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How deep are the oceans? 
In the beginning, systematic mapping of ocean depth was conducted mainly for 
the safety of shipping routes and remained very limited in its scope. Now, however, 
better maps of the ocean fl oor are needed for a wide variety of applications, 
including coastal protection, tsunami forecast, fi sheries, conservation of marine 
species, and sustainable use of mineral resources. Michael Gross reports. 
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Underwater landscape: The combination of advanced sonar and satellite technology can pro-
duce high-resolution 3D models of seascapes like this one in the Caribbean. However, for much of 
the sea fl oor, there is still insuffi cient data. (Source: http://pubs.usgs.gov/of/2004/1400/).
The 7th International Geographic 
Congress, held at Berlin in 1899, gave 
the start signal for the mapping of the 
ocean fl oors. It set up a “commission 
on sub-oceanic nomenclature”, which 
was also responsible for the publication 
of a general bathymetric chart. This 
commission met in Wiesbaden, 
Germany, in April 1903, and was 
chaired by Prince Albert I of Monaco 
(1848–1922), a pioneer of oceanography
and an early advocate of environmental 
protection. The commission initiated 
the General Bathymetric Chart of the 
Oceans (GEBCO) series, as proposed in 
a memorandum by Julien Thoulet (1843–
1936) from the University of Nancy.

Since then progress in bathymetry 
(depth measurement) of the world’s 
oceans has been slow, due to the 
technical and administrative challenges 
involved in exploring the vast seascapes
beyond territorial waters and hidden 
under several kilometres of water. 

An initial map of 24 sheets, the Carte 
générale bathymétrique des oceans 
was printed in Paris in 1905 and was 
criticised as inadequate. A second 
commission convened in Monaco in 
1910 to raise the standard. The second 
set of maps was printed from 1912 to 
1931 with contour lines representing 
the terrestrial relief and a revised 
nomenclature. By then, the introduction 
of sonar instruments made data 
collection considerably easier.

After the death of Prince Albert in 
1922, the project was transferred to 
the International Hydrographic Bureau, 
which was renamed the International 
Hydrographic Organization (IHO) in 1970.
Only parts of the next editions were 
published until 1972, at which point the 
UNESCO and the Canadian government 
reorganised the effort and managed 
to get a global coverage at a scale of 
1:10 million, i.e. 1 cm on the map equals 
100 km, in 1982. 

Since then, the GEBCO project went 
digital, published a centenary edition 
 

 

of the ocean maps, and established 
itself as the global repository for ocean 
fl oor mapping. However, maps of 
the global sea fl oor are in most parts 
still less detailed than those we have 
of the surface of Mars. Technical 
challenges remain, such as mapping 
at extreme depth or under sea ice, and 
the demands for better data increase. 
From 15–17 June, experts will meet at 
Monaco for a Forum for Future Ocean 
Floor Mapping, with the brief to agree on 
a road map for future bathymetry efforts. 

How to measure
Although phrases like “plumbing the 
depths” have survived, bathymetry left 
the ancient procedure of the weighted 
string behind many years ago, as it was 
not only slow and ineffi cient, but also 
error prone. 

Single beam echosounding methods 
using sound waves entered widespread 
Current B
use from the 1930s and improved 
the effi ciency and precision of data 
collection considerably. The introduction 
of multibeam swath echosounding 
instruments further improved the 
method, and GPS now provides the 
precise location of the data recorded. 
The data can then be processed in 
various ways, with the production of 
digital terrain models becoming more 
widely used in recent years.

In addition, satellite measurements 
of subtle variations in sea level can 
help to draw conclusions regarding the 
underlying geographic features, as local 
variations in gravity lead to higher sea 
levels above underwater mountains and 
ridges than above trenches.   

Technical challenges remain, for 
instance, in areas where the sea fl oor is 
very deep and irregular, and particularly 
in areas covered by ice. The ocean fl oor 
under ice shelves or pack ice is less well 
characterised today than the deep sea 
was when Prince Albert of Monaco and 
Julien Thoulet initiated global sea-fl oor 
mapping at the beginning of the 20th 
century. 

At the forthcoming forum to be held at 
Monaco from June 15–17, experts will 
discuss the technical options along with 
the challenges of bathymetry. Specifi c 
sessions will cover deep sea as well as 
coastal perspectives, and the quest for 
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Blue economy: Echosounders can locate fi sh schools more easily if the background from the sea 
fl oor is known. This technology could help more targeted and sustainable fi shing, but it could also 
facilitate irresponsible overexploitation of fi sh stocks. (Photo: NOAA Photo Library.)

Yellow submarine: An autonomous underwater vehicle used by Robin Beaman and colleagues 
to investigate drowned reefs near the Great Barrier Reef, which had been discovered through 
bathymetric explorations. (Photo: http://www.deepreef.org/CC Attribution 4.0).
global coverage at high resolution. On the 
basis of these specifi c group discussions, 
the meeting will then endeavour to defi ne 
a road map for future directions that 
bathymetry and the GEBCO project in 
particular should pursue. 

Commercial uses
Apart from shipping, which was the 
main motivation in the early days of 
bathymetry, a range of other industries 
stand to benefi t from improved mapping 
of the sea fl oor. Fisheries could profi t in 
several ways. Some use echosounders 
to detect fi sh schools, a task that 
becomes easier if the structure of the 
terrain below is known. Trawlers can 
avoid getting their gear caught in rocks, 
which may endanger the ship and 
disturb sensitive reef habitats. And an 
improved understanding of the sea-fl oor 
topography may help to understand the 
habitat of the desired fi sh species and 
thus to target them more effi ciently, with 
less bycatch. 

The use of detailed sea-fl oor 
topography can equally well support 
sustainable and unsustainable fi sheries, 
however. Thus, the availability of 
advanced information as such is not 
going to improve the sustainability of 
fi sheries, if it is not accompanied by 
equally advanced regulation and policing. 
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Similarly, the extraction of mineral 
resources from the sea fl oor, which is 
now in the process of stepping up to 
reach industrial scale, could use the 
data to limit the damage it will inevitably 
cause or to grow even more rapidly. 
As the company Nautilus Minerals is 
e 6, 2016
preparing its purpose-built “sea-fl oor 
production tools” to start mining mineral 
resources from the seabed, a recent 
EU report warns that our understanding 
of sea-fl oor ecology is too incomplete 
to warrant sustainable use of the 
anticipated ‘blue economy’ (Curr. Biol. 
(2015) 25, R1019–R1021). 

Bathymetry data are also important for 
the more detailed understanding of water 
movements needed for precautionary 
measures, e.g. in coastal protection 
(Curr. Biol. (2014) 24, R51–R53), tsunami 
mitigation, and assessment of sea-level 
rises. Tsunamis can be triggered by 
undersea landslides or crustal seismic 
events, and this risk can only be 
assessed with detailed knowledge of the 
sea-fl oor topography.  

The challenges produced by the 
sheer scale and poor visibility of the 
sea fl oor have also been highlighted 
by the unsuccessful search for the 
lost Malaysian Airline fl ight MH370 in 
the Indian Ocean. After the most likely 
crash zone was narrowed down to an 
area measuring 2,000 km by 1,400 km, 
it emerged that only 5% of this area 
had been sounded out with modern 
methods, as Walter Smith and Karen 
Marks from the US National Oceanic 
and Atmospheric Administration (NOAA) 
note (EOS (2014) 95, 173–180). For the 
rest, satellite data with a resolution of 20 
km, showing only the largest features, 
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On course: Prince Albert I of Monaco (1848–
1922) dedicated much of his time to the nascent 
science of oceanography and owned several 
research yachts, which he used to explore the 
oceans and polar regions. In 1903 he chaired 
the commission that launched the General Ba-
thymetric Chart of the Oceans (GEBCO). The 
image shows his statue in St Martin Gardens, 
Monaco. (Photo: Wikimedia Commons.)
represented the best information 
available. 

The needs of users of bathymetric 
data across all these areas are also due 
to be discussed at the Monaco meeting.   

Conservation uses 
Marine wildlife has so far suffered 
considerably fewer losses from the 
impact of human activities than terrestrial 
species. Notably, the species diversity 
of Pleistocene megafauna has collapsed 
on all continents apart from Africa, but 
not (yet) in the oceans (Curr. Biol. (2015) 
25, R209–R212). As several industries 
including fi sheries, aquaculture, and 
mineral extraction are threatening to 
‘industrialise’ the oceans, conservation 
efforts are needed to preserve the 
existing biodiversity. 

Marine conservation and sustainable 
use of marine resources require detailed 
knowledge of the marine habitats, 
as Peter Harris from GRID-Arendal 
in Norway points out: “Mapping and 
conservation go hand in hand because 
decisions about human uses of ocean 
space revolve around compromise; 
fi shing that targets the seabed 
habitats of submarine canyons (for 
example) might lead to the proposal 
of protecting a representative number 
of canyons in a given region. So the 
next question is how many canyons 
are there in the region, and where are 
they? A geomorphic map of the seafl oor 
provides an inventory of biological 
assets to guide decision-making in 
cases like this.” 

So far, even coral reefs, which are 
among the most vulnerable marine 
ecosystems, still need more detailed 
measurements. 

Robin Beaman from James Cook 
University at Cairns, Australia, is involved 
in several bathymetry projects aiming to 
“reveal the underwater landscape and 
seabed habitats of Australia’s regional 
seas, from the warm tropical Great 
Barrier Reef and Coral Sea, to the icy 
polar waters of Antarctica” (http://www.
deepreef.org/). These include studies 
of the ‘drowned’ coral reefs that line 
the outer perimeter of the Great Barrier 
Reef. These reefs grew at substantially 
lower sea levels and eventually drowned, 
unable to keep up with the rates of sea-
level rise following the last ice age. 

Now located at depths between 
40 and 70 metres below the surface, 
these reefs still provide an important 
substrate for mesophotic (‘twilight’) coral 
ecosystems as well as offering a glimpse 
of what may happen to currently active 
reef communities when sea levels rise 
further due to climate change. Using 
detailed bathymetry data, Beaman 
and colleagues were able to send an 
autonomous underwater vehicle (AUV) 
to explore these drowned reefs and the 
communities they host. 

Even within the Great Barrier Reef 
itself, which is exposed to both global 
and local threats to its survival (Curr. 
Biol. (2016) 26, R257–R259), there has 
been a critical lack of bathymetry data 
until very recently. In 2009, Beaman and 
colleagues launched ‘Project 3DGBR’ 
to develop a new high-resolution 
depth model for the Reef and adjoining 
Coral Sea. The project covers more 
than 3 million km2, stretching from 
northern Queensland to northern New 
South Wales and offshore into Papua 
New Guinea, Solomon Islands and 
New Caledonia waters. The new 3D 
bathymetry model accurately maps land 
elevation and ocean depths across this 
area at a resolution of around 100 metres
(http://deepreef.org/bathymetry/65-
3dgbr-bathy.html).

In such endeavours, Beaman says, 
data sharing is of utmost importance: 
“The wide sharing of bathymetry 
data amongst various agencies and 
institutions has allowed us to compile a 
3-dimensional depth grid at 100 metres 
pixel resolution for the entire Great 
Barrier Reef, which refl ects the detailed 
3-dimensional shapes of the ~2,500 km 
of coral reefs lying along the margin. This
bathymetry surface or grid is being used 
by hydrodynamic modellers to accurately
model currents and fl ood plumes 
through the reef matrix as a multi-
disciplinary strategy between scientists 
and managers to help conserve the 
Great Barrier Reef” (http://ereefs.org.au/
ereefs).

Beaman hopes that the Monaco 
meeting will foster a similar spirit of 
sharing: “From a marine conservation 
perspective, a hope is that the Forum for 
Future Ocean Floor Mapping will help to 
improve and strengthen the bathymetry 
data-sharing arrangements around the 
world, because only through such data-
sharing arrangements can all the peoples
of the world gain from the collation of the
many individual surveys conducted in 
the past, and any survey data collected 
into the future.”
Curren
 

 

Take on the challenge
Once the Monaco Forum has agreed 
on the new directions for sea-fl oor 
mapping, the next question is whether 
political and industry leaders will act 
on the knowledge that will be obtained 
and co-operate to safeguard marine 
biodiversity. 

Peter Harris comments: “My hope 
is that governments will move quickly 
enough to recognise that the sea 
fl oor is a rich and varied ‘seascape’ 
with certain features targeted by 
humans for exploitation and that these 
features should be protected for future 
generations. I hope that a global network 
of MPAs [marine protected areas] will be 
established in time so that the biological 
diversity of the oceans is maintained.”

Given the acute threats of habitat loss 
and climate change, Harris cautions, 
protection measures may not be suffi cient 
to save marine biodiversity. We have to 
take on the challenge, however — much 
like the early 20th century oceanographers 
took on the seemingly impossible 
challenge to measure the depths of all 
the world’s oceans. 

Michael Gross is a science writer based at 
Oxford. He can be contacted via his web page 
at www.michaelgross.co.uk
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