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Abstract

Clouds play a significant role in fluctuation of solar radiation received by the earth’s surface.
Cloud optical properties and cloud coverage contribute in rapid fluctuation of solar radiation during
a day. A correct estimation of cloud properties is useful in the emerging field of solar energy
harvesting and forecasting. Satellite images are one of the primary sources to study different cloud
properties. The Moderate Resolution Imaging Spectroradiometers (MODIS) installed on National
Aeronautics and Space Administration (NASA) Earth Observing Systems (EOS) Terra and Aqua
satellites transmit visible and near-infrared spectral signatures [1] to get the information on cloud
dynamics and properties like optical thickness, effective particle radius, particle phase, and liquid
water content. These instruments provide such important cloud properties information. However,
they have poor temporal and spatial resolutions. Therefore, ground based sky cameras are now
widely used to study the cloud properties.

In this paper, we study one of such cloud properties called Cloud Optical Thickness (COT).
It is defined with the amount of light that can pass through the clouds. We obtain COT from
MODIS satellite images, and analyze its relationship with the optical properties of visible-light
images obtained from sky cameras.
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Figure 1: Relation between cloud optical thickness
(from MODIS) and normalized luminance difference (from
ground-based sky camera).

We have installed a ground-based sky
camera on a particular rooftop (1.3483◦

N, 103.6831◦ E) of our university build-
ing, that captures the images of the sky
scene at interval of 2 minutes. These im-
ages are captured in the visible-light range,
and are useful to provide higher temporal
and spatial information of the cloud infor-
mation. These captured images also pro-
vide us an idea about the optical proper-
ties of the cloud, depending on the nor-
malized luminance of the captured image.
For this paper, we analyze the deviation
of captured luminance from the clear-sky
luminance [2], and correlate with COT.

The COT values are calculated from
MODIS products, which has spatial res-
olution of 1 km2 (1 pixel) and is available
twice a day (4 UTC and 7 UTC). In this
experiment, we process COT values for 3
km × 3 km area (9 pixels) with the loca-
tion of sky camera as the center. The value of COT ranges from 0 to 100. A cloud optical thickness
of value 100 means that almost no light can pass through the clouds whereas a value of 0 means
the sky is relatively cloud free.

For our experiments 1, we consider all the MODIS observations in the year 2015. We process the
average COT values over the 9 pixels. Taking the corresponding MODIS COT time as reference we
compute a 15 min average of luminance difference from sky images. Fig. 1 shows the scatter plot
of calculated average luminance difference and average COT values. This is self explanatory – high
luminance difference reflects presence of clouds. And thus, cloud presence is reflected by a higher
value of COT. Interestingly, we can also observe lower COT values at higher luminance difference
values. This possible deviation can be explained because of the possible mismatch between the
coverage of MODIS and sky cameras. Also, there can exist some time gap between MODIS time
stamp and the sky imager time stamp. In the extended paper, we will propose the best fit line
between COT and normalized luminance difference. This will help the remote sensing analysts to
compute COT values for finer time resolutions, as compared to the current standards.
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1The source codes of these experiments will be made available online in the final version.


