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OVER 80% OF OUR OCEANS REMAIN UNMAPPED AND UNEXPLORED

1) INTRODUCTION

Picture an incredible world right here on Earth
—where mountains tower even higher than the
Himalayas, canyons plunge deeper than the
Grand Canyon, and a staggering 95% of it has
remained unseen by us. This isn’t just the stuff
of science fiction; it’s our ocean. For centuries,
the deep sea has been cloaked in myths and
wonders, kept secret by immense pressures,
dark waters, and an air of the unknown.

But today, we have a new kind of explorer
diving into these depths—one that doesn't
need air, submarines, or even a physical form.
Artificial intelligence is stepping up as the
modern-day Jacques Cousteau, venturing into
the digital age—charting underwater mountain
ranges, picking up climate signals hidden in
ocean currents, and even listening to whale
songs to understand what they’re saying.

Equipped with robotic drones, satellite sensors,
and smart algorithms, this digital
oceanographer is breaking through the barriers
of human exploration. Yet with this power, we
face an important question: Will AT help us
protect this delicate blue world, or will it ignite
a new kind of “gold rush” in the deep? As we
dive into the era of smart oceans, the stakes are
higher than ever. It’s time for us to be ready for
what lies beneath the surface and embrace the
adventure ahead.

—YET ALIS CHANGING THAT FASTER THAN EVER.

2) THE CHALLENGES OF OCEAN
EXPLORATION

The ocean floor, while largely uncharted,
presents profound mysteries that rival even the
allure of space exploration. The notion of
“smart oceans” driven by Al is exciting;
however, to comprehend the role of Al in
marine exploration, it is essential first to
recognize the significant challenges associated
with studying our oceans.

2.1) Crushing Pressure and Extreme Conditions

As one descends deeper into the ocean, the
pressure surrounding them increases
dramatically. At just 100 meters below the
surface, divers already experience a pressure
that is ten times greater than what we feel on
land. If one were to reach the Mariana Trench,
nearly 11 kilometers deep, the pressure there
exceeds 1,000 times that at sea level—sufficient
to crush most vehicles designed by humans.
This extreme environment poses significant
challenges, making it nearly impossible for
people or conventional machines to remain at
such depths for extended periods. To explore
these profound depths, engineers create
specialized deep-sea submersibles made from
reinforced materials and equipped with precise
control systems. However, this engineering
expertise results in submersibles that are both
rare and costly.




2.3) The Cost: Why Manned Missions Are Rare

Sending humans into the depths of the ocean
is both perilous and extraordinarily costly. A
single deep-sea expedition can run into the
millions, necessitating pressurized vessels,
backup systems, and extensive preparation that
can take weeks. For comparison: Victor
Vescovo's record-setting dive to Challenger
Deep was accomplished with a submarine that
cost $48 million.

2.4) Limited Technology and Signal Problems

When it comes to navigating underwater,
traditional tools like GPS and radio waves fall
short because water blocks most
electromagnetic signals.




helping these robots navigate the depths of the targets (e.g., following a whale song or a
ocean more effectively. thermal vent plume).

Swarm intelligence: Projects like Harvard’s

3) ENTER ARTIFICAL INTELLIGENCE “Blue Swarm” deploy dozens of small Al

For decades, ocean exploration was slow, risky,
and limited by human endurance. Now, a silent
revolution is unfolding beneath the waves—
powered not by submarines, but by artificial
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3.2) Machine Learning for Data Interpretation

Al plays an indispensable role in data
interpretation, particularly in the vast domain
of oceanic research. The ocean generates an
immense volume of data from sonar readings,

intelligence. Al is turning the ocean’s greatest ;
video footage, and sensor measurements.

challenges into solvable puzzles, enabling
discoveries at speeds and depths once thought

impossible. g \lOB OT11C FISH)

3.1) AI-Powered Robots: The New Deep-Sea
Pioneers

Autonomous Underwater Vehicles (AUVs) and
Remotely Operated Vehicles (ROVs) no longer
just follow pre-programmed routes—they
think on the fly.

Real-time decision-making: Al allows drones
like Saildrone or MIT’s SoFi to avoid
obstacles, adjust paths, and even prioritize




Machine learning algorithms efficiently
analyze this extensive dataset at speeds that far
exceed human capabilities, uncovering subtle
patterns and identifying unknown species,
marine life, or significant environmental
changes. With Al at their disposal, researchers
can make groundbreaking discoveries in a
fraction of the time it would have previously
taken—years or even decades. Furthermore,
Al adeptly recognizes patterns in marine life
migration and pinpoint shifts in seafloor
topography, greatly enhancing scientists'
understanding of ecosystem dynamics and
changes.

3.3) Al in Acoustic Monitoring (Ocean Sound
Analysis)

Acoustic monitoring is a dynamic field where
Al is making remarkable advancements. With
impressive precision, Al systems classify and
analyze underwater sounds, enabling in-depth
studies of marine life communication and the
effects of human activities. For example, Al
expertly decodes whale songs, monitors
dolphin behavior, and identifies illegal fishing
by analyzing the sounds of boat engines. This
powerful acoustic intelligence is also
instrumental in tracking endangered species
and examining the behavior of marine
creatures in their natural habitats.

3.4) Detecting Illegal Activities

Artificial intelligence has emerged as a potent

Al can track vessels using satellite and sonar
data, identifying suspicious patterns indicative
of illegal fishing, oil dumping, or maritime
piracy. Additionally, it can detect unregistered
ships or those operating in protected areas,
thereby contributing to the safeguarding of
marine ecosystems from human-induced harm.

3.5) AI-Enhanced Mapping and Seafloor
Imaging

Al is revolutionizing the way we map the ocean
floor. Unlike traditional sonar, which only
provides rough, two-dimensional images, Al-
driven mapping enables the creation of
stunning high-resolution, three-dimensional
topographies. By effectively addressing gaps in
incomplete or unclear data, Al generates more
accurate and comprehensive seafloor maps.
These advanced maps are indispensable for
locating shipwrecks, charting underwater
volcanoes, and uncovering new geological
features. Furthermore, they are vital for
environmental monitoring, clearly illustrating
how the ocean floor transforms over time.

REAL-TIME SEABED MAPPING

4) APPLICATIONS BEYOND
MAPPING

While Al has significantly advanced ocean
mapping, its applications extend far beyond,
impacting various facets of marine science and
conservation.




4.1) Decoding Marine Animal Communication

The rise of artificial intelligence (Al) is advancing our understanding of marine animal
communication. Projects like Project CETI utilize machine learning to analyze sperm whale
vocalizations, aiming to decode their complex language. By identifying distinct acoustic patterns,
researchers seek to bridge the communication gap between species, enhancing interspecies dialogue.
This approach not only enriches our knowledge of cetacean communication but also has significant

implications for marine conservation, as it can inform more effective strategies to protect these
animals and their ecosystems.
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4.2) Monitoring Microbial Life

Al-powered robotic microscopes, such as
IBM's ocean-going microscopes, capture 3D
images of plankton, enabling real-time
classification and behavioral analysis. This
technology aids in monitoring ocean health
and understanding carbon cycles.
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4.3) Al in Marine Archaeology

Al assists in the discovery and analysis of
underwater archaeological sites by processing
sonar and imaging data to identify potential
artifacts and shipwrecks. This technology
accelerates research and aids in the
preservation of cultural heritage beneath the
sea.

4.4) Al-Driven Climate Modeling

Al contributes to more accurate climate
models by integrating vast datasets, improving
predictions related to sea-level rise, ocean

temperature changes, and the frequency of
extreme weather events.

4.5) Marine Protected Areas (MPAs)

Al analyzes ecological and human activity data
to optimize the design and management of
Marine Protected Areas. By identifying critical
habitats and assessing human impacts, Al
helps in creating effective conservation zones
that balance ecological preservation with
sustainable use.

5) MAJOR PROJECTS

1. FathomNet

An open-source image database designed to
train Al models for identifying marine species
and objects, enhancing automated analysis of
underwater imagery.

2. Ocean Vision Al

A collaborative initiative that leverages Al to
process vast amounts of underwater video
data, enabling large-scale biological
observations in marine environments.

3. Saildrone Surveyor

An autonomous, wind-powered vessel
equipped with advanced sensors and Al
capabilities to conduct high-resolution
mapping of the ocean floor and collect
oceanographic data.

4. Vityaz-D Autonomous Underwater Vehicle
A Russian-developed, fully autonomous
underwater vehicle capable of reaching the
deepest parts of the ocean, such as the
Mariana Trench, to conduct scientific research.




5. SeaDeep

An Al platform that enhances subsea
exploration by providing intelligent analysis
and monitoring of the ocean, improving the
efficiency and accuracy of data collection.
6.FathomGPT

A natural language interface that allows
researchers to interactively explore ocean
science data, facilitating easier access and
analysis of complex datasets.

7. AI-GOMS (AI-Driven Global Ocean
Modeling System)

A comprehensive Al-based system designed to
simulate and predict oceanic processes, aiding
in climate modeling and marine research.

8. Aeolus Ocean

A simulation environment that utilizes deep
reinforcement learning and maritime object
detection to train autonomous surface vehicles
for safe and efficient navigation.

9. CUREE Robot

An Al-driven robotic system developed by
WHOI scientists to identify and track marine
animals like fish and jellyfish in coral reef
environments.

10. IBM's Ocean-Going Microscopes

Robotic microscopes that employ Al to
capture and analyze 3D images of plankton,
providing insights into these vital components
of the marine ecosystem.

6) RISKS AND THE FUTURE

As artificial intelligence dives into the ocean's
depths, it brings with it not only incredible
potential—but also serious ethical and
environmental dilemmas.

6.1) Could AI Disrupt Ecosystems?

Underwater robots and autonomous vehicles
possess the ability to gather data without
disrupting marine life, but this capacity hinges
on careful management. Excessive noise from
sonar, intense lighting, or even minor physical
disturbances can confuse or harm species that
have evolved in a relatively silent and dark
environment. If Al-powered tools are deployed
irresponsibly or on a large scale without
appropriate regulations, we risk
unintentionally disrupting the very ecosystems
we aim to protect.

For example, deep-sea mining robots, guided
by Al, are currently being tested to extract rare
minerals. However, scientists caution that these
machines could potentially destroy habitats
that have taken millennia to develop and may

release toxic sediments that threaten marine
life.

6.2) Who Owns Ocean Data?

A significant portion of the ocean exists in
international waters—regions that do not
belong to any one nation. Therefore, when a
private company employs Al to collect data on
deep-sea minerals, marine biodiversity, or
climate-sensitive areas, questions arise: Who
has ownership of that information? Should it
be accessible to the public? Can it be
monetized?

The absence of global regulations regarding
ocean data ownership presents complex issues
related to equity, sovereignty, and scientific
transparency. Without established guidelines,



we face the potential for a digital land grab of
ocean resources—not in the traditional sense,
but through proprietary datasets.

6.3) What Happens When AI Outpaces
Regulation?

The advancement of Al is outpacing the
development of policies. Although maritime
treaties exist to manage ships and resource
usage, there is currently no clear global
framework for Al-operated vehicles, data-
collecting drones, or algorithm-driven ocean
surveillance. If left unregulated, Al could
facilitate overfishing, circumvent conservation
zones, or even conduct espionage under the
pretense of research.

Similar to climate change, the integration of
Al in oceanic matters necessitates international
collaboration and regulation—before
irreversible damage occurs.

6.4) The Need for Transparent, Sustainable Al

It’s not just about building smarter tech. It’s
about building responsible tech. That means:
« Designing Al systems with minimal
environmental impact
« Making data and algorithms open-access
wherever possible
« Creating clear ethical guidelines for how Al
can and cannot be used underwater
« Involving marine scientists, local
communities, and policymakers from the
beginning
Only then can we ensure that this powerful
technology serves the ocean, not exploits it.

/) CONCLUSION

The ocean has always stood as Earth’s final
frontier—vast, unexplored, and brimming with
mystery. Today, with the power of artificial
intelligence on our side, we are unveiling its

secrets like never before.

Drones are surveying coral reefs, Al is
unraveling the intricate language of whales,
and algorithms are mapping underwater
mountains that tower even above Everest.
Every byte of data reveals deeper insights into
the ocean's hidden life. We have a pivotal
decision to make: will we leverage Al to
safeguard our seas, or will we repeat historical
mistakes by exploiting resources first and
reflecting later?

This choice will influence not just the future of
marine ecosystems, but also the health of our
climate, the richness of biodiversity, and the
very survival of humanity.

The era of "smart oceans" has arrived, and we
must be bold and wise in our approach to
harness this technology for the greater good.
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The Gaia Hypothesis, formulated by British
scientist James Lovelock during the 1970s,
suggests that Earth is one living system that is
self-regulating. In this hypothesis, living
organisms give and take materials and energy
with their inorganic surroundings to keep the
environment favorable for life. The most vital
part of this system is the hydrosphere—Earth's
water bodies, such as oceans, rivers, lakes, and
groundwater, which play a vital role in
controlling climate, sustaining biodiversity, and
maintaining ecological balance.

Lovelock and microbiologist Lynn Margulis
suggested that life not only adapts to the
environment but actually alters it in a way that
is favorable to life itself (Lovelock, 1979). The
hydrosphere in the present context is not a
passive medium but a component of this life-
controlling system. It is in continuous contact
with the atmosphere, lithosphere, and
biosphere, enabling crucial processes like
nutrient cycling, temperature regulation, and
climatic stabilization.

Perhaps one of the most obvious
demonstrations of the Gaia Hypothesis as
applied to the hydrosphere is the regulation of
Earth's temperature. Oceans, which cover the
majority of the hydrosphere, trap sunlight
energy and conduct heat around the Earth
through currents. This control of heat
produces a relatively stable life-friendly climate.
In addition, water evaporation and
condensation drive the hydrologic cycle,
regulating weather and global homeostasis.

Phytoplankton, microscopic marine organisms,
present a further compelling argument. They
are not only a primary source of atmospheric
oxygen generation via photosynthesis, but also
affect cloud development. They emit
dimethylsulfide (DMS), which oxidizes to
sulfate aerosols that act as cloud condensation
nuclei (Charlson et al., 1987). Clouds, by
reflecting sunlight, chill the planet. This self-
reinforcing cycle demonstrates how
hydrosphere life actively modulates climate—a
basic premise of Gaia theory.

Additionally, the hydrosphere supports
biochemical cycles of life, such as the carbon
cycle and the nitrogen cycle. The oceans take
up enormous quantities of carbon dioxide to
reduce the greenhouse effect. Freshwater
sediments and wetlands harbor nitrogen-fixing
bacteria that fix the nitrogen in the atmosphere
into forms assimilable by plants, a clear
reflection of the interdependence of life and
water systems.

Gaia Hypothesis has been accused of
anthropomorphizing the Earth and being
untestable. Yet, its supporters claim that it is a
useful model to explain Earth's sophisticated
feedback systems and the importance of
biosphere-environment interactions (Lenton,
1998). The hypothesis is not postulating that
the Earth is intentional or aware, but it is
pointing to synergistic interactions among life
and physical components of the Earth.

Contemporary re-interpretations of Gaia, like



the "Earth System Science" paradigm, apply the hypothesis metaphorically to understand planetary-
scale feedbacks. Human-induced climate change, ocean acidification, and disruption of the water
cycle are indicators that these self-regulating processes are being disrupted. Warming degradation of
the hydrosphere by pollution, over-extraction, and other processes not only damages biodiversity but
also upsets the finely tuned balance that has been preserved for thousands of millennia. In
conclusion, the Gaia Hypothesis offers a profound perspective on the hydrosphere—not just as a
resource, but as a dynamic, life-interacting system crucial for planetary stability. Understanding the
hydrosphere through the lens of Gaia encourages a deeper appreciation of Earth's interconnected
systems and underscores the urgency of protecting water bodies to sustain life on our planet.

THE GAIAHYPOTHESIS B i
AND THE HYDROSPHERE
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* Oceans help regulate Earth's
climate by transporting heat
and moisture

* Phytoplankton produce oxygen
and influence cloud formation

« Supports cycles of carbon,
nitrogen, and other elements
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Plastic pollution has become an ecological
crisis, particularly in aquatic life. The fossil
fuel-derived traditional plastics break down in
a span of several centuries and contribute to
oceans, rivers, and lakes, adversely affecting
marine species and polluting water bodies.
With the challenge posed by the plastic
pollution crisis, bioplastics—green and
renewable materials based on natural biological
sources—have come to prominence. Of all the
candidate materials for bioplastics, algae is
perhaps one of the best, since algae is a quick-
growing non-food crop, which provides an
ecological solution for eliminating plastic
pollution and water contamination.

Algal bioplastics are produced from
macroalgae (seaweed) or microalgae that have
high concentrations of carbohydrates, lipids,
and proteins. Biomolecules are cultivated and
can be processed to yield the same type of
polymers as petroleum plastics. In contrast to
traditional bioplastics derived from food plants
like corn or sugarcane, algae farming does not
interfere with food crops or occupy arable land
and freshwater resources—being the ideal
solution for sustainable development (Shen et
al., 2020).

One of the biggest strengths of algae-based
bioplastics is that they are biodegradable.
When they are discarded, they break down
more quickly in natural systems, reducing the
long-term impact on aquatic life. This feature
directly addresses the problem of water
pollution, especially in oceans where
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microplastics have become a major concern.

Microalgae can even be genetically modified to
produce biodegradable polyesters such as
polyhydroxyalkanoates (PHAs), which break
down without releasing harmful chemicals
(Singh et al., 2017). In addition to this, algal
aquaculture for bioplastic production can be
adapted for water body cleansing by removing
excess nutrients such as nitrogen and
phosphorus in agricultural runoff. This is what
1s known as bioremediation and, besides
stimulating the growth of algal biomass, also
reduces the occurrence of eutrophication—a
process which results in the formation of
harmful algal blooms and oxygen levels in
water bodies (Mooij et al., 2010).

Besides, algae can also be grown alongside
wastewater treatment plants with the added
benefit: wastewater treatment and biomass for
the synthesis of bioplastic. Such a combined
process helps to showcase the circular economy
character of algae wherein waste is converted
into a resource and pollution is minimized
using effective biological processes.

In recent years, research institutions and firms
have started commercializing algae-based
bioplastics. For example, scientists at India's
Indian Institute of Technology (II'T) Guwahati
created biodegradable cutlery from seaweed
extract, while Algix, an American company,
designed "Soleic," a stretchy bioplastic
formulation from algae found in polluted water
sources (Algix, 2020). These developments



indicate that algae-based alternatives are feasible and scalable.

Despite all these advancements, there are challenges that still need to be addressed. Cultivating and
processing algae can be costly, and production standardization remains in the developing stage. Still,
with increasing government push, green technology subsidies, and increased consumer demand for

environmentally friendly products, the future is bright for algae plastics.

In short, algae offer a green and eco-friendly alternative to conventional plastics. By using this water
biomass for bioplastics, we not only reduce our reliance on fossil fuels but also tackle the growing

issue of water pollution. Algae bioplastics are a strong argument for how green technology can help
make oceans cleaner, the environment healthier, and the planet greener.
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When we think of drones, the first thing that
we picture in our minds is flying gadgets
buzzing through the sky, taking videos, or
delivering packages to doors. But among
thousands of types of drones, there is another
kind of drone that doesn’t fly, but swims.
Water drones, also called aquatic or marine
drones, are becoming increasingly popular for
how they help scientists, fishermen, and
environmentalists explore, monitor, and
interact with the world under the surface.

What Are Water Drones?

Water drones are unmanned vehicles (image 1)
that either float on water (surface drones) or
dive beneath it (underwater drones). They are
like the drones that fly in the air, but for water,
equipped with the same cameras, sensors, and
sometimes robotic arms or propellers. Those
robotic arms are quite common when the
drones are dealing with picking, putting, or
moving activities beneath the water, where a
human hand can’t reach. Overall, there are two
main types:

« ROVs (Remotely Operated Vehicles) —
drones that are controlled by humans in
real time.

« AUVs (Autonomous Underwater Vehicles)
- drones that can explore on their own
using pre-programmed instructions and
Al

The size of the drones can vary, from a
shoebox-sized one to bigger drones that can
carry scientific equipment for deep-sea
research.

BY: Davit
Tamazyan

What Can They Do? A Lot More Than You’d
Think

Now, water drones are used in countless
surprising ways, and some of them are:

« Environmental Monitoring: Water drones
help researchers measure pollution levels,
check water temperature, and even
monitor algae growth. They can collect
samples or take photos of coral reefs to
track bleaching and damage caused by
climate change. They can get into places
that are impossible for divers to get into,
which brings us to the next point in
research and development.

« Search and Rescue: In places that are too
dangerous for people—Ilike flood zones,
ice-cold lakes, or disaster-hit areas—water
drones can go in first. Equipped with
sonar or thermal sensors, they search for
missing people or debris.



« Fish Farming & Fishing: Aquaculture of those drones are even more varied and
farms use drones to check on fish health, needed.
monitor feed levels, and inspect
underwater nets. Even individual
fishermen use drones with underwater
cameras to locate schools of fish.

« Archaeology & Exploration: Some drones
help explore shipwrecks or submerged
ruins. They provide a close look at
underwater historical sites without needing
expensive diving operations.

 Military and Security: Some countries use
water drones to detect underwater mines,
patrol coastlines, or inspect ships at ports
to prevent illegal activities.
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drones can now come up with their own

decisions. For example, researchers use Al-

powered drones to track endangered animals

like sea turtles or whales without bothering

them, using only quiet propulsion and smart

movement.

Where Are We Headed?

Water Drones are getting more and more
advanced and are being widely used with the
increasing demand for ocean exploration and
Al developments. Moreover, with the
advancement in technology, the functionalities
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The number and duration of droughts
increased globally by almost 29% since 2000,
according to the World Meteorological
Organization. That’s a serious problem,
especially as more regions face water shortages,
dry crops, and rising heat due to climate
change. Because of this, scientists and
governments are looking into new ways to deal
with drought — including the idea of artificial
rain.

What Is Cloud Seeding?

Artificial rain is made through a process called
cloud seeding. In an attempt to make clouds
produce rain when they normally wouldn’t,
small particles of silver iodide, dry ice, or salt
are released into the cloud. This can be done in
2 ways: from ground-based generators or from
aerial methods. In the case of ground-based
generators, these particles are emitted from the
ground into the air. Acting like ice nuclei, they
provide a surface for water vapor to freeze and
form snowflakes or raindrops. In other words,
they help water droplets stick together and
grow until they’re heavy enough to fall as rain.
These particles can also be released through
aircraft and drones. This method offers more
flexibility and allows for a more efficient
seeding. Cloud seeding doesn’t work on every
cloud, but if the cloud has enough moisture

The Process

Before planes can release the particles, a
number of conditions must be met, including
the right temperature, humidity, wind
direction, and speed, but most importantly —
a “seed”, something solid and cold around
which ice can form and turn into rain or snow.
Once these conditions are met and the plane
reaches the correct altitude, the chemical, most
commonly silver iodide, is emitted through
cylindrical flares. Due to the compound's
molecular structure, near-perfect seeds are
achieved for ice crystals to form on each time,
even in warmer weather.

already, seeding it can sometimes cause or
initiate rainfall.

Experimental nanomaterial is released during a
demonstration cloud-seeding flight over Al Ain, United Arab
Emirates. The New York Times

o




A Brief History of Artificial Rain

Cloud seeding has been around for decades. In
fact, the first experiments with cloud seeding
were done in the 1940s in the United States.
Today, countries like the United Arab
Emirates, China, Saudi Arabia, Australia, and
parts of the United States still use this method.
For example, the UAE has spent millions of
dollars flying seeding planes to increase rain in
desert areas. Their government views cloud
seeding as a critical tool to mitigate drought
and support economic growth. Meanwhile,
China used cloud seeding before the 2008
Olympics to clear the skies and improve air
quality. In some places, studies show that cloud
seeding can increase rainfall by 5% to 30% —
but the results aren’t always consistent.

The Challenges of Cloud Seeding

Even though cloud seeding sounds promising,
it comes with challenges and ethical concerns.
First, it’s hard to prove if the rain was caused
by seeding or if it would have happened
anyway. Second, some people worry about the
environmental effects of using chemicals like
silver iodide. While it's considered safe in small
amounts, long-term impacts are still being
studied. There are also ethical questions — like
what happens if one area creates rain that
might have naturally fallen in another area
nearby. Could cloud seeding lead to water
conflicts?

The Future of Artificial Rain

Still, researchers are trying to improve the
technology. Some are testing new materials
that are safer for the environment, while others
are using Al, satellites, and weather models to
better predict when and where seeding will
work best. There's even work being done with
electric charge methods — trying to trigger

.

rain without the use of chemicals at all.
Can Artificial Rain Solve Drought?

So, can we solve drought with artificial rain?
The answer isn’t simple. Cloud seeding won’t
replace natural rainfall or solve the bigger issue
of climate change. But in places where water is
running out, it might offer some short-term
help — especially when combined with water
conservation, smarter farming, and new
technology.

NOJUNE &
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IN THE SILENCE BETWEEN YOUR THIRST AND A SCIENTIST'S SOLUTION
LIES THE HEARTBEAT OF A NATION'S FUTURE

There exists a peculiar mathematics to desperation: one that rural India knows intimately. It is the
equation of walking five kilometers for water that may not exist, of watching crops wither while monsoon
clouds mock from above. In Chennai, they called it Day Zero: when 4.6 million people would turn taps
that had forgotten how to flow.( How to Stop Another “Day Zero,” n.d.; Parvatam & Priyadarshini,
2019) In Bengaluru, tech workers who could code the future found themselves queuing for water tankers
like their ancestors once queued for grain during famines.

But numbers cannot capture the sound of a mother's footsteps at 4 AM, walking to a well that grows
deeper each year while her hope grows thinner. They cannot measure the weight carried by small
shoulders—not just water pots, but dreams deferred, education abandoned for the daily pilgrimage to
distant springs. Water scarcity is not just an environmental issue but a social, economic and human rights
crisis. (Kimutai et al., 2023)
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Figure 1. A woman and children in rural India walk miles under the scorching sun to fetch water, a daily reality that
reflects the deep-rooted water crisis and the resilience of communities striving for survival.
Photo by Gyan Shahane on Unsplash
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https://unsplash.com/photos/woman-in-green-and-white-dress-holding-white-ceramic-jar-xuwdUAgEBqc?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

The Alchemy of STEM

Yet, hope flows from the wells of innovation,
science and stem! Indian science communities
are pioneering the solution. Despite these
daunting challenges, India is not powerless. In
Mumbai's treatment facilities, membrane
bioreactor technology performs daily miracles,
cleansing millions of litres of wastewater with
molecular precision. Each drop that emerges
clean carries the promise that nothing: not

even our discarded past, is beyond redemption.

( Leading India’s Water Treatment Revolution
Through Innovation, n.d. )

The Classroom Catalyst

In small colleges in rural India, engineering
students map groundwater resources with the
dedication of cartographers charting new
worlds. Their eyes strain over data others
might find mundane: water table depths,
recharge rates, aquifer boundaries, but they see
the blueprint of survival.

These young minds understand that STEM is
not merely about theorems and formulas; it is
about translating compassion into code,
converting empathy into engineering solutions.
When they design affordable filtration systems,
they're not just removing contaminants—
they're filtering out despair, clarifying futures
clouded by uncertainty. Their professors speak
of hydraulic conductivity, but students hear
something deeper: the language of land
speaking to sky, of earth remembering rain, of
science serving not just knowledge but justice.

The Democracy of Solutions

Perhaps the most beautiful aspect of India's
water revolution is its democracy. Innovation
flows not just from prestigious institutes but
from unexpected springs: a farmer in Punjab

who installs sensors to whisper to his crops
exactly when they thirst, a school teacher in
Kerala who turns her students into citizen
scientists monitoring local water quality.
(Sensors Being Installed to Detect Water Theft
in Punjab - Pakistan - DAWN.COM, n.d.;
Sowing Seeds for Water Security | IDR, n.d.)

The Jal Jeevan Mission represents more than
infrastructure; it embodies the radical idea that
clean water is not a privilege to be earned but a
right to be ensured. Every pipe laid carries the
revolutionary message that geography should
not determine dignity, that postal codes should
not dictate access to life's most basic need.
(Singh & Naik, 2024)

The Ripple Effect of Hope

When we speak of STEM's role in solving
India's water crisis, we often focus on the
technical: sensors, membranes, modeling
software. But the most crucial component
cannot be quantified: hope.

Hope transforms a village woman from a
victim of circumstance into an advocate for
change. Hope turns a discouraged farmer into
an adopter of precision irrigation. Hope
converts a curious student into tomorrow's
water warrior. This hope is contagious,
spreading through communities like beneficial
bacteria through healthy soil, multiplying with
each success story, compounding with every
innovation.

The Eternal Equation

India's water story is ultimately about
transformation: of mindsets, of molecules, of
possibilities. It reminds us that the most
powerful force in the universe is not gravity or
electromagnetic energy, but human
determination channelled through scientific
understanding.



In every laboratory where researchers labour
over new purification methods, in every
classroom where students learn to read the
language of watersheds, in every community
where citizens choose conservation over
consumption, the future is being written drop
by precious drop.

The ancient Vedas proclaimed "Sarve bhavantu
sukhinah"- may all beings be happy. Today's
water scientists carry forward timeless
aspiration, armed not with mantras but with
science, not with prayers alone but with
polymers and processes that can make those
prayers manifest.

The rivers may have forgotten how to flow
freely, but they remember the scientists
working to restore them. The aquifers may lie
depleted, but they await the engineers
designing their revival. The monsoons may
arrive erratically, but they find communities
prepared with harvesting systems born from
hope and built through knowledge.

India’s water crisis is daunting, but it is not
insurmountable. With determination,
innovation and utilizing the collective power of
STEM, we can turn the tide, and it’s the right
time to do so. This is a call to every citizen,
policymaker, student, and innovator: lets act
now, harness the knowledge, and build a future
where every Indian has access to clean, and
reliable water.

For in the end, the measure of our civilization
will not be in the height of our buildings or the
speed of our 6G networks or upcoming
starlink, but in our ability to ensure that no
child ever knows the mathematics of thirst in a
world abundant with solutions.

Yours in hope and action,
A fellow Indian
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Introduction

The hashtag #watermemory has amassed over
10,000 videos across social media platforms,
accumulating millions of views (Instagram,
n.d.; TikTok, n.d.). For many, the concept of
water retaining memory was first introduced in
the 2019 film Frozen II (2019), with the
snowman Olaf asking trivially, “Did you know
that water has memory?”. Despite the
allegations, the veracity of the statement
remains. This article hence aims to explore the
intricacies of the theory and its accuracy and
verifiability according to a scientific
perspective.

The Benveniste Affair

French immunologist Jacques Benveniste was
the first to propose water memory, publishing
a research paper in the prestigious journal
Nature in 1988 to detail his colleagues and his
findings regarding the result of their
experiment involving the anti-IgE antibody, a
type of antibody that targets and binds to
immunoglobulin E (IgE) molecules. His paper
claimed that regardless of whether a solution
of anti-IgE antibodies was diluted to the extent
that no individual antibody molecules were
intended to remain, the solution may
nevertheless elicit a response from basophils (a
type of white blood cell) as if the antibodies
remained present (Davenas et al., 1988).

This implied that the water had supposedly

“remembered” the antibody despite no particle
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being believed to be in the mixture anymore;
this supported homeopathy, a form of
alternative medicine contending that extreme
dilutions of a substance may still maintain its
prior effects (Homeopathy, 2017).
Homeopathy, however, contradicts with the
laws of physical chemistry, which posits that
during which a chemical is diluted beyond a
particular threshold, no molecules of the initial
substance persist, therefore resulting in no
impact (Schulz et al., 2023). Benveniste’s
findings are hence also null and invalid, which
is further enforced by the controversy that
followed as an investigation was launched by
Nature editor John Maddox, scientific skeptic
James Randi and biomedical scientist and
fraud expert Walter Stewart, who were unable
to fully replicate Benveniste’s results (Maddox
et al., 1988). Other replications conducted by
other researchers additionally failed as well,
thereby disproving Benveniste’s experiment.

Montagnier and DNA Teleportation

Despite one failed experiment to prove the
hypothesis that water has memory, Luc
Montagnier, a Nobel laureate, tried his luck on
the concept, applying the proposed idea on his
research with deoxyribonucleic acid (DNA).
Montagnier attempted to separate the
bacterium Mycoplasma pirum from viruses in
a liquid mixture through filtration, but initially
failed to do so as he was unable to grow the
bacterium. He then added the filtered liquid to
lymphocytes, succeeding to extract the gene of



the bacterium. Montagnier believed that the low frequency of the electromagnetic waves from the
highly diluted water was the cause of this occurring, suggesting that despite the bacterium no longer
being anatomically present in the water, the water had kept its memory of the bacterium gene

(Montagnier et al., 2009; Montagnier et al., 2011).

wocomoDOCS. (2014). Animation of Montagnier’s experiment. 2014 Documentary about Nobel Prize laureate Luc
Montagnier. [ YouTube Video]. In YouTube. https://www.youtube.com/watch?v=R8Vy UsVQOic0

Once more, another experiment surrounding
homeopathy gained widespread criticism.
Some critics argued that during the process of
polymerase chain reaction (PCR)
amplification, his sample was contaminated as
the amplification occurred in Italy, Rome,
while the signal was recorded in Paris, France
(Lowe, 2011). Others attested methodological
flaws that involved blinding or validation from
neutral third parties who contributed to the
investigation (Leister, 2024). It is also revealed
that the initial conclusions of the study were
publicized through the media and non-peer-
reviewed forums instead of peer-reviewed
prestigious scientific journals (Ball, 2013).
Regardless of the criticism, other individual
studies failed to replicate his results of DNA
teleportation, with the majority of experts
believing that this particular experiment
remains a fringe hypothesis lacking empirical

evidence.

Conclusion

Ultimately, the theory that water has memory
relies on homeopathy, which is now widely
recognized as pseudoscience. While
experiments like Benveniste and Montagnier’s
works may indicate otherwise, it is important
to note that bias or methodological errors were
likely causes for these occurrences to happen.
It is therefore certain to conclude that
according to the laws of physical chemistry,
water is unable to have memories on a
molecular standard as the initial substance
becomes highly diluted to the extent of non-
existence in the final solution, leaving no
atomic remains chemically, thus being unable
to retain any trace from a prior substance.



https://www.youtube.com/watch?v=R8VyUsVOic0
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Introduction:

Imagine a time when our next major source of
water is located entirely off our Mother Planet,
Earth? For many years, researchers and space
organizations have looked for one of the
crucial components for life, and that’s water,
that too, outside our planet. Currently, with
recent findings, we are closer to utilizing lunar
ice as a vital resource that may transform the
future of space exploration and existence on
Earth.

What is Lunar Ice?

Let’s discover the origin of Lunar Ice. Lunar
ice refers to the frozen water that is located in
the craters of the Moon that are perpetually
shadowed, primarily near the poles, where
sunlight cannot penetrate. These areas
continue to be very cold, enabling ice to
remain frozen for potentially billions of years.
In 2009, NASA's LCROSS mission verified the
presence of water ice in a crater close to the
Moon's south pole, revealing numerous
possibilities.

What Makes Lunar Ice So Significant?

Water serves purposes beyond hydration. It
can be split into hydrogen and oxygen, the
essential components for rocket fuel and air to
breathe. This implies that upcoming astronauts
might be able to “live off the land” rather than
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transporting water from Earth, lowering
mission expenses and enhancing sustainability.
Envision a moon base where ice from the
Moon generates water that fuels rockets,
sustains greenhouses, and enables human
survival on a different planet.

Underlying Research:

There are several technologies based on
research, such as;

« Hydrolysis technology: Employing
electricity, potentially from solar power
sources, the water can be divided into
hydrogen and oxygen.

« ISRU (In-Situ Resource Ultilisation): This is
a key idea in space science, utilising nearby
resources such as lunar ice, rather than
shipping them from Earth.

« Regolith filtration systems: Researchers are
developing devices that can liquefy ice
found in lunar soil, referred to as regolith
and purify it for safe consumption.

Innovations Enabling Realization:

« NASA's VIPER rover (Volatiles
Investigating Polar Exploration Rover),
scheduled for launch soon, would survey
and study the Moon's ice to determine its
quantity and the ease of extraction.

« Microwave drills: Unique drills designed to
melt ice rather than fracture rocks, which
proves more effective in lunar
environments.



« Mini water extraction units: Compact
devices created by firms such as Astrobotic
and Honeybee Robotics aimed at
extracting and purifying water on the
lunar surface.

For Earth, What Does it signify?

While this may appear to be a distant concept,
the technology developed for lunar ice could
also benefit us here on Earth. Water
purification systems, solar-driven electrolysis,
and effective resource utilisation can aid
remote regions, disaster-stricken areas, and
help lessen dependence on Earth's finite water
resources.

Additionally, the quest for water in space
highlights the value and scarcity of clean water
right here on Earth. If we are ready to extract
water from the Moon, shouldn’t we strive more
to safeguard what we possess on Earth?

Bringing Out a Larger Perspective:

The Moon might serve as a refueling hub for
missions to explore deeper space, such as Mars.
This renders lunar ice not merely a scientific
interest, but a valuable strategic asset. It
transforms the Moon from merely a
destination into a passageway to the stars.

Conclusion:

Today’s teenagers could be the generation of
future scientists, engineers, and explorers who
will finally achieve sustainable space travel.
Lunar ice is now a reality; it's our next
significant leap in human advancement.
Everything begins with water.
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Water — a substance chemically defined as a
covalent bond between hydrogen and oxygen
atoms — is best known as the universal answer
to the question: “What do living organisms
need to survive?” For centuries, water has not
only served as a vital source of hydration for
humans but has also nourished plants and
crops, enabling them to grow and coexist
alongside us. As civilizations began seeking
ways to simplify and improve their lives, they
developed technologies, and one of the most
significant breakthroughs was made possible
by water itself. By analysing its chemical
behaviour, people invented systems and
mechanisms that supported both ancient
societies and continue to benefit the modern
world. Ancient civilizations, in particular, built
impressive water supply systems by applying
two basic hydraulic principles: water flows
downhill and water finds its level (Magazine,
2020).

Have We Grown Smarter or Merely More
Dependent on Complexity?

When we compare ancient water technologies
with modern ones, the latter may seem more
effective at first glance. However, that
perception begins to shift when we evaluate
them through the lens of cost, complexity, and
sustainability. Over the decades, scientists and
engineers have made remarkable progress on
ancient water technologies. The gqanats in
Persia modernized into electric borwells and
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groundwater pumps, stepwells into reservoirs,
and shadufs into mechanical water pumps, but
modern technologies have sacrificed
sustainability. The Roman aqueduct was a
channel used to transport fresh water to highly
populated areas. Aqueducts were amazing
feats of engineering given the period. They
were made from a series of pipes, tunnels,
canals, and bridges. Gravity and the natural
slope of the land allowed aqueducts to channel
water from a freshwater source, such as a lake
or spring, to a city. (Roman Aqueducts, n.d.)
Without electricity or plastics, the Roman
aqueducts carried millions of gallons per day
using only gravity and stone. Our water
networks now depend on expensive, high-
maintenance pumps and treatment facilities
that are prone to outages. Are we sacrificing
resilience for control, or are we making
progress? The Roman aqueducts have been
modernized into pressure pumps and steel
pipelines. These pipelines are often made from
carbon steel and low-grade alloy steel, which
are susceptible to corrosion attack by acidic
processes inside the pipelines and their
electrochemical interactions with the
environment (Askari, Keshavarz, & Momeni,
2019). Leaking water may contribute to soil
erosion, causing sedimentation and even
flooding in surrounding areas. In California,
for example, a 762 mm steel pipe failure in
2014 led to widespread flooding of walkways
and garages (Piratla, Ariaratnam, & Lanyon,
2025). Despite the speed and size of modern



technology, sustainability, resilience, and long-
term dependability are frequently sacrificed in
the process. Despite having few resources,
ancient societies created solutions that not
only functioned but also lasted. Maybe we
ought to ask if we've made progress in a
sensible manner rather than merely whether
we've made progress at all. Going back to the
lessons learned in the past may be the most
progressive thing we can do in a world where
environmental fragility and water scarcity are
becoming more severe.

Are We Ignoring Our Best Teachers — The
Ancients?

The growing water crisis we face today could,
in many ways, be alleviated by turning to
ancient hydrological wisdom. Civilizations of
the past didn’t just manage water — they
integrated it into the very fabric of their cities.
To prevent flooding, they built drainage
systems that doubled as natural reservoirs,
capturing and storing excess rainwater as part
of strategic urban planning. Swales — shallow,
vegetated ditches — were commonly used to
guide surface runoff while filtering it at the
same time. (Jason, 2024). Why, then, are we so
hesitant to incorporate these time-tested
solutions into modern city design? Instead of
sealing everything in concrete and asphalt,
ancient towns often used permeable materials
like gravel, sand, and compacted earth for
roads and walkways. This allowed rainwater
to seep back into the ground, reducing runoff.

It’s time we stop overlooking the value of these
ancient techniques. Ancient hydrological
knowledge shouldn’t be seen as outdated; it
should be seen as a foundation for innovation.

Conclusion

Water technologies influence us across a broad

spectrum — from daily convenience to global
challenges. But beyond that, they hold the
potential to help us mitigate the wider
environmental crisis through innovative,
reflective thinking. In today’s world, water
pollution is at its peak, and it's not unthinkable
that we could soon face severe water scarcity,
where people may once again have to walk
long distances to fetch clean water. Ancient
engineers approached water with curiosity,
precision, and respect. They inspire us to
revisit the fundamentals of water chemistry
and think creatively, as they once did. Water,
the universal solvent, just might help us solve
some of our most universal problems.
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Introduction

Water is the most plentiful natural resource, but over 2 billion people lack access to clean and safe
drinking water. According to the United Nations, by 2030 700 million people could be displaced by
water scarcity. Water scarcity is a far-reaching issue that has severe consequences in multiple areas.
Water scarcity happens when demand for water exceeds supply (physical scarcity) or when there is
poor management of water or infrastructure —for example, pollution and contaminated runoff—
called economic scarcity. 1.2 billion people live in areas of physical scarcity and 1.6 billion with
economic scarcity. Though often assumed to affect only select regions, water scarcity is a global issue
with widespread consequences.

Background

Some causes of water scarcity are growing populations, which lead to increased reliance on water,
increased dependence on industry and agriculture in modern times depleting water supply, and
climate change, which alters weather patterns, causing droughts, heatwaves, and irregular rainfall
that reduce water availability. Water scarcity negatively affects women and children the most, as the
role of collecting water over large distances prevents them from going to school or work.
Additionally, in places like the Gaza Strip,
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aquifers— bodies of sediment or rock
containing water— are exhausted, and large
industries have limited water to use over a
large area. According to UNICEF, these issues
have become so widespread that four billion
people experience water scarcity for at least
one month out of the year.

Water Scarcity Around the World

In the Gaza Strip, water scarcity has been a
serious issue. The Gaza Strip has one aquifer,
which is used to its limits. Additionally, Israel
imposed a blockade on the Gaza strip, making
it expensive and difficult to buy clean water,
and limited the water going into the Gaza
strip. In the present conflict over 50% of water
sources in Gaza were damaged by bombings,
including water purifiers. Due to said conflict,
munitions have leaked into the water supply,
bringing with them harmful diseases. People
have been displaced from their shelters and
homes just to procure contaminated water.

In Africa, roughly 25% of the population
suffers from water scarcity. This especially
rings true in Sub-Saharan Africa, which faces
one of the most severe cases of water scarcity—
only twenty to thirty percent of inhabitants
have access to clean water. One cause of water
scarcity is due to limited economic growth,
leading to insufficient infrastructure to
support clean water. Another cause lies in
disputes over territorial boundaries; The
effects of water scarcity are devastating— water
scarcity impedes recovery to diseases like
malaria, a disease that plagues 90% of the
African continent, and other diseases like
AIDS and diarrheal diseases.

Even highly developed nations are not immune
to water crises, as demonstrated by the Flint,
Michigan case. In the United States, the city of
Flint, Michigan faced a serious water crisis
after the city made the decision to switch from
their previous water source to the Flint River

in order to save money. Insufficient water
treatment and the prevalence of corroded lead
pipes caused the water to turn a red colour due
to the lead in it, and caused diseases and
increased lead levels in children’s blood.
Residents and community members in Flint
lobbied for change at the local and
governmental level, and in November 2016, the
government was ordered to replace faulty
water filtration systems in homes, in March
2017 the city was required to replace all lead
pipes. However, progress in following these
orders has been slow; a three year project to
replace lead service lines is still in progress as
of March 2024, and safe water in Flint and
elsewhere is not yet guaranteed.

This image provided by FlintWaterStudy.org shows water samples
from a Flint, Mich. home. The bottles were collected, from left, on
Jan. 15 (2), Jan. 16 and Jan. 21, 2015. 2016. time.com,
https://time.com/4189116/flint-michigan-water-study-photol.

Efforts to combat water scarcity

Economic and political efforts to combat water
scarcity include sustainable farming practices,
improved governance, and financial aid to
improve water-related infrastructure. These
include international treaties to remedy climate
change, community involvement to protect
water, and developing governmental
frameworks in order to encourage water
conservation. In Basra, Iraq, UNICEF



worked closely with local governments by
funding internal improvements like pipes and
storage tanks, and heading initiatives to
regulate water distribution and rationing.

Technological efforts to fight water scarcity
include improvement of irrigation systems,
desalination, and rainwater harvesting and
recycling. Some efforts to implement new
technologies have been carried out by
UNICEF as well, including desalination in the
Gaza strip and using remote sensing to detect
water in Ethiopia and Madagascar.
Desalination refers to extracting seawater,
filtering it, separating water with low and high
salt concentrations, disinfecting, and mixing
the desalinated water with pure water to create
water safe for drinking. UNICEF worked to
establish four desalination plants in Gaza that
can serve 250,000 people. In Ethiopia and
Madagascar, satellites are used along with
hydrogeological investigation techniques in
order to scan the ground to locate groundwater
sources. Once the satellites have scanned, they
then process the data by soil type, land usage,
and slope to make a decision on where to drill
for groundwater. These measures have proven
to be about twice as efficient as digging wells
for groundwater in Ethiopia and provide safe
and clean water for people in rural
communities.
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The Problem: Water Waste in Farming

Water is essential not only for people but also
for growing the food we eat. Nearly 70% of all
freshwater globally is used in agriculture.
Unfortunately, a significant portion of that
water is wasted due to inefficient irrigation. It
can be wasted, whether from overwatering
certain areas or watering at the wrong times.
However, as water scarcity continues to be a
huge problem for many regions, there is a need
for a smarter, more efficient solution.

With the extreme rise of Artificial Intelligence
(AI) across almost every field in the world,
agriculture is not left out. Al has the potential
to address many unimaginable challenges, and
one of the biggest is water waste. In this
article, we’ll take a closer look at how Al is
helping farmers use water through smart
irrigation.

How AI Makes Irrigation Smart

Once smart irrigation systems are
implemented, their main function is to use Al
to make more informed and efficient decisions
about watering crops. Instead of following a
fixed schedule, these systems collect real-time
data from past watering patterns and current
environmental conditions, such as soil
moisture, weather forecasts, and the specific
needs of plants, to determine exactly when and
where irrigation is needed. For instance, if rain
is expected tomorrow, the system might skip
watering today, preventing unnecessary
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overwatering, subsequently causing water
waste. In another case, if one part of a field is
drier than the rest, it can focus water only on
that area. This targeted approach not only
helps plants grow more effectively but also
saves large amounts of water.

In other words, Al increases the precision of
irrigation, something that, for a farmer
tracking all of this manually, would be time-
consuming and nearly impossible. That’s where
Al becomes a game-changer — doing the hard
work quickly, accurately, and automatically.

Real-World Examples

One example of this in action is CropX, a
company that offers soil sensors connected to
an Al platform. These sensors collect data and
tell farmers exactly how much water each part
of the field needs.

Vertex Soil Sensor - Design Features and Benefits
. 2023. CropX.com, https.//cropx.comlcropx-systemlhardwarel.



Another tool, IBM’s Watson Decision Platform
for Agriculture, uses satellite images and Al
analysis to guide big farms on irrigation,
fertilizer use, and crop health.

Many companies are now working in this
space, each using different systems and
technologies to approach the problem in their
own, unique way.

Benefits Beyond Water Saving

Using Al not only saves water but also money
and energy. Traditional irrigation can waste
electricity when water is pumped too often.
With Al, water is only used when needed;
therefore, the water pumps and other
electricity-consuming functions are done
occasionally, saving both electricity and water.
Helping Farmers Worldwide

These, however, might raise a lot of questions
and concerns, as many farmers living in small
countries don’t have the finances and the
required knowledge to hold such vast amounts
of technologically advanced systems.
Nevertheless, it is important to mention that
Al tools aren’t only for large farms. In
countries like India and Kenya, smaller farms
are using affordable Al-based apps that send
watering tips based on weather and soil data.
This helps boost crop yields while conserving
water — a win-win situation for everyone.

Looking Ahead

Even though Al irrigation systems are not
perfect, they still offer enormous support to
farmers, especially those working alone or in
small groups. The problems that Al helps
address, such as water waste and inefficient
irrigation, are serious and demand urgent

solutions. So, adopting these systems is not
only about convenience, but also about
sustainability.

To finalize, as climate change continues to
affect weather patterns and water availability,
smarter tools like Al can help farmers adapt,
protect their crops, and use or reuse resources
more efficiently.
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