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Climate Response
The change in observable due to climate forcing (e.g. CO2)

Equilibrium Climate Sensitivity (ECS)

change in equilibrium temperature
due to (instantaneous) doubling of CO2

Transient Climate Response (TCR)

change in temperature after 100 years
with 1% CO2 increase per year (until doubling)

Methodology
 DESIGN experimental protocol for GCM
* FIT resulting time series to simple model
e EXTRAPOLATION using simple model




Linear Response
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Evolution of temperature
AT(8) = (G*g)(®) = [;G(s) g(t —s) ds

N

Green Function forcing

Approximation of Green Function:
G(t) = 11"\;/11=1 Bm e~ t/tm



Gregory Method

Regress data to

AN(t) = F + A AT(t) |

AN

Since AN, = 0 in equilibrium,
ECS estimation is )|

ATt = — 271 F

[Gregory et al, 2014]



Gregory

Regress data to :
AN(t) = F + AAT(t) l
- 3

Since AN, = 0 in equilibrium, <]
ECS estimation is )

_ -1

ATESt = — 271 F l
(]

[Gregory et al, 2014]

‘Method

#data points |[CESM 1.0.4. abruptdx(C02

| 5 [i

=]



Gregory Method
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Gregory
Regress data to
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Gregory

Regress data to
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Gregory Method
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New Multicomponent Lmear Regression Method
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Regress to:

AY =AAX + F n
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AY : tend to 0 AX: getestimated 5|
in equilibrium in equilibrium
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Multivariate ECS estimation is
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AXeSt = —A"F

[Bastiaansen et al, 2021]




New Multicomponent Lmear Regression Method

Use additional observables!

Regress to:

AY =AAX + F

observables that
AX : getestimated
in equilibrium

observables that
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Projections of the Transient State-Dependency of Climate Feedbacks
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Projections of the Transient State-Dependency of Climate Feedbacks
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Pitfalls and problems
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Nonlinear Response
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Nonlinear Response
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Nonlinear Response
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15

0.5

Spatial Nonlinear Response

Bifurcation Diagram

LTI
o

yix)

0.5

0.5

Sideview







Conclusion

TIME SCALES
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