0
8%,
S
& AN 2

?,
7> \ )

g N %
Université : & 2
catholique %=°=¢
deLouvain ™

Is RuddimanOs hypothesis
undecidable ?
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= Thanks to Bill Ruddiman for enjoyable discussions
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An anthropogenic CO?2 rise ?
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RuddimanOs early Anthropocene A
hypothesis : Anthropogenic perturbation dotowain i
resulted in avoiding glacial incetion
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The OanalogsO argument: in insolation
circumstances similar to todayOs, previous

Interglacials showed lowering CO2 trends

From Ruddiman, Rev. Geophysics 2007
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Ruddiman calls for a positive amplibcation UCL /3
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of the anthropogenic perturbation AT

ANTHROPOGENIC EFFECTS ON CLIMATE SYSTEM FEEDBACKS
EMISSIONS ON CO»

Smaller
~1
Deep-Ocean Sl 0 ppm CO;

Warmer Increase

~9 ppm CO> s Holocene
~200 ppb CH, Climate

Cooling

Smaller ~10-14 ppm CO»

Southern Ocean —} Increase

Cooling

From Ruddiman, Rev. Geophysics 2007

© Michel Crucifix (2008)




Ruddiman calls for a positive amplibcation UCL /3
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of the anthropogenic perturbation AT

ANTHROPOGENIC EFFECTS ON CLIMATE SYSTEM FEEDBACKS
EMISSIONS ON CO»

Smaller
~1
Deep-Ocean Sl 0 ppm CO;

Warmer Increase

~9 ppm CO> s Holocene
~200 ppb CH, Climate

Cooling

Smaller ~10-14 ppm CO»

Southern Ocean —} Increase

Cooling

implies local instability

From Ruddiman, Rev. Geophysics 2007
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The danger of the analogy argument
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1 Climate (as any system) is dilcult to predict when it is close to a
local instability

1 So: analogy on its own is not a decisive argument

Crucifix et al., Climate Change, 2005.
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Posing the problem :
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0 Given all information we have about climate PRIOR TO 8 KYR, what
would have been our PROBABILISTIC FORECAST for today ?

© Michel Crucifix (2008)



2%,
¢ e
1<) i
g v(@[ -

Posing the problem :
catholiqUe -~—

delLouvain ™

&

Given all information we have about climate PRIOR TO 8 KYR, what
would have been our PROBABILISTIC FORECAST for today ?

\_

B :surely : long interglacial

~N

A :surely : glacial Consistent with Ruddiman’s

inception “natural” scenario

Inconsistent with Ruddiman’s
hypothesis

C:
: 50 % glacial inception ; Can’t decide
50 % long interglacial
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The machinery (Bayesian statistics)
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Model )
= equations + parameters + uncertainty

4 N
Data + uncertainty (including time uncertainty)

-0.5
0

0.5

e v v ey e e ey |
0 100 200 300 400 500 600 700 80C

time (thousand years BP)

© Michel Crucifix (2008)




The machinery (Bayesian statistics)

Model )
= equations + parameters + uncertainty

|. validation
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Model T,
= equations + parameters + uncertainty

|. validation

\/ ll. calibration

4 N
Data + uncertainty (including time uncertainty)
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The machinery (Bayesian statistics) Universite 3]
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| lll : Prediction
Model =y, +

= equations + parameters + uncertainty

uncertainty

|. validation

\/ ll. calibration
S

Data + uncertainty (including time uncertainty)
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What is Oall information ?O
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1 physical and empirical principles

o A great deal of climate records (ice, land, ocean)

IN ALL CASES :YOUR MODEL
COMPLEXITY NEEDS TO BE
ADAPTED TO THE DATA
INFORMATION CONTENT

© Michel Crucifix (2008)



O,
&%
A
g A %
& YN %
2 MR Z

Université £ @ 2
catholique %=3¢
delouvain

HERE : ONLY PRELIMINARY RESULTS
ILLUSTRATING THE PROCESS :

FAIRLY ‘SIMPLE MODEL MODEL PUBLISHED IN

THE LITERATURE

ONLY A FEW DATA

© Michel Crucifix (2008)
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1 Model : Saltzman (2002)

3 ODE for CO2, Deep Ocean Temp. and Ice Volume

7 free parameters

© Michel Crucifix (2008)
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1 Model : Saltzman (2002)

3 ODE for CO2, Deep Ocean Temp. and Ice Volume

7 free parameters

] Model error = random walk
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1 Model : Saltzman (2002)
3 ODE for CO2, Deep Ocean Temp. and Ice Volume
7 free parameters

1 Model error = random walk

0 Data (last 400 kyr)

SPECMAP (1982) data using Gaussian data error

Vostock CO2 (idem)

© Michel Crucifix (2008)



‘x\o%,
UCL 5"
7
SSU ptlons Université £ @ 2
catholique %=3¢
A rTI delouvain

Model : Saltzman (2002)
3 ODE for CO2, Deep Ocean Temp. and Ice Volume
7 free parameters

Model error = random walk

Data (last 400 kyr)

SPECMAP (1982) data using Gaussian data error
Vostock CO2 (idem)
SPECMAP d180 proportional to ice volume
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Model : Saltzman (2002)
3 ODE for CO2, Deep Ocean Temp. and Ice Volume
7 free parameters

Model error = random walk

Data (last 400 kyr)
SPECMAP (1982) data using Gaussian data error
Vostock CO2 (idem)

SPECMAP d180 proportional to ice volume

Parameter estimation procedure : Particle Filter by Liu and West
(2001)
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Normalised ice volume : Normalised CO2
model and SPECMAP data model and Vostok data

time (kyr BP) time (kyr BP)
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The model OlearnsO the data throughout the
last 300 kyr : parameters get adjusted

Parameter: Ktheta

I I
300 200 100

Years (ky, BCE)
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CO2
“reanalysis T

i

“forecast”’ =

0
Years (ky, BCE)
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The forecast for the last 6,000 years : CO2
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CO2
“reanalysis T

LT R EELY:

“forecast”’ =

0 1 5 110
Years (ky, BCE)
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The forecast for the last 6,000 years : Ice
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lce Volume

“reanalysis -

“forecast” - —

Years (ky, BCE) © Michel Crucifix (2008)



The forecast for the last 6,000 years : Ice

lce Volume

“reanalysis T

“forecast”’ = -

S
Years (ky, BCE) © Michel Crucifix (2008)
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Our aim : develop more systematically Bayesian inference
procedures for palaeoclimates

The Bayesian approach is used as a device to handle numerous
hypotheses and data

The methodology relies on
reduced order modelling
statistical error treatment

particle Plter

RuddimanOs hypothesis is ONE application example. We are
Interested in STATEestimate and HYPOTHESIS TESTING
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