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A Brief  History of  LDEO Model
 LDEO1: Original Cane and Zebiak model (Cane et al., Nature, 1986)
 LDEO2: LDEO1 plus coupled initialization (Chen et al., Science, 1995)
 LDEO3: LDEO2 plus sea level data assimilation (Chen et al., GRL,1998)
 LDEO4: LDEO3 plus statistical bias correction (Chen et al., GRL, 2000)
 LDEO5: LDEO4 plus additional correction on SST (Chen et al., Nature, 2004)
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Controversy on ENSO predictability 

 Classic theories consider ENSO as a self-sustaining 
interannual fluctuation in the tropical Pacific, being 
chaotic yet deterministic. Thus its predictability is 
largely limited by the growth of initial errors, and the 
potential forecast lead time has been suggested to be 
on the order of years.

 Some other studies emphasize the importance of 
atmospheric noise, particularly the westerly wind 
bursts in the western equatorial Pacific. In such a 
scenario, ENSO is a damped oscillation sustained by 
stochastic forcing. This implies that El Niños are 
essentially unpredictable at long lead times. 



  

      OBSEREVD AND PREDICTED NINO3.4 SSTA



  



  



  



  

Prediction of Tropical Pacific Decadal VariabilityPrediction of Tropical Pacific Decadal Variability



  

Factors Limiting Forecast Skill:

 Model flaws
---- physics, forecast techniques, etc.

 Flaws in the way the data are used
---- data assimilation and initialization

 Gaps in the observing system
---- in situ and remote sensing

 Inherent limits to predictability
---- noise or initial condition?
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Potential area for improvement:Potential area for improvement:
Coupled data assimilation and bias correctionCoupled data assimilation and bias correction



  



  

Potential area for improvement:Potential area for improvement:
Surface heat and freshwater fluxesSurface heat and freshwater fluxes



  
Colors: temperature; Contours: salinity



  Indo-Pacific Tripole

Potential areas for improvement:Potential areas for improvement:
Influences from outside of the tropical PacificInfluences from outside of the tropical Pacific
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Summary and ConclusionSummary and Conclusion
 When initialized with historical datasets, the LDEO model has When initialized with historical datasets, the LDEO model has 

successfully predicted all major ENSO events over the past 150 successfully predicted all major ENSO events over the past 150 
years, thus providing an optimistic view on the predictability of years, thus providing an optimistic view on the predictability of 
ENSO and possibly of the longer-term climate changes beyond.ENSO and possibly of the longer-term climate changes beyond.

 Mounting evidence suggests that there is still plenty of room for Mounting evidence suggests that there is still plenty of room for 
improvement. In particular, improved model initialization/data improvement. In particular, improved model initialization/data 
assimilation, surface heat and freshwater fluxes, and influences assimilation, surface heat and freshwater fluxes, and influences 
from outside of Pacific, could all lead to more skillful prediction.from outside of Pacific, could all lead to more skillful prediction.

 Very much needed are better and longer records of Very much needed are better and longer records of 
observational data, and better strategies to make observational data, and better strategies to make 
optimal use of the available datasets.optimal use of the available datasets.


