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Motivation

» Aerosol radiative forcing is a leading uncertainty in
inferring climate sensitivity from the observational record
(Andreae et al., 2005; Forster, 2016)

» Aerosol-cloud interactions (aci) in liquid cloud strongly
contribute to the uncertainty in aerosol radiative forcing

(Bellouin et al., 2019)

 To help us better infer climate sensitivity it is useful to
develop multiple observational constraints on aerosol
cloud interactions
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Nd Datasets

* MODIS Aqua 2003-2015 (Grosvenor and Wood 2014)

 Aerocom phase Il indirect 3: CAM5, CAM5-PNNL, CAM5-
CLUBB, CAM5-MG2, CAM5-CLUBB-MG2, ECHAM®6.1.0-
HAM2.2, SPRINTARS, and SPRINTARSKK

« Sensitivity studies in HadGEM3-GAGb to 7.1 (Mulcahy et al. 2018)

* Perturbed Physics Ensemble (PPE) from HadGEM-GA4-
UKCA with 26 aerosol process, emission and deposition
parameters simultaneously perturbed (Collins et al., 2010,
Yoshioka et al., submitted)
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MODIS vs. Aerocom, HadGEM3 Nd

(@) Modeled and observed Ng (DJF) (b) Modeled and observed Ng (JJA)
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MODIS vs. Aerocom, HadGEM3 Nd

(@) Modeled and observed Ng (DJF)
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(@) Modeled and observed Ny (DJF) (b) Modeled and observed Ng (JJA)
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(@) Modeled and observed Ny (DJF) (b) Modeled and observed Ng (JJA)
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Radiative Forcing for Aerosol Cloud

Interactions
Constrained by Nd(NH-SH)
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RFaci range is: 00
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Radiative Forcing for Aerosol Cloud
Interactions

Constrained by Nd(NH-SH)
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Each PPE member has
a different biomass
burning diameter,
influencing Pl and PD
number...

Reducing biomass
burning size range to
25-75% percentile
(diameter of 143-246
nm from 90-300 nm)
reduces range of RFaci
(-1.5 to -0.7 Wm-2)



Take Home Points

* Droplet Number Concentration (Nd) is a useful variable for
looking at cloud aerosol interactions and for testing models

 SH Nd can be used as a rough proxy for Pl Nd

 SH Nd in GCMs is too low - the Pl may have had a higher Nd
than predicted by models

 Using our methodology RFaci is predicted as -1.70 to -0.40 Wm-2
and narrows to -1.5 to -0.7 Wm2 with weak constraints on

biomass burning. Compare to synthesis range: -1.2 to -0.35 Wm-
(Bellouin et al. 2019)

Questions? Contact: imccoy@Quw.edu
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a) Composites of Trajectories by Max CN
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PPE Details

235 model variants, each with a unique combination of the parameter values.

Each PPE member simulated PD Nd resolved in space and time, Pl global-mean Nd, and top-of-the-
atmosphere radiative fluxes (used to calculate RFaci).

Horizontal winds and temperature fields were relaxed (Telford et al., 2008) towards 2008 meteorology from
the European Centre for Medium-Range Weather Forecasts (ECMWF) ERA-Interim reanalyses and forced
with year 2008 anthropogenic aerosol emissions from the MACCity emission inventory (Granier et al., 2011).

Each of the 235 simulations has a partner simulation with identical parameter values, but anthropogenic
emissions from 1850 prescribed, so that uncertainty in changes over the industrial period can be quantified.

Configured so that the 1stindirect effect of aerosols can be quantified in the absence of rapid adjustments.
Aerosols do not feedback onto simulated temperature or precipitation.

Variations in Nd over the ensemble are caused entirely by differences in aerosol size distributions due to
combinations of the 26 parameter values.
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Aerocom, HadGEM3, and PPE PD
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