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Outline	
  

•  MoXvaXon	
  
•  Describe	
  the	
  scienXfic	
  objecXves	
  
•  Achievements	
  to	
  date	
  
•  Open	
  quesXons	
  
•  Plans	
  for	
  the	
  second	
  year	
  



El	
  Niño	
  “Modoki”	
  (“Similar	
  but	
  different”)	
  	
  
(Ashok	
  et	
  al.,	
  2007)	
  

Anomalous	
  condiXons	
  during	
  JJAS	
  2004	
  
based	
  on	
  1979-­‐2004	
  climatology	
  

PrecipitaXon	
  (cm/month)	
  
GPCP	
  Version	
  2	
  

SST	
  (°C)	
  HadISST	
  

“We	
  believe	
  that	
  iden.fying	
  a	
  unique	
  phenomenon	
  with	
  the	
  most	
  appropriate	
  defini.on,	
  
just	
  as	
  new	
  species	
  in	
  biology,	
  is	
  important	
  to	
  promote	
  further	
  research”	
  	
  



El	
  Niño	
  “Modoki”	
  (Ashok	
  et	
  al,	
  2007)	
  

SST	
  EOFs	
  (1979-­‐2004)	
  

EOF1	
  (45%)	
  
	
  

EOF2	
  (12%)	
  

The	
  connecXon	
  between	
  the	
  Modoki	
  SST	
  pa<ern	
  and	
  the	
  failure	
  of	
  the	
  Indian	
  
Monsoon	
  had	
  already	
  been	
  noXced	
  by	
  K.	
  Kumar	
  et	
  al.	
  (Science,	
  2006)	
  



Details	
  of	
  SSTA	
  pa<ern	
  affect	
  Temp	
  and	
  Precip	
  
over	
  the	
  U.S.	
  	
  

•  D i ff e r e n t	
   EN SO	
   t y p e s	
   impa c t	
  
precipitaXon	
   over	
   Australia	
   (Wang	
   and	
  
Hendon	
  2007)	
  

	
  
•  CP	
   warming	
   has	
   been	
   suggested	
   as	
   a	
  

forcing	
  for	
  the	
  southernmost	
  lobe	
  of	
  the	
  
NPO,	
   which,	
   in	
   turn,	
   appears	
   to	
   force	
  
the	
   North	
   Pacific	
   Gyre	
   OscillaXon	
  
(NPGO,	
  Di	
  Lorenzo	
  et	
  al.	
  2008)	
  

•  It	
  has	
  been	
  linked	
  to	
  changes	
  in	
  tropical	
  
cyclone	
  acXvity	
   (Kim	
  et	
   al.	
   2009),	
   shims	
  
in	
   precipitaXon	
   pa<erns	
   (Weng	
   et	
   al.	
  
2009),	
   and	
   warming	
   in	
   AntarcXca	
   (Lee	
  
et	
  al.	
  2010,	
  Ding	
  et	
  al.	
  2011)	
  	
  

Larkin	
  and	
  Harrison	
  2005	
  	
  



IdenXficaXon	
  of	
  ENSO	
  flavors	
  
Niño3	
  vs.Niño4	
  	
  (Kug	
  et	
  al.	
  2009;	
  Yeh	
  et	
  al.	
  2009)	
  
	
  

CT&WP	
  indices	
  (Ren	
  and	
  Jin,	
  2011):	
  rotaXon	
  of	
  Niño3	
  and	
  Niño4	
  	
  
	
  

E	
  and	
  C-­‐indices	
  (Takahashi	
  et	
  al.	
  2011):	
  rotaXon	
  of	
  Niño1+2&Niño4	
  
	
  

Subsurface	
  temperature	
  method	
  (Yu	
  et	
  al.	
  2011)	
  
	
  
El	
  Niño	
  Modoki	
  Index	
  (EMI,	
  Ashok	
  et	
  al.	
  2007)	
  
	
  

EP/CP-­‐Index	
  (Kao	
  and	
  Yu	
  2009):	
  PCs	
  of	
  leading	
  EOF	
  modes	
  
	
  

Pa<ern	
  correlaXon	
  method	
  (Yu	
  and	
  Kim	
  2011)	
  
	
  
DefiniXons:	
  
	
  

“Dateline	
  El	
  Niño”	
  (Larkin	
  and	
  Harrison	
  2005)	
  
	
  

“El	
  Niño	
  Modoki”	
  (Ashok	
  et	
  al.	
  2007)	
  
	
  

“Central	
  Pacific	
  El	
  Niño”	
  (Kao	
  and	
  Yu	
  2009)	
  
	
  

“Warm	
  Pool	
  El	
  Niño”	
  (Kug	
  et	
  al.	
  2009)	
  
	
  
	
  
	
  Need	
  to	
  clarify,	
  coordinate,	
  and	
  synthesize	
  ENSO	
  diversity	
  research	
  



ScienXfic	
  ObjecXves	
  

1.  Examine	
   the	
   range	
   of	
   ENSO	
   “flavors”	
   with	
   focus	
   upon	
  
longitudinal	
  variations	
  of	
  warming,	
   identify	
  basic	
  surface	
  and	
  
subsurface	
   characteristics	
   that	
   are	
   robust	
   among	
   different	
  
datasets,	
   assess	
   the	
   existence	
   of	
   possible,	
   and	
   distinct	
  
precursors	
   to	
   the	
   different	
   flavors,	
   and	
   improve	
   our	
  
understanding	
   of	
   how	
   the	
   interplay	
   of	
   different	
   oceanic,	
  
atmospheric,	
   and	
   coupled	
   processes	
   drive	
   different	
   ENSO	
  
flavors	
  and	
  impact	
  their	
  predictability.	
  

2.  Examine	
  the	
  performance	
  of	
  the	
  CMIP5	
  archive	
  in	
  reproducing	
  
the	
  best	
  observational	
  estimate	
  of	
  ENSO	
  diversity,	
  and	
  assess	
  
its	
  projected	
  changes.	
  

	
  



Bimodality	
  or	
  ConXnuum?	
  

Figure	
  by	
  E.	
  Di	
  Lorenzo	
  

NDJ	
  extreme	
  equatorial	
  (2°S-­‐2°N,	
  
110°E-­‐90°W)	
  SST	
  values	
  over	
  
1900-­‐2013	
  relaXve	
  to	
  the	
  
1945-­‐2013	
  climatology	
  	
  
	
  
EP	
  :	
  Niño3	
  >	
  1	
  std	
  
CP	
  :	
  PC	
  of	
  leading	
  SST	
  EOF	
  >	
  1	
  std	
  



CHI	
  staXsXcs	
  characterizes	
  longitudinal	
  distribuXon	
  of	
  
ENSO	
  events	
  without	
  using	
  specific	
  indices	
  

CHIlong =
sst '× long∑

sst '∑
CHIampl =

sst '× area∑
area∑

Choosing	
  two	
  different	
  indices	
  to	
  idenXfy	
  events	
  leads	
  
to	
  two	
  disXnct	
  pa<erns	
  	
  
	
  
Center	
  of	
  Heat	
  Index	
  (CHI)	
  	
  (Giese	
  &	
  Ray	
  2011)	
  	
  	
  



CHI	
  staXsXcs	
  applied	
  to	
  20th	
  century	
  SODA	
  ocean	
  
reanalysis	
  (1871-­‐2008)	
  shows	
  “smooth”	
  event	
  distribuXon	
  

CHI	
  longitude	
  

CH
I	
  a
m
pl
itu

de
	
  

Longitude	
  

Fr
eq

ue
nc
y	
  

This	
  analysis	
  does	
  not	
  support	
  the	
  idea	
  of	
  two	
  preferred	
  peak	
  longitudes	
  



Event	
  distribuXon	
  in	
  the	
  GFDL	
  CM2.1	
  model	
  
From	
  4000	
  years	
  of	
  PI	
  control	
  simulaXon	
  

Wi<enberg	
  2013	
  
Workshop	
  presentaXon	
  



Do	
  Dynamical	
  Processes	
  Differ	
  for	
  Different	
  Event	
  Types?	
  	
  

Sea	
  level,	
  GODAS,	
  1980-­‐2005	
  

From	
  Kug	
  et	
  al.	
  2009	
  

ObservaXonal	
  study	
  using	
  Niño3	
  and	
  Niño4	
  indices	
  

CT	
  

WP	
  

Sea	
  level	
  (proxy	
  for	
  thermocline	
  depth)	
  
evoluXon	
  

CT	
   WP	
  



Thermocline	
  depth	
  (Z15)	
  variaXons	
  from	
  the	
  NCAR-­‐CCSM4	
  (500	
  years	
  PI-­‐cntrl)	
  

From	
  Capotondi	
  2013	
  

Recharge-­‐discharge	
   processes	
  
become	
   progressively	
   weaker	
   for	
  
events	
  peaking	
  further	
  west	
  

What	
  do	
  models	
  say?	
  



Heat	
  budget	
  of	
  the	
  NCAR-­‐CCSM4	
  

Surface	
  Heat	
  flux	
  
damping	
  becomes	
  
increasing	
  more	
  
important	
  further	
  west	
  
	
  
Detailed	
  budget	
  analysis	
  
shows	
  that	
  zonal	
  
advecXon	
  dominates	
  
dynamical	
  terms	
  in	
  the	
  
central	
  Pacific,	
  while	
  
verXcal	
  advecXon	
  
controls	
  SSTAs	
  in	
  the	
  
eastern	
  Pacific	
  

Basic	
  processes	
  are	
  the	
  same.	
  Their	
  relaXve	
  influence	
  is	
  geographical	
  
dependent	
  	
  



Bimodality	
  or	
  ConXnuum?	
  

“ENSO	
  can	
  be	
  described	
  as	
  a	
  coupled	
  atmosphere-­‐
ocean	
   phenomenon	
   that	
   exhibits	
   substan.al	
  
varia.ons	
   with	
   regionally	
   different	
   feedbacks,	
  
leading	
   to	
   a	
   diverse	
   con.nuum	
   of	
   realized	
   ENSO	
  
events.”	
  



Open	
  QuesXons	
  	
  

Origin	
  of	
  the	
  different	
  event	
  types	
  and	
  their	
  predictability	
  
“Precursors”	
  need	
  to	
  be	
  be<er	
  understood	
  

PredicXons	
  of	
  different	
  ENSO	
  types	
  (model,	
  data	
  for	
  
iniXalizaXon/assimilaXon)	
  

TeleconnecXons	
  and	
  impacts	
  



Extra-­‐tropical	
  precursors	
  

Yu	
  and	
  Kim	
  2011	
  

Is	
  this	
  mechanism	
  a	
  precursors	
  only	
  for	
  
Central	
  Pacific	
  events?	
  
	
  
What	
  is	
  its	
  efficiency?	
  
	
  
A	
  similar	
  mechanism	
  seems	
  to	
  operate	
  
in	
  the	
  Southern	
  Hemisphere.	
  What	
  is	
  
the	
  the	
  relaXve	
  importance	
  of	
  NH	
  and	
  
SH?	
  
	
  
What	
  is	
  the	
  role	
  of	
  the	
  oceanic	
  
backgound	
  state?	
  (Anderson	
  2007)	
  

Lag-­‐regression	
  of	
  SST	
  upon	
  the	
  North	
  
Pacific	
  OscillaXon	
  (NPO)	
  index,	
  second	
  
EOF	
  of	
  winter	
  SLP	
  over	
  the	
  North	
  Pacific	
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Westerly Wind Burst (WWB) in Feb-Mar 1997, preceding El Niño 
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Set	
  2.	
  	
  
Control	
   Set	
  2.	
  	
  

Perturbed	
  

Set	
  1.	
  	
  
Perturbed	
  

Set	
  1.	
  	
  
Control	
  

Events at 
their  peak 
(SST along 
the equator) 

CP	
  El	
  Niño	
   EP	
  El	
  Niño	
  

CP	
  El	
  Niño	
  La	
  Niña	
  Fedorov	
  et	
  al.	
  (2014)	
  



AcXviXes	
  to	
  date	
  

1.  Conference	
   calls	
   to	
   discuss	
   aspects	
   of	
   ENSO	
   Diversity,	
   included	
  
presentations	
  

	
  
2.  AGU	
   Fall	
   2012	
   Meeting	
   session:	
   OS040:	
   The	
   El	
   Niño	
   –	
   Southern	
  

Oscilla@on	
   Con@nuum.	
   Conveners:	
   Di	
   Nezio,	
   Capotondi,	
   Kirtman,	
  
Newman	
  

	
  
3.  Workshop,	
  February	
  6-­‐8	
  2013,	
  Boulder	
  CO.	
  Workshop	
  included	
  ~50	
  

scienXsts	
  involved	
  in	
  different	
  aspects	
  of	
  ENSO	
  diversity	
  research,	
  
including:	
  ENSO	
  diversity	
  in	
  observaXons,	
  Dynamical	
  Processes,	
  
Predictability	
  and	
  PredicXon,	
  TeleconnecXons	
  of	
  different	
  ENSO	
  types,	
  
Insights	
  from	
  Paleoclimates.	
  

	
  



PublicaXons	
  to	
  date	
  

•  Workshop	
  report	
  

•  Summer	
  2013	
  issue	
  of	
  US	
  CLIVAR	
  Newsle<er	
  
Varia.ons	
  

•  BAMS	
  arXcle	
  (in	
  revision)	
  



Future	
  acXviXes	
  	
  
	
  
Special	
  issue	
  of	
  Climate	
  Dynamics	
  to	
  spur	
  further	
  studies	
  in	
  the	
  
areas	
  where	
  answers	
  are	
  most	
  needed.	
  
	
  
Pursue	
  second	
  objective:	
  	
  “Examine	
  the	
  performance	
  of	
  the	
  
CMIP5	
  archive	
  in	
  reproducing	
  the	
  best	
  observational	
  estimate	
  of	
  
ENSO	
  diversity,	
  and	
  assess	
  its	
  projected	
  changes.”	
  
	
  
Define	
   metrics	
   to	
   characterize	
   ENSO	
   diversity	
   in	
   the	
   CMIP5	
  
model.	
   This	
   is	
   in	
   line	
   with	
   the	
   broader	
   activities	
   of	
   the	
  
International	
   CLIVAR:	
   1)“ENSO	
   in	
   a	
  warming	
  world”	
   has	
   been	
  
identified	
   as	
   a	
   “Research	
   opportunity”	
   by	
   	
   Scientific	
   Steering	
  
Group,	
   and	
   2)	
   Ongoing	
   work	
   on	
   metrics	
   to	
   evaluate	
   climate	
  
models	
  with	
  the	
  WGCM	
  of	
  WCRP.	
  	
  
	
  
	
  



Deliverables	
  

! BAMS	
  article	
  

! Climate	
  Dynamics	
  special	
  collections	
  

! ENSO	
  diversity	
  metrics	
  and	
  recommendation	
  to	
  the	
  modeling	
  
community,	
  also	
  input	
  to	
  International	
  CLIVAR	
  

	
  

These	
  products	
  and	
  achievements	
  will	
  establish	
  the	
  WG	
  legacy	
  
	
  



Conclusions	
  

It	
   is	
   important	
   to	
   conXnue	
   systemaXcally	
   examining	
  
observaXonal	
   data	
   sets,	
   reanalysis,	
   paleoclimate	
   records	
  
and	
   cl imate	
   model	
   simulaXons	
   to	
   improve	
   our	
  
understanding	
   of	
   the	
   origin	
   of	
   ENSO	
   diversity	
   and	
   its	
  
predictability	
  	
  

Metrics	
  to	
  evaluate	
  ENSO	
  in	
  climate	
  models	
  need	
  to	
  account	
  
for	
   the	
   complexity	
   and	
   diversity	
   of	
   the	
   phenomenon,	
  
including	
  dynamical	
  processes,	
  pa<erns	
  and	
  evoluXon	
  	
  

Sustained	
  and	
  enhanced	
   	
  observaXons	
  are	
   imperaXve	
   for	
  
more	
   reliable	
   ENSO	
   monitoring	
   and	
   predicXon	
   in	
   a	
  
changing	
  climate	
  
	
  


