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Natural

Large uncertainties remain for radiative
forcing from aerosol-cloud interactions

Radiative forcing of climate between 1750 and 2011
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Cloud water response to aerosols often dominate
uncertainties in aerosol-cloud radiative forcing

Total Albedo Lifetime
C effects effects effects
] ] ]

0.50 =

0.40 =
0.30 =

0.20 =

0.10 =

0.00 -~

s CAM5.3_CLUBB_MG2 HadGEM3-UKCA S. Ghan. et al
e CAMS.3. M G2 SPRINTARSKK : ’ "
s CAMS5.3 CLUBB =~ == === SPRINTARS 2016, PNAS
———CAM5.3 PNNL cesmsmcsenesesE CHAMGE-HAM



Using AOD as CCN proxy may underestimate
cloud susceptibility to aerosols
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Median Cloud Fraction

Strong dependence of cloud amount
on cloud droplet concentrations

Median Cloud Fraction
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Strong precipitation suppression
by aerosols in marine low clouds

Rain rate (mm/h, GPM DPR)
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» Precipitation initiates at Re=14 um



WRF-Chem simulation of low clouds over
Southeast Pacific (VOCALS Rex, 2008)

MODIS cloud amount
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LWP (g/m2 - MODIS)

In-cloud LWP as a function of cloud
droplet number concentrations

MODIS
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» LWP decreases with Nc in observations, but increases with Nc
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In simulations (Morrison > Lin)

LWP (g/m2)

500

400

w
=
f=]

no
=
f=]

Lin

Avg

{ —e—CGT; 550,0-800.0
| =—=—CGT: 450.0-550.0
| ====0GT: 350.0450.0
. CGT: 250.0-350.0
| =—e==CGT: 0.0-250,0

=

T
10°
N, (/em3 - LIN)

10°



Cloud Fraction
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Cloud fraction as a function of cloud
droplet number concentrations

MODIS
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» Cloud amount increases with Nc in both satellite observations
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and models, but the rate is larger in observations.
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Albedo (all-sky) as a function of cloud
droplet number concentration
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» All-sky albedo increases with Nc in both observations and
models, but this dependence is underestimated in models.



Rain Rate (mm/h)

Rain rate as a function of cloud
droplet number concentration
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» |In models, rain initiates well before Re reaches 14 um



Cloud and aerosol trends from MODIS (2002-2017)
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» CDNC decreases over regions with negative AOD trend

Bai et al., JGR, submitted



CDNC trends in MODIS and CMIP6 models
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Yawen Liu (liuyawen@nju.edu.cn); Minghuai Wang (minghuai.wang@nju.edu.cn)



Summary

» Satellite observations show strong precipitation
suppression by aerosols, which contributes to strong
dependence of cloud amount on aerosols

» Model predicts positive dependence of in-cloud LWP on
Nc, and satellite observations shows negative
dependence

» Models predict overall weaker dependence of all-sky
albedo on Nc than observations, mainly from weaker
dependence of cloud amount on Nc in models.
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Aerosol-Cloud-Precipitation Interactions
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» Precipitation suppression by aerosols contributes to
strong dependence of cloud amount on aerosols



CDNC time series over US East coast
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Radiative forcing of climate between 1750 and 2011
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Radiative forcing of climate between 1750 and 2011
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Earth Science from Space
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Cloud Fraction

Cloud Fraction
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WRF-Chem simulations over Southeast
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