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Outline	
  	
  
• Background	
  on	
  Science	
  Team	
  objecDves	
  and	
  organizaDon;	
  	
  	
  
• A	
  few	
  examples	
  of	
  ongoing	
  projects;	
  	
  
• Near-­‐	
  and	
  long-­‐term	
  prioriDes;	
  
• Thoughts	
  /	
  discussions	
  about	
  the	
  future	
  of	
  the	
  Science	
  Team.	
  	
  



U.S.	
  AMOC	
  Program	
  ScienDfic	
  ObjecDves	
  	
  
•  ImplementaDon	
  and	
  evaluaDon	
  of	
  AMOC	
  observing	
  system;	
  	
  
• Assessment	
  of	
  AMOC	
  state,	
  variability,	
  and	
  change;	
  	
  
• Assessment	
  of	
  AMOC	
  variability	
  mechanisms	
  and	
  
predictability;	
  
• Assessment	
  of	
  the	
  role	
  of	
  AMOC	
  in	
  global	
  climate	
  and	
  
ecosystems	
  	
  

48	
  funded	
  projects	
  supported	
  by	
  4	
  agencies	
  at	
  the	
  start	
  of	
  FY15	
  	
  



U.S.	
  AMOC	
  Program	
  OrganizaDon	
  
Science	
  Team:	
  Comprised	
  of	
  PIs	
  and	
  co-­‐PIs,	
  performing	
  AMOC-­‐

relevant	
  research	
  designated	
  by	
  the	
  funding	
  agencies	
  
	
  
Task	
  Teams	
  (TTs):	
  
1. AMOC	
  Observing	
  System	
  ImplementaDon	
  and	
  EvaluaDon	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Chair:	
  Chris	
  Meinen;	
  Vice-­‐chair:	
  Renellys	
  Perez)	
  

2. AMOC	
  State,	
  Variability,	
  and	
  Change	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Chair:	
  LuAnne	
  Thompson;	
  Vice-­‐chair:	
  Alicia	
  Karspeck)	
  

3. AMOC	
  Mechanisms	
  and	
  Predictability	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Chair:	
  Rym	
  Msadek;	
  Vice-­‐chair:	
  Steve	
  Yeager)	
  

4. Climate	
  SensiDvity	
  to	
  AMOC:	
  Climate/Ecosystem	
  Impacts	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Chair:	
  Ruth	
  Curry;	
  Vice-­‐chair:	
  Andreas	
  Schmi`ner)	
  

	
  

ExecuDve	
  Commi`ee:	
  
Science	
  Team	
  chair:	
  Gokhan	
  Danabasoglu	
  
	
  	
  	
  	
  	
  	
  	
  +	
  TT	
  chairs	
  and	
  vice-­‐chairs	
  



The	
  U.S.	
  AMOC	
  ExecuDve	
  Commi`ee	
  is	
  charged	
  with:	
  
•  IdenDfying	
  research	
  needs	
  to	
  achieve	
  the	
  program	
  objecDves;	
  
•  Encouraging	
  and	
  developing	
  research	
  acDviDes	
  to	
  address	
  these	
  needs;	
  
•  CoordinaDng	
  ongoing	
  U.S.,	
  and	
  whenever	
  possible	
  internaDonal,	
  research	
  
acDviDes	
  to	
  address	
  the	
  program	
  objecDves;	
  
•  Summarizing	
  the	
  state	
  of	
  the	
  science	
  and	
  program	
  progress;	
  
• Developing	
  input	
  to	
  AMOC	
  program	
  reports	
  as	
  necessary.	
  



U.S.	
  AMOC	
  Program	
  History	
  	
  	
  
• January	
  2007:	
  AMOC	
  idenDfied	
  as	
  near-­‐term	
  priority	
  by	
  JSOST	
  	
  	
  
• October	
  2007:	
  U.S.	
  AMOC	
  ImplementaDon	
  Plan	
  released	
  	
  	
  
• March	
  2008:	
  U.S.	
  AMOC	
  Science	
  Team	
  formed	
  	
  	
  
• May	
  2009:	
  1st	
  Annual	
  PI	
  MeeDng	
  (Annapolis,	
  MD)	
  	
  	
  
• June	
  2010:	
  2nd	
  Annual	
  PI	
  MeeDng	
  (Miami,	
  FL)	
  	
  	
  
• July	
  2011:	
  Joint	
  U.S./U.K.	
  AMOC	
  Science	
  Conference	
  (Bristol,	
  U.K.)	
  	
  	
  
• August	
  2012:	
  3rd	
  U.S.	
  AMOC	
  MeeDng	
  (Boulder,	
  CO)	
  	
  
• 2012-­‐2013:	
  External	
  Review	
  of	
  the	
  Program	
  	
  
• July	
  2013:	
  Joint	
  U.S./U.K.	
  InternaDonal	
  AMOC	
  Science	
  MeeDng	
  (BalDmore,	
  MD)	
  
• 09-­‐11	
  September	
  2014:	
  4th	
  U.S.	
  AMOC	
  MeeDng	
  (Sea`le,	
  WA)	
  
• 20-­‐24	
  July	
  2015:	
  Joint	
  U.S./U.K.	
  InternaDonal	
  AMOC	
  Science	
  MeeDng	
  (Bristol,	
  U.K.)	
  



('Z:[$Q&%H:W$'#9%E$.55.?$2)<+/.D)$C?$
E+,,?$b63*>.?@$9.D6,.3$:,4*56,/+,;.3$
[+2+.5)<$(61,)*3@$!^N$'#9%E$>+A36?/+,;$
)51*2+$*/.7+2$I56/$21//+5$\dUR$C?$%/?$
J60+5@$(3.5+$c6<,26,@$^.5+,$g*326,@$#*L*.$h61"$

&.,?$;<.,K2$;6$&*K+$E.`+526,$.,>$
^5*2;.,$!<3+,C56)K$I65$;<+*5$21AA65;$6I$
;<+$!#$%&'($#)*+,)+$-+./$



-<+$2A+)*P)$'#9%E$6CL+)D4+2$.5+W$
•!i1.,DI?$;<+$21CA63.5$%&'($.,>$*;2$*,;5.B2+.26,.3$;6$
*,;+5.,,1.3$4.5*.C*3*;?$4*.$64+5;15,*,7$/+;5*)2@$*,)31>*,7$
.226)*.;+>$j1O+2$6I$<+.;$.,>$I5+2<0.;+5"$
•!=+;+5/*,+$;<+$A.;<0.?2$6I$64+5j60$0.;+52$*,$;<+$9%#EH$
;6$*,4+2D7.;+$;<+$)6,,+)D4*;?$6I$;<+$>++A$C61,>.5?$
)155+,;$2?2;+/"$
•![+3.;+$%&'($4.5*.C*3*;?$;6$>++A0.;+5$/.22$4.5*.C*3*;?$.,>$
C.2*,B2).3+$0*,>$I65)*,7"$
•!=+;+5/*,+$;<+$,.;15+$.,>$>+75++$6I$;<+$21CA63.5B
21C;56A*).3$%&'($)6,,+)D4*;?"$
•!=+;+5/*,+$I56/$,+0$'#9%E$/+.215+/+,;2$;<+$
)6,P715.D6,$6I$.,$6AD/.33?$+F)*+,;$36,7B;+5/$%&'($
/6,*;65*,7$2?2;+/$*,$;<+$9%#EH"$$

'#9%EW$'4+5;15,*,7$*,$;<+$#1CA63.5$965;<$%;3.,D)$

]6M*+5$+;$.3"$$

-<+$+,D5+$'#9%E$6C2+54*,7$2?2;+/$0.2$>+A36?+>$*,$21//+5$\dUR"$-<+$P52;$>.;.$5+;15,2$I56/$;<+$/665+>$*,2;51/+,;.D6,$
.5+$+OA+);+>$*,$21//+5$\dUV@$.3;<617<$;<+$>.;.$I56/$;<+$I133$.55.?$0*33$,6;$C+$5+)64+5+>$D33$21//+5$\dUk"$$



[%EQ=$l$&'(b%$
%55.?$.;$\k"Vm9$

c6<,2$+;$.3"$

#/++>$+;$.3"$

%&'($>+)3*,+2$I56/$US"e$#4$X\ddRB\ddSY$
;6$UV"k$#4$X\ddfB\dU_Y"$-<+5+$*2$.$
)655+2A6,>*,7$5+>1)D6,$*,$;<+$<+.;$
;5.,2A65;$I56/$U"_R$Eg$;6$U"UR$Eg"$

[%EQ=$0*33$)6,D,1+$.;$
3+.2;$;<5617<$\d\d"$



&'Z:W$&+5*>*6,.3$'4+5;15,*,7$Z.5*.C*3*;?$:OA+5*/+,;$XUkm9Y$

#+,>$+;$.3"$

U\dd$l$RfVd$>C$



E+5+M$+;$.3"$



HG=]$.,>$9(%[$(665>*,.;+>$%&Z$(3*/.;+$Q/A.);2$:OA+5*/+,;2$
#15I.)+$%*5$-+/A+5.;15+$

G5+>+5*)$(.2;51))*6@$T6<.,$[1A5*)<B[6C+5;@$+;$.3"$$

$UdB?+.5$)3*/.;6367*).3$)6/A62*;+$X_d$/+/C+52Y$

6($

!"#$%

&'!"#$()*+!%

!"#$()*+!%

!"#$(,!%



^.52A+)K$+;$.3"$

[+A5+2+,;.D6,$6I$%&'($*,$
[+.,.3?2*2$E56>1);2$



TT1:	
  Observing	
  System	
  ImplementaDon	
  and	
  EvaluaDon	
  
Near-­‐term	
  prioriDes	
  
•	
  Improving	
  understanding	
  of	
  the	
  meridional	
  coherence	
  of	
  the	
  AMOC	
  and	
  
the	
  mechanisms	
  that	
  control	
  AMOC	
  changes	
  conDnues	
  to	
  be	
  a	
  high	
  near-­‐
term	
  priority.	
  The	
  newly	
  deployed	
  OSNAP	
  array	
  and	
  the	
  augmented	
  
elements	
  of	
  the	
  SAMBA	
  array	
  will	
  play	
  key	
  roles	
  in	
  this.	
  	
  

•	
  Expansion	
  of	
  the	
  exisDng	
  observing	
  system	
  to	
  be`er	
  capture	
  the	
  deep	
  
ocean	
  and	
  to	
  be`er	
  quanDfy	
  the	
  role	
  of	
  deep	
  temperature	
  and	
  salinity	
  
signals	
  in	
  contribuDng	
  to	
  AMOC	
  variability	
  conDnues	
  to	
  be	
  a	
  priority.	
  	
  

•	
  Ensuring	
  that	
  AMOC	
  esDmates	
  (and	
  the	
  key	
  underlying	
  measurements	
  
collected	
  as	
  part	
  of	
  the	
  AMOC	
  esDmates)	
  are	
  made	
  available	
  in	
  widely	
  
recognized	
  locaDons	
  such	
  as	
  the	
  World	
  Ocean	
  Database,	
  OceanSITES,	
  etc.	
  	
  

•	
  Making	
  sure	
  that	
  error	
  esDmates	
  are	
  produced	
  and	
  provided	
  alongside	
  
AMOC	
  esDmates	
  (and	
  the	
  consDtuent	
  components).	
  



TT2:	
  EvaluaDon	
  of	
  AMOC	
  State,	
  Variability,	
  and	
  Change	
  
Near-­‐term	
  prioriDes	
  
•	
  Use	
  new	
  and	
  exisDng	
  observaDons	
  in	
  combinaDon	
  with	
  modeling	
  
experiments	
  to	
  refine	
  our	
  understanding	
  of	
  the	
  present	
  and	
  historical	
  
circulaDon	
  (and	
  related	
  transports	
  of	
  heat	
  and	
  freshwater)	
  in	
  the	
  North	
  
and	
  South	
  AtlanDc.	
  An	
  emerging	
  priority	
  is	
  to	
  provide	
  a	
  more	
  detailed	
  
characterizaDon	
  of	
  AMOC	
  flow	
  pathways	
  and	
  their	
  impact	
  on	
  variability.	
  

•	
  ConDnue	
  development	
  and	
  invesDgaDon	
  of	
  AMOC	
  “fingerprints”.	
  

•	
  InvesDgate	
  connecDons	
  between	
  surface	
  forcing	
  and	
  historical	
  AMOC	
  
variability.	
  

•	
  Develop	
  a	
  more	
  comprehensive	
  understanding	
  of	
  the	
  strengths	
  and	
  
weaknesses	
  of	
  exisDng	
  global	
  ocean	
  reanalysis	
  products	
  and	
  hindcasts.	
  



TT3:	
  AMOC	
  Mechanisms	
  and	
  Predictability	
  
Near-­‐term	
  prioriDes	
  
•	
  InvesDgate	
  how	
  surface	
  exchanges	
  of	
  buoyancy	
  and	
  momentum	
  between	
  
the	
  ocean	
  and	
  the	
  atmosphere/cryosphere	
  drive	
  the	
  AMOC	
  circulaDon	
  
across	
  a	
  broad	
  range	
  of	
  Dmescales	
  from	
  monthly	
  to	
  millennial.	
  

•	
  Clarify	
  the	
  apparent	
  disagreement	
  between	
  models	
  of	
  different	
  complexity	
  
regarding:	
  i)	
  the	
  role	
  of	
  Southern	
  Ocean	
  winds	
  and	
  ii)	
  the	
  role	
  of	
  Nordic	
  
Seas	
  overflows	
  in	
  maintaining	
  and	
  modulaDng	
  the	
  AMOC.	
  

•	
  QuanDfy	
  the	
  magnitude,	
  locaDon,	
  and	
  physical	
  mechanisms	
  associated	
  
with	
  interior	
  diapycnal	
  mixing	
  which	
  contribute	
  to	
  the	
  diabaDc	
  AMOC.	
  

•	
  InvesDgate	
  the	
  role	
  of	
  freshwater	
  forcing,	
  and	
  south	
  AtlanDc	
  freshwater	
  
transports,	
  in	
  determining	
  the	
  variability	
  and	
  stability	
  of	
  AMOC.	
  

•	
  Expand	
  the	
  use	
  of	
  eddy-­‐resolving	
  models,	
  parDcularly	
  in	
  regional/process	
  
studies.	
  

•	
  QuanDfy	
  the	
  predictability	
  properDes	
  of	
  AMOC	
  in	
  idealized	
  and	
  
comprehensive	
  models	
  and	
  idenDfy	
  mechanisms	
  that	
  affect	
  these	
  
properDes.	
  



TT4:	
  Climate	
  SensiDvity	
  to	
  AMOC:	
  Climate-­‐Ecosystem	
  Impacts	
  
Near-­‐term	
  prioriDes	
  
•	
  IdenDfy	
  the	
  mechanisms	
  by	
  which	
  AMOC	
  variability,	
  imprinted	
  on	
  SST	
  and/
or	
  the	
  cryosphere,	
  affects	
  local	
  and	
  remote	
  atmospheric	
  pa`erns	
  and	
  
phenomena.	
  

•	
  Assess	
  AMOC	
  impacts	
  on	
  the	
  cryosphere,	
  parDcularly	
  ArcDc	
  sea	
  ice	
  and	
  the	
  
Greenland	
  ice	
  sheet.	
  

•	
  Assess	
  AMOC	
  impacts	
  on	
  global	
  and	
  regional	
  sea	
  level.	
  

•	
  Improve	
  understanding	
  of	
  how	
  AMOC	
  variability	
  affects	
  ocean-­‐atmosphere	
  
exchanges	
  of	
  carbon,	
  biogeochemical	
  cycles,	
  and	
  marine	
  ecosystems.	
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TentaDve	
  Science	
  Team	
  MeeDngs	
  Schedule	
  	
  
(considering	
  the	
  move	
  to	
  a	
  new	
  18-­‐month	
  meeDng	
  cycle)	
  

	
  

Already	
  scheduled	
  	
  
UK	
  RAPID	
  –	
  US	
  AMOC	
  InternaDonal	
  Science	
  MeeDng	
  

Towards	
  a	
  holis,c	
  picture	
  of	
  the	
  Atlan,c	
  Meridional	
  Overturning	
  Circula,on	
  via	
  
observa,on,	
  modelling,	
  and	
  synthesis	
  	
  

21-­‐24	
  July	
  2015,	
  Bristol,	
  UK	
  
	
  
2016:	
  NO	
  US	
  AMOC	
  Science	
  Team	
  MeeDng	
  ...	
  Instead	
  take	
  advantage	
  of	
  	
  	
  

Connec,ng	
  paleo	
  and	
  modern	
  oceanographic	
  data	
  to	
  understand	
  AMOC	
  over	
  
decades	
  to	
  centuries	
  

23-­‐25	
  May	
  2016,	
  Boulder,	
  CO	
  
Hali	
  Kilbourne	
  (chair),	
  A.	
  Schmi`ner,	
  D.	
  Oppo,	
  R.	
  Zhang,	
  and	
  P.	
  Heimbach	
  

	
  
2017:	
  Spring	
  /	
  Early	
  Summer	
  

US	
  AMOC	
  ST	
  MeeDng	
  
	
  
2018:	
  Summer	
  /	
  Early	
  Fall	
  	
  

US	
  AMOC	
  /	
  UK	
  RAPID	
  InternaDonal	
  Science	
  MeeDng	
  
Somewhere,	
  USA	
  



EC	
  Discussions	
  Regarding	
  Sunsetng	
  of	
  the	
  US	
  AMOC	
  Science	
  Team	
  	
  	
  
	
  

US	
  AMOC	
  ST	
  is	
  expected	
  to	
  end	
  in	
  the	
  next	
  2-­‐3	
  years,	
  e.g.,	
  within	
  the	
  2017-­‐2018	
  
Dme	
  frame.	
  
	
  

EC	
  Discussion	
  topics	
  include	
  general	
  plans	
  /	
  views	
  for	
  sunsetng	
  the	
  ST	
  ….	
  
• What	
  should	
  be	
  an	
  end	
  product	
  and	
  how	
  should	
  it	
  be	
  developed?	
  
• What	
  is	
  the	
  target	
  audience	
  for	
  this	
  end	
  product?	
  
• What	
  end	
  products	
  would	
  be	
  helpful	
  to	
  US	
  CLIVAR	
  and	
  IAG	
  and	
  their	
  interests?	
  
• What	
  are	
  the	
  expectaDons	
  of	
  the	
  US	
  CLIVAR	
  and	
  IAG	
  regarding	
  end	
  products?	
  
• How	
  do	
  we	
  proceed?	
  	
  
• Do	
  the	
  EC	
  terms	
  stay	
  the	
  same	
  to	
  complete	
  what	
  is	
  expected?	
  	
  



EC	
  Discussions	
  Regarding	
  Sunsetng	
  of	
  the	
  US	
  AMOC	
  Science	
  Team	
  	
  	
  
	
  

Benefits	
  of	
  extending	
  the	
  life	
  Dme	
  of	
  the	
  ST	
  to,	
  for	
  example,	
  match	
  that	
  of	
  the	
  UK	
  
RAPID	
  Program	
  (2019-­‐2020	
  Dme	
  frame)	
  …..	
  To	
  make	
  sure	
  that	
  ST	
  members	
  take	
  
full	
  advantage	
  of	
  new	
  observaDonal	
  data	
  from	
  OSNAP,	
  SAMOC,	
  RAPID,	
  etc.	
  and	
  
that	
  collaboraDons	
  conDnue.	
  
	
  

A	
  report	
  that	
  presents	
  accomplishments	
  of	
  the	
  ST	
  over	
  its	
  life	
  Dme	
  and	
  provides	
  
guidance	
  for	
  future	
  AMOC	
  funded	
  research.	
  Accomplishments	
  would	
  be	
  
presented	
  in	
  the	
  context	
  of	
  the	
  the	
  original	
  objecDves	
  and	
  evolving	
  prioriDes,	
  and	
  
that	
  the	
  document	
  would	
  idenDfy	
  remaining	
  research	
  needs	
  and	
  quesDons	
  to	
  be	
  
addressed	
  beyond	
  the	
  lifeDme	
  of	
  the	
  ST	
  by	
  including	
  idenDfied	
  gaps	
  /	
  unfinished	
  
near-­‐	
  and	
  long-­‐term	
  prioriDes.	
  
	
  

Compiling	
  a	
  special	
  journal	
  issue.	
  	
  	
  
	
  

A	
  journal	
  arDcle	
  on	
  what	
  was	
  achieved	
  as	
  a	
  ST	
  and	
  what	
  sDll	
  needs	
  to	
  be	
  pursued,	
  
maybe	
  for	
  BAMS.	
  
	
  

A	
  combinaDon	
  of	
  the	
  above.	
  
	
  

Form	
  a	
  wriDng	
  team,	
  building	
  upon	
  past	
  leaders	
  and	
  new	
  contributors,	
  to	
  develop	
  
and	
  coordinate	
  planned	
  documents	
  /	
  papers.	
  




