
 

 

An Update from the ICPC, Written by 

Marine Environmental Adviser, Dr Mike Clare 

Submarine Cable Protection 

and the Environment 

A Publication from the International 

Cable Protection Committee  

(ICPC) 

 

September 2021 ~ Issue #3 



 

2  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

 

 

  

 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT 

An Update from the ICPC, Written by the Marine  

Environmental Adviser (MEA) 

 

PUBLISHER 

The International Cable Protection Committee (ICPC) 

 

AUTHOR 

Dr Mike Clare 

ICPC Marine Environmental Adviser   

Also, Principal Researcher – Ocean BioGeoScience at the 

National Oceanography Centre, UK 

 

EDITOR 

Mr Ryan Wopschall 

ICPC General Manager 

 

DESIGN & LAYOUT 

Ms Christine Schinella 

ICPC Secretariat 

 

CONTACT 

12 Fratton Road, Portsmouth, PO1 5BX UK 

Website: www.iscpc.org 

Secretariat: secretariat@iscpc.org 

LinkedIn 

 

Introduction 
 5 

Using Seafloor 

Cables to Measure 

the World Around Us 7 

Keeping the 

Internet Protected 

from Space 

Weather 

 
 
 

15 

About the ICPC  

& Editorial Staff 24 

Further Reading  

& References 25 

Editor’s Corner 
 3 

mailto:michael.clare@noc.ac.uk
mailto:ryan.wopschall@iscpc.org
mailto:mailto:christine.schinella@iscpc.org
https://iscpc.org/
mailto:secretariat@iscpc.org
https://www.linkedin.com/company/icpc-ltd/
https://www.linkedin.com/company/icpc-ltd/


 

3  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

The Internet, personal and 

enterprise cloud services, social 

media, financial transactions, 

phone calls, video conference 

calls and all other forms and uses of 

voice and data communications 

are reliant on submarine 

telecommunications cables. 

Additionally, renewable energy 

sources such as wind, hydrokinetic, 

and hydroelectric, are increasingly 

reliant on submarine power cable 

transmission. The flow, whether it be 

information or power, and the 

increasing interconnectedness of 

these networks is expanding just as 

our own global society is innovating 

towards more reliance on data 

and power transmission 

capabilities. It is no wonder then 

that increasing attention is being 

placed on this infrastructure from 

the public, media, governments, 

and corporations. For those not 

intimately familiar with or 

embedded in the submarine cable 

industry, it is easy to ask questions 

such as, ‘how resilient are these 

networks?’ Concepts of single 

points of failure or questioning 

where is the weakest link can be 

conjured up. 

EDITOR’S CORNER 
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Resilience diminishes 

vulnerabilities to global submarine 

cable networks and is gained 

through diversification of 

infrastructure. In order to increase 

resilience, cable owners and 

operators routinely implement 

diversification of landing points and 

cable landing stations, submarine 

cable routes, redundant network 

paths, and robust terrestrial and 

marine maintenance programs. 

Resilience is also gained from 

lessons learned, engineering 

solutions to mitigate previous 

impacts through technological 

advances.  As an industry, 

submarine telecommunications 

and power transmission continues 

to evolve, just as the global 

environment is always evolving. 

Exciting work can be found at 

these crossroads; whether it is 

society’s demand for more 

broadband and capacity, or 

cleaner power, which drives 

advances in submarine cable 

technology, or the crossroads of 

how this technology interacts with 

a changing global environment.  

This edition of Submarine Cable 

Protection and the Environment 

dives into these crossroads, where 

submarine cable technology has 

improved over time to decrease 

certain vulnerabilities such as 

Space Weather and how cables 

themselves are, and can be, used 

as tools to monitor our changing 

environment through remote 

sensing. Improvements in 

technology and repurposed 

applications for submarine cables 

provide us with these opportunities. 

The global network is indeed 

valuable and there is no doubt that 

the future will continue to 

demonstrate this value in 

innovative ways.   

 

Sincerely, 

Ryan Wopschall 

ICPC General Manager 
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While the global network of 

submarine telecommunications 

cables is designed to be resilient, 

repairs are required from time to 

time (for more details see Issue 2 of 

Submarine Cable Protection and 

the Environment). One cause of this 

damage relates to natural hazards 

and, while such events account for 

fewer than 10% of cable faults 

worldwide, they can affect large 

areas, damaging multiple cable 

systems at the same time. The 

submarine cable industry has 

learned from previous damaging 

hazards, ensuring new routes avoid 

areas in which they are most likely 

to occur. However, many offshore 

natural hazards remain poorly 

understood due to the lack of 

offshore monitoring networks, 

compared to those on land. In 

fact, the scientific community has 

benefited from past instances of 

cable damage, as they provided 

some of the first indirect 

measurements of offshore 

earthquakes, underwater 

landslides, and sediment 

avalanches in areas that would 

have been otherwise unstudied. 

Collaboration between ocean 

science researchers and the 

submarine cable industry has 

continued since the early days of 

trans-Atlantic telegraph cables, 

and now makes use of a host of 

emerging technologies. In this issue, 

we introduce how modern fibre-

optic cables not only transfer 

digital data and communications 

but can also be used to ‘listen’ to 

the ocean. The first article focuses 

on the use of seafloor cables to 

detect a range of natural 

processes providing intriguing 

opportunities for improved hazard 

monitoring and the development 

of new early warning systems.  

We then look at a completely 

different hazard that does not 

originate in the ocean, but instead 

far away—in space. So-called 

‘space weather’ arises from 

disturbances on the Sun that 

creates geomagnetic storms that 

can bombard the Earth with 

electrified particles. Widespread 

disruptions were first documented 

on early telegraph systems during 

large geomagnetic storms, and 

have since led to a variety of 

INTRODUCTION 
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impacts on power and 

communications systems, including 

the first trans-Atlantic 

telecommunications cable. Similarly 

to other Earth-based natural 

hazards, the submarine cable 

industry has learned lessons from 

past impacts. The final article 

discusses some of the past instances 

of damaging space weather, and 

highlights how the industry has 

improved cable design to ensure it 

is resilient to future impacts.  

Thank you to Dr Gemma Richardson 

(British Geological Survey) and ICPC 

Member organisations: Southern Cross 

Cables Limited (Dean Veverka), Subsea 

Environmental Services (Simon Appleby,) 

and Ciena (Brian Lavallée) for their 

technical contributions.   

Figure 1: The global network of fibre 

optic telecommunications cables is 

responsible for more than 99% digital data 

transfer worldwide, underpinning the 

Internet and global financial trading. 

Ensuring it remains resilient is critical to 

stable and continued digital 

communications. The map below shows 

the network of submarine 

telecommunications cables (white lines) 

based on TeleGeography’s Submarine 

Cable Map resources licensed under 

Creative Commons CC BY-NC-SA 3.0 

(https://github.com/telegeography/www.

submarinecablemap.com). Also shown is 

the distribution of earthquakes (coloured 

points) with a magnitude greater  

than 6 from the U.S. Geological Survey 

catalog since 1970 

(https://earthquake.usgs.gov/earthquake

s/search/). The larger the coloured point 

(and the hotter the colour), the larger the 

earthquake’s magnitude.  Global map 

data ©2015 Google. 
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► Seafloor telecommunication 

cables provide critical global 

connections that underpin our 

digital lives.  

► Recent technological 

developments have revealed 

how seafloor cables can also be 

used to listen for and detect 

hazards in the ocean.  

► Here, we introduce the concept 

of sensing along seafloor cables, 

highlighting recent studies that 

show how a range of natural 

and human phenomena can 

be detected using the optical 

fibres that lie at the core of 

standard telecommunications 

cables.  

► On-going research is focused on 

developing early warning 

systems for earthquake or 

tsunami monitoring.  

 GAPS IN THE OCEAN 

The ocean covers more than 

70% of our planet’s surface and 

plays a vital role in regulating the 

effects of climate change, 

providing food supplies and hosting 

sources of energy1. In addition to 

supporting our daily lives, many of 

the most severe natural hazards 

are known to initiate from offshore 

locations, including submarine 

earthquakes, volcanoes and 

landslides2,3. Despite the thousands 

of lives lost to tsunamis triggered by 

such events in recent years (e.g., 

2004 Indian Ocean tsunami, 2018 

Palu Bay and Anak Krakatau 

tsunamis), wide expanses of the 

global ocean remain sparsely 

monitored5-7. The limited amount of 

offshore monitoring is due to the 

challenges in installing expensive 

USING SEAFLOOR CABLES TO MEASURE THE WORLD 

AROUND US (pages 7-14) 
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equipment in remote locations that 

are often far from shore, at great 

water depths, in difficult 

environmental conditions (waves, 

currents, high pressures), and 

because of limitations in long-

range underwater communications 

and battery power9. These 

challenges, coupled with the vast 

scale of the ocean, means that 

offshore hazard monitoring 

typically relies upon data collected 

at individual locations over very 

short time periods, large datasets 

cannot be relayed in real-time, 

and relies upon expensive ships for 

data and instrument recovery8-10. 

Recent advances in sensing 

technology, using networks of 

seafloor cables rather than 

individual sensors, provide 

emerging opportunities to fill these 

major gaps in hazard detection, 

and potentially to develop the 

early warning systems that are 

needed in many regions to provide 

notice ahead of hazardous events. 

USING CABLES TO LISTEN TO 

ENVIRONMENTAL NOISE 

In the past few decades, the 

use of the optical fibre within a 

cable to remotely sense the 

surrounding environment has been 

extended far beyond verifying the 

health and performance of 

telecommunications cables. Fibre-

optic sensing is now regularly used 

to monitor the health of structures 

such as bridges, railways, airport 

runways and roads, to detect local 

noise sources such as vehicles and 

mining blasts, and has even been 

shown to be capable of identifying 

noise created by parades and 

music concerts in urban settings13-

16. Sensing along buried 

telecommunications cables in 

California documented the impact 

that recent COVID-19 lockdowns 

had on traffic and infrastructure 

use, and has potential for less 

invasive monitoring of population 

behaviour than tracking mobile 

phone location data17. Fibre-optic 

sensing has only recently started in 

the ocean, but a growing number 

of studies demonstrate that this 

technology has the potential to fill 

key geographic gaps in existing 

monitoring networks and provide 

key scientific insights.  

  

USING SEAFLOOR CABLES TO MEASURE THE WORLD 

AROUND US (pages 7-14) 
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OPTICAL FIBRES: THE CORE OF MODERN TELECOMMUNICATIONS  

USING SEAFLOOR CABLES TO MEASURE THE WORLD 

AROUND US (pages 7-14) 

 

At the core of modern telecommunications 

cables lie bundles of optical fibres that are the 

same width as a human hair. Information is 

converted to pulses of light at one end of a 

cable, and can be transmitted over vast 

distances along an individual glass fibre. More 

than 1.8 million km of fibre optic cables, which 

are typically no wider than a garden hose, cross 

the global ocean; underpinning more than 99% 

of all global digital data transfer, including the 

Internet11. Since the start of the modern fibre-

optic cable era in the 1980s, telecommunications 

cable companies have monitored the quality 

and effectiveness of communications along 

cables, particularly by analysing the light signals 

that are reflected back to the source12. These 

reflections occur where the original light pulse 

bounces off tiny, minor imperfections in the 

optical fibre, as well as occurring where a cable 

has been damaged or locally affected by a 

disturbance13. This allows the user to not only 

determine the quality of the data transfer, but 

also to pinpoint the location of any faults or 

disturbance events (such as natural hazards or 

human activities) along the cable, based on 

calculation of how long it takes light to travel 

back along its length13,14.  
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EXTENDING LAND-BASED 

EARTHQUAKE MONITORING 

NETWORKS USING CABLES 

The use of cable sensing to 

detect earthquakes has been the 

most prominent field of application 

in marine settings.  

► Detection of distant 

earthquakes: Standard onshore 

and offshore 

telecommunications cables in 

the UK and Italy were used to 

detect the timing of 

earthquakes, some of which 

occurred as far as 18,500 

kilometers away18. Using a 

technique called Laser 

Interferometry, an ultra-stable 

laser is shone down an optical 

fibre, while the response is 

monitored at the other end18,19. 

Seismic waves generated by 

earthquakes create changes in 

the phase of the light signal, 

enabling detection of 

earthquake timing, and 

potentially many other events 

not detected by existing 

monitoring networks18. This 

approach can make use of 

unused ‘dark’ fibres on an in-

service telecommunications 

cable, or use a single channel 

on a fibre that also transmits 

commercial traffic; however, it 

requires expensive, bespoke 

equipment, including a laser 

that is far more stable than that 

typically used in commercial 

telecommunications cables, as 

well as requiring access to both 

ends of the cable19. While this 

provides opportunities to identify 

the timing of earthquakes, their 

location cannot currently be 

detected using this technique 

as measurements are made 

along the entire cable, rather 

than distributed along it20.  

► Pin-pointing earthquake 

sources and mapping unknown 

seismic faults: Distributed 

Acoustic Sensing (DAS) monitors 

changes in the reflected light 

at different locations along an 

optical fibre13. A specialist 

interrogator unit can detect 

these changes at various points 

along a cable arising from 

changes in temperature, 

USING SEAFLOOR CABLES TO MEASURE THE WORLD 

AROUND US (pages 7-14) 
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pressure or ground motions, 

such as those generated during 

an earthquake or by a tsunami 

wave. A fibre-optic cable can 

therefore be considered like a 

series of many thousands of 

seismometers that are 

distributed along the seafloor 

when using this approach7,13,14. 

Distributed Acoustic Sensing 

along the 20 km Monterey 

Accelerated Research System 

(MARS) cable, offshore 

California, not only identified 

very small magnitude 

earthquake events, but also 

illuminated the location of an 

active tectonic fault, that was 

previously unknown20. The 

distance over which Distributed 

Acoustic Sensing can be 

performed is limited, however, 

primarily by the distance to the 

first repeater (a junction box 

needed to boost 

telecommunications signals 

over long distances); a distance 

that is typically much less than 

200 km from shore15,19,21. 

► Trans-oceanic earthquake and 

tsunami detection: To date, the 

longest distance sensing along 

seafloor cables involved the 

Curie telecommunications 

cable that connects Los 

Angeles, California to 

Valparaiso, Chile; spanning a 

distance of 10,000 km, and thus 

far beyond the current limits of 

Distributed Acoustic Sensing22. 

Using a new technique known 

as State of Polarization, 

researchers analysed distortions 

in the light signal received at the 

end of the cable, identifying 

multiple moderate to large 

earthquakes as well as swells on 

the ocean surface; 

demonstrating how this 

approach can potentially be 

used for tsunami detection7,22. 

Like Laser Interferometry, this 

technique makes 

measurements over the entire 

cable length, and therefore 

cannot be used to pin-point 

event locations, unless several 

cable systems are used at the 

 

 

USING SEAFLOOR CABLES TO MEASURE THE WORLD 
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same time19. However, as this 

technique makes use of a 

standard telecommunications 

laser, and does not require any 

specialist equipment at either 

end of the cable, it has been 

suggested that combinations of 

existing or retired 

telecommunications cables 

may fill some of the geographic 

gaps in earthquake and tsunami 

monitoring networks, which 

would enable locating these 

and other hazardous 

events7,15,22.  

  

Figure 2: Submarine cables representing 

good substrate to seabed flora and fauna. 

ATOC/Pioneer Seamount scientific cable 

with attached anemones (Metridium 

farcimen) at ~140 m depth off California, 

USA. Source: Monterey Bay Aquarium 

Research Institute. 
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FUTURE CHALLENGES AND 

OPPORTUNITIES 

More research is required to 

refine cable sensing techniques 

before early warning systems can 

be implemented, however. The 

sensitivity of cable sensing depends 

very strongly upon how well a 

cable is in contact with the seafloor 

13,22. Cables laid on areas of muddy 

flat seafloor have been shown to 

accurately record small 

earthquakes, but when laid across 

rough terrain, the cable can locally 

be suspended above the seafloor, 

which compromises its ability to 

record clear signals22. Different 

types and magnitudes of events 

will have a different signal, but our 

understanding of ocean and earth 

 
FOOD FOR THOUGHT 

 

► The application of cable sensing has already been extended far beyond 

earthquake monitoring, including detection of volcanic activity23, vigorous 

seafloor currents20, tides and storms10,24, and rock falls25, to track the 

movement of glaciers25-27, monitor the escape of gases from hydrocarbon 

reservoirs28, and to identify shipping vessels and fishing activity29,30.  

► Sensing along submarine cables has been shown to be far more efficient at 

detecting earthquakes and several other phenomena than using onshore 

cables, due to specific properties of seawater and the seafloor substrate15; 

hence the advent of these technologies provides intriguing opportunities to 

apply cable sensing techniques to submarine telecommunications 

cables7,31-34.  

► Cable sensing can be used to measure changes in ocean  

temperature, and may therefore also provide valuable long 

-term records of the effects of future climate change, and  

identify areas where impacts are more pronounced than  

others10.  

USING SEAFLOOR CABLES TO MEASURE THE WORLD 

AROUND US (pages 7-14) 
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processes is still quite limited. 

Therefore, calibration using more 

conventional monitoring sensors will 

be required to ‘fingerprint’ a wide 

range of events before they can 

be confidently interpreted when 

sensing along cables34. Finally, 

there are a number of logistical 

limitations that need to be 

overcome. Cable owners will not 

necessarily have sufficient capacity 

to provide a spare fibre for sensing, 

while there are often sensitivities 

about providing access to 

commercially important 

infrastructure. These issues need to 

be addressed before commercial 

cables can be utilised as sensing 

networks, but the use of retired 

cables or scientific cables provides 

immediate opportunities for this 

work to begin, offering a 

repurposing opportunity for these 

out-of-service cables. Submarine 

telecommunication cable routes 

are generally chosen to avoid 

hazardous areas and are routed 

away from some of the existing 

blind spots in global monitoring of 

natural hazards7,10. Some regions 

(e.g., Northwest Europe, Southeast 

Asia) have dense networks of 

submarine cables and may be 

better suited; however, others are 

much less well served (e.g., the 

Southern Ocean)35. The 

deployment of new bespoke 

scientific cables has therefore been 

proposed to try and fill some of 

these gaps and potentially offers 

valuable opportunities to discover 

previously unknown processes and 

develop new early warning systems 

to protect seafloor infrastructure 

and coastal communities8,19. One 

challenge, however, remains the 

high capital costs for deploying 

such new systems with costs 

ranging from tens to hundreds of 

millions of dollars depending on 

system length. 

 

USING SEAFLOOR CABLES TO MEASURE THE WORLD 
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In this article we discuss how past 

Space Weather (i.e., solar storms) 

events have impacted 

communications networks and how 

improvements in design ensure the 

Internet keeps running.  

HIGHLIGHTS:  

► Previous solar storms have had 

significant impacts on power 

and communications networks.   

► The likelihood of a major space 

weather event impacting 

submarine telecommunications 

cables is considered to be very 

rare. 

► Modern systems are designed to 

be resilient, based on lessons 

learned from impacts of past 

space weather events.  

WEATHER FROM SPACE 

Despite being 93 million miles 

away, the Sun’s strong influence on 

our planet is clear—controlling the 

path of Earth’s orbit through space, 

KEEPING THE INTERNET PROTECTED FROM SPACE WEATHER 

(pages 15-22) 

 

Figure 3: The Aurora Borealis, also known as 

the Northern Lights, above Tromsø, Norway. The 

result from geomagnetic disturbances caused 

by solar wind. Reproduced from Svein-Magne 

Tunli—tunliweb.no under a Creative Commons 

Licence. 
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keeping us warm, and providing an 

important source of energy. Less 

well known, however, is how 

eruptions from the Sun’s surface 

can create solar storms, carrying 

electricity-charged particles 

towards the Earth at millions of 

miles per hour36,37.  

► This phenomenon is known as 

‘space weather’, the 

intensity of which varies over 

solar cycles that recur on an 

11-year periodicity37,38.  

► The Earth’s magnetic field 

and atmosphere play crucial 

roles in deflecting space 

weather events, sheltering us 

from the majority of solar 

wind blasts36. However, solar 

storms sometimes penetrate 

through the atmosphere, or if 

they are particularly strong, 

may become trapped by 

the magnetic field, creating 

large electrical currents that 

flow around the Earth36,39.  

► The interaction of these 

currents with the atmosphere 

is responsible for spectacular 

auroras such as the Northern 

Figure 4: A large solar filament 

eruption as imaged by NASA. This 

type of eruption from the Sun’s 

surface creates solar winds that 

can be directed towards Earth.  

Credit: NASA/ GSFC / SDO. 

KEEPING THE INTERNET PROTECTED FROM SPACE WEATHER 

(pages 15-22) 
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and Southern Lights, but can 

also affect the voltage 

across long electrical, 

communication and 

navigation systems, 

sometimes leading to major 

disruptions37-41.  

PAST IMPACTS OF SPACE WEATHER 

ON POWER AND COMMUNICATION 

NETWORKS  

The most severe impacts of 

space weather on infrastructure 

occurred during peaks in solar 

activity and include:  

► A solar storm in 1851 that 

took control of all the 

telegraph lines in New 

England, and halted business 

transactions along the 

network39.  

► An exceptionally large solar 

storm in 1859 (known as the 

‘Carrington Event’ (the 

largest space weather event 

recorded to date) had 

widespread impacts on early 

telegraph systems. Telegraph 

operators were surprised 

when some systems 

continued to work even 

when disconnected from 

their batteries, as the 

voltages induced by the 

geomagnetic storm were 

sufficient to power them37-39.  

► In 1921 a large solar storm 

cut off Washington DC’s 

telegraphic cable 

connections from the rest of 

the United States. This 

disturbance was reported as 

‘unprecedented’ by the 

American Telegraph and 

Telephone Company37-39. 

► Voice communications were 

halted along the first trans-

Atlantic telecommunications 

cable (TAT-1 that connected 

Canada to Scotland) during 

a space weather event in 

1958, when a geomagnetic 

storm also caused temporary 

power cuts across the 

Toronto area. Apparently, 

the darkness was only broken 

by the light of the aurora 

overhead43.  

► A large geomagnetic storm 

in 1972 caused power 

disruptions across many 

KEEPING THE INTERNET PROTECTED FROM SPACE WEATHER 

(pages 15-22) 
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regions of North America, 

and disrupted 

communications across a 

long line telephone cable 

between Illinois and Iowa, 

USA for nearly an hour44.  

► Solar storms interfered with 

shortwave radio services 

throughout China for 17 

hours in 2000, which also 

interrupted a 

communication satellite and 

some navigation systems39.  

Figure 5: Solar activity since 1800, as 

revealed by the number of observed 

sunspots each year. Instances of 

disturbance to infrastructure networks 

annotated above and below, including 

impacts to early telegraph systems and the 

first trans-Atlantic cable, TAT-1.  Modified 

from Lanzerotti (2007)37. 
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WHAT THREAT DOES SPACE WEATHER 

POSE TO SUBMARINE 

TELECOMMUNICATIONS CABLES? 

Given our increasing reliance on 

submarine cables for stable digital 

communications, data transfer and 

connection to clean energy 

supplies, it is important to 

understand what threat is posed by 

space weather to these critical 

networks. Far from having 

overlooked the impacts of space 

weather45, the submarine 

telecommunications cable industry 

has learned lessons since the first 

trans-Atlantic fibre-optic cable 

(TAT-1) was impacted in 195844, 

and has continued to improve 

cable design to ensure the network 

is resilient. A geomagnetic storm in 

1989 caused a day-long power 

blackout across the province of 

Quebec; however, the TAT-8 trans-

Atlantic fibre-optic cable withstood 

this major space weather event42. 

Despite surges along its length, the 

TAT-8 cable was found to be 

resilient to unusually large 

fluctuations in ‘earth potential’ (the 

difference between the voltage at 

the cable landing points)42. 

Fluctuations as large as 700 volts 

were recorded along the cable, 

with the largest impacts focused 

towards the Canadian landing 

point.  

Improved design has continued 

to develop as part of broader 

cable protection strategies 

worldwide and the threat posed by 

space weather is generally 

considered to be of a low 

likelihood because: 

► Modern fibre-optic cables 

are resilient to impacts of a 

major solar storm. A recent 

study of 12 submarine 

telecommunications cables40 

analysed the impacts of a 

solar storm in 2017, which 

included some of the 

strongest solar flares in a 

decade. Earth potential 

variations were found to be 

highest for cables that run 

from north to south (rather 

than east to west), 

particularly those in the 

Northern Hemisphere, 

however, the impacts were 
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negligible on all the cables; 

falling well below thresholds 

for damage.  

► Modern telecommunications 

cables are designed to 

withstand large additional 

voltages. Where fibre-optic 

cables are powered 

(typically those that exceed 

a few hundred kilometres in 

length), power is supplied 

from the landing station at 

each end to supply power to 

nodes along its length 

(known as ‘repeaters’), 

which amplify the optical 

signal that would otherwise 

be incapable of traveling 

great distances along 

cables. Where there are two 

landing locations, half of the 

voltage is supplied from 

each end; however, modern 

cables are designed to 

operate with all the voltage 

supplied from a single end, 

to ensure they can continue 

to work should a fault occur 

at one end. Modern design 

not only ensures that cables 

can operate in such 

instances, but also includes 

an ‘Earth Potential 

Allocation’ (EPA) margin that 

can accommodate the 

additional voltages that may 

be imparted during 

geomagnetic events40. It is 

worth noting that the 

resistance of telecom cables 

is 10 to 1000 times greater 

than for power cables, 

hence the surge currents will 

be proportionally lower, and 

will be dealt with by surge 

protection circuits in the 

repeaters51,52. Furthermore, 

the longer the cable, the 

more dissipation will occur 

along its length; hence also 

reducing impacts across long 

routes53.  

► Large solar events are 

infrequent relative to the 

design life of a cable. The 

1859 ‘Carrington event’ is the 

largest documented space 

weather event, but as this 

occurred prior to the 

development of modern 

KEEPING THE INTERNET PROTECTED FROM SPACE WEATHER 

(pages 15-22) 

 

 



 

21  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

telecommunication 

networks, satellites, GPS and 

electrical systems, the 

potential impacts of a repeat 

event are not fully known36,38. 

Such a large event is 

considered to be extremely 

rare (although the precise 

likelihood cannot be exactly 

determined based on 

current data)37,38. Based on 

the eleven-year solar cycle47, 

a cable is only likely to 

encounter a single major 

geomagnetic event during 

its c.25 year design life. The 

worst case scenario would 

probably be the 

coincidence of a large 

geomagnetic storm with a 

fault on a North Hemisphere 

transoceanic cable that 

results in the system being 

powered from one end only, 

thus limiting the ability of the 

cable to absorb the 

additional voltage5. It should 

be noted that this is highly 

unlikely, however, as the 

probability of such a 

coincidence is estimated as 

1 in 2.7 million40.  

► The distributed nature of the 

global network provides 

additional resilience. It has 

long been known that 

submarine cables can be 

damaged; however, most of 

this damage relates to 

accidental human activities 

such as fishing and anchor 

drops, with a small proportion 

(<10%) arising from natural 

hazards46. The global network 

is designed to be resilient to 

such impacts, however, as 

Internet traffic can be re-

routed via different cables or 

along local routes where 

faults occur. Additional and 

more diverse routes are 

planned in the future, which 

will contribute to 

strengthening this resilience.   
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Figure 6: Overview 

of some of the 

observed effects of 

space weather on 

modern technology 

from Lanzerotti 

(2017)3. Presented 

under a Creative 

Commons Attribution 

4.0 International 

License 

(http://creativecom

mons.org/licenses/by

/4.0/) 
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FOOD FOR THOUGHT 

 

► Space weather is a growing area of research and there is much  

still to discover about this complex phenomenon.  

► Significant efforts are now devoted to the prediction of solar  

activity to determine if early warnings can be made prior to Earth-impacting events36,48-50.  

► The submarine cable industry continues to consider improvements to design, including 

proposed designs to support larger voltages (e.g., reducing the typical ‘Earth Potential 

Allocation’, use of more expensive, low-resistance cable40), as part of ongoing broader 

assessments of threats to submarine cables that arise from changing ocean use and 

climate change46.  

► There have been so few documented impacts on the global telecommunications cable 

network, compared to the number of space weather events that have occurred, which is 

perhaps the greatest testament to its resilience. 

http://creativecommons.org/licenses/by/4.0/
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The International Cable Protection Committee (ICPC) was formed in 1958 and its primary goal is to promote 

the safeguarding of international submarine cables against human made and natural hazards. The 

organisation provides a forum for the exchange of technical, legal and environmental information about 

submarine cables and, with more than 170 MEMBERS from over 60 NATIONS, including cable operators, 

owners, manufacturers, industry service providers, and governments, it is the world’s premier submarine cable 

organisation. The ICPC comprises of an 18 Member Executive Committee (EC)-led organisation voted in by its 

Full Members. In addition to the Marine Environmental Adviser (MEA), General Manager (GM) and Secretariat 

team, the ICPC also has an appointed International Cable Law Adviser (ICLA) as well as a United Nations 

Observer Representative (UNOR). 

Prime Activities of the ICPC: 

• Promote awareness of submarine cables as critical infrastructure to governments and other users 

of the seabed. 

• Establish internationally agreed recommendations for cable installation, protection, and 

maintenance. 

• Monitor the evolution of international treaties and national legislation and help to ensure that 

submarine cable interests are fully protected. 

• Liaison with UN Bodies. 

Recommendations: 

• Taking into account the marine environment, the ICPC authors Recommendations which 

provides guidance to all seabed users ensuring best practices are in place. 

• Educating the undersea community as well as defining the minimum recommendations for cable 

route planning, installation, operation, maintenance and protection as well as survey operations. 

• Facilitating access to new cable technologies. 

Advancing Regulatory Guidance: 

• Promoting United Nations Convention for the Law of the Sea (UNCLOS) compliance. 

• Championing uniform and practical local legislation and permitting 

• Protecting cable systems and ships. 

• Aiding education of government regulators and diplomats. 

Working with Science: 

• Supporting independent research into cables. 

• Publishing reviews for governments and policy makers. 

• Working with environmental organisations. 

• Effective public education via various media. 

Sharing the seabed in harmony with others 

 
Please visit www.iscpc.org for further information. 

To learn how to become 

of Member organisation 

of the ICPC, please  

click on join here. 

http://www.iscpc.org/
https://iscpc.org/publications/recommendations/
http://www.iscpc.org/
https://iscpc.org/join-the-icpc/
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Further information on submarine 

cables and the marine environment 

can be found in the references and 

text within the peer-reviewed UNEP-

WCMC report via: ‘Submarine Cables 

and the Oceans: Connecting the 

World’ as well as other resources via: 

https://iscpc.org/publications. 

CITED REFERENCES:  

1. Ocean Studies Board and National 

Research Council, 2000. 50 Years of 

Ocean Discovery: National Science 

Foundation 1950-2000. 

2. Melet, A., Teatini, P., Le Cozannet, G., 

Jamet, C., Conversi, A., Benveniste, J. 

and Almar, R., 2020. Earth observations 

for monitoring marine coastal hazards 

and their drivers. Surveys in 

Geophysics, 41(6), pp.1489-1534. 

3. Løvholt, F., Glimsdal, S., Harbitz, C.B., 

Zamora, N., Nadim, F., Peduzzi, P., Dao, 

H. and Smebye, H., 2012. Tsunami 

hazard and exposure on the global 

scale. Earth-Science Reviews, 110(1-4), 

pp.58-73. 

4. Synolakis, C.E. and Bernard, E.N., 2006. 

Tsunami science before and beyond 

Boxing Day 2004. Philosophical 

Transactions of the Royal Society A: 

Mathematical, Physical and 

Engineering Sciences, 364(1845), 

pp.2231-2265. 

5. Grilli, S.T., Tappin, D.R., Carey, S., Watt, 

S.F., Ward, S.N., Grilli, A.R., Engwell, S.L., 

Zhang, C., Kirby, J.T., Schambach, L. 

and Muin, M., 2019. Modelling of the 

tsunami from the December 22, 2018 

lateral collapse of Anak Krakatau 

volcano in the Sunda Straits, 

Indonesia. Scientific reports, 9(1),  

pp.1-13. 

6. Liu, P.L.F., Higuera, P., Husrin, S., 

Prasetya, G.S., Prihantono, J., 

Diastomo, H., Pryambodo, D.G. and 

Susmoro, H., 2020. Coastal landslides in 

Palu Bay during 2018 Sulawesi 

earthquake and 

tsunami. Landslides, 17, pp.2085-2098. 

7. Wilcock, W., 2021. Illuminating tremors 

in the deep. Science, 371(6532), 

pp.882-884. 

8. Howe, B.M., Arbic, B.K., Aucan, J., 

Barnes, C.R., Bayliff, N., Becker, N., 

Butler, R., Doyle, L., Elipot, S., Johnson, 

G.C. and Landerer, F., 2019. SMART 

cables for observing the global ocean: 

Science and implementation. Frontiers 

in Marine Science, 6, p.424. 

9. Clare, M.A., Vardy, M.E., Cartigny, M.J., 

Talling, P.J., Himsworth, M.D., Dix, J.K., 

Harris, J.M., Whitehouse, R.J. and Belal, 

M., 2017. Direct monitoring of active 

geohazards: Emerging geophysical 

tools for deep‐water assessments. Near 

Surface Geophysics, 15(4), pp.427-444. 

10. Hartog, A.H., Belal, M. and Clare, M.A., 

2018. Advances in distributed fiber-

optic sensing for monitoring marine 

infrastructure, measuring the deep 

ocean, and quantifying the risks posed 

by seafloor hazards. Marine 

Technology Society Journal, 52(5), 

pp.58-73. 

11. Burnett, D.R. and Carter, L., 

2017. International submarine cables 

and biodiversity of areas beyond 

national jurisdiction: the cloud beneath 

the sea (p. 80). Brill. 

12. Barnoski, M.K. and Jensen, S.M., 1976. 

Fiber waveguides: a novel technique 

FURTHER READING & REFERENCES 

https://iscpc.org/publications
https://iscpc.org/publications
https://iscpc.org/publications
https://iscpc.org/publications


 

26  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

for investigating attenuation 

characteristics. Applied optics, 15(9), 

pp.2112-2115. 

13. Lindsey, N.J. and Martin, E.R., 2021. 

Fiber-Optic Seismology. Annual Review 

of Earth and Planetary Sciences, 49, 

pp.309-336. 

14. Zhan, Z., 2020. Distributed acoustic 

sensing turns fiber‐optic cables into 

sensitive seismic 

antennas. Seismological Research 

Letters, 91(1), pp.1-15. 

15. Lior, I., Sladen, A., Rivet, D., Ampuero, 

J.P., Hello, Y., Becerril, C., Martins, H.F., 

Lamare, P., Jestin, C., Tsagkli, S. and 

Markou, C., 2021. On the Detection 

Capabilities of Underwater Distributed 

Acoustic Sensing. Journal of 

Geophysical Research: Solid 

Earth, 126(3), p.e2020JB020925. 

16. Ajo-Franklin, J.B., Dou, S., Lindsey, N.J., 

Monga, I., Tracy, C., Robertson, M., 

Tribaldos, V.R., Ulrich, C., Freifeld, B., 

Daley, T. and Li, X., 2019. Distributed 

acoustic sensing using dark fiber for 

near-surface characterization and 

broadband seismic event 

detection. Scientific reports, 9(1),  

pp.1-14. 

17. Lindsey, N.J., Yuan, S., Lellouch, A., 

Gualtieri, L., Lecocq, T. and Biondi, B., 

2020. City‐scale dark fiber DAS 

measurements of infrastructure use 

during the COVID‐19 

pandemic. Geophysical research 

letters, 47(16), p.e2020GL089931. 

18. Marra, G., Clivati, C., Luckett, R., 

Tampellini, A., Kronjäger, J., Wright, L., 

Mura, A., Levi, F., Robinson, S., Xuereb, 

A. and Baptie, B., 2018. Ultrastable laser 

interferometry for earthquake 

detection with terrestrial and 

submarine cables. Science, 361(6401), 

pp.486-490. 

19. Matias, L., Carrilho, F., Sá, V., Omira, R., 

Niehus, M., Corela, C., Barros, J. and 

Omar, Y., 2021. The contribution of 

submarine optical fiber telecom cables 

to the monitoring of earthquakes and 

tsunamis in the NE Atlantic. Frontiers in 

Earth Science, p.611. 

20. Lindsey, N.J., Dawe, T.C. and Ajo-

Franklin, J.B., 2019. Illuminating seafloor 

faults and ocean dynamics with dark 

fiber distributed acoustic 

sensing. Science, 366(6469),  

pp.1103-1107. 

21. Waagaard, O.H., Rønnekleiv, E., 

Haukanes, A., Stabo-Eeg, F., Thingbø, 

D., Forbord, S., Aasen, S.E. and Brenne, 

J.K., 2021. Real-time low noise 

distributed acoustic sensing in 171 km 

low loss fiber. OSA Continuum, 4(2), 

pp.688-701. 

22. Zhan, Z., Cantono, M., Kamalov, V., 

Mecozzi, A., Müller, R., Yin, S. and 

Castellanos, J.C., 2021. Optical 

polarization–based seismic and water 

wave sensing on transoceanic 

cables. Science, 371(6532), pp.931-936. 

23. Nishimura, T., Emoto, K., Nakahara, H., 

Miura, S., Yamamoto, M., Sugimura, S., 

Ishikawa, A. and Kimura, T., 2021. 

Source location of volcanic 

earthquakes and subsurface 

characterization using fiber-optic 

cable and distributed acoustic sensing 

system. Scientific reports, 11(1),  

pp.1-12. 

24. Zhu, T. and Stensrud, D.J., 2019. 

Characterizing thunder‐induced 

ground motions using fiber‐optic 

distributed acoustic sensing 

array. Journal of Geophysical 

FURTHER READING & REFERENCES 



 

27  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

Research: Atmospheres, 124(23), 

pp.12810-12823. 

25. Walter, F., Gräff, D., Lindner, F., Paitz, P., 

Köpfli, M., Chmiel, M. and Fichtner, A., 

2020. Distributed acoustic sensing of 

microseismic sources and wave 

propagation in glaciated 

terrain. Nature communications, 11(1), 

pp.1-10. 

26. Blum, J.A., Nooner, S.L. and Zumberge, 

M.A., 2008. Recording earth strain with 

optical fibers. IEEE Sensors Journal, 8(7), 

pp.1152-1160. 

27. Booth, A.D., Christoffersen, P., 

Schoonman, C., Clarke, A., Hubbard, 

B., Law, R., Doyle, S.H., Chudley, T.R. 

and Chalari, A., 2020. Distributed 

Acoustic Sensing of seismic properties 

in a borehole drilled on a fast‐flowing 

Greenlandic outlet 

glacier. Geophysical Research 

Letters, 47(13), p.e2020GL088148. 

28. Daley, T.M., Freifeld, B.M., Ajo-Franklin, 

J., Dou, S., Pevzner, R., Shulakova, V., 

Kashikar, S., Miller, D.E., Goetz, J., 

Henninges, J. and Lueth, S., 2013. Field 

testing of fiber-optic distributed 

acoustic sensing (DAS) for subsurface 

seismic monitoring. The Leading 

Edge, 32(6), pp.699-706. 

29. E. Rønnekleiv, J. K. Brenne, and O. H. 

Waagaard, B. Moussakhani ‘Distributed 

Acoustic Sensing For Submarine Cable 

Protection,’ SubOptic 2019 

Conference, New Orleans, Louisiana, 

USA (2019), paper OP4-1. 

30. Rivet, D., de Cacqueray, B., Sladen, A., 

Roques, A. and Calbris, G., 2021. 

Preliminary assessment of ship 

detection and trajectory evaluation 

using distributed acoustic sensing on 

an optical fiber telecom cable. The 

Journal of the Acoustical Society of 

America, 149(4), pp.2615-2627. 

31. Nayak, A., Ajo‐Franklin, J. and Imperial 

Valley Dark Fiber Team, 2021. 

Distributed Acoustic Sensing Using Dark 

Fiber for Array Detection of Regional 

Earthquakes. Seismological Society of 

America, 92(4), pp.2441-2452. 

32. Sladen, A., Rivet, D., Ampuero, J.P., De 

Barros, L., Hello, Y., Calbris, G. and 

Lamare, P., 2019. Distributed sensing of 

earthquakes and ocean-solid Earth 

interactions on seafloor telecom 

cables. Nature communications, 10(1), 

pp.1-8. 

33. Lindsey, N.J., Martin, E.R., Dreger, D.S., 

Freifeld, B., Cole, S., James, S.R., Biondi, 

B.L. and Ajo‐Franklin, J.B., 2017. Fiber‐

optic network observations of 

earthquake wavefields. Geophysical 

Research Letters, 44(23), pp.11-792. 

34. Ide, S., Araki, E. and Matsumoto, H., 

2021. Very broadband strain-rate 

measurements along a submarine 

fiber-optic cable off Cape Muroto, 

Nankai subduction zone, Japan. Earth, 

Planets and Space, 73(1), pp.1-10. 

35. https://www.submarinecablemap.com/ 

36. Baker, D.N., 2002. How to cope with 

space weather. Science, 297(5586), 

pp.1486-1487. 

37. Lanzerotti, L.J., 2007. Space weather 

effects on communications. In Space 

weather-physics and effects (pp. 247-

268). Springer, Berlin, Heidelberg. 

38. Lanzerotti, L.J., 2017. Space weather: 

Historical and contemporary 

perspectives. Space Science 

Reviews, 212(3), pp.1253-1270. 

FURTHER READING & REFERENCES 

https://www.submarinecablemap.com/
https://www.submarinecablemap.com/


 

28  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

39. McManus, D.J., Carr, H.H. and Adams, 

B.M., 2011. Global Telecommunications 

Security: Effects of Geomagnetic 

Disturbances. International Journal of 

Interactive Mobile Technologies, 5(3). 

40. Enright, M., Marino, T., Shields, 2019. 

Solar cycles and voltages in earth 

potential. Proceedings of SubOptic 

2019 Conference, 

https://suboptic2019.com/co-chair-

papers-portal/entry/559/  

41. Boteler, D.H., 2019. A 21st century view 

of the March 1989 magnetic 

storm. Space Weather, 17(10), pp.1427-

1441. 

42. Medford, L.V., Lanzerotti, L.J., Kraus, J.S. 

and Maclennan, C.G., 1989. 

Transatlantic earth potential variations 

during the March 1989 magnetic 

storms. Geophysical Research 

Letters, 16(10), pp.1145-1148. 

43. Lanzerotti, L.J., 2001. Space weather 

effects on technologies. Washington 

DC American Geophysical Union 

Geophysical Monograph Series, 125, 

pp.11-22. 

44. Anderson III, C.W., Lanzerotti, L.J. and 

Maclennan, C.G., 1974. Outage of the 

L4 system and the geomagnetic 

disturbances of 4 August 1972. Bell 

System Technical Journal, 53(9), 

pp.1817-1837. 

45. Jyothi, S.A., 2021, August. Solar 

superstorms: planning for an internet 

apocalypse. In Proceedings of the 

2021 ACM SIGCOMM 2021 

Conference (pp. 692-704). 

46. Carter, L., 2010. Submarine cables and 

the oceans: connecting the world (No. 

31). UNEP/Earthprint. 

https://www.unep-

wcmc.org/resources-and-

data/submarine-cables-and-the-

oceans--connecting-the-world  

47. Shindell, D., Rind, D., Balachandran, N., 

Lean, J. and Lonergan, P., 1999. Solar 

cycle variability, ozone, and 

climate. Science, 284(5412) 

48. Pesnell, W.D. and Schatten, K.H., 2018. 

An early prediction of the amplitude of 

Solar Cycle 25. Solar Physics, 293(7), 

pp.1-10. 

49. Pesnell, W.D., 2012. Solar cycle 

predictions (invited review). Solar 

Physics, 281(1), pp.507-532. 

50. Clilverd, M.A., Clarke, E., Ulich, T., 

Rishbeth, H. and Jarvis, M.J., 2006. 

Predicting solar cycle 24 and 

beyond. Space weather, 4(9). 

51. Watari, S.I., 2015. Effect of space 

weather on power grids and 

measurement of geomagnetically 

induced current (GIC) in 

Hokkaido. Conductivity Anomaly, 2015, 

pp.1-14. 

https://jglobal.jst.go.jp/en/detail?JGLO

BAL_ID=201602281430866783  

52. Nakamura, S., Ebihara, Y., Fujita, S., 

Goto, T.N., Yamada, N., Watari, S. and 

Omura, Y., 2018. Time Domain 

simulation of geomagnetically induced 

current (gic) flowing in 500‐kV power 

grid in Japan including a three‐

dimensional ground 

inhomogeneity. Space 

Weather, 16(12), pp.1946-1959. 

53. Libert, J.F. and Waterworth, G., 2016. 

Cable technology. In Undersea Fiber 

Communication Systems (pp. 465-508). 

Academic Press, Chapter 13, p. 479. 

  

FURTHER READING & REFERENCES 

https://suboptic2019.com/co-chair-papers-portal/entry/559/
https://suboptic2019.com/co-chair-papers-portal/entry/559/
https://www.unep-wcmc.org/resources-and-data/submarine-cables-and-the-oceans--connecting-the-world
https://www.unep-wcmc.org/resources-and-data/submarine-cables-and-the-oceans--connecting-the-world
https://www.unep-wcmc.org/resources-and-data/submarine-cables-and-the-oceans--connecting-the-world
https://www.unep-wcmc.org/resources-and-data/submarine-cables-and-the-oceans--connecting-the-world
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201602281430866783
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201602281430866783


 

29  A PUBLICATION FROM THE INTERNATIONAL CABLE PROTECTION COMMITTEE (ICPC) 

SUBMARINE CABLE PROTECTION AND THE ENVIRONMENT   ●   SEPTEMBER 2021 

COPYRIGHTED IMAGE CREDITS:  

1. Cover Image: iStock by Getty Images 

credit, Kevin Lebre; Description: Looking for 

dolphins in Kaikoura at sunrise, New 

Zealand. 

2. Page 3: iStock by Getty Images credit, shulz; 

Description: Abstract background of wires 

and glowing particles.  

3. Page 7: iStock by Getty Images credit, prill; 

Description: Brightly illuminated artificial 

underwater volcano.  

4. Page 9: iStock by Getty Images credit, 

Christoph Burgstedt; Description: Cross 

section of a submarine communications 

cable – 3d illustration.  

5. Page 13, 22 : iStock by Getty Images credit, 

JuSun; Description: Earth map comes from 

public domain www.nasa.gov. 

6. Page 14: iStock by Getty Images credit, 

Nastco; Description: Tranquil underwater 

scene. 

7. Page 24: Credit, Schinella, Christine E.; 

Description: Humpback whale off the coast 

of Provincetown, Massachusetts, USA. 

8. ICPC Logo: Copyrights/content appearing 

in this newsletter (images and text) belong 

to ICPC or third parties granting ICPC 

permission to use the copyright written 

and/or visual material and cannot be 

altered or repurposed for one’s own use. 

Written permission is required. 

FURTHER READING & REFERENCES 


