Aerosol effects on liquid water path of stratiform clouds

under contrasting humidity
Seoung-Soo Lee and Joyce E. Penner
The university of Michigan

Email: Phone: (734) 647-5401
Introduction: Ackerman et al. (2004) indicates that responses of liquid water entrainment. This is at odds with Ackerman et al. (2004) which ascribed different LWP and
path (LWP) to increasing aerosols in stratiform clouds depend on the humidity of entrainment rates to differences in the sedimentation of droplets and rain.
the free atmosphere overlying the PBL. To better understand the dependence of the  |n the DRY simulations, increased entrainment of drier air at high aerosol contributes to
LWP responses on humidity, this study investigates different aerosol effects on the  reduced differences in condensation and the LWP, in contrast to the situation in WET. Also,
microphysics and dynamics of the two cases of stratocumulus over the North it is found that a larger variance of the upward velocity (w'w’) occurs at low aerosol
Atlantic developing under wet and dry environmental conditions. between 07 LST and 08 LST in the cloud layer (Figure 1), leading to larger condensation
: : around 08 LST (Figure 2) and, thereby, contributing to the larger LWP at low aerosol. This
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T St an | e e larger w'w’ is led by greater instability around cloud base (Figure 3). More cooling from the
S O o2 G s = evaporation of rain and large droplets at low aerosol induces the greater instability.
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and the second set with low humidity (cm) aerosol: ~ 1200 aerosol: ~ 1100 £ —1 S8 . _ _
(~40%) as DRY. Each set of simulations \ 08 S, 3 071 el )
) e Table 1. Description of simulations 06 @ 067 T o6 Low aerosal (DRY)
is composed of high- and low-aerosol Eqr / 0.5
runs. A detailed description of simulations can be found in Table 1. 0.4 5 g .
P 0.2 __f/ 5 0.24 e 0.4
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High aerosol 46.16 29.70 0 03 06 09 12 03 04 05 06 07 08 09 10 11 12 13 6 0605 0BT 0015
Domain-averaged LWP (g m) Low aerosol 35.43 30.21 W (m2s2) Tirme (b, LST) ot /dz (K m')
MODIS 48.10 31.20 Figure 1.w'w’ averaged  Figure 2. Cumulative condensation Figure 3.40/dz averaged
Domain-averaged cumulative condensation High aerosol 0.89 1.39 between 07 and 08 LST between 03 and 07 LST
at the last time step (mm) Low aerosol 0.69 141
Domain-averaged cumulative conversion of o H
Small droplet to large droplet and rain High aerosol 6.35%x1073 7.62x1073 S5 .SU m.m ary and Discussion i 2 :
(autoconversion +accretion) R T S Simulations in WET show that condensation plays a critical role in the LWP and
(mm) Ol D ' ; entrainment. Aerosol-induced differences in condensation lead to differences in the
Ol o AL 5.9 21 LWP and evaporation (thereby dynamics and entrainment). However, the role that
(e 55 litdorazol oy 2400 the sedimentation of droplets and rain plays in the development of the different LWP
Table 2. LWP, condensation, conversion of cloud liquid to rain, and cloud-top growth rate and entrainment rates is negligible. This indicates that the sedimentation is not
2 Results always a major contributor to the different responses of the LWP and entrainment to

aerosols; interactions among aerosols, condensation and dynamics can determine
the responses primarily.

Simulations in DRY showed that the LWP decreases at high aerosol under a dry
environment as reported by Ackerman et al.(2004). In addition to the role that
increased entrainment of drier air in DRY plays in the reduction of LWP at high
aerosol, larger instability contributes to the larger LWP at low aerosol in DRY.

Table 2 shows comparisons of the simulated LWP to the MODIS-observed LWP.
The difference is within ~ 5 % relative to the MODIS LWP, demonstrating that the
simulations are reasonably good. The LWP at high aerosol in WET (DRY) is higher
(lower) than at low aerosol. The difference (high-low) in domain-averaged
cumulative condensation at the last time step in WET is large enough to explain the
higher LWP. It compensates for the increased entrainment at high aerosol, indicated
by the higher cloud-top growth rate (Table 2). The difference in the cumulative

conversion of small droplet to large droplet and rain is ~ one order of magnitude 4. Acknowledgments
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increased condensation at high aerosol; increased condensation provides a source
of liquid water, evaporative cooling and condensational heating increasing the LWP
and intensity of downdrafts as well as updrafts, leading to larger TKE and thereby
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