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“The Changing El Nifio in the 21** Century:
==Properties, Dynamics,andimpacts—
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1997-98 El Nino

Jin-Yi Yu (UC Irvine)




1977-78 El Nino
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El Nifio Events in the 21t Century

2002-03 and 2004-05 El Nifio Events

Average SST Anomalies
1 NOV 2009 - 28 NOV 2009
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The 2015/16 Extreme EIl Nino
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The 2018-19 EIl Nifio

Weak centered on 0B AUG 2018
ST Ancmaolies (*C)
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20th vs. 21st-century El Nifio

20t-Century EIl Nifo

_I—I—I7

215t-Century EI Nino

Jin-Yi Yu (UC Irvine)|
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Eastern Pacific El Nino  Central Pacific EI Nino
(Yu and Kao 2007; Kao and Yu 2009)



Two Types of El Nino

(Yu and Kao 2007; Kao and Yu 2009)

Central-Pacific El Nifio (related to subtropical atmos-ocean interactions)
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(related to tropical atmos-ocean interactions)




EP El Nifo / Walker Circulation

Eastern Pacific El Nifio
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CP EIl Nifo / Hadley Circulation
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Tropical ocean interacts with subtropical atmosphere




Different Dynamics for CP and EP El Nino

Kao and Yu (2009)
Yu et al. (2010)

Yu and Kim (2010)
Yu and Kim (2011)
Yu and Houk (2015)

Forcing from
Extratropcial
Atmosphere

more predictable

Charged-Discharged Mechanism

CP ENSO EP ENSO

Mixed-Layer Dynamics |
Thermocline Dynamics




Different El Nifio Evolution Patterns
(Yu and Fang 2018)

The 215-century EI Nifio has a more complex evolution pattern than the

20%-century EIl Nifio and becomes more difficult to predict.

20"™-Century EI Nifio / Tropical Pacific Coupling
EP El Nino

El Nino = La Nina =2 El Nifno =2 .....

215%-Century EI Nino / Subtropical Pacific Coupling
CP El Ninho

El Nino = La Nina
El Nino = neutral
El Nino = El Nifo




different climate impacts...



20"-Century El Nifio Impacts

mean tropicalitroposphere

Warming (in 3 months)(,;ol’\
-

Indian Ocean
(10 warming; 3 mon later)

Subtropical Jet
Wavetrains

Atlantic Ocean
(AO warming; 6 mon later)

Subtropical Jetstream
Wavetrains
Southern AnnuakMode




215t-Century EIl Niio Impacts




El Niilo events excite atmospheric waves to
affect US climate

(modified from Horel and Wallace 1981)



Atmospheric Response to EP/CP EIl Niiio

Doy Anomalies Regressed with EP/CP Index
(Yu et al. 2012)

CP EI Nifio




Changing Impacts on Indian Ocean

7

[
Atlantic Ocean




CP EIl Niiio = Indian Ocean?

(Yu et al. 2015)

(Zou, Yu et al. 2014)
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The Indian Ocean has become more independent from the
Pacific Ocean in the 215t century.




Composite SST Anomalies

(Yu, Paek, Saltzman, Lee; 2015)

Eastern Pacific El Nmo
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The Western Pacific climate has become
more connected with the Maritime Continent
climate in the 215t century.
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Evidence of changing El Nino Impacts around the Pacific

(e) COR(WPSH,NPSH)
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" The 21st-century El Nifio produces different climate Impacts around
the Asian- PaC|f|c region than the 20"-century El Nifio did.
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Correlaﬁon coefficient

Why El Nifio Changed in the 215t Century?

3
(Yu et al. 2015) 5 | Atlantic Multidecadal Oscillation early-1990s
Correlation btw SST and Sfc Wind S w
A 2L § 1960 1970 ‘1980 | 1990 | QOIOO
A—_— S - L (Lvu. Yu, and Paek 2017)
The Changlng El Nmo s0 far in the 21 century may ‘be related

-to the warming phase of the Atlantic Multi-decadal Oscillation
2" (AMO).

=» The El Nino may change back to the traditional one if the
AMO switches back to the cold phase in the future.
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Summary

« The 21%t-century El Nifio is different from the 20"-century El
Nino in its properties, dynamics, and impacts.

« The 21%t-century El Nifio is more complex and more difficult to
predict than the 20-century EIl Nifo.

« The changing El Nifio offers a great opportunity for the research
community to understand better how our climate system works
and how we should better prepare for the El Nino impacts in the
future.



Changing Impacts on Western Pacific
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Indlan Ocean Atlantlc Ocean




2015/16 vs 1997/98 El Ninho / SSTA evolution

2016

(Paek, Yu, and Qian 2017)
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Walker and Hadley Circulations

Kao and Yu (2009)
Yu et al. (2010)

Yu and Kim (2010)
Yu and Kim (2011)
Yu and Houk (2015)
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When Walker Circulation Is Stronger...

20°-30°N

EP El Nifho
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When Hadley Circulation Is Stronger...

20°-30°N

Equator

CP El Nino
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It 1s possible that global warming has changed the relative
strengths between Hadley and Walker circulation to increase
the occurrence of the Central Pacific type of El Nino.




ENSO Evolution / associated with the CD Mechanism

(composites from strong CD events)

La Nifia P
(El Nifio) Onset Mechanism

Strong Positive CD-onset Evleori\)ts
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El Nifio
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10S%I’OI’](] Neqatlve CD onset E\(/e)n2t meChanlsm aCtS to reduce
the&NSO complexity.
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CP-ENSO SST Variations
Seasaonal Footprinting Mechnaism

20N 1
FQ]
205"
12
20N |-
FQ!
205 -

120F 160E 160W120W sow
20N |- -

g
208:5??} w 1

120E 160E 160W120W 80W

4 20N
/| EQ
F 205
2
| 20N{-
| EQ:’._,
L 2051
120E 160E 160WS 20W sow
& 20N - :
| EQ-
208?

(Yu et al, 2010)

0

120E 1 60E 160W120W 80W

7 20Ny

1 20N
EQ-
20S -

11111111

12

4] 20N

208 -

EQ

12

......

0E 160E 1 60W1 20W 80W

FQ)
20S

OE 160E 1 60W1 20W 80W
+2 : ‘ 4

«J

3 el

120E 160E 160W120W 80W



ENSO Complexity

Type: Eastern Pacific (EP) ENSO vs. Central Pacific (CP) ENSO
Evolution: followed by neutral, opposite ENSO phase, same/ENSO phase
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The Complexr[y in ENSO Type

) ol :Seasonal Footpringting Process Charged-Discharged Process
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CMIP5-AMIP simulations

(Paek and Yu et al. 2015)
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Tropospheric Biennial Oscillation (TBO)

(L. Wang and Yu; to be submitted))
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History of El Niiio Events

I Nifio for a long time

15650 1600 1650 (] 1800 1850 1500 19510 2000

(modified from Environmental News Network)



15650 1600 1650 1 7ol 1800 1850 1500 19510 2000

(modified from Environmental News Network)



El Niflo—Southern Oscillation (ENSQO)

EL NINO YEARS

Jacob Bjerknes (1969) hypothesis of coupled atmosphere-ocean instability
Very strong laid the foundation for ENSO research
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(modified from Environmental News Network)



How EIl Nifio Grows — Bjkners Feedback Mechanism

Normal Condition El Nifio Condition
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The foundation of ENSO research.



Intensive ENSO Research
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How EIl Nifio switches to La Nifia?

Normal Condition El Nino Condition
R e : S ¥ S |
Bjerknes Feedback =¥ the “growing” mechanism for ENSO
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Delayed Oscillator Theory

25 days
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Coupled Atmosphere-Ocean General Circulation Model (CGCM)

A New Global Parallel and ngh -Resolution Coupled GCM
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Depth

ENSO Simulation by CGCM
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Surface Ocean Temperature

Sub_Surface Temperature

Vertical Cross Section

(Jin-Y1Yu, 1997)



20t-Century El Nifio and ENSO Research

EL NINO YEARS

Walker discovered Southern Oscillation
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