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Submarine fibre-optic telecommunications cables carry digital 
communications and internet traffic around the world. The network 
of cables connects all continents and traverses distances far 
greater than most other marine infrastructure. 

Submarine cables run from shallow seas to the deepest parts of the ocean and in 
almost all cases cross international boundaries. While the cables themselves are small 
(17-21mm diameter) the network is vast, totaling 1.7 million kilometers (km) in length 
(Figure 1).

The submarine cables network is growing and the ocean space where it is found is 
increasingly seeing competition for use. It is therefore timely to assess the potential 
impacts of cables on marine biodiversity. Human activities in the ocean can impact 
coastal and marine biodiversity in many ways.  Resource extraction and habitat disruption 
are the most important threats, along with  the release of pollution and other damaging 
mechanisms. Given the multiple and compounding pressures on marine biodiversity, 
it is timely to synthesize and assess the latest understanding of the potential impacts 
associated with submarine cables. 

Executive summary

iv

Figure 1. Global distribution of submarine telecommunications cables 
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Executive summary

The primary purpose of this report is to use a literature review to determine the potential 
global pressures and impacts that submarine cables have on marine biodiversity and 
to identify potential opportunities for any negative impacts to be mitigated. To achieve 
these aims, this report: 

i) provides a review of the environmental pressures associated with submarine cables 

ii) appraises the potential impacts of submarine cables using an established framework 

iii) lists ways to minimize potential negative impacts 

iv) identifies opportunities to enhance biodiversity knowledge and understand the ocean 
environment using cable systems, while ensuring that the digital infrastructure remain 
resilient

v) determines key recommendations for a variety of stakeholder groups to consider 

The scope of this report is global. It spans diverse settings from the deep ocean 
(defined in this report as >1,500 m) where cables are laid on the seafloor, to shallower 
seas (defined in this report as 0-1,500 m) where cables are typically buried for their 
own protection. (damage to cable is often caused by accidental interactions with bottom-
contact fishing and anchoring). Because the findings are a synthesis of a large body of 
evidence, specific situations might differ from the report’s overall conclusions.

v vi

Figure 2. Sea urchin on a surface laid telecoms cable. Source: Glenn Lipsham
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Overall, the analysis found that submarine cables have a relatively small footprint in 
the marine environment. Globally less than 0.01% of the seafloor is within 10 meters (m) 
of submarine cables, indicating that the global spatial footprint of submarine cables is 
currently minimal.  

The analysis found that potential pressures and resultant impacts from cable activities 
on marine biodiversity are generally minimal although they do vary spatially and over the 
cable lifecycle. The intensity of pressure is highest during installation in shallow waters 
since cables often need to be buried at these depths for their own protection. Burial 
techniques can result in physical damage and turbidity.

Approximately three quarters  of submarine cables (74%) are found within territorial seas 
and the exclusive economic zones (EEZs), or within 200 nm from the coast. Around a 
quarter of submarine cables (26%) are in areas beyond national jurisdiction (ABNJ). 
Submarine cablesare one of the few types of artificial infrastructure deliberately placed 

in ABNJ and the deep ocean.

The analysis found that the potential impact of cable laying on 
deep-sea habitats (beyond 1500m depth, irrespective of jurisdiction) 
is relatively low and can be minimized with careful route planning. 
However, further research is needed as there is insufficient science 
to be able to understand the relationship between potential cable 
impacts and the deep-sea and wider ecosystems. 

Disruption to habitats is likely higher during installation and repair 
relative to the more benign long-term presence of cables once 
they are on the seafloor. Pressures are greatest in shallow waters 

during the pre-installation and installation phases due to the use of more invasive burial 
techniques. However, the report found pressures to be mostly short-term in nature. It 
was challenging to assess whether cable recovery caused habitat disruption as there is 
very little information on this. Further research in this area is required.

Submarine cable sensing technologies offer the opportunity to strengthen marine 
biodiversity data collection in parallel, although there are regulatory challenges to 
largescale implementation. Sensing technologies, which can detect environmental 
variables such as seismic activity, temperature, pressure and noise, can help fill existing 
data gaps in ocean-based environmental and ecological monitoring systems. 

 

...The majority  
of submarine 
cables are found 
within territorial 
seas and the 
exclusive economic 
zones (EEZs), or 
200 nm from the 
coast (74%)...
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Key Recommendations

Recommendations based on the findings of the report are provided here 
for different stakeholders (the submarine cable industry and related 
associations, the scientific community, policymakers and regulators). 
There is also a series of recommendations relevant to all audiences

For the submarine cable industry and related associations: Enhance 
innovation and actively encourage and participate in knowledge sharing 
and cross-sectoral coordination and cooperation. 
While the environmental impacts of submarine cables were found to be low (Table 
6), there remain many opportunities to ensure that current and potential impacts are 
minimized. The submarine cable industry and related associations can play a critical role 
in driving innovation, improving environmental stewardship and fostering collaboration 
across sectors.

1. Continue to Integrate Marine Biodiversity Considerations from the Earliest Planning 
Stages

Marine biodiversity should be a key consideration in cable routing and design from the 
earliest planning stages, wherever it has not already been prioritized. The identification 
of cable landing stations, route options and the design of any cable protection measures 
(e.g., burial, local physical structures for protection) will be strongly determined by 
logistical, regulatory and environmental factors initially identified during the desktop 
study phase of a project (ICPC 2008). The ICPC recommends that cable operators and 
owners “should ensure they are cognizant of any potential environmental impacts from 
the earliest planning stages and should strive to minimize those impacts throughout 
the full project lifecycle.” The ICPC also recommends that biological factors (e.g. flora 
and fauna populations such as presence of spawning grounds or migratory bird 
populations etc.) are considered in desktop studies (ICPC 2023a). The report reiterates 
the recommendation that marine biodiversity is made a key consideration in the desktop 
study stage to support the greater integration of it in early-stage route design. 

The mitigation hierarchy1 prioritizes avoidance as the first step, followed by minimization, 
restoration and, as a last resort, offset. Following this framework is critical to avoiding 
and minimizing negative environmental impacts. The ICPC recommends both avoidance, 
(preventing impacts entirely), and minimization, (reducing the duration or intensity of 
impacts that cannot be avoided) in cable routing (TBC 2015). To effectively mitigate 
potential environmental impacts and explore opportunities for restoration, it is essential 
to integrate marine biodiversity considerations from the earliest stages and throughout 
the project lifecycle. 

2. Strengthen Industry Guidance on Mitigation Strategies

To improve best-practice knowledge-sharing, the report recommends the ICPC publish a 
recommendation paper on the different mitigation options available to avoid and reduce 

viii

1  For more information on the mitigation hierarchy please refer to https://www.thebiodiversityconsultancy.com/
services/site-level-advisory/mitigation-hierarchy

https://www.thebiodiversityconsultancy.com/services/site-level-advisory/mitigation-hierarchy
https://www.thebiodiversityconsultancy.com/services/site-level-advisory/mitigation-hierarchy
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environmental and ecological impacts from submarine cables. The report recommends 
that the ICPC develops a comprehensive list and analysis of mitigation activities, including 
their relevant industry examples – both successful and unsuccessful. Engaging industry 
stakeholders in this process would help gauge support for various mitigation options 
and encourage their adoption. Given the limited understanding of impacts on less 
studied ecosystems, such as those in ABNJ, the report suggests that this report prioritize 
improving knowledge on cable activities, associated pressures, and their effects on deep-
sea ecosystems.

3. Advance Research on Cable Decommissioning and Recovery

The report recommends that the cable industry conduct further research and analysis 
on cable decommissioning and recovery. Particularly, it recommends that industry 
conduct an analysis on the impacts of leaving cables in-situ versus removing them from 
the water once they are decommissioned. This research could improve the evidence 
available for determining environmental impacts and conducting comprehensive marine 
spatial planning. Decision-making regarding cable recovery is particularly relevant in the 
context of increased activity in the marine realm that is leading to competition for space. 

4. Foster innovation and expand cable sensing technologies 

The report recommends that industry associations continue advocating, particularly in 
discussions with regulators, for the potential of cable sensing to enhance understanding 
of marine ecosystems. Industry associations play a critical role in continuing to support 
important conversations around data-sharing and cable opportunities, such as cable 
sensing. The ICPC has published a paper detailing current cable sensing capabilities 
and the barriers to wider adoption (Clare 2023). Further discussion on multi-stakeholder 
collaboration is provided in the “For Collaboration Between Different Stakeholders” 
section.

For the scientific community: Expand the scientific evidence base on the 
interactions between submarine cables and marine species, habitats and 
ecosystems. 
Scientific data enable evidence-based decisions. This report’s literature review determines 
the strength of available evidence for multiple types of impact on the marine environment 
from submarine cables and identifies where potential evidence gaps exist in the literature.  
Opportunities where future research can add value could include assessment of: 

1. Long-Term and Large-Scale Monitoring of Cable Impacts and Recovery

Impacts associated with submarine cable installation (particularly burial that disturbs 
the seafloor in shallower waters) have been shown to be short-lived, with the timescales 
for recovery of the seafloor depending upon the background environmental conditions 
(such as substrate type and hydrodynamic regime). Previous studies have relied upon 
point-sampling, across relatively small areas, at coarse timesteps (e.g., years). Advances 
in seafloor imaging and ecological characterization (e.g. through use of high-resolution 
camera-based Autonomous Underwater Vehicles) could permit more frequent timelapse 
surveys to be performed. These technologies could assess the location, rate and nature 
of recovery of seafloor ecosystems where cables are laid. Understanding the recovery 
of different habitat types to disturbance will provide improved knowledge on when and 
why type of monitoring should and should not occur. For example, in more sensitive 

xix
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ecosystems, like deep sea corals, visual mapping has not been effective as high-
resolution photos do not provide enough detail to determine changes in coral polyps 
(Offshore Norge 2017). Visual monitoring is more useful for soft sediment habitats 
where change can be seen such as from the identification of a furrow.

2. Cumulative Impacts of Submarine Cables with Other Human Activities

While submarine cables typically have a minor impact, it is important to consider their 
contribution to cumulative impacts in areas affected by other human activities. There 
remains uncertainty over assessment of cumulative impacts across marine sectors and 
growing activities from cables, fishing, aggregate extraction, offshore renewables, oil and 
gas development and other seafloor uses add to this uncertainty. In addition, climate 
change further alters marine ecosystems, compounding stressors such as ocean 
warming, acidification and habitat shifts. Research that assesses these cumulative 
effects and disentangles the contributing factors is essential for providing the data 
needed for more environmentally-informed marine spatial planning (Halpern et al. 2015). 

3. Species-Specific and Life Stage Responses to Cables 

Species’ responses to submarine cables vary depending on factors such as age, 
movement patterns, feeding behavior and reliance on echolocation. Understanding 
which species are most vulnerable, how this varies across life stages and where they are 
located is crucial for developing targeted and context-specific mitigation measures. This 
research is especially relevant given that the majority of cable length  overlaps with EEZs 
(Table 4), where sensitive coastal habitats are found. Ecosystems such as marshes, 
eelgrass beds and mangroves are particularly vulnerable to human activities but often 
lack baseline data. This leads  to  insufficient understanding of their ecological dynamics 
(Zacharias and Gregr 2005). Addressing these knowledge gaps will help improve impact 
assessments and inform more effective conservation and management strategies.

Options to fill these gaps include:

•	 Long-term Studies: Conduct long-term monitoring and research to understand the 
prolonged impacts of cables, particularly those living on or beneath the seabed. 
Seabed monitoring examples include, but are not limited to, assessment of seabed 
respiration and deformation (Ge et al. 2022). 

•	 Impact Assessment Beyond Immediate Areas: Expand studies to examine possible 
impacts (e.g., pollution or turbidity) beyond the cable installation zone focusing on 
ecosystem functioning, stability and productivity to capture broader environmental 
consequences.

•	 Cumulative Impact Analysis: Investigate the cumulative impacts of multiple cables 
laid in proximity and their interaction with other human activities in the marine 
environment. Developing predictive models can help assess correlations between 
multiple stressors, ecological variables (e.g., species abundance, ecosystem 
condition) and stressor interactions  (Rullens et al. 2022).

Policymakers and regulators: Reduce data-sharing barriers and provide 
an overarching mechanism to plan the use of ocean space.
To support sustainable submarine cable deployment and minimize environmental 
impacts, policymakers and regulators should:

x
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1. Provide regulatory certainty and standardization

Facilitate policy cooperation and cohesion, as well as regulatory certainty and predictability. 
This is important at national, regional and multilateral levels and across industries, 
as although submarine cables are subject to several international treaties applicable 
to areas beyond national jurisdiction (including UNCLOS 1982), no intergovernmental 
organization regulates or licenses their installation. Regional industry associations such 
as ESCA (European Subsea Cables Association), NASCA (North American Submarine 
Cable Association), DKCPC (Danish Cable Protection Committee) and OSCA (Oceania 
Submarine Cable Association) have key roles to play regionally to engage with regional 
topics and policies. Other regional groups are being established in Asia, Africa and 
South America. A similar idea is outlined in the BBNJ Agreement under Article 47 (c) 
which proposes the promotion of “coherence among efforts towards the conservation 
and sustainable use of marine biological diversity of areas beyond national jurisdiction” 
among relevant organizations working in the marine space. 

2. Support Knowledge Exchange and Transparent Data-Sharing

Address the regulatory complexities associated with multi use cables (e.g. 
telecommunications cables capable of collecting data for scientific research). Although 
UNCLOS provides freedoms for laying cables for telecommunication purposes, it does 
not provide the same freedoms for cables that may be used for scientific research. As 
a result, multi-use cables for both telecoms and scientific research purposes could face 
different regulation to cables that are used only for telecommunications. UNCLOS gives 
coastal states the right to impose restrictions on marine scientific research in EEZs, while 
the submarine cable industry does not face the same restrictions (Clare 2023). Marine 
research undergoes greater restrictions than cable activities. These regulatory and legal 
issues will be relevant both to individual states and applicable to areas beyond national 
jurisdiction given that cables transit multiple jurisdictions globally including ABNJ.   

3. Integrate Submarine Cables into Marine Spatial Planning 

To reduce conflicts, enhance resilience and minimize biodiversity impacts, policymakers 
and regulators should formally integrate submarine cables into Marine Spatial Planning 
(MSP) to ensure coordinated management of coastal and ocean space and minimize 
conflicts between offshore energy, fisheries, conservation efforts and telecommunications 
infrastructure. Considering cables alongside other marine activities enables sustainable 
co-existence and aligns infrastructure development with conservation goals.

Collaboration between different industries and stakeholders: Greater 
collaboration among submarine cable stakeholders is essential for 
achieving mutually beneficial outcomes.
Marine sectors and regulators often operate in isolation, which limits the sharing of 
knowledge and best practices and leads to duplicated efforts, hindering biodiversity 
conservation and restoration. The report encourages increased engagement, particularly 
in cable sensing and marine biodiversity data-sharing. Strategies to enhance collaboration 
among the marine industry (e.g., fishing, offshore renewables, cable, etc.), the scientific 
community and policymakers and regulators are outlined below.

xiixi
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1. Strengthen collaboration to share knowledge, raise awareness, and develop best 
environmental practices

Operating in isolation limits knowledge sharing, can result in a duplication of efforts and 
hinder a holistic understanding of biodiversity sensitivity and impacts. The submarine 
cable industry works with other private sector industries, conservation bodies and 
scientific researchers. Further strengthening cooperation and coordination with such 
stakeholders is vital for ensuring that the latest evidence informs best practices at local, 
regional and global scales. A example of good practice is the Environmental Impacts of 
Human Activities Committee under the OSPAR Convention, which unites policymakers, 
industry representatives and conservation agencies to assess impacts and develop 
mitigation strategies for development activities In the North Atlantic  (Sinclair et al. 2023). 

2. Enhance sharing of data gathered from cable-related activities with biodiversity 
specialists to enable joint research initiatives

Data gathered through research conducted for submarine cable routing, installation, 
operation and removal has provided valuable insights into deep-sea currents, marine 
hazards (earthquakes, tropical storms, landslides) and seafloor disturbances, including 
recovery times after cable burial (Kraus and Carter 2018). As submarine cables are 
deployed in new ocean areas, it provides opportunities to collect new data to enhance 
environmental risk management, identify previously unrecognized impacts and improve 
mitigation strategies.

For example, cable sensing technologies, such as distributed acoustic sensing, pressure 
sensors, and temperature monitoring, can transform submarine cables into tools for 
detecting changes in the environment and biodiversity. However, the deployment of 
multi-use sensing technologies for both telecommunications and scientific research 
introduces regulatory uncertainty (UNCLOS 1982). Stronger engagement between 
regulators, the cable industry and the scientific community is needed to address these 
challenges and recognize the broader benefits of cable-based marine data collection, 
including (a) infrastructure protection and communication continuity, (b) enhanced 
environmental data, and (c) improved disaster warning systems.

The cable industry can both contribute to and benefit from existing cross-sectoral 
knowledge-sharing platforms that facilitate data exchange, research collaboration and 
technological innovation. Examples include the Global Biodiversity Information Facility, 
the Ocean Biodiversity Information System, the Global Ocean Observing System, and 
the Marine Data Exchange platform, as well as participation in initiatives such as the UN 
Decade of Ocean Science for Sustainable Development. 

3. Make greater use of the reach and engagement of industry associations

Industry associations like the ICPC play a vital role in facilitating stakeholder discussions, 
bringing together policymakers, regulators, industry representatives and academia at 
a global level. The ICPC actively engages with key international bodies, including the 
International Seabed Authority and International Hydrographic Organization, holds 
consultative status with the United Nations Economic and Social Council and participated 
in negotiations for the BBNJ Agreement. Ideally this engagement with international 
bodies will enable both the cable industry and other sectors to better understand and 
mitigate cumulative impacts from different activities. 

xii
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Growth in internet traffic and use of data-intensive applications 
continues to drive demand for new submarine cable construction.

Submarine fibre-optic telecommunication cables form the backbone of digital 
communication infrastructure that provides a foundation for society, connectivity, and 
commerce. While it is sometimes assumed that satellites are the primary means of 
ensuring global connectivity, submarine cables carry over 99% of global intercontinental 
data (Burnett and Carter 2017). The high capacity of fibre-optic cables and the ability to 
install them along relatively direct routes, make them the best infrastructure method for 
global communications. Submarine cables have been deployed since the 1850s, first 
with telegraph cables, then coaxial, and finally modern-day fibre-optic cables (first used 
in the late-1980s) (Carter et al. 2009). Fibre-optic telecommunication cables in the deep 
oceans average between 17-21 millimeters (mm) diameter, and there are approximately 
600 in-service, with a total length of over 1.7 million km (TeleGeography n.d.). 

This report focuses exclusively on submarine fibre-optic telecommunications cables. 
It does not review power transmission cables, whose main function (electricity 
transmission), technical characteristics, and resulting impacts differ from those of 
submarine telecommunications cables. A 2023 OSPAR report outlined the differences 
between the two types of cables, and found that impacts from electromagnetic field and 
thermal pressures, while relevant for power cables, were negligible for telecommunication 
cables (Sinclair et al. 2023). Pressures and impacts from the pre-installation and 
installation phases may be similar in some contexts, and the “Discussion” section of 
the report outlines where evidence from the power cable industry has been used to 
supplement literature on submarine fibre-optic telecoms cables (hereafter referred to as 
“submarine cables” and “cables”). 

Global demand for internet capacity is increasing. This increase is largely due to 
increased demand for data-intensive activities such as broadband, cloud services 
and video streaming. Demand is particularly acute in more remote and under-served 
locations, and for connecting the large data centres to support this activity (Submarine 
Telecoms Forum 2023).  Submarine cables are also vital for global financial systems. 
“SWIFT”, a messaging network, sends on average 15 million messages a day through 
submarine cables to banking organizations and corporate customers, accounting for 
over $10 trillion financial transactions each day (Burnett and Carter 2019). Island nations 
and more remote locations are particularly dependent upon submarine cables to connect 
to the rest of the world (Burnett and Carter 2019). 

Minimizing the impact of submarine cables on biodiversity 

Coastal and marine biodiversity has declined rapidly over the last century due to human 
activities such as exploitation of marine resources, pollution, coastal development 
and climate change (IPBES 2019). Biodiversity loss has resulted in less productive 
and resilient coastal and marine environments, with significant societal and economic 
consequences (Pawar 2016). Human (including climate-related) pressures on coastal 
and marine ecosystems are projected to increase. It is vital that every sector understands 
the impacts their activities can have on the natural world and implements approaches to 
avoid, minimize and mitigate them. 

Introduction 
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Updated understanding of submarine cables impact on coastal and 
marine biodiversity. 

In 2009, the International Cable Protection Committee (ICPC) and UNEP-WCMC report 
“Submarine Cables and the Oceans: Connecting the World” evaluated the impact of 
submarine cables on the coastal and marine environment. Since the report’s publication, 
approximately 700,000 additional km of submarine cables (a ~65% increase from 2009) 
have been installed. The footprint of blue economy sectors such as ports and harbors is 
also increasing (Carter et al. 2009). In this context, it is important to revisit the question: 

What impact do cables have on coastal and marine biodiversity 
and what are the best ways to minimize and mitigate any negative 
impacts?

Evolving regulatory regime for marine activities in areas 
beyond national jurisdiction

The United Nations Convention on the Law of the Sea (UNCLOS) grants 
freedoms to states to install, operate, and repair cables on the high 
seas, in the Area (the seabed and subsoil beyond the continental shelf), 
and in the exclusive economic zone and continental shelf areas of 
coastal states (UNCLOS 1982). However, no single intergovernmental 
organization is responsible for globally authorizing or regulating 

submarine cables. Instead, these activities are governed by a combination of treaties, 
customary international law, and the national laws and regulations of individual states. 

The Agreement under the United Nations Convention on the Law of the Sea on the 
Conservation and Sustainable Use of Marine Biological Diversity of Areas Beyond 
National Jurisdiction (BBNJ Agreement) marks a significant milestone in advancing 
environmental protection in areas beyond national jurisdiction (ABNJ). As defined by 
UNCLOS, ABNJ includes both the water column beyond the exclusive economic zones 
of coastal states (extending up to 200 nautical miles) and the seabed and subsoil beyond 
continental shelves, known as “the Area.” Adopted on June 19, 2023 under the United 
Nations, the BBNJ Agreement seeks to address longstanding gaps in the UNCLOS 
framework by promoting the conservation and sustainable use of marine biodiversity 
in ABNJ. Although the Agreement has not yet entered into force (pending ratification 
by at least 60 countries2) it is expected to shape future governance of biodiversity in 
the high seas. A full review of national marine regulations is beyond the scope of this 
report, however, bellow we briefly highlight provisions of most relevance to submarine 
cables, namely Environmental Impact Assessments and Area-Based Management Tools 
including Marine Protected Areas. Implications of ongoing ISA discussions on deep sea 
mining may also be useful to consider further in the context of submarine cables.

Environmental Impact Assessments (Part IV)

Under UNCLOS article 206, states must conduct environmental assessments when they 
have “reasonable grounds for believing that planned activities under their jurisdiction or 
control may cause substantial pollution of or significant and harmful changes to the 
marine environment”. Under the BBNJ Agreement, however, planned activities in ABNJ 

2  Access https://tinyurl.com/3vhe6dtr for the certified true copy of Agreement text and current treaty status. 

...it is important to 
revisit the question: 
What impact do 
cables have on 
coastal and marine 
biodiversity and 
what are the best 
ways to minimize 
and mitigate any 
negative impacts?
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under the jurisdiction or control of a Party are subject to a two-tiered screening and 
assessment process under Articles 27–39. Such activities could include submarine 
cable installation, operation, repair, and decommissioning. Key provisions from the BBNJ 
Agreement include:

•	 Screening Threshold (Article 30): Article 30 provides that if a planned activity “may 
have more than a minor or transitory effect on marine environment, or if effects 
of the activity are unknown or poorly understood,” the Party with jurisdiction or 
control over the activity must conduct a screening. The screening is a preliminary 
assessment that must include a description of the activity and an initial analysis of 
potential impacts (including potential cumulative impacts and the potential impacts 
in areas within national jurisdiction) and used to determine whether the EIA threshold 
(discussed below) is triggered.

•	 EIA Threshold (Article 28(2)): A Party must conduct an EIA if the planned activity 
“may cause substantial pollution or significant and harmful changes to the marine 
environment”—mirroring the UNCLOS Article 206 threshold.

Responsibility for determining whether thresholds are met, deciding if an environmental 
impact assessment is required3, preparing the EIA, and making decisions about whether 
an activity may proceed, including any associated mitigation or management measures, 
rests with the Parties authorizing activities in areas beyond national jurisdiction Article 34.  

3  “Parties shall, by using the best available science and scientific information and, where available, the relevant 
traditional knowledge of Indigenous Peoples and local communities, keep under surveillance the impacts of any 
activities in areas beyond national jurisdiction that they permit or in which they engage in order to determine whether 
these activities are likely to pollute or have adverse impacts on the marine environment” (Article 35)

Figure 3. Scuba diver installing articulated pipe to a cable. Source: Tide & West
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The Agreement empowers the Conference of the Parties, based on recommendations 
from the Scientific and Technical Body, to adopt standards and guidelines to support 
the implementation of the EIA provisions under Part IV. These may include, among 
other elements: criteria for determining thresholds; an indicative (non-exhaustive) list of 
activities that do or do not require an EIA; requirements for EIA report content; guidance 
on assessing cumulative impacts4 or impacts extending into national jurisdiction, and 
guidance on developing EIAs for activities proposed in areas identified as needing 
protection or special attention (Article 38). 

Area-Based Management Tools including Marine Protected Areas (Part III)

The BBNJ Agreement also introduces a process for establishing area-based management 
tools (ABMTs), including marine protected areas (MPAs), under Articles 17–26. ABMTs, 
including MPAs, will serve the purpose of conserving and sustainably using areas 
requiring protection, with measures at each site to be aligned with the achievement of 
specified objectives. 

•	 An ABMT is a “tool, including a marine protected area, for a geographically defined 
area through which one or several sectors or activities are managed with the aim of 
achieving particular conservation and sustainable use objectives in accordance with 
this Agreement” (Article 1).

•	 An MPA “means a geographically defined marine area that is designated and 
managed to achieve specific long-term biological diversity conservation objectives 
and may allow, where appropriate, sustainable use provided it is consistent with the 
conservation objectives” (Article 1).

One or more Parties may propose an ABMT including MPA and “shall collaborate and 
consult, as appropriate, with relevant stakeholders, including States and global, regional, 
subregional and sectoral bodies, as well as civil society, the scientific community, the 
private sector, Indigenous Peoples and local communities […]” (Article 19). The Conference 
of the Parties (COP) will make decisions on ABMT and MPA proposals, including on related 
measures (Article 23). Where measures are compatible with those adopted by relevant 
legal instruments and frameworks and relevant global, regional, subregional and sectoral 
bodies, decisions are to be made in cooperation and coordination with those. Decisions 
by the COP are to be generally by consensus or, in the absence of consensus, through 
qualified majority voting (Article 47).  Parties may opt out of particular ABMTs, including 
MPAs, on grounds of inconsistency with UNCLOS and/or customary international law, 
unjustifiable discrimination, or inability to comply, but such opt-outs are time-limited 
(Article 23). 

Overall, it remains to be seen how overarching objectives of ABMTs and MPAs under the 
BBNJ Agreement might be implemented by Parties to the Agreement and if there will be 
any implications for the cable laying industry. 

4  The BBNJ Agreement defines cumulative impacts as “the combined and incremental effects of past, present, and 
foreseeable activities, as well as climate change and ocean acidification” (Article 1) 
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Methodological assumptions and limitations 

This report was written to provide a global context, enabling the authors to determine 
a global snapshot of the impacts of submarine cables on marine biodiversity. A spatial 
and a literature analysis were undertaken. The authors recognize that pressures and 
their resulting impacts will be heavily context-specific (e.g., geographic region, type of 
equipment used, nuances of an individual cable project, etc.), and the conclusions reached 
are therefore not applicable to every individual cable. Instead they act as a conceptual 
overview that can be applied in considering cable impacts. For further information on 
any of the text in the “Methodology” section, please refer to Appendix A. 

The spatial analysis overlapped the distribution of cables with global data on marine 
habitats and protected areas (including modelled data). The authors acknowledge that 
global data are not always accurate when applied at different scales. For further details 
on the methodology used to calculate the spatial footprint of cables globally please refer 
to Appendix A.

This report and analysis focus solely on the submarine communications cable industry. 
The findings on pressures and impact intensities and likelihoods are not intended to be 
used as a comparison to other marine industries. All statements are made relative to 
other pressures and impacts resulting from the cable industry alone. 

Methodological structure

The methodology for this report, adapted from UNEP’s Governing Coastal Resources 
report (2021), examines the drivers, pressures, impacts, and potential responses related 
to submarine cables and their effects on marine biodiversity. The terms used are 
defined as follows: 

Drivers: Social, economic and demographic factors influencing cable laying. Drivers were 
identified in consultation with the cable industry and from the “Submarine cables and the 
oceans: connecting the world” report.

Pressures: The stressors placed upon coastal and marine species, habitats and ecosystems. 
The pressures considered in this analysis (Table 1) are based on the UK Joint Nature 
Conservation Committee’s “Standardized list of pressures in the marine environment.” 
and OSPAR’s Commission pressures.5 These pressures (Table 1) are the ones that are 
focused on in the resulting literature review for all phases of the submarine cable lifecycle.

Note that while older coaxial cables caused entanglements with large megafauna, 
there has not been a recorded entanglement since 1960 and so entanglemens are no 
longer deemed a relevant pressure arising from cable activities (Sinclair et al. 2023). 
Electromagnetic field (EMF) is also not included as a pressure as it is only applicable to 
power cables, not telecoms cables (Sinclair et al. 2023). 

5  Derived from the 2024 OSPAR publication “Subsea cables within the OSPAR marine area” which lists pressure categories 
of cable installation from OSPAR’s Joint Assessment & Monitoring Programme and Marine Strategy Framework Directive.

https://www.unep.org/resources/publication/governing-coastal-resources-implications-sustainable-blue-economy
https://www.unep.org/resources/publication/governing-coastal-resources-implications-sustainable-blue-economy
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjU65an_ImEAxWQVUEAHc6BCE0QFnoECBsQAQ&url=https%3A%2F%2Fwww.iscpc.org%2Fdocuments%2F%3Fid%3D132&usg=AOvVaw3NvqQm1NOjMM7GYE1Pr_q3&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjU65an_ImEAxWQVUEAHc6BCE0QFnoECBsQAQ&url=https%3A%2F%2Fwww.iscpc.org%2Fdocuments%2F%3Fid%3D132&usg=AOvVaw3NvqQm1NOjMM7GYE1Pr_q3&opi=89978449
https://hub.jncc.gov.uk/assets/1e136107-1396-4c67-b755-dc9f43bf3bb1
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Impacts: The consequences of the pressures resulting from activities in the lifecycle of 
a submarine telecommunications cable upon coastal and marine species, habitats and 
ecosystems. 

Responses: Potential options for policymakers,the cable industry and other stakeholders to 
reduce potential negative environmental impacts to marine biodiversity during the lifecycle of 
a submarine telecommunications cable.

Literature analysis 
Assessing and quantifying potential pressures and impacts across the  
cable lifecycle.

The assessment follows four key lifecycle phases of submarine cables: pre-installation, 
installation, operation, and decommissioning/recovery (Table 2).

Due to limited literature on the impact of submarine cables a “pathway” approach was 
used to link pressures to potential impacts (Figure 4). The analysis assessed 

1.	 The strength of pressures from each cable lifecycle phase 

2.	 The strength of impacts of those pressures on ecological components (species, 
habitats, ecosystem functioning)

Table 1. Priority marine pressures from submarine telecommunications cables and descriptions  
(adapted from JNCC and OSPAR)

Theme Potential pressure Definition Relevance to cables

Physical 
damage 

Habitat structure changes Physical change to another 
seabed type OR removal of 
substratum (burial)

Arising from cable burial

Penetration and/or disturbance 
of the substrate below or on the 
surface of the seabed, including 
abrasion

Physical change to a seabed 
type without the removal of 
substratum 

Arising from the placement of 
localized protective structures

Turbidity Changes in water clarity 
from sediment and organic 
particulate matter concentrations 
resuspended (Taormina et al. 
2018)

Arising from suspension of 
sediments where cables are 
buried

Other 
physical 
pressures

Noise and disturbance changes Sound pollution from ships or 
installation techniques

Arising from ships used to install 
and repair cables 

Death or injury by collision/vessel 
strike of marine megafauna*

Collision with static or moving 
objects not naturally found in the 
marine environment (e.g., boats, 
machinery and structures) 

Associated with cable installation 
of maintenance activities

Pollution 
and other 
chemical 
changes

Releasing pollutants Sewage and/or chemical 
pollution released from cable 
laying activities or cables 
themselves 

Arising from seabed disturbance 
during cable burial 

* Cables are laid from vessels, so as with any ship-based activity, there is a possibility of ship strike. Whilst this pressure is rare, as there is a 
small likelihood that it can occur, it is included.
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Table 2. Cable lifecycle phases

Cable lifecycle phase Description Example Activities

Pre-installation The planning and routing of cables; including 
exploratory surveys to identify effective, 
resilient and environmentally-responsible 
routes, in addition to route preparation 
measures such as Horizontal Directional 
Drilling (HDD) and pre-lay grapnel runs.

•	 Desktop survey

•	 Horizontal Directional Drilling (HDD)

•	 Pre-lay grapnel runs 

Installation The installation of cables; including laying 
directly on the seafloor (in deep water) and 
burying beneath the seabed (in shallow 
water to protect them).

•	 Burial via ploughing

•	 Burial via jetting

•	 Laying on the seafloor

Operational The in-situ operation of cables; including 
repair activities in the infrequent case of 
faults.

•	 Cable retrieval via grapnel

Decommissioning/ 
Recovery

The decommissioning of cables after they 
have reached the end of their life, which may 
include leaving cables in-situ or recovering 
(in part or entirely).

•	 Cable retrieval via grapnel 

•	 Pulling buried cables out of the seafloor

The overall impact was determined by combining the strength of pressures from each 
cable lifecycle phase with the strength of impacts on ecological components. For more 
details on how impact scores were derived, refer to Appendix A.

To classify the strength of pressures, the analysis considered the scale and duration of 
environmental changes:

•	 High – the pressure causes longer-term changes in surrounding conditions and/or 
reaching far outside of the immediate point of impact.

•	 Moderate – The pressure causes changes in surrounding conditions within a 
confined area around the immediate point of impact.

•	 Low – The pressure causes short-term changes in surrounding conditions and/or 
only at the immediate point of impact.

The strength of pressure was calculated separately for shallow (0-1,500m) and deep 
water (>1,500m). The method was derived from UNEP’s Governing Coastal Resources 
report (2021). The assigned scores are relative to other activities within the cable lifecycle 
phase, not to other blue economy sectors. 

To assess the robustness of relationships between pressures and impacts, the strength 
of evidence was categorized based on: Size (large, moderate, or small); Quality (high, 
moderate, or moderate-to-low); robustness (e.g., qualitative vs. quantitative) and credibility 
(e.g., sourced from a credible database (Table 3)). For more detailed information refer to 
Appendix A.

https://www.unep.org/resources/publication/governing-coastal-resources-implications-sustainable-blue-economy
https://www.unep.org/resources/publication/governing-coastal-resources-implications-sustainable-blue-economy


10

Methodology 

Figure 4. Visual representation of how pressure and impact strength ratings were determined for each  
lifecycle phase.

Table 3. Criteria used to assess the strength of the evidence. 

Strength 
of 

evidence
Definition What it means

Included 
in the 

analysis

Strong High quality body of evidence, 
large in size, consistent and 
contextually relevant.

We are very confident that the activities associated with 
submarine cables does or does not create the anticipated 
pressure and/or impact. The body of evidence is very diverse 
and highly credible, with the findings convincing and stable.

Yes

Moderate Moderate quality studies, 
moderate size evidence body, 
moderate level of consistency. 
Studies may or may not be 
contextually relevant. 

We believe that the submarine cable industry may or may not 
create the anticipated pressure and/or impact. The body of 
evidence displays some significant shortcomings. There are 
reasons to think that contextual differences may unpredictably 
and substantially affect intervention outcomes. 

Limited Moderate-to-low quality studies, 
moderate size evidence body, 
low levels of consistency. 
Studies may or may not be 
contextually relevant.

We believe that the submarine cable industry may or may 
not create the anticipated pressure and/or impact. The body 
of evidence displays very significant shortcomings. There 
are multiple reasons to think that contextual differences may 
substantially affect intervention outcomes.

No

No 
evidence

No/few studies exist. There is no plausible evidence that the submarine cable industry 
does/does not create the indicated pressure and/or impact.
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Literature review

The majority of the evidence used in this study was obtained from scientific literature 
cited from scientific literature and industry reports. Representatives from the cable 
industry were consulted to obtain industry reports, ICPC Recommendations and to better 
understand the processes involved in submarine cable activities. 

Documents were included based on the following criteria: 

•	 Focus on fibre-optic cables 

•	 Studies on older telecommunications cables (e.g., coaxial, telegraph) that provide 
relevant insights for modern fibre-optic cables

•	 Peer-reviewed scientific papers that are reviews or meta-analyses

•	 Industry guidance for submarine telecommunications cables (e.g., ICPC’s 
Recommendation No. 9 Minimum Technical Requirements for a Desktop Study)  

•	 Documents addressing both fibre-optic telecommunication cables6 and power 
cables in relation to environmental pressures or impacts

•	 The search was global in scope but restricted to the English language. 

Using these criteria, 88 documents (listed in Appendix D) were used in the analyses 
and findings presented in this report, including some literature which was not directly 
referenced in the report. Details of the literature review and spatial analysis methodology 
can be found in Appendix A. 

6  Literature on power cables was included within the literature review where the potential pressures are similar (e.g., 
from physical routing), however, pressures specific to power cables (e.g., thermal and electromagnetic) were excluded.



12

Results



1312

Results

This section presents a high-level summary of key findings from 
the literature review and spatial analysis. The “Discussion” section 
presents illustrative examples, additional evidence and specific 
industry activities that contribute to pressures and impacts. 

The “Discussion” section also addresses caveats, including limitations, uncertainties, 
and evidence that does not fully align with overarching conclusions. It therefore 
provides further context and nuance to the findings.

Spatial footprint 

The 1,781,123 km of cables in the world are distributed across all oceans except the 
Southern Ocean (Appendix B), the majority in the exclusive economic zones of countries 
(1,316,790 km; 74%) (Figure 5). Globally, 0.0098% of the seafloor is within 10 m of 
submarine cables. The spatial distribution of cables in the ABNJ is about a quarter of 
what is in the territorial seas and EEZs (464,333 km; 26%).7 These results suggest that 
the global spatial distribution of cables is minimal. Note that these spatial findings are 
not evidence of scale of impact and are an estimate (Appendix B).

Globally, 485,213 km of submarine cables pass through areas of biodiversity importance 
(with cables crossing 7% of these areas), (Table 4). Ecologically or Biologically Significant 
Marine Areas (EBSAs) cover vast ocean regions, making it neither always necessary nor 
feasible to route cables entirely around them. While cables cross a range of seafloor 
habitats, their overlap with certain sensitive habitats remains relatively low:

•	 Seamounts have 9,513 km of cable overlap (0.5% of global cable length; 0.1% of 
global seamount area).

•	 Seagrass habitats have 18.98 km of cable overlap, the highest among coastal 
habitats (0.3% of global cable length; .8% of global seagrass area).

•	 Cold-water corals have 3.66 km of cable overlap (<0.01% of global cable length; 0.1% 
of global cold-water corals area).

Overlap with protected or vulnerable areas does not necessarily indicate that cable 
activities will result in negative environmental impacts. For example, while 4% of MPAs 
overlap with cables and 9% of Vulnerable Marine Ecosystems (VMEs) overlap with 
cables, the actual risk of disturbance depends on site-specific factors, cable activities, 
and local conservation measures.

7  The dataset used for this analysis does not delineate territorial waters or coastal zone boundaries; therefore, 
references to EEZs include the full area (seabed and water column) between 0 and 200 nautical miles from the border. 
The ABNJ figures also account for cables laid over extended continental shelf areas.
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Figure 5. Cable density map. The map represents the cable length per unit area [km/km2] for a 10x10 km 
reference grid cell. Yellow indicates areas of high cable density, whereas dark blue indicates areas of low cable 
density based on the cumulative length of cable routes falling within a circular moving window of 250km radius 
around each grid cell, divided by the available marine area within the window.
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Table 4. Summary statistics of the spatial footprint of cable routes overlapped with different habitats and area-based 
management tools globally. Footprint of cables within area-based management tools, areas of biodiversity importance 
and biogenic habitats at a global scale), within the Exclusive Economic Zones of countries and within Areas Beyond 
National Jurisdiction. Percentage of global cable coverage (area of environment type divided by global cable area. 
The first global percentage is the environment type area covered by cables over the total length of cables. The second 
global percentage is the environment type area covered by cables over the total area of environment type.

Environment type Name
Cable length (km)

ABNJ EEZ Global Global (1) % Global (2) %

Area-based 
management tool APEI 0 0 0 0 0

Area of biodiversity 
importance EBSAs 183,686 301,531 485,213 27% 7%

Area-based 
management tool MPAs 17,859 96,112 113,971 0.06% 4%

Area-based 
management tool VMEs 11,043 885 11,927 0.70% 9%

Biogenic habitat Cold Water Corals 0 4 4 <0.01% 0.1%

Biogenic habitat Coral Reefs 0 444 444 0.02% 0.3%

Biogenic habitat Mangroves 0 17 17 <0.01% 0.01%

Biogenic habitat Saltmarshes 0 19 19 <0.01% 0.03%

Biogenic habitat Seagrasses 0 5,561 5,561 0.30% 0.8%

Biogenic habitat Seamounts 3,220 6,292 9,513 0.50% 0.1%

Potential Pressures and Impacts from Submarine Cables

The literature review indicates that potential pressures and resultant impacts 
from cable activities are generally minimal, with localized and short-term effects. 
However, the intensity of pressures (Table 5) and impacts (Table 6) varies across 
the cable lifecycle, with certain activities generating higher pressures than others 
(Table 5). The intensity levels of pressures and impacts are not meant to be used 
in comparison with pressures and impacts arising from other marine industries, 
such as the fishing or energy industry.

Potential Pressures across the Cable Lifecycle

•	 Habitat disturbance poses the greatest pressure, particularly in shallow 
waters, where cables are buried beneath the seabed for protection.

•	 Noise and pollution pressures, whilst infrequent and low in intensity may be 
locally important in areas of cable installation.

•	 The installation phase generates the highest pressure and greatest potential 
for ecological disturbance

•	 The operational phase—the longest phase, on average—generates the lowest 
potential pressures.

These pressures translate into varying levels of impact on marine biodiversity, 
depending on habitat sensitivity and species vulnerability.
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Table 5. Potential pressures stemming from each phase of the cable lifecycle in shallow and deep waters

Water 
Depth

Habitat 
structure 
changes

Pene-
tration 
and/or 
habitat 
distur-
bance

Turbidity Noise
Death or 
injury by 
collision

Pollution

Cable 
lifecycle 
phase  

Pre-Installation
Shallow 1 3 3 1 1 1

Deep 1 2 2 1 1 1

Installation
Shallow 2 3 3 1 1 1

Deep 1 1 1 1 1 1

Operational 
(standard, no 
repair activities)

Shallow 1 1 0 0 0 0 0 0 1

Deep 1 1 0 0 0 0 0 0 1

Operational 
(includes repair 
activities) 

Shallow 1 1 1 1 1 1

Deep 1 1 1 1 1 1

Recovery/ 
Decommissioning

Shallow 2 2 2 1 1 1

Deep 1 1 1 1 1 1

Potential Impacts

While overall impacts remain low and relatively local to areas of disturbance, they are 
highest in shallow waters, where sensitive habitats (e.g., coral reefs) and species are 
more prevalent (Sinclair et al. 2023). This finding is consistent across most marine 
industries, as coastal areas host higher biodiversity and experience more human activity 
(Tixerant et al. 2011).

Despite low overall observed impacts, the true extent of impacts remains insufficiently 
understood for certain habitats, particularly those that are less studied or more difficult to 
monitor. In some cases, the lack of long-term data and in-depth ecological assessments 
makes it difficult to determine how submarine cables may affect marine biodiversity over 
time. Key knowledge gaps include:

•	 Deep-sea ecosystems – The effects of cable activities on deep-sea habitats, including 
the abyssal plain and hydrothermal vent communities, remain poorly documented 
due to the logistical challenges of research at extreme depths (Turner et al. 2019).

•	 Ecosystem functioning in sensitive habitats – While direct physical disturbance from 
cables is often limited and local, potential indirect effects—such as altered sediment 
dynamics, habitat fragmentation, or long-term changes to benthic communities—are 
not well understood (Table 14).

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0 = No exidence found). 

Cell colors represent the intensity of the potential pressure resulting from each cable phase High Moderate Low
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Table 6. Potential impacts of each phase of the cable lifecycle on species, habitats and ecosystem function in 
shallow and deep waters. 

Water 
Depth Species Habitats Ecosystem 

Functioning

Average 
(Mean) 
Impact

Cable 
lifecycle 
phase  

Pre-Installation
Shallow 2 2 1

Deep 1 1 1

Installation
Shallow 2 2 1

Deep 3 3 1

Operational
Shallow 1 1 0

Deep 1 1 0

Decommissioning
Shallow 2 2 0

Deep 3 3 0

Cell numbers represent the strength of the underpinning evidence base (3 = High; 2 = Moderate; 1 = Low, 0 = No evidence found) 

Cell colors represent the strength of potential impact relative to other cable generated pressures High Moderate Low

•	 Cumulative impacts – The interaction between cable activities and other marine 
pressures (e.g., climate change, fishing, offshore energy development) remains 
understudied, particularly in regions with increasing human activity.

Addressing these scientific gaps will help refine assessments of cable-related impacts 
and support more effective environmental management and mitigation strategies. The 
“Discussion” section will further explore these uncertainties and highlight areas where 
additional research is needed.
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This section examines these key phases of a cable’s lifecycle and provides a comprehensive 
assessment of the potential impact on biodiversity associated with submarine cables, 
emphasizing industry best practices, mitigation measures, and regulatory guidance to 
ensure sustainable cable deployment and management.

•	 The Pre-Installation Phase focuses on route planning, environmental assessments, 
and surveying, ensuring that cables are strategically placed to minimize ecological 
impacts and avoid sensitive marine habitats. The initial stages of this phase tend 
to have minimal/temporary impact upon coastal and marine biodiversity, with 
pressures predominantly linked to some survey techniques. 

•	 The Installation Phase involves cable laying and burial techniques, which may 
temporarily disturb the seabed and generate additional localized impacts from noise 
and pollution, particularly in shallow waters. The impact of this stage on coastal and 
marine biodiversity is primarily determined by whether a cable requires burial for 
protection or is surface laid (laid on the seafloor directly). 

•	 The Operational Phase explores how cables interact with their environment over 
their approximately 25-year lifespan, including potential ecological interactions 
such as marine species colonization (“reef effect”) and risks related to abrasion and 
entanglement. Whilst the potential impact of this stage is low, operational cables, 
and the surrounding biodiversity, are not generally monitored.

•	 Finally, the Decommissioning Phase considers the environmental trade-offs between 
leaving cables in place versus active removal, assessing how each option affects 
seafloor ecosystems and resource recovery efforts. The pressures and impacts 
arising from cable removal are similar to those of the installation phase, namely, 
physical damage, noise and pollution. 

Each of these phases is discussed in detail below. 

 
Pre-installation of cables 
The pre-installation phase includes planning, route surveying, and preparation 
for cable installation. This stage is critical for identifying the most efficient, 
secure, and environmentally responsible cable routes.

Desktop Studies

Once cable landing sites (where cables connect to onshore telecoms systems) are 
identified, a desktop study is conducted to determine the most efficient and secure 
routes for the cables. Desktop studies are guided by ICPC’s “Recommendation No. 9 
Minimum Technical Requirements for a Desktop Study” and consider a range of factors 
that may vary based on local and national regulations. Information collected from the 
desktop survey includes:

The deployment, operation, and decommissioning of submarine 
cables follow a structured lifecycle. 
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•	 Relevant permitting and policy requirements

•	 The environmental, ecological, economic and cultural importance of locations along 
the route, principally obtained from published data

•	 The presence of other sectors (e.g., fisheries, renewable energy, shipping, other 
coastal infrastructure) along the route

•	 The presence of marine faunal and flora communities (including listed/threatened 
species and habitats) on or within close proximity to the route, principally obtained 
through ecological surveys from published maps

Field Surveys

The desktop survey will provide an optimal route design that can then be surveyed in 
the field to fully characterize the route and avoid hazards or environmentally significant 
zones (Carter et al. 2009). Field surveys include consideration of:

•	 The seabed depth and the presence of any hazards and/or objects along a proposed 
route corridor. This is predominately obtained using vessel-based geophysical and 
geotechnical surveys. 

•	 The physical properties and stability of the sediment along the route (Carter et 
al. 2009). This is obtained through geotechnical testing of the seabed, including 
sediment coring and/or cone penetration tests (CPTs).

Surveys are typically 500 m to 1 km in width and occur down to ~1,500 m or the 
determined water depth limit on where the cable will be buried into the sediment (Carter 
et al. 2009). Surveys are also carried out in water depths deeper than ~1,500m which 
corresponds to areas where a cable will be laid on the surface of the seabed. They should 
follow the precautionary approach and are guided by ICPC’s “Recommendation 18 
Minimum Technical Requirement for the Acquisition and Reporting of Submarine Cable 
Route Surveys” (2020). 

Final Route Selection and Seafloor Preparation

Final route selection is based on a balance of environmental considerations, technical 
feasibility, cost, and interactions with other marine sectors, while ensuring compliance 
with local and national legislation.

Figure 6. A grapnel array used to clear the seabed of debris and out of service cables. Source: courtesy of ICPC
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Once a route is determined, a pre-lay grapnel run might be used to prepare the seafloor 
for installation. Where out of service cables cross the path of a new route, the old cable 
is removed or buried. Debris on the seabed is removed using a grapnel array as needed 
(see Figure 6); this is not required when cables are to be laid on the surface. Grapnels 
can create disturbances up to 1 meter wide, several kilometers long, and up to 1.5 meters 
deep (Sinclair et al. 2023). These disturbances have the potential to alter environmental 
conditions by causing sediments to enter the water column which can directly impact 
habitats and species. For sensitive habitats like coral reefs and seagrasses, this may lead 
to damage, although the impacts are highly variable and dependent on local ecology. For 
example, an environmental impact assessment (EIA) in Kenya of the use of grapnels 
to remove obstructive debris (which penetrated the seabed to 0.8 meters) concluded 
it would only have minor and highly localized impacts on the seabed (Environtech 
Consultancy Africa Ltd 2021).

The routing of cables should follow the hierarchy of avoid, reduce and mitigate (ICPC 
2023b). Surveys and desktop studies are widely used to avoid or mitigate impacts upon 
sensitive species and habitats, particularly on hard bottom or reef habitats. Findings 
from the spatial analysis indicate that cable length overlapping with biogenic habitats 
(particularly sensitive coastal habitats) is minimal compared to the global footprint of 
biogenic habitats (e.g., <1% of cold-water corals overlap with cables) (Table 4).

Table 7. Intensity and likelihood of potential pressures related to the pre-installation phase. 

Theme Pressure

Intensity of potential 
pressure relevant to this 

lifecycle phase

Likelihood of potential 
pressure 

Shallow Deep Shallow Deep

Physical 
damage 

Habitat structure changes 1 1

Penetration and/or disturbance of the 
substrate below or on the surface of 
the seabed, including abrasion

3 2

Turbidity 3 2

Physical 
Other physical 
pressures

Noise and disturbance changes 1 1

Death or injury by collision/vessel strike 
of marine megafauna 1 1

Pollution and 
other chemical 
changes

Releasing pollutants 1 1

Cell colors represent the intensity of the potential pressure resulting from the 
pre-installation phase High Moderate Low

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0 = No pressure found). 
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Area-based management tools have higher proportions of overlap relative to individual 
habitats. A higher percentage of global cable length overlaps with areas of biodiversity 
importance and management tools. Many area-based management tools are found 
in shallower waters, where the highest density and the majority of cables are located 
(Sinclair et al. 2023). Protected areas are also large in size sometimes encompassing 
multiple ecosystem types. Spatial analysis of cable routing suggests evidence of cables 
being routed around and avoiding specific habitats (Table 4), potentially indicating efforts 

in the industry for avoidance as a first means of mitigation. 

If a habitat cannot be avoided, micro-routing, a more precise form of 
routing used to route around individual features in an ecosystem, can used 
to further minimize impacts. Examples include the use of geographical 
surveys to route cables in Scotland in order to avoid sensitive features 
within the 500 m survey corridor, including micro-routing through a rocky 
shore in a protected area (British Telecommunications Plc 2021). In another 
case in Bermuda, a benthic survey was undertaken, and the decision was 
made to weave the cable through a reef habitat. 

To better understand the potential environmental pressures that can be identified in 
the pre-installation phase, Table 7 summarizes the intensity and likelihood of potential 
pressures across different depths. The table provides a comparative view of how pre-
installation activities may generate pressures in both shallow (<1,500m) and deep 
(>1,500m) waters.

Cable installation  
This phase involves the use of specialized vessels to lay and, where necessary, 
bury cables along the seabed to establish connections between landing points 
onshore.

The installation of submarine cables involves specialized vessels that deploy  
including where necessary burying cables along the seabed to establish connections 
between landing points onshore. The process varies depending on water depth, seabed 
conditions, and environmental considerations, with different techniques used in shallow 
and deep waters.

Shallow Water Installation Process

In shallower waters, where cables are more vulnerable to external damage from natural 
processes or human activities,  they are often buried beneath the seabed to protect them.  

When landing a submarine cable – known as a shore end - typically, the cable is first 
pulled ashore from a cable ship using floats (Figure 7). Once positioned, it is fed through 
a sea plough, which lowers it to the seabed and simultaneously buries it by trenching 
the seafloor.  

In environmentally sensitive coastal areas, horizontal directional drilling can be used 
instead, allowing the cable to be installed beneath the intertidal zone without disturbing 
the seabed surface (Sinclair et al. 2023). 

...The routing 
of cables 
generally 
follows the 
hierarchy of 
avoid, reduce 
and mitigate...
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Table 8. Intensity and likelihood of potential pressures related to the installation phase

Theme Pressure

Intensity of potential 
pressure relevant to this 

lifecycle phase

Likelihood of potential 
pressure 

Shallow Deep Shallow Deep

Physical 
damage 

Habitat structure changes 2 1

Penetration and/or disturbance of the 
substrate below or on the surface of 
the seabed, including abrasion

3 1

Turbidity 3 1

Physical 
Other physical 
pressures

Noise and disturbance changes 1 1

Death or injury by collision/vessel strike 
of marine megafauna 1 1

Pollution and 
other chemical 
changes

Releasing pollutants 1 1

Cell colors represent the intensity of the potential pressure resulting from the 
installation phase High Moderate Low

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0 = No pressure found). 

Figure 7. Direct shore end installation. Source: courtesy of ICPC
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New cables will be laid either on new routes and to locations that have previously not been 
connected (for which conditions may be less well known), or close to existing routes (for 
which environmental conditions are often well understood) (ICPC 2023a). Both options 
may present challenges. For example, in the latter situation  baseline conditions may 
have changed since the previous cables were laid. 

Deep Water Installation Process

Since human activities such as fishing and anchoring are less frequent at deeper depths, 
the primary concern is ensuring that the cable follows the designated marine survey 
route while maintaining the appropriate amount of slack. The cable is released from the 
ship and lowered to the seafloor, where it naturally settles into depressions or along the 
seabed contours. An onboard engineer adjusts both the cable tension and ship speed 
to ensure proper placement. Unlike shallow waters, where the cable is actively buried, 
deep-sea installation focuses on precise routing and stability, often in areas with uneven 
or rocky seabed conditions (Carter et al. 2009).

Cable Installation Techniques and Burial Methods

Installation methods chosen depend on site-specific environmental and operational 
considerations.

•	 Simultaneous Lay and Burial: One of the most common methods for shallow-water 
installation, SLB involves a sea plough that simultaneously creates a trench (typically 
0.5–2 m below the seafloor) while the cable is laid inside (Figure 8). Excavated 
sediment naturally falls back, covering the cable (Sinclair et al. 2023).

•	 Post-Lay Burial (Jetting): Where cables are first laid on the seabed and later buried, 
high-pressure water jets are used to fluidize the sediment around the cable, allowing 
it to sink into place. However, dispersion distances depend on the sediment type and 
the environmental conditions. For example, clay sediments tend to disperse further 
whilst sandy sediments tend to fall very close to the trench (Sinclair et al. 2023). The 
jetting technique can extend to 3 m below the seafloor and usually results in a trench 
less than a meter wide, dispersing sediments by 5 m on average (Carter et al. 2009) 
(Kogan et al. 2023) (Kraus and Carter 2018). The jetting technique is only used in 
specific conditions, such as the presence of a granular sandy seabed or steep slopes 
(Carter et al. 2009). In areas of hard seabed where the cable cannot be buried, the 
plough is recovered, and the armoured cable is surface laid directly on the seabed 
(Carter et al. 2009).

•	 Surface Laying in Hard Seabed: In areas with rocky or hard substrates where burial 
is not possible, cables can be laid directly on the seabed. To prevent damage, these 
cables are typically armored for additional protection (Carter et al. 2009).

Where cables require burial in shallower waters, the disturbance of seafloor  
sediments during cable installation can result in pressures from increased sediment, 
organic matter and microorganisms in the water column. However, impact is likely to be 
local and short-term.

Increased turbidity can have a wide range of impacts upon species, including impact on 
their vision, feeding and respiration (Lunt and Smee 2020). Turbidity can also “smother” 
habitats and reduce light levels and primary productivity, impacting a range of habitats 
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including seagrasses and coral reefs (Agion 2010; Kennish 2001). However, impacts 
from cable burial are often localized and short-lived. Kraus and Carter (2018) determined 
that the recovery time from physical disturbance from cable burial ranged, on average, 
from 1-5 years. Recovery time is dependent on multiple factors, including geography 
and geomorphic characteristics (e.g., habitat type, grain size, etc.) of the seabed. For 
example, in areas with active waves, currents and an adequate supply of sediment, 
recovery generally takes less than one year (Kraus and Carter 2018). Reduced waves 
and currents may result in recovery within 2 years, and can extend to up to 5 years if 
sediment supply is low (Kraus and Carter 2018). 

Disturbing the seafloor can also release pre-existing accumulated pollution and chemicals 
from seafloor sediments into the water. During the process of burying cables micro 
quantities of heavy metals (e.g. lead and nickel) or other pollutants may be disturbed. 
Although this is highly unlikely in situations where environmental surveys and desktop 
studies are performed in the pre-installation phase to identify and avoid such hotspots 
(Mart et al. 1982). While the scale and likelihood of these pressures are small, the wider 
implications for the ecosystem are either poorly known or minimal. It should be noted 
that these potential impacts do not relate to cables laid in deeper waters (>1,500 m). 

The ships and machinery used to lay cables have the potential to produce a variety 
of pollution including noise, but these impacts are likely to be minimal. Pollution from 
these vessels is not specific to the cable industry, but a potential pressure from all 
shipping activity in the marine realm. Whilst the cables themselves don’t make noise, the 
excavators used to install cables onshore can be noisy (British Telecommunications Plc 
2021). Noise from submarine cable surveys and installation activities are typically short-
lived, high frequency and directional (Kuşku et al. 2018). Case studies on noise from 

Figure 8. Cable ship with plough for cable installation. Source: Global Marine Group
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power cables during installation identified sound levels from 100 to 188.5 dB, however, 
the lack of standardized measurement methodologies lead to considerable uncertainty 
about noise impacts (Sinclair et al. 2023). There is evidence that vessel noise has the 
potential to impact the behavior, feeding and navigation of a number of species, including 
whales (Stone et al. 2017). 

Sewage and persistent organic pollutants released by vessels during cable installation 
also have the potential to impact coastal and marine biodiversity. However, there is no 
recorded evidence of these being significant pollution-causing activities from the cable 
industry, with pollution largely controlled by regulations, such as under the United Nations 
Convention on the Law of the Sea (Sinclair et al. 2023).

The impact on deepwater habitats and species from physical disturbance are highly 
localized and minor due to the small diameter of cables (17-21 mm). This conclusion is 
supported by a range of evidence from observational studies. For example, the MARS 
hybrid power/telecoms cable, deployed on the shore end via horizontal directional drilling 
off the coast of California, was inspected post-installation and found negligible effect on 
seabed morphology from the cable. Additionally, there was no statistical difference in 
the abundance and distribution benthic fauna within 0-100 m of the cable pre and post-
installation (Kuhnz et al. 2015). 

Similarly, Kogan et al. (2006) found minimal effects of the surface-laid ATOC cable in 
northern California on organisms close to the cable (Kogan et al. 2006). Impacts upon 
the seafloor following the installation of high voltage power cables in the Bass Strait, 
Australia, disappeared 2 years after installation, whilst no significant changes in the 
benthic diversity and biomass was found 1 year after installing a power cable in the Baltic 
Sea (Andrulewicz et al. 2003) (Sherwood et al. 2016). Power cables generate different 
types and magnitudes of impact than telecommunication cables. However, power 
cables are used as evidence here because they do exert some of the same pressures on 
the environment as telecoms cables, although at higher magnitudes given their larger 
size relative to telecoms cables. While observational studies are a good starting point 
for analysis, there is limited research exploring the short- and long-term impacts of cable 
installation on deep sea species, habitats and ecosystems (Table 14). 

Cable operation 
The typical life of a submarine cable is around 25 years. Cables can be in-situ for 
their full lifetime without any intervention unless they are damaged, for example, 
through fishing, anchoring or natural hazards (Kraus and Carter 2018).

Repairs involve cutting the broken part of the cable with a grapnel and retrieving it 
from the water (Figure 9). Subsequently, in shallow waters, a new section of cable is 
connected and laid on the same route and reburied by jet-equipped ROVs (Carter et al. 
2009). Cable repair is infrequent as cables are designed in ways to avoid and reduce 
damage, typically buried where feasible, and armored in shallower and coastal waters. In 
the case of reburial, pressures and impacts from the “Installation” section would apply. It 
is estimated that there are approximately 200 cable repairs per year world-wide; the large 
majority in shallow water (Palmer-Felgate 2024). 
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Figure 9. Damaged cable armoring. Source: European Subsea Cables Association

Pressures and potential impacts from cable operation 

Overall, in-situ cables typically have negligible impact on coastal and marine biodiversity. 
However, there are some potential pressures and impacts associated with the operational 
phase when cables are in-situ in the ocean. These potential pressures and resulting 
impacts are rare, but still relevant to address.

Cables have the potential to create a “reef effect”, a term used to describe large 
infrastructure in the ocean being colonized by marine fauna (Sinclair et al. 2023). A study 
of a telecoms cable near the pioneer seamount in California found that numbers of 
cnidarians (e.g., jellyfish and anemones), echinoderms (e.g., sea stars), crustaceans (e.g., 
crabs) and worms were significantly higher along the cable than in control transects 
(Kogan et al. 2003). The species that had colonized the cable were already native to 
the area, and therefre did not pose a risk to the ecosystem (Kogan et al. 2006). Another 
study in Washington State found no significant change in abundance of bottom-dwelling 
species post-installation of a cable (Kogan et al. 2003) suggesting the in-situ cable did 
not have impacts on the local species. While there are minimal observational studies of 
the presence of the reef effect on telecoms cables (with most studies done on power 
cables), current evidence from power cables and wind turbines show that non-native 
invasive species occur more frequently in the upper part of the water column compared 
to deeper, subtidal areas (Sinclair et al. 2023). 
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Table 9. Summary of pressures relevant to operational phase (with repair activity). 

Table 10. Summary of pressures relevant to operational phase (with no repair activity).

Theme Pressure

Intensity of potential 
pressure relevant to this 

lifecycle phase

Likelihood of potential 
pressure 

Shallow Deep Shallow Deep

Physical 
damage 

Habitat structure changes 1 1

Penetration and/or disturbance of the 
substrate below or on the surface of 
the seabed, including abrasion

1 1

Turbidity 1 1

Physical 
Other physical 
pressures

Noise and disturbance changes 1 1

Death or injury by collision/vessel strike 
of marine megafauna 1 1

Pollution and 
other chemical 
changes

Releasing pollutants 1 1

Theme Pressure

Intensity of potential 
pressure relevant to this 

lifecycle phase

Likelihood of potential 
pressure 

Shallow Deep Shallow Deep

Physical 
damage 

Habitat structure changes 1 1

Penetration and/or disturbance of the 
substrate below or on the surface of 
the seabed, including abrasion

1 1

Turbidity 0 0 0 0

Physical 
Other physical 
pressures

Noise and disturbance changes 0 0 0 0

Death or injury by collision/vessel strike 
of marine megafauna 0 0 0 0

Pollution and 
other chemical 
changes

Releasing pollutants 1 1

Cell colors represent the intensity of the potential pressure resulting from the 
pre-installation phase High Moderate Low

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0 = No pressure found). 
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Abrasion from movement and vibration is a much less common pressure due to 
modern installation and slack management techniques. Abrasion to the seafloor 
or habitats occurs when a cable is suspended, deployed under tension and moves 
or causes vibrations (Kogan et al. 2003). As abrasion is also a cause of failure to the 
cable, the installer and owner is motivated to correct the issue quickly. The pressure 
is rare and more commonly found in coaxial cables, not modern day fibre-optic cables  
(Kogan et al. 2003).

Deepwater lightweight cables are designed with chemically inert materials, are rarely 
damaged when recovered, and have a low likelihood of creating potential pressures in 
the operational phase (Carter et al. 2019). A 2019 laboratory study found that cables 
can release low levels of zinc (<11 parts per million) when damaged. Laboratory studies 
demonstrated that zinc concentrations peaked after 2.5-6 months and then began to 
decline. While there are no studies of in-situ zinc pollution from cables, the addition of 
zinc to the marine environment would cause significant dilution from currents, further 
minimizing the risk of impacts. While the potential impact is likely to be negligible, zinc has 
the potential to impact the growth of microalgal species, impair physiological processes  
(Dinesh Kumar et al. 2014) and, where it accumulates in the sediment, it can impact filter 
feeding organisms (Yung et al. 2014).

Older telegraph cable systems historically posed an entanglement risk to marine biota. 
However, improvements in cable design and laying mean that there have been no 
records of whale entanglement since 1959 (Wood and Carter 2008). A 2005 study by the 
National Oceanic and Atmospheric Administration in the USA, found that several species 
of seals and sea lions were commonly documented to forage at depths where they 
might encounter cables crossing the Pacific Ocean (i.e., >100 m) (Bernthal 2005). Whilst 
It is possible that any species capable of diving to the depth of cables could become 
entangled in derelict gear (Bernthal 2005) this is unlikely to occur or result in long-term 
harm to the species.  

Decommissioning and recovering cables

At the end of a cable’s lifecycle, it is either left in place or removed from the seabed 
and water. Where cables are left in place there have been no recorded occurrences of 
additional impacts. Where cables are to be removed a cable recovery plan is drafted 
following ICPC Recommendations and mitigation measures are put in place for the 
removal process. Cable removal involves the use of cable ships or specialist cable 
recovery vessels deploying cutting and holding grapnels which recover and remove 
the cable. Grapnels penetrate between 0.5-1.0 m into the seabed with surface plates 
that are ~50 cm wide (Carter et al. 2009). Chains are used to hold the cables and are 
approximately 20 cm wide  (ABPmer 2020).

Once brought onshore, cables are either mechanically processed to separate out 
materials such as copper, polyethylene plastic and steel which can then be recycled, or 
transferred to another location where it can be re-laid (Carter et al. 2014).
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Table 11. Summary of pressures relevant to decommissioning and recovery phase. 

Theme Pressure

Intensity of potential 
pressure relevant to this 

lifecycle phase

Likelihood of potential 
pressure 

Shallow Deep Shallow Deep

Physical 
damage 

Habitat structure changes 2 1

Penetration and/or disturbance of the 
substrate below or on the surface of 
the seabed, including abrasion

2 1

Turbidity 2 1

Physical 
Other physical 
pressures

Noise and disturbance changes 1 1

Death or injury by collision/vessel strike 
of marine megafauna 1 1

Pollution and 
other chemical 
changes

Releasing pollutants 1 1

Cell colors represent the intensity of the potential pressure resulting from the 
decommissioning and recovery phase High Moderate Low

Pressures and potential impacts of decommissioning and recovery

Cable recovery is considered on a case-by-case basis, largely due to variances in 
regional regulation on recovery and cost decisions. Following the move from coaxial 
and telegraph to fibre-optic cables the majority of out-of-service cables are left in-situ. 
Currently there are hundreds of thousands km of decommissioned, redundant cables 
in the sea. The recovery industry is currently growing as several companies explore 
economic opportunities and models related to cable recovery. 

The recovery of cables impacts species and habitats but clears space for the installation 
of new cables in the same place. Leaving decommissioned cables in place could reduce 
impacts upon coastal and marine biodiversity (Environtech Consultancy Africa Ltd 
2021). Impacts to the seabed from submarine cable removal is similar to the installation 
phase. As mentioned in the “Recommendations” section, the report recommends a 
comprehensive cost-benefit analysis for decisions around choosing decommissioning 
versus recovery. Recovery of redundant cables can maximize the usable space available 
to new systems, freeing up previously disturbed seafloor and avoiding disturbance in 
undisturbed areas. 

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0 = No pressure found). 
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Most of the materials from recovered cables are recycled and re-introduced into the 
global supply chain. Plastic and steel from the original cable can be reused for a new 
cable, while fibres can be recycled to create glass (Carter et al. 2014). Fibres are not able 
to be reused in the cables themselves, however, can be used in other products, such as 
windowpanes. The creation of a circular economy in the cable industry has the potential 
to reduce the extraction of new resources from the natural environment and reduce 
carbon emissions. For example, sections of two analogue cables were reused to form a 
27km cable system between the USA and Cuba (Beckman et al. 2014), whilst a section 
of the 1287 km Gemini-Bermuda fibre-optic cable system was created by cutting an out-
of-service cable recovered from the continental shelf of the USA (Beckman et al. 2014).

Potential opportunities relating to cables

There are a number of opportunities for the cable industry to make positive contributions 
towards global biodiversity conservation and sustainable management, a number of 
these are outlined below: 

Monitoring environmental conditions and the abundance and distribution of coastal 
and marine biodiversity

Cables can be used to increase our understanding of how and where marine biodiversity 
is changing which is vital to support evidence-based management interventions to 
address the triple planetary crisis of biodiversity loss, climate change and pollution. 
Despite significant advancements in ocean monitoring technology, vast areas of the 
ocean remain either partially monitored or completely unmonitored. This is largely due to 
the immense size of the ocean and the associated costs and technological challenges. 
Therefore, there is a demand to find complementary ways to gather information to 
increase our understanding of the ocean and support its effective conservation and 
management.

The global network of submarine cables offers an opportunity to enhance ocean 
observation, and in future could offer opportunities for scientific monitoring in the deep 
ocean (greater than 2000 meters), where our knowledge is severely limited (Levin et al. 
2019). Sensing technologies, which can detect environmental variables such as seismic 
activity, temperature, pressure, and noise, could help fill existing gaps by creating a vast 
network of ocean based environmental and ecological monitoring. For example, sensing 
technologies have been employed for

•	 Monitoring Ocean Currents and Storms: Cable-based sensors have been used to 
track ocean currents and detect extreme weather events in both shallow and deep 
water (Marra et al. 2022).

•	 Tracking Marine Biodiversity: Fibre-optic sensing has detected the mating and 
feeding calls of Fin, Baleen, and Blue whales, offering a new tool for non-invasive 
monitoring of marine megafauna (Landrø et al. 2022).

•	 Earthquake and Tsunami Early Warning Systems: Cable sensing can identify the 
location and magnitude of earthquakes and volcanic eruptions, helping to provide 
early warnings for tsunamis (Zhan et al. 2021; Marra et al. 2022).
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•	 Cable Health Monitoring: Sensing technologies can also monitor the integrity of 
cables, reducing the need for repairs and minimizing disturbances to the seafloor 
(Landrø et al. 2022).

Several different approaches exist for integrating sensing capabilities into submarine 
cables, ranging from modifications to existing infrastructure to the deployment of new 
multi-purpose cables:

•	 Fibre-Optic Sensing: Uses existing telecommunications fibres to detect 
environmental variables such as temperature, pressure, and vibrations. This method 
can be applied to pre-existing cables without requiring structural modification  
(Clare 2024).

•	 Scientific Monitoring and Reliable Telecommunications (SMART) Cables: Requires 
the deployment of new, bespoke cables equipped with sensors, designed specifically 
for real-time environmental monitoring alongside telecommunications functions 
(Clare 2024).

Sensing systems can determine a variety of environmental changes depending on the 
technology used, and can include vibrations, pressure and temperature changes. For 
more information on different cable sensing technologies, please see Appendix C.

Regulatory Considerations

The use of certain cable sensing technologies could raise material legal and regulatory 
concerns.  For example, cable sensing —to be undertaken purely for scientific purposes—
could result in regulation of submarine cables as marine scientific research (Friedman 
2017; Bressie 2012). 

Submarine cables offer potential opportunities for the protection and restoration of 
coastal and marine biodiversity. 

Cable protection zones are areas where anthropogenic activities that might negatively 
impact a cable such as anchoring or trawling are prohibited, potentially supporting 
the conservation and recovery of biodiversity. They have been an effective measure to 
reduce cable damage in areas of the world such as Australia, and principles of combining 
submarine cables and nature restoration could be explored further. There is an opportunity 
to integrate cable protection zones into marine spatial planning as “other effective area-
based conservation measures”, or areas that are achieving the long term and effective in-
situ conservation of biodiversity outside of protected areas (Coffen-Smout and Herbert 
2000). However, the evidence base of cable protection zones resulting in increased 
biodiversity is severely limited and more research is required (Shears and Usmar 2006).
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Literature analysis 
Assessing and quantifying potential pressures and impacts across the cable 
lifecycle.

Assessing and quantifying potential pressures and impacts across the cable lifecycle.

First, the strength of the pressures generated from each phase were categorized as “high”, 
“moderate”, “low”, “no impact found”, or “no studies found”. The strengths of pressures 
were determined in shallow waters (0-1,500m), where submarine cables are commonly 
buried due to exposure to other human activities, and deep waters (>1,500m), where 
cables are typically surface laid. The scores assigned are relative to other activities within 
the cable lifecycle phase, not to other blue economy sectors. 

The strength of the pressures for each stage of the cable lifecycle were scored (a score 
of 3 was given for a high impact, 2 for a moderate impact, 1 for a small impact and 0 
where no impact was found) and an average calculated across all pressures in a life 
cycle stage (Table 5). As each cable lifecycle phase can influence 7 potential pressures, 
the maximum influence of a cable lifecycle phase is 21 (7 x 3). To reflect the likelihood of 
a pressure occurring, a weighting (based on the evidence base obtained) was used, with 
a score of 3 given for a high likelihood, 2 for a moderate likelihood, 1 for a small likelihood 
and 0 where no likelihood / studies found (Table 12). 

Next, the strength of the impact of each pressure on each ecological component 
(species, habitat, ecosystem functioning) was scored (a score of 3 was given for a high 
impact, 2 for a moderate impact, 1 for a small impact and 0 where no impact was found) 
and an average calculated across all pressures on each ecological component (e.g., a 
score of 1 for pollution’s (pressure) impact on species (ecological component)). As each 
pressure can influence 3 components of marine biodiversity, the maximum influence of 
a pressure is 21 (7 x 3).

Finally, the overall potential impact of each submarine cable phase on marine biodiversity 
was determined by combining the strength of impact between each cable lifecycle phase 
and pressure and the strength of impact between each pressure and marine biodiversity 
component. The potential impact score is derived numerically by multiplying the impact 
of each cable lifecycle phase on each pressure (rated 1-3) with the impact of each 
pressure on each marine biodiversity component (rated 1-3). For example, if the cable 
lifecycle phase has a low rating (1) for causing pollution and chemical changes, and 
pollution and chemical changes have a high rating (3) for impacting marine species, the 
potential impact score for cable installation on marine species will be moderate (2). 

Table 12. Likelihood of pressures. How likely a pressure is to occur in a given cable lifecycle phase as evidenced 
through expert opinion or scientific literature.  

Likelihood Definition

High The pressure is commonly witnessed in one of the cable lifecycle phases.

Moderate The pressure is witnessed in some cases, but not the majority, in one of the cable lifecycle 
phases.

Low The pressure is rarely/not likely to be witnessed in one of the cable lifecycle phases. 
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Table 14. Strength of evidence of each phase of the cable lifecycle resulting impacts on species, habitats and 
ecosystem function in shallow and deep waters

Water 
Depth Species Habitats Ecosystem 

Functioning

Cable 
lifecycle 
phase  

Pre-Installation
Shallow

Deep

Installation
Shallow

Deep

Operational
Shallow 0**

Deep 0**

Decommissioning
Shallow 0**

Deep 0**

Cell colors and reciprocal numbers represent the strength of the underpinning  
evidence base 

High Moderate Low

Table 13. Potential pressures stemming from each phase of the cable lifecycle in shallow and deep waters

Pressures

Water 
Depth

Physical 
damage 
- extracti

Physical 
damage 
- disturbi

Turbidity 
(water 
clarity)

Noise
Death or 
injury by 
collision

Pollution

Ecological 
component

Species
Shallow 3 2 2 3 0** 3

Deep 2 2 1 3 0** 2

Habitat
Shallow 2 2 1 0** 0** 2

Deep 2 2 1 0** 0** 1

Ecosystem 
functioning

Shallow 1 1 2 0** 0** 1

Deep 1 1 1 0** 0** 1

Cell numbers represent the likelihood of the pressure occurring (3 = High; 2 = Moderate; 1 = Low, 0* = No pressure found, 0** = No evidence). 

Cell colors represent the intensity of the potential pressure resulting from each cable phase High Moderate Low
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As the maximum intensity of a pressure from any cable lifecycle phase is 3, and the 
maximum impact of a pressure on a marine biodiversity component is 3, and there are 7 
pressures, the maximum cumulative impact of a single cable lifecycle phase on a marine 
biodiversity component is (3 x 3) x 7 = 63.

Spatial analysis 

A spatial analysis was undertaken to determine the global extent of cables and quantify 
the degree to which they spatially overlap, and hence potentially impact, coastal and 
marine biodiversity. 

The analysis was conducted on a global scale, within Exclusive Economic Zones (0-
200 nm from the baseline) and Areas Beyond National Jurisdiction. In the analysis, the 
extended continental shelf between 200 nm and 350 nm from the baseline is considered 
ABNJ. The degree of spatial overlap with coastal and marine biodiversity was estimated 
utilizing maps of ecosystem distribution (e.g., mangroves, seagrasses, coral reefs, salt 
marshes, seamounts, hydrothermal vents, abyssal plains, ridges, canyons, etc.) and 
areas of importance for conservation, including, vulnerable marine environments, marine 
protected areas, ecologically and biologically significant areas and areas of particular 
environmental Interest. Two cable datasets were used: a “mitigated” dataset provided by 
Ocean IQ, where the routes are routed around ecological features and a “non-mitigated” 
dataset provided by TeleGeography where the cables are mapped in a straight line from 
one landing station to another. The seafloor is assumed to be planar. 

Data was accessed from the following networks, organizations and web-portals:

•	 FAO data portal 

•	 Regional Fisheries Management Organizations  

•	 International Seabed Authority  

•	 CBD Ecologically or Biologically Significant Marine Areas website 

•	 Ocean Data Viewer  

•	 GEBCO Gridded Bathymetry Data 

•	 NOAA Data Portal

•	 World Bank Data Catalogue 

•	 The World Database on Protected Areas (WDPA)

•	 The Maritime Boundaries Geodatabase of the Flanders Marine Institute 

For each cable dataset and within each governance boundary (Exclusive Economic 
Zones and Areas Beyond National Jurisdiction), the report quantified the footprint of 
cables that physically intersect with coastal and marine biodiversity, in terms of:

i.	 	The length of cable (expressed in kilometers) intersecting coastal and marine 
biodiversity
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ii.	 	The proportion of cable (expressed as the percentage of cable length relative to the 
total cable length within a given governance boundary) intersecting coastal and 
marine biodiversity

iii.	 	The density of cable (expressed as the cable length per square kilometers of the 
intersected marine feature) intersecting coastal and marine biodiversity

In addition, the ability to mitigate exposure of cables on coastal and marine biodiversity 
was determined by calculating the percentage difference in the footprint (length, 
proportion and density) of mitigated and not mitigated cable routes as follows: 

Where, ∆Footprint% is the estimated change in the footprint relative to the scenario with 
no mitigation measures. Negative values indicate a lower footprint, and positive values 
indicate a higher footprint. 
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Table 15. Summary statistics of change in the footprint between cable routes datasets. 

Footprint of cables within area-based management tools, areas of biodiversity importance and biogenic habitats at a global scale), within the 
Exclusive Economic Zones of countries and within Areas Beyond National Jurisdiction. % length change indicates the relative difference in 
footprint comparing mitigated (OceanIQ) and non-mitigated (TeleGeography) routes. A red cell indicates an increase in footprint, while a green 
cell indicates a decrease in footprint relative to the non-mitigated length. 

* Remaining cable length distributed across world seas (Table 17) 
1 Proportion relative to the total length of cable which is approximately 1,781,123 km.

Environment type Name
Cable length (km) % length change

ABNJ EEZ Global ABNJ EEZ Global

Area-based 
management tool

APEI 0.00 0.00 0.00 -100 -100

Area of biodiversity 
importance

EBSAs 183,686 301,531 485,213 1 8 5

Area-based 
management tool

MPAs 17,859 96,112 113,971 31 0 4

Area-based 
management tool

VMEs 11,043 885 11,927 53 47 53

Biogenic habitat Cold Water Corals 0.00 3.7 3.7 -100 -88 -89

Biogenic habitat Coral Reefs 0.00 444 444 -78 -78

Biogenic habitat Mangroves 0.00 17 17 -97 -97

Biogenic habitat Saltmarshes 0.00 19.0 19.0 -91 -91

Biogenic habitat Seagrasses 0 5,561 5,561 9 9

Biogenic habitat Seamounts 3,220.4 6,292 9,513 -70 -66 -68

Table 16. Summary statistics of submarine telecommunication cables across world oceans.

Region Area (km2) Cable length 
(km) Cable proportion (%)1 Cable density 

(km/km2)

Arctic Ocean 5,141,822 284 0.02  <0.01

Indian Ocean 57,937,857 85,872 4.8  <0.01

North Atlantic Ocean 34,322,186 317,986 17.9  0.01

North Pacific Ocean 64,733,141 295,444 16.6  <0.01

South Atlantic Ocean 40,302,582 105,839 5.9  <0.01

South Pacific Ocean 76,258,970 78,665 4.4  <0.01

Southern Ocean 21,744,443 0 0.0  0.0

All regions 300,441,001 884,090 49.6*  <0.01
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Table 17. Summary statistics of submarine telecommunication cables across world seas

Region Area (km2) Cable length 
(km) Cable proportion (%)1 Cable density 

(km/km2)

Adriatic Sea 139,069 2,853 0.2  0.02

Aegean Sea 190,563 8,113 0.5  0.04

Alboran Sea 54,475 2,402 0.1  0.04

Andaman or Burma Sea 607,960 8,073 0.5  0.01

Arabian Sea 4,206,837 67,273 3.8  0.02

Arafura Sea 1,017,086 2,184 0.1  <0.01

Baffin Bay 531,784 0 0.0  <0.01

Balearic (Iberian Sea) 79,808 1,535 0.1  0.02

Bali Sea 39,571 895 0.1  0.02

Baltic Sea 215,952 6,684 0.4  0.03

Banda Sea 687,749 5,035 0.3  0.01

Barents Sea 1,413,333 5,037 0.3  <0.01

Bass Strait 112,303 1,898 0.1  0.02

Bay of Bengal 2,189,549 18,011 1.0  0.01

Bay of Biscay 174,058 2,327 0.1  0.01

Bay of Fundy 15,998 42 0.0  <0.01

Beaufort Sea 432,511 294 0.0  <0.01

Bering Sea 2,272,448 2,214 0.1  <0.01

Bismarck Sea 341,997 3,126 0.2  0.01

Black Sea 421,909 4,598 0.3  0.01

Bristol Channel 5,744 520 0.0  0.09

Caribbean Sea 2,830,101 54,708 3.1  0.02

Celebes Sea 453,296 3,359 0.2  0.01

Celtic Sea 214,831 11,775 0.7  0.05

Ceram Sea 160,056 1,741 0.1  0.01

Chukchi Sea 347,227 1,628 0.1  <0.01

Coral Sea 4,094,414 18,588 1.0  <0.01
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Region Area (km2) Cable length 
(km) Cable proportion (%)1 Cable density 

(km/km2)

Davis Strait 751,202 1,761 0.1  <0.01

East Siberian Sea 635,157 0 0.0  0

Eastern China Sea 756,983 36,597 2.1  0.05

English Channel 81,330 3,270 0.2  0.04

Flores Sea 101,924 1,438 0.1  0.01

Great Australian Bight 1,320,714 3,439 0.2  <0.01

Greenland Sea 1,190,503 2,375 0.1  <0.01

Gulf of Aden 261,569 16,028 0.9  0.06

Gulf of Alaska 415,786 5,885 0.3  0.01

Gulf of Aqaba 3,535 557 0.0  0.2

Gulf of Boni 32,943 0 0.0  0

Gulf of Bothnia 113,603 786 0.0  0.01

Gulf of California 179,587 444 0.0  <0.01

Gulf of Finland 57,147 1,923 0.1  0.03

Gulf of Guinea 748,155 22,379 1.3  0.03

Gulf of Mexico 1,556,534 4,920 0.3  <0.01

Gulf of Oman 111,152 11,385 0.6  0.1

Gulf of Riga 18,706 0 0.0  0

Gulf of St. Lawrence 290,453 1,732 0.1  0.01

Gulf of Suez 10,377 3,769 0.2  0.4

Gulf of Thailand 295,388 7,309 0.4  0.02

Gulf of Tomini 56,234 0 0.0  0

Halmahera Sea 74,624 843 0.0  0.01

Hudson Bay 833,400 1,568 0.1  <0.01

Hudson Strait 200,335 346 0.0  <0.01

Inner Seas off the West 
Coast of Scotland 44,276 1,274 0.1  0.03

Ionian Sea 171,118 4,263 0.2  0.02
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Region Area (km2) Cable length 
(km) Cable proportion (%)1 Cable density 

(km/km2)

Irish Sea and St. George's 
Channel 45,909 2,451 0.1  0.05

Japan Sea 1,062,813 16,975 1.0  0.02

Java Sea 561,706 15,103 0.8  0.07

Kara Sea 900,141 316 0.0  <0.01

Kattegat 35,460 691 0.0  0.02

Labrador Sea 866,641 1,402 0.1  <0.01

Laccadive Sea 839,010 19,954 1.1  0.02

Laptev Sea 515,518 0 0.0  0

Ligurian Sea 16,906 1,465 0.1  0.09

Lincoln Sea 35,413 0 0.0  0

Makassar Strait 196,358 3,001 0.2  0.02

Malacca Strait 193,813 14,302 0.8  0.07

Mediterranean Sea - Eastern 
Basin 1,168,103 54,850 3.1  0.05

Mediterranean Sea - Western 
Basin 475,014 22,765 1.3  0.05

Molukka Sea 219,698 2,145 0.1  0.01

Mozambique Channel 1,383,956 10,874 0.6  0.01

North Sea 524,684 15,961 0.9  0.03

Norwegian Sea 1,440,786 5,447 0.3  <0.01

Persian Gulf 243,142 15,394 0.9  0.06

Philippine Sea 5,600,200 103,119 5.8  0.02

Red Sea 446,540 36,148 2.0  0.08

Rio de La Plata 31,654 32 0.0  <0.01

Savu Sea 105,326 2,475 0.1  0.02

Sea of Azov 39,470 0 0.0  0

Sea of Marmara 11,637 1,527 0.1  0.1

Sea of Okhotsk 1,612,613 2,647 0.1  <0.01

Seto Naikai or Inland Sea 18,045 202 0.0  0.01
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Region Area (km2) Cable length 
(km) Cable proportion (%)1 Cable density 

(km/km2)

Singapore Strait 2,660 2,098 0.1  0.8

Skagerrak 32,064 697 0.0  0.02

Solomon Sea 737,935 3,715 0.2  0.01

South China Sea 3,335,343 103,225 5.8  0.03

Strait of Gibraltar 1,657 368 0.0  0.2

Sulu Sea 334,131 3,118 0.2  0.01

Tasman Sea 3,332,883 18,559 1.0  0.01

The Coastal Waters of 
Southeast Alaska and British 
Columbia

124,489 5,033 0.3  0.04

The Northwestern Passages 1,065,529 0 0.0  0

Timor Sea 430,538 1,369 0.1  <0.01

Tyrrhenian Sea 216,733 9,460 0.5  0.04

White Sea 90,738 1,086 0.1  0.01

Yellow Sea 406,506 2,953 0.2  0.01

All regions 62,265,126 870,130 48.9  0.01

1 Proportion relative to the total length of cable which is approximately 1,781,123 km.
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Submarine telecommunication cables, originally designed to carry data across oceans, 
can also be used for environmental sensing. By repurposing these cables, scientists can 
gather information about ocean conditions such as sound, temperature, pressure, and 
seismic activity. Technologies like DAS, DTS, and pressure sensing turn these cables 
into long-range, real-time monitoring systems that provide valuable data on oceanic and 
seismic activity. These innovations not only help in maintaining cable integrity but also 
contribute to global efforts in studying and protecting marine environments. The primary 
methods for sensing environmental conditions using submarine cables are outlined in 
Table 18.

 

Table 18. Applications of the different cable sensing techniques covered in this issue and SMART Cables. Taken 
from ICPC’s Submarine Cable Protection and the Environment Issue #8 on Using cables to monitor the ocean.
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Useful for cable 
protection Useful for scientific monitoring/observation

Optical| 
Interferometry N ? ? Y Y Y N N N ? ? Y N N

State of 
Polarisation N ? ? Y Y Y N N N ? ? Y N N

Distributed 
Acoustic Sensing Y Y Y Y Y Y N Y N Y Y Y Y Y

SMART Cables Y N N Y Y Y Y Y Y Y Y N Y N

Notes: 1) Earthquake-induced tsunamis are triggered by large vertical seafloor displacements, and most sensing modalities do not 
generally distinguish between horizontal and vertical axes (the exceptions being SMART cables and dedicated seafloor observatories).
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