Benchmarking parallel implementations of cloud type
clustering from satellite data
CyberTraining: Big Data + High-Performance Computing + Atmospheric Sciences
Carlos Barajas1 , Lipi Mukherjee2 , Pei Guo 3 , Susan Hoban4
Faculty mentors: Dr. Daeho Jin 5 , Dr. Aryya Gangopadhyay 2 , Dr. Jianwu Wang2
1

4

Department of Mathematics and Statistics, UMBC
2
Department of Information Systems, UMBC
3
Department of Physics, UMBC
Joint Center for Earth Systems Technology, UMBC
5
GESTAR, USRA, and NASA GSFC

Technical Report HPCF–2018–11, hpcf.umbc.edu > Publications
Abstract
The study of clouds, i.e., where they occur and what are their characteristics,
plays a key role in the understanding of climate change. The aim of this project is
to use machine learning in conjunction with parallel computing techniques to classify
cloud types. Experiments with k-means clustering are conducted with two parallelism
techniques.

1

Introduction

The climate of Earth tends to maintain a balance between the energy reaching the Earth from
the Sun and the energy leaving the Earth to space. This is also known as Earth’s “radiation
budget.” The components of the Earth system contributing to the radiation budget include
Earth’s surface, atmosphere, and clouds [8, 13, 14]. The study of clouds, including their
frequency of occurrence, location and characteristics, plays a key role in the understanding
of climate change. Thick clouds in the lower atmosphere primarily reflect the incoming solar
radiation and consequently cool the surface of the Earth. On the other hand, thin clouds
in upper atmosphere easily transmit the incoming solar radiation and also trap some of the
outgoing infrared radiation emitted by the Earth’s surface and radiate it back downward,
consequently warming the atmosphere and surface of the Earth. Usually, the clouds in the
upper atmosphere have a colder cloud top that traps the energy in form of outgoing longwave
emission. As a result of the trapped energy, the temperature of the Earth’s atmosphere and
surface increases until the longwave emission to space is balanced by the incoming solar
shortwave radiation.
Two parameters that are directly related to the heating and cooling effects of clouds are
cloud optical thickness (COT) and cloud top height (CTH) (which is related to cloud top
pressure (CTP)). COT is a measure of the thickness of cloud which largely determines the
reflection of sunlight (shortwave), i.e., the cooling effects of clouds. The thicker the cloud the
stronger the reflection. The CTP also plays a role in the warming of clouds in the thermal
infrared region (greenhouse effect). For example a cloud with high CTP and low COT would
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