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Abstract. The present study investigated the correlations between aerosol and cloud parameters derived from satellite
remote sensing to estimate properties of aerosol-cloud interactions. The global statistics showed that effective particle
radius and optical thickness of low clouds correlate well with column number concentration of the aerosol particles in
small – moderate amount of atmospheric aerosol loading (about Na < 109 [particles/cm2]), which are consistent with an
aerosol indirect effect. In case of turbid atmosphere, inverse trends between aerosol and cloud microphysics parameters
are appeared. These inverse tendencies can be founded in case of smaller LWP cases.

INTRODUCTION
Aerosols may affect cloud distributions and radiative properties. To understand those processes, satellite-based
remote sensing data and its analysis are suitable because it can be derived globally and plenty data. The
improvements in satellite instrumentations and retrieval methods have provided valuable data to minimize
uncertainties in assessments of aerosol-cloud interactions. Many previous studies investigated the correlations
between aerosol and cloud parameters derived from satellite remote sensing to estimate properties of aerosol-cloud
interactions [1][2][3][4]. The methods used satellite data are pointed out two disadvantages. One is the observation
for aerosols and cloud parameters are not coincident by passive remote sensing. In this study, spatial and temporal
averaged data, which are considered to have typical characteristics in each region and period is used to understand
the relation of aerosol and cloud properties. The other is retrieval aerosol is observed at clear condition, not in cloud
field. We will compensate for the point with data by active remote sensing, but not shown. To achieve better
evaluations, we arrange spatial and temporal range of data to gather to take correlations as for discussing targets. In
this study, we introduce satellite data and the statistical method, show seasonal and regional results and discuss
seasonal variability and regional properties.

DATA SOURCES AND METHODS
We use the datasets of aerosol and cloud parameters obtained from Terra/MODIS, because it is continuous and
stable. Cloud parameters are analyzed cloud effective radius (re), cloud optical thickness (Wc), cloud-top temperature
(Tc) with the CAPCOM algorithm [5][6]. This algorithm is applied only to liquid water cloud. It is known the NIR
channels used in such algorithm makes differences in effective radius [6]. To the consistency of previous studies, we
adopt data by the 3.7 Pm channel. For aerosol parameters, we use the column number concentration of aerosol
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particles (Na) calculated from aerosol optical thickness, small/large particle ratio, mass concentration using the
defined aerosol size distribution retrieved by the MOD04 algorithm [7][8]. Aerosol and cloud parameters are
spatially averaged for 0.25 degrees grid and temporally averaged daily. Those averaged data can be treated as a
representative in each grid, it means, it represents a characteristic feature of each grid and time. They are available
from January 1st 2001 to December 31st 2010.
Cloud microphysical parameters are mainly affected by meteorological factors at observation point. To filtered
the effect of the factors to some extent and pick up the aerosol effect, we pick up Na and cloud parameters in same
grid and time over a focusing area and season, and put every matched cloud parameter into a bin, which is consisted
to divide a value of log10Na. We calculate average and standard deviation in each bin, take correlations between bincentered log10Na and bin-averaged cloud parameters. Different bin size is set for percentile of cloud parameters,
larger bin is defined for smaller than 2.5 and larger than 97.5 percentile data. We also compute regression analysis
between bin-centered log10Na and bin-averaged cloud parameters. To judge significances, we set thresholds for the
number of cloud parameter, standard deviation and remove the bin from an analysis if those are larger than the
thresholds.

Seasonal and Regional Dependencies
To study seasonal variability and regional properties, we divide the area with every 10 degrees of latitude to
gather matched data. Effective particle radius and optical thickness of low clouds correlate well with column number
concentration of the aerosol particles in small – moderate amount of atmospheric aerosol loading (about Na < 109),
which are consistent to aerosol indirect effect.
In case of turbid atmosphere, inverse trends between aerosol and cloud microphysics parameters are appeared,
and then, inverted again around Na = 1010. These inverse trends are rarely or weakly appeared in the southern
subtropics. In mid-latitude, we find regression slopes between aerosol number concentrations and cloud parameters
are steeper, it means, aerosol affects clouds greater in winter than summer, in northern than southern hemisphere. It
is considered that cloud formation process is strongly affected by atmospheric dynamical processes in summer, that
aerosols’ effect is appeared relatively weak. That seasonal variation does not appear in tropics and subtropics about
Na < 109.
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FIGURE 1. Correlation plots between column aerosol number and cloud effective radius (left panels), cloud optical thickness
(right panels) using 0.25º grids daily averaged MODIS data for 10 years. The data ranges are divided into (a), (f) mid-latitude in
northern hemisphere (35 – 45 N), (b), (g) subtropics in NH (15 – 25 N), (c), (h) tropics (5 N – 5 S), (d), (i) subtropics in SH (15 –
25 S) and (e), (j) mid-latitude in SH (35 – 45 S). Black, red, blue and green show January, April, July and October, respectively.
Circles, squares, diamonds and triangles show the averaged values, and error bars indicate one standard deviation in each bins.

Liquid Water Path Dependency
McComisky and Feingold[9] indicated cloud liquid water path (LWP) should be considered as a constraint for
aerosol-cloud interactions. To study about LWP dependencies of aerosol-cloud interaction, we divide into eight
categories of LWP and take correlations. Figure 2 shows correlation plots between column aerosol number
concentration and cloud effective radius (Fig. 2a), and Na and cloud optical thickness (Fig.2b) at tropics (20N – 20
S) in every January from 2001 – 2010. For effective radius in smaller LWP cases (about LWP < 60), negative
correlations turn to positive around Na = 109, and turn to negative again around Na = 1010. This trend does not
appear in larger LWP cases. In case of clear – moderate air (Na < 109), correlation slopes can be approximated linear
functions in smaller LWP cases but not good in larger LWP cases. For optical thickness, positive correlations turn to
negative around Na = 109 in all LWP cases, and turn to positive again around Na = 1010 in smaller LWP cases. In
larger LWP case, the range of Na is too narrow to find for second turn.
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(a)

(b)

FIGURE 2. Correlation plots between column aerosol number and (a) cloud effective radius, (b) cloud optical thickness using
0.25º grids daily averaged MODIS data for 10-years January. The data area is in Tropics (20N–20S). Violet, purple, darkblue,
blue, green, yellow, orange and red indicate LWP cases (10 – 20, 20 – 30, 30 – 40, 40 – 60, 60 – 80, 80 – 100, 100 – 150 and 150
– 250 g/m2).

CONCLUSION
To study the seasonal variability and regional properties, we divided the area covered by satellite observations
and analyzed correlations between aerosol and cloud parameters. In mid-latitude, we find regression slopes between
aerosol number concentrations and cloud parameters are steeper, it means, aerosol affects clouds greater in winter
than summer, and in northern than southern hemisphere. That seasonal variation does not appear in tropics and the
slope of regression line is almost same in mid-latitude summer. It is considered that cloud formation process is
strongly affected by atmospheric dynamical processes in tropics and mid-latitude summer, that aerosols’ effect is
appeared relatively weak.
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