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Introduction

ENSO is a quasi-periodical natural phenomenon occurring inthe tropical Pacific
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SST (ºC)
Extended Reconstructed SST version 5 (ERSSTv5)

Rainfall (mm day -1)
Global Precipitation Climatology Project (GPCP)

Introduction

Boreal winter SST and rainfall for (a, b) 12 neutral phases, (c, d) two verystrong La Niña in
1988-89 and 1998-99 and (e, f) three very strong El Niño in 1982-83, 1997-98 and 2015-16.
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Motivation

Does global warming affect characteristics of ENSO?

• Most very strong El Niño events occurred during the past halfcentury, in 1982-
83, 1997-98 and 2015-16

• Most strong La Niña events also occurred in recent decades, in 1988-89, 1998-
99, 1999-2000, 2007-08 and 2010-11

4



Methodology

The number of very strong ENSO events in the future period (2050-2099) under the
RCP4.5andRCP8.5scenarios relative to that in the historical period (1950-1999)
is analyzed using outputs of14 GCMsparticipating inCMIP5
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Methodology

The Oceanic Niño Index (ONI ) is used to identify ENSO events, a three-month
central running means of SST anomalies in the Niño 3.4 region(5ºS-5ºN, 170º-
120ºW) relative to a centered 30-year climatology

If theONI for at least5 consecutivemonthsbecomeequalor greater(smaller)than

1936 1965

Between 1951 and 1955

1941 1970

Between 1956 and 1960

If theONI for at least5 consecutivemonthsbecomeequalor greater(smaller)than
0.5 (-0.5), an El Niño (a La Niña) is diagnosed

0.5≤ ONI <0.9: weak El Niño -0.9≤ ONI <-0.5: weak La Niña

1.0≤ ONI <1.4: moderate El Niño -1.4≤ONI <-1.0: moderate La Niña

1.5≤ ONI <1.9: strong El Niño -1.5≤ ONI <-1.9: strong La Niña

2.0≤ ONI: very strong El Niño ONI ≤-2.0: very strong La Niña

(should be valid for at least three consecutive months)
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RCP4.5

RCP8.5

Results

Boreal winter SST values (ºC) based on ensemble of 14 GCMs in the future period (2050-
2099) minus those in the historical period (1950-1999)

• Eastern equatorial Pacific warms at a faster rate than western
equatorial Pacific (an El Niño-like pattern)

• Zonal SST gradient across the equatorial Pacific is weakened; thus
easterly trade winds will be weakened
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RCP4.5

RCP8.5

Results

Boreal winter mean rainfall values (mm day-1) based on ensemble of 14 GCMs in the
future period (2050-2099) minus those in the historical period (1950-1999)

• The convective zone may shift to central and eastern equatorial
Pacific in boreal winter under global warming
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Results

Total El Niño events: RCP4.5: +2% RCP8.5: +16%

A slight increase in the number of very strong El Niño (10 & 18 %for
RCP4.5 & RCP8.5, respectively)

The number of El Niño events based on ensemble of 14 GCMs in the historical (1950-
1999) and future (2050-2099) periods
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Results

A greater increase in the number of very strong La Niña (38 & 35%
for RCP4.5 & RCP8.5, respectively)

Total La Niña events: RCP4.5: +2% RCP8.5: -5%

The number of La Niña events based on ensemble of 14 GCMs in the historical (1950-
1999) and future (2050-2099) periods
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Conclusions

• Eastern equatorial Pacific warms at a faster rate than western equatorial
Pacific under global warming

• Zonal SST gradient and thus easterly trade winds weaken across the
equatorial Pacific under global warming

• The convective zone may shift to central and eastern equatorial Pacific in
boreal winter under global warmingboreal winter under global warming

• A slight increase in the number of very strong El Niño (10 & 18 % for
RCP4.5 & RCP8.5) is predicted in the second half of the 21st century

• A greater increase in the number of very strong La Niña (38 & 35% for
RCP4.5 & RCP8.5) is predicted compared to the number of very strong
El Niño

11



Marjani S, Alizadeh-Choobari O, Irannejad P (2019) Frequency of 
extreme El Niño and La Niña events under global warming. Climate 

1-04902-019-00382/s1007.10http://dx.doi.org/, in press. Dynamics

Thanks for your attention
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(a, b) Based on the Cai index, (c, d) based on the modified Cai index


