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Aerosol Coupling with Radiation and Clouds
In a Climate Model (CAM5)
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Impact of aerosols on cloud microphysics:

« Number concentration, mean radius

e Size distribution

; . . )
Relative dispersion: &; = —



q = mixing ratio (Morrison and Gettelman 2008)
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Cloud and precipitation particle size distributions are represented by
gamma functions:

& (D) = NyD"e P

* For cloud ice, snow, and rain, p = 0.

* For cloud droplets, 1 varies from 2 to 15 as a function of droplet
concentration following observations of Martin et al. (1994).

1 = 0.000 571 4N + 0.2714

* Parameterization of L can be important for prediction of effective
radius and hence aerosol indirect effects (e.g., Rotstayn and Liu 2003,

2009) .
(From Hugh Morrison)



Impact of cloud spectral dispersion on radiation:




Variation of dispersion with aerosol and cloud droplet
concentration from observations

(Luetal.. JGR.2007) (¢)
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A modeling study of the aerosol impact on the

relative dispersion of cloud droplet size distribution

CCN: Lognormal distribution

Geometric mean radius of 0.06 um, geometric standard

deviation of 1.5, sulfate ammonium with hygroscopicity
(k) 0.61 (Reutter et al., 2009).



A parcel model (Chen et al. 2016) with 200 size bins
distributed logarithmically between 0.01 ym and 1 ym
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The model is integrated at time steps of 0.01s to 1s for a wide
range of aerosol number concentration and updraft velocity.
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Reutteret al. [2009]; Chen et al. [2016]




Supersaturation Activation Fraction
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Supersaturation Activation Fraction
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Aerosol-limited Regime
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Supersaturation Activation Fraction
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Summary

1. Given updraft velocity, relative dispersion of cloud droplets
from nucleation and condensation increases with
Increasing aerosol concentration in the aerosol-limited
regime, peaks in the transitional regime, and decreases
with further increasing aerosol concentration in the updraft-
limited regime.

2. The contrasting behaviors of dispersion between the
aerosol-limited and updraft-regimes can reconcile previous
contradictory observational results on the dependence of
cloud dispersion on aerosols.
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