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Maintenance process of lower cloud and aerosol

Kozo Nakamura

The boundary layer clouds have large effects on the Earth radiation budget through their high reflection of

solar radiation with significant and long coverage.

This paper introduces some interesting studies about the

formation, maintenance, and dissipation process of the boundary layer clouds.

Especially, the impacts of aerosol on the formation process of the boundary layer clouds through the

microphysical process are important. Its effects on the macroscopic characteristics of clouds, such as optical
thickness, cloud amount and albedo, through the conversion process from cloud droplets to rain drops are large.
One of the interesting results of the studies is that the increasing effect of aerosol number density on the

macroscopic feature changes its sign by the condition of the rainfall. The aerosol has impacts not only on the

formation process of the boundary layer clouds but also the dissipating process of the clouds.
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Figure 1 I Net downward radiation flux at the top of atmo-
sphere (up) and cloud coverage (down) average over 20
years obtained by the International Satellite Cloud Clima-
tology Project. (http://isccp.giss.nasa.gov/products/
onlineData.html)
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Figure 2 : Left: The response of a number of climate models forced by a 19 yr™ ' increase of CO,. Right: The changes to the
low clouds for the two models that fall on either end of the projected warming range. (from Stephens, 2005).
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Figure 3 : Physical processes associated with stratocumu-
lus cloud layers. (based on Bretherton et al., 2004).
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Figure 4 © A schematic diagram of the feedback process
between cloud-entrainment processes (based on Wood,
2012). Increasing of w, leads to the decrease in cloud depth
and liquid water path indicated by minus sign. Decreasing
cloud water content at the top of the cloud layer leads to
the suppression of the entrainment.
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Figure 5 © A schematic diagram of the effect of the number
density of aerosol on the cloud characteristics. Nd: number
density of aerosol, Nc: number density of water droplets,
Qc: mixing ratio of liquid water, We: entrainment velocity,
TKE: turbulent kinetic energy.
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Figure 6 © Contours of constant w in a hexagonal cell
obtained by Chandrasekhar (1961) for Rayleigh-Benard
convection. The hexagonal cell is indicated by yellow
lines. The value of w is 1 at the center of the hexagon. It
decreases outward. The interval of the contour is 1/6. The
value at the contour line near red circle is w=0. It is —1/3
at the center of side of the hexagon, and —1/2 at the apex.
The red semi-circle whose radius is % is similar to the
contour line of w=0, and its area is used to estimate the
area of upward motion.
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Figure 7 - GOES-10 Channel 1 (Visible) satellite image over North Eastern Pacific off the coast of California on July 11st,
2001, 14:30UTC. Lines of latitude indicate 28N~36N, and lines of longitude 126~116W. Open cellular convection patterns
are shown around (126W, 32N), and the region of cellular-patterned low-reflectivity embedded in stratiform cloud fields
around (122W, 30.5N) is called pockets of open cell (POC).
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Figure 8 . A schematic diagram of the non precipitating
closed Benard cells (up) and precipitating open cells
(down). In the closed Benard cells, the convection is
propelled by radiational cooling from the top of the exten-
sive deck of clouds with small drops. In the open cells, the
propulsion of the convection is surface heating at the
bottom of the partly cloudy marine boundary layer, and
the convection is reversed compared with the one in the
closed cells. (based on Rosenfeld et al., 2006).
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