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Radiative forcing, radiative feedback,
climate sensitivity

The climate sensitivity parameter A describes
the global surface temperature response ATs
to a radiative forcing RF:

Non-CO, radiative forcings are said to have
reduced or enhanced efficacy r, if the
surface temperature response per unit
radiative forcing (i.e, A) is smaller or larger
than the reference climate sensitivity
parameter A¢o,.

ATS: A'RF:T'ACOZ'RF

Variations of the climate sensitivity (among
different models, among different forcings,
etc.) may be related to distinctive radiative
feedbacks a,.
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Classical climate models (AOGCMs) include
a well defined set of physical feedback
processes (X): Planck, water vapor, lapse rate,
cloud, and surface albedo feedbacks.

Conceptual Framework

Additional chemical feedback

Chemistry climate models (CCMSs) include more
feedbacks (y) than AOGCMs due to the
presence of additional radiatively active tracers:

a = 2 Ay = Appys T Achem
y

Hence, CCMs can be expected to simulate a
different climate sensitivity than an equivalent
model with no chemical feedback a j,em, -
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The moditying impact of chemical feedbacks
on the climate sensitivity can differ between
different forcing mechanisms.
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Reduced Climate Sensitivity in CO,-driven Simulations

Including Chemical Feedback

10 I I | I I I I I I I | I | I I I | | ] I I I I ! I | | I I I ! | | ] ] ] M Od eI : E M AC
i A ARAR A AR R ECHAMS/MESSyY
T e P A e i M e Wrau e o SRR ; ;
° e MV nfollez,’/\sz-.'IJ\i,}nvj vV Atmospheric Chemistry
s A b \/\/ VYUY
ViR model
ol . A 4xCO2 (GHEM) —— _
5 YA 4x002 (NOGHEM) ——— 1 ECHAMYS : ECMWEF/MPI-
S M 2x020X(23(()l\?0(8EEm ——————— '
i | 1 HAMburg model, version 5
3 Fromcfonaa- ‘_:‘_f,;__,'_::’:"\ ,‘.r. .‘&. V‘Yb'j' A-ua ,:-.Avn‘tov.‘uﬂ..lﬁ.n (RoeCkner et al, 2004)
o | YA / _
1 | MESSy: Modular Earth
0 ,‘/' ‘T‘L‘i\«L"i"r\T:‘:, s »"s,-\,':-,,r‘,:-'"l':-.‘;.‘-‘l-,r,\,-\.-_\-l,-’*"-,I-'q»‘l-;“—"—\’—\ "A,‘,",“.,"—:"“"‘-"‘:"‘\'ijf"‘\f“ ,J,“«,—.}a,’-‘:'-‘/-“rl'f'-"-'"-"i,'-‘.-'-y' :"~".}"‘L"\”"".'I'f"-T,“ l—\;-:"-"” ‘\"\"II\T\}7;'1"’“;1-1":“::_7‘7\\_,\’_' 7‘;«-‘5“"“4_7-‘-"%’,—‘& S u b m Od el SySte m
_1 | | | | | | | | 1 1 | | | | | | | | | | | | | | 1 | | | | | | | | | | | (JOCkel et all 2005)
80 85 90 95 00 05 10 15

Time [years]

Simulation

Increase of CO, by 75 ppmv +75C02 1.06

Doubling of CO, 2xC0O2 4.13

Quadrupling of CO, 4xC0O2 8.93

Climate sensitivity A
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Climate sensitivity changes are initiated by the feedback induced by interactive ozone.

Synergy of Ozone and Stratospheric Water Vapor Feedbacks
7

AO,

10

pressure

pressure

2xC0O2 — AT2xCO2
AT chem AT nochem

305 0
latitude

[ ] 55 Slower ozone destruction
10
5 Enhanced tropical upwelling
2 as troposphere warms
(1) More polar stratospheric
4 clouds in cooler stratosphere
—2 Tropopause lifting
=5
Changed NO, response
—10 J y 1P 2xCO2
0 Ol = —0.022 Wm-2K-1
30N 60N AxCO?2
EMAC Dietmuller et al. (2014) O3 =-0.015 Wm—2K-1

35

28

21

14

— T T
60S 308

0 30N 60N

-2 -1 -05 0 0.5 1 2

Interactive chemistry in CO,-driven climate change simulations

* Iintroduces an additional negative radiative feedback from stratospheric ozone.

* may lead to a substantial reduction of the stratospheric water vapor radiative
feedback (with considerable inter-model dependency)

* may significantly reduce the climate sensitivity (in EMAC by 3.4%: 2xCO2, or
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Reduced ozone related heating near tropical
cold point

Stratospheric water vapor uptake and the
respective radiative feedback decrease,
compared to the “nochem” model setup

2xC02
Aocq = —0.027 Wm—2K-" v
4xC0O2

Aaq = —0.047 Wm=2K-1

by 8.4%: 4xC0O2), in comparison to a model setup with prescribed ozone.

Ozone Feedback under Non-CO, Radiative Forcings

Simulation experiment Inter-active Rfagrlcai::‘gle Climate sensitivity A Efficacy T
with EMAC chemistry W2 K/Wm2  [95% confi.]
AO; from enhanced NO,+CO no NOX+CO 1.22 0.63 [0.55; 0.67] 0.86
AO; from enhanced NO,+CO yes NOX+CO_chem 1.22 0.69 [0.65; 0.73] 0.95
Increase of CO, by 75 ppmv no +75C02 1.06 0.73 [0.67; 0.79] 1
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If enhanced NO, and CO surface emission induce the climate change,
ozone acts both as radiative forcing and feedback. The ozone feedback
pattern is similar as in the CO, case, but the effect on the climate
sensitivity parameter is less straightforward and a complete feedback
analysis (Rieger et al., 2017) is needed to understand the overall impact.
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Take Home Message

A robust ozone concentration response develops in chemistry-climate models under
CO,—driven climate change, inducing a negative radiative feedback.

The respective impact on climate sensitivity is quite model-dependent, however.

The negative ozone feedback is dominated by an ozone decrease in the lowermost
tropical stratosphere, which originates from enhanced tropical upwelling.

Ozone feedback and stratospheric water vapor feedback are strongly coupled.

Some key features of the ozone feedback pattern also occur, it a forcing other than
from CO, drives the climate change, but ...

... 0zone rapid adjustments may differ substantially for different forcings.

Inter-Model Robustness (4xCO2)
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The main part of the ozone
feedback pattern develops
slowly, on the time-scale of
the SST change (bottom
panel).

However, above ~30 hPa,
rapid adjustment to the
stratospheric cooling
caused by the CO, increase
dominates.

This may result in radiative
impact contributions of
different sign.
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