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Aerosol Effects on Convection

Conceptual arguments: aerosols invigorate
convection through increase of latent heat of
fusion (Rosenfeld et al 2008)

Cloud model simulations: Results vary,
depending on many factors (Tao et al. 2007,
Khain et al. 2008, Fan et al. 2009, etc.)

Observations: in situ and long term (Andreae
et al. 2004, Li et al. 2011)

GCM simulation (Lohmann 2008)?
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Aerosols and Convecitve Microphysics
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Two-moment microphysics scheme for convective clouds
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Implementation of the microphysics scheme in the CAM5
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CAMS Experiments

Two 6-yr NCAR Community Atmosphere Model v5 (CAM5)
simulations are conducted:

CTL: standard CAMS5S

MPHY: with convective microphysics scheme

For aerosol-convection expt: 1xaerosol and 10xaerosol runs
Resolution: 1.9° X 2.5° , 30 levels

Forcing: climatological aerosol and SST data.
The prescribed aerosol dataset has
12 species including sulfate, sea salt,

dust, black carbon, etc.

Results from the last 5-year simulations are presented here



Evaluation of the microphysics scheme with observations
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PERCENTAGE OF SAMPLES

Cloud Droplet Number Concentration
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Cloud Ice Crystal Number Concentration
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Aerosol Effects

1) 1 x climatological aerosols

2) 10 x climatological aerosols to diagnose its one-time-
step effect on convection within the 1xaerosol
simulation. Thus, it acts like a single column at every
GCM grid point.

3) 10 x climatological aerosols to predict convection,
which feeds back to large-scale fields

Therefore, (2)-(1) gives the local thermodynamic effect
of aerosols on convection under the same large-scale
conditions; (3)-(1) gives the total effect including
dynamic feedback.



SCM simulation without latent heating effect

Convective precipitation vs. Aerosol
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Impacts on global climate simulation

(a) Convective Precipitation in Ctrl (mm/day)
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(a) CAPE in Ctrl (J/kq)
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. (b) Diff in CAPE change from freezing (10Xaerosol Diag—Ctrl, J/kq)
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Aerosols make convective cloud top higher
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When the invigorated
convection is allowed to
interact with its
environment, the net effect
of aerosols is small, and
can even change the sign!
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Conclusions

The introduction of convective microphysics scheme enables
climate models to investigate aerosol-climate interaction.

Convective cloud microphysical properties simulated by the
new scheme are in good agreement with available
observations.

For a given environmental condition, aerosols invigorate
convection (more CAPE, deeper convection and more
convective precipitation)

However, if the convective environment is allowed to
respond to the invigoration of convection, aerosol effect is
much reduced and can even change sign.
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