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The Earth Energy Budget
N = AF + AR

 Linear radiative response approximation

N = AF + AAT

« We know that A varies with time

« A depends on the type and magnitude of forcing
« A depends on the mean surface temperature
« A depends on the pattern of temperature warming: pattern effect

* How to include A(t) in an energy balance model?
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In the literature

» Usual approach: « What if ATs ~ 0 but A varies?
AR

o Theoy
N = AF + }\(t)ATS/ }ﬁ_q{_l) —
 Consequences
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Theoretical development

« Going back from Budyko (1968) OLR = A + BTg
with A(t) = Ay + AA(Y)

N # AF + A(t) AT,

The correct energy balance model with A(t) is:

N = AF + AATs + AA(t) Ts,
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Validation

* Reproducing Tsv/ e Values of A wimak)~/
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Application to the climate sensitivity

AFZXCOZ TSO « Base state dependence: Tgy, A,
ECS = — — Mg =—
}\0 }\0 « Dependence on AA.q: pattern effect
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Take away messages

The correct EBM with a variable A(t) is N = AF + A¢ATg + TgoAA(t) # AF + A(t)ATg

This EBM:

1. Reproduces the Tg dynamics following abrupt-4xCO2 at all time scales
2. Is consistent with experiments where AT, = 0

We derived a new expression for ECS with an explicit dependence on AA:

AF Tso

ECS = —— — AAq
Ao T

Tso
€q 7\0

The spread in climate sensitivity is explained by AX
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