Voyager Stories

pa Mapping the World’s Oceans

(with a focus on the Atlantic Ocean)
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jfi;%wlake the Sea Measurable and you Make the World Reachable &S

VVVVVVV Stories

‘The surveyor’s pencil is the navigator’s best
friend’

Rear Admiral Francis Beaufort

Hydrographer of the Royal Navy (1829-1855)
and Inventor of the Beaufort (Wind/Sea State) Scale
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Our Oceans are Big!

About 71% of the world’s surface is covered in water; 95%
of that is in our oceans
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Only 28% of the Worlds oceans are surveyed to modern
| standards with modern sonar (or an area about five times

the size of South America)
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~| Only 5% of the seabed has been explered from a
| topographic perspective




lllustration of Resolution

I\'»/Iappved.,to
30 cm per pixel
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Moon Surface

Mapped to
10 m per pixel
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Mars Surface

Mapped to

20 m per pixel
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Mapped to
4,000 m per pixel




Strategically Important ... Above

GIobaI Trade, Population and Prosperity Depend on Marltlme Routes

Humanity is Concentrated The World Moves by Sea - E A Global Lifeline
95% on 5% of land, mostly along | About 80 % of global trade (ﬁy volume) '70% by value "depends .on
coasts | ismoved by ship = shipping networks =z

Oceans Power the Global Economy

S billion 4.3 million 2=Sy 11 billion

livelihoods port calls / year tons of cargo / year @

About 119,000 ship over 1,000 tonnes, 3,750 cruise/passenger ships, 4.9 million fishing vessels and
about 30 million private boats




T Strategically Important ... Above

Voyager Stories

: For t‘ﬁe UK as-an island nation, in the 1960s the. ’four weeks;to starvatlon flgure was
w - g*enume Cold War-era vulnerablllty assessment that circ Iated in o*f;hual and publlc
4 - discourse -
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Shlps don t just carry-cargo - they carry stablllty
Take them. away, and the global system starts to come apart surprisingly fast



The Oceans Connect Our World Above
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- More than 95% of data is carried around the world in (nearly a million miles of) fibre optic cables, = -
carrying terabytes per second rather than megabytes per second by satellite at the speed of light ...
 important given about 1.7 Mb of data is created per person per second |

~ - For context: 1.6 million km is roughly four times the distance from the Earth to the Moon, or enough
to wrap around the equator 37 times; and 90% of all global data has been created in just the last two
years |






Sandy Island (in the Coral Sea) appeared on _
charts for over a century. Was wisited in 2012 and &

didn’t exist - likely ¢caused by early navigational |
errors and/or misinterpreted observations.
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‘Sandy Island’

AUSTRALIA

Sydney O

Googles

Khalifa = (D br)\é WEN
found off Guatemaia in
the Pacificin 2023
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46%

of U.S. Coastal, Ocean, and
Great Lakes Waters are Unmapped

(January 2025 analysis)
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L ~ 80% of All Animal Life Lives in our Oceans and Seas
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The Carlbbean Sea

Historical Context:

- Chartmg Challenges.e — =———— S ,_" i °Indies’

- With close to 7,000 |s|and,geaccurate charting in the — - The longitude problem made accurate positioning
Caribbean isn’t just about aesthetics - it’s about safety. difficult at sea. The Longltude AC‘F@‘” _l?‘?‘f”_’f‘t@"*malor
-~ With coral reefs, unpredictable currents and narrow - advances in havigation ———
" passages, charts are _'ehe_ dlﬁeéeam between smooth - - Colonial powers competed to control the reglon

sailing and dlsaster ThesL,.aT*o “preserve centuries of
maritime knowledge blending hlstory with modern

technology B S
- Mix of volcanic and non- volcamc |sIands compllcates
seabed mapping ' N et

- The Cayman Trench is one of the deepest parts of the
_ Caribbean

- Seasoné!kharrlcanes frequently dlsrupt survey and
chartmg operatlons :
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- Trade. vﬂn/ds drive consrs*teet»
surface flow ¢ :
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Depth Key

0—~10 m Very shallow / coastal
[

T10~50 m Nearshore shelf

50~150 m Continental Shelf

I

150~300 m Deep Basins

>~300 m Deep Trenches
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The Atlantic Ocean - Blg Picture
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- The Atlantic is the second-largest ocean (after the Pacific O;,g_an) ‘covering ak
Pacific Ocean covers 46%)
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- It acts as the main ocean link between the'Amerlcas,.JEuropeﬁaﬁd Africa w
shipping routes crossing the North Atlantic
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- The ocean is still widening as tectonic plates slowly move apart = T e &S
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~The Atlantic has shaped centuries of exploration, trade and global history o o
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Bathymetric Map of the Atlantic Ocean
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Depth Key

0O~10 m Very shallow / coastal

T0~50 m Nearshore shelf
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Mapping the Hidden Atlantic

M "

- The Mid-Atlantic Ridge is the longest mountain chain on Earth - mostly underwater
- Vast abyssal plains make parts of the Atlantic seafloor among the flattest places on the planet
- Huge submarine canyons carve the continental margins, moving sediment into the deep ocean -

- Modern bathymetric surveys continue to reveal previously unmapped seafloor features ot
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The Atlantic Abyssal Plain

There is a chain of them - Sohm, Hatteras, Nares, Iberian, Cape Verde, Angola and
Argentine abyssal plains - Sohm, the biggest (900,000 km?), is what we are passing
over now

Total size of the Atlantic abyssal plains is 20.3 million km?. For scale, that is about
twice the size of Europe, or roughly 80 times the size of the United Kingdom
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- Warm tropical waters make it a major hurricane development region



The Atlantic Conveyor Belt

Why the ocean beneath this ship may be at a tipping point

The Atlantic's great heat engine - a vast
conveyor belt carrying sun-warmed
tropical water north to Europe and the
Arctic

There it cools, sinks, and returns south
along the ocean floor

It keeps Western Europe far warmer than it
would otherwise be - without it, London
and Paris would face Scandinavian winters

AMOC is already at its weakest in 1,600
years

The New Finding

1,600 Years

Weakest AMOC has been in recorded history

Projected slowdown by 2100 in reliable models

Scientists matched dozens of models against
real ocean data. The pessimistic models -
those showing the greatest slowdown -
proved to be the accurate ones

collapse probability (up from ~5%)

Severe cold winters and prolonged droughts

Tropical rainfall belt shifts - threatening food
supplies for hundreds of millions

50-100 cm additional rise along Atlantic
coastlines

Tipping point could become irreversible by
mid-century






Why We Need to Survey the Oceans &

Safety of Navigation
il - - =~

Environmental Understanding Unveiling the Deep

Biodiversity
Hotspots
Offshore

Structures
Planning
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Blue Economy
Understanding
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Voyager Stories

Hydrography, the science (not art) of measuring and describing the
physical features of the oceans, remains one of the least visible but
most essential enablers of maritime activity. Its importance is rooted
in a simple reality - without accurate charts and seabed data, vessels
risk grounding, straying into sensitive waters or misjudging the
operating environment with potentially serious consequences

.




Voyager Stories

The Role of Hydrography and Hydrographers




International
Hydrographic
Organization

Global Standards =2 Promotes Int’l - S-100 Universal
For Seabed Mapping 52 Cooperation Data Model &
& Nautical Charts ¢ 2 & Tralnlng = Digital Navigation

er Sates Helplng Protect our Planet S Waters

DA = R G §E ; -y T




-,
.

9.




~From Lead Line to Sonar

Voyager Stories
&

The shift from sparse dots to a complete picture < Ay

Lead Lines Early Echo Soundings Improved Sonar Wartime Sonar Advances Multibeam Sonar
Reliable but Sparse First Continuous Depth Deeper and Faster Sonar Becomes Widespread Full High-Definition
" Measurements Survey Data Seafloor Maps

Sonar tu med the |
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Single Beam Survey Modern Multi-Beam Survey

Limited Coverage & Resolution Full Seafloor Coverage & Detailed Mapping




The Future

Voyager Stories




The Future
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Autonomous Vessels

Voyuge r Stories

Wind
Cameras

| Sunlight
| Beacon

Air Temp & Humidity

Wave Height & Period

| Ocean Temperature
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Voyager Stories

160°W

ALASKA




Eopenon _

Autonomous Vessels - Into the Hurrlcane




Multi-Beam Sonar
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The Old Paper Chart
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MONTAUK POINT TO NEW YORK

1.O N G ISLAND SOUND
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Vancouver | {
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SECTOR LIGHTS
Sector lights are not to be used east of
Brockton Point. Q

FEUX A SECTEUR
On ne doit pas utiliser les feux a
secteur a 'est de Brockton Point.

1. Skerries West Cardinal
Mark - 300°(T)

S8 2. Fairway Buoy-082°(T) . i~

(%

.. 3. Radio tower on Plover T
Hill - 013°(T)

46° o
1%

! 7

- The US withdrew all its Paper Charts as of December
i 2025; Australia is doing the same this year

QS RAAAAA AN
)

P

> WL T N we o/ | - The UK, the world leader in paper chart production,
N N R0 ke tried to do the same, announcing a withdrawal in July
\\\ , oa_ s - Ry 2022 to be completed by 2030; it was met with such

o8 BRS Je A S consternation that it withdrew its plan in February 2023 -

now, no end-date

Westin Bayshore
Hotel

- Most large ships are still mandated to carry some paper
4 charts in the event of failure of electronic means; GPS can
also be jammed and we have already had our first GPS

_ A assisted groundings
The Current Paper Chart



Paper Chart of Funchal
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From Paper To Digital
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Types of Electronic Navigational Charts i




marine traffic

3 I;;rboungger_aggns S — The beginning Of S'
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ocean sciences
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What Will This Look Like

&

=
Miami

(Departure: 31 May 26

DATA STREAM

15.5 Knots
Through Seas
Rate: 56.2 MT/day

p—

SPATITEMPORAL PATH

S==ns Lisbon
e (Arrival: 14 Jun 26
DATA NETWORK - - - .
% — Al .' X . ) ' . = ". 5 -
e .-; : ‘7. i = — 7,; -— =
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Eg-': )'E ( RPM} (( ”‘“ -‘ ) ] B |oad: 720 Passengers ‘ c,O Y Htg"l Waves Detected
S SR | . Temperature: -1.8 °C I} Route Deviation
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= = &N Optuimal Route
2 ® Weather Forecast
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Al Digital Twin Platform

Vessel Movements Gate Operations

gr ap e

Digital Twin Ports

Rotterdam, Singapore and Shanghai operate
Al digital twin models of treir ports,

creating virtual environments that

optimise operations and enable proactive
maintenance and real-time decisions

A I l

Rotterdam Singapore Shanghai

Energy Use Reduction Operational Performance

e <37% el +28%
" Since 2022 A | vs Last Year

2019 2020 2021 2023 2024
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1‘!;; Move Away from Static Charting to Living Navigation

Al CO-PILOT ALERT
NAVIGATIONAL WARNING
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Arctic Shipping - Changes Afoot

Record High Activity
- 1,812 unique vessels in 2025
- ~40% increase since 2013
- Total distance sailed nearly doubled

Highly Seasonal ‘ :
. /- Y : \ Bathymetry
- Traffic peaks August to October : ¥ o5 (meters)
- Follows minimum sea ice extent A 0 o 20n
- Still not year-round open water | e 1R < o =ﬁggm
" Y ¢ o r. T ol .

M 5000m

Northwest Passage
Northeast Passage

L THAMESBORG
LT

Northern Sea Route

Who Is Sailing There?
- Fishing vessels

GASTANKER - General cargo ships
TRAFFIC TO ; i : - ) -
AND FROM o | - Rapid growth in oil and LNG carriers

YAMAL




— Arctlc ChaIIenges and RISkS
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Harsh Environment
- Severe storms, high waves,
shifting sea ice
-Extreme cold, icing, fog limit
navigation e
-Slow emergency response,
evacuatlon chaIIenges
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Safety and Incident Risks
- Collisions, groundings on = — =
uncharted waters S

Oil_spills, “hazardous t‘:arg"éﬂ' =
accidents
- Deaths and %e&rch ancL
rescue |nC|dents nsmg__xP

o -
S

S —— — = =52

Lack of Infrastructure .
- Few ports, emergency
response bases
- Limited communication ?
networks
capabilities e e = claim o%e—waters
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= Arctic - Explaining the Interest in Greenland!
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Military bases CANADA
Russian ot ’
S Air Narsaq Northwest
m Nak\'/al Passage
A Other
e Pituffik -
Nato } US airbase @ ALASKA
GREENLAND - o
@
Bering
Strait

Norv\;/eg/'an I\FI)orIth e Transpolar Sea
‘\Sea ole route

> g ARCTIC

Barents ® OCEAN g
Sea =

A
® " Arctic Express
route

- e RUSSIA
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500 miles
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o PrOJected S5008B in trade value by 264(}wrth

Canada estimating $S100B+ in Arctic Inﬁ‘& ruct ‘
investments -

.
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Projected Arctic Shipping Growth

North-West Passage Northern Sea Route
1,200 =
1,000 -
800 =
600 -
400 4 =
200 - — - =
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Thank You
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