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Problem: AMOC May Be Bi-stable

Models suggest AMOC may be bi-stable

Two stable equilibria may exist

One with strong AMOC
One with collapsed AMOC

So AMOC may be prone to collapse if perturbed
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Problem: AMOC May Be Bi-stable
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Pressing Question

Where is the current climate state with respect to
L, and L,?



Mechanism: Salt Advection Feedback

North Atlantic (e.g., Stommel 1961)
AMOC transports salty subtropical waters northward
Preconditions subpolar North Atlantic for deep convection
Positive feedback on AMOC strength
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Mechanism: Salt Advection Feedback

Full Atlantic (e.g., Rahmstorf 1996)
AMOC exports NADW from the Atlantic, imports:

Salty thermocline water (warm water route)

Fresh intermediate water (cold water route)
AMOC stability depends on net freshwater exchange
between South Atlantic and Southern Ocean: F,

If F,, > 0, then negative feedback
If F,, <0, then positive feedback
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Stability Indicator: F,

Studies suggest: L, is given by F_,(34°S) =0
If F,, > 0 (negative feedback): AMOC mono-stable
If F,, < 0 (then positive feedback): AMOC bi-stable

Most climate models show F_, > 0
Observations suggest F_, <0
Do models overestimate AMOC stability?

Caveat
F., (34°S) is not external forcing but part of the solution

Part of balance between E-P-R and gyre-driven freshwater
transport across 34°S



Probing AMOC Stability

Equilibrium diagrams
Calculate equilibria directly with iterative methods

Downside
Technically and computationally challenging
Very few models capable
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Probing AMOC Stability

Hysteresis diagrams from hosing experiments
Apply freshwater flux perturbation to North Atlantic
Gradually increase, then decrease its amplitude

Downside

No guarantee for true equilibria if perturbation change is
not slow enough
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This Study

Goal: Can we detect salt advection feedback
from internal variability?

Objective: examine the key physical links
underlying salt-advection feedback in internal

variability
AMOCA45N



This Study

Approach: Analyze Pl control integrations of two
ESMs

ESM2M (GFDL): 500 yr
CESM1 (NSF/DOE): 1400 yr

Perform spectral analysis on key quantities

AMOC-induced freshwater transport Zonally integrated meridional transport Zonally averaged salinity



Meridional Coherence of AMOC

What do the spectra
of AMOC look like?

Latitude

Period (yr)

25 yr 40 yr



Meridional Coherence of AMOC

ESM2M CESM1
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AMOC and F_,

Does AMOC
variability impact F_,?

AMOCA45N
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AMOC and F_,: CESM
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F,, and AMOC
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F., and Stratification

Does F, (34°S)
Impact stratification?
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Density Difference and AMOC

Does Apyg Impact
AMOC?

Bp,.s

AMOC45N

density (saline,

Coherence phase between AMOC (45°N) and
contributions) in the

subpolar North Atlantic
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Conclusions

Salt advection feedback cannot be detected in natural variability of
long PI control integrations

AMOC controlled by North Atlantic density
Weak impact of AMOC variability on Fov (34°S)
But no noticeable impact of Fov (34°S) on stratification, or AMOC

Natural variations in Fov (34°S) not strong enough to generate
significant salinity perturbations in Atlantic



