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PREPARATION OF THIS DOCUMENT 
 

This circular stems from a study carried out for FAO projects “Sustainable Fisheries Management and 

Biodiversity Conservation of Deep-Sea Living Marine Resources and Ecosystems in the Areas Beyond 

National Jurisdiction” (GCP/GLO/366/GFF) and “Deep-Sea Sponge Grounds Ecosystems of the North 

Atlantic: An Integrated Approach Towards their Preservation and Sustainable Exploitation” 

(GCP/GLO/679/EC). These projects included outputs related to the economic valuation of goods and 

services provided by the deep seas in areas beyond national jurisdiction.  
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ABSTRACT  
 

The deep seas include marine waters below 200 m, where sunlight does not penetrate or is so 

dim that the environment does not allow photosynthesis. These dark, deep waters cover most 

of the Earth’s surface and represent a great part of the oceans’ volume. They include underwater 

seascape include seamounts, cold-water corals, deep-water sponges, cold seeps, hydrothermal 

vents, submarine canyons, open slopes and basins. 

 

The deep-sea ecosystem provides a multitude of benefits to human well-being (i.e. ecosystem 

services). The deep seas provide many resources, including commercial fish stocks targeted by 

deep-sea fisheries, precious corals for the jewellery industry, substances used as 

pharmaceuticals, as well as oil, gas and minerals that can be extracted from the seabed. The 

deep seas play a key role in many processes, including climate regulation and carbon dioxide 

transport and storage, water temperature regulation, and regeneration and circulation of 

nutrients in the water column. The deep seas constitute a remote, highly pristine environment, 

that is still largely unknown, where exploration and research are ongoing for both scientific 

and commercial purposes. 

 

This study compiled an estimate of the total economic value (TEV) of the deep seas, which 

considered the provision of deep-water fish, the harvest of precious corals, the use of 

substances of marine origin as pharmaceuticals, the extraction of deep and ultra-deep oil and 

the potential mining of mineral resources from the seafloor, carbon sequestration carried out 

by the deep seas, the importance of scientific research in the deep seas, and touristic activities 

with submersibles to visit sites such as the Titanic shipwreck. 

 

A big data-mining effort was carried out to value deep-sea ecosystem services on a global scale. 

One first achievement of this study was to pull together a diversified large amount of 

information related to the deep seas within a single document. 

 

Comprehensively, the TEV assessed for the deep-sea ecosystem as a whole is estimated at  

USD 267 billion per year. Ninety two percent of the economic value originates from abiotic 

resources (oil and minerals), 5 percent from biotic resources (fish, corals and pharmaceuticals 

of marine origin), 2 percent from cultural services (scientific research and tourism/recreation), 

and 1 percent from carbon sequestration. 

 

However, if carbon sequestration is valued with a higher unit price, reflecting both market 

prices in the carbon market and incurred social costs from increased carbon emissions, the TEV 

associated with the deep-sea ecosystem increases to USD 423 billion per year. The relative 

contribution of carbon sequestration (38 percent) to the TEV becomes comparable to the value 

of the extraction of abiotic resources (58 percent). 

 

This illustrates how taking full account of regulating and supporting services is likely to 

increase the estimated TEV. The economic importance associated with the exploitation of 

deep-sea resources (fish, corals, oil, gas, minerals, pharmaceuticals) is likely to further decrease 

relative to the economic value large-scale services, once they are fully accounted for. 
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 EXECUTIVE SUMMARY 

 

Ecosystem valuation is a process that assigns a monetary value to the benefits that are provided by an 

ecosystem and its ecosystem services. This study carried out the economic valuation of the ecosystem 

services delivered by the deep seas, which are commonly defined as marine waters and seafloor areas 

below a depth of 200 m (Gage and Tyler, 1991). This depth usually marks the end of the photic zone, 

where enough sunlight is available for photosynthesis and thus where all primary photosynthetic 

production of the ocean occurs. 

 
Depending on ocean bathymetry, the deep seas can be found in: 

 
• areas within the sovereignty of coastal states – the exclusive economic zone (EEZ);  

• areas beyond national jurisdiction (ABNJ), found beyond the EEZs of countries. 

 
The economic valuation was therefore undertaken at a global scale taking into account ecosystem 
services delivered by: 

 

• the deep-sea ecosystem (including areas below 200 m found both in countries’ EEZs 

and ABNJ); 

• the deep seas of the ABNJ (including areas below 200 m and only found in the ABNJ).  

 
A total economic value (TEV) framework was used to assess a wide range of goods and services 

delivered by the deep seas, including the following: (i) deep-water fish; (ii) precious corals; (iii) deep-

water and ultra-deep-water oil; (iv) pharmaceuticals of marine origin; (v) deep-sea mineral ores; 

(vi) carbon sequestration; (vii) scientific research and education; and (viii) recreation and leisure. 

 

In particular, each ecosystem service is assessed as the flow conveyed over a time frame of one year, 

and the reference year used for the analysis is the year 2014. The computed TEV, expressed in United 

States dollar (USD) currency, is the overall sum of economic values estimated for the analysed 

ecosystem services. The economic valuation was carried out through a price-based valuation approach. 

Market prices of unprocessed/unrefined raw materials were considered for fish resources, precious 

corals, oil, and mineral resources. Prices of drugs of marine origin at the manufacturer level were 

considered for commercialized pharmaceutical resources. Prices related to recreational tours for 

exploration of the deep seas with submersibles enabled the valuation of recreation and leisure services. 

International prices applied in trading markets for reduced carbon emissions were also used for the 

economic valuation of carbon sequestration carried out by the deep-sea ecosystem. Investment costs 

were employed to estimate the economic relevance of scientific investigation and exploration of the 

deep seas. 

 

All economic estimates in this study are data based. A big data-mining effort was carried out in order 

to compile information for a valuation of deep-sea ecosystem services at a global scale. Major sources 

of information included the database of landings statistics compiled by the Food and Agriculture 

Organization of the United Nations (FAO) as well as by regional fisheries management organizations 

and arrangements (RMFO/As), oil production statistics published by the U.S. Energy Information 

Administration (EIA), the database on deep-sea exploratory mining licences administered by the 

International Seabed Authority, the databases of the Community Research and Development 

Information Service (CORDIS) and the Global Environment Facility (GEF) for European Union-funded 

projects and GEF-funded projects, respectively, and the GEF database in order to assess the economic 

value of scientific research in the deep seas.  

 
This information was further complemented with an in-depth literature review with the use of nearly 

250 published papers. To the author’s knowledge, it is the first time that such a diversified large amount 
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of information related to the deep sea is pulled together within a single document. Therefore, besides 

the outcome of the economic valuation, this compilation effort represents an important baseline for 

future studies on the deep seas. 

 
Economic value of ecosystem services in the deep-sea ecosystem  

 
The economic valuation of the deep sea includes all eight analysed ecosystem services: 

 
1. Deep-water fish harvested in the deep seas are considered as mesopelagic, bathypelagic 

and demersal species (including fish, crustaceans, molluscs and cephalopods), normally 

found or caught below 200 m depth. On a global scale, the list of deep-water species 

compiled by this study included 76 taxa (species and species groups). The 2014 fish 

landings reported for these species were derived from the FAO-FishStatJ database. 

Landings are attributed to the deep seas as a whole (including areas below 200 m found in 

countries’ EEZs as well as the ABNJ). The market-based valuation used global ex-vessel 

fish prices at the species level reconstructed by Melnychuk et al. (2016). At the global level, 

the economic value of fish resources harvested in 2014 from the deep seas was estimated 

at USD 9.5 billion/year. 

 
2. Precious corals, belonging to the family Corallidae, include a group of ten species with 

commercial value used in the jewellery industry. Currently, information to assess the 

quantity and value of these ornamental resources is only available for two precious corals: 

the red coral (Corallium rubrum) and the pink coral (Pleurocorallium elatius). In 2014, the 

reported quantities of red and momo corals in the FAO-FishStatJ database refer to traded 

annual quantities rather than to annual harvested quantities. Ex-vessel prices of red and 

momo corals were assessed through an in-depth literature search. In 2014, traded quantities 

of red and pink corals were reported, respectively, at 55 tonnes/year and 19 tonnes/year. 

The high economic value of red and pink coral has historically brought on the 

overexploitation of the existing coral beds. The unit prices of the raw, unrefined material 

are USD 1 500/kg for red coral and USD 2 000/kg for pink coral. However, carved beads 

assembled in jewellery pieces can be easily sold at prices similar to that of gold. The 

economic value of red coral, as raw, unrefined material, was estimated at 

USD 83 million/year, while the pink coral at USD 38 million/year on the basis of reported 

traded quantities in 2014. The outcomes of the valuation are discussed with consideration 

regarding the sustainability of these coral fisheries.  

 
3. Pharmaceuticals of marine origin consist of a group of drugs of marine origin that have 

been approved by the United States Food and Drug Administration (FDA) and by the 

European Medicines Agency and thus are marketed internationally. These compounds 

include four pharmaceuticals used in the treatment of cancer: cytarabine (Cytosar®), 

trabectedin (Yondelis®), eribulin mesylate (Halaven®) and brentuximab vedotin 

(Adcetris®) – one used as an antiviral (Virabadine®); one used for neuropathic pain 

(Prialt®); and one against hypertriglyceridemia (Lovaza®). One additional antiviral 

compound Carragelose®, derived from red algae (Eucheuma, Cnondus), is excluded from 

this assessment since it is derived from a photosynthetic organism belonging to a photic 

zone. The economic value of these seven drugs was estimated at USD 2.3 billion/year on 

the basis of sales at the manufacturer level in 2014. This value refers to pharmaceuticals of 

marine origin, but is not restricted to those derived from deep-sea organisms. Many 

substances derived from deep-sea organisms have entered the pipeline of preclinical and 

clinical testing, but to date none has made it to end of the testing pipeline, with the exception 

of Halaven®, whose chemical lead was extracted from both shallow-water and deep-water 

sponges. Therefore, the calculated economic value of pharmaceuticals of marine origin 

should be considered as a presently available proxy until the full outcome of a 

bioprospecting activity on deep-sea organisms becomes evident in the coming years. 
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4. Deep-water and ultra-deep-water oil is mainly exploited by four countries – United States 

of America, Brazil, Angola and Norway – within their countries’ EEZs. They belong to an 

area called the “golden triangle” due to the abundance of deep-water oil reserves. In 2014, 

these four countries were extracting 6.1 million barrels/day (EIA, 2016), which when 

valued with the average 2014 Brent crude oil price (USD 99/barrel) provides an annual 

gross value of USD 217 billion/year. The amount of deep-water and ultra-deep-water crude 

oil production represented approximately 19 percent of the world total oil production 

(estimated to 32 million barrels/day). 

 

5. Deep-sea mineral ores are not currently extracted from the deep sea, as mining activities 

are still in an exploratory phase. However, the temporal gap between the exploratory phase 

and the development phase is quickly narrowing. This study builds hypothetical scenarios 

to assess the economic value of minerals extracted from the deep-sea seafloor. The study, 

for example, assumes that exploratory deep-sea mining contracts in place in 2014 are 

actually in an exploitation phase. Although these are just hypothetical situations, they allow 

for the valuation of deep-sea mineral resources at 2014 market prices and their comparison 

with other assessed ecosystem services. Scenarios were built for the economic valuation of 

deep-sea mining in the Clarion-Clipperton Zone (a geological submarine fracture zone of 

the Pacific Ocean, located in the high seas beyond the EEZs of Hawaii and Mexico) and in 

the Solwara 1 mining site, in the territorial waters of Papua New Guinea. In the Clarion-

Clipperton Zone, the economic value of deep-sea mining was assessed for the extraction of 

manganese, nickel, copper, cobalt and molybdenum from polymetallic nodules. The 

hypothetical scenario considered 12 mining sites in the 12 contracted areas in 2014, with 

each mining site extracting between 1.5 and 3 million tonnes of nodules/year. On the basis 

of metal average content of the polymetallic nodules and metals prices based on 

2014’s international market prices, it was estimated at a value of USD 28.5 billion/year. In 

the Solwara 1 mining site, the scenario was based on the actual production schedule of the 

Nautilus Minerals mining company, but the economic value of USD 665 million/year 

deriving from the extraction of copper, gold and silver was based on the average metal 

prices reported in 2014’s international market. 

 
6. Carbon sequestration carried out by physical and biotic processes in the deep sea is hard to 

quantify on a global scale, given the complexity and geographic variations of the deep-sea 

status and conditions. This study used a reported global estimate, found in the literature, of 

1.4 gigatonnes of carbon (GtC) per year, corresponding to 0.4 gigatonnes of carbon dioxide 

(GtCO2) per year, to broadly indicate the order of magnitude of carbon transported and 

stored in the deep seas. The economic valuation was carried out using different unit prices. 

The first of USD 8.5/tonne CO2 is the market price at which carbon emissions were traded 

in 2014 in the European Union Emissions Trading System (EU ETS). The use of the 

market-based unit price leads to an estimate of USD 3.2 billion/year, while the second 

higher unit price of USD 417/tonne CO2 reflects the social costs of increased carbon 

emissions, which led to an estimate of USD 159 billion/year. 

 
7. Scientific research and education, related to increased knowledge of the deep-sea 

ecosystem, have value for society, as the findings made in deep-sea exploration can lead to 

discoveries with relevant pharmaceutical and biotechnology applications and to increased 

understanding of the role played by the deep seas in regulating the climate, in maintaining 

many biogeochemical cycles in providing habitat for species, and by supporting ocean 

biodiversity and resilience.  Global investments made in 2014 to fund scientific projects on 

the deep seas were used as a proxy for the economic value of scientific research and 

education. A literature search was used to estimate national and international funding. The 

estimated value of about USD 5.8 billion/year should be considered a partial estimate that 

should be refined with future increased data availability. 
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8. Recreation and leisure in the deep sea refers to the exploration of the deep sea with 

submersibles. Although, the number of tourists is quite small, the prices of submersible 

dives are considerable; therefore, overall, the economic value of this activity is not 

negligible. A literature search was carried out to identify the major operators running these 

activities and the prices of the diving tours. In most cases, the number of tourists/year was 

estimated, as this information is considered confidential. Globally, this study estimates a 

gross value of approximately USD 4 million/year when taking into account the price of the 

dives, and not the often-associated costs of cruises.  

 
Comprehensively, the TEV assessed for the deep-sea ecosystem as a whole is estimated at 

USD 267 billion/year, with 92 percent of the value originating from abiotic resources (oil and minerals), 

5 percent from biotic resources (fish and coral), 2 percent from cultural services (scientific research and 

tourism/recreation), and 1 percent from carbon sequestration. 

 

In this strictly market-based scenario, all ecosystem services have been valued using market prices, 

including carbon sequestration, for which the price of carbon was set as the 2014 average market price 

at which carbon allowances are traded in the EU ETS. However, if carbon sequestration is valued with 

a higher unit price, reflecting not only market prices in the carbon market but also incurred social costs 

of increased carbon emissions, the economic value of carbon sequestration of the deep seas experiences 

increases nearly 50 times, reaching USD 159 billion/year and TEV increases to USD 423 billion/year. 

With this price change, the contributions of different ecosystem services to the overall TEV are 

significantly altered. While in the previous scenario the importance of deep-sea carbon sequestration 

was overshadowed by the economic value of all other ecosystem services, in this second scenario the 

economic importance of deep-sea carbon sequestration (38 percent of the estimated TEV) becomes 

comparable to that of abiotic resources (58 percent of the estimated TEV), and the relative economic 

importance of biotic resources (3 percent of the estimated TEV) and the analysed cultural service (1 

percent of the estimated TEV) fade further into the background.  

 

The different outcomes of these two economic valuations represent one key finding of this study. It 

shows the importance of applied unit prices in the valuation of ecosystem services and highlights the 

fact that, because of market distortions or policy failures, prices do not necessarily reflect the “true 

value” of ecosystem services as they might not capture broader societal values for society. 

 
Economic value of ecosystem services in the deep-seas of the ABNJ  

 
There are several reasons why it was possible to identify only a limited number of ecosystem services, 

referred specifically to the ABNJ deep-seas. Some examples include the following: 

• The remote location of the ABNJ makes associated resources largely inaccessible 

except via the use of specialized and costly equipment and technologies. 

• The geographical and political uniqueness of the ABNJ tend to encourage relatively 

few economic activities and uses. 

• The transboundary nature of many of the deep-sea marine resources means that most 

existing literature and information does not distinguish between the deep-seas in the 

ABNJ and in the EEZs, therefore making it difficult to isolate ecosystem services to 

only the ABNJ deep-seas. 

 

However, the distinction between the deep seas in the ABNJ and in the EEZs could be made in four 

cases and, consequently, the economic values for these four ecosystem services could be specifically 

attributed to the ABNJ. They include: 
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Deep-water fish harvested in the ABNJ that are reported to RFMO/As. According to the information 

retrieved from databases of RMFO/As, the fish landings of deep-water species in the ABNJ amounted 

to 231 500 tonnes in 2014. This represented only 0.2 percent of the global capture fishery production 

(81.5 million tonnes in 2014), including all marine fish species. The economic value associated with 

these recorded landings in the ABNJ was estimated at USD 443 million/year based on global ex-vessel 

fish prices at the species level reconstructed by Melnychuk et al. (2016). 

Deep-water mineral ores found in the ABNJ. These include fields of polymetallic nodules found in 

the Clarion-Clipperton Zone (CCZ). These ABNJ deep-sea mining activities are regulated and 

controlled by the International Seabed Authority (ISA), an intergovernmental body, which to date has 

released only exploratory mining contracts. In 2014, there were 12 active exploratory contracts in the 

CCZ. This study built a scenario to estimate the economic value from the extraction of precious metal 

from these polymetallic nodules. The estimated value based on 2014 average metal prices is 

USD 29 billion/year. 

Carbon sequestration carried out by the ABNJ deep-seas is more complicated to isolate from the 

carbon sequestration carried out from the rest of the deep seas. The estimate of 0.4 gigatonnes of carbon 

per year was based on an extrapolation made by Rogers et al. (2014) and should be considered as an 

indicative figure. The valuation was carried out for two units representing the deep-sea ecosystem as a 

whole: USD 8.5/tonne CO2 and USD 417/tonne CO2, leading, respectively, to an estimate of USD 850 

million/year and USD 42 billion/year. 

Recreation and leisure related to recreational dives with submersibles to the Titanic shipwreck could 

be directly attributed to the ABNJ since the shipwreck is located in the ABNJ, at about 600 km south-

southeast off the coast of Newfoundland, far outside the EEZs of the United States of America. The 

annual gross revenue of these dives is estimated to be USD 1.3 million/year. 

The TEV associated with the ABNJ deep-seas is estimated at USD 30 billion/year, taking into account 

the contributions of these four ecosystem services. If social costs of carbon are included, the value of 

the services carried out by the ABNJ deep-seas increases to USD 71 billion/year.  

It is expected that even the largest estimates of the TEVs assessed for the deep-sea ecosystem as a whole 

(USD 423 billion/year) and for the ABNJ (USD 71 billion/year) could be further increased in the future 

with improved data availability and refinement of parameters used in this study. In particular, it is 

recommended to include additional ecosystem services particularly related to regulating and 

supporting services. 

The nature of this desk-top analysis, the global scale of the study, and the complexity of processes 

regulating the deep-sea ecosystem limited the assessment of non-direct uses of the deep-sea ecosystem. 

The global scale and the diversity of stakeholders and their potentially different perceptions and 

preferences prevented a direct evaluation of the values placed by society on the conservation of deep-

sea characteristic features, such as cold-water coral gardens, deep-sea sponge grounds, hydrothermal 

vents, seafloors and their geological formations, and the deep-sea unique biodiversity conservation, 

from which discoveries with important pharmaceutical and biotechnological application can stem.  

The full implementation of the TEV framework could further demonstrate the diversity of values 

associated with the deep-sea ecosystems and highlight potential trade-offs and (unaccounted) economic 

losses associated with the disruption of ecosystem functioning.  

 

The economic valuation carried out by this study highlights the economic relevance of deep-sea 

ecosystems.  This value further increases when non-direct uses (such as carbon sequestration) are also 

considered.  
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“Beneath the surface beauty there is a marvelous complexity 
of structure and function.” (R. Carson, 1956) 

 

 

1. ECOSYSTEM SERVICES AND ECONOMIC ACTIVITIES IN THE DEEP SEAS 
AND IN THE ABNJ DEEP-SEAS  

1.1. The ecosystem service framework  

 

The belief that human society benefits from nature is widespread. Ecosystems enhance livelihoods, and 

provide tangible benefits such as supplies of food, water and other material, as well as less tangible 

benefits such as contributions to culture, research and well-being.  

 

The concept of ecosystem services was conceived as a way to describe these different types of benefits, 

to communicate societal dependence on natural ecosystems, to increase public interest in biodiversity 

conservation, and to raise concerns about sustainable development in the policy agenda. The concept 

emerged in the 1970s as “environmental services” (Wilson and Matthews, 1970; Westman, 1977), and 

in the mid-1980s was renamed “ecosystem services” (Ehrlich and Mooney, 1983). This concept started 

to attract attention through the pioneer work of Costanza et al. (1997), who attempted to provide a 

coarse global estimate, in monetary terms, of the economic relevance of the benefits conveyed by nature 

as ecosystem services. Subsequently, a very important milestone was represented by the Millennium 

Ecosystem Assessment (MEA), which firmly placed the concept of ecosystem services into the 

international policy agenda (MEA, 2005). The MEA (2005) defined ecosystem services as the benefits 

that people receive from ecosystems, and proposed a distinction in four different categories of 

ecosystem services: provisioning services, defined as the products obtained from ecosystems; regulating 

services, as the benefits obtained by the regulation of ecosystem processes; supporting services, defined 

as the services necessary for the production of all other services; and cultural services, as the non-

material benefits obtained from ecosystems. 

 

The MEA released a study conducted in 2003 by 1 300 experts from 95 countries, revealing that 

approximately 60 percent of the ecosystem services that support life on earth were degraded or used 

unsustainably (MEA, 2005), thus mainstreaming interest and policy-makers for action.  

 

In 2007, the governments of the G8 countries1 and five countries with emerging economies (Brazil, 

China, India, Mexico and South Africa) supported an international initiative known as the Economics 

of Ecosystems and Biodiversity (TEEB), which was aimed at analysing the global economic benefits 

of biological diversity and the economic cost of its loss (TEEB, 2010). 

 

The TEEB points out that the failure to account for the full economic values of ecosystems and 
biodiversity contributes to their continuing loss and degradation. The TEEB approach recognizes the 

plurality of values,2 that society holds for nature and the importance of selecting the correct approach 

to estimate these values. The TEEB advocates for a tiered approach that begins with (i) recognizing the 

value of ecosystem services; (ii) demonstrating this value in economic terms to help account for the 

costs and benefits of a given use of ecosystem resources and ecosystem management; and (iii) 

incorporating the values of ecosystems into decision-making and reflecting it through incentive 

mechanisms and price signals. 

 
The importance on valuing ecosystem services in economic terms permeates economic thinking and 

principles for national accounting. In 2012, after a 20-year process, the international standard 

 
1 Group of eight industrialized countries: Canada, France, Germany, Italy, Japan, the Russian Federation, the 

United Kingdom of Great Britain and Northern Ireland, and the United States of America. 

2 See section 2.1.1 for further details. 
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accounting framework, known as the System of National Accounts, was revised into an integrated 

System of Environmental-Economic Accounting (SEEA), which was endorsed by the United Nations 

Statistics Commission in 2012 as the new international standard of accounting (United Nations, 2014). 

The SEEA explicitly assesses the status of depletion and degradation of natural resources, accounting 

for their stocks and annual variation both in terms of (physical) quantity and (monetary) value.  

 

In addition, within the SEEA framework, a line of research specifically addresses the economic 

accounting of ecosystem services. The initial stage of the debate, taking place between 2011 and 2012, 

resulted in the publication the SEEA Experimental Ecosystem Accounting (SEEA-EEA) (United 

Nations, Organisation for Economic Co-operation and Development and World Bank, 2013). The 

SEEA-EEA suggests three types of ecosystem accounts: (i) to evaluate the extent and conditions of an 

ecosystem; (ii) to assess eventual changes in the ecosystem conditions; and (iii) to measure the flows 

of an ecosystem service (FAO, 2016; United Nations, Organisation for Economic Co-operation and 

Development and World Bank, 2013). Currently, further development of the conceptual framework for 

the SEEA Experimental Ecosystem Accounting is coordinated by the United Nations Statistics 

Division, the European Environment Agency, and the World Bank-led global partnership under the 
Wealth Accounting and the Valuation of Ecosystem Services (WAVES) initiative. 

 

Besides the interest in recognizing the value of ecosystem services that arose at the national and 

international level, there are still large data gaps in their assessment. In particular, the deep-seas 

represent the world’s largest biomes, which provide a wide array of ecosystem services. However, their 

assessment and economic valuation is not straightforward due to the vastness, high complexity and 

connectivity of an ecosystem that is still largely underexplored. In 2012, an initiative led by TEEB, the 

United Nations Environment Programme (UNEP)/GRID-Arendal, and Duke University gathered an 

international group of experts to discuss the importance of valuing the oceans and to raise key questions 

for improving our understanding of the existing provision of ecosystem services and trade-offs 

(Beaudoin and Pendleton, 2012). This resulted in the publication of a joint paper Why Value the 

Oceans? (Beaudoin and Pendleton, 2012), which addresses the importance of advances in the economic 

valuation of ecosystem services provided by the deep seas, and in particular by vulnerable marine 

ecosystems and other biodiversity hotspots.  

 

1.2. Definition of the deep seas and the ABNJ  

 
Deep seas are commonly defined as marine waters and seafloor areas below a depth of 200 m (Gage 

and Tyler, 1991). This depth usually marks the end of the photic zone where enough sunlight is available 

for photosynthesis and thus where all primary photosynthetic production of the ocean occurs. 

Depending on ocean bathymetry, deep seas can be found both within and beyond the sovereignty of 

coastal states. 

 

The 1982 United Nations Convention on the Law of the Sea (UNCLOS) defines the rights and 

responsibilities of nations with respect to their use of the world’s oceans and establishes frameworks 
for the use and management of the natural resources.  

 

According to UNCLOS, coastal states have sovereignty over: 

 

• The territorial sea found beyond its land and territory and internal waters and, in the 

case of an archipelagic state, beyond its archipelagic waters, to an adjacent belt of sea, 

which must not exceed a limit of 12 nautical miles (nm).3 

• A contiguous zone4 to its territorial sea, which may not extend beyond 24 nm from the 

baselines from which the breadth of the territorial sea is measured. 

 
3 United Nations Convention on the Law of the Sea (UNCLOS) 1982, Articles 2 and 3. 

4 United Nations Convention on the Law of the Sea (UNCLOS) 1982, Article 33. 
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• An exclusive economic zone (EEZ), which usually extends up to 200 nm from the 

country’s normal baseline. As the continental shelf5 is considered a submerged 

prolongation of the land territory, when the continental shelf outer edge extends beyond 

200 nm, countries may establish the outer limits of the juridical continental shelf at the 

foot of the continental slope, which nevertheless cannot exceed 350 nm from the 

baseline from which the breadth of the territorial sea is measured. 

 
Within their EEZs, coastal states have sovereign rights to explore, exploit, conserve and manage living 

and non-living resources of the water column, seabed and subsoil. 

 

Beyond the EEZs are the high seas6, the international waters that are open to all states, whether coastal 

or landlocked (Figure 1).  

 

 
Figure 1. Definition of the areas beyond national jurisdiction based on the United Nations 

Convention on the Law of the Sea (UNCLOS). Modified by Author (2019). 

 

 

The areas beyond national jurisdiction (ABNJ) are defined as the high seas (i.e. the water column 

beyond the EEZ), together with their seabed, the ocean floor and its subsoil (i.e. referred in the 

UNCLOS as the Area).7 In the ABNJ, countries are free to undertake activities such as navigation, 

flyovers, fishing, laying marine cables and pipelines, constructing artificial islands and other 

installations, and conducting scientific research.  

 

 
5 Includes the seabed and submarine areas. 

6 United Nations Convention on the Law of the Sea (UNCLOS) 1982, Article 86. 

7 United Nations Convention on the Law of the Sea (UNCLOS) 1982, Article 1. 
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The present study carried out an economic valuation of ecosystem services on two different scales: 

 
• the deep-sea ecosystem as a whole, including the deep seas, below 200 m depth, lying 

both within countries’ EEZs and in the ABNJ (Figure 2a); 

• the deep seas below 200 m depth lying in the ABNJ (Figure 2b).  

 

 
Figure 2. Areas considered in this study. (a) Deep-sea ecosystem includes areas with a depth below 

200 m occurring both within countries’ EEZs and ABNJ; (b) Deep seas of ABNJ include only the 

portion of the deep-sea ecosystem that extends beyond countries’ EEZ. Developed by Author 

(2019).  

 

 

1.3. Overview of ecosystem services in the deep seas 

 
The ecosystem services provided by the deep seas and ABNJ can be categorized on the basis of the 

classification of ecosystem services proposed by the MEA and subsequently refined by TEEB (2010) 

and FAO (2017). The classification includes the four categories of provisioning, regulating, supporting 

and cultural services proposed by MEA (2005) despite some criticism raised by different authors of the 

lack of a hierarchy located among these four ecosystem services categories.8  

 
8 The category of supporting services has been considered by many authors not as an independent category of 

ecosystem services, but mostly as the property of ecosystem services upon which the delivery of the other three 

categories of ecosystem services is strictly dependent. For this reason, the Common International Classification 

of Ecosystem Services (CICES) (Haines-Young and Potschin, 2011) also adopted by the SEEA-EEA includes 

only the three categories of provisioning, regulating and cultural services because for these three categories 

ecosystem services can be linked to the delivery of direct and indirect benefits to human well-being.  
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Within these four categories of ecosystem services, different subcategories were identified. These 

subcategories reflect the classification used by TEEB (2010) and FAO (2017), slightly modified to 

indicate specific ecosystem services of the deep seas and to exclude those ecosystem services that are 

not relevant to the deep-sea ecosystem (Table 1). As recognized by Böhnke-Henrichs et al. (2013), the 

ecosystem services typologies identified to describe the terrestrial ecosystem cannot be entirely 

transferred to marine ecosystems. Böhnke-Henrichs et al. (2013) proposed a unified classification of 

marine ecosystem services that can be used as a common framework in marine spatial planning and 

ecosystem-based management. The ecosystem services of the deep seas reported in Table 1 were also 

listed and grouped according to the ecosystem services typology proposed by Böhnke-Henrichs et al., 

2013, for the marine environment. 

 

A few adjustments were made to highlight specific ecosystem services carried out by the deep-sea 

ecosystem. These comprise the inclusion of “gas regulation and methane absorption” under the category 

of regulating services, and the inclusion of “chemosynthetic primary production” and “nutrient cycling 

and the biological pump” under the category of supporting services. 

 

Table 1. Classification of ecosystem services occurring in the deep seas 

 

Provisioning Regulating Supporting Cultural 

Seafooda Climate regulationb Biodiversity 
Scientific researchc and 

education 

Raw materialsd 
Carbon sequestration 

and storage 

Chemosynthetic primary 

production 

 

Recreation and leisuree 

Ornamental resourcesf Water circulationg 
Nutrient cycling and the 

biological pump 

 

Aesthetic appreciationh and 

art inspirationi, 

 

Genetic resourcesj 
Gas regulation and 

methane absorption 
Habitat for speciesk Spiritual experiencel 

Medicinal resourcesm Wastewater treatmentn  Cultural heritageo 

Source: Classification of ecosystem services according to TEEB (2010), FAO (2017) and Böhnke-Henrichs et al. 

(2013), slightly adapted to better reflect specificities in the deep-sea ecosystem. 

a Seafood: all available marine fauna and flora extracted from coastal/marine environments for the specific 

purpose of human consumption as food (Böhnke-Henrichs et al., 2013).  

b Climate regulation: the contribution of the biotic elements of a coastal/marine ecosystem to the maintenance of 

a favourable climate via their impact on the hydrological cycle and their contribution to the climate-influencing 

substances in the atmosphere (Böhnke-Henrichs et al., 2013).  

c Education and scientific research: the contribution that a coastal/marine/ecosystem makes to education, research, 

etc. This includes the contribution that a coastal/marine ecosystem makes to bionic design and biomimetics and 

to research on applications of marine genetic resources and pharmaceuticals.  

d Raw materials: the extraction of any material from coastal/marine environments, excluding ornamental resources 

(Böhnke-Henrichs et al., 2013).  

e Recreation and leisure: the provision of opportunities for recreation and leisure that depend on a particular state 

of marine/coastal ecosystems (Böhnke-Henrichs et al., 2013).  

f Ornamental resources: any material extracted for use in decoration, fashion, handicrafts, souvenirs, etc. (Böhnke-

Henrichs et al., 2013).  

g Water circulation: the contribution of marine and coastal ecosystems to the maintenance of currents and water 

movement (adapted from Böhnke-Henrichs et al., 2013).  

h Aesthetic appreciation: the contribution that a coastal/marine ecosystem makes to the existence of a surface or 

subsurface landscape that generates a noticeable emotional response within the individual observer (Böhnke-

Henrichs et al., 2013).  

 

 



 6 

i Art inspiration: the contribution that a coastal/marine ecosystem makes to the existence of environmental features 

that inspire elements of culture, art, and/or design (Böhnke-Henrichs et al., 2013).  

j Genetic resources: the provision/extraction of genetic material from marine flora and fauna for use in marine, 

non-medicinal contexts (Böhnke-Henrichs et al., 2013).  

k Habitat for species: the contribution of a particular habitat to marine species’ populations through the provision 

of essential habitat for reproduction and juvenile maturation (adapted from Böhnke-Henrichs et al., 2013).  

l Spiritual experience: the contribution that a coastal/marine ecosystem makes to formal religious experiences 

(Böhnke-Henrichs et al., 2013).  

m Medicinal resources: any material that is extracted from the coastal/marine environment for its ability to provide 

medicinal benefits (Böhnke-Henrichs et al., 2013).  

n Wastewater treatment: the removal by coastal/marine ecosystems of pollutants added to coastal/marine 

environments by humans through processes such as storage, burial, and biochemical recycling (Böhnke-Henrichs 

et al., 2013).  

o Cultural heritage and identity: the contribution that a coastal/marine ecosystem makes to cultural heritage and 

identity (excluding aesthetic and formal religious experiences). This includes the importance of marine/coastal 

environments in cultural traditions and folklore. This covers the appreciation of a coastal community for local 

coastal/marine environments and ecosystems (Böhnke-Henrichs et al., 2013). 

 

 

A controversial point regards the inclusion of abiotic resources such as oil and gas within the category 

of raw material. MEA (2005) considered fuel, mineral and energy as part of provisioning services. In 

the SEEA framework, oil and gas resources are considered highly relevant assets to be valued in a 

similar way to other assets such as land, soil resources, timber resources, aquatic resources, other 

biological resources, and water resources (United Nations, 2014). However, in contrast to other 

ecosystem services, the provision of this type of material is not influenced by ecosystem conditions. 

For this reason, Böhnke-Henrichs et al. (2013) defined oil and gas and mineral extraction, shipping and 

transportation as ecosystem state-independent activities.  

 

Similarly, in the Natural Capital Approach, resources are distinguished as renewable or non-renewable 

natural capital (Costanza and Daly, 1992). Renewable natural capital resources are living parts of 

ecosystems that are active and that can maintain and replicate themselves. In contrast, non-renewable 

natural capital resources, such as fossil fuels and minerals, are inactive since they have been formed 

over a long geological time span (Voora and Venema, 2008). However, this distinction between 

renewable and non-renewable capital in practice is unclear. In fact, even living organisms, such as cold-

water corals, are often considered a non-renewable resource in the context of commercial exploitation 

since they grow very slowly, approximately between an annual rate of 0.5 cm and 2.5 cm (Freiwald, 

Wilson and Henrich, 1999).  

 

In order to provide a full picture of resources and services currently delivered by the deep seas, this 

study also includes oil, gas and minerals under the category of raw material. 

 

 
Seafood 

 
The deep seas contain a large variety of fish and other organisms representing important economic 

resources targeted by deep-sea fisheries. Some 40 percent of the world’s fishing grounds are currently 

estimated to lie deeper than 200 m (EMB, 2015). There are a large number of fish species harvested in 

the deep seas; some of the species spend some or all of their life in deep-water areas, including 

orange roughy (Hoplostethus atlanticus), several species of grenadiers such as the roundnose grenadier 

(Coryphaenoides rupestris), Patagonian grenadier (Macruronus magellanicus), blue ling (Molva 

dypterygia), tusk (Brosme brosme), black scabbardfish (Aphanopus carbo) and Greenland halibut 

(Reinhardtius hippoglossoides); shrimp species such as the northern shrimp (Pandalus, borealis); and 

1.3.1. Provisioning services 
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crabs such as the deep-sea red crab (Chaecon spp.) and Queen crab (Chionoecetes opilio) (Armstrong 

et al., 2010; Lorance, 2007). 

 
Ornamental resources 

  
Precious corals are used to manufacture jewellery, amulets and art objects. The corals include pink and 

red corals (Corallium and Paracorallium spp.), gold corals (Gerardia spp.), bamboo corals (Acanella 

and Lepidisis spp.) and black corals (order Antipatharia) (Bruckner, 2009). 

 
Medicinal resources 

 
A wide variety of marine-derived compounds are used in the pharmaceutical industry. Metabolites with 

potential pharmaceutical properties are naturally produced by microorganisms or stationary bottom-

dwelling fauna, such as corals, sponges and tunicates (Oldham et al., 2014; Bibi et al., 2017; Hogg et 
al., 2010).  

 
Genetic resources 

 

Several biotechnology companies are known to be actively involved in product development and/or 

collaboration with research institutions in search of new substances and compounds from marine 

organisms. Biotechnological applications include fiber optics, glass, civil engineering and 

semiconductors (Hogg et al., 2010). Some deep-water sponges and cold-water corals are also 

used as models of bio-architecture and template for molecular modelling (Ehrlich et al., 2006).  
 

Oil, gas and minerals 

 

Overall, some 37 percent of proven oil reserves are thought to be under the seafloor and one-third in 

deep-water areas (OECD, 2016). The gas hydrate deposits found in deep-sea sediments are considered 

to be a key future source of natural gas (NOAA, 2018). The main exploitable sources of minerals include 

polymetallic manganese nodules, seafloor massive sulphides and cobalt-rich ferromanganese crusts 

(UNEP, 2007). More than 80 percent of the currently known manganese nodule fields are located in the 

ABNJ (OECD, 2016). 

 

 
Climate regulation 

 

Most of the sun’s radiation is absorbed by the ocean, which stores and distributes heat around the globe. 

Recent estimates suggest that the marine environment has absorbed 90 percent of the excess heat 

trapped by anthropogenic greenhouse gas emissions since 1995, one-third of which is being stored at 

depths greater than 700 m (IPCC, 2013). It has been estimated that between a third and a half percent 

of ocean heat gains between 2006 and 2013 occurred at depths below 500 m (Roemmich et al., 2015).  

 
Carbon sequestration and storage  

 

The ocean holds about fifty times more carbon dioxide (CO2) than the atmosphere (UNEP, 2006). 

Physical processes transfer CO2 from the atmosphere to the oceans at the air-sea interface, and the 

movement of waters facilitates its transport and storage in the cold ocean waters. A series of biologically 

mediated processes (usually called the “biological pump”) contribute to the transport of organic material 

from the ocean surface to deeper layers (UNEP, 2007). Many marine organisms also act as a carbon 

sink by storing carbon in living tissue (Armstrong et al., 2010). 

 

  

1.3.2. Regulating services 
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Gas regulation and methane absorption 

 

The oceans absorb methane from coastal runoff, diffusion from organic-rich anoxic sediments, and 

through methane emission from gas chimneys, hydrate fields and mud volcanoes (Glover and Smith, 

2003). Methane emission from the seafloor can reach the hydrosphere in the form of gas bubble escapes, 

upward floating of hydrates and diffusive transport of dissolved methane. Release of methane to the 

ocean can cause ocean acidification and deoxygenation, while release to the atmosphere can cause 

warming because of the strong greenhouse effect of methane (Rogers et al., 2015). Bacteria living on 

the ocean floor and deep waters consume methane, which they utilize as their sole carbon and energy 

source (i.e. methanotrophic bacteria). Their activity provides an important service of gas regulation and 

methane absorption and helps to maintain the ocean in a state of methane undersaturation relative to the 

atmosphere (Amstrong et al., 2010).  

 
Water circulation 

 

Water circulation drives circulation and exchange of nutrients among different oceanic zones. For 

example, oceanic movement of waters from shallow to deep waters occurs in the dense shelf-water 

cascading process. This process is driven by a contrast in seawater density that is generated in late 

winter or spring when surface waters, carrying large amounts of organic matter and sediment, flow over 

the edge of the continental shelf and sink into the deep seas. This movement of water contributes to the 

ventilation of intermediate and deep waters, enriches them with nutrients and contributes to shaping the 

seascape through seabed erosion, sediment deposition, and carving submarine canyons (Amstrong et 
al., 2010). 

 

An opposite type of oceanic movement of waters from deep to shallow waters occurs in upwelling, 

which takes place when water rises to the surface to replace water that has been pushed away due to the 

wind’s action on the ocean surface. 

 

Water circulation, driven by ocean currents and movement of water masses across the water column, 

also has an effect on the regulation of water temperature. Warm water is transported from the equator 

towards the poles, while cold water is transported from the poles back to the tropics, helping to 

counteract the uneven distribution of solar radiation reaching Earth’s surface and to mediate or regulate 

regional temperature extremes. 

 
Wastewater treatment 

 

Deep-sea areas are a sink for a wide range of solid and liquid wastes, originating from both sea- and 

land-based sources (Thurber et al., 2014). These include plastics and other litter, shipping and fishing 

wastes, decommissioned ships and oil rigs, sewage sludge, dredge spoil, and radioactive waste (UNEP, 

2007). Processes of retention, transport, dilution, assimilation, burying, bioturbation and chemical 

transformation are ways in which waste can be physically, biologically and chemically dispersed and 

(partially) neutralized (Armstrong et al., 2010). However, it is important to emphasize that not all waste 

dumped in the ocean can be effectively processed, and a large amount (particularly inorganic) of 

material remains in the natural environment, causing lasting environmental damages (Chiba et al., 

2018). 

 

 
Biodiversity 

 

The largest habitat on Earth, the deep sea is also one of the most diverse: it is believed to host more 

than 98 percent of all marine species (UNEP, 2006; Armstrong et al., 2010), many of which are endemic 

(UNEP, 2007). The wide variety of deep-sea habitats yields commercially valuable species. The often-

extreme conditions and harsh environments of deep-sea areas have also caused species to develop 

1.3.3. Supporting services 
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unique features and distinctive adaptations that enable survival in dark, cold, and highly pressurized 

environments (Maxwell, 2005). 

 

While substantial knowledge gaps remain about the exact composition and range of deep-sea 

biodiversity, it is thought that the number of species exceeds 10 million (Grassle and Maciolek, 1992), 

with some authors citing figures as high as 100 million (Gianni, 2004). Deep-sea species also often 

display a high level of endemism, likely due to habitat heterogeneity and the relatively large distances 

and physical or chemical obstacles that tend to isolate local populations, enhancing the chances of the 

speciation process (Armstrong et al. 2010; Thurber et al., 2014; UNEP, 2007). 

 
Chemosynthetic primary production 

 

In the deep seas, in the absence of sunlight, photosynthesis cannot occur. However, some bacteria are 

able to use chemical energy in the form of hydrogen, methane, hydrogen sulphide, ammonium and iron 

to convert organic carbon to biomass (i.e. chemosynthetic primary production). Sites of chemosynthetic 

primary production are found in hydrothermal vents and seeps. Chemosynthetic primary production is 

fundamental to support the food web of deep seas, in which invertebrates living on the seafloor, such 

as tubeworms, bivalves, snails and crustaceans, provide food and niches for other organisms (Armstrong 

et al., 2012). In addition, chemosynthetic primary production occurs in several biogeochemical cycles 

(such as carbon, hydrogen, nitrogen, oxygen, phosphorus, sulphur, potassium, calcium, iron and 

magnesium cycles), sustaining the biosphere. 

 

Nutrient cycling and the biological pump 

 

The “biological pump” refers to a series of biologically mediated processes, transporting organic 

material (carbon and other nutrients) from the ocean surface to deeper layers. Nutrients constituted by 

shells from dead plankton, fecal pellets from zooplankton and organic material from other dead 

microorganisms often stick together, forming clumps called aggregates, which increase in weight and 

sink in the water column. This shower of particles is often called marine snow. Other organisms in the 

water column can feed on these aggregates, in turn excreting waste that add to the marine snow. In the 

deep waters, bottom-dwellers and microorganisms depend on this shower of nutrients as a food source. 

Carbon-rich nutrients that are not consumed are buried in sediments.  

 
Habitat for species 

 

Several features such as cold-water corals, deep-water sponge grounds, and seamounts are important 

habitats for species. Cold-water corals are usually considered among the richest biodiversity hotspots, 

providing breeding and nursery habitats, shelter and food for hundreds of species, including some 

commercial fish and shellfish (Armstrong, Foley and Kahui, 2016; Baillon et al., 2012; D’Onghia et 

al., 2012; UNEP, 2007). 

 

Sponge aggregations, too, are believed to act as feeding and breeding areas for a large number of 

invertebrates and fish species (Pham et al., 2015). The structural habitats that they provide are often 

used for shelter, reproduction and forage for food. Their intricate architecture can also be used by 

juvenile fish in their early stages of growth (Hogg et al., 2010). Seamounts are also thought to offer a 

protective habitat and foraging grounds for commercially important pelagic species such as albacore 

and tuna, providing plankton for invertebrates to feed on, and in turn attracting higher-order animals 

that feed on invertebrates (Hassall and Associates, 2001). 
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Scientific research and education 

 

Deep-sea exploration can provide a new understanding of processes affecting the Earth’s climate and 

biogeochemical cycles and can convey important information to better manage existing ocean resources 

and habitats. New discoveries can have pharmaceutical and biotechnology applications. This 

knowledge can be translated into new education opportunities. Education provides information on the 

deep seas which helps formulate opinions and preferences on the possible uses and management of 

deep-sea resources in national and international waters. 

 
Recreation and leisure 

 

The deep-sea hosts creatures that have adapted to live in a cold, dark, and high-pressure environment. 

A restricted number of individuals experiences the deep sea in submersibles. However, this experience 

is usually achieved through documentaries and videos. 

 

Aesthetic appreciation and art inspiration 

 

The deep sea represents a remote and pristine ecosystem with unique features. Seascapes and features 

occurring in the deep-sea ecosystem, such as cold-water coral gardens, sponge aggregations, impressive 

rock formations, giant life forms and spectacular adaptations to the darkness of the deep sea, can 

generate emotional aesthetic appreciation.  

 
Cultural heritage  

 

Many sites in the deep seas can be considered part of the human cultural heritage. The deep-sea 

sediments store fossils of planktonic organisms (e.g. foraminifera, coccolithophores), which provide a 

repository of information on past climatic conditions of the planet (Labeyrie et al., 1987). In addition, 

the United Nations Educational, Scientific and Cultural Organization (UNESCO) has recently identified 

three sites located in the deep seas of the ABNJ, representing sites with Outstanding Universal Value. 

The first is the “Lost City Hydrothermal Field”, located in the Mid-Atlantic Ridge at 700–800 m depth 

and dominated by a carbonate monolith of 60 m height. The second is the “Atlantis Bank”, located in 

the Indian Ocean at 700–4 000 m depth and characterized by highly diverse deep-sea fauna and 

extensive colonies of cold-water coral (Paragorgia spp.). The third site is the “White Shark Café”, 

located halfway between North America and Hawaii, and is the only known offshore aggregation of 

north Pacific white sharks (Carcharodon carcharias). Sharks migrate from the coasts of North America, 

California, Guadalupe Island, and Mexico to reach this distinctive area with warmers waters, where 

they dive frequently at 300 m depth, probably to feed and mate (Freestone et al., 2016). 

 

1.4. Sectorial economic activities in the deep seas and in the deep seas of the 
ABNJ 

 
A wide range of economic activities depend on the provision of ecosystem services by the deep seas. 

Four economic sectors rely on the direct exploitation of deep-sea resources and habitats, including 

deep-sea fisheries, pharmaceutical industries targeting biotic marine resources, petrol companies 

drilling deep-water and ultra-deep-water oil reserves, and deep-sea mining companies. Another two 

economic activities such as sea shipping companies and telecommunication do not directly utilize deep-

sea resources, but instead rely indirectly on the deep sea (Table 2). 

   

1.3.4. Cultural services 
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Table 1. Economic sectors operating in the deep seas 

 

Economic sector 

Utilize the deep seas Operate in Rely 

indirectly on 

deep-sea 

resources and 

habitats 

 

Impact on 

deep-sea 

resources 

and 

habitats 

Biotic 

resources 

Abiotic 

resources 

Deep 

seas 

Deep 

seas of 

ABNJ 

Deep-sea fisheries       
Pharmaceutical 

industries       

Oil and gas companies       

Mining companiesa       

Telecommunications       

Sea shipping companies       

aAt present, in the deep seas of the areas beyond national jurisdiction (ABNJ), there are only exploratory mining 

activities testing their feasibility. 

 

 

Telecommunication uses the deep seafloor for network cables. Although this economic sector does not 

extract or consume any biotic or abiotic resources, it can compete for space with other economic sectors 

(e.g. bottom trawling in deep-sea fisheries or oil and gas drilling). International shipping occurs on 

surface waters, including both the areas located in countries’ EEZs and the ABNJ. Therefore, it is not 

considered as an economic activity occurring in the deep seas. Shipping can, however, affect the deep 

seas, through pollution by oil spills and the disposal of plastic materials. 

 

Currently, only fishing and installing cables on the seafloor are being undertaken in the ABNJ. 

Provisioning services, constituted by marine organisms, are the focus of deep-sea fisheries and 

pharmaceutical and jewellery industries, while oil, gas and mining constitute the centre of these 

extractive industries. 

 

Regulating and supporting services occurring in the deep seas are highly important for economic sectors 

that rely on biotic resources. These services regulate the circulation of water and its temperature as well 

as the water content of oxygen, nutrients, sediments and other inorganic substances; setting the habitat 

conditions for living organisms in the deep seas. The maintenance of biodiversity of the deep seas is 

particularly relevant to all economic activities, as biodiversity increases ecosystem resilience and thus 

the capacity of the ecosystem to buffer and adapt to both natural and human-induced variation of 

environmental conditions. In addition, biodiversity also ensures nutrient cycling and supports primary 

production through chemosynthetic organisms. 

 

Economic sectors that target abiotic resources such as oil and mineral reserves are less dependent on 

regulating and supporting services. Existing oil reserves originate from organic material and are 

transformed by chemical processes in suitable heat and pressure conditions. Abiotic resources are non-

renewable stock of resources placed in the deep-sea sediments, experiencing no or minor interactions 

with ecosystem functioning. 

 
Cultural ecosystem services referred to as scientific research and deep-sea exploration are also relevant 

for scientific and commercial purposes since they are also undertaken by the pharmaceutical industry 

and oil, gas and mining companies. 

 

All the described economic sectors impact deep-sea ecosystems and affect the supply of ecosystem 

services – and, ultimately, their own output and income. Several papers have detailed sectoral threats, 

pressures and impacts of deep-sea fisheries to deep-sea biodiversity and ecosystems (e.g. UNEP, 2006, 
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2010; Armstrong et al., 2010; Gianni, 2004; Sumaila et al., 2010; Pham et al., 2015), as well as the 

environmental impacts caused by submarine cables and pipeline and telecommunication systems laid 

on the seafloor (Simcock, 2016). 

 

 
Deep-sea fisheries take place usually at depths between 200 and 2 000 m on continental slopes, or on 

isolated oceanic topographic structures such as seamounts, ridge systems and banks (FAO, 2010–2017). 

Different gears are used to catch deep-water species, including longlines, bottom trawls, midwater 

trawls, gillnets and traps/pots (FAO, 2013–2017). Deep-sea fisheries fleets include trawlers and 

longliners.  Longlines include: (i) those that set longlines on the seafloor (i.e. demersal longlines or 

deep-set longlines); and (ii) longlines ending with traps rather than hooks to catch crabs in deep waters. 

Within deep-sea fisheries, bottom activity includes any gear that interacts with the bottom seafloor 

(CCAMLR, 2012). 

 

Bottom fisheries are dominated by trawl fisheries, in which the seabed is towed on for a duration varying 

from a few minutes to several hours; midwater trawlers operate nets close to the seabed (FAO, 2017). 

Some trawl fisheries use advanced technology, such as acoustic devices for fish detection and net 

monitoring where they make contact with the bottom of the seafloor for short intervals. These fisheries 

are often called “aimed trawling fisheries”, as they target a specific area or group of species (FAO, 

2013–2017).  

 

Bottom fisheries usually do not occur at great depths. In the Atlantic, 75 percent of the total known 

catch is taken at depths above 400 m. Very few fisheries routinely fish below 1 500 m depth, and even 

for those, 2 000 m is a limit rarely reached (FAO, 2017). However, there is an increasing commercial 

interest for to fish in the deep seas and ABNJ. Within countries’ EEZs, fishing activities have become 

more regulated (Thurber et al., 2014; UNEP, 2007).  

 

 

The deep seas contain the potential for the discovery of a variety of marine-derived compounds 

which could be used as pharmaceuticals. Currently, several pharmaceutical companies have developed 

drugs from metabolites originating from the deep seas (for details, see section 3.6.1). 

 

 
Offshore oil production accounts for about 30 percent of the total world oil production, and offshore 

gas production for about half of the world production of natural gas. Today, it is estimated that as much 

as 7 percent of offshore oil is now being extracted at depths greater than 200 m (OECD, 2016) compared 

to just 2 percent in 2001 (EMB, 2015).  

 
The water depth record for oil production is currently held by an international oil company, which 

produces oil from a well located in the Tobago field 2 926 m below the surface of the Gulf of Mexico; 

the water depth record for subsea gas production is currently at around 2 700 m and is held by a platform 

located in the Cheyenne gas field, also in the Gulf of Mexico. The factors driving this shift towards the 

deep-sea oil and gas resources are a combination of increasing global resource demand, rising 

commodity prices, the progressive depletion of conventional terrestrial and shallow-water reserves, 

and the development of new drilling and subsea technologies that allow access to previously 

unexploitable reserves. 

  

1.4.1. Deep-sea fisheries 

1.4.2. Pharmaceutical industries 

1.4.3. Oil and gas industries 
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The mining industry is also increasingly interested in the deep seafloor, which is rich in highly valuable 

minerals. Commercially interesting deposits include polymetallic nodules, seafloor massive sulphides 

and cobalt-rich crusts. The major field for polymetallic nodules is in the Clarion-Clipperton Zone, in 

the ABNJ. Seafloor massive sulphides are mineral deposits found near hydrothermal vents, which can 

be found both within countries’ EEZs and in the ABNJ. Similarly, cobalt-rich crusts are usually found 

on the sides of submarine mountain ranges and seamounts and can occur within countries’ EEZs and/or 

in the ABNJ.  

 

All mineral-related activities in the international seabed area of ABNJ are regulated and controlled by 

the International Seabed Authority (ISA), an intergovernmental body established by UNCLOS. To date, 

ISA has released 29 exploratory mining contracts: 16 are for the investigation of polymetallic nodules 

in the Clarion-Clipperton Zone; one in the Central Indian Ocean Basin; seven for the exploration for 

seafloor massive sulphides in the Southwest Indian Ridge, Central Indian Ridge and the Mid-Atlantic 

Ridge; and five for the exploration for cobalt-rich crusts in the Western Pacific Ocean (ISA, 2017). 

 

 
The majority of intercontinental voice, video and data traffic is carried by deep-sea submarine cables 

(UNEP, 2007). In 2014, the global undersea Internet network was made up of about 285 submarine 

cables that crisscrossed the ocean floor (Hantover, 2013; Simcock, 2016). Their number is steadily 

increasing, with about 378 submarine cables mapped in 2019 (Telegeography, 2019). It is estimated 

that more than 95 percent of intercontinental voice, video and data traffic goes through deep-sea 

submarine cables (UNEP, 2007). This includes more than 300 000 km of submarine cables located in 

the ABNJ (ICPC, 2016).  

 

Submarine cables placed in the deep seas usually have a thinner diameter than cables placed in 

shallower water. The limited potential to impact shallow waters decreases the need to galvanize 

shielding wire. Submarine cables have a life expectancy of 25 years and are installed by special boats 

called cable-layers. Submarine cables no longer in use are often left on the seafloor. An interesting 

initiative is to use disused cables by repurposing them for scientific use, such as the ALOHA Cabled 

Observatory offshore of Hawaii (Rogers et al., 2015). 

 

  

1.4.4. Mining industries 

1.4.5. Telecommunications 
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2. VALUATION METHODOLOGIES 

2.1. Methodological framework for deep-sea ecosystem services economic 
valuation  

 

 

The total economic value (TEV) of the flow of benefits derived from an ecosystem is usually recognized 

as the sum of use and non-use values. While use values are based on actual use of the resources and 

ecosystem, non-use values are the values that people assign to ecosystem services and ecosystem 

regardless of whether have never used them or will ever use them in the future.  

 

The use values include the following: (i) the direct-use value related to benefits received from the supply 

of provisioning services and cultural services; (ii) the indirect-use value related to benefits, indirectly 

received from the regulating and supporting services that maintain the ecosystem in equilibrium; and 

(iii) the option value related to the benefits that could be received in the future, although currently there 

is no current use of the ecosystem and its resources.  

 

The non-use values include the following: (i) the quasi-option value, related to the benefit of delaying 

the exploitation of an ecosystem service for a future value made available through the preservation of 

this ecosystem service; (ii) the altruistic value, related to the benefits that others may receive from a 

given ecosystem service; (iii) the bequest value, related to the benefits that future generations may 

receive from the ecosystem and ecosystem services; and (iv) the existence value, related to the 

benefit received simply knowing that some ecosystem services, such as whether deep-sea marine 

biodiversity exists, even if they are never utilized or directly experienced. 

 

Technically, what is valued in the economic valuation is not strictly the ecosystem services, but the 

benefits delivered by the ecosystem service to human society (Boyd and Banzhaf, 2007). Table 3 

summarizes the relationship between ecosystem services, the types of benefits conveyed by each 

ecosystem service category, and the type of values associated with these benefits. 

 
Table 3: Ecosystem services, conveyed benefits and type of values 

 

Category Benefits Type of value 

Provisioning services 
Benefits obtained from resources 

extracted from ecosystems 
Direct value 

Regulating services 
Benefits obtained from the regulation of 

ecosystem processes 
Indirect value 

Supporting services 

Benefits obtained by the enhanced 

resilience of ecosystems to adapt to stress 

and changes 

Bequest value, option value,  

existence value 

Cultural services 
Benefits obtained from non-material use 

of ecosystems 

Direct value, bequest value, option 

value, existence value 

 

 
In a literature review, Böhnke-Henrichs et al. (2013) analysed 145 studies dealing with marine 

ecosystem services. The review highlighted how identifying benefits is more straightforward for some 

categories of ecosystem services, such as provisioning services (e.g. quantity of seafood), than for 

regulating (e.g. water circulation) or supporting services (e.g. habitat for species). The limited scientific 

knowledge about deep-sea ecosystems, uses and impacts makes its economic valuation a particularly 

challenging undertaking. These processes tend to be complex, and in many cases, there is little 

knowledge or data either on the current functioning of deep-sea ecosystems or on the impacts that past 
or future human uses and activities have on ecosystem services’ delivery.  

 

2.1.1. Valuing the benefits conveyed by ecosystem services in the deep seas 
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The large-scale of ecosystem processes underlying regulating services makes it extremely difficult to 

measure benefits provided by the deep seas in terms of climate regulation, carbon sequestration, water 

flow circulation, waste treatment, and biological control obtained through the maintenance of 

biodiversity and food webs. It is not just scientific uncertainty and lack of data on the biophysical links 

and relationships that govern the provision of deep-sea ecosystem services that pose a barrier to 

valuation. Many valuation techniques, such as those based on observing human behaviour or on eliciting 

people’s stated preferences and perceptions that are commonly used to value other marine goods and 

services in coastal areas, have only limited applicability to deep-sea resources and habitats (see, for 

example, Hanley et al., 2014). 

 

The identification of benefits delivered by ecosystem services in the deep sea and in the ABNJ deep 

seas should be tailored according to the specific characteristics and uses of these marine areas.  

 

There are several types of valuation techniques that can be used: 

 

Price-based valuation techniques: values of ecosystem services are derived from markets in which 
environmental goods and services are traded. Price-based valuation can be used, for example, in 

economic valuation of commercially important deep-water species. Trading systems can also be used 

to evaluate carbon sequestration since an international market for trading reductions of carbon 

emissions has been established.  

 

Production-based valuation techniques: values of ecosystem services are derived based on the 

economic loss related to a decrease of service provision. Production-based valuation can be used, for 

example, in the economic valuation of benthic habitats as essential fish habitats showing how a decrease 

in habitat can be associated to a decrease of fish catch (Foley et al., 2010). Similarly, a decrease in oil 

or gas availability can be valued in terms of its impact in the industrial production of some goods. 

 

Cost-based approach techniques: values of ecosystem services are estimated according to the cost of 

replacing, restoring or mitigating the disruption of ecosystem services or an ecosystem. A cost-based 

valuation can be used, for example, to assess the incurred costs of restoring benthic habitats composed 

of aggregations of Lophelia pertusa impacted by fishing trawlers (Van Dover et al., 2014). 

 

Revealed preference techniques: values of ecosystem services are derived by interpreting behaviour, 

consumer choices and purchases in markets associated with benefits conveyed by ecosystem services. 

An example of revealed preferences is the price that consumers are willing to pay for fish harvested 

with a low impact on the marine ecosystem, such as certified, sustainable seafood. There are more than 

170 fisheries certified by the Marine Stewardship Council as “sustainable” fisheries, including several 

deep-sea fisheries (Christian et al., 2013). Revealed preference can also show the economic value 

associated with the conservation of marine charismatic megafauna through the price paid for whale 

watching or scuba diving with sharks (Rogers et al., 2015).  

 
Stated preferences techniques: the values of ecosystem services are derived from stated behavioural 

preferences among alternative hypothetical scenarios presented in questionnaires. Stated preferences 

can be used to value or rate several non-use values of ecosystem services of the deep seas and the deep 

seas of the ABNJ. For example, the value placed on deep seas has been assessed by the willingness to 

pay (WTP) by Scottish households for additional marine protected areas in the Scottish deep sea 

(Jobstvogt et al., 2013) or the WTP for the protection of cold-water corals (Aanesen et al., 2015). 

 

Non-monetizing valuation of ecosystem services: the values of ecosystem services can also be 

assessed in a more qualitative way using a rating system, ranking choice models, voting mechanisms 

or focus groups. These techniques do not quantify the value in monetary terms, but assess what people 

value. For example, focus groups and questionnaires were used to investigate attitudes and preferences 

of fishers, sailors and other citizens with no direct activity at sea on the protection and management of 

the cold-water coral (Falk-Andersson et al., 2015).  
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2.2.  General principles adopted in the valuation of deep-sea ecosystem 
services 

 

A TEV framework was used, and thus the overall economic value attributed to the deep-sea ecosystem 

was considered as the sum of the economic values estimated for each ecosystem service in United States 

dollar (USD). Each ecosystem service was assessed by first estimating the flow of benefits (in quantity) 

and then attributing an economic value. The flow of an ecosystem service was assessed over a one-year 

time frame with 2014 as the reference year. Each ecosystem service was valued using a price-based 

valuation approach. This is a straightforward approach, although the identification of global unit prices 

poses some challenges for commodities with high price volatility. Global market prices used were used 

for unprocessed/unrefined raw materials, based on data availability. The use of the social cost of carbon 

was also used to build an alternative economic valuation scenario, in which carbon sequestration was 

valued by the modelled economic costs associated with economic damages caused by climate change.  

 

2.3.  Valuation methodology for deep-sea provisioning services  

 

 
An important provisioning services delivered by the deep-sea ecosystem is fish and other edible 

organisms from the deep seas. The conveyed benefits can be valued by assessing the amount of fish 

caught in the deep seas multiplied by worldwide average fish prices (Table 4). 

 

The analysis was carried out at two levels: assessing the deep-sea ecosystem as a whole (considering 

jointly the fish catches in the EEZs and ABNJ areas) and then looking more specifically at the deep 

seas of the ABNJ. In this latter case, the internationally agreed EEZ boundaries (usually 200 nm from 

the coastline) was considered as the demarcation beyond which fishing activities occur in the ABNJ. 

 

Table 4: Methodology applied to the valuation of fish resources in the deep seas 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 
Current data 

availability 

Provisioning 

services 
Fish resources 

Amount of fish  

caught below 200 m 

(tonnes/year) 

Price based Available 

 

 
As the Mediterranean Sea does not currently have any internationally agreed ABNJ boundaries, fishing 

activities occurring at depths greater than 400 m were considered as occurring in the ABNJ following 

the working definition suggested by Bensch et al. (2009).  

  

2.3.1. Deep-water fish 
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Definition of deep-water fish species 

 

This study includes fish9 that are found in the mesopelagic and bathypelagic zones and on the seafloor 

in waters deeper than 200 m. These species include mesopelagic,10 bathypelagic11 species and 

demersal12 species, comprehensively referred to as deep-water species. The definition of deep-water 

fish species excludes epipelagic13 species, such as swordfish, marlins, tunas and mackerels, as well as 

fish living on the continental shelf, especially when close to the coastline. This definition of deep-water 

fish species is consistent with the definition of “deep-water fisheries” as “oceanic fisheries with large 

midwater and bottom trawlers and longliners” (and traps and pots) as defined by the Working Group 

on the Biology and Assessment of Deep-sea Fisheries Resources (ICES, 2017). The term “deep-sea 

species”, as used in the FAO International Guidelines ffor the Management of Deep-sea Fisheries in 

the High Seas, refers to those species that can be caught using “fishing gear that is likely to contact the 

seafloor during the normal course of fishing operations” (FAO, 2009). These make-up the demersal the 

deep-water species included in this study. 

 

A selection of deep-water fish species usually caught at 200 m depth or more is not straightforward. 

Fish species are usually found in a specific depth range, which varies spatially with the physiographic 

features of the continental slope and seabed. An additional factor to consider, besides fish ecology, is 

the depth at which fish species are caught. The same fish species can be fished in different places with 

different fishing gear, at different depths, and can be fished both within a country’s EEZ and in the 

ABNJ. For these reasons, different authors (Bensch et al. 2009; Garibaldi and Limongelli, 2002; Rogers 

and Gianni, 2010) have used an overlapping, but substantially different list of species in their deep-sea 

assessments. 

 
The selection criterion adopted in this study included a wide number of demersal species targeted by 

bottom trawls and bottom-set longlines, gillnets, and pots and traps. The selection criteria also includes 

demersal species that are caught with deep midwater trawls that fish very close to the seafloor. A small 

number of pelagic species are also included that are mainly caught by midwater pelagic trawls. The 

latter were chosen with the assistance of habitat and depth information provided by FishBase14.  

 

The resulting final list of 91 deep-sea taxa includes 82 species and nine additional groups where fish 

were not identified to the species level (Appendix 1). Out of these 91 selected deep-sea taxa, 15 did not 

have fish landings reported by RFMO/As or by FishStatJ in 2014 (Appendix 2). Therefore the economic 

valuation on deep-sea seafood resources was carried out on 76 taxa. 

 

  

 
9 In this study, the term “fish”, when used with a generic meaning, includes all marine aquatic organisms, including 

demersal, pelagic, crustaceans, molluscs, cephalopods, and crustaceans inhabiting the deep-sea ecosystem. 

10 Definition of term “mesopelagic”: living or feeding at midwater at depths between 200 m and 1 000 m. FishBase 

Glossary. Also available at www.fishbase.org/Glossary/Glossary.php?q=mesopelagic&sc=is. 

11 Definition of term “bathypelagic”: living or feeding in open waters at depths between 1 000 and 4 000 m. 

FishBase Glossary. Also available at www.fishbase.org/Glossary/Glossary.php?q=bathypelagic&sc=is. 

12 Definition of term “demersal”: living on or near the bottom and feeding on benthic organisms. FishBase 

Glossary. www.fishbase.org/Glossary/Glossary.php?q=demersal&language=english&sc=is. 

13 Definition of term “epipelagic”: living or feeding on surface waters or at midwater to depths of 200 m. 

www.fishbase.org/Glossary/Glossary.php?q=epipelagic&language=english&sc=is. 

14http://fishbase.org/search.php. 
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Data sources to assess quantity and value of fish landings 

 

Two different data sources were used to estimate the quantity of deep-water fish caught respectively in 

the deep seas of the ABNJ and in the deep-sea ecosystem (including both EEZs and ABNJ areas). 

 
Fish landings in 2014 occurring in the ABNJ were compiled using information reported mainly by 

RFMO/As15 and supplemented from other national sources. This information comes from a variety of 

sources, both published and unpublished, and often only available as estimates. In some regions, such 

as the northeast and northwest Atlantic, north and south Pacific, southeast Atlantic and the Southern 

Ocean, the available information is likely to be fairly accurate. In other areas, such as the Mediterranean, 

the information is less complete, resulting in lower confidence in the estimates.  

 

The fish landings in 2014 occurring in the ABNJ were compiled using information reported by the 

FAO-FishStatJ database, a publicly available database (FAO, 2006–2017; Garibaldi, 2012). The 

database contains official fisheries statistics reported yearly by countries to FAO. The reported data do 

not distinguish whether reported fish catches have occurred within EEZs or in the ABNJ. 
 

The economic valuation was based on the average price that fishers receive when they sell their catch 

(i.e. ex-vessel price). The global scale of this study required worldwide average fish prices. Thus, this 

study used the global reconstructed ex-vessel prices at the species level published by Melnychuk et al. 

(2016). The authors considered global weighted mean export prices based on summed quantities and 

values across countries and then converted export prices to ex-vessel prices by using a conversion factor 

adjusted on a yearly basis. These global reconstructed ex-vessel prices can be applied at the species 

level and for all countries worldwide. The latest available year refers to reconstructed ex-vessel prices 

for 2012 and these prices were considered for the valuation. Thus, this study assumed that the ex-vessel 

fish prices reconstructed for the year 2012 do not vary significantly in 2014. 

 

The fish landings by species recorded in 2014 reported by RMFO/As for the ABNJ and by FAO-

FishStatJ for the deep-sea ecosystem (covering both the ABNJ and EEZs) were multiplied by the 

respective reconstructed ex-vessel fish prices and all the obtained species-specific landing values were 

summed together. 

 

 
The deep-sea ecosystem provides not only seafood, but also non-edible organisms that are used as 

ornamental resources. In particular, precious corals16 are used in jewellery manufacture worldwide. The 

economic valuation of these ornamental resources, harvested in the deep seas, can be assessed 

considering the prices at which they are sold on the market as raw material (Table 5). 

  

 
15 RFMOs include the following: North-East Atlantic Fisheries Commission (NEAFC), Northwest Atlantic 

Fisheries Organization (NAFO), North Pacific Fisheries Commission (NPFC), South East Atlantic Fisheries 

Organisation (SEAFO), Southern Indian Ocean Fisheries Agreement (SIOFA), South Pacific Regional Fisheries 

Management Organisation (SPRFMO), Convention on the Conservation of Antarctic Marine Living Resources 

(CCAMLR), and General Fisheries Commission for the Mediterranean (GFCM). 

16 Precious corals can be defined as those having a hard, solid sjeleton that can be easily polished (Cooper et al., 

2011).  

2.3.2. Precious corals 
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Table 5: Methodology applied to the valuation of ornamental resources in the deep sea 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 
Current data 

availability 

Provisioning 

services 
Ornamental resources 

Amount of precious coral 

harvested for commercial use 

(tonnes/year) 

Price based 
Partially 

available 

 

 
Red and pink corals belong to the family Corallidae.The Corallidae are divided taxonomically into three 

genera (Corallium, Pleurocorallium and Hemicorallium) (Tu, Dai and Jeng, 2015; Ardila, Giribet and 

Sánchez, 2012). 

 

Within the family Corallidae, information to assess the quantity and value of ornamental resources is 

only available for two precious corals, the red coral (Corallium rubrum) and pink coral 

(Pleurocorallium elatius). Information is missing for the other relevant commercial coral species 

currently harvested in the Pacific Ocean, such as Pleurocorallium konojoi, P. carusrubrum, 

Hemicorallium sulcatum and Corallium japonicum (Cannas et al., in press). 

 

Red coral is included in this study, as in the Mediterranean it can be found between 5 m and  

1 000 m depth, although commonly it is harvested in shallower coastal waters between 30 m and 200 

m depth (Cannas et al., in press). Harvested quantities of red and momo corals were extracted from the 

FAO-FishStatJ database (FAO, 2006–2017). 

 

Prices of red and momo corals were assessed through a literature search (see section 3.3), since 

reconstructed ex-vessel prices by Melnychuk et al. (2016) are not available for coral species. Moreover, 

prices found in the literature were also discussed by the author with a local coral harvester in Sardinia, 

Italy.  

 

 
The deep-sea ecosystem is an important source of raw materials made up of oil, gas and other liquids. 

The conveyed benefit related to crude oil production provided by the deep seas can be measured through 

an assessment of the number of barrels extracted from deep-water and ultra-deep-water oil reserves. A 

quantification of its value in monetary terms can be assessed taking into account the price of benchmark 

crude oil (Table 6). 

 

Oil resources and natural gas resources are stored in underground deposits, which the SEEA framework 

categorizes known deposits in three classes: (i) commercially recoverable resources; (ii) potentially 

commercially recoverable resources; and (iii) non-commercial and other known deposits (United 
Nations, 2014). The SEEA assesses first the existing oil deposits (as a measure of stock resources) and 

then the oil extraction (as a measure of the reduction of stock). 

 
Table 6: Methodology applied to the valuation of deep-water and ultra-deep-water oil 

Category 

Ecosystem service 

provided by the 

deep seas 

 

Measured benefit 
Valuation 

Current 

data 

availability 

Provisioning 

services 
Raw material 

Amount of crude oil extracted 

from deep-water and ultra-deep-

water deposits (number of 

barrels/year) 

Price based Available 

  

2.3.3. Deep-water and ultra-deep-water oil  
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For other assessed provisioning services, this study only considers the benefits related to an annual flow 

of oil extraction not the overall amount or status of existing oil resources. The assessment is restricted 

to extraction of oil from deep-water and ultra-deep deposits. The ultra deep-water deposits are usually 

considered as those found at a depth equal to or greater than 1 500 m. The definition of deep-water 

varies (Rochette et al., 2014). Although the definition of deep-water oil deposits between 300 and 

1 500 m depth (Rochette et al., 2014) would better fit the scope of describing the deep-sea ecosystem, 

available information reported by the U.S. Energy Information Administration (EIA) considers 

deep-water oil deposits found between 125 and 1 500 m depth (EIA, 2016).  

 

The measured benefit refers to the value of crude17 (unrefined) oil production, which can be obtained 

from conventional18 and unconventional19 reservoirs (World Energy Council, 2016). The amount of 

crude oil production is commonly reported as the number of oil barrels extracted per day. The study 

assumes a constant delivery of oil in a one-year time frame and consequently estimates the average 

annual crude oil production. This approach was necessary to be able to compare the provision of deep 

and ultra-deep oil resources with that of other ecosystem services.  

 
The number of barrels of oil, including hydrocarbon gas liquids, extracted from deep-water and ultra-

deep-water deposits in 2014 was extracted by statistics published by EIA (2016). The assessment of the 

monetary value of the annual crude oil production from deep-water and ultra-deep-water reserves was 

carried out using the Brent benchmark oil price. The price of crude oil is determined by its density and 

sulphur content, extraction locations and transportation, as well as by the dynamics of global supply 

and demand and regional geopolitical and economic conditions. A benchmark crude oil is commonly 

used as a reference price for buyers and sellers of crude oil. There are four primary benchmarks for 

crude oil: Brent Blend, West Texas Intermediate (WTI), Dubai Crude and OPEC Reference Basket. 

Brent Blend and WTIare the most commonly used benchmarks.  

 

There are some differences among the Brent Blend and WTI crude oil benchmarks. The Brent 

Blend refers to oil that is produced in the Brent oil fields and other sites in the North Sea. This 

crude oil is considered a light, sweet crude oil with a low density (API gravity of 38 and sulphur 

content of 0.4), is based on offshore production and seaborne deliveries, and represents the 

benchmark for Europe, Africa, the Mediterranean, Australia and some Asian countries. Brent is the 

most widely used global crude oil benchmark, serving as a direct or indirect reference for over 60 

percent of global crude oil sales (Global Petrol Price, 2017).  

 

WTI refers to oil produced in the United States of America (in Louisiana, North Dakota and Texas) and 

extracted from onshore oil fields. Its quality is considered even higher than Brent crude oil as (API 

gravity of 39.6 and sulphur content of 0.24), but its cost is impacted by the oil transportation cost 
via pipeline to Cushing, Oklahoma, where it is stored (Dowd, 2016). Of these two benchmark oil prices, 

the Brent price was used as reflecting offshore oil production rather than the WTI price, referred to as 

onshore oil production. 

 

  

 
17 Crude oil: liquid petroleum as it comes out of the ground, as distinguished from refined oils manufactured out 

of petroleum. Glossary of oil and gas terms is available at https://cogcc.state.co.us/COGIS_Help/glossary.htm. 

18 Conventional reservoirs are formed when hydrocarbon migrate from the source rock into permeable layers and 

remain trapped by an overlying layer of impermeable rock. In this case, drilling consists only to access this 

reservoir to drain it (World Energy Council, 2016). 

19 Unconventional reservoirs instead are referred to those hydrocarbons that remain behind the source rock. To 

access these resources, horizontal wells and hydraulic fracturing are required (World Energy Council, 2016). 

Unconventional oil resources include shale, heavy oil, light tight oil and tar sands. 
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The deep-sea ecosystem has the potential to provide important metal resources extracted from mineral 

ores. There are three main types of deep-sea minerals of commercial interest: polymetallic nodules, 

cobalt-rich ferromanganese crust, and seafloor massive sulphides. Deep-sea phosphorite nodules are 

not included in this study as they are generally found in much shallower waters than polymetallic 

nodules, although deposits at a depth between 200 and 400 m have been commercially explored for 

extraction in Namibia and New Zealand (IUCN, 2015).  

 

This study undertakes an economic valuation for polymetallic nodules in the Clarion-Clipperton Zone 

(CCZ), which lie in the ABNJ between Hawaii and Mexico, and for seafloor massive sulphides in the 

Solwara mining site, which lie in the EEZ of Papua New Guinea. The conveyed benefits related to the 

potential extraction of metals from these two sites are measured by assessing the average amount of 

metals that are likely to be extracted by deep-sea mining operations multiplied by metal unit prices 

(Table 7). Cobalt-rich crust deposits have not been economically assessed, and so the resource is not 

considered in any detail. 

 
Table 7: Methodology applied to the valuation of deep-sea mineral resources 

Category 

Ecosystem services 

provided by  

the deep seas 

 

Measured benefit 
Valuation 

Current 

data 

availability 

Provisioning 

services 
Raw material 

Amount of metals potentially 

obtained from polymetallic 

nodules (tonnes/year) per 

mining site 

Price based Available 

Provisioning 

services 
Raw material 

Amount of metals potentially 

obtained from seafloor massive 

sulphides (tonnes/year) per  

mining site 

Price based Available 

 

 
Since industrial mining of these resources has not yet started, the valuation of potential benefits from 

deep-sea mining is based on two hypothetical scenarios, as presented below.  

 

Ferromanganese polymetallic nodules in the Clarion-Clipperton Zone 

 

The CCZ lies in the ABNJ, and prospecting and mining on this seabed requires, respectively, an 

exploration contract and an exploitation contract both released by the International Seabed 

Authority (ISA). To date, the ISA has released 16 exploratory contracts for the investigation of the 

ferromanganese nodules in CCZ (ISA, 2019). Contracts are usually granted for an area of about 

75 000 km2. However, because of environmental constraints, it is believed that only between 20 and 

30 percent of the overall contracted area will be suitable for deep-sea mining (Hein, 2016; Volkmann, 
Kuhn and Lehnen, 2018). Viability studies of deep-mining operations in the CCZ estimate a potential 

annual recovery of dry nodules of about 1.5 million tonnes/year (Sharma, 2018), 2 million tonnes/year 

(Volkmann, Kuhn and Lehnen, 2018), and 3 million tonnes/year (Van Nijen, Van Passel and Squires, 

2018; Sharma, 2018). 

 

In order to assess the economic value of polymetallic nodules in the CCZ, this study is based on the 

following hypothetical scenario:  

• The exploratory contracts in place in the CCZ in 2014 (n = 12) (ISA, 2019) were in an 

exploitation phase. From each contracted area, a minimum of 1.5 million and a 

maximum of 3 million tonnes of dry nodules/year were mined. From each contracted 

2.3.4. Deep-sea minerals  
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area, manganese, nickel, copper, cobalt and molibdenum were extracted and sold at 

2014 international market prices. 

 
The amount of metals that can be retrieved from ferromanganese nodules in the CCZ was based on the 

average metal grades recorded in the area as reported by Kuhn et al. (2017). The 2014 worldwide 

average metal unit prices 2014 were used, as shown in Table 8. Since the price of precious metal is 

usually highly volatile, there are marked price variations from year to year. To provide information on 

the price variability across years, the average unit price between 2004 and 2014 was calculated based 

on reported prices adjusted for inflation20 together with its standard deviation and coefficient of 

variation (Table 8). 

 

Table 8: Metal unit price reported for 2014 and price variation across 2004–2014. 

 

Metal 

Average 

content in CCZ 

nodules (%) 

Unit prices of 

metal in 2014 

(USD/tonne)c 

Average unit 

prices in  

2004–2014 

(USD/tonne)g 

Standard 

deviation of 

average unit price 

(2004–2014) 

Coefficient 

of variation 

Manganese  30a 2 290 3 128 1 087 0.3 

Nickel  1.4a 16 893d 23 737 8 742 0.4 

Copper  1.18a 6 863d 7 551 1 499 0.2 

Cobalt  0.17a 27 102 54 458 28 759 0.5 

Molibdenum  0.06a 24 565 n.d. n.a. n.a. 

Gold  0.0045b 40 720e 37 603 13 826 0.4 

Silver  0.17b 613f 668 298 0.4 

Notes: a Source: Kuhn et al. (2017). bSource: Bücker et al. (2014). c Unit price reported by Metalary (2019) 

(https://www.metalary.com). d Same unit price is also reported by the World Bank (2019). e Equivalent to USD 
1 266/oz; unit prices are reported by the World Bank (2019). f Equivalent to USD 19.07/oz; unit prices are reported 

by the World Bank (2019). g Unit price adjusted for inflation reported by Metalary (2019). CCZ indicates the 

Clarion-Clipperton Zone.  

 

In order to assess the economic value of seafloor massive sulphides in Solwara 1, this study is based on 

the following hypothetical scenario: 

 

• Nautilus Minerals mining company began mining operations in 2014, in accordance with its 

existing mining licence in Solwara 1 mining site. The amounts of copper, gold and silver 

extracted in a year were estimated, according to Nautilus Minerals’ production schedule, and 

were sold at 2014 international market prices. 

 
The amount of metals that can be retrieved from Solwara 1 was derived from Nautilus Minerals’ 
published production schedule, which is reported quarterly for the entire mine life (i.e. 30 months). 

Production is considered to have an initial ramp-up phase, a phase of stable production, and a phase of 

ramp-down operations (Lipton, 2018).  
 

Although Solwara 1 production is scheduled to start in the third quarter of 2019 until the end of 2021 

(30 months), the study considers the production of copper, gold and silver that can be obtained in a 

12-month time frame starting from month 13 to month 25, which is the period in which the highest 

production levels are recorded21. Estimated quantities of copper, gold and silver are valued according 

to the worldwide 2014 average metal market pricesas shown in Table 26. 

 

 
20 Prices adjusted for inflation show the real trend in the commodity of prices after removing the effect of general 

inflation.  

21 Production values are derived from the production schedule and cash flow reported in Table 22.3 (Lipton, 2018). 

https://www.metalary.com/
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The marine environment is an important source of bioactive compounds that can be used as 

pharmaceuticals. Marine organisms often constitute the source organisms from which chemical 

compounds with pharmacological or biological activity are developed (i.e. lead compound). These 

molecules can be synthetically produced at a later stage to supply production on a commercial scale. In 

addition, during or after the in vitro synthesis, the original natural molecule can be modified to improve 

the drug design.  

 

The assessment of pharmaceuticals includes products of marine origin that fulfil the following criteria: 

 
• represent the first generation of drug directly developed after discovery of lead 

compounds in organisms of marine origin;  

• copy the natural molecule found in the marine organisms, or mimicking them with 

some minor modifications; 

• deriving from heterotrophic organisms (i.e. excluding compounds derived from 

photosynthetic organisms); 

• have received approval by the Food and Drug Administration (FDA) in the United 

States of America and/or by the European Medicines Agency (EMEA); 

• are traded in the pharmaceutical market in 2014. 

 

The economic valuation is assessed by considering the annual revenues at the manufacturer level of 

seven pharmaceuticals of marine origin internationally traded in 2014 (Table 9). 

 

Table 9: Methodology applied to the valuation of pharmaceuticals of marine origin 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 

Current 

data 

availability 

Provisioning 

services 

Medicinal 

resources 

Annual revenues of commercialized 

pharmaceuticals of marine origin at 

the manufacturer level 

Price 

based 
Available 

 
Information on annual sales of the analyzed drug products by pharmaceutical companies was retrieved 

through a literature research, including annual financial reports of pharmaceutical companies. The 

market-value attributed to the commercialized drugs included the revenues from direct sales as well as, 

when stated, pharmaceutical royalties received by other pharmaceutical companies for the 

commercialization of the product in other geographic areas.  

 

In several cases, corporate reports of pharmaceutical companies report net sales rather than gross sales 

in their financial statements, which may lead to a partial underestimation relative to other provisioning 

services. It should be noted that the assessment carried out considers pharmaceuticals of marine origin 

but is not restricted to pharmaceuticals derived from deep-sea organisms, because to date no substances 

extracted from deep-sea organisms22 have made it to the end of preclinical and clinical testing. 

Therefore, the calculated economic value of pharmaceuticals of marine origin should be considered as 

the proxy until the outcome of bioprospecting activities on deep-sea organisms become available. 

 

 
22 With partial exception of Halaven®, whose chemical lead has been isolated in both shallow-water and deep-

water sponges. 

2.3.5. Pharmaceuticals of marine origin  
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2.4. Valuation methodology for deep-sea carbon sequestration  

 

The benefits conveyed from carbon sequestration are assessed by estimating the flux of carbon 

(GtC/year)23 that is transported and sequestered in the deep seas, transformed into equivalent amounts 

of CO2 (GtCO2/year), and multiplied by the economic value of reduced emissions of tonnes of CO2 in 

the atmosphere (Table 10). 

 
Table 10: Methodology applied to the valuation of deep-sea carbon sequestration 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 

Current 

data 

availability 

Regulating 

services 

Carbon 

sequestration 

Flux of carbon (GtCO2/year) 

transported in the deep seas 
Price based Available 

Note: GtCO2 = gigatonnes of carbon dioxide.  

 
The global estimates of carbon sequestration in deep-sea ecosystems have been derived from a literature 

search of the published estimates of the amount of carbon that sinks in the deep seas. The conversion 

ration for the flux of carbon into the flux of CO2 is assessed 1 tonne of carbon equals 3.67 tonnes of 

CO224.  

 

The economic value of reduced emissions of CO2 in the atmosphere can be assessed using different unit 

prices (Kossoy et al., 2015). The range of prices goes from the market price of reduced carbon emissions 

in the carbon market in different years to the higher social cost of emitting one additional tonne of CO2 

in the atmosphere. 

 

The choice of the unit value (USD/tonne of CO2) will clearly affect the outcome of the economic 

valuation. Thus, this study used a: 

 

• lower unit price (USD 8.5/tonne of CO2) reflecting the market price of reduced carbon 

emissions in 2014 in the European Union Emissions Trading System (EU ETS), 

calculated as the yearly average of unit prices reported by Investing.com (2019); 

• upper unit price (USD 417/tonne of CO2) reflecting the average social cost related to 

increased carbon emissions as proposed by Ricke et al. (2018); 

• median value (USD 217/tonne of CO2) as the average between the lower and the upper 

considered values.  

 

2.5.  Valuation methodology for deep-sea cultural services 

 

 
An important cultural service associated with the deep-sea ecosystem is the increased knowledge of the 

deep-sea ecosystem achieved through scientific research programmes. The economic value of increased 

knowledge of the deep seas can be estimated by the amount of global investments made in related 

scientific research (Table 11).  

 

 
23 1 gigatonne of carbon (GtC) = 1 billion tonnes of carbon (109 tonnes of carbon). 

24The atomic weight of carbon is 12 atomic mass units, while the weight of carbon dioxide is 44, because it 

includes two oxygen atoms that each weigh 16. To switch from one to the other, use the formula: one tonne of 

carbon equals 44/12 = 11/3 = 3.67 tonnes of carbon dioxide. 

2.5.1. Scientific research and education 
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Global estimates of investments made in scientific research in deep-sea ecosystems included funding at 

the international and national level. 

 
Table 11: Methodology applied to the valuation scientific research in the deep seas 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 

Current 

data 

availability 

Cultural 

services 
Scientific research 

Increased scientific knowledge of 

the deep-sea ecosystem (investment 

in deep-sea programmes/year) 

Investment 

costs 

Partially 

available 

 

 
European Union-funded projects 

 

European Union-funded projects on the deep seas were obtained from the Community Research and 
Development Information Service (CORDIS) database (CORDIS, 2019), an online open access 

database of European Union-funded marine research projects. The projects related to the deep seas were 

extracted by using keywords, such as “deep sea”, “ABNJ”, “deep ocean”, “hydrothermal vents”, “cold-

water coral” and “deep-sea sponges”, and by filtering projects that were active in 2014. In all retrieved 

cases, European Union-funded projects were multi-year programmes; therefore, time frames, including 

the year 2014, were selected and an estimated average investment allocated to the year 2014 was 

computed. 

 

The scientific research budget referred to multiple-year programmes expressed in euros was converted 

in United States dollars using the historical average annual conversion rates published by the OECD 

(OECD, 2018). The first year of the multiple-year programme, in which the budget was allocated, was 

considered as a reference year for the conversion rate (Appendix 4). 

 
Global Environment Facility-funded projects 

 

European Union-funded projects related to the deep seas were obtained from the Global Environment 

Facility (GEF) database (GEF, 2018), an online open access database of GEF-cofunded projects. The 

projects were extracted by using the same keywords used to search the CORDIS database and by 

filtering projects that were active in 2014. One multi-year programme was ran from 2012 to 2018, and 

an estimated average investment allocated to the year 2014 was computed as above-mentioned. 

 

National-funded projects 

 

Information on national funding for research on the deep seas was retrieved from the Global Ocean 

Science Report (GOSR) and related survey carried out by UNESCO (2017). For 12 countries, annual 

expenditures related to 2013 were derived from Figure 4.2 of the GOSR. It was assumed that annual 

expenditures reported for 2013 can be used as estimated for annual expenditures in 2014. For another 

group of 12 countries, annual expenditures were derived from Table 4.1 of the GOSR. In this case, 

available values refer to the average annual national expenditure of 2009–2013. Since this second group 

of countries contributes very marginally to the estimated worldwide national expenditure in ocean 

science, the bias introduced by the fact that reported figures are an average between 2009 and 2013 is 

very small.  

 
A major source of uncertainty relates to the fact that reporting countries provided UNESCO with annual 

expenditures in ocean science, which includes both research in marine coastal areas and offshore deep-

sea ecosystems. The share of expenses allocated to the research in the deep seas is unknown; therefore, 

a precautionary approach was undertaken and fully described in section 5.1.2. 
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The final estimated economic value of scientific research and education is comprehensively referred to 

as the deep-sea ecosystem (including EEZs and ABNJ), as the data sources used in its compilation 

lacked sufficient information to identify whether research activities were conducted in the ABNJ or 

within EEZs of countries. 

 

 
The deep-sea ecosystem provides opportunities for recreation and leisure. In fact, there are recreational 

diving tours in the deep seas. The economic value of such recreation and leisure activities can be 

estimated by the number of tourists per year and the price paid to access these tours (Table 12). 

 
Table 12: Methodology applied to the valuation of recreation and leisure in the deep sea 

 

Category 

Ecosystem service 

provided by  

the deep seas 

Measured benefit Valuation 

Current 

data 

availability 

Cultural 

services 

Recreation and 

leisure 

Diving activities in the deep seas 

through the use of submersibles 

(number of tourist/year) 

Market 

price 

Partially 

available 

 

 

A literature search was carried out to identify the principal operators offering these types of tours. Points 

of interest are the Titanic shipwreck, cold-water corals, deep-sea sponge grounds, or encounters with 

sharks. 

 

The Titanic shipwreck is located in the ABNJ at about 600 km south-southeast off the coast of 

Newfoundland, far outside the EEZs of the United States of America. Other advertised submersible 

tours do not include long-distance transfer to the diving sites and thus are assumed to lie within EEZs 

of countries.  

 

Information on the price of a dive was usually available in the literature, while the annual number of 

tourists purchasing these tours was more difficult to obtain. The latter is considered confidential 

commercial information and, when asked, operators were reluctant to share these figures. Therefore, 

the number of tourists/year was estimated based on the seating capacity of the advertised tours, the 

number of dives per year, and the overall successful dives claimed by operators for advertising purposes. 

Several broad assumptions were made, and the estimates made could not specifically refer to 2014, the 

reference year for this study. 

 

While in the past, these recreational tours used deployed submersibles and vessels previously used for 

scientific or military purposes, in recent years the production of Triton 3300 small submersibles  

(4 m long and 3 m wide) and the relatively low price (USD 3 million, including ten days of training) 

(Lyon, 2012) have opened up the market to a potentially large number of tour operators. To account for 

uncertainty in the calculated estimate and the fact that the list of recreational operators is likely not to 

be comprehensive, the economic value assessed for the whole deep-sea ecosystem is estimated as 

double the gross-revenue estimated from information in the literature.  

  

2.5.2. Recreation and leisure 
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3. ESTIMATES OF DEEP-SEA PROVISIONING SERVICES  

3.1.  Seafood extracted from the deep-sea ecosystem 

The economic valuation of seafood extracted from the deep-sea ecosystem includes a large number of 

deep-water species, commonly fished below 200 m and caught both in the ABNJ and EEZs. In 2014, 

the reported landings for the analysed deep-sea taxa amounted to 7.4 million tonnes with an overall 

ex-vessel value of USD 9 469 million. The harvest of deep-water species from the deep sea represents 

11 percent of global capture fishery production (81.5 million tonnes in 2014), including all marine fish 

species inhabiting coastal, pelagic and demersal habitats. 

 

 

The estimated 7.4 million tonnes of reported landings of deep-water species include some of the most 

important commercial fish species, such as Alaskan pollock (Theragra chalcogramma), Atlantic cod 

(Gadus Morhua), Argentine hake (Merluccius hubbsi), European hake (Merluccius merluccius), blue 

grenadier (Macruronus novaezelandiae) and haddock (Melanogrammus aeglefinus) (Table 13). These 

species together accounted for 93 percent of the total deep-sea landings reported in 2014. 

 

Table 13: Top 10 deep-water fish species worldwide harvested in the deep seas. 

 

Species  Scientific name Fish landings in 2014 Percentage 

Alaska pollock Theragra chalcogramma 3 245 082 44 

Atlantic cod Gadus morhua 1 374 280 19 

Argentine shortfin squid Illex argentinus 862 867 12 

Argentine hake Merluccius hubbsi 335 910 5 

Haddock Melanogrammus aeglefinus 288 260 4 

Northern prawn Pandalus borealis 261 437 4 

Blue grenadier Macruronus novaezelandiae 177 941 2 

Snow crab Chionocetes opilio 128 504 2 

European hake Merluccius merluccius 124 123 2 

Greenland halibut Reinhardtius hippoglossoides 121 583 2 

Note: Reported percentages have been calculated over the total 7 380 984 tonnes of deep-sea fish landed in 2014 

for the 76 species fished in 2014. 

 

 

Alaskan pollock is the world’s most important fish species in terms of total catch. An important fishing 

ground is in the Bering Sea, where the stock is harvested at a consistent rate, of around 1.5 million 

tonnes/year25.  

 

Atlantic cod (Gadus morhua) is so important commercially that it has been called the “beef of the sea”. 

Major fishing grounds are located in the Northern Hemisphere and in the boreo-artic area. Currently, 

the majority of catches come from the Northeast Atlantic, while catches in the Northwest Atlantic are 

still quite low since the collapse of the fisheries in the early 1990s (FAO, 2016).  

 

The two most widely harvested species of hake include the European hake (Merluccius merluccius), 

widely distributed over the Northeast Atlantic shelf, but also in Mediterranean and in the Eastern Central 

Atlantic along the coast of Western North Africa; and the Argentine hake (Merluccius hubbsi), widely 

 
25Each year’s quota is adjusted based on stock assessments conducted by the Alaska Fisheries Science Center. 

 

3.1.1. Main species targeted in the deep seas 
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distributed on the Patagonian shelf off South America. Another important commercial species of hake 

in the Southern Hemisphere is the blue grenadier (Macruronus novaezelandiae) found around southern 

Australia and New Zealand, usually at depths of 200 m to 800 m.  

 
A popular white fish targeted by bottom fisheries in the Northeast Atlantic is the haddock 

(Melanogrammus aeglefinus). Although haddock is usually not found at great depths, it was included 

in this analysis, as one of the major fishing grounds is located in the Rockall Bank at depths between  

200 m and 400 m (Bensch et al., 2009). 

 

On the Patagonian shelf and in the upper slope areas, catches of Argentine shortfin squid 

(Illex argentinus) is, together with Argentine hake, the principal target species in the region, including 

ABNJ catches (Bensch et al., 2009), with most of the squid caught with midwater jigging gear. 

 

Besides white fish stocks, the top 10 species harvested worldwide in the deep seas include two important 

fisheries for crustaceans of the Northern Hemisphere, the northern shrimp (Pandalus borealis) and the 

snow crab (Chionoecetes opilio), which are both important commercial species in the North Atlantic, 

mainly in the Northwest Atlantic but also in the Northeast Atlantic fishing grounds. In the 

Mediterranean Sea, there are other important fisheries for shrimp (Aristaemorpha foliacea, Aristeus 

antennatus, Parapeneus longirostris and Plesionika spp.), but with relatively lower reported landings 

in 2014 (see Appendix 1).  

 

The only typical deep-water demersal species in the list of the top 10 species in Table 13 is the 

Greenland halibut (Reinhardtius hippoglossoides), which is an Arctic flatfish with a circumpolar 

distribution and found in both the North Atlantic and the North Pacific oceans, with a high concentration 

off the west coast of Greenland. The species has an extensive depth range, between 200 m and 2 000 

m, but mostly prefers depths between 500 m and 1 000 m.It is usually caught by trawlers and longlers. 

 

The landings reported for the top 10 species overshadows the variety of fish species harvested in the 

deep seas. Besides the species listed in Table 13, there are over 50 additional species with recorded 

landings in 2014 (Appendix 1). Some of the typical deep-sea species, such as orange roughy 

(Hoplostethus atlanticus), oreos (Allocyttus spp., Neocyttus spp. and Pseudocyttus spp.), alfonsinos 

(Beryx spp.), Patagonian toothfish (Dissostichus eleginoides), roundnose grenadier (Coryphaenoides 
rupestris), armourheads (Pseudopentaceros spp.) and blue ling (Molva dypterygia), are often found in 

large feeding or spawning aggregations. Most of these fish species gather around seamounts and other 

topographic features such as continental slopes, pinnacles, ridges and canyons (Rogers and Gianni, 

2010). 

 

 
The diversity and relative abundance of deep-water fish stocks in reported 2014 landings (both in the 

EEZs and ABNJ) influenced the quantity and the value of provisioning services assessed from the deep-

sea fish stocks. In 2014, reported total fish landings for the analysed deep-water taxa in Appendix 1 

amounted to 7.4 million tonnes with an overall value of USD 9.4 billion. It should be noted that landings 

of unidentified marine fish species were not included in this global assessment as they were likely to 

include a large share of non-deep-water fish. 

 

It is worth noting that the top 10 species by landings in 2014 had an average unit price of 

USD 1 227/tonnes, where the average value is influenced by the large quantities of white fish stocks 

with relatively low ex-vessel prices. The remaining deep-sea species, which represented only 5 percent 

of the overall reported landings in 2014, are characterized by significantly higher unit ex-vessel prices, 

and therefore contribute 9 percent of the overall value of reported landings (Table 14).  

  

3.1.2. Quantity and value of fish landings from the deep sea 
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Table 14: Economic relevance of the top 10 deep-water species versus remaining species harvested in  

deep seas 

 

Group of species 
Fish landings 

(thousand tonnes) 

Value 

(million USD) 

Average unit price 

(USD/tonne) 

Top 10 species 7 020 8 611 1 227 

Remaining species 361 858 2 380 

Total analysed species 7 381 9 469 1 283 

Note: Reported landings and value refer to 2014. 

 

 

Landings in 2014 were reported by 67 countries. However, a restricted number of countries were 

responsible for 95 percent of the overall 7.4 million of landed tonnes (Table 15). 

 

Table 15: Countries with major landings of deep-water fish species 

 

Country Fish landings in 2014 (tonnes) Percentage 

Russian Federation 2 105 467 29 

United States of America 1 487 794 20 

Norway 662 532 9 

Argentina 466 494 6 

China 336 000 5 

Iceland 330 954 4 

Canada 293 044 4 

Taiwan Province of China 210 476 3 

Japan 200 441 3 

Spain 196 329 3 

New Zealand 175 242 2 

Greenland 163 474 2 

Korea, Republic of 146 096 2 

United Kingdom 87 281 1 

France 81 527 1 

Faroe Islands 77 417 1 

Note: Reported percentages have been calculated for the 7 380 984 tonnes of deep-sea fish landed in 2014. 

 

3.2.  Seafood extracted from the deep seas in the ABNJ 

 

The ABNJ comprise a wide area covering about 62 percent of the ocean’s surface and 95 percent of its 

volume (FAO, 2019)26. Reported landings of deep-sea species from ABNJ in 2014 constituted only 0.2 
percent of global capture fishery production (81.5 million tonnes in 2014), including all marine fish 

species inhabiting coastal, pelagic and demersal habitats. 

 

In 2014, the fish landings of deep-water taxa in the ABNJ amounted to about 231 500 tonnes, having 

an estimated market value of about USD 443 million. 

  

 
26www.oceanhealthindex.org/news/2014_highseas_assessment. 
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In 2014, fish landings in the ABNJ included 38 different identified deep-water species and 8 additional 

groups where fish were not identified at the species level (Appendix 1). The percentage of reported 

unidentified marine fish species in the ABNJ was about 3 percent of the overall reported landings. 

 

The assessment of the top 10 species with the highest 2014 reported fished quantities in the ABNJ 

(Table 16) showed some interesting differences compared to the top 10 species fished in the ABNJ and 

the EEZs (Table 13). 

 
Table 16: Top 10 species harvested in the deep seas of the ABNJ 

 

Species Scientific name 

Fish landings in 

2014 

(tonnes) 

 

Percentage  

Shrimp 

Aristeus antennatus, 

Aristaeomorpha foliacea, 

Parapenaeus longirostris, 

Plesionika spp. 

30 500 13 

Longtail southern cod Patagonotothen ramsayi 24 000 10 

Beaked redfish Sebastes mentella 20 709 9 

European hake Merluccius merluccius 20 400 9 

Argentine hake Merluccius hubbsi 19 009 8 

Redfishes nei Sebastes spp. 18 174 8 

Atlantic cod Gadus morhua 15 894 7 

Argentine shortfin squid Illex argentinus 15 023 6 

Snow crab Chionoecetes opilio 9 354 4 

Greenland halibut Reinhardtius hippoglossoides 8 622 4 

 

 

In 2014, in the ABNJ, significant landings were recorded for a group of shrimp in the Mediterranean 

basin, for which no further detail was available to break down landings at the species level. Given the 

vague definition of the international waters in the Mediterranean basin, these data should be treated 

with caution, as some of this catch could have been taken in waters under national jurisdiction instead 

of the ABNJ. 

 

The second greatest quantity was the longtail southern cod (Patagonotothen ramsayi), fished in the 

international waters off the coast of Argentina, but not fished in the coastal waters within Argentina’s 
EEZ. In contrast, in 2014, the catches of Atlantic cod (Gadus morhua), Argentine shortfin squid (Illex 

argentinus) and the Argentine hake (Merluccius hubbsi) in the ABNJ were only 1 percent, 2 percent 

and 6 percent of the total landings reported for the deep-sea ecosystem, including both in the ABNJ and 

the EEZs.  

 

A large number of rockfishes and redfish species belonging to the genus Sebastes. In the North Atlantic 

alone, there are four commercial species. Golden redfish (S. marinus) and deep-sea redfish (S. mentella) 

are the most widely distributed and commercially exploited species. Species identification is difficult 

so reported landings are often not available at the species level.  

 

Gianni (2004) reported that the main species fished by bottom trawlers in the ABNJ included roundnose 

grenadier (Coryphaenoides rupestris), blue ling (Molva dypterigia), smoothheads (Alepocehalus spp.), 

black scabbardfish (Aphanopus carbo), Greenland halibut (Rheinhardtius hippoglossoides), orange 

roughy (Hoplostethus atlanticus) and deep-water sharks. However, in this study, the sum of the landings 

3.2.1. Main fish species targeted in the ABNJ 



 31 

of those species in 2014 represented only 8 percent of the fish landings in the ABNJ because important 

commercial deep pelagic species were also included in the analysis.  

 

 
In 2014, the bulk of reported catches in the ABNJ occurred in the Atlantic Ocean in international waters, 

mainly in the Southwest and Northwest and Northeast Atlantic FAO fishing areas and in the 

Mediterranean basin and the Black Sea (Table 17). The area with the largest catches was in the 

Southwest Atlantic fishing region on the Patagonian Shelf and Slope together with the Rio Grande Rise 

and other seamounts (Bensch et al., 2009). In this area, deep-sea fisheries are dominated by the Spanish 

fishing fleet, which targets mainly Argentine hake (Merluccius hubbsi), Argentine shortfin squid (Illex 

argentinus) and longtail southern cod (Patagonotothen ramsayi). To a lesser degree, Argentina, the 

Republic of Korea and Ukraine also fish in this region. 

 
Table 17: Deep-water fish landings in ABNJ by FAO major fishing areas 

 

Ocean region 
FAO major 

fishing areas 

Fish landings in 2014 in the ABNJ 

(tonnes) 

Atlantic, Southwest  41 63 017 

Atlantic, Northwest  21 55 028 

Mediterranean and Black Seas  37 50 900 

Atlantic, Northeast  27 39 347 

North Pacific  61, 67 8 939 

Indian Ocean  51, 57 8 315 

Southern Ocean 48, 58, 88 3 923 

South Pacific  81, 87 1 744 

Atlantic, Southeast  47 203 

Atlantic, Eastern Central  34 55 

Worldwide total   231 471 

 

 

The second major fishing area is the Northwest Atlantic, bordered by the countries of Canada and the 

United States of America on the western side and Greenland on the eastern side. The main fishing 

grounds in the ABNJ are located on the continental slope of the Great Banks and on the Flemish Cap, 

and to a limited extent on the Corner Rise Seamounts (Bensch et al., 2009). In this region, bottom 

fisheries in the ABNJ mainly target Greenland halibut (Reinhardtius hippoglossoides), Atlantic cod 

(Gadus morhua)27, redfishes (Sebastes spp.) and thorny skate (Raja radiata). A snow crab 

(Chionoecetes opilio) pot fishery is conducted in this fishing region almost exclusively by Canada. 

In 2014, the snow crab fished in the ABNJ made up 7 percent of the overall quantity fished (128 504 

tonnes/year, Table 13) in the deep seas (including the EEZ and ABNJ).  

 

A third important fishing area is the Atlantic Northeast, which extends between North Europe and 

Greenland; it is limited to the north by the Arctic Ocean and south by the 36°N parallel (Bensch et al., 

2009). The main deep-sea fishing grounds are the Hatton and Rockall Banks, the Reykjanes Ridge and 

the Mid-Atlantic Ridge. In 2014, the largest share of reported landings in this area was rockfishes 

(Sebastes spp.) and to a minor extent northern shrimp (Pandalus borealis), roundnose grenadier 

(Coryphaenoides rupestris) and snow crab. In this region, there is a diversity of species linked to the 

 
27 Between 1999 and 2009 a fishing moratorium of Atlantic cod (Gadus morhua) on the Flemish Cap was enforced 

by the Northwest Atlantic Fisheries Organization (NAFO) due to a sharp decline in cod biomass (Iriondo et al., 

2014).  

3.2.2. Overview of major fishing areas in the ABNJ 
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long history of exploitation of the deep seas in the Northeast Atlantic dating to the late nineteenth 

century. 

 
In the Mediterranean, deep-sea fisheries often operate close to the coast where the continental shelf is 

narrow; this study follows the working definition by Bensch et al. (2009) of deep-sea fisheries as 

occurring in depths between 400 m and 1 000 m. Trawling below 1 000 m depth is prohibited; trawl 

fisheries mainly target European hake, and blue and red shrimp are often reported together with other 

shrimp species. 

 

Fishing in the ABNJ is carried out by a restricted number of countries using distant-water fishing fleets. 

In the assessment of bottom-trawl fisheries in the ABNJ by Gianni (2004), 12 countries, including 

Denmark/Faroe Islands, Estonia, Iceland, Japan, Latvia, Lithuania, New Zealand, Norway, Portugal, 

the Russian Federation and Spain together accounted for 95 percent of the reported ABNJ bottom-trawl 

catch in 2001. In comparison, the results of this study show that in 2014 other countries, such as Canada, 

Cook Islands, Republic of Korea and Ukraine, have also reported fishing activities in the ABNJ.  

 

 

In 2014, the catch of deep-water fish species in the ABNJ recorded by RFMOs amounted to about 

232 000 tonnes. This amount represents only 3 percent of the total landings of deep-water fish species, 

undertaken in both the EEZs and ABNJ (Figure 3). 

 

 
Figure 3: Quantity of deep-water stocks fished in 2014 in the ABNJ compared to the total amount 

fished in both the ABNJ and EEZs. 

 

 
The relatively small amount of fish catch in 2014 that occurred in the ABNJ is in accordance with the 

diminishing trend of catches in the ABNJ (FAO, 2016). Bottom fisheries in the ABNJ represent a long-

established component of global fisheries, which peaked in the 1960s and subsequently dropped off. 

The quantity of fish landings by bottom fisheries in ABNJ recorded in 2014 is also smaller than previous 

assessments of catch in the ABNJ reported in the literature (Table 18). A year-to-year variation in fish 

landings occurring in the ABNJ can be expected considering the variations in annual recruitment. Many 

deep-sea species often are slow growing, reach maturity at a relatively high age, may not spawn every 

year, and consequently can be highly vulnerable to exploitation pressure and slow to recover (FAO, 

2013–2017). 
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In addition, the comparison with other studies should be treated with caution since the different 

published papers are based on information from different sources and most likely used a different 

selection of deep-water fish species. Nevertheless, this result seems in agreement with the declining 

trend in bottom fisheries activities reported since 2000 (FAO, 2016). 

 
Table 18: Economic value of fisheries in the deep seas of the ABNJ in 2014 compared with previous 

undertaken studies 

 

Source Year 

Estimated 

landings 

(tonnes) 

Estimated economic 

value 

(thousand USD) 

Average fish  

unit price 

(USD/tonne) 

Sumaila et al., 2010 2000 400 000 601 000 1 500a 

Gianni, 2004 2001 192 500 350 000 1 800a 

Bensch et al., 2009 2006 250 000 510 000 2 040a 

This study 2014 231 500   442 824 1 912b 

Notes: Figures reported by this study and Gianni (2004) were based on data from RFMOs; figure provided by 

Sumaila et al. (2010) was based on data published by the project SEEA around us for the year 2000; and data 

reported by Bensch et al. (2009) were based on questionnaires submitted to countries and researchers. Gianni 

(2004) reported an estimate of fish landings between 170 000 and 215 000 tonnes, with an average of 192 500 

tonnes. a = arithmetic mean; b = weighted arithmetic mean. 

 

 

The declining fish catch in the ABNJ is primarily attributable to overfishing, but also likely to be 

influenced by the high operational costs of steaming to distant waters, and by the general decline in 

the availability of stocks and the fact that the catch of most deep-water species  are increasingly subject 

to catch limits. 

 

The estimated 231 500 tonnes of fish landings caught in the ABNJ in 2014 has an estimated value of 

USD 443 million. This value represents less than 5 percent of the value assessed in the deep seas for 

both the ABNJ and the EEZs (Figure 4). 
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Figure 4: Value of deep-water stocks fished in 2014 in ABNJ compared to the total amount fished in 

both the ABNJ and the EEZs.  

 

 

Since this study specifically considered fish species caught below 200 m, it does not include highly 

lucrative fisheries for epipelagic species such as swordfish, albacore, marlins, mackerels and tunas that 

are highly targeted also in the ABNJ (Sumaila et al., 2015).  

 

Sumaila et al. (2015) estimated that between 2000 and 2010 an average of 10 million tonnes of fish per 

year was caught in the ABNJ with a value of about USD 16 billion/year-1. Among the top ten species, 

only Argentine shortfin squid is a deep-water species. 

 

In this study, the average ex-vessel price for the 46 deep-sea taxa caught in the ABNJ in 2014 was 

USD 1 912/tonne. This value is different from the average fish unit price reported in other studies (Table 

18). However, this comparison should consider that while the average fish price of other studies consists 

of simple arithmetic average values, the mean reported for this study (i.e. USD 1 912/tonne) is a 

weighted arithmetic mean, which considered the ex-vessel price of each deep-sea fish species and their 

species-specific landed quantities. Therefore, not all species contribute equally to the calculated 

average, but some species landed in greater quantities and/or sold at higher prices contribute more than 

others. Some deep-water species such as Antarctic and Patagonian toothfishes as well as sablefish 

(Anoplopoma fimbria), conger eel (Conger conger) and Greenland halibut (Reinhardtius 
hippoglossoides) can have quite high unit prices, above USD 3 000/tonnes (Appendix 1). 

 
As previously described, the species fished in greatest quantities in 2014 in the ABNJ, with landings 

above 15 000 tonnes, included a group of Mediterranean shrimp, the longtail southern cod 

(Patagonotothen ramsayi), redfishes (Sebastes mentella and Sebastes spp.), two species of hakes 

(Merluccius and M. hubbsi), Atlantic cod (Gadus morhua) and the Argentine shortfin squid (Illex 

argentines). Besides the shrimps that are high-value species with a reconstructed ex-vessel price of 

about USD 3 000/tonne, the remaining fish species have unit prices between USD 1 000 and 

1 700/tonne. 

 

The estimated economic value of USD 443 million/year associated with deep-water fish catch in the 

ABNJ in 2014 represents a minor contribution compared to the value generated by the whole fisheries 

sector. Moreover, several countries provide fuel and non-fuel subsidies to support deep-sea fishing 

operations. According to an analysis carried out by Sumaila et al. (2010), subsidies to fishing fleets 

operating in the ABNJ are about USD 152 million/year, which represents 25 percent of the estimated 
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value of the landed fish quantities. Therefore, several authors have argued that without subsidies the 

majority of the world’s bottom-trawl fleets operating in the ABNJ would be operating at a loss and 

would not be commercially viable (Gianni, 2004; Foley, van Rensburg and Armstrong, 2010; Pew 

Environment Group, 2012; Sumaila et al., 2010; Norse et al., 2012). 

 

3.3. Ornamental resources from the deep-sea ecosystem 

 

 

Among the family Corallidae, there are six species that are currently harvested, including Corallium 

rubrum in the Mediterranean and Eastern Atlantic Ocean, and Pleurocorallium elatius, P. konojoi, 
P. carusrubrum, Hemicorallium sulcatum and C. japonicum in the Pacific Ocean. The harvesting of 

four coral species, Hemicorallium laauense, H. regale and P. secundum, and Corallium sp. distributed 

in the Hawaiian Archipelago has been suspended since 2001 (Cannas et al., in press; FAO, 2007). The 

economic valuation was carried out only for red coral (C. rubrum) and pink coral (P. elatius). 

 

Red coral is distributed throughout the Mediterranean and neighbouring Atlantic coasts (Table 19), with 

commercial beds primarily found in Sardinia, Corsica, Elba, southern Italy, Sicily and northern Tunisia. 

Other coral beds are found in Croatia, the Greek islands, Mallorca, Turkey, the Alboran Sea, Costa 

Brava in northeastern Spain, and southern France (Bruckner, 2016). The major centre for the 

manufacturing of red coral is situated in Torre del Greco (near Naples, Italy), where all supply of raw 

corals from the Mediterranean area converges.  

 

Pink coral or momo coral (P. elatius) is an Asian species found along the Pacific coast near Wakayama, 

Japan, from the Ogasawara Islands to the northern China Sea, off the Goto Islands and the northern 

Philippines to Japan (Bruckner, 2016). 

 

The worldwide amount of precious corals as raw material is available in the FAO-FishStatJ database 

(FAO, 2006–2017). However, differently from the other species, the quantities reported in the database 

do not refer to harvested/landed tonnes but to traded tonnes (GFCM, 2011). This is because information 

of coral harvesting is not officially reported by Member Countries to FAO, but available information is 

provided by the Liverino manufacturing industry and major wholesaler company operating in Torre del 

Greco, Italy, since 1894. 

 

Table 19 presents information on a time series of traded quantities of red coral and pink coral, from 

which the quantities seems apparently quite stable in recent years.  

 

Table 2. Traded quantities of red and pink corals between 2010 and 2014. 

Species 
Average traded quantity (tonnes) 

2010 2011 2012 2013 2014 

Pleurocorallium elatius 6 7 26 18 19 

Corallium rubrum 54 52 51 54 55 

Total 60 62 80 75 77 

Source: FAO-FishStaJ database (FAO 2006–2017). 

 

 
In particular, the major traded quantities of red coral are reported to be supplied by Italy, France and 

Croatia, followed by Tunisia and Spain (Table 20). However, these five countries, as contracting parties 

to the GFCM, have also submitted information on the status of red coral fisheries to the GFCM 

Secretariat through the GFCM Data Collection Reference Framework from 2013 to 2017 (GFCM, 

2019). 

3.3.1. Quantity and value of precious cold-water corals 
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While the harvested quantity of red coral reported to GFCM by Tunisia are similar to the traded 

quantities recorded in the FAO FishStatJ database, for the remaining four countries the reported 

harvested quantities are significantly lower than the traded quantities. In particular, in 2014, Spain 

reported a harvest of red coral of 2 tonnes, France 1.2 tonnes, Croatia 1 tonne and Italy 0.128 tonnes 

(GFCM, 2019). 

 

It should be noted that the number of authorized vessels for red coral fisheries reported by Tunisia (n = 

29), Croatia (n = 22), France (n = 19) and Italy (n = 9) to the GFCM Secretariat is not directly linked to 

the reported harvested quantities (GFCM, 2019). 

 

Some other discrepancies affecting statistics on red coral traded quantities are related to the fact that 

small traded quantities in the FAO-FishStatJ database are ascribed to Albania, Greece and Montenegro 

despite the fact that Greece reported to the GFCM Secretariat that no harvesting of red coral occurred 

between 2013 and 2016, while Albania and Montenegro have regulations in place forbidding coral 

fisheries (Cannas et al., in press).  

 

Table 3. Traded quantities of red coral by country between 2010 and 2014. 

Country 2010 2011 2012 2013 2014 

Albania 1.2 1.2 1.2 1.5 1.5 

Croatia 6.5 7.5 9 10 14 

France 9.3 10.3 10.3 10.9 10.9 

Greece 2.8 2.8 2.2 2.7 1 

Italy 10.3 10.5 10.2 10.5 9.8 

Montenegro 1.4 1.6 1.6 1.5 0.4 

Morocco – Atlantic 3.6 3.6 3.6 3.3 2.6 

Morocco – Mediterranean 3.5 3.8 2.8 3.4 1.5 

Spain 5.4 6 5.7 5.8 5.8 

Tunisia 10.1 5 4 4.7 7.8 

Total 54 52 51 54 55 

 

 

In 2014, the worldwide reported trade of pink coral was 19 tonnes/year, which was mainly carried out 

by China mainland (69 percent), Japan (17 percent), and Taiwan Province of China (13 percent) (FAO, 

2006–2017).  

 

In Japan, traded quantities of pink coral have been quite stable; however, the geographical coverage of 

these statistics is not clear since coral landings in most regions such as Wakayama, Ehime, Kochi, 

Kagoshima and Okinawa prefectures are not disclosed (Cannas et al., in press). 
 

In Taiwan Province of China, the implementation of management regulations of coral fisheries in 2009 

has led to a rather stable harvest of 2–3 tonnes a year, of which pink coral represented the majority of 

the harvest (63–86 percent) (Chen, 2015). However, it has been pointed out that reported traded 

quantities of P. elatius in Taiwan Province of China may contain an unidentified amount of 

P. carusrubrum (Cannas et al., in press).  

 

 
28 The extremely low quantity of harvested quantity of corals in Italy refers only to Sardinia, where only 14 fishers 

were involved in coral fisheries in 2017, for a total harvest of 780 kg of red coral (Cannas et al., in press). 
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The economic value of precious corals is extremely high. The unit price of raw material varies according 

to the species, intensity of the colour, and the condition, among other factors29. In particular, the basal 

diameter of the coral colony is an important pricing parameter. In fact, the largest basal trunk usually 

derives two to three larger beads with higher economic value (M. Guspini, personal communication). 

A string of beads from 3 mm to 6 mm diameter is usually obtained from colonies with a basal diameter 

of 7 mm or greater (Cau et al., 2013). The reported prices for thin, juvenile branches of red coral are 

reported to be between USD 230 and USD 300/kg (CITES, 2010), while the prices of medium to large 

red coral colonies, referred in 2013 by Torre del Greco manufacturers, are in a range between EUR 200 

to EUR 2 000/kg (Cau et al., 2013), equivalent in 2013 to USD 263–2 627/kg. The prices reported by 

wholesale retailers are clearly higher than ex-vessel prices. In 2008, Sardinian coral divers reported that 

they were selling corals at EUR 500–1 000/kg (equivalent to USD 736–USD 1 472/kg), while in 2009 

reported ex-vessel prices were lower, between EUR 400 and EUR 800/kg (equivalent to USD 571–

USD 1 143/kg) (Campolmi et al., 2010). 

 
An interview by the author with a coral diver in Santa Teresa di Gallura, a village in Sardinia, revealed 

that in 2017, prices received by fishers could still be around EUR 1 500/kg and up to EUR 2 000/kg 
depending on the coral size and condition (M. Guspini, personal communication). Therefore, the 

market-price valuation of the amount of coral traded in 2014 was carried out with a unit price of 

USD 1 500/kg and an estimated higher unit price of USD 2 000/kg for pink coral. In fact, pink coral 

has become very rare, and in some Mediterranean countries such as Italy it is generally valued more 

than red coral (M. Guspini, personal communication). Furthermore, it is reported that in some auctions, 

momo coral (P. elatius) ranged from USD 840 to USD 2 031 USD/kg (Huang and Ou, 2010). 

 

On the basis of available information, the economic value of precious corals from the deep seas was 

assessed at USD 121 million/year (USD 83 million/year for red coral and USD 38 million/year for pink 

coral) (Table 21). 

 
Table 21: Global economic value of red and pink corals 

 

Species 

Average 

traded 

quantity 

2014 (kg) 

Estimated ex-vessel price (USD/kg) Estimated 

market value 

(million 

USD/year) 

Reported 

minimum 

unit price 

Reported 

maximum 

unit price 

Estimated 

unit price 

Pleurocorallium 

elatius 
19 000 840 2 031 2 000 38  

Corallium rubrum 55 000 500 2 300 1 500 83  

Total  121  

 
 

It should be noted that the estimated value of USD 121 million/year is affected by the current uncertainty 

regarding the effective amount of harvested red and pink corals. Overall, there are no quantitative 

estimate quantities of corals harvested by IUU fishing; although actively fought, IUU activities are 

known to be common in the Mediterranean as well as in the Pacific (Cannas et al., in press). 

  

 
29 The condition of the skeleton refers to the state of the coral when it was collected and the extent of bioerosion. 
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3.4. Oil resources from the deep-sea ecosystem 

 

 

Oil remains the world’s leading fuel, and oil reserves in the deep-sea ecosystem have the potential to 

make a substantial contribution towards meeting global energy demands. Offshore oil production (as 

opposed to onshore oil production taking place on the mainland) allows companies to access oil deposits 

under the ocean floor. Historically, the first offshore oil well was drilled in 1896 off the coast of 

California, up to 410 m from the shoreline and reaching 10 m to the seafloor of the Pacific; a pier 

connected the oil rings to the mainland (Rochette et al., 2014). Drilling activities progressively moved 

offshore, and already in 1975, in the Gulf of Mexico, oil extraction started to target deep-water oil 

reserves and then in 1986 ultra-deep oil reserves (Rochette et al., 2014). 

 

With the latest high-resolution geophysical exploration technology, it is now possible to detect oil and 

gas deposits in the seabed and other geological strata to a depth of 12 km (World Ocean Review, 2014). 

Exploratory wells are drilled to find new reservoirs (in either a new area or in a known field). Once a 

reservoir has been discovered, development wells are drilled to maximize production from the reservoir, 

based on geologic conditions, economics and project timelines (EIA, 2017). 

 
In 2014, there were 272 deep-water drilled wells, of which 38 percent were in the exploration and 

appraisal phases, while 44 percent in the development phase (Statista, 2017a). The number of 

deep-water wells drilled in 2014 was minor compared with previous years and further decreased in 2015 

(Table 22).  

 

Table 22: Number of deep-water wells drilled between 2011 and 2015 

 

Region 2011 2012 2013 2014 2015 

Africa/Mediterranean 57 86 62 69 28 

Asia Pacific 62 56 55 56 25 

North Sea/Arctic 77 63 64 64 44 

North America 28 42 50 44 42 

South America 122 116 49 39 30 

Total 347 363 280 272 169 

Source: Statista, 2017b. 

 

Deep-water projects are usually long-term, complex and expensive projects due to the high costs of 

construction and equipment involved and the lengthy time required to first oil production. For these 

technological and economic constraints, most nations with offshore assets tend to operate only in 

shallow waters. On the other hand, the development of deep-water oil production is pushed by the 

increasing global resource demands, rising commodity prices, the progressive depletion of conventional 

terrestrial and shallow-water reserves, and the development of new drilling and subsea technologies 

that are opening up previously unexploitable areas. 

 

Currently, the major exploitation of deep-water oil reserves tends to concentrate in a geographic area 

known as the “Deep-water Golden Triangle”, having its vertices pointing respectively to the Gulf of 

Mexico, Western Africa and Brazil (Rochette et al., 2014). Within this golden triangle, there is some 

geologic similarity; in fact, the coast of Brazil has similar geological features to the coast of Angola, 

because these areas belonged to the same tectonic plate before separation in the Early Cretaceous 

Period, around 150 million years ago (EIA, 2016). Within the “Deep-water Golden Triangle”, four 

countries – Angola, Brazil, Norway and the United States of America – have developed in their 

respective EEZs relevant deep-water oil production30, which in many cases has overtaken shallow-

water production (EIA, 2016). 

 
30 Oil production also includes lease condensate and hydrocarbon gas liquids. 

3.4.1. Main deep-water and ultra deep-water oil reserves 
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Brazil 

 

Brazil is considered the world leader in deep-water and ultra deep-water projects. Most of Brazil’s oil 

reserves are located offshore, particularly off the coast of the State of Rio de Janeiro, where it is 

estimated that 80 percent of all Brazil oil reserves are located, with another 10 percent estimated to be 

located off the coast of the State of Espirito Santo. However, the number of reserves is likely to increase 

as deep-water exploration expands. In fact, many presalt oil reserves are being discovered in offshore 

environments. These reserves are situated in the ocean seabed at extreme depths under thick layers of 

rock and salt (EIA, 2016). The first presalt reserve was discovered in 2005 in Tupi field and the first oil 

production began in 2008. Successively, exploration showed hydrocarbon deposits in the presalt layer 

spread through the Santos, Campos and Espirito Santo basins (EIA, 2016). While in 2005 Brazil’s deep 

and or ultra deep-water production was 1.3 million barrels/day, in 2014 it was approximately 1.9 million 

barrels/day and reached 2.2 million barrels/day in 2015 (EIA, 2015). It is expected that in the coming 

years the share of oil production from the presalt reserve will continue to increase and represent the 

major source of Brazil’s oil production (EIA, 2015). 

 
United States of America – Gulf of Mexico 

 

The Gulf of Mexico, in particular its western and central areas offshore of Texas, Louisiana, Mississippi 

and Alabama, represents one of the major petroleum-producing areas of the United States. Since 1995, 

the United States government has not allowed drilling in federal waters in the eastern Gulf of Mexico 

(offshore areas of Florida and part of offshore Alabama), and in 2010, after the oil spill that occurred 

on the BP-operated Macondo Prospect, a moratorium on new drilling in the eastern Gulf of Mexico was 

and is currently imposed for both environmental and military reasons (Sherman, 2017). 

 

Currently, there are about 53 producing oil wells, 39 deep-water wells and 14 ultra deep-water wells. 

The high number of deep-water and ultra deep-water wells drilled in the Gulf of Mexico is the result of 

a long history of drilling activities in this area. Cognac, one of the first deep-water wells discovered in 

the Gulf of Mexico almost 40 years ago, is still operating owing to the discovery of 

additional satellite oil reserves. At the time of its installation, Cognac was the world’s deepest water 

platform and the world’s tallest and heaviest steel offshore structure (SubseaIQ, 2014). 

 

Perdido is the deepest oil development (2 926 m) in the Gulf of Mexico and also represents the deepest 

drilling and production platform in the world. It is situated at 354 km31 offshore from Galveston, Texas, 

and produces oil from a field situated in the deepest waters of the Gulf of Mexico, between 2 300 m 

and 3 000 m (SubseaIQ, 2014). Another record is held by the ultra-deep facility, named Na Kika after 

the Polynesian Octopus God. The facility resembles an octopus, with the head being a subsea host 

platform that is connected via pipeline “legs” to its six dispersed subsea fields situated at 1 768 m and 

2 362 m depth (SubseaIQ, 2014). 

 

At present, offshore oil production in the Gulf of Mexico can be considered entirely extracted from 

deep-water and ultra deep-water oil reserves, as there are no longer producing wells in shallow waters 

(Appendix 3). In 2014, the average offshore production was 1.4 million barrels of oil per day (Figure 5).  

 

 

 

 
31 Corresponding to 191 nm.  
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Figure 5: Trend in offshore crude oil production in the Gulf of Mexico, 2000–2016. 
Source: EIA (2017). 

 

 

Given the length of time and investment needed to complete large offshore projects, oil production in 

the Gulf of Mexico is generally less sensitive to short-term oil price movements, although the sudden 

price drop of Brent crude oil in 2014 also influenced drilling activities (Cinnamon, 2016; EIA, 2017). 

However, the fluctuation in oil production recorded between 2000 and 2016 can be mainly ascribed to 

wells entering the production phase, production in other wells being disrupted for technical reasons, or 

for hurricanes and typhoons. In particular, in 2013 the discovery of faulty rig safety equipment led to 

decreasing drilling activity in that period (EIA, 2017). 

 

Angola 

 

Angola currently represents the second-largest oil producer in sub-Saharan Africa, behind Nigeria. Its 

boom in oil production started with the discovery of several deep-water fields (EIA, 2016). The peak in 

production of petroleum and other liquids32 was reached in 2009 with 1.9 million barrels/day. From 

2011 to 2015, this production remained relatively stagnant, averaging close to 1.8 million barrels/day 

(EIA, 2016). Some of this stagnation can be attributed to the lack of technical development that renders 

it unable to combat many technical problems encountered during extractive operations (EIA, 2016). 

 

In terms of the future, Angola has three planned deep-water projects in block 14 and block 15 and one 

ultra deep-water project in block 32, intended to become active in the next 5–10 years. Of these, the 

project related to the deep-water block 15/06 and the project related to the ultra deep-water block 32 

have already received the Final Investment Decision; therefore, they have been expected to become 
operational since 2017. These additional deep-water and ultra deep-water oil reserves represent an 

additional oil capacity that is likely to compensate for the likely decreasing oil production in older 

deep-water fields that are already past their peak production (EIA, 2016). 

 

Norway 

 

Norway is considered the country with the largest proven crude oil reserves in Western Europe; all of 

these reserves are located offshore, particularly in the North Sea (EIA, 2016). In 2014, production of 

oil, including lease condensate and hydrocarbon gas liquids, from deep-water reserves was 

approximately 1.3 million barrels/day (EIA, 2016). One of the major deep-water oil reserves is 

represented by Troll oil and gas field, located at a water depth between 315 m and 345 m and about 

 
32 Petroleum and other liquids include crude oil, gasoline, diesel, propane, jet fuel, ethanol, and other liquid fuels 

(https://www.eia.gov/petroleum/data.php). 
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65 km west of Kollsnes, near Bergen. This site started the production of deep-water oil in 2009 

(SubseaIQ, 2014). The other important deep-water oil reserve is Snorre, situated in the Tampen area of 

the North Sea, in water depths between 300 m and 350 m. More recently, oil and gas reserves were 

discovered in the Barents Sea. The Goliat field, located in the Barents Sea at 400 m depth, consists of 

five blocks with an area of approximately 1 000 square kilometres; its production facility has been under 

construction since 2009 and started production at the beginning of 2015 (SubseaIQ, 2014). The other 

field, Johan Castberg (previously named Skrugard), was recently discovered in 2011 and is still in a 

discovery appraisal phase (SubseaIQ, 2014).  

 

 

In 2014, the worldwide crude oil production from deep-water and ultra deep-water oil reserves, 

extracted in particular from Brazil, the United States of America (Gulf of Mexico), Angola and Norway, 

was approximately 6 million barrels/day (Table 23), which amounts to about 2 190 million barrels per 

year.  
 

Table 23: Worldwide 2014 crude oil production from deep-water and ultra-deep-water oil reserves 

 

Country/region 
Deep-water 

(million barrels/day) 

Ultra-deep water 

(million barrels/day) 

Total by country/region 

(million barrels/day) 

Brazil 1.4 0.5 1.9 

United States of 

America 
0.8 0.5 1.4 

Angola 0.2 1.1 1.3 

Norway 1.3  1.3 

Rest of the world 0.2  0.2 

Total 3.9 2.1 6.1 

Note: Reported figures of deep-water and ultra-deep-water crude oil production were derived from graphs reported 

in EIA (2016). It should be noted that the graphs also reported offshore oil production from shallow reserves. 

Therefore, the 2014 worldwide estimate of 6 million barrels/day shown in this table is less than the 2015 estimate 

of total offshore production of 9.3 million barrels/day reported by EIA (2016).  

 

 
In 2014, the price of crude oil fell sharply in the second half of the year, marking the end of a relatively 

stable period of crude oil pricing averaging around USD 105 per barrel, as recorded between 2012 and 

2013. This fall in oil price was recorded by both Brent and West Texas Intermediate (WTI) oil 

benchmark prices, the former appearing to drop more sharply than the latter (Table 24). From August 

2014, when the Brent oil price was at about USD 101.61/barrel, the price decreased to USD 87.43/barrel 

in October and further to USD 62.35/barrel in December. Controversy still persists regarding the 

reasons for this 2014 oil price drop (EIA, 2019). 

 

By using the 12-month average of the Brent crude oil price in 2014 (i.e. USD 99/barrel) (Table 24), the 

crude oil production from deep-water and ultra-deep-water oil reserves can be estimated at about 

USD 216 810 million/year. 

  

3.4.2. Quantity and value of deep-water and ultra deep-water oil  
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Table 24: Average annual benchmark crude oil prices between 2011 and 2018 

 

Crude oil price 2011 2012 2013 2014 2015 2016 2017 2018 

Brent blend benchmark 

(USD/barrel) 
111.26 111.63 108.56 98.97 52.32 43.64 54.12 71.34 

WTI benchmark 

(USD/barrel) 
94.88 94.05 97.98 93.17 48.66 43.29 50.80 65.23 

Source: EIA (2019). 

Note: WTI = West Texas Intermediate. 

 

 

3.5.  Minerals from the deep-sea ecosystem 

 

Deep-sea mineral mining is concerned with three types of deposits: polymetallic nodules, cobalt-rich 

ferromanganese and massive sulphides. The potential of these minerals to provide valuable metals has 

been recognized for many years, but the high investment costs and the need to develop complex 

technology for deep sea mining have prevented operations of deep-sea mining in the deep sea (Wolters 

et al., 2013). Technologies include a horizontal seafloor component needed to physically be able to 

extract and collect the mineral ores; a vertical component needed to transport these ores to the sea 

surface; a surface component that is ship-based constituted by either a vessel functioning as a platform 

separating the targeted ores from the transport slurry or other vessels transporting collected material to 

the metallurgic plant (Cuyvers et al., 2018). The forecasted investment costs, including the initial capital 

and operating expenditures, were so high that mining operations were not viable. However, this scenario 

is gradually changing and is expected to further change. Currently, the main targeted deep-sea metals 

include manganese, copper, cobalt and nickel as well as valuable elements such as gold and silver. The 

unit prices of these metals are highly volatile and the economic viability of deep-sea mining operations 

will be dependent on the prices of these metals in the future, the costs required to ensure environmental 

sustainability, as well as the possibility of continuing to supply the metals from existing land-based 

mining sites.  

 

Additionally, many deep-sea deposits of precious minerals, also including rare earth elements (REEs), 

are estimated to exceed those of land-based reserves by several factors (Kuhn et al., 2017). 

REEs constitute important raw materials in high-tech applications, such as computers, smartphones and 

green technology such as solar panels (Hein et al., 2013). If demand for rare earth elements continues 

to increase and no serious programme of recycling is put in place, it is possible that shortages are 

imminent (Wolters et al., 2013). Even for experts in the sector, it is very hard to forecast what the 

economic value of deep-sea mineral resources will be in the future, as this will predominantly depend 

on the metal prices in the world market as well as the demand and land-based supply of these metals 

(Cuyvers et al., 2018). Therefore, this study provides a hypothetical retrospective estimate of what 

would have been the economic value of these metals extracted from deep sea deposits in 2014. The 

estimate also considers the 2014 world average market prices of targeted metals as if all the exploratory 

deep-sea mining contracts in that year would have moved to an exploitation phase (and hence being a 

maximum extrapolation of the resource potential). The results are estimated at a gross value of between 

USD 19 billion and USD 38 billion/year for deep-sea mining of polymetallic nodules in the Clarion-

Clipperton Zone, which is located in the ABNJ (see section 3.5.2 for details) and USD 665 million/year 

for deep-sea mining in Solwara 1, which is located in the EEZ of Papua New Guinea (see section 3.5.5 

for details). 
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Polymetallic nodules, also called manganese or ferromanganese nodules, consist of spherical mineral 

concretions usually of 5 to 10 cm diameter. They are mainly composed of manganese and iron (but in 

different proportions depending on the region of the nodule field), as well as nickel, copper, cobalt, 

molybdenum, and trace amounts of REE such as lithium, yttrium and thallium (Cuyvers et al., 2018).  

 

Manganese nodules are in all oceans and are mostly found at depths below 3 500 m. In four regions – 

Clarion-Clipperton Zone (eastern Pacific Ocean), the Peru Basin (southeastern Pacific Ocean), Penrhyn 

Basin (Cook Islands) and the Indian Ocean – the density of these nodules is estimated to be great enough 

for industrial exploitation (Table 25). 

 

Table 25: Most promising regions for polymetallic nodules exploitation worldwide 

 

Region Ocean 
Area 

(km2) 
Location 

Average 

abundance of 

manganese 

nodules 

(kg/m2) 

Manganese 

per total 

nodule weight 

(%) 

Iron per 

total 

nodule 

weight 

(%) 

Clarion-

Clipperton 

Zone 

Eastern 

Pacific Ocean 
4 000 000 ABNJ 15 28.4 6.16 

Peru Basin 
Southeastern 

Pacific Ocean 
4 000 000 ABNJ 10 34.2 6.12 

Penrhyn Basin 
Cook Islands, 

Indian Ocean 
750 000 EEZ 25 15.9 16.1 

Indian Ocean 
Central  

Indian Ocean 
700 000 ABNJ 5 24.4 7.14 

Sources: Kuhn et al., 2017; Mukhopadhyay, Ghosh and Iyer, 2017. 

 

 
The Clarion-Clipperton Zone (CCZ) comprises an area of around 4 million square kilometres and is 

located in the Pacific, extending from the west coast of Mexico to Hawaii, in the ABNJ; it represents 

the largest existing zone of polymetallic nodules. Within the CCZ, polymetallic nodules are not evenly 

distributed but occur in patches of different nodule densities, but a common average density is 15 kg/m2 

(Kuhn et al., 2017). While density varies highly, nodule composition is more constant and its coefficient 

of variation is less than 10 percent (Kuhn et al., 2017).  

 

The Peru Basin lies about 3 000 km off the Peruvian coast in the ABNJ. Its size is about half as large 

as the Clarion-Clipperton Zone. On average, the abundance of nodules is 10 kg/m2. Although 
manganese nodules of the Peru Basin have a similar content of nickel and molybdenum to CCZ nodules, 

they have higher lithium contents and higher manganese/iron ratios than the CCZ nodules (Kuhn et al., 
2017). 

 

The Penrhyn Basin is located a few thousand kilometres east of Australia within the EEZ of the Cook 

Islands. It has an area of around 750 000 km2. Large areas in the Cook Islands coastal waters have 

concentrations of polymetallic nodules over 25 kg/m2. Given that the nodules in the Penrhyn Basin are 

characterized by relatively high concentrations of cobalt, it is estimated that 20 percent of the world’s 

cobalt deposit lies in this basin (Mukhopadhyay, Ghosh and Iyer, 2017). 

 

The Central Indian Ocean also contains manganese polymetallic nodules covering an area of about 

700 000 km2, a region comparable to that of the Penrhyn Basin. Within this region, a higher abundance 

of nodules covers an area of 300 000 km2, commonly known as the Indian Ocean Nodule Field (Kuhn 

et al., 2017), with densities around 5 kg/m2 of manganese nodules. Nearly all the mineral resources used 

3.5.1. Distribution and composition of polymetallic nodules 
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today are currently derived from onshore deposits (Bücker et al., 2014). The metals of greatest 

economic interest that could be extracted from deep-sea manganese nodules are manganese as well as 

cobalt, copper and nickel. Lithium is also present in a relatively small quantity, and its demand is 

growing for the technological industry (e.g. batteries). 

 

 
In 2014, there were 12 exploration contracts that had been issued by the ISA in the CCZ (ISA, 2019). 

As noted previously, nodule density varies across the area, and hence this study considers both a lower 

(1.5 million dry tonnes of nodules/year) and a higher (3 million dry tonnes of nodules/year) level of 

recovery of dry nodules per mining site and the extraction of four metals (manganese, nickel, copper, 

cobalt) in addition to REEs such as molybdenum. 

 

The economic valuation reported in Table 26 shows that an annual recovery between 1.5 million and 

3 million tonnes of dry nodules/year and the corresponding extraction of precious metals (manganese, 

nickel, copper, cobalt and molybdenum) corresponds to an economic value of USD 1.6 billion and 

USD 3.2 billion/year on the basis of reported worldwide metal prices averages in 2014. 

 

Table 26: Economic value of metals potentially extracted from ferromanganese nodules in the 

Clarion-Clipperton Zone 

 

Variable 

Lower 

quantitya 

(tonnes) 

Higher 

quantityb 

(tonnes) 

Metal average 

unit price 2014c 

(USD/tonne) 

Lower valuea 

(million 

USD/year) 

Higher valueb 

(million 

USD/year) 

Manganese  450 000 900 000 2 290 1 031 2 061 

Nickel  21 000 42 000 16 893 355 710 

Copper  17 700 35 400 6 863 121 243 

Cobalt  2 550 5 100 27 102 69 138 

Molibdenum  900 1 800 24 565 22 44 

Total 492 150 984 300 n.a. 1 598 3 197 

a Referred to a theoretical annual recovery of 1.5 million tonnes of dry polymetallic nodules. 

b Referred to a theoretical annual recovery of 3 million tonnes of dry polymetallic nodules.  

c Unit price reported by Metalary (2019) (https://www.metalary.com). 

 

 

The unit prices referred to manganese, which is harvested in greatest quantity, highly affect the final 

valuation estimate. Sharma (2018) used a unit price of USD 1 320/tonnes referenced to 2011. 

Volkmann, Kuhn and Lehnen (2018) used three different manganese prices: a good-case scenario 

(manganese at USD 1 509/tonne); a moderate-case scenario (USD 1 390/tonne); and a poor-case 

scenario (USD 1 117/tonne). 

 

If the valuation estimated in Table 26 is repeated using a unit price for manganese of USD 1 117/tonne, 

the gross return for an average annual recovery of 1.5 million and 3 million tonnes of dry nodules/year 

would decrease to USD 1 billion and USD 2.1 billion, respectively. Although potential high returns are 

expected from the extraction of precious metals, several authors also reported high capital expenditures 

(related to the complex equipment for the mining system, ore transfer and processing plant) and high 

operating expenditures, which, when estimated for a 20-year mine life, ranges between USD 12 billion 

and USD 24 billion (Table 27). 

 

  

3.5.2. Economic valuation of potential polymetallic nodules from the CCZ 

https://www.metalary.com/


 45 

Table 27: Capital and operating expenditures for a potential mining site in the Clarion-Clipperton Zone 

  

Source 

Expenditure (USD million) 

Type of 

investment 

Mining 

system 

Surface 

vessels 
Processing plant Total 

Sharma 

(2011) 

CAPEX 550 600 750 1 900 

OPEX 2 000 3 000 5 000 10 000 

Total 11 900 

Cuyvers et 

al. (2018) 

CAPEX n.d. n.d. n.d. 3 500 

OPEX n.d. n.d. n.d. 17 000 

Total 20 500 

Van Nijen 

et al. 

(2018) 

CAPEX 584 692 2 415 3 691 

OPEX n.d. n.d. n.d. 19 900 

Total 23 591 

Volkmann

, Kuhn 

and 

Lehnen 

(2018) 

CAPEX n.d. n.d. n.d. 1 350 

OPEX n.d. n.d. n.d. 16 200 

Total 17 550 

Note: CAPEX = capital expenditure; n.d. = no data; OPEX = operating expenditure and are estimates to a 20-year 

mine life.  

 

 
In order to meet the production target of 3 million tonnes dry nodules/year, about 11 000 tonnes of 

nodules would need to be excavated from the seabed every day; nodules need to be lifted to the surface 

and transported by vessels to the ship-based metallurgic plant (Cuyvers et al., 2018). 

 

The viability of deep-sea mining operations will depend on a mix of factors, including the availability 

of manganese, nickel, copper and cobalt from terrestrial mining sites and their price in the world market, 

capital expenditures, operating expenditures, and eventual royalties and duties established by the ISA 

(Sharma, 2018). 

 

No deep-sea mining operation has started yet, although advances have been made in testing technology 

needed for mining. In 2017, Japan Oil, Gas and Metals National Corporation and the Japanese Ministry 

of Economy, Trade and Industry tested mining operations with continuous ore lifting technology in 

their national waters (Cuyvers et al., 2018). Although the test was carried out on polymetallic sulphide 

resources, the technology of extracting the ore and lifting it to the surface is relevant to all three main 

resource types. 

 
In order to assess retrospectively the value of deep-sea mining in the ABNJ in 2014, this study built a 

hypothetical scenario in which from each of the contracted areas in the CCZ in 2014 (n=12) there was 
an operating mining site with an annual recovery of between 1 million and 3 million dry tonnes of 

nodules/year. Therefore, on the basis of average nodule composition and 2014 metal prices, the 

potential mining operations in the CCZ in 2014 are valued at approximately USD 28 billion/year as the 

average between USD 19 billion/year (for the annual recovery of 1 million tonnes dry nodules/year per 

mining site) and USD 38 billion/year (for the annual recovery of 3 million tonnes dry nodules/year per 

mining site). 
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Cobalt-rich ferromanganese crusts are incrustations of minerals commonly found on summits and flanks 

of submarine mountain ranges and seamounts, resulting from the accumulation of minerals dissolved 

in water. Thick metal-rich crusts can reach 25 cm, but they usually measure between 10 cm and 15 cm 

(Halbach, Jahn and Cherkashov, 2018).  

 

Cobalt-rich ferromanganese crusts occur in the Pacific, Atlantic and Indian Oceans. However, the 

Pacific Ocean contains a larger number of seamounts and mountain ranges than the Atlantic and Indian 

Oceans. In particular, the Western Pacific Ocean, due to its orography and high metal concentration, is 

considered the best prospecting area and has been designated as the Prime Zone for Crust exploration. 

 

The ferromanganese crusts in the Central Pacific Ocean generally have a content of manganese between 

13 and 27 percent and iron between 6 and 18 percent. The manganese/iron ratio can vary between 0.7 

and 3.7, with a mean value of 2 (Halbach, Jahn and Cherkashov, 2018). Cobalt, which is the metal with 

the greatest current economic market potential, usually constitutes between 0.3 and 1.2 percent of the 

ferromanganese crust, only very rarely exceeding 2 percent.  

 

The ferromanganese crusts in the Atlantic and Indian Oceans tend to have a higher composition of iron 

(Atlantic, 21 percent; Indian, 22 percent) and tend to have a higher content of copper and a lower 

concentration of nickel and cobalt (manganese-controlled metals).  

 

Metal composition varies with depth, in particular, the crust content of cobalt and nickel, which 

constitute two of the main targets for crust mining, decreases with depth. For this reason, the optimal 

depth for potential exploitation of cobalt-rich ferromanganese lies in the deep seas at depths between 

1 000 m and 2 500 m (Halbach, Jahn and Cherkashov, 2018). 

 
The cobalt-rich ferromanganese crust has higher mineral abundance per unit of area than CCZ 

polymetallic nodules and therefore could potentially convey higher amounts of targeted metals 

(manganese, nickel, copper, cobalt) at lesser depths (Halbach, Jahn and Cherkashov, 2018). However, 

the crust is usually firmly attached to its hard substrate and detaching it from underlying rocks requires 

the development of a complex sophisticated technology, which ensures the recovery of the 

ferromanganese crusts with minimum dilution. To date, such tested technical methodology does not 

exist and it is believed that such crust removal is likely to be extremely expensive and environmentally 

destructive (Hein, 2016). It is generally understood that the eventual future exploitation of cobalt-rich 

ferromanganese crusts will be more delayed compared to the recovery of polymetallic nodules 

(Halbach, Jahn and Cherkashov, 2018). 

 

In 2014, two exploratory contracts in the Western Pacific Ocean were granted to the Japan Oil, Gas and 

Metals National Corporation and to the China Ocean Mineral Resources Research and Development 

Association (Cuyvers et al., 2018). Subsequently, three other exploratory contracts have been granted, 

to Brazil, the Republic of Korea and the Russian Federation (ISA, 2019). The exploratory area 

contracted by ISA for cobalt-rich ferromanganese crusts are 3 000 km2, consisting of 150 blocks no 

larger than 20 km2. The last released exploratory contracts will end in 2033.  

  

3.5.3. Distribution and composition of cobalt-rich ferromanganese crusts  
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Seafloor massive sulphides are metalliferous mineral aggregations usually found in areas of underwater 

volcanic activity and seafloor spreading, usually at depths of 1 000 m to 4 000 m. The sulphide-enriched 

resource often forms at hydrothermal vents (commonly called smokers or chimneys), at temperatures 

exceeding 400 degrees Celsius (Bücker et al., 2014).  

 

Depending on the region, seafloor massive sulphides can contain different amounts of copper, zinc, 

lead, gold and silver in addition to other trace metals such as indium, germanium, tellurium and 

selenium (Bücker et al., 2014). Metal composition also records a spatial zonation, as chimneys 

immediately adjacent to the vent sites tend to have higher metal grades (Cherkashov, 2018). When the 

metals-enriched water starts to diffuse in the water column, most of the metals are dispersed. As a result, 

massive sulphide deposits tend to be small areas ranging between 0.1 and 10 hectares of seafloor surface 

(Pacific Community, 2016). 
 

Massive sulphides are found along plate boundaries and active undersea volcanoes. The following 

major regions have been identified as favourable for the possible development of commercially 

attractive mining sites: the Mid-Atlantic Ridge, the Western Pacific characterized by numerous back-arc 

basins, the mid-ocean ridges in the Indian Ocean, and the Red Sea. 

 

 

In this study, the economic valuation of the potential extraction of massive sulphide deposits refers to 

the Solwara mining project for the recovery of high-grade copper, gold and silver mineralization. 

Although its current status is uncertain, it represents the world’s most advanced project on massive 

sulphide deep-sea mining (Cuyvers et al., 2018). Solwara33 is a hydrothermal vent site 30 km off the 

coast of Papua New Guinea and thus within Papua New Guinea’s EEZ, in the Bismarck Sea at 1 600 m 

to 1 800 m depth (Batker and Schmidt, 2015).  

 

Nautilus Minerals, Inc., an underwater mineral exploration company based in Toronto, Canada, has 

developed a project for the recovery of high-grade copper, gold and silver from the Solwara 1 

hydrothermal vent (Lipton, 2018). The Solwara project completed all the exploratory phases34, which 

has led to the modelling of the seafloor geological characteristics and an estimate of their mining 

potential and has gone through the legal procedure to obtain a mining licence. In particular, an 

environmental and social impact assessment was submitted to the Government of Papua New Guinea 

for approval, which led to the release in 2009 of an environmental permit required before mining 

operations (Lipton, 2012).  

 

In 2011, a mining licence35 was granted to Nautilus Minerals by the Government of Papua New Guinea 

(Lipton, 2012). However, the start of mining operations has been delayed for several reasons. During 

this time, Nautilus Minerals has been compiling a preliminary economic assessment (Lipton, 2018) to 

verify the viability of mining operations. At the same time, there have been obstacles in acquiring a 

vessel that could be used as Nautilus’s production support vessel (Deep Sea Mining Campaign, 2018). 

Several concerns have also been raised by public opinion on the environmental impact assessment and 

the fact that there is no baseline for assessing the consequences of using a seabed mining technique 

never employed before (Miller et al., 2018).  

 

Petitions as well as several legal actions intended to revise the mining approval procedure and 

documentation have been carried out by several non-governmental organizations against Nautilus 

 
33 Solwara means “salt water” in Tok Pisin (official creole language of Papua New Guinea). 

34 An exploration licence (EL 1196) has been held since 1997 (Lipton, 2018). 

35 A mining licence (ML 145) has been released in January 2011 (Lipton, 2018).  

3.5.4. Distribution and composition of seafloor massive sulphides 

3.5.5. Economic valuation of potential massive sulphide extraction from Solwara 1 



 48 

Minerals and the Government of Papua New Guinea, the latter of which in 2011 acquired a legal right 

to receive up to 30 percent equity in the project (Steiner, 2009)36 and currently holds a 15 percent 

interest in the Solwara 1 project in an unincorporated joint venture with Nautilus Minerals 

(Lipton, 2018). More recently, Nautilus Minerals has gone through some serious financial difficulties 

and has sought protection against bankruptcy (Kennedy, 2019).  

 
During the seafloor exploration phase, occurring between 2006 and 2011, Nautilus Minerals extensively 

explored the Solwara massive sulphides with the use of remotely operated vehicle dive videos, 

bathymetric surveys, geophysical techniques and surface sampling. In addition, several drilling 

programmes were undertaken in 2006, 2007, 2008, 2010 and 2011 (Lipton, 2012) mapping 19 deposits 

within the Bismarck Sea as part of the Solwara project. Out of these deposits, Solwara 1 was identified 

as a favourable mining site with a mineable area of 11 hectares (Batker and Schmidt, 2015). After the 

last drilling programme, held between 2010 and 2011, the initial resource estimate for Solwara 1 was 

updated and another promising site constituted by Solwara 12 was identified (Lipton, 2018).  

 

The metals of economic interests found in Solwara 1 mining site are predominantly copper (in the form 
of chalcopyrite), in addition to gold and silver (Batker and Schmidt, 2015). In the Solwara 1 deposit, a 

copper grade of over 7 percent can be found (land-based copper mining sites usually have an average 

copper grade of 0.6 percent) (Nautilus Minerals, 2019). The average gold grade has been estimated at 

between 5 and 6.4 g/tonne, although in some areas it can be greater than 20 g/tonne (Nautilus Minerals, 

2019). By comparison the gold content in the CCZ and the cobalt crusts in the Prime Crust Zone is 

estimated to be, respectively, 0.0045 g/tonne and 0.013 g/tonne (Bücker et al., 2014). 

 

Table 28 reports the estimated metal grades for Solwara 1 mining site, the indicated mineral resources 

based on intense drilling sampling, and inferred mineral resources based on wider drill-hole spacing 

(Lipton, 2018). 

 

Table 28: Average metal grades from Solwara 1 mining site 

 

Domain 
Copper  

(%) 

Gold  

(g/t) 

Silver  

(g/t) 

Zinc  

(%) 

Indicated mineral resourcesa 7.2 5.0 23 0.4 

Inferred mineral resourcesb 8.2 6.4 34 0.9 

Source: Lipton (2018). 

aIndicated mineral resources are estimates based on areas where drill holes are spaced from less than 10 m to a 

maximum of 50 m.  

bInferred mineral resources are estimates based on areas where drill holes are generally less than 100 m, with 

ranges up to 200 m.  

 

 
Although no deep-sea mining operation has started yet in Solwara 1, a production schedule has been 

planned with forecasted copper, gold and silver production in different quarters across the mine life of 
30 months (Lipton, 2018). This production schedule includes an initial phase of ramp-up operations, a 

phase of full-time ore production, and a final phase of ramp-down operations. Note the short life cycle 

of the proposed mining operation at Solwara 1 relative to the much longer duration of proposed 

manganese nodule mining. 

  

To be able to compare this estimate with other valued ecosystem services, this study provides an 

economic value of the mineable resources in Solwara 1 considering a time frame of 12 months of highest 

productivity (extracted tonnes/month) and 2014 unit prices for copper, gold and silver (see section 2.3.4 

for further details).  

 
36 Equity participation involves the government directly investing in the cost of the project and also receiving a 

proportionate share of the benefits. 



 49 

  

In a 12-month time frame, Solwara 1 could potentially provide 75 215 tonnes of copper, 3.5 tonnes of 

gold and 9.5 tonnes of silver with an economic value of USD 665 million estimated at 2014’s average 

market prices of these metals (Table 29). As already pointed out by Nautilus Minerals’ preliminary 

economic assessment, although Solwara 1 contains high concentrations of gold and silver, it is 

predominantly considered to be a mining site for copper: copper contributes 77 percent to the estimated 

value, gold for 21 percent and silver for about 1 percent (Table 29).  

 
Table 29: Economic value of metals potentially extracted from massive sulphide deposits in Solwara 1. 

 

Extracted metal 

Estimated 

quantity 

extracted in 12 

months 

(tonnes)a 

Estimated quantity 

extracted  

in total mine life 

(tonnes)a 

Metal average unit 

price in 2014 

(USD/tonne) 

Estimated value 

(million USD) 

Copper  75 215 126 247 6 863 516 

Gold  3.5 5.9 40 720b 143 

Silver  9.5 16.6 613c 6 

Total 75 228 126 269 n.a. 665 

aDerived from Table 22.3 in Lipton (2018).  

bEquivalent to USD 1 266/oz. c Equivalent to USD 19.07/oz.  

Note: Unit prices are reported by the World Bank (2019).  

 
 

The economic valuation of the potential mining revenue is highly sensitive to copper price (Lipton, 

2018). The copper unit price of USD 6 863/tonne is the United Nations official average price reported 

for 2014 (World Bank, 2019), which is lower than the unit price of USD 7 319/tonne referred to 2018 

used by Lipton (2018)37. As a consequence, the gross revenue for metal extraction from Solwara 1 

estimated in this study is less than what has been reported by Nautilus Minerals’ preliminary economic 

assessment (USD 1.147 billion), also considering that this study uses a 12-month time frame instead of 

the whole mine life (i.e. 30 months).  

 

3.6.  Pharmaceutical resources of marine origin 

 

 
Scientific research on the use of bioactive compounds of marine origin for pharmaceuticals started in 

the 1940s. The first discovery of a bioactive pharmaceutical substance derived from marine organisms 

occurred in the 1950s and was related to novel arabinonucleosides extracted from the Caribbean sponge 

Tethya crypta. This discovery sparked scientific interest in marine organisms as a source for 

pharmaceutical products (Munro et al., 1999). From these sponges, two bioactive compounds were 

identified: cytarabine (Ara-C)38 and vidarabine (Ara-A)39. 

 

Since then, pharmaceutical research and development has led to a rapid increase in bioprospecting 

activity, with over 28 000 chemical compounds of marine origin tested (Gerwick and Moore, 2012). 

Out of this large number of lead with tested bioactivity, only eight compounds of marine origin have 

reached the end of the pipeline for preclinical and clinical testing and have received approval by the 

 
37 The Nautilus Minerals’ preliminary economic assessment used a unit price of USD 7 319/tonne for copper, 

USD 1 200/oz for gold, and USD 18/oz for silver based on a result of a price forecast in the period 2019–2021, 

but also representative of spot metal prices on the date of 1 January 2018 (Lipton, 2018). 

38 Ara-C = cytosine arabinoside. 

39 Ara-A = 9-β-D-arabinofuranosyladenine. 

3.6.1. Value of pharmaceuticals of marine origin 
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United States Food and Drug Administration (FDA) and/or by the European Medicines Agency 

(EMEA).  

 

These successful compounds include four pharmaceuticals used in the treatment of cancer: cytarabine 

(Cytosar®), trabectedin (Yondelis®), eribulin mesylate (Halaven®) and brentuximab vedotin 

(Adcetris®); and one used as an antiviral (Virabadine®), one used for neuropathic pain (Prialt®), and one 

against hypertriglyceridemia (Lovaza®). An additional antiviral compound Carragelose®, derived from 

red algae (Eucheuma, Cnondus), is excluded from this assessment because it is derived from a 

photosynthetic organism belonging to a photic zone. 

 
The estimated overall economic value of these seven pharmaceutical compounds, which were traded in 

international markets in 2014, was estimated at USD 2.3 billion/year (Table 30). Details related to the 

estimate of the economic value of each analysed compound is fully described in the overview below of 

each analysed drug. 

 

It should be noted that the overall economic value of USD 2.3 billion/year includes only the first-

generation drugs, which either copy exactly the natural chemical lead found in the marine organisms as 

is or mimic it with some modifications. This restriction was applied to address drugs directly derived 

or inspired by lead compounds found in marine organisms. 

 

To be also noted is that the economic value of USD 2.3 billion/year is referred to pharmaceuticals of 

marine origin, but is not restricted to pharmaceuticals derived from deep-sea organisms. In fact, to date, 

there are no commercialized pharmaceuticals extracted from deep-sea organisms, with the partial 

exception of Halaven®, whose bioactive compound was retrieved both in shallow-water sponges 

(Halichondria okadai, Axinella spp. and Phakellia spp.) and the deep-sea sponge (Lissodendoryx spp.) 

(Swami, Shah and Goel, 2015). 

 

Many substances extracted from deep-sea organisms have raised scientific interest and have already 

entered the testing pipeline, but none to date has reached the end of the preclinical and clinical testing 

phases. Therefore, the estimated economic value of pharmaceuticals of marine origin is currently a 

proxy that should be replaced with a more specific valuation of pharmaceuticals derived from deep-sea 

organisms when the outcome of current bioprospecting study will become evident.  

 

Table 30: Economic value of commercialized pharmaceuticals of marine origin 

 

Taxon 
Source 

species 
Compound 

Drug 

name 
Property 

Pharma-

ceutical 

company/ 

institution 

Economic 

value  

(million 

USD/year) 

Marine 

sponge 

Tethya 

crypta 

Ara-C 

Cytarabine 

Alexan 

Udicil 

Cytosar-U 

DepoCyt 

VYXEOS 

Anticancer 

(antileuke

mic) 

Upjohn 

Company 

Bedford 

Enzon 

108 

Marine 

sponge 

Tethya 

crypta 

Ara-A 

vidarabine, 

vidarabin, 

thilo 

Vira-A Antiviral 

GlaxoSmith 

Kline (GSK) 

S.p.A. 

 

Parkedale 

Pharma-ceuticals 

(United States) 

n.a. 

Marine 

sponge 

Halichondri

a okadai 

E7389 

Eribulin 

mesylate 

Halaven Anticancer Eisai Company 333 
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Taxon 
Source 

species 
Compound 

Drug 

name 
Property 

Pharma-

ceutical 

company/ 

institution 

Economic 

value  

(million 

USD/year) 

Tunicate 

Endoecteina

scidia 

frumentensis 

ET-743 

trabectedin 
Yondelis Anticancer 

PharmaMar; 

Johnson & 

Johnson, 

subsidiary Ortho 

Biotech 

88 

Cyano-

bacterium 

Symploca 

hydnoides 

SGN-35 

Brentuxima

b vedotin 

Adcetris Anticancer 

Seattle Genetics; 

Takeda 

Pharmaceutical 

Company 

Limited 

218 

Mollusc 
Conus 

magnus 
Ziconotide Prialt Pain killer 

Elan Pharma-

ceuticals 
27 

Fish Various spp. 
Omega-3 

fatty acid 
Lovaza 

Antihypertr

i-

glyceridem

ia 

GlaxoSmith 

Kline (GSK) 

S.p.A. 

Abbott 

1 500 

Total 2 274 

Sources: Martins et al. (2014); Mayer et al. (2010). 

Note: Annual sales are estimated at the manufacturer level. 

 

Cytarabine  

 
In 1963, a compound with anticancer activity was isolated from Tethya crypta and subsequently a 

chemical synthetic drug cytarabine (Ara-C) received FDA approval in 1969. Cytarabine has shown 

properties to be used for the treatment of acute myeloid leukemia (AML), acute lymphocytic 

leukemia and acute promyelocytic leukemia, non-Hodgkin’s lymphoma, and meningeal leukemia 

(Martins et al., 2014).  

 

One of the key properties of cytarabine is that it can diffuse across membranes and thus enters into cells. 

Drug development has further improved this cytarabine’s property through a liposomal form of 

cytarabine (DepoCyt®), which enables the substance to enter the brain for treating meningeal leukemia 

(Martins et al., 2014). Therefore, cytarabine is available as both a liposomal formulation (DepoCyt) and 

non-liposomal formulation (available generically through multiple manufacturers).  

 

Since its FDA approval in 1969, for four decades cytarabine has constituted the backbone for AML 

treatment (Kantarjian, 2011). Chemotherapy is the major form of remission induction therapy for AML 

in which traditional cytarabine-based chemotherapy drugs were used. Cytarabine was originally 

launched by Upjohn Company in the 1970s under the brand name Cytostar (Fajarningsih, 2013). In 

2003, Pfizer acquired cytarabine following the Pfizer/Pharmacia deal. From 2005 onwards, generic 

versions of the drug became available, the first one being Hospira’s (Cytarabine Hospira). 

 

DepoCyt has been produced by Pacira pharmaceutical company using the company’s DepoFoam drug 

delivery technology. DepoCyt was produced and available in the market from 1999 to 2017, when 

Pacira ended its production due to undisclosed manufacturing problems (Elvidge, 2017). Pacira 

manufactures DepoCyt for its commercial partners, such as Sigma-Tau in the United States of America 

and MundiPharma in Europe (sold as DepoCyt). In 2014, the annual revenue from DepoCyt was 

USD 7.9 million, 4 percent of Pacira’s total revenues of USD 198 million (Marketwatch, 2019). The 

revenues in 2013 and in 2015 were similar to that of 2014, being USD 8.4 million (Marketwatch, 2019) 

and USD 8.1 million, respectively (United States Securities and Exchange Commission, 2015).  
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Since the reference year of this report is 2014, the estimated global market value of cytarabine was 

assessed by considering an overall estimated value of cytarabine marketed by different pharmaceutical 

companies, reported to be approximately USD 100 million/year by Mayer et al. (2010) and DepoCyt 

USD 8 million/year. However, it should be noted that the current economic value associated with 

cytarabine is higher than what was assessed for the year 2014. In fact, in 2017 new therapeutic drugs40 

were approved for AML treatment. In particular, VYXEOS is a liposome-encapsulated combination of 

cytarabine and daunorubicin produced by Jazz Pharmaceuticals, Inc. (Stenger, 2017). In 2017, the 

annual sale of VYXEOS by Jazz Pharmaceuticals was USD 75 million (Dearment, 2018).  

 
Vidarabine 

 
The antiviral substance vidarabine (Ara-A), discovered from the Carribean sponge Tethya crypta, 

revealed activity against herpes viruses, poxviruses and certain rhabdoviruses, hepadnaviruses and 

RNA tumor viruses (Martins et al., 2014). In 1976, vidarabine received FDA approval for 
commercialization of Vida-A, an ophthalmic ointment with 3 percent concentration of vidarabine, 

indicated for the treatment of acute keratoconjunctivitis, recurrent epithelial keratitid caused by herpes 

simplex (Mayer et al., 2010).  

 

ViraA® was initially marketed by GlaxoSmithKline S.p.A., then Viroptic, an ophthalmic solution 

containing vidarabine, which was acquired by King Pharmaceuticals in 1997 and marketed until 2001. 

In 2002, Parkedale Pharmaceuticals, Inc., the wholly owned subsidiary of King Pharmaceuticals, Inc., 

discontinued the production of Viroptic from the United States market (United States Securities and 

Exchange Commission, 2005). Vidarabine was considered an early drug generation, which presents 

some shortcomings due to some local toxicity and poor solubility, limiting effective corneal penetration 

and with low oral bioavailability (Wilhelmus, 2015; Mayer et al., 2010). Thus, nowadays vidarabine 

has been replaced by trifluridine, ganciclovir and acyclovir41 (Chou and Hong, 2014).  

 

These compounds are to be considered as second-generation drugs, developed after vidarabine, but with 

different chemistry formulas and structures from vidarabine and thus not considered as directly derived 

from Tethya crypta. In the past, the market value of vidarabine was reported to be around USD 50 

million/year (Walser and Neumann, 2008). However, since the production of vidarabine ended before 

2014, its market value has not been considered.  

 
Prialt® 

 

In 2004, Prialt®, the synthetic form of a compound extracted from a Pacific piscivorous marine snail 

(Conus magnus), was approved in 2005 as a treatment of chronic pain in the United States market. 

Conotoxins are used by cone snails to stun fish, as this venom immobilizes the prey by targeting the 

neuromuscular system (Molinski et al., 2009). The conotoxin is also a venom to humans, but taken in 

small quantities it has proved to be useful as an anaesthetic, analgesic and in combatting epilepsy and 

psychiatric disorders (OECD, 2013).  

 

From the first discovery of the neuromuscular effect of the toxin on mice in 1979, to its complete 

chemical synthesis in 1987, it took more than two decades until FDA approval of Prialt was granted to 

Elan Pharmaceuticals in 2004 (Molinski et al., 2009). Currently, there is ongoing research on 

conotoxins derived from various species of cone snails, and more than 251 patents and patent 

applications have been registered on conotoxin properties (Walser and Neumann, 2008). Between 2005 

and 2010, Prialt was marketed by Elan with annual sales of Prialt of USD 6.1 million in 2010 (Elan, 

2010). In 2010, Prialt was sold to Azur Pharma Limited for USD 12 million (Elan, 2012). In 2012, the 

businesses of Azur Pharma were combined with Jazz Pharmaceuticals, Inc., in a merger transaction, 

and Azur Pharma was renamed Jazz Pharmaceuticals plc (Jazz Pharmaceuticals plc, 2014). Prialt net 

 
40 Vidaza (azacitidine), Dacogen (decitabine), Midostaurin, Quizartinib, VYXEOS (Ihealthcareanalyst, 2019).  

41 Commonly marketed as Zovirax. 
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sales were USD 26.4 million in both 2014 and 2015, including included shipments to Eisai Co., the 

European distributor of Prialt (Jazz Pharmaceuticals plc, 2016). 

 

Yondelis® 

 

In 2007, Yondelis® (trabectedin), an anticancer compound first isolated from the tunicate Ecteinascidia 
turbinate, then synthetically produced, was the first marine anticancer drug to be approved in the 

European Union (Molinski et al., 2009). The discovery of antitumor bioactivity of extracts of the 

Caribbean tunicate, Ecteinascidia turbinate, occurred as early as 1969. However, the isolation of the 

alkaloids of the compound, named ecteinascidin, and the identification of their molecular structures was 

finally available in 1990. 

 
A major bottleneck was encountered in its supply, since ecteinascidin (ET-743) is present in the tunicate 

in very minor concentrations (~10 parts per million). Two aquaculture methods for the culture of 

Ecteinascidia turbinata were tested: one in seafarms using longlines and nets, the second in inland 

facilities such as tanks and ponds where it was easier to control culture parameters (salinity, water flow, 

temperature, algae blossom, etc.) (Fajarningsih, 2013). Although aquaculture proved to be able to 

supply 80 tonnes of biomass/year suitable for clinical trials, to reduce production costs PharmaMar 

switched the source of trabectedin (Yondelis®) production from natural resources to semisynthetic 

sources (Fajarningsih, 2013). Currently, trabectedin is produced starting with cyanosafracin B produced 

by fermentation by Pseudomonas flourescens, which is then chemically converted into trabectedin 

through an 18-step process (Fajarningsih, 2013). 

 
Yondelis® is specifically used for the treatment of soft-tissue sarcomas and ovarian cancer (Janssen 

Products, LP, 2017). Yondelis received authorization from the European Medicines Agency (EMEA) 

for marketing in 2007. In 2014, the annual sale of Yondelis provided by PharmaMar was about 

EUR 88.4 million (corresponding to USD 117 million). This amount is constituted by 91 percent of 

commercial sales by 9 percent of raw materials sold to licensees (PharmaMar, 2015). The current market 

value of Yondelis is greater than its 2014 assessment. In fact, in 2015 Yondelis received approval from 

the FDA, and Janssen Products, LP, has entered in a licensing agreement with PharmaMar to develop 

and sell Yondelis globally except in Europe, where PharmaMar SA holds the rights, and in Japan, where 

PharmaMar has granted a license to Taiho Pharmaceuticals Co., Ltd (Janssen Products, 2014; Janssen 

Products, 2015).  

 

Halaven® 

 

In 2010, Halaven® (eribulin mesylate), an anticancer drug, was approved by the FDA for the treatment 

of patients with metastatic breast cancer who had previously received at least two chemotherapeutic 

regimens. In January 2016, the FDA approved Halaven® also for the treatment of patients with 

inoperable liposarcoma (NCI, 2016). Eribulin mesylate is a completely synthetic compound, analogue 

of the natural Halichondrin B first isolated in 1986 from the natural Japanese marine sponge 

Halichondria okadai and subsequently from other shallow-water sponges such as Axinella and 

Phakellia, as well as the deep-sea sponge Lissodendoryx (Swami, Shah and Goel, 2015). 

 
Halichondrin B naturally occurs in sponges in the very low concentration of approximately 8.8 parts 

per billion (Molinski et al., 2009). The total synthesis in vitro of Halichondrin B and Norhalichondrin 

B was achieved in 1992, but required approximately 90 steps from commercially available raw 

materials (Molinski et al., 2009). At the same time, Halichondrin B was also discovered in a new rare 

deep-water sponge, Lissodendoryx, found exclusively off the Kaikoura Peninsula on the east coast of 

New Zealand’s South Island in the early 1990s by the Blunt and Munro Group at the University of 

Canterbury, New Zealand (Molinski et al., 2009). 

 

An extensive field survey, conducted using an ROV and a benthic camera, assessed that the 

Lissodendoryx sponge grounds covered an area of only 5 km2 with an estimated total sponge biomass 
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of 300 tonnes (Munro et al., 1999). Although it was clear that the limited distribution of this sponge 

excluded any supply on a commercial scale by collection from the wild, a permit was obtained to collect 

1 tonne of Lissodendoryx sponges by trawling on the Kaikoura shelf to obtain 300 mg of pure 

Halichondrin B recovered by chemical purification, which was established as a useful quantity for 

preclinical studies (Munro et al., 1999).  

 

The culture of Lissodendoryx was also attempted, but sponges were sensitive to the season in which 

transplants were made and changes in culture parameters (Munro et al., 1999). The cultured 

Lissodendoryx contained from 30 to 60 percent more of Halichondrin B than wild sponges growing on 

the Kaikoura shelf (Munro et al., 1999). Since this was considered a significant production rate, 

aquaculture production of Lissodendoryx on a commercial scale was simulated and resulted as viable 

(Munro et al., 1999). However, the turning point was reached with the in vitro synthesis of eribulin 

mesylate, an analogous of Halichondrin B produced by academic scientists in collaboration with the 

National Cancer Institute and in partnership with Eisai Company in Japan, its United States subsidiary 

Eisai Corporation of North America (Molinski et al., 2009). 

 
Among worldwide industrially produced substances, Halaven® has the most complex structure. In fact, 

its synthesis involves 64 steps from the raw material stage until its final form, which took two years to 

be established (Eisai Corporation, 2016). Halaven® received the FDA’s approval in 2010 and has 

subsequently obtained approval in approximately 60 countries. The high worldwide incidence of breast 

cancer, and its use in a large number of countries, explains the high revenues from its sales, which in 

2014 amounted to ¥35.3 billion, equivalent to USD 333 million (Eisai Corporation, 2016). 

 
Adcetris® 

 

In 1972, extracts obtained from the gastropod mollusc Dolabella auricularia, which is found in the 

Indian Ocean, revealed a pronounced anticancer activity. The bioactive compounds called dolastins 

occurring in these extracts were identified only 15 years later (Jimenez, Wilke and Costa-Lotufo, 2018). 

However, this compound occurred in such infinitesimal quantity that 1 tonne of molluscs collected from 

the wild could convey only 29 mg of dolastin 10. Later this was explained with the finding that dolastin 

10 is produced by cyanobacteria (Symploca hydnoides) and (Lyngbya majuscule), which are part of the 

mollusc diet (Martins et al., 2014). The supply constraint was overcome by the total synthetic synthesis 

of a synthetic analogue of dolastin 10, called monomethyl auristatin E, which is used in the assemblage 

of brentuximab vedotin, an antibody-drug conjugate (Müller et al., 2014). 

 

Brentuximab vedotin was developed by the United States-based company Seattle Genetics and known 

commercially as Adcetris (Seattle Genetics, 2015). In 2012, Adcetris was approved for the treatment of 

Hodgkin’s lymphoma (Jimenez, Wilke and Costa-Lotufo, 2018). Currently, Adcetris is sold in 

50 countries, including Canada, Japan, the United States of America and the members of the 

European Union (Seattle Genetics, 2015). In 2014, Adcetris net sales were USD 178.2 million and 

royalty revenues were an additional USD 40 million from sales of Adcetris by Takeda Pharmaceutical 

Company Limited (Seattle Genetics, 2015). Thus, comprehensively, the 2014 revenue from Adcetris 

was about USD 218 million.  

 
Lovaza 

 

Lovaza, previously known as Omacor®, is an antihypertriglyceridemia drug based on omega-3 fatty 

acids extracted from fish oils. Lovaza is a combination of eicosapentaenoic acid (EPA 465 mg) and 

docosahexaenoic acid (DHA). Lovaza is considered a real drug, differently from other dietary 

supplements containing omega-3 fatty acids (Martins et al., 2014). Lovaza is prescribed as an adjunct 

to diet for patients who have triglycerides higher than 500 mg/dl. In fact, hypertriglyceridemia has been 

linked to pancreatitis, atherosclerosis, coronary heart disease, stroke and other diseases (Reliant 

Pharmaceuticals, 2007). Thus, Lovaza has also been prescribed for postmyocardial infarction 

(BASF SE, 2019). 
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The first pharmaceutical company to produce Omacor/Lovaza was Norway’s Pronova BioPharma. 

Omacor has a well-established market and a long history of production, as it was registered in Norway 

in 1994 and introduced in the European market in 1996 and receiving approval (Bhatnagar and Hussain, 

2007). In 2004, it also received FDA approval for marketing in the United States of America and its 

sales were launched by Reliant Pharmaceuticals (U.S. Food and Drug Administration, 2004). In 2007, 

GlaxoSmithKline agreed to acquire Reliant Pharmaceuticals for USD 1.65 billion in cash (Var Arnum, 

2007), while in 2012 BASF, a German chemical company and the largest chemical producer in the 

world, acquired Pronova BioPharma for EUR 664 million, equivalent to USD 516 million (Grogan, 

2012). 

 

The market for Lovaza is quite broad and challenging to fully estimate because of the involvement of 

major pharmaceutical companies in its production, such as BASF, Abbott Laboratories, 

GlaxoSmithKline, Grupo Ferrer and Pierre Fabre (Grogan, 2012; Meek, 2014). Moreover, the year 2014 

marked a further expansion on the market of omega-3-acid ethyl esters capsules to other pharmaceutical 

companies, such as Teva Pharmaceuticals, Par Pharmaceuticals, AstraZeneca, Amarin Corporation, 
Matinas BioPharma Holdings and Omthera Pharmaceuticals, with the production of generic drugs in 

place of Lovaza (Meek, 2014; Taylor, 2014; Matinas BioPharma Holdings, 2014). Before the 2014 

market expansion, Lovaza sales by GlaxoSmithKline in 2013 were USD 913 million and in 2012 were 

USD 949 million (Humphreys, 2014). 

 
BASF is the chemical giant company that produces the active pharmaceutical ingredient omega-3-acid 

ethyl esters (K85EE) for GlaxoSmithKline and other companies. BASF reports that Lovaza is 

among the 50 most sold pharmaceuticals in the United States of America, and worldwide there are 1 400 

tonnes of omega-3 fatty acids prescribed annually. The shelf counter price of Lovaza is around USD 

312 for a supply of 120 capsules, each 1 g capsule containing approximately 900 mg of omega-3 fatty 

acids (RxList, 2019; Drugs.com, 2019). Thus, the price of 1 g of omega-3 fatty acids is about USD 2.8, 

and consequently, the end-user sale of 1 400 tonnes of omega-3 fatty acids can be estimated at USD 3.9 

billion/year. Therefore, worldwide sales of Lovaza and related generic drugs at the manufacturer level 

were conservatively estimated at USD 1.5 billion/year. 
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4. ESTIMATES OF DEEP-SEA REGULATING SERVICES  

4.1. Role played by the deep seas in carbon sequestration 

 
The ocean and deep seas play an important role in regulating the Earth’s climate and global carbon 

cycle. Carbon sequestration42 of the deep seas refers to the uptake of CO2 by the ocean and the transport 

and storage in different deep-sea compartments. This consists of an important ecosystem service in the 

regulation of atmospheric CO2 concentration, which prevents the CO2 transported into the deep seas 

from immediately contributing to the greenhouse effect, thus slowing climate change. 

 

The two main processes that bring the ocean to absorb atmospheric carbon dioxide (CO2) at the air-sea 

interface are CO2 solubility in seawater and photosynthesis by marine phytoplankton. 

 
CO2 solubility in seawater  

 

The first mechanism responsible for ocean uptake of CO2 is the gradient between the amount of CO2 in 

the atmosphere and that of the ocean surface waters. This gradient is measured as partial pressure of 

CO243 and drives the movement of CO2 from the compartment with higher partial pressure (atmosphere) 

into that of lower pressure (ocean). The key parameter controlling the maintenance of this gradient is 

that CO2 gas dissolves very easily in water. As soon as CO2 enters the water surface, the gas reacts 

chemically with water molecules forming carbonic acid, which is further broken down into hydrogen 

carbonate and carbonate ions forming what is called dissolved inorganic carbon44.   

 
Photosynthesis by marine phytoplankton 

 

The second mechanism responsible for ocean uptake of CO2 is photosynthesis, through which CO2 in 

the sunlit surface waters is used by phytoplankton and turned into oxygen (O2) and particulate 

organic carbon (POC). It should be noted that the transformation of CO2 in organic carbon and the 

decrease of CO2 concentration allow more CO2 to enter from the atmosphere into the ocean through the 

solubility pump. 

 

Overall, it is estimated that the world’s oceans cover a surface of about 360 million km2, recording an 

ocean primary production between 45 and 57 gigatonnes of carbon (Field et al., 1998; Smyth, Tilstone 

and Groom, 2005). The net primary productivity of the ocean per unit (140 g C m-2 year-1) is about 

one-third of the average net primary productivity on land (426 g C m-2 year-1). However, since the ocean 

covers approximately three-quarters (71 percent) of the surface area of the planet, the ocean contributes 

almost half of the net global primary production (Thornton, 2012). 

 

It should be noted that about 23 GtC of the world’s oceans primary production are estimated to come 

from surface waters of the ABNJ. Although coastal areas are richer in nutrients and tend to have higher 

productivity than pelagic zones, the ABNJ comprise 64 percent of the surface of the world’s oceans and 

therefore are estimated to account for nearly half (49 percent) of the overall primary production, 

assessed at 47 gigatonnes (Rogers et al., 2014). 

 
The ocean’s primary production depends on the biomass of phytoplankton, is limited by nutrients, light 

and temperature, and is sustained by the upwelling of deep waters, which are rich in macronutrients 

 
42 Carbon sequestration is the process of increasing the carbon content of a reservoir/pool other than the 

atmosphere. 

43 Partial pressure is the amount of pressure that a particular gas such as CO2 within a gas mixture (the atmosphere) 

contributes to the total pressure (Bollmann et al., 2010). 

44 Inorganic carbon refers to the carbon dissolved in the form of CO2, bicarbonate and carbonate. 
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such as nitrate and phosphate, produced from the remineralization of organic matter (Thornton, 2012). 

The primary production in the different oceans varies and it is not always proportional to their extent. 

The Atlantic Ocean covers 45 percent of the world’s ocean surface, while the Mediterranean Sea covers 

nearly 1 percent; they contribute in similar proportions to the global ocean primary production. 

However, the Atlantic and Indian Oceans tend to be slightly more productive, while the Southern and 

Arctic Oceans less productive (Carr et al., 2006). 

 
Overall, the ocean is considered a carbon sink, as it absorbs more carbon from the atmosphere than it 

releases. It is estimated that the deep sea contains over 38 000 GtC45 compared to 750 GtC stored in the 

atmosphere (Armstrong et al., 2010). However, only a small fraction of CO2 fixed by marine plankton 

through photosynthesis is exported annually to the deep ocean and sequestered from further contact 

with the atmosphere. 

 

The three main processes through which carbon is transferred from the ocean’s surface to the deep sea 

are the: (i) solubility pump; (ii) biological pump; and (iii) carbonate pump. 

 
Solubility pump 

 

The solubility pump refers to increased CO2 solubility of cold waters in the polar regions and the sinking 

of cold CO2 rich water into the deep sea. At high latitudes, large water masses of millions of cubic 

metres of water subduct into the interior of the ocean due to increased water density driven by cold 

water temperature and high salinity. This water movement of convection occurs in the Arctic producing 

the North Atlantic Deep Water and the Antarctic Bottom Water. 

 

The solubility of CO2 in seawater increases with decreasing water temperature; in the polar regions, 

water masses before sinking absorb an enormous amount of CO2 at the sea surface. As a result, CO2 is 

transported in the deep seas by convection to a depth of 2 000 m, although it has been reported that CO2 

can be transported at around 3 000 m depth (Bollmann et al., 2010). Despite this convection, movement 

occurs in local polar areas (i.e. convection areas); the subduction of these huge water masses propels 

the global ocean thermohaline circulation.  

 
Biological pump 

 

The biological pump is the process through which organic carbon fixed by photosynthesis is transported 

through food webs from the ocean surface towards the ocean interior and seafloor sediments and is 

trapped below the thermocline, therefore not turning quickly into contact with the atmosphere 

(Bollmann et al., 2010). 

 

In the photic zone, an initial large CO2 uptake occurs through photosynthesis. However, most of this 

carbon is released back in the atmosphere by the respiration processes of phytoplankton (during 

nocturnal phase) or of zooplankton feeding on phytoplankton. Biologically fixed carbon through 

photosynthesis is transferred from the surface to the deep ocean as sinking particles – particulate 

organic carbon (POC) – or dissolved organic carbon. It is estimated that between 10 and 35 percent 

surface-produced POC (mainly constituted by detritus matter, remains of dead cells, and fecal pellets) 

moves out of the surface ocean layer and passively sinks in the water column (Feely et al., 2001). This 

decaying material is referred to as “marine snow”, with “snowflakes” formed by aggregate organic and 

inorganic material growing bigger as they fall, some reaching several centimetres in diameter. Most of 

this marine snow derives from seasonal short-lasting outbursts of primary productivity and the rapid 

turnover and death of phytoplankton.  

 

 
45 1 gigatonne (Gt) equals 109 tonnes. 
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In the water column, the POC constitutes food for different filtering organisms and supports food webs 

of consumers and decomposers. Through benthic-pelagic coupling,46 POC is further moved down in 

the water column and becomes available to the benthic community (Trueman et al., 2014). Deep-sea 

sponges have very high filtering rates and their uptake of POC and production of fecal pellets contribute 

to the transport and accumulation of organic carbon in the seafloor sediment. With water depth, a 

decreasing carbon gradient is recorded and only a minor fraction of POC that leaves the ocean surface 

reaches the seafloor sediment.  

 
Carbonate pump 

 

The carbonate pump is interconnected to the biological pump, as among marine calcifying 

microorganisms there is a group of phytoplankton called coccolithophores that produce liths (armour 

plates), the hard part of their bodies made of calcium carbonate from inorganic carbon dissolved in 

water. Although the chemical reaction to form calcium carbonate leads to the release of CO2 from 

seawater back into the atmosphere,47 once coccolythophores die the sinking of these liths aggregated 

with other organic matter is thought to accelerate the sinking of organic carbon in the deep sea (by 

increasing the density of sinking particles or by providing some protection against degradation). This 

mechanism, known as the mineral ballast hypothesis, is based on evidence of correlation recorded below 

1 000 m depth of POC in ocean sediments and deep ocean calcite recovered from sediment traps (Klaas 

and Archer, 2002). The alternative explanation is that this observation correlation is not causative and 

the increased transport of POC is caused by higher rates of recycling and mineralization processes 

occurring in the water column (Henson, Sanders and Madsen, 2012). 

 

As summarized above, the carbon storage in the deep seas is the result of multiple interconnected 

processes, including the atmosphere-ocean gas exchange, photosynthesis, remineralization of organic 

carbon in the water column, biological pump, and mixing and movement of water masses.  

 

Knowledge on the global oceanic CO2 uptake and storage is based on an intensive ocean water sampling 

programme – GLobal Ocean Data Analysis Project (GLODAP) – in shallow and deep waters, which 

has been carried out through an international cooperative effort, led by the National Oceanic and 

Atmospheric Administration (NOAA), which collected approximately 1 million individual seawater 

samples from almost 800 cruises during the years 1972–2013 using both research and commercial 

vessels (GLODAP, 2016). 

 

The modelling and data interpolation of the global oceanic CO2 uptake is rather complex and 

very sensitive to the choice of parameters used, particularly with the wind speed and thus CO2 

gas transfer (Feely et al., 2001). The relationship between gas exchange and wind speed is non-

linear, but rather shows significant differences on regional and global scales (Feely et al., 

2001).  

 
Feely et al. (2001) showed that the use of different wind speeds in the modelling of the global ocean 

CO2 uptake wind velocity can lead to a discrepancy in the final estimates by a factor of 1 to 3. There is 

some variation in reported worldwide collated estimates. However, the total oceanic carbon storage is 

reported to be in a range of between 37 000 and 40 000 GtC, which includes the carbon in the euphotic 

zones where photosynthesis occurs, estimated to be approximately 900 GtC; and the intermediate 

twilight zone, comprised between 200 m and 1 000 m, estimated at about 37 100 GtC – 30 GtC stored 

in living organisms and 700 GtC in dissolved organic matter (Feely et al., 2001). 

 

 
46 Benthic-pelagic coupling is manifested as the exchange of energy, mass or nutrients between benthic and pelagic 

habitats  

(Griffiths et al., 2017). 

47 1 mol of calcium carbonate releasing 0.6 mol CO2 into seawater (Gattuso, Pichon and Frankignoulle, 1995). 
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4.2.  Quantity and value of carbon sequestration in the deep seas and the 
deep seas of the ABNJ 

 
The transfer of carbon across different compartments can be measured as an annual net flow measured 

in GtC/year. A net flow of carbon of approximately of 2–2.2 GtC per year enters into the world’s oceans 

from the atmosphere and terrestrial environment (Armstrong et al., 2010; Thurber et al., 2014); out of 

this amount a flow of organic carbon is transported in the water column towards the deep seas and only 

a minor fraction estimated between 0.2–0.4 GtC/year is buried in marine sediments (Armstrong et al., 
2010; Thurber et al., 2014).  

 

Christensen (2000) developed a regression model between the primary productivity in the photic zone 

and the carbon transport in the underlying deep seas. Overall, the organic carbon that reaches 1 000 m 

depth was estimated to be about 6 percent of the overlying primary productivity. The flux of organic 

carbon to 1 000 m depth was estimated to be similar in both the Northern and the Southern Hemispheres 

when taking into account their different sizes and productivities (i.e. 1.178 GtC for the Southern and 
1.149 GtC for the Northern Hemisphere). At greater depth, the carbon flux is further reduced and was 

estimated to be about 0.7 GtC at 2 500 m depth. Thus, the net flow of carbon that enters the ocean is 

reported to be between 1.4 and 1.6 GtC/year (Armstrong et al., 2010; Bollmann et al., 2010), however, 

these estimates do not specify at which depth this net flow of carbon is measured. 

 

Snelgrove et al. (2018) developed a spatially explicit model assessing on a global level the Sediment 

Community Oxygen Consumption (SCOC) on the seafloor. If it is assumed that all organic matter is 

degraded into inorganic carbon (due to low burial efficiency in the deep sea), SCOC can be considered 

an excellent proxy of seafloor organic carbon deposition (Middelburg, 2018). By querying the model 

developed by Snelgrove et al. (2018), the global integrate SCOC beyond 200 m depth is assessed at 

1.1 GtC/year (C. Wei personal communication). Therefore, the average value of 1.4 GtC/year, between 

the 1.1 GtC/year and 1.6 GtC/year global available estimates, corresponding to 0.4 GtCO2/year, was 

considered to estimate the carbon transported in the deep seas. Rogers et al., 2014, made an 

extrapolation of organic carbon annually stored in the deep seas of the ABNJ amounting to 

0.45 GtC/year-1, based on the initial estimate of an annual flux of POC below 1 000 m depth of 

0.27 GtC/year. The estimate of 0.4 GtC/year corresponds to 0.1 GtCO2/year. 

 
As any other commodity, the economic valuation of carbon sequestration is clearly affected by the 

choice of the unit price. To assess the relevance of carbon sequestration in deep seas and also in the 

deep seas of ABNJ in 2014 for this study, economic values were recalculated using the following 

parameters: (i) a lower unit price of EUR 6.4/tonne of CO2 (equivalent to USD 8.5) as a yearly average 

of carbon emission prices under the European Union Emissions Trading System in 2014;48 (ii) a higher 

unit price of USD 417/tonne of CO2 reflecting the social costs under a scenario with higher-than-

expected economic impacts from climate change (Ricke et al., 2018); and (iii) a carbon price of 

USD 217 as the average between the lower and the upper considered values, which is similar to the 

expert-based estimated social cost of carbon (Pindyck, 2016) (Table 31).  

 

  

 
48 https://www.investing.com/commodities/carbon-emissions-historical-data.  
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Table 31: Economic value of carbon sequestration by the deep seas 

 

Region 

Quantity of stored 

carbon 

GtCO2/year 

Economic valuation of carbon sequestration 

(USD million) 

Lower value Median value Upper value 

Deep seas 

(EEZs and ABNJ) 
0.4 3 243 82 779 159 074 

Deep seas of ABNJ 0.1 850 21 700 41 700 

Notes: The lower value is assessed by using a carbon price of USD 8.5 as the yearly average carbon trading in the 

EU ETS; the median value is assessed using a carbon price of USD 217 as the average between the lower and the 

upper values; and the upper value is assessed by using a carbon price of USD 417 as the worldwide median social 

cost of carbon calculated by Ricke et al. (2018). ABNJ = areas beyond national jurisdiction; EEZ = exclusive 

economic zone. 

 

 

Several valuation studies of carbon sequestration used the price of 1 tonne of CO2 set under the current 

European Union Emissions Trading System (EU ETS) in different years. The specific choice of the 

lower unit price referred to the price of 1 tonne of CO2 set under the current EU ETS in 2014 is due to 

the fact that the EU ETS constitutes as a reference for carbon pricing at the international level. The 

single largest international carbon market, EU ETS covers about 2 GtCO2 of emissions, operating in 

the 28 European Union member states and in three members of the European Economic Area (Iceland, 

Liechtenstein and Norway) (Kossoy et al., 2015).  

 

As reported, in 2014 the sale of emission allowances under EU ETS accounted for almost USD 4 billion 

(Kossoy et al., 2015). Other papers dealing with deep-sea carbon sequestration have used the EU ETS 

as a reference for carbon pricing. In particular, carbon storage by the deep seas was valued with an 

EU ETS carbon unit price of EUR 15 in 2009 (equivalent to USD 20) (Armstrong et al., 2010). The 

transport of carbon to the deep seas in the eastern tropical Pacific Ocean was valued using USD 5 and 

USD 9 as the lower and upper unit price values referred to EU ETS in 2013 (Martin, Ballance and 

Groves, 2016). The carbon utilized by benthopelagic fish was valued at the unit price of EUR 6 in 2014 

(equivalent to USD 8) (Trueman et al., 2014). Notably, the decreasing value of the tradable value of 

carbon in the EU ETS is related to the global financial crisis in 2008. 

 

Canu et al., 2015, reviewed carbon unit prices used in the regulatory and voluntary carbon markets 

worldwide between 2008 and 2013. In November 2013, the carbon pricing of EU ETS was EUR 4 

(equivalent to USD 3). Similarly, the analysed ten voluntary carbon markets, for the most part, adopted 

very low carbon pricing. Five markets used unit prices of tonnes of CO2 below USD 10, two used unit 

prices of tonnes of CO2 below USD 24, and only Carbomark in Italy and J-VER in Japan used unit 

prices of tonnes of CO2 above USD 55. By reflecting on the common low market value of 1 tonne of 

sequestered CO2 in carbon finance, Canu et al., 2015, decided in their valuation to use the social cost 
of USD 25/tonne of CO2 as suggested by the European Commission (2008). 

 
The social cost of carbon is the economic cost associated with climate change that results from the 

emission of additional tonnes of CO2 in the atmosphere, further contributing to climate change. The 

literature discusses a large variety of estimates referred to the social cost of carbon, as clearly this 

estimate is affected by large uncertainty due to climate-economic-atmospheric complexity; thus, 

estimates are highly influenced by the methodological approach and assumptions used. By reviewing a 

large amount of published studies (n = 232) assessing the social costs of carbon, Tol (2008) calculated 

a median value of USD 33/tonne of CO2. More recently, van den Bergh and Botzen (2014) argued that 

previous estimates have grossly underestimated the true social costs that should be placed at least at 

USD 125/tonne of CO2. Rogers et al. (2014) used an estimate for social cost suggested by the 

Interagency Working Group on Social Cost of Carbon (2010), also adding an uncertainty of 

± 50 percent around the reported social cost (i.e. USD 45–135). 
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A survey among economists and climate scientists with established expertise in climate change impacts, 

in which 1 000 experts worldwide provided their opinion on the probabilities of alternative economic 

outcomes of climate change and the level of the reduction in emissions required to avert an extreme 

outcome, resulted in a calculation of mean social cost of carbon of about USD 200 per tonne of CO2 

(Pindyck, 2016).  

 

Recently, Ricke et al. (2018) developed a modelling of the societal cost of carbon based on a 

consideration of multiple scenarios, ultimately providing a worldwide median social cost of carbon of 

USD 417/tonne of CO2. This average value results from a country-level analysis of the social cost of 

carbon that integrates climate-model projections, estimates of climate-driven economic damages and 

socio-economic projections under different scenarios.  

 

The output of the economic valuation of the carbon sequestration service provided by the deep seas 

clearly shows the impact of the price at which the service is valued by society. Deep-sea carbon 

sequestration is worth USD 3.2 billion/year if valued with the current market prices referred to the trade 

of carbon allowances under the 2014 EU ETS. However, it has nearly 50 times greater value (USD 159 

billion/year) if the estimated social costs of increased carbon emissions are fully accounted (Table 31). 

Of interest is the fact that 25 percent of the deep-sea carbon sequestration service and the associated 

economic value is carried out by deep-sea areas located in the ABNJ.  

 

 

An emerging economic sector is the use of deep-sea areas for storing CO2 produced on land. A variety 

of geoengineering measures are currently being investigated which involve enhancing the capacity of 

deep-sea areas to store and sequester carbon. The rationale behind subsea bed disposal is that CO2 under 

appropriate temperatures and pressure conditions forms a solid crystalline structure and therefore can 

be trapped in deep-sea sediments or in exploited oil and gas reservoirs (Ramirez-Llodra et al., 2011). 

Model calculations for the capacity to store CO2 in the oceans indicate that this capacity could be on 

the order of thousands of gigatonnes of CO2 (Metz et al., 2005). 

 

Currently, there are two experimental sites that are undertaking carbon dioxide disposal in the deep 

seas. One site is operated by the Norwegian oil and gas company Statoil Petroleum AS, which has an 

offshore gas plant in the North Sea extracting gas from the natural Sleipner gas field, located 240 km 

southwest of Stavanger in the middle of the North Sea. The extracted gas has a natural concentration of 

about 9 percent CO2, while marketing specifications require CO2 concentration to be 2 percent 

(Armstrong et al., 2010). Therefore, Statoil led a Sleipner project to develop a method to separate the 

CO2 in excess from the natural gas and inject the CO2 into deep-sea saline aquifers.49 

 

In 1996, the economic incentive for the CO2 disposal project was given the possibility to lessen the 

costs related to the 1991 Norwegian tax on carbon emissions of about USD 35 per tonne CO2 and to 

obtain credits for the injected CO2. By comparison, the costs associated with the CO2 injection are about 

USD 17 per tonne CO2 (Korsbakken and Aamaas, 2016). 

 
Since the start of the project in 1996, Statoil has stored about 1 million tonnes of CO2 per year at a depth 

between 800 m and 1 000 m below the seafloor; the storage capacity of the saline aquifer, named Utsira, 

is estimated to be about 42 trillion tonnes of CO2 (Armstrong et al., 2010; Ramirez-Llodra et al., 2011). 

No information was found on the amount of CO2 emissions linked to the functioning of the Sleipner 

gas plant. 

 

 
49 A saline aquifer is porous sandstone with saltwater that is isolated from groundwater and seawater. For their 

CO2 storage potential, formations found at more than 800 m depth, located under impermeable layers of cap rock, 

are of particular interest (Karlsson and Byström, 2011). 

4.2.1. Carbon dioxide disposal in the deep seas 
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Due to Norwegian regulations in carbon emissions, the carbon storage in the deep-sea sediments is 

estimated to have saved Statoil USD 50 million/year in reduced offshore carbon taxes (Armstrong et 

al., 2010). No leakage of CO2 from sediments has been reported to date and research is undergoing to 

investigate any potential environmental impact and the long-term CO2 storage (Ramirez-Llodra et al., 

2011). 

 

In 2007, Statoil replicated the experiment in another location in the Barents Sea in the Snøhvit natural 

gas field, situated 140 km northwest of Hammerfest, Norway. The water depth in the area is 310–340 

m. The Snøhvit plant produces liquefied natural gas and liquefied petroleum gases, and has 

19 production wells and one injection well for CO2. The CO2 of natural gas in the Snøhvit gas field is 

separated at the Melkøya onshore plant and reinjected into the field (Statoil ASA, 2017). It is estimated 

that the Snøhvit stores in the sediment 650 000 tonnes of CO2 per year, but, at the same time, the gas 

plant is estimated to emit 920 000 tonnes of CO2 each year (Wikipedia, 2007; Statoil ASA, 2017). 

 
These two experimental sites show that carbon dioxide disposal in deep-sea sediments has the capacity 

to reduce the overall budget of carbon emissions of industrial gas and oil companies and that this 

technology has been developed for fiscal advantages in reducing offshore carbon emissions. 

 

As the process of carbon storage is artificially driven, and because it is not naturally occurring in the 

ecosystem, it should not be considered as an ecosystem service provided by the deep seas. In any case, 

carbon sequestration related to the injection of CO2 in the seabed should be assessed along with the net 

carbon emissions linked to the functioning of the industrial gas plant and eventual leakage of CO2 from 

the used aquifers. 
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5. ESTIMATES OF DEEP-SEA CULTURAL SERVICES 

5.1. Scientific research on the deep-sea ecosystem 

 
Estimating worldwide investments made in 2014 with the aim of increasing scientific knowledge of the 

deep-sea ecosystem is a very challenging task given the worldwide plurality of ongoing programmes 

and funds that include those originating at the international, national and regional levels, as well as 

those deriving from the private sector and non-governmental organizations. A first preliminary analysis 

carried out in this study identified the investment costs for scientific research made through funding at 

the international and national levels referred to 2013/2014.  

 

At the international level, a literature review identified 32 projects on the deep seas that were active in 

2014 and funded under the European Union and one project on the ABNJ funded by the GEF, which 

was able to leverage relevant cofinancing. Altogether, based on retrieved information, in 2014 the 

average annual funding mobilized at the international level for scientific research in the deep seas was 

estimated at USD 87 million.  

 

At the national level, expenses made by governments in ocean science were retrieved from a recent 

survey carried out by UNESCO (2017). By using data reported in the UNESCO-GOSR survey, funding 

mobilized for scientific research in the deep seas by 24 reporting countries was estimated at  

USD 5 679 million/year. International (USD 92 million) and national (USD 5 679 million) funding 

sources together provide an overall value of USD 5 771 million/year for estimated 2014 investments 

for scientific research in the deep seas. This should be considered a preliminary underestimated figure 

constrained by current limited data availability. 

 

The following paragraphs describe in more detail the rationale, the data sources, and the assumptions 

made in the compilation of the two estimates above referred to international and national investments.  

 

  
The first analysed source of international funding programmes is Horizon 2020, which was established 

by the European Union/European Commission to support and foster research in the European Research 

Area (ERA). Horizon 2020 covers a seven-year period, from 2014 to 2020, and is articulated in three 

main research areas: excellent science, industrial leadership and societal challenges. Funding allocated 

to excellent science between 2014 and 2020 amounts to a total budget of EUR 24 billion, corresponding 

to USD 32 billion (EU Commission, 2013). A search in the European Union-database CORDIS of 

European Union-funded research projects returned 32 projects on the deep-sea ecosystem that were 

active in a period of time which included the year 2014 (Appendix 4). 

 

The overall funding allocated to these 32 projects is about USD 271 million, with an average annual 

investment estimated for the year 2014 of USD 73 million (Appendix 4). The analysed European Union-

funded projects on the deep seas had an average length of four years, which can be a limiting time frame 

for data collection related to deployment of instrumental observatories in the deep seas for an extended 

period (Rogers et al., 2015). 

 
Another international source for research funding is the Global Environment Facility (GEF), which 

specifically supports projects to support countries collaborating and collectively managing international 

waters. In 2012, the GEF launched a project for sustainable fisheries management and biodiversity 

conservation of deep-sea living marine resources and ecosystems in the ABNJ50 with GEF financing of 

USD 7 million and mobilized funds for cofinancing of USD 79 million. Considering the time frame of 

the project (2012–2018), the allocated budget for the year 2014 was estimated at USD 19 million.  

 
50 The current study was also funded under this GEF project. 

5.1.1. Scientific research funded at the international level 
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Information on national funds is mainly related to a recent study carried out by UNESCO (2017), which 

in 2015 launched the Global Ocean Science Report (GOSR) initiative aimed at providing a status report 

on ocean science. Ocean science covered eight main themes, six of them strictly related to the deep-sea 

ecosystem, including marine ecosystems functions and processes,51 Blue growth,52 ocean and climate,53 

ocean crust and marine geohazards,54 ocean technology,55 and ocean observation and marine data.56 

Therefore, the outcome of the GOSR is highly relevant to assessing the capacity and mobilized 

resources for scientific research in the deep seas. 

 

The data discussed below were extracted from the GOSR survey publication and refer to 24 countries 

out of the 148 member states of the Intergovernmental Oceanographic Commission of UNESCO, which 

provided information of the annual national expenditure on ocean science between 2009 and 2013. 

 

In 2013, ten of these countries reported the largest annual expenditures in ocean science (i.e. top ten 

countries) together accounting for USD 14 905 million/year, which represents 99 percent of the total 

accounted expenditures. The United States of America is the most important among these top ten 

countries, as its reported expenditures (USD 12 500 million/year) are five times higher than the 

combined total expenditures of the other nine countries (USD 2 405 million/year), which includes four 

European countries: France (USD 500 million/year), Germany (USD 445 million/year), Norway 

(USD 300 million/year) and Italy (USD 290 million/year); three Asian countries: Republic of Korea 

(USD 190 million/year), Japan (USD 170 million/year) and India (USD 150 million/year); as well as 

Australia (USD 210 million/year) and Canada (USD 150 million/year). In comparison, the remaining 

14 countries reporting have extremely lower annual expenditures and together they account for a joint 

contribution of USD 149 million/year (Table 32). 

 
51 Marine ecosystems functions and processes: This category refers to marine ecosystem’s structure, diversity and 

integrity and includes abiotic and biotic characteristics. Marine ecosystem functions include biogeochemical, 

chemical, physical and biological processes. They are characterized by nutrient cycles, energy flow, exchanges of 

material, as well as trophic dynamics and structure. All these processes are marked by a variability in – and 

diversity of – natural dynamics, including seasonal, temporal and spatial differences and perturbations. The report 

comprises the following topics under marine ecosystems functions and processes: biodiversity; physical setting; 

primary production; consumption; sedimentation; respiration; aerobic and anaerobic processes across the different 

trophic levels; biological pump, etc. (UNESCO, 2017).  
52 Blue growth: This category refers to the research on – and in support of – sustainable use of marine resources, 

including the research on economically important species with regard to food security (fisheries and aquaculture). 

Blue growth further covers studies on the utilization of new energy resources in the ocean and marine 

bioresources, as well as clean technologies, pharmaceuticals, cosmetics and desalination, etc. (UNESCO, 2017). 

53 Ocean and climate: This category refers to research on the interaction between the ocean and the atmosphere to 

provide better predictions of reciprocal changes in the ocean and climate system. The ocean and climate category 

comprises the following topics: palaeoceanography; ocean warming; ocean acidification; deoxygenation; sea-

level rise; changes in ocean circulation and air-sea interaction, etc., but does not include studies on extreme 

weather events (UNESCO, 2017). 

54 Ocean crust and marine geohazards: This category refers to geological/geophysical marine research, including 

hydrothermal vents, seismology, ocean drilling, movements and associated marine hazards (tsunamis, gas/fluid 

escape above huge sub-seafloor, rapid sea-level rise, flooding, hurricanes and extreme coastal weather events) 

(UNESCO, 2017). 

55 Ocean technology: Research related to marine innovation and the design and development of equipment and 

systems for marine science and industries. This category covers studies on marine engineering, such as the 

development of marine energy solutions, satellites and remote-sensing techniques, remotely operated vehicles 

(ROV), gliders, floats, sensors, new measurement devices and techniques, etc., in addition to marine 

geoengineering (e.g. solar radiation management and carbon dioxide removal techniques) (UNESCO, 2017). 

56 Ocean observation and marine data: This category is relevant for all categories of ocean science. It includes the 

collection, management, dissemination and use of marine data and information to create knowledge on the seas 

and ocean. This cross-cutting category underpins all marine and maritime activities, in particular marine scientific 

research. However, it also covers studies on – and development of – marine data platforms, marine databases, data 

reporting and management activities (UNESCO, 2017). 

5.1.2. Scientific research funded at the national level 
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Table 32: Worldwide reported annual expenditures in ocean science 

 

Countries 

Annual 

expenditures in 

2013 

(million USD) 

Research fleet 

(number) 

ROVs 

(number) 

AUVs 

(number) 

Top ten countries 14 095 213 26 205 

Remaining countries 149 98 10 21 

Total 15 054 311 36 226 

Notes: Data source is GOSR survey (UNESCO, 2017). Data at the country level are reported in Appendix 4. 

Reported number referred to research fleet includes vessels with different lengths, including local/coastal ≥ 10 m 

to < 35 m; regional ≥ 35 m to < 55 m; international ≥ 55 m to < 65 m; global ≥ 65 m. ROVs = remotely operated 

vehicles. AUVs = autonomous underwater vehicles. 

 

 

As expected, the total number of research vessels for these top ten countries (213 vessels) is more than 

double the number reported by the other remaining countries combined (98 vessels). The largest fleets 

of marine research vessels, exclusively dedicated to research, are maintained by the United States of 

America (51), Japan (29), Republic of Korea (26), Germany (25), Canada (20), France (16), Italy (16), 

Norway (14), India (10) and Australia (6). 

 

In addition to the transfer to distant offshore areas, scientific research in the deep seas requires 

specialized technical infrastructure to access these remote habitats, including remotely operated 

vehicles (ROVs) and autonomous underwater vehicles (AUVs). ROVs are unoccupied underwater 

robots that are remotely operated from the research vessel by a series of cables. ROVs can be equipped 

with video cameras, lights, sonar systems and articulated arms. AUVs are a more advanced kind of 

robot that are deployed from the research vessel but have no connecting cables. They can travel 

independently from the research vessel location according to a preprogrammed route and return to a 

preprogrammed location at the end of their mission. They can reach more dangerous or remote areas 

and be equipped with sensors with a recording system to map the ocean floor. The number of reported 

AUVs in the GOSR questionnaire is larger than the number of ROVs; given the higher costs for these 

vehicles, they are mostly maintained by the top ten countries with higher reported expenditures.  

 

Research in the deep seas can be quite expensive. Just considering the equipment necessary for a deep-

sea survey, the cost of research reported by the Woods Hole Oceanographic Institution includes the cost 

of the research vessel R/V Knorr (USD 43 000/day), in addition to the cost of ROV equipment, ROV 

Jason (USD 22 000/day) and AUV Sentry (USD 15 000/day) (Van Dover et al., 2014). A 12-day 

research cruise with a research vessel equipped with an ROV and AUV will cost nearly USD 1 million, 

not including personal salaries and travel expenses to the expeditionary point of departure. By 

comparison, it should be noted that a simple seafloor survey to run a 100-mile pipeline costs about USD 

50 million (Carlyle, 2013).  

 
These reported operational costs help put into perspective the expenditures associated with deep-sea 

exploration and research. While the annual expenditures reported in the GOSR survey refer to ocean 

science, the share referring to deep-sea ocean investigation is unknown. Considering the large 

maintenance and operating costs of research vessels and specialized technical infrastructure, the 

investments in ocean science reported by 23 reporting countries, excluding the United States of 

America, amounting to USD 2 554 million/year, have all been included in the estimate of investment 

costs for research in the deep seas. Although this is clearly an overestimate, it is used to lessen the 

large data gaps related to a large number of countries non-reporting information in the GOSR survey (n 

= 124). 

  
A special caution needs to be taken with regard to the annual expenditures for ocean science reported 

by the United States of America, which amounts to USD12 500 million/year. A literature search 
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revealed that the budget of the National Oceanic and Atmospheric Administration (NOAA) Office of 

Ocean Exploration and Research in fiscal year 2014 was about USD 26 million (NOAA, 2014). In 

addition, a multi-year programme running between 2012 and 2015 by NOAA’s Deep Sea Coral 

Research and Technology Program, specifically designed to advance knowledge of Alaskan cold-water 

corals and deep-water sponge grounds, reported an overall budget of USD 2.5 million (Rooper et al., 

2017) and thus an estimated budget for 2014 of USD 0.6 million/year. Considering also the public 

complaint of reduced resources allocated by the government in 2013 to NOAA deep-sea research 

(USD 24 million/year) compared to resources allocated to NASA (USD 3.8 billion/year) (Conathan, 

2013), only one-quarter, corresponding to USD 3 125 million/year, of the total United States annual 

expenditure related to ocean science has been considered in the estimate of deep-sea research. 

Therefore, based on currently available data, the best estimate of the worldwide annual expenditure in 

2013 on scientific research in the deep sea funded at the national level is USD 5 679 million/year.  

5.2. Recreation and leisure of diving with submersibles in the deep seas  

 

The deep sea is an exciting frontier for exploration. The thrill and curiosity of diving in such a remote 

and hostile environment where a human body cannot withstand the external water pressure and 

temperatures underlie the desire of some individuals to be in a submersible and be able to dive as part 

of such an awe-inspiring experience. Technical equipment necessary to access the deep sea is very 

expensive and, consequently, the programme offered is currently restricted to a very limited number of 

wealthy tourists. Although the tourist number might be quite small, prices of these submersible dives 

are considerable; therefore, overall, the market value of this type of tourism on an economic point of 

view is not completely negligible. 

 

A literature search identified six different private companies running these types of tours, five of which 

are still active today and were also running in 2014 (Table 33).  

 
Table 33: Touristic operators offering dives with submersibles and related costs 

 

Operator Operating since Submersible dive 
Cost per dive 

(USD/person) 

Deep Ocean Expeditions LLC 

1998–2012 Titanic shipwreck 65 000 

1998–2012 
Azores hydrothermal 

vents 
37 500 

Bluefish 2009–present Titanic shipwreck 65 000 

Blue Marble Private 2018–present Titanic shipwreck 105 129 

MV Argo 2008–present Cocos Islands 1 650 

Roatan Institute of Deepsea 

Exploration 
1998–present Roatàn, Honduras 1 150 

Substation Curaçao 2008–present Curaçao 800 

 

 

Three of these operators were exclusively organizing expeditions to the Titanic shipwreck. The Titanic 
was a British passenger liner that departed from Southampton, United Kingdom, to New York City, 

United States, on 10 April 1912; a few days later it sank in the North Atlantic Ocean after hitting an 

iceberg. After countless search expeditions, the shipwreck was located in 1985 at 3 800 m depth around 

600 km south-southeast off the coast of Newfoundland. Thus, the Titanic shipwreck diving site is 

located beyond the United States EEZ, in the ABNJ.  

 

Historically, Deep Ocean Expeditions LLC was the first operator to offer the possibility of diving to 

explore the Titanic’s shipwreck using submersibles. The travel and exploration of the Titanic takes 

about 11 hours. The price of the seven-day cruise in 2012 was around USD 35 000 per person, while 

diving to see the Titanic required an additional USD 65 000 per dive (Macguire, 2012). Deep Ocean 
Expeditions also offered another diving excursion, this one to the Azores hydrothermal vents, situated 

in the Mid-Atlantic Ridge, roughly about 483 km from the Azores (Macguire, 2012). The Azores 
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hydrothermal vent cruises were infrequent and intermittently scheduled (Macguire, 2012). The last 

scheduled trip was in 2012; the reported average prices in Table 33 refer to trips taken in 2002 (Leary, 

2007). Until 2003, Deep Ocean Expeditions had taken more than 100 people to the Titanic’s shipwreck 

and over 40 people to the Azores hydrothermal vents (Leary, 2007). Deep Ocean Expeditions, operating 

since 1998, ended its activity in 2012. 

 

In 2009, another company, Bluefish,57 started the same business, scheduling two cruises a year to the 

Titanic shipwreck. Each cruise allows 20 people, and two people at a time can dive in the nickel steel 

submersible to see the sunken ship. The cost of the dives at Bluefish is reported to be USD 65 000 per 

person. Bluefish has claimed that between 2009 and 2015, more than 40 people have taken dives to see 

the Titanic (Pemberton, 2015); this would mean an average of about six divers per year, with gross 

revenue for Bluefish estimated at approximately USD 390 000/year (Table 34). 

 
Table 34: Economic value of recreational diving excursions with submersibles  

 

Region Operator 
Cost per dive 

(USD/person) 

Estimated 

number of tourists 

Estimated gross 

revenue 

(USD/year) 

ABNJ 
Bluefish 65 000 6 390 000 

Blue Marble Private 105 129 9 945 000 

Subtotal related to dives to the Titanic shipwreck in the ABNJ  1 335 000 

EEZs 

Undersea Hunter Group 1 650 n.a. 370 000 

Roatan Institute of 

Deepsea Exploration 
1 150 80 92 000 

Substation Curaçao 800 80 64 000 

Total 1 861 000 

 Note: ABNJ = areas beyond national jurisdiction; EEZs = exclusive economic zones; n.a. = not available.  

Commencing in July 2018, Blue Marble Private,58 in collaboration with OceanGate Expeditions, which 

created the Triton 3300, a purpose-built submersible able to carry two passengers and the pilot (Smith, 

2017), started chartering 10-day trips to the Titanic, taking nine passengers at a time. The cost of the 

cruise plus the dive to the shipwreck is about USD 105 000 per person, almost double that of Bluefish; 

however, it also includes a helicopter transfer from the city of St. John’s, Newfoundland, to a yacht 

stationed near the Titanic’s sinking site. The first cruise of 2018 was already fully booked and 

reservations are being taken for 2019.59 This means that the estimated gross value of submersible dives 

is USD 945 000/year. 

 

 

The MV Argo Liveaboard in Costa Rica runs regular diving cruises to Cocos Islands organized by the 

Undersea Hunter Group. The yacht uses a submersible to carry a pilot and two passengers to a depth of 

nearly 475 m. The MV Argo can accommodate a maximum of 18 guests. The 10-day cruise costs 

between USD 5 300 and USD 6 300 per person depending on the season. The average price of a dive 

with a submersible is USD 1 650/person, varying in a range between USD 1 450 and USD 1 850. The 

18 passengers have the possibility of diving three to four times a day for an overall maximum number 

of 24 dives per cruise (Dive the World, 2018). The maximum annual number of deep-sea divers on the 

MV Argo is therefore 672 (i.e. 24 dives × 2 passengers × 14 cruises in a year). If only one-third of those 

dives are filled at an average price of USD 1 650, the economic revenue of submersible dives with the 

MV Argo operator is about USD 370 000/year (excluding cruise cost). 

 

Roatan Institute of Deepsea Exploration,60 operating since 1998, has carried out more than 

800 successful dives (Smith, 2017), thus an average of 40 dives per year. Since the Idabell submersible 

 
57 https://www.thebluefish.com/visit-the-titanic. 

58 https://www.bluemarbleprivate.com/insight/dive-the-titanic. 

59 http://edition.cnn.com/travel/article/titanic-wreck-dives/index.html 
60 www.stanleysubmarines.com. 

http://www.stanleysubmarines.com/
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carries two tourists per dive, 80 passengers is the average estimated number of tourists per year. A ticket 

price of about USD 1 150/person can be considered, which is the average of reported fees for the 

different diving tours offered. Based on the above assumptions, 80 tourists paying an average price of 

USD 1 150 would deliver to the Roatan Institute of Deepsea Exploration gross revenues of about 

USD 92 000 per year (Table 34). 

 

In 2008, the Substation Curaçao purchased the RV Chapman, a research vessel decommissioned by 

NOAA after 25 years of service. The vessel was refurbished to become a submarine tender for 

Substation’s mini-submarine “Curasub”. Curasub is a certified mini-submarine for tourists, able to 

transport four passengers per trip; Curasub schedules dives four times a day, five days a week with 

4 160 dives a year. It offers two shallower dives above 150 m depth and two deep-sea diving excursions 

at a depth of 300 m. The cost of the deep-sea diving tours is USD 800 (Substation Curacao, 2018). 

Information on the number of deep-sea divers per year is confidential. Therefore, for the purpose of this 

study, the number of tourists was estimated conservatively at 80 divers per year (as for the Roatan 

Institute), which comes out to be USD 64 000 per year in gross revenue. It should be noted that since 

2010 Substation Curaçao has been collaborating with the Smithsonian Institute in the Deep Reef 

Observation Project (DROP).61  

 

Based on the above information, the market value of submersible dives in the ABNJ at the Titanic 

shipwreck is estimated at USD 1.3 million/year (Table 34). Considering that the reported list of existing 

worldwide submersible diving touristic expeditions might not be complete and the fact that the actual 

number of dives per year in most cases is unknown, the market value associated with the deep-sea 

ecosystem, including ABNJ and countries’ EEZs, is estimated at USD 3 722 000, which is double the 

amount estimated on the basis of retrieved information in the literature.  

 

 

 

 
61 DROP project was funded between 2011 and 2012 by the Consortium for Understanding and Sustaining a 

Biodiverse Planet, National Geographic’s Committee for Research and Exploration, and the Smithsonian Tropical 

Research Institute (Substation Curacao, 2018). 
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6. TOTAL ECONOMIC VALUE OF THE DEEP-SEA ECOSYSTEM 

 
A total economic value (TEV) framework was used to assess a wide range of goods and services 

delivered by the deep seas. Five of the analysed ecosystem services showed the economic value 

associated with the resources provided by the deep-sea ecosystem, namely, the provision of deep-water 

fish, the harvest of precious corals, the production of pharmaceuticals of marine origin, the extraction 

of deep and ultra-deep oil, and the potential mining of mineral resources from the seafloor. 

 

Two cultural services expressed societal interest, as well as curiosity triggered by the deep sea, as 

revealed by the money spent for increased scientific knowledge of the deep-sea ecosystem and in 

touristic activities of dives in the deep sea with submersibles. A last regulating service showed the 

economic relevance of the role played by the deep-sea ecosystem in carbon sequestration, slowing down 

climate change effects. 

 

The computed TEV value is the overall sum of these assessed eight ecosystem services. The flow of 

each analysed ecosystem service was assessed over a time frame of one year, and the reference used for 
the analysis was the year 2014. 

 

6.1. Overview on the total economic value assessed for the deep-sea 
ecosystem 

 

A first overarching analysis conducted on a global scale considers the deep-sea ecosystem found below 

200 m depth and occurring both within countries’ EEZs and the ABNJ. The TEV is calculated under 

two different scenarios. The first scenario depicts a situation in which all analysed ecosystem services 

are valued according to the prices at which they were traded on the market in the year 2014 and provides 

an estimate for the deep-sea ecosystem as a whole of USD 267 billion/year (Table 35; scenario A). The 

ecosystem services that mostly contributed to this overall assessed value are referred to the provision 

of abiotic resources, which includes the current extraction of deep-water and ultra-deep-water oil 

resources and the estimated potential extraction of precious minerals from the seafloor. 

 
Table 35: Total economic value assessed for the deep-sea ecosystem 

 

Ecosystem service 

category 
Ecosystem service 

Total economic value of the deep seas  

(ABNJ and EEZs) (million USD/year) 

Scenario A:  

Market-based valuation 

Scenario B:  

Market-based valuation 

and social cost of carbon 

Provisioning – 

biotic resources 
Seafood 9 469 9 469 

Provisioning – 

biotic resources 
Ornamental resources 121 121 

Provisioning – 

biotic resources 

Pharmaceutical 

resources 
2 274 2 274 

Provisioning – 

abiotic resources 
Oil 216 810 216 810 

Provisioning – 

abiotic resources 
Minerals 29 165 29 165 

Regulating Carbon sequestration 3 243 159 074 

Cultural  Research and education 5 771  5 771 

Cultural Recreation and leisure 4 4 

Total economic value 266 847 422 678 
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The inclusion of abiotic resources in the TEV framework has been a deliberate choice of this study. 

Abiotic resources such as oil and minerals are often not considered as ecosystem services, since, being 

different from biotic (living) resources, their delivery is not affected by the ecosystem state and 

conditions. For this reason, they are also defined as non-renewable natural capital since they are formed 

over long geological time (Voora and Venema, 2008) and their extraction is considered a state-

independent ecosystem service (Böhnke-Henrichs et al., 2013). On the other hand, abiotic resources 

such as oil and minerals constitute resources of great economic relevance, whose accounting is 

fundamental to provide a realistic scenario of the existing economic interest towards deep-sea 

exploration and exploitation.  

 

The market-based valuation of scenario A shows how abiotic resources represent the greatest share of 

the estimated TEV. Crude oil production, which includes in addition lease condensate and hydrocarbon 

gas liquids, represents 81 percent of the TEV, to which is added the 11 percent contribution of the 

economic value estimated for deep-sea mining. 

 

By constraint, biotic resources, comprising deep-water fish resources, corals and pharmaceuticals of 
marine origin together account only for 4 percent of the estimated TEV. A minor contribution equal to 

2 percent is provided by cultural value, in which investments made in scientific research and money 

spent on touristic deep-sea dives are jointly considered. Carbon sequestration carried out by the 

deep-sea ecosystem has an estimated market value of USD 3.2 billion/year, representing only 1 percent 

of the estimated TEV. 

 
It should be noted that, given the asymmetrical contributions of the analysed ecosystem services, the 

calculated TEV of USD 267 billion/year is mostly influenced by the number of barrels of oil extracted 

from deep and ultra-deep reserves as well as by the crude oil price. If the analysis would have been 

carried out for the year 2016 in which a low peak of crude oil price was recorded (USD 43/barrel) (EIA, 

2019), the economic value of deep and ultra-deep oil resources (extracted at a rate of 6 million barrels 

per day) would have been USD 94 billion/year and, consequently, the overall TEV would have nearly 

halved, amounting to USD 144 billion/year, under the assumption that all other ecosystem values had 

remained unchanged. In a different scenario if the reference year would have been 2012 in which crude 

oil price reached USD 112/barrel, the overall TEV would have increased to about 10 percent. 
Therefore, the high price volatility of oil resources and, to a minor degree, that of mineral resources are 

two major factors determining the final calculated TEV under scenario A. 

 

However, there is also another major source of variability in the estimated TEV that refers to the 

approach used to value the carbon sequestration service of the deep seas. Under scenario A, all 

ecosystem services are valued according to a market-based approach, including carbon sequestration 

for which the price of one sequestered tonne of CO2 (USD 8/tonne of CO2) is the average market price 

at which carbon was traded under the EU ETS in 2014. However, if a mixed valuation approach is used, 

and carbon sequestration is valued by considering the social costs of increased carbon emissions, under 

scenario B, the overall TEV of the deep seas nearly doubles to USD 423 billion/year and the importance 

of carbon sequestration in economic terms becomes comparable to that of abiotic resources (oil and 

minerals).  

 

This is one key finding of this study, showing how economic markets do not necessarily reflect the 

“true value” of ecosystem services. As the unit price can be affected by market distortions or policy 

failures, market prices ultimately do not fully reflect the real value of a good or service for society. 

 

In the next section, a more detailed discussion on the economic value of the single ecosystem services 

is presented. 
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Today, most oil and gas extraction still takes place onshore; offshore oil extraction currently accounts 

for 37 percent of global production (Bücker et al., 2014). The current worldwide exploitation of deep-

water62 and ultra-deep water63 resources is mainly carried out by four countries – United States of 

America, Brazil, Angola and Norway – within their EEZs. The first three countries belong to a 

geographic area called the “golden triangle”, for its abundance of deep-water oil reserves, which has its 

vertices laid in the Gulf of Mexico, Western Africa and Brazil (Rochette et al., 2014). 

 

In 2014, these four countries were extracting 6.1 million barrels/day (EIA, 2016), and based on the 

average 2014 Brent oil crude price (USD 99/barrel) the extraction provides an annual gross value of  

USD 214 billion/year. This value refers only to the annual estimated extraction of oil resources, which 

is clearly just a portion of the overall amount of oil reserves in the deep seas. 

 

While oil extraction in the deep seas is already taking place, mining activities are still in an exploratory 

phase. However, the temporal gap between the exploratory phase and the development phase is quickly 

narrowing. Therefore, this study also provides an estimate of the economic value related to the potential 

extraction of two mineral resources from the deep seas. 

 

Since the price of precious metals such as manganese, copper, cobalt and silver are highly volatile and 

depend on several factors, including the relationship between demand and supply, the status of land-

based mineral reserves and expectations of future supply and demand (Sharma, 2018), it is very hard to 

predict on a global scale what economic value these precious metals will have in the future (Cuyvers et 

al., 2018). For this reason, this study posited a hypothetical scenario to assess the economic value of 

minerals extracted from the deep-sea seafloor assuming that exploratory deep-sea mining contracts in 

place in 2014 would have moved in that year to an exploitation phase. Although this is just a theoretical 

situation, it allows for valuing deep-sea mineral resources at 2014 market prices and comparing them 

with other assessed ecosystem services. 

 

The scenario is built on an in-depth literature review on the subject that considered the number of 

existing deep-sea mining contracts, the area most promising for mineral exploitation, potential annual 

recovery of tonnes of ore per mining site, the ore’s average metal content and worldwide average metal 

prices. The overall assessed economic value related to the simulated extraction of deep-sea mineral 

resources is comprehensively USD 29 165 billion/year. It should be noted that this value is only referred 

to deep-sea mineral exploitation in the Clarion-Clipperton Zone (CCZ) and the Solwara 1 mining site. 

 
At the same time, the simulated deep-sea mineral extraction in the CCZ assumes that all existing 

exploration licences in 2014 had moved to an exploitation phase. This assumption leads to assess the 

potential maximum revenue from the contracted area in the CCZ, and likely to be overestimated.  

 

The extraction of both oil and minerals from the deep seas requires large capital investments and the 

development of sophisticated technology, which are considered the two main economic factors slowing 

down advances in their exploitation. In particular, accessing deep-water and ultra-deep-water oil 

reserves requires advanced drilling equipment and technology. In the open ocean, advanced technology 

is required to maintain drill ships or submersibles in their position over the drilling well through a 

dynamic positioning mechanism and technology to create floating production platforms (Harris et al., 

2016). Due to the high cost of this technology, drilling operations in the deep-sea environment are more 

expensive than drilling in shallow water or onshore. 

 

 
62 Deep-water oil reserves occur between 125 m and 1 500 m depth (EIA, 2016). 

63 Ultra-deep water oil reserves are found beyond 1 500 m depth (EIA, 2016). 

6.1.1. Economic importance of oil and mineral resources from the deep seas 
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In 2012, it was estimated that the cost of one day of drilling in ultra-deep water was around four times 

more than that occasioned by drilling in shallow water (World Ocean Review, 2014). In fact, the energy 

return on investment for deep-water and ultra-deep water oil is quite low, estimated at less than 10:1 

(Moerschbaecher and Day, 2011). For this reason, the profitability of oil extraction in the deep seas 

highly depends on government subsidies as well as steady, high oil prices (Moerschbaecher and Day, 

2011). Despite the high operational costs, the attractiveness of deep-water and ultra-deep water reserves 

is that newly discovered offshore fields are generally around ten times larger than newly discovered 

onshore fields (Bücker et al., 2014). 

 

Similarly, the interest in deep-sea mineral reserves is driven by the fact that many deep-sea mineral 

deposits are estimated to exceed those of land-based reserves by several factors (Kuhn et al. 2017). The 

high market value of these precious minerals and the potential forecasted shortages on land reserves 

drive the interest towards deep-sea mining exploration, while the development of appropriate 

technology and required large capital investments have been slowing down their actual exploitation.  

 

The technology required for the exploitation of cobalt-rich ferromanganese crusts has not yet been 
developed. Recent advances have been made by entities such as Japan Oil, Gas and Metals National 

Corporation, which has developed a continuous ore lifting technology for the recovery of polymetallic 

sulphide nodules (Cuyvers et al., 2018) and Nautilus Minerals has already tested seafloor collecting 

equipment (Lipton, 2018).  

 

Currently, capital expenditures64 and operating expenditures65 assessed for polymetallic nodules 

exploitation of 20-year mine life are estimated at between USD 12 billion (Sharma, 2011) and  

USD 24 billion (Van Nijen, Van Passel and Squires, 2018). Post-operation costs also include additional 

expenses, to which inadequate attention has been given, related to the disposal of waste material after 

metal extraction (Sharma, 2018). Extremely high-quantity debris will be produced by the extraction of 

polymetallic nodules. The discarded debris will represent 76 percent and 98 percent of mined ore, 

respectively, in the case of four- or three-metal extractions (Sharma, 2018).  

 

Van Dover et al. (2014) assess a hypothetical scenario where a small area (0.007 ha) of the Solwara 1 

mining site would undergo a restoration programme. They estimated a cost of USD 5.4 million for a 

five-year restoration project, with an estimated cost of USD 771/ha, two to three orders of magnitude 

higher than marine restoration programmes in shallow waters.  

 

Ecosystem service restoration in the deep seas is challenged not only by the high incurred costs but also 

by the limited knowledge on ecosystem functioning and the longtime scale at which deep-sea ecosystem 

processes operate (Van Dover et al. 2014; Le et al., 2017).  

 

Despite the high investment costs of deep-sea mineral extraction, it is likely that exploitation of deep-sea 

mining resources will become economically viable in the future. However, this would need to be 

balanced against the costs of compliance with legal regulatory frameworks, environmental 

sustainability (and the costs of avoiding, mitigating or remediating impacts) or societal preferences 

towards conservation of the deep-sea ecosystem.  

  

 
64 Capital expenditures are needed for the design, construction, testing, repair, maintenance and full-scale 

manufacturing of deep-sea mining machinery (Cuyvers et al., 2018). 

65 Operating expenditures, including the labour costs of running a mining operation and its infrastructure, fuel for 

ships and machines at each site, utilities, transport, spare parts, and consumables among others (Cuyvers et al., 

2018). 
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An important result of this study was to provide an economic value related to the harvest of marine 

deep-water fish stocks and other marine organisms occurring in the mesopelagic and bathypelagic zones 

and on the seafloor in waters deeper than 200 m. The assessment included 76 different fish species and 

species groups (Appendix 1), and the annual quantity fished in the deep seas was derived from officially 

reported fisheries statistics.  

 

In 2014, reported fish landings for these deep-water fish species amounted to 7.4 million tonnes, which 

represents a modest share (11 percent) of the global capture fishery production (81.5 million tonnes in 

2014), including all marine fish species inhabiting coastal, pelagic and demersal habitats. Included in 

the 7.4 million tonnes are a great variety of fish species. However, the bulk of fish landings is constituted 

by what is commonly called “white fish”, including important commercial fish species such as Alaskan 

pollock (Theragra chalcogramma), Atlantic cod (Gadus Morhua), Argentine hake (Merluccius hubbsi), 

European hake (Merluccius merluccius), blue grenadier (Macruronus novaezelandiae) and haddock 

(Melanogrammus aeglefinus). Alaskan pollock, Atlantic cod and hakes are mostly mesopelagic species 

and are included in the sample because they are commonly fished by midwater trawling below 200 m. 

It is reported that overexploitation of the epipelagic zone has led to greater fishing pressure in the deep-

sea ecosystem. In fact, 40 percent of the current fishing grounds are reported in waters deeper than 200 

m (WWF, 2015). 

 

Only minor quantities of white fish catches are reported by regional fisheries management organizations 

(RMFOs) in the ABNJ and no harvests of Alaskan pollock. Therefore, it can be speculated that the 

largest share of these commercial fish species occurs within countries’ EEZs. This is an interesting 

pattern, since deep-sea fisheries in the ABNJ, as appears from RMFO fisheries statistics, strictly seem 

to target fish species found at greater depths (see section 3.2). 

 
The market value of the 7.4 million tonnes of fish landings, corresponding to USD 9 469 million/year, 

was assessed through reconstructed ex-vessel fish prices (Melnychuk et al., 2016). Information on 

ex-vessel prices is widely scattered and incomplete worldwide; they are generally published in country 

statistical fisheries yearbooks. However, ex-vessel prices are often restricted to a limited number of 

species of great economic importance, often published sporadically and not as a consistent time series 

on price. Sumaila et al. (2007) made an incredible data collection effort, creating a database of ex-vessel 

fish prices covering 35 countries and 875 fish taxa in the period 1950–2001, and subsequently revising 

the database to extend price coverage to 2006 (Swartz, Sumaila and Watson, 2013). However, the 

database contained a large number of developed countries and a minor number of developing countries. 

This type of imbalance can create a bias if the available prices for developed countries are used for 

global fisheries assessment (Melnychuk et al., 2016). For these reasons, the economic valuation of fish 

resources was carried out using reconstructed ex-vessel fish prices at the species level assembled by 

Melnychuk et al. (2016). 

 

Based on these market prices, the estimated economic value of fish harvested in the deep seas is about 

USD 9.5 billion/year. The assessed economic value is mostly driven by the large quantities of white 

fish stocks that are usually sold at a relatively low price. The remaining species include mostly 

high-value market species; in fact, their contribution to the overall landings is 5 percent in terms of 

quantity but 9 percent in terms of value. To be noted is that the market value assessed with ex-vessel 

fish price considers the market value of fish as a raw, unprocessed commodity and does not consider 

the increase of fish price along the supply chain of fish and fish processed products. Therefore, this 

value of USD 9.5 billion/year indicates only the value of seafood biotic resources when extracted from 

the ecosystem. The market value of USD 9.5 billion/year associated with the harvest of the analysed 

deep-water species can be directly referred to deep-sea fisheries usually taking place between 200 m 

and 2 000 m on continental slopes, oceanic seamounts, ridge systems and banks and the selection of 

species (FAO, 2010–2019). The figure of USD 9.5 billion/year is not a representative gross value for 

6.1.2. Economic importance of fish resources from the deep seas 
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deep-sea fisheries as a sector, as for example, it does not take into account the economic value generated 

by employment. 

 

 
The deep-sea ecosystem provides not only seafood, but also non-edible organisms used as ornamental 

resources. Since the fifth century BCE, the stunning, intense colour of red and pink corals has made 

corals highly appreciated as jewellery and amulets, as corals’ axial carbonate skeletons can be 

masterfully carved to create jewellery and art pieces.  

 

The discussion on the economic valuation of red and pink corals needs to be carried out with parallel 

considerations on their conservation status and the sustainability of the coral fishery.  

 

Historically, one of the major areas for the harvest of precious coral has been the Mediterranean Basin, 

where several endemic coral species occur, including red coral (Corallium rubrum). Here, a long 

tradition of a specialized fishery and manufacturing industry was developed. At the same time, highly 

destructive towed gear, including crowbars (barra italiana) or double cross (Cruz de San Andrés), were 

traditionally used to detach the corals from the seabed (Oceana, undated). However, coral dredging was 

banned progressively in many countries starting with Algeria in 1977, then the former Yugoslavia as 

well as Tunisia in 1985, Sardinia (Italy) in 1989, and in 1994 in all European Union waters66 (Cannas 

et al., in press). 

 

In the Mediterranean basin, red coral can be currently collected in compliance with the FAO General 

Fisheries Commission for the Mediterranean (GFCM) and/or specific national regulations, although 

national laws can only regulate red coral banks located within the 12 nm limit (Cannas et al., in press).  

 

The GFCM, through a multi-year technical consultation process, developed several guidelines for the 

development of sustainable coral fisheries. In particular, in 2017, the GFCM outlined a set of measures 

for the establishment of a regional adaptive management plan for the exploitation of red coral in the 

Mediterranean Sea (Rec GFCM/41/2017/5). These measures include: (i) the prohibition of harvesting 

colonies between 0 and 50 m of depth; (ii) the prohibition of towing gear67 and the harvest of colonies 

with any fishing gear other than a hammeruse/pickaxe by a self-contained underwater breathing 

apparatus (SCUBA) diver; (iii) the prohibition of collecting colonies whose basal diameter is smaller 

than 7 mm (measured within 1 cm from the base); (iv) the use of an ROV for scientific purposes68 

within the context of national research is currently allowed only until end of 2020 with strict prohibition 

on commercialization of red coral colonies eventually collected as part of the research programme; (v) 

the use of conservation measures (including catch limitations, precautionary closure and spatio-

temporal closures); (vi) implementation of fleet management measures related to fishing authorized 

vessel for the harvest of red corals; (vii) implementation of measures for control and enforcement of 

the adopted measures; and (viii) measures for adequate scientific monitoring of coral harvest and coral 

populations (GFCM, 2019). 

 
Currently, Mediterranean countries with active red coral fisheries such as Croatia, France, Greece, Italy 

and Spain have already incorporated some measures recommended by the GFCM for the establishment 

of a regional adaptive management plan for the exploitation of red coral in the Mediterranean Sea. In 

particular, the countries listed above have established a closed harvesting season; Croatia, Italy and 

Spain have also adopted a harvesting quota per fishing licence and Italy has also set a minimum landing 

size of harvested red coral (GFCM, 2019). 

 

 
66 EU regulation 1626/94. 

67 Already indicated in Recommentation GFCM/35/2011/2. 

68 Already indicated in Recommendation GFCM/40/2016/7. 

6.1.3. Economic importance of precious corals from the deep seas 
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In the past, the proposal of inclusion of precious corals belonging to the genera Corallium spp. and 

Paracorallium spp. in Appendix II of the Convention on International Trade in Endangered Species 

(CITES), drafted by the United States of America and the European Union, was discussed during the 

CITES Conference of the Parties (CoP) 6, 14 and 15, but the proposal was defeated for the lack of a 

sufficient number of positive votes by contracting parties (ICRI, undated; Cannas et al., in press). 

However, in 2016 at CoP 17, some decisions that were proposed by the United States of America were 

adopted and related to the need of: (i) reviewing the efficacy of listing black corals (Antipatharia) under 

CITES Appendix II; (ii) assessing the conservation status of red and pink corals; (iii) revisioning of a 

measure in place for red and pink coral management and eventual additional measures needed to ensure 

sustainable international trade; and (iv) compiling a global study on the status of precious corals to be 

submitted in 2019 at CoP 18 (Cannas et al., in press). 

 

Concerns for coral conservation are related to the fact that Corallium species have low fecundity and 

reach maturation at a late stage (estimated to be 6 and 10 years, respectively, for male and female red 

coral colonies), which make corals particularly vulnerable to overexploitation (Torrents et al., 2005; 

Gallmetzer et al., 2010).  
 

Red coral is a long-life species but also extremely slow-growing (0.21–0.35 mm/year in basal diameter 

in shallow population) (Benedetti et al., 2016). For this reason, the recovery of impacted coral beds can 

be very slow, and it is believed that a full recovery may require several decades of effective protection 

given that closures of 20–30 years in French and Spanish marine protected areas were not long enough 

for re-establishing coral beds similar to those of pristine populations (Cannas et al., in press).  

 

Most of the shallow beds of red corals harvested in the past are considered overexploited (Bussoletti et 

al., 2010). In many areas, colonies, historically reaching 30–50 cm in height and 10–30 cm in diameter, 

are constituted by small-size colonies (3–5 cm in height and 5–7 mm in diameter) (Tsounis et al., 2006; 

Tsounis, Rossi and Gili, 2009). In particular, the conservation status of the Mediterranean colonies 

currently seems to be highly variable from site to site and also according to the protection provided by 

existing regulations. While in Sardinia harvested colonies have a general height of 11 cm, in Costa 

Brava in northeastern Spain, harvested colonies are smaller in height and only between 25 and 

45 percent of the colonies reach a height of 6 cm (Follesa et al., 2013). 

 

Available information on the status of existing colonies of the Pacific pink coral (Pleurocorallium 
elatius) is less documented. Regulations for Pacific coral species are in place in Japan, Taiwan Province 

of China and the United States of America (Cannas et al., in press).  

 

Asian fleets began exploiting precious corals from the Pacific Ocean in the beginning of the nineteenth 

century (Oceana, undated). Historically, a large share of this fishery included IUU fishing, which the 

Government of Taiwan Province of China tried to control by permitting a maximum of 60 licenced 

fishing boats and five designated fishing grounds (Huang and Ou, 2010; Bruckner, 2016). Concerns 

regarding the illegal harvest and trade also brought China, in 2008, to include pink coral (together with 

three other Pacific species) in Appendix III of CITES (Bruckner, 2016). In 2009, more stringent 

regulations were issued by Taiwan Province of China to restrict the number of fishing vessels, fishing 

zones, catch quota, designated landing ports and to have in place vessel monitoring systems (Cannas et 

al. in press). 

 

The worldwide coral fishery, assessed by this study, concerning red and pink corals traded amounts was 

77 tonnes in 2014. However, this estimate is affected by a great uncertainty (see section 3.3.1). The 

time series of traded statistics reported by countries showed relatively stable reported quantities, 

providing a first (possibly misleading) impression that the coral fishery has been sustainable in time 

(Bruckner, 2016). One of the major problems with the current available data on the coral fishery is that 

the information reported at the international level to FAO is not directly provided by countries, but is 

supplied to FAO by the Liverino company (Torre del Greco, Italy), a major import-export and coral 

jewellery wholesaler (Garibaldi in GFCM, 2011). Apart from a possible conflict of interest, data 
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submitted to FAO by Liverino refer to traded quantities rather than to harvested quantities (GFCM, 

2011).  

 

In a perspective of sustainable management of red coral, annual traded quantities are not indicative 

since traded quantities can exceed countries maximum annual yields defined by regulations by 

including stocks that have been set aside from previous years, which also contain an unknown 

proportion of IUU harvesting (GFCM, 2011). In addition, the overall harvested quantities cannot 

capture potential degradation of harvested colonies described by their average size, branching pattern 

and maturity of the colony for reproduction.  

 

The economic relevance of red and pink coral fisheries is extremely high, as the red coral is often called 

the “red gold of the Mediterranean”. The economic valuation carried out by this study, based on reported 

2014 traded quantities of red and pink corals, provides an estimated market value of  

USD 121 million/year as raw material. Nevertheless, the market value of the coral jewellery industry is 

much higher. There are several steps in the production of beads, and producing 1 kilogram of the small 

beads, called “pallini”, can take between 10 and 15 working days (Tornore, 2009). Carved beads made 
of red coral can be sold at USD 30–50/gram, which is a price similar to that of gold (Tsounis, Rossi and 

Gili, 2009; CITES, 2010). 

 

While the present study estimated the worldwide economic value of red coral at USD 83 million/year, 

the revenue of the jewellery and manufacturing industry in Torre del Greco, Italy, was reported to be 

USD 230 million/year (Tsounis, Rossi and Gili, 2009). Therefore, it is clear that a strong economic 

drive is behind past, present and future coral exploitation and potential overexploitation and that 

regulations implemented at the international level are necessary to ensure harvest sustainability and 

long-term maintenance of the coral fishery.  

 

 
The deep sea is also a potential untapped source of chemical compounds that can be used as 

pharmaceuticals. Worldwide there is great bioprospecting research, and more than 28 000 molecules of 

marine origin have been tested to search for substances showing bioactivity useful in pharmacological 

applications (Gerwick and Moore, 2012). Once the substances have been isolated, this marks only the 

start of an odyssey, as this molecule needs to be reproduced in vitro and then enter the testing pipeline 

of preclinical and clinical testing before the active principle can be used as a drug (Mayer et al., 2010). 

 

Out of more than 28 000 molecules, there are currently only eight commercialized pharmaceutical 

products of marine origin (Mayer et al., 2010; Martins et al., 2014). The undertaken review of these 

pharmaceutical products shows that the said odyssey took in most cases between 20 and 30 years. One 

common challenge has been related to the extremely low concentrations of the bioactive lead in the 

organisms of origin and the need to supply adequate quantities for initial phases of the pipeline testing. 

Therefore, it is pivotal to develop the capacity to produce in vitro and/or create an analogous of these 
compounds originally discovered in marine organisms. In fact, the case of a massive collection of 

1 tonne of deep-sea sponges from the Kaikoura shelf to obtain 300 mg of pure active compound 

(Halichondrin B) (Munro et al., 1999) demonstrates how supply from the wild is impracticable, leading 

to a potentially major impact upon deep-sea habitats.  

 
The undertaken economic valuation considered seven out of eight pharmaceutical products, excluding 

antiviral carragelose extracted from red algae, and provided an estimate of USD 2.3 billion/year. 

Currently, this overall estimate is highly dependent on the estimate of annual sales of Lovaza, 

the pharmaceutical product with the largest market, involving giants of the pharmaceutical industries 

such as BASF, GlaxoSmithKline and Abbott, among others; this product has been commercialized in 

more than 80 countries, with a reported number of more than 9 million patients using Lovaza (BASF SE, 

2019).  

 

6.1.4. Economic importance of pharmaceuticals of marine origin  
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Since 2014, the economic valuation is further complicated by the occurrence on the market of generic 

drugs of Lovaza produced by additional pharmaceutical companies. In such a broad market scattered 

across a relatively large number of pharmaceutical companies, the commercially sensitive nature of the 

information does not allow for obtaining a precise estimate. It should be also noted that the economic 

value of USD 2.3 billion/year refers to pharmaceuticals of marine origin, but not specifically to 

pharmaceuticals derived from deep-sea organisms. To date, there are no commercialized 

pharmaceuticals extracted from deep-sea organisms, with the partial exception of Halaven, whose 

bioactive compound was retrieved both in shallow-water sponges (Halichondria okadai, Axinella spp., 

Phakellia spp.), as well as in the deep-sea sponge (Lissodendoryx spp.) (Swami, Shah and Goel, 2015). 

 

Many substances extracted from deep-sea organisms have entered the testing pipeline. Research on 

some substances from deep-sea organisms such as discodermolide, a natural polyketide isolated from 

the deep-sea sponge Discodermia dissolute, has been discontinued during phase I of clinical testing 

(Martins et al., 2004). Instead, other compounds are still undergoing research. For example, the 

compound called leiodermatolide, as extracted from deep-sea sponge belonging to the genus 

Leiodermatium in the Bahamas off Wemyss Bight at 618 m depth, has been discovered by Wright et al. 
(2009). Leiodermatolide has shown antiproliferative activity against a range of human cancer cell lines 

and has recently been fully reproduced in the laboratory (Paterson et al., 2014).  

 

Another example refers to novel antibiotics called proximicins, produced by the Verrucosispora strain 

found in deep-sea sediment samples and collected at a depth of 250 m in the Raune Fjord, Norway, and 

in the Sea of Japan (Fiedler et al., 2008; Riedlinger et al., 2004). Proximicins show inhibitory effect 

against gastric and hepatocellular carcinomas (Schneider et al., 2008). The pipeline of preclinical and 

clinical testing is highly dynamic, with new compounds entering the testing phase and others exiting 

the pipeline at different stages due to difficulties in their in vitro synthesis, or shown toxicity or other 

negative side effects. Gerwick and Moore (2012) reported that the success rate of a drug discovery was 

of one produced drug per 4 025 bioactive lead described. Therefore, at the present stage, it is not 

possible to predict if any of those compounds discovered in deep-sea organisms in the future will 

become produced and commercialized as new drugs. 

 

Similarly, it is hard to forecast the future economic value of these drugs on the pharmaceutical market. 

This will mostly depend on the therapeutic properties of the identified lead and on the prevalence of the 

diseases after being targeted by the new drugs. The undertaken analysis of the current seven 

pharmaceutical products of marine origin show that annual drug sales at the manufacturer level vary 

greatly according to their market size, which in turn is determined by disease prevalence and the number 

of countries in which the drug is commercialized, by the number of pharmaceutical companies involved 

in pharmaceutical research and development, and thus by the different drugs assembled from the 

initially discovered therapeutic molecule. 

 

Time also plays an important role in the drug market establishment. In fact, the expiration date of patents 

associated with the filing of the therapeutic principles as well as synthetic in vitro reproduction provide 

opportunities for greater involvement of different pharmaceutical companies. Therefore, 

methodologically, it is extremely important to adopt a criterion upon which to define drugs of marine 

origin. This study considers as pharmaceutical, and of marine origin, only first-generation drugs that 

either copy the natural molecule found in the marine organisms as it is or mimic it with some minor 

modifications. 

 

In fact, pharmaceutical research and development continuously aims at improving drug development 

by enhancing potency, selectivity or pharmacokinetic parameters. Therefore, the same bioactive 

compounds can be used in first-generation drugs, and then further modified into second-generation 

drugs and so on in a sort of cascade effect. From the discussion above, it follows that the estimated 

value of USD 2.3 billion/year related to pharmaceuticals of marine origin is here used temporarily as 

an available proxy and in time should be replaced with an appropriate economic valuation of 

pharmaceuticals derived from deep-sea organisms. 



 78 

 
The current study was limited in the possibility of carrying out a complete valuation of the numerous 

number of deep-sea regulating services. Our knowledge on the functioning of the deep-sea ecosystem 

is still limited due to the large scale and interactive nature of ecosystem processes, the complexity and 

high-level of connectivity in the water column and between coastal shallower and offshore areas, and 

the high cost of deep-sea exploration and research (Armstrong et al., 2010; UNEP, 2007). While 

progress has been made in qualitatively linking the occurrence of ecosystem services to the deep-sea 

ecosystem, a lack of quantitative data on biophysical processes poses a major barrier to economic 

valuation of regulating services (Fletcher et al., 2011; Hanley et al., 2014). 

 

The only ecosystem service that could be assessed was the contribution provided by the deep seas in 

carbon sequestration. Through different ecosystem processes, the deep-sea ecosystem is able to 

transport organic carbon into the deep seas; avoiding that, this carbon can immediately contribute to the 

greenhouse effect and to climate change. 

 

This study used a reported global estimate of 0.4 GtCO2/year to broadly indicate the order of magnitude 

of carbon transported in the deep seas. This should be considered as a very rough figure affected by 

high uncertainty, primarily associated with the global scale of the assessment and the geographical high 

variability of environmental conditions and the assemblages of species inhabiting the deep seas. In fact, 

the capture and sequestration of carbon is an extremely dynamic process affected by many 

environmental factors, but also linked to the species biodiversity inhabiting different zones in the water 

column and characterized by different carbon uptake rates. Long‐term biogeochemical observations are 

needed to model the export and storage of carbon in the deep seas. 

 

The economic valuation of the carbon service sequestration provided by the deep seas shows the impact 

played by the choice of the unit price at which this service is valued (Figure 6). 

 
Figure 6: Contribution to deep sea total economic value (TEV) by analysed ecosystem services 

 

 
 

 

Outcomes of economic valuation and relative percentages of ecosystem services to the Total Economic 

Value when carbon sequestration is valued with (A) a unit price of USD 8.5/tonne of CO2 used in the 

EU ETS carbon market, (B) a unit price of USD 217/tonne of CO2 as the average between the lower 

and upper considered values, and (C) with a unit price of USD 417/tonne of CO2 reflecting the social 

cost of carbon (calculated by Ricke et al., 2018). Abiotic resources include deep-sea oil and mineral 

extraction; biotic resources include fish, corals and pharmaceutical extractions; and cultural services 

include scientific research and education and recreation and leisure. 
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6.1.5. Economic importance of carbon sequestration  
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If the 2014 average unit price of reduced carbon emissions in the EU ETS market is applied, the 

economic relevance of carbon sequestration is minor compared to other ecosystem services and the 

visibility of this service is overshadowed by the economic importance of almost all other ecosystem 

services (Figure 6, A). However, if the social cost of carbon represents the costs associated with climate 

change consequences and economic damages related to increased CO2 emissions in the atmosphere, the 

scenario greatly changes. When the social cost of carbon is quantified as USD 217 per tonne of CO2,69 

the economic value of carbon sequestration is greater than the economic value of all other ecosystem 

service, except the provision of oil resources from the deep sea (Figure 6, B). Furthermore, if the social 

cost of carbon is quantified as USD 417 per tonne of CO2,70 its economic importance is definitely similar 

to the economic value associated with deep and ultra-deep oil resources (Figure 6, C). 

 

This outcome raises interesting issues and has implications related to the comparable economic 

importance of abiotic resources found/extracted in the deep seas and the maintenance of deep-sea 

ecosystems functioning for the contribution to the carbon cycle.  

 

 

As expected, the economic relevance of recreational activities and tourism in the deep seas is marginal, 

accounting for less than 1 percent of the overall estimated TEV. Although, an increase of these activities 

may be expected in the future with the availability in the market of relatively small-size submersibles 

(model Triton 3300), this type of recreational activity will likely remain restricted to a few wealthy 

tourists. Ideally, the current estimate of recreational value provided by direct experience of the deep sea 

with submersibles should have been complemented with another estimate reflecting indirect experience 

made by people through the purchase of books or videos on the deep sea. However, retrieving this 

commercial information on a global scale is not straightforward, also considering that today many 

videos taken from ROVs are available online free of charge.  

 

The economic importance of scientific research is almost USD 5 billion/year, currently representing 

2 percent to the overall TEV. This should be considered as a preliminary estimate that is expected to 

significantly increase with increased data availability. As pointed out by the GOSR survey carried out 

by UNESCO (2017), the majority of investments made in ocean science are made by national 

governments. The current worldwide estimated value of USD 5 billion/year includes investments made 

at the national level only by 24 countries. Although within this pool of reporting, some countries are 

included as mobilizing significant funds for exploration and increased knowledge of the deep-sea 

ecosystem, large data gaps still remain; overall, the compiled worldwide estimate is to be considered 

underestimated. 

 

6.2. Overview on the total economic value assessed for the deep seas in the 
ABNJ 

The deep seas of the ABNJ are found in very remote locations – beyond countries’ EEZs, far from 

human settlements and influences, in areas largely inaccessible except via the use of specialized and 
costly equipment and technologies. The ABNJ jurisdiction and management are defined by the United 

Nations Convention on the Law of the Sea (UNCLOS) and associated processes and agreements. 

According to UNCLOS, countries have freedom of conduct in the ABNJ with a limited number of 

economic activities, such as fishing, navigation, laying marine cables and pipelines, constructing 

artificial islands and other installations, and conducting scientific research. Because of these 

geographical and juridical constraints, the ABNJ tend to support relatively few economic activities and 

uses. Moreover, it is often very difficult to ascribe economic values exclusively to the deep seas within 

 
69 After Pindyck, 2016, and as the average between the lower value (USD 8.5/tonnes of CO2) and the upper value 

(USD 417/tonnes of CO2). 

70 After Ricke et al. (2018). 

6.1.6. Economic importance of scientific research and recreation in the deep seas  
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the ABNJ due to the connectivity between the deep seas lying in the ABNJ and the deep seas lying in 

the EEZs and further connectivity with coastal areas. 

 
For these reasons, it was possible to identify only a limited number of ecosystem services, which could 

be referred specifically to the deep seas of the ABNJ. These ecosystem services include the harvest of 

fish resources, the potential mineral exploitation, the economic relevance of submersible diving 

activities such as visiting the Titanic wreck site, and the carbon sequestration occurring in the deep seas 

of the ABNJ. 

 

The economic valuation of fish resources extracted from the deep seas of the ABNJ was possible 

because of the existence of RFMOs. These organizations have the mandate to manage deep-sea fisheries 

in the ABNJ. Therefore, the following RFMOs cover most of the fished high seas areas of the world 

and include the General Fisheries Commission for the Mediterranean (GFCM), North-East Atlantic 

Fisheries Commission (NEAFC), Northwest Atlantic Fisheries Organization (NAFO), South East 

Atlantic Fisheries Organisation (SEAFO), South Pacific Regional Fisheries Management Organisation 

(SPRFMO), the North Pacific Fisheries Commission (NPFC), and the Southern Indian Ocean Fisheries 

Agreement (SIOFA). These RMFOs administer and monitor fishing activities of deep-sea fisheries in 

the ABNJ to ensure a sustainable harvest of fish stocks and the protection of species, habitats and 

ecosystems associated with deep-sea fisheries. Therefore, data on fish landings in the ABNJ were 

available directly from RMFO databases. 

 

Similarly for mineral resources, it was possible to attribute the economic value of a potential mineral 

extraction to the ABNJ because one of the major areas of interest (i.e. the Clarion-Clipperton zone) lies 

in the seafloor of the ABNJ, which is administered and regulated by the International Seabed Authority 

(ISA). ISA organizes, regulates and controls all mineral-related activities in the ABNJ through the 

release of mining exploratory and eventual subsequent exploitation contracts. Therefore, a clear picture 

of countries involved in deep-sea mining activities could be obtained through ISA documentation 

(ISA, 2019). 

 

Another ecosystem service that could be easily referred to the ABNJ is related to recreational touristic 

dives with submersibles at the Titanic shipwreck site. The shipwreck lies in the ABNJ and for this 

reason its protection can be granted only by international bodies. UNCLOS offers some protection 

under its Article 303. Furthermore, in 2012, after 100 years of the shipwreck being underwater, it 

became eligible to be included in the 2001 UNESCO Convention on the Protection of the Underwater 

Cultural Heritage, which granted it further juridical protection against pillage (UNESCO, 2017). 

 

A last analysed ecosystem service refers to carbon transport and sequestration occurring in the deep 

seas of the ABNJ. Contrary to previous ecosystem services, the isolation of the contribution specifically 

addressed to ABNJ is not straightforward and the estimate is clearly affected by some uncertainty. 

The estimate of carbon sequestration occurring in the ABNJ was provided by Rogers et al. (2014).  

 

The economic values of the analysed four ecosystem services occurring in the ABNJ are reported in 

Table 36.  
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Table 36: Total economic value assessed for the deep seas of the ABNJ 

 

Category Ecosystem service 

Total economic value of the deep seas  

(million USD/year) 

Scenario A:  

Market-based 

valuation 

Scenario B:  

Market-based valuation and 

social cost of carbon 

Provisioning – biotic 

resources 
Seafood 443 443 

Provisioning – abiotic 

resources 
Minerals 28 500 28 500 

Regulating Carbon sequestration 850 41 700 

Cultural 
Recreation and 

leisure 
< 1 < 1 

Total economic value 29 793 70 643 

 

 

It should be noted that these values have been already considered in the previous TEVs of the deep-sea 

ecosystem (Table 35, which by definition includes areas below 200 m, found both in EEZs and the 

ABNJ). For easier reference, Table 36 isolates the economic values of ecosystem services delivered by 

the deep seas of the ABNJ and, based on information currently available, a TEV is shown for the deep 

seas of the ABNJ only. 

 

The TEV of the four analysed ecosystem services amounts to nearly USD 30 billion/year, which should 

be considered just a minimum provisional estimate. The economic value associated with the potential 

extraction of polymetallic nodules in the Clarion-Clipperton Zone constitutes 96 percent of the assessed 

TEV, followed by carbon sequestration (3 percent) and harvesting of fish resources (1 percent). The 

contribution of recreational activities is less than 1 percent of the overall estimated TEV. 

 

The representation of the assessed TEV matches what is generally known about the relevance of 

economic activities in the ABNJ. Despite the wide geographic area covered by the ABNJ, covering 

about 64 percent of the ocean’s surface and 95 percent of its volume, usually fishing activities are 

limited. In 2014, the reported landings were quite limited, representing only 0.2 percent of the global 

capture fishery production (81.5 million tonnes in 2014), including all marine fish species inhabiting 

coastal, pelagic and demersal habitats. The computed relatively low economic value of 

USD 443 million/year associated with fish extracted from the ABNJ relates to the fact that high 

commercial fish species such as tunas, swordfish, marlins and mackerels that are normally caught in 

the epipelagic zones of the ABNJ are excluded from the analysis. 

 

The low profitability of deep-sea fisheries in the ABNJ is what has put this fishery at the centre of a 

debate regarding the viability of fishing operations without the support of fuel and non-fuel subsidies 

(Sumaila et al., 2010; Gianni, 2004; Foley, van Rensburg and Armstrong, 2010; Pew Environment 

Group, 2012; Norse et al., 2012).  

 

The growing interest in expanding mineral extraction to the mineral deposits found in the ABNJ is also 

driven by expected high economic returns linked to depleting land-based mineral deposits and 

increasing demand for precious metals such as copper, nickel, aluminium, manganese, zinc, lithium and 

cobalt, but also rare earth elements widely used for smartphones and other high-tech applications, as 

well as green technology such as solar panels, wind turbines and others (Cuyvers et al., 2018).  

 

On the contrary, what generally is not duly accounted for in economic terms is carbon sequestration 
carried out by the deep seas in the ABNJ. The annual carbon flux sequestered by the deep seas of the 

ABNJ was reported to amount to 0.1 GtCO2/year (Rogers et al., 2014), and its economic value assessed 

on the market price of traded carbon credits is about USD 850 million/year. However, if the estimated 
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carbon sequestration is fully valued with a unit price, reflecting not only 2014 market unit prices but 

also the social costs of increased carbon emissions, the economic importance of carbon sequestration 

of the ABNJ is estimated to be USD 42 billion/year, being one and a half times greater in economic 

terms than deep-sea mining activities in the Clarion-Clipperton Zone. 

6.3.  Final thoughts 

 
Recognition that ecosystems or ecosystem services are valuable, possibly in a variety of ways or for a 

variety of reasons, does not necessarily imply a quantification of that value through a valuation process. 

Ecosystem services are part of the natural capital belonging to society and are valued differently by 

various actors, such as individuals, social groups and institutions (Aanesen et al., 2015; Ojea and 

Loureiro, 2010). Within society, different stakeholders and groups have different roles, responsibilities, 

rights and needs and rely on the various ecosystem services to a different extent (Hein et al., 2006).  

 

The process of ecosystem services valuation is always contingent to space and time and highly 

dependent on the ecological, socio-economic and cultural contexts in which ecosystem services are 

assessed. In fact, the available valuation methods are not designed to assign a “true” value of each 

ecosystem service for human well-being in absolute terms, but only to place a value on ecosystem 

services, expressed in monetary currency, that can support decision-making and trade-offs, discussion, 

and ecological, socio-economic and cultural contexts in which ecosystem services are assessed. 

 

The TEV calculated by the present study, assessing USD 267 billion/year for the deep-sea ecosystem, 

of which nearly USD 30 billion/year is delivered by the ABNJ, was based on the valuation of eight 

ecosystem services for the deep-sea ecosystem as a whole and four ecosystem services for the deep seas 

of the ABNJ under scenario A, with all ecosystem services valued according to the prices they are 

traded for on the market. The TEV analytical framework has been originally designed to be able to 

account direct use, indirect use and non-use values. It is expected that the overall accuracy and 

representativeness of the TEVs assessed for the deep-sea ecosystem as a whole and for the ABNJ could 

be increased in the future with increased data availability and refinement of parameters used in this 

study. In particular, it is recommended to include additional ecosystem services related to regulating, 

such as gas regulation and methane absorption, as well as supporting services such as the cultural value 

of biodiversity and the willingness to pay people to preserve the unique biodiversity of the deep-sea 

ecosystem. The nature of this desk-top analysis, the global scale of this study and the complexity of 

processes regulating the deep-sea ecosystem limited the assessment of non-direct uses of the deep-sea 

ecosystem.  

 

The global scale and the plurality of stakeholders and their potential different perceptions and 

preferences prevented a direct evaluation of the values placed by people on the conservation of deep-

sea characteristic features, such as cold-water coral gardens, deep-sea sponge grounds, hydrothermal 

vents, seafloor and their geological formations, and the deep-sea unique biodiversity conservation, from 

which can stem discoveries with important pharmaceutical and biotechnological application.  

 
In accounting terms, some authors consider supporting services as ecosystem functions rather than 

ecosystem services because they occur naturally in the ecosystem independently from a demand for the 

service (Hein et al., 2016). However, the distinction can be tricky. In fact, before the onset of the carbon 

market, carbon sequestration was a service delivered by marine ecosystems even if there was not a 

demand for it. However, when a carbon market was established, then it became easier to demonstrate 

its value in economic terms. Similarly, habitats for species constituted by vulnerable marine ecosystems 

such as cold-water corals and deep-water sponges would not be considered by some authors to be an 

ecosystem service. However, if society places a demand for restoring some destroyed ecosystem 

services, the economic value associated with their ecological role of creating additional habitat 

complexity (Beazley et al., 2013) will soon become evident by the restoration costs of damaged habitats 

(van Dover et al., 2014). 
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Several charismatic species such as whales, sharks, sperm whales and whales belonging to the family 

Ziphiidae commonly dive at great depths into the deep sea (Appendix 5). In particular, seals have been 

also used as novel deep-sea observatories (Rogers et al., 2015). A new generation of tagging called 

Conductivity-Temperature Depth Satellite Relay Data Loggers (CTD-SRDLs) can be glued on the seal 

fur and the variation on oceanographic conditions can be acquired during the animal dive, returning 

vertical profiles of temperature and salinity (MEOP, 2015). Charismatic fauna could be easily 

associated with the deep-sea ecosystem, supporting awareness and education programmes, as well as 

stated in preference surveys to reveal people’s willingness to pay for the conservation of biodiversity 

and ecosystems. Estimating the economic values of regulating and supporting services should be 

considered a priority for future deep-sea ecosystem valuation.  

 

A great effort in the modelling of deep-sea ecosystem functioning would be needed to be able to 

quantify (at least in physical terms) the contribution played by the deep seas in chemosynthetic primary 

production, in nutrient cycling, and the importance of vulnerable marine ecosystems as habitats for 

commercial fish species. Other more “subtle” ecosystem services such as aesthetic appreciation and art 

inspiration would need well-designed studies to translate in economic terms; an example would be 
artwork inspired by the deep seas, and its impact could be gauged by measuring attendance at several 

worldwide art exhibitions on the deep sea. An example of art directly inspired by the experience of 

deep-sea ecosystems and biodiversity is artwork by the Norwegian painter Ørnulf Opdahl who 

collaborated in the Census of Marine Life to raise public awareness on this programme (Kongsberg, 

undated). 

 

This study contributed to highlight how the inclusion of just one regulating service (carbon 

sequestration), if adequately valued through the social cost of carbon, proved to be an economic 

importance comparable or greater than other provisioning services, as shown in the economic valuation 

of scenario B. Therefore, a more comprehensive implementation of the TEV framework to the deep-

sea ecosystem could further highlight potential (now still unaccounted) losses associated with the 

disruption of ecosystem functioning. 

 

The results of this study can be used to raise attention and awareness and to stimulate debate and global 

efforts on the mindful management of these resources to ensure the long-term provision of the delivered 

services. This is particularly relevant for the governance of the areas beyond national jurisdiction on 

which different institutions and agreements regulate the activities of different economic sectors (such 

as shipping by the International Maritime Organization, fishing by RMFOs, and mining by the ISA), as 

well as for the creation of an international legally binding instrument under the United Nations 

Convention on the Law of the Sea on the conservation and sustainable use of marine biodiversity in 

areas beyond national jurisdiction. 
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7. APPENDIX 1: DETAILS ON THE ECONOMIC VALUATION OF FISH RESOURCES OF THE DEEP SEAS AT THE SPECIES 
LEVEL 

 

Table A1-1: Quantity and value of fish landings recorded in 2014 of deep-water fish species in the areas beyond national jurisdiction (ABNJ) and the deep 

seas (including ABNJ and exclusive economic zones) 

 

Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Atlantic, Eastern 

Central 
34 Alfonsino nei Beryx spp. 55 168 1 671 91 905 280 728 

Atlantic, Northeast 27 Alfonsino nei Beryx spp. 112 188 1 671 187 152 314 148 

Atlantic, Northeast 27 Argentines nei Argentina spp. 60 32 116 1 275 76 500 40 947 900 

Atlantic, Northeast 27 Atlantic cod Gadus morhua 534 1 321 737 1 712 914 208 2 262 813 744 

Atlantic, Northeast 27 
Baird's Smooth 

head 
Alepocephalus bairdii 490 505 1 275 624 750 643 875 

Atlantic, Northeast 27 Black cardinalfish Epigonus telescopus 147 12 1 275 187 425 15 300 

Atlantic, Northeast 27 
Black 

scabbardfish 
Aphanopus carbo 333 6 049 1 002 333 666 6 061 098 

Atlantic, Northeast 27 Blue ling Molva dypterygia 81 5 248 1 622 131 382 8 512 256 

Atlantic, Northeast 27 Bluemouth Helicolenus dactylopterus 8 1 679 1 275 10 200 2 140 725 

Atlantic, Northeast 27 Conger eel Conger conger 24 8 893 4 471 107 304 39 760 603 

Atlantic, Northeast 27 Forkbeards nei Phycis spp. 1 27 1 152 1 152 31 104 

Atlantic, Northeast 27 Greenland halibut Reinhardtius hippoglossoides 221 43 865 3 220 711 620 141 245 300 

Atlantic, Northeast 27 Haddock Melanogrammus aeglefinus 142 267 230 1 302 184 884 347 933 460 

Atlantic, Northeast 27 Ling Molva molva 111 47 454 1 622 180 042 76 970 388 

Atlantic, Northeast 27 Northern shrimp Pandalus borealis 6 734 38 476 1 872 12 606 048 72 027 072 

Atlantic, Northeast 27 Orange roughy Hoplostethus atlanticus 58 70 1 230 71 340 86 100 

Atlantic, Northeast 27 Rabbitfish Chimaera monstrosa 118 480 638 75 284 306 240 

Atlantic, Northeast 27 Redfish Sebastes mentella 20 709 47 754 1 583 32 782 347 75 594 582 

Atlantic, Northeast 27 
Roughhead 

grenadier 
Macrourus berglax 658 673 1 033 679 714 695 209 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Atlantic, Northeast 27 
Roundnose 
grenadier 

Coryphaenoides rupestris 4 738 3 667 1 033 4 894 354 3 788 011 

Atlantic, Northeast 27 
Silver scabbard 

fish  
Lepidopus caudatus 31 1 776 1 002 31 062 1 779 552 

Atlantic, Northeast 27 Snow crab Chionoecetes opilio 4 000 6 215 3 842 15 368 000 23 878 030 

Atlantic, Northeast 27 Tusk Brosme brosme 31 19 649 2 324 72 044 45 664 276 

Atlantic, Northeast 27 Wreckfish Polyprion americanus 6 270 1 275 7 650 344 250 

Atlantic, Northwest 21 Atlantic cod Gadus morhua 15 360 52 543 1 712 26 296 320 89 953 616 

Atlantic, Northwest 21 Atlantic halibut Hippoglossus hippoglossus 200 4 005 6 036 1 207 200 24 174 180 

Atlantic, Northwest 21 Greenland halibut Reinhardtius hippoglossoides 8 401 65 372 3 220 27 051 220 210 497 840 

Atlantic, Northwest 21 Northern shrimp Pandalus borealis 476 212 740 1 872 891 072 398 249 280 

Atlantic, Northwest 21 Redfishes nei Sebastes spp. 17 983 32 490 1 583 28 467 089 51 431 670 

Atlantic, Northwest 21 Snow crab Chionoecetes opilio 5 354 97 887 3 842 20 570 068 376 081 854 

Atlantic, Northwest 21 Thorny skate Raja radiata 4 445   638 2 835 910   

Atlantic, Northwest 21 White hake Urophycis tenuis 273 3 235 1 800 491 400 5 823 000 

Atlantic, Northwest 21 
Yellowtail 
flounder 

Limanda ferruginea 2 536 9 388 1 895 4 805 720 17 790 260 

Atlantic, Southeast 47 
Patagonian 

toothfish 
Dissostichus eleginoides 68 79 6 816 463 488 538 464 

Atlantic, Southeast 47 Red crab Chaceon spp. 135   3 842 518 670   

Atlantic, Southwest 41 Marine fish nei   3 000   588 1 764 000   

Atlantic, Southwest 41 Argentine hake Merluccius hubbsi 19 009 335 910 1 037 19 712 333 348 338 670 

Atlantic, Southwest 41 
Argentine shortfin 

squid 
Illex argentinus 15 023 862 867 1 339 20 115 797 1 155 378 913 

Atlantic, Southwest 41 Hoki Macruronus novaezelandiae 18   1 033 18 594   

Atlantic, Southwest 41 
Longtail southern 
cod 

Patagonotothen ramsayi 24 000 36 453 1 275 30 600 000 46 477 575 

Atlantic, Southwest 41 
Patagonian 

scallop 
Zygochlamys patagonica 26 33 584 1 920 49 920 64 481 280 

Atlantic, Southwest 41 
Patagonian 

toothfish 
Dissostichus eleginoides 1 941 7 433 6 816 13 229 856 50 663 328 

Indian Ocean 51 Alfonsino nei Beryx spp. 5 000 1 488 1 671 8 355 000 2 486 448 

Indian Ocean 51 and57 Orange roughy Hoplostethus atlanticus 2 000 270 1 230 2 460 000 332 100 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Indian Ocean 51 and57 
Patagonian 
toothfish 

Dissostichus eleginoides 50   6 816 340 800   

Indian Ocean 51 and57 
Portuguese 

dogfish 
Centroscymnus coelolepis 1 265   724 915 860   

Mediterranean and 
Black Sea 

37  Shrimp 

Aristeus antennatus, 

Aristaeomorpha foliacea, 
Parapenaeus longirostris, 

Plesionika spp. 

30 500 16 319 3 075 93 787 500 50 180 925 

Mediterranean and 

Black Sea 
37 European hake Merluccius merluccius 20 400 20 380 1 450 29 580 000 29 551 000 

North Pacific 61  Marine fish nei   3 673   588 2 159 724   

North Pacific 61 Alfonsino Beryx decadactylus 2 989 3 250 1 671 4 994 619 5 430 750 

North Pacific 61 
Pelagic 

armourhead 
Pseudopentaceros wheeleri 2 059 1 1 275 2 625 225 1 275 

North Pacific 61 Redfishes Sebastes spp. 191 2 307 1 583 302 353 3 651 981 

North Pacific 61 and 67 Sablefish Anoplopoma fimbria 27 16 323 4 836 130 572 78 938 028 

South Pacific 81 Alfonsino nei Beryx spp. 2 2 261 1 671 3 342 3 778 131 

South Pacific 81 Black cardinalfish Epigonus telescopus 1 540 1 275 1 275 688 500 

South Pacific 81 
Black oreo, other 

oreos 
Allocyttus niger 33 7 775 25 575 5 425 

South Pacific 81 and 87 Marine fish nei   549   588 322 812   

South Pacific 81 Orange roughy Hoplostethus atlanticus 1 149 8 674 1 230 1 413 270 10 669 020 

South Pacific 81 
Sharks, dogfish, 

etc 
Squalidae 10   724 7 240   

Southern Ocean 
48 and 58 

and 88 

Antarctic 

toothfish 
Dissostichus mawsoni 3 738 3 847 6 816 25 478 208 26 221 152 

Southern Ocean 
48 and 58 

and 88 

Macrourid 

grenadiers 
Macrourus spp. 122 1 264 1 033 126 026 1 305 712 

Southern Ocean 
48 and 58 

and 88 

Patagonian 

toothfish 
Dissostichus eleginoides 56 11 768 6 816 381 696 80 210 688 

Southern Ocean 
48 and 58 

and 88 
Rajids nei Raja spp. 7   638 4 466   

Atlantic, Eastern 

Central 
34 

Black 

scabbardfish 
Aphanopus carbo   3 302 1 002   3 308 604 

Atlantic, Eastern 
Central 

34 Argentines nei Argentina spp.   134 1 275   170 850 

Atlantic, Eastern 

Central 
34 Black cardinalfish Epigonus telescopus   3 1 275   3 825 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Atlantic, Eastern 
Central 

34 
Blue and red 
shrimp  

Aristeus antennatus   1 2 537   2 537 

Atlantic, Eastern 

Central 
34 Bluemouth Helicolenus dactylopterus   105 1 275   133 875 

Atlantic, Eastern 

Central 
34 Conger Eel Conger conger   1 835 4 471   8 204 285 

Atlantic, Eastern 

Central 
34 

Deep-water rose 

shrimp 
Parapenaeus longirostris   5 077 4 353   22 100 181 

Atlantic, Eastern 

Central 
34 European hake Merluccius merluccius   7 473 1 450   10 835 850 

Atlantic, Eastern 
Central 

34 Forkbeards nei Phycis spp.   688 1 152   792 576 

Atlantic, Eastern 

Central 
34 Oilfish Ruvettus pretiosus   28 731   20 468 

Atlantic, Eastern 

Central 
34 Redfishes nei Sebastes spp.   8 1 583   12 664 

Atlantic, Eastern 

Central 
34 

Silver scabbard 

fish  
Lepidopus caudatus   165 1 002   165 330 

Atlantic, Eastern 

Central 
34 White hake Urophycis tenuis   1 1 800   1 800 

Atlantic, Eastern 
Central 

34 Wreckfish Polyprion americanus   39 1 275   49 725 

Atlantic, Northeast 27 Atlantic halibut Hippoglossus hippoglossus   2 625 6 036   15 844 500 

Atlantic, Northeast 27 
Blue and red 

shrimp  
Aristeus antennatus   54 2 537   136 998 

Atlantic, Northeast 27 
Deep-water rose 

shrimp 
Parapenaeus longirostris   1 340 4 353   5 833 020 

Atlantic, Northeast 27 European hake Merluccius merluccius   96 270 1 450   139 591 500 

Atlantic, Northeast 27 Forkbeard Phycis phycis   773 1 152   890 496 

Atlantic, Northeast 27 Imperial blackfish Schedophilus ovalis   5 1 275   6 375 

Atlantic, Northeast 27 Oilfish Ruvettus pretiosus   116 731   84 796 

Atlantic, Northeast 27 
Portuguese 

dogfish 
Centroscymnus coelolepis   6 724   4 344 

Atlantic, Northeast 27 Redfishes nei Sebastes spp.   16 867 1 583   26 700 461 

Atlantic, Northeast 27 Thorny skate Raja radiata   1 644 638   1 048 872 

Atlantic, Northeast 27 White hake Urophycis tenuis   244 1 800   439 200 

Atlantic, Northwest 21 Alfonsino nei Beryx spp.   118 1 671   197 178 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Atlantic, Northwest 21 Argentines nei Argentina spp.   1 1 275   1 275 

Atlantic, Northwest 21 Bluemouth Helicolenus dactylopterus   1 1 275   1 275 

Atlantic, Northwest 21 Haddock Melanogrammus aeglefinus   21 030 1 302   27 381 060 

Atlantic, Northwest 21 Oilfish Ruvettus pretiosus   5 731   3 655 

Atlantic, Northwest 21 Red crab Chaceon quinquedens   985 3 842   3 784 370 

Atlantic, Northwest 21 
Roughhead 
grenadier 

Macrourus berglax   607 1 033   627 031 

Atlantic, Northwest 21 
Roundnose 

grenadier 
Coryphaenoides rupestris   176 1 033   181 808 

Atlantic, Northwest 21 Tusk Brosme brosme   262 2 324   608 888 

Atlantic, Southeast 47 Alfonsino nei Beryx spp.   142 1 671   237 282 

Atlantic, Southeast 47 Antimora Antimora rostrata   1 1 381   1 381 

Atlantic, Southeast 47 black cardinalfish Epigonus telescopus   1 1 275   1 275 

Atlantic, Southeast 47 Bluemouth Helicolenus dactylopterus   1 127 1 275   1 436 925 

Atlantic, Southeast 47 
Cape 

Bonnetmouth 
Emmelichthys nitidus   477 1 275   608 175 

Atlantic, Southeast 47 
Deep-water rose 

shrimp 
Parapenaeus longirostris   2 226 4 353   9 689 778 

Atlantic, Southeast 47 Oilfish Ruvettus pretiosus   142 731   103 802 

Atlantic, Southeast 47 Orange roughy Hoplostethus atlanticus   47 1 230   57 810 

Atlantic, Southeast 47 
Silver scabbard 
fish  

Lepidopus caudatus   6 809 1 002   6 822 618 

Atlantic, Southeast 47 
Yellowtail 

kingfish 
Seriola lalandi   1 074 5 865   6 299 010 

Atlantic, Southwest 41 Antimora Antimora rostrata   13 1 381   17 953 

Atlantic, Southwest 41 Bluemouth Helicolenus dactylopterus   2 641 1 275   3 367 275 

Atlantic, Southwest 41 
Macrourid 

grenadiers 
Macrourus spp.   206 1 033   212 798 

Atlantic, Southwest 41 Oilfish Ruvettus pretiosus   2 731   1 462 

Atlantic, Southwest 41 Wreckfish Polyprion americanus   25 1 275   31 875 

Atlantic, Southwest 41 
Yellowtail 
kingfish 

Seriola lalandi   1 110 5 865   6 510 150 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

Atlantic, Western 
Central 

31 Bluemouth Helicolenus dactylopterus   10 1 275   12 750 

Atlantic, Western 

Central 
31 Oilfish Ruvettus pretiosus   7 731   5 117 

Atlantic, Western 

Central 
31 Wreckfish Polyprion americanus   41 1 275   52 275 

Indian Ocean 51 
Bluenose 

warehou 
Hyperoglyphe antarctica   42 1 275   53 550 

Indian Ocean 51 damni berri  Lethrinus mahsena   757 3 461   2 619 977 

Indian Ocean 51 Hapuku Polyprion oxygeneios   1 1 275   1 275 

Indian Ocean 57 Hoki Macruronus novaezelandiae   3 895 1 033   4 023 535 

Indian Ocean 57 Mirror dory Zenopsis nebulosus   82 2 277   186 714 

Indian Ocean 57 Morwong nei Nemadactylus spp.   245 1 275   312 375 

Indian Ocean 51 and57 Oilfish Ruvettus pretiosus   156 731   114 036 

Indian Ocean 57 Redfish Centroberyx affinis   219 1 671   365 949 

Indian Ocean 51 Spiky oreo  Neocyttus rhomboidalis   1 775   775 

Indian Ocean 51 and 57 
Yellowtail 

kingfish 
Seriola lalandi   20 5 865   117 300 

Mediterranean and 

Black Sea 
37 Alfonsino nei Beryx spp.   1 1 671   1 671 

Mediterranean and 
Black Sea 

37 Argentines nei Argentina spp.   47 1 275   59 925 

Mediterranean and 

Black Sea 
37 Black cardinalfish Epigonus telescopus   1 1 275   1 275 

Mediterranean and 

Black Sea 
37 Bluemouth Helicolenus dactylopterus   59 1 275   75 225 

Mediterranean and 

Black Sea 
37 Conger eel Conger conger   969 4 471   4 332 399 

Mediterranean and 

Black Sea 
37 Forkbeard Phycis phycis   512 1 152   589 824 

Mediterranean and 
Black Sea 

37 Forkbeards nei Phycis spp.   56 1 152   64 512 

Mediterranean and 

Black Sea 
37 Oilfish Ruvettus pretiosus   6 731   4 386 

Mediterranean and 
Black Sea 

37 
Silver scabbard 
fish  

Lepidopus caudatus   2 412 1 002   2 416 824 

Mediterranean and 

Black Sea 
37 Wreckfish Polyprion americanus   62 1 275   79 050 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

North Pacific 61 and 67 Alaska pollock Theragra chalcogramma   3245082 765   2 482 487 730 

North Pacific 61 and 67 Greenland halibut Reinhardtius hippoglossoides   12 346 3 220   39 754 120 

North Pacific 61 Mirror dory Zenopsis nebulosus   68 2 277   154 836 

North Pacific 61 Northern shrimp Pandalus borealis   10 221 1 872   19 133 712 

North Pacific 61 Oilfish Ruvettus pretiosus   9 132 731   6 675 492 

North Pacific 61 
Redfinned 
emperor 

Lethrinus miniatus   52 3 461   179 972 

North Pacific 67 Snow crab Chionoecetes opilio   24 402 3 842   93 752 484 

North Pacific 61 Warty oreo Allocyttus verrucosus   623 775   482 825 

Pacific, Eastern 

Central 
71 Morwong nei Nemadactylus spp   4 1 275   5 100 

Pacific, Eastern 

Central 
77 Oilfish Ruvettus pretiosus   241 731   176 171 

Pacific, Eastern 

Central 
71 Redfish Centroberyx affinis   1 1 671   1 671 

Pacific, Eastern 
Central 

77 Redfishes nei Sebastes spp   300 1 583   474 900 

Pacific, Eastern 

Central 
77 Sablefish Anoplopoma fimbria   1 478 4 836   7 147 608 

Pacific, Eastern 

Central 
77 

Yellowtail 

kingfish 
Seriola lalandi   19 5 865   111 435 

South Pacific 81 Argentines nei Argentina spp   40 1 275   51 000 

South Pacific 81 
Bluenose 

warehou 
Hyperoglyphe antarctica   1 137 1 275   1 449 675 

South Pacific 81 
Cape 

Bonnetmouth 
Emmelichthys nitidus   2 811 1 275   3 584 025 

South Pacific 81 Hapuku Polyprion oxygeneios   1 387 1 275   1 768 425 

South Pacific 81 Hoki Macruronus novaezelandiae   174 046 1 033   179 789 518 

South Pacific 81 Mirror dory Zenopsis nebulosus   263 2 277   598 851 

South Pacific 81 Morwong nei Nemadactylus spp   6 190 1 275   7 892 250 

South Pacific 81 and 87 Oilfish Ruvettus pretiosus   31 731   22 661 

South Pacific 87 
Patagonian 

toothfish 
Dissostichus eleginoides   1 981 6 816   13 502 496 

South Pacific 81 
Pelagic 

armourhead 
Pseudopentaceros richardsoni   23 1 275   29 325 
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Ocean region 

FAO 

fishing 

area 

Common 

name 
Scientific name 

Landings of 

deep-water 

species 

from the 

ABNJ 

(tonnes) 

Landings of 

deep-water 

species from the 

deep seas 

(ABNJ and 

EEZs) (tonnes) 

Unit 

price 

(USD/ 

tonne) 

Value of 

ABNJ fish 

landings 

(USD) 

Value of deep-sea 

fish landings 

(ABNJ and EEZs) 

(USD) 

South Pacific 81 Redfish Centroberyx affinis   150 1 671   250 650 

South Pacific 81 Rubyfish Plagiogeneion rubiginosum   266 1 275   339 150 

South Pacific 81 
Silver scabbard 

fish  
Lepidopus caudatus   3 894 1 002   3 901 788 

South Pacific 81 Spiky oreo  Neocyttus rhomboidalis   7 775   5 425 

South Pacific 81 
Yellowtail 
kingfish 

Seriola lalandi   26 5 865   152 490 

Southern Ocean 
48 and 58 

and 88 
Antimora Antimora rostrata   147 1 381   203 007 

Total  231 471 7 380 886   442 834 253 9 469 303 768 

 Note: nei – not elsewhere included.  
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8. APPENDIX 2: DEEP-WATER FISH SPECIES NOT INCLUDED IN THE 
ECONOMIC VALUATION OF FISH RESOURCES OF THE DEEP SEAS 

 

Table A2-1: Deep-water fish species with no reported landings in 2014 in FAO-FishStatJ 

 

Common name Scientific name 

Deep sea red crab Chaceon erytheiae 

Bar rockcod Epinephelus ergastularius  

Convict grouper Epinephelus septemfasciatus 

Rose fish Helicolenus spp. 

Striped soldier shrimp Plesionika edwardsii 

Golden shrimp Plesionika martia 

Plesionika shrimp nei Plesionika spp. 

Crimson jobfish Pristipomoides filamentosus 

Ocean blue-eye trevalla Schedophilus labyrinthicus 

Aurora rockfish Sebastes aurora 

Redbanded rockfish Sebastes babcocki 

Blackgill rockfish Sebastes melanostomus 

Bank rockfish Sebastes rufus 

Acadian redfish  Sebastes fasciatus 

Golden redfish Sebastes norvegicus 

Note: nei = not elsewhere included.  
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9. APPENDIX 3: PRODUCTION WELLS FROM DEEP-WATER AND ULTRA-
DEEP-WATER RESERVES IN THE GULF OF MEXICO 

 

Table A3-1: List of deep-water production wells in the Gulf of Mexico  

 

Project 
Producing 

since 
Depth Operator 

Enchilada 1997 292–483 Shell 

Cognac 1979 312–1 128 Newfield Exploration, Shell 

Amberjack 1991 319 Stone Energy 

Virgo 1999 345–1 479 Newfield Exploration, W&T Offshore 

Baldpate 1998 347–502 Anadarko, Apache, Hess Corporation  

Bud 1996 348–1 087 Shell, W&T Offshore 

Pompano 1994 396–1 326 
ExxonMobil, LLOG Exploration, Stone 

Energy 

Bullwinkle 1989 412–884 Dynamic Offshore Resources, Marathon 

Prince 2001 454 El Paso 

Goose 2011 495 LLOG Exploration 

Morpeth 1998 518 Eni 

Petronius 2000 535–1 116 Chevron 

Auger 1994 614–1 128 Shell 

Phoenix 2010 640–733 Talos Energy 

Cardona 2014 647 Stone energy 

Cottonwood 2007 670 Petrobras 

Medusa 2003 671–678 Murphy Oil 

Longhorn 1995 740 Eni 

Genesis 1999 792 Chevron 

Matterhorn 2003 850 W&T Offshore 

Gunnison 2003 900–960 Anadarko 

Brutus 2001 910–1 036 Shell 

Mars 2014 915–1 189 Shell 

West Boreas 1996 943 Shell 

Ram Powell 1997 980 Shell 

Allegheny 1999 989–1 063 ENI 

Front Runner 2004 1 006–1 311 Murphy Oil 

Boomvang 2002 1 023–1 067 Anadarko 

Falcon Corridor 2003 1 052–1269 Marubeni 

Nansen 2002 1 067–1 123 Anadarko 

Ursa 1999 1 113–1 234 Shell 

K2 Complex 2005 1 189–1 311 Anadarko, BHP Billiton, Eni 

Holstein 2001 1 311 Freeport-McMoRan 

Tubulares Bells 2014 1 311 Hess Corporation 

Telemark 2010 1 312 ATP 

Hoover-Diana 2000 1 334–1 618 ExxonMobil 

Tahiti 2009 1 339 Chevron 

Swordfish 1998 1 370 Noble energy 

Magnolia 2004 1 433 ConocoPhillips 
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Table A3-2: List of ultra-deep-water production wells in the Gulf of Mexico  

 

Project Producing since Depth Operator 

Horn Mountain 2002 1 653 Freeport-McMoRan 

Neptune 2008 1 905 BHP Billiton 

Marlin 1999 986–1 800 Freeport-McMoRan 

Devil’s Tower 2004 1 653–2 028 Enervest, Eni, Mariner 

Constitution 2006 1 430–1 600 Anadarko, Noble Energy 

Atlantis 2007 1 647–1 653 BP 

Thunder Horse 2008 1 719–1 829 BP 

Thunder Hawk 2009 1 745 Murphy Oil 

The Great Chinook 

Area 
2012 2 500 Petrobas 

Jack/St. Malo 2014 640–2 134 Chevron 

Lucius 2015 2 172 Anadarko 

Mad Dog 2005 2 073 BP 

Na kika 2003 1 768–2 362 Shell, Noble Energy, BP 

Perdido 2010 2926 Shell 
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10. APPENDIX 4: INVESTMENTS MADE IN SCIENTIFIC RESEARCH IN THE DEEP 
SEAS  

 

Table A4-1: European Union-funded projects on the deep seas, active in 2014  

 

Project 
Project 

length 

Total 

budget 

(EUR) 

Conversion 

rate 

(Euro/USD) 

Total 

budget 

(million 

USD) 

Number 

of years 

Estimated 

2014 

annual 

expenditure 

(million 

USD) 

ABYSS – Assessment 

of Bacterial Life and 

Matter Cycling in 

Deep-sea Surface 

Sediments 

2012–2018 3 375 693 0.778 4.34 6 0.72 

BathyBiome – The 

Symbiome of 

Bathymodiolus Mussels 

from Hydrothermal 

Vents 

2014–2019 2 499 122 0.754 3.31 5 0.66 

BENTHIS – Benthic 

Ecosystem Fisheries 

Impact Study 

2012–2017 7 784 925 0.778 10.01 5 5.00 

BLUE MINING – 

Breakthrough Solutions 

for the Sustainable 

Exploration and 

Extraction of Deep Sea 

Mineral Resources 

2014–2018 14 741 716 0.754 19.55 4 4.89 

BlueGenics – From 

Gene to Bioactive 

Product 

2012–2016 8 146 397 0.778 10.47 4 2.62 

BlueGenics – From 

Gene to Bioactive 

Product: Exploiting 

Marine Genomics for 

an Innovative and 

Sustainable European 

Blue Biotechnology 

Industry 

2012–2016 8 146 397 0.778 10.47 4 2.62 

CACH – 

Reconstructing Abrupt 

Changes in Chemistry 

and Circulation of the 

Equatorial Atlantic 

Ocean 

2011–2017 1 998 833 0.719 2.78 6 1.39 

CARBOCHANGE – 

Changes in Carbon 

Uptake and Emissions 

by Oceans in a 

Changing Climate 

2011–2015 9 556 961 0.719 13.29 4 2.22 

CEFMED – Climate 

Effects on the Deep-sea 

Ecosystem Functioning 

of the Mediterranean 

Sea 

2013–2015 216 953 0.753 0.29 2 0.14 
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Project 
Project 

length 

Total 

budget 

(EUR) 

Conversion 

rate 

(Euro/USD) 

Total 

budget 

(million 

USD) 

Number 

of years 

Estimated 

2014 

annual 

expenditure 

(million 

USD) 

CODEMAP – Complex 

Deep-sea 

Environments: 

Mapping Habitat 

Heterogeneity as Proxy 

for Biodiversity 

2011–2017 1 401 012 0.719 1.95 6 0.65 

DEEPFALL – 

Macrobenthic 

Communities 

Associated with Deep 

Wood Falls Lying in 

Submarine Canyon 

2014–2018 341 387 0.754 0.45 4 0.11 

DEEPFISHMAN – 

Management and 

Monitoring of Deep-sea 

Fisheries and Stocks 

2012–2016 3 805 786 0.778 4.89 4 1.22 

DEEP-SEA – Corals 

Deep-Sea Coral 

Geochemistry and 

Climate: A Focus on 

the History of the 

Southern Ocean 

2012–2015 100 000 0.778 0.13 3 0.06 

DEVOTES – 

Development of 

Innovative Tools for 

Understanding Marine 

Biodiversity and 

Assessing Good 

Environmental Status 

2012–2016 12 086 862 0.778 15.54 4 5.18 

EURARE – 

Development of a 

Sustainable 

Exploitation Scheme 

for Europe’s Rare Earth 

Ore Deposits 

2013–2017 13 685 417 0.754 18.15 4 4.54 

FIX O3 – Fixed Point 

Open Ocean 

Observatories Network 

2013–2017 8 607 911 0.753 11.43 4 2.86 

GADCAP Multispecies 

Model GADGET to the 

Ecosystem of the 

Flemish Cap 

2014–2016 216 034 0.754 0.29 2 0.14 

GEOHABIT – Geo-

acoustic Mapping of 

Benthic Habitat 

Distribution 

2012–2014 278 807 0.778 0.36 2 0.06 

MACUMBA – Marine 

Microorganisms: 

Cultivation Methods for 

Improving Their 

Biotechnological 

Applications 

2012–2016 11 970 228 0.778 15.39 4 3.85 
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Project 
Project 

length 

Total 

budget 

(EUR) 

Conversion 

rate 

(Euro/USD) 

Total 

budget 

(million 

USD) 

Number 

of years 

Estimated 

2014 

annual 

expenditure 

(million 

USD) 

MEDEA – Microbial 

Ecology of the Deep 

Atlantic Pelagic Realm 

2011–2016 2 500 000 0.719 3.48 5 0.70 

MICRO B3 – Marine 

Microbial Biodiversity, 

Bioinformatics and 

Biotechnology 

2012–2015 11 496 409 0.778 14.78 3 4.93 

MIDAS – Managing 

Impacts of Deep-sea 

Resource Exploitation 

2013–2016 12 349 938 0.753 16.40 3 5.47 

NEXOS – Next 

Generation, Cost-

Effective, Compact, 

Multifunctional Web 

Enabled Ocean Sensor 

Systems 

2013–2017 8 104 266 0.753 10.76 4 2.69 

Ocean Food-web Patrol 

– Climate Effects: 

Reducing Targeted 

Uncertainties with an 

Interactive Network 

2013–2019 9 318 048 0.754 12.36 6 3.09 

PERSEUS – Policy-

oriented Marine 

Environmental 

Research in the 

Southern European 

Seas 

2012–2015 16 994 500 0.778 21.84 3 5.46 

PHARMASEA – 

Increasing Value and 

Flow in the Marine 

Biodiscovery Pipeline 

2012–2017 13 194 699 0.778 16.96 5 4.24 

PRODEEP – Progenetic 

Evolution in the Deep-

sea Fauna 

2013–2017 216 034 0.754 0.29 4 0.07 

Progenetic Evolution in 

the Deep-sea Fauna 
2013–2017 216 034 0.754 0.29 4 0.07 

SEABIOTECH – From 

Sea-bed to Test-bed: 

<br/> Harvesting the 

Potential of Marine 

Microbes for Industrial 

Biotechnology 

2012–2017 9 928 143 0.778 12.76 5 3.19 

Sponges – Deep-sea 

Sponge Grounds 

Ecosystems of the 

North Atlantic 

2016–2020 10 241 365 0.904 11.33 4 2.83 

The Deep Sea and Sub-

Seafloor Frontier 
2012–2016 1 139 188 0.778 1.46 4 0.37 

ULIXES – Unravelling 

and Exploiting 

Mediterranean Sea 

Microbial Diversity and 

Ecology for 

2011–2014 3 909 331 0.719 5.44 3 1.36 
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Project 
Project 

length 

Total 

budget 

(EUR) 

Conversion 

rate 

(Euro/USD) 

Total 

budget 

(million 

USD) 

Number 

of years 

Estimated 

2014 

annual 

expenditure 

(million 

USD) 

Xenobiotics’ and 

Pollutants’ Clean Up 

Source: CORDIS (2019). 
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Table A4-2: Country annual expenditure on ocean science and research equipment for deep-sea 

exploration  

 

Country 
Research 

vessels 

Remotely 

operated 

vehicle 

Autonomous 

underwater 

vehicles and 

gliders 

Annual 

expenditure 

(USD 

million) 

Year 

United States of 

America 
51 5 95 12 500 2013 

France 16 4 24 500 2013 

Germany 25 4 16 445 2013 

Norway 14 5 15 300 2013 

Italy 16 2 7 290 2013 

Australia 6 n.d. 17 210 2013 

Republic of Korea 26 6 15 190 2013 

Japan 29 n.d. 6 170 2013 

Canada 20 n.d. 8 150 2013 

India 10 n.d. 2 150 2013 

Spain 14 3 21 40 2013 

Thailand 15 n.d. n.d. 35 2009–2013 

Croatia 6 1 n.d. 22 2009–2013 

Finland 5 n.d. n.d. 20 2013 

Russian Federation 9 n.d. n.d. 7.7 2009–2013 

Turkey 21 1 n.d. 4.8 2009–2013 

Argentina 9 n.d. n.d. 4. 8 2009–2013 

Romania 3 2 n.d. 4.6 2009–2013 

Belgium 2 3 n.d. 4 2009–2013 

Colombia 5 n.d. n.d. 3.1 2009–2013 

Chile 5 n.d. n.d. 2.2 2009–2013 

Kuwait 2 n.d. n.d. 0.3 2009–2013 

Trinidad and 

Tobago 
2 n.d. n.d. 0.3 2009–2013 

Ecuador n.d. n.d. n.d. 0.1 2009–2013 

Source: Data were derived from Figure 4.2 and Table 4.1 of the GOSR survey (UNESCO, 2017).  

Note: n.d. = no data.  
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11. APPENDIX 5: CHARISMATIC FAUNA ASSOCIATED WITH THE DEEP-SEA 
ECOSYSTEM 

 

Table A5-1: Dive and depth range associated with marine charismatic megafauna 

 Note: Information on marine mammal dives was reported by Ponganis (2011), Schorr et al. (2014), Watwood et 

al. (2006), while information on depth used by shark species was retrieved from FishBase. The shark species in 

the list were those reported in the literature review on ecotourism and shark diving. 

 

 

Common name Scientific name 
Common dive 

depth 

Depth 

range 

 

Maximum 

recorded 

dive depth 

Whales 

Blue whale  Balaenoptera physalus 180–200  No data 

Pilot whale  Globicephala sp. 100–800  1 019 

Northern bottlenose whale  Hyperoodon ampullatus 800   1 483 

Sperm whales  Physeter macrocephalus 400–900  2 250 

Cuvier’s beaked whale  Ziphius cavirostris 1 070–1 334  2 992 

Blainville’s beaked whale  Mesoplodon densirostris 835–1099  1 599 

Phocid seals 

Hooded seals  Cystophora cristata 100–600 •  >1 016 

Weddell seals Leptonychotes weddellii 150–400  726 

Northern elephant seal Mirounga angustirostris 437   1 581 

Southern elephant seal Mirounga leonina 269 552   1 256 

Sharks 

Great hammerhead Sphyrna mokarran 1–100 1–300  

Tiger shark Galeocerdo cuvier 0–140 0–800  

Oceanic whitetip shark Carcharhinus longimanus 0–152 0–230  

Lemon shark Negaprion brevirostris  0–92  

Nurse shark  1–35 0–130  

Bull shark Carcharhinus leucas 1–30 1–152  

Whitetip reef shark Triaenodon obesus 8–40 1–330  

Blacktip reef shark Carcharhinus melanopterus   20–75   

Blacktail reef shark Carcharhinus amblyrhynchos  0–280 0–1 000  

Scalloped hammerhead Sphyrna lewini  0–25 0–1 000  

Tawny nurse shark Nebrius ferrugineus  5–30 0–70  

Silvertip shark Carcharhinus albimarginatus  20–? 1–800  

Whale shark Rhincodon typus  0–100 0–1 928  

Zebra shark Stegostoma fasciatum  5–30 0–90   

Giant manta Manta birostris   0–120  

Round ribbontail ray Taeniurops meyeni  20–60 1–500  

Alfred manta Manta alfredi   1–120  

Great white shark Carcharodon carcharias  0–250 0–1 200  

Galapagos shark Carcharhinus galapagensis  30–180 1–286  

Sandbar shark Carcharhinus plumbeus  20–65 0–500  

Basking shark Cetorhinus maximus  No data 0–2 000  
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