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1. Introduction

The oceans are at an inflection point. The excesses
of the 20t century — over-exploitation of most of our
accessible biological resources, over-pollution by plas-
tics and other chemicals, over-crowding of coastal and
marine space by unorganized and competing interests
and over-capitalization of extractive industries — are
being tempered by a rapidly growing realization that
these excesses are having very real consequences, not
just for marine life and ocean ecosystems, but for the
food security and nutrition of the world's population,
the livelihoods of the communities that depend on the
ocean and the very future of humanity itself.

The huge scale of detrimental impacts to the world’s oceans
are a direct result of the rapid technological change that we have
experienced since the first industrial revolution. This broad
change is not only causing the greatest existential threat we
have ever faced — a warming climate — but has driven mas-
sive increases in our ability to harvest the ocean’s mineral and
biological resources, new manufacturing processes on land
that have resulted in huge amounts of effluent leaking into the
ocean and atmosphere and rapid globalization, enabled by
better communications and transportation, that has upended
traditional ways of life in favor of consumption-based existenc-
es. Itis ironic then, that emerging technologies are not just the
reason that we have come to realize the scale of these impacts
but are also essential for mitigating and reversing them. The past
several decades have seen an incredible range of technological

advances that are impacting everyone on Earth. Perhaps the
most important category has been the proliferation of commu-
nications networks to reach all corners (and some depths) of
our globe. Cellular networks that support the 3.5 billion peo-
ple that now use a smartphone are becoming faster and more
accessible. Tens of thousands of micro-satellites, some the size
of grilled cheese sandwiches,' are being launched to form mesh
networks over large areas of the earth’s surface. New methods of
communicating underwater, such as hydro-acoustic modems,?
are being developed. This communication infrastructure is
supporting and driving forward a digital revolution. The advent
of cloud-based computing, which effectively gives anybody with
an adequate internet connection access to a super-computet, is
decentralizing access to new technologies and allowing them to
be applied in more places around the world. New sensor tech-
nologies that are expanding the range of data types that can be
collected — and reducing the costs of collecting that data — are
expanding our horizons for what is possible to understand about
the oceans and our influences on them. New analysis tools that
leverage the power of artificial intelligence are increasing our
ability to make use of these expanding datasets in ways that we
never would have thought possible until recently. The ability of
more users to create more value from more information is driv-
ing the development of integrated technologies, where single
information sources are being used by multiple parties. A data
management paradigm that emphasizes free use, access and
sharing is taking over from one of information monoliths, where
the parties that collect data are the only ones to store and use it.
The fourth industrial revolution, where integrated tech-

" https://swarm.space/
2 http://www.teledynemarine.com/acoustic-modems
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