Environmental sustainability ISBN: 978-93-5917-518-8

Microplastics in clouds and their potential impact on weather patterns

Dr. Deepa K
Assistant Professor, Department of Chemistry, KAHM Unity Women'’s College, Manjeri.
Email : deepakarat08@gmail.com

Microplastics are tiny particles of plastic less than 5 millimetres in size, and they can come
from various sources, including the breakdown of larger plastic items, microbeads in personal
care products etc. There are two main types of microplastics: primary microplastics and
secondary microplastics. Primary microplastics are manufactured to be small in size, such as
microbeads in cosmetics and personal care products. Secondary microplastics result from the
breakdown of larger plastic items due to weathering, sunlight, and mechanical processes’, and
fibres from synthetic clothing. Microplastics in the atmosphere have been a growing concern,

but the research on this topic is still evolving.

While much attention has been given to the presence of microplastics in oceans and other
bodies of water, studies have also started to investigate their presence in the air. Here are some
key points. The sources of microplastics in the atmosphere are diverse. They can originate from
the fragmentation of larger plastic debris, road dust, industrial processes, and the breakdown
of synthetic materials. Additionally, microplastics from aquatic environments can be
transported into the atmosphere through processes like sea spray. Wind is a significant factor
in transporting microplastics through the atmosphere. Once in the air, these particles can be
carried over long distances before settling back to the Earth's surface. Some find their way into

clouds, becoming an unseen presence within the atmospheric water cycle.

Detecting and measuring microplastics in the air pose significant challenges due to their small
size and the complex nature of atmospheric particles. Research methods are continually being
developed to improve our ability to quantify and characterize atmospheric microplastics. It's
essential to note that the field of microplastics research is dynamic, and new findings may have
emerged since my last update. Researchers and environmental agencies continue to investigate
the presence, distribution, and effects of microplastics in various environments, including the

atmosphere.
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Cloud Nucleation and Microplastics

Clouds are formed when water vapor condenses around tiny particles called cloud condensation
nuclei (CCN). These particles act as a nucleus for water droplets to form, eventually leading to
cloud development. Microplastics, with their diverse shapes and sizes, can serve as additional
CCN in the atmosphere. Their introduction into the cloud formation process alters the dynamics
of cloud nucleation and affects the size and distribution of water droplets within clouds.
Microplastic particles could even be acting as condensation nuclei, bits of debris that attract
water vapor to form a cloud. Water-absorbing plastics may play an outsized role in the weather,
while UV radiation from the sun breaks down the bonds of these toxic polymers, thus
contributing to greenhouse gases in the atmosphere. Accumulation of microplastics in the
atmosphere could lead to significant changes in the ecological balance of the planet, leading to
severe loss of biodiversity. Microplastics can affect the formation of clouds, which means they
have the potential to impact temperature, rainfall, and even climate change.

Cloud Albedo Effect

One significant consequence of microplastics in clouds is the alteration of cloud albedo, which
refers to the cloud's reflective properties. Clouds regulate the amount of solar radiation
absorbed by a planet and its solar surface irradiance. Generally, increased cloud cover
correlates to a higher albedo and a lower absorption of solar energy. Cloud albedo strongly
influences the Earth's energy budget, accounting for approximately half of Earth's
albedo. Cloud albedo depends on the total mass of water, the size and shape of the droplets or
particles and their distribution in space Thick clouds (such as stratocumulus) reflect a large
amount of incoming solar radiation, translating to a high albedo. Thin clouds (such as cirrus)
tend to transmit more solar radiation and, therefore, have a low albedo. Changes in cloud albedo
caused by variations in cloud properties have a significant effect on global climate. The
presence of microplastics can impact the size and concentration of water droplets in clouds,
influencing how much sunlight is reflected back into space. Changes in cloud albedo can have
profound implications for regional and global weather patterns, including shifts in temperature
and precipitation. Smaller particles form smaller cloud droplets, which tend to decrease
precipitation efficiency of a cloud, increasing cloud albedo. Additionally, more cloud

condensation nuclei increases the size of a cloud and the amount of reflected solar radiation.

Cloud albedo indirectly affects global climate through solar

radiation scattering and absorption in Earth's radiation budget. Variations in cloud albedo
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cause atmospheric instability that influences the hydrological cycle, weather patterns,
and atmospheric circulation. These effects are parameterized by cloud radiative forcing, a
measure of short-wave and long-wave radiation in relation to cloud cover. The Earth Radiation
Budget Experiment demonstrated that small variations in cloud coverage, structure, altitude,
droplet size, and phase have significant effects on the climate. A five percent increase in short-
wave reflection from clouds would counteract the greenhouse effect of the past two-hundred

years.
Modifying Precipitation Patterns

Microplastics in clouds may not only influence cloud formation but also precipitation patterns.
The altered cloud microphysics can affect the coalescence and growth of raindrops, potentially
leading to changes in the timing, intensity, and distribution of rainfall. This, in turn, can impact
ecosystems, agriculture, and water resources, posing challenges for communities already

grappling with the effects of climate change.
Research Challenges and Future Implications

Understanding the intricate relationship between microplastics in clouds and weather is a
complex scientific puzzle. Researchers are confronted with the challenge of developing precise
measurement techniques to detect and quantify microplastics in the atmosphere and clouds.
Additionally, modelling studies are essential to unravel the full extent of the impact on weather

patterns and predict future scenarios.

As we navigate this uncharted territory, it is evident that the consequences of microplastics in
clouds extend beyond the visible pollution of our oceans and land. The invisible presence of
microplastics in the atmosphere poses a new frontier for scientific inquiry, calling for
interdisciplinary collaboration to unveil the full extent of this environmental challenge and its

far-reaching implications for our planet's weather systems.
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