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George E. Smith (1938-2024)

This paper was originally intended for a symposium

on George’s work.

In essence, I’m applying the account of ‘theory-

mediated measurement’ George develops in Smith

(2014) and Smith and Seth (2020) to the measure-

ment of the human contribution to warming.

An alternative title was “Can Attribution Science

Close the Loop?”
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Two claims

Claim 1: internal variability is not a particularly serious problem
for measuring the human contribution to climate change.

Claim 2: there is only one “logic” of confirmation by way of
stability / robustness.
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The plan

1 Internal variability and measuring the human contribution.

2 Stability and confirmation in general

3 Stability and confirmation in attribution studies.

4 The one logic of confirmation by way of stability.
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Internal Variability and Climate Change
Attribution



Intro Attribution Stability Variability Robustness References

Climate change

Average global temperatures from May 1851 to April 2024. Data from NCEI.
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What we knew by 1990 (if not much earlier)

1 Average global temperatures are going up.

2 Increasing CO2 causes temperatures to go up, ceteris paribus.

3 Human actions have caused a (massive) increase in CO2.

4 (Probably) human actions are responsible for increasing
temperatures.
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Measuring the human contribution to warming

To measure the human contribution to warming, we need to know
the state that the system would have exhibited without human
intervention.

For discussion of attribution qua measurement process, see Dethier (2022).

See also Smith (2014) and Smith and Seth (2020) on the counterfactual nature of this condition.
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Illustration

What’s observed
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Internal variability

In climate science:

What would have happened without human actions
=

“internal variability” (IV).
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A problem

IV can’t be derived from first principles.

IV isn’t observable: there’s no version of the earth unaffected by
climate change.

We have to rely on idealized simulations and risky extrapolations
from paleoclimate analogues

ñ uncertainty about IV
ñ uncertainty about the human contribution.
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Enter stability

Both Parker (2010) and Katzav (2013) identify IV as a serious
problem in measuring the human contribution.

Parker (2010, 1090–91) suggests a remedy: if the measure of the
human contribution is stable, we might have grounds for thinking
that our estimates of IV are accurate.

As of 2010, different measures didn’t exhibit much stability.
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Things have changed!

1986-2005 1995-2014 2006-2015 2010-2019

Observed .69 (.52-.82) .86 (.67-.98) .94 (.76-1.08) 1.06 (.88-1.21)
Gillett et al. (2021) .63 (.32-.94) .84 (.63-1.06) .98 (.74-1.22) 1.11 (.92-1.30)

Haustein et al. (2017) .73 (.58-.82) .88 (.75-.98) .98 (.87-1.10) 1.06 (.94-1.22)
Ribes et al. (2021) .65 (.52-.77) .82 (.69-.94) .94 (.80-1.08) 1.03 (.89-1.17)

The °C change in temperature relative to the period 1850-1900. The first row is the observed change (IPCC

2021, 320). The other rows are estimates for the warming attributable to humans (IPCC 2021, 442).
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Questions

1 Under what conditions would stable results confirm our
estimate of IV?

2 Do extant studies meet those conditions?

3 What does this mean for measuring the human contribution?
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When stability is evidence
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An astronomical example

Consider measuring the mass of the sun by way of the motions of a
planet:

FG « mxax FG “ Gmxmsr
´2
sx

Problem: the result relies on assumptions – such as the principle
of inertia – that we have no independent way of verifying.
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Illustration
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How stability helps

If the principle of inertia is accurate, our measurements should be
stable when we vary the planet in question.

That is: the ms term in

ms « G -1ax r
2
sx

should take on (approximately) the same value regardless of which
planet we plug in.
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What if our assumptions are false?

If the principle of inertia is inaccurate, our measurements should
not be stable when we vary the planet in question.

After all, if
ax ff FG {mx

then
ms ff G -1ax r

2
sx

And thus it would be a massive coincidence if multiplying the wildly
varying values of r2sx by ax together yielded to get stable ms values.
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The upshot

Summarizing:

1 The principle of inertia is accurate ñ stability in ms .

2 The principle of inertia is inaccurate ñ instability in ms .

If ms is stable, we have good reason to believe that that the
principle of inertia is accurate.

Smith (2014) and Smith and Seth (2020) refer to measurements satisfying these conditions as “theory-mediated.”
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Stability and internal variability
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Extrapolating

Stable measures of the human contribution confirm our estimate of
IV if:

1 Estimate of IV is accurate ñ stable measure of the human
contribution.

2 Estimate of IV is inaccurate ñ unstable measure of the
human contribution.

Essentially: we need the measure of the human contribution to be
sensitive to realistic differences in the estimate of IV.
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If the assumptions are false ...

The three studies estimate and use IV in different ways:

1 Gillett et al. (2021) use a CMIP6-based estimate as a filter to
isolate that part of the data in which the signal is to be
identified á la the classical method of Hasselmann (1993).

2 Ribes et al. (2021) use a contrasting Bayesian method;
internal variability enters in during updating and they estimate
it using a combination of prior research and CMIP6 data.

3 Haustein et al. (2017) use a CMIP5-based estimate and (so
far as I can tell) only use it in generating uncertainty bands.
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Sippel et al. (2021)

Currently, our best methods estimate that humans are responsible
for a minimum of 80´ 90% of observed warming.

How sensitive is this number to different estimates of IV?

See also Imbers et al. (2013, 2014).
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Not very

From Sippel et al. (2021, Fig. 6).
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Bad news for estimating internal variability

Upshot: the measure is not sensitive to (realistic errors in) the
estimate of IV.

Which means:

Not: Estimate of IV is inaccurate ñ unstable measure of
the human contribution.
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But ...

What does this mean for measuring the human contribution?

Notice:

if there is an error in measure of human contribution be-
cause of an error in IV

then we would expect Sippel et al. (2021) to find sensitivity, or:

small differences in IV ñ unstable results.
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Good news for measuring the human contribution

Both of the following conditionals hold:

1 IV is not a problem for the measure of the human
contribution ñ stability in the results of Sippel et al. (2021).

2 IV is a problem for the measure of the human contribution ñ
instability in the results of Sippel et al. (2021).
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Upshot

The stability of measures of the human contribution doesn’t
confirm our estimate of IV.

BUT, it does suggests that errors in IV are not likely to cause
errors in our measurement.
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There is only one logic of stability / robustness
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Cases

I’ve reviewed three cases of reasoning from stability – what’s
sometimes called “robustness reasoning”:

1 stable mass estimates Ñ accuracy of the principle of inertia

2 stable attribution results Ñ accuracy of the estimate of IV

3 stable results from Sippel et al. (2021) Ñ accuracy of the
measure of human contribution

(In the paper, I survey five additional examples.)



Intro Attribution Stability Variability Robustness References

The logic of stability

All of these examples obey the same “logic”:

Stability in X confirms a hypothesis H if:

1 H predicts stability in X; and
2 ␣H predicts instability in X.

Individual cases differ (dramatically!) according to whether – and
to what degree – these two conditions are satisfied.

Insofar as they differ in other ways, those differences aren’t
relevant to confirmation – hence one “logic.”

For details of how to capture this idea in a Bayesian formalism, see Dethier (2024a,b) or Myrvold (1996, 2017).
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Two lessons

Lesson 1: internal variability is not a particularly serious problem
for measuring the human contribution to climate change.

Lesson 2: there is only one “logic” of confirmation by way of
stability / robustness.
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End

Thank you!!
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