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Abstract - This paper discusses what are the effects of dust on clouds. How
MODIS cloud mask is produced and why it is important. Results shown here are
from a case study of a dust storm over China during Spring of 2001.

1. INTRODUCTION

Desert dust is a major source of atmospheric aerosols that can potentially affect
clouds. The aerosol particles serve as extra cloud condensation nuclei (Fig 1). This
results in clouds with a larger number of smaller droplets for a given liquid water
content. Clouds with a higher number of cloud droplets have a higher albedo.
This "indirect" effect of aerosol on global albedo [Twomey, 1991] is very difficult
to quantify.  

Figure 1. Water droplets that form around dust grains and other aerosols, 
like those on the right, tend to be smaller than droplets that don't.   

These small droplets grow more slowly through collisions with one another to the
size of a raindrop, and the cloud produces less rainfall over the course of its
lifetime.

However, aerosols can also enhance rainfall, if their particle size is very large.
These large particles can serve as nuclei for large droplets, which in turn
accelerate the  precipitation-forming processes.

Recent studies show that the total net effect is suppression of the rainfall. Dust,
therefore  provides a mechanism for amplifying the effect of desertification. 



2. MODIS CLOUD MASK

The MODIS Cloud Mask product is a Level 2 product generated at 1-km and
250-m (at nadir) spatial resolutions. The algorithm employs a series of visible and
infrared threshold and consistency tests to specify confidence that an
unobstructed view of the Earth s surface is observed. An indication of shadows
affecting the scene is also provided. The 250-m cloud-mask flags are based on the
visible channel data only. Radiometrically accurate radiances are required, so
holes in the Cloud Mask will appear wherever the input radiances are incomplete
or of poor quality. 

A determination of the presence of global cloudiness is essential to the MODIS
mission for two reasons. First, clouds play a critical role in the radiative balance of
the Earth and must be accurately described to assess climate and potential climate
change. Second, the presence of cloudiness must be accurately determined to
retrieve properly many atmospheric and surface parameters. For many of these
retrieval algorithms even thin cirrus represents contamination.

Cloud mask consists of 48 bits of information for each pixel, including results of
individual tests and the processing path used. Bits 1 & 2 give combined results
(confident clear, probably clear, probably cloudy, cloudy)

Figure 2. Example of MODIS cloud mask image  



3. CASE STUDY

For this study a number of images was reviewed. The selected image (Fig 4) is
from a dust storm over China (Fig 3). What makes this storm interesting is that it
is a case of long range transport of dust over the Pacific Ocean.

Figure 3. Dust storm gaining strength - still over the Asian continent. 
The center of low pressure with embedded dust is clearly seen.

Figure 4. MODIS 1-km resolution granule in the visible for 
April 08, 2001 0145 UTC. The area of interest is zoomed on the right.



4. MODIS LEVEL 1B REFLECTANCE

Channels #1 and #2 give relatively good idea about the location of Cirrus clouds
in the region. Dust’s reflectance is much lower ~0.1-0.2 in contrast to the bright
clouds (0.5- 0.6), but still higher compared with the ocean (usually less than 0.1).
Channels #3, #12 and #13 do not help to discriminate clouds from dust.
Nonetheless the reflectance of channel #2 can be used for detecting mineral dust.

Figure 5a. Images in the visible and reflectance for channels #1 and #2

Figure 5b. Reflectance for channels #3, #12 and #13 



5. EFFECTIVE CLOUD PARTICLE RADIUS

Fig 6 represents the effective cloud particle radius, the red color depicts larger
particles (30 um) and the blue color small particles (< 10 um). Comparison
between the true color image and the effective particle radius shows that MODIS
does not distinguish between cloud and aerosol particles – it assumes that dust
layer is a  cloud with finer particles.

Figure 6. Images in the visible and effective cloud particle size.

The red color depicts larger  particles (30 um) and the blue color 

small particles (< 10 um).

6. CLOUD MASK AND AEROSOL OPTICAL THICKNESS

Cloud mask is given as the probability for a cloud to be present. Black color is
100% cloudy, white is 99% clear, yellow – 95% clear and dark red 66% clear.
The cloud mask treats dust as it would be a cloud. So in this particular case the
cloud mask product is not doing a good job. The next plot is aerosol optical depth
at 0.55 um. Unfortunately we don’t get any signal for more than 1/3 of the
granule since it’s defined only for non-cloudy pixels but at least you can see the
streak that represent OD ~4.5  which is unrealistically large for an aerosol layer.



Figure 7. On the left is the cloud mask. On the right is the aerosol optical depth. 
Both images are for the whole granule (Fig 4).

7. CONCLUSIONS

MODIS Level 1B reflectance from channels discussed in this study can be used to
detect  mineral dust plumes. 

MODIS cloud mask and cloud effective particle radius products have to be used
with caution in presence of mineral dust. This complicates the characterization
of the indirect effect of dust on  clouds from satellite remote sensing. 

MODIS aerosol optical depth at 0.55 µm gives relatively good estimates of the
dust loading in  the atmosphere. 

8.  FUTURE WORK

Using the approach developed in this study, all granules affected by Asian dust
transport over the  Pacific Ocean in Spring of 2001 will be analyzed.

The goal will be to develop a method for accurately discriminating dust from
clouds. This will be a critical step for improving the retrievals of aerosol and
cloud properties from MODIS data, as well as for better understanding the dust-
cloud interaction. 


