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 This thesis examines institutional innovations required for development and application 
of a system for monitoring environmental impacts of mineral mining on the deep seabed and 
in the overlying ocean, beyond national jurisdictions of the continental shelf, termed “the 
Area”. The goal of this study is to recommend a monitoring system that is both effective and 
transparent. 

 Since it was established in 1994, the International Seabed Authority (ISA) has 
developed environmental regulations and recommendations for the prospecting and 
exploration of seabed minerals in the Area. The ISA drafted tentative new regulations on 
deep seabed mineral mining in the Area in 2017. The new regulations will potentially enter 
into force within about two years pending revision and ratification. That scenario would 
enable commercial mining in the Area to commence at any time following the initial two year 
period. However, a large number of stakeholders and scientists are concerned that: 1) there 
could be significant harmful impacts of mining on deep seabed biodiversity and water 
column ecosystems, and 2) the processes and results of evaluating such impacts by ISA or 
their designates, may not be transparent to concerned stakeholders. An adaptive approach to 
effective monitoring of the entire process, at least initially, is required to assess and mitigate 
harmful changes from mining in the marine environment of the deep seabed. Innovative 
techniques of monitoring the extraction process should be considered seriously from the early 
stages of a regulation development in tandem with other environmentally oriented strategies 
instruments, such as publishing environmental impact assessments which, in turn, are 
dependent on documented monitoring efforts. A cooperative, transparent, and integrated 
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monitoring system should be implemented at the outset of mining to identify and assess 
potentially harmful impacts and to inform future strategies that could minimize marine 
ecosystem degradation. 

 Through examination of the ISA mining regulations, meeting reports and academic 
literature, this study found that the ISA monitoring system is currently lacking key elements 
of reporting compliance, a transparent review system, and information access system to all 
stakeholders. Six case studies of other international and national deep sea monitoring 
practices showed that the characteristics of this ISA monitoring plan is more similar to 
national monitoring in the Exclusive Economic Zones and that the ISA does not seek for 
regional and collaborative effectiveness in the environmental management of resources that 
constitute the "Common Heritage of Mankind" in open ocean/high seas portions of the global 
ocean (the Area). These more territorial characteristics indicate the ISA system may not be 
sufficiently flexible and adaptive to allow effective management of environmental changes in 
the international deep seabed and the overlying ocean.  

 In this thesis, I propose 19 institutional, and 6 technological, recommendations to the 
ISA, as options to create an idealized monitoring system for deep seabed mining of nodules 
in the Clarion Clipperton Region of the Area. These recommendations are described in detail 
and are based on practical examinations from the current ISA rules and inspection of other 
deep sea monitoring practices, taking into account stakeholders' perspectives to design an 
approach that is as mutually acceptable to all parties as possible. Therefore, this study 
suggests that the ISA system potentially could gain better outcomes for the environmental 
management in the Area, however, they need to consider various options thoroughly before 
commencement of deep seabed. Key recommendations include to define baseline monitoring 
strategies with respect to spatial and temporal resolution, to implement collective monitoring 
and reporting by adjacent contractors, and to establish compliance review committees inside 
ISA.  
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Chapter 1. Introduction 

1.1. Environmental monitoring of the impacts caused by seabed mining 

 Environmental monitoring is a necessary policy and management tool to observe 

effects of marine mining and compliance with environmental protection standards. 

Monitoring can avert harmful impacts caused by natural resource development projects and is 

part of Environmental Impact Assessments (EIAs). Monitoring is generally conducted in a 

post-decision stage during and after an EIA as the EIA follow-up activity 

(Morrison-Saunders, Arts, Baker, and Caldwell, 2001; Morrison-Saunders, Marshall, and 

Arts, 2007) in order to confirm the EIA outcomes and keep track of environmental conditions 

affected by the project (Ramos, Caeiro, and de Melo, 2004). It is known that the EIA 

follow-up monitoring can bring mutual benefits to proponents and regulators. Therefore, 

monitoring and well-planned EIAs are essential elements to consider from the beginning of 

program planning (Morrison-Saunders et al., 2001) and should be implemented from that 

stage. 

 Monitoring has been considered a necessary management process in seabed mining 

projects as well. The highest administrative and regulatory body to manage the deep-seabed 

mineral mining in the Area1, the International Seabed Authority (ISA), has adopted and 

amended three regulations as legal instruments for the prospecting and exploration periods of 

three kinds of seabed minerals, i.e., polymetallic nodules, cobalt-rich ferromanganese crusts, 

and polymetallic sulphides–since 2000. It is going to develop another regulatory framework 

for the exploitation period of the three minerals. These rules contain the ISA mining 

contractors’ obligations to conduct baseline surveys, EIAs, monitoring in the contracted area, 

and sponsoring nations' legal obligations to implement appropriate management rules to 

                                                
1 UN Convention on the Law of the Sea Article 1. The Area means seabed and ocean floor and subsoil thereof, 
beyond the limits of national jurisdiction. 



 

2  
 

comply with the ISA regulations (“The mining code | International Seabed Authority,” n.d.). 

However, a large amount of literature has pointed out that the ISA regulations are ambiguous 

and that they do not clarify the definition of harmful impacts, items to be observed and 

assessed in baseline surveys and EIAs, processes to be taken in EIAs, etc. (Collins et al., 

2013; Durden et al., 2017, 2018; Ellis, Clark, Rouse, and Lamarche, 2017; Jaeckel, 2016; 

Jaeckel, Ardron, and Gjerde, 2016; Jaeckel, Gjerde, and Ardron, 2017; Levin et al., 2016). 

As a fundamental issue of the deep-seabed mining in the Area, environmental data are 

extremely sparse in the deep sea, and the detailed biological system is still unknown. Thus, 

commercial mining activities on the deep seabed are considered to be premature because it is 

not possible to predict the mining impacts on the ecosystem (Beaulieu, Graedel, and 

Hannington, 2017; Van Dover et al., 2017). Not only from a science side, the ISA's 

regulations also require sponsoring states to apply "a precautionary approach" to the 

environmental protection in the Area from human activities based on one of the Rio 

Declaration principles (Regulation 31 Protection and preservation of the marine environment; 

(ISA, 2013b). Recently the United Nations has been in deliberations on a new biodiversity 

regulation which would legally bind state practices in the Area (The conservation and 

sustainable use of marine biological diversity of areas beyond national jurisdiction; UN, 

2017). The current movement toward the precautionary approach and conservation of 

biodiversity could require more protection of biodiversity in the ISA regime in the form of 

tighter EIAs and monitoring. 

"An adaptive management approach" is another concept which is relatively recently 

recommended for ISA's environmental management. This term officially showed up in the 

draft regulations on exploitation of mineral resources in the Area (ISA, 2017a), where the 

adaptive management techniques are required to be applied in the monitoring program. 

The Annex VII Environmental Management and Monitoring Plan 
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An Environmental Management and Monitoring Plan shall include the following 
information: 
(g) A description of the planned Monitoring programme, standards, protocols, 
procedures and performance assessment of the Environmental Management and 
Monitoring Plan, including environmental objectives set and the necessary risk 
assessment and management techniques, including adaptive management techniques 
(process, procedure, response), to achieving the desired outcomes. 
 

Ellis et al. (2017) argues that an adaptive management approach can reduce uncertainties in 

an EIA effectively analyzing the offshore mining practices in New Zealand. Durden et al. 

(2018) suggests that both precautionary and adaptive management approaches are necessary 

and that they should continue from an EIA throughout monitoring. 

The current regulations and expert meetings held around the ISA on the monitoring 

system have mainly addressed scientific and technical perspectives, i.e., species and water 

properties to be monitored (“Workshop: Design of Impact Reference Zones and Preservation 

Reference Zones in the Area | International Seabed Authority,” n.d.). These are important for 

the construction of the best available science. However, I would argue that synoptic policy 

mechanisms and processes to facilitate the use of such best available science should be 

considered and implemented, particularly the roles in monitoring among mining contractors, 

sponsoring states, and ISA. Additionally, the methods of reporting and review are important 

components of monitoring and should be discussed as well. Once actual mining starts, a large 

international organization may not be able to change quickly to revise a part of the system 

although some flexibility should be maintained.  

1.2. Seabed mining in the EEZs and beyond 

Historically, marine mineral resources in the seabed have been strong interests for 

nations since the 1950s at the time of Challenger Expedition (Allen, 2014). In the Antarctic 

Ocean, the Antarctic Treaty Parties once created a management plan for mineral mining 

(1988 Convention on Antarctic Mineral Resource Activities). However, some parties were 



 

4  
 

not able to agree with the plan and this effort ended in banning the mining activity (Berkman 

et al., 2009). Until the UN Convention of the Law of the Sea (UNCLOS) entered into force in 

1994, the US was one of the leading nations to explore deep-seabed minerals. It even 

conducted EIAs for test mining activities in the Central Pacific Ocean (United States, 1987) 

which is now where the ISA’s most heavily contracted areas exist (16 areas). In all areas that 

the ISA manages, there are currently 29 mining contracted areas sponsored by nations (e.g., 

U.K., France, Germany, Japan, China, India, etc.) that have contracted with the ISA to 

proceed with mining exploration (ISA website, 2018). Some ISA contractors, such as the UK 

and Japan, have re-contracted with the ISA and have started their second term exploration 

period of fifteen years. They are waiting for the establishment of regulations to frame 

commercial mining activities in the Area, which are expected within fifteen years in the 

current legal setting. Even before the critical EIA framework has been created, it is not too 

early to consider the best monitoring practice and its components and frameworks.  

In the EEZs of some nations sponsoring ISA contractors, such as Papua New Guinea, 

the Cook Islands, and Japan, seabed-mining projects have started already. For example, 

Papua New Guinea is the leading nation. They mine polymetallic sulphides from the offshore 

seabed at approximately 1600 m depth in the Bismarck Sea. The PNG government passed the 

Environmental Act in 2000 for seabed mining, and a Canadian mining company, Nautilus 

Minerals Inc., has been contracted to lead the Solwara 1 Project’ since 2007. Nautilus' EIA 

was finished in 2008 based on the observation data collected since the 1990s, a large volume 

of outputs from expert meetings, and simulations (Coffey Natural Systems, 2008). This EIA 

is positively evaluated by some participating experts as they applied best practices in the EIA 

surveys and reviewed the EIA data with the collaboration of scientists and industry (Van 

Dover, 2011; Van Dover et al., 2016). Thus, the ISA technical workshops have referenced 

Papua New Guinea’s practices. However, it should be noted that the progress toward 
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commercial mining in the Papua New Guinea EEZ ceased in 2013 because of financial and 

mistrust problems between the company and the government (Davidson and Doherty, 2017). 

In the meantime NGOs and activist groups have strengthened their protests against the 

project in terms of environmental protection (“Deep Sea Mining,” n.d.; “MiningWatch 

Canada | Changing public policy and mining practices to ensure the health of individuals, 

communities and ecosystems,” n.d.). One argument of the NGO groups is that the 

government and Nautilus Minerals Inc. underestimate the potential impacts and risks in the 

EIS (Deep Sea Mining Campaign, 2015).  

It is also noted that the Pacific Island nations, including Papua New Guinea, have 

developed an EIA scheme for mining in a regional cooperation process during the1990s 

under the aegis of a World Bank's project. They established the Pacific Community and 

Secretariat to the Pacific Regional Environment Programme (Bradley and Swaddling, 2016). 

However, the region has potential disadvantages due to its lack of trained marine mining 

expertise, insufficient quality control over EIA reports, weak compliance monitoring and 

enforcement, and a low level public engagement in EIAs. 

Applicable monitoring techniques for the seabed are available from the offshore oil 

and gas development already commercialized in the EEZs. Nations have established their 

own laws, regulations and EIAs and monitoring systems. With the ease of access, higher 

economical value (Wakefield and Myers, 2016), and few environmental impacts per unit area 

(Hein et al., 2015), some experts recommend that the seabed mining should be more easily 

implemented in the EEZs, as opposed to in the Area (Hannington, Petersen, and Krätschell, 

2017). 

1.3. Policy elements in monitoring of the deep seabed mining in the Area 

The ISA is attempting to make clear what items should be monitored and reported, 
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who monitors and reports, how reports are reviewed, and who can access the reports and 

data. With respect to accessing data, transparency is considered necessary for good 

governance (Ardron, 2016; Ardron, Ruhl, and Jones, 2018; Mitchell, 1998). However, 

transparency in the current ISA system is evaluated to be very low, i.e., far worse than when 

other regional management organizations are considered, e.g., fisheries on the high seas 

(Ardron, 2016; Jaeckel et al., 2016). Ardron et al. (2018) defines six ways to enhance 

transparency as the access to information; reporting, quality assurance, compliance 

information/accreditation, public participation, and the ability to review and appeal decisions. 

They further recommend that the ISA should find implementation mechanisms for these 

methods to build confidence in its work. 

In a realm of transparency of systems, Mitchell (Mitchell, 1998) defines an 

information system as the function of transparency in a regime (Fig. 1.2). The information 

system can input information to the regime through reporting and monitoring and output data 

to the regime and the public through reviewing, data sharing, etc., and ultimately can increase 

the effectiveness of the system. Here "effectiveness" does not mean the ability of a technical 

monitoring system to detect and identify impacts and to monitor the trends. This thesis will 

uses effectiveness as a function of "the contributions that institutions make to solving the 

problems that motivate actors to invest the time and energy needed to create them" (Young 

and Levy, 1999). Information systems are categorized as either effectiveness-oriented or 

compliance-oriented. Reporting is described a the most important source of information and 

categorized as self-reporting (reporting by monitoring practitioners), other-reporting 

(reporting by stakeholders other than monitoring practitioners) and problem-reporting 

(reporting by anyone who finds a problem). Mitchell emphasizes that transparency sources 

such as reporting activity are influenced by the incentives and capacities of the reporters. 

Examples of typical incentives in international environmental management include normative 



 

7  
 

goals, public images, sanctions and political rewards. Although the observations by Ardron et 

al. (2018) criticize the ISA's incentives as not being transparent, practical methodologies to 

increase transparency such as giving contractors more incentives could be addressed and 

suggested to the ISA.  

Under the ISA monitoring regime, the economic value of the information submitted 

by nations and contractors, such as proprietary data, shall be protected (Lodge et al., 2014). 

Under ISA most results of reports and reviews or data are not available to anyone except the 

ISA Secretariat and its Review commission members.  

A feeling of fairness and legitimacy is one of the important factors to effectiveness of 

international environmental regimes (Young, 2011), but is largely lacking in the ISA regime 

because of the confidentiality practices and other requirements. Although there is a 

fundamental dilemma between transparency and protection of proprietary information, some 

policy improvements could bring a more effective system, which may provide mutual 

benefits for all parties.  

Although Hannington et al. (2017) suggest that EEZ mining is easier to monitor, 

offshore oil and gas practices in the domestic EEZs have shown transparency issues can be 

addressed in national as well as international waters. For example, the governments of the 

US2, Canada, the UK, and Australia have not disclosed the exact location data in longitude 

and latitude of oil spills occurring in their EEZs through websites (Fraser, Ellis, and Hussain, 

2008). Building public awareness, engagement, and best practices can not achieved without 

that information. Information sharing at the public level might be extremely difficult in the 

ISA regime too since it deals with business secrets from each mining contractor, and effective 

monitoring system might be considered as a lower priority. 

                                                
2 The current US system provides the information of the lease, area and rig where an oil spill occurred by the 
government. https://www.bsee.gov/stats-facts/offshore-incident-statistics. 
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1.4. Research objectives 

My thesis focuses on the ISA's environmental monitoring system for impacts of the 

deep seabed mining with an emphasis to improve transparency issues that have been pointed 

out by the earlier studies and to increase the effectiveness of monitoring. The definition of 

monitoring in this study is not limited only to the technical methods to monitor 

environmental targets at sea, but also includes a holistic information system to observe, 

evaluate, and verify the environmental impacts of a regime's human activities. The 

geographical focus of this thesis is the Clarion Clipperton Zone of the Central Pacific Ocean, 

where the largest number of the ISA contracted areas of polymetallic nodules exists (16 

contractors; Fig. 1.1). 

I will explore 1) how monitoring is framed in the current draft ISA regulations and 2) 

the monitoring approaches and characteristics employed in other practices at the international 

and national levels. Then I will examine 3) what would constitute the environmental 

monitoring system that is transparent and effective for ISA mining based on a comparison 

between the ISA and other monitoring practices. Finally, I will 4) make policy 

recommendations for ISA monitoring and provide concluding remarks. 
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Figure 1.1. International Seabed Authority (ISA) polymetallic nodules contracted areas in the 
Clarion Clipperton Zone of the Central Pacific Ocean. The figure is cited from ISA website 
(2018). 
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Figure 1.2. A flow pattern of information system to increase transparency and effectiveness 
sources in the environmental monitoring system. Shade indicates the monitoring elements 
which this thesis examined.  
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Chapter 2. Research design 

2.1. Characteristics of Deep Sea Monitoring Cases 

 This study employed a qualitative approach to conduct a descriptive typology analysis 

to discern options for design of an ideal environmental monitoring system for deep seabed 

mining for polymetallic nodules. Because deep seabed mining has not yet started, the current 

discussion of regulations for environmental monitoring at the ISA has many uncertainties. 

The available data on ISA are limited to the published literature and official reports of the 

ISA. This study adopted a multiple case study approach to allow an in-depth examination of 

selected deep sea environmental monitoring cases, to allow consideration of a range of 

possible monitoring policy options. This study intends to make practical recommendations to 

the ISA for design of deep seabed environmental monitoring. 

 To answer the research questions mentioned in Chapter 1, the following 

characteristics of existing monitoring systems for environmental impacts by marine resource 

developments are examined: 1. what is monitored, 2. what is reported by whom, 3. how 

reports and data are reviewed, 4. enforcement of non compliance with monitoring 

requirements, 5. penalties, 6. access to data, and 7. confidentiality of information.  

 The analysis is made using the following steps. First, the ISA's environmental 

regulations and reports are analyzed to examine the characteristics of the existing regime. 

Second, the key monitoring characteristics above were examined from six cases of seabed 

environmental monitoring systems. Finally the best options to be adopted for the ISA 

monitoring systems are discussed. 

 For the analysis of the ISA system, I examined its proposed regulations and 

recommendations based on reports from the ISA Council, Assembly and various workshops 
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regarding monitoring systems. Stakeholder responses to general and specific questions to the 

draft regulations (ISA, 2018a) were analyzed to assess the stakeholders' potential response to 

toward the design of ISA future monitoring system for the exploitation stage of marine 

mining.  

2.2. Selection of case studies 

 To obtain information on the characteristics of seabed monitoring systems, four 

international and two national environmental regimes which monitor offshore and open ocean 

areas were selected. Case studies were chose using the criteria that it should be: large in 

scale; having a deep sea component; representative of a large national or international 

system; and designed for monitoring of extractive industry with environmental impacts. Each 

of the case studies has unique characteristics that provide information and useful options to 

compare and contrast with the current ISA monitoring for exploration and discussion of 

exploitation stage monitoring. These characteristics are described for each case: the 

Barcelona Convention, the Oslo Paris Convention (OSPAR), the Food and Agriculture 

Organization (FAO) of the UN global and regional fishery management organizations, the 

Commission for the Conservation of Antarctic Marine Living Resources, the US monitoring 

system for deep sea hydrocarbon production, and the Papua New Guinea government 

monitoring system for mining mineral crusts. 

The Barcelona Convention was established by the UN Environment Programme 

(UNEP) as the Mediterranean Action Plan of the first regional seas program in 1975, and 

adopted as the Action Plan for the Protection of the Marine Environment and the Sustainable 

Development of the Coastal Areas of the Mediterranean in 1995 (European Commission, 

n.d.). The Convention has seven protocols, one of which is for the offshore environmental 

management. A large part of the convention area within the Mediterranean Sea is defined as 
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international waters, where the density of human activities and sea-lanes is quite high. The 

multi-national characteristics of this convention area are similar to those for the ISA area, and 

the area covered by the Convention contains the high-sea area of the Mediterranean Sea. 

Official documents were obtained from the websites of the Barcelona Convention, which are 

managed by the UNEP Mediterranean Action Plan (UNEP MAP, n.d.).  

The Convention for the Protection of the Marine Environment of the North-East 

Atlantic, so-called Oslo and Paris Convention (OSPAR Convention) is another large 

environmental regional management entity for the North Atlantic Ocean and its high-seas 

area. One of the annexes of the convention is titled as for the prevention and elimination of 

pollution from offshore sources. The countries signatory to OSPAR utilize two types of 

monitoring frameworks, the Joint Assessment and Monitoring Programme and the 

Coordinated Environmental Monitoring Programme. These programs compare favorably with 

the ISA monitoring program needs. Official documents were obtained from the OSPAR 

Secretariat (“OSPAR Commission | Protecting and Conserving the North-East Atlantic and 

its Resources,” n.d.). 

Global and regional fisheries management organizations of the Food and Agriculture 

Organization of the UN (FAO) and the Commission for the Conservation of Antarctic Marine 

Living Resources (CCAMLR) were examined. They deal with similar jurisdictional settings 

with respect to high-seas management, and they have been seeking for useful monitoring 

systems for high impact activities to the environment such as fishing especially to detect 

illegal, unregulated and unreported fishing. The system needs overarching characteristics, 

some of which could be applied to deep seabed mining. CCAMLR has the longest history to 

conduct deep sea fisheries monitoring. Official documents were obtained from the websites 

of each secretariat (FAO, n.d.-b; CCAMLR, n.d.-b). 
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The US government offshore oil and gas drilling monitoring was chosen because it is 

one of the world largest offshore drilling nations with experience with deep sea oil and gas 

production. Since its first offshore oil production off California in 1896 (American Oil and 

Gas History Society, 2017), the US government has accumulated the best available 

technologies (BSEE, n.d.-a). Those technologies might be applicable to the deep seabed 

mining in the Area as well. Due to the Deepwater Horizon accident within the Gulf of 

Mexico in 2010, the US government has been revising the management regulations, from 

which practical lessons can be obtained. Official documents concerning monitoring 

requirements are obtained from the websites of control and supervisory agencies such as the 

Department of the Interior, Environmental Protection Agency, US Coast Guard, etc. (BOEM, 

2017; BSEE, 2016b; USCG, n.d.). 

Deep sea mineral mining project by Papua New Guinea was chosen because it is the 

first nation to prepare EIAs and monitoring protocols for commercial mining in the UNCLOS 

era and probably the nation closest to starting commercial deep sea mineral mining in its 

EEZ. It published an EI statement in 2008 and it is considered to be planning to start a 

commercial mining within a few years using a Canadian contractor Nautilus Minerals Inc. 

Some experts evaluate the PNG produced EIA highly and point out that Nautilus Minerals 

Inc. applied the best available sciences and practices at that time. Official documents were 

from the websites of the Nautilus Minerals Inc., a Canadian mining company and a sole 

contractor of this mining project (Nautilus Minerals Inc., n.d.) 
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Chapter 3. Overview of ISA exploration and exploitation regulations 

3.1. Exploration monitoring 

 The UN Convention on the Law of the Sea (UNCLOS) articulates a basic framework 

for the ISA to manage deep seabed mining in the Area. In UNCLOS, member states are 

responsible for monitoring of the effects of pollution caused by their activities in order to 

protect marine environments (UNCLOS Article 204).  

UNCLOS 
PART XII PROTECTION AND PRESERVATION OF THE MARINE ENVIRONMENT 
Article 204 Monitoring of the risks or effects of pollution 
1. States shall, consistent with the rights of other States, endeavor, as far as practicable, 
directly or through the competent international organizations, to observe, measure, 
evaluate and analyze, by recognized scientific methods, the risks or effects of pollution of 
the marine environment.  
2. In particular, States shall keep under surveillance the effects of any activities which 
they permit or in which they engage in order to determine whether these activities are 
likely to pollute the marine environment. 
 
 

 In the ISA regulatory framework of polymetallic nodules mining, the ISA's executive 

body, the Council (Fig. 3.1), adopted and amended regulations for prospecting and 

exploration in 2013 (ISA, 2013b; hereafter called exploration regulations). "Prospecting" 

means a search for mineral deposits without any exclusive right. "Exploration" means a 

search for minerals within the contractor's exclusive right. Each contractor is permitted a 

maximum 150,000 km2 area at for a period of fifteen years (Fig. 3.2). The exploration 

regulations define detailed procedures of the contractor's application for exploration. 

Ultimately, a contracted area has to be divided into two areas half the size of the original area. 

Each half must have the same resource value. The area-is called a "Reserved Area", and only 

developing states can be a sponsor of the contractor who applies for exploration/ 

exploitations in the area (Reg. 17). The other half of the area is retained to be developed by 
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the contracting state. Contractors sponsored by the developing states of China, Singapore, 

Nauru and Kiribati, for example, made contracts with the ISA using those regulations 

(Jaeckel et al., 2016). Thus, the Reserved Area system facilitates the willingness of 

developing nations to engage in mining contracts. Before shifting to an exploitation contract, 

contractors can twice request for an extension of the exploration contract as Japan and China 

extended theirs.  

 

 

 

 

Figure 3.1. ISA organization chart (ISA website, 2018).  
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Figure 3.2. Overview of contractor activities for polymetallic nodules mining in exploration 

and exploitation periods. The figure is cited from ISA (2018a). 

 

Initial application of a Plan of Work and monitoring based on the plan 

 There are two monitoring systems in the exploration period. One is through the 

monitoring of contractors' status of their activities, measures taken and accomplishments with 

the regulations and guidelines. According to the exploration regulations, an initial approval 

and periodical reporting and review cycle of "Plans of Work" functions as this monitoring 

system (ISA, 2013b) (Fig. 3.2; Table 3.1).  

 To start exploration, contractors need to submit to the Secretary-General a Plan of 

Work which defines a plan for baseline surveys to get an approval by the ISA. As a legal 

obligation, the ISA shall monitor the compliance with the Plans of Work (Agreement Part XI 

of UNCLOS), and the Secretary-General and contractors shall jointly review the 
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implementation of the Plan of Work every five years (Reg. 28) (ISA, 2013b). Therefore, 

technically, contractors have to monitor the compliance as well as other data. 

AGREEMENT RELATING TO THE IMPLEMENTATION OF PART XI OF UNCLOS 
Annex 1 (5) Between the entry into force of the Convention and the approval of the first 
plan of work for exploitation, the Authority shall concentrate on: (c) Monitoring of 
compliance with plans of work for exploration approved in the form of contracts 

 

 However, the compliance monitoring system is weak because the exploration 

regulations do not state the compliance monitoring requirement (Table 3.1). There is no 

special committee to inspect contractors' compliance status in the ISA since a review of the 

contractors' Plan of Work is basically conducted by contractors themselves and the Secretary 

General (Table 3.1). Moreover, an instrument to enforce against non-compliance is lacking. 

Even though the Secretary-General has an obligation to report on the periodical review of a 

Plan of Work to the Council, currently non-compliant contractors there does not seem to be 

enforcement followed by punishment or sanction. For example, cases of non-compliance 

were vaguely reported to exist by the LTC Chair's report in the ISA 23rd annual meeting in 

2017;  

"... there were some cases of non-compliance, which were noted. One contractor 
submitted two annual reports late. Another contractor did not meet its reporting 
requirement regarding environmental data and generally failed to comply with 
requirements prescribed under the standard clauses of the contract..." (ISBA/23/C/133) 

 

But no penalties were assessed (ISBA/23/C/13; ISBA/24/C/44). For these reasons, the current 

exploration monitoring system does not function well, which lowers ISA's transparency. 

                                                
3 The ISA Council meeting report in 2017, 'Report of the Chair of the Legal and Technical Commission on the 
work of the Commission at its session in 2017'. 
4 The ISA Council meeting report in 2018, 'Information relating to compliance by contractors with plans of 
work for exploration, Report of the Secretary-General'. 
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Therefore, institutional improvements are needed (Ardron et al. 2016; Ardron, Ruhl, and 

Jones 2018).  

Annual environmental monitoring of baseline and test mining 

 The other monitoring system is general "environmental monitoring" by measuring, 

assessing and reporting of the deep seabed environments through the entire process of 

baseline surveys to impact assessments from test mining (Fig. 3.2). The exploration 

regulations define a contractors' obligation to conduct environmental baseline monitoring in 

order to ensure effective protection for the marine environment from harmful effects (Reg. 

32). While conducting those surveys, contractors have to take into account recommendations 

for environmental aspects issued by the Council. So far, the Council has issued two sets of 

recommendations for the guidance on possible environmental impacts from contractors' 

activities and on formatting annual reports (ISA, 2013a, 2015), and developed an 

environmental management plan for the Clarion Clipperton Zone (ISA, 2011).  

 These recommendations were previously reviewed by the Legal and Technical 

Commission (LTC), one of two advisory and working bodies to the Council (Fig. 3.1). LTC 

possesses a legal obligation to make recommendations to the Council in the development of 

regulations (UNCLOS Article 165). 

UNCLOS  
PART XI THE AREA 
Article 165 The Legal and Technical Commission 
2 (h) The Commission shall make recommendations to the Council regarding the 
establishment of a monitoring programme to observe, measure, evaluate and analyze, by 
recognized scientific methods, on a regular basis, the risks or effects of pollution of the 
marine environment resulting from activities in the Area, ensure that existing regulations 
are adequate and are complied with and coordinate the implementation of the monitoring 
programme approved by the Council. 



 

 
 
 

20 

 LTC holds substantial executive power in the ISA's regulatory system through 

requesting, examining and reviewing of regulations and contractors' applications and reports 

under the Council, however, the LTC does not open information on what they discuss and 

how they conclude nor they do not allow observers. So far, only summary reports of the 

LTC's chair have been provided to the Council upon the Secretary-General's obligation (Rule 

21; Rules of procedure of the Legal and Technical Commission). Such management 

characteristics of LTC give an impression to stakeholders that the ISA system has an unclear 

decision-making process, which is regarded as a huge transparency issue in terms of access to 

data or review elements (Ardron et al., 2018; Jaeckel et al., 2016; Wood, 1999).  

 Baseline monitoring requirements for environmental monitoring by contractors are 

categorized into seven science fields of physical oceanography, geology, chemical 

oceanography, sediment properties, biological communities, bioturbation, and sedimentation 

(ISA, 2013a; see Table 3.1 and Chapter 3.3). The ISA published a template of environmental 

and geological data items to be submitted in annual reports (“Reporting Templates | 

International Seabed Authority,” n.d.), and currently it is presumed that each contractor 

measures the baseline along this template, and summarizes and reports the data. For example, 

metallic ions such as Mn, Zn, Cd, Pb, Cu and Hg are recommended to submit for the 

chemical oceanographic data category, and contractors are asked to refer to the ISA's 

standardization measurement methods in ISA (2002).  

 Impact monitoring is required for the contractors' specific activities which need an EIA 

prior to the exploitation period such as sampling to test if activities exceed limit amount of 

certain substances, test mining, drilling activities using on-board rigs (ISA, 2013a) (Table 

3.1). The monitoring requirements are briefly described in the ISA regulations such as the 

specific monitoring data on the sediment condition and the chemical and physical 
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characteristics of discharged water are required as well as use of the best available 

technology. Without any specification of environmental and methodological standards, the 

selection of methods and items would be difficult. 

 Contractors are required to report those environmental data annually to the ISA, 

however, the exploration do not stipulate how the authority review the annual reports (Table 

3.1). It is assumed that LTC and the Secretary General review from the past ISA meeting 

report, but the system is quite ambiguous. Even if LTC reviews annual reports, only one 

committee system to review and evaluate the whole environmental data and impact 

assessments would not be sufficient without any significant standards. 

 Due to the lack of agreed environmental standards and monitoring methods, questions 

arise as how well contractors actually monitor and report on the environmental impacts of 

their exploration activities Similarly there are concerns about how reports are reviewed and 

evaluated, i.e., whether this is done consistently and reliably. Most deep sea biologists are of 

the opinion that (Van Dover et al., 2017, 2018), it is doubtful the ISA system is adequate. It is 

difficult ex post to increase deep sea data to resolve the uncertainties, however, it should be 

still possible to make the review process, at least, clearer for stakeholders through changes in 

the institutional arrangements for reporting and review. 

 In confidentiality provisions (Reg. 8, 36, 37), any data other than those related to the 

protection and preservation of the marine environment can be closed, and only the 

Secretary-General has a decision-making power to release the information upon a 

prospector's request to disclose data. This might be convenient for contractors, because they 

can protect the data related to business secrets such as mineral resource value that might 

affect investment in contractors' mining business.  
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 However, from a perspective of environmental protection, this system is considered to 

hide the reports and data which should be transparent. In actuality no annual reports or 

environmental data have been disclosed as of yet. Although the ISA is planning to release a 

database system open to public, the criteria for the environmental data are yet to be 

determined. Moreover, less disclosure lowers the reliability and accountability of reports 

itself to interested parties.  

 With respect to exploration and exploitation, the environmental management plan for 

the Clarion Clipperton Zone is introduced to facilitate regional monitoring effort by 

contractors, and a zoning survey and monitoring mechanism in each contracted area based on 

the principle of the protection and preservation of the marine environment (ISA, 2011). 

Outside the contracted areas, nine areas of particular environmental interest (APEI) have 

been designated by the ISA so far which shall be permanently preserved as reference areas 

(ISA, 2011). Within a contracted area, contractors shall create preservation reference zones 

and impact reference zones in order to monitor the environmental impacts in both zones. 

Contractors are recommended to co-operate with each other for monitoring, and any 

coorperation mechanisms should be developed as needed. 

Summary on exploration monitoring 

 There are two sets existing in terms of what is monitored for contractors: one is their 

activities, measures and achievement based on their Plan of Work, the other is general 

baseline and test mining environmental monitoring. The Plan of Work is supposed to have 

characteristics of compliance monitoring, however, the regulations do not stipulate that 

requirement clearly. The large part of their reporting system relies on more science data 

templates as requirements and lacks a function of compliance reporting. The review system, 
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especially periodical review of a Plan of Work are conducted only between the Secretary 

General and contractors, which is not transparent. Due to this non-transparent system, it is not 

clear that any enforcement and penalties have been actually working to non compliance issue. 

Considering the current ISA status that any environmental data have not been available, even 

though it is against the regulations.  
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3.2. Exploitation monitoring 6 

 "Exploitation" contracts are permits for 25 years at a maximum with the contractors 7 

having exclusive right. As of present (April 2018), the ISA Secretariat has drafted two sets of 8 

regulations for exploitation of Polymetallic nodules: one focuses on the standard contract 9 

terms and the other focuses on the environmental management (ISA, 2017a, 2017b). The 10 

completion of the development of new regulations is expected by 2019 (ISA, 2018a). 11 

Although these regulation drafts will be still revised by the Secretariat taking into account the 12 

stakeholder opinions from the ISA workshops, the Council and questionnaires (Appendix A), 13 

these are only sources to assess the future ISA monitoring for commercial mining. The 14 

regulations are worth examining and taking into account when making my recommendations. 15 

Hereafter, the two sets of regulations are referred separately as the exploitation "draft 16 

regulations" and "draft environmental regulations" respectively.  17 

Application of exploitation plans and monitoring based on the plans 18 

 As well as exploration, the exploitation monitoring is divided into two parts: the initial 19 

application for an exploitation contract and the later required regular reporting during mining 20 

activities (Table 3.2). The initial application process is necessary to obtain a permission to 21 

conduct an EIA and the subsequent exploitation contract. In the first application, contractors 22 

submit an Environmental Scoping Report on what they plan to focus in the EIA from test 23 

mining (Figs. 3.2, 3.3). In the second application after the Environmental Scoping Report is 24 

accepted, contractors submit a Plan of Work. The Plan of Work is a full set of working and 25 

environmental management plans. These plans include the Environmental Impact Statement, 26 

Environmental Management and Monitoring Plan, Closure Plan and is submitted to ISA 27 

along with non environmental four other plans (Financial Plan, pre-feasibility studies and 28 
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administration fees) (Fig. 3.3). It should be noted that contractors conduct this application 29 

process still under the Exploration regulations and contract until ISA issues an exploitation 30 

contract to the contractors (Fig. 3.2). 31 

 For the initial application of a contract, contractors need a large amount of efforts and 32 

data to fulfill such requirements to make the plans as anticipated impact assessments and 33 

long-term mitigation measures. Considering that deep sea mining has never started, these 34 

requirements would not be easily predicted. For example, the Environmental Scoping Report 35 

needs to include proposed activities and environmental objectives, methodologies, 36 

identification of directly and indirectly impacted areas, anticipated impacts and mitigations, 37 

and a baseline report (Table 3.2; Draft Reg. Annex IV; Draft Env.Reg.18). The EIS template 38 

is described in the Exploitation draft regulations' Annex V. The statement needs to include 39 

the results of the EIA in Environmental Impact Areas for physio-chemical, biological and 40 

socio-economic environments in short-term, mid-term and long-term, risk assessment, good 41 

industry practices, mitigation measures, international recognized standards, and 42 

Environmental indicators (Draft Reg. Annex V; Draft Env.Reg.32). The Environmental 43 

Management and Monitoring Plan needs to include an environmental management system, 44 

environmental objectives and targets, potential effects, good industry practice, performance 45 

assessment of the plan, proposed stations and technologies, and quality control and 46 

management standards (Draft Reg. Annex VII). The detailed descriptions and guidelines 47 

seem still under development in the Exploitation draft environmental regulations.  48 

 The EIS, Monitoring Plan and Closure Plan are subject to a series of review by the 49 

Secretary-General, the public so-called "Interested Persons" (Draft Reg.), LTC, and the 50 

Council, and the Council adopts a final approval (Table 3.2). This public review process is 51 

not included in the Exploration regulations, and in addition, plans and review comments 52 
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become publicly available. Many of stakeholders evaluate this review system as highly 53 

positive, however, they raise questions about the definition of Interested Persons is pointed 54 

out very ambiguous (Appendix A) (ISA, 2018a). The draft regulations define Interested 55 

Persons as; 56 

"a natural or juristic person or an association of persons that, in the opinion of the 57 
Authority, is directly affected by the carrying out of Exploitation Activities in the Area 58 
or who has relevant information or expertise" (ISA, 2017a).  59 

Some request expanding the public consultation to everyone while others suggests narrowing 60 

it down to those who are directly affected by contractors' activities (Appendix A). 61 

 The information reported by contractors will be made publicly available other than 62 

confidential information (Draft Reg. 12, 75) similar to those in the Exploration regulations. 63 

Contractors and the Secretary-General can define such confidential information, and there is 64 

no standards. The confidentiality has a ten year expiration period. 65 

 Once a contract is issued, a Plan of Work is periodically reviewed by the 66 

Secretary-General and contractors every five-years (Draft Reg. 47). However, the regulations 67 

do not stipulate if any other actor such as LTC, the Council or public joins the review or not. 68 

If it is closed review between the Secretary-General and contractors, the review outcomes 69 

would not seem transparent. 70 

Annual and periodical monitoring of activities and environmental performance 71 

 There are two frameworks to monitor contractors' environmental management status 72 

during exploitation: annual reporting of activities and data and periodical reporting of 73 

environmental performance (Table. 3.2). In the annual reporting, the monitoring and 74 

reporting requirements for contractors are the results of activities and data, measures taken, 75 
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monitoring undertaken, and environmental performance assessments (Reg.37; Draft 76 

Env.Reg.77). Especially measures (e.g. mitigation measures from impacts) are considered 77 

important. Contractors and sponsoring states have to take all necessary measures to protect 78 

the marine environment (Draft Reg.17, 23, 91). It is assumed that contractors and sponsoring 79 

states will establish and implement those measures in accordance with their national 80 

regulatory framework. However, a problem might arise in that there is no environmental 81 

standards to observe the mining impacts in regulations and guidelines in both exploration and 82 

exploitation periods. It is quite unclear how contractors and states could establish necessary 83 

measures. This uncertainty issue is suggested by a lot of stakeholders including contactors 84 

(Appendix A).  85 

 The elements of review and access to data contain some concerns as well, since a 86 

review method of annual reports is not articulated in the draft regulations. Although all 87 

environmental data in these reports are to be published by the ISA due to the Draft 88 

regulations in principle, it is still skeptical that ISA will comply with this because ISA have 89 

never published data in the exploration period against rules. Similar to the exploration 90 

regulations, any data other than environmental data can become confidential, which is 91 

determined by the Secretary-General and contractors (Draft Reg. 12). The confidentiality of 92 

contractors' information has a ten-year expiration period (Draft Reg. 75), which will be at the 93 

middle of contractors' commercial production period, and some contractors are concerned 94 

about this expiration period (e.g. JOGMEC; Appendix A). 95 

 The other monitoring framework is environmental performance review (Table 3.2). 96 

Contractors assess on the environmental objectives, targets and impacts of their plans during 97 

exploitation, which is called environmental performance review, in the years of 2nd, 5th and 98 

10th from the beginning of commercial production (Draft Reg.24; Draft Env.Reg.49). This 99 
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assessment is required to be conducted independently, but it is still contractors' self review, 100 

and any further review by the ISA is not articulated in the draft regulations. Though the 101 

Secretary-General makes public its findings and recommendations from the contractors' self 102 

review reports, the review system is quite weak. 103 

 Both the annual report and the environmental performance report do not stipulate what 104 

constitutes non compliance by the draft regulations. No explicit compliance review 105 

committee exists. This could bring institutional transparency issue. Instead, ISA seems to 106 

focus on the implementation of onsite inspections as a monitoring instrument to solve non 107 

compliance (Table 3.2). In inspections, after a reasonable notice, ISA can send inspectors to 108 

contractors' mining sites or facilities to directly watch and check compliance, data and 109 

equipment. There are two steps of reporting: first, the inspectors report to the 110 

Secretary-General and the Secretary-General reports to the contractors' sponsoring states to 111 

take necessary actions (Draft Reg.85-88). Based on the conditions of non-compliance and 112 

breaching rules, the Secretary-General can issue a compliance notice to contractors to 113 

suspend or terminate a contract (Draft Reg.89). As penalties, monetary fines and deductions 114 

of the Performance guarantee may be imposed to non compliance matters such as failure to 115 

make an annual report (Draft Reg.44, Annex). Therefore, the ISA system highly relies on 116 

inspections and penalties to enforce contractors to comply with rules, and they give the 117 

Secretary-General high power for the enforcement. 118 

 In access to data, the draft regulations encourage making publicly available data related 119 

to protection and preservation of the marine environment. To accomplish that, states and ISA 120 

are recommended to cooperate in information exchanging (Draft Reg.17, 81). Detailed plans 121 

are yet specified in the draft regulations. 122 
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Summary on exploitation monitoring 123 

 The exploitation monitoring replies on the strict evaluation process of the initial 124 

application for a contract, contractors' self effort in reporting and review, and onsite 125 

inspections and penalties to enforce rules. These instruments are strong but the transparency 126 

might become an issue because a large decision making power only place in the 127 

Secretary-General. Their review system is weak or not clearly stipulated in the draft 128 

regulations, which would bring transparency issues. The policy of free access to the 129 

environmental data is well evaluated, however, the actual implementation is still skeptical 130 

because of the exploration practices. Currently, the detailed regulations and requirements 131 

regarding the environmental plans (Environmental Management and Monitoring Plan, 132 

Closure Plan, etc), which will be included in contractors' Plan of Work, have not yet been 133 

determined. 134 

 135 
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 136 

 137 

Figure 3.3. Flow chart of the exploitation contract application. The figure is cited from Deep 138 
Ocean Stewardship Initiative (2018). ESR stands for Environmental Scoping Report. DR 139 
stands for Draft Regulations. 140 
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3.3. Technological overview for the environmental management in exploration and 146 

exploitation 147 

 Some analyzed that ISA is underestimating the preparation of establishing baseline to 148 

step into the EIA process (Durden et al, 2018). There should be such sufficient time allowed 149 

for the implementation of a baseline survey, i.e., which is seven years assumed by Durden et 150 

al. (2018) from the prior experience. When it comes to the environmental measurement 151 

technologies, time is an important aspect for the development and selection. Considering the 152 

amount of uncertainty amount of the CCZ environment, the ISA exploration contract has a 153 

very limited period of fifteen years until commercial mining could be permitted. Does ISA 154 

have the ability to select methodologies and technologies in terms of time to efficiently to 155 

complete baseline surveys? 156 

3.3.1. Baseline monitoring 157 

 As mentioned in Section 3.1, ISA has adopted the recommendations for the 158 

measurement methods and technologies of the environmental baseline and impact 159 

assessments in 2013 (ISA, 2013a). The recommendations apply for both exploration and 160 

exploitation, although new environmental monitoring recommendations should probably be 161 

created after the completion of the new exploitation regulations. Baseline surveys need to 162 

collect data in seven categories -- physical oceanography, chemical oceanography, sediment 163 

properties, sedimentation, geological properties, benthic and pelagic fauna, and bioturbation. 164 

These were designed to separate the natural background from the changes by mining 165 

activities during and after mining (ISA, 2013a). The target depths for monitoring are divided 166 

into three layers -- sea-surface, mid-water, and seabed. The baseline monitoring is a 167 

requirement for contractors to continue even once mining starts. 168 
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Physical and chemical oceanography 169 

 ISA describes the objectives to observe physical and chemical oceanography data are to 170 

obtain the behavior of the discharge plume and to collect data prior to any discharge in the 171 

water column or at the seabed (Table 3.3). ISA recommends two main observation methods, 172 

which are a full-depth profiling and water sampling with the 173 

Conductivity-Temperature-Depth (CTD) system from a research vessel and a sensor mooring 174 

system for a long term. The CTD system can observe basic physical and chemical property 175 

data such as water temperature, salinity, pressure, dissolved oxygen and dissolved nutrients. 176 

By the simultaneous water sampling, metals such as zinc, cadmium, lead, copper or mercury 177 

and total organic carbon can be measured. ISA has set the minimum list of these chemicals in 178 

ISA (2012). ISA also recommends the CTD sampling resolution to be based on international 179 

project standards (e.g. the World Ocean Circulatioin Expedition), that is station spacing not 180 

exceeding 50 km horizontal resolution with vertical resolution <100 m.  181 

 For mooring observation, the attachment of CTD sensors and current meters such as 182 

acoustic Doppler current profilers is required to measure water temperature, salinity, pressure 183 

and current velocity at 10, 20, 50, 100, 200 m above the seabed. Besides the two 184 

methodologies, additional modeling simulations and satellite data are recommended to be 185 

taken into account. 186 

 The methods and technologies used in the CTD profiling and monitoring systems are 187 

conventional and meet the historical international standards for oceanographic research. The 188 

EIA guidelines of New Zealand's offshore mining of hydro carbon in the EEZ (NIWA, 2017), 189 

which is regarded as a good practice of the adaptive management by Durden et al. (2018) and 190 

ISA's draft exploitation regulations, has adopted the same methodologies. However, the ISA's 191 
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baseline area is much larger than the New Zealand's EEZ and has many unknowns in the 192 

environment. For the time efficiency perspectives, a strategy to complete baseline surveys is 193 

lacking in the physical and chemical observation categories of ISA recommendations. 194 

 First, even the large-scale deep circulation patterns are still unknown in the CCZ. As 195 

Figure 3.4 shows, it has been assumed that the deep currents in the CCZ might be upwelling 196 

into the upper layer, however, there is not enough data and research to confirm that theory. 197 

Also, deep water property gradients are generally diluted compared to surface waters and it 198 

makes much harder to figure out current structure. Therefore, well-planned observation and 199 

analysis strategies from a larger perspective should be necessary. The ISA contractor's 200 

observation in the much smaller contracted area would make it very difficult to reach out to 201 

obtain larger circulation patterns, which are very basic and necessary information for the 202 

baseline.  203 

 Second, the temporal and spatial variation of data would not be enough taken by the 204 

mooring requirements because the current mooring requirements seem to be set for a very 205 

small-scale area only near the seabed. Deep currents have significant temporal variations 206 

from a few days to several months as is shown in Figure 3.5. They could be also affected by 207 

inter annual variations such as El Nino and decadal variations by upper layers. For the CCZ, 208 

one of the difficulties in the mooring system would be a setting of sensor depths since the 209 

depths of the general deep currents are not known well. The deep flow also often changes its 210 

path according to temporal variations. Therefore, it is assumed that the ISA-recommended 211 

mooring system to measure only within 200 m above the seabed does not explore enough in 212 

the CCZ case, and it is a very inefficient way. 213 
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 Dissolved chemical substances are generally advected by ocean currents too, and the 214 

temporal and spatial variations need the same strategies of physical observations.  215 

 216 

Figure 3.4. Summary of deep circulation pathways above the seabed in the Pacific Ocean. 217 
The blue rectangle indicating CCZ, where an upwelling (red dot) is assumed. The figure is 218 
cited and modified from Kawabe and Fujio (2010).  219 

 220 

Figure 3.5. An example of temporal variations of deep current vectors measured by a moored 221 
current meter system at the Wake Island Passage, 20°N, 170°E. The figure is cited from 222 
Kawabe et al.(Kawabe, Yanagimoto, Kitagawa, and Kuroda, 2005). 223 

 224 
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Sedimentation and sediment properties 225 

 ISA recommends to measure sedimentation rates in water column by a sediment trap 226 

mooring system to evaluate the effects of the discharge plume (Table 3.3; Figure 3.6). The 227 

sediment traps can measure the flux of particulate matters in water column. Monthly 228 

resolution is required in order to analyze inter annual or seasonal variations with two layers 229 

with one trap set at a depth below 2000 m to catch the flux from the euphotic zone and 230 

another at 500 m above the seabed to detect the flux extending out of it. These sediment traps 231 

can be set on the current meter moorings for physical oceanography. 232 

 ISA also recommends to measure sedimentation rates on the seabed by box or multiple 233 

sediment corer systems from a research vessel to predict the behavior of the discharge plume 234 

and test-mining effect on sediment and pore water composition. Methodologies for doing 235 

these measurements are not described in the recommendations. ISA (2002) recommends to 236 

use the best available method due to lack of specification of standards.  237 

 For sedimentation rates, Nautilus Minerals Company, which is an ISA contractor of 238 

designated by Tonga, published a technical report from its exploration in the CCZ (AMC 239 

Consultants Pty Ltd., 2016). Summarizing the earlier literature on the CCZ, they point out 240 

that taking into account the natural variation of sinking particle flux it would be challenging 241 

to define the incremental variation caused by exploration and mining activities (Radziejewska 242 

et al, 2001). For example, ENSO has caused a natural variation of sinking particles up to a 243 

three-fold increase against background (TOML report 2016; Kim et al., 2011). ENSO is 244 

inter-annual variations forced by the long-term air-sea interactions, and it is suggested the 245 

complete understanding of sedimentation baseline should be difficult even by a long-term 246 

mooring observation. The sedimentation baseline in the CCZ would also affected by the fine 247 
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particulate matters naturally produced by hydrothermal vent activities in the East Pacific Rise 248 

(Figures 3.7a, 3.7b). The measurement of such a fine particle distribution is difficult with the 249 

current mooring and sediment corer techniques. Therefore, the strategy to choose effective 250 

mooring points and depths would be important. 251 

 252 

 253 
 254 

Figure 3.6. A sediment trap mooring system used by Tongan sponsored exploration in the 255 
CCZ. The figure is cited from Nautilus Minerals Company (2016). 256 
 257 
 258 
 259 
 260 
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 261 
 262 

  263 
 264 

 265 
 266 

Figure 3.7a,b. Distribution of particulate phosphate produced from hydrothermal activities in 267 
the southern East Pacific Rise (a: upper panel), and an example of the lateral distribution of 268 
helium, one of such hydrothermal produced substances from the East Pacific Rise (b: lower 269 
panel). The figures are cited from (Feely et al., 1996) and (Lupton and Jenkins, 2017). 270 
 271 
 272 

Benthic and pelagic fauna and bioturbation 273 

 The objective of sampling benthic and pelagic fauna is simply to collect data on 274 

“natural” communities and the longest set of instruction is given to this category in the 2013 275 

recommendations (ISA, 2013; Table 3.3). Fauna are classified into Megafauna, Macrofauna, 276 

Meiofauna, Microfauna, Nodule fauna, and Demersal scavenger. Sampling individuals and 277 

characterization by photo/video/gene sequence observation are required in addition to the 278 
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GIS habitat mapping and measurements of trace metal and toxic elements in muscle. 279 

Sampling points, times and methods are determined as at least annually for three years at 280 

minimum prior to test mining in both the Mining Reference Zone and Preservation Reference 281 

Zone by multiple or box corer methods at 3-6 sediment layers or by traps mounted on such a 282 

platform as Remotely Operated Vehicles (ROVs). Large fauna such as Megafauna and 283 

Demersal scavengers are recommended to be monitored by photos on a mooring system for a 284 

long-term, 4 or 5 times per day for more than a year.  285 

 Bioturbation is observed to meter background “natural” rates of sedimentary processes 286 

by the biological process. ISA recommends to sample core profiles of excess Pb-210 activity 287 

at least 5 layers per core.  288 

 These methodologies are conventional and almost the same such as other practices as 289 

the New Zealand offshore mining. However, the ISA's sampling guidance does not examine 290 

the spatial resolution well. Taking into account the fact that new benthic species have 291 

continuously found in the CCZ area by scientists (New York Times, 2017), the completion of 292 

habitat maps covering the large area would be difficult for fifteen years with the current 293 

monitoring technologies. The biodiversity issue has been raised in response to expected start 294 

of the ISA mining and is now the most controversial topic for stakeholders (Van Dover et al., 295 

2017). ISA should make any specific goals and scopes to know benthic communities and to 296 

set a timeline for completion.  297 

Geological properties 298 

 The last category, geological properties, is to determine the heterogeneity of the 299 

environment and assist the placement of suitable sampling locations (Table 3.3). High 300 
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resolution and quality bathymetric data by acoustic sonar systems such as multi beam sonars 301 

(Fig. 3.8) or echo sounders are required to create regional bathymetry GIS maps, and 302 

sampling using sediment corer systems. ISA does not provide much guidance in this 303 

category. High resolution geological surveys by sonars are inevitable to find out the basic 304 

mineral's distribution and usually conducted in the beginning of the prospecting and 305 

exploration periods. International standard methods provided by the International 306 

Hydrographic Organization (IHO) have been usually adopted in many nations to determine 307 

maritime geographical jurisdiction. In the standards, IHO determines the minimum horizontal 308 

resolution as 20m plus 10 % of the water depth. With a smaller frequency sonar mounted on 309 

underwater platforms, the resolution can be decrease to a few centimeters. The ISA guideline 310 

does not specify the spatial resolution.  311 

 312 

 313 

Figure 3.8. A schematic of the multi-beam sonar system to measure bathymetry data. The 314 
figure is cited from Nautilus Minerals Company (2016). 315 

 316 
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Table 3.3. Required items and methods for baseline monitoring. 317 

 318 

 319 
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3.3.2. EIA monitoring 320 

 The purpose of the EIA is to obtain the information on the impacts caused during and 321 

after exploration and test-mining activities and on the length of time to recovery of seabed 322 

communities from disturbance activities on the seafloor (ISA, 2015). Use of the best 323 

available technologies and methodologies is recommended (ISA, 2013).  324 

 For commercial deep seabed mining of polymetallic nodules, the collecting and lifting 325 

system shown in Figure 3.9 shows what the mining industry is expected to construct as a 326 

mining system. Nodules on the seafloor are collected by Collector technology, and crushed 327 

into smaller parts by Crushing technology, and lifted through a riser pipe onto a vessel by a 328 

huge pump system by the way of the riser pipe. On the vessel, the crushed nodules are 329 

separated from seawater and shipped to the land processing facility by a transport vessel. 330 

Most contractors do not reveal their detailed technologies yet except for some such as Korea 331 

(Fig. 3.10). 332 

 333 

 334 
Figure 3.9. A schematic of deep seabed mining and illustrations of mining machines. The 335 
figure is cited from Ghosh (2017). 336 
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 337 

  338 
Figure 3.10. Korean collector “MineRo” and pump system. The figures are cited from Lee et 339 
al. (2014) and Service (KOCIS) (n.d.). 340 
 341 

 It is suggested that contaminated water plumes would occur at least from the collector 342 

and crusher (operational plumes) and from the riser pipe after the nodules are separated to the 343 

surface ship (discharge plumes). Also the moving collector and crusher physically change the 344 

seafloor, which causes direct impacts to the seabed properties and its fauna. Then, those 345 

plumes, their sedimentation to the seabed, and geological changes of the seabed would be 346 

very important for the EIA categories. Different from baseline monitoring in a large area, the 347 

EIA needs to detect the property changes in a limited spatial volume, plumes in water. Does 348 

the ISA have any criteria useful for the plume detection effectively and accurately? How does 349 

ISA define those discharge plumes? Do they suggest any temporal and spatial resolutions for 350 

technologies to define them? Real-time monitoring or e-monitoring are suggested by the ISA 351 

for inspections instead of on-board human inspectors in the regulations, but what kinds of 352 

technologies do they apply? 353 

Monitoring during activities 354 
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 Generally classified, three categories of monitoring data are required during mining 355 

activities -- collector locations, sediment production discharge plumes (ISA, 2013; Table 3.4). 356 

First, location data are about the width, length and pattern of collector tracks on the seafloor. 357 

ISA does not make any instructions on the measurement of locations. These are basic data 358 

and usually such a system as the Super-Short-Baseline systems (SSBL) would be applied. 359 

SSBL is an acoustic detection system to monitor underwater vehicle's location using a 360 

transponder on the vehicle and the ship's sonar and GPS systems.  361 

 Second, sediment information is divided into four items -- the extent of physical effect 362 

by the collector, the characteristics of collected nodules, sedimentation area and thickness 363 

from operational plumes, and collector's qualifications such as volume and size spectra of 364 

materials. ISA does not provide technical guidelines for these items either. The third item, 365 

plume-induced sedimentation data should be collected by sediment corer systems as well as 366 

baseline surveys, however, any resolution criteria should be provided.  367 

 Third, for plume information, both operational plume and discharge plume are needed 368 

separately. Required information of the operational plume are size, geometry, trajectory and 369 

spatial extent of the operational plume relative to the particle sizes. For the discharge plume, 370 

volume, concentration, composition of particles, chemical and physical characteristics, 371 

behavior of the discharged plume at the surface, in mid-water or at the seabed are required. 372 

Unfortunately, ISA does not provide technical instructions for either. The ISA's definition of 373 

plume does not suggest any particle size and materials (see the quotation below).  374 

The definition of "Plume" (ISA, 2013)  375 
A dispersion of seawater that contains dense sediment particles. Benthic plume is a 376 
stream of water containing suspended particles of sea floor sediment, abraded 377 
manganese nodules and macerated benthic biota that emanates from the mining 378 
collector as a result of collector disturbance of the sea floor and spreads in a zone close 379 
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to the sea floor. The far-field component of the benthic plume is termed the “rain of 380 
fines”. Surface plume is a stream of water containing suspended particles of sea floor 381 
sediment, abraded manganese nodules and macerated benthic biota resulting from the 382 
separation, on board the mining ship, of the nodules from the water carrier and spreads 383 
in a zone closer than benthic plume to the ocean surface. 384 

 385 
 While it relates to a different kind of mineral mining the Papua New Guinean mining 386 

project of polymetallic sulfides in the EEZ published an environmental impact statement 387 

(EIS) report. They conducted measurements of particle size in the seabed and sedimentation 388 

simulation from operational plumes relative to particle sizes (Fig. 3.11a,b). They found the 389 

unconsolidated sediment particle size varies from the order of 0.0001 mm to 1 mm. They 390 

concluded that the finest particle (clay particle ~ order of 0.001 or less) spreads at the largest 391 

extent less than 1 km by their test mining operation of 20 months (Fig. 3.11a,b). The above 392 

result is a simulation, however, the ISA contractors need to monitor such a spatial 393 

distribution relative to sizes using any underwater instruments. Especially, the discharge 394 

plumes have to be detected in all layers with additional physical and chemical property 395 

measurements without disturbing the mining operation. That would require a monitoring 396 

strategy and high technologies and techniques. 397 

Post Mining Monitoring 398 

 Six categories of monitoring data are required during activities -- sediment, water 399 

characteristics at plume depths, geomorphology, currents, benthic communities, and baseline 400 

(Table 3.4). Except for baseline, changes in those monitoring categories by activities are 401 

measured in all five categories. For water characteristics, changes in physical and chemical 402 

properties at the depths of discharge plumes have to be reported. Benthic communities are 403 

further divided into five items in terms of impacts, which are changes in abundance and 404 

behavior by sediment smothering, changes in mining areas, changes in adjacent areas, 405 

changes in metal contaminations by re-sedimentation, changes by plumes, and changes by 406 
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currents.  407 

 In the 2013 recommendations, ISA gives such suggestions as discharge plumes may 408 

change plankton abundance, however, they do not provide further analysis methods and 409 

technological instructions. In that sense, the New Zealand's EIA guidelines for offshore 410 

mining do not give enough specific technological and analysis methods either, especially on 411 

how to detect and describe physical and chemical oceanographic impacts (NIWA, 2017). 412 

This indicates a large part of monitoring including its interpretation should be left to 413 

contractors' own methodologies and efforts in an EIA in the ISA regime.  414 

 415 

 416 

 417 
 418 
Figure 3.11a, b. Unconsolidated sediment particle sizes (a: left panel) and simulated 419 
sedimentation thickness of clay (b: right panel) in the Papua New Guinean mining project 420 
EIS. (Coffey Natural Systems, 2008). 421 
 422 
 423 
  424 
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 425 

Table 3.4. Required items for EIA monitoring. 426 
 427 

Categories Monitoring items during activities Categories Monitoring items after activities 

Location 
Width, length and pattern of the collector 
tracks on the sea floor 

Sediment 

Thickness of redeposited sediment and rock 
rubble over the area affected by the 
operational plume caused by the mining test 
activity and by the discharge plume. 

Sediment 

(1: Physical effect extent) Depth of 
penetration in the sediment or rock and the 
lateral disturbance caused by the collector 

Water 
characteristics 

Changes in the water characteristics at the 
level of the discharge plume during the 
mining test. 

 
Currents Changes in water currents. 

(2: Collected nodules) Volume and type of 
material taken by the collector 

Geomorpholo
gy 

For mineral deposits, post-test-mining maps 
of the mined area, highlighting changes in 
geomorphology. 

(3: Sedimentation from plumes) Area and 
thickness of sedimentation from the 
operational plume and the distance where 
sedimentation is negligible 

Benthic 
community 

(1: Changes in abundance and behavior by 
sediment smothering) Abundance and 
diversity of benthic communities and 
changes in behavior of key species subjected 
to smothering by sedimentation 

(4: Collector's qualifications) Ratio of 
sediment separated from the mineral source 
by the collector; Volume and size spectra of 
material rejected by the collector 

(2: Changes in mining areas) Changes in the 
distribution, abundance and diversity of 
benthic communities in the mining area, 
including rates of recolonization 
(3: Changes in adjacent areas) Possible 
changes in the benthic communities in 
adjacent areas not expected to be perturbed 
by the activity, including the operational and 
discharge plumes 

Plume 

(1: operational plumes) size and geometry of 
the operational plume at the seabed, trajectory 
and spatial extent of the operational plume 
relative to the particle sizes within it. 
 
(2: discharge plumes) Volume of discharge 
plume from the surface vessel, concentration 
and composition of particles in the discharged 
water, chemical and physical characteristics 
of the discharge, behavior of the discharged 
plume at the surface, in mid-water or at the 
seabed, as appropriate. 

(4: Changes in metals by resedimentation) 
Levels of metals found in dominant benthic 
fauna subjected to resettled sediment from 
the operational and discharge plumes 

(5: Changes in behavior by plumes) Changes 
in the behavior of the fauna at and below the 
discharge plume. 

(6: Changes by currents) The response of 
organisms to changes in circulation. 

Baselines 
Resampling of local environmental baseline 
data at reference and test zones and 
evaluation of environmental impacts 

 428 
 429 
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Chapter 4. Case studies of deep sea monitoring 

 This section explores the characteristics of monitoring systems in four international and 

two national monitoring regimes (i.e. the Barcelona Convention, the Oslo Paris Convention, 

the Food and Agriculture Organization of the UN, the Comission for the Conservation of 

Antarctic Marine Living Resources, the US government, and the Papua New Guinea 

government) and examines which practices should be applicable to the ISA monitoring as the 

best practices. As mentioned in Chapter 2, the six cases were selected if characterized by 

large scale, deep sea component, large national or international realm, and monitoring of 

extractive industry with environmental impacts. As described in Chapter 1 and 2, the 

important monitoring elements in this thesis are what is monitored, reporting, review, 

enforcement, penalties, access to data, and confidentiality. I analyze how each monitoring 

regimes of deep sea addresses the elements is assessed and compare to identify options for 

ISA to utilize in its development of a monitoring system for deep seabed mining. 

 

4.1. Barcelona Convention (UNEP Mediterranean Action Plan) 

The Barcelona Convention was initiated by UNEP and established in 1975 by the 

Mediterranean nations and European community as a regional seas program aiming at the 

protection of the marine environment through a regional approach (UNEP MAP, n.d.). 

Currently there are 22 contracting parties mainly from the Mediterranean coastal region. The 

Convention has adopted seven protocols, each of which addresses a specific conservation 

aspect and is implemented by multiple strategies and action plans. "The Protocol for the 

Protection of the Mediterranean Sea against Pollution Resulting from Exploration and 



 

 
 
 

57 

Exploitation of the Continental Shelf and the Seabed and its Subsoil", the so-called Offshore 

Protocol, was adopted in 1994 and entered into force in 2011, has been ratified by eight 

parties so far (Albania, Croatia, Cyprus, Libya, Morocco, Syrian Arab Republic, Tunisia, and 

EU).  

This protocol constitutes a legal framework for the management of environmental 

impacts caused by the offshore oil and gas development, e.g., EIA Procedure and 

Contingency Plan (UNEP MAP, 1994). The management target setting seems close to that of 

the ISA's deep seabed mining regime in terms of geological, industrial and jurisdictional 

conditions. According to Protocol Article 19, the operators shall conduct monitoring and 

reporting, and the competent authority of the Contracting Parties shall establish a national 

monitoring system.  

For the Protocol's goals, three monitoring frameworks seem to be applied: compliance 

monitoring under the Convention, monitoring within the Offshore Protocol, and an 

overarching monitoring project, the Integrated Monitoring and Assessment Programme 

(IMAP) (Table 4.1).  

First, as for the compliance with the reporting and review system, the Convention 

stipulates the Contracting parties shall monitor the compliance and effectiveness of measures 

implemented for each protocol (The Convention Art. 26, 27). Therefore, this system is a legal 

instrument to examine if a nation has submitted a national report that fulfills requirements of 

the Offshore Protocol. This legal instrument is considered unique and strong because this 

regime has adopted a three-tiered reporting system for compliance (UNEPMAP, n.d.). Not 

only a national report but also reports by any other entities and the Secretariat are taken into 

account in the compliance assessment. The reports are reviewed primarily by the Contracting 
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Parties Meeting every two years, but also reviewed by the advisory body, the Compliance 

Committee. The Compliance Committee system is innovative. It was introduced in 2008, and 

observers are able to join the Compliance meeting to examine the review (UNEPMAP, n.d.). 

As for outputs, summary reports on the compliance condition with non-compliance nation's 

names can been seen online, and the public can request information disclosure to the 

Secretariat. But, the contracting party’s confidentiality is still protected. Therefore, the 

stricter multi-reporting system provides incentives to Parties for reporting correctly and to 

observers such as environmental NGOs for participating. Because of these features the 

compliance monitoring system constitutes a compliance-oriented information source, which 

can improve the transparency of the monitoring regime. 

Actual environmental monitoring is the responsibility of each operator and the 

government's inspection for the information on installations of offshore facilities, oil spills 

and discharges, as required by the Offshore Protocol (Table 4.1). The protocol sets the list of 

the harmful and noxious substances and materials to be prohibited and to be subject to a 

special permit in the Protocol Annexes I and II.  

To implement the protocol effectively, the Contracting Parties adopt Offshore Action 

Plans (UNEP MAP, 2012; UNEPMAP, 2016a). The Offshore Action Plan aim to establish 

more regional goals such as common standards and a developing a collaborative approach for 

environmental impact monitoring as well as implementing the regular national monitoring. 

Similar to the Compliance monitoring, the system applies the Part’s self-reporting standard of 

every two years, which is based on the Operator's self-monitoring, and the Parties review the 

reports. The committees of the Offshore Oil and Gas Group and its Sub Groups, comprised of 

the Parties, support the Action Plans and make a recommendation to the Parties. The 

implementation of offshore monitoring procedures and program is one of the main objectives 
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of the groups (UNEP MAP, 2016a). For reporting outputs for public consumption, an online 

regional data system is being developed and every two-years publication is required by the 

Parties and Secretariat in order to promote access to information (UNEPMAP 2016b). Thus, 

implementation of the Protocol is still emerging but there is an effort to establish mechanisms 

to develop more standards and to promote monitoring methods by multiple committees and 

also regionally. These approaches make the Convention's characteristics into a transparent 

reporting regime.  

The Integrated Monitoring and Assessment Programme (IMAP) aims to establish a 

national-level integrated monitoring system and facilitate collaborations by the Contracting 

Parties in overall monitoring topics including from offshore development (Table 4.1). The 

IMAP was initiated by the Convention Mid-term strategy for 2016-2021. In coordination 

with other topics, offshore monitoring has such missions as review and updating of national 

offshore monitoring programs, the establishment of the IMAP common indicators, more 

regional monitoring by each nation, and common report submission among Parties. Reporting 

on the IMAP implementation is conducted by the Parties based on the regular reporting. 

Review is carried out with the Offshore Protocol monitoring review. The common indicators 

give an indication of the degree of threat or change in the marine ecosystem and can deliver 

valuable information to decision makers (UNEP MAP, 2017b). Offshore-related indicators 

are mostly chemical contamination substances and chlorophyll-a and nutrients. For example, 

Indicator 17 (Concentration of key harmful contaminants measured in the relevant matrix) is 

subject to the chemical contamination monitoring for the offshore pollution.  

In the first meeting of the Offshore Oil and Gas Group Sub Group on the environmental 

impact in 2017, they proposed to monitor 19 IMAP indicators in the offshore monitoring 

under the IMAP (UNEP MAP, 2017a). Feasibility studies of some indicators related to 
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biodiversity was only carried out by IMAP for monitoring technologies and financial 

perspectives, but not for the offshore monitoring's chemical indicators.  

To summarize, the offshore monitoring system under the Barcelona Convention has 

developed the multiple instruments to implement and standardize a nation's monitoring effort 

on a regional level. This system shows that the effort to establish clear regional criteria works 

as an effective incentive to operators, nations and observers for monitoring. As part of the 

program outputs to the public are naturally required such as the regional online database. The 

environmental management of the high-seas area has not been of significant interest by the 

Convention Parties until recently (Katsanevakis et al., 2015).  

 Compliance reports with each party's reporting status are published online in the UNEP 

MAP meeting document website. Penalties against any non-compliance issues are not 

articulated in the Convention. However, the parties can make recommendations to any such 

non-compliant party. Alternatively, a settlement of disputes provision exists and allows for an 

arbitration procedure to be undertaken (Art. 22; Annex A). 
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Table 4.1. Characteristics of the monitoring system for the Barcelona Convention. 1 
 2 

Barcelona Convention Offshore oil and gas development monitoring 

 Convention - Compliance of 
measures 

Offshore protocol Integrated Monitoring and 
Assessment Program (IMAP) 

What's 
monitored 

• Compliance and 
effectiveness of measures 
to implement of 7 
protocols 

• Offshore environmental impacts  
Compliance and effectiveness of 
the offshore protocol 

• Common indicators and standards 
• Regional monitoring goals i.e. 

Offshore Action Plan*3 

• Ecosystem common 
indicators (mostly 
chemicals) in common 
regional areas toward 
making a regional report 

• Cooperative monitoring 
goals 

• Regional areas (EBSAs*1) 
Reporting Three-triggered-reporting 

system 
Nations' self-reporting based on 
operators' self-monitoring (National 
inspections and standards are 
required) 

• Nations' self-reporting 
• Chronicle common reports  

Review • Review by the 
Contracting Parties and 
review and advice by 
Compliance Committee 

• Observers to examine 
non-compliance issues 

• Public disclosure upon 
inquiring 

• Review by the Parties 
Guided by Offshore Oil and Gas 
Group and Sub Groups 

Updating national programs 

Enforcement/Pe
nalties 

Legally binding • Legally binding 
• Compliance factsheets and 

questionnaires to nations and 
operators 

• National inspections 

IMAP Action plans 

Access to data  • Regional online database system 
• Periodical publication 

 

Confidentiality Confidentiality Confidentiality*4  

Others   High-seas area has been 
difficult to manage*2 

 3 
*1 (Portman et al., 2013); *2 (Katsanevakis et al., 2015); *3 (UNEPMAP, 2017a); *4 Article 15.3 (UNEPMAP, 1995) 4 
 5 
 6 
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4.2. The Convention for the Protection of the Marine Environment of the North-East 7 

Atlantic (OSPAR Convention)  8 

 The development of the OSPAR Convention started with the Oslo Convention for the 9 

prevention of marine pollution by dumping from ships and aircraft in 1972 and the Paris 10 

Convention for the prevention of marine pollution from land-based sources signed in 1974. 11 

Being initiated by the 1992 Rio de Janeiro UN Conference on the Environment and 12 

Development, the OSPAR Convention was adopted in 1992. The Convention area is 13 

composed of five regions (the Arctic waters, greater North Sea, Celtic Seas, Bay of Biscay 14 

and Iberian Coast, and wider Atlantic), which include a large area of the High-Seas. The 15 

fifteen parties to the OSPAR Convention are Belgium, Denmark, Finland, France, Germany, 16 

Iceland, Ireland, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, 17 

Switzerland and UK. The Convention promotes the implementation of "the ecosystem 18 

approach" for marine environmental management. The ecosystem approach is defined as;  19 

“the comprehensive integrated management of human activities based on the best 20 
available scientific knowledge about the ecosystem and its dynamics, in order to identify 21 
and take action on influences which are critical to the health of marine ecosystems...” 22 
(OSPAR, n.d.).  23 

 24 

Environmental monitoring of impacts caused by offshore industry has been engaged 25 

through the following four frameworks: the monitoring of the effectiveness of Contracting 26 

Parties' measures under the Convention and Annex, the Offshore Oil and Gas Industry 27 

focused monitoring regulated by the Offshore guidelines, and two overarching monitoring 28 

systems named the Joint Assessment and Monitoring Programme (JAMP) and the 29 

Coordinated Environmental Monitoring Programme (CEMP) (Table 4.2).  30 
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The OSPAR Convention (Article 5) stipulates the Contracting Parties' obligation to 31 

eliminate pollution from offshore sources. It is supplemented by the Annex III "On the 32 

Prevention and Elimination of Pollution from Offshore Sources". Parties are required to 33 

report periodically to the OSPAR Commission on the measures taken, effectiveness of the 34 

measures, and problems to implement the measures (Table 4.2). Those reports are reviewed 35 

by the Commission to assess the nation's compliance (Convention Art.22, 23). Thus, this 36 

compliance monitoring is important for the offshore monitoring too. Annex III constitutes a 37 

regulatory framework of the offshore environmental management, which includes a 38 

compliance monitoring obligation of the competent authorities of Parties by regulating 39 

offshore sourced substances and providing for the monitoring system (Annex III Art.4). The 40 

Convention does not contain any provisions of outputs of the compliance based on conditions 41 

or even of national reports, but it prescribes an obligation of Parties to provide access to 42 

information. Parties shall ensure their competent authorities make available the information 43 

on activities and measures upon a request within two months (Convention Art. 9). However, 44 

some exemptions are allowed by this provision -- one of which is for commercial 45 

confidentiality. 46 

 The Guidelines for Monitoring the Environmental Impact of Offshore Oil and Gas 47 

Activities (Table 4.2) have been developed by the OSPAR Commission since 2004 and 48 

revised in 2017 for more consistency in monitoring, reporting and data assessment (OSPAR, 49 

2017). The guidelines define recommended monitoring standards to be referenced, 50 

recommended sampling targets and strategies for sediment and water column, and the 51 

obligation of contractors for quality assurance of monitoring data. Monitoring standards are 52 

required to refer to the Joint Assessment and Monitoring Programme (JAMP) and the 53 

International Organization for Standardization (ISO), and offshore monitoring is managed 54 

under JAMP (OSPAR, 2010, 2017). The monitoring strategy is characterized by two spatial 55 
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scale approaches (field specific monitoring and regional monitoring) and the OSPAR list of 56 

monitoring parameters for water column and sediment monitoring, respectively. Field 57 

specific monitoring focuses mainly on baseline surveys to get temporal and spatial trends of 58 

contaminants, and regional monitoring aims to address larger-scale environmental patterns 59 

and effects from offshore activities. Sampling timing, station patterns and recommended 60 

sampling methods are addressed with the monitoring strategy. OSPAR lists are composed of 61 

chemicals assumed to come from drilling installations such as metals (e.g., Cd, Cr, Pb, Cu, 62 

Hg and Zn, total hydrocarbon content, PAHs), chemicals in fish, sediment grain size, and 63 

benthic fauna. The reporting and review system is based on the Contracting Parties' 64 

self-reporting (annual) and review by the Contracting Parties meeting and the Offshore 65 

Industry Committee. Information on discharged water, spills and emission is required to be 66 

open on the online OSPAR database system (OSPAR Data and Information Management 67 

System).  68 

Partly coordinated by the EU Marine Strategy Framework Directive, the Joint 69 

Assessment and Monitoring Programme (JAMP) aims to describe the strategies, themes and 70 

products of the science-based monitoring and assessment and collaboration among the 71 

Contracting Parities from the perspective of the long-term benefits obtained from a high 72 

quality database and cost-reductions by collaborative monitoring (OSPAR, 2014) (Table 4.2). 73 

The current JAMP is for the years of 2014-2020 following after the first JAMP in 2010-2014. 74 

JAMP requests the Offshore Industry Committee to implement environmental assessments, 75 

monitoring, and data management and to report the outcomes (three products) in order to 76 

identify issues and materials and to document progress. The Committee is still on the way to 77 

clarify assessment methods for impacts caused by offshore substances such as discharged 78 

water. The Contracting Parties have to make annual reports with regard to the assessment and 79 

monitoring results, and the Offshore Industry Committee reviews the reports in terms of 80 
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specific targets to report to the OSPAR Secretariat. The final goal of the data management 81 

product in the Offshore JAMP is to create a high-quality online database from the monitoring 82 

data.  83 

The next role of JAMP is the Coordinated Environmental Monitoring Programme 84 

(CEMP), which aims to seek for the Contracting Parties' coordination of monitoring to 85 

facilitate common and coherent data analysis and assessments in environmental monitoring to 86 

address specific questions raised by JAMP (OSPAR, 2016) (Table 4.2). Offshore industry is 87 

one of the thematic topics. In addition to JAMP, the Contracting Parties implement the 88 

CEMP monitoring and report annually, which is reviewed by the Offshore Industry 89 

Committee. The OSPAR data management system is regarded as a collaborative hub. Data 90 

compatibility and transferability is required.  91 

To summarize, the offshore industry monitoring system under the OSPAR Convention is 92 

characterized by multiple monitoring targets and committees to identify issues and methods, 93 

following a set timeline as suggested by the OSPAR strategies. The system has introduced 94 

standards from the beginning and made each nation implement these standards, rather than 95 

expanding nation's monitoring effort and standards to a regional level shown in the Barcelona 96 

Convention. It is shown that the effort to recommend clear standards and goals works 97 

effectively to the Contracting Parties. The system also recognizes that a common database 98 

and collaborative monitoring efforts would be beneficial in terms of value and costs for all 99 

Parties. Some uncertainty still remains with respect to the relationship between a national 100 

monitoring and the OSPAR, however, clear targets and standards and outcome reports might 101 

reduce the uncertainty.  102 

 With respect to penalties to non-compliance issues, the Contracting Parties discuss 103 

recommendations to the non-compliant party. Or, the Contracting Parties may utilize the 104 
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settlement of disputes provisions. From the document archive in the OSPAR website, the 105 

Offshore Industry Committee periodically overviews the compliance status of measures of 106 

each party, and publishes a report (e.g., OSPAR, 2009). 107 

 108 
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Table 4.2. Characteristics of the monitoring system for the OSPAR Convention. 109 

 110 
OSPAR Convention Offshore oil and gas industry monitoring 

 Convention 
-Compliance 

Offshore oil and gas 
industry monitoring*1,2 

Joint Assessment and 
Monitoring Programme 
(JAMP) 

Coordinate Environmental 
Monitoring Programme 
(CEMP) 

What's 
monitored 

• Effectiveness of 
measures 
• Problems 
• Compliance 

• Environmental impacts 
and hazardous 
• OSPAR list of specific 

chemicals 
• Field specific monitoring 

Regional monitoring 

• Assessment to identify 
issues and materials 
caused by offshore 
activities 
• Quality assurance policy 

(standard monitoring 
items; technical 
guidelines) 

• Common and coherent 
environmental assessment 
targets for offshore 
activities 
• Coordinate components to 

be monitored 

Reporting National 
self-reporting 

National self-reporting 
(annual monitoring report) 
(toward joint reporting) 

Assess and monitor impacts 
written in national reports 
(annual) 

National self-reporting 
(annual) 

Review The Commission 
assesses nation's 
compliance 

Offshore Industry 
Committee 

JAMP related to the 
offshore theme reviewed 
annually by Offshore 
Industry Committee 

CEMP related 
implementation reviewed 
annually by Offshore 
Industry Committee 

Enforceme
nt/Penaltie
s 

 Quality Assurance 
obligation Sampling 
strategy 

Assessment sheets  

Access to 
data 

• Information 
disclosure upon 
request 
• Nation's obligation 

to supervise 
domestic authorities 
for access to 
information 

• OSPAR database on 
discharges, spills and 
emissions 
• OSPAR Data and 

Information Management 
System 

• OSPAR database on 
discharges, spills and 
emissions 
• OSPAR Data and 

Information Management 
System 
• High quality database for 

long-term value 

OSPAR Database 

Confidenti
ality 

Confidentiality Confidentiality   

Others Legally binding • 1999 and 2010 OSPAR 
Strategy  
• 2017 Offshore Guidelines 
• Led by overarching 

monitoring program 
JAMP and CEMP 

• OSPAR Strategy 
EU Marine Strategy 
Framework Directive 
• Common goals with clear 

process 
• Long-term cooperation to 

reduce costs 
• Common indicators 

Collective management with 
other entities  

 111 

 112 

 113 
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4.3. FAO and regional fisheries management organizations in the deep-sea fisheries 114 

management 115 

The deep-sea fisheries management on the High Seas is challenging because of the 116 

deep-sea species and ecosystem vulnerability and the difficulty in developing governance of 117 

resource management . To ensure the long-term conservation and sustainable use of marine 118 

living resources, FAO adopted the International Guidelines for the Management of Deep-sea 119 

Fisheries in the High Seas in 2008 (FAO, 2009). The guidelines themselves established a 120 

management framework and roles for nations, FAO and regional fisheries management 121 

organizations (RFMOs), although they are not legally binding. Some consider that 122 

Vulnerable Marine Ecosystems (VME) can be significantly affected by deep-sea fisheries. 123 

Thus, assessment and monitoring the effects of deep sea fishing on VME is a key item in the 124 

FAO guidelines and other RFMO efforts. This section explores the VME monitoring by FAO 125 

and by a RFMO, CCAMLR.  126 

4.3.1. FAO Deep-sea Fisheries Management Guidelines 127 

The FAO defines the vulnerability as;  128 

"related to the likelihood that a population, community, or habitat will experience 129 
substantial alteration from short-term or chronic disturbance... The most vulnerable 130 
ecosystems are those that are both easily disturbed and very slow to recover, or may 131 
never recover... The vulnerability of populations, communities and habitats must be 132 
assessed relative to specific threats" (FAO 2009).  133 

Also, FAO defines criteria to identify the VME in the guidelines. These are uniqueness or 134 

rarity of habitats and discrete feeding areas, functional significance of the habitat, fragility by 135 

anthropogenic activities, recovery difficulties such as slow growth rates and long-lived 136 

species, and structural complexity such as complex physical structures and high biological 137 

diversity (Guideline 42). 138 
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RFMOs and States have the following obligations for VME, i.e., to adopt and implement 139 

measures for the prevention of significant adverse impacts on VMEs (Guidelines 21); to 140 

conduct baseline survey to identify of the areas where VMEs are known or likely to occur 141 

(Guideline 21); to conduct impact assessments for impacts which are caused by fishing on the 142 

VME (Guideline 47); and to develop data collection procedures and programs (Guidelines 143 

31, 32). Here, States could be acting as flag States, port States, importing and exporting 144 

States, and jurisdictional States, and they are required to establish and implement national 145 

policy (Guideline 24, 26) for VME monitoring.  146 

In the reporting and review system, States need to submit a report and data to a RFMO 147 

where one exists and to FAO directly if there is no RFMO, and are States required to ensure 148 

regular reviews on the report. States and RFMOs also need to make the reporting and 149 

analysis as transparent as possible to facilitate the review of the effectiveness of measures 150 

(Guideline 39, 81).  151 

For enforcement and compliance, RFMOs and States have to implement monitoring 152 

control and surveillance systems (MCS systems) and ensure the compliance through the use 153 

of systems such as on-board observers and electronic and satellite-based vessel monitoring 154 

systems. RFMOs and States are required to close such areas to deep-sea fishing until 155 

appropriate conservation measures are established to prevent significant impacts on VMEs 156 

(Guideline 66). Currently, FAO has established the FAO Fishing Vessels Finder and the 157 

VME Database based on agreement with the United Nations General Assembly Resolution 158 

61/105, both of which use the data from RFMOs and States (FAO, n.d.-a, n.d.-b). 159 

To conclude, FAO's role is to make international rules to enforce FAO Code of 160 

Conduct ,FAO Port State Measures, and RFMOs' measures in international jurisdictions or 161 

ports of States, and to guide RFMOs to manage appropriate conservation measures to protect 162 
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VMEs. FAO attempts to establish a concrete system including the contents of conservation 163 

measures to each RFMO's efforts. The FAO approach is particularly relevant to marine flora 164 

and fauna as well as biodiversity monitoring in deep sea ecosystems. 165 

 166 
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Table 4.3. Characteristics of the monitoring system for the FAO. 167 

 168 
FAO Vulnerable Marine Ecosystem  (VME) monitoring 

 FAO Guidelines VME 

What's monitored • Compliance and effectiveness of VME 
conservation measures 

• VME data 
• Impacts on the VME by Deep Sea Fishing 

(DSF) and in DSF areas 
• Vessel locations 
• Gears 
• Stocks 

Reporting • National Self-reporting  
Monitor by local RFMOs 

• National Self-reporting 
• Monitor by local RFMOs 

Review • Review by RFMOs (or FAO if there's no 
jurisdictional RFMO) 

• Review by RFMOs (or FAO if there's no 
jurisdictional RFMO)  

Enforcement/Penalties • Inspection by observers and port states 
• Not legally binding 

• Inspection by observers and port states 

Access to data • Not enough access to the High-Seas • FAO VME Database 
• FAO database of ships (Fishing Vessel 

Finder) 
Confidentiality   

Others International cooperation with states, RFMOs 
and voluntarily groups 

International cooperation with states, RFMOs 
and voluntarily groups 

 169 

 170 
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4.3.2. The Convention on the Conservation of Antarctic Marine Living Resources 171 

(CCAMLR) 172 

 The Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR 173 

Convention) entered into force in 1982 to conserve the Antarctic marine life such as finfish, 174 

molluscs, crustaceans and all other species of living organisms including birds under the 175 

Antarctic Treaty System. The establishment of the Commission of the CCAMLR was in 176 

response to increasing commercial interest in Antarctic krill resources in the late-1960s and 177 

mid-1970s, and initiated by the Antarctic Treaty Parties' recommendations. Before the 178 

CCAMLR, the Antarctic Treaty system had established the 1972 Convention for the 179 

Conservation of Antarctic Seals and the 1964 Agreed Measures for the Conservation of 180 

Antarctic Fauna and Flora. These conventions were later also arranged into the Protocol on 181 

Environmental Protection to the Antarctic Treaty in the Annex II (Conservation of Antarctic 182 

Fauna and Flora) in 1991.  183 

 CCAMLR is now composed of 25 Members and 11 acceding countries, and the 184 

member nations have obligation to work for “the Commission (so-called CCAMLR)", a 185 

decision-making body, and “the Scientific Committee”, an advisory body to make 186 

recommendations to the Commission. CCAMLR has practiced an ecosystem-based 187 

management approach, which does not exclude harvesting marine resources. Its important 188 

policy instruments are legally-binding or non-binding conservation measures that determine 189 

the use of marine living resources in the Antarctic based on the best available scientific 190 

information. The CCAMLR Commission meets annually in October in Hobart, Tasmania, 191 

AU. It has two subsidiary bodies; a Standing Committee on Implementation and Compliance, 192 

and a Standing Committee on Administration and Finance. The Scientific Committee has 193 

four working groups and one specialist subgroup.  194 
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 The Convention area is defined by the Convention Article I, and it consists of all waters 195 

between the Antarctic Continent and 60°S latitude and of the area between 60°S latitude and 196 

the Antarctic Convergence. The Convention area covers around 10 percent of the Earth’s 197 

surface and has a surface area of 35,716,100 km2. It is noted that the CCAMLR area is 198 

somewhat different than the Antarctic Treaty area (south of 60° S Latitude) and from the 199 

MARPOL Antarctic Special area (sea area south of latitude 60° S).  200 

 CCAMLR has established conservation measures to protect VMEs through the 201 

Scientific Committee and Working Group on Ecosystem Monitoring and Management. A 202 

primary purpose of these conservation measures is to manage and restrict some deep-sea 203 

bottom fishing and gears that would bring adverse impacts on the VMEs. Conservation 204 

measure 22-06 (the bottom fishing in the Convention Area) (CCAMLR 2017) constitutes the 205 

main regulatory framework to who wish to engage in any bottom fishing activities in the 206 

Convention Area. First, proposed fishing activities are required to be pre-assessed by the 207 

Scientific Committee with respect to whether or not they would make significant adverse 208 

impacts on the VMEs (CM 7). The Contracting Parties have to submit reports on the 209 

proposed activities, known and anticipated impacts, and mitigation measures based on the 210 

best available data. With the Science Committee's recommendations, then, the Commission 211 

will adopt conservation measures to prevent the impacts on the VMEs on the conditions such 212 

as whether they allow or prohibit the activities and certain types of gears. 213 

 To monitor those bottom fishing activities, all Contracting Parties are required to 214 

comply with the authorized gear, carry at least one CCAMLR-designated science observer, 215 

and submit related data for the Data Collection Plans for bottom fisheries to be developed by 216 

the Scientific Committee. The CCAMLR Secretariat is required to provide open access to 217 

these vessel data on the website. Based on the fishing vessel information, the Science 218 
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Committee shall advise the Commission to create VME maps, and these VME lists and risk 219 

areas are shared by the Secretariat as the CCAMLR VME Taxa Classification Guide 2009 220 

and Online GIS map (CCAMLR, 2009, n.d.-a). This data provision is regarded as the one of 221 

the Contracting Parties' most important obligations. The conservation measure is reviewed by 222 

the Commission at the regular meeting, especially in terms of the effectiveness of relevant 223 

conservation measures to protect VMEs. 224 

 To monitor new VMEs, CCAMLR also requests the Parties to report to the Secretariat 225 

when they encounter VMEs or affect them incidentally such as in by-catch in the Convention 226 

area under conservation measures (CM22-06, CM22-07). The report should include the 227 

location, sampling gears used, supporting evidence and detailed evidence of VME taxa 228 

observed.  This report is reviewed by the Working Group of the Ecosystem Monitoring and 229 

Management under the Science Committee.  230 

 For the review and evaluation of compliance of those conservation measures, 231 

CCAMLR has adopted a conservation evaluation procedure (Conservation measure 10-10, 232 

2017). First, the Secretariat prepares a draft compliance report from the Contracting Parties' 233 

information on the issues in implementation of measures, which is circulated to and revised 234 

by the Parties with additional data and produced as a summary compliance report. Second, at 235 

the annual meeting, the Standing Committee of Implementation and Compliance (SCIC) 236 

reviews and evaluates the summary report and makes recommendations on any remedial 237 

actions that should be taken by the Parties and other responsive actions considered by the 238 

Commission. Finally, at the annual meeting, the Commission considers and makes decisions 239 

on the response taken to the Parties. The final compliance report is available online as part of 240 

the CCAMLR annual meeting report (CCAMLR, 2017). 241 
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 CCAMLR has prepared standards for ecosystem monitoring through the CCAMLR 242 

Ecosystem Monitoring Program (CEMP) since 1989 (CCAMLR, 2014). The major function 243 

is to monitor the key life-history parameters of selected dependent species to detect changes 244 

in the abundance of harvested species. However, the indicator species used in CEMP are 245 

some kinds of seals, petrels and penguins, and not fishery VMEs. 246 

 To summarize, the CCAMLR's VME monitoring system is regulated by  compliance 247 

with its conservation measures. The conservation measures are divided into multiple fields 248 

such as the necessary assessment procedures before fishing, permitted and prohibited gears, 249 

detailed instructions on how to establish VME areas. Moreover the conservation measures 250 

themselved are reviewed frequently by the Commission so they may be able to reflect the 251 

latest data and knowledge to be usedto implement the best available data and science. After a 252 

nation's self reporting, the compliance review system is managed by the Secretariat, and the 253 

compliance specialized committee, the Commission, and this information is found in a 254 

publicly available final report, which is transparent. The proces and procedures to create a 255 

preliminary compliance report based on consulting nation reports requires a certain high 256 

capacity for the Secretariat. An obligation to report previously unknown and new VME by 257 

contracting parties may be effective as a monitoring method when it comes to deep seas 258 

where few data exist. These CCAMLR system elements are particularly important for living 259 

marine resources in the ISA Area. 260 

 261 
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Table 4.4. Characteristics of the monitoring system for the Commission for the Conservation 262 
of Antarctic Marine Living Resources (CCAMLR). 263 

 264 
CCAMLR - Vulnerable Marine Ecosystem (VME) monitoring 

 Conservation measures Unknown VME CCAMLR Environmental 
Monitoring Program 

What's monitored • Compliance and effectiveness of 
measures 

• Vessel 
• Gear (Long lines, bottom trawls, 

mid-water trawls, gillnets and 
traps/pots) 

• Stock  

• Areas / 
Habitat 

• Specific species change in long 
term 

Reporting National Self-reporting • National 
self-reporting 

• National cooperation 

Review • Annual review of measures 
• Multiple Review by the Secretariat, 

Compliance Committee, Commission 

• VME list 
revision 

• Assessment by Science 
Committee 

Enforcement/Pena
lties 

Inspection by onboard observers   

Access to data • Compliance reports 
• CCAMLR database 
• FAO Vessel Monitoring System 

(satellite and ships' radio signal)  

• CCAMLR 
online 
database 

 

Confidentiality    

Others • Cooperation with states, RFMOs and 
voluntary groups 

• Limited enforcement access to the 
High-Seas 

 • International cooperation with 
states, RFMOs and voluntary 
groups  

 265 

 266 

 267 

 268 

 269 
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4.4. Monitoring of EEZ Offshore Oil and Gas Drilling by the US 270 

The US offshore drilling management monitoring program was changed after the Deep 271 

Water Horizon Oil Spill occurred in 2010 Conflicts in management occurred in part as the 272 

result of a single organization's management of both leasing and inspections within the 273 

Minerals Management Service of the US Department of the Interior (Baur, Eichenberg, 274 

Snusz, and Sutton, 2015). In 2011, two new agencies were created under the Department of 275 

Interior: the Bureau of Ocean Energy Management (BOEM) issues leases and manages the 276 

offshore resources in an environmentally and economically responsible way; the Bureau of 277 

Safety and Environmental Enforcement (BSEE) provides an inspection force to promote 278 

safety culture in offshore operations. 279 

The environmental management of the US offshore mineral mining is framed by a 280 

stringent permit process taking into account any related US regulations and standards, regular 281 

and unannounced inspections, and thematic monitoring programs. The Outer Continental 282 

Lands Act of 1978 constitutes the regulatory framework for leasing. The process employs a 283 

national five-year Program to schedule the potential lease size, timing, and location, based on 284 

which the BOEM calls for lease sales. BOEM is required to coordinate meetings with 285 

stakeholders from federal agencies to interest groups to input comments and conditions for 286 

the new lease sales and to draft an Environmental Impact Statement (EIS). The draft EIS 287 

includes proposed actions, alternatives and mitigation measures, has to be reviewed publicly 288 

as well as reviewed under the US Coastal Zone Management Act and other required 289 

regulations. After the final notice of lease sale, BOEM makes any information of bids opened 290 

to public (Baur et al., 2015).  291 

The next process for the approval to start lessees' activities is the submission of 292 

Exploration and Development Plans by lessees to BOEM. Lessees also must submit 293 
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environmental information, biological monitoring reports, and bottom survey reports. The 294 

proposed activities have to comply with any related requirements and regulations such as the 295 

National Environmental Policy Act, the Endangered Species Act, and the Marine Mammal 296 

Protection Act. BOEM reviews these plans with respect to various criteria such as water and 297 

air quality, oil-spill response and compliance with other laws and regulations. This process is 298 

in cooperation with other regulatory mechanisms and agencies such as the Environmental 299 

Protection Agency and the National Marine Fisheries Service, and also in cooperation with 300 

affected states for a consistency review (Baur et al., 2015).  301 

BSEE conducts project-specific safety reviews to ensure that the operator uses the 302 

technologies and equipment which meet design criteria and performance-based standards. 303 

This comes from the Best Available and Safest Technology principle of the Outer 304 

Continental Shelf Lands Act (BSEE, n.d.-a). BSEE is required an annual inspection of the 305 

operators' safety equipment (to prevent blowouts, fires, spills, etc) with random follow-up 306 

inspections. For enforcement, BSEE may charge a violating operator a civil penalty (up to 307 

$100,000/day) or a criminal penalty and suspension of the operation (Baur et al., 2015). The 308 

inspection includes the purpose of environmental oversight to ensure the operators' 309 

compliance with environmental standards, which is managed by the Environmental 310 

Compliance Division of BSEE (BSEE, n.d.-b). 311 

To prevent oil spills in operations, BSEE reviews and approves of oil-spill response 312 

plans from operators, and inspects oil-spill contaminant and cleanup equipment. For the 313 

discharged water from drilling rigs in the Gulf of Mexico, Alaska and West Pacific regions, 314 

the Environmental Protection Agency issues water permits and has responsibilities in its 315 

monitoring, which is carried out by BSEE (BSEE, n.d.-c).  316 
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The websites of the Data Center of BOEM and BSEE shares access to various kinds of 317 

information on leases, operators, wells, production data, plans, etc. Detailed inspection 318 

reports such as on an operator's non-compliance status are not found, but BSEE publishes an 319 

annual report on the inspection results and the number of non-compliance incidents in order 320 

to evaluate performance (BSEE, 2016a). Non-planned discharges or releases of polluted 321 

water need to be reported by operators or by anyone who notices the discharge to the 322 

National Response Center in the Coast Guard. This information are publicly available online 323 

(USCG, n.d.).  324 

BOEM has started long-term environmental monitoring of the big oil-spill region in the 325 

Gulf of Mexico for restoration and recovery to complement other short-long term 326 

science-based environmental study programs (BOEM, 2017, n.d.). 327 

Recently regulations have been amended to require operators to use remote real-time 328 

monitoring using satellites in their offshore operations (BSEE, 2016b). 329 

To summarize, the US offshore monitoring is managed by the stringent lease permit 330 

process in accordance with multiple regulations, which is managed by BOEM, and by 331 

multiple inspections by BSEE. It appears that effectiveness of monitoring, and reporting 332 

relies the two agencies being separate. This system seems not to depend on operator's 333 

self-reporting efforts, but more on the strict standards and enforcement mechanisms by the 334 

government. The environmental damage caused by oil spills such as the Deepwater Horizon 335 

Oil Spill is huge, however, it is argued that the current firm’s liability compensation cap is 336 

too small and the liability mechanisms do serve adequately as an incentive for those firms to 337 

tighten self-regulation (Hasson et al., 2013; Scovazzi, 2012). This system also looks that they 338 

have not implemented many environmental monitoring frameworks after the Deepwater 339 

Horizon Oil Spill. 340 
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Table 4.5. Characteristics of the monitoring system for the US offshore oil and gas drilling. 341 

 343 
The US offshore oil and gas drilling 

 Leasing by BOEM Rig monitoring by BSEE Thematic and regional 
monitoring by BSEE, 
BOEM, Other agencies 

What's monitored • Lease • Compliance of permits 
• Standards (Best Available Safe 

Technologies) 
• Discharged water quality (by EPA) 

• Oil spills 
• Environmental recovery 

from big spills 
• Science studies  

Reporting • Operator self-reporting (Plans) • Multiple inspections • Other-reporting (Reports 
from agencies and scientists) 

Review • Review by multiple agencies, 
states and public 

  

Enforcement/Pen
alties 

 • Irregular inspections 
• Civil and criminal penalties 

 

Access to data • Public access to data through 
websites 
• Various stakeholders participation 

• Information disclosure depending on 
agency decisions 

• Public access to data through 
websites 
• Online oil Spill information 

site (USCG) 
Confidentiality • Business secrets are confidential • Compliance detailed reports are not 

open 
 

Others • Various standards • Strict Standards (Technologies, 
environment quality) 

• Science research  

 344 

 345 

 346 

 347 
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4.5. Monitoring of the EEZ seabed mineral mining by Papua New Guinea 348 

The government of Papua New Guinea (PNG) has carried out mining of the mineral 349 

deposits of seafloor massive sulfides in its EEZ on the seabed shallower than 1600 m) since 350 

the 1990s under the Solwara 1 Project. The operator is Nautilus Minerals Inc. (hereafter, 351 

Nautilus), a Canadian mining company. It seems that Nautilus' interest is not only in the 352 

profit from mining but also in the establishment of the company’s reputation as the first 353 

successful company in the commercialization of seabed mineral resource exploration and 354 

exploitation in the world.  355 

The UNCLOS requests coastal States to adopt laws and regulations to prevent, reduce 356 

and control pollution of marine environment in their EEZs and such regulations have to be no 357 

less effective than international rules, standards and recommended practices and procedures 358 

(UNCLOS Article 208). Thus, in order to start seabed mining, PNG established the Mining 359 

Act 1992 (amended) and the Environmental Act 2000 (amended in 2014) (PNG, 2000, 2014). 360 

The Mining Act 1992 vests ownership of all minerals including seabed with the national 361 

government, and governs the exploration, development, processing and transport of minerals. 362 

The Environmental Act 2000 sets all necessary regulatory systems for the management of 363 

environmentally impacting activities such as the Solwara 1 Project. PNG issued a mining 364 

license for resource exploration to Nautilus in 1997 (Nautilus, 2012). Nautilus commenced 365 

the EIA research project in 2007 and submitted an Environmental Impact Statement (EIS) to 366 

the PNG government in 2008. In 2009, the government issued a permit for commercial 367 

mining for 25 years. Nautilus has been developing seabed mineral collecting machines 368 

(Nautilus Minerals, 2018b), pending an announcement that the commercial mining would 369 

start soon (Radio Australia, 2015), although they have not commenced as of the time of this 370 

thesis June 2018. 371 
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The Environment Act 2000 is administered by the PNG Department of Environment and 372 

Conservation, renamed the Conservation and Environment Protection Authority (CEPA) in 373 

2015, under which the most powerful and functional position is given to the Director of 374 

Environment. The Director has power to issue any permits related to the Act, to ensure that 375 

EIAs are carried out, to undertake environmental inspections, to enforce provision of the Act, 376 

to take appropriate measures to protect the environment, and to prepare and submit reports on 377 

issued permits and other matters to the Minister (PNG, 2000). There is an advisory body to 378 

the Director, the so-called "the Environment Council" , and it makes recommendations to the 379 

Director and the Minister, reviews decisions of the Director, and makes environmental 380 

policies. However, the Director serves the Council's Chairman, but the reviews are upon 381 

request of the Director (Art. 68). Therefore, it seems that the actual review and enforcement 382 

of functions of this system mostly rely upon the Director once the policies and regulations are 383 

established. 384 

In PNG environmental permits are classified on three levels, and Solwara 1 was defined 385 

as a level three activity, which involves matters of national importance or results in serious 386 

environmental harm (Art. 42). To apply for an environmental permit for level three activities, 387 

the Director and the operator are required to conduct an EIA process (Art. 50). In the EIA 388 

process, the operator submits an inception report and an EIS, and then, the Director assesses 389 

the EIS and conducts public review of the EIS. If the Director accepts the EIS, the Council 390 

determines a referral of the EIS based on the Director's assessment report and public opinion 391 

submissions, and the Minister issues a final approval (Arts. 51, 53, 54, 55). The inception 392 

report has to list the issues to be assessed in the EIS, which must be covered by the EIS. The 393 

main points of a referral by the Director and the Council are whether (1) the EIS contains an 394 

adequate description of the nature and extent of physical and social environmental impacts, 395 

and (2) all reasonable steps will be taken to minimize environmental harm (Art. 58). The 396 
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environmental permit when approve may be conditioned with requirements for the operator 397 

such as conducting baseline studies and carrying out a specified monitoring program at the 398 

cost of the permit holder (Art. 66). According to Nautilus' technical reports, Nautilus has 399 

already finished and submitted the environmental management plan in 2017 (Nautilus 400 

Minerals, 2018a), although this report is not made publicly available. 401 

For the enforcement and punishment, the Director or a person appointed by the Director 402 

can audit and investigate the operator's activities, compliance reports and management plans 403 

submitted by the operators for the cause of environmental harm (Art. 74). If the operator fails 404 

to comply with or gives false or misleading information, then the operator is regarded as 405 

guilty of an offence with the penalty of a fine not exceeding K100,000 (~USD31,000 as of 406 

April 2018) (Arts. 74, 114).  407 

With respect to information collection, the Director can collect and store data related to 408 

the environment and asks the operators to provide such information, however, any 409 

confidential information is excluded (Art. 77). There is no information sharing policy in the 410 

Environmental Act.  411 

Nautilus' environmental impact survey in 2007-2008 was based on a large amount of the 412 

baseline data and workshop results conducted by collaborating scientists and contracted 413 

assessment companies.  Nautilus summarized the environmental background in the Solwara 414 

1 field, presented the impacts of mining to each environmental category, and suggested 415 

mitigation methods for each environmental category in the EIS report. Nautilus’ assessment 416 

process consisted of a baseline survey, international workshops with scientists and 417 

stakeholders, estimation of possible risks from industrial steps, estimation of potential impact 418 

assessment (31 environmental effects), estimation of possible mitigation strategy (for 31 419 

environmental effects), and creation of mitigation strategies. Each part of the assessment 420 
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process incorporated international standards, domestic PNG requirements as well as an 421 

estimation of residual impacts (after mitigation). 422 

In the EIS, Nautilus also proposed a preliminary environmental monitoring plan 423 

including anticipated impacts, proposed baseline studies, and proposed monitoring and 424 

mitigation methods for each environmental issue such as "Concentration of contaminants in 425 

the return water discharge" and "Light, noise and vibration that seafloor mining tool creates 426 

will attract animals" (Coffey Natural Systems, 2008). As described in the published EIS, the 427 

monitoring program would include the compilation of baseline surveys, an intense short-term 428 

validation study of discharged water, and operations monitoring to ensure regulatory 429 

compliance and to identify unforeseen effects. Nautilus was willing to provide PNG the 430 

compliance reports and to conduct internal assessment of implementation of environmental 431 

management programs.  432 

For the EIS, Nautilus had a strong relationship with worldwide scientists who were 433 

interested in minerals deposits, and used a number of high-level observation data as 434 

supporting materials for the EIS. This is a wise strategy to collect data promptly in an 435 

unknown field by using scientists’ interests and capacity. The full citation of the supporting 436 

reports and contributors in the EIS and its open policy are highly evaluated in terms of 437 

transparency. However, they did not conduct a pilot mining test for the EIS, and used only 438 

model simulation and scientific level tests, which is different from the earlier US 439 

environmental impact assessment projects for deep sea mining (Chapter 1) as they estimated 440 

impacts from test mining experiments at sea.. The expected mining activities are four types 441 

(the operation of the seafloor mining tool, mining support vessels, ore barging, and other 442 

activities within the PNG port). Nautilus once mentioned that the area of Solwara 1 is quite 443 

small (0.112 km2) and its EIA is too much study for just this project.  444 



 

 85 

To summarize, the environmental management in PNG's seabed mineral mining project 445 

is controlled by law enforcement under a single government environmental agency (CEPA). 446 

The management and decision making power is centralized in the Director of the Authority, 447 

even though the system has a decision making body, the Council. To get a final 448 

environmental permit for commercial mining, operators such as Nautilus are required to 449 

perform self-reporting of an intercept report and EIS and obtain an approval from the 450 

Director and the Council. This system does not have a critical internal review system 451 

supplied with sufficient environmental expertise to be able to supply further suggestions for 452 

improvements Regarding environmental monitoring, it also seems that the system relies on 453 

the operator's monitoring plan. Due to very limited information availability on the PNG 454 

government websites, it is difficult to analyze what and how PNG has made decisions on the 455 

environmental management and monitoring to be performed by Nautilus. The information 456 

from the Nautilus side that the public can access is  the EIS and some technical reports. In 457 

this sense, PNG's environmental monitoring system's transparency is rated to be low. 458 

 459 
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Table 4.6. Characteristics of the monitoring system for the Papua New Guinean seabed 460 
mineral mining. 461 

 462 
Papua New Guinean seabed mineral mining 

 Leasing - EIS Environmental management plan 

What's monitored • Lease 
• Baseline data 
• Anticipated impacts 
• Mitigation methods 
• Ambiguous requirements 

Environmental harm (by negotiation with 
the agency) 

Reporting Operator self-reporting (Plans, EIS) Operator's self-reporting (by negotiation 
with the agency) 

Review • Review by the Director of the Department of the 
Environment 

• Public comment on the EIS 

Negotiation between the agency 

Enforcement/Penalties • Monetary fine for false/misleading information 
provision 
Seizure order by government [not mentioned in 
text] 

 

Access to data EIS has been published by a contractor • Not publicly reported 
• Almost no information disclosure to 

PNG other than operator self efforts 
• No data sharing mechanism with anyone 

Confidentiality Confidentiality  

Others Not enough standards 
Less functional Authorities 

Adequate framework not established or 
publicly open 

 463 

 464 

 465 
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Table 4.7. Summary of the characteristics of monitoring systems in the case studies. 466 
 What's monitored Reporting Review Enforcement Penalties Access to data Confidentiality 

Barcelona 
Convention  

Effectiveness of 
measures to 
prevent pollution 
and changes to 
regional common 
indicators 

Three tired 
reporting system 

Multiple 
review by 
authority 
functions, 
Observers 

Recommendations Discussed by 
the 
Contracting 
Parties 

Online 
database, 
Meeting 
documents 
(Compliance 
reports) 

Business 
information 

OSPAR  Effectiveness of 
measures to 
prevent pollution 
and changes to 
OSPAR indicators 

Self-reporting, 
Common 
reporting among 
States 

Review by 
the 
authority, 
Observers 

Recommendations Discussed by 
the 
Contracting 
Parties 

Online 
database, 
Meeting 
documents 
(Compliance 
reports) 

Business 
information 

FAO  Adverse effect 
causes on VMEs 
such as vessels, 
gears and fish 
stocks submitted 
by RFMOs 

  Inspection, Activity 
ban in the area 

No penalties FAO database  

CCAMLR VME conservation 
measures and 
unknown VME 
habitats 

Self-reporting Multiple 
review by 
authority 
functions 

Inspection, Activity 
ban in the area 

Compliance 
report to 
public 

CCAMLR 
online 
database, FAO 
database, 
Others upon 
request 

Business 
information 

US Standards usage 
status and oil spills 

Self-reporting Review by 
the 
authority 
and public 

Multiple inspection, 
Government order of 
suspension and 
termination 

Fine Online database Business 
information 
Detailed info on 
non compliance 

PNG Environmental 
harm caused by 
mining activities 

Self-reporting Review by 
the 
authority, 
Public 
review 

Inspection, 
Government Order 

Fine No instruments Any information 
could be 
confidential 

 467 
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 469 
 470 
 471 

 472 
 473 

Figure 4.1: Summary of the results from the case studies. Color indicates the extent of 474 
richness and robustness of instruments implemented in terms of the system's transparency 475 
and effectiveness. 476 

 477 
 478 
 479 
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4.6. Conclusion of case studies  480 

 The case study shows that international regimes such as the Barcelona Convention, 481 

OSPAR and CCAMLR have been enhancing the rules and capacities to monitor compliance, 482 

the effectiveness of measures, and regional and thematic indicators in order to achieve the 483 

higher effectiveness of monitoring regionally (Table 4.7; Fig. 4.1). These points are not 484 

developed in national monitoring such as the US offshore and PNG practices. International 485 

monitoring also has focused on implementing more transparent reporting and review system 486 

e.g. using third party's reporting and multiple reviews of reports and data. The regional 487 

efforts are considered effective for the purposes to make clearer standards and facilitate 488 

collaboration among states to eliminate uncertainties. National monitoring tends to have 489 

established a certain amount of clear standards for the strict enforcement of non compliance 490 

before a lease is issued to a contractor as shown in the US case. 491 

 International regimes do not establish strong instruments in enforcement and penalties 492 

as compared with national monitoring which relies on law enforcement and strict penalties 493 

such as monetary fines. The difference of these monitoring characteristics may be partly 494 

caused by the difference in management area sizes to be monitored and enforced between 495 

international multilateral regimes and national regimes.  496 

 In terms of access to data, most cases except for PNG regard database as an important 497 

strategy for the effective management and developed higher quality database with clear 498 

objectives. On the other hand, they keep confidentiality of some information such as business 499 

secrets, and the confidentiality may be universally inevitable for every company and industry 500 

to maintain their business stability. It is important that the monitoring system should be 501 

designed enough effective and transparent without publishing confidential information. 502 
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Chapter 5. Recommendations 503 

5.1. Institutional options to be considered to the ISA monitoring systems 504 

 This chapter examines the options for improving the ISA monitoring system for deep 505 

seabed mining (exploitation) in terms of monitoring characteristics taking into account the 506 

ISA monitoring analysis in Chapter 3, Case studies in Chapter 4, and stakeholder opinion 507 

analysis summarized in Appendix A. 508 

 In contrast to other international case studies, the ISA manages mining contractors' 509 

contracts and activities directly. In the Barcelona Convention and OSPAR regimes, the main 510 

actor is a member state: they implement international standards and measures to national 511 

contractors in cooperation with other states. However, in the ISA system, contractors are the 512 

main actors even though their sponsoring states supervise them financially and in respect to 513 

implementing measures. Therefore, the ISA system is more similar to the US offshore and 514 

PNG mining monitoring systems.  515 

 The US offshore system manages operators with multiple standards, regulations, tight 516 

inspections and penalties. In contrast, the ISA system has many uncertainties in its standards, 517 

its enforcement function is ambiguous and the compliance review system is not defined 518 

clearly. No penalty has been imposed by ISA for non-compliance by contractors so far 519 

(Chapter 3). However, it is not clear that all contractors are equally diligent in monitoring and 520 

reporting on prospecting and exploration activities. In the current ISA system, I assume it 521 

might be difficult for ISA to enforce a penalty on a contractor beyond the state's jurisdiction. 522 

In this sense, the ISA's inspection and enforcement system may not be able to adopt the US 523 

offshore monitoring type of oversight and inspection (Fig. 4.1). 524 

 At the same time, ISA could follow the framework of international environmental 525 

management regimes such as OSPAR (ISA, 2017; ISA referenced OSPAR in the Draft 526 

exploitation environmental regulations) and RFMOs with respect to supervision of 527 
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contractors. The ISA system relies on the member states for supervising of their sponsored 528 

contractors. But it is not clear who is the most responsible for the problems associated with 529 

environmental impacts. Is that the role of states or the international institution? 530 

 Another issue lies in the focused power and responsibilities of the Secretary General. 531 

Review mechanisms for the effectiveness of measures and the evaluation of the 532 

environmental baselines and impacts are basically conducted between the Secretary General 533 

and contractors. No information disclosure policy is stipulated in the regulations. It is 534 

expected that this issue would lower the effectiveness of the environmental management in 535 

regional and larger spatial scales and would cause further transparency concerns.  536 

 Taking these aspects into an account, my thesis proposes that ISA should strengthen the 537 

review and enforcement institutions which are already codified, and that ISA should increase 538 

it capacity to monitor status of contractor compliance. At the same time, ISA should explore 539 

developing a monitoring and review system which could enhance the knowledge and 540 

effectiveness from a whole system perspective. Detailed options to improve the system are 541 

outlined in the following sections: what is monitored, reporting, review, enforcement, 542 

penalties, access to data, and confidentiality of information. 543 

 544 

5.2 Characteristics of monitoring programs 545 

5.2.1. What is monitored 546 

A) Clear goals based on the priority 547 

 ISA should establish clear goals for the environmental monitoring. The current system 548 

does not have specific goals. If the goal is protection of biodiversity and mitigate the 549 

biodiversity loss from mining, they could establish a monitoring plan more focusing on 550 

biological survey using specific methodologies in the first stages. 551 

B) Clear common standards and measures among contractors 552 
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ISA has not yet established standards and measures for deep seabed monitoring of 553 

exploitation except for some baseline survey methods. This raises many uncertainties for 554 

contractors (e.g. Germany, African group; Appendix A). It can be argued that indicators to 555 

measure environmental impacts and conditions, e.g., the indicators set by the Barcelona 556 

Convention and OSPAR should be established (see Chapter 4.1, 4.2). Those measures should 557 

be revised periodically based on the assessment of their effectiveness as is done by 558 

CCAMLR (see Chapter 4.4). 559 

 560 

5.2.2. Reporting system  561 

A) Collective monitoring and reporting of the environmental data 562 

 Collective monitoring among contractors is encouraged in the ISA regulations and CCZ 563 

environmental management guidelines for both exploitation and exploration. It is also 564 

recommended in a regional environmental management strategy, which the ISA plans to 565 

install in future environmental monitoring guidelines, in order to research baselines of the 566 

ISA's marine protected areas, the Areas of Particular Environmental Interests (APEIs) (Draft 567 

Exploitation Environmental Regulations; 2018 ISA Workshop). However, this thesis 568 

recommends such a collective monitoring should follow baseline surveys in contracted areas 569 

as well as the APEI. First, because it is time efficient. From scientific perspectives, deep-sea 570 

baselines in the CCZ contracted areas contain huge uncertainties as pointed many scientists, 571 

e.g., Van Dover et al. (2017), but the temporal and spatial scales of the data obtained by a 572 

single contractor are limited. It would be very difficult to confirm the natural variations 573 

during the limited duration of the current exploration contracts, i.e., only 15 years maximum. 574 

Collective actions in surveys and reporting among contractors and states can shorten the total 575 

amount of time to obtain data and accomplish to understand the environment much larger 576 

scale. Second, collective monitoring facilitates the effort to establish standard and common 577 
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methods, equipment, and environmental indicators. Both the Barcelona Convention and 578 

OSPAR regimes have implemented collective monitoring strategies to define common 579 

indicators to measure the environmental impacts. Third, costs could be reduced. Some 580 

nations have developed and own high quality monitoring technologies. The current options 581 

for the nations who do not have such monitoring technologies by themselves or ability to hire 582 

monitoring companies are limited. However, with this new option, nations can use other 583 

some nation's resources. This will promote technological transfer and capacity building too. It 584 

is important that ISA should leave some freedom to contractors in terms of the number and 585 

extent of such collective monitoring. The contracted areas sponsored by some developing 586 

nation such as Kiribati and Tonga were the reserved areas of developed nations, and some 587 

collective monitoring relationships seem to exist already. Fourth, the environmental data are 588 

technically subject to be made publicly available by ISA. At least in terms of the 589 

environmental baseline surveys other than surveys of nodules quality and distribution, the 590 

entrance of other contractors would not be difficult.  591 

 The further options of the collective monitoring could allow scientists through science 592 

programs and the public through a real-time monitoring using video cameras in water. Both 593 

would improve transparency issues as well. 594 

B) ISA managed reporting of the environmental data 595 

 In this option, ISA prepares and manages all necessary vessels, monitoring equipment 596 

and platforms, measurement instruments and monitoring technicians and monitor the 597 

environment in contracted areas instead of contractors. Contractors and states pay the 598 

monitoring fees to ISA. This option could become a solution for the efficiency of baseline 599 

surveys and protection of contractors' confidentiality. Currently, each contractor's survey 600 

ships actually use home ports in Hawaii or Mexico which are close to the mining area, 601 

shipping their instruments to the port from the original country (personal communications 602 
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with a Japan's EIA operator). Equipment and instruments for such deep-sea surveys are 603 

specialized. Thus, each contractor's monitoring could be integrated into one project by ISA, 604 

which would be more efficient. The data obtained are standardized and formatted in the same 605 

way. A concern is the amount of fees to be paid for collective monitoring. This type of 606 

monitoring has not been seen in the case studies, however, may fit to the deep sea monitoring 607 

due to the peculiar environment. The feasibility as a policy should be at least examined. Most 608 

contractors feel uncomfortable with the possibility of their monitoring responsibility changes 609 

by occasional amendments in requirements (e.g. MRE Ltd; Appendix A), but this policy 610 

option can clear the case for their environmental obligations. 611 

C)  Other-reporting system for compliance and emergency issues 612 

 In the Barcelona Convention system, the reports submitted by the Secretariat and other 613 

entities against any state are taken into the compliance committee meeting as a compliance 614 

issue. The US offshore system has a reporting and information provision system by anyone 615 

who notices unplanned discharges and oil spills from offshore rigs. The current ISA's 616 

reporting system of Annual reports and Environmental performance reports is basically 617 

contractor's self-reporting. Though Environmental performance reports are supposed to be an 618 

independent review, contractors still can manage the submission and the period is every five 619 

years. Keeping in view of the large scale of contracted areas on the high-seas, this 620 

self-reporting is not efficient and could not correspond when an unexpected emergency 621 

pollution happens. Any sources, whoever comes across the incidents e.g. scientists, 622 

commercial vessels, or contractors of a close area, should be allowed to submit a report, and 623 

ISA should investigate the report by a certain process. This would be beneficial as a 624 

boundary monitoring tool of mining plumes beyond multiple contracted areas, as for such a 625 

boundary monitoring issue concerned by German government (ISA, 2018b). 626 

 627 
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5.2.3. Review system 628 

A) Compliance review committees inside ISA 629 

 Aside from the Secretary General's review, there is no review systems codified in the 630 

current and draft regulations (see Table 3.1 and 3.2; reporting and review rows). Most 631 

regimes in the case studies have a compliance review committee such as in the Barcelona 632 

Convention, OSPAR, and CCAMLR systems (Table 4.1, 4.2, 4.4). ISA should have an 633 

independent compliance committee to review annual and environmental performance reports 634 

and discuss the effectiveness of national measures and consistency of those measures to the 635 

ISA regulations. The compliance evaluation function is completely lacking in the current 636 

regulations and draft regulations comparing with the other cases, also as is pointed out by 637 

such literature as Ardron et al. (2018). 638 

B) Environmental review committees inside ISA 639 

 The review process and roles of the LTC and Council for Annual reports is unclear in 640 

the regulations. As for Environmental performance review of every five years, contractors 641 

prepare the review and the Secretary General comments. It is lacking in transparency 642 

compared to other regimes. ISA should establish an environmental review committee. Ideally, 643 

this review committee should be independent. Currently, the LTC is involved in most review 644 

process such as a contract applications, annual reports, environmental performance reviews, 645 

however, this might cause failure. An example of such failure is the monitoring of the US 646 

offshore monitoring institution before the Deepwater Horizon oil spill (Chapter 4.5).  647 

C) Analysis and evaluation of contractors' data by ISA or a third party 648 

 The idea of this proposal is that contractors directly send raw environmental data 649 

measured in the baseline and environmental impact areas to the "ISA data analysis team". 650 

Then, the team analyzes and evaluates the baseline and environmental impacts over the 651 

whole mining area of CCZ. The team would be composed of ISA-hired research experts and 652 
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operated by an additional monitoring fee to be paid by contractors or states. As an advantage 653 

of this option, data are processed by standardized methodologies and criteria by the team, 654 

which would lead to a comprehensive baseline. Analysis costs and personnel that each 655 

contractor is supposed to hire to prepare could be reduced in an integrated manner. Second, 656 

contractors' confidentiality can be retained even if the data contain any sensitive information. 657 

Third, transparency and quality control of data can be more effectively managed compared to 658 

as system based on each contractor's self-reporting. This system has not yet been adopted in 659 

any case studied. This may be raised as a concern if it is perceived to prevent states' from 660 

building their own data analysis capacity or constraining a firm’s business freedom. However, 661 

contractors usually hire environmental assessment companies to analyze their data and create 662 

a report. This does not always happen within a nation (e.g. contractor of Tonga hired an 663 

Australian company to prepare for its exploration report; Tonga Offshore Mining Ltd-Golder 664 

Associates, 2012).  665 

 666 

5.2.4. Monitoring enforcement 667 

 Inspections are important tools to monitor contractors and enforce them to comply 668 

regulations especially if they are performed randomly or without prior notification. Some 669 

mining industry stakeholders dismiss the importance of random inspections. ISA should 670 

develop its inspection requirements in the regulations. Human inspection may be costly and 671 

constitute a monetary burden to contractors and states, and therefore it is important to make 672 

them very effective.  673 

A) Inspections based on technical standards 674 

 Concise and practical inspections should prioritize the target. One of the practical 675 

inspection targets should be whether the contractor is actually using the required technologies 676 
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and equipment such as is seen in the US offshore case (the best available and industrial 677 

technologies) (Chapter 4.5). ISA should establish those technological lists and standards. 678 

B) Autonomous transmission of compliance data from mining ships 679 

 To reduce costs and increase transparency, autonomous and electronic submission of 680 

compliance data should be promoted. Such data as discharge water qualities, equipment 681 

settings and ship locations could be transmitted autonomously using current technologies. 682 

ISA should examine and learn the potential of real-time monitoring using satellite systems 683 

installed in the US offshore EEZ and CCAMLR (Chapter 4.4, 4.5) as well as the cost-benefit 684 

difference analysis between the real-time autonomous reporting and human inspections. 685 

C)  Boundary enforcement 686 

 ISA should discuss who would be responsible of the impacts caused by plume 687 

intrusions from the adjacent contract areas suggested by German government in the 688 

Stakeholder opinions (Appendix A), and establish inspection instruments. This could cause a 689 

jurisdictional legal matter.  690 

 691 

5.2.5. Enforcement and penalties 692 

A) Clear criteria and multiple divisions in enforcement and penalty assessments 693 

 ISA should articulate clear criteria of enforcement and penalties to be assessed for 694 

non-compliance. Currently, in the exploitation regulations, the Secretary-General is supposed 695 

to determine and enforce the compliance notice to contractors (see Table 3.1, 3.2; 696 

Enforcement rows). Based on review of other cases the assessment process should involve 697 

multiple divisions such as a compliance committee rather than the Secretary-General.  698 

B) A rating system of contractors 699 

 ISA should establish a rating system of contractors in regard to the extent of their 700 

contributions to compliance, scientific research, and access to information as a social 701 
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mechanism to evaluate and promote compliance and awareness. The System for Transparent 702 

Allocation of Resources (STAR) implemented by the Global Environmental Facility (GEF) 703 

to evaluate the GEF-funded country's performance to improve the environmental issues based 704 

on transparency (Global Environmental Facility, 2013) and the Environmental Performance 705 

Index (EPI) which scores 180 countries on 24 performance indicators would be a good 706 

example (Yale University, 2018)  707 

C) A grace period of amended regulations for good contractors 708 

 ISA should examine political rewards in addition to the current penalty system. Political 709 

rewards are often more effective than monetary penalties if the contractors are wealthy and 710 

not strongly supportive of the regime's norms (Mitchell, 1998). Contractors are afraid that 711 

ISA would change the contact terms and conditions every time regulations are amended once 712 

mining starts (see Appendix A). 713 

 714 

5.2.6. Access to information 715 

A) Transparent access to ISA workshops 716 

 ISA organized workshops are intended to perform the function to assist in drafting 717 

monitoring guidelines. At these workshops are very limited opportunities for the public, 718 

experts and observers to make comments. However, most of the workshops are closed subject 719 

to  the ISA Secretariat's invitation. This attitude is against the ISA's policy as stated in the 720 

2011 CCZ management guidelines and contrary to the spirit of the Common Heritage of 721 

Mankind (CHM). Using such technologies as a webinar conference system, ISA should be 722 

able to manage a large audience. 723 

B) Compliance status and meeting documents 724 

 The current ISA regulations do not stipulate that there be public access to the 725 

information on compliance status. The case studies in Chapter 4 show that most international 726 
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management regimes report such information on the compliance status of each state. 727 

Although complete access might raise controversy with respect to contractor performance, 728 

even if non-compliant company names are not publicly released, ISA should report 729 

non-compliant activities and the countermeasures being taken. Such a process should become 730 

a safeguard to finding a flaw in the review system within contractors or inside the ISA 731 

Secretariat In addition, more meeting documents such as that of the LTC meeting and 732 

regional session meetings should be made publicly available. Currently, the chairman's report 733 

on LTC is publicly available but it presents an extremely small amount of information. 734 

C) Parallel access in database 735 

 It is unclear that the upcoming development of an ISA database which will be 736 

implemented within a few years,  has any substantial objectives. The database should not be 737 

just a platform for data submitted  by contractors. To collect new biological data in deep sea, 738 

clear objectives to collect some kinds of data and to provide a parallel access to data by 739 

stakeholders, such as the CCAMLR system has created for the vulnerable marine 740 

environment database, would be effective (see Chapter 4.4) Such a database should allow a 741 

parallel access for data submitted by contrators  and others who can submit their research 742 

findings and other parties with substantial interest in what is known, e.g., observers, NGOs, 743 

etc.. 744 

D) Real-time or quasi real-time publication and streaming of monitoring data 745 

 Information provision should be as fast as possible. ISA should release production 746 

reports and pollution status reports quickly as is the case for the US offshore oil and gas 747 

monitoring (Chapter 4.5). If real-time monitoring of the environment by any contractors is 748 

possible, such monitoring pictures and video should be streamed on the ISA websites. The 749 

real-time streaming of monitoring data can have a function of monitoring and reporting by 750 
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third parties. Such efforts to make information accessible to interested parties is consistent 751 

with the CHM principles as well. 752 

 753 

5.2.7. Confidentiality 754 

A) Decision making by other than the Secretary-General for confidentiality 755 

 The current regulations give all decision making power with respect to data 756 

confidentiality to the Secretary General upon consulting with contractors (see Table 3.1, 3.2; 757 

Confidentiality row), which produces transparency issues (Ardron et al., 2018). It could also 758 

cause inequity issues among contractor as many contractors have already expressed the 759 

concerns (Appendix A). Establishment of criteria for what constitutes proprietary data as well 760 

as powers to assess such confidentiality should be reconsidered and spread, e.g., with 761 

establishment of a compliance committee. 762 

 763 

5.3. Technological arrangement options 764 

 In Chapter 3.3, I expressed the viewpoint that there is some urgency involved in 765 

establishing baseline monitoring to understand the deep seabed environment and to complete 766 

acquisition of baseline data before commercial mining starts. However, it was also evident 767 

that the current ISA regulations and guidelines lack such a  perspective in its list of 768 

technologies. 769 

 In review of the monitoring requirements for the purpose of the environmental impact 770 

assessment (EIA) of mining, it became clear that to detect, and measure and record the 771 

properties of discharge and operational plumes generated by mining may well be the most 772 

important near-term activity to create well-designed impact assessments, and that the higher 773 

resolutions in both space and time scales might be essential. Yet, it was found that the ISA 774 
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regulations do not even provide advice on requirements except for the ambiguous call to use 775 

"good industry practices". 776 

 In this section, taking into account of the examination in Chapter 3.3, the current and 777 

future technologies and the institutional recommendations in Chapter 5.1, I discuss 778 

technological options that could improve the ISA's effectiveness for baseline monitoring and 779 

requirements for EIA monitoring, respectively. 780 

 781 

5.3.1. Baseline monitoring 782 

A) Define baseline monitoring strategies with spatial and temporal resolution in key 783 

areas (e.g. narrowing-down from the larger scale observation) 784 

  For the scientific goal to document natural environmental variations in the whole CCZ 785 

area, the scale of the current ISA's baseline monitoring (each contractor monitors in each 786 

contracted area) is too small and focuses only on the seabed close to mining areas. Each 787 

contractor's data would be reported using different methods and have various measurement 788 

errors, and observation stations would not be systematic. Summarizing these fragmented data 789 

would be difficult and not efficient. ISA should create an observation strategy which should 790 

be ordered from the larger scale measurements to smaller scale measurements. This would 791 

involve referencing earlier deep sea monitoring.. With respect to large scale measurement, 792 

ISA should consider the collective employment of contractors to survey as a large as possible 793 

area in the CCZ beyond each contracted area. The implementation of this recommendation 794 

can be incorporated with the collective monitoring and reporting (Recommendation 5.2.2A) 795 

and the ISA managed reporting (Recommendation 5.2.2B).  796 

 First, ISA's seven baseline categories (Table 3.3) should be prioritized and ordered in 797 

the observation. I suggest the measurement of physical, chemical and sediment transport 798 

categories should be conducted earlier and separate from other categories because they will 799 
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most likely drive other categories such as benthic community health and resilience. These 800 

initial background monitoring categories should be assessed across the entire CCZ scale with 801 

well-planned vessel observation stations and mooring locations.  802 

 Second, ISA should determine the measurement targets with spatial and temporal scales 803 

for each category (Table 5.1). In physical oceanography, for example, ocean currents 804 

assessments should distinguish the mean ocean currents, small scale eddies and topographic 805 

flows (<1-100 km ~ the scale of each ISA contracted area). They should also include the 806 

different flow regimes among layers (e.g. near bottom, bottom to 2500 m depths, 2500 to 807 

1000 m depths, 1000 to 200 m depths, and 200 m to surface waters). The mean current 808 

analysis needs 1-day resolution with about 2-year long data collection period at least, but 809 

topographic small-scale flows would need < 1 day measurements to resolve for tidal 810 

frequencies. An analysis of the effects by El Nino or La Nina will require decadal scale data 811 

collection. To establish a baseline for the ongoing monitoring strategy, in the first two years, 812 

contractors' focus on CTD measurements by vessels at planned stations and deployment of 813 

current-meter moorings at selected points to define the mean currents in deep layers should 814 

be implemented. Then, in the next years, as mining begins, monitoring approaches should be 815 

able to move on to the smaller scale observations to detect topographic currents in each 816 

contracted area. The environmental assessment teams should also employ computer 817 

simulations to confirm and extend the observational results to all scales that area appropriate. 818 

Such a strategy would specify time scales and clear measurement goals to contractors and 819 

help completing and utilizing baseline monitoring effectively. With this plan, the basic 820 

physical oceanographic baseline could be completed within about two-three years. 821 

  822 
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 823 

Table 5.1. An example of the baseline monitoring strategy in the CCZ. A consideration based 824 

on Chapter 3.3 by the thesis author. 825 

Monitoring 
targets 

Expected spatial variations Expected temporal 
variations 

Monitoring strategies 

Currents  • Mean currents in the CCZ 
scale and each layer 
(bottom, bottom-2500m, 
2500-1000m, 1000-200m, 
200-0m) 

•  
• Small scale and 

topographic flows 
(<~100km) in a contracted 
area 

A couple of years 
affected by e.g. El 
Nino  
 
Several months  
 
6 hours ~ several 
days  
 

For the first 2 years 
� Vessel observations at every 1degree stations to 

measure currents and water properties for the mean 
spatial and temporal features 

� Analysis of deep water masses  
� Analysis of the mean deep currents 
� Deployment of current-meter mooring to obtain the 

temporal variability 
� Analysis of the surface currents with data of Argo 

floats and satellites 
� Analysis of the mean intermediate currents 
Next years 
� Vessel observations of small topographic flows at 

key locations in a contracted area 
� Current-meter mooring at key locations in a 

contracted area 
� Simulation models to confirm and predict flows in a 

contracted area 
Within a decade 
� Accumulation of data for the analysis of long-term 

variations 
Chemicals Advection by water masses 

 
Effects by natural sources 
from e.g. hydrothermal 
activities 

Similar to the 
currents 
 
Effects by natural 
sources 

For the first 2 years 
� Water sampling by vessels along to the currents 

observations 
� Extra observations to define natural sources from 

hydrothermal plumes 
Sedimentat
ion rates 

Primary production spatial 
variation at the sea surface 
 
Advection by water masses 

Seasonal ~ yearly 
variations by 
primary production 
(e.g. El Nino) 
 
Effects by water 
mass variation 
(several months) 

For the first 2 years 
� Analysis of primary production with satellite data 
� Deployment of sediment trap mooring to obtain the 

temporal variability at every 5 degrees 
Next years 
� Deployment of sediment trap mooring at key locations 

in each contracted area to obtain smaller scale 
variability 

Within a decade 
� Accumulation of data for the analysis of long-term 

variations 

 826 

B) Prioritize areas for biological surveys 827 

 Biological surveys (Baseline category of Benthic and pelagic fauna in Table 3.3; 828 

Chapter 3.3) would need a different strategy to obtain data, and more observation time is 829 

required because of the nature of biological sampling. Prioritization of the area for the 830 

biological baseline survey is important. The priority should take into account the biological 831 
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habitat knowledge in the whole CCZ, and ideally the observation should be conducted from 832 

the larger scale by collective monitoring by contractors as a requirement of ISA. 833 

 834 

5.3.2. EIA monitoring during mining 835 

A) Define discharge and operational plumes (i.e., particle size or substances) 836 

 Discharge and operational plumes are the ISA's most important monitoring target in 837 

future mining, however, I observe in Chapter 3.3 ISA does not have quantitative definitions 838 

of acceptable limits for discharge of sediments from operational plumes. The ISA should 839 

make guidelines for such plumes including definitions in particle size and quantity of 840 

substances based on earlier studies and data (e.g., Papua New Guinean EEZ mineral mining; 841 

(Coffey Natural Systems, 2008). Without this criterion, contractors could not monitor and 842 

assess the plumes effectively, and the monitoring outcomes would be ambiguous.  843 

B) Achieve high spatial and temporal resolutions of plume monitoring with advanced 844 

technologies (i.e. independent monitoring system consisting of AUVs and seafloor 845 

stations with compact and mountable sensors) 846 

 The ISA does not provide sufficient instruction on how to detect plumes. I believe that 847 

one effective method may involve an AUV-seafloor station system to monitor water-column 848 

plumes in high resolution. Such a system has to operate in close to real-time and have 849 

capacities to monitor the plume comprehensively so that even a plume intrusion to an 850 

adjacent contract areas can be detected (e.g., Germany; Appendix A). For the polymetallic 851 

sulfide mining in the Papua New Guinean EEZ, Gordon (2016) proposes the ideal AUV 852 

monitoring of mining plumes using a docking station connected to a seafloor cable for power 853 

supply and data transmission (Fig. 5.1). Because of the cost of laying cables from land to the 854 

CCZ, I propose to use seafloor AUV stations charged by a ship instead of by a seafloor cable. 855 

A prototype of such a seafloor station for shallower waters has been recently developed 856 
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(Maki, Sato, Matsuda, Masuda, and Sakamaki, 2018). Compared to the normal ship-based 857 

operational method to deploying and recovering AUVs from a ship, the seafloor installed 858 

AUV station approach can significantly reduce the vertical transit time and operational costs. 859 

For instance, the ship-based method takes about 4 hours for the AUV's round-trip between 860 

the ship and the 5000m-depth seabed daily, in addition to the need for careful operations 861 

which must maneuver the AUV when it is near the surface and recovered to the deck of the 862 

ship. The seafloor station-based method requires the development of power charging 863 

technology at the seafloor station and data transmission capability. It could be possible to use 864 

a wire cable connection from a ship periodically for this purpose so that the ship does not 865 

have to be on site continuously. 866 

 One advantage of this system would be in its independence from the actively mining 867 

ship or the ore barge. For example, the Japanese government has adopted the ROV and 868 

mooring system for plume monitoring in the EEZ mineral mining, which might be applied to 869 

its mining in the ISA contracted areas as well (Japan Ministry of Economy, Trade, and 870 

Industry, 2018). But the Japanese method cannot monitor plumes close to the mining 871 

operation because of the need to protect the ROV tether cable from entanglement with the 872 

operational facilities such as riser pipes, and to secure the monitoring moorings.  873 

 874 
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 875 

Figure 5.1. Mining plume monitoring with the AUV-seafloor cable system. (Gordon, 2016).  876 

 877 

 878 
 879 
Figure 5.2. Japanese monitoring methods for deep sea mining of polymetallic sulfides in the 880 

EEZ (Japan Ministry of Economy, Trade and Industry, 2018). 881 

 882 

 883 

 884 

 885 
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C) Keep recoding biological photos both in and outside of mining areas 886 

 Benthic community photos are also components of baseline monitoring. Photographic 887 

or video surveys should be continuous during the mining period in selected areas to track 888 

how large benthic species are impacted by mining and visually trace the species as far and as 889 

long as possible.  890 

D) Establish funding and projects to develop specialized deep seabed monitoring 891 

technologies 892 

 Deep seabed monitoring during mining such as described in the proposal B needs very 893 

special technologies, which tolerate high water pressure, supply long battery life or battery 894 

base, and develop capacities to conduct multiple categories of sampling with less costs. Such 895 

technologies are different in goals and functions from those for shallow water monitoring e.g. 896 

long-range AUV operations under sea ice (National Oceanography Centre, n.d.). An EU 897 

research group reviewed the technological readiness for future deep sea mining from the state 898 

of the art of deep sea monitoring technologies (MIDAS, 2015). This research suggests that 899 

only 18 out of 42 technologies have matured to the point they can be implemented. The 900 

special R&D program for establishing autonomous inspection methods onboard facilities 901 

should also be developed (e.g., Algeria and Japan comments in Appendix A).  902 

  903 
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 904 

Table 5.2. Summary of the recommendations to ISA. 905 

In
st

itu
tio

na
l o

pt
io

ns
 (1

9)
 

What is 
monitored 

Clear goals based on the priority 

Clear common standards and measures among contractors 

Reporting 

Collective monitoring and reporting of the environmental data  

ISA managed monitoring and reporting of the environmental data  

Other-reporting system for compliance and emergency issues 

Review 

Compliance review committees inside ISA 

Environmental review committees inside ISA 

Analysis and evaluation of contractors' data by ISA or the third party 

Monitoring 
enforcement 

Inspections based on technical standards 

Autonomous transmission of compliance data from mining ships 

Boundary enforcement 

Enforcement 
and Penalties 

Clear criteria and multiple divisions in enforcement and penalty assessments 

A rating system of contractors 

A grace period of amended regulations for good contractors 

Access to 
information 

Transparent access to ISA workshops 

Compliance status and meeting documents 

Parallel access in database 

Real-time or quasi real-time publication and streaming of monitored data 

Confidentiality Decision making by other than the Secretary-General for confidentiality 

Te
ch

no
lo

gi
ca

l o
pt

io
ns

 (6
) Baseline 

monitoring 

Define baseline monitoring strategies with spatial and temporal resolution in key 
areas (e.g. narrowing-down from the larger scale observation) 

Prioritize areas for biological surveys 

Impact 
monitoring 

Define discharge and operational plumes (i.e., particle size and substances) 

Achieve high spatial and temporal resolutions of plume monitoring with advanced 
technologies (i.e. independent monitoring system consisting of AUVs and seafloor 
stations with compact and mountable sensors) 

Keep recording biological photos both in and outside of mining areas 

Establish funding and projects to develop deep seabed monitoring technologies 

 906 

909 
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Chapter 6. Concluding remarks 910 

 Deep seabed mining has been regulated by the ISA since the UNCLOS entered into 911 

force in 1994, and now the ISA is establishing the regulations for commercial mining. This 912 

thesis examines the ISA’s developing environmental monitoring system for the exploration 913 

and exploitation of polymetallic nodules in the CCZ from the perspectives of transparency 914 

and effectiveness. The analysis of monitoring in the current and proposed mining regulations 915 

(Chapter 3) shows that the ISA monitoring system relies on the direct instruments of 916 

conventional enforcement and penalties only between the authority and individual contractor 917 

for issues of non compliance, and that the system lacking transparent review because the low 918 

capacities of data access by stakeholders. Many uncertainties in monitoring and reporting 919 

requirements including compliance bring about confusion and feelings of inequity among 920 

some stakeholders.  921 

 Based on the comparative case study analysis with other deep sea monitoring practices 922 

in Chapter 4, the current ISA monitoring system is similar to national practices such as the 923 

US offshore oil and gas production monitoring in the EEZ. However, most international 924 

institutions such as the Barcelona Convention's offshore industry monitoring are now 925 

focusing on collective regional monitoring and transparent reporting. The review systems 926 

achieve the higher monitoring effectiveness collectively among member states, which 927 

represents a significant shift from the national type of monitor. These results from the case 928 

studies raise the issue of whether the ISA's approach to monitoring mining operations might 929 

not be sufficiently adaptive in managing the unknown mining impacts to the deep sea 930 

environment in a large area such as the CCZ. This question remains despite the fact that the 931 

ISA states in its regulations that they regard adaptive management as very important. 932 

 Taking into account the foregoing examinations, I propose concrete policy 933 

recommendations that would allow the ISA to improve the design of current monitoring 934 
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systems to become more transparent and effective in Chapter 5 (Table 5.2). The key areas to 935 

improve are in detecting non-compliance, improving the efficiency of efforts to obtain 936 

environmental data, and the balance between transparency and the confidentiality for 937 

contractors. Especially with respect to the reporting system, I emphasize that it is necessary 938 

that a collective monitoring team comprised of adjacent Area contractors or of the ISA itself, 939 

be tasked with monitoring the large contiguous area of adjacent claims and report 940 

environmental data to all in a consistent and transparent manner, thereby improving the 941 

efficiency and effectiveness of the entire monitoring effort. 942 

 In addition to monitoring, there are many issues to be addressed in the ISA system as it 943 

stands. These items include questions of how to deal with accidents that may occur to the 944 

seafloor pipelines or cables transiting the areas of interest, or inequity issues such as 945 

technology transfers from developed nations to developing nations which the UNCLOS 946 

stipulates, but has not been discussed. ISA does not seem to have sufficient capacity or does 947 

not have mature mechanisms to address these issues based on their current publications. 948 

However, once the exploitation regulations are approved and passed, it may be difficult to 949 

stop the commercial mining and to condition it with adequate monitoring protocols. ISA 950 

should take enough time and increase its capacities to examine every issue of concern 951 

brought forward by stakeholders before the regulations become agreed upon. Commencement 952 

of mining can and certainly should wait until ISA completes its deliberations. 953 

 954 

Addendum 955 

 ISA’s development of monitoring arrangements for seabed exploitation are a moving 956 

target. This thesis is current to May 15, 2018. Since that time ISA has issued an update Draft 957 

Regulations on Exploitation of Mineral Resources in the Area (ISBA/24/LTC/WP.1; ISA, 958 

2018c). This document is not included in the research and analysis done for this thesis. A 959 
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cursory review indicates that some of the issues raised in this thesis are partially addressed by 960 

the continuing development of monitoring requirements by ISA. Still, it appears that most of 961 

the analysis and recommendations of this thesis remain valid to inform future development of 962 

ISA’s monitoring system for deep seabed mining. 963 

 964 

 965 

 966 
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