Long-term EI Nifio forecasting
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e El Nifio and its impacts
@ Spring predictability barrier

o Climate network-based El Nifio forecasting



El Nino Southern Oscillation

Figs: NASA, IRI



El Nino Southern Oscillation

Wet Dry
g 0
e
s NoyiFep NovAp
. i
il AP ESh :
. Jur
Gpdn  OciDec e S W
Dec
Sept
Now SN P
) %
s

Figs: NASA, IRI



Social and economic consequences

Infrastructure Wildfires Public health Biodiversity

Figs: Ministerio de Defensa del Peru; wikimedia



Types of El Nifo

Basin wide CP/EP EI Nifio

Figs: NOAA climate.gov, NOAA
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Coastal El Nifio with local warming
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Spring predictability barrier

NINO3.4 SST anomaly plume

EUROSIP multi-model forecast from 1 May 2017
ECMWF, Met Offce, Météo-France, NCEP,

Monthly mean anomalies relative to NCEP Olv2 1981 zom climatology 2017
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Figs: ECMWEF, Tippett et al., GRL 2020



Climate network-based EI Nifio prediction

Nodes are reanalysis grid points

Link strength Sj; is derived from time-lagged cross-correlation between
nodes i and j

Predictive network quantity: mean link strength S(t)

JL et al.,, PNAS 2013, 2014
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Forecasting approach

NINO3 .4 [°C]
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Forecasting approach
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Forecasting approach
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Climate network predictive performance
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Climate network predictive performance
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In total, 10 out of our 11 forecasts were correct (p = 0.017)



Climate network predictive performance
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In total, 10 out of our 11 forecasts were correct (p = 0.017)

p-value (hindcast + forecast) = 3.5- 1075



Climate network predictive performance
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In total, 10 out of our 11 forecasts were correct (p = 0.017)
p-value (hindcast + forecast) = 3.5- 1075

This predictive quantity is not present in GCMs.



Climate network predictive performance
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In total, 10 out of our 11 forecasts were correct (p = 0.017)
p-value (hindcast + forecast) = 3.5-107°

This predicitive quantity is not present in GCMs.



Prediction for 2022
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Figs: JL et al., arXiv:2102.02192v2; NOAA



Prediction for 2022
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The climate network approach forecasted the absence of El Nifio with
90% probability

Figs: JL et al., arXiv:2102.02192v2; NOAA



Prediction for 2022

Climate network and complexity based El Nino
forecast for 2022
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The climate network approach forecasted the absence of El Nifio with
90% probability

Figs: JL et al., arXiv:2102.02192v2; NOAA



Prediction for 2022

Climate network and complexity based El Nino
forecast for 2022
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The climate network approach forecasted the absence of El Nifio with
90% probability

Figs: JL et al., arXiv:2102.02192v2; NOAA



Prediction for 2022

Climate network and complexity based El Nino
forecast for 2022
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The climate network approach forecasted the absence of El Nifio with
90% probability = forecast correct

Figs: JL et al., arXiv:2102.02192v2; NOAA



Early EN magnitude forecast via information entropy
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Conclusion

Skillful probabilistic El Nifio predictions across the spring barrier
are possible:

@ The climate network approach can predict the onset of an El
Nino event or its absence about 1 year in advance

@ A magnitude forecast is possible via information entropy

@ We are working on including a type (EP/CP) forecast



