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Numerical model:

Dynamics: 2D super-parameterization model
(Grabowski 2001) with simple bulk microphysics (warm-
rain plus ice; Grabowski 1998)

Radiation: NCAR’s Community Climate System Model
(CCSM) (Kiehl et al 1994) in the Independent Column
Approximation (ICA) mode

100 columns (Ax=2km) and 61 levels (stretched; 12
levels below 2 km; top at 24 km)
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- Grabowski
1st and 2" indirect effects of water clouds: J. Climate 2006

“pristine” “polluted”

cloud droplet

concentration (cm=) 100 1,000

15t effect: a simple parameterization of the effective radius:

Teff ~ Ty (e.g., Martin et al. JAS 1994)

— Ty = <r3)1/ 3 — mean volume radius;

— cloud water g. ~ N7>

2nd effect: Berry’s parameterization of the conversion from cloud
water to rain.

No 1impact on ice physics was considered.




Effective radius for ice particles... Grabowski J. Climate 2006

effective radius of ice crystals
(based on observations by McFaruhar and Haymsfield)
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This formula was used in all simulations (i.e., no indirect effect on ice processes).




Simulations with the new double-moment bulk microphysics:

Warm-rain scheme of Morrison and Grabowski (JAS 2007, 2008a) predicts
concentrations and mixing ratios of cloud water and rain water; relatively
sophisticated CCN activation scheme (with pristine and polluted CCN
spectra) and representation of the homogeneity of subgrid-scale mixing.

Ice scheme of Morrison and Grabowski (JAS 2008b) predicts
concentrations and two mixing ratios of ice particles to keep track of mass
grown by diffusion and by riming; heterogeneous and homogeneous ice
nucleation with the same IN characteristics for pristine and polluted
conditions.

Better spatial resolution (200 points with 1 km gridlength, 61 levels up to
18 km)

60-day long simulations starting from the sounding at the end of the single-
moment simulations of Grabowski (2006).




Grabowski J. Climate 2006 new simulation
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Grabowski new
J. Climate 2006 simulations

mean cloud
fraction

Solid: polluted
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Horizontal bars: standard deviation of temporal evolution

(measure of statistical significance of the difference)
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* An idealized convective-radiative quasi-equilibrium simulations
using the double-moment bulk microphysics result in the mean
atmospheric state similar to previous simulations with single-
moment microphysics. The radiative cooling across the
troposphere and the Bowen ratio for surface fluxes are different
between old and new simulations.

Radiative cooling: slightly lower tropospheric water vapor in the
new simulations.

Bowen ratio: double-moment microphysics has a different impact
on cold-pool temperature and moisture due to smaller rate of rain
evaporation.

Difference between PRISTINE and POLLUTED is down to about
4 Wm? from about 20 Wm2 in single-moment simulations.




