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• La Niña in 2022

recent evolution of equatorial Pacific 
SST departures (℃, from NOAA)

During the last 4 weeks, negative 
SST anomalies have strengthened 
in the eastern equatorial Pacific 

Ocean. （from NOAA）

Figures from:
https://www.cpc.ncep.noaa.gov/products/
analysis_monitoring/lanina/enso_evolutio
n-status-fcsts-web.pdf



3Xinjia Hu, MPI PKS 27/09/2022, Barcelona, Spain

• La Niña in 2022 and potential Consequences

Figure from:
https://www.ncei.noaa.gov/access/monito
ring/monthly-report/global/202208
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• La Niña in 2022

very likely that the third consecutive La Niña winter will happen!
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• This La Niña  started in September 2020.

• WMO predicts first “triple-dip” La Niña of 

the century.

• La Niña winter:  very confident, 91% chance in 

September-November

• When will it transitions to neutral? A lot of uncertainty

• 24 La Niña winters since 1950, transition to neutral 
during different  time.

(Time series comparison was created by Michelle 

L’Heureux, and modified by NOAA Climate.)

https://www.climate.gov/news-features/blogs/september-2022-la-ni%C3%B1a-update-it%E2%80%99s-q-time
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• Asymmetry of ENSO La Niña 

El Niño La Niñathe two phases of ENSO

asymmetries in 

spatial structure amplitude

duration seasonal evolution

Teleconnection Predictability

differing
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• ENSO Diversity

“No two El Niño events are quite alike” (Wyrtki, 1975)

Different types of El Niño  
Why this matters?

According to composite analysis, teleconnections 
related to different types of ENSO can be different

ENSO diversity:

differences in event intensity and temporal evolution

“we believe that identifying a unique phenomenon 
with the most appropriate definition, just as new 
species in biology, is important to promote further 
research” (Ashok et al, 2017)

ENSO diversity:
a distinct phenomenon

or
just different expressions of the ENSO phenomenon?   
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• Indices of ENSO Diversity

El Niño Modoki Index (EMI):
EMI = SSTA (A) – 0.5* SSTA (B) - 0.5* SSTA (C)

El Niño Modoki occurs: EMI > 0.5 σ for at 
least 3 seasons 

Niño3 – Niño4 approach 
(Kug et al. 2009; Yeh et al. 2009)

AC B

(from JAMSTEC)

EP events: winter Niño3 index > 0.5, and Niño3 > Niño4 index

CP events: winter Niño4 index > 0.5, and Niño4 > Niño3 index

Epnew – Cpnew indices
(Ren and Jin, 2011; Sullivan et al.2016)

EPnew = Niño3 - αNiño4 index

Cpnew = Niño4 – αNiño3 index
（α = 0.5）

Motivated by the need of indices 
for EP and CP El Niño are 
uncorrelated, unlike the Niño4 
and Niño3 indices

E-C indices
EOF analysis for SSTA in an equatorial 
Pacific domain 

E-mode index: (PC1-PC2)/ 2

C-mode index:  (PC1+PC2)/ 2

(Takahashi et al., 2011)



Teleconnection: Combined impact of ENSO and Antarctic Oscillation on 

austral spring precipitation in Southeastern South America (SESA)
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• Asymmetric Impact of ENSO

Southeastern South America

ENSO’s impact

• AAO modulate ENSO’s 

teleconnection on 

precipitation nonlinearly, 

mainly modulate La 

Niña’s influence

Niño_AAO- - Niño_AAO+ Niña_AAO- - Niña_AAO+

Combined impact
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Convergence of moisture at different directions

zonal

meridional

vertically integrated 
flux of water vapor

vector wind (u,v)

• Using box model to calculate the mean convergence of the water 

vapor flux over SESA 

• Water vapor transported at meridional direction contributes the 

most of moisture convergence in SESA area in all groupsspecific humidity
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Meridional moisture transportation

• more precipitation in SESA region when meridional water 
vapor transport is stronger

a) select all ENSO years when AAO is at its extreme phases

b) calculate the cross-correlation between different indices

(Niño 3.4 and AAO index) and meridional IVT anomalies in 

El Niño years and La Niña years separately.

• How ENSO and AAO’s role in meridional moisture transportation

Correlation between regional mean precipitation 
anomalies and meridional IVT
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Meridional moisture transportation

Cai, Wenju, et al. "Climate impacts of the El Niño–southern 

oscillation on South America." Nature Reviews Earth & 
Environment 1.4 (2020): 215-231.
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Atmospheric circulation
upper-level trough

upper-level trough

upper-level ridge

upper-level ridge
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1) Precipitation in ND season is clearly influenced by ENSO, 
this impact is the strongest compared with other seasons 
(JF, MA, MJ, JA, SO)

Conclusion

2) La Niña /AAO- (out of phase situation), it is rainier in SESA 
region, compared with La Niña/AAO + (in phase situation)

3) Meridional moisture transportation contributes the most of 
moisture convergence into SESA. During La Niña /AAO+,  
northerly wind is much weaker, providing less moisture to 
SESA. Upper-level circulation during La Niña/AAO+ is 
controlled by a stronger ridge system,  blocking a dynamic 
lift for moisture to ascend and generate convection, 
causing drier conditions

4) During El Niño years, ENSO variability outperforms AAO 
affecting precipitation; while during La Niña years, AAO 
variability contributes more



Predictability: Benchmarking prediction skill in binary El Niño forecasts
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• Benchmarking Methodology for Prediction Skill

forecast of SST anomalies or of the index in the Niño basins the two-category outlooks (above or below threshold)

benchmarking

the Niño indices or results from other models

use surrogate data, generate artifcial random time series of the
predicative index, which share essential statistical properties (e.g. the 
auto-correlation function (or power spectrum), marginal distribution) 

with the true predictive index series

Prediction of ENSO

• Climate network-based prediction of ENSO: binary forecast

• For short data sets, the generation of appropriate surrogates is error 

prone,  the benchmark is hard to obtain

Create a benchmark to quantitatively assess 

the predictive skill for statistical data based El 

Niño prediction is necessary
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The success of climate network-based prediction:

(1) Time window during which the positive ENSO phase might occur. ( √)

(2) the quasiperiodic occurrence of ENSO itself ?

Circular time shifted sequence as benchmark

Ludescher

Meng
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