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The Notion of the AMOC

(Atlantic meridional
overturning circulation)




The Atlantic Ocean Circulation

Currents at the surface from drifters Currents at 1000 m from Argo
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The AMOC

Atlantic residual overturning circulation

33.00
3450

3540
36.00 -

36.50

36.80
37.00 [~ +==>- =

o, (kg/m?3)

3725
3738

37.52 =
3765

3775 [
38.00 L L L L L
80°5  60°S  40°5  20°S 0° 200N 40°N  60°N  80°N
o W 7 - — N
o w o

AS Cessi (2019), Annu. Rev. Mar. Sci.
Frajka-Williams et al. (2019), Front. Mar. Sci.




The Impact of AMOC on ...
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a. Atlantic meridional
ocean heat transport
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b. Global meridional
heat transport

o Ecosystem/Productivity
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Climate & Variability | Abrupt Change | Coastal Sea Level
Carbon Cycling | Ecosystem/Productivity
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o Climate & Variability
o Abrupt Change
o Sea Level Rise

o Carbon Cycling

o Ecosystem/Productivity
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Global mean SAT (°C) / AMOC index (Sv)

s L L
2020 2040 2060 2080 2100
Year

06
057

T 04}

——— AZ dynamic + steric
AZ dynamic

- A2 steric
= A1B dynamic + steric |
AIB dynamic

== AlB steric
~— B1 dynamic + steric

120°E  180°E

2020 2040 2060 2080 2100

Year

Yin et al. (2009), Nat. Geosci.

cf. e.g., Landerer et al. (2007), J. Phys. Oceanogr.; McCarthy et al. (2015), Nature; Little et al. (2017), J. Geophys. Res. Oceans;



o Climate & Variability
o Abrupt Change

0 Sea Level Rise

o Carbon Cycling

o Ecosystem/Productivity

9/32
Subpolar CO2 budget
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The AMOC Observing System




Observing the AMOC
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Attributing Changes in AMOC




Reduced
modeling
studies

Zhao & Johns (2014)
J. Geophys. Res. Oceans

AMOC at 26°S
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Model
perturbation
experiments

Biastoch et al. (2008)
J. Climate
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Model
perturbation
experiments

Biastoch et al. (2008)
J. Climate
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Adjoint Reconstruction

Expand Qol as linear
ZZZ Op; MZ %) function of forcing

Assume stationarity of 0J(t) __ 9J
the sensitivities in time O¢i(x,s) — O¢i(x, At)

Express Qol as function
4 of forcing variable,
space, and time lag
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Fukumori et al. (2015), Prog. Oceanogr.



Vighettes—

Adjoint AMOC Reconstruction




Vignette #1—AMOC at 34°S
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Smith & Heimbach (2019), J. Climate
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Seasonal reconstruction
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Interannual reconstruction
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Vignette #2—AMOC at 25°S
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J = MOC@25°N



all forces

AMOC at 26°N
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Summary

o AMOC plays an important role in
climate and the Earth system

o The adjoint is an informative tool for
attributing observed AMOC changes
in terms of atmospheric forcing and
ocean dynamics

o The action of winds is most
prominent on shorter timescales,
whereas surface buoyancy fluxes
become more important on longer
timescales
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