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Outline
• Background on Science Team (ST) history, 

objectives, and organization;  
• Recent activities;
• Accomplishments and challenges;

• Some thoughts on the future ….

• Strong collaborations / partnerships with the international 
community, particularly with the UK RAPID Program,

• The Science Team is sunsetting at the end of 2020.
2022



U.S. AMOC Program
• January 2007: AMOC was identified as a near-term priority by the 

Joint Subcommittee on Ocean Science and Technology (JSOST).  

• October 2007: U.S. AMOC Implementation Plan was released.  

• March 2008: U.S. AMOC Science Team was formed.  

• Since 2009, 7 national and 4 international meetings were held. 

• Order 200 AMOC-related projects have been supported by the 
four agencies.



U.S. AMOC Program Scientific Objectives
• Implementation and evaluation 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; and

• Fostering cross-disciplinary collaborations among paleo 
scientists with the modern AMOC community.
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Sunsetting at the end of 2022

Maintaining momentum beyond ….. 



Final report will be 
published in 2022



AGU Virtual Special Issue on
Atlantic Meridional Overturning Circulation: Reviews of Observational and 

Modeling Advances





Available from the US CLIVAR ST website

1055 live participants

4500+ total views on YouTube (to date)

AMOC Webinars





The RAPID/MOCHA time series: 2004-2020
Major findings
• Large short-term AMOC variability

• Abrupt AMOC downturn in 2009-2010        
Impacts on mid-latitude heat content

• Sustained AMOC reduction since 2004-
2008 Impacts on subpolar gyre heat 
content

• Ocean meridional heat and freshwater 
transport highly correlated with AMOC 
variability

Slide: Bill Johns



MOVE at 16°N (Meridional Overturning Variability Experiment)
● Cold, southward limb of AMOC
● Observations started 2000
● Decadal variability
● Open questions:

○ Decadal trends not consistent with 26°N 
observations, but validated against GRACE

○ Assumptions and trends only partially reproduced 
by numerical models

Acknowledgements: MOVE was supported by NOAA GOMO (and the German BMBF in earlier years). Figures adapted from Send et al. (GRL, 2011)

New in 2022:
Reprocessed salinity 
data, possibly 
reducing 
discrepancies with 
26°N observations

Slide: Matthias Lankhorst



Pentadal, Decadal, and 
Multi-decadal Trends 
at MOVE and RAPID

+0.59

+0.81

+0.99

Frajka-Williams et al. (2018)
MOVE: +8.1 Sv decade-1

RAPID:  -3.7 Sv decade-1

Sv decade-1

Danabasoglu et al. (2021, GRL)



The 30-day mean MOC from 2014 to 2018 is derived for the 
full array, the OSNAP West and OSNAP East subsections. This 
figure is adapted from Li et al. (2021).

Participants:
United States
United Kingdom
Germany
Netherlands
France
Canada

Over the OSNAP time period, the conversion of warm, 
salty, shallow Atlantic waters into colder, fresher, deep 
waters that move southward in the Irminger and Iceland 
basins is largely responsible for overturning and its 
variability in the subpolar basin.

RAFOS floats were released in 
deep subpolar boundary 
currents transporting overflow 
waters (DSOW, ISOW) to 
determine their spreading.  
Overflow water pathways are 
more boundary-trapped around 
Greenland than around the 
Reykjanes Ridge; floats were 
trapped in deep cyclones around 
the southern tip of Greenland; 
ISOW pathways mapped east 
and west of the Reykjanes Ridge.

Slide: Heather Furey

Overturning in the Subpolar North Atlantic Program (OSNAP)





Kersalé et al. (2020)

Slide: Renellys Perez

SAMBA: South Atlantic MOC Basin-wide Array (34.5°S)

Enhanced spatial resolution afforded by using 
nine SAMBA moorings from 2013-2017 allows 
observations of the variability of volume 
transports in both the upper and abyssal cells



AMOC in Reanalysis Products

Mean over 1960-2007

Karspeck et al. (2016)

Mean over 1993-2010

Jackson et al. (2019)



AMOC in Reanalysis Products

Karspeck et al. (2016)

Jackson et al. (2019)
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Many influences of winds in AMOC mean and variability have 
become much clearer ….

1. Southern Ocean winds close NADW 
and AABW overturning loops

2. Mid-latitude winds dominate MOC 
variability from seasonal to 
interannual time scales, a leading 
mechanism for upper ocean heat 
storage

3. Winds near Greenland force 
exchange of low salinity water with 
basin interiors

4. Cyclonic winds pre-condition deep 
convection sites

5. Beaufort Gyre winds impact storage and 
release of fresh water

6. Near equatorial winds force very strong, 
O(100 Sv), high frequency overturningCredit: Mike Spall and Aixue Hu



Figure from IPCC, 2019  (SROCC)

AMOC interactions with
Surface ocean state (e.g., SSTs)

Global atmospheric and ocean 
circulation

Hydrological cycle

Coupled phenomena (e.g., ENSO, 
monsoons)

Cryosphere (sea and land ice)

Offshore and coastal sea level

Marine and terrestrial ecosystems, 
including marine extremes

Carbon and biogeochemical cycles

Slide: Chris Little



Holocene (Modern) and
millennial-scale warm events 
(DO interstadials) recorded 
in Greenland

Glacial Maximum
AMOC Shallow
Southern Source water 
(AABW) filled the basin

Heinrich Events;
AMOC Off due to iceberg 
inputs

Figures from Lynch-Stieglitz (2017)

The Pacific/Arctic sector maybe more 
important than we thought for abrupt 
changes

Simulated AMOC is potentially biased 
towards a mono-stable state

Glacial AMOC was definitely shallow, 
changing global MOC

Heinrich Events are not all the same 

Conceptual Diagram of AMOC

Some Recent Things We Have Learned 
About AMOC

Slide: Hali Killbourne and Al Wanamaker



Observing the AMOC – the future
• Observing the AMOC, determining its 

meridional coherence, how it is 
changing over long times scales 
(decades), and the consequent impacts 
(weather, climate, sea level) continue 
to be a challenging problem.

• In addition to in situ observations, 
satellite observations (winds, sea level / 
sea surface height, ocean bottom 
pressure, SSS, and SST) can contribute.

• The overarching challenge is to build a 
sustained AMOC observing system.

From Meric Srokosz



Some thoughts…..
• Many unresolved issues remain….

• AMOC-related research will continue after the ST sunsets.

• Important elements of the ST that should continue include sustained 
observations, collaborations, coordination, and communication (at both 
national and international levels).

• Important to keep the efforts focused and identify emerging / future 
research directions.

• Move towards tight coordination (merging) of observational, modeling, 
and data assimilation efforts towards more process based understanding.

• We have formed an AMOC Task Team under the CLIVAR Atlantic Regional 
Panel (ARP) to coordinate and continue some aspects of AMOC-related 
efforts.



Thank you!

AMOC =


