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Enhancing the ENSO Predictability beyond the Spring Barrier 

ENSO prediction model

𝐸𝑃𝑀 𝑡 + 𝜑

𝐸𝑃𝑊𝑊𝑉: Propagation of WWV in the central Pacific

𝐸𝑃𝑂𝐴: Ocean–atmosphere feedback

𝐸𝑃𝐸𝑋: Extratropical atmosphere forcing

• Tropic dynamics

• Extratropical teleconnection

𝐸𝑃𝐸𝑋 = 𝑆𝐿𝑃𝐴N1 − 𝑆𝐿𝑃𝐴𝑁2 + 𝑆𝐿𝑃𝐴𝑆2 − 𝑆𝐿𝑃𝐴𝑠1
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An EEMD filter is performed to remove the high-frequency

A potential of the extratropics to enhance 
the predictability of ENSO

Extratropical ENSO precursors index
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D20a

An evident thermocline anomaly deepening (or shoaling)
toward the east over time, indicating the ocean heat
content anomalies propagating eastward along the
equator in the El Niño (or La Niña).

We can use this signature to predict ENSO

WWV propagation

= 𝛼1𝐷20𝑎180° 𝑡 − 5 𝑝𝑒𝑛𝑡𝑎𝑑𝑠 + 𝛼2𝐷20𝑎170°𝑊 𝑡 − 3 𝑝𝑒𝑛𝑡𝑎𝑑𝑠 + 𝛼3𝐷20𝑎155°𝑊 𝑡

Ocean-atmosphere coupling

Wind

Assume 𝐸𝑃𝑂𝐴 𝑡 is active only when the 𝐸𝑃𝑊𝑊𝑉 changes
dramatically and the same sign wind events last for more than 5
pentads (25 days) during a continuous period of 10 pentads (50
days), representing the consistent westerly or easterly anomalies.

𝐸𝑃𝑂𝐴 𝑡 = 𝑠𝑖𝑔𝑛 𝑒𝑣𝑒𝑛𝑡 𝑡, 𝑤𝑥 ∙ 𝑑𝐻 𝑡, 𝐸𝑃𝑊𝑊𝑉

𝑒𝑣𝑒𝑛𝑡 𝑡, 𝑤𝑥 = ቊ
𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑤𝑥 𝑖𝑛 𝑡 − 10 𝑝𝑒𝑛𝑡𝑎𝑑𝑠, 𝑡

𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑤𝑥 𝑖𝑛 𝑡 − 10 𝑝𝑒𝑛𝑡𝑎𝑑𝑠, 𝑡

The eastward propagating waves can be excited by the westerly 
wind events

EPM and hindcast skill in different prediction lead time
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Lead time 

Percent correct (%) 

El Niño (La Niña) 

  False alarm rate (%) 

El Niño (La Niña) 

  
Correlation 

  
RMSE (oC) 

   

EPMTD+EX EPMTD WWV   EPMTD+EX EPMTD WWV   EPMTD+EX EPMTD WWV   EPMTD+EX EPMTD WWV 

Six-month 92 (86) 92 (79) 83 (71)   39 (14) 39 (21) 47 (23)  0.70 0.70 0.57  0.70  0.70  0.84  

Eight-month 83 (79) 83 (64) 75 (64)  38 (15) 50 (36) 50 (36)  0.65 0.61 0.51  0.76  0.80  0.90  

Ten-month 83 (71) 75 (71) 75 (64)   38 (17) 50 (41) 47 (31)   0.61 0.52 0.44   0.80  0.89  0.96  
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Table 1. The hindcast skills according to percentage correct, correlation, and RMSE between 3-month running mean observed and predicted Niño34 index based on the 659 

WWV index only, tropical dynamics only (EPMTD), tropical and extratropical precursors together (EPMTD+EX) with different lead-time for the period of 1980-2018. The 660 

percent correct is defined as the fraction of the observed events which are correctly predicted. The false alarm is defined as the fraction of the predicted events actually 661 

do not occur. The perfect score is 100% and 0% for percent correct and false alarm rate, respectively. 662 

 663 

A 21st century shift in the ENSO prediction skill

El Niño-Southern Oscillation (ENSO) shows the dominant interannual–intedecadal variability in
the tropical Pacific and substantial efforts have been dedicated to predicting its occurrence and
variability because of its extensive global impacts. However, ENSO predictability has been
reduced in the 21st century. The impact of extratropical atmosphere on the tropics has
intensified during the past 2 decades, making the ENSO more complicated and harder to predict.
Here, by combining tropical preconditions/ocean–atmosphere interaction with extratropical
precursors, we provide a novel approach to noticeably increase the ENSO prediction skill beyond
the spring predictability barrier. The success of increasing the prediction skill results mainly from
the longer lead-time of the extratropical–tropical ocean-to-atmosphere interaction processes,
especially for the first 2 decades of the 21st century.

ENSO predictorAbstract

WWV
Best hindcast skill appeared in the 5-month lead.
𝐄𝐏𝐌𝐓𝐃:
Hindcast skill increases for all lead times, especially for
1- to 6-month.
𝐄𝐏𝐌𝐓𝐃+𝐄𝐗

Hindcast skill further increases with 6- to 10-month
leads .

WWV
WWV lead time changed
from 6–9 months to 3–4
months after 2000.

𝐄𝐏𝐌𝐓𝐃:
Hindcast skill is much
higher during 1980–1999.

𝐄𝐏𝐌𝐓𝐃+𝐄𝐗

Although the hindcast skill
was higher before 2000,
the improvement in the
hindcast skill was greater in
2000–2018 compared with
that during 1980–1999.
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For 1- to 3-month leads
Hindcast skill is mainly contributed by the ocean–
atmosphere coupled feedback.
For 4- to 7-month leads
Eastward-propagating WWV becomes a main ENSO
predictor.
For 8- to 10-month leads
Extratropical precursor has the largest contribution.

Spring predictability barrier
Prediction starting from boreal spring (MAM) had the
lowest correlation, while that starting in boreal
summer (JJA) tended to have the greatest hindcast
skills.
𝐑𝐞𝐝𝐮𝐜𝐞 𝐭𝐡𝐞 𝐥𝐨𝐧𝐠 − 𝐥𝐚𝐬𝐭𝐢𝐧𝐠 𝐜𝐨𝐧𝐜𝐞𝐫𝐧 𝐨𝐟 𝐒𝐏𝐁
EPMTD+EX (shading) showed a higher correlation than
EPMTD (contours) when the prediction started in
MAM and the lead time was longer than 7-month.

Table of hindcast skill

SST (shading)
SLP (contours)

SST (shading); SLP (contours)

Wind (shading); D20a (contours)D20a (shading)

𝑑𝐻 𝑡, 𝐸𝑃𝑊𝑊𝑉 = ቐ
𝐸𝑃𝑊𝑊𝑉 𝑡 −𝐸𝑃𝑊𝑊𝑉 𝑡−5 + 𝐸𝑃𝑊𝑊𝑉 𝑡−5 −𝐸𝑃𝑊𝑊𝑉 𝑡−10

2
,

0,

5 𝑝𝑒𝑛𝑡𝑎𝑑𝑠
≤ 𝑒𝑣𝑒𝑛𝑡 𝑡, 𝑤𝑥

𝑒𝑣𝑒𝑛𝑡 𝑡, 𝑤𝑥 < 5 𝑝𝑒𝑛𝑡𝑎𝑑𝑠
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