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Oceans: a key player in climate dynamics

http://earthobservatory_nasa.gov/Features/Paleoclimatology_Evidence/paleoclimatology_evidence_2.php



How resilient is the AMOC to disruptions?

resilience:

the capacity of a system to absorb disturbance
and maintain its basic structure and function
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(Stommel 1961)



Possible Disruptions

To State Variables:
1. Repeated salinity “kicks”

2. Repeated “kicks” in any
direction

To Parameters:

1. changes to parameter A

2. changes to salinity forcing

(Cessi’s adaptation)
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Possible Disruptions

To Parameters:

2. changes to salinity forcing
(Cessi’s adaptation)
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Cessi’s Adaptation of Stommel
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Cessi’s Original Set of Equations
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Four to Two Dimensions
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Non-dimensionalization
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Cessi’s Final Dimension Reduction

Non-dimensionalized equations
X' = —a(x —1) = x [1+ p*(x — y)?]

y'=plt) =y [L+ 1% (x = y)’]

Since & = — is very large,

x=1+0O( )
Y =plt) =y [1+ 21— y)*] +O(0 )




The Unperturbed System

y' = —y [1+ 71— y)]
= —y [1+ p%(1 - y)?]
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(Cessi 1994)
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https://www.desmos.com/calculator/uyfur3oshz



https://www.desmos.com/calculator/uyfur3oshz

The Perturbed System
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Quantifying Resilience

For A > Ag, how long can the system tolerate p =p + A
and still recover to y,?
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Quantifying Resilience
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FIG. 3. The minimum amplitude of a perturbation, as a function
of its duration, that will shift the system from the globally stable
equilibrium y, of Fig. 2 to the metastable state, y.. The perturbation
must exceed a critical amplitude, Ay, in order to displace the system
from y,, even if applied for an infinite time,



Cessi’s Calculation

1,000 years — 7 = 4.6
Critical value of A fort=4.61s A = 0.3

Ao = 0.2 corresponds to freshwater flux of 0.4 m yr—!

Max meltwater flux preceeding Younger Dryas was 0.5 m yr—
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Questions

* Can Cessi’'s method be extended to higher
dimensions?

e Can we quantify resilience to continuous
parameter changes?

 Yours?
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