scatter. (o) E. mdex (PCL - PC2)/ 2]
assumed tO be OppOSIte tO El NIﬁO thlS |S nOt tl’ue fOI’ a” regions (c) C-i ndex [(PC1 + PC2)/ 2] (Takahashi et al. 2011). Source: Cai et al. (2020).

7
(Hoerling et al. 1997; Dommenget et al. 2013; Frauen et al. 2014; Chung et al. 2014) | ° D':;:SO"‘)""'"“"“ o o e N .
i T 20°N|rg e Mloe < ’
. . . . i Sno"E 150°W E:O”W “ ilZD’E 150°W CPf,o*w 2| 2 65 7/72 76 ;nl 9,1 | i
ENSO diversity: location of ENSO-related SST warming affects P o AP A A AP A~ A
. . . . . 1 ° & : "A‘\' 85 579 1 ‘
atmospheric teleconnections, i.e. anomalous equatorial warming | . ...“;.— &0 N 218 o S
. e ) ::;0 ﬁ.’z. e . :.\\\ ¢ C-index
superimposed on the Pacific mean state (Capotondi et al. 2015; g o SN Skewness 0419 ¢
Timmerman et al. 2018) B ’,’-/ o' L 2] 7 . ﬂ go ¥ o 04A ‘ 14;:
° . \\ 0 A ) ﬁl 1/ \A ’ 'vj
-2 MAVALYAMEP! 4,,,,‘J,, I WA
. . . ¢e -2 50544:35 f;é m{stﬂ‘j s; %U 017 ]\#
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Power et al. 1999; Wittenberg 2009; Yun and Timmermann, 2018).

Non-linear precipitation response to a 1C SST

warming imposed along the equatorial Pacific. Relationship between SOI and Australian climate

SST Anomaly Regions variables during IPO phases. Source: Power et al. (1999)
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ENSO Teleconnections in a Warmer Climate

- Large uncertainties across climate models in how ENSO
will change in the future (Collins et al. 2010)

-~ ENSO i S0 - Despite that there are some consistent projections in
ii iﬁznpnri‘;;?: selismeninectien ENSO-related precipitation due to a better agreement
IN a Warmer . . . .
e - on Pacific mean state projections, i.e. enhanced

equatorial warming and weakened Walker Circulation
(Vecchi et al. 2006; Cai et al. 2020b)

- Regions with robust ENSO signal in current climate are
expected to experience a 15-20% increase in ENSO-

driven precipitation variability in the future (Bonfils et al.
2015; Power and Delage 2018)

The changes in the tropical convective heating structures

The magnitude of anthropogenic forcing in the future - The location of the maximum SST moves eastward in a

g’ g v warmer world, leading to an eastward shift both of the

cEE % The changes in ENSO properties mean convection center and in response to El Nifio

Q

g qgm) GCCJ (Power et al. 2013; Bayr et al. 2014)

2 :‘%" § Changes in the atmosphere and tropical Pacific mean state

g5 8 - The coherence of ENSO with climate modes outside the

The changes in the ocean basins outside the tropical Pacific Pacific may in turn reinforce or offset ENSQO’s

Credit to Sang-Wook Yeh. Yeh et al. (2018) atmospheric teleconnection over a given region within

and surrounding the Pacific (Cai et al. 2019)



Future Challenges in ENSO Research

Understanding the different processes/mechanisms will help reduce

reduce uncertainties in ENSO predictions and projections.

Challenges in Understanding ENSO:

* Short observational record
* Limited paleo-reconstructions
* Dynamics & Theories

e Biasesin climate models
* External/Remote Forcing
* Prediction 7
* Impacts Z/ Indian
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A combined view of the climate system with interactions across other

climate drivers is necessary to understand the physical mechanisms
for ENSO teleconnections and improve climate predictions.

External forcing

Future Risk
projections management

Irregularity
Frequency

ENSO

Seasonality
Pattern
Nonlinearity

Impact
identification

Decadal variability
trends

The climate impacts of ENSO are influenced by several factors: coupled feedback
processes, atmospheric and oceanic noise, forcing from other oceanic basins, the basic
mean state that evolves on long time scales. These components interact with one
another and are influenced by external forcing. Source: Santoso et al. (2019, BAMS).

Credit to Agus Santoso
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