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other anthropogenic influences: A\‘(IT

aerosol emissions (pollution; climate engineering)
surface modifications
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Cloud changes under climate warming ﬂ(".

Simulated changes with observational evidence.
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Fig. 7.11 of the IPCC ARS, Part 1.
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Observed cloud changes
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Figure 3 | Zonal mean change in observed and simulated cloud
amount during the period 1983—2009 in seven pressure intervals.
a, ISCCP climatological cloud amount. b, Trend in ISCCP cloud
amount 1983-20009.
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Norris, J., Allen, R., Evan, A. et al.

Evidence for climate change in the
satellite cloud record. Nature 536,

72-75 (2016)

doi:10.1038/nature 18273
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Observed cloud changes ﬂ("'
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Figure 3 | Zonal mean change in observed and simulated cloud Norris, J., Allen, R., Evan, A. et al.
amount during the period 1983—2009 in seven pressure intervals. Evidence for climate change in the
a, ISCCP climatological cloud amount. b, Trend in ISCCP cloud satellite cloud record. Nature 536,

amount 1983-20009.
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Rising high cloud
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FAT (Fixed anvil temperatu re) hypothesis (Hartmann & Larson, 2002; Kuang and Hartmann, 2007).
anvil clouds occur where convective detrainment is maximum, and this is
controlled by the vertical gradient of clear-sky radiative cooling (water vapour
emissivity).
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- - ith cloud ithout cloud
Cloud radiative effect = F sy 1oa = Fretsw.ToA AT

+ F with cloud F without cloud
net, LW, TOA = ¥ net,LW,TOA
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Low cloud reduction:

Tropical column
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Schneider, T., Kaul, C.M. & Pressel, K.G. Possible climate transitions from breakup of stratocumulus decks under greenhouse
warming. Nat. Geosci. 12, 163—167 (2019) doi:10.1038/s41561-019-0310-1
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Low cloud reduction: tipping point?
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Schneider, T., Kaul, C.M. & Pressel, K.G. Possible climate transitions from breakup of stratocumulus decks under greenhouse
warming. Nat. Geosci. 12, 163—-167 (2019) doi:10.1038/s41561-019-0310-1
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Cloud phase feedback ﬂ(".
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Cloud phase feedback ﬂ(".
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Cloud phase feedback and climate sensitivity A\‘(IT
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Cloud phase feedback and climate sensitivity Q(IT
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Glaciation: liquid to ice conversion ﬂ(“.
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Why does it matter:

« Latent heat release -
« Optical properties change _ «Q\
« Particle size changes -> R AR

sedimentation velocity, lifetime
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Simulation setup A\‘(IT

Semi-idealized COSMO simulations
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In-cloud phase distribution
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High vertical
velocities = high
liquid fractions
(suppression of
Wegener-
Bergeron-
Findeisen
process)

Significant
glaciation
already at ~ -8°C

Hoose, Karrer, Barthlott (JGR 2018)

Institute of Meteorology and Climate Research

Troposphere Research Department



Fingerprints of ice formation processes A‘(IT

Secondary ice
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Fingerprints of ice formation processes A‘(IT

Secondary ice
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Fingerprints of secondary ice formation

1r m‘—”r' 1- 20
0.9+ ; 0.9
c
9 0.8~ S 0.8 15
= =
8 0.7 - B 07 N
bt ©
w06 E 06 ; .
% 05 - @ o5 § : 5§
. w T Ay {, % ‘ ; . . 0
o o3 - “control 5 & Withoutice
S5 - Vil 2 ot By )
O 0.2 = c AT AR, -] 0.2 BT imir .
— 0.1+ ‘ SImUIatIOH 3- 0.1 4 : mUItIpllcatlon
- R < 0 L 8 PR
0 B A N S I e ) - _ - B
-40 -30 -20 -10 0 40 30 N 2to ‘¢ 10 0
Temperature / ‘C emperature /
» 1r Z
()
X
Q o8
Q.
O
i
©
5 0.6
o
(&}
S 04
=)
g
S5 02
C = control
__g ——— without ice multipl.
o 0 L J
© 40 -35 -30 -25 -20 -15 -10 -5 0
L Tem ] *
perature / C
Hoose, Karrer, Barthlott (JGR 2018)
25 Corinna Hoose The Role of Clouds in Climate Change Institute of Meteorology and Climate Research

Troposphere Research Department



SKIT

Fingerprints of primary ice formation
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Cloud phase feedback and climate sensitivity A\‘(IT

~
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[ Earth warms )[Isotherms shift upward )[Liquid replaces ice )[ Thicker cIoudsj
J ) J

C,

Storelvmo et al,
Current Climate
Change Rep. 2015

Depends on
the efficiency of different ice formation processes,
which is still highly uncertain!

@& — O
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other anthropogenic influences: A\‘(IT

aerosol emissions (pollution; climate engineering)
surface modifications
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Cloud changes due to aerosols A\‘(IT
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Top of the
\ atmosphere \ \ \ ; \

0 > 1.

>N, Indirect effect .
on ice clouds .
and contrails Jda

Surface .
Scattering & Unperturbed Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes
absorption of cloud (constant LWC) suppression. (Pincus & Baker, 1994) lifetime cloud burn-off
radiation (Twomey, 1974) Increased LWC (Albrecht, 1989) (Ackerman et al., 2000)
\ Direct effects , Cloud albedo effect/ Qoud lifetime effect/ 2" indirect effect/ Albrecht effecy \Semi—direct effect/
1st indirect effect/
Twomey effect
IPCC ARS3, 2007
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Cloud albedo and cloud
lifetime effects: ship tracks
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Nsc: additional CCN by ship emissions
R,,: rain rate at cloud base (contours: 1, 10, 20 mm/day)
Wang & Feingold, 2009
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Cloud susceptibility ﬂ(".
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Oreopoulos and Platnick, 2008
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Contrails
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IPCC ARS:

radiative forcings
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Summary ﬂ(".

aerosol emissions

aerosol-cloud

ClOUds interactions: -
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