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Abstract  

One of the greatest challenges for sustaining the ecosystem services that we, as a society, 

derive from marine ecosystems is to minimize the knowledge gap relating to marine 

ecosystem values. That is, identifying, eliciting and understanding the economic value of 

the ecosystem services that marine systems provide for societies world-wide is key to 

ensuring sustainable resource use and environmental management of these ecosystems. 

This is particularly problematic for the ecosystem services derived from the deep sea as 

a tremendous knowledge gap exists for the many marine ecosystems that comprise the 

deep sea. Addressing this gap in knowledge may, directly and indirectly, facilitate 

actionable strategies for successful climate change adaptation and reduce the degradation 

of these important marine ecosystems. 

Estimating values for certain types of marine ecosystem services  in particular the deep 

sea  is imperative for understanding the economic trade-offs associated with human 

actions and resource use of marine resources. Identifying, exploring and understanding 

the economic benefits and costs associated with the human resource use of marine 

systems is also crucial for circumventing irreversible damage to ecosystems, and for 

addressing the growing problem of ecosystem degradation of marine ecosystems. 

However, a knowledge gap remains in terms of eliciting and understanding how 

vulnerable marine ecosystems, such as coral reefs and the deep-sea, generate economic 

value to local economies, and for societies on a global scale. 

By employing a variety of quantitative and qualitative methodologies, this thesis explores 

the economic value of the ecosystems of coral reefs and the deep-sea, respectively. The 

thesis investigates various aspects of the economic contribution of these ecosystems, 

namely: (i) the local economic contribution of ) the 

economic value of the deep- s to human societies, globally. Moreover, it 

discusses the importance of exploring the social and non-monetary value of coral reefs to 

human well-being in the South Pacific Island Countries (SPICs). The research of this 

thesis therefore constitutes a genuine contribution to understanding how changes in these 

marine ecosystems impact on economies and human well-being, now and in the future. 

Although the full extent to which ecosystem degradation of marine ecosystems will 

impact economies and societies globally remains uncertain, its impacts are already being 

witnessed, e.g. through ocean acidification, sea-level rise, reduced fish stocks and 



changing environmental conditions. In turn, these impacts affect human survival and 

well-being by negatively impacting fishery incomes, food security and coastal protection 

in many countries around the world. Action and investment plans for reducing the 

ecosystem degradation of marine systems are urgently needed to protect the value of those 

ecosystem services to human societies. Deepening our understanding of marine 

economic contributions constitutes a crucial component of facilitating action 

plans and investments for sustainable resource use and development. 

Valuation of vulnerable marine ecosystems is important for several reasons. First, 

ty demonstrates the importance of that 

ecosystem for social stability, economic growth and human well-being, thereby 

improving public awareness . Second, ecosystem 

valuation can inform policy and decision-making for future conservation programs and 

legislation pertaining to the human use of marine resources. Third, ecosystem valuation 

creates important incentives to invest in the protection of marine systems as it outlines 

the connection between the ecological functioning of marine systems on the one hand, 

and economic output and stability on the other hand. Fourth, ecosystem valuation can also 

raise awareness about the importance of protecting biodiversity. Finally, ecosystem 

valuation of marine ecosystems is especially important for supporting decision-making 

related to the resource-use of marine ecosystems for which very limited information exists 

on their economic contribution. 

The thesis starts with an introduction and a literature review of the main themes and 

concepts along with the problems, challenges and opportunities associated with the 

ecosystem valuation of coral reefs and the deep-sea. Subsequently, the research studies 

of this thesis, which constitutes chapters 2, 3, 4 and 5 are presented. Specifically, chapter 

2 explores the economic impacts of future (hypothetical) deep-sea mining activities on 

chapter 3 discusses the 

need for developing non-monetary and social ecosystem valuation methodology in order 

-being in the SPICs; chapter 4 

explores current knowledge about the deep-

review and meta-analysis; and chapter 5 identifies the four main priorities for future 

ecosystem valuation, policy-making and research pertaining to the deep-sea. 

This thesis makes a small but significant contribution to the knowledge base of the 

economic value of the ecosystems of coral reefs and the deep-sea, respectively, and to 



developing future ecosystem valuation by means of introducing the social willingness-to-

commit (Social WTCommit) technique. Finally, this thesis can contribute to policy-

making, decision-making and legislation pertaining to the deep-sea and coral reefs, 

locally and globally.  

 

JEL Classifications: D6; Q51; Q38; Q56; Q57; Z32 

Keywords: non-market valuation; ecosystem valuation; social value; low-income 

settings; climate change adaptation; non-monetary; deep sea; ecosystem value; deep sea 

mining; systematic review; meta-analysis; ecosystem services; behavioural studies; 

coral reefs; environmental attitudes; economic development; scuba diving  

  



Statement of Originality 
 

 

This work has not previously been submitted for a degree or diploma in any university. 

To the best of my knowledge and belief, the thesis contains no material previously 

published or written by another person except where due reference is made in the thesis 

itself. 

(Signed)  

Maja Vinde Folkersen 

July 2018 

 

  



Table of Contents 

Abstract           2 

Statement of Originality         5 

Table of contents          6 

List of Figures and tables          9 

List of Acronyms         11 

Acknowledgements         13 

List of Publications by Candidate       14 

The papers included are a mix of sole-authored and co-authored papers   15 

Chapter 1: Introduction and Literature Review     22 

1. Introduction and Literature Review       23 

1.1 Introduction          23 

1.1.1 Ecosystem valuation of vulnerable marine systems    23 

1.1.2 Objective of this thesis      25 

1.2 Economic value and ecosystems       27 

1.2.1 Why ecosystem valuation is necessary    29 

1.2.2 Merits and shortcomings of monetising                           

ecosystem value       30 

1.2.3 Why valuing nature is important in the face of climate        

change        32 

1.3 Coral Reefs in the South Pacific Island Countries     33 

1.3.1 Coral reefs in the South Pacific     33 

1.3.2 Economic value of coral reefs     35 

1.3.3 Environmental management of coral reefs   37 

1.4 The Deep Sea        39 

1.4.1       39 

1.4.2 The economic value of the deep sea     40 

1.4.3 Deep-sea mining       41 

1.4.4 Deep-sea policy and environmental management   43 

1.5 Climate change and uncertainty        45 



1.5.1 The deep sea and climate change      45 

1.5.2 Coral reefs and climate change      47 

1.5.3 Potential links between DSM and coral reefs    50 

1.6 Conclusions from Literature Review       51 

1.6.1 General conclusions from literature review     51 

1.6.2 The purpose of this PhD thesis     52 

References           55 

 

A contingent behaviour study        67 

Statement of contribution to co-authored paper       68 

Foreword            69 

Appendix A: Fiji Survey         105 

Appendix B: Travel costs calculation procedures      119 

 

Chapter 3: Ecosystem Valuation: Changing Discourse in a Time of                        

Climate Change          120 

Statement of sole-authored published paper       121 

Foreword           122 

 

Chapter 4: The Economic Value of the Deep Sea: A Systematic Review                        

and Meta-Analysis          164 

Statement of contribution to co-authored published paper     165 

Foreword           166 

 

Chapter 5: Depths of uncertainty for deep-sea policy and legislation  203 

Statement of contribution to co-authored paper      204 

Foreword            205 



Chapter 6: Conclusion         221 

6. Conclusion           222 

 6.1 Summary of thesis        222 

 6.2 Contribution         224 

 6.3 Policy implications        226 

 6.4 Limitations of research study       228 

 6.5 Future research         229 

 6.6 Concluding remarks        231 

References          233 

 

Appendices           235 

Appendix C: Application to Conduct a Survey      236 

Appendix D: Online Survey Cover Sheet       243 

 

 

 

  



List of Figures and Tables 
 

In Chapter 2: 

Fig. 1 Deep Sea Mining Process 

Table 1 Socioeconomic characteristics of survey sample (n = 102) 

Table 2 Descriptive travel statistics (n = 102) 

 

Table 4 Perceptions of DSM  

Table 5 Willingness to return to Fiji next 5 years:  recent experience vs. DSM scenario 

Table 6 Experience, motivation, perceived DSM impact and planned visits (n = 102) 

Table 7 Negative binomial model for reduction in trips to Fiji next five years 

 Appendix A: Contingent behaviour survey 

  Picture A (healthy coral reef) 

  Picture B (degraded coral reef) 

Fig 1. Deep Sea Mining Process 

Table 1a Air Fares to Nadi, Fiji 

 

In Chapter 3: 

Table 1 Combinations of ecosystem valuation techniques (number of reviewed studies) 

 

  



In Chapter 4: 

Table 1 Search terms and engines 

Table 2 Eligibility and exclusion criteria 

Figure 1 Screening of studies 

Table 3 Primary studies included meta-data (15 studies, 35 observations) 

Table 4 Descriptive statistics for meta-analysis 

Table 5 Meta-regression results with and without study characteristics (SC) moderators 

 Appendix A: Studies included in the systematic review 

 

In Chapter 5 

Figure 1 Global map of tectonic plates and hydrothermal vents 

Figure 2 Results from the meta-analysis 

a) Ecosystem services (colour) and valuation perspective (shape) 

b) Deep-sea values according to type of ecosystem services and valuation 

perspective 

 

 

 

  



List of Acronyms 

 

ABC   Australian Broadcasting Corporation 

CB   contingent behaviour 

CBA   cost-benefit analysis 

CCA   climate change adaptation 

CE   choice experiment 

CV   contingent valuation 

CO2   carbon dioxide 

CSIRO   Commonwealth Scientific and Industrial Research Organisation 

DISCOL  The Disturbance and Relocation Experiment  

DOMES  Deep Ocean Mining Environmental Study 

DSM   deep-sea mining 

EEZ   Exclusive Economic Zone 

EIA   environmental impact assessment 

ES   ecosystem service 

EU   European Union 

GBR   Great Barrier Reef 

GDP   gross-domestic product 

GNP   gross-national product 

Int. $ / ha / year International dollars per hectare per year 

IS$   International dollars 

ISA   International Seabed Authority 

MCDA  Multi-Criteria Decision Analysis 

MESEDA  The Deep Metalliferous Sediments Development Programme 

MPAs   marine protected areas 



NGOs   non-governmental organizations 

NMV   non-market valuation 

OTH   other relevant drivers 

PADI   Professional Association of Diving Instructors 

PNG   Papua New Guinea 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

analysis 

SC   study characteristics  

SCUBA  self-contained underwater breathing apparatus 

SE   standard error 

SEEA   System of Environmental-Economic Accounting 

SMS   Seafloor Massive Sulphide 

Social WTCommit social willingness-to-commit 

SPC   Secretariat of the Pacific Community 

SPICs   South Pacific Island Countries 

SST   sea-surface temperatures 

TEV   total economic value 

UNCLOS  The United Nations Convention of the Law of the Sea 

US   United States of America 

USD / US$  US dollar 

WTA   willingness-to-accept 

WTCommit  willingness-to-commit 

WTP   willingness-to-pay 

 

*Note that some of the acronyms above have been spelled out several times in the 

thesis, because they occur in two or more independent chapters (published or under 

review)  



Acknowledgements 

First of all, I would like to gratefully acknowledge the academic, professional and 

personal support that my principal PhD supervisor, Associate Professor Chris Fleming, 

has provided me during the course of my PhD candidature. I am deeply grateful for the 

advice, mentoring, guidance and support that Chris has given me throughout my PhD. I 

could not have succeeded to the academic extent that I have, without his continuous and 

dedicated support. Second, I would like to gratefully acknowledge the academic support 

of my second principal supervisor, Professor Fabrizio Carmignani. I am grateful for the 

strategic and analytical advice and guidance that Fabrizio has given me during the course 

of my PhD candidature. Third, I would like to gratefully acknowledge my third, associate, 

PhD supervisor Dr Jim Smart for his in-depth and thorough feedback, especially in 

developing my papers for publication. Fourth, I would like to extend a special thank you 

to Dr Syezlin Hasan for contributing so extensively to the econometric modelling of two 

of my PhD papers, and for developing the maps for a third PhD paper. I would not have 

succeeded in developing such a strong and significant academic output without the 

contributions, feedback and guidance of Chris Fleming, Fabrizio Carmignani, Jim Smart 

and Syezlin Hasan. 

I would also like to extend a sincere thank you to Griffith University for awarding me 

with the Griffith University PhD Scholarships for tuition fees and living allowances, 

respectively. I thank Professor Saroja Selvanathan for recommending to Griffith Business 

School that I receive these scholarships. 

I am grateful for having been given the opportunity to present my PhD research at the 

World Conference on Marine Biodiversity in Montréal, Québec, Canada, in May 2018. I 

thank Griffith University for covering my travel and conference expenses; and I thank the 

deep sea: a systematic review and meta-

positive and constructive feedback that I received from attendants; and especially for 

policy researchers expressing their willingness to include the findings of my paper in 

future policy making and legislation related to the deep sea. 

Finally, I am grateful to my family for the emotional support and guidance they have 

shown me throughout my PhD candidature. 

  



List of Publications by Candidate 

 

Journal Publications 

Folkersen, M. V., Fleming, C. M., & Hasan, S. (2018). The economic value of the deep 

sea: A systematic review and meta-analysis. Marine Policy, 94, 71-80. 

https://doi.org/10.1016/j.marpol.2018.05.003 

Folkersen, M. V. (2018). Ecosystem valuation: Changing discourse in a time of climate 

change. Ecosystem Services, 29, 1-12. https://doi.org/10.1016/j.ecoser.2017.11.008 

Marine Policy, 96, 81-89. 

https://doi.org/10.1016/j.marpol.2018.08.001 

Folkersen, M. V., Fleming, C. M., & Hasan, S. (2019). Depths of uncertainty for deep-

sea policy and legislation. Global Environmental Change. 54, 1-5. 

https://doi.org/10.1016/j.gloenvcha.2018.11.002 

 

Conference Papers 

Folkersen, M. V., Fleming, C. M., & Hasan, S. (2018). The economic value of the deep 

sea: A systematic review and meta-analysis. Presented at the World Conference on 

Marine Biodiversity, Montréal, Québec, Canada. May 2018 

  



THE PAPERS INCLUDED ARE A MIX OF SOLE-AUTHORED AND  

CO-AUTHORED PAPERS 

 

Acknowledgement of Published and Unpublished Papers Included in this Thesis 

Section 9.1 of the Griffith University Code for the Responsible Conduct of Research 

ection 5 of the Australian Code for the 

Responsible Conduct of Research, states: 

To be named as an author, a researcher must have made a substantial scholarly 

contribution to the creative or scholarly work that constitutes the research 

output, and be able to take public responsibility for at least that part of the 

work they contributed.  Attribution of authorship depends to some extent on 

the discipline and publisher policies, but in all cases, authorship must be based 

on substantial contributions in a combination of one or more of: 

 conception and design of the research project 

 analysis and interpretation of research data 

 drafting or making significant parts of the creative or scholarly work or 

critically revising it so as to contribute significantly to the final output. 

accordance with Section 5 of the Australian Code, states: 

Researchers are expected to: 

 Offer authorship to all people, including research trainees, who meet the 

criteria for authorship listed above, but only those people. 

 accept or decline offers of authorship promptly in writing. 

 Include in the list of authors only those who have accepted authorship 

 Appoint one author to be the executive author to record authorship and 

manage correspondence about the work with the publisher and other 

interested parties.   

 Acknowledge all those who have contributed to the research, facilities or 

materials but who do not qualify as authors, such as research assistants, 



technical staff, and advisors on cultural or community knowledge.  

Obtain written consent to name individuals. 

 

 

Included in this thesis is a published paper in Chapter 3 for which I am the sole author; 

and Chapters 2, 4 and 5 which are co-authored with other researchers. My contribution 

to each co-authored paper is outlined at the front of the relevant chapter. The 

bibliographic details for these papers including all authors are:  

 

Chapter 2:  

Marine Policy, 96, 81-89. 

https://doi.org/10.1016/j.marpol.2018.08.001 

Appropriate acknowledgements of those who contributed to the research but did not 

qualify as authors are included in each paper. 

 

 

(Signed) (Date) 4 July 2018 

Maja Vinde Folkersen 

 

 

 

(Countersigned)    (Date) 4 July 2018 

Supervisor: Christopher Fleming 

  



Chapter 3: 

Folkersen, M. V. (2018). Ecosystem valuation: Changing discourse in a time of climate 

change. Ecosystem Services, 29, 1-12. https://doi.org/10.1016/j.ecoser.2017.11.008 

Appropriate acknowledgements of those who contributed to the research but did not 

qualify as authors are included in each paper. 

 

 

(Signed) (Date) 4 July 2018 

Maja Vinde Folkersen 

 

 

 

(Countersigned)    (Date) 4 July 2018 

Supervisor: Christopher Fleming 

 

 



Chapter 4:  

Folkersen, M. V., Fleming, C. M., & Hasan, S. (2018). The economic value of the deep 

sea: A systematic review and meta-analysis. Marine Policy, 94, 71-80. 

https://doi.org/10.1016/j.marpol.2018.05.003 

Appropriate acknowledgements of those who contributed to the research but did not 

qualify as authors are included in each paper. 

 

 

(Signed) (Date) 4 July 2018 

Maja Vinde Folkersen 

 

 

(Countersigned)    (Date) 4 July 2018 

Supervisor: Christopher Fleming 

 

Chapter 5:  

Folkersen, M. V., Fleming, C. M., & Hasan, S. (2019). Depths of uncertainty for deep-

sea policy and legislation. Global Environmental Change. 54, 1-5. 

https://doi.org/10.1016/j.gloenvcha.2018.11.002 

Appropriate acknowledgements of those who contributed to the research but did not 

qualify as authors are included in each paper. 

 

(Signed) (Date) 4 July 2018 

Maja Vinde Folkersen 

 

(Countersigned)    (Date) 4 July 2018 

Supervisor: Christopher Fleming 



Statement regarding the copyright status of chapter 3: 

Prior to publishing the paper in Chapter 3, it was agreed with Elsevier that the following 

applies: 

1.1. Assignment of Copyright 

I hereby assign to Elsevier B.V. the copyright in the manuscript identified above (where 

Crown Copyright is asserted, authors agree to grant an exclusive publishing and 

distribution license) and any tables, illustrations or other material submitted for 

publication as part of the manuscript (the "Article"). This assignment of rights means 

that I have granted to Elsevier B.V., the exclusive right to publish and reproduce the 

Article, or any part of the Article, in print, electronic and all other media (whether now 

known or later developed), in any form, in all languages, throughout the world, for the 

full term of copyright, and the right to license others to do the same, effective when the 

Article is accepted for publication. This includes the right to enforce the rights granted 

hereunder against third parties. 

1.2. Author Rights for Scholarly Purposes 

I understand that I retain or am hereby granted (without the need to obtain further 

permission) the Author Rights (see description below), and that no rights in patents, 

trademarks or other intellectual property rights are transferred to Elsevier B.V.. 

The Author Rights include the right to use the Preprint, Accepted Manuscript and 

the Published Journal Article  for  Personal Use, Internal Institutional Use  and 

for  Scholarly Sharing. 

 

In the case of the Accepted Manuscript and the Published Journal Article the Author 

Rights exclude Commercial Use (unless expressly agreed in writing by Elsevier B.V.), 

other than use by the author in a subsequent compilation of the author's works or to 

extend the Article to book length form or re-use by the author of portions or excerpts in 

other works (with full acknowledgment of the original publication of the Article). 

 

 

  



Statement regarding the copyright status of chapter 4: 

Prior to publishing the paper in Chapter 4, it was agreed with Elsevier that the following 

applies: 

1.3. Assignment of Copyright 

I hereby assign to Elsevier Ltd the copyright in the manuscript identified above (where 

Crown Copyright is asserted, authors agree to grant an exclusive publishing and 

distribution license) and any tables, illustrations or other material submitted for 

publication as part of the manuscript (the "Article"). This assignment of rights means 

that I have granted to Elsevier Ltd, the exclusive right to publish and reproduce the 

Article, or any part of the Article, in print, electronic and all other media (whether now 

known or later developed), in any form, in all languages, throughout the world, for the 

full term of copyright, and the right to license others to do the same, effective when the 

Article is accepted for publication. This includes the right to enforce the rights granted 

hereunder against third parties. 

1.4. Author Rights for Scholarly Purposes 

I understand that I retain or am hereby granted (without the need to obtain further 

permission) the Author Rights (see description below), and that no rights in patents, 

trademarks or other intellectual property rights are transferred to Elsevier Ltd. 

The Author Rights include the right to use the Preprint, Accepted Manuscript and 

the Published Journal Article  for  Personal Use, Internal Institutional Use . They also 

include the right to use these different versions of the Article for Scholarly Sharing 

purposes, which include sharing: a) the Preprint on any website or repository at any 

time b) the Accepted Manuscript on certain websites and usually after an embargo 

period c) the Published Journal Article only privately on certain websites, unless 

otherwise agreed by the Journal Owner. 

 

In the case of the Accepted Manuscript and the Published Journal Article the Author 

Rights exclude Commercial Use (unless expressly agreed in writing by Elsevier Ltd), 

other than use by the author in a subsequent compilation of the author's works or to 

extend the Article to book length form or re-use by the author of portions or excerpts in 

other works (with full acknowledgment of the original publication of the Article). 



 

 

(Signed) (Date) 4 July 2018 

Maja Vinde Folkersen 

 

 

 

(Countersigned)    (Date) 4 July 2018 

Supervisor: Christopher Fleming 

 

  



Chapter 1: Introduction and Literature Review 
  



1. Introduction and Literature Review 

1.1. Introduction 

1.1.1. Ecosystem valuation of vulnerable marine systems 

One of the greatest challenges currently facing human societies is to sustain the 

ecosystems that are fundamental for our existence and well-being (Bell, Johnson & 

Hobday, 2011; Liu et al. 2010; Jacobs et al., 2016; Pecl et al., 2017). In recent years, there 

has been an increasing focus on the environmental degradation of marine ecosystems and 

the negative consequences of the loss of ecosystem services on human well-being. On the 

one hand, degrading marine ecosystems is partially occurring because of global climate 

change with impacts experienced globally. On the other hand, certain regions are likely 

to be more affected than others because of the continuous destruction of vulnerable 

marine ecosystems on a local scale that provide essential ecosystem services for 

subsistence communities, coastal protection, and local economies. For instance, the 

impacts of the degradation of coral reefs in conjunction with global climate change are 

anticipated to be particularly severe in the South Pacific Island Countries (SPICs). The 

degrading of coral reef ecosystems will directly affect the coastal communities in these 

countries, and likely be further exacerbated by limited financial resources to address those 

impacts (Gonzalez et al., 2017; Moberg & Folke, 1999). Most SPICs are heavily reliant 

on healthy marine ecosystems for food security, poverty reduction, income generation 

and coastal protection, which is why the continuous degradation of marine ecosystems is 

likely to have severe, and irreversible, social and economic impacts for those countries 

(Brander et al., 2007; Cesar, 2000; Hoegh-Guldberg et al., 2011; Moberg & Folke, 1999).  

 

Although a wealth of ecosystem valuation literature has been produced in the past two 

decades or so, very few studies have managed to generate information applicable to the 

evaluation of environmental management plans by comparing the costs and benefits of 

environmental degradation and ecosystem restoration, respectively (Olander et al. 2017; 

Kenter et al. 2015; Braat & de Groot, 2012). This is especially the case for marine 

systems, because the knowledge base on their economic value remains scarce, 

particularly in developing countries. As a result, understanding the economic costs and 

benefits associated with particular human actions (e.g. different environmental 



management programs, resource-use, recreational tourism activities, etc.) in and around 

these marine systems presents a tremendous challenge. E   

are not constrained to price or sales revenue, but also concern the wider benefits and costs 

to society. For instance, there is increasing interest in mining the deep-ocean sea-floor for 

valuable metals in order to address the supply shortage of those metals  especially copper 

 from terrestrial mining sources (Batker & Schmidt, 2015; Yamazaki, 2011). At the same 

time, several governmental institutions and non-governmental organizations (NGOs) 

(e.g. Armstrong et al. 2012; The World Bank, 2016; Steiner, 2009) have expressed their 

concerns about the possibly severe and irreversible impacts of deep-sea mining (DSM) 

on the deep- 1 in the long-term  and subsequently, the uncertainty of how 

those ecosystem impacts will affect societies.  

 

The difficulty of making sound decisions about the extent to which DSM should be 

allowed, and which type and degree of conservation management should be in place in 

the deep sea, originates in a number of fundamental problems. The long-term 

sustainability of natural resources will inevitably place constraints on the short-term 

extraction and use of those resources. However, another and much larger problem 

underlines the inability to make decisions, form policies and laws related to the human 

use of marine systems. For the deep-sea, and many other marine systems, the economic 

knowledge base remains extremely scarce. That is, our understanding of how the deep-

sea generates economic value for human societies is limited at best, but often non-

existent. In turn, it becomes almost impossible to predict with any certainty if  and to 

what extent  certain human interventions in the oceans will generate economic benefits 

or costs, and for whom. Put simply, the information base on which a typical cost-benefit 

analysis (CBA) of particular human actions in the oceans is based remains inadequate for 

eliciting and understanding the associated costs and benefits. Thus, many of the current 

laws, policies and regulations pertaining to the human use of marine systems  and 

particularly to the use of the deep-  are inadequate for addressing the 

human importance of conserving, protecting and environmentally managing marine 

ecosystems for human well-being. 

 

1 Because there is disagreement in the current literature about whether the deep sea should be referred to 
as one ecosystem, or several ecosystems, this thesis will interchangeably refer to the deep sea as one or 
several ecosystems, depending on the argument set forth. 



1.1.2. Objective of this thesis 

This thesis seeks to estimate the economic value of particular types of ecosystem service 

flows from coral reefs and the deep-sea, respectively. It is outside of the scope of this 

thesis to estimate the total economic value (TEV)  or total contribution  of coral reefs. 

For the ecosystem of the deep-sea, the thesis conducts an economic valuation of the deep-

 services but does not seek to estimate its TEV or total economic 

contribution. The different research studies that constitute this thesis combine various 

forms of ecosystem valuation techniques in order to elicit: (i) the local value of coral 

reefs, and (ii) the economic value of the deep sea. Thus, the focus is more on total values 

than marginal value, albeit with objectives that differ from the TEV approach. For the 

economic value of coral reefs, a focus explicitly on Fiji is adopted, along with a focus on 

the SPICs as a region. The findings of the study provide a crucial insight into the 

contribution of the diving industry to , as well as an indication of 

the negative  

industry. For the economic value of the deep sea, the systematic review and meta-analysis 

methods are combined to synthesize the previous literature on the economic value of the 

deep sea and to identify gaps and priorities for future research.  

This thesis is structured as follows. The remainder of chapter 1 introduces and discusses 

the most pertinent challenges for the economic valuation of ecosystems, with a particular 

focus on the ecosystems of coral reefs and the deep-sea, respectively. Within the context 

of climate change and uncertainty, the most critical challenges for advancing ecosystem 

methodology and economic knowledge are discussed. Chapter 2 to 5 comprise the main 

body of the PhD thesis, with each chapter exploring the economic value of coral reefs and 

the deep-sea, through different methods and theoretical lenses. Specifically, chapter 2 

investigates the future hypothetical impacts of DSM 

, with a specific focus on coral reef-based recreational activities. 

Chapter 3 discusses the need for developing alternative valuation methods in non-market 

valuation techniques, with particular reference to the  reliance on coral reefs and 

marine resources. Chapter 4 explores the current knowledge of the economic value of the 

deep sea, through a systematic review and meta-analysis. Building upon the findings of 

chapter 4, chapter 5 presents the four most important directions for future research into 

economic valuation, policymaking and legislation pertaining to the deep-sea. Finally, 

chapter 6 concludes.  



1.2. Economic value and ecosystems 

The concept of economic value specifically concerns the exchange value (or opportunity 

cost) of obtaining something (Armstrong et al. 2010). Studies that assess the economic 

value of an object commonly seek to estimate the value of the marginal trade-off, i.e. 

marginal utility was first introduced by Menger, Jevons and Walras in 1870 and defines 

the value of a good according to how much additional satisfaction the individual 

associates with obtaining one more unit of that good (Dobb, 1973). As such, the theory 

of marginal utility is particularly useful for estimating the marginal benefits (value) of 

additional investments (trade-offs). Utilitarianism and consumerism are integrated 

elements of the theory of marginal utility, and the focus is on how much utility the 

individual gains  or expects to gain  from consuming one more unit of a good or service. 

Therefore, the decisions of the individual determines the economic value of the good or 

service, invariably depicted as a monetary unit (Ahlheim et al. 2010; Christie et al. 2012; 

Wegner & Pascual, 2011). 

The concept of economic value has often been criticised and deemed incompatible with 

studies concerned with environmental valuation and resource management. Spash and 

unable to 

address a range of factors such as non-marginal environmental change, conditions of 

strong uncertainty and ignorance, irreversibility and non-  While there 

is truth to this point, economic valuation of poorly understood ecosystems, such as the 

deep sea, can generate new insights into how those ecosystems generate benefits for 

society. In theory, the concept of economic value can be applied to environmental 

resource management to help us estimate the exchange value of resources that must be 

invested in (trade-offs) to obtain a certain level of environmental quality (value), leading 

to better environmental outcomes and greater resource sustainability.  

Chapter 4 contributes with a first estimation of the total economic value of the deep sea 

to human well-

ons relate to total 

policy making, these will need to include marginal values related to ecosystem services. 

This is because marginal values enable a prediction about the impact of a policy change, 



thereby giving an indication of the future outcome of the policy. Nevertheless, this thesis 

provide new information for policy and decision-makers as it (i) gives a first insight into 

the magnitude of the total economic value of the deep sea for human societies, (ii) 

pertinent areas for policy makers to focus on in the future, (iii) evidences the economic 

to their diving and tourism economy, and also provides 

waters on their tourism industry; and (iv) identifies new approaches to ecosystem 

valuation through social and non-monetary valuation techniques. 

The thesis adopts different perspectives and methods to explore the ecosystem value of 

coral reefs and the deep sea. As previously mentioned, it is not the intention of the thesis 

to produce TEV estimates for coral reefs or the deep sea. Rather the objective is to 

-

being. The aim of this is to explore how vulnerable marine ecosystems can be better 

managed, and to expand on the economic knowledge base of those ecosystems. In order 

to do so, three different methods for identifying, eliciting and understanding the 

ecosystem service values of coral reefs and the deep sea, respectively, were employed.  

The first method chosen for eliciting the economic value of coral reefs to the diving 

economy in Fiji is the contingent behaviour (CB) method in chapter 2. This method was 

employed as it enables an 

activities will likely affect tourism demand for coral reef-based activities in the future if 

DSM is allowed to go head. The CB method thereby facilitates an estimation of the 

broader economic 

method, respectively, employed in this thesis are the systematic review method and the 

meta-analysis method for chapter 4. These two methods were applied together in the 

chapter on the economic value of the deep sea. The systematic review method is a 

attempts to collate all empirical evidence that 

fits pre-

(Higgins & Green, 2008). The meta-analysis method is a quantitative method that allows 

a statistical summary of the qualitative results of the systematic review. The advantage of 

combining a meta-analysis and a systematic review is that it can focus on total value as 

well as the direction of effects (Spake & Doncaster, 2017 p. 436). Even though chapter 4 



on the economic value of the deep sea has total value as its main focus, the application of 

the meta-analysis method makes it possible to identify, and estimate the magnitude of, 

the drivers of the economic value of the deep sea.  

Through the lenses of non-monetary and social approaches to valuing ecosystems, chapter 

3 discusses the opportunities for valuing the ecosystem services of marine systems by 

adopting alternative indicators of value, e.g. time, labour or community efforts. The 

objective of the chapter is to explore new incentives and pathways towards protecting 

vulnerable marine systems, such as the coral reefs oh the countries in the South Pacific. 

Although the chapter focuses explicitly on the importance of coral reef ecosystems, the 

social and non-monetary approaches to ecosystem valuation can also be applied in other 

contexts where livelihoods are heavily dependent on natural resources and where incomes 

are low. 

 

1.2.1. Why ecosystem valuation is necessary 

Despite its limitations, economic valuation of ecosystem goods and services is beneficial 

for several reasons. The economic value of ecosystems can be defined as the net present 

value that their ecosystem goods and services provide to humans (Bartowski, 2017). As 

such, ecosystem valuation is the process of assigning a value to those ecosystem goods 

and services. The objective behind ecosystem valuation is to improve our understanding 

of how ecosystems goods and services influence human well-being (Iniesta-Arandia et 

al. 2014). Eliciting the value of ecosystems by using market or pseudo-market prices can 

help demonstrate the importance of those ecosystems to the broader public (Costanza et 

al. 2014; Folkersen, 2018). The environmental protection of ecosystems is increasingly 

being perceived as an economic issue in policy and (financial) resource allocation. Due 

to the many and far-reaching positive benefits that well-functioning and resilient 

ecosystems have on human development and well-being, it has recently been suggested 

that the interaction between economic growth and environmental change should be 

incorporated into national accounting systems, e.g. the System of Environmental-

Economic Accounting (SEEA) (Ranganathen, 2015). 

value, ecosystem valuation studies have the capacity to create important incentives to 

protect ecosystems and their biodiversity through establishing the value delivered by 



funding for conservation and restoration (Hu et al. 2009; Mwebaze et al. 2010). As such, 

the inclusion of ecosystems goods and services into economic valuation frameworks is 

important because the functioning of ecosystems underpin economies through their 

provision of goods and services over time (Van Dover et al. 2014). Economic valuation 

of ecosystems can initiate a critically important discourse on how to protect and conserve 

the ecosystems that humans depend on for survival and well-being. 

The The 
2 by Costanza et al. (1997), 

as an ideal strategy to get market economies to pay attention to the environment

(Baveye, Baveye & Gowdy, 2013, p. 233). The rationale behind the elicitation of 

ecosystem values in monetary terms is that monetary values  or simply money  are 

easily understood by the public (Costanza et al. 2014). In short, large monetary values 

communicate greater importance, and vice versa. Valuing ecosystems in terms of their 

monetary contribution to societies  market based or non-market based  helps bridge the 

gap between scientific evidence on ecosystem degradation, economic outcomes and 

political objectives. This is particularly relevant for forming strategies for CCA that 

Governments and other stakeholders 

care not only about the environmental costs of inaction, but also about the economic costs 

associated with (perhaps unnecessarily) aggressive action on climate change

al. 2015, p. 918).  

 

1.2.2. Merits and shortcomings of monetising ecosystem value 

However, the monetization of the goods and services of marine systems has received 

considerable criticism in recent years, most commonly for simplifying the value of those 

ecosystems whose environmental dynamics and benefits to humans are extremely 

complex and diverse (Beaumont et al. 2008). Pendleton et al. (2014) argue that in order 

to develop improved environmental management strategies for marine systems science 

needs to accompany the economic valuation approach. While monetary valuation of 

ecosystems merely formalises the process of valuing nature (Beaumont et al. 2008) a 

more holistic approach is needed to fully understand the relationship between the human 

2 Nature, 387, 253-260 



societies is that monetary valuation fails to capture values that cannot be elicited in 

monetary terms, or that are simply better explained in non-monetary terms, e.g. 

biophysical or socio-cultural aspects of ecosystem values (Martín-López et al. 2014). 

Another critique is that monetary unit values are incapable of communicating the 

importance of well-functioning ecosystems for basic human needs (Iniesta-Arandia et al. 

2014), i.e. the size of the monetary value assigned to the provision of air is meaningless 

as human existence relies on it for survival.  Furthermore, the specific methodology 

adopted to value ecosystems in monetary terms has been criticised for influencing the 

results of the ecosystem valuation. In other words, the choice of the economic valuation 

methodology influences the ecosystem values rather than unveiling them! (Martín-López 

et al. 2014). Lastly, changes in the environmental quality of ecosystems is not necessarily 

linear in terms of how they affect human well-being. In turn, the relationship between 

con

highly unlikely to be linear. Although non-market valuation approaches can capture non-

linear changes in value associated with different levels of provision of environmental 

goods and services, estimating the marginal values of ecosystems in terms of their 

economic trade-offs is  out of context  an incomplete assessment of ecosystem values. 

Nonetheless, the objective behind the monetization of ecosystems is not to assign 

monetary unit values to particular ecosystem services, just for the sake of it. The objective 

of ecosystem valuation is partly to raise awareness about the importance of protecting 

ecosystems for human welfare and partly to assist policy makers and governmental 

i

society (Ahmed et al. 2007; Bockstael et al. 2000; Costanza et al., 2014). From a more 

identifying 

opportunities for the cost-effective conservation or restoration of ecosystems as natural 

infrastructure and quantifying the scale or magnitude of the benefits Ranganathan et al. 

2015). This is particularly important for climate change adaptation and the restoration of 

ecosystems in the SPICs, where financial resources tend to be scarce but reliance on 

functioning ecosystems for livelihoods and income is high. Importantly, the effects of 

climate change are likely to be severe in the SPICs (Bell, Johnson & Hobday, 2011; 

Gonzalez et al. 2017; Moberg & Folke, 1999).  



and also help outline the relationship between ecosystem functioning and economic 

outcomes particularly how biodiversity impacts economic gains and losses (Erwin, 

López-Legentil & Schuhmann, 2010 p. 445; Beaumont et al. 2008). For developing 

countries, monetizing the values of ecosystems can indirectly help decrease poverty levels 

as it can help justify public- and private-sector investment in ecosystem protection 

(Christie et al. 2012). Economic valuation can also help outline the negative consequences 

of biodiversity loss for the public (Bartowski, 2017). For instance, a recent article in The 

Conversation3 revealed that the economic contribution of ecosystems in the Asia-Pacific 

Region would decline by 34% from their 2011 base-value until 2050 without adequate 

policy and investment, but that the economic contribution of those ecosystems could 

increase by 24% with sound policy changes and investment (Kubiszewski et al. 2016). In 

short, ecosystem valuation can motivate change via awareness raising, highlighting the 

importance of conservation funding and inspiring entrepreneurship in the practice of 

environmental resource management. 

 

1.2.3. Why valuing nature is important in the face of climate change 

Climate change affects the functioning and quality of ecosystems, which in turn impacts 

economies and societies globally. The extents of those impacts remain unknown despite 

a multitude of scientific forecasts (Bell, Johnson & Hobday, 2011; Liu et al. 2010; Jacobs 

et al.; Pecl et al. 2017). The state of natural resources on the planet continuously and 

consistently influences the state of human well-being, through marine- or land-based 

resources (Asafu-Adjaye, Brown & Straton, 2005; Costanza et al. 2014; Costanza et al. 

1997; Hanley, 2015; Jobstvogt et al. 2014; Moberg & Folke, 1999; Van Dover, 2014). 

Locally, small-island states would not exist without the ecosystem goods and services 

that marine systems provide to their societies, economies, cultures and adjoining natural 

environments.  

Ecosystems that are resilient  relative to degraded ecosystems  may better weather the 

future impacts of global climate change.  The positive externalities from improved 

environmental functioning of ecosystems may indirectly  but significantly  facilitate a 

higher quality of life for many people on the planet, especially for communities that rely 



on vulnerable ecosystems, such as coral reefs, mangroves, rain forests, etc. Globally, 

climate change will continue to impact upon human lives, by changing the dynamics of 

natural and built environments. Information on how to adapt to climate change is urgently 

needed, as are incentives for change towards sustainable development. The heart of the 

interest in CCA and environmental resource management is to generate prosperity and 

improve human well-being by better managing ecosystems and assisting natural 

environments to adapt to a changing climate. 

To sum up, economic valuation of ecosystems can bridge the gap between economics and 

environmental science by:  

(i) Improving our understanding of how intact and well-functioning ecosystems 

provide economic value to human societies;  

(ii) Avoiding or limiting the degradation of ecosystems by outlining  in monetary 

terms  the economic consequences of ecosystem degradation, and the 

economic benefits of conserving ecosystems; and  

(iii) Generating important financial justification for the improved and continued 

investment into conservation and environmental resource management.  

 

 

1.3. Coral Reefs in the South Pacific Island Countries 

1.3.1. Coral reefs in the South Pacific 

Coral reefs are like the ocean-equivalent of rainforests: they provide multiple types of 

ecosystem goods and services that are instrumental to adjoining ecosystems, local 

incomes and national economies in the South Pacific (Bell, Johnson & Hobday, 2011; 

Cesar, 2000). Coral reefs are important for coastal ecosystems in the SPICs, as they 

provide a wide range of life-supporting ecosystem goods and services. These include (i) 

coastal protection from waves and currents, supporting and sustaining the natural 

environment for mangroves and seabeds (ii) habitats and breeding grounds for many 

species of fish and invertebrates; (iii) biogeochemical services, such as nitrogen fixation4 

and carbon dioxide (CO2) absorption; (iv) biotic services within and between ecosystems, 

such as the regulation of ecosystem processes; (v) recreational services, such as tourism 

4 A crucial part of the nitrogen cycle, in which atmospheric nitrogen is transformed into organic 
compounds that flora and fauna can absorb.  



and leisure; and (vi) cultural and aesthetic values (Brander, Van Beukering & Cesar, 

2007; Cesar, 2000; Hoegh-Guldberg et al. 2011; and Moberg & Folke, 1999). Coral reefs 

also provide crucial ecosystem services for adjacent marine ecosystems, releasing excess 

nitrogen, producing calcium carbonate, and detoxifying and cleansing waste water from 

coastal communities (Moberg & Folke, 1999).  

Coral reefs are one of the dominant features of the tropical Pacific Ocean, 

proliferating in shallow, near-shore environments where sediment and nutrient 

mportant 

ecological services, such as food, resources for livelihoods and coastal 

protection. They are also culturally significant and play a central role in the lives 

of the Melanesian, Micronesian and Polynesian peoples of the Pacific -

Guldberg et al. 2011 p. 253). 

While healthy coral reefs provide multiple environmental, economic and social benefits, 

degraded coral reefs will have several negative impacts on the SPICs. First, local 

subsistence fishers will experience diminished fish stock, which will decrease food 

security and increase poverty levels. In the longer term, the sources of income will 

decline, resulting in a further increase in poverty levels. Second, the national economy 

will be negatively affected due to tourists alternating their vacation choice to locations 

with healthy and pristine coral reefs. Thus, degraded coral reefs represent an income 

opportunity foregone for reef-based tourism operators. Third, for coastal communities, 

the depletion of coral reefs will result in decreased coastal protection, increasing the 

likelihood of coastal erosion and sediment run-off. Adjacent ecosystems that depend on 

result of the decline in coastal protection, poorer mechanisms for nutrient cycling, 

damaged environments for mangroves and seabeds, and the destruction of breeding 

grounds and habitats for fish species (Moberg & Folke, 1999). Finally, salt-water is more 

likely to enter fresh-water ecosystems, thereby negatively impacting upon the fish 

populations and aquaculture in fresh-water ecosystems, which will further aggravate food 

security and limit the sparse sources of income that exist in the SPICs (Bell, Johnson & 

Hobday, 2011).  The environmental degradation of coral reefs from global climate change 

and local environmental impacts   will require 

innovative environmental resource management and strong incentives in place for 

restoration and conservation efforts (Hoegh-Guldberg et al. 2011). 



As ecosystems, coral reef communities boast some of the most biologically complex and 

diverse natural environments in the world. Coral reefs considerably contribute to global 

marine biodiversity, as well as to the abundance and quality of ecosystems goods and 

services worldwide. Moreover, mangroves, seagrass beds and coral reefs exchange vital 

ecosystem services, such as biological and biogeochemical interactions on which all three 

biomes rely (Moberg & Folke, 1999). Coral reefs also play a particularly important role 

in providing food security: in the tropical Pacific, fish provide 50  90% of the animal 

protein in the diet of coastal communities. The majority of these fish are caught by 

subsistence fishing in and around coral reefs. In addition, most coastal commercial 

fisheries in the SPICs rely on healthy coral reefs for sustaining their fish stocks5. The fish 

populations and invertebrates that rely on coral reefs for habitats and breeding grounds 

tend to decline significantly in quantity and quality when coral reefs degrade, e.g. after a 

coral bleaching event or a tropical cyclone (Hoegh-Guldberg et al. 2011). In short, this 

means that healthy coral reefs are critical in sustaining lives and national economies in 

many of the SPICs.  

 

1.3.2. Economic value of coral reefs 

Coral reefs in the SPICs possess a tremendous potential to attract tourists from all over 

the world (Biggs, 2011; Kragt, Roebeling & Ruijs, 2009; Park, Bowker & Leeworthy, 

2002; Parsons & Thur, 2008; Wielgus et al., 2003), thereby contributing to the national 

economy through recreational activities, such as self-contained underwater breathing 

apparatus (SCUBA) diving, snorkelling, swimming and sailing. For instance, a recent 

tourism survey found that 10% of all international tourists to Fiji participate in SCUBA 

diving, while 60% go snorkelling during their visit (Verdone & Seidl, 2012). Another 

recent survey found that the expenditure of dive-tourists was, on average, 2.5 higher than 

non-dive tourists in Fiji (Binney & Fleming, 2016). In the SPICs the total contribution6 

of tourism in 2016 was 38.7% (USD 1.62 billion) of national gross domestic product 

(GDP) in Fiji, 18.3 % (USD 70.4 million) of national GDP in Tonga, and 44.5% (USD 

5 Apart from nearshore pelagic fish, such as skipjack and yellowfin tuna (Hoegh-Guldberg et al. 2011) 
The direct contribution refers to internal spending from the tourism sector, such as commodities, industries and 

other sources of spending. The total contribution includes: (i) the direct contribution; (ii) the indirect contributions 
such as investment spending, government collective spending and the impact of supplier purchases from the travel 
and tourism sector; and (iii) induced contribution related to the spending of direct and indirect employees. The total 
contribution of the tourism sector, therefore, takes wider economic impacts into consideration. 



345.8 million) of national GDP in Vanuatu (World Travel & Tourism Council, 2016). 

This means that for some countries in the SPICs, the economic contribution of the tourism 

sector constitutes nearly half of their national GDP, and therefore key in supporting the 

economy. Many of the other SPICs have the potential to generate considerable tourism 

revenue because of their coral reefs (Bell, Johnson & Hobday, 2011), which could 

contribute positively to local livelihoods, economic development and government 

revenue. However, this potential can only be realised if the ecosystems of coral reefs are 

influence on whether or not they choose to visit a particular country and its coral reefs. If 

the image of pristine coral reefs changes, e.g. due to perceived climate change impacts on 

coral reefs, tourists are able to substitute the place and type of their holiday at very short 

notice (Gössling et al., 2012) which renders the tourism industries of the SPICs highly 

vulnerable.  

For coral reefs, several studies have estimated global value estimates in monetary terms 

(e.g. see Costanza et al., 1997 and 2014) as well as local value estimates in monetary 

terms (e.g. see Moberg & Folke, 1999; Stoeckl et al. 2011; Brander, Van Beukering & 

society are typically large, and thus communicate to the broader public that the 

ecosystems of coral reefs are important in economic terms. Costanza et al. (2014 p. 156) 

found that the highest economic unit value (2007 US$) of biomes in the world as of 2011 

was that for coral reefs at $352,249 per hectare per year, followed by mangroves and tidal 

marsh at $193,843 per hectare per year. In essence, monetary figures may hint at the 

 estimates, but may fail to recognize their 

biophysical or socio-cultural values, as noted previously by Martín-López et al. (2014). 

However, effective environmental management of coral reefs is required to protect their 

environmental quality and to sustai

industry (Folkersen, Fleming & Hasan, under review). From this perspective, investment 

sustaining an important segment of Fij

SPICs as well as other small-island states, coral reefs are associated with cultural and 

spiritual values. Healthy reefs also possess the potential to provide pharmaceutical 

substances that could potentially be important for new drug discoveries (Reid et al. 2012). 



Although it is difficult to monetize these values, it is clear that healthy coral reefs have 

the potential to provide substantial social, economic and cultural (recreational) values for 

local populations in the SPICs, and to foreign visitors and the medical industry alike, if 

coral reefs are managed properly.  

 

(i) Facilitate a more efficient allocation of resources for environmental 

management;  

(ii) Provide important insights into how coral reefs generate socio-economic 

benefits; and  

(iii) Generate insights into their ecological importance in sustaining adjacent 

ecosystems, such as coastal fisheries and mangroves (Folkersen, 2018).  

 

 

1.3.3. Environmental management of coral reefs 

There are many good reasons to preserve and restore coral reefs in poor small-island 

states, but only some of these can be evaluated in monetary terms (Reid et al. 2012). 

Recognising the importance of preserving and restoring coral reefs, the presidents of 

Palau, Federated States of Micronesia and the Republic of the Marshall Islands met in 

2016 to collaborate in the future protection of the coral reefs of their countries, pledging 

to bridge the gap between science and local knowledge, and to facilitate more effective 

policies for coral reef protection and management (Call to action, 2016). In 2012, a similar 

project on the sustainable management of coral reefs was implemented in Fiji, Samoa, 

Tonga and Tuvalu to improve coral reef management policies in the four countries. One 

of the main challenges identified was the future collaboration of government departments 

and how to form coral reef management plans that are self-financing and long-lasting 

(South et al. 2012). 

While plenty of 

adaptability to climate change, recent studies (e.g. Hughes et al. 2017; Oppen et al. 2017; 

Kroon, Schaffelke & Bartley, 2014) have revealed a critically important gap in the future 

progress of coral reef restoration, conservation and management. Previously, the focus of 

coral reef conservation has mainly been scientific. In recent years, however, it has become 

clear that environmental resource managers, policy makers and the public all need to 



become involved in the proactive management of coral reefs (Oppen et al. 2017), 

revealing important social, economic and political aspects of successful coral reef 

management. In particular, innovation in the practice of environmental resource 

management and the active involvement of local communities and socio-cultural 

institutions is needed to facilitate coral reef survival and resilience in the future (Cinner 

et al. 2015). Ensuring the future environmental conservation and protection of coral reefs 

requires the incorporation of economic and social systems into their environmental 

management programs. This is because the successful management of coral reefs relies 

on multiple environmental, social and economic drivers  not just scientific aspects 

(Hughes et al. 2017). Two recent studies (Daigneault et al., 2016; and Hills et al. 2013) 

found that the main challenge to facilitating successful conservation of vulnerable 

ecosystems in the SPICs was a lack of engagement of by local communities for 

continuous resource management, rather than a lack of financial resources. These findings 

highlight the importance of incorporating social and economic systems into climate 

change adaptation and coral reef management. They might also indicate that local 

communities might not believe that the resource management programs of their coral 

reefs take their interests, as a community, into account. 

 

 

 



1.4. The Deep Sea 

1.4.1.  

The deep sea represents one of the few wildernesses remaining on Earth, and is also 

considered the latest frontier for resource exploitation. The deep sea covers 65% of the 

meters deep (Jobstvogt et al. 2014). The deep sea forms the largest ecosystem on the 

planet and is believed to be fundamental in sustaining terrestrial ecosystems and human 

existence through the supporting ecosystem services that it provides (Armstrong et al. 

2012; Jobstvogt et al. 2014; Van Dover et al. 2014; Arico & Salpin, 2005). The supporting 

ecosystem services that sustain human existence include, but are not limited to, nutrient 

cycling, carbon absorption, and the provision of endemic genetic resources and biological 

organisms (Davies, Roberts & Hall-Spencer, 2007; Yooseph et al. 2007; Sumaila et al. 

2012). In essence, the ecosystem goods and services that the deep sea provides are public 

goods as these benefit humans on a global scale (Costanza et al. 1997; Drazen & Sutton, 

2017). One example of this is the ability of the global oceans to absorb carbon dioxide 

(CO2) from the atmosphere: the concentration of CO2 would be approximately 50% 

higher 2 (Drazen & Sutton, 2017). 

(Danovaro et al. 2017), the deep sea plays a crucial role in absorbing CO2 from the 

atmosphere  and in sustaining human lives.  

largest knowledge gaps in science. Despite its enormous size, it is estimated that less than 

0.0001% of the deep sea has been explored to date, making it the least explored ecosystem 

on the planet (Danovaro et al. 2017). In fact, the surface of the moon has been explored 

in more detail than the deep sea (ibid.). Although scientists continue to discover new 

species and life forms in the deep sea, the entire life history of the first deep-sea species 

and its local populations, from conception to death, remains unknown and is yet to be 

mapped (Armstrong et al. 2010; Van Dover et al. 2018).  Drazen & Sutton (2017) 

maintain that the deep sea is so diverse and enormous that scientific discovery should 

approach it as several different ecosystems, rather than a single one. These include abyssal 

plains, trenches, seamounts, mid-ocean ridges and marginal seas, to name a few (ibid.)  



However, what is known about the deep sea are the general patterns and interactions of 

its life-forms. For instance, deep-sea species tend to have much longer life-spans and 

slower metabolisms than shallow-water species, but also tend to be more vulnerable to 

external influences, such as human-induced climate change and anthropogenic 

intervention (Danovaro et al. 2017). Many organisms in the deep sea require hundreds of 

years to regrow if these are removed or damaged, and some species require several 

thousand years to regrow or adapt if environmental conditions in the deep sea change 

(Van Dover et al. 2017; Danovaro et al. 2017). Furthermore, previous research has 

indicated that the biodiversity of the deep sea is highly likely to be fundamental in 

supporting the functioning of other marine and terrestrial ecosystems (Drazen & Sutton, 

indicates that its biodiversity may be on par with the biodiversity of terrestrial tropical 

rain forests (Jobstvogt et al. 2014). For abyssal plains,7 the scientific knowledge gap 

remains particularly large, especially in terms of understanding their evolutionary 

patterns.  CSIRO8 scientist John Pogonoski recently stated in an interview with Australian 

Broadcasting Corporation (ABC) News about a recent deep-sea exploration that science 

sea and understanding its ecosystem (Shine, 2018). 

 

1.4.2. The economic value of the deep sea 

The -reaching benefits for humankind 

globally. Primary ecosystem services of the deep sea such as ocean carbon sequestration 

and nutrient cycling are rarely quantified in monetary terms despite their importance for 

the functioning of ecosystems and human existence globally (Beaumont et al. 2008; 

Pendleton et al. 2014). The ecological functioning of the deep sea is therefore important 

in sustaining human existence. For that reason, one might argue that the monetization of 

the ecosystem goods and services of the deep sea is meaningless, given its infinite 

ecosystem value to humans through carbon sequestration and nutrient cycling. The 

daunting because robust scientific evidence on which to base an economic value of the 

To date, the small amount of literature on deep-sea 

7 The parts of the ocean that are between 3,000 m and 6,000 m deep 
8 Commonwealth Scientific and Industrial Research Organisation 



[ecosystem services] is mainly of a descriptive nature and next to nothing is known about 

the economic values of protecting this environment  

Particular deep-sea environments are rich in valuable metals, such as zinc, copper, gold 

and silver (Ahnert & Borowski, 2000; Hoagland et al. 2010). These minerals are typically 

found along mid-ocean spreading ridges, and in and around hydrothermal vents in the 

deep 

2011). Although the exact depths at which these metals occur vary, high-grade 

polymetallic Seafloor Massive Sulphide (SMS) deposits that contain valuable metals 

New Ireland Province (Nautilus Minerals Niugini Limited, 2008; Nithi, 2016). Other 

sourc

manganese crusts and nodules, massive consolidated sulphides, and metalliferous 

sulphidic muds (Ahnert & Borowski; Tyler, 2003). High-quality sources of SMS deposits 

and manganese crusts have been identified in The Mid-Atlantic Ridge in the Atlantic 

Ocean, the Red Sea between Saudi Arabia and Sudan and parts of the Pacific Ocean floor 

 all with a very high commercial profit potential (Nautilus Minerals, 2006; Bertram et 

al. 2011; Hoagland et al. 2010; Ahnert & Borowski, 2000). 

 

1.4.3. Deep-sea mining 

Due to the high economic costs of extracting these valuable metals from the deep 

ocean floor, and because of the technological complexity associated with the extraction 

process, it was previously unrealistic to conduct large-scale mining operations of the 

ocean floor. However, this has changed in the past few decades. The development of a 

new process in mining, called Deep-Sea Mining (DSM), is facilitating continuous 

identification of new metal- exploration) and has 

also enabled the actual mining of those metal-sources (exploitation) (Yamazaki, 2011). 

Due to increasing metal prices globally and the lack of sufficient metal deposits from 

terrestrial mining sources to satisfy global demand, DSM exploration licenses have been 

granted by the International Seabed Authority (ISA)9 to explore the potential for DSM in 

territorial and international waters. For the Pacific Ocean alone, exploration licenses for 

9 The International Seabed Authority is an autonomous international organization established under the 1982 United 
Nations Convention of the Law of the Sea 



more than 1.5 million km2 of the deep 

(Earthworks, 2017; International Seabed Authority, 2017). At the time of writing, explicit 

exploitation licenses to mine the deep 

-year mining 

project is expected to generate USD 1 billion per year in revenues (Papua New Guinea 

Mine Watch, 2014).  

Despite the promising profit-potential, the conduct of DSM in and around the deep 

ocean floor has been subject to severe criticism, from governmental institutions and 

environmental scientists alike. The process of DSM involves cutting into, removing and 

disturbing large parts of the deep 

from sources such as SMS deposits and manganese crusts (Ahnert & Borowski, 2000; 

Halfar & Fujita, 2007; Luick, 2012; Steiner, 2009; Thiel, Schriever & Foell, 2005; 

Yamazaki, 2011). Moreover, the DSM process itself involves several types of direct and 

indirect damage to the deep-sea environment, some of which are direct (known) damages 

and some of which are potential (expected but unverified) damages. These include direct 

damage to the benthos organisms10, resedimentation and discharges of particulates, and 

potential upwelling of sea water and ocean pollution (Luick, 2012; Oebius et al. 2001; 

Yamazaki, 2011). Subsequently, these damages could in turn degrade the environmental 

quality of the deep-sea environments adjacent to the hydrothermal vents by reducing 

water clarity, imposing toxic disturbances on water quality, and generally changing the 

habitat conditions of the environment in and around the deep r & 

Fujita, 2007). 

organisms and species, great caution has been warranted in allowing any type of 

anthropogenic intervention that could  potentially  impose severe and irreversible harm 

A key unknown to be addressed concerns the ability of ecosystems to 

ese 

nodules 10,000 years to grow around 1mm (Tyler, 2003). The continuous harvesting of 

manganese nodules for profit making is therefore not realistic, neither from an economic 

nor environmental perspective. 

 

10 Benthos refers to the collection or organisms that live on or in the ocean floor, including flora and fauna 



1.4.4. Deep-sea policy and environmental management 

The difficulty of effectively governing the resource management of the deep 

Ocean 

ecosystems are particularly vulnerable to degradation, due to the fact that they are often 

located across political borders, and because there is a general deficit of good 

governance in ocean areas

of the Law of the Sea (UNCLOS) defines the sea within 200 nautical miles of a coastal 

state

Part V, n.d.). In addition to this, the coastal state has certain duties in relation to the use 

of, and activities related to, marine resources in the EEZ. The parts of the sea that lie 

inistered 

granting of licenses for DSM exploration and exploitation in areas beyond the EEZ must 

be approved the ISA (ibid.). 

In response to the great uncertainties associated with the environmental impacts of DSM 

Precautionary Approach Precautionary 

Approach At its core, the precautionary approach requires adequate 

environmental protection through the taking of early action in response to risks of 

environmental harm, even in the context of scientific uncertainty

The World Bank (2016) supports the adoption of the Precautionary Approach, and 

recommends that a comprehensive CBA of the social, economic and environmental 

externalities from DSM be undertaken before any decisions are made regarding the actual 

mining (exploitation) of the deep 

(2016) is that the total environmental impacts of DSM may not be detected during the 

course of the mining-operation, which will allow grand-scale mining to continue. 

Environmental impacts from DSM activities that are not detectable in the short-term 

could (potentially) impose long-term and irreversible damage to the deep-sea 

environment, and also to adjacent marine environments.  

Furthermore, there is concern by the World Bank (2016) that the scale of the 

environmental impacts from DSM operations may not necessarily be detected at the 

specific geographical site where the DSM activities take place, but instead may also affect 



other marine ecosystems that are further away from the site. Once these negative 

environmental effects are discovered by science, they may not necessarily be linked to 

DSM activities but instead be attributed to other causes. The Secretariat of the Pacific 

Community compares the environmental impacts of DSM activities to that of air 

pollution: while it may originate in one area, it crosses the boundaries of both territorial 

states and ecosystems, thereby having negative effects on a much larger area and on 

ecosystems further away (SPC  EU Deep Sea Minerals Project, 2012). An example of 

this is that during DSM operations, the sediment plume from the mining process can drift 

from territorial waters into international waters as well as into adjacent EEZs of other 

coastal states. There is currently no regulatory agreement or treaty in place to control such 

negative cross-border environmental impacts of DSM (ibid.). 

While Papua New Guinea is the only country to have been granted an explicit mining 

(exploitation) license, other countries in the South Pacific have been granted exploration 

licenses, e.g. Fiji, Tonga, Vanuatu, and the Solomon Islands (Chaudhary, 2017). 

However, the vast majority of national governments that have supported the granting of 

DSM exploration licenses in their territorial waters have adopted no specific policies or 

laws regarding DSM operations, or regarding resource use and environmental protection 

of the parts of their territorial waters and EEZs. At the time of granting the DSM licenses 

for mining the Solwara 1 site in Papua New Guinea, no national government policy on 

DSM existed and Papua New Guinea also lacked the legislation to regulate the DSM 

activities (Nithi, 2016)

management plan [of the Solwara 1 Project in PNG] has never been made public despite 

and legal framework required to control and regulate DSM activities appear not to exist 

in Papua New Guinea. The Fijian Government supported the approval of two DSM 

despite the absence of national legislation on DSM in Fiji. An overall marine policy 

applies to the conduct of DSM exploration in Fiji, while the national laws pertaining to 

mining (exploitation) appear to be in progress, but not completed (Fijian Government, 

2012). For Tonga and Vanuatu, specific policies and legislations to regulate and control 

DSM activities are in the process of being developed, but are neither implemented nor 

completed (Lily, 2012; Vanuatu Government seeks views of the people on deep sea 

mining, 2014). Finally, more specific international regulations on the extraction of deep-



sea resources were also in progress at the time of writing (Page, 2018). Although an 

international policy-framework and a few general laws relating to DSM exist, there is an 

urgent need for (i) more specific international regulations on the conduct and management 

of resource-extraction from the deep sea, and (ii) the establishment of comprehensive 

policies and regulatory frameworks for the countries that are expected to allow DSM 

activities in their territorial waters in the future. 

 

 

1.5. Climate change and uncertainty 

1.5.1. The deep sea and climate change 

Apart from the negative environmental impacts expected from DSM, outlined in the 

previous section, other severe negative impacts are currently threatening the stability of 

em. Global climate change, deep-sea fishing down to depths of 

1,400 meters, human-induced pollutants and the increasing amount of plastic in the 

oceans are all expected to affect the functioning and the dy

ecosystem (Drazen & Sutton, 2017). Like the environmental impacts of DSM, the 

magnitude and exact nature of those impacts are yet to be seen. Danovaro et al. (2017, p. 

465) notes that obal climate change [on 

the deep sea] are still almost completely unknown and can be addressed only by 

increasing knowledge on basic and system biology of deep-

global climate change remains the greatest challenge for sustaining the ecosystem of the 

deep sea (Jobstvogt et al. 2014; Danovaro et al. 2017). Nonetheless, a tremendous 

knowledge gap remains in terms of understanding exactly how and to what extent the 

deep sea will be affected by DSM, global climate change and local environmental 

be the only way to address this knowledge gap. 

systems is the development of pharmaceutical products from marine organisms from 

various depths of the oceans, including the deep sea. Erwin, López-Legentil and 

Schuhmann (2010) provide the first global estimate of the economic value attributable to 

anti-cancer drugs of marine origin if (hypothetically) the marine organisms are identified 

and utilised to develop pharmaceutical products. Although their value estimate also 



includes marine biodiversity sourced from marine biomes that lie outside of the realm of 

the deep sea, it nonetheless 

economic value potential starts and stops. Erwin, López-Legentil and Schuhmann (2010) 

estimate that the economic value of marine biodiversity for anti-cancer drug development 

is between $563 billion and 5.69 trillion (in 2010 USD). This estimate concerns the 

accounting value of, i.e. quantify of drugs multiplied by the sales price. The estimate does 

not take into consideration the wider economic benefits, i.e. the welfare economic 

potential of the anti-cancer drug. For economic estimates, it is important to distinguish 

between national accounting value and welfare value. National accounting value is 

calculated according to market price and quantity (Day, 2013; Obst, Hein & Edens, 2016). 

That is, th

economic activity, which is how Gross National Product (GNP) is calculated, and does 

not take into consideration the welfare effects of economic activitity (Obst, Hein & Edens, 

2016; Costanza et al. 1997. In contrast, welfare economic value is a measure of welfare, 

i.e. it evaluates the economic benefits associated with economic activity by taking into 

consideration consumer and producer surplus (Day, 2013; Obst, Hein & Edens, 2016). 

For instance, CBA evaluates and measures the social benefits and costs, which is useful 

for future natural resource management investments as it will give indications about the 

magnitude of its netbenefits, rather than just its economic output (Mogas, Riera & 

Bennett, 2005; Obst, Hein & Edens, 2016).  

As for the (accounting) economic estimates by Erwin, López-Legentil and Schuhmann 

(2010), their hypothetical economic estimate appears promising at first glance, but several 

economic concerns related to climate change and uncertainty remain that may  ironically 

 significantly impact its future economic potential. The first economic issue affecting 

the economic value of marine-derived anti-cancer drugs is climate change. Recent 

research into changes in marine biodiversity indicates that climate change may lead to a 

redistribution, rather than a loss, of global marine biodiversity (Molinos et al. 2015). The 

problem is that it remains ambiguous how this (plausible) redistribution of marine 

biodiversity will affect the chemicals and enzymes of marine organisms. Furthermore, it 

is almost impossible to predict the extent to which the redistribution of marine 

biodiversity will affect location(s), size of the area(s), abundance and quality of the 

marine organisms identified for drug development, or how climate change will affect the 

functioning of adjacent ecosystems that underpin the identified marine organisms. 



Redistribution of marine biodiversity across the planet may also change the dynamics of 

species interdependencies (Erwin, López-Legentil & Schuhmann, 2010), but it is 

currently unclear how climate change will affect those dynamics.  

The second economic concern is that even though thousands of marine compounds are 

known to science, the exact utility of these for bioprospecting remains ambiguous 

(Snelgrove, 2016) which in turn makes estimating their economic value potential even 

more difficult. Taken together, the uncertainties of climate change impacts on marine 

systems and biodiversity, and the large research gaps in deep-sea marine science makes 

it close to impossible to estimate the economic value of deep-sea biodiversity for 

bioprospecting with any form of accuracy. This is one example of the challenge of 

understanding how the deep sea generates economic value for societies. More 

importantly, it emphasizes the urgent need to explore how (any type of) resource 

bly managed.  

 

1.5.2. Coral reefs and climate change 

Although knowledge gaps remain in terms of outlining the adaptive capacity of coral reefs 

to the effects of global climate change, the scientific knowledge base for coral reefs is 

much larger than for the deep sea. Coral reefs are extremely vulnerable to variations in 

ocean temperature, sea levels, the degree of ocean acidification, and severe storms and 

cyclones  all of which are considered to be direct impacts of global climate change. For 

those reasons, global climate change is expected to severely affect many of the SPICs due 

to their reliance on coral reefs for food security, income and livelihoods (Bell, Johnson & 

Hobday, 2011). Globally, more than 500 million people rely on healthy coral reefs every 

day to sustain their income, food supply and livelihoods, but more than 80% of global 

fish stocks are already either overexploited or fully exploited (Reid et al. 2012). Coral 

reefs possess a tremendous capacity to sustain fish stocks, if managed properly. In fact, 

25% of all fish species rely on the ecosystems of coral reefs for their breeding and nursery 

et al. 2012). If coral reefs are preserved and managed properly, they possess an incredible 

potential to generate multiple benefits for human populations in the South Pacific through 

enhancing food security, and providing income opportunities for commercial fisheries 

and tourism operators. 



Nonetheless, Reid et al. (2012) identify the following challenges facing coral reefs, 

globally:  

(1) Overfishing and destructive fishing practices 

(2) Sediments and pollution (heavy sediment loads enter coral reef ecosystems as 

runoff via rivers,) 

(3) Increasing sea-surface temperatures (SST), leading to coral bleaching 

(4) Ocean acidification due to the increase in atmospheric CO2, which makes the 

oceans absorb more CO2, and in turn become more acidic 

(5) Coral disease from human-induced factors, e.g. inadequate waste management 

(6) Pests and invasive species, e.g. the Crown of Thorns Sea Star 

(7) Tourism, if proper environmental management of the reefs is not in place 

(8) Natural disasters, e.g. cyclones 

 

Many of the above listed environmental problems are directly linked to global climate 

change whereas others are linked to local environmental impacts. Global climate change 

on coral reefs includes natural disasters, ocean acidification and higher SST whereas local 

environmental impacts include excess sediments, pollution, overfishing, and the 

inadequate management of waste (Pandolfi, 2015; Bell et al. 2011b). Other (less obvious) 

local environmental impacts include visitation numbers of SCUBA divers and snorkelers 

Reid et al. 2012). Once the environmental impacts of global climate change and local 

resilience and its ability to adapt to future environmental changes, which will make it very 

vulnerable to any additional impacts (Hoegh-Guldberg et al. 2011). Therefore, the 

combination of global climate change and local environmental stressors has the capacity 

to either make or break a coral reef. If local factors, such as pollution, unsustainable 

tourism and over-fishing are addressed, this can help coral reefs recover from other 

external impacts (ibid.). Tourism can offer an opportunity for generating local income 

and protecting coral reefs, if sound environmental management is in place. Moreover, 

dive-based tourism represents a non-extractive use of coral reefs that may be suitable for 

marine protected areas (MPAs) where fishing bans are in place in order to increase fish 

stocks (Bell et al. 2011a). 



However, what remains uncertain is the degree of vulnerability of coral reefs in different 

locations (Bell et al. 2011b). What is expected is that if coral reefs, mangroves and 

seagrasses are allowed to degrade, there will be a progressive decline in the contribution 

of coastal fisheries to food security in the SPICs from the year 2035 onwards. The decline 

in fish stocks 

breeding and nursery habitats once they degrade (Bell et al. 2011a). However, 

considerable scientific uncertainties remain in terms of understanding why some reefs 

manage to recover after major coral bleaching events while other reefs within the same 

geographical region do not (Pandolfi, 2015). The tremendous variability in terms of coral 

chang

future.  

 

In terms of feasible climate change adaptation for the SPICs, Bell et al. (2011b) point out 

that: 

 [the communities in the SPICs need to] understand (1) the relative costs and benefits 

of recommended adaptations, including their sustainability and social acceptability; 

and (2) the opportunity costs of investments relative to other development needs and 

priorities  

 Considerable gaps in knowledge still exist about how Pacific communities are likely 

to embrace the recommended [climate change] adaptations and the need for 

changes, and how to assist them where necessary 852) 

 

The interactions and interdependencies between the economic, policy and environmental 

aspects in generating value for societies need to be explored in more detail to address the 

challenges of climate change, environmental degradation and economic stability in the 

SPICs.  

 



1.5.3. Potential links between DSM and coral reefs 

In terms of the potential links between DSM activities and coral reef health, much 

uncertainty remains. Previous studies indicate that terrestrial mining (e.g. gold mining) 

and marine-based oil mining have negative environmental impacts on coral reefs. 

Reichelt-Brushett (2012) found that submarine tailings disposal (the disposal of terrestrial 

mining waste through a pipe-system in the ocean) seriously impacted the overall marine 

environment in which the waste is disposed, degrading its environmental quality. Due to 

the sensitivity of corals to chemicals mining waste is likely to have negative and severe 

impacts on coral reefs as well.  

However, a knowledge gap remains in understanding the exact metal concentrations at 

which corals degrade, how the deep  environment reacts to the increased metal 

concentrations in the water  and how this, in turn, is likely to affect coral reef health. A 

few other studies (Fallon, White & McCulloch, 2002; Carriquiry & Horta-Puga, 2010; 

Saha et al. 2016) observed higher metal concentrations in coral reefs in the wake of 

marine-based oil-mining and terrestrial gold mining, respectively. In fact, terrestrial 

mining was found to have the greatest impact on sedimentation loads in coral reefs, even 

when the terrestrial mining source was located several kilometres from the reef in 

question (Fallon, White & McCulloch, 2002). Carriquiry and Horta-Puga (2010) found 

-

distance transport of suspended and 

(p. 1629). Similarly, Saha et al. (2016) attributed the degradation of water quality in and 

around coral reefs in Marinduque, Philippines, to the increased levels of heavy metal 

concentrations caused by terrestrial mining activities.  

Nonetheless, all of the above studies maintain that baselines for pre- and post-mining 

water quality are missing, and that the specific relationship between increased sediment 

loads and metal concentrations on the one hand, and coral reef health on the other hand 

needs to be better understood in order to establish how any type of mining affects the 

environmental quality of coral reefs. If DSM increases the risk of coral reef degradation 

then it clearly makes sense to consider the negative impacts that might follow from coral 

reef degradation as a negative externality associated with DSM. However, the 

environmental impacts of DSM activities on coral reefs remain uncertain and can, at best, 

be based on assumptions. 



1.6. Conclusions from Literature Review 

1.6.1. General conclusions from literature review 

Ecosystem valuation is useful for gaining a better understanding of how ecosystems 

support economies as well as human well-being. Exploring the economic value of 

particular marine-based biomes may help outline the magnitude of their importance for 

local communities in the SPICs, as well as their importance for human well-being, 

globally. Ecosystem valuation is relevant for ecosystems for which comprehensive 

knowledge exists and also for ecosystems with large scientific and economic knowledge 

gaps  coral reefs are an example of the former, while the deep sea is an example of the 

latter. 

For the deep sea, a suitable perspective for policy makers and governments to adopt would 

be to facilitate resource-

societies with the most benefits in the long-term. However, the global demand for 

valuable metals presents a significant challenge to the practical feasibility of preserving 

deep sea ecosystems through, for example, a Precautionary Principle-inspired 

moratorium on DSM. Also, at this stage, it is unknown whether preserving or mining the 

deep sea will generate the highest benefits for societies in the long-term. The alluring 

prospect of high financial profits to be gained from DSM activities makes it difficult to 

dismiss the argument that DSM will generate considerable economic value for society. 

The extremely limited amount of robust evidence on the economic value of the deep sea 

value can be analysed and included in economic analyses. Merely accepting the 

anticipated hypothetical profits of DSM as a credible reason for allowing the mining of 

deep-sea environments for which scarce scientific knowledge exists is not sufficient  

certainly not if the Precautionary Principle is to be adhered to. Gaining more insights 

into the economic value of preserving the deep sea versus the economic value of allowing 

the extraction of minerals from the deep sea, e.g. through DSM, would contribute 

significantly to the current discourse on ecosystem valuation. The knowledge gap 

more targeted and efficient policies for environmental management of the deep sea. A 

lack of economic knowledge also stands in the way of developing more comprehensive 

legal frameworks for resource extraction in the deep sea (Jobstvogt et al. 2014; Folkersen, 

Fleming & Hasan, 2018).  



For coral reefs, a considerable knowledge base exists on the importance of coral reefs for 

generating (i) economic value through subsistence and commercial fishing, and tourism; 

(ii) ecological value in supporting and sustaining adjacent ecosystems, such as mangroves 

and coastal fisheries; and (iii) environmental value in protecting coastlines from erosion. 

anticipate how the degradation of coral reefs is likely to affect adjacent ecosystems, the 

existence (or extinction) of small-island states, and the national economies of the SPICs. 

Even though these perceptions may not necessarily be 100% accurate, they nonetheless 

indicate that if coral reefs disappear entirely, either due to global climate change or local 

human behaviours, or the two combined, the economic, social and environmental 

consequences are highly likely to be severe, irreversible and widespread, affecting many 

SPIC nations. 

However, what remains uncertain is the magnitude of the benefits that local communities 

(and economies) will experience in the presence of sound environmental management 

and CCA strategies of their local coral reefs  and the magnitude of the costs that will 

incur in the absence of environmental management and CCA strategies, i.e. if coral reefs 

are allowed to degrade. Moreover, the opportunity costs (and benefits) of investing in 

recommended strategies and adaptations, relative to other social development needs and 

priorities (Bell et al. (2011b,  p. 863), need to be better understood in order to facilitate 

adaptations and investment that more accurately reflect local values, needs and social 

aspirations. 

 

1.6.2. The purpose of this PhD thesis 

The purpose of this thesis is to challenge the current perceptions of, and methodology 

adopted to elicit, the value of vulnerable marine systems in the SPICs. This thesis adopts 

a particular focus on the ecosystems of coral reefs and the deep sea, and seeks to expand 

on the current economic base on these two ecosystems. Although the emphasis is on the 

geographical area of the SPICs, chapters 4-5 are relevant for the global policymaking, 

public awareness of, and research into, the deep 

valuation methodologies are adopted and explored throughout the thesis in order to 

identify how vulnerable marine ecosystems can be managed and utilised to provide more 

opportunities for furthering human, economic and social development. 



Chapter 2 explores the future (hypothetical) economic impacts of allowing DSM 

, on  diving and tourism industry. A primary 

contingent behaviour study is conducted with former tourists to Fiji, all of whom have 

Respondents are specifically asked to 

indicate their satisfaction with their previous trip to Fiji, and to state their expectations 

about the future (

previous trip, with their willingness to return to Fiji in a hypothetical scenario where DSM 

takes place close to the coral reefs in Fiji. The objective of this comparison is to estimate 

Thus, the findings of chapter 2 provide a crucial insight into the negative economic 

consequences of allowing DSM in Fiji.  

Chapter 3 conducts a critical literature review of ecosystem valuation methodology by 

in ecosystem methodology (e.g. individual 

utility) with previous connotations of value in philosophy, economic theory and social 

and human wellbeing, chapter 3 argues that alternative valuation technologies are needed 

to elicit social and non-monetary elements of ecosystem value. With reference to the 

SPICs, the chapter also maintains that alternative valuation methods focusing on non-

monetary and social aspects of value may help identify suitable climate change adaptation 

strategies for the SPICs. The chapter contributes to the development of future ecosystem 

methodology by introducing the Social willingness-to-commit (Social WTCommit) 

technique in ecosystem valuation. The idea behind the Social WTCommit approach is 

that non-monetary elements of ecosystem value, and value based on social preferences 

need to be incorporated in order to better understand the value of ecosystems in low-

income settings where decisions are group-based, rather than based on individual 

preferences, and where financial resources are scarce. 

Chapter 4 explores the current knowledge about the economic value of the deep-

ecosystem through a systematic review and meta-analysis of previous literature on the 

economic value of the deep sea. The objective of chapter 4 is to integrate the findings of 

previous literature to identify future research priorities through the systematic review, and 

to explore the statistical significance of the drivers of economic value, through the meta-

analysis. To the best of my knowledge, the study which chapter 4 is based on is the first 



to attempt to collate and integrate the findings of previous literature on the economic 

value of the deep sea  and to identify the most important research gaps in terms of 

ecosystem valuation of its ecosystem. Despite the inevitable shortcomings associated 

with a first attempt at conducting an ecosystem valuation of an ecosystem, chapter 4 

makes a genuine contribution to the literature on the economic 

ecosystem. 

Chapter 5 presents and discusses the implications of the findings of chapter 4, by drawing 

lessons from the quantitative and qualitative results of the systematic review and meta-

analysis. The objective of chapter 5 is, therefore, to identify the most important directions 

for future research into ecosystem valuation, policymaking and legislation pertaining to 

the deep sea. Essentially, this chapter puts into perspective the findings of chapter 4 by 

discussing the most critical priorities and directions for economic and scientific research 

in the deep sea  and by highlighting the most important considerations in future 

policymaking and legislation related to DSM, and the general resource use of the deep 

 

Chapter 6 concludes the findings of chapters 2-5 of this PhD thesis. First, chapter 6 

presents a summary of the thesis. Second, the research contributions of chapters 2-5 are 

clearly outlined with due reference to environmental resource management and research 

related to the ecosystems of coral reefs and the deep sea, respectively. Third, the policy 

implications of each of the chapters are discussed. Fourth, the limitations of the research 

conducted in this thesis are identified and discussed. Fifth, the future research priorities 

are outlined with references to the limitations, policy implications and contributions of 

chapters 2-5. Finally, concluding remarks about the contributions of this thesis are 

presented. 

The referencing styles of chapters 2-5 differ from one another because the referencing 

style of each chapter matches the academic journal in which it was published, or in which 

the chapter is currently under review (e.g. Harvard, APA, EndNote).  
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Foreword 

The broader objective of this thesis is to expand knowledge of the economic value of the 

marine ecosystems of coral reefs and the deep-sea, respectively. This chapter contributes 

to knowledge of the economic value of coral reefs in Fiji, specifically for the recreational 

(cultural) values of diving and snorkelling. Through a contingent behaviour survey, this 

chapter elicits: the (1) the current economic contribution of coral reefs in Fiji for diving 

and snorkelling purposes; and (2) the future hypothetical economic impacts of allowing 

deep-

m industry 

might be affected if deep-sea mining is allowed. As such, the chapter estimates the 

economic costs that deep-sea mining may indirectly generate for the Fijian economy 

through lower visitation rates, and a decline in the demand for snorkelling- and diving 

activities. In sum, this chapter contributes to policymaking for the environmental 

management and the tourism industry in Fiji by exploring the current economic (positive) 

value of their local coral reefs; and the economic (negative) consequences of 

anthropogenic behaviour in the deep-  
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Abstract: Pristine coral reefs possess a tremendous potential for contributing to tourism 

and economic development. This is especially important for Fiji given their tourism 

of coral reefs and environmental issues is, therefore, paramount to sustaining the tourism 

industry. Despite the importance of coral reefs to the Fijian tourism sector, the Fijian 

Government has granted exploration licenses to mining companies to assess the viability 

negatively impact reef-related tourism due to tour

degrade 

subsequently influence overall tourism demand in Fiji. Our findings show that divers and 

snorkelers demonstrate a high willingness to return to Fiji in the future, based on their 

previous travel experience, but that they would significantly reduce their future visits if 

DSM was to take place in Fiji. These results contribute to our understanding of the 

potential trade-offs between DSM and reef-related tourism and give some preliminary 

estimates of the potential economic consequences of the Fijian Government allowing 

DSM within their territorial waters. 

Keywords: Behavioural studies; Coral Reefs; Environmental attitudes; Economic 

Development; Scuba Diving. 

 

  



2.1. Introduction 

A tremendous potential exists for coral reefs to contribute to tourism revenue and 

economic development in developing countries. This potential, however, is subject to 

Hobday, 2011; Gonzalez et al. 2017; Moberg & Folke, 1999). Among South Pacific 

Island Countries (SPICs), Fiji receives the highest number of visitors and is, in many 

respects, the most attractive tourism destination in the region (Becken, 2005; King & 

Weaver, 1993; Narayan et al. 2010; Scheyvens & Russell, 2012). The contribution of 

stimated that tourism directly accounts 

for approximately 14% of Gross Domestic Product (GDP) and 12% of employment 

(

proportion of visitors undertaking activities such as snorkelling, diving, surfing and 

swimming (Binney & Fleming, 2016; Verdone & Seidl, 2012).  

have potential value in terms of mineral resources. The deep ocean floor in many parts of 

the South Pacific is rich in valuable metals such as zinc, gold, copper and silver, and these 

metals could be extracted via a process known as deep sea mining (DSM). The Solwara 

1 Project, managed by Canadian company Nautilus Minerals, is expected to be the first 

DSM activity in the Pacific, with extraction due to commence in 2019. Situated in the 

Ireland Province, the Solwara 1 Project aims to recover high-grade polymetallic Seafloor 

Massive Sulphide (SMS) deposits that are located approximately 1,600 meters below the 

ocean surface (Nautilus Minerals Niugini Limited, 2008; Nithi, 2016).  

In Fiji, the Government has issued exploration licenses for large areas of the ocean 

floor, although no DSM related activity has taken place to date (Jankowski, 2012; World 

Bank, 2016)

and its surrounding environmental quality, and that this could have a devastating impact 

on reef-related tourism. If potential future tourists to Fiji believe that coral reefs in Fiji 

will be damaged from DSM activities, they may respond by altering their holiday 

destination choice. There is a significant gap in the tourism literature in terms of 

of holiday locations (Andereck, 2009; Gössling et al., 2006; Gössling et al., 2012; 

Hamilton, Maddison & Tol, 2005). It is useful, therefore, to develop a better 



changing (real or perceived) coral reef conditions. That is the primary purpose of this 

study.  

Specifically, this study: (i) employs the contingent behaviour (CB) method to 

hypothetical future scenario where DSM is (and is not) taking place in the seas around 

ic impact of any hypothetical 

our knowledge, no study has hitherto employed the CB method to investigate how 

individual perceptions of anthropogenic activities, whose environmental impacts remain 

unknown, affect future tourism demand for coral reefs. Perhaps the most similar studies 

published to date are those of Piggott-McKellar and McNamara (2016), who found that 

70% of visitors to the Great Barrier Reef were strongly motivated to visit the Reef before 

Reineman and Ardoin (2018 -attachment 

and attitudes toward environmental issues on Californi

concludes that failure to sustainably manage surf-spots puts billions of dollars of surfer-

related contribution to the Californian economy at risk.  

environmental impacts and tourism as a key industry in Fiji is conducted. Second, the CB 

methodology and questionnaire design are described. Third, the results of the survey are 

outlined and discussed. Finally, lessons drawn for future policy and decision making in 

tourism, coastal management and DSM are discussed and contrasted to the findings of 

previous tourism research. 

 

2.2. Deep sea mining  opportunities and uncertainties 

DSM is a comparatively new process, where valuable metals such as zinc, gold, copper 

and silver are extracted from the ocean floor. DSM can take place in the parts of the deep 

ocean floor that are rich in deposits of SMS. SMS deposits are found along mid-ocean 

spreading ridges such as the along the Manus Basin in Papua New Guinea and the Mid-

Atlantic Ridge in the Atlantic Ocean (Nautilus Minerals, 2006). SMS deposits have also 

been explored in the Atlantis II Deep of the Red Sea between Saudi Arabia and Sudan 



(Bertram et al., 2011; Hoagland at al. 2010). Other sources of metals found in the deep 

sea include polymetallic nodules, manganese crusts and massive consolidated sulphides 

and metalliferous sulphidic muds (Ahnert & Borowski, 2000). The International Seabed 

Authority has granted DSM exploration licenses for more than 1.5 million km2 of the 

Pacific Ocean floor alone, but explicit licenses to mine the ocean floor had only been 

granted for Papua New Guinea, at the time of writing (Earthworks, 2017; International 

Seabed Authority, 2017).  

Profits from DSM are likely to be considerable in specific geographical locations. 

Bertram et al. (2011) estimate that the Red Sea alone holds metal deposits worth 

approximately three to five billion USD. The manganese crusts found in the Pacific Ocean 

are more plentiful and of a higher quality than in most other parts of the world, suggesting 

a very high commercial potential for DSM activities in that area (Ahnert & Borowski, 

2000) and reports suggest that Nautilus Minerals are expecting to obtain more than one 

billion USD in revenue per year from the Solwara 1 Project (Papua New Guinea Mine 

Watch, 2014). 

However, despite the alluring promise of high profits, DSM is subject to severe 

criticism from certain stakeholders, particularly in regard to the environmental impacts 

that DSM is likely to have on marine ecosystems. The World Bank (2016) has urged 

governments to adopt the precautionary principle before granting future licenses to mine 

marine systems. DSM involves cutting through, removing and disturbing large parts of 

the ocean floor in order to extract the mineral resources (Ahnert & Borowski, 2000; Halfar 

& Fujita, 2007; Luick, 2012; Steiner, 2009; Thiel, Schriever & Foell, 2005; Yamazaki, 

2011). As illustrated in Figure 1, DSM involves three key components: a mining vessel 

with a platform on the surface of the ocean, an underwater lift system which consists of 

a pipe-string/lift-pipe and a buffer, and a robot-seafloor miner that collects the mined 

metal deposits (Oebius et al., 2001; Yamazaki, 2011). Moreover, the process requires a 

waste water circulation system (Oebius et al., 2001). As a result of the extraction process, 

the ocean floor may experience several types of damage from the mining process, 

including direct benthos damage,11 resedimentation and discharges of particulates 

(Yamazaki, 2011). Other potential damages to marine ecosystems from DSM include 

11 Benthos refers to the collection of organisms that either live on or in the ocean floor, including flora and fauna 



upwelling and pollution (Luick, 2012; Oebius et al. 2001). Several studies (Ahnert & 

Borowski, 2000; Halfar & Fujita, 2007; Hoagland at el. 2010; Hunter & Taylor, n.d.; 

Thiel, Schriever & Foell, 2005; Yamazaki, 2011) emphasise that DSM is likely to impose 

severe and irreversible damage to marine ecosystems.  

Fig.1 Deep Sea Mining Process 

 

 

Other anticipated effects from DSM include reduced water clarity, toxic 

disturbances of water quality, and a change of habitat conditions of the ocean floor (Halfar 

& Fujita, 2007). It should be noted, however, that the vast majority of studies seeking to 

explore the effects of DSM on marine environments have failed to produce sufficient 

evidence to detail or quantify with any precision the environmental effects of DSM on 

marine ecosystems. For example, in the 1970s and 1980s three major experiments 

involving environmental risk assessments of DSM were carried out in order to investigate 

the degree to which DSM would impact on the ecology of the deep sea, and to identify 

the nature of those impacts. The Deep Metalliferous Sediments Development Programme 

(MESEDA) and the Deep Ocean Mining Environmental Study (DOMES) took place in 

the Red Sea and the Pacific Ocean, respectively. Although both experiments advanced 

knowledge of deep-sea ecology, the results were inadequate to specify exactly how DSM 

affects marine ecosystems, mainly due to the small scale of both projects (Ahnert & 



Borowski, 2000; Thiel, Schriever & Foell, 2005; Yamazaki, 2011). The Disturbance and 

Relocation Experiment (DISCOL), initiated in the South Pacific Ocean at depths of 

around 4,140 m (Thiel et al. 2001), aimed to generate disturbances and changes in the 

deep ocean floor similar to those expected from DSM (Ahnert & Borowski, 2000; Thiel, 

Schriever & Foell, 2005; Yamazaki, 2011). Although changes were observed in the hard 

bottom fauna which indicated that some flora might not have been able to survive the 

disturbances and other modifications in deep sea fauna were observed, a thorough 

scientific evaluation of the environmental impacts was not feasible due to the high number 

of unknown and rare species that live in and around the deep ocean floor (Ahnert & 

Borowski, 2000; Thiel, Schriever & Foell, 2005). 

Other experiments (Becker et al. 2001; Boschen et al. 2013; Miljutin et al. 2011; 

Oebius et al. 2001; Thiel et al. 2001) have been conducted with similar objectives but 

have produced limited scientific evidence on the environmental impacts of DSM. Despite 

this lack of evidence, experts remain sceptical that DSM can be carried out in a manner 

that does not harm marine ecosystems (Hunter & Taylor, n.d.; Thiel, Schriever & Foell, 

2005; Van Dover, 2011; Van Dover, 2014). In an eloquent statement illustrating how a 

lack of scientific evidence coupled with great uncertainty has shaped public perceptions 

nd Foell (2005, p. 

 

 

2.3. The significance of the tourism industry in Fiji 

Fiji covers approximately 18,333 km2 in landmass and has a coastline of around 1130 

km2 (Lane, 2008; Teh et al. 2009). The Fijian archipelago comprises several hundred 

islands, islets and cays, with 106 islands currently inhabited. The capital, Suva, is situated 

on the main island of Vitu Levu which, together with the island Vanua Levu, covers 

nd are home to approximately 85% of the Fijian 

population (Teh et al. 2009). The majority of Fijians rely on the ecosystem services 

provided by marine environments. 

Although classified as a developing country, Fiji is one of the most economically 

developed countries in the South Pacific, and also one of the most attractive for tourists 

and travellers (Verdone & Seidl, 2012). According to the Fiji Bureau of Statistics (2016), 

tourist arrivals in Fiji amounted to 754,835 in 2015. The industry plays a critical role in 



the economy, in 2015 directly contributing 14.1% of GDP (2016 USD 588.4 million), 

with a total contribution of 38.7% (USD 1.62 billion)  the latter figure is forecast to 

increase to 39.7% by 2026 (World Travel & Tourism Council, 2016).12  

The image of unspoiled and pristine natural environments such as the rain forests, 

capacity to substitute the place, timing and type of their holiday at very short notice 

(Gössling et al., 2012). If Fiji is to continue strengthening its economy through tourism, 

sustaining and improving the environmental quality of its natural environments is vital. 

A 2010 Fiji Tourism Survey found that 10% of all international tourists to Fiji participate 

in scuba diving and 60% of tourists go snorkelling (Verdone & Seidl, 2012). A 2011 

survey found that the expenditure of diving tourists in Fiji was, on average, 2.5 times 

higher than the expenditure of non-divers (Binney & Fleming, 2016). Destruction of coral 

reefs and degraded marine ecosystems will, therefore, not only have economically 

2010).  

 

2.4. Method 

2.4.1. CB model for changes in the number of planned trips 

The CB method makes it possible to estimate the economic impacts of a future 

hypothetical change in the environmental quality of a natural environment. This is done 

by investigating the willingness of respondents to visit the natural environment at its 

current environmental quality and comparing this with their willingness to visit the same 

environment in a future hypothetical scenario where the environmental quality has 

changed (Folkersen, 2018).  Several studies (e.g. Alberini, Zanatta & Rosato 2007; Bhat, 

2003; Dharmaratne & Brathwaite, 1998; Kragt, Roebeling & Ruijs, 2009; and Prayaga, 

Rolfe & Stoeckl, 2010) demonstrate how the application of the CB model is useful for 

estimating the (hypothetical) future economic impacts on local tourism economies, 

12 The direct contribution refers to internal spending from the tourism sector, such as commodities, industries and 

other sources of spending. The total contribution includes: (i) the direct contribution; (ii) the indirect contributions 

such as investment spending, government collective spending and the impact of supplier purchases from the travel 

and tourism sector; and (iii) induced contribution related to the spending of direct and indirect employees. The total 

contribution of the tourism sector, therefore, takes wider economic impacts into consideration. 



following a change in the environmental quality of coral reefs, important for diving 

activities and local incomes. 

The contingent valuation (CV) method makes it possible to estimate the economic value 

of a good or service that is not directly defined by market prices, e.g. the economic value 

of recreational activities in natural environments. The CV method is typically conducted 

-to-pay (WTP) for particular 

environmental goods or services, e.g. the WTP for biodiversity protection in national 

parks. Although the CV method is useful for estimating the non-market value of 

environmental resource, it falls short of addressing how a hypothetical change in the 

environmental quality of an environmental resource might affect the future demand for 

that resource. Understanding the extent to which a degradation in, say, the environmental 

quality of coral reefs affects the demand for recreational trips to marine areas with coral 

reefs is highly relevant for small-island countries that rely heavily on tourism income 

from coral reef-based activities. Thus, the CV method is of less relevance for addressing 

the (hypothetical) change in tourism demand following a change in the environmental 

quality of a pristine natural environment.  

Given that the aim 

applied to co

with their willingness to return to Fiji in a hypothetical scenario where DSM takes place 

close to the coral reefs in Fiji. The objective of this comparison is to estimate the future 

the 

results of chapter 2 provide crucial insights into the negative economic consequences of 

allowing DSM in Fiji. The marginal value estimates presented in the results section are 

relevant for any other SPIC considering allowing DSM in their territorial waters in the 

future. 

The CB method presents a hypothetical change in environmental quality to survey 

respondents and directly asks how their behaviour would change in response to this 

change. In this context, the survey is seeking to elicit information about planned future 

trips to Fiji under baseline future environmental conditions and under an alternative 

hypothetical scenario (the presence of DSM). A reduction in environmental quality, 

ceteris paribus, is expected to result in fewer future trips because utility is expected to be 



positively correlated with environmental quality (McConnell, 1993). Any difference in 

the number of planned future trips with and without DSM can then be used to evaluate 

the effects of DSM on tourism demand (Adamowicz et al. 1997; Alberini, Zanatta & 

Rosato, 2007; Christie, Hanley & Hynes, 2007). At an individual level, the number of 

planned future trips to Fiji can be modelled as follows: 

 

where vi is the reduction in the number of planned trips by individual i (i = 

n) at perceived impact of dsmi, xi is a vector of individual i

information on past visits to Fiji, experience and motivation for the recent visit, and travel 

cost.  is the unobserved component of individual i

distribution with zero mean and  variance.  

Since the outcome of interest, , is a count of reduction in planned trips, the 

relevant values are non-negative integers. The objective here is to analyse count data  

in response to a set of drivers or explanatory variables  in a regression 

context. There are a variety of count data models and the most commonly used models in 

applied work are the Poisson and negative binomial regression models. In a Poisson 

regression model, the probability of a given reduction in planned trips is derived from a 

Poisson distribution, where the mean of the distribution is a function of the drivers. A 

specific characteristic of the Poisson regression model is the equality of the conditional 

mean and variance of the count variable, a situation known as equidispersion (Cameron 

& Trivedi 2009, Long 1997). For recreation data such as the number of planned trips, the 

conditional variance typically exceeds the conditional mean, a situation known as 

overdispersion. With overdispersion, the more appropriate count data model is the 

negative binomial regression model (Loomis, 2002; Park, Bowker & Leeworthy, 2002; 

Kragt, Roebeling & Ruijs, 2009). The negative binomial model is determined by a log-

linear function of the form: 

 

The model in Equation (2) aims to predict the reduction in the number of planned 

trips ( ) a particular individual will make in the future given the m independent variables 

( ) and the perceived impact of DSM ( ). 



 

2.4.2. Questionnaire design 

The questionnaire (see Appendix A, pages 101-114) was designed to be administered 

online and consisted of three sections. The first section obtained information about 

whether or not the respondent would still choose to visit Fiji if its coral reefs did not exist. 

Respondents were also asked whether or not they had dived or snorkelled anywhere else 

in the world. Information was also obtained on length of stay, reasons for visiting, travel 

expenses and diving or sno  

return to Fiji based on their most recent experience of the coral reefs. Respondents were 

shown two photos  one of a healthy coral reef, and one of a degraded coral reef13  and 

were asked to choose the photo that best matched their most recent experience of diving 

and/or snorkelling in Fiji. Respondents were also asked to rate their overall most recent 

reef experience as either very poor, poor, average, good or very good. Finally, 

respondents were asked to indicate how many re-visits to Fiji and its coral reefs they 

intend to make in the next five years.  

The third section of the questionnaire investigated respon

return to Fiji in a hypothetical scenario where DSM was taking place close to the coral 

reefs that they had visited on their most recent trip. Initially respondents were asked if 

they had heard about DSM prior to participating in the survey before the DSM process 

and likely future environmental impacts of DSM on marine ecosystems were briefly 

outlined, acknowledging the scientific uncertainty surrounding these impacts. 

Respondents were then asked to indicate how they expected DSM to affect the 

environmental attributes of coral reefs. Finally, respondents were asked to indicate how 

many re-visits to Fiji and its coral reefs they intend to make in the next five years if DSM 

was taking place close to the reefs. 

 

13 Associate Professor in coral reef ecology, Guillermo Diaz-Pulido 
Environment, was consulted to pick the two photos of a healthy and degraded coral reef, respectively 



2.4.3. Respondent recruitment 

An anonymous pilot survey was conducted with university staff and students in February 

and March 2016, resulting in 18 useable responses. The 18 respondents provided positive 

and useful feedback, and only minor changes were made to the questionnaire as a result. 

Data collection for the final survey began on 16 May 2016, with respondents recruited 

via emails through diving- and snorkelling operators in Fiji, through websites, and social 

media of several different marine and coral reef conservation organizations. The survey 

was also advertised on the Professional Association of Diving Instructors  (PADI) 

website (www.padi.com) from December 2016 to April 2017. The various channels of 

online distribution improved both the anonymity and objectivity of the study, relative to 

surveys that are distributed via mail or email, where the recipients are known. Survey 

respondents only include visitors who have previously snorkelled or dived around the 

coral reefs in Fiji.  

 

2.5. Results 

2.5.1. Descriptive statistics 

The survey yielded 102 usable responses. As shown in Table 1, slightly more males 

responded than females and one third of respondents were in the age group 45-54 years, 

followed by 35-44 years (22.6% of respondents). In regards to country of origin, 51.0% 

of the respondents came from Australia, 2.9% from New Zealand, 27.5% from the US 

and Canada combined, 16.7% came from Europe, and the remaining 1.8% came from 

Asia or other countries. This differs slightly from previous data on international tourists 

to Fiji  in 2013 international visitation data indicates that 57.1% came from Australia, 

13.0% from New Zealand, 7.3% from the US and 7.0% from Europe (Gonzales et al. 

2017). The higher proportion of respondents coming from the US, Canada and Europe in 

our sample might reflect the fact that tourists who have diving as one of their main 

holiday-activities are willing to travel further away from their home country in order to 

visit pristine coral reefs. The majority of respondents (37.3%) had obtained a bachelor 

or honours degree, followed by technical education (9.8%) and secondary/high school 

(7.8%), respectively. 

 



Table 1. Socioeconomic characteristics of survey sample (n = 102). 

Characteristics        % of respondents 

Gender         

 Male (53)        52.0% 

Female (49)        48.0% 

Age in years   

 18-24 years (11)       10.8% 

 25-34 years (21)       20.6% 

 35-44 years (23)       22.6% 

 45-54 years (34)       33.3% 

 55-64 years (11)       10.8% 

 65 years or above (2)       1.9% 

Home country 

 Australia (52)        51.0% 

New Zealand (3)       2.9% 

 USA (23) / Canada (5)       27.5% 

 Europe (17)        16.7% 

Asia (1)         0.9% 

OTHER (1)        0.9% 

Education (highest qualification) 

 Primary (1)        0.9% 

 Secondary School/High School (8)     7.8% 

Technical education (10)      9.8% 

Bachelor Degree (38)       37.3% 

      31.4% 

PhD/Doctorate        6.9% 

OTHER/PREFER NOT TO TELL     5.9% 

 

  



each respondent had visited Fiji between 3 and 4 times in the past and 90.2% had visited 

a coral reef outside of Fiji prior to their most recent trip. 87.3% of respondents listed 

vacation/recreational activities as their main reason for visiting Fiji. 59.9% of respondents 

listed snorkelling or diving as their main motivation for visiting Fiji, whereas 25.5% were 

motivated by beach activities, such as swimming and sunbathing. Apart from diving and 

snorkelling during their stay in Fiji, 88.2% of respondents listed swimming and relaxing 

cultural experiences and 39.2% went hiking in rain forests and mountains.  

 

  



Table 2. Descriptive travel statistics (n = 102). 

Variable         Value 

Average number of times each respondent has visited Fiji in the past   3.6 times 

% of respondents who have visited a coral reef outside of Fiji before trip  90.2% 

Average number of nights each respondent stayed in Fiji     13 nights# 

Average travel cost (US$/trip)       $4294§ 

Main reason for visiting Fiji 

 Vacation / recreational activities (89)     87.3% 

 Business purposes (6)       5.9% 

 Visiting family or relatives (4)      3.9% 

 Other reasons (4)        2.9% 

The activity motivating respondents the most to visit Fiji 

 Beach relaxation (sunbathing/swimming) (26)    25.5% 

 Snorkelling / Diving (61)       59.9% 

Sailing (1)        1.0% 

Cultural experiences, such as visiting local villages (7)   6.8% 

Other activities (7)       6.8%  

Activities undertaken, other than diving and snorkelling  

 Swimming and relaxing on beaches (90)     88.2% 

 Surfing (6)        5.9% 

 Sailing / fishing (20)       19.6% 

 Hiking in rainforests and mountains (40)     39.2% 

 Visits to a village and cultural experiences (70)    68.6% 

 Other activities (6)       5.9% 

Top-three coral reefs locations visited ## 

 Beqa Lagoon, Vitu Levu (12)      11.7% 

 Coral Coast, Vitu Levu (9)       8.8% 

 Rainbow Reef, Taveuni (8)       7.8% 

Top-four parts of Fiji visited (% of respondents) 

 Vitu Levu (main land) (79)       77.5% 

 Taveuni Island (28)       27.5% 

 Mamanuca Islands (25)       24.5% 

 Vanua Levu (20)        19.6% 

Respondents who would visit Fiji if their coral reefs did not exists 

 Would visit (45)        44.1% 

 Would NOT visit (57)       55.9% 
 

  
# Based on most recent trip;    
## 33 respondents did not remember the name of the coral reef they had visited 
§ travel cost for the full trip to Fiji including return airfares. The procedures for calculating the travel cost 
is detailed in Appendix B. 



The coral reef where the highest number of respondents had dived or snorkelled 

was the Beqa Lagoon, Vitu Levu (12), followed by the Coral Coast, Vitu Levu (9) and 

Rainbow Reef, Taveuni (8). The remaining dive sites in Fiji had been visited by seven or 

less respondents in our sample. The top-four destinations visited by the respondents were 

Vitu Levu (77.5%), Taveuni island (27.5%), Mamanuca islands (24.5%) and Vanua Levu 

(19.6%). Smaller percentages of respondents had visited other island groups, such as 

Yasawa and Kadavu. Respondents were also asked if they would visit Fiji if the coral 

reefs did not exist, and 44.1% of respondents answered that they would visit Fiji, but 

55.9% of respondents answered that they would not. These findings indicate that the 

respondents in our sample size represent a group of tourists that: (i) are experienced with 

diving/snorkelling; (ii) have been willing to re-visit Fiji several times in the past, even if 

it required long-haul travel (e.g. from Europe and the US or Canada); and (iii) are strongly 

 

 

2.5.2. Willingness to return to Fiji: recent experience vs. DSM scenario 

survey is assessed under two scenarios: (1) their most recent experience of the coral reefs; 

and (2) a hypothetical scenario where DSM is taking place nearby. Respondents were 

initially asked to indicate which photo, Photo A (a healthy reef) or Photo B (a degraded 

reef) best matches their most recent experience. 60.8 % of respondents chose Photo A, 

with the remaining 39.2% choosing Photo B. As reported in Table 3, respondents were 

then asked to rank the natural aspects of the coral reef that they had most recently visited. 

Finally, respondents were asked to rate their overall experience of the coral reefs. The 

vast majority of respondents rated their experience of the coral reefs positively, whether 

this was for specific natural aspects such as fish diversity or coral cover, or for their 

overall experience. For example, 36% of respondents rated the overall experience of the 

y small percentages rather the reef they 

 

  



Tabl   

Percentage of respondents rating the natural aspects of the coral reefs (rounded numbers): 
   Very Poor Poor  Average Good     Very Good 

Natural aspects      (%)   (%)      (%)   (%)     (%) 

Water visibility        0          2       10    41       47 

Fish diversity        0      2       14    44       40 

Amount of fish        0     3       21    41       35 

Coral diversity        1     7       15    41       36 

Amount of coral cover       2     6       17    46       29 

Overall experience of 

Coral reefs        0     2       13    36       49 

 

Most (56%) respondents had heard of DSM prior to completing the survey. After 

a brief explanation of the DSM process, respondents were asked to indicate how they 

expect DSM to affect the natural aspects of the coral reefs they had visited in Fiji. As 

shown in Table 4 below, the majority of respondents believed that DSM would negatively 

affect all aspects of coral reef quality, with 62% of respondents believing that the overall 

believing that the 

 

 

Percentage of respondents expecting deep sea mining to affect the natural aspects of the coral 
reefs:    A lot  To some degree    Same as before    No idea 

Natural aspects  (%)   (%)  (%)  (%) 

Water visibility    67    25    1    7
  

Fish diversity    53    37    4   6 

Amount of fish    61    31    3   5 

Coral diversity    64    28    3   5 

Amount of coral cover   66    28    1   5 

Overall experience             A lot worse       Worse some degree    Same as before   No idea 

of coral reefs   62%   30%    3%   5% 

 
  



A summary of responses under the two scenarios is provided in Table 5. Based on 

their most recent experience with visiting Fiji and its coral reefs (Scenario 1), 85% of 

respondents stated that they would consider re-visiting Fiji again in the next five years, 

whereas 15% stated that they would not. The mean number of intended re-visits was 2.11 

per respondent (whole sample, n = 102); yielding a total of 216 re-visits. Of the 

respondents who considered visiting Fiji again, all intended to go snorkelling or diving. 

The mean number of intended re-dives in Fiji was 6.02 times per respondent in the next 

five years; yielding a total of 614 re-dives. 97% of respondents would recommend other 

people to visit Fiji and 93% of respondents would recommend people who plan to visit 

Fiji to dive or snorkel around the coral reefs. These results demonstrate that previous 

tourists have, generally, had very positive experiences with their overall travels in Fiji 

and with diving or snorkelling around their coral reefs. The fact that so many respondents 

consider re-visiting Fiji in the near future to snorkel or dive indicates that there are strong 

incentives for preserving the quality of the coral reefs. 

 

Table 5. Willingness to return to Fiji next 5 years: Recent experience vs DSM 
scenario. 

Question      Recent Experience  DSM Scenario 

Do you consider re-visiting Fiji?       Yes = 85% ***     Yes = 44%*** 

           No = 15% ***      No = 56%*** 

Number of re-visits to Fiji     Average = 2.11              Average = 0.83 

     Total = 216 re-visits***          Total = 85 re-visits*** 

Snorkel / dive again in Fiji?       Yes = 85%      Yes = 41% 

           No = 15%      No = 59% 

Number of re-dives      Average = 6.02              Average = 2.07 

     Total = 614 re-dives***          Total =211 re-dives*** 

Would you recommend other       Yes = 97%     Yes = 52% 

 people to visit Fiji?        No = 3%      No = 48% 

Would you recommend other       Yes = 93%     Yes = 29% 

 people to snorkel / dive?       No = 7%      No = 71% 

***difference is statistically significant ***P<0.01 



Under Scenario 2 only 44% of respondents stated that they would come back and 

visit Fiji in the next five years, with the mean number of intended re-visits equalling 0.83. 

The total number of revisits is thus only 85, so a 61% reduction from Scenario 1. In 

regards to snorkelling or diving, only 41% of respondents stated that they would snorkel 

or dive again, with the mean number of re-dives equalling 2.07. The total number of 

intended re-dives is thus 211, so a 65% reduction from Scenario 1. As also reported in 

Table 5, under Scenario 2 only 52% of respondents would recommend other people visit 

Fiji and 29% would recommend people who plan to visit Fiji to dive or snorkel around 

the coral reefs (compared with 97% and 93% respectively under Scenario 1). 

 

 



2.5.3. Results of CB model for changes in planned trips  

The variables presented in Table 6 are used in the CB model to estimate changes in 

planned trips to Fiji based on Equations (1) and (2).  

Table 6. Experience, motivation, perceived DSM impact and planned visits (n = 102). 

Variable Description 
Dependent variable (  in equation 1) 
Reducedtrips# Reduction in planned number of trips to Fiji in the next five years 

Independent variables (  in equation 1) 
Home  Dummy variable for home country: 1=Australia/New Zealand, 0=rest of 

world 

Age Age category, from 1=18-24 years to 6 = 65 years and above 

Education Education category, from 1 = primary to 7= PhD/Doctorate 

Travelcost Cost of the full trip to Fiji, including the cost of air fares from home 
country 

Rating## Rating of the overall quality of coral reef based on most recent experience 

No_nights Number of nights stayed in Fiji on most recent trip 

Perceived_DSM### Perceived impact of DSM on overall coral reef experience 

Previous_notrips Number of times visited Fiji in the past 

DivedoutsideFiji Dummy variable for respondents who have dived or snorkelled outside of 
Fiji: Yes = 1, no = 0 

Motivation_SD Dummy variable for respondents for whom snorkelling/diving is main 
motivation for visiting Fiji: Yes = 1, no = 0 

Motivation_beach Dummy variable for respondents for whom beach relaxation is main 
motivation for visiting Fiji: Yes = 1, no = 0 

NoReefStillVisit Dummy variable for respondents who would still choose to visit Fiji if 
coral reefs did not exist: Yes = 1, no = 0 

# Calculated as the difference between the stated number of planned visits to Fiji in the next five years before and 
after DSM scenario is presented: Reducedtrips = no. of visits to Fiji before DSM  no. of visits to Fiji after DSM 
##in levels from 1=very poor, 2=poor, 3=average, 4= good and 5= very good  
### in levels from 0= no idea, 1= same as before, 2=worse to some degree, 3= a lot worse 
  binary variable with yes or no answer 
 

Changes in planned trips are measured in terms of the difference between the reported 

number of planned trips to Fiji in the next five years before and after respondents were 

introduced to the DSM scenario (Reducedtrips). Categorical variables for Home, 

Motivation_SD and Motivation_beach are reduced to binary variables to separate the 

effects of those independent variables on Reducedtrips more clearly. Respondents who 

stated snorkelling/diving and beach relaxation as their main motivations for visiting Fiji 



may show bigger reduction in planned trips after the DSM scenario because of the 

association between DSM and coastal and marine resources. People who perceive DSM 

to have a negative impact on the coral reefs they visited are expected to indicate higher 

reduction in planned visits. Age and education are also included as drivers.  

The Poisson regression model was first implemented to estimate the mean reduction in 

planned trips for individual i, conditional on individual i characteristics and other 

independent drivers, . Following Cameron and Trivedi (2009), a test of 

overdispersion on the Poisson regression results indicates the presence of significant 

overdispersion in . This is further confirmed by looking at the distribution of where 

the mean (at 1.28 trips) is much smaller than the standard deviation (at 3.27 trips), a result 

that is similar to Kragt, Roebeling and Ruijs (2009). Because of the presence of 

overdispersion, a negative binomial specification of the count data is used for further 

likelihood-ratio test of H0

rejected, thus the negative binomial specification is preferred to the Poisson specification 

for the count variable .  

Table 7 shows the estimation results for the negative binomial model. In general, 

the signs and statistical significance of the variables included in the model match a priori 

expectations. The coefficients for age, travel cost, perceived impact of DSM, previous 

number of trips to Fiji, diving/snorkelling as main motivation and beach as main 

motivation are all statistically significant and positively signed. As the age of visitors to 

Fiji increases, the difference in the reported number of planned trips to Fiji in the next 

five years before and after the DSM scenario is higher, indicating a larger reduction in 

planned trips in the presence of DSM. The higher the total cost of the last trip and the 

higher the number of previous trips to Fiji, the higher is the reduction in planned visits in 

the next five years in the presence of DSM. 

leads to increased reductions in the number of planned trip in the next five years. 

Respondents whose main motivation for visiting Fiji is snorkelling or diving are likely to 

make a much bigger reduction in planned trips compared to visitors with other main 

motivations for visiting Fiji. Similarly, those visitors who came to Fiji mainly for beach 

relaxation are likely to have a larger reduction in the planned number of trips compared 

to visitors with motivations other than beach relaxation. A number of variables expected 



to drive the reduction in planned trips were found to be statistically insignificant at the 90 

per cent confidence level. This includes the variables for home, education, rating of 

previous experience of coral reefs, number of nights spent in the last trip, whether 

respondents have snorkelled or dived outside Fiji, and whether respondents would still 

visit Fiji if the coral reefs did not exist. These non-significant drivers were kept within 

the model because removing them did not lead to a better model fit14. 

 

Table 7. Negative binomial model for reduction in trips to Fiji next five years. 

Reduced Trips    Negative binomial model    

     Coefficient      z   P>| z | 

Home      0.2050112   0.71  0.478 

Age      0.2040727   1.74  0.082* 

Education     0.1147413   1.09  0.275 

Travelcost     0.0001031   2.82  0.005*** 

Rating      0.1645063   0.88  0.380 

No_nights     0.0050454   0.26  0.797 

Perceived_DSM    0.3251058   1.86  0.063* 

Previous_notrips    0.0883468   3.54  0.000*** 

DivedoutsideFiji    0.2475313   0.42  0.672 

Motvivation_SD    1.050841   2.09  0.037** 

Motivation_beach    1.009657   1.81  0.070* 

NoReefStillVisit   -0.1556999  -0.53  0.593 

Constant    -4.860012  -3.47  0.001 

 

Observations    102 

Log likelihood   -127.63 

AIC    283.2535 

 
*P<0.1; **P<0.05; ***P<0.01; Dependent variable is the reduction in planned trips to Fiji in the next 
five years (numbers per person )   

 

 

 

14 Model fit is based on pseudo-R2 values. The pseudo-R2 value for the reported model in Table 7 is 0.1789 and 
the pseudo-R2 value when the non-statistically significant variables were removed is 0.1685 (and the log likelihood 
value is -129.24). 



2.6. Discussion and conclusion 

tourism sector and wider economy. They also illustrate the potential damage to this sector 

if DSM is allowed to occur near these coral reefs.  

Looking first at the results reported in Table 7, we can see that older visitors, those 

respondents whose travel costs are higher and those who have visited Fiji more frequently 

in the past, are more likely to reduce their future trips. We also find a very strong statistical 

and economic relationship between respondents whose primary motivation for visiting 

Fiji is snorkelling and diving, and the reduction in the number of future trips to Fiji. Given 

that both snorkelers and divers, and older people, tend to have higher levels of expenditure 

affect the most lucrative segments of the tourist market in Fiji. We also find that 

respondents whose main motivation for visiting Fiji was beach-related recreation are 

more likely to significantly reduce their trips to Fiji in the future. In sum, this indicates 

economy. Finally, we find a strong relationship between a respondent

the impacts of DSM on coral reefs and the reduction in their future visits to Fiji. This 

suggests that perceptions are important. It may be tempting to conclude, therefore, that 

the solution is to try and change these perceptions. This is likely to be difficult, however, 

given the already established negative perceptions of DSM and that these particular 

tourism segments are likely to possess a high level of environmental awareness for marine 

environments. 

Aside from any physical effects of DSM, the science of which is still in its infancy, our 

results suggest that the perception of environmental degradation may well be enough to 

discourage potential tourists from visiting Fiji. The survey results suggest that visitation 

numbers of those who snorkel or dive could fall by 61%. If we apply this figure to the 

visitors who participate in SCUBA diving activities (10% of all visitors)15 during their 

visit to Fiji, to the total amount of tourist arrivals in 201516, this leads to a reduction in 

tourist visits by 46,045 tourist arrivals17 per year. This means that 46,045 less tourists 

would choose to visit Fiji each year. Assuming that the 46,045 visitors who chose NOT 

15 Survey conducted by Verdone & Seidl (2012) 
16 754,835 visitors according to Fiji Bureau of Statistics (2016) 
17 (0.1 x 754,835) x 0.61 = 46,045 tourist arrivals. 



to visit Fiji would, on average, have incurred the same expenditure per visit as the 

respondents in our survey sample18, this would lead to a direct income loss of US$ 197.76 

million per year. It should be noted, however, that our average estimate of economic 

spend per visit includes the approximate expenditure on return airfares to Fiji. In other 

estimated US$ 197.76 million.  

For an economy as reliant on tourism as the Fijian economy, these figures suggest strong 

caution is warranted before allowing any activities that could be perceived by visitors as 

potentially damaging to marine ecosystems.  

Our findings align with those of Reineman & Ardoin (2018) who conclude that 

understanding the perceptions of particular coastal tourist segments is critically important 

in facilitating continuous growth of tourism as an industry. This indicates that the 

environmental protection of coastal resources is critically important for sustaining certain 

segments of tourism. Our results also generate new insights into the behaviours and 

preferences of dive-tourists. Although Piggott-McKellar and McNamara (2016) found 

that 70% of visitors to the Great Barrier Reef were strongly motivated to visit the reef 

dismissed in our study. None of our respondents indicated they would increase their 

 close to the coral reefs in Fiji. 

However, the difference between the results in the study by Piggott-McKellar and 

McNamara (2016) and our study might be attributable to the fact that if DSM takes place, 

it is perceived by tourists as already destroying the reefs. Therefore, the respondents in 

our sample might expect that the chance to snorkel/dive around pristine healthy coral 

reefs in Fiji is a chance foregone, whereas tourists in the study by Piggott-McKellar and 

McNamara (2016) might believe that the coral reefs at GBR are still healthy and worth 

visiting  but that there is little time left for doing so. 

however, may not be applicable to the results of our study as our respondents have already 

visited Fiji and their 

potential future visitors to a particular natural environment.  

It should be emphasized that our survey contains several limitations that may have biased 

the results. First, the survey assumes that DSM activities will take place close to the coral 

18 US$ 4,294 per visit 



reefs in Fiji, which may not be the case. Second, the survey indicates that DSM activities 

could (potentially) have severely negative effects on the marine environment, which may 

also not be the case, despite the scepticism from environmental scientists discussed earlier 

one. Third, our small sample size in relation to the target population (opt-in sampling 

design as opposed to random sampling) and the potential effect of self-selection bias may 

also have affected the results. Fourth, a key limitation of the use of the CB model to 

inform economic impacts of potential future change is the hypothetical nature of the 

scenarios themselves. The validity of the results from CB  as well as CV studies  has 

been subject to much critical debate in the academic literature including, for various 

(subsequent) observed behaviour (Schläpfer, Roschewitz & Hanley, 2004). Another 

validity issue is that most choice models are based on the assumption that individuals 

seek to maximise their individual utility, according to neoclassical economic model 

theory, which is not necessarily the case in scenarios where environmental and ethical 

-i-

Carbonell & Munda 2000). Fifth, our model includes the cost of the trip but not the 

income of the respondent. This prevents the opportunity of understanding whether the 

most recent trip to Fiji was costly, or not, for the respondent. In turn, this prevents us from 

affected by their income levels, or not. Lastly, the inconsequentiality that characterises 

both CB and CV studies, has been found to overestimate the WTP of results (Vossler & 

Watson, 2013). In spite of these limitations, our CB results provide insights into the 

perceptions and preferences of individuals that may be useful for policy makers, 

researchers and managers in the tourism industry.  

Nevertheless, the relationship between tourism, economic growth and environmental 

conservation represents a paradox. First, diving activities has been found to damage coral 

reefs in various ways (Tynakov et al. 2017), e.g. from the over-use of specific coral reef 

sites (Lamb et al. 2014; Zakai & Chadwick-Furman, 2002). Second, tourists contribute to 

high levels of CO2 emissions when visiting pristine or unique natural environments, due 

to the long-haul travel required to reach remote locations, such as the Great Barrier Reef, 

northern Canada for polar bear viewing (Piggott-McKellar and McNamara, 2016)  and 

lastly, Fiji. Nonetheless, diving activities generate income crucial for the local economy 

and also helps to fund conservation projects. Ironically, diving in itself is perceived as a 



form of ecotourism, but at the same time it also represents an environmental risk 

(Tynakov et al. 2017). Despite this complex relationship, improved management and 

monitoring of coral reef sites could help address the (local-sourced) degradation of coral 

reefs, e.g. by establishing a maximum number of dives per year for each dive site (Lamb 

et al. 2014; Zakai & Chadwick-Furman, 2002). However, the increased CO2 emissions 

from long-haul travel remains an unresolved dilemma for reef conservation and coastal 

tourism economies.  

As mentioned earlier, DSM exploration licenses have been granted for more than 

1.5 million km2 of the Pacific Ocean floor alone, but explicit licenses to mine the ocean 

floor have only been granted for Papua New Guinea (Earthworks, 2017; International 

Seabed Authority, 2017). The mining licence was issued even though Papua New Guinea 

had, at the time of issuing the grant, no government policy on DSM and also lacked the 

legislation to regulate the DSM activities (Nithi, 2016). Given the high level of 

The World Bank (2016) has urged governments to adopt the precautionary principle 

before granting future licenses to mine the ocean floor. The Fijian government issued 

DSM exploration licenses even though no laws existed at the time to regulate the activities 

(The Fijian Government, 2012). Other SPICs that have granted exploration licenses 

include Tonga, Vanuatu, and the Solomon Islands (Chaudhary, 2017). The national 

government policy on DSM  whether in relation to coral reef preservation, or 

environmental conservation in general  by these SPICs appears, at best, ambiguous. As 

such there is currently limited insights into the current thinking by governments in the 

SPICs in terms of taking into consideration the impacts of DSM activities on tourism, 

diving activities, or even the overall economic impacts of DSM activities on non-mining 

sectors. This is despite the fact that one of the major environmental stressors causing reefs 

to degrade is the presence of particulate pollution in the waters around reefs (Zakai & 

Chadwick-Furman, 2002), which is a concern seeing as the discharges of particulates is 

one of the expected environmental impacts of DSM on marine systems (Yamazaki, 2011). 

For the SPICs that derive substantial economic, social and cultural value from well-

functioning marine systems, this is a major concern that should not be underestimated by 

South Pacific national governments when formulating their DSM policies. 

The findings of ours study can contribute to formulating policies and decision making 

related to tourism demand and environmental resource management. As previously noted, 



the perceptions of tourists  and particularly their past experiences and expectations about 

environmental issues  represent considerable gaps in tourism literature, because previous 

research has mainly focused on the supply-side of tourism (Andereck, 2009; Gössling et 

al., 2006). Investigating and exploring the perceptions and experiences of specific market 

segments in tourism can help governments and tourism providers formulate more targeted 

strategies (Lee et al., 2017; Reineman & Ardoin, 2018). If implemented correctly, these 

strategies have the potential to simultaneously strengthen the tourism industry and protect 

the environmental resources that underpin tourism activities.  

To the best of our knowledge, this is the first study to employ the CB method to 

investigate how individual perceptions of DSM, whose environmental impacts remain 

unknown, affect future tourism demand for coral reefs. The application of the CB model 

to uncertain scenarios of climate change and human activities is important because it has 

the potential to generate necessary insights into future tourism demand. On the one hand, 

our research findings are cause for concern that future DSM activities in Fiji may impose 

severely negative effects on the touri

overall economy. On the other hand, our findings also present new opportunities. The fact 

that divers prefer not to visit Fiji if DSM takes place close to their coral reefs is important 

in policy making related to marine resources. 

First, future DSM activities should be restricted to marine areas that are far away from 

coral reefs. Second, our findings emphasize the importance of DSM operators in ensuring 

that DSM activities does not impose irreversible environmental damage on coral reefs 

and marine life  and most importantly, for DSM operators and governments in 

communicating these steps of precaution to the broader international public, in order to 

prevent deterring future dive-tourists to visit Fiji. Third, our survey results show that 

previous divers and snorkelers have had positive experiences with their holiday 

sounds rationale for investing in the environmen

particularly given the high willingness of respondents to re-visit Fiji for snorkelling and 

diving purposes in the near future. The respondents whose main motivation for visiting 

Fiji was either diving/snorkelling, or beach activities are likely to make considerably large 

reductions in their future planned trips to Fiji if DSM takes place close to the coral reefs. 

These results further emphasize the importance of pristine and healthy coral reefs along 

with well-mainta  



Finally, our research is important for both marine and tourism policy in Fiji, as previous 

research found that most tourist take part in marine-related activities, e.g. diving, 

snorkelling, swimming, or other beach activities. Marine habitats in Fiji are critically 

survey have only confirmed this importance. As such, our study can inform new policies 

r

balance these with DSM activities in Fiji. 
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Appendix A: Fiji Survey [GU Ref 2015/817]19 

 

 

©Matangi Private Island Resort, Fiji 

 

A  Introduction and background questions 

This survey will explore what has made you visit Fiji in the past, and what you thought 

of your diving/snorkelling experience in Fiji on your most recent trip. In addition, the 

survey will assess your willingness to return to Fiji in different scenarios. The results 

will be used for academic purposes, not for commercial purposes. We look forward to 

reading your response! 

A0: Have you snorkelled or dived around coral reefs in Fiji before? 

______ YES 

______ NO -> Cease interview 

19 Ethical clearance number, granted by Griffith University prior to conducting the survey 



A1: On your most recent trip to Fiji, were you a visitor or a permanent resident of Fiji? 

 A visitor is someone who does not reside in Fiji on a permanent basis 

______ Visitor 

______ Resident -> Cease interview 

 

 

B  Motivations for visiting Fiji 

B1: How many times have you visited Fiji in the past? 

______ Number of times [1 to 21 or more times] 

 

B2: Before visiting a coral reef in Fiji, had you dived or snorkelled (anywhere in the 

world) before? 

______ YES 

______ NO 

 

B3: On your most recent trip to Fiji, how many nights did you stay in total? 

______ Nights in total 

 

B4: What was your main reason for visiting Fiji? 

______ Vacation/Recreational Activity 

______ Business Purposes 

______ Visiting Family or Relatives 

______ Other 

 

B5: Which particular activity motivated you the most to visit Fiji? (tick ONE only) 

______ Beach relaxation (sunbathing/swimming) 



______ Snorkelling/diving 

______ Surfing 

______ Sailing 

______ Rain forest walks 

______ Cultural experiences, such as visiting local villages 

______ Other 

 

 

B6: If the coral reefs did not exist, would you still have chosen to visit Fiji? 

______ YES 

______ NO 

 

 

Travel Expenses 

This section is about your individual (per person) expenses for your most recent trip to 

Fiji, in US$ 

 

B6: How much did you spend (per person) on diving- and snorkelling activities? 

(Indicate currency, if different from US$) 

  ________________ 

 

B7: How much did you spend IN TOTAL for the full trip to Fiji? 

(Indicate currency, if different from US$) 

  ________________ 

 

 



B8: Does the total amount above include airfares to and from Fiji? 

  ______ YES 

  ______ NO 

 

 

B9: Which parts of Fiji did you visit? 

Tick all that you visited 

  ______ Nadi, Suva & Vitu Levu 

  ______ Mamanuca Group 

  ______ Yasawa Group 

  ______ Ovalau & the Lomaiviti Group 

  ______ Vanua Levu 

  ______ Taveuni 

  ______ Kadavu, Lau & Moala Group 

  ______ Other:______________ 

 

 

B10: Apart from diving/snorkelling, which activities did you do? 

Tick all activities you did 

  ______ Swimming and relaxing on beaches 

  ______ Surfing 

  ______ Sailing/fishing 

  ______ Hiking in rain forests and mountains 

  ______ Visits to a village and cultural experiences 

  ______ Other:______________ 

 



B11: How many people did you travel with? 

Excluding yourself 

  _______ 

 

 

 

C1  Experience of the coral reefs in Fiji after visiting 

 

Question 0: Where did you dive/snorkel most recently in Fiji? 

E.g. Great Astrolabe Reef, Kadavu 

  ________________________ 

 

 

 

  



Question 1: Which one of the two pictures matches your experience of the coral reefs 

the most? 

______ Picture A 

 

© Blue Lagoon Cruises, Yasawa Islands, Fiji 

______ Picture B 

 

© Dr Cathie Page, Marine Environmental Consultant 



Question 2: Rate your experience of the coral reefs in Fiji  How would you rate the 

following natural aspects of your most recent experience of the coral reefs in Fiji?  

Natural aspects of 

my Experience: 

Very 

Poor 

 

Poor 

 

Average 

 

Good 

 

Very 

Good 

 

Water visibility      

Fish diversity      

Amount of fish      

Coral diversity      

Amount of coral 

cover 

     

Overall Reef 

Experience 

     

 

Question 3: Would you recommend other people to visit Fiji? 

______ YES 

______ NO 

 

Question 4: Would you recommend people who plan to visit Fiji to also snorkel or dive 

around the coral reefs? 

______ YES 

______ NO 

 

Question 5: (a) Do you consider re-visiting Fiji again in the next 5 years? 

______ YES 

______ NO -> Go directly to Section C2 

 



If you answered YES to Question 5 (a):  

(b) How many times do you intend to visit Fiji in the next 5 years? 

______ times in the next 5 years [1-30 or more times] 

 

(c) How many times do you intend to snorkel/dive around the coral reefs in 

Fiji in the next 5 years? 

______ times in the next 5 years 

 

 

 

 

 

 

 

 

 

 

 

 

  



C2: Deep Sea Mining & Coral Reefs in Fiji 

The next part of the survey relates to your future visits to Fiji in a hypothetical scenario 

 

Question 6: Have you heard of Deep Sea Mining before? 

______ YES 

______ NO 

 

What is deep sea mining? 

Deep Sea Mining is a new mining process that extracts valuable metals from the 

bottom of the ocean, as SMS deposits (Seafloor Massive Sulfides) Deep sea mining is 

currently taking place in Papua New Guinea, and may also be taking place in Fiji in the 

future.  

Deep sea mining involves drilling in and removing parts of the sea floor, sometimes in 

areas of the ocean that are close to coral reefs. Although environmental scientists 

expect that deep sea mining will damage the sea floor, pollute oceans, and destroy 

habitats for fish, no scientific research has been able to evidence this because deep sea 

mining is so new.  

Deep Sea Mining Process 

 

© Maja Vinde Folkersen 



Question 7a: If deep sea mining was taking place close to the coral reefs you visited in 

Fiji, how would you expect deep sea mining to affect the coral reefs? 

Natural Aspects: A lot To some 

degree 

Not at all 

 

I have no idea 

Water visibility     

Fish diversity     

Amount of fish     

Coral diversity     

Amount of coral cover     

 

 

Question 7b: What do you expect would be the OVERALL EXPERIENCE of the 

coral reef? 

  ________ A lot worse 

  ________ Worse to some degree 

  ________ Same as before 

  ________ I have no idea 

 

Question 8:  

(a) If deep sea mining was taking place close to the coral reefs in Fiji, would you 

still consider re-visiting Fiji in the next 5 years? 

______ YES 

______ NO -> Go directly to Question 9 

______ As previously stated, I have no intention of visiting Fiji again -> Go 

directly to Question 9 

 

 



If you answered YES to Question 8(a):  

(b) If deep sea mining was taking place close to the coral reefs in Fiji, how many 

times would you intend to re-visit Fiji in the next 5 years? 

______ times [1-30 or more times] 

 

(c) If deep sea mining was taking place close to the coral reefs in Fiji, how many 

times would you intend snorkel/dive around the coral reefs in Fiji, in the next 5 

years? 

______ times 

______ I would not snorkel or dive 

 

  

Question 9: If deep sea mining was taking place close to the coral reefs in Fiji, would 

you be likely to recommend others to visit the coral reefs in Fiji? 

______ YES 

______ NO 

 

 

 

Question 10: If deep sea mining was taking place close to the coral reefs in Fiji, would 

you be likely to recommend others to visit Fiji? 

______ YES 

______ NO 

 

 

 

 



Finally, some background information about yourself: 

 

1: What is your age group? 

______ 18-24 years 

______ 25-34 years 

______ 35-44 years 

______ 45-54 years 

______ 55-64 years 

______ 65 years or above 

 

2: What is your home country? 

___________________ (write name of the country you normally live in) 

 

3: What is the highest degree of education that you completed? 

______ Primary School 

______ Secondary School/High School 

______ Technical Education 

______ Bachelor Degree 

 

______ PhD/Doctorate 

______ OTHER/PREFER NOT TO TELL 

 

  



4a: What is your ANNUAL household gross income? 

 (Gross= before tax) 

______ No or negative income 

______ Less than $ 9,999 

______ $10,000  19,999 

______ $20,000  39,999 

______ $40,000  69,999 

______ $70,000  99,999 

______ $100,000  149,999 

______ $150,000  199,999 

______ $200,000 or more 

______ Prefer not to tell/Not sure 

______ Other: _____________ 

 

4b: Which currency did you use for the previous question? 

______ AU$ 

______ NZ$ 

______ US$ 

______ CA$ 

______ SG$ 

______ HK$ 

______ FJ$ 

______ Euros 

______ JPY Japanese Yen 

______ GBP Pound Sterling 

______ Other: _____________ 



5: How many people are a part of your household, including you? 

  ________ 

 

6: What is your gender? 

______ Female 

______ Male 

 

 

 

 

 

Your final thoughts on Fiji and this survey  

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

__________________________________________________________ 

  



Appendix B: Travel costs calculation procedures 

The travel cost variable is based on the travel cost for the full trip to Fiji per respondent, 

including their return airfares. As some respondents had indicated the full price of their 

trip to Fiji excluding the cost of their airfare, the approximate cost of the return airfare 

from their home country to Nadi, Fiji had to be estimated. This approach is based on the 

study by Carr & Mendelsohn (2003), listing the identification of a consistent set of air 

fares as a suitable approach to calculating the cost of travel for international visitors. 

Airfares were calculated using the websites of Flight Centre for Australia, and STA 

Travel20 for the remaining countries. The price of the cheapest return fare on economy 

class was selected, and it was assumed that air fares were booked 3 months in advance. 

For this reason, the estimated prices for airfares may contain errors, e.g. some respondents 

may have travelled on business class (i.e. more expensive airfares), or special deals such 

as package-offers (i.e. cheaper airfares). Nonetheless, the average total expenditure per 

dive-tourist in Fiji is to US$ 4,293, including the cost of return airfares, based on our 

calculations. The average expenditure on snorkelling/diving activities was US$ 866 per 

person, per trip.  

Table 1a Air Fares to Nadi, Fiji 

Country City Departure Return fare, US$ 

Australia Sydney / Melbourne* $485 

New Zealand Auckland $493 

USA Los Angeles/New York City** $1,544 

Canada Toronto/Vancouver^ $1,432 

UK London $1,526 

Switzerland Zurich $1,423 

Germany Frankfurt $1,388 

Hong Kong Hong Kong $720 

*average cost of a return airfare from Sydney-Nadi and Melbourne-Nadi 
**average cost of a return airfare from Los Angeles-Nadi and New York City-Nadi 
^average cost of a return airfare from Toronto-Nadi and Vancouver-Nadi 
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Foreword 

The objective of this chapter is to expand on the valuation perspective and research 

conducted in chapter 2. Whereas chapter 2 explores the direct use-

through diving and snorkelling, chapter 3 explores the possibilities of expanding both the 

valuation perspective and methodology with the objective of enabling a more 

comprehensive valuation of vulnerable marine systems. With reference to the social and 

economic contributions that ecologically healthy coral reefs generate for many of the 

coastal communities in the South Pacific Islands, this chapter discusses the importance of 

exploring alternative ecosystem valuation approaches. Specifically, this chapter identifies 

a gap in the current suite of non-market valuation methodologies. In view of the 

predominant focus on individual utility and monetary valuation methods in the non-

market valuation literature, chapter 3 outlines the importance of adopting social (group) 

valuation methods when seeking to elicit the economic value of, for example, coral reefs 

in communities that operate by group-consensus. Further, chapter 3 demonstrates the 

importance of adopting non-

willingness to contribute non-monetary resources, such as time or labour. This is 

especially relevant for ecosystem valuation in low-income settings. The main 

contribution of chapter 3 is the proposition of a new non-market valuation method: Social 

Willingness to Commit (Social WTCommit). The Social WTCommit method seeks to 

elicit the willingness of communities to contribute non-monetary resources to improve 

the environmental quality of the coral reefs on which they rely, and to form climate 

change adaptation strategies that better align with local values. In contrast to chapter 2, 

the focus of this chapter is on the exploration of non-monetary and social aspects of the 

economic value of coral reefs. 
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Abstract: Alternative ecosystem valuation methodology can inform policy choices to 

better reflect local needs, improve living standards and facilitate more effective climate 

change adaptation strategies. In the context of the South Pacific Island Countries and their 

reliance on marine resources, this paper outlines the urgent need for exploring alternative 

ecosystem valuation methodology. The objective behind alternative ecosystem valuation 

methodology is to enable a more comprehensive identification and elicitation of the 

various types of ecosystem values. This paper demonstrates how the commonly adopted 

monetary approach to conducting ecosystem valuation impedes the exploration of climate 

change adaptation strategies based on non-monetary aspects. These include value-

indicators such as time, labour, geographical distance and collective community efforts 

along with social value, e.g. community incentives to protect and sustain local 

ecosystems. The paper compares and contrasts various combinations of ecosystem 

valuation methods that can enable social and non-monetary valuation of ecosystems in 

low-income settings that reflect social norms and cultural value systems. The paper 

concludes with a discussion of how alternative ecosystem valuation methodology can 

enable new pathways towards climate change adaptation and the improvement of living 

standards that would be particularly suitable for low-income settings where natural 

resources are vulnerable and financial resources scarce.  

Key words: non-market valuation, ecosystem valuation, social value, low-income 

settings, climate change adaptation, non-monetary 

 

 

 

  



3.1. Introduction 

As a global community, we face a tremendous challenge: to adapt to climate change in a 

time where natural environments are degrading at an alarming rate and where the exact 

extent of these implications remains uncertain (Bell, Johnson and Hobday, 2011; Liu et 

al. 2010; Jacobs et al. 2016; Pecl et al. 2017). This challenge is particularly pronounced 

in South Pacific Island Countries (SPICs) where the effects of climate change are 

expected to be severe and where the financial resources for adapting to these changes are 

scarce (Gonzalez et al. 2017; Moberg and Folke, 1999). An important aspect of ecosystem 

valuation is improving our understanding of the benefits that ecosystems provide to 

human societies (Arias-Arévaloa et al. 2017; Costanza et al. 1997; Kenter et al. 2015; 

Pascual et al. 2010; de Groot et al. 2012). Local ecosystem valuation serves as an 

important insight into how local communities value their surrounding ecosystems, which 

can inform policy decisions and help design ecosystem and adaptation programs based 

-to-pay (WTP). Given the scarcity of financial resources in many 

of the SPICs, the WTP in monetary terms for preservation and adaptation programs is 

likely to be low, despite high reliance on ecosystems for sustaining livelihoods in most 

communities. However, individuals in these communities may be able to express their 

WTP in other units of wealth, e.g. time, food, etc. That is, the total incomes received 

through the direct use of natural resources may be high even though the monetary incomes 

are low. Alternative approaches to conducting ecosystem valuation are, therefore, 

especially important in the SPICs. Too often, the economic contribution of marine-based 

ecosystems is under-valued due to socio-economic and cultural aspects that differ 

substantially from Western societies, making it difficult to communicate the value of 

ecosystems in monetary terms (Gonzalez et al. 2017). First, monetary valuation 

mechanisms are often inappropriate for eliciting ecosystem value in the SPICs due to the 

low monetary income-levels. Second, decisions in the SPICs communities are commonly 

based on group discussions and local community well-being, rather than on individual 

benefits, which makes the individual utility approach unsuitable (Alam, 2006; Cvitanovic 

et al. 2016; Christie et al. 2012; Gonzalez et al. 2017; Kenter et al. 2011). Non-monetary 

valuation  and the social valuation  of ecosystems may offer a more inclusive approach 

for assessing and understanding the values that ecosystems provide for human well-being 

(Kenter et al. 2015; Stoeckl et al. 2018). s 

to the non-use values that are commonly derived through a social or group setting, e.g. 



cultural, educational, religious, spiritual values of ecosystems (Christie et al. 2012; Bryan 

et al. 2011). Kenter et al. (2015) defines social values as the values or norms that are 

shared within a particular community or group of people, without specifically 

distinguishing social value from economic value. Although social values may also include 

monetary values in particular contexts (e.g. social WTP), Christie et al. 2012 and Bryan 

of values than economic values. Therefore, social value has previously been challenging 

to elicit, as it commonly requires non-monetary approaches with no specific units of 

measurement. These include (i) deliberative approaches, such as group-discussions or 

opinion polls; or (ii) analytical-deliberative approaches, such as participatory modelling, 

multi-criteria analysis, or deliberative (group) monetary valuation (Kenter et al. 2015). 

Alternative ecosystem valuation methodology may enable an identification of a broader 

set of climate change adaptation (CCA) strategies for communities that lack financial 

resources but possess tremendous natural capital along with incentives to act, e.g. for 

island countries that will be severely affected by climate change. Although a wealth of 

literature on the economic value of ecosystems has been produced a considerable gap 

remains in terms of supporting environmental decision-making and creating methods that 

are transparent, practical and feasible, and that lead to tangible environmental 

improvements (Olander et al. 2017; Kenter et al. 2015; Braat and de Groot, 2012). In 

addition, Van den Belt and Stevens (2016) conducted a qualitative discourse analysis of 

the most cited articles in the journal Ecosystem Services in the first four years of the 

journal, and identified the need for forming valuation methodology that incorporates the 

needs of low-income societies and future generations as one of several research gaps in 

the ecosystem services literature. 

In the context of the marine systems in the South Pacific, this paper proposes an expansion 

of ecosystem valuation methodology by means of combining non-monetary aspects of 

ecosystem values with the elicitation of the social value of ecosystems. The opportunities 

for expanding the mainstream valuation methodology from a monetary and individualistic 

focus to more inclusive means of assessing ecosystem values are tremendous. However, 

this paper specifically concentrates on the opportunities for eliciting ecosystem value in 

non-monetary terms in the SPICs, due to their low-income levels. In addition, this paper 

adopts a social focus on value elicitation, as opposed to the individual utility approach, 

due to the high compatibility with the cultural and social settings of many SPICs. While 



-cultural and economic values of an 

-Palacio et al., 2016 p. 297), this review focuses 

exclusively on the non-monetary and social valuation of ecosystem services in relation to 

the value of ecosystems in the SPICs. Therefore, studies that explore other aspects of 

integrated valuation, e.g. monetary valuation and/or individual utility, have not been 

-changeably throughout the paper, and refer to 

valuation methodology that integrates different aspects of ecosystem value through new 

and alternative means. 

This paper applies recent theory on integrated valuation and shared values in the concrete 

context of SPICs, and argues that alternative valuation methods are needed to elicit 

relevant values and improve decision-making, i.e. the values of ecosystems to 

communities that are not (necessarily) market-based. A literature review on ecosystem 

valuation methodology is conducted which is intended to encourage the exploration of 

new and alternative ways of valuating ecosystems. The aim of eliciting alternative values 

of vulnerable ecosystems is two-fold: (i) to enable a more inclusive elicitation of 

ecosystem values in low-income societies that reflect cultural values and social norms, 

and (ii) to explore the opportunities for forming CCA strategies, conservation programs 

and sustainability management based on the values and aspirations of communities with 

low or nil WTP. First, the paper reviews the various objectives of investigating the value 

of ecosystems in terms of their economic contribution, with specific focus on monetary 

value. Second, a discussion of the merits and shortcomings of the mainstream techniques 

in non-market valuation (NMV) methodology is discussed. Third, the paper evaluates the 

contemporary notion of value in economic analysis and contrasts its connotations to 

preceding notions of value. Fourth, the necessity of exploring alternative means to 

conducting ecosystem valuation in low-income settings is assessed and the future 

directions for exploring a new ecosystem valuation methodology explored. This is done 

by reviewing the studies that have employed alternative payment mechanisms to 

overcome the limitation of monetary valuation. It should be emphasized that this review 

is exemplary of the literature that exists on alternative payment- and integrated valuation 

tools, but is by no means exhaustive. That is, this review has been restricted to literature 

directly concerning methodologies that are estimated useful for the development of NMV 

approaches for low-income settings that are heavily reliant on their surrounding 



illustrates the compatibility of alternative ecosystem valuation methodology with the 

well-being and cultural context of low-income communities that will be severely affected 

by climate change. Lastly, it is demonstrated how non-monetary and social-value 

approaches to ecosystem valuation could open up new opportunities for adapting to 

climate change, improving human welfare and support policy and decision-making. 

 

3.2. Valuation of Natural Resources 

3.2.1. Economic Valuation of Ecosystems 

Quantifying the economic value of ecosystems in monetary terms serves a plethora of 

purposes. In recent years, multiple research studies have attempted to quantify the 

monetary value of natural resources in several parts of the world (e.g. see Beaumont et 

al. 2008; Bennett and Birol, 2010; Biggs, 2011; Brander, Van Beukering and Cesar, 2007; 

Brunnschweiler, 2010; Costanza et al. 1997; Jones-Walters and Mulder, 2009; Laurans et 

al. 2013; Remoundou et al., 2009; Stoeckl et al. 2011; Turner et al. 2007). Even when the 

natural resources studied are considered non-market goods, changes in the level of their 

environmental quality will have an indirect effect on the value of other market goods, 

such as goods and services traded for tourism purposes (e.g., see Adamowicz et al. 1997; 

Alberini, Zanatta and Rosato, 2007; Alberini and Longo, 2006; Christie, Hanley and 

Hynes, 2007). The values that individuals assign to different types of natural resources 

have been explored in several research studies. Some of these aim at investigating the 

effect that a hypothetical change in one or more environmental attribute will generate on 

consumption and individual decision making (Adamowicz et al. 1997; Alberini, Zanatta 

and Rosato, 2007; Alberini and Longo, 2006; Christie, Hanley and Hynes, 2007; 

Dharmaratne and Brathwaite, 1998; Prayaga, Rolfe and Stoeckl, 2010; Remoundou et al. 

2009). Other studies have explored the value of ecosystems with the objective of 

a more efficient adaptation to climate change (Asafu-Adjaye, Brown and Straton, 2005; 

Jones, Hole and Zavaleta, 2012). Finally, Costanza et al. (1997) and Costanza et al. (2014) 

up a discussion about the magnitude of the contribution that specific biomes, such as coral 

reefs and mangroves, provide for societies on a global scale. Many of these biomes 



provide resources that underpin economic growth and development even though their 

ecosystem goods and services are not traded in markets.  

Monetary valuation of ecosystems can provide valuable information in multiple ways. 

Economic valuation of ecosystem services in monetary terms, i.e. using market or 

pseudo-market prices to estimate socio-economic benefits, can help policy makers and 

institutions raise awareness among the public about the contribution that specific 

ecosystems make to human welfare (Ahmed et al. 2007; Bockstael et al. 2000; Costanza 

et al. 2014). Monetary valuation can provide public and private sectors with incentives to 

protect ecosystems, which in turn may help decrease poverty levels in developing 

countries (Christie et al. 2012). Monetary valuation is also beneficial in certain types of 

NMV techniques, e.g. where the objective is to investigate how a change in the state (or 

quality) of an ecosystem will affect tourism demand. For instance, if a coral reef degrades 

it is highly likely that tourism demand for trips to that coral reef will decline. The decline 

in tourism demand can exercise significantly negative impacts on the economy  

especially if the country in question bases its income on tourism revenue (Kragt, 

Roebeling and Ruijs, 2009). Even if the objective of the economic valuation of 

ecosystems is more related to qualitative aspects of human welfare, monetary analysis 

can inform this valuation.  

Monetary figures can also be used to improve the understanding of how ecosystems 

provide benefits to human societies, even if these are of life-supporting and non-monetary 

character. A number of studies (e.g. see Brander, Van Beukering and Cesar, 2007; 

Laurans et al. 2013; Moberg and Folke, 1999; Stockl et al. 2011) explore the monetary 

value of the ecosystem services of coral reefs in different parts of the world. The aim of 

these monetary valuation studies is to facilitate a more efficient distribution of 

provide insights into how coral reefs contribute to human welfare in local coastal 

communities, and also to human welfare at larger scales. The large monetary estimates 

functioning of adjoining ecosystems, such as mangroves and fresh-water environments. 

It may be particularly desirable to value and describe the benefits of these ecosystems in 

monetary terms when communicating their importance to a broader audience, as 

monetary figures are easily understood by the majority of people. As such, the objective 



-

human societies (Costanza et al. 2014). Even if the monetary values assigned to the 

the extent to which particular ecosystems contribute to human welfare and the functioning 

of adjacent ecosystems.  

 

3.2.2. Methods in Non-Market Valuation (NMV) 

In order to address some of the challenges of valuing ecosystems in terms other than their 

market-based contribution, several techniques for NMV have emerged. NMV is the 

valuation of goods and services that are not directly defined by market prices, i.e. their 

value is formed through revealed preference methods or hypothetical markets (Baker & 

Ruting, 2014; Robinson, 2001). What is commonly missing for most environmental 

goods and services is information about the value that individuals, or the community place 

on those goods and services, which can enable better decision-making in regards to 

environmental resource management (Robinson, 2001). For instance, people do not 

necessarily pay to go bush-walking in a national park, but nonetheless place value on its 

existence and environmental quality for their recreational benefit (Baker and Ruting, 

2014). Therefore, several NMV techniques have emerged that estimate the monetary 

value that an individual place on goods and services that are not traded in the market.  

First, the contingent valuation (CV) method can be used to estimate the economic value 

of a good or service that is not directly defined by market prices, e.g. the non-use or 

bequest value of an environmental resource (Dharmaratne & Brath

2012; Prayaga, Rolfe & Stoeckl, 2010). The CV method asks individuals to state their 

WTP to obtain particular goods and services, or their willingness-to-accept (WTA) 

monetary compensation to give up those goods and services (Applications of the 

contingent valuation method in developing countries, n.d.). Thus, a hypothetical market 

is created in which the monetary value for those goods and services can be elicited. For 

the NMV of environmental resources, the CV method is useful for estimating the bequest 

Rolfe and Stoeckl, 2010). The CV technique contributes to local policy-planning by 

providing useful information on incentive-based opportunities for preserving natural 



environments by outlining how much individuals would be willing to pay for different 

aspects of environmental attributes. Nonetheless, the CV method fails to investigate how 

hypothetical changes in the quality of a good might affect the future demand of that good. 

This may be of greater relevance for developing countries whose economy is driven by a 

tourism industry based on vulnerable natural resources, such as coral reefs and rain 

forests. 

Second, the contingent behaviour (CB) technique makes it possible to estimate the 

income effect of a future hypothetical change in the quality of a natural resource. This is 

willingness to return to the same natural 

environment in a hypothetical scenario where one or more environmental attribute 

changes (e.g. studies by Alberini, Zanatta and Rosato, 2007; Alberini and Longo, 2006; 

Bennett and Birol, 2010; Christie, Hanley and Hynes, 2007; Dharmaratne and Brathwaite, 

1998; Kragt, Roebeling and Ruijs, 2009; Prayaga, Rolfe and Stoeckl, 2010; Wattage et 

al. 2011; Wielgus et al. 2003). The CB technique is particularly relevant at more local 

scales, where the economy is based on revenue from tourism. Studies, such as those of 

Alberini, Zanatta and Rosato (2007), Bhat (2003) Dharmaratne and Brathwaite (1998), 

Kragt, Roebeling and Ruijs (2009), Prayaga, Rolfe and Stoeckl (2010), and Wielgus et 

al. (2003), have applied the CB technique to demonstrate the economic contribution of 

coral reefs and marine-based tourism activities to the local economy. These studies find 

in scenarios with higher environmental quality, and vice versa  thereby emphasising a 

strong economic rationale for preserving the sites and improving their environmental 

quality.  

Third, the choice experiment technique (CE)  like the CB and the CV techniques  aims 

at investigating individual preferences for different types of goods, services or 

environmental settings. Nevertheless, it differs from the other techniques as it presents 

the respondent with a choice set of hypothetical options (Bennett and Birol, 2010). CE 

studies typically 

attributes through the trade-offs they face when picking their preferred option (Alpizar, 

Carlsson and Martinsson, 2003).  

Behavioural economic studies investigating the extent to which healthy natural 

environments contribute to the local economy, e.g. through tourism revenue, may provide 



useful information for policy makers. At more local scales, NMV studies positively 

contribute to the knowledge of how specific ecosystems goods and services support local 

economies by assessing the value of those environmental attributes. The results of NMV 

studies also inform policy makers about the opportunities for funding conservation 

e e.g. Ressurreição 

et al. 2011; Jobstvogt et al. 2014; Aanesen et al. 2015). Nonetheless, NMV studies are 

include a monetary component, i.e. a payment-vehicle. That is, money are used to define 

and convey values related to markets, or to estimate the marginal value of the trade-offs 

that individuals face in the choice between two goods.  

Insights into the marginal values related to ecosystem services are highly relevant for 

policy and decision-making as these can predict the likely magnitude of success that a 

particular policy change will have. As such, the estimation of the marginal (economic) 

values of changes in particular ecosystems tend to be of higher interest to policy makers, 

as marginal values indicate the opportunity cost of a trade-off, 

for different reasons. First, if marginal values of ecosystems are applied outside of their 

context, i.e. with disregard for the socio-cultural environment in which these are valued 

 the elicitation of environmental values will be incomplete and misleading. Second, 

inadequate data can mean that the estimation of robust marginal values is not possible or, 

at best, biased or misleading. Therefore, research that seeks to gain insights into social 

values of ecosystems can benefit from adopting a more holistic approach where the total 

value of the ecosystem to a particular community is explored. Assessing the total value 

of ecosystems to communities can provide crucial insights into the socio-economic 

benefits the ecosystem generates for people, and the importance of conservation and 

sound environmental management. More importantly, the total value of an ecosystem to 

a community can reveal the drivers of change in the environmental quality of the 

ecosystem, whether positive or negative. 

NMV studies of vulnerable ecosystem services in low-income settings that solely adopt 

individual and marginal (monetary) value foci are therefore likely to be biased as these 

approaches may grossly underestimate the value of the ecosystems to the community 

(Christie et al. 2012; Saarikoski et al., 2016). In particular, NMV studies that explore the 

willingness of coastal communities to commit resources to combat climate change (or 



simply improve the environmental management of their natural resources) will fail to 

identify the magnitude of this willingness if the exploration is limited to a monetary 

analysis. Eliciting the non-monetary and social values of ecosystems may provide a 

stronger basis for action in many of the low-

are concepts with different meanings and associations (Stoeckl et al. 2018). In recent 

behavioural economic studies, it appears that they have somehow merged into one 

concept  a monetary utility trade-off. Following and developing the existing alternative 

discourse is urgently needed to better elicit the complex set of values that ecosystems 

provide. The monetary valuation approach based on individual utility needs to be 

expanded to investigate alternative value-aspects of ecosystems vulnerable to climate 

change, e.g. non-monetary aspects such as time, labour, geographical distance and overall 

social value. Although there are sound ethical and conceptual reasons for why more 

diverse valuation approaches are needed, there is also an important practical reason: 

diverse valuation approaches can contribute to actual problem solving and increase 

effectiveness. 

 

3.3. Theory and Concepts 

3.3.1. The Theory of Ideas and the Concept of Value 

The concept of value first emerged with the thoughts of the Greek philosopher Plato 

during the fourth and third century B.C. Plato introduced the Theory of Ideas, in which 

he defined value as infinite and absolute; independent of human perception and material 

goods (Ueda, 2009 p. 682). Plato outlined the incompatibility of individual perception 

and knowledge by arguing that individual perception of the value of an object is irrelevant 

for the absolute, or actual, value of that object (Cherniss, 1936 pp. 450-451; Ueda 2009 

p. 682). Plato maintained that only by applying knowledge, rather than investigating 

Knowledge is not to 

be found in the perceptions but in the reflection upon them, since only in this process is 

it possible to grasp reality and meaning

theory of ideas, it is crucial to distinguish between knowledge and opinion. Knowledge 

(defined as pure thought and reason) relates to reality, whereas opinion (defined as belief 

other words, to comprehend the meaning of value it is necessary to differentiate between 



notions of value, based on illusions and beliefs, and known value, based on thought and 

reason.  

During the subsequent 2,400 years after Plato defined value through his Theory of Ideas, 

the concept of value continued to evolve in the fields of philosophy, economics and 

psychology. Particularly in economics, the concept of value became an individual concept 

applicable to the analysis of behavioural economic problems. The theory of marginal 

utility was introduced by Menger, Jevons and Walras in 1870. Marginal utility assesses 

value in terms of its use-value, i.e. the marginal value of a good is determined by how 

much satisfaction an individual associates with consuming one additional unit (Dobb, 

1973). Von Neumann and Morgenstern (1972) expanded on the theory of marginal utility 

and integrated the concept of expected utility, essentially incorporating individual 

perception of uncertainty into the theory. According to the theory of expected utility, 

to future events, especially when the individual faces a situation with considerable risks 

(Von Neumann and Morgenstern, 1972). The theoretical elements of both marginal utility 

and expected utility have been applied to multiple economic problems relating to 

individual behaviour and decision-making. These theories make it possible to analyse the 

rationales behind individual decision making in the context of consumerism and use-

value  the foundations on which welfare economic theory is built.  

Although most studies on ecosystem valuation commonly assume that the concept of 

monetary valuation of ecosystems emerged in 1997 (e.g. with Costanza et al. 1997, among 

others), this is actually untrue. As Baveye, Baveye and Gowdy (2013) point out, the 

 

mainstream discourse of ecosystem valuation, which is predominantly focused on the 

monetary valuation of ecosystem services, emerged around 1997 (Baveye, Baveye and 

Gowdy, 2013). In addition, the approach to conducting monetary valuation has largely 

been based on the individual utility approach. In turn, the individual utility approach is 

based on various theories on economic value, i.e. the earlier discussed theories on 

marginal utility and expected utility. Particularly for policy and decision-making on 

environmental resources, the combination of the individual utility approach and the 

monetization of ecosystem services is restrictive, as it fails to address the complex 

diversity of many of the environmental problems that policy attempts to resolve. 



the context and tempor

it is essential that the socio-cultural milieu that pervades and informs value articulating 

(Hejnowicz and Rudd, 2017 p. 28). Valuation tools that move beyond individual utility 

values. 

 

3.3.2. Rationale behind Individual Utility 

According to neoclassical economic theory, individual utility can be used to measure the 

value of a good or service (Ahlheim et al. 2010; Christie et al. 2012; Wegner and Pascual, 

2011). It is assumed that an individual will make the choices they believe will maximize 

their utility (or consumer surplus) the most in order to provide them with the highest (or 

that their time and financial budget permits it (Haener, Boxall and Adamowicz, 2001; 

Kragt, Roebeling and Ruijs, 2009). The individual utility function is useful for analysing 

the effect of changes in a market, e.g. how a change in the price, attributes of a good, or 

consumer preferences affects consumer demand. It is assumed that an individual is able 

to assign a monetary value to the good or services in question. As such, the principles that 

underpin the individual utility function form a valuation analysis that (i) investigates 

value on an individual level of perception, (ii) estimates only the monetary value of a 

good or service, and (iii) is restricted to goods or services that can be traded in the market. 

Given that the good or service is exchanged for monetary value, the valuation analysis is 

based solely on the individuals who are willing (and able) to pay for these (Ahlheim et al. 

2010; Wegner and Pascual, 2011).  

In other words, the theory of individual utility falls short of providing tools for valuation 

that (i) investigates value on a group- or social level, (ii) seeks to investigate non-

monetary and qualitative aspects of goods or services, and (iii) concerns non-market 

goods i.e. goods that are not traded in the market (Fish, Church and Winter, 2016; Kenter 

et al., 2011; Wegner and Pascual, 2011). Despite these shortcomings, the individual utility 

function is commonly applied in the analysis of NMV results. Utilitarian assumptions 

may be particularly incompatible for the analysis of non-market goods, such as the 



benefits and values that ecosystems bring to societies. Christie et al. (2012 p. 75) states 

st Developed Countries, many people have low incomes, rely heavily on 

biodiversity to support subsistence livelihoods and may have limited experience of 

automatically given a higher priority than the preferences of individuals with low, or no, 

income (Ahlheim et al. 2010; Alam, 2006; Stoeckl. 2011, p. 128). As such, there is limited 

rationale for applying neoclassical economic theory or individual utility measures to a 

context classified as low-income or non-market based. This is particularly the case when 

attempting to understanding how ecosystems goods and services provide value to 

indigenous people and low-income settings, or in societies which operate by deliberative 

consensus (Christie et al. 2012; Kenter et al. 2011). Valuing environmental benefits by 

to preserve their natural environments, as these may not be able to pay monetary values, 

but may assign high life-supporting, social and cultural values to their natural 

environments.  

 

3.4. Alternative valuation of ecosystems is necessary 

People in developing or subsistence societies usually possess sound knowledge of how 

ecosystems are important for their well-being, but they may not possess sufficient 

financial resources to change the quality of their surrounding ecosystems (Kenter et al. 

2011). It may be time to re-

how value can be assessed through different lenses (Jacobs et al. 2016) in order to 

facilitate more efficient CCA, and improve human welfare for societies at larger scales. 

 

3.4.1. Previous exploration of alternative ecosystem valuation methodology 

A few studies have employed alternative payment mechanisms to overcome the limitation 

of defining value in monetary terms. The following review has given particular attention 

to two special issues on shared values of ecosystem and integrated valuation methods 

from the journal Ecosystem Services21

socio- -Palacio et 

21 Volume 21 and 22, respectively, 2016 



al., 2016 p. 297), However, this review focuses exclusively on the non-monetary and 

social valuation of ecosystem services for the specific purpose of forming more efficient 

CCA strategies and environmental resource management programs in low-income 

societies. The valuation methodology adopted in previous literature has predominantly 

been shaped by monetary valuation and individual decision-making. This is why social 

value of ecosystem services has been challenging to elicit (Stoeckl et al. 2018), which is 

exactly why new types of valuation approaches are needed. Social and non-monetary 

aspects are relevant for 

including the multiple values and worldviews in a coherent and operational framework 

 

Some studies investigate i

time or labour (e.g. see Ahlheim et al. 2010; Alam, 2006; and Hung, Loomis and Thinh, 

2007). The aim of these studies is to explore if there is a statistically and economically 

significant difference between valuing environmental change in terms of contributing 

monetary payments or time in low-income settings where financial resources are scarce. 

Fiji through two payment vehicles: a monetary contribution (WTP) and time-based 

of the time that locals in the fishing villages are willing to contribute is almost three times 

the monetary value22 of their willingness to contribute money. Casey, Kahn and Rivas 

(2008) conduct surveys in indigenous and subsistence communities along the Amazon 

River to elicit the amount of compensation needed to compensate for potential ecosystem 

damage from oil spills in and around the Amazon River. Two alternative payment 

vehicles are adopted in which one is the improvement in different aspects of public goods 

(e.g. education or health care) and the other one is the delivery of free fuel. The alternative 

valuation mechanism manages to properly reflect the changes in well-being that the 

indigenous communities associate with changes in their natural environments. The study 

by Villegas-Palacio et al. (2016) incorporates ecological and socio-cultural dimensions 

of ecosystem value in order to design more targeted policies. Although their study places 

a heavy emphasis on exploring the perceptions of individuals, an individual WTP-

 

22 of time respondents are willing to commit into 
monetary figures according to the wage rate of time 



values. Villegas-

income, these individuals express a dedicated willingness to contribute labour, or to 

modify their own environmental behaviours in order to protect and sustain their 

ecosystem valuation methodology further by means of exploring willingness to contribute 

labour (or change behaviour) in other settings are not discussed in further detail in the 

paper. The paper does, however, emphasize the need for forming a new valuation 

framework that manage to combine economic valuation methods with socio-cultural 

dimensions of ecosystem value.  

De Valck (2015) applies the CE technique to investigate the relationship between 

site in the Province of Antwerp, Belgium. In the empirical analysis, the geographical 

distance is converted into a monetary figure by means of the travel cost method. 

Nevertheless, no monetary figure is presented to the respondents in the CE choice set. 

natural sites and investigates the substitutability between environmental attributes and the 

an alternative valuation of the trade-offs between ecosystem services used for competing 

purposes (e.g. wood, game hunting and livestock grazing). Their study manages to 

evaluate the opportunity costs of sacrificing one purpose of ecosystem service-use 

relative to another by combining monetary and non-monetary valuation methods. 

Saarikoski et al. (2016) presents the Multi-Criteria Decision Analysis (MCDA) approach 

which can be adapted to incorporate a deliberation process. This allows participants to 

reflect upon the causality patterns of different courses of environmental action, and 

discuss with one another which outcome is the most desirable for all participants 

concerned. Saarikoski et al. (2016) argue that the MCDA approach should incorporate a 

social WTP, but fails to identify the social willingness-to-commit (WTCommit) approach 

eliciting non-monetary resources, such as time, labour or a change in behaviour. The 

social WTCommit approach will be explained and discussed shortly. The objective of 

many of these discussed studies is to quantify the trade-offs related to specific decision-

making scenarios, i.e. monetized marginal values related to environmental change. 

Hence, the objective of forming non-monetary and socially optimal strategies is typically 

disregarded. Hansjürgens et al. (2016) emphasize the importance of eliciting social values 



in environmental valuation, but argue that the social value is  to some degree  already 

presented in public economic decision-making as the (social) common interest overrules 

that of individual interests. While there is truth to this point, the study does not elaborate 

further on opportunities for expanding environmental valuation methodology into more 

non-monetary aspects of social value. 

Other studies discuss the need for assessing the values of ecosystem services in contexts 

other than monetary, such as cultural, social, shared, ecological or life-supporting (e.g. 

see Baveye, 2014; Chan, Satterfield and Goldstein, 2012; Baveye, Baveye and Gowdy, 

2013; Fish, Church and Winter, 2016; de Souza Queiroz et al., 2017; Bryce et al., 2016; 

Irvine et al., 2016; Stoeckl et al. 2018; and Jax et al. 2013). These studies acknowledge 

that some of the ecosystem values assessed may be quantified in monetary terms but 

emphasise that some values may be better communicated when described in qualitative 

terms, or put into the appropriate socio-cultural context. An important aspect of 

ecosystem valuation which individual utility, and individual WTP, fails to address is the 

well-being of the society. Although the results of an individual WTP study can be 

diverse dimensions of well-being in the society, such as cultural values and social settings. 

A more comprehensive and robust elicitation of the social  or shared  value of 

ecosystem services may necessitate discussion and reflection in group-settings rather than 

simply aggregating individual value (Kenter et al. 2011; Kenter et al. 2016a). 

Social value has previously been challenging to gauge in NMV studies. Therefore, the 

valuation methodology adopted in the previous literature is predominantly shaped by the 

individual utility function. However, three major drawbacks characterise the monetary 

valuation of ecosystems in low-income and indigenous societies. These are (i) limited 

financial resources resulting in low (or nil) WTP for the environmental good or service, 

(ii) unfamiliarity with monetary payment systems resulting in biased results and/or 

inability to assign the environmental good or service a value that adequately reflects its 

perceived value, and (iii) the emphasis on decision making made at a group/social level, 

resulting in individual utility results that are obscure, or of lesser relevance for the societal 

context (Casey et al. 2008; Christie et al. 2012; Kenter et al. 2011). Alternative survey 

instruments that make it possible to identify and assess the role of cultural and social 

value systems may help address the challenges associated with the unfamiliarity of 



monetary payment systems, which characterise many indigenous and subsistence 

communities. 

 

3.4.2. Future research directions in ecosystem valuation 

Table 1 below shows the possible methodological combinations of individual and group-

based ecosystem valuation approaches, respectively, with either monetary or non-

monetary components. Several of the terms outlined in this table have been outlined in 

previous literature. As such, the terms are not meant to be exclusive to this particular 

paper, but illustrative of the need for future research directions. The most commonly 

adopted combination of techniques in ecosystem valuation is that of individual utility 

with a monetary element, e.g. individual WTP. However, a monetary component can 

also be included in group-based interviews (or surveys) in order to elicit the social WTP; 

ecosystem services (e.g. in the studies by Kenter et al. 2011; Petheram et al. 2010; and 

Saarikoski et al. 2016). On the right side of the table, non-monetary approaches to 

valuating ecosystems are listed. These can be individual- as well as a group-based. When 

the willingness of an individual to commit non-monetary resources such as individual 

time, additional travel distance, labour, etc. is explored this refers to individual 

WTCommit. As previously discussed, a few studies have explored individual 

WTCommit, e.g. the non-monetary NMV studies of ecosystems in low-income settings 

(see Ahlheim et al. 2010; Alam, 2006; and Hung, Loomis a

2009; and Villegas-Palacio et al. 2016) or the individual WTA non-monetary 

compensation for various items, instead of monetary payment (see Casey, Kahn & Rivas, 

2008; Wam et al. 2016). Moreover, De Valck (2015) explored individual WTCommit 

travel distance in the high-income setting of Belgium. The aforementioned studies are 

resources, or accept non-monetary compensation. Finally, group-based interviews or 

surveys may be based entirely on non-monetary trade-

WTCommit time, travel further distances, or commit to monitoring environmental 

thresholds, etc.). This combination of non-monetary valuation with a group-based survey 

setting is referred to as social WTCommit as it assesses the willingness of a society to 

commit resources other than money for a change in ecosystem services.  



Although a few studies (e.g. Saarikoski et al. 2016; and Villegas-Palacio et al. 2016) 

mention the opportunity for forming a Social WTP approach, no social WTCommit study 

was identified in this review paper. Nonetheless, the social WTCommit technique would 

be particularly suitable for the SPICs due to the deliberative consensus of many of their 

societies coupled with low-income levels. Note that both the social WTP and the social 

WTCommit techniques may identify feasible means of actions for CCA and socio-

economic progress not previously identified by the individual utility approach. 

Specifically for the social WTCommit, this approach could identify which means of 

action and resources the community is willing to commit to, if monetary resources are 

inadequate or undesirable. Deliberation is an optional tool for both social WTP and social 

WTCommit, and may provide respondents with the possibility to discuss in depth the 

causes and consequences of changes in their surrounding ecosystems, which may alter 

the results of the social WTP and social WTCommit studies, respectively. Previous 

research in the field of integrated ecosystem valuation has largely focused on how to elicit 

new aspects of ecosystem values, such as cultural, shared or social values. Forming new 

tools to eliciting ecosystem values is not only about integrating methods  it is also about 

revising the current operating space of the monetary methods. A substantial research gap 

remains in terms of utilising this new valuation knowledge to form tangible, feasible and 

efficient strategies for creating better environmental resource management, improving 

living standards for low-income societies and for addressing climate change. In other 

words, there is an urgent need to address how a new framework for forming ecosystem 

valuation approaches can be integrated into policy and decision-making to enable actions 

and create outcomes (Kenter et al. 2015; Braat and de Groot, 2012; Olander et al. 2017). 

The valuation approach  social WTCommit  presented in this paper offers a possibility 

for forming more comprehensive ecosystem valuation and for utilising those valuation 

results to form feasible and efficient strategies for environmental resource management. 

It may also present a new framework for improving living standards, although this is 

subject to further research. The relevance and importance of exploring the social 

WTCommit approach in the SPICs is discussed next. 

 

 

 



Table 1: Combinations of ecosystem valuation techniques (number of reviewed 

studies) 

Approach / Component Monetary Non-monetary 

Individual utility Individual WTP (16) Individual WTCommit (8) 

Group-based (Social) Social WTP (3) Social WTCommit (nil) 

 

 

 

  



3.5. The alternative valuation of ecosystems in the SPICs 

Although there are multiple contexts in which alternative value elicitation could improve 

knowledge acquisition and contribute to environmental decision-making (Braat and de 

Groot, 2012; Kenter et al. 2015), this section will outline why the social WTCommit 

approach is especially suitable for the SPICs given their heavy reliance on ecosystems 

resources, limited financial resources and vulnerability to climate change.  

 

3.5.1. Reliance on marine resources in the SPICS 

The economic contribution of many marine-based ecosystems in the South Pacific is often 

underestimated. This is due to economic activities that are resource-based and take place 

outside of formal markets as opposed to market-based activities that involve monetary 

payments (Fish, Church and Winter, 2016). Moreover, the economic contribution of 

marine-based ecosystems has proven difficult to estimate through the commonly adopted 

individual utility approach. Customary resource tenure arrangements are in place in many 

South Pacific Islands that do not reflect individual utility-decisions or market-based 

mechanisms (Gonzalez et al. 2017). Social and cultural aspects clearly need to be 

identified in order to avoid spending time and resources implementing strategies that are 

incompatible with cultural value 

(or material) wealth in Fijian societies is regarded as morally unacceptable, making 

strategies that have financial profit as their main objective irrelevant for Fijian 

communities. A case study assessing the economic, social and environmental efficiency 

of engineering-based adaptation relative to ecosystem-based adaptation in the Lami Town 

of Fiji concludes that engineering solutions will incur financial costs five times as high 

as ecosystem-based adaptation (Rao et al. 2013). To enable a more accurate assessment 

of the economic value of marine ecosystems in the SPICs, a more holistic approach that 

takes into account social arrangements and cultural norms is needed. Also, the channels 

through which goods and services of economic value are exchanged need to be considered 

and incorporated in the valuation approach. Insights like these highlight the importance 

of understanding the social value constellations of a society prior to forming 

environmental management or CCA programs. 

 



3.5.2. Reliance on coral reef ecosystems 

An important aspect of the ecosystem valuation of marine ecosystems is raising 

awareness about the benefits that the ecosystems provide to human societies, e.g. the way 

in which coral reef-ecosystems support and sustain human life in coastal communities. In 

turn, a local ecosystem valuation of coral reefs can serve as an important tool in 

formulating new policies related to the environmental resource management of coral reefs 

(Gonzalez et al. 2017). Many coastal communities in the SPICs derive substantial values 

from coral reefs but may not possess the financial resources to pay for improvements in 

their environmental quality that is usually required in environmental management 

programs. Coastal communities in the SPICs are likely to assign high social values to 

significant benefits for their well-being.  

s goods and services for 

food security, poverty reduction, coastal protection and for the ecosystem functioning of 

adjoining ecosystems (Brander, Van Beukering and Cesar, 2007; Cesar, 2000 p. 15; 

Hoegh-Guldberg et al., 2011; Moberg and Folke, 1999). Coral reefs may become 

damaged through coral bleaching, through reduced resilience and capacity to maintain 

their structural complexity, and through direct damage caused by severe storms or 

cyclones  all of which are considered to be direct impacts of global climate change (Bell, 

Johnson and Hobday, 2011). The benefits from improving the local environmental 

management of coral reefs may be enormous and far-reaching, given the tremendous 

economic, cultural, recreational and ecological value that coral reefs provide to human 

societies (Reid et al. 2012). The human benefits of better coral reefs management are 

likely to be particularly significant for the coastal communities in the SPICs. In contrast, 

the degradation of coral reefs will have severe and long-lasting negative impacts, e.g. 

through diminished food security, decreasing local incomes, lower living standards, 

higher vulnerability to climate change, and declining economic growth due to tourists 

alternating their vacation choice to countries with healthy coral reefs (Moberg and Folke, 

1999). Effective environmental management of coral reefs in the SPICs is therefore 

crucial for enabling long-term and sustainable CCA of the islands. For those reasons, a 

new ecosystem valuation methodology capable of eliciting and communicating the social 

value of coral reefs to South Pacific Island-communities is urgently needed. 



3.5.3. Cultural Context and Community engagement 

Communication and understanding are important albeit commonly under-assessed 

aspects of forming successful environmental management and CCA strategies in coastal 

communities vulnerable to climate change. In particular, the role that culture and social 

values play in the engagement of communities have hitherto been either overlooked or 

poorly understood in the SPICs. Cvitanovic et al. (2016) investigate the relationship 

between the effectiveness of CCA science and food security in a number of Pacific Island 

communities, concluding that the integration of local communities is the foundation for 

the successful implementation of CCA strategies. A lack of understanding in Samoan 

communities about the potential impacts of climate change on sectors vital to economic 

development, such as tourism, is one of the main barriers to proactively adapting to 

climate change (Wong et al. 2013). Other studies find that the main challenge to 

facilitating successful ecosystem preservation and CCA in the SPICs is unlikely to be 

financial resources, but more likely to be community engagement, collective action and 

government capacity (Daigneault, Brown and Gawith, 2016; Hills et al. 2013). Previous 

research in Kiribati has indicated that small-island nations are open to the formation of 

new conservation and environmental management arrangements of their marine 

ecosystems due to their heavy reliance on the resources that these provide to their 

societies (Watson, Claar and Baum, 2016). In an assessment of 42 coral reef fisheries in 

developing countries, Cinner et al. (2012) concluded that the engagement of communities 

was vital for the successful management of fisheries and coral reefs resources. Collective 

action of the communities was found to be a key ingredient in enabling sustainable 

resource management. 

Insights into the cultural value systems of subsistence communities in different locations 

are fundamental for building CCA strategies as these can identify obstacles and 

opportunities for future progress. A better understanding of the relationship between 

human societies and coastal environments in subsistence communities could further help 

shape new environmental management and adaptation strategies. Exploring the human-

environment relationship inevitably requires the social value of the natural environment 

for the community in question to be explored (Robinson, James and Whitehead, 2016). 

The difficulty of communicating the social value of vulnerable ecosystems to low-income 

coastal communities in monetary terms highlights the importance of developing new 

ecosystem valuation techniques. In low-income coastal communities, the greatest force 



for changes to resource management will often be the willingness of the community to 

collectively drive the changes, based on their social and cultural aspects (Fisher et al., 

2014; Watson, Claar and Baum, 2016), rather than individual or social WTP. Therefore, 

a social WTCommit valuation approach may enable a more comprehensive understanding 

and Winter, 2016; Farley, 2012). A better understanding of the social value of important 

local ecosystems may enable CCA strategies to better reflect cultural value systems, 

thereby facilitating more effective CCA strategies of marine systems vulnerable to 

climate change in the South Pacific  and lastly, an increase in overall human well-being. 

 

3.5.4. Deliberation in Social Value Elicitation  

The social value of ecosystems typically needs to be discussed and reflected upon in 

groups in order to be identified, which makes deliberation a fundamental part of social 

value-elicitation. For ecosystem valuation, the relationship between the environmental 

good (or service) and the well-being of the respondents need to be established through 

deliberation prior to assigning the environmental good any value (Irvine et al., 2016). In 

turn, the collective value of the ecosystem23 will emerge as a result of the lessons drawn 

from knowledge exchange and deliberation in the group discussions (Kenter et al. 2011; 

Wegner and Pascual, 2011). The elicitation of social values through deliberation may 

contribute considerably to our knowledge of how ecosystems underpin life in low-income 

coastal communities that are at risk of being severely affected by climate change (Kenter 

et al. 2011). In turn, the acquisition of social value-knowledge may offer specific non-

monetary strategies for mitigating climate change effects by integrating the desires of 

a more social approach to 

valuation has the potential to provide a more convincing and legitimate evidence base 

[translating into tangible improvements in terms of environmental outcomes]  

Kenter et al. (2011) employ the CE method in the Solomon Islands in which the CE 

surveys are conducted as group discussions   with subsistence 

communities, thereby eliciting the collective (social) value of the Solomon Island-

deliberation approach as part of conducting the CE. After the initial presentation of choice 

23 or environmental good/service 



sets, two intervention exercises are conducted in which respondents are asked to (i) 

quantify the value of a range of household items, and to (ii) identify and discuss five 

negative impacts of two crops grown in their society through deliberation. The 

deliberation exercise allows the respondents to discuss and reflect upon the relationships 

between socioeconomic changes and environmental degradation. As a result, respondents 

assign ecosystem services much higher monetary values than prior to the deliberation 

exercise, revealing a higher social value of ecosystems to their society. Similar studies by 

Orchard-Webb et al. (2016) and Kenter (2016) integrate deliberation into their valuation 

of ecosystem services in England and Scotland, respectively. Although there are elements 

and contrasted in monetary terms, through WTP measures. Petheram et al. (2010) 

integrates deliberation into their interviews with indigenous people in the Arnhem Land 

of Australia. In this context, deliberation leads respondents to conclude that 

socioeconomic issues, such as poverty and health are of greater concern for their 

indigenous communities than climate change-related issues. Finally, Ranger et al. (2016) 

incorporate deliberation into decision-making processes relating to the design of Marine 

Protected Areas to improve participation and engagement of stakeholders. 

Deliberation is a suitable social value-survey tool (Irvine et al., 2016), regardless of 

whet Ostrom (2000) suggests a 

significant proportion of respondents follow social norms when considering collective 

fairne

of trust and fairness

importance of making both deliberation and group survey methodology integral parts of 

conducting surveys in subsistence- or indigenous settings, particularly for exploring the 

value systems on which societies are formed. Farber, Costanza and Wilson (2002) point 

to the potential of deliberation to overcome the limitations of the individual utility 

function commonly adopted in ecosystem valuation, emphasizing the ability of 

deliberation to elicit collective value and to do so through a more democratic valuation 

process. That way, the social value emerging because of the dialogue and reflection 

amongst respondents is automatically given a higher importance than individual value, 

-held assumptions. Deliberation may be especially important 

for value elicitation in subsistence communities where socio-economic issues, such as 



famine or drought, often take precedence over environmental issues (Christie et al. 2012). 

Deliberation can work as an educational and awareness-increasing tool in making 

respondents realize  amongst themselves  the magnitude of the benefits that ecosystems 

provide for their societies.  

 

 

3.6. Discussion 

3.6.1. Understanding the Values of Ecosystems 

The problem with utility when it is applied in economic terms is that it limits the analysis 

terms. Few NMV studies have focused exclusively on more qualitative aspects of value, 

development and prosperity in relation to the value of natural environments. A NMV 

technique including a monetary component will inevitably presume that natural 

environments are only worth in dollars what individuals (i) are willing to pay for them, 

or (ii) believe natural environments are worth  the former aspects concerns individual 

desire along with ability to pay (Ahlheim et al. 2010), and the latter aspects concerns 

individual opinion. Thus, this approach has significant limitations, as it neglects precisely 

the multitude of non-monetary values that ecosystems provide to human welfare that 

cannot be traded in the market (Stoeckl et al. 2011). In the event that individuals assign 

low monetary values to ecosystem services through a utility-based WTP, such results will 

value, indicating that the incentives to preserve and restore its environmental quality are 

limited.  

A concept of value has emerged that correlates the degree of value with a degree of 

perceived individual utility. Therefore, the importance (value) that the public associates 

with ecosystem value is shaped by how (much) individuals believe these ecosystems 

contribute to the utilitarian aspects of their individual lives. Ueda et al. (2009) maintain 

that the contemporary concept of value often generates contradictory predicaments in 

decision-making as the perceived values of individuals rarely correspond with the more 

holistic values of the society in which the individuals reside. Most people are aware that 

many natural environments are depleting at an alarming rate; that the climate is changing 

at a rapid pace; and that these changes are likely to affect the lives of many people on the 



planet. However, the assumption that there is a linear relationship between monetary 

values and the ecosystems goods and services of, e.g. coral reefs is profoundly flawed 

(Farber, Costanza and Wilson, 2002; Braat and de Groot, 2012; Farley, 2012; Fish, 

Church and Winter, 2016). For instance, the more degraded a coral reef becomes the more 

limited is its ability to sustain its own ecosystem and those of its adjoining ecosystems.   

The economic contribution of many marine-based ecosystems in the South Pacific tends 

to be grossly underestimated (Gonzalez et al. 2017; Fish, Church and Winter, 2016). The 

need for forming valuation methodology that incorporates the needs of low-income 

societies presents a critical research gap in the literature of ecosystem services (van den 

Belt and Stevens, 2016). In addition to this, valuation methodology that can facilitate and 

support actionable and practical environmental improvements presents another critical 

gap in policy and decision-making (Olander et al. 2017; Kenter et al. 2015; Braat and de 

Groot, 2012). A new framework for eliciting the values of ecosystem services may not 

only provide insights into how the these ecosystems support economies and human well-

being  it may also facilitate a more comprehensive understanding of the concept of 

low-income coastal communities in the SPICs, the greatest driver for change in the 

direction of poverty reduction and environmental conservation will be the willingness of 

the community to take action (Fisher et al. 2014; Watson, Claar and Baum, 2016). 

Cultural and social aspects like these make it critical to adopt a new framework for 

identifying, eliciting and understanding the values that ecosystem services provide to 

communities. Therefore, this paper proposes the application (and testing) of a new 

framework for eliciting the Social WTCommit in future ecosystem valuation studies in 

order to elicit new aspects of ecosystem values. More importantly, this can help to identify 

opportunities and obstacles for driving social, economic and environmental changes  

which are urgently needed in the SPICs.  

 

3.6.2. Consequences of Maintaining Monetary Valuation of Ecosystem Resources 

If the objective behind the application of ecosystem valuation methodology is to minimize 

information gaps and create incentives to protect the ecosystems of the planet, we may be 

missing the ultimate focal point. Alternative  or integrated  valuation methods that 



particularly important in low-income settings with limited purchasing power, where the 

application of monetary-driven techniques may provide obscure or irrelevant results 

(Christie et al. 2012). The current turn of the discourse may be leading us further away 

from identifying means of adapting to climate change and to creating incentives for 

furthering human development. The monetary approach to forming ecosystem valuation 

methodology can be useful in specific developed contexts. However, the opportunities to 

explore the multiple non-monetary values of nature to people in low-income societies are 

limited as the current suite of NMV techniques hinders such exploration. NMV 

techniques seek to elicit estimates of the value that individuals derive from ecosystems. 

-monetary character in settings where 

communities derive substantial life-supporting values from natural environments but are 

unable to value these in monetary terms.  

The reviewed papers from the special issues on shared values of ecosystem and integrated 

valuation methods from the journal Ecosystem Services24 present new ideas and 

reflections on the theoretical and methodological developments needed to better 

innovation in deliberative and non-

Although social WTP is mentioned as a necessary future research methodology, no 

mention is given of a social WTCommit framework. This may indeed be because social 

value remains difficult to elicit. However, it may also be because it has not (yet) been 

possible to form a non-monetary valuation method capable of supporting the development 

of tangible and actionable strategies for environmental improvements. The reflections of 

the included papers from the special issues on shared values and integrated valuation 

methods only emphasize the need for methodological frameworks that can enable 

practical and feasible environmental outcomes.  

The mainstream concept of NMV is based on what Plato would deem notions of value, 

based on belief and illusion, rather than actual knowledge. Interestingly, the latter 

necessitates a reflection upon the former. Thus, the limitations of the mainstream 

-based 

deliberative processes that involve reflecting on and discussing values and information to 

24 Volume 21 and 22, respectively, 2016 



ecosystems through deliberation in the SPICs, reasoned knowledge about ecosystems and 

potential CCA strategies may emerge, enabling the known value of their vulnerable 

ecosystems to be elicited rather than a notion of their value. Likewise, exploring non-

monetary means of forming CCA strategies and improving living standards (such as the 

willingness to commit time, labour or community resources) may pave a hitherto 

unknown road towards the long-term sustainability of marine resources and improved 

living standards. The social WTCommit approach introduced in this paper is a new 

framework for conducting ecosystem valuation. It may offer a practical pathway towards 

more comprehensive ecosystem valuation along with tangible strategies to improve 

ecosystems through the collective actions of communities. Eliciting the social value of 

ecosystems through deliberation may also improve the awareness among communities 

about CCA issues, along with obstacles and opportunities for future progress (Irvine et 

al., 2016). A social WTCommit approach may better integrate the desires and social value 

constellations of low-income communities into CCA and environmental management 

programs. Thus, the social WTCommit approach is highly likely to lead to better 

outcomes for environmental resource management together with improved living 

standards, though this is subject to further research. Turning the mainstream discourse in 

a new direction may help identify new and more sustainable strategies for adapting to 

climate change and for furthering human development.  

 

 



3.7. Conclusion 

The discourse on the economic values of ecosystems originated with a desire to minimise 

information gaps in academia and public policy. Globally, climate change will continue 

to impact upon human lives. Information on how to adapt to climate change is urgently 

needed. The mainstream discourse on ecosystems valuation presumes that quantitative 

data on the economic value of ecosystems and biomes is the primary means of identifying 

solutions to climate change. This is an unfortunate direction as it may be leading us further 

away from the heart of the matter: to generate prosperity and improving human well-

being by means of forming actionable environmental management strategies. Currently, 

this mainstream discourse approach is being contested based on theory and experiences 

from ecosystem service valuations in various real life contexts. In the context of the 

SPICs, this paper proposes expanding the mainstream framework of ecosystem valuation 

to combine non-monetary valuation with social/group-based survey methods. The 

ecosystem valuation framework of a non-monetary social WTCommit approach could 

help elicit the underestimated values of ecosystems in low-income settings, and do so 

through a more democratic process of deliberation that incorporates the interests of the 

society as a whole. Although social valuation may consist of monetary elements, a non-

monetary valuation of ecosystems in the SPICs may identify if there are non-monetary 

resources in the communities with vulnerable ecosystems that may represent a stronger 

basis for action towards CCA and sustainable human development, than CCA and 

environmental management programs based on monetary resources. 

The mainstream approach to conducting  and forming  ecosystem valuation techniques 

is built upon the assumption that a linear relationship exists between monetary values and 

natural environments. The commonly adopted approach to ecosystem valuation reflects 

a reality in which capitalistic aspects of value are deemed to be of primary importance, 

thus disregarding the multitude of benefits that ecosystems provide for human lives. As a 

result, the opportunities for forming CCA strategies are restricted by the magnitude of 

their perceived financial contribution, and by individual budget constraints. Therefore, it 

is critically important to continue developing the mainstream discourse in the direction 

 approaches that enable deeper understandings of 

the complex set of values that ecosystems provide. Specifically for the SPICs, non-

monetary and social approaches to ecosystem valuation can make it possible to gain a 

more comprehensive understanding of how ecosystems support human life in these low-



income communities. In turn, this may identify new pathways towards building coastal 

communities more resilient to climate change. Finally, the social WTCommit framework 

presented in this paper could also facilitate actionable strategies for improving human 

welfare in vulnerable small-island societies. The combination of non-monetary valuation 

with group-based survey settings and deliberation will explore the reality and meaning of 

ecosystem values in the SPICs, rather than the commonly held beliefs and illusions about 
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Foreword 

This chapter explores the economic value of the deep-sea. Chapters 2 and 3 were 

predominantly focused on the economic value of coral reefs in specific settings. Chapter 

2 makes direct links to the deep-sea through the focus on deep-sea mining within the 

survey, but does not attempt to elicit any kind of estimates of the deep-

economic value. This chapter conducts a systematic review and meta-analysis of past 

literature on the economic value of the deep-sea. The purpose of undertaking a systematic 

review and meta-analysis is to integrate the findings of previous literature  in qualitative 

and quantitative terms  and to identify important areas for future research. Specifically, 

this chapter explores what is currently known about the deep-

if there is sufficient data to estimate the total economic contribution of the deep-sea to 

human societies. In contrast to the ecosystem of coral reefs, much remains unknown about 

the scientific aspects of the deep-

base about the extent to which the deep-sea contributes to human well-being is equally 

scarce. As such, chapter 4 makes a genuine contribution to the knowledge base on the 

economic value of the deep-  to the best of my 

knowledge  the first economic valuation of this asset. Finally, chapter 4 contributes to 

current research and policymaking by identifying the most pressing research gaps in 

economic and scientific research pertaining to the deep-sea.  
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Abstract: The deep sea has become an area of increasing interest due to the potential for 

mining the seafloor for valuable minerals. However, a critical knowledge gap in terms of 

understanding the economic value that the deep sea provides to societies makes it 

extremely difficult to estimate the long term economic impacts of mining activities. This 

article conducts a systematic review and meta-analysis of previous literature on the 

economic value of the deep sea, with the objective of integrating the findings of previous 

literature and identifying areas for future research. 25 studies were included in the 

systematic review, of which 15 were included in the meta-analysis. Although the 

systematic review reveals a lack of sufficient data to accurately estimate the economic 

value of the deep sea, the meta-analysis indicates that the functioning of the deep sea as 

an ecosystem significantly influences the economic value that it provides to society. The 

limited number of studies identified, along with the broad variety in their methods, scope, 

valuation perspective and purpose, emphasizes the need for future research into economic 

value-aspects of the deep sea. More importantly, this study reveals an urgent need for 

he resource is 

managed sustainably in the long-term. 

Keywords: deep sea, ecosystem value, deep sea mining, systematic review, meta-

analysis, ecosystem services 



4.1. Introduction 

The deep sea, defined as that part of the ocean deeper than 200 metres and beyond the 

shelf break, forms the largest ecosystem on the planet, providing ecosystem goods and 

services that are deemed crucial to supporting and sustaining human wellbeing [1-3]. For 

example, deep sea marine environments are crucial for nutrient cycling, carbon 

absorption and contain a diverse set of genetic resources and biological substances, many 

of which are unique to these environments [4-6]. Further, deep sea marine environments 

contain significant deposits of valuable minerals such as zinc, copper, gold and silver [7, 

8]. Until relatively recently it was neither technologically nor economically feasible to 

extract these deposits, leaving the ocean floor substantially unblemished by mining 

activity. This, however, is rapidly changing. Increasing mineral prices and the 

development of a process known as Deep Sea Mining (DSM) has opened the deep sea to 

mining exploration and exploitation [9]. DSM is an attractive proposition for investors, 

as mineral deposits are of a higher grade than those found on land and contain rare earth 

elements, which are an important component in new technologies within the clean energy, 

military and consumer electronics sectors [10].  

DSM can be undertaken to extract different forms of minerals from different types of 

ecosystems on the ocean floor. The most common source is high-grade polymetallic 

Seafloor Massive Sulphide (SMS) deposits found in the ecosystem of hydrothermal vents, 

which have been identified in the Manus Basin of Papua New Guinea, in the Atlantic 

Ocean and in the Red Sea [8, 11, 12]. Hydrothermal vents are most likely to be mined 

because of their high concentration of copper, zinc, gold and silver [13]. Other sources of 

minerals in the deep ocean floor include polymetallic nodules, manganese crusts and 

metalliferous muds [7], many of which are found in the ecosystem of abyssal plains, at 

depths of 4,000  4,200 m [14]. 

In response to investor demand, a large number of DSM exploration licenses have been 

granted in international waters governed by the International Seabed Authority (an 

autonomous international organization established under the 1982 United Nations 

Convention on the Law of the Sea) as well as within the exclusive economic zones of 

many coastal nations. The current extent of exploration licenses is difficult to ascertain, 

however reports suggest that exploration licenses have been granted for more than 

1.5 million km2 of the Pacific Ocean floor alone [15, 16]. 



While to date only one country (Papua New Guinea) has granted a license to mine the 

deep sea, the rapid development of the industry is cause for much concern given the 

importance of the deep sea as an ecological asset, and given the myriad of uncertainties 

that surround DSM and its environmental and social impacts. As noted by The World 

Bank in their report on the management of DSM in the Pacific [10]: 

In response to suggestions of large potential revenue streams, many nations 

have granted exploration permits even as regulatory and institutional 

capacities remain weak and environmental and social impacts are still yet to 

be fully understood. There are material information gaps, for which 

economic, environmental and social impacts remain uncertain and that carry 

an element of risk into these development schemes. 

Of further cause for concern is that The World Bank considers a key driver of interest 

and investment in DSM to be [10]: 

al externalities that derive 

from DSM can remain undetected in the short run (across the short 

anticipated mine lives), or that their impacts will be felt further afield, and 

may not be immediately identified as resulting from DSM. 

These concerns have led The World Bank to recommend that the precautionary principle 

be applied and that sound cost-benefit analyses of proposed DSM projects be undertaken 

before they proceed. Unfortunately, there are large information gaps that make 

undertaking a cost-benefit analysis very difficult, if not impossible. One critical gap is a 

lack of understanding of the value (in monetary terms) of the ecosystem services provided 

by the deep sea in its current state  it is this value that is potentially at risk from DSM. 

It should be emphasized that the environmental impacts from DSM differ considerably 

from the environmental impacts from deep sea fishing, e.g. deep sea trawling. These 

differences will be discussed in further detail in later sections. 

The purpose of this paper is to conduct a systematic review and meta-analysis of the 

economic value of the deep sea in order to address three questions: (1) What is currently 

known about the economic value of the deep sea? (2) Do sufficient data exist to estimate 

the value of the deep sea in monetary terms? (3) What are the future research priorities in 

this area? To the best of our knowledge, no previous study has previously conducted 

either a systematic review or a meta-analysis on the economic value of the deep sea. 



The paper is structured as follows: Section 2 describes in detail the methodological 

process of conducting the systematic review and meta-analysis, and summarises the 

included studies. Section 3 covers the meta-analysis, where the theoretical background 

for building the statistical model is outlined and explained, and the results of the meta-

analysis are presented and interpreted. Section 4 discusses the results of both the 

systematic review and the meta-analysis, and draws lessons from these by identifying 

future research priorities for those seeking to better understand the economic value of the 

deep sea. Section 5 concludes. 

 

4.2. Method: Systematic Review 

The objective of this study is to integrate the findings of previous literature on the deep 

-analysis. A 

pirical 

evidence that fits pre-specified eligibility criteria in order to answer a specific research 

[17]. A systematic review is qualitative in nature and does not necessarily 

include a meta-analysis. However, it is common for a systematic review to include a meta-

analysis, as this makes it possible to conduct a statistical summary of the literature 

identified in the review. Glass [18] defines a meta-

of a large collection of analysis results from individual studies for the purpose of 

integrating the findings. It connotes a rigorous alternative to the casual, narrative 

principles of the PRISMA framework (Preferred Reporting Items for Systematic Reviews 

and Meta-analysis) set forth by the Cochrane Collaboration [17, 19]. 

The literature included in both the systematic review and the meta-analysis were 

identified through a three step process: (1) identification of literature via various 

databases and search engines; (2) screening of the identified literature to ensure 

appropriateness for the research questions of this study; and (3) eligibility assessment in 

which pre-specified eligibility criteria had to be satisfied in order to be included in the 

subsequent meta-analysis. These steps are described in detail below. 

 



4.2.1. Identification of literature 

First, all of the relevant literature was identified through an initial search. This was done 

by searching databases and search engines with the search terms [Table 1]. Literature 

available on-line as of September 2016 was included in the identification process, but 

literature published prior to 1990 was excluded. Because the economic value of the deep 

sea presents such a significant research gap in academic literature, the literature identified 

included peer-reviewed academic journal articles as well as grey literature, e.g. working 

papers, un-published PhD dissertations and conferences proceedings from credible 

sources, e.g. government websites. However, internet- and news articles were excluded 

from further assessment, as were literature from sources deemed non-credible. Searches 

because search results beyond the 100th result led to literature of little relevance. The 

initial search led to the identification of 708 papers. Of these, 219 papers were duplicates.  

 

Table 1 

Search terms and engines 

Databases/Search Engines Search terms 

Google Scholar (GS) 

ScienceDirect (SD) 

EconLit (EL) 

Google (G) 

Deep sea AND value: GS, G, SD, EL (no date, and 2016) 

Deep sea AND benefit: GS, G, SD, EL (no date, and 2016) 

Deep sea AND cost: GS, G, SD, EL (no date, and 2016) 

Deep sea AND monetary: SD, EL, G, GS (no date, and 2016) 

Deep sea AND dollar: G, GS, SD, EL (no date, and 2016) 

Ocean AND value: G, GS, SD, EL (no date and 2015, 2016), 

Ocean AND benefit: G, GS,SD, EL (no date and 2015) 

Ocean AND cost: EL, SD, G, GS (no date and 2015) 

Ocean AND monetary: GS, G, EL, SD (no date and 2016) 

Ocean AND dollar: G, GS , SD, EL (no date and 2016) 

 

 

  



4.2.2. Screening 

The remaining 489 research papers went through a screening process. Special attention 

was given to studies that investigate the relationship between the environmental goods 

and services of the deep sea and economic outputs, e.g. cost, revenue, net benefits, etc. 

Studies that exclusively investigate non-economic aspects of the deep sea, such as 

geophysics, biology, oceanography, etc. were excluded from further assessment. Studies 

were included for further eligibility assessment if they specifically investigated an 

economic value- aspect of the deep sea or open ocean, e.g. the economic revenue of deep 

sea fishing in a particular area [e.g. 20]. Studies that assess the economic value of coastal 

ecosystems, such as coral reefs and mangroves, were excluded from further eligibility 

assessment as these ecosystems lie outside of the realm of the deep sea. From the 

screening process, 65 papers included economic value assessments relevant to the 

research questions, whereas the remaining 424 papers were excluded as these did not 

produce economic value estimates relevant for the research questions. Next, the 65 papers 

were assessed for eligibility. 

 

4.2.3. Eligibility and exclusion 

The 65 papers assessed for inclusion in the systematic review and meta-analysis went 

through several stages of eligibility assessment [Table 2]. The results are depicted below 

[Figure1]. First, papers were deemed eligible for inclusion if they estimated a monetary 

value of one or more marine ecosystems related to the deep sea. Papers that estimate the 

economic value of broader aspects of marine systems, e.g. the pharmaceutical value of 

global marine biodiversity [e.g. 21] were excluded for further assessment. However, the 

authors would like to acknowledge that the exclusion of papers that estimate the value of 

marine biodiversity may have led to the exclusion of important monetary estimates. It is 

almost impos

of the biodiversity-value the deep sea generates because marine ecosystems exchange 

vital ecosystem goods and services. Nonetheless, the ambiguity of ecosystem limits and 

the difficulty of separating the economic values of the deep sea from other marine 

ecosystems can also lead to important insights. The difficulty of deciding where the value 

bal 

marine biodiversity, or simply aspects of marine biodiversity [e.g. 2, 21, 22], these papers 



make it clear that the limits of biodiversity are ambiguous, i.e. the marine biodiversity of 

the deep sea contributes to the marine biodiversity of other marine ecosystems, and vice 

versa. Whereas coastal areas can be excluded from further assessment, a few studies that 

estimate the economic value of the open ocean have been included as the deep sea 

constitutes the majority of the open ocean. The merits and shortcomings of this inclusion 

will be discussed later.  

Second, papers were excluded from the systematic review and meta-analysis if they 

discussed aspects of marine ecosystem values without also estimating a monetary value 

of marine ecosystems. However, some of the excluded papers discuss relevant aspects of 

the value of marine ecosystems in relation to their quality, importance or functioning [e.g. 

21, 23]. Even though these papers were excluded from further assessment, their 

viewpoints and qualitative findings have been included in the discussion of the results of 

this paper (section 4) in order to draw lessons on the implications of the findings, put 

results into perspective and identify important research gaps for methodological 

advancement in ecosystem valuation. 

  



Table 2 

Eligibility and exclusion criteria. 

Criterion Eligibility criteria Exclusion criteria 

Timeline or period After 1990; Before 30 Sept 

2016 

Before 1990; After 1 Oct 2016 

Language English Non-English 

Literature Type Peer-reviewed in academic 

journals, grey literature, 

working papers from credible 

institutes and sources; un-

published PhD dissertations or 

working papers, conference 

proceedings 

Internet articles; power point 

presentations, non-credible 

sources, news items 

Publication Status Published and/or available on-

line 
Others, e.g. published but 

unavailable sources 

Sector Deep sea, open ocean1 Coastal marine ecosystems, 

such as mangroves or coral 

reefs; terrestrial ecosystems 

Locations Global, region- and country-

specific 
Coastal locations, such as 

mangroves, coral reefs etc. 

General Topics Monetary estimates of deep sea-

value, or of an aspect of the 

deep sea or open ocean 

Failure to estimate or identify a 

new monetary value based on 

research methodology2 

Methodologies (e.g. 

quality of research) 

Discrete choice experiments, 

contingent valuation, cost-

benefit analysis, economic 

impact assessment, net value, 

present value 

Non-economic methodologies 

related to (e.g.) Geophysics, 

biology, geography, chemistry, 

oceanography, politics, 

topography etc.; or secondary 

estimates reported from other 

literature 

1 A few studies that estimate the economic value of the open ocean, including the deep sea as an 

ecosystem 
2 Except for Foley, et al. [20] 

  



Figure 1 Screening of studies 

Records identified from database 
searches and screened for duplicates

(n = 708)

Duplicates removed
(n= 219)

Records excluded
(n = 424)

Records eligible for inclusion
(n = 65)

Records excluded
(n = 40)

Studies included in synthesis
(n = 25)

Records screened for relevance
(n = 489)

This diagram was constructed according to American Psychological Association Meta-Analysis 

Reporting Standards [21]. 

 

 

4.2.4. Overview of included studies 

As a method for organising the literature, this review groups studies according to the type 

of ecosystem service that the study is seeking to value, as developed by the Millennium 

Ecosystem Assessment [24]. The Millennium Ecosystem Assessment groups ecosystem 

services according to the following four categories: (1) Provisioning services  the 

products used by humans that are obtained directly from habitats and ecosystems (e.g. 

fish, minerals); (2) Regulating services  the benefits obtained through the natural 



regulation of habitats and ecosystem processes (e.g. climate regulation, carbon 

sequestration); (3) Cultural services  the non-material benefits people obtain from 

habitats and ecosystems (e.g. recreation, aesthetic enjoyment); and (4) Supporting 

services  nutrient cycling, primary production etc. [3]. However, none of the included 

studies produce monetary estimates for supporting services. For that reason, this paper 

groups the monetary values in the studies according to provisioning, regulating and 

cultural services  but not supporting services. In addition to these three groups, one 

estimates that represent two or more ecosystem service categories. It should be 

emphasized that economic value estimates from studies that estimate the loss or cost of 

certain deep-

estimates represent losses in provisioning services. An overview of the studies included 

in the systematic review, describing the type of ecosystem services being valued and the 

method of valuation is provided as [Appendix A]. 

 

4.2.5. Review of studies included in the systematic review. 

The existing literature on the monetary valuation of deep-sea values is extremely diverse 

and differs in scope, purpose and methodology. A few studies have estimated the 

monetary value of the open ocean25 [e.g. 25, 26-28]. These studies estimate either the 

total monetary value of the global open ocean in a particular year, or the unit-value of the 

-value per hectare per year. Other 

 (WTP) for specific features or aspects of the 

deep sea. For example, Ressurreição, Gibbons, Dentinho, Kaiser, Santos and Edwards-

Jones [29] and León, Araña and Melián [30] employ the contingent valuation method to 

estimate the WTP of visitors to the Azores and Spain, respectively, to preserve marine 

Jobstvogt, Hanley, 

Hynes, Kenter and Witte [1] and Aanesen, Armstrong, Czajkowski, Falk-Petersen, 

Hanley and Navrud [31] rotecting or preserving ecologically 

important aspects of the deep sea, e.g. cold-water corals or deep sea-biodiversity, in 

Scotland and Norway respectively.  

25 e. it includes the deep 
sea and the non-coastal epipelagic zone at depths lesser than 200m. 



Several studies investigate the market value of country-specific areas of the deep sea, 

either by estimating the present value, or net value added, of ecosystems goods and 

services provided by the deep sea. Most of these studies are concerned with the market 

value of landed deep sea-ecosystem goods, such as fish species, bottled deep-sea water 

and cold-water corals [e.g. 20, 32, 33-37]. However, a small number of studies estimate 

the potential market value of ecosystem goods, e.g. the market value of the existing (non-

landed) krill stock in the Southern Oceans [38] or the possible gross revenue from DSM 

operations [e.g. 12, 39, 40] in specific locations. Another group of studies [e.g. 2, 41, 42, 

43] assess and estimate the economic cost of environmental damage in the deep sea, e.g. 

the cost of oil spills, or the cost of restoring ecosystem services following environmental 

damage from DSM activities.  

A few studies provide more specific estimates of particular actions or value potentials of 

human interaction with deep sea resources. For instance, Armstrong, Foley, Tinch and 

van den Hove [32] estimate the annual CO2 tax money saved by injecting CO2 into deep 

sea grit formations in Norway; along with the global economic value of carbon absorbed 

-enzymes. In two 

recent studies, Vendeville, Fadhel, Magraoui and Sacchi [44] estimate the annual increase 

in economic profit and rent from better environmental management of the deep-water 

rose shrimp trawl fisheries in Tunisia, and Mangi, Kenny, Readdy, Posen, Ribeiro-Santos, 

Neat and Burns [45] estimate the economic reduction in vessel wages and gross value 

added from changes to deep sea fishing regulations in the EU, using the UK as a case 

study. 

Most of the studies included in the systematic review of the economic value estimates of 

the deep sea are restricted to a country or a regional area, i.e. their economic analysis is 

not applicable to the global deep sea-area. The results of the studies are extremely varied, 

and the monetary estimates they produce are influenced by the area studied, methodology 

and purpose of conducting the economic valuation. A variety of methods are employed, 

such as cost-benefit analysis, empirical analysis of economic values, data interpolation, 

non-market valuation methods and economic impact assessments. The monetary 

estimates are typically expressed either as a total cost, revenue or net-benefit,26 or as a 

unit-value, e.g. economic output / ha / year. The unit values are average values, which 

26 Net benefit = revenue - cost 



differs from marginal values. Unfortunately, this is a limitation of the studies included in 

the systematic review as information based on marginal values is more useful for guiding 

policy.  

 

4.2.6. Value perspectives in the context of ecosystem services 

It should be emphasized that the environmental damage from DSM activities on the deep-

sea environment differs substantially from the environmental damage from deep-sea 

fisheries on deep-sea cold water corals and sponges. The DSM process involves several 

types of direct damages to the deep-sea environment, including direct damage to benthos 

organisms27, resedimentation and discharges of particulates, and potential upwelling and 

ocean pollution [9, 46, 47]. Environmental damage to cold water corals in the deep sea 

can occur because of DSM activities, but also because of deep-sea trawling (deep-sea 

fishing) and ocean acidification [48]. Therefore, the economic values derived from DSM 

and deep-sea fisheries differ substantially, as do the environmental costs associated with 

each of these activities. 

The literature generally reports use- and/or non-use value(s) of regulating, provisioning 

and cultural ecosystem services delivered by the deep sea ecosystem. These ecosystem 

services deliver benefits to society by changing human wellbeing, either through direct 

use (e.g. fisheries catch for final consumption), indirect use (e.g. krill catch and deep sea 

enzymes as inputs to the production process) or non-use (e.g. knowledge that deep sea 

biodiversity is conserved via improved environmental management) pathways [49]. The 

benefits of these ecosystem service deliveries could be valued from an economic welfare 

perspective or from an accounting value perspective. From an economic welfare 

appropriate measure of the total net benefit delivered to consumers and producers [50-

52]

By definition, the economic perspective includes opportunity costs and the value of non-

market goods and services. From a national accounting perspective, the value that 

ecosystem services deliver is reported as the product of exchange prices and exchange 

quantities for the goods and services concerned. These exchange prices and quantities are 

27 Benthos refers to the collection or organisms that live on or in the ocean floor, including flora and fauna 



usually derived from market transactions for marketed good and services [53]. The 

product of exchange prices and exchange quantities, or exchange values, are defined as 

[54]. 

The distinction between the economic welfare and accounting value perspectives is 

retained in the subsequent meta-analysis. Replacement cost is also included as a third 

valuation perspective. Replacement cost assigns a value to an ecosystem service by 

determining the minimum cost that would be required to replicate the function delivered 

by the ecosystem service if the service ceased to provide that function (e.g. the cost of 

replacing or restoring the damaged deep-sea bed following DSM activities). Replacement 

with the unit cost of the least expensive alternative 

mechanism for delivering the desired function in the absence of the original ecosystem 

service.  

 

 

4.3. Meta-analysis 

The purpose of the meta-analysis in this paper is to investigate potential systematic trends 

that may be present amongst the wide-ranging studies on the economic value of the deep 

sea, and to identify if there are factors that influence these values. From the outset it 

should be acknowledged that the broad variety of the studies included in the systematic 

review makes it difficult to standardize and compare their results in statistical terms. The 

following sub-sections explain how the values, as reported in primary studies, are 

standardised, followed by descriptions on moderator variables, and the meta-regression 

models. The final sub-section presents results. 

 

4.3.1. The value of the deep sea 

The 25 studies identified [Figure 1] for further review report a wide range of values as 

either (welfare-consistent) net benefits, exchange values or replacement costs for the 

deep-sea ecosystems. To conduct a meta-analysis, there is a minimal requirement that the 

dependent variable is measuring the same economic concept across observations [55]. 

-



and type of the good being valued [56]. Previous meta-analyses on the value of marine 

and coastal resources [26, 57] and wetland resources [58, 59], take into account 

differences in reported time periods, areas of study and currencies by standardising the 

values into a common spatial, temporal and currency unit expressed as International 

dollars per area per time period  e.g. Int. $ / ha / year.  

This paper follows this approach by restricting primary studies for inclusion in the 

metadata to those reporting the monetary value at a spatial scale that can be easily defined. 

This requirement eliminates 5 of the 25 primary studies from inclusion in the metadata. 

Some of the remaining 20 primary studies report valuation of the deep-sea resources in 

terms of WTP [1, 29-31]. These WTP (either per person or per household) require 

information on the relevant population and size of the study area, which is currently 

unavailable. Thus a further 5 studies are excluded leaving only a subset of 15 primary 

studies that are deemed to be reporting value estimates that would meet the minimal level 

-

observations to be included in the meta-analysis. A summary of the primary studies is 

shown below [Table 3]. 

Study sources include journal articles, reports and working papers, conducted between 

2003 and 2016. Just under half of the primary studies provide multiple estimates of the 

deep sea value, and the inclusion of multiple observations from the same study to increase 

the sample size is a common practice in meta-analysis [55]. Aiming to achieve effect-size 

consistency criterion at the minimum, the categorisation by value perspective is retained 

in this meta-analysis section. The net benefits group consists of net benefit estimates (i.e. 

net present value of a proposed project, or net values of deep-sea ecosystem services 

delivered to society). Included within this group is a paper by Sumaila, Cisneros-

Montemayor, Dyck, Huang, Cheung, Jacquet, Kleisner, Lam, McCrea-Strub, Swartz and 

Watson [6] who produce estimates of the loss in revenue, profit and wages as a result of 

the Deepwater Horizon oil spill in the Gulf of Mexico. This loss in revenue, profit and 

wages is assumed to indicate the (foregone) net benefit of the deep-sea natural resources 

to society, and therefore is recorded as a positive value in the metadata, i.e. 1.37 billion 

rather than -1.37 billion. It is however, worth noting that the net benefits from this study 

is biased upward from the true welfare-consistent value because wages indicate the cost 

of using labour as an economic input.   



The replacement cost category of value refers to the costs of undertaking rehabilitation 

activities to restore the flows of ecosystem services which may be impaired as a result of 

natural resource exploitation. Given the extremely sparse primary valuation studies on 

the economic value of the deep sea, the cost of restoration (i.e. replacement cost) is used 

as an estimate of the value, assuming that society would be willing to pay those costs to 

restore the functions of the deep-sea ecosystems. In this instance, the cost of restoration 

is recorded in the regression dataset as a positive value, i.e. 23,172 rather than -23,172. 

Similarly, studies which report the value of ecosystem services lost or impacts following 

a DSM operation are also recorded as a positive value in the regression dataset [42, 43]. 

  



Table 3 
Primary studies included meta-data (15 studies, 35 observations) 

Author & 
year 

Title Valuation 
perspective 

Site Obs Type of 
publication 

Value range 
(Int. $ 2011) 

Armstrong 
et al. 
(2010) 

Ecosystem goods and services of 
the deep sea.  

Net benefit Norway, 
Europe, 
Global 

2 Report 51.65 to 112 
billion 

Batker & 
Schmidt 
(2015) 

Environmental and Social 
Benchmarking Analysis of 
Nautilus Minerals Inc. Solwara 1 
Project.  

Replacement 
cost 

PNG 2 Report 23,172 to 

18.58 
million 

Bertram et 
al. (2011) 

Metalliferous sediments in the 
Atlantis II Deep Assessing the 
geological and economic resource 
potential and legal constraints.  

Exchange 
value 

Red Sea 
(Saudi 
Arabia/ 
Sudan) 

1 Journal 
article 

362 billion 
 

Binney & 
Fleming 
(2016) 

Counting the Potential Cost of 
Deep Sea-bed Mining to Fiji.  

Net benefit Fiji 2 Report 1.18 to 
24,314 

Cardno 
(2016) 

An Assessment of the Costs and 
Benefits of Mining Deep-sea 
Minerals in the Pacific Island 
Region: Deep-sea Mining. 

Net benefit, 
Replacement 

cost 

PNG, 
Cook 

Islands, 
RMI 

5 Report 235,351 to 
42.87 

million 

Costanza 
et al. 
(2014) 

Changes in the global value of 
ecosystem services.  

Net benefit Global 1 Journal 
article 

7.01 
 

de Groot et 
al. (2012) 

Global estimates of the value of 
ecosystems and their services in 
monetary units.  

Net benefit Global 1 Journal 
article 

1.43 
 

Grant et al. 
(2013) 

Ecosystem services of the 
Southern Ocean: Trade-offs in 
decision-making.  

Exchange 
value 

Southern 
Ocean 

(Antarctic) 

1 Journal 
article 

473 million 
 

Jin, 
Hoagland 
& Wikgren 
(2013) 

An empirical analysis of the 
economic value of ocean space 
associated with commercial 
fishing.  

Exchange 
value 

Gulf of 
Maine, 

U.S. 

1 Journal 
article 

145,643 
 

Li & Fang 
(2014) 

Global mapping and estimation of 
ecosystem services values and 
gross domestic product 

Net benefit Global 1 Journal 
article 

5.28 

 
Murillas
Maza et al. 
(2011) 

The value of open ocean 
ecosystems: A case study for the 
Spanish exclusive economic zone.  

Net benefit Spain 8 Journal 
article 

29.5 million 
to 5.05 
billion 

Pendleton 
et al. 
(2014) 

Assessing the value of marine and 
coastal ecosystem services in the 
Sargasso Sea.  

Net benefit Sargasso 
Sea 

6 Working 
paper 

33,385 to 

274.25 
million 

Seidel & 
Lal (2010) 

Economic Value of the Pacific 
Ocean to the Pacific Island 
Countries and Territories  

Exchange 
value 

Pacific 
Islands 

1 Report 1.39 trillion 
 

Sumaila et 
al. (2012) 

Impact of the Deepwater Horizon 
well blowout on the economics of 
US Gulf fisheries 

Net benefit Mexico 1 Journal 
article 

1.37 billion 
 

Van Dover 
et al. 
(2014) 

Ecological restoration in the deep 
sea: Desiderata  

Net benefit PNG, 
Scotland 

2 Journal 
article 

1.13 to 

1.26 million

 



The exchange value category refers to estimates of the market value of extracted natural 

resources that are traded in commodity markets such as commercial fish catch [35], krill 

catch [38], minerals [12, 40], and enzymes [32]. 

Of the 35 observations included in the meta-analysis, 25 observations reflect net benefit 

estimates, and the remaining 10 observations reflect replacement cost and exchange 

values equally. Net benefit, replacement cost and exchange values for all studies are 

standardised to 2011 International dollars per km2 per year (I$/km2/year), following 

similar procedures described in de Groot et al [26]. Local currencies are standardised to 

International dollars using official datasets on exchange rates, GDP deflators and 

purchasing power parity conversion factors based on World Bank Development 

Indicators [60] for all countries in the dataset with the exception of Taiwan, where the 

relevant statistic

Outlook [61]. If net benefits and replacement 

values are annualised using the discount rate and number of periods reported in the 

primary valuation study [57, 58] or a 7% rate in the two primary studies (3 observations) 

that did not state a discount rate [58].28 Finally, annual deep sea values are converted into 

annual value per km2 using the area provided in the studies. Values are wide ranging 

spanning between 0.01 I$/km2/year to 6 billion I$/km2/year with a median value of 337 

I$/km2/year. The majority of observations (69%) have values less than 5,000 I$/km2/year.  

 

4.3.2. Moderator variables 

Like the systematic review, the value-observations in the meta-analysis dataset are 

categorised according to the ecosystem service categories of provisioning, regulating, 

cultural and total services. This categorisation, ES, expressed as dummy variables, forms 

the first group of moderators, which is similar to a meta-analysis by Reynaud & 

Lanzanova [59]. 

The second group of moderator variables, SC, control for specific characteristics of the 

primary studies, namely, valuation perspective (net benefit, replacement cost or exchange 

values) and whether or not the study is published in a peer-reviewed academic journal 

28 This discount rate is chosen as it is the most commonly employed discount rate in the studies contained 
within our dataset. 



article29. The final group of moderator variables, OTH, refers to the scale (country, 

regional or global), whether the primary study is about deep sea mining, and whether the 

study is strictly referring to ecosystem services arising from deep sea ecosystems stocks, 

i.e. excluding open ocean-studies. All moderators are represented as dummy variables, 

noting that replacementcost is a baseline value for the valuation perspective moderators. 

A summary of descriptive statistics of the dependent and moderator variables are shown 

below [Table 4]. 

 

Table 4 

Descriptive statistics for meta-analysis 

Variable Description Mean Std. Dev. 

Dependent Variable    

 lny  Value of the deep sea in millions of I$/km2/year. The dependent 

variable is in natural log form (summary statistics are not in log 

form) 

244 1,059 

Moderator Variables: Ecosystem Services (ES)   

 provisioning Provisioning ecosystem services is provided (=1) 0.371 0.490 

 regulating Regulating ecosystem services is provided (=1) 0.143 0.355 

 cultural  Cultural ecosystem services is provided (=1) 0.114 0.322 

 total_es Total ecosystem services is provided (=1) 0.086 0.284 

Moderator variables: characteristics of the study (SC)   

 Valuation Perspective   

  netbenefit Value is categorised as net benefit (=1) 0.714 0.458 

  exchangevalue  Value is categorised as exchange value (=1) 0.143 0.355 

  replacementcost Baseline valuation perspective  0.143 0.355 

 refjournal Study has been published in a refereed journal (=1) 0.457 0.505 

Moderator variables: Other relevant drivers (OTH)   

 deepsea  Whether study is strictly about the deep sea (=1) 0.486 0.507 

 scale Categorical variable describing the scale of study (expressed in 

increasing order: national, regional, global) 

1.571 0.739 

 dsmspecific Whether study is about deep sea mining (=1) 0.342 0.481 

29 There is a possibility that the dummy variable refjournal and the choice of valuation perspective 
variable are in some sense endogenous. This issue is problematic to address, however, because it is 
difficult to find valid instruments which are correlated to refjournal and valuation perspective but 
uncorrelated with the model error term. 



4.3.3. The meta-regression model 

The dependent variable in the regression model is the natural logarithm of deep sea values 

measured in 2011 I$/km2/year, labelled lny. The estimated regression model for the meta-

analysis is specified as follows: 

 

where the subscript i is an index for the value observation in study j;  is a constant term; 

,  and  are vectors containing the coefficients to be estimated for the moderator 

variables ES (ecosystem service categories), SC (study characteristics) and OTH (other 

 

As recommended in the meta-analysis literature [55], the model in equation 1 is estimated 

following a random-effects panel data approach with robust standard errors to 

accommodate potential correlation among observations belonging to the same primary 

study [56, 59] as well as to accommodate between-study autocorrelation [59]. Under the 

random-effects panel data approach, the error term in equation (1) is split into two 

components, µj and ij, to represent study-level and observation-level error terms, 

respectively. It is assumed that these two error components are uncorrelated with zero 

means {  and }[59] and separate estimable variances {

}. 

 

4.3.4. Results of the meta-regressions 

The results of the meta-regressions with and without the vector SC of study characteristics 

moderators are presented below [Table 5]. Model 2 (with SC moderators) delivers a 

somewhat better fit based on overall R2. Both models identify statistically significant 

increases in valuation estimates if provisioning, regulating

services are included in the valuation assessment. Whether or not the study is strictly 

about the deep sea (i.e. excluding open ocean-studies) also has a significant effect. The 

variable representing the scale of the study changes from being statistically significant at 

10 percent level in Model 1 to not being statistically significant in Model 2; otherwise the 

signs of significant coefficients are similar between the two models. Since the SC 

moderator variables are individually and jointly not statistically significant based on a 

Wald test of joint significance of a subset of regressors (p-value = 0.2856), Model 1 is 



considered superior to Model 2 because more efficient estimates are obtained without the 

inclusion of the SC variables.  

Three of the four ecosystem service categories, provisioning, regulating and cultural, 

have similar coefficient estimates, particularly in Model 1. This suggests that inclusion 

of any one of these ecosystem service categories increases the estimated value of the deep 

sea, by an approximately equivalent amount, all else remaining unchanged. This increase 

in the estimated value of the deep sea when ecosystem services are included in the 

valuation is much greater for Model 2. Specifically, the coefficient for provisioning ES 

in Model 1 implies that primary studies which include an estimate of the provisioning 

value of the deep sea are, on average, 123%30 higher than comparable primary studies 

which do not. Similarly, across both models, studies that focus strictly on the deep sea 

are found to generate a substantially higher valuation compared to studies that do not. 

Increasing the scale of the study (national to regional to global) decreases the predicted 

value of the deep sea.  

  

30 The exact percentage difference in the predicted value of the dependent variable given the two values 
of the binary variable is given by . See [62] J. Wooldridge, Introductory 
Econometrics: A Modern Approach, 3rd ed., Thomson South-Western, USA, 2006. 



Table 5. 

Meta-regression results with and without study characteristics (SC) moderators 

 Model 

Variable 1 
(SE) 

2 
(SE) 

Intercept 5.027 
(4.84) 

2.467 
(6.36) 

Moderator variables: Ecosystem Services (ES)  

Provisioning 4.819*** 
(1.45) 

7. 462* 
(4.13) 

Regulating 4.906*** 
(1.26) 

6.737* 
(4.015) 

Cultural 4.794*** 
(1.47) 

7.509* 
(4.48) 

Total 12.705** 
(5.25) 

12.181* 
(7.18) 

Moderator variables: Characteristics of the study for valuation perspective (SC) 

Net-benefit  -2.633 
(4.27) 

Exchange value  -6.125 
(5.10) 

Refereed journal  3.080 
(3.60) 

Moderator variables: Other relevant drivers (OTH)  

Deep sea 13.158** 
(5.37) 

13.876** 
(6.24) 

Scale -5.469* 
(3.00) 

-4.248 
(3.60) 

DSM specific -0.173 
(5.00) 

1.005 
(6.20) 

n 35 35 

R2 within 0.131 0.098 

R2 between 0.553 0.634 

R2 overall 0.571 0.617 

 5.137 4.990 

***,**,* are significant at the 1%, 5% and 10% levels, respectively. Values in parentheses 
represent the standard errors. 

 



4.4. Discussion 

The fact that the studies included in this systematic review are extremely diverse in terms 

of the geographical area of study, methodology employed, valuation perspective and 

motivation, makes it increasingly difficult to integrate the findings in order to answer the 

pre-specified research questions. Like previous meta-analysis studies [58, 63] this study 

seeks to identify which factors influence the economic value of a specific ecosystem, i.e. 

the deep sea. However, the studies included in this systematic review are so varied that it 

is impossible with any confidence to estimate the (total) value of the deep sea in monetary 

terms, let alone determine how much (or how little) is known about the economic value 

of the deep sea as an ecosystem. Nonetheless, the systematic review and the meta-analysis 

results point to a few factors that influence the economic value of the deep sea.  

 

4.4.1. Insights from systematic review 

The most obvious finding of the systematic review is that the economic value of the deep 

sea depends, by and large, on how societal and economic aspects interact with deep sea-

resources. This is evident from several of the papers. First, Sumaila, Cisneros-

Montemayor, Dyck, Huang, Cheung, Jacquet, Kleisner, Lam, McCrea-Strub, Swartz and 

Watson [6] estimate the economic loss that society will experience as a consequence of 

the Deepwater Horizon oil spill in Mexico in 2012. This loss  or foregone net benefit  

Hewamanage [20] estimates the economic efficiency of the deep sea fishing fleet of Sri 

Lanka by means of the annual net profit of deep sea vessels. This profit depends heavily 

on multiple economic aspects, such as (i) the capacity of vessels, (ii) capital costs, (iii) 

sales price of deep sea catches on-the-ground, etc. Third, Armstrong, Foley, Tinch and 

van den Hove [32] estimate the amount of CO2 tax money saved by the Norwegian people 

from injecting CO2 into a deep sea grit formation in Norwegian waters. The magnitude 

2 

tax-rate, the efficiency of the grit and other economic and engineering aspects  in short, 

societies. Fourth, Grant, Hill, Trathan and Murphy [38] estimate the market value of the 

standing stock of krill in the Southern Ocean to be around $ 473 billion (2011 Int. $). 

However, the future market value of the krill stock is heavily influenced by how humans 



utilise the current krill stock in the Southern Ocean. Human intervention has the capacity 

to decrease or increase the future market value of landings depending on (i) how over-

fishing is managed, (ii) whether operation- and capital costs of deep-sea fishing gear 

decreases or increases, or (iii) whether the demand for krill increases or decreases  higher 

demand leading to higher market prices. Fifth, the profitability of conducting deep sea 

mining-activities [2, 12, 39, 40, 42] will depend heavily on the sales price of the extracted 

deep sea minerals, the cost of conducting deep sea mining-activities, the willingness of 

society to accept ecological restoration costs,31 etc. Finally, the laws and regulations that 

apply to human activities in the deep sea also influence the economic value that the deep 

 and will  provide to human societies. This is evident in the study 

exploring how changes in EU Regulations on deep sea catches will influence the profit 

derived from deep sea fishing [45]. 

 

4.4.2. Insights from meta-analysis  

The meta-analysis conducted in this paper managed to identify a few factors that 

influence the economic value derived from the deep sea. These are mainly related to the 

specific ecosystem services that the deep sea provides to human societies, e.g. 

provisioning, regulating and cultural services. More importantly, the results indicate that 

of high economic importance due to the high coefficient and statistical significance for 

this variable. Lastly, the results point to a high economic value of the deep sea in 

comparison with the ecosystem of the open ocean. Nonetheless, it has to be emphasized 

that the meta-analysis merely investigates which systematic trends may affect the 

monetary value of the deep sea. Given the limited number of studies, it is by no means 

conclusive in terms of concluding which factors determine or shape the economic value 

of the deep sea. The fact that only 25 papers were included in the systematic review and 

only 15 were included in the meta-analysis may have led to significant bias in the results. 

However, the study by Ojea and Martin-Ortega [63] also only identified 25 studies for 

their meta-analysis on ecosystem service values of tropical forests in South and Central 

America. This highlights the tremendous research gap in the literature on ecosystem 

31 
(hypothetically) cost to restore ecosystems from deep sea mining damage  not necessarily what it will 
actually cost to do so.  



valuation for specific ecosystems, and the urgent need for future research into ecosystem 

values. 

 

4.4.3. Limitations of this study 

In spite of the statistically significant results and the lessons drawn from this meta-

analysis, a few considerable limitations of this study must be emphasized. First, the lack 

of studies on the economic value of the deep sea resulted in a low number of observations 

which leads to the meta-regression suffering from limited degrees of freedom. There is a 

possibility that the meta-regression may be over-fitted as a consequence. Second, the 

meta-data may suffer from sample selection bias arising from the literature selection 

process described in Section 2. This sample selection process ensured that only the most 

relevant studies were included, in line with standard practice in systematic review 

methodology, as outlined in previous sections. There remains, however, a risk that the 

selected sample is not random, and therefore the meta-regression results may be found by 

chance and do not truly reflect the target population of the full set of valuation studies 

conducted for the deep sea. Third, the metadata-set contains a few observations with very 

focus on the economic profits or restoration costs associated with DSM activities, while 

few focus on the economic value of the functioning of the deep sea as an ecosystem, 

which is also likely to have affected our results. Fifth, the fact that the metadata was 

categorised into three broad categories of net benefit, exchange value, and replacement 

costs may have eliminated the possibility of distinguishing the difference between the 

economic values that, say, DSM and deep-sea fisheries generate. This may have led to 

misleading results. Sixth, there exists an urgent need for more accurate information on 

information is more useful for guiding policy making, and our study predominantly 

includes average values. Hence, the lack of marginal value estimates in our systematic 

review and meta-analysis remains a limitation of our study. Taken together, these 

limitations may have led to errors in the reported statistical and economic significance of 

the findings. Thus, although regression results enable predictions to be derived for the 

outcome of a valuation of the deep sea under particular circumstances (following the 

procedures described by Wooldridge [62]) this paper refrains from doing so because the 

f observations 



within a primary study) dimension, so predictions would not be consistent [64]. The 

intention in fitting the meta-regression model to equation (1) is to identify the possibility 

of a systematic relationship between valuation outcomes and moderator variables, as a 

way of summarising the current state of progress in research on estimating the value of 

the deep sea. It is not the intention of this study to produce an exact prediction, but rather, 

to shed some light on likely links between variables of interest, to complement the 

systematic review component of this study.   

In spite of the aforementioned limitations, this study represents  to the best of our 

knowledge  the first to attempt to collate and integrate the findings of previous literature 

on the economic value of the deep sea, through a systematic review and meta-analysis 

and thus represents a genuine contribution to the literature in this area. 

 

4.4.4. Future research priorities 

This study clearly highlights the need for future research into the economic value of the 

deep sea. The first point of insight for future research is that the value of the deep sea can 

be perceived as a flow-value for economies worldwide that increases or decreases 

depending on the ability of human societies to efficiently utilize and sustain its resources. 

ts not directly 

related to the deep sea  e.g. tax rates, sales prices, operation costs, equipment, transport 

efficiency, consumer preferences, etc. In the face of growing pressure on the deep sea, 

there is an urgent need to revise and optimise policy and legislation related to the 

extraction and utilisation of deep sea resources in order to facilitate more sustainable and 

resource-efficient use. The problematic part of this is that too little is known about the 

ecosystem of the deep sea to determine what is sustainable and resource-efficient, and 

what is not. For instance, it has previously been impossible to undertake a thorough 

scientific evaluation of the impacts of DSM projects due to the high number of rare and 

unknown species that live in and around the deep ocean floor [65]. 

Therefore, the second point of insight for future research into the economic value of the 

deep sea is that sci

precede further economic valuation, or at the very least be a part of the economic 

valuation. A better scientific understanding of the deep sea as an ecosystem would be 

particularly importa



may make societies more or less vulnerable [19]. Research in this field is especially 

urgent as DSM exploration is currently underway, and may lead to large-scale mining in 

the near future. These insights further emphasize the strong link between the economic 

tendency to avoid the valuation of ecosystems that are difficult to explore or understand 

[63] osystem could help form better 

policies related to its resource use, sustainability  and lastly, its economic value.  

 

 

4.5. Conclusion 

The systematic review and meta-analysis conducted in this study has allowed the 

exploration of which factors influence the economic value of the deep sea in monetary 

terms. The limited number of studies included reveals that knowledge is very limited in 

this area. The economic value of the deep sea is, by and large, influenced by the scope, 

value perspective, purpose and methodology of the study in question. More importantly, 

the results reveal an important connection between anthropogenic intervention and the 

economic value derived. The variety of studies made it difficult to statistically integrate 

the findings in the meta-analysis. Nonetheless, the results indicate that particular 

ecosystem services, deep sea-specific values and the scale of the study are statistically 

significant in influencing the economic value of the deep sea. The high values reported 

for total ecosystem services emphasise the need for furthering our understanding of how 

the deep sea as an ecosystem generates economic value for human societies. In addition, 

further research is required into (1) different economic value perspectives of the deep sea, 

and (2) -use.  
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Foreword 

The objective of this chapter is to reflect on the implications of the findings from chapter 

4 for future policymaking, legislation and research pertaining to the deep-sea. Given that 

the results of the meta-analysis conducted in chapter 4 provide crucial insights into the 

status quo of economic knowledge about the deep-sea, it is possible to identify the most 

important directions for future economic valuation and policymaking related to the deep-

Currently, policymakers and governmental institutions are under 

increasing pressure to make decisions and formulate laws about the extent to which deep-

sea mining should be allowed. This is of considerable concern in view of the large 

scientific knowledge gap about the deep-  and more importantly, 

because the environmental impacts of deep-sea mining on the deep-

functioning remain largely unknown. The primary contribution of chapter 5 is the 

identification of the most important directions for policymakers and researchers in 

addressing both the scientific knowledge gap on the one hand, and the economic 

knowledge gap on the other hand. 
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Abstract 

In comparison to terrestrial and coastal ecosystems, much remains unknown about the 

contributes substantially to global fish stocks (Danovaro et al., 2017, Drazen and Sutton, 

2017). Second, it is essential for the functioning of global biogeochemical cycles, and 

underpins the sustenance of terrestrial ecosystems and human life (Armstrong et al., 

2012). Third, the deep sea faces increased pressure from human activity in the form of 

deep-sea mining (DSM) (The World Bank, 2016). Based upon lessons drawn from a 

recent systematic review and meta-analysis published in Marine Policy (Folkersen et al., 

2018), this letter discusses four main directions for future research into economic 

valuation, policymaking and legislation pertaining to the deep sea. First, the valuation 

perspective adopted for policy and decision-making on deep-sea resources needs to be 

defined clearly. Second, strategic environmental assessments (SEAs) and environmental 

impact assessments (EIAs) of DSM activities need to examine the potential global 

environmental damage from DSM, rather than examine impacts restricted to the 

geographical site in which mining takes place. Third, the interdependence between 

anthropogenic behaviour and economic value generated by the deep sea requires further 

investigation. Fourth, in addition to the valuation of specific ecosystem goods and 

services, the ecosystem functioning of the deep sea should also be valued. Improving our 

understanding of the value that the deep sea provides to human societies can facilitate 

sustainable resource-use, effective environmental management, and prevent severe and 

irr  

 

Keywords: deep sea; ecosystem services; economic value; deep-sea mining; policy 

 

 

 



5.1. Introduction 

The deep sea, making up 95% of the global oceans (Drazen and Sutton, 2017), forms the 

largest set of ecosystems on the planet and is fundamental to sustaining terrestrial and 

coastal ecosystems, and human existence through the provision of supporting ecosystem 

goods and services (e.g. nutrient cycling, carbon dioxide (CO2) absorption), and also 

through its rich biodiversity (e.g. the provision of endemic biological organisms) 

(Danovaro et al., 2017, Armstrong et al., 2012, Jobstvogt et al., 2014, Van Dover et al., 

2014, Davies et al., 2007). For instance, CO2 concentrations in the atmosphere would be 

 

carbon. Thus, the deep sea plays a crucial role in regulating the global climate. The deep 

etc.) represent a considerable knowledge gap in scientific research, particularly in 

comparison to terrestrial and coastal ecosystems (Aanesen et al., 2015, Armstrong et al., 

2012)

showing that deep-sea species tend to have much slower metabolisms than their shallow-

water counterparts, making them highly vulnerable to external influences (Danovaro et 

al., 2017). In this perspective article we present four main directions for future deep-sea 

policy, research and decision-making. The main directions set forth are based upon 

lessons drawn from a recent systematic review and meta-

meta-

Marine Policy (Folkersen et al., 2018).   

 

5.2. The dilemma of formulating policies and laws for deep-sea mining  

the formulation of polices, laws and regulations pertaining to the use of the deep sea, 

especially for deep-sea mining (DSM) (Van Dover, 2011, Ahnert and Borowski, 2000). 

DSM is an activity which involves extracting valuable minerals such as gold, silver, 

copper and zinc from the deep ocean floor, in particular from hydrothermal vents with 

large mineral concentrations (Figure 1). 

Policymakers are under increasing pressure to make decisions about the extent to which, 

and under what conditions, DSM should be allowed. An important component of the 



decision making process is the accurate estimation of the costs and benefits of potential 

future DSM operations, e.g. through economic valuation. This is difficult, however, as 

ecosystems and robust evidence on the economic value of protecting these ecosystems 

remains extremely scarce (Jobstvogt et al., 2014, Smith, 1997). Further, it has not been 

possible to scientifically evidence the environmental impacts of DSM because of the large 

scientific knowledge gap pertaining to the deep sea (Ahnert and Borowski, 2000, Thiel et 

al., 2005). To date, most of the DSM licences that have been granted are for exploration 

(i.e. identifying mining potential); an exploitation mining license has only been granted 

for the Solwara 1 project in Papua New Guinea. Nonetheless, the granting of DSM 

exploration licenses has received criticism from governmental institutions (The World 

Bank, 2016), NGOs and academia (Van Dover et al., 2014, Van Dover et al., 2018, 

Armstrong et al., 2012, Steiner, 2009), as has the quality and validity of the environmental 

impact assessment (EIA) conducted to obtain the DSM license in Papua New Guinea 

(Steiner, 2009, Filer and Gabriel, 2018).  

 

 

Figure 1 | Global map of tectonic plates and hydrothermal vents17.  

 

 



5.3. The economics of the ecosystem services of the deep sea 

The 15 studies included in the meta-analysis published in Marine Policy yield 35 

observations on the value of the deep sea. Of these observations, 13 are focused on areas 

with active hydrothermal vents surrounding the Pacific island countries, the Red Sea and 

the Southern Ocean, which indicates an interest in DSM and its value potential. The 

remaining observations pertain more generally to the ecosystem services provided by the 

deep sea globally or areas in the North Atlantic Ocean. The annualised economic values, 

expressed in 2011 International dollars (Figure 2 panel a) range from as little as I$1 to as 

much as I$1.4 trillion. Estimates of provisioning services based on an exchange value 

perspective are, on average, higher than those based on an economic welfare (net benefit) 

perspective. The net benefit of regulating services tends to be distributed at the upper end 

of the value spectrum, whereas other services (those services that could not be categorised 

as either provisioning, regulating, cultural or total32) tend to sit at the lower end of the 

value spectrum. The wide range of values reported in these studies demonstrate the 

considerable level of uncertainty, which may be attributable to the large knowledge gap 

in both the scientific and social understanding of the interrelationships between the deep-

sea ecosystems and human welfare. It should be noted that the meta-analysis did not 

include a variable relating to geographical location, mainly because of the limited number 

of studies. This is clearly a limitation of the results of the meta-analysis given that 

different geographical locations could potentially point to varying levels of ecosystem 

degradation in the deep sea. Thus, the authors of this paper recommend that future meta-

analysis on the economic value of the deep sea incorporate a variable related to 

geographical location, e.g. either country-specific or continent-specific. The global 

distribution of all known hydrothermal vents (Figure 1), is compared against the collated 

dataset on the economic value of the deep sea (Figure 2 panels a and b).  

  

32 the values from studies that refer to costs to society or forgone net benefits to society 
from ecosystem damage from DSM, i.e. 
regulating (CO2) and habitat services are compromised in the presence of DSM. For these studies, it is not clear if the 
value estimates are specifically about provisioning, regulating or cultural services per se. As such, 'other services' 
generally refer to ecosystem damage impairing its ability to deliver valuable ecosystem services to the society in the 
future 



Figure 2 | Results from the meta-analysis. a) Deep sea values according to type of 

ecosystem service (colour) and valuation perspective (shape); b) Geographic distribution 

of studies. 
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5.4. Directions for future research, policy and legislations in the deep sea 

The four main directions for future research into economic valuation, policymaking and 

legislation pertaining to the deep sea are outlined below. 

First, there is little consensus on whether DSM is likely to yield net benefits or costs. 

Some studies conclude that DSM will generate positive economic benefits (Cardno, 2016, 

Bertram et al., 2011, Seidel and Lal, 2010), while others conclude that DSM will generate 

high economic costs to society, and possibly irreversible 

ecosystems (Van Dover et al., 2014, Van Dover et al., 2018, Armstrong et al., 2012). 

Ironically, the advocates and naysayers of DSM seek to estimate the same thing  



economic value  but from opposing valuation perspectives. A cost-benefit-analysis 

(CBA) conducted for a future business operation will inevitably adopt a private (company 

focused) frame of reference for their estimation of costs and benefits, failing to estimate 

the potential social impacts. In contrast, a CBA conducted for a governmental institution 

is more likely to adopt a social perspective, thereby including the estimation of the costs 

and benefits for the affected parties within society. A CBA focused exclusively on private 

profitability of DSM activities should not form the information basis for policymaking or 

legislation pertaining to the deep sea. Clearly distinguishing private profits from social 

benefits (or costs) in CBAs of DSM activities can provide a more legitimate picture of 

whether DSM indeed will yield benefits or costs for society. The valuation perspective 

adopted for policy and decision-making, therefore, needs to be clearly defined, as it will 

influence: (i) the magnitude of the economic contribution of the deep sea to societies; and 

relevant for policymaking and legislation for the resource use of the deep sea because of 

the great uncertainty associated with DSM and its potential, yet uncertain, impacts on the 

ives is 

needed before evidence-based decisions can be made on whether DSM will yield net 

economic benefits or costs for society.  

Second, dimensions of time and scale need to be incorporated into policy making related 

to the deep sea, and also into the valuation methodology for estimating the economic 

value that the deep sea generates. For instance, the geographical scale of the EIA 

conducted to obtain DSM exploration and exploitation licenses needs to be expanded to 

include the wider environmental impacts of DSM. However, it may be unrealistic to 

expect the DSM proponent to take on a task of this magnitude. As such, an SEA, 

performed or commissioned by the regulator, can investigate and identify the cumulative 

environmental impacts from DSM. There are concerns that the environmental impacts of 

DSM may be detected in marine ecosystems further away from the site (SPC  EU Deep 

Sea Minerals Project, 2012). Restricting the examination of environmental impacts to the 

area in which the actual mining will take place disregards the inter-connected nature of 

the ecosystems in the deep sea. Therefore, it may be necessary for the SEA to examine 

the potential environmental impacts beyond the geographic boundaries of a mining 

license in order to understand how DSM might affect adjacent deep-sea ecosystems. 

Similarly, adopting a long-term perspective on estimating economic value and 



environmental impacts can provide a more comprehensive picture of which 

anthropogenic actions in the deep sea are likely to generate the greatest net benefits in the 

long term. The resource use of 

pharmaceutical products has the potential to generate USD 50 billion per year, whereas 

time-span of operation  genetic resource use is likely to have a much longer time-span, 

if conducted sustainably (Van Dover et al., 2018). Whether or not genetic resource-use 

s can co-exist with DSM activities in the long run remains 

unknown. However, the harvesting of manganese nodules through DSM can never 

become a continuous revenue-generating operation, as it takes 10,000 years for 

manganese nodules to grow 1mm (Tyler, 2003), meaning that the harvesting of these is 

only possible at one single point in time on a human time scale. Future EIAs of DSM 

operations and economic valuations of anthropogenic activities in the deep sea, therefore, 

-term and long-term 

ability 

to absorb and store carbon should be further assessed, given the public good nature of this 

ecosystem services. Different dimensions of time and geographical scale need to be 

assessed in order to produce more realistic and socially legitimate estim

 

Third, the interdependence between anthropogenic behaviour and the economic values 

generated by the deep sea should be explored further. The meta-analysis on the economic 

value of the deep sea (Folkersen et al., 2018) revealed an important connection between 

anthropogenic intervention in the deep sea and the economic value derived from it. This 

means that the magnitude of the economic value derived from the deep sea, by and large, 

studies often overlook the interdependence between economic, political and 

environmental systems in generating economic value, which leads to misconceptions 

about the importance of preserving ecosystems (Costanza et al., 1999). This 

interdependence is evident from several of the studies included in our systematic review. 

For example, the economic losses from the Deepwater Horizon oil spill estimated by 

Sumaila et al. (2012) were created by human behaviour in the deep sea, not by the 

ecosystems of the deep sea. The net profit of deep-sea fisheries in Sri Lanka, as reported 

by Hewamanage (2010), is partly influenced by the environmental quality of the deep 



sea, but more importantly by current market prices, market demand and operating costs. 

Likewise, the value of krill in the Southern Oceans estimated by Grant et al. (2013) is 

dependent on several market-

relationship between the environmental management of current krill stock and the future 

market value of krill, however, remains largely overlooked in their study. The 

interdependence between human behaviour and derived economic value needs further 

research, with due consideration to the policy, legal and market-based mechanisms that 

influence the magnitude of the derived economic value. Improving our understanding of 

the interdependence between anthropogenic behaviour and the economic values 

generated by the deep sea could facilitate a better understanding of how this value might 

increase or decrease in the future. For instance, how will different actions taken to adapt 

to climate change in the oceans, or different regulatory mechanisms for deep-sea fishing 

or DSM, influence the economic value derived from the deep sea? Although an 

international policy-framework and general laws on DSM exist (United Nations Division 

for Ocean Affairs and the Law of the Sea, n.d., Jaeckel, 2017, Page, 2018), there is an 

urgent need for (i) more specific regulations on the conduct and management of resource-

extraction from the deep sea; and (ii) the establishment of comprehensive legal and 

regulatory frameworks for the countries expected to allow DSM activities in their 

territorial waters in the future (Jobstvogt et al., 2014). There is currently no regulatory 

agreement or treaty in place to address the potentially negative cross-border 

environmental impacts of DSM (SPC  EU Deep Sea Minerals Project, 2012). Thus, the 

inclusion of legal, policy and regulatory mechanisms into the ecosystem valuation of the 

deep sea could identify potential pathways for facilitating adequate environmental 

protection and sustainable resource use of the d  

Fourth, the focus of future ecosystem valuation should be on valuing the ecosystem 

functioning of the deep sea. One of the most important findings of the systematic review 

and meta-analysis on the economic value of the deep sea (Folkersen et al., 2018), is that 

the functioning of the deep sea as an ecosystem is significant in generating economic 

value, and potentially more so than particular ecosystem goods and services from the deep 

sea. Previous ecosystem valuation studies have predominantly focused on the final market 

value of particular ecosystem goods and services. For instance, it might be possible to 

quantify the final market output of the deep sea in monetary terms (e.g. the revenue from 

deep-sea fishing or the potential revenue from developing pharmaceutical products from 



beneficial in addressing the (constantly changing) value of its ecosystems over time and 

geographical scales. Beaumont et al. (2008) correctly point to the difficulty of quantifying 

terms as a significant drawback in ecosystem valuation. The objective behind ecosystem 

valuation is to improve our understanding of how ecosystem goods and services influence 

human well-being (Iniesta-Arandia et al., 2014). Given that most of the ecosystem goods 

and services of the deep sea are public goods as they benefit humans on a global scale 

(Costanza et al., 1997, Drazen and Sutton, 2017), e.g. through CO2 absorption and 

storage, the objective behind valuing the deep sea should be to improve our understanding 

of how the functioning of its ecosystems influence human well-being. For instance, 

primary ecosystem services of the deep sea such, as carbon sequestration and nutrient 

cycling, are non-market ecosystem services that are crucial for human existence, but are 

rarely quantified in monetary terms despite their importance (Beaumont et al., 2008, 

Pendleton et al., 2014). A perspective on valuing overall ecosystem functioning could 

address several environmental challenges currently facing the deep sea, e.g. plastic in the 

oceans, climate change, deep-sea fishing damaging deep-sea corals, etc. and explore to 

which extent each of these challenges might diminish the economic value derived from 

the deep sea, if inadequate  or no  action is taken to address these issues. The 

ecosystems functioning of the deep sea is complex as it forms numerous ecological 

processes and is imperative for human existence. Although challenging, it is exactly this 

complexity that requires further research and exploration in order identify how the 

economic value of the deep sea can be maximized to benefit as many people as possible 

 and, more importantly for avoiding irreversible environmental disasters where the deep 

 

 

 

5.5. Conclusion 

ecosystems is needed to improve our knowledge of how the deep sea supports the 

functioning of adjoining marine ecosystems, economic output and human welfare, as was 



concluded in the systematic review and meta-analysis on the economic value of the deep 

sea (Folkersen et al., 2018). The cornerstone of the problem facing policy makers and 

global institutions in making decisions and laws about DSM is the complete inability to 

put the predicted monetary profits into appropriate perspectives, given uncertain 

environmental and human impacts. Before DSM activities should be allowed, science 

needs an adequate understanding of how DSM activities in one ecosystem of the deep sea 

(e.g. hydrothermal vents) affect the ecology and overall ecosystem functioning of other 

deep-sea ecosystems (e.g. seamounts or deep coral reefs). Future EIAs of proposed DSM 

activities must incorporate different dimensions of time and geographical scale to fully 

assess the potentially negative impacts of DSM on marine environments further away 

from the mining site and also its long-term environmental impacts. The information basis 

for future policymaking and legislation on deep sea resource-use should be based on a 

valuation perspective that takes into account the social benefits and costs to provide a 

more socially legitimate picture of which type of resource use is likely to generate the 

highest social benefits. More importantly, it should be thoroughly examined how different 

types of resource extraction in the deep sea will affect its ability to absorb and store carbon 

before any decisions are made on which resource-use to allow. Policy, legal and market-

based mechanisms influencing the magnitude of the economic value of the deep sea could 

be incorporated into future ecosystem valuation of the deep sea. This could help identify 

pathways to sustainable resource use and deep-sea conservation through the optimisation 

of laws and policies. With the four directions for future research into economic valuation, 

policymaking and decision-making set forth in this article, it is hoped that research 

scientists, governmental institutions, policy makers and legal bodies will adopt these 

recommendations in order to ensure the adequate protection and sustainable resource use 

of the deep sea.  
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Chapter 6: Conclusion 
  



6. Conclusion 

6.1. Summary of thesis 

The research conducted in this thesis approaches the ecosystem valuation of coral reefs 

and the deep sea from different angles in terms of the methodologies used, approaches 

applied, data assembled and geographical scale (national, regional or global). The 

ecosystems of coral reefs and the deep sea are both deemed vulnerable in the face of 

climate change. This thesis seeks to contribute with new knowledge on the economic 

value of these two ecosystems. That is, the thesis seeks to estimate the economic value of 

particular types of ecosystem service flows from coral reefs and the deep-sea, 

respectively. Estimating the TEV  or total contribution  of coral reefs is outside the 

scope of this thesis. For the ecosystem of the deep-sea, the literature identified in chapter 

4 is too limited to estimate the TEV or total economic contribution of the ecosystem of 

the deep-sea 

Chapter 1 presents an introduction and literature review of the economic valuation of 

ecosystems, considers why robust attempts at economic valuation are important for 

vulnerable marine systems, and links ecosystem valuation with the most recent 

discoveries of the socioeconomic and scientific benefits of the ecosystems of coral reefs 

and the deep sea. The literature review discusses the potential capacity of ecosystem 

valuation to link scientific knowledge with economic valuation.  Integrated application 

of science and economics could be particularly beneficial in view of the anticipated 

effects of climate change on coral reefs and the deep sea, and marine systems in general. 

The primary research studies conducted in this thesis are then presented in chapters 2, 3, 

4 and 5. 

Chapter 2 presents the results of a primary CB survey conducted with former tourists to 

investigates the willingness of respondents to return to Fiji in the future under two 

different scenarios: (1) one based on their most recent experience in Fiji (status quo), and 

(2) one based on a future hypothetical scenario where DSM takes place close to the coral 

This study implicitly estimates the 



This is 

 behaviour and uncertainty can 

significantly affect future tourism income in the SPICs.  

Chapter 3 presents a review of alternative ecosystem valuation methodologies, with the 

demonstrates why alternative ecosystem valuation approaches  

 are needed in order to overcome the limitations of monetary valuation of ecosystems 

and to identify future possible strategies for effective, efficient and sustainable 

environmental resource management, and the conservation of coral reefs. The paper 

conducts a review of previous studies that have employed alternative payment 

mechanisms, and recommends that a Social WTCommit be employed in future ecosystem 

valuation in the SPICs. The idea behind the Social WTCommit approach is that non-

monetary contribution mechanisms and ecosystem value based on social (group) 

preferences need to be incorporated to better understand the value of ecosystems in low-

income settings where decisions are group-based and where financial resources are 

scarce. The paper specifically focuses on non-monetary and social values approaches to 

ecosystem valuation given their relevance for the SPICs, and their ability to elicit socio-

cultural value contexts that are important for engaging local communities in CCA and the 

protection of local ecosystems.  

Chapter 4 conducts a systematic review and meta-analysis of previous literature on the 

economic value of the deep sea. The objective of combining the systematic review and 

meta-analysis is to fully integrate the findings of previous literature in statistical and 

qualitative terms. This combination makes it possible to identify the factors that influence 

the estimation of the economic value of the deep sea, along with the largest knowledge 

gaps and most important directions for future research. The findings of the systematic 

review and meta-analysis reveal important links between anthropogenic behaviour and 

-analysis 

points out that ecosystem function in the deep sea makes an important contribution to 

valuable ecosystem goods and services from the deep sea. This is important as the focus 

of previous ecosystem valuation studies has predominantly been on the value of specific 

ecosystem goods and services rather than on the functioning of the ecosystem as a whole. 

Finally, the systematic review reveals that the monetary value estimates of the deep sea 



are, by and large, influenced by the scope, valuation perspective, objective and 

methodology of the adopted study. The paper makes a genuine contribution to the 

 

Chapter 5 puts the findings of both the systematic review and the meta-analysis into 

perspective by highlighting the most critical areas for future research, policy development 

and ecosystem valuation perspectives. The four main directions pertaining to the deep-

sea are: (1) a clearly defined valuation perspective for policy and decision-making, (2) 

assessments of the potentially global environmental damage from DSM in future EIAs, 

(3) further investigation into the interdependence between anthropogenic behaviour and 

economic value generated by the deep-sea, and (4) economic valuation of the ecosystem 

functioning of the deep-sea.  

 

6.2. Contribution 

Although Chapter 2 adopts a national focus in terms of estimating the potential future 

industry, the findings are relevant to other countries in the SPICs where tourism is an 

important industry. First, the findings of the CB survey emphasize the importance of 

environmentally healthy coral reefs in sustaining segments of the tourism economy that 

take place in and around coral reefs, and in marine areas in general. Second, the CB survey 

demonstrates that it is the tourists with higher than average levels of expenditure that 

report the most significant reductions in future trips to Fiji, if DSM was to take place. 

Therefore, future DSM activities could negatively impact the most lucrative segments of 

the tourism industry in Fiji, indirectly reducing tourism income. Third, the findings of the 

CB survey indicate that divers and snorkelers possess a high level of environmental 

awareness for coral reefs, which is likely to affect their future holiday choices. As noted 

by Gössling et al. (2012) tourists have the capacity to alter their choice of holiday 

destination and type of holiday at very short notice. The findings of chapter 2 thus 

tivities whose 

environmental impacts remain uncertain, and with crucial incentives for protecting coral 

reefs in order to sustain the tourism industries of the SPICs. This is a very important 

contribution given that DSM is currently seen as a profit-making industry. 

Notwithstanding the perception of DSM as generating high profits, this research 



demonstrates that DSM activities also have the potential to significantly reduce profits in 

other important industries, such as tourism.  

Chapter 3 demonstrates why non-monetary and social aspects of ecosystem value need to 

be explored in more detail in the SPICs in order to (1) improve understanding of 

-income settings, and (2) identify feasible CCA 

strategies, based on ecosystem -monetary and social aspects 

of ecosystem value in the SPICs is important due to their low-income settings, lack of 

formal markets and socio-

settings. Neoclassical economic theory has formed the basis for most ecosystem valuation 

methods (e.g. CV, CB, CE), where individual utility is the primary focus. The main 

contribution of chapter 3 is the formation of a new valuation approach: Social WTCommit 

to gauge the willingness of local communities  as distinct from simply an aggregation 

of individuals  to contribute non-monetary resources, such as time, labour or other 

physical resources in order to improve living standards and form CCA strategies that align 

better with local needs and value settings. Although the Social WTCommit method needs 

to be empirically tested, it suggests a pathway forward for creating environmental 

improvement and raising living standards by means of community engagement and local 

value settings, thereby overcoming the limitations of monetary valuation and the 

individual utility method.  

Chapter 4 on the economic value of the deep sea contributes to understanding which 

factors influence estimation of the value that societies derive from the deep sea in 

monetary terms. The main contributions of this chapter are the findings showing that (1) 

the functioning of the deep sea is significant in generating economic value, and potentially 

more so than particular ecosystem goods and services from the deep sea; (2) indicate that 

to increase the economic value derived from the deep sea; (3) more research into the deep 

number of studies included 

in both the systematic review (n=25) and meta-analysis (n=15), respectively; and (4) there 

is an urgent need for scientific research to go hand in hand with economic valuation to 

improve our understanding of the multiple and varied benefits that the deep sea provides 

to human societies. Based on chapter 4, chapter 5 draws lessons on the findings of the 

systematic review and meta-analysis, thereby generating important insights into the 



challenges and opportunities for future research and decision-making related to the deep-

conditions under which DSM should be allowed. Therefore, chapter 5 contributes to the 

priority-setting for policymakers by contrasting the enormous estimated profits from 

DSM with the large knowledge gap of the deep-sea in scientific and economic terms.  

  

6.3. Policy implications 

The findings of chapter 2 contribute to policy making in relation to the environmental 

resource management of coral reefs and also to the legislation and policy making on 

DSM. The chapter establishes an important potential link between DSM and tourism 

income by providing important insights into the marginal economic value of diving-based 

tourism, which in turn can be used to estimate the future economic effects of DSM on 

tourism revenue. There are very limited insights into policy making the South Pacific 

governments in terms of how these countries believe DSM will affect other non-mining 

sectors, such as tourism. Therefore, the results of chapter 2 provide an important incentive 

to incorporate the tourism sectors into the future policy making on DSM operations. 

These policy implications  and the marginal value estimates  are relevant for any other 

SPIC considering allowing DSM in their territorial waters in the future. Many of the 

SPICs derive significant benefits from well-functioning coral reefs, and the negative 

impacts on coral reefs of different kinds of anthropogenic behaviour should not be 

underestimated. In sum, chapter 2 emphasizes the importance of integrating the tourism 

industry and the environmental resource management of coral reefs into the decision-

making about future DSM activities in Fiji as well as the rest of the SPICs. 

Chapter 3 does not contribute directly to policy-making. Its findings are more relevant 

for expanding the current research methodology and frameworks for identifying, eliciting 

and understanding ecosystem value in settings (1) that are either low-income and/or 

operate outside of the formal markets, and (2) where group-consensus and sociocultural 

values take precedence over individual preferences and perceived utility. This is 

indirectly relevant for policy-making related to environmental resource management and 

for understanding the benefits of local ecosystems. The economic contribution of marine-

based ecosystems tends to be grossly underestimated in the South Pacific (Gonzalez et al. 

2017; Fish et al. 2016). As such, future policy-making pertaining to vulnerable marine 



systems in the South Pacific need to consider the non-monetary and social values of these 

natural assets in order to facilitate sustainable resource use and conservation of these 

ecosystems.  

The policy implications of Chapter 4 go hand in hand with Chapter 5. Policy-making 

related to the deep sea must expand the required geographical scale of future EIAs and 

CBAs commissioned to estimate the viability of future DSM operations. A much more 

comprehensive assessment of damage and environmental costs is required to estimate the 

potential environmental impacts to the surrounding marine ecosystems, i.e. potential 

impacts on adjoining deep-sea ecosystems. Moreover, an assessment of the potential 

environmental impacts that the DSM operations might have globally is also required. Any 

anthropogenic interventions that are likely to affect the functioning 

ecosystem should be regarded as having global-scal

dependence on the deep-sea, e.g. through climate regulation and primary ecosystem 

services. Also, the valuation perspective of each CBA needs to be clearly defined. Clearly 

distinguishing private profits from social benefits (or costs) in CBAs and EIAs can 

society. This is highly relevant for policy making on deep sea management, legislation 

and resource-use because of the great uncertainty associated with the environmental 

assessed in a much more detailed and comprehensive manner in order to produce more 

 

valuation. Finally, marginal value estimates of anthropogenic activities in the deep sea 

would provide useful information for policy and decision-making related to the deep sea. 

Unfortunately, the data-set which chapter 4 and 5 are based on are based on average 

needed. 

 

 

 



6.4. Limitations of research study 

Despite their relevance for policy-making and for advancing research methodology for 

ecosystem valuation, the studies in this thesis contain several limitations.  

First, 

 in the 

CB model due to difficulties encountered in getting respondents to complete the on-line 

CB survey. The fact that the survey specifically targeted former tourists to Fiji who had 

either dived or snorkelled during their most recent visit meant that dive-tourists to other 

countries than Fiji, or former tourists to Fiji who had neither dived nor snorkelled were 

not eligible to complete the survey. For chapter 4 about the economic value of the deep 

sea, only 25 papers were included in the systematic review, and only 15 papers with 35 

observations in total could be included in the meta-analysis. Moreover, the 35 

observations are based on average, rather than marginal, values. The extremely limited 

amount of papers that estimate new monetary values of the d

that the results of the meta-analysis should be treated with some caution. However, the 

lack of studies also emphasizes 

value is required to gain a more comprehensive understanding of how its ecosystems 

generate economic value for societies, globally.  

Second, the data-sets of both chapter 2 and 4 contain some very large value estimates that 

estimates are not necessarily misleading given that dive tourists tend to spend a lot more 

money relative to non-dive tourists. Again, further research into the expenditure of dive 

c value can 

help shed light on whether the large value estimates reported in the studies indeed reflect 

reality, or not.  

Third, some key limitations characterize the CB model applied in the survey in chapter 2. 

The application of the CB model in a novel context inevitably leads to shortcomings and 
33. CB models usually contain a scenario where the 

environmental impacts are known, i.e. the natural environment is either improved or 

degraded, relative to status quo. However, the environmental impacts of DSM on the coral 

33 To the best of my knowledge, at the time of conducting the CB survey 



reefs in Fiji remain uncertain. This may have affected the validity of the CB model. 

However, one of the objectives 

expectations of the future environmental imp

obtaining potential indicators of future behaviour and tourism demand. This gives policy 

makers and managers in the tourism industry an opportunity to consider these perceptions 

size and the application of the CB model in other countries with marine-based tourism 

activities and potential DSM development (e.g. Samoa, Indonesia, etc.) can provide more 

and better insights into how to sustain the segments of the tourism industry that are likely 

to yield high economic returns. 

Fourth, although chapter 3 on the need for expanding current ecosystem valuation 

methods to engage socio-cultural, group-based and non-monetary aspects of the value of 

ecosystems in the SPICs is valid and important, the fact that there was inadequate time 

and resources to empirically test this in one or two of the SPICs remains a limitation of 

this thesis.  

Fifth, chapters 4 and 5 present the systematic review and meta-

economic values, and the future research priorities and policy implications for the deep 

sea, respectively. The fact that the systematic review and meta-analysis are based on 

research papers that were available on-line as of September 2016 means that more recent 

systematic review or meta-analysis. 

 

6.5. Future research 

The global tourism industry continues to grow, contributing 10.4% of global GDP in 2017 

(World Travel & Tourism Council 2018). perceptions of marine environments 

are important in sustaining local tourism economies, and as demonstrated in chapter 2, 

this is particularly relevant for the diving industry. More importantly, if the perception 

that particular anthropogenic activities damage coral reef ecosystems spreads around the 

globe, this could significantly damage the tourism economies of the SPICs. Given that 

the perceptions of tourists remain a large gap in tourism literature (Andereck, 2009; 



anthropogenic behaviour and environmental quality are all important topics for future 

research. Combining these topics could potentially help identify feasible strategies for 

balancing the sources of tourism revenue (e.g. from diving/snorkelling) with the 

environmental management of coral reefs, long-term. It could also help fund conservation 

programs for coastal ecosystems. Applying NMV methodology to future scenarios of 

climate change is important for future research as it can reveal factors and influences that 

can either attract or deter future tourists. As such, testing the CB method and other 

relevant NMV methods in these contexts can create important incentives for 

simultaneously conserving vulnerable environments and strengthening tourism demand.  

Exploring new approaches to, and context of, NMV methodology is critically important 

for conserving vulnerable marine ecosystems and for improving living standards in low-

income settings. This is particularly urgent in the SPICs, where the combination of severe 

effects of climate change, limited financial resources and high reliance on marine 

ecosystems for subsistence-living and income generation makes communities particularly 

vulnerable. The Social WTCommit approach introduced in chapter 3, eliciting a local 

-monetary resources (such as time, labour or 

other community resources) to form CCA strategies and improve living standards, needs 

to be tested in future research studies. Given that chapter 3 merely suggests a framework 

for progress in the direction of more integrated approaches to valuing ecosystems, 

exploring other dimensions of ecosystem valuation are equally important. One of these is 

the social value of ecosystems, e.g. through deliberation exercises and group surveys. 

Testing and expanding on the suggested Social WTCommit approach is therefore an 

important aspect of future research and ecosystem valuation methodology.  

The findings of both chapters 4 and 5 on the economic value of the deep sea reveal an 

urgent need to not only conduct more scientific resea  

but also to conduct a much more comprehensive valuation of the deep sea in economic 

terms. Detailed and comprehensive scientific research inevitably needs to precede the 

economic valuation, or at the very least contribute to and inform it. The tremendous 

knowledge gap of 

makes it impossible to estimate with any accuracy the severity of the environmental 

Time and geographical scale need to be 



incorporated into future assessments of the anticipated benefits and costs of DSM 

activities such that the environmental damage assessment (i.e. the EIA) of future DSM 

operations consider the impacts that DSM is likely to have on adjoining deep-sea 

ecosystems  -supporting ecosystem 

services (Davies, Roberts & Hall-Spencer, 2007; Yooseph et al. 2007; Sumaila et al. 

2012). Also, the economic value of the deep sea needs to be assessed from a new 

perspective that seeks to economically value the functioning of its ecosystems rather than 

specific ecosystem goods and services.  

New and alternative approaches to valuing the ecosystems of the deep sea and coral reefs 

 e.g. the economic valuation of ecosystem goods and services that have not previously 

been valued, and/or non-monetary valuation methods  have the potential to generate new 

and important insights into how these ecosystems provides benefits for human societies. 

In sum, the findings and insights from chapters 2, 3, 4 and 5 demonstrate that assessing 

the economic value of vulnerable marine ecosystems from a more holistic perspective 

that explores new aspects and dimensions of value is important for furthering our 

knowledge of how these ecosystems contribute to human lives, globally. 

 

6.6. Concluding remarks 

This thesis makes a genuine contribution to the literature and methodology of ecosystem 

valuation. From all four of the primary research studies presented in chapter 2, 3, 4 and 

to be put 

potential impacts of DSM and the future profitability  and indeed sustainability  of one 

revealed that DSM could  potentially  

economy, although this is subject to further investigation. Chapter 3 makes it clear that 

alternative mechanisms need to be incorporated into ecosystem valuation in order to more 

fully estimate the value that ecosystems generate for low-income societies that operate 

by group-consensus, but are heavily dependent on the functioning of their surrounding 

ecosystems. With specific reference to the importance of coral reefs in the SPICs, the 

chapter introduces the new Social WTCommit approach to elicit the willingness of local 



communities in the SPICs to contribute non-monetary resources to CCA strategies and 

environmental resource management. Testing the Social WTCommit approach in 

different socio-cultural settings will be vital for expanding future ecosystem valuation 

methodology. Chapter 4 conducts a systematic review and meta-analysis of the economic 

value of the deep sea. Although the number of included studies is small, the chapter 

highlights the importance of conducting further economic and scientific research into the 

deep- important link between anthropogenic 

intervention and the economic value derived from it, and that the functioning of the deep-

ecosystem goods and services. Chapter 5 identifies the most important directions for 

for reconsidering the geographical scale and time-dimensions of ecosystem valuation and 

environmental damage assessments. Despite the limitations encountered, this thesis 

makes a genuine contribution to identifying, estimating and understanding the economic 

value of coral reefs and the deep sea for Fiji (national), the SPICs (regional) and for the 

global society. 
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Appendix C: Application to Conduct a Survey 

 Survey Services  
Office of Planning Services 

07 373 54688 
surveys@griffith.edu.au 

 

Application to Conduct a Survey 

Introduction 

The University Surveying of Griffith Students and Staff Policy regulates that approval must be 
gained for certain surveys as outlined in the Survey Policy. Approval and requests for assistance 
with surveys such as population sourcing, design, distribution, or analysis, should be sought via 
this completed form and sent by email to Survey Services, Office of Planning Services.  

Procedures 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

  



Sufficient Notice 

Contact Information 

  



Applicant Details 

 

Name             Maja Vinde Folkersen                                                                                                      
Date       29/08/16
   

(This is the individual who will be responsible for the survey) 

Title    Miss
 
      
            
                

 

School/Department    Accounting, Finance & Economics
                

 

Telephone         0402 943 867                                         Email      
m.folkersen@griffith.edu.au    
                

 

Survey Details 
 

Please tick one or both of the following: 
 

Application to conduct a survey of STUDENTS 

Approval to come from the Academic Provost 

 

OR 
 

Application to conduct a survey of STAFF 

Approval to come from Vice President (Corporate Services)  

 

How many students/staff do you require to take part in the survey (i.e. your required sample 
size)?  
                

                                                        100                 

 

How many students/staff will you need to contact to invite to participate?              4,000
                



  
                

 

How do you plan to contact students/staff to invite them to participate (i.e. via email / by direct 
approach etc.)?          
                

Via an email that includes a link to the on-line survey
  

                

 

Has the survey been designed?  If yes, please attach.     Y/N  YES
                

 

 
experience of the coral reefs in Fiji, including their willingness to return to Fiji contingent 

examine and analyse the future hypothetical income effect of deep sea mining activities 
nt the economic consequences for locals in 

the tourism industry.
         

 

Will the data be collected for research or business processes (or both)?
                

For PhD Research               

 

What are the expected outcomes?  The survey will provide data for one of my PhD 
Chapters on the hypothetical effects of deep sea mining activities on tourism demand in 
Fiji
                

                

                

                

 

Are you aware of a similar survey having already been conducted by Griffith staff/students?     
Y/N NO
   



If yes, provide details:
   

            
                           

How frequently will the survey be conducted (i.e. once off / annually / bi-annually etc.)? ONCE
                

                

What is the nature of the survey? (i.e. anticipated start date / any requirement for follow-ups etc)
                

The anticipated length of the conduct of the survey is now  End of October 2016
                

                

 

Who is the target population? (i.e. who is to be included / excluded?)
                

The target population is individuals who have dived or snorkelled around coral reefs in 
Fiji in the past
                

 

How many likert-scale questions do you plan to ask? 12
                

 

How many open questions do you plan to ask? 1
                

 

How many minutes do you expect the survey will take to complete? 15 minutes               

 

Who will the results be reported to?  Miss Maja Vinde Folkersen, Associate Professor Chris 
Fleming and Professor Fabrizio Carmignani
                            

 

Where will the data be stored? In password protected computer files and locked cabinet
                

                

 

What security measures will be in place to protect the data? Password protected computer 
files and locked cabinet  also, the data will solely be used for statistical purposes
                

                



 

Has University Ethics approval been granted? Y/N    YES
              

If Yes, what is the Ethical Approval number:  GU ref. no. 2015/857
              

If No, was ethical approval declined?
  

If No, will ethical approval be sought?
              

 

 

Survey Assistance Required 
 

Will you require assistance in sourcing the population? (Allow up to 4.5 weeks) Y/N NO
                

 

Will you require assistance in designing your survey?   Y/N     NO
  

 

Will you require assistance in distribution of your survey?   Y/N   YES
  

 

Will you require assistance in analysing your survey results?   Y/N   NO
                            

               

Compliance Requirements 
 

All surveys are to be conducted in accordance with both the Griffith University Privacy Plan and 
the Griffith Code of Conduct. Further details can be found here: 

http://www.griffith.edu.au/privacy-plan 

http://www.griffith.edu.au/griffith-portal-support/code-practice 

 

 

 

 

 

Email completed application form to: surveys@griffith.edu.au



 

  



Appendix D: Online Survey Cover Sheet 
 

Fiji Tourism Demand 
ONLINE SURVEY COVER/INFORMATION SHEET  

 
 

Who is conducting the research: Chief Investigator: Associate Professor Chris 
Fleming                           Maja Vinde Folkersen, PhD 
Student 
Department of Accounting, Finance and Economics 
+617 373 57061 and chris.fleming@griffith.edu.au  
m.folkersen@griffith.edu.au  

  
Why is the research being conducted?  

University, Australia. The research is being conducted to investigate your experience of the 
coral reefs in Fiji, and your perception of deep sea mining in relation to your future visitations 
to Fiji and its coral reefs. The survey is for tourists who have dived/snorkelled around coral 
reefs in Fiji.  
 
What you will be asked to do:  
You will be asked about (i) your motivations for visiting Fiji and the coral reefs in the past 
and the expenses incurred during your trip, (ii) your experience of the coral reefs, and (iii) 
your willingness to return to Fiji in the future
the seas around Fiji. You will also be asked to give basic demographic information, such as 
age, gender, education level, etc. 
 
The basis by which participants will be selected or screened: 
You have been selected through communication with PADI Dive centers in Fiji, and/or 
through Fiji Tourism who have contacted former snorkelers and divers to Fiji, and invited 
you to participate in this survey. Only the PADI Dive Centers and Fiji Tourism know your 
name and email address  the research team does not possess this information. Participants 
must be 18 years or older.  
 
The expected benefits of the research: 

quality of coral reefs and vulnerable ecosystems in the South Pacific. The tourism industries 
are critically important for the economic development of the South Pacific Islands. The 

significant economic impacts on their tourism industry and their future economic 
development. 
 
Risks to you: 
The risks involved in participating in this research are no greater than that arising from daily 
living. 
 
Your confidentiality: 



The data collected will be used solely for statistical purposes, and it will not be possible to 
identify you, or any of the other participants, at any point in time. The results of the survey 
may be published in an academic journal as statistical results. 
 
 
Your participation is voluntary: 
Participating in the survey is voluntary, and you may withdraw from completing the survey 
at any time. If you are in some form of dependent or captive relationship (including Griffith 
University students, or users of a service or members of organisation which could be 
perceived to be supportive of the research) you will receive an assurance that your decision 
will in no way impact upon your relationship with that organisation.   
 
Mechanism for distribution and return / Web backend: 
The survey has been sent, as an electronic link in an email, to PADI Dive centers in Fiji, and 
to Fiji Tourism, who have then forward the email to you, and other former divers and 
snorkelers, inviting you to participate in the survey. 
When each respondent has completed the on-line survey, the results will be sent automatically 
to a google drive spread sheet, and will be visible only to the chief investigator and the 
research team, as statistical results. Access to the survey results will require login from the 
chief investigator and research team. 
 
Data Storage and deletion:  
As required by Griffith University, all research data (survey responses and analysis) will be 
retained in a locked cabinet and/or a password protected electronic file at Griffith University 
for a period of five years before being destroyed.  
 
Questions / further information  
You can contact the chief investigator, Associate Professor Chris Fleming, or the PhD 
student, Maja Vinde Folkersen for further information. 
 
The ethical conduct of this research: 
Griffith University conducts research in accordance with the National Statement on Ethical 
Conduct in Human Research (2007).  If you have any concerns or complaints about the 
ethical conduct of the research project please contact the Manager, Research Ethics on +61 7 
3735 4375 or research-ethics@griffith.edu.au. 
 
Feedback to you: 
A summary of the results will not be provided to you automatically, however if you wish to 
receive a summary of the research results when the survey and analysis have been completed, 
please contact the researchers listed above. 
 

 

EXPRESSING CONSENT: 
 

Please note that by completing this survey, you are deemed to have consented 
to participate in this research. 



PLEASE PRINT AND RETAIN A COPY OF THIS SHEET FOR FUTURE REFERENCE. 
 
 

end 


