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« Because models share biases, it is important to
obtain a different type of estimate.

University of Arizona

Derek Lemoine

Formalizing Uncertainty About Climate Feedbacks

www.dereklemoine.com dlemoine@email.arizona.edu

“Climate sensitivity distributions depend on the possibility that models share biases™
(J_ Of Climate, 201 O) Temperature change is a nonlinear The methods used to produce a best guess are

function of non-dimensional feedback not necessarily the methods that best estimate

Several types of feedbacks determine factors. sensitvity of slimate o the probability of less likely outcomes.
the magnitude of climate change. change in radiative forcing Change in radiative Different parameterizations
_< ‘s F | in absence of feedbacks: forcing due to produce different output Which can be weighted
é 0.32 K/(W/mz) AR — doubling COx: by comparison with
k Change in 4 W/m? Climate climate data

Climate- \\\

carbon

feedback

equilibrium ’ AT
temperature A 1 Zf model
Equilibrium climate sensitivity as a function of - i

the total feedback factor

30 ,\ When positive,
g 2 fraction of ultimate _
S ! temperature O
£ / change due to
§~§15 /l feedback process i
% £%10
’ e ~ “Likely™ values from / H - - -
£ e - What about biases What if this record is
: g S : :
[ E =—————— present in every not a great predictor of
= : : i i i ion?
° o2 Tgt:Ileedback[:aGctorif e ! parameterlzatlon ) the futurE?

Learning experiments:
1 -

Hierarchical methods have different levels of Prior distributions are updated We can most effectively constrain the distributions by
parameters, which separates several sources 0.9 - £ K ) reducing the possibility of shared bias or by obtaining a set
of uncertainty . using eedback observations of observatlons without those same shared biases.
’ 1) True value 2) Shared bias: To ' from the literature. s & . 3 High value to
3) Between-study _ f + Bi what extent are = 071 &t s - narrowing the prior /™
variation: Which model is 138S Hodels wrong in 5 Data from Soden et al. (2008) . " B onshared bias  / \ High value to
best? the same way? § °° 1  and, after adjustment, from . 2 0 [ g
jation: ' £ : ’ w A - -\ obtainin
Standard deviation: o \ S os | Cadule et al. (2009) o ow = Omitted feedbacks ¢\ 9
2 2 . z not driving the tall /'-f— A\ another kind of
@ [m} s H
g - ° x — 23 1 Number of \estimate
= 5= 8 03 - - ; % $ X models not \\
S SN ¥ ® imiing s -
B — *>
Data: f f ¥ .18 g+ " S
f f f f f f f f f o ® g g o o QO Q + 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
A\ J 0 X x X f 'X ® Feedback factor value (non-dimensional)
Standard deviation: L) No data for unknown/unmodeled Albedo Carbon cycle < Cloud WV+Lapse Total ===w===.= Constrained shared bias = =seemmeae Two groups
4) Within-study variation feedbacks 5) Omitted feedbacks 01| —— Constrained unmodeled feedbacks e ~ Extra observations
e—— Base case (from prior 3)

“Paleoclimatic warming increased carbon dioxide concentrations™

(J. of Geophysical Research, 2010)

How can we isolate the causal effect of
warming on carbon dioxide?

Paleoclimatic data

- Scheffer et al. (2006), Torn and Harte (2006), o Assumptions:
Cox and Jones (2008), Frank et al. (2010) Sensitivity of temperature to Response of CO; to 1) Orbital

» Assumptions underlying univariate Ordinary Least
Squares probably bias previous results upwards. 0.315 K (W/m2)-1 222 (In ppm) K- temperature.
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We can use orbital forcing to isolate the
If we can estimate the effect of temperature on effect of CO, on temperature from the

CO,, we can calculate the strength of climate- effect of temperature on CO..
carbon feedbacks. s
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2) Orbital variations only
affect CO, through
temperature.
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Priors allow the possibility of shared
biases and omitted feedbacks?
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Allowing possible shared biases moves
some probability mass to lower values for
climate sensitivity while also thickening
the positive talil.
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Conclusions: Feedback probability

» Posterior distributions for feedbacks and climate sensitivity

are especially sensitive to prior beliefs about models’
shared structural biases.

 These posterior distributions are best constrained by

narrowing prior beliefs about shared biases or by obtaining
estimates with uncorrelated biases.

The hierarchical Bayes framework provides a means of
updating beliefs as new models and techniques for
validating them become available.

Possible refinements:

a) Method for estimating how connected models may be
b) How to use (and optimize) information that is not a
model's best guess

Conclusions: Climate-carbon feedback
Orbital forcing provides a strong instrument. It produces
positive feedback estimates in line with those of coupled
climate-carbon cycle models.

Climate-carbon feedback is not significantly different from
0 on sub-millennial timescales.

Estimation at sub-century timescales is limited by the
density and extent of paleoclimatic data.

Climate-carbon feedback is not a dominant source of
uncertainty about future temperature change, but it does
increase the probability of extreme outcomes.

Possible refinement: Nonlinear relation between
temperature and orbital forcing



