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Figure1|Industrial fishing around northwest France and the southwest
of the United Kingdom. Paolo et al.' used machine learning to analyse
satellite imagery of the oceans taken from 2017 to 2021, and thereby to
identify infrastructure associated with industrial activities at sea (such as
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ships and wind turbines). Each dot represents an individual fishing vessel;
blue dots are vessels that were also tracked on public systems, whereas red
dotsrepresent previously untracked vessels. (Adapted from Extended Data
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Satellitesreveal scale of
humans’ ocean activities

Konstantin Klemmer & Esther Rolf

Machine learning and satellite imagery have been used to map
industrial infrastructure at sea — from fishing vessels to wind
turbines. The findings provide amore comprehensive picture
of maritime activity than ever before. See p.85

More than 70% of Earth’s surface is covered
by oceans, which provide food for billions of
people and are used for transporting goods
around the planet. Offshore wind, oil and gas
infrastructureisalso crucial for global energy
supplies. Monitoring humanactivity at sea has
been challenging, because of the inaccessi-
bility and large extents of the regions to be
monitored. On page 85, Paolo et al.' show that
satellite data can be used to map the human
presence on the oceans to an unprecedented
extent. The findings reveal that a substantial
amount of human activity is not publicly
tracked.

Human activities at sea involve the use of
stationary structures, such as oil rigs, and

movable objects suchas fishing vessels. Until
now, no comprehensive, global map of these
different types of maritime infrastructure had
beenavailable. Automated identification sys-
tems (AISs) can track maritime traffic using
transponder signals emitted from ships, but
might not provide acomplete picture —either
because vessels have poor connectivity to
the AIS or because tracking is intentionally
disabled.

Paolo et al. report an extensive mapping
effort that provides a more complete quanti-
fication of humanactivitiesin the oceans than
ever before (seeFig.1). Theauthorsused deep
learning to probe satellite imagery from two
sources to detect both stationary and movable

objects, mostly in coastal waters, across the
global ocean from 2017 to 2021. The authors
estimate that 72-76% of all industrial fishing
vessels, and 21-30% of transport and energy
vessels, are not accounted for by AlSs. The
findings show that estimates based on pre-
viously available, incomplete data massively
underestimated the extent of fishing opera-
tionsinregions such as South and south-east
Asia.

The satellite data also allowed changes in
activity tobe tracked over time. For example,
progress in transitioning to the use of clean
energy was documented by the appearance
of offshore wind turbines. The number of
turbines doubled globally during the study
period, increasing enormously in some
regions (by 900% in China, for example,
where about 950 turbines were installed per
year, onaverage). The dataalso show the effect
of the COVID-19 pandemic on global fishing
operations: fishing decreased by about 12%
at the start of the pandemic, and had still not
returned to pre-pandemic levels by the end of
2021. Such data could aid the analysis of the
effects of events such as pandemics or natural
disasters, and inform maritime policy.

Paolo and colleagues’ study highlights the
broader implications of automated Earth
observation and its increasing capacity to
map human activity at a global scale. First,
there are direct implications for private- and
public-sector decision makers. For example,
tracking of clandestine vessels could boost
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the detection of illegal fishing operations
and measurement of the informal economy?
(economic activities that are neither taxed
nor monitored by governments). Indeed, the
findings reveal a high concentration of illicit
fishing to the west of the Korean Peninsula and
on the North African coast. Vessel tracking
could also transform environmental conser-
vation efforts by revealing encroachment on
protected areas — Paolo et al. report that two
suchareas, the Galapagos Marine Reserve and
the Great Barrier Reef Marine Park, were vis-
ited by an average of more than 5 and more
than 20 fishing vessels per week, respectively.

Second, a lot of global satellite imagery
is freely available to the public, and
machine-learning tools for processing these
data are continuously being developed,
often as open-source software (Paolo and
colleagues’ data set and software are also
freely available). Such efforts democratize
access to data and tools and allow research-
ers, analystsand policymakersinlow-income
countries to leverage tracking technologies
atlow cost, for example to monitor exclusive
economiczones — areas of the ocean for which
sovereign states have exclusive exploration
and usagerights.

The study also highlights some general
limitations of Earth observation by satellites.
The spatial resolution of publicly available
satellite imagery (such as the Sentinel-1 data
used by Paolo et al., which have aground res-
olutionof about 20 metres per pixel) prevents
the detection of objects such as small fishing
vessels. Crucially, this leaves many small-scale
fishers in coastal communities off the map.
And although satellites cover every corner of
the planet, some areas are more difficult to
map than others — for example, because of
persistent cloud coverage.

Emerging data sources and increasingly
powerful machine-learning systems will over-
come some of these limitations, and thereby
enable the quantification of previously
unmeasured aspects of human development
and change. High-resolution radar instru-
ments can see through clouds, for instance;
andadvancesin ‘unsupervised’ deep learning
willmake it possible to gaininsight from satel-
liteimages with less laborious hand-labelling
by humans than is currently needed®.

The complexity and sheer volume of
Earth-observation dataremain challenges that
aredriving researchamong machine-learning
and Earth scientists*. But this should not be
the only research focus. Earth-observation
technologies should also be designed to
help capture human activity in a way that
is equitable and community-centred. For
example, unlike Western large-scale farm-
ing operations, many sustenance farmersin
low-income countries operate on small plots
of land. Earth-observation models can fail to
delineate those fields if the imagery available
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is not of sufficiently high resolution or because
models trained on Western data have notbeen
exposed to such small-scale patterns.

Moreover, cross-disciplinary expertise and
theinvolvement of multiple stakeholders are
often essential to interpret satellite-based
observations in specific regions and put
them into context. As an illustration of this,
Indigenous peoples often have a fundamen-
tally different, and frequently more complete,
understanding of their local ecosystems than
can be captured on a satellite image. Failure
to incorporate those insights might lead to
the development of methods that fail to meet
real-world needs, ignore important equity and
transparency considerations, and ultimately
limit the utility of satellite-based obser-
vations®. The development of approaches
that prioritize computational accessibil-
ity — publicly available data, open-source
software, and efficient algorithms that don’t
require high-performance computers — will
also be crucial®.

Paolo and colleagues’ study adds to a
growing body of work highlighting how deep
learning can facilitate ocean monitoring, with
applications ranging from the detection of
marine debris’ to tracking algal blooms®. The
task now is forinterdisciplinary collaborations
tobuild onthese prototype technologies to set
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up large-scale observation systems that focus
onstakeholder engagementand local commu-
nity efforts. This will ensure that advancesin
deep learning for Earth observation achieve
their potential to address pressing local and
global challenges.
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Linking the non-coding
genome to human health

Ryan S. Dhindsa & Slavé Petrovski

An expanded version of ahuman-genome database called
gnomAD, containing 76,156 whole-genome sequences, has
enabled investigation of how variants in non-protein-coding
regions of the genome affect health. See p.92

Scientists have long suspected that many
disease-causing genetic mutations reside in
the 98% of the genome that does not encode
proteins, especially inregions that have roles
inregulating gene expression. However, it has
been challenging to differentiate systemati-
cally between harmful and neutral mutations,
partly because researcherslack aclear picture
of whichstretches of the non-coding genome
are essential for human health. On page 92,
Chen et al.' address this challenge, introduc-
ing a tool that can analyse large collections
of human genomes to identify non-coding
regions that have the greatest potential to
cause disease when mutated.

This work represents the most recent
iteration of the Genome Aggregation Database

(gnomAD), a publicly available catalogue of
human genetic variation. The first version?,
releasedin 2020, included sequence datafrom
the protein-coding DNA of 125,748 people and
the whole genomes of 15,708 people. Since
then, the consortium has greatly expanded
the database; the resource now includes
whole-genome sequences from 76,156 indi-
viduals of diverse ancestries, providingamuch
deeper picture of human genetic variation.
GnomAD has transformed human genet-
ics, especially in terms of diagnosing rare
diseases. The genome of any individual differs
from those of other people at millions of sites.
Most of these genetic variants are clinically
insignificant, particularly those that are com-
moninthe general population. When clinical





