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The tropical Pacific: Home to El Nifio and La Nifia )y A?Ec 2075
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The El Nifio-Southern Oscillation (ENSO) W\\(F} APEC 2025

Multivariate ENSO Index Version 2 using JRA3Q
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El Nino-Southern Oscillation (ENSO)
« (Basically) natural variability R . W
- Organizes variations in sea surface temperature, '
winds, precipitation pattern, east-west sea level T — —
contrast, tropical cyclone activity, etc. https/fwww,climate govimaps-data/data-snapshots/

data-source/sst-enso-region-monthly-difference-average



Spatial pattern of surface temperature change W\@ APEC 2025

- Observed change over the satellite era
(since around 1980): “La Nifna-like"

« Model-simulated response to forcing
over the same period: "El Nifo-like"”

ERSSTv5 SST Trend (1979-2020) Qs
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« Simulated future change is similar to
the latter

SSP5-8.5 CMIP Change Rate (20.05-2100)
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Wills et al. (2022)



The Pacific Walker circulation strengthening 3\@ APEC 2025

The Pacific Walker circulation: The atmospheric counterpart of ENSO

1980-2014 trend of
Pacific Walker circulation strength  The causes of the observed strengthening of

Strengthening 1 the Pacific Walker circulation since the 1980s
(La Nifa-like) __;___,____._,} Observations gre not well understood, and the observed
toood /reanalyses  strengthening trend is outside the range of
trends simulated in the coupled models
| (IPCC AR6WGT)
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Uncertainty in climate projection D& NG

Multivariate ENSO Index Version 2 using JRA3Q
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Natural (internal)
climate variability
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« One hypothesis links the La Nifa-like trend
to the South Pacific surface temperature
change

1.6°C

— northward ITCZ shift //// o8
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% stratocumulus cloud feedback (3) s
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Kim et al. (2022)
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Inter-regional linkages
in the climate projection uncertainty

Wills et al. (2022)



Is it important? j\@ (5 APEC 2025

1. EI Nifilo and La Nifa affect the global mean surface temperature

2. It affects regional climate change

3. It affects natural climate variability and extremes



Global mean surface temperature W\(} APEC 2025

KOREA

Annual global mean near-surface temp

(°C) (Deviation from 1970-1999 ave)
« ENSO is an important driver of 1.2 T y
global mean surface temperature ila I\:iﬁ°a
Variability 0.8 — at the beginning of the year
o EI Nino - global mean temp increase
> La Nifia - decrease ! WRYS

0.4 —

« The past La Nifia-like trend has ’
acted to suppress global warming 0
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Climate change in the tropics W\(} APEC 2025

June-July-August mean precipitation change

o ] [ ] o .
Precipitation change at 3°C global warming level
- Increase in the eq central-eastern Pacific D e N
- Decrease over the Maritime Continent / S

» These simulated changes bear some e e //
similarity to El Nifio-associated anomalies {g ~=- ’ / %

u " / o Z //4 o . .
... "Warmer-gets-wetter 5///%/////////%%/////////// e
+ overall wettening in the tropics
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https://interactive-atlas.ipcc.ch

Sea level change

 The surface warming pattern affects relative sea level change b/w western and
eastern parts of the basin through changing the trade winds



North Pacific jet stream and storm track § APEC 2025

« Wintertime Pacific jet stream
is projected to extend more
downstream toward southern
North America

« Similar to El Nino winters, : — | .
ting influence of the ) ) 0 | ¢ Harvey et !, (2020)
Sug,g~es ) g ] ~_El Nino winters ~ La Nina winters
El NInO'llke Wa rmlng Jetstreamwn]ds’dunngEINlnowmters(Decemher-Fehruary) JetstreamwmdsrdurmgLaNmawmters(December-Fehruary) ‘
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- Extratropical storms tend to
follow the jet stream, affecting %
weather and extreme .
precipitation / droughts

https://www.climate.gov/news-features/blogs/what-we-talk- " 300-millibar wind speeds () oAA Climateg " 300-millbar wind speeds (m/5)
about-when-we-talk-about-jet-stream-and-el-nino 10 0 10 20 30 40 50 60 40m): 0 0 10 20 30 40 50 60 401



ENSO teleconnection
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» In addition to the mean climate
change, natural (internal) year-to-
year climate variability can also
change

« This change can depend on the
spatial pattern of background
climate change

* NH climate anomalies induced by interannual El Nifio tend 9N

to shift or expand eastward

... due to the eastward shift and intensification of equatorial 3o
Pacific precipitation anomalies associated with El Nifio,

which drive teleconnection

« This shift occurs due to the background E/ Nifio-like warming

Winter anomalies associated with interannual El Nifio (contours)
and their changes in warmer climate (colors)

90N SLP mb goN Precipitation _mm/day

60N, v il 6ON{ ~ - - -

30N 30N 51 3 <

Qe . w -
R e
0_.'. [ -
-I'. - 2
R

0§+ ! ! ' ) g SOSQOE 125'5' 150E 180 156W12{'}V\;’.9&W BOW
90E 120E 150E 180 150W 120W 90W 60W

BT T 7 e BT T [ [ OJ
0 6 -2 2 6 10 10 6 2 2

60N+ -

(R
30S S L VD VS G D
90E 120E 150E 180 150W 120W 90W 60W

[ s
Zhouetal.(2014) 6 -4 2 0 2 4 6




North Atlantic climate variability W\(} APEC 2025

 North Atlantic Oscillation/ -0.3 NANEN SO ConriBIE) —Y"
Northern Annular Mode o p=0.01
. . o ¥ =-0.66
... The dominant mgde of variability R o ar “2KM ;g:o_oz
over the N Atlantic ~ -0.5
: : o Rao HIST
ENSO is one of the drivers € 06 *KI‘—CC
. . . S "’:z%\ el
* Global warming simulations show < -0.7 WM o 1
an increase in their (negative) E | . i
S -0.8 ®4K CC ° u
correlation O ¥k GF  TAKHA ‘\MQK—MR
C4K_MIM
. NAO/NAM gets more predictable 0.9 %4K_MP SR
« This correlation strengthening 1.0 | | S~
=02 0.0 0.2 0.4 0.6 0.8 1.0
depends on whether the background «— ASSTa [K] —
warming is El Nifio-like or La Nifia-like  La Nifia-like Background change El Nifo-like

Kawamura et al. under review



Tropical cyclone activity

, . Future changes in Tropical Cyclone track density
« ENSO affects tropical cyclone genesis and simulated by 2 models

t k (@) Future Chonge in MCUOF TC Density (SPEAR_ H _ALL, 2061-2100 — 1981 2020)

- Projected changes in tropical cyclone
activity resembles those associated with
El Nifio, suggesting influence of
the El Nifio-like warming

El Nifio - La Nina difference in
Tropical Cyclone track density
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Summary 3\@ APEC 2025
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» Inter-regional linkages in climate change projection uncertainty
o The uncertainty is not spatially random

- With advancements in climate models and climate change attribution,
the projection can change in a globally organized manner

 The tropical Pacific is one of the key regions for inter-regional linkages in climate
projection uncertainty ... El Nifio-like or La Nina-like

> Global warming

o

Tropical time-mean climate

[e)

North Pacific jet stream and storm track
ENSO teleconnection and ENSO linkage with NAO/NAM
Pacific tropical cyclone activity

o

o

 Resolving this issue needs time: Adaptation planning recognizing this uncertainty





