
The	
  Role	
  of	
  Ocean	
  Eddies	
  Resolving	
  
Models	
  in	
  Seasonal	
  to	
  Decadal	
  

Predic9on	
  	
  



Ocean Eddy Resolving Coupled 
Predictability 

•  CESM 
– Atmosphere: 0.5x0.5 
– Ocean: 0.1x0.1 [HRC] vs. 1x1 [LRC] 

•  “New” Seasonal-to-Decadal Variability 
– Means, Fronts vs. Eddies (or Both)? 

•  Does the Atmosphere Interact with the 
Individual Ocean Eddies? 

•  Forecast Errors and DA Errors with LRC 
– Local Air-Sea Feedbacks 



The Role of Ocean Eddies in Decadal 
Prediction 

(UMiami-NCAR EaSM-3 Collaboration)  

•  Comprehensive Assessment of How Ocean 
Eddies Affect Decadal Predictability  

•  Strategies for Initializing Ocean Eddy 
Resolving Prediction Systems 
–  Does the DA need to use the same resolution? 

•  Test these Strategies in Experimental 
Decadal Prediction 
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Figure 1: Caption about here
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than)the)LR)along)the)coast)of)North)America,)specially)
over) the) region)where) the)Gulf) Stream)separates) from)
the)coast)(Fig.)1).)
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Figure#1#|#Snapshot#of#monthly#mean#temperature#(°C)#at#
5#m#(model# level#1)# for#the#North#Atlantic#region:#(a)#LR#
global#climate#model#and#(b)#HR#global#climate#model.##

In) Figure) 1,) we) compare) monthly) fields) of) sea)
surface) temperature) from) climate) simulations) using)
CCSM4) at) the) two) different) ocean) component)
resolutions.)Clearly,)the)0.1o)ocean)fields)show)far)more)
complexity) than) the) equivalent) 1o) fields.) The) Gulf)
Stream) front) is) clearly) seen) and) significantly) sharper,)
containing)lots)of)eddy)activity)and)eddies)are)also)shed)
by) the) Gulf) of)Mexico) loop) current.) Comparisons)with)
the) observational) estimates) highlight) the) fact) that) the)
HR) simulation) is) far) more) realistic.) Significant)
structural) changes) in) the) simulated) rainfall) were) also)
found) to) vary)with) ocean)model) resolution) (refs).) For)
example,)the)axis)of)maximum)rainfall)in)HR)follows)the)
maximum)SST)gradient)so)that)the)rainfall)hugs)the)US)
coast)and)extends)out) into)the)open)Atlantic)as)part)of)
the) Gulf) Stream) extension.) While) the) simulation) of)
these) observed) features) is) promising) and) surely)
desirable,) what) benefit) could) this) provide) for) our)
simulation) and) understanding) of) decadal) climate)
variability) since) predictability) of) mid=latitude) climate)

has)been)more)puzzling?)This)is)a)question)that)we)shall)
investigate)in)the)coming)lines.)
)The) novel) coupled) mid=latitude) decadal) mode)
identified) in) this)study) involves) two)equally) important)
ingredients.) First,) the) atmospheric) model) must)
necessarily) be) characterized) by) a) strongly) nonlinear)
behavior) as) shown) by) the) non-Gaussianity and bi=
modality) of) its) atmospheric) jet) latitude) probability)
density) function) (PDF)) in) Fig.2c=d,)which) is) present) in)
both)LR)and)HR)simulations)in)order)to)be)sensitive)to)
the) ocean=induced) SST) anomalies.) Second,) the) coarse)
resolution) of) the) ocean) component) in) the) LR) model)
reduces) its) potential) for) active) mid=latitude) coupled)
dynamics) due) to) its) relatively) smooth,) laminar) ocean)
circulations.) Therefore,) the) ocean) component)must) be)
also) characterized) by) a)more) energetic) variability) and)
nonlinear)behavior)for)this)kind)of)coupled)mid=latitude)
decadal) mode) to) subsist.) The) intrinsic) atmospheric)
variability,) here) characterized) by) the) latitude) of) the)
atmospheric) Jetstream)at) 200mb) (JLI,) see)Methods)) in)
both) LR) an)HR)model,) is) dominated) by) the) shifting) of)
the)jet)going)back)and)forth)from)high=latitudes)to)low=
latitudes)(Fig.2a=b).)The)corresponding)PDF)in)Fig.2c=d)
is)skewed,)with) the)main)peak)near) the) location)of) the)
dominant) high=latitude) atmospheric) state,) and) a)
secondary) shoulder) indicative) of) the) presence) of) the)
less) occupied) low=latitude) state.) Although) the)
atmosphere) is) preferentially) in) the) high=latitude) state)
for)the)unfiltered)series)in)both)models)as)indicated)by)
its)PDF)mode,)there)are)intervals)in)the)HR)model,)most)
clearly) visible) in) the) filtered) time) series,) of) more)
frequent) occurrences) below) the) mean.) The) HR) model)
therefore) exhibit) transitions) to) and) return) from) the)
atmospheric) regime) that) is) characterized) by) more)
frequent) low=latitude) state) occurrences) not) present) in)
the)LR)model.)The)frequency)of)transitions)between)the)
two) anomalously) persistent) high=) and) low=latitude) jet)
states) varies) in) time) and) this) signal) appears) as)
significant) structures) in) the) spectral) analysis) of) the)
unfiltered)HR)model)time)series)as)a)broad)peak)in)the)
near=decadal)range)(Fig.2e).)
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Figure#2#|##Top:#Atmospheric#Jet#Latitude#Index#(JLI)#for#LR#(a)#and#HR#(b)#models.#Bottom:#PDF#of#unfiltered#(gray##
######################shading)#and#low=pass#JLI#for#LR#(c)#and#HR#(d)#models
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Rainfall: HRC, and LRC 

Rainfall: Observational  
Estimate 
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Correlation of LHF and SST for HRCCorrelation of LHF and SST for LRC

Model year

Time series of area-average SST over GoM region with marked warm and cold events 
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Mesoscale variability over Gulf of Mexico (GoM)



Full precipitation composite based 
on warm-cold SST events over 

GoM  (m/s) 

Full precipitation composite based 
on cold SST events over GoM  (m/s) 

Full precipitation composite based on 
warm SST events over GoM  (m/s) 



Avg.%correlation%of%ALsst%lag%2x%by%~2%years%for%HRC

%Contemporaneous%correlation%of%Nino3.4%with%2x%for%HRC

Avg.%correlation%of%ALsst%lag%2x%by%~2%years%for%LRC

%Contemporaneous%correlation%of%Nino3.4%with%2x%for%LRC
a)

c)

b)

d)

Avg.%correlation%of%ALsst%lag%2x%by%~2%years%for%NCEPER2
e)

Fig. 5. a) and b) Contemporaneous correlation of Niño3.4 with zonal wind stress across the world for HRC and LRC respectively.
Insignificant correlations are flagged by Student’s T-test at 99% level. c), d) and e) Averaged lagged-correlations of ALsst lagging
global zonal wind stress by 24 to 29 months for HRC, LRC and NCEP-R2 (observation) respectively.
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Ocean Eddy Resolving Coupled 
Predictability 

•  CESM 
– Atmosphere: 0.5x0.5 
– Ocean: 0.1x0.1 [HRC] vs. 1x1 [LRC] 

•  “New” Seasonal-to-Decadal Variability 
– Means, Fronts vs. Eddies (or Both)? 

•  Does the Atmosphere Interact with the 
Individual Ocean Eddies? 

•  Forecast Errors and DA Errors with LRC 
– Local Air-Sea Feedbacks 
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c) d)

Local SSTA- Turbulent Heat Flux Correlation 



SST Standard Deviation Ratios 



Ocean Eddy Resolving Coupled 
Predictability 

•  CESM 
– Atmosphere: 0.5x0.5 
– Ocean: 0.1x0.1 [HRC] vs. 1x1 [LRC] 

•  “New” Seasonal-to-Decadal Variability 
– Means, Fronts vs. Eddies (or Both)? 

•  Does the Atmosphere Interact with the 
Individual Ocean Eddies? 

•  Forecast Errors and DA Errors with LRC 
– Local Air-Sea Feedbacks 



Seasonal Forecast Errors 
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Discussion 

•  Evidence for the Need for Eddy Resolving 
Resolutions 
– Means, Fronts vs. Eddies? 

•  Develop Strategies for Initializing Ocean 
Eddy Resolving Prediction Systems 
– Technology/Software Infrastructure 

Development 
– Do we need to assimilate the eddy field? 
– Does the DA need to use the same resolution? 

•  Test these Strategies in Experimental 
Decadal Prediction 


