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ldentifying Causation

WE FOUND THIS CORRELATION
IN THE DATA. EVERYONE
TAKE A RAZOR.

® marketoonist.com

Correlation does not imply causation,
but adjoints do.
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Physical Significance of Adjoint

Adjoints provide an efficient means to
compute sensitivity of the model to
quantity of controls in the past.
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ldentifying Causal Mechanisms

Adjoint gradients can help
identify causal mechanisms.

Adjoint Gradient Decomposition/Reconstruction/ConvoIution
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The largest terms on the right-hand-side
identify the cause of J .
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Example: Cause of Arctic-wide OBP Oscillation

Bottom pressure varies near-uniformly
across the deep Arctic basins

OBP time-series data
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[Peralta-Ferriz et al., 2011]
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Example: Cause of Arctic-wide OBP Oscillation
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Example: Cause of Arctic-wide OBP Oscillation

Mechanism of Arctic OBP variation

Sensitivity to
along-shore wind
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Results implicate bifurcating
coastally-trapped waves
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Example: Cause of Arctic-wide OBP Oscillation

OBP response to wind perturbation
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Example: Cause of Arctic-wide OBP Oscillation

Adjoint decomposition vs Correlation

OBP regression with
atmospheric wind &
pressure

Explained variance by
location of forcing

[Fukumori et al., 2015]
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Other Examples of Adjoint Decomposition
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Near-uniform sea level fluctuations of the g F .
Mediterranean Sea [Fukumori et al., 2007] TN g T ]
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sea level of the entire Mediterranean.

Forcings driving Atlantic Meridional Overturning
Circulation at 36S [Smith & Heimbach, 2019]

Local zonal winds dominate but remote
forcing is not negligible.

2002 2004 2006 2008 2010 201
Other examples;

Zhang et al,, (2011, 2012); Czeschel et al., (2012);
Wilson et al. (2013); Verdy et al. (2014); Pillar et al., (2016)
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Origin, Pathway and Fate of a Water Mass

Adjoint passive tracers track where the
tracer-tagged water comes from.

Forward evolution of a passive tracer describes where the tracer-
tagged water goes to:
oc/dt=-u-Ve+V-(xVe)

Backward evolution of an adjoint passive tracer describes
where the adjoint tracer-tagged water comes from:

30

Origin and fate of Nino3 water

J=[e(T)ds aJ/oc(T 1)
~0c’ /ot =+u-Ve +V-(xVc)

oJ 1oe(T)=c (0)=5(S)

[Fukumori et al., 2004]
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