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Schema2c	  of	  the	  global	  MOC,	  showing	  how	  the	  
large-‐scale	  mo2on	  of	  warm	  upper	  water	  (red),	  
cooler	  subsurface	  water	  (yellow,	  green),	  and	  
cold	  deep	  water	  (blue)	  connect	  into	  a	  global	  
conveyor	  belt	  (Perez	  et	  al.	  2015,	  MTSJ,	  created	  
by	  R.	  Lumpkin).	  
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v  Global	  MOC	  transfers	  water,	  heat,	  

and	  salt	  northward	  and	  southward	  
within	  individual	  ocean	  basins	  and	  
between	  all	  of	  the	  ocean	  basins,	  
playing	  a	  major	  role	  in	  global	  and	  
regional	  heat	  and	  salt	  budgets.	  

v  AMOC	  can	  be	  characterized	  as	  a	  
ver2cal	  and	  north-‐south	  circula2on	  
cell	  with	  cold,	  dense	  water	  moving	  
southward	  at	  depth	  and	  warm,	  
light	  waters	  moving	  northward	  
near	  the	  surface.	  
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and	  salt	  northward	  and	  southward	  
within	  individual	  ocean	  basins	  and	  
between	  all	  of	  the	  ocean	  basins,	  
playing	  a	  major	  role	  in	  global	  and	  
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v  AMOC	  can	  be	  characterized	  as	  a	  
ver2cal	  and	  north-‐south	  circula2on	  
cell	  with	  cold,	  dense	  water	  moving	  
southward	  at	  depth	  and	  warm,	  
light	  waters	  moving	  northward	  
near	  the	  surface.	  

Idealized	  schema2c	  of	  the	  main	  AMOC	  cell	  
(Perez	  et	  al.	  2015,	  MTSJ,	  created	  by	  R.	  
Lumpkin).	  
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v  Global	  MOC	  transfers	  water,	  heat,	  

and	  salt	  northward	  and	  southward	  
within	  individual	  ocean	  basins	  and	  
between	  all	  of	  the	  ocean	  basins,	  
playing	  a	  major	  role	  in	  global	  and	  
regional	  heat	  and	  salt	  budgets.	  

v  AMOC	  can	  be	  characterized	  as	  a	  
ver2cal	  and	  north-‐south	  circula2on	  
cell	  with	  cold,	  dense	  water	  moving	  
southward	  at	  depth	  and	  warm,	  
light	  waters	  moving	  northward	  
near	  the	  surface.	  

Mean	  volume	  of	  water	  transported	  by	  the	  
AMOC	  in	  a	  high-‐resolu2on	  NOAA/GFDL	  
coupled	  climate	  simula2on	  (CM2.5).	  Black	  
arrows	  indicate	  the	  direc2on	  of	  the	  flow	  in	  the	  
main	  AMOC	  cell	  (Perez	  et	  al.	  2015,	  MTSJ).	  
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v  AMOC	  can	  have	  a	  pronounced	  impact	  on	  a	  variety	  of	  socially	  

important	  climate	  phenomena,	  including	  sea	  level,	  Atlan2c	  
hurricane	  ac2vity,	  precipita2on,	  and	  air	  temperature	  variability	  
over	  North	  America	  and	  Western	  Europe,	  and	  changes	  in	  African	  
and	  Indian	  monsoon	  rainfall	  

v  Quan2fying	  and	  understanding	  how	  the	  AMOC	  changes	  over	  2me	  is	  
therefore	  crucial	  for	  improving	  our	  knowledge	  of	  how	  the	  climate	  
system	  func2ons	  and	  for	  helping	  society	  assess	  future	  climate	  
change.	  

v  Achieving	  a	  more	  complete	  understanding	  of	  the	  behavior	  of	  the	  
AMOC	  system	  requires	  a	  comprehensive	  observa2onal	  network	  
that	  spans	  the	  en2re	  Atlan2c	  Ocean.	  



U.S.	  AMOC	  Science	  Team	  
www.usclivar.org/amoc	  

NASA	  Earth	  
Science	  Division	  
Satellite	  data	  analyses,	  
modeling	  and	  space-‐
based	  observa2ons	  

NOAA	  Climate	  
Program	  Office	  
Observing	  systems,	  
monitoring,	  climate	  
modeling	  

NSF	  Geosciences	  
Program	  
Process	  studies,	  
models,	  and	  
observa2ons	  

U.S.	  Department	  
of	  Energy	  
Climate	  and	  process	  
modeling,	  climate	  
impacts	  

An	  U.S.	  inter-‐agency	  program	  

Slides	  from	  Gokhan	  Danabasoglu’s	  US	  AMOC	  Webinar	  



The	  specific	  OSNAP	  objec2ves	  are:	  
• Quan2fy	  the	  subpolar	  AMOC	  and	  its	  intra-‐seasonal	  to	  
interannual	  variability	  via	  overturning	  metrics,	  including	  
associated	  fluxes	  of	  heat	  and	  freshwater.	  

• Determine	  the	  pathways	  of	  overflow	  waters	  in	  the	  NASPG	  
to	  inves2gate	  the	  connec2vity	  of	  the	  deep	  boundary	  
current	  system.	  

• Relate	  AMOC	  variability	  to	  deepwater	  mass	  variability	  and	  
basin-‐scale	  wind	  forcing.	  

• Determine	  the	  nature	  and	  degree	  of	  the	  subpolar-‐
subtropical	  AMOC	  connec2vity.	  

• Determine	  from	  new	  OSNAP	  measurements	  the	  
configura2on	  of	  an	  op2mally	  efficient	  long-‐term	  AMOC	  
monitoring	  system	  in	  the	  NASPG.	  	  

OSNAP:	  Overturning	  in	  the	  Subpolar	  North	  Atlan2c	  

Lozier	  et	  al.	  	  

The	  en2re	  OSNAP	  observing	  system	  was	  deployed	  in	  summer	  2014.	  The	  first	  data	  returns	  from	  the	  moored	  instrumenta2on	  
are	  expected	  in	  summer	  2015,	  although	  the	  data	  from	  the	  full	  array	  will	  not	  be	  recovered	  2ll	  summer	  2016.	  	  



RAPID	  –	  MOCHA	  
Array	  at	  26.5°N	  

Johns	  et	  al.	  

Smeed	  et	  al.	  

AMOC	  declines	  from	  18.7	  Sv	  (2004-‐2008)	  
to	  15.6	  Sv	  (2009-‐2013).	  There	  is	  a	  
corresponding	  reduc2on	  in	  the	  heat	  
transport	  from	  1.34	  PW	  to	  1.14	  PW.	  

RAPID	  will	  con2nue	  at	  
least	  through	  2020.	  



MOVE:	  Meridional	  Overturning	  Variability	  Experiment	  (16°N)	  

Send	  et	  al.	  

1200	  –	  4950	  db	  



Meinen	  et	  al.	  
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Western	  boundary	  pilot	  array	  2009,	  western	  boundary	  augmented	  
2012-‐2013,	  Eastern	  boundary	  re-‐instrumented	  2013-‐2014	  
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Can	  start	  to	  look	  at	  observed	  decadal	  variability	  
and	  connec2on	  between	  NAO,	  AMO,	  AMOC	  as	  

long-‐term	  observa2ons	  become	  available	  



	  	  
	  
v  Index:	  Area	  weighted	  average	  SST	  

over	  North	  Atlan2c	  between	  
0°-‐60°N,	  80°W-‐0°.	  	  

v  Importance:	  Tracks	  long-‐dura2on	  
changes	  in	  North	  Atlan2c	  SST,	  
warm	  and	  cool	  phases	  may	  last	  for	  
20-‐40	  years.	  

AMO	  pa@ern	  and	  2me	  series	  (Climate	  Data	  
Guide,	  D.	  Shea).	  	  



	  	  
	  
v  Index:	  Area	  weighted	  average	  SST	  

over	  North	  Atlan2c	  between	  
0°-‐60°N,	  80°W-‐0°.	  	  

v  Importance:	  Tracks	  long-‐dura2on	  
changes	  in	  North	  Atlan2c	  SST,	  
warm	  and	  cool	  phases	  may	  last	  for	  
20-‐40	  years.	  

v  Posi2ve	  AMO:	  Drying	  over	  North	  
America	  and	  Australia,	  wekng	  in	  
the	  Indian	  monsoon	  region,	  
increased	  Atlan2c	  hurricane	  
ac2vity	  

AMO	  pa@ern	  and	  2me	  series	  (Climate	  Data	  
Guide,	  D.	  Shea).	  	  



	  	  
	  
v  Index:	  Hurrel	  Index	  -‐	  Principle	  

component	  based	  index,	  leading	  
EOF	  of	  sea	  level	  pressure	  (SLP)	  
anomalies	  over	  North	  Atlan2c	  
sector	  20°N-‐80°N,	  90°W-‐40°E.	  

v  Importance:	  Tracks	  year-‐to-‐year	  
movements	  of	  Icelandic	  low	  and	  
Azores	  high.	  

v  Posi2ve	  NAO	  =	  stronger	  than	  
average	  westerlies	  over	  the	  middle	  
la2tudes,	  more	  intense	  weather	  
and	  warmer	  temperatures	  over	  
eastern	  US,	  we@er/milder	  weather	  
over	  western	  Europe.	  

NAO	  pa@ern	  and	  2me	  series	  (Climate	  Data	  
Guide,	  A.	  Phillips)	  
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component	  based	  index,	  leading	  
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v Model	  studies	  have	  suggested	  

rela2onship	  between	  NAO,	  ocean	  
circula2on,	  and	  phase	  changes	  in	  
AMO	  (e.g.,	  Delworth	  and	  Mann,	  
2000)	  

v  Recent	  paper	  uses	  2de	  gauge	  SSH	  
observa2ons	  to	  provide	  evidence	  
of	  this	  link	  (e.g.,	  McCarthy	  et	  al.	  
2015)	  
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McCarthy	  et	  al.	  (2015)	  



CumulaHve	  
SSH	  index	  CumulaHve	  

NAO	  

North	  
AtlanHc	  heat	  

content	  	  
“AMO”	   McCarthy	  et	  al.	  (2015)	  



Horizon	  2020	  AtlantOS	  Project	  
Overview	  

h@ps://www.atlantos-‐h2020.eu/home	  



	  
	  
v  The	  overarching	  objec7ve	  of	  AtlantOS	  is	  to	  achieve	  a	  transi2on	  

from	  a	  loosely-‐coordinated	  set	  of	  exis2ng	  ocean	  observing	  ac2vi2es	  
producing	  fragmented,	  omen	  monodisciplinary	  data,	  to	  a	  
sustainable,	  efficient,	  and	  fit-‐for-‐purpose	  Integrated	  Atlan7c	  Ocean	  
Observing	  System	  (IAOOS).	  

v  This	  will	  be	  achieved	  through	  research	  and	  innova2on	  ac2vi2es	  
focused	  on:	  

-‐  defining	  requirements	  and	  systems	  design	  (OSSEs)	  
-‐  improving	  the	  readiness	  of	  observing	  networks	  and	  data	  systems	  
-‐  engaging	  stakeholders	  around	  the	  Atlan2c	  
-‐  strengthening	  Europe's	  contribu2on	  GOOS,	  GEO,	  GEOSS,	  and	  

emerging	  "Oceans	  and	  Society:	  Blue	  Planet"	  ini2a2ve.	  
 
Divided	  into	  “Work	  Packages”	  
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v  No	  funding	  for	  new	  obs,	  models	  
v  Funding	  for	  synthesis,	  assessments,	  impact	  studies	  
v  AtlantOS	  will	  strive	  to	  strengthen	  trans-‐Atlan2c	  collabora2ons	  

which	  can	  benefit	  many	  US	  observing	  systems	  
v  Goal	  is	  to	  establish	  structured	  dialogue	  with	  funding	  bodies	  to	  pave	  

the	  way	  for	  integrated	  Atlan2c	  Observing	  system	  
v  PI’s	  can	  get	  involved	  in	  different	  work	  packages	  
v  US	  CLIVAR	  panels	  can	  look	  at	  how	  they	  relate	  to	  packages	  
v  US	  CLIVAR	  panel	  members	  should	  get	  invited/a@end	  key	  

workshops	  on	  the	  2melines	  of	  relevant	  work	  package	  groups	  

h@ps://www.atlantos-‐h2020.eu/home	  



























Tenta2ve	  Science	  Team	  Mee2ngs	  Schedule	  and	  Plans	  	  
(moving	  to	  a	  18-‐month	  mee2ng	  cycle)	  

	  

	  
2016:	  NO	  US	  AMOC	  Science	  Team	  Mee2ng	  ...	  Instead	  take	  advantage	  of	  	  	  

ConnecHng	  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	  Mee2ng	  
	  
2018:	  Summer	  /	  Early	  Fall	  	  

US	  AMOC	  /	  UK	  RAPID	  Interna2onal	  Science	  Mee2ng	  
Somewhere,	  USA	  

	  
2019:	  OceanObs’19	  

	  
2020:	  US	  AMOC	  Science	  Team	  Sunset	  
Final	  Report,	  Possible	  Special	  Issue	  of	  Review	  Ar2cles	  with	  UK	  RAPID	  collabora2on	  


