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Abstract
Blue carbon refers to carbon stored or sequestered in marine and coastal ecosystems including
mangrove forests, tidal salt marshes and seagrass meadows, as well as coral reefs and oceanic
carbon sinks in the form of marine algae. These habitats provide important ecosystem services
(spawning habitat, defence against storms, nutrient cycling, pollination) and economic resources
(livelihoods, and provision of food, materials and medicines) yet are largely unregarded in
international climate change mitigation and adaptation frameworks. While there is considerable
enthusiasm in the scientific and policy communities over the potential of blue carbon finance to
support sustainability initiatives and local development, efforts to enact blue carbon project
activities are severely constrained by a range of economic and social factors. Advocates of blue
carbon consistently fail to understand the importance of blue carbon as an economic commodity,
focusing largely on scientific uncertainty and governance issues.

In order to integrate blue carbon offset activities into global policy mechanisms, scientific methods
are required to quantify the carbon storage and sequestration benefits of blue ecosystems. To
facilitate the participation of communities in blue carbon project activities, critical and theoretical
social science perspectives are needed to understand the constraints, opportunities, and drivers of
engagement. Securing necessary financial resources and market engagement requires recognition of
investment priorities and commercial imperatives. This study therefore requires the application of a
transdisciplinary framework to explore the multi-dimensional nature of the emerging localinternational carbon value network. Integrating a number of journal articles as key chapters, the
thesis first considers the broad political economy of carbon in global markets, and then investigates
the blue carbon value chain (or network) as a case study. This value network extends from
‘producers’ to ‘end users’, and the thesis examines the roles of actors and stakeholders using the
tools and theoretical perspectives of institutional and ecological economics, political ecology,
systems dynamics, and development studies. Understanding the institutional systems in which
ecosystem-based carbon offsets operate, and the motivations of and constraints on the actors in
those systems, will help to identify policy interventions and reforms that will facilitate the
development and implementation of blue carbon activities.
The complex challenges of the 21st Century imply that transition to a resilient and sustainable global
society will require new understandings of wealth and economic value, and new approaches to
environmental governance. Blue carbon can be considered a ‘proxy’ for a range of outcomes –
adaptation to climate change effects, support of food security and community development, and the
building of social-ecological resilience in marine managed areas. As such, blue carbon is an ideal
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case study of the emerging models of local-to-global, multi-stakeholder, and cross-institutional
business initiatives and development activities. This thesis develops a novel theoretical approach to
carbon-oriented environmental management in the context of climate change policy and global
markets, contributing to emerging theoretical perspectives and the development of innovative
approaches to marine resource management and sustainable enterprise.
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“The difficulty is that the most pressing problems we face today arise from the interaction between
two highly complex systems: the human system and the ecological system that sustains it. Such
problems are far too complex to be addressed from the perspective of a single discipline, and efforts
to do so must either ignore those aspects of the problem outside the discipline or apply
inappropriate tools to address them…Effective problem-solving research must produce a mutually
intelligible language for communication across disciplines. Otherwise, each discipline shall remain
isolated in its own autistic world, unable to understand the world around it, much less to solve the
problems that afflict it.”
Herman Daly and Joshua Farley (2010)

“We are approaching a new age of synthesis. Knowledge cannot be merely a degree or a skill...it
demands a broader vision, capabilities in critical thinking and logical deduction without which we
cannot have constructive progress.”
Li Ka-shing (2003)

“All you really need to know for the moment is that the universe is a lot more complicated than you
might think, even if you start from a position of thinking it's pretty damn complicated in the first
place.”
Douglas Adams (1992)
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1 Introduction

Chapter summary
This chapter outlines the research problem and questions of this thesis, the thesis structure, the
rationale for and significance of the research, and how the thesis makes a novel contribution to the
development of new knowledge. The thesis is built around a series of independent, peer-reviewed
journal papers – published, in press, under review, or in preparation. These publications are
arranged in a cohesive structure and supported by detailed introductory and concluding chapters.
The candidate is the first author of all publications included in the thesis; a number of other related
publications support this core work, and are listed in the Front Matter of this document.

The thesis examines how blue carbon activities can function within global carbon markets and
climate policy frameworks. This is an important issue because blue carbon resources represent a
wide range of significant benefits: adaptation to climate change effects, support of food security and
community livelihoods and development, and the building of social-ecological resilience in marine
managed areas. Blue carbon is an ideal case study of emerging models of local-to-global, multistakeholder, and cross-institutional business initiatives and development activities. The thesis
contributes to the development of new knowledge through (1) a novel, integrative methodological
approach; (2) important original data and analysis; and (3) practical proposals for blue carbon
project development and implementation. The structure of the final thesis includes five principal
sections, the first and fifth being the Introduction and Conclusion (Parts I and V). Part II explains
the conceptual approaches applied in the thesis, and describes the research methodology in detail.
Parts III and IV contain the research papers and form the substantive core of the thesis in terms of
data and analysis. Part VI contains appendices and supplementary information.
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1.1

Context

Successfully mitigating the causes of climatic change, and adapting to its inevitable effects, are
characterised as ‘wicked’ problems – challenges that apply over different temporal, spatial, and
other scales, involve numerous scopes of activity and investigation, that involve complex, nonbounded systems dynamics, and which cannot be comprehensively and finally solved (Rittel and
Webber 1973; Westley et al. 2011). The nature of wicked problems implies that complex, multifaceted, and integrative responses are appropriate and necessary. Blue carbon projects are
ecosystem-based activities operating in a multi-dimensional context that comprises climate and
weather, international economics, local livelihoods and culture, and diverse human interactions.

Carbon offset activities are crucial components of international climate mitigation strategy in that
they are the principal incentive mechanisms of the global carbon market, and thus represent the
means by which businesses are given flexibility and financial motivation to participate in the
necessary economic transition to a low carbon industrial base (Grubb et al. 2010; Lewis 2010).
Offset projects are intended to provide cost-effective emission reductions for carbon intensive
businesses in industrialised nations, promote sustainable economic growth in developing countries,
and facilitate the uptake of clean technologies and environmentally positive behaviours globally
(Schneider 2009; UNFCCC 2011a). In simplified terms, offset project methodologies can be
described as achieving reductions through reduction, avoidance, destruction, or sequestration of
emissions (Thomas et al. 2010). The Clean Development Mechanism (CDM), which can be
considered the benchmark standard for carbon offsetting, recognises almost 200 methodologies
across 15 sectoral scopes (UNFCCC 2011a). These sectoral scopes include renewable energy
generation, energy distribution, waste management, chemical industries, forestry, and agriculture,
among others. Other methodologies exist in voluntary offsetting mechanisms such as the Verified
Carbon Standard (VCS).
Reducing emissions against a ‘business as usual’ scenario depends on methodologies that represent
improvements or efficiency in existing methods rather than innovation; these can include
decomposition and burial of captured emissions of industrial gases, energy efficiency, landfill gas
capture, recovery of fugitive emissions, fuel switching, cement production and CO2 capture.
Methodologies that avoid emissions involve alternative development pathways including renewable
energy provision from sources such as wind, solar and geothermal power, as well as transport and
energy distribution systems. Industrial gases and by-products, particularly hydrofluorocarbons
(HFCs), have significant global warming potential (relative to natural greenhouse gases); these
products can generate offsets by being destroyed through combustion and burial in landfill. A few
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methodological approaches directly sequester carbon in soils or in vegetation by accreting new
biomass. Very few offset activities involve sequestration in aquatic environments; vegetated coastal
and aquatic ecosystems may have been excluded from calculations of the total global carbon
‘budget’, which is an unfortunate omission as these environments represent substantial carbon
stocks and sequestration potential (McLeod et al. 2011; Fourqurean et al. 2012). In short, carbon
offsetting can occur through industrial efficiency practices, alternative energy pathways, and
natural-resource-based project activities. This thesis considers the global carbon offset market
broadly, and then investigates natural-resource-based offsets specifically, with blue carbon
examined in depth as a specific case study.

The ocean is a dominant component of the global carbon cycle and more than half of all carbon
accumulated in vegetation through photosynthesis is in marine organisms (Raven and Falkowski
1999; Sabine et al. 2004). ‘Blue carbon’ refers to these vegetated marine, coastal, and riparian zone
carbon stores and sinks, including mangrove forests, tidal salt marshes and seagrass meadows, as
well as coral reefs and oceanic carbon sinks in the form of marine algae (Nellemann et al. 2009).
All of these natural systems are important ecological resources and largely unregarded in
international climate change mitigation and adaptation frameworks. Blue carbon sinks are
autotrophic systems that fix carbon as organic matter (Alongi 2002). Additionally, they bury a
fraction of their CO2 production and reduce water turbidity, enhancing the sedimentation and
absorption of particles in the soil. Coastal and aquatic ecosystems can therefore directly contribute
to the sequestration (and thus reduction) of atmospheric greenhouse gases through afforestation and
reforestation activities and environmental management to reduce degradation and land cover
change. Mangroves forests store significant volumes of organic carbon (an average of over 1000
metric tonnes per hectare) with the majority (49-98%) in soils from 0.5 metres to over 3 metres in
depth (Donato et al. 2011). Coastal zones sink 180 times more carbon than the open ocean
(2,000TgC/yr-1) (Nellemann et al. 2009).

These areas are not only highly effective carbon sinks but also contribute vital ecosystem services
including the provision of habitat, production of food, regulation of local climate and disease
vectors, nutrient cycling, and pollination (Duarte et al. 2005; Bouillon et al. 2008; Trumper et al.
2009). Blue carbon ecosystems are also highly important for local communities in terms of their
economic services, including the provision of materials and medicines (Murray et al. 2011).
Increasingly, these outcomes are being recognised not as ancillary benefits but as the fundamental
drivers of social and economic welfare and sustainability (Mathews 2011; WAVES 2012). This
suggests that ecosystem-based carbon offset projects should play a central role in market-driven
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approaches to sustainable development, and an important current policy challenge, therefore, is
valuing these ecological services in order to integrate natural systems with human economic
structures.

Carbon projects are seen as both central to climate change strategies and as a new frontier for
business investment (Dhanda and Hartman 2011). The integration of the old and new carbon
economies (upstream fossil fuel-based industries and downstream sequestration and offsetting
activities, respectively) has resulted in a complex global carbon value chain in which naturalresource-based carbon projects play a limited role, despite their broad social-ecological benefits
(Bridge 2011; Dargusch and Thomas 2012). This is the context for the present study.

1.2

Rationale

Environmental conditions are changing in ways and to degrees that will necessitate fundamental
and substantial revisions of human assumptions and practices about food security, land tenure,
health, and economics (Rosenzweig et al. 2008; Sokolov et al. 2009). The rapidly evolving
international carbon market was established in the 1990s as a central component of the international
strategy to mitigate climate change and adapt to its impacts. This market is likely to become a
critical component of the global economy in the coming decades. As climate change continues to
escalate and increasingly affect societies, economic infrastructure, and natural systems, the
importance and monetary value of carbon as a commodity will grow. However, a central and
critical question is whether market-based carbon economics can provide genuine sustainability and
development benefits, or be constrained by the principles and nature of the carbon market itself
(Brown and Corbera 2003).

In order to investigate the potential for and character of effective and equitable policy mechanisms
it is important to understand the overall structure and nature of the carbon market as a whole. A
broad perspective, with knowledge of the market from producer to consumer, is required to address
imbalances in the system as it currently operates and enact reforms to achieve the desired goals of
emission reductions, environmental conservation and rehabilitation, social sustainability, and
developmental resilience.

While reducing greenhouse gas (GHG) emissions remains a priority, it is now clear that adaptation
to the impacts of climate change is also necessary. Building adaptive capacity involves reducing
vulnerability and enhancing resilience in social-ecological and economic systems (Chapin et al.
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2009). Countries in tropical zones are considered highly vulnerable to climate change (IPCC
2007a), are likely to experience the more extreme impacts and generally have less capacity to
manage these projected effects, in terms of existing technical skills and funds available for
adaptation (Stern 2006; IPCC 2007a). Tropical countries in Africa, Asia, and the Americas are
therefore key stakeholders in international climate policy discussions and it is in these areas that
adaptation is a critical issue. Blue carbon habitats are not only among the most productive in the
world in terms of ecosystem services but represent critical natural defences against the biophysical
impacts of climate change, from drought-driven erosion and salination to protection from storm
surges, floods, fires and other extreme weather events (Alongi 2002; DFN 2009; Nellemann et al.
2009). These ecological characteristics render blue carbon offset projects ideal vehicles to promote
resilience in social-ecological communities in coastal zones (Adger et al. 2005).

Blue carbon project activities offer economic and social opportunities for host communities with
employment and education resulting from cultivation and management of ecosystem resources.
Increased incomes, together with capacity building and technology sharing, should encourage longterm sustainable community participation. Community engagement through social and political
participation will strengthen and empower a sense of local ownership. Local communities will
benefit from the multidimensional impacts of improved social links with institutions along with
direct ecological and financial retributions. The overall economic value of blue carbon habitats is
difficult to calculate accurately, and highly dependent on location, but certainly substantial in most
contexts (Murray et al. 2011).

Regardless of the significant role these aquatic and oceanic systems have in regulating the global
carbon cycle and providing their respective ecosystem services, they face anthropogenic pressures
that have resulted in alarming rates of habitat loss (Alongi 2002; Murray et al. 2011). Mangrove
systems are particularly vulnerable to human encroachment and agricultural development and have
undergone area losses amounting to approximately 50% of original cover, with deforestation
generating emissions of 0.02–0.12 Pg carbon annually. This is potentially as much as 10% of
emissions from all global forest loss (Laffoley and Grimsditch 2009; Donato et al. 2011).
Rehabilitation of coastal ecosystems helps establish or enhance breeding areas and refugia for birds
and fish. This in turn contributes to the conservation of biodiversity and encourages populations of
floral and faunal species to increase (Walters et al. 2008). Reforestation and the improvement of
natural habitats can also help prevent undesirable geomorphological impacts including erosion,
salination, and hydrological shifts. Effective environmental rehabilitation in coastal zones can
provide natural barriers to the impacts of extreme weather events, from fires to severe high tides
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and storm surges (Adger 2005). Integrating natural coastal ecosystems into international economic
frameworks will promote social sustainability through employment, income generation, and
capacity building, whereas the failure to acknowledge the true costs of the destruction of marine
ecosystems is a serious threat to human societies (Failler and Pan 2007).

An important priority in climate policy is to develop frameworks that allow for cost-effective
mitigation strategies while promoting sustainable development and building resilience and adaptive
capacity in communities. Blue carbon projects have the potential to offer three key beneficial
outcomes: environmental conservation and rehabilitation, adaptation to climate change effects, and
sustainable development opportunities for coastal communities in developing countries. It is for
these reasons that blue carbon becomes the focal point of this study. In order to integrate blue
carbon offset activities into global policy mechanisms, scientific methods are required to quantify
the carbon storage and sequestration benefits of blue ecosystems. In order to facilitate the
participation of communities in blue carbon project activities, critical and theoretical social science
perspectives are needed to understand the constraints on, opportunities for, and drivers of
engagement. This study therefore requires the application of a political economic framework to
explore of the multi-dimensional nature of the emerging local-international carbon value network.
Understanding barriers to ecosystem-based climate change mitigation and adaptation projects in
marine and coastal systems (in other words, blue carbon offset projects), and devising and testing
economic policy instruments that support the development of these activities, will represent a
genuine and substantial contribution to both communities in developing countries and governments
and private sector commercial organisations in wealthier, industrialised nations.

In summary, international carbon markets are skewed, with natural-resource-based offset activities
significantly under-represented (Dargusch and Thomas 2012). This lack of representation suggests
a failure of climate policy architecture, as the development and commercialisation of ecosystem
carbon initiatives not only offer considerable benefits in terms of climate change mitigation and
adaptation, but also an alternative paradigm of sustainable development, in the sense that revaluing
natural resources – and human relationships with them – is considered by some a path to long-term
social-ecological balance and prosperity (Daly 1974; Chapin et al. 2010; Karns 2011). Blue carbon
activities are of interest in this context given that they represent substantial and cost-effective
climate change mitigation and adaptation opportunities, and may also be considered an example of
emerging new approaches to economic activity and achieving desirable sustainability outcomes.
This thesis therefore investigates a novel and complex field of research that comprises
environmental science and policy, business strategy and economics, and social-ecological systems
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dynamics, with the goal of contributing practical knowledge to blue carbon project development
and integration in international markets and policy frameworks.

1.3

Research questions

This thesis examines the blue carbon value chain from offset producers through to organisational
end users. The overall goal of the project is to investigate the potential role and significance of blue
carbon management methodologies in global climate policy frameworks and socio-economic
development strategies. The project will therefore explore issues related to blue carbon offset
projects in developing countries, but also consider the role of blue carbon project activities in policy
frameworks beyond purely market-based approaches. This is a novel area of research and policy
development in which interest is growing rapidly (e.g. Nellemann et al. 2009; The Katoomba Group
2010; Murray et al. 2011).

The research problem can be summarised thus:
How can blue carbon project activities function within global carbon markets and climate policy
frameworks, to achieve improved sustainability outcomes and enhance the resilience of socialecological systems to climate change effects?

Knowledge gaps and research needs in the field of blue carbon science, economics, and policy have
been identified (cf. Murray et al. 2011). This thesis addresses a number of these key research
questions. These include:
1. What institutional capacities and characteristics facilitate or constrain carbon project
activities in general, and those of blue carbon projects in particular?
2. What are the constraints for offset producers engaging with carbon markets, particularly
with respect to blue carbon projects?
3. What factors influence an organisation’s willingness to pay for various types of offsets with
different sustainability features?
4. How can policy mechanisms be reformed to accommodate and promote blue carbon
activities?

These questions address the research problem in a structured manner, considering the institutional
architecture of climate policy and carbon markets (RQ1), and the perspectives of stakeholders who
operate within overarching framework – project developers and affected communities, market
actors, and the end users of offsets (RQ2 and RQ3). Building on this analytical base, the thesis then
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considers options for improved outcomes, including policy and market reform, sustainable
development, and social-ecological health, justice, and resilience (RQ4). The research questions are
pursued using the transdisciplinary political economy approach applied throughout the thesis. This
methodology, and the concepts on which it is built, are discussed in detail in Chapter 3.

Different chapters address the research questions investigated in this work, as shown in Table 1-1.

Table 1-1 Chapters addressing Research Questions
RQ
1
2
3
4

Chapters
4, 5, 6, 10
4, 9, 10
5, 7, 9
9, 10, 11

The table indicates an important relationship between Parts III and IV: while Chapters 4 to 7
address the political economy of carbon in a global context, and Chapters 9 to 11 explore blue
carbon specifically, and the case study site of Sabah, Malaysia in particular, the research questions
are addressed in both sections. Hence, the research questions are examined at both the global and
case study levels.

The first question (RQ1) investigates the institutional capacities and characteristics that support or
serve as barriers to the implementation of carbon offset projects, and is addressed in Chapters 4, 5,
6, and 10. Chapter 4 analyses a data set of over 14000 projects at various stages of development and
occurring within the major international offset mechanisms, including the CDM and voluntary
schemes. This analysis identifies the uneven nature of the carbon market, and is complemented by a
literature review of factors that constrain or enable ecosystem-based carbon project activities.
Chapter 5 looks specifically at the CDM in China, and identifies ways in which Government
priorities and policies affect market outcomes, a potentially critical aspect of project development
particularly in niche areas such as blue carbon. Chapter 6 considers the potential for CDM uptake in
Libya by engaging with expert stakeholders in government and industry. These three chapters
present a global economic analysis complemented by investigation of RQ1 from the perspectives of
both politics and business. Chapter 10 is a focused investigation of blue carbon in international
markets and policy frameworks. This chapter addresses RQ1 by evaluating how the blue carbon
community (of scientists, policy makers, business, and practitioners) deals with the case study topic.

The second question (RQ2) is focused on offset producers and their ability to engage with
international carbon markets. Chapter 4 explores this question through extensive literature review,
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while Chapters 6 and 10 apply political ecology methods in different contexts. This question is
crucial in understanding the ‘originating’ end of the carbon value chain – where offsets are created.
In economic terms this question examines factors affecting supply.

At the other end of the value chain RQ3 investigates factors that influence demand, or uptake. What
characteristics of an organisation’s business model, regulatory environment, and culture affect its
willingness to pay for different types of offsets according (or not) to their cost, perceived
legitimacy, and other sustainability features?

Finally, RQ4 seeks to identify reforms and new approaches to improve the participation of blue
carbon activities in policy frameworks and markets. RQ4 is addressed from a conceptual economic
perspective in Chapter 9, while Chapter 10 identifies social aspects of the question, including local
political and cultural issues that are rarely discussed in the global literature, and hence enabling
factors for project development. Chapter 11 makes two important contributions: first, a structured
approach to blue carbon project implementation is described, integrating existing financing and
management approaches into a single modular instrument; second, the effects of introducing blue
carbon finance to the case study area are modelled across the wider local social-ecological system.
The model results provide data that support the argument for the value of blue carbon project
activities.

1.4

Significance

Research into the social, political, and cultural aspects of blue carbon economics has not been
previously undertaken – this thesis represents an original contribution that fills knowledge gaps in
an important area of environmental management and sustainability science. As discussed in depth
in Part II, there is a range of views on the nature of human society, and the characteristics of its
future development. These differing worldviews have direct relevance to research into blue carbon
projects, and to project development and management activities.

There are physical and biological limits to economic growth. These have been described as
planetary boundaries that if exceeded are likely to result in significant changes in natural systems
(Meadows et al. 1972; Rockström et al. 2009; Steffen et al. 2011). At the same time, the dominant
and mainstream paradigm of human development is built on assumptions that appear contrary to
this view: that economic growth is potentially limitless and the most effective solution to poverty
and developmental inequity, that economic growth can be ‘decoupled’ from environmental impact,
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and that technology will provide solutions to environmental and resource problems (Bumpus and
Liverman 2008; Okereke et al. 2009; Abbott 2014).

This thesis makes original contributions to knowledge in three important ways: a novel, integrative
methodological approach; important original data and analysis; and practical proposals for blue
carbon project development and implementation.

First, the methodological approach applied in the study integrates different disciplinary
perspectives, concepts, and tools, in order to investigate the research problem within the parameters
of disparate and competing paradigms. This means that the thesis offers a comparative analysis of
different interpretations of ecosystem-based carbon activities, and identifies the strengths and
weaknesses of different perspectives. The value chain model applied to structure the analysis offers
a framework and conceptual vocabulary that connects very different stakeholders and interests. The
transdisciplinary investigative method provides a coordinating theoretical structure and practical
approach to research engagement. In short, the methodology of the thesis (discussed in detail in Part
II) is a structured, integrative research approach designed to address a complex global problem
involving very different actors and issues. This methodology – while built of established tools and
perspectives – allows the elucidation and incorporation of distanced stakeholder views within a
single, practicable, market instrument and policy tool. This methodology creates shared language
and understandings across an economic value chain, doing so in the area of natural resource
valuation and management. This type of novel approach will be necessary to environmentally
sustainable economies in a climate changing world.

Second, the data and analysis presented in the thesis provide important conceptual clarity to support
the development of improved understandings of the blue carbon topic, and necessary information to
implement project activities. The thesis identifies knowledge gaps and addresses these. As a result,
the thesis makes a genuine and practical contribution to improving the potential for blue carbon
projects to occur and succeed.

Finally, drawing the different methodological and analytical components of the thesis together
allows for the proposal of novel approaches to blue carbon project development, approaches that are
compatible with the principles and objectives of different worldviews and the organisations which
espouse them. In other words, this thesis does not compare different perspectives on development
with the intention of identifying a superior approach; rather, the work presented here acknowledges
strengths and weaknesses of different perspectives and offers findings that will be relevant,
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accessible, and amenable to a range of stakeholders and interested parties. The thesis offers
practical pathways to achieve important sustainability outcomes through the integration of disparate
paradigms of development and business, diverse finance and policy instruments, and the values and
goals of different stakeholder groups.

1.5

Thesis structure

The thesis is structured in five principal sections with an appendix of references and supplementary
material. Part I introduces the thesis by explaining the context of the research (Chapter 1) and
providing background information in the area of study (Chapter 2). Part II describes the conceptual
framework applied for this work, a novel integration of theoretical perspectives and disciplinary
tools. Parts III and IV constitute the body of the research work, with each chapter in these sections
exploring different aspects of the overall research problem. These chapters (4-7 and 9-11) are
presented in the form of journal articles, all of which have either been published (or accepted for
publication) during the course of the candidature, are under review, or in preparation for
submission. At the end of Parts III and IV are brief summary chapters that summarise the principal
results of that section (Chapters 8 and 12). Part V concludes the thesis, with a discussion of
limitations to the work, key findings, and future research pathways. Part VI comprises the
appendices, and includes literature cited in the thesis, supporting data sets, and other supplementary
information.
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2 Background

Chapter summary
The development of blue carbon projects occurs in the context of climate change policy frameworks
for emissions mitigation and adaptation to impacts. Finance for blue carbon activities can therefore
be derived from public, private, and potentially philanthropic sources. This chapter discusses the
international climate policy architecture and the ethical principles that underpin agreements and
instruments. Specific finance mechanisms are also explained in brief.
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2.1

International climate policy frameworks

The environmental challenges facing the global community have motivated the creation of
economic policy mechanisms designed to connect advanced economies with poorer, less developed
states, in international carbon markets. The Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC) established international policy instruments including
emissions trading, clean development, and joint implementation mechanisms which are intended to
facilitate the engagement of industrialised and developing economies in a regulated global market
framework (UNFCCC 1998). The carbon markets that have evolved as a result of these policy
instruments exist to serve the goals of climate change mitigation and sustainable development by
encouraging commercial interest in carbon offset projects (Boyd et al. 2009; UNFCCC 1998).
While carbon projects have been embraced by large and internationally experienced businesses,
cultural circumstances and operational frameworks vary widely for small-scale operators in
developing countries, for whom there are common constraints on participation in international
arenas (Chadwick 2006; Thomas et al. 2010), and universal prerequisites for participation
(UNFCCC 2010a).

2.1.1

Agreements and treaties

The UNFCCC was formalised in 1992 and provides the architecture for international action on
climate change. The UNFCCC acknowledges the reality and threat of anthropogenic climate
change, and establishes the need to address potential impacts by reducing emissions of greenhouse
gases from industrial activities, transport, and land use, though no specific target or instruments
were initially specified (UN 1992). Parties to the UNFCCC were divided in groups according to
levels of development, and this continues to be a challenge for global agreements and future treaties
(DeCanio 2009; Carraro and Massetti 2011). The Kyoto Protocol to the UNFCCC, agreed in 1997
and in force from 2005, clarified the specific emission reduction commitments of developed
countries, and described flexible mechanisms through Parties could meet these commitments,
including the principle of offsetting (UNFCCC 1998).

The annual Conference of Parties to the UNFCCC is the setting for international negotiations on
climate policy, creating the global policy architecture within which countries establish their own
governance frameworks. The Copenhagen Accord that was declared at the fifteenth Conference of
Parties to the UNFCCC (COP15) in 2009 stated that global average temperature increase should be
limited to 2 degrees centigrade, and may be strengthened to a 1.5 degree target in 2015 (UNFCCC
2010b). This has implications for carbon markets and domestic legislation of emissions caps, based
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on the carbon budget required to achieve this outcome (Macintosh 2010). The Copenhagen Accord
also declared that a Green Climate Fund would be created to mobilise US$100 billion per year by
2020 to support climate change adaptation in developing and poorer states (UNFCCC 2010b).

At the seventeenth Conference of Parties in South Africa in December 2011 Parties reached
agreement on several key issues, including finance commitments to assist developing countries
adapt to climate change impacts. The UNFCCC’s Kyoto Protocol was extended to the end of either
2017 or to 2020, meaning that industrialised nations that have ratified the Protocol will continue to
be legally bound to reduce their greenhouse gas emissions. Perhaps most importantly, however,
Parties agreed “to develop a protocol, another legal instrument or an agreed outcome with legal
force under the Convention applicable to all Parties” (UNFCCC 2010b). This was a significant
development; for the first time all signatories to the UNFCCC – including the United States and the
major developing economies of Brazil, China and India – will be included in an emissions reduction
treaty with legal force. It appears that just as the impacts of climate change are projected to continue
increasing in frequency and severity, regulation of greenhouse-intensive industrial and land use
practices is likely to continue expanding.

2.1.2

Values and principles

International agreements can only operate effectively when they are underpinned by principles
unanimously agreed to by all parties (Carraro and Massetti 2011). In the case of climate change, the
UNFCCC both establishes the practical architecture of agreements between nations, and articulates
the principles that inform these agreements. These principles include: (1) belief in common but
differentiated responsibilities to protect the climate system, based on inter- and intra-generational
equity and the respective capacities of nations; (2) recognition of the special needs and
circumstances of developing countries; (3) the desire for precautionary, comprehensive, costeffective approaches; (4) the importance of sustainability and the assumption that economic
development is necessary to address mitigation and adaptation; and (5) the goal of a transparent,
cooperative international economic system (UNFCCC 1992, Art. 3).

The UNFCCC continues to provide the framework within which further detailed agreements are
resolved. Later international agreements outside the UNFCCC offer further insights into shared
values and principles of the international community, particularly with regard to issues of
sustainability and global environmental challenges. These principles inform the Millennium
Development Goals, future Sustainable Development Goals, and documents such as ‘The Future
We Want’, produced as an outcome of the United Nations Conference on Sustainable Development
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in 2012 (UNCSD 2012). They include commitments to eradicate poverty; achieve sustainable
patterns of production and consumption; protection of biodiversity and ecosystems; inclusive and
equitable economic growth; equal opportunity for all; raising basic standards of living; social justice
and inclusion; and integrated and sustainable management of natural resources to support ecological
conservation, restoration, and resilience.

These revealed values of the human community inform the purposive and normative orientation of
this thesis, as discussed in depth in Chapter 3.

2.2

Mitigation and finance instruments

The rapid evolution of carbon pricing instruments since the late 1990s has resulted in a multitude of
schemes and mechanisms that operate from sub-national to regional scales, together comprising a
global market valued at over US$140 billion, with US$30 billion in emission trading schemes alone
(Kossoy and Ambrosi 2010; Kossoy et al. 2014). These markets are fundamentally based on the
principle of offsetting. Offsetting allows firms (in industrialised countries with domestic regulations
controlling the production of greenhouse gases (GHGs), or within specific sectors in sub-national
jurisdictions) to purchase emission reductions generated by projects elsewhere – projects certified
under United Nations climate policy frameworks or within national or sub-national legislative
contexts. The notion is that the atmosphere is a global commons, and thus projects reducing
emissions in one place can sell those reductions to firms or facilities producing emissions
somewhere else. The firms that purchase the reductions can use these within their domestic
regulatory systems to offset their own emissions, resulting in reduced net emissions overall.
Emission reductions are measured in metric tons of CO2 equivalent (tCO2e), as other greenhouse
gases can be compared to carbon dioxide in terms of their global warming potential and lifetime in
the atmosphere. For example, methane (CH4) is estimated to be around 21 times more potent in its
greenhouse effect than CO2 over a 100-year timeframe, and thus a ton of methane is deemed to be
21 tCO2e. Carbon credits are traded as commodities as well as being used by firms in industrialised
countries to reduce their net reportable emissions.

Market mechanisms are considered attractive policy options because they create behavioural
motivations for businesses and encourage innovation (Weber and Neuhoff 2010). Offsetting can be
viewed as a transitional measure designed to facilitate incremental changes in industry toward low
carbon economic practices. By establishing price signals on specific production outcomes (in this
case GHG emissions) regulatory agencies encourage firms to find alternative business models; less
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carbon-intensive activities become more financially attractive, and thus viable investment
propositions. Carbon forestry is a potential incentive mechanism to encourage a number of desired
outcomes, including climate mitigation and environmental protection as well as economic growth in
poorer rural communities in the developing world (cf. Peters-Stanley et al. 2012; Venter et al.
2010).

Emission reduction projects can be implemented under a variety of regimes, both voluntary, such as
the Verified Carbon Standard (VCS) and the now defunct Chicago Climate Exchange (CCX), and
regulated, such as the Clean Development Mechanism (CDM) scheme and the Joint Implementation
(JI) scheme. These mechanisms produce the carbon credits which can then be bought and sold in
compliance markets such as the European Union Emissions Trading Scheme (EU ETS).
The EU ETS is the world’s largest regulated cap-and-trade mechanism, with a cap of 2084 MtCO2e
in 2013. The European Climate Exchange (ECX) operates as the market centre for firms captured
by the legislation (Kossoy et al. 2014). The units traded in the ECX are primarily certified emission
reductions (CERs) generated by CDM projects. The world’s second largest carbon market is in
China, where there are six pilot emission trading schemes covering more than 1100MtCO2e
(Kossoy et al. 2014). While there is as yet no integrated international cap-and-trade regulation,
regional, national and sub-national schemes are expanding. Australia’s carbon price legislation
came in to effect in July 2012, with a fixed price (of AU$23, rising at 2.5% per year) for 3 years
before transitioning into an ETS, although a change of government in late 2013 resulted in repeal of
the legislation. In North America there are regional agreements including the Western Climate
Initiative (WCI) and the Regional Greenhouse Gas Initiative (RGGI), and California’s AB32 capand-trade legislation is a mandatory instrument. New Zealand’s ETS commenced in July 2010, and
Japan has an existing voluntary ETS in place with regulation evolving. China, the world’s largest
emitter, is introducing provincial emission trading schemes between 2013 and 2015 (Wang et al.
2009; Deng 2011; Linacre et al. 2011). The global carbon market, though fragmented and diverse,
is expanding rapidly. Carbon is likely to become a progressively more valuable commodity, and
increasingly important to business management strategy (Alcock 2008; Wang et al. 2009).

Carbon forestry projects (involving the management of planted and natural forests) can generate
offset credits in both regulated and voluntary market schemes. The CDM allows only afforestation
and reforestation projects as defined under the Kyoto Protocol (UNFCCC 1998; Thomas et al.
2010). Although no regulated carbon market scheme currently exists that includes natural forests,
much attention has been given to the opportunity to develop Reduced Emissions from Deforestation
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and forest Degradation (REDD) mechanisms, where emissions avoided as a result of forest
conservation and rehabilitation measures can be used to produce tradable offsets (Dargusch et al.
2010b). REDD has been most commonly considered in the context of tropical natural forests, and is
discussed further below. While the total number of offset projects is growing rapidly, the proportion
of forestry-based activities is not yet significant (Thomas et al. 2010).

2.2.1

The Clean Development Mechanism

The CDM is the largest source of offset credits to firms in industrialised economies, and in the
context of regulated markets a likely vehicle for project development in many developing countries.
CDM projects achieve emission reductions in a range of sectoral scopes by avoiding, destroying or
sequestering GHGs according to the operational requirements of registered methodologies that
apply to 15 different industry sectors, from energy generation (renewable and non-renewable) and
transport to forestry and agriculture. Reductions must be additional to business as usual scenarios,
and are measured, verified and reported by accredited independent organisations.

There were more than 2600 registered CDM projects at the end of June 2009, around 4000 more in
the CDM ‘pipeline’ (UNEP 2011), and more than US$6.5 billion in project-based transactions in
2008. By 2014 there were more than 7000 projects registered. The CDM has historically
contributed over 80% of the emission reductions generated in primary, project-based activities
(Capoor and Ambrosi 2009; Kossoy et al. 2014).

CDM forestry projects generate CERs through either afforestation or reforestation (of areas cleared
prior to 1990) project activities (UNFCCC 2009). Offset credits generated by forestry projects,
however, cannot be used in the largest regulated carbon market, the EU ETS. This exclusion is
likely to have contributed substantially to the fact that, notwithstanding efforts to encourage
afforestation and reforestation project activities, such project types represent less than 2% of all
projects in the CDM pipeline (registered and submitted for registration). Globally, there were only
16 registered CDM carbon forestry projects as of June 2010 despite the fact that 10% of CDM
methodologies (the rules for project operation) are forestry-based (Thomas et al. 2010). While there
are numerous constraints which affect the development of forestry-related CDM projects, it is clear
that the sector is under-represented.

Land use and land cover change is also not addressed in the agricultural scope. There were only 127
projects registered using agricultural methodologies by 2010, and these involved methane capture
or recovery, or animal waste management, with some biomass-based power generation (UNEP
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2011). It can be reasonably stated that land use, land use change and forestry play a negligible role
in the principal source of emission offsets in the global carbon market.

2.2.2

Voluntary carbon offset mechanisms

Beyond the regulated markets, there are also voluntary carbon offset schemes that generate tradable
carbon credits. The voluntary mechanisms have evolved quickly and are increasing their share of
the global carbon market. The original voluntary offset program is the Verified Carbon Standard
(VCS), which generates verified emissions reductions (VERs). These are traded with other carbon
credits (including CERs) in the ECX, the Montreal Climate Exchange, the Tianjin Climate
Exchange, and others. There are a growing number of accreditation schemes that are intended to
address questions of integrity in the sustainability credentials or operational processes of offset
projects. These include the Climate Action Reserve, the Community Carbon and Biodiversity
Standard, Plan Vivo (focused on long-term carbon benefits, ecological protection and poverty
reduction), Social Carbon, and the CarbonFix Standard, which is solely oriented toward forestry
projects.

Different labelling schemes have achieved different degrees of uptake, and their premium values
vary. All of these schemes, however, recognise the CDM as a baseline in terms of methodological
standards. The intention of voluntary standards is generally to enhance the integrity of carbon
offsets, whether in terms of social outcomes, environmental sustainability, or process. This also
suggests that projects registered under voluntary schemes will demonstrate at least as much rigour
in terms of emissions reductions as a CDM activity.

2.2.3

REDD+

Another important evolving policy mechanism relevant to forestry activities is Reducing Emissions
from

Deforestation

and

forest

Degradation

in

developing

countries

plus

(REDD+).

RED/REDD/REDD+/1ºREDD schemes (Law et al. 2012) are essentially international payments for
ecosystem services (PES). In a global greenhouse gas emissions reduction framework, the services
provided are carbon storage and cycling. There are ongoing efforts to enact formal recognition of
outcomes beyond emissions reduction, including biodiversity protection and ecological services.
The service is measured as the difference between a projected business as usual baseline and the
actual measured emissions with the project. Emission reductions that are attributable to the project
activity can be recognised in the form of tradable carbon credits, providing finance for the
developing country host party in the REDD scheme (Corbera et al. 2009; Engel et al. 2008).
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REDD activities are attractive because of the ancillary or ‘co-’ benefits they provide, which include
the production of food and non-timber forest products, and other ecosystem services described
above (cf. Brooks et al. 2009). REDD schemes and other carbon-oriented land use management
programs can improve local technical capacity and education, thereby enhancing ability of
communities to adapt to the impacts of climate change, by reducing erosion and the water pollution,
buffering against extreme weather events, and providing long-term biodiversity conservation and
ecosystem services (McAlpine et al. 2010; Pimental et al. 1997). Responding to climate change in a
comprehensive manner requires integrating land use practices and forest management into
sustainable development strategies (Ramachandran Nair et al. 2009; Dargusch and Thomas 2012).

Forestry-based project activities face similar challenges under both REDD and the CDM. A crucial
issue is additionality, meaning the extent to which any emission reductions will be supplementary to
what would have occurred under a ‘business-as-usual’ baseline scenario. Permanence is another
important question in natural resource based projects, as forests are vulnerable to natural hazards
and illegal activities in ways that behavioural changes such as energy efficiency are not. Preventing
emissions leakage (where emissions are simply displace by a project site to locations beyond the
project boundary) is critical, and the legitimacy of forest-derived offsets depends on effective
monitoring and verification using either satellite observation or physical sampling (Dargusch et al.
2010). Progress, however, continues to be made in meeting these challenges (e.g. Asner et al.
2010).

Despite having been assessed as cost-effective approaches to emissions reduction (Stern 2006;
Strassburg et al. 2009), these complexities mean that REDD (and other types of PES) are difficult
activities to realise in practical terms. At present there is general agreement that payments from
wealthy nations to developing countries should be restricted, although funding to support REDD+
readiness programs continues to be available, and interest remains in REDD+ producing carbon
offsets for national compliance markets (Cerbu et al. 2011).

2.2.4

Green Climate Fund

Financing of adaptation strategies for poorer developing countries has been a central issue of
international climate policy negotiations. When CDM rules and processes were established it was
agreed to allocate 2% of all revenue from CERs to an Adaptation Fund, that by March 2014 had
accumulated nearly US$400 million, disbursed US$78 million on projects and programs, and had
US$168 million available for project activities (World Bank 2014). Given the scale of climate
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change adaptation challenges, and the vulnerability of the Adaptation Fund to market fluctuations,
these amounts are both effectively negligible and highly uncertain. For this reason the Copenhagen
Accord of 2009 declared the importance of a Green Climate Fund (GCF) that would mobilise much
larger amounts – US$100 billion by 2020.

The need for the international community to support poorer nations in adapting to the deleterious
effects of climate change is well recognised, and enshrined as a fundamental principle of the
UNFCCC. There are, however, no universally accepted (and empirically demonstrated) criteria of
vulnerability or adaptive capacity, and as a result, distribution of adaptation finance has historically
been subject to politically motivated prioritisation and non-scientific influences (Klein and Möhner
2011). Despite this, the GCF – to which more than US$2 billion has now been pledged (see
http://news.gcfund.org/pledges/) – is considered an opportunity for innovative and effective
approaches to financing of important adaptation activities (van Kerkoff et al. 2011; Cui et al. 2014).
It remains to be seen whether enough attention will be paid to collection of pledged funds (as
opposed to their disbursement) to ensure the GCF fulfills its promise (Stern and Rydge 2012).
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Part II – Methodology
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3 Methodology

Chapter Summary
This chapter discusses the ontological and epistemological aspects of the thesis, specifically the
range of disciplinary perspectives that are applied in the thesis and the steps taken to support the
validity of data collection and evaluation. This thesis is an integrative, transdisciplinary work of
applied sustainability science, with a mixed methods approach taken in data collection and analysis.
Global economic data, quantified document sets, structured workshops, interviews, and stated
preference surveys provided data that was analysed using software tools, valuation methods,
participatory systems analysis, critical theoretical perspectives, and dynamic modelling. The case
study (Part IV of the thesis) is introduced in detail.
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3.1

The economics of ecosystems and innovation

The research problem addressed in this thesis relates to the potential participation of ecosystembased carbon management projects in international markets and policy frameworks. Understanding
the dynamics, cost-effectiveness, and successful uptake of blue carbon in this context is
fundamentally an economic issue, yet there are different paradigms of economic thought, and the
assumptions that underpin these varying economic perspectives will inform the investigative
methods, data selection, and analytical outcomes of research in this field. It is therefore important to
discuss and clarify the economic perspectives that apply to ecosystem-based carbon projects and
new approaches to environmental management and natural-resource-based economics.

Neoclassical economic theory rests on a number of assumptions that have been extensively
critiqued since the 1960s. These include the notions of rationality, self-interest, equilibrium, stable
preferences, limitless growth, and the idea that individuals create the character of institutions rather
than the reverse (Weintraub 1993; Colander 2000). The rational actor is deemed to be an individual
whose choices are made based on complete information about identifiable options (Murrell 1991;
Stiglitz 1991). Individuals will seek maximum utility in making their decisions; in other words,
people will directly pursue their self-interest and seek the greatest personal benefits from decisions
(Jevons 1866; Friedman and Savage 1948; Colander 2000). The same applies to corporate entities,
though self-interest in the case of commercial firms can be identified as financial profits (Friedman
1970). Markets will achieve the most efficient distribution of resources because of these principles,
with equilibrium states as the eventual, inevitable conditions of economic systems (Arrow and
Debreu 1954; Stiglitz 1991; Weintraub 1993). Greed is therefore natural and rational, and leads to
growth (Friedman 1970); growth is good, and effectively limitless (Solow 1956; Daly 1974); any
problems that arise can be dealt with through suitable regulatory adjustments and accounting
reforms (Friedman and Savage 1948; Murrell 1991; Hanley 1993). Blue carbon projects – with
prohibitive financial structures, and extensive non-quantifiable and non-financial benefits – are
unlikely to succeed in a neoclassical economic paradigm.

Neoclassical theory has faced ongoing critique. The institutional economics of Veblen (1909) and
followers considered preferences as endogenous to actors within social and economic systems,
meaning that the values and aspirations of people shape their choices, but that these values can also
be influenced by social and cultural, as well as economic, institutions. Economics can therefore be
understood more as the study of relationships between people, than between people and things
(Commons 1931); markets are thus an emergent property of interactions between people. Socially
constructed issues including rights, responsibilities, and property could be considered more
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important than the utilitarian objects of neoclassical studies such as marginal utility and farsighted
rationality (Colander 2000; Vatn 2009). Keynes (1937) disagreed with the neoclassical position that
uncertainty can be quantified as risk, suggesting instead that uncertainty was a property of systems
rather than simply a factor in decision-making. Keynes also argued that both individual choice and
money are not neutral concepts; rather, both are value-laden factors underpinned by uncertainty
(Keynes 1930). Money could be seen as a means to protect against uncertainty, and the holding of
cash reserves (maintaining ‘liquidity’) can lead to problems such as declines in demand. It is
therefore lack of demand rather than scarcity of resources that leads to difficulties in market
economies (Vatn 2009). Perhaps most importantly, it was recognised that there are limits to
information and therefore the rationality of actors in systems (Simon 1972). These revisionist views
of economics encouraged a focus on human actors and the diversity of social dynamics and
institutional agency (Holt and Spash 2009).
The revolution in Western environmental consciousness inspired by Carson’s (1962) Silent Spring,
inter alia, focused attention and policy on specific production processes and locations, and academic
research began to further challenge key assumptions in economic theory. Criticisms of neoclassical
assumptions and the policy approaches built thereon sounded notes of concern over future
scenarios, given that there were likely to be physical constraints on the extent of economic growth
(George 1884; Ward 1966; Meadows et al. 1972), and empirical observations of human behaviour
failed to match the assumptions of neoclassical theory (Stiglitz 1991; Colander 2000). Yet as
understanding of the anthropogenic influences on the planetary climate system grew, economic
models struggled to provide not only explanations, but also solutions (Bateman and Turner 1993).
Climate change represented a novel challenge in terms of both scope and scale (Schneider et al.
2007). Climate change affects human communities at local and regional levels, but must be
addressed by society at the global level, given its interconnection with economic activity, and
therefore international political dynamics (DeCanio 2009; O’Hara 2009).

Environmental and resource economics examines mitigation of environmental problems through the
application of regulatory instruments and market mechanisms (Bateman and Turner 1993; Stern
2001; Holt and Spash 2009). This acknowledges the role of regulatory institutions in defining
market parameters: if environmental damages such as pollution are external to business accounting
the system is imperfect. Addressing the externality of carbon pollution requires pricing mechanisms
such as carbon taxes or emissions trading schemes, and hence carbon offsets. Further, and more
specifically, bringing ecosystem carbon to market involves a fundamental and common question
applied to a novel commodity: what is the product made available by these activities, and what are
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the levels of demand for that product? Commercial success or otherwise should be determined by
these matters. If ecosystem or natural resource-based carbon offsets are financially uncompetitive
with reductions derived from other types of activities, then they will not be successful as
commodities in a competitive market (Barbier 1993). The use of public funds to support these
activities is therefore likely to be necessary. This economic orientation affords recognition of nonfinancial benefits in activities such as blue carbon, allowing regulators to direct markets towards
particular goals.

Early explanations of the limited participation of ecosystem-based projects in carbon markets
applied traditional neoclassical views, focusing largely on issues of supply and demand (Jotzo and
Michaelowa 2002; Olschewski et al. 2005). While there has been some consideration of specific
policy features that influenced market outcomes, it was generally the case that the success or failure
of ecosystem-based offsets were understood as being related to their availability and costs (supply
side considerations) or their utility and price (demand side considerations) (Sheeran 2006; Wara
2007; Convery et al. 2008; Isenberg 2010). There has been extensive consideration of the issues
affecting end users in the carbon market value chain, including cost reduction, regulatory
compliance, risk minimisation, influence, and reputation (Hoffmann 2005). This focus has
continued through to the present, with some studies noting changes in the drivers of investment
decision making, but remaining preoccupied with the importance of end user preferences (Hultman
et al. 2010; Kim 2010). Chapter 7 in this thesis looks at the global carbon market in these terms, but
reviews factors affecting the development and uptake of natural resource-based carbon projects that
offer insights beyond traditional neoclassical analysis.

Increasingly, there has been greater recognition that factors beyond traditional business logics play
important roles in the dynamics of carbon markets, and that economies can be more accurately and
equitably understood as relational networks (Benner et al. 2011). There is growing consideration of
the importance of several key factors. The first of these is project specific transaction costs
(Chadwick 2006; Pfaff et al. 2007, Thomas et al. 2010). The second is institutional dynamics – the
role of government subsidies to industries; the impact of civil society in driving project
development; and how social, political and economic relationships affect environmental impacts
and outcomes (Chapters 5, 6, 10; Ostrom 2009). Finally, there is growing attention being paid to the
role of the ‘producers’ of carbon offsets, and the importance of social-ecological systems to
understanding the barriers and enabling factors that affect the development of ecosystem-based
carbon offset projects (Chapters 10, 11; Angelsen 2009; Corbera et al. 2009; Andersson et al. 2011).
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These perspectives – transaction costs, institutional dynamics, and social-ecological systems theory
– fit comfortably within an evolutionary interpretation of carbon market dynamics. This approach
recognises path dependencies as shapers of development; societies are likely to develop according
to pre-existing physical and cultural infrastructures (Unruh and Carrillo-Hermosilla 2006; van den
Bergh 2007; Maréchal 2009; Kosoy and Corbera 2010). In terms of carbon markets, path
dependencies are likely to result in ‘lock-in’ of carbon-oriented infrastructure, and there is a danger
that this could extend to new markets in developing countries (Unruh 2000; Unruh and CarrilloHermosilla 2006).

The evolutionary perspective on the participation of ecosystem-based offset projects within global
carbon markets is an important tool for policy analysis and the design of reforms. The
multidimensional values of ecosystem-based projects represent valuable benefits to human
communities affected by poverty, environmental degradation, and climate change impacts. At the
same time, end users in the carbon value chain are actively seeking opportunities to invest in
environmental protection and rehabilitation, driven not only by concerns over regulatory risk and
corporate philosophies of social responsibility, but also by increasing recognition of the economic
values of ecosystems (Chapter 7). Arguably, the emerging field of ‘carbonomics’ (cf. Ratnatunga
2008) is an opportunity for economics to embrace heterodox evolutionary and institutional
perspectives, and discard the debunked theories of traditional neo-classicism – the ‘zombie’ ideas of
general equilibrium, rational actors, efficient markets, and trickle-down economics, which persist in
the face of evidence-based criticism (Maréchal and Lazaric 2010; Quiggin 2012). This is the point
at which ecological economics becomes central to the discussion, and the disciplinary focus of the
investigation (Chapter 9).

Economists dissatisfied with the assumptions (and resulting limitations) of neoclassical approaches
to environmental questions began applying concepts and methods from other disciplines – in
particular ecology, systems thinking, and evolutionary biology – in their research during the 1970s
and 1980s (Costanza 1991). A key aspect of the development of ecological economics is its
collegiality – not being based on the work of a single or an established set of ideas, ecological
economics grew as a discussion about the best ways to solve particular types of economic problems;
ecological economics is focused on the process of problem solving rather than the application of
specific methods (Vatn 2009).

Ecological economics operates with its own assumptions. First and foremost is the belief that there
are limits to growth – planetary boundaries – and infinite economic growth is therefore not a
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realistic proposition (Rockström et al. 2009; Kosoy et al. 2012). Furthermore, the negative
environmental consequences of economic growth are not necessarily manageable with traditional
tools (taxes and permit trading, for instance), and the substitution approach to capital (that there can
an equal exchange of natural capital with built capital) is flawed: natural and social capital are both
necessary and cannot be replaced with alternatives or substitutes (El Serafy 1991). Additionally,
economics is not neutral and free from ethical values (Boulding 1991; Holt and Spash 2009).
Economics must acknowledge and embrace its ethical aspects, particularly in regard to equity
between and across generations. A practical implication of these points is that price signals are not
necessarily the best means to achieve sustainable use of natural resources (Vatn 2009). Processes of
resource valuation are themselves generally derived from particular ethical schemata, culturally
driven (and competing across and within cultures), and laden with a range of implicit and influential
values and assumptions (Richards 1983; Palich and Bagby 1995). This is explored further in
Chapter 10 (and cf. Doolittle 2001, 2007). An ecological economics approach supports the
development and promotion of sustainable enterprises in natural-resource-based contexts such as
blue carbon, but identifies non-financial levers for successful triple-bottom-line outcomes.

In addition, ecological economics is an interdisciplinary, systems-based pursuit, applying tools from
disparate scientific modalities, incorporating empirical data and field knowledge, and open to
multiple methods (Norgaard 1989). Ecological economics assumes that systems are large and
interconnected. Drawing on the concepts and principles of the life sciences, ecological economics
examines the relationships between economic systems and the biological and ecological processes
on which they depend (Funtowicz 1991; Steffen et al. 2011).

In summary, there are three principal areas of concern in the field of ecological economics: first, the
valuation of environmental goods and services (e.g. Costanza et al. 1997, 2014), and second, the
mechanisms and concepts necessary to achieve a steady-state economy (Daly 1974, 1989). The
third area of interest relates to the human aspects of the economics of nature. This is termed ‘social
ecological economics’, and more closely investigates the influence of power on economic
institutions and environmental resources (Vatn 2009). Ecological economics is therefore connected
to the study of political economy. Climate change, development, and the uneven distribution and
use of resources can be examined using the analytical tools of political economy, such as causation,
exchange, and asymmetries (O’Hara 2009). Political economy is a disciplinary perspective that
allows for the investigation of factors and issues largely excluded from neoclassical analysis:
institutional dynamics, governance cultures, policy pathways, and evolutionary effects.
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3.2

Political economy and political ecology

The field of international political economy is a wide and varied discipline with disparate
perspectives or paradigms. These are described by Miller (2008) as the neo-classical market model,
the multicentric organisational model, and the neo-Marxist capitalist production model. More recent
work (e.g. Clapp and Dauvergne 2011) identifies further distinctions, and Table 3-1 below provides
a synthesis of these views to describe four principal political economy perspectives: market,
institutional, social-ecological, and social green. Following Kuhn (1996) these world views or
paradigms in the field of political economy can be described in terms of several dimensions: core
subject matter, central concepts, explanatory strategies, purposive orientation (purposive in terms of
the transdisciplinary hierarchy), data collection and analysis methods, but the table also highlights
the content focus and views on solving environmental problems relevant to each paradigm.
Examples of individuals and organisations that exemplify each paradigm are included.

Table 3-1 Dimensions and characteristics of the major political economy paradigms (adapted from Miller 2008,
Clapp and Dauvergne 2011)
Political economy perspective
Market
Focus

 Economies

Institutional

Central
concepts

 Deductive logic
Explanatory
 Aggregated decisionstrategies
making

Social green

 Ecosystems (natural and
 Social justice and
industrial) and socialpolitical ideology
ecological interaction

 Institutions

 International trade
 Global economic
Core subject relationships
relationships
matter
 Economic focus with
 Socio-economic focus
political issues excluded
 Actors are free, rational
individuals seeking
maximum material gain
 Supply and demand
relationships structure
the market
 The market is
ahistorical and acultural
 Everything can be
38monetised – money
is an exchange medium,
a measure of value, and
a store of value over
time

Social-ecological

 Actors are organisations
driven to achieve wealth
and market power
 Money represents
power; institutional
wealth controls access
and influence
 Governments are major
actors in markets

 Populations and
resources
 Dynamics of socialecological systems
 Valuation of
environmental
resources

 International class
relationships
 Socio-economic focus
38characterised by
political dimensions

 Earth is a planetary
ecosystem with limited
carrying capacity
 Humans are selfinterested and
predisposed to
unsustainable
development norms
(the tragedy of the
commons)

 Actors are class groups
 Systems are complex
and interdependent
 The market is
historically dynamic and
culturally influenced
 Historical materialism is
determined by existing
modes of production

 Inductive logic
 Systems thinking
 Symbiotic relationships
 Biological metaphors
between governments
(bioinformatics)
and corporations
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 Holistic scientific
methodologies
 Modes of production
determined by forces
and relationships

Political economy perspective
Market

 Economic growth raises
standards of living,
poverty causes
environmental
degradation
 Market distortions (e.g.
Purposive
subsidies) also cause
orientation
problems
 Globalisation is a force
for progress
 Impersonal competition
is the ideal mode of
interaction

Institutional

Social-ecological

Social green

 Organisations seek
control over demand,
profit, labour, prices,
growth, academia,
 Historical progress
government and culture
means evolutionary
 Markets create
 Globalisation drives
transitions toward a
inequality
unsustainable growth
communist socio Democracy is subverted and accelerates
economic paradigm, or
depletion of natural
by weak institutions
similar ideological endresources
 Abuse of natural
state
 Systems can reach
environments results
 Social and
tipping points and make
from poor global
environmental problems
rapid transitions to new
cooperation
are inseparable and
states
 Corporate colonialism
driven by inequality and
exists but
dominant interests
39globalisation can
improve human welfare
through cooperation if
guided and controlled

 National income
accounts (GDP)
 International trade
 Balance of payments

 Purchase power parity
(GNI-PPP)
 Value ratios (exportimport)

Data
analysis
methods

 Econometric analysis
 Cost-benefit analysis
 Bottom line principles

 Socio-economic analysis
 Triple bottom line
 Benefit versus loss
principles
analysis
 Participatory analysis
 Terms of trade
 Mixed methods
 Triple bottom line
principles

Solution
approach

 Reform global economy
 Reject capitalism and
to operate within limits
industrialism
 Promote growth,
 Improve global
to growth (steady state
alleviate poverty,
 Decentralise governance
institutions and
economics)
improve efficiency
and support traditional
governance mechanisms  Incorporate value of
through 39globalisation
and indigenous
human life and nature
 Build state-level
and market-based
knowledge and
capacity
into policies and
incentives
communities
institutions
 Precautionary principle
 Technology
 Empower marginalised
 Mechanisms of
groups in society
collective coercion

Examples

 World Trade
Organization (WTO)
 Global Environment
 World Bank
Facility (GEF)
 World Business Council
 United Nations
for Sustainable
Environment Program
Development (WBCSD)
(UNEP)
 The Economist
magazine

Data
collection
methods

 Stakeholder
engagement

 Worldwatch Institute
 WWF Network
 Club of Rome
 Herman Daly
 James Lovelock

 Empirical engagement
 Exchange value
 Ownership and control
of forces of production
 Political-economic
interpretations of (class)
exploitation
 Historical perspectives
 Critical theory

 International Forum on
Globalization (FG)
 Vandana Shiva
 Wolfgang Sachs
 The Ecologist magazine

The approach taken in this thesis crosses these categories to apply an integrative approach, but is
most directly aligned with the institutional and social-ecological perspectives in that the analysis
considers actors principally as organisations, recognises the importance of governments in the
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market and considers socio-economic issues to reach conclusions. There are, however, a wide range
of social, cultural and local political issues that must be incorporated into a truly integrative and
realistic analysis of ecosystem-based carbon offset projects in developing countries. These are
issues that a traditional political economy approach will fail to capture. This thesis therefore
considers and explores the historical dynamics and social impacts involved in offset project
development, while at the same time discussing the research questions in terms of international
trade relationships and national policy priorities. These political economy paradigms are discussed
further in view of the conclusions presented in Part V.

To understand the economic aspects of social-ecological systems at scales below the global level
(i.e. in local or regional contexts), the political economy of the environment requires investigation
of people and culture. It seems necessary to consider not only the full range of actors but also the
widest possible array of stakeholder perspectives. That is, a comprehensive political economic
analysis of this topic requires understanding of the roles, motives, and drivers of stakeholders
throughout the value network. Thus, the theoretical orientation of this research project is
functionally multicentric and organisational, but seeks to incorporate ‘apolitical’ economic values
and historically and politically driven cultural perspectives within a single theoretical approach. To
do this, the methods of political ecology are applied.

The discipline of political ecology has evolved as a distinct field of inquiry over the last few
decades, developing from a mix of theoretical perspectives in the areas of political economy,
cultural ecology, political geography, and critical theory. The field of political economy is
concerned with economic issues – production of goods, supply of services, distribution and flows of
wealth – and recognises that political interests are inextricably linked with these relationships.
Political ecology, in contrast, explores the political economy of environmental questions, with the
implicit assumption that cultural perspectives, political motivations and power relationships are key
drivers of human-nature interactions. In other words, environmental issues are subject to human
interests and interpretations, and ecological studies must acknowledge the inevitability of social
considerations. Political ecology can be considered as an investigative method or approach
(Robbins 2004; Doolittle 2008). The principal areas of enquiry include the drivers and mechanisms
of environmental degradation and marginalisation, environmental conflicts in terms of gender, class
and race struggles, failures and exclusion resulting from conservation and control efforts, and the
linkages between livelihoods, social movements and environmental identity.
There are a number of interpretations of the term ‘political ecology’ that can be summarised as:
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Environmental activism: a type of socio-political activism identifying environmental
degradation as a result of corporate behaviour and governance policy (e.g. Cockburn and
Ridgeway 1979; Hempel 1996; Peet and Watts 1996);



A form of critical enquiry in the social sciences which employs the concepts and
terminology of biological and ecological sciences (e.g. Ellen 1990; Botkin 1989);



Ecological studies incorporating human socio-political dimensions, in contrast to ‘apolitical
ecology’ (e.g. Blaikie and Brookfield 1987; Stott and Sullivan 2000);



Political economy of human-nature interactions and environmental change, often with
particular reference to ‘developing world’ contexts, or exploring the socio-economic and
political drivers of resource use with an interest in consequences (e.g. Greenberg and Park
1994; Watts 2000; Forsyth 2008; Chapin et al. 2010).

(Adapted from Robbins 2004)

This thesis principally employs the last of these approaches to political ecology research and
analysis, in that the investigation considers the existing resource management and utilisation
practices of communities in the case study area, and seeks to understand drivers of change in these
practices. The political ecology perspective applied in this project is intended to prevent the
research from making normative assumptions about the superiority of external systems and
approaches.

3.3

Using a value chain perspective to structure the investigation

Carbon in international markets operates within regulatory frameworks that allow project activities
to generate tradeable credits in addition to traditional production outcomes, such as the generation
of electricity. This process is governed by international agreements, influenced by domestic policy,
involves a variety of public and private entities of different sizes and organisational character, and
operates in a range of countries and market sectors. The complexity and multifaceted nature of the
international carbon market implies the need for a descriptive model to explain and structure the
investigative approach. In other words, the market-based approach to achieving emission
reductions, and the establishment of ‘carbon’ (meaning the metric ton of carbon dioxide equivalent)
as a common metric, have created a global trading infrastructure in which a diverse range of
industrial, technical and land-use activities compete to offer the greatest value. Carbon has become
a market commodity, and in addition, can be considered as a proxy for sustainable development
outcomes such as pollution reduction, poverty alleviation, technology transfer, and ecosystem
goods and services, including the provision of habitat for biodiversity and adaptation to climate
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change impacts. As a commodity, carbon (or carbon offsets) can then be considered in the context
of its role in the global carbon market system. As such, it is appropriate to discuss a supply chain.
Supply chains, however, operate within larger value networks, comprising stakeholders and other
actors. Hence, the term ‘value chain’ is a more appropriate description to apply.

Porter (1985) described the primary nodes of organisational value chains as inbound logistics,
operations, outbound logistics, marketing and sales, and service. Other activities include human
resources management, procurement, research and development, and infrastructure. Any of these
activities can generate emissions (Porter and Reinhardt 2007). Other literature relating to supply
networks and production process theory is extensive and not overly integrated. There is diversity in
the language used to describe models of business processes: supply chains, supply networks, value
chains and supply systems are all common descriptions of process models. Some authors have
called for supply networks to be called complex adaptive systems, in the belief that a more correct
nomenclature might facilitate a better balance between command-and-control management and the
emergent capacities of an enterprise (Choi et al. 2001). In business management theory the study of
process models is most commonly described as supply chain management.

The study of value chains applies to a range of business, operational, scientific and intellectual
sectors, and considers factors ranging from risk and quality management to econometrics and social
impact (Evaristo and van Fenema 1999; Angerhofer and Angelides 2006; Cousins and Menguc
2006; Carter et al. 2008). The diversity of models, approaches, and jargon within the discipline can
be attributed to this multidisciplinary nature and the variety of actors and entities involved in supply
chains (Lejeune and Yakova 2005). Despite this diversity there are two common assumptions to be
found in the study of value networks. The first is the process concept, the idea of the chain built of
material and information flows (Min and Zhou 2002). The second is the principle that the value
chain model facilitates overall growth of the whole network (Lambert et al. 1998).

Some features of value chains correspond with issues identified in political economy and ecological
economic analysis: qualities of interaction (Evaristo and van Fenema 1999; Min and Zhou 2002;
Mudambi et al. 2009; Wang et al. 2009), characteristics of actors (Cakravastia et al. 2002; Chen et
al. 2009; Choi et al. 2001; Nassimbeni and Sartor 2007; Wang et al. 2009), connectivity of network
nodes (Evaristo and van Fenema 1999; Schotanus and Telgen 2007), motivations and agency (Chen
et al. 2009; Geels and Schot 2007; Siregar and Utama 2008), and constraints (Campbell 2009;
Thomas et al. 2010). This thesis describes the carbon offset process using value chain concepts to
structure an analytical research approach. Figure 3-1 describes the development and production of
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carbon offsets as a value chain that extends from ‘producers’ to ‘consumers’ (or end users) in five
phases: development, registration, production, market and end use. Within each phase there are
several distinct steps. The diagram also displays (in grey outlines) the boundaries of governance
frameworks. The steps within these outlines are governed by particular regulatory structures. The
largest area, crossing the development, registration, and production phases, represents the rules and
mechanisms established by the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol to the Convention. The smaller boundary within this identifies
activities that are governed by the domestic regulation and systems of host countries for offset
projects. These countries are in most cases developing nations, or non-Annex 1 countries (using the
terminology of the UNFCCC). The final boundary area represents the regulatory sphere of countries
with domestic legislation requiring emission reductions from corporate polluters. These countries
(or in some cases states or provinces) have committed to reducing their carbon emissions and have
implemented domestic legislation that requires corporate entities and facilities to achieve specified
emission reductions, which can be met (in part) with the use of offsets from the international
market.

Figure 3-1 The carbon offset value chain

While Figure 3-1 displays the passage of the offset commodity along a value chain that passes
through different political spheres of influence, it does not show the involvement of different
organisational and institutional actors in the process. These are shown in Figure 3-2. In functional
terms, Figure 3-1 describes the processes involved in the carbon offset supply chain, while Figure
3-2 identifies participants and relationships that are discussed in the chapters of the thesis.
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Figure 3-2 Carbon offset value chain participants

The papers assembled here as thesis chapters in Parts III and IV investigate different aspects of the
blue carbon value chain (shown in Figure 3-3), and do so at varying levels of focus. In Part III, the
broad political economy of carbon is explored, with Chapter 4 providing a detailed statistical
analysis of the types of projects that exist around the world, and a review of economic and noneconomic factors affecting their implementation from development to market. Chapters 5 and 6
then focus on the development and registration phases of the value chain for particular national case
studies (China and Libya). Chapter 7 examines investment preferences of end users in Australia.
Hence, the political economy of carbon is discussed across all phases of the value chain, and
relevant stakeholders are included in the analysis.
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Figure 3-3 Chapters of the thesis and how they relate to phases of the carbon value chain

Part IV examines blue carbon in detail. Chapter 9 is a broad review of blue carbon literature that
reveals a lack of research at the ends of the value chain, while Chapter 10 is a focused investigation
into social and political factors affecting blue carbon activities at the development end of the chain.
Chapter 11 models the effects of blue carbon activities across a social-ecological system. This case
study applies ecological economics and political ecology perspectives using the language and
structures of systems dynamics.

The papers in this thesis apply the analytical approaches of political economy, political ecology,
and ecological economics, as appropriate for the topic at hand. The value chain model provides a
structure that allows different aspects of the research problem to be investigated in an organised
manner. Drilling down into specific questions, however, requires a systematic analytical approach
that incorporates ecological economics, political economy, and political ecology within a larger
conceptual framework.

3.4 Systems thinking
The heterodox economic perspectives discussed above – institutional, evolutionary, and ecological
economics – share some common features. At the ontological level all three are systems-oriented,
with a focus on dynamic relationships, change over time, and conceptual models that are drawn
from the complex life sciences of biology and ecology, as opposed to the mechanistic, case-andeffect models employed in neoclassical economics. In other words, systems thinking underpins
modern economic thought. These revisionist economic paradigms also exhibit similarities with the
discursive social sciences of political economy and political ecology: all of these disciplines
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examine complexity and uncertainty, the influence of institutions and culture on behaviour, and the
importance of power and relationships, and take the position that preferences are endogenous
(meaning that actors have individual agency which cannot be predicted). Given the ubiquity of
systems thinking throughout these principal disciplinary areas, systems approaches are applied
throughout this thesis as a means to describe and evaluate relationships between actors and
institutions.

Systems thinking approaches recognise the complexity and diversity of influential variables (Cain
2001) and allow these to be integrated in dynamic models. The value of applying systems dynamics
approaches in political economy analysis is that systems models provide the capacity to incorporate
both qualitative and quantitative data within analytical frameworks, thereby allowing for robust,
transdisciplinary investigations (e.g. Kok et al. 2010). The systems approach occurs in a series of
five steps: (1) problem identification and structuring; (2) causal loop modelling; (3) dynamic
modelling; (4) scenario development and modelling; and (5) implementation and adaptive learning
(adapted from Maani and Cavana 2007). This approach acknowledges the complexity of socialecological issues and problems, provides a structured method of analysis and solution generation,
and is an essential feature of any transdisciplinary research (Castelletti and Soncini-Sessa 2007;
Brown 2010). The systems approach is applied throughout the thesis; the research problem and
questions, the participatory investigative methodology, and the selection of disciplinary tools, are
all predicated on and constructed within a view of the wider context, comprising economics,
politics and culture, environment, technology, and historical change. The approach is demonstrated
most succinctly in the case study presented in Chapter 10, which applies an integrated systemsbased political ecology as a methodological contribution to the practice of sustainability science.

3.5 Transdisciplinarity
While the systems approach facilitates procedural structures, it is also necessary to apply a research
methodology that traverses disciplinary boundaries and includes personal, local, and strategic
knowledge. This is transdisciplinarity. Transdisciplinary research has developed as an ontologically
pluralistic and epistemologically diverse response to ‘wicked’ problems – those issues that involve
complex and non-limited systems dynamics, occur across a range of spatial and temporal scales,
comprise multiple scopes of activity or enquiry, and which are not amenable to a final,
comprehensive solution (Rittel and Webber 1973; Russell 2010; Guimarães et al. 2013).
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Complex situations involve the interaction of diverse elements operating across a range of scales
(Kates et al. 2001; Reitan 2005). Climate change, international trade, sustainable rural development,
and social progress are all examples of issues that reflect this complexity. Similarly, coastal areas
can be understood from a variety of perspectives: as areas in which natural processes interact as a
result of geomorphological and biogeographical factors; as economic centres based on the use of
marine and coastal assets; as places of social and cultural importance, with unique histories,
spiritual traditions, and value systems; and as regulatory domains with particular administrative
boundaries and management arrangements (Dronkers and de Vries 1999). As a result, coastal
management – and other necessarily integrative areas of operation – require: (1) scientific
integration (across disciplines); (2) international integration (from local to global across nations and
cultures); and (3) sectoral integration (from science to policy) (Cummins and McKenna 2010; Rice
2013).

The transdisciplinary conceptualisation of knowledge is relatively accessible and straightforward,
and the most appropriate to understand and address the subject of this thesis. Single disciplinary
approaches reflect specialists working in isolation. Multidisciplinarity refers to different specialists
working on the same problems, but without coordination. An interdisciplinary approach involves
coordination of different specialists from a higher-level perspective. For example, forestry activities
rely on the coordination of knowledge of soils, ecology, and economics. Transdisciplinarity also
involves coordination, but across multiple levels, and in multiple directions (Max-Neef 2005;
Lawrence 2010). Both inter- and transdisciplinary research methodologies involve the coordination
of disparate types of scientific or academic expertise. Transdisciplinarity, however, also
incorporates the knowledge of non-scientific actors (Jahn et al. 2012).

Transdisciplinarity theory identifies disciplinary areas within a conceptual hierarchy (Figure 3-4)
(Jantsch 1972; Max-Neef 2005). The foundational level is empirical, considering what exists in the
world. This level includes the study of mathematics, economics, ecology, sociology, soils,
chemistry, and physics. At this level the organising language is logic. The second level is
pragmatic, and considers what human practices occur relying on the empirical sciences – what we
do with what exists. Thus, agriculture is born of chemistry, ecology, and soils; industry arises from
ecology, geology, genetics, and economics. Other examples of the pragmatic level include forestry,
commerce, and engineering. At this level the organising languages are cybernetic, fundamentally
mechanistic interpretations of pragmatic activities. The third level is normative, meaning disciplines
that describe and explore what human actors might wish to achieve, for example planning, politics,
and the law. The final, purposive, level is about values, and the exploration of what we should want
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to achieve. At this level ethics and philosophy are key disciplines. The organising language of the
purposive level has been proposed as anthropology, or perhaps a deep ecology (Jantsch 1972; MaxNeef 2005).

Figure 3-4 Transdisciplinary conceptual framework (adapted from Jantsch (1972) and Max-Neef (2005)). The
colour highlights indicate those areas of knowledge examined by the chapters in the thesis.

Max-Neef (2005) describes this framework as ‘weak’ transdisciplinarity. It is, however, an effective
practical approach to research within the grasp of most universities and research institutions and
practitioners. ‘Strong’ transdisciplinarity is a more epistemologically developed theoretical schema
that is still evolving, and is not the focus of this research. In this thesis, the different levels in the
transdisciplinary model are explored across the chapters. Chapter 2 in Part I introduces the
purposive values around sustainable development and climate change that have informed (and
continue to underpin) the global context in which the case study is set, and the thesis returns to this
level of discussion in the concluding chapters. In Part III, Chapter 4 lays a foundation by providing
empirical level data on the global carbon market from an economic geography perspective.
Chapters 5 and 6 explore the intersection of the pragmatic and normative levels, by investigating
the interplay of commerce with politics, national planning, and development policy. Chapter 7
continues this approach with a study of industry preferences around carbon offsets. In Part IV, the
blue carbon case study explores how the different levels intersect in this specific topic. Chapter 9
clarifies the language necessary to have an effective normative level discussion of blue carbon by
analysing the range of (mostly empirical) work done in this space. Chapter 10 links the normative,
pragmatic, and empirical levels through a structured political ecology study of socio-political
dynamics in Malaysia. Chapter 11 provides empirical data to support normative level policy
development.
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Transdisciplinary approaches require disciplines to ‘stretch’ by incorporating methodologies or
perspectives from other disciplines; the incorporation of environmental values in economic
frameworks is an example of this (cf. Reitan 2005). As a result, some important achievements of
transdisciplinarity include the articulation and development of common analytical frameworks and
vocabularies, allowing specialists to communicate across disciplines (Dronkers and de Vries 1999).
Transdisciplinarity also involves participatory approaches that link science with society (Seidl et al.
2013). Angelstam et al. (2013) recognise transdisciplinary research as involving multiple
stakeholders who collectively, and in conjunction with researchers, define the problem to be
studied. They argue that the knowledge necessary to implement effective natural resource
management policies is best gained through standardised studies of a variety of social-ecological
systems in different contexts. Multiple case studies provide comparative research data across key
metrics: global systems (markets, climate), social systems (institutions, power, ownership patterns),
and human systems (cultures). Rice (2013) describes transdisciplinary research as a process that
involves engagement with non-academics throughout. This contrasts with interdisciplinary
approaches that integrate tools, methods, and data sets from different disciplines to create a more
holistic perspective. Transdisciplinarity not only synthesises disparate disciplinary contributions but
applies participatory investigative and planning approaches throughout research and development
processes in the context of real-world problems. Early engagement of social scientists in the
transdisciplinary research processes often results in recognition from all participants of the value of
local ecological knowledge (e.g. Hastings et al. 2012).

Furthermore, transdisciplinary research processes not only involve multi-directional knowledge
flows but also – by virtue of their assumptions, values, and processes – tend to encourage and
support problem- or context-oriented networks that have greater longevity and contribute to more
effective policy outcomes (Hastings et al. 2012; Jolibert and Wesselink 2012). In other words,
projects that are conceived and planned in isolation – by government agencies, for example – and
then introduced to local stakeholders through a consultative process, are likely to have less support
and ongoing participation than projects that are developed collaboratively to meet stakeholder needs
and aspirations, and managed by those directly affected. Chapter 10 explores these aspects of the
transdisciplinary research process.

49

A transdisciplinary research methodology1 will therefore comprise different disciplinary tools and
schemata applied to multiple components of a larger system, an exploration of multiple stakeholder
‘world views’ through case study narratives and analysis, multi-directional knowledge flows with
non-specialist participants in the research directly involved with problem identification and research
design, and an ongoing, iterative definition of the problem being investigated.

3.6 Data collection and analysis
Five phases of data collection analysis were applied as part of this thesis:
1. Problem space analysis using literature review and revealed data (Chapters 1, 2, 4, 9);
2. Problem articulation and structuring through critical analysis and stakeholder engagement
(Chapters 3, 5, 10);
3. System description with stakeholders (Chapters 6, 7, 10);
4. Qualitative exploration of themes (Chapters 5, 6, 9, 10);
5. Dynamic scenario modelling (Chapters 6, 10, 11);

Transdisciplinary enquiry can be characterised in terms of five features: (1) focus relates to the
problem being investigated, which is generally complex and open-ended; (2) context refers to the
worldviews and disciplinary perspectives applied to the analysis, which will vary between
participants in a transdisciplinary study; (3) sources of evidence include diverse types of data; (4) a
synthesis framework is the means by which different sources are integrated; and (5) collective
learning describes new knowledge that has been acquired or developed (Brown 2010). The
synthesis framework applied in this thesis is the transdisciplinary model described previously, and
learning outcomes are discussed more completely in Chapter 13. In methodological terms the
components of this thesis can each be described in terms of focus (the research question being
investigated), context, and sources. Table 3-2 displays these features for each of the principal
chapters, and the value chain phase and analytical tools that are applied in each instance.

Table 3-2 Summary of the research methodology by thesis chapter, including disciplinary context, sources, and
analytical tools.
Chapter

Focus
(RQ#)

4

1, 2

5

1, 3

6

1, 2

1

Context
Economic
geography
Political
economy
Political

Sources of evidence
Global carbon offset projects
data set
Global carbon offset projects
data set
Structured workshops on

Analytical tools
Statistical analysis
(Statistica software)
Structured qualitative
analysis
Participatory analysis,

The Charter of Transdisciplinarity is available at http://ciret-transdisciplinarity.org/chart.php#en.
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Research level
Macro
Macro, System
Micro, System

Chapter

Focus
(RQ#)

7

3

9

3, 4

10

1, 2, 4

11

4

Context
economy,
Political
ecology
Environmental
economics
Ecological
economics

Sources of evidence
project opportunities and
potential

Analytical tools

Research level

Mixed methods

Online stated preference
survey

Contingent valuation

Micro

Quantitative literature review

Conceptual mapping
(Leximancer software)

Macro, System

Political
ecology

Workshops as components of
participatory systems analysis,
Stated preference survey, Case
study field visit, Interviews

Participatory analysis,
Mixed methods

Micro, System

Ecological
economics

Global blue carbon literature
document set

Systems dynamics
modelling (Netlogo
software)

Macro, Micro,
System

The thesis is structured to investigate the research problem at three levels using different
disciplinary tools and methods. First, a macro view of global carbon markets and policy
frameworks occurs in the context of environmental economics and economic geography. This
builds on the recognition that institutional and policy factors such as regulatory and market
structures are central to the dynamics of carbon markets (Knight 2011). At this level the thesis
employs techniques of observational econometrics and critical political economy, and finds
revealed preferences emerging from the global data set (Chapters 4 and 5). To investigate the
preferences of stakeholders in the value chain at a micro level – specifically potential producers,
facilitators, and end users of carbon offsets – stated preference data is obtained through survey
instruments and workshops (Chapters 6, 7, and 10). These macro and micro levels of investigation
are linked together with a systems perspective that employs dynamic modelling, critical political
ecology, and participatory systems analysis. The systems view explores the ways in which microscale issues are embedded in the larger picture, and provides a connecting language across
disciplinary and conceptual boundaries (Figure 3-4). Table 3-2 reveals the way in which the thesis
moves from macro to micro in the investigative process. The disciplinary contexts, sources, and
analytical tools reflect this cross-scalar approach.

This thesis integrates quantitative and qualitative data sets in what is termed a mixed methods
triangulation approach (Jick 1979; Denzin 2012). Triangulation is defined as the engagement of
multiple data sources, methods, researchers, theories, or data types to understand a single problem,
but has been criticised as excluding stakeholder knowledge (Meijer et al. 2002; Olsen 2004; Denzin
2012). In this thesis the mixed methods approach is applied within the transdisciplinary research
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framework, which requires the active participation of stakeholders in the research process. The
triangulation of results is discussed further in Part V of the thesis.

Mixed methods research is seen as the third major research paradigm (Johnson et al. 2007) and is
characterised by (1) the concurrent investigation of qualitative and quantitative research questions;
(2) pre-planned and participatory question development; (3) different types of sampling procedures;
(4) at least two forms of data collection, data type, and data analysis; and (5) conclusions reflecting
different ontological positions (Tashakkori and Creswell 2007). This thesis meets these criteria as
follows: (1) the research questions are principally normative and qualitative at the thesis level, with
quantitative empirical and pragmatic research questions applied in individual chapters; (2) research
questions were developed in advance but refined or replaced with alternatives during the political
ecology phase of stakeholder engagement (Chapters 6 and 10); (3) surveys and models were
designed to collect preference, purposive, and probabilistic data (Chapters 6, 7, 10, 11); (4) data
collection types include market statistics, preference surveys, focus groups, and personal
interviews; data types include numerical and textual; and data analysis is statistical and thematic;
and (5) the conclusions of the thesis include economic, political, and social-ecological findings
(Chapter 13).

The data collection and analytical methods have been selected according to suitability to the
disciplinary context in which a research question is being investigated (Table 3-2). The ontological
contexts explored in the study have been discussed in detail in earlier in this chapter. Although data
sets and methods are presented in each paper, they are also summarised below to highlight that the
methodology is substantial, cogent, appropriate, and valid.

3.6.1

Economic statistics

This thesis is concerned with two themes that have emerged as key issues in environmental
management – the valuation of ecological assets and services, and the reform of social-ecological
systems governance to include actors and stakeholders across economic and geographic boundaries
(Liverman 2004). As discussed above, the analysis explores the intersection of topics generally
considered discretely in mainstream economic literature; in particular commerce, territory, and
discourse – how carbon resources are distributed and compartmentalised by public institutions,
commercial organisations, and political actors in terms of property rights, equity, geography,
language, narrative, and identity (Venables 2006; Lovell et al. 2009; Bridge 2011). One aspect of
the global political economy of carbon is its economic geography, and Part III of the thesis seeks to
explore this topic at the macro level.
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To support this objective, the research process involved collation of a large global data set
comprising publicly available information on project activities conducted within the major
regulated and voluntary carbon offset schemes. Data were sourced from online registries and
compiled into a single database using Microsoft Excel 2011. Given differences in layout and detail
between the various registries, specific project information was sourced from individual Project
Design Documents (PDDs). The final data set comprised included details of credit start dates,
methodologies, project types, credit buyers, and developers for each of 14472 offset projects ‘in the
pipeline’ (including 1634 voluntary projects) current at 1 June 2013. This included registered,
retired, and withdrawn projects as well as those awaiting validation or approval. Where available,
data regarding emission reduction volumes and financial investments to date was included. The data
set was used to inform the economic geography analysis presented in Chapter 4, and an earlier
version to support the analysis presented in Chapter 5. Additional carbon financial data was applied
within the hybrid model built to identify the effects of carbon finance on the case study socialecological system presented in Chapter 11. The data set is included in Part VI as an appendix.

3.6.2

Participatory systems analysis

The participatory activities applied in this thesis are integral to the transdisciplinary research
approach, and engage stakeholders in generating strategic responses and solutions to local problems
rather than importing outside experts for this purpose. Systems analysis involves articulating and
defining a problem by describing the key factors and relationships in the relevant system, as
described above (Smith et al. 2008).

Workshops are the principal context for participatory systems description and analysis. Workshops
are semi-formal collaborative events that allow for the presentation of conceptual information,
followed by collaborative processes of idea and data generation within the systems thinking
modality (Chan et al. 2010). Workshops provide data on local understandings and observations of
environmental and political conditions and changes that result from policy shifts (Barnes et al.
2013). These contextualised understandings of impacts and potential are necessary to inform
successful policy pathways, particularly in the area of natural resource management in complex
social-ecological settings such as coastal and marine zones (Hastings et al. 2012; Ban et al. 2013).

During the course of this thesis work workshops were conducted on the blue carbon topic in a wide
variety of contexts, including different country locations (Australia, Brazil, France, Libya,
Malaysia) in different contexts (research workshops, invited seminars, conference presentations)
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and with groups from the academic, scientific, government, NGO, and community sectors. These
sessions have all contributed to the ongoing iteration and revision of the ideas presented through the
chapters of this thesis. Specific workshops reported in the thesis include the session in Libya on
CDM issues and opportunities (Chapter 6), the systems mapping workshop conducted in Malaysia
(Chapter 10), and the community workshop also held in Sabah (Chapter 10).

3.6.3

Stated preference surveys

The revealed preference data derived from the global offset project data set is an important
component of the initial quantitative economic analysis. To understand the views of stakeholders in
the value chain in greater depth, qualitative methods are required. The research incorporated several
surveys designed to elicit preference and opinion data. Survey instruments structured as stated
preference choice models were used to investigate end user and community perspectives. These
surveys apply principally contingent rating approaches, generally found to be the most consistent
internally and externally consistent (Mackenzie 1993; Pearce and Seccombe-Hett 2000; Bateman et
al. 2002; Bateman et al. 2006). Stated preference data is a valuable contribution to understanding
passive use values (Adamowicz et al. 1998).

The survey that examined investment preferences of offset end users (Chapter 7) was delivered to
over 600 organisations, with 146 respondents participating, and 44 completing all questions. A
survey was also completed by a similar number of respondents during a community workshop
session (Chapter 10). This survey was explored probabilities based on respondents’ personal
experiences and opinions of natural resource management issues. This survey was also developed
following the conceptual system mapping that resulted from an earlier workshop with expert
stakeholders, and designed to investigate the factors and relationships identified therein.

3.6.4

Interviews

Personal engagement and interview-derived data are central to the case study of this thesis, and a
crucial component of social-ecological research, offering the opportunity to source information that
might not necessarily be revealed in public discussions and workshops or written responses (Noor
2008; Moore et al. 2010). Qualitative interview data is sourced from natural rather than
experimental settings, involves the search for meaning through inductive processes rather than
observation of statistical trends, and implies smaller, non-random sample groups with longer
engagement and deeper focus (Winchester 1999).
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The research process involved a series of group discussion and general conversations with
individuals leading to the development of a detailed questionnaire. Based on this questionnaire,
semi-structured in-depth interviews were conducted with a wide range of individuals over several
months in Sabah for the blue carbon case study, with 17 key informants selected for inclusion in the
final analysis. These included both Malaysian citizens and expatriates, though all interviewees
possessed a minimum of 10 years of experience in Sabah relevant to the subject matter. This final
group was interviewed in formal settings – formal in the sense that the interviews were structured,
recorded, and conducted within the constraints of formal University ethics processes – for up to two
hours. The interviews investigated social themes identified through the participatory problem
articulation and structuring process, including politics, property, religion, gender, immigration,
environmental conservation, and economy and development. The resulting data is presented in
Chapter 10.

3.6.5

Scenario modelling

Mathematical modelling of ecological and social-ecological systems is a powerful tool for scenario
analysis (Carpenter et al. 2005; Fulton 2010). Building on the participatory analysis, the results
presented in Chapter 11 were derived from a hybrid model of the case study social-ecological
system (including coastal habitats, food webs and the ecosystems, industries, population, and
economic activity). The model was populated with data sourced from public sources and the field
work in Sabah. The hybrid nature of the model comprised an agent-based approach to represent
human settlements and population as well as top predators and endangered species in conjunction
with equations describing the recurrence relationships in the system. Full details of the model and
data sources are included in Part VI as an appendix.

3.6.6

Software tools

Various software tools were employed to analyse data or structure outputs. As well as common
word processing and office tools, these included Statistica™ (StatSoft 2013), Leximancer™
(Leximancer 2011), ArcGIS (ESRI 2013), and Netlogo (2013). Statistica offers a range of data
analysis, management, visualisation, and mining processes. Leximancer is qualitative data analysis
software that identifies thesaurus-derived concepts in document sets, using intelligent algorithms to
derive concepts from key words, and producing relational maps of identified relationships. ArcGIS
is geographic information software that complies and integrates geographic data. Netlogo is an
agent-based modelling tool that allows for the investigation of diverse dynamic scenarios in a range
of contexts.
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3.6.7

Case study

Case study research has a long history in the social science, and despite changing views on its
utility and validity has evolved into a well-structured and rigorous approach (Eisenhardt 1989;
Ravenswood 2011). The defining characteristic of case study research approach is its examination
of contemporary phenomena in real-life contexts, particularly when the boundaries between
problem and context are not easily discerned (Yin 1991). The process of developing a case study
can lead to the generation of novel, testable, empirically derived theory (Ravenswood 2011). In
effect, the case study operates at two levels, or as a detailed case study folded within a general case.
The thesis explores the broad dynamics of carbon markets, and then considers blue carbon in that
larger context of natural resource-based carbon offsets in global markets and policy frameworks.
The case study then investigates – using the methods established previously and within the
transdisciplinary framework – the potential to develop blue carbon project activities in a specific
location in Malaysia. Part IV of the thesis comprises three chapters that together form a triangulated
case study investigation of blue carbon in the proposed Tun Mustapha Park (TMP) in Sabah,
Malaysia. The TMP will be gazetted as an IUCN (International Union for the Conservation of
Nature) Category VI management zone in 2015, and covers an area of 1.02 million hectares around
the northern tip of Borneo. The Category VI reserve does not implement protection measures alone
but promotes sustainable use of natural resources as a means to pursue conservation benefits. A
population of around 80,000 people is dependent on the coastal and marine resources of the TMP
for food, materials, and livelihoods (Lim and Jumin 2011). As discussed in detail in Part IV, the
TMP is an ideal and real-world case study of the potential for blue carbon project development due
to its ecological significance, social complexity, and governance dynamics.

The process of case study development from commencement to closure was clarified by Eisenhardt
(1989) in the context of organisational science. This process, comprising eight steps, is shown in
Table 3-3 below, with each stage clarified and linked to the relevant chapter in the thesis. The case
study process therefore structures the nature of the investigation, and guides the choice of data
collection and analysis methods (as also shown in the ‘Activities’ column in Table 3-3).

Table 3-3: Steps in the case study process (cf. Eisenhardt 1989)
#

Stage

Activities

Chapters

1

Getting started

1, 2, 9

2

Selecting cases

3

Crafting instruments

Definition of research question;
Neither theory nor hypotheses; Specified
population; Theoretical, not random, sampling
Multiple data collection methods; Qualitative
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4, 10
3, 4, 5, 6, 7, 9, 10,

and protocols

4

Entering the field

5

Analysing data

6

Shaping hypotheses

7

Enfolding literature

8

Reaching closure

and quantitative data combined; Multiple
investigators
Overlap data collection and analysis, including
field notes; Flexible and opportunistic data
collection methods
Within-case analysis; Cross-case pattern
search using divergent techniques
Iterative tabulation of evidence for each
construct; Replication, not sampling, logic
across cases; Search evidence for “why”
behind relationships
Comparison with conflicting literature;
Comparison with similar literature
Theoretical saturation when possible

11

10
9, 10, 11

9, 10

9, 10
11, 13

Chapters 1 and 2 establish the context of and rational for the principal research questions
investigated in the thesis. Chapter 9 in Part IV identifies the important absence of research into
social dynamics of blue carbon activities. The blue carbon topic and the TMP case were selected
based on the results shown in Chapter 4. The TMP was chosen not because of theoretical reasons or
to demonstrate a hypothesis, but because it represents many of the characteristics identified in the
preceding research as central to the blue carbon topic – appropriate natural resources in a complex
social-ecological system, with governance challenges and strengths, and existing interest in carbon
opportunities. This allowed for the crafting of diverse data collection methods, a combination of
qualitative and quantitative approaches, and the collaborative, multi-investigator participatory
systems analysis approach explained previously. This approach successfully mitigated many of the
principal challenges in case study research, including the need to understand a problem in multiple
locations while investigating in a focused manner (Yin 1981). This method also involved
opportunistic data collection and ongoing analysis using mixed methods (Chapters 9, 10, 11). The
study is referenced with consideration of supporting and contradictory literature. The modelled and
theoretical conclusions of the work are discussed in Chapters 11 and 13.

In summary, this thesis integrates individual papers within a clearly structured conceptual and
empirical methodological approach.

3.7 Reliability and validity
To ensure the reliability of this study, benchmarking standards were considered and applied (Pope
and Mays 1995; Seale and Silverman 1997). First, the thesis is developed using an explicit and
consistent theoretical framework and methodology as outlined in this chapter. Second, descriptions
of content are clear and supported with reference to existing literature. Third, the sampling strategy
is justified within the transdisciplinary framework, ensuring that the research problem is explored
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from the macro level of global economic geography to the micro level of specific stakeholder
groups in the carbon value chain. Fourth, the sampling strategy is theoretically comprehensive, with
different data collection and analysis methods applied as appropriate within the disciplinary context
(Table 3-2). Fifth, fieldwork is included in the thesis and described in detail (Chapters 6 and 10).
Sixth, evidence to support conclusions is independently inspected by co-authors and external
reviewers. Seventh, the analytical procedures are clearly described here and in individual chapters.
The data collection methods relate directly to the research questions as shown in Table 3.2. Finally,
the thesis makes qualitative conclusions based on quantitative evidence that is presented
systematically to demonstrate relationships between the data and its interpretation, with evidence
and discussion of contrary observations and arguments throughout. Following these established
principles of rigour in qualitative research methods ensures that the results are not anecdotal or
impossible to replicate, but robust, verifiable, and comprehensive (Pope and Mays 1995; Seale and
Silverman 1997; Morse et al. 2008).

The validity of qualitative research is an important consideration in determining its utility and
significance. There are a number of validity constructs across the social sciences (including
business strategy, management, economics, sociology, and anthropology), which are synthesised
and discussed below as relevant to the work presented in this thesis. These include internal (or
evaluative) validity; construct (or theoretical) validity; external validity (or transferability);
descriptive and interpretive validity, and transparency (Glaser and Strauss 1967; Wicki et al. 2008;
Thomson 2011). These are discussed separately below. Given the mixed methods applied in this
thesis, it should be noted that the standards of rigour applied are more in line with traditional (and
re-emerging) notions of reliability and validity than the constructivist, criteria-based ideas that have
increasingly applied in the last two decades, though these are included in the synthesis below (cf.
Morse et al. 2008).

Internal (or logical, or evaluative) validity refers to causal arguments and powerful, logical
reasoning, and can be measured according to three criteria: the application of a clear research
framework, demonstrating structure and sequence; pattern matching, such that observed patterns are
compared with results; and triangulation, where findings are verified by adopting different critical
perspectives (Wicki et al. 2008). This chapter summarises the structured research framework for the
thesis, which incorporates the mixed methods triangulation and matching of revealed data (Part III)
with results (Parts III and IV). Furthermore, the individual papers incorporated as chapters are all
structured according to scientific and academic standards
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The construct applied to this research is the value chain concept discussed throughout this chapter
and others in the thesis. Construct validity must be considered during data collection and must be
assessed in terms of the accuracy of its representation of the real-world problem being investigated.
In this thesis, the value chain construct is supported by related work in other fields, the ‘pipeline’
approach explained in Chapter 4, and the discussion earlier in this chapter. The construct is
confirmed by the findings presented in Chapters 5, 7, and 9.
External validity can be equated with transferability or ‘generalisability’, meaning the extent to
which findings and resultant theory can be applied in contexts or circumstances other than those
from which they derived (Morse et al. 2008; Wicki et al. 2008; Sallee and Flood 2012). There are
two points to be made about this type of validity in the context of this thesis. First, the broad,
global-level study of the political economy of carbon is unlikely to be transferable as this is already
a study at the macro scale. Second, however, the specific case study conducted in the TMP should
externally valid as its conceptual structure is based on research presented in Chapters 4 and 9.
Throughout the thesis the critical factors involved in constraining or enabling blue carbon projects
are identified, and the TMP case study provides detailed investigation and testing of these. Chapter
11 is a quantitative model that further supports this transferability.

Descriptive and interpretive validity relate to the accuracy of recorded (qualitative) information, and
the extent to which reported data is reflective of the subjects’ views rather than those of the
researcher (Thomson 2011). This principally applies to the interview data presented in Chapter 10,
as much of the other data is recorded in a quantitative manner. To ensure that descriptions and
interpretations have been representative and reasonable, the interviews were conducted in a semistructured, with topics discussed at length and in relation to each other, with clarifications requested
when issues were unclear. To support conclusions presented in the thesis text, direct quotes have
been used.

Finally, transparency is an important component of validity in qualitative research. To support this
within the participatory framework and in a wider research context, results (e.g. of the participatory
system mapping) were shared and confirmed with the workshop group and later respondents. This
process of open verification is central to the systems approach. Results of the research were also
shared with colleagues, and the author collaborated with other scientists on numerous occasions to
seek feedback on the research in progress. The publication of results remains the final test of
transparency in that data and conclusions are presented to an anonymous audience of expert peers
for evaluation.
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3.8 Conclusion
Discussions of international economics, climate change policy, and human interactions with
institutions and the environment are fundamentally influenced by assumptions and understandings
that are often unstated or unrecognised. The theoretical perspectives and analytical tools that are
brought to bear on socio-economic problems differ substantially between paradigms, as shown
above in Table 3-1. The questions asked and answers given in the context of a positivist, utilitarian,
reductionist paradigm are entirely unlike those of a discourse-centred, idealistic, and utopian world
view.

The methodology used in this thesis endeavours to achieve three things. First, clarifying the
transdisciplinary conceptual framework allows a synthesis approach that incorporates different
world views with the goal of both acknowledging the validity of alternative perspectives and
arriving at conclusions that are more comprehensive, valid, and holistic. Second, the
transdisciplinary approach also allows the standards of different research paradigms to be met. The
thesis demonstrates high standards of reliability and validity in the terms of positivist qualitative
research, but at the same supports the collaborative, egalitarian principles of sustainability science
through the use of participatory systems analytical methods. Finally, integrating the methods and
tools of disparate theoretical paradigms and scientific disciplines is a means of pursuing novel
approaches to complex sustainability challenges, contributing to the important task of creating
equitable and effective approaches to natural resource management.
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Part III – The Political Economy of Carbon
Offsets in Global Markets and Policy
Frameworks
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4 C-scape: mapping natural-resource-based offsets in global carbon
markets

Chapter summary:
This chapter explores the distribution of natural-resource-based offset projects in the global carbon
market. Using descriptive data from a comprehensive global database of over 14000 projects,
carbon offset activities are mapped according to project type and market mechanisms. There are
stark imbalances in the location of natural-resource-based offset activities that are not immediately
explained by issues of supply and demand. These imbalances are discussed in view of more
complex economic factors that constrain project development and uptake, effectively juxtaposing
an empirical economic analysis with the wider literature on natural-resource-based carbon
management activities.
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4.1 Introduction
It has been argued that the political economy of carbon offsetting is likely to result in two particular
outcomes beyond the intended goals of reduced emissions and sustainable development, these being
highly unequal distributions of project activities, and the accumulation of profits through marketbased trading (Bumpus and Liverman 2008). The first of these potential outcomes is investigated in
this paper. The discipline of economic geography, traditionally concerned with spatial distributions
of global economic activities, is increasingly considering how social-ecological systems dynamics
relate to and challenge traditional economic notions of growth, value, and efficiency (Benner et al.
2011), and the distribution of carbon market activities and value flows is thus an indicator of
sustainability pathways and outcomes. In this chapter an extensive data set is analysed and the
results are discussed in terms of wider literature on constraints and enabling factors affecting the
development of carbon management projects in ecosystems. Blue carbon is considered as a case in
point.

4.2 Methods
The analysis presented here is based on data from the Clean Development Mechanism (CDM), Joint
Implementation (JI), and major voluntary carbon offset schemes. These voluntary schemes include:
Brasil Mata Viva; Carbon Fix; the Chicago Climate Exchange (CCX); the Climate, Community and
Biodiversity Standards (CCBS); the Gold Standard; ISO 14064-2; Plan Vivo; Social Carbon; and
the Verified Carbon Standard, previously the Voluntary Carbon Standard (VCS). Data were sourced
from various online registries between December 2010 and June 2013. CDM and JI data were
obtained from the UNEP Risoe CDM/JI Pipeline Analysis and Database (UNEP 2011). Data for
Brasil Mata Viva, Carbon Fix, ISO 14064-2, Plan Vivo, Social Carbon, and the VCS were sourced
from the Market Environmental Registry (Public View) (Markit 2013). Chicago Climate Exchange
(CCX) data were extracted from the CCX Registry (CCX 2010), and Gold Standard data from the
Gold Standard Registry (2013). The data were compiled into a single database using Microsoft
Excel 2011. The voluntary scheme data, having been sourced from several different registries, were
substantially different in layout and level of detail. As a result, individual Project Design
Documents (PDDs) for each voluntary project were examined, with details (including credit start
dates, methodologies, project types, credit buyers and developers) extracted and inserted into the
database.

The database contains up-to-date information (as of 1 June 2013) about each of 14472 carbon offset
projects ‘in the pipeline’. This included registered, retired, and withdrawn projects as well as those
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awaiting validation or approval. Where available, data regarding emission reduction volumes and
financial investments to date was included. The database therefore allows for extensive, detailed
analyses of the current carbon market of commercially operated offset projects.
All but 80 of the 14472 projects included in the database apply one or more of 250 methodologies2
that are accredited under the various regulated and voluntary offsetting schemes listed above.
Projects are described by type and sub-type, and different project types can employ the same
methodologies. In this analysis, projects are considered in groups according to sectoral scope rather
than methodologies applied, since the same methodology can be used in projects of different type.
In order to investigate natural-resource-based offset activities specifically, these sectoral scopes
have been further characterised as industrial efficiency, renewable energy, biomass and biogas,
agriculture, afforestation and reforestation (A/R) and avoided or reduced emissions from
deforestation and forest degradation (REDD)3, and blue carbon. The last four of these comprise the
natural-resource-based (NRB) group of activities. Table 4-1 below shows the number of projects in
the database according to sectoral scope and project type.

Table 4-1 Number of projects in the database according to sectoral scope and project type

Industrial
efficiency
Afforestation/
Reforestation
Agriculture
Coal mine methane
offset
EE Households
EE industry
EE own generation
EE service
EE supply side
Energy Distribution
Energy Efficiency
Fuel switching
Fugitive emissions
Industrial gases
Manufacturing
Industries

Renewable
energy

Natural-resource-based project types
Biomass
A/R and
Blue
and
Agriculture
REDD
carbon
biogas
189
142

4

Total
193
142

21

21

154
438
830
89
240
105
68
339
290
257

154
438
830
89
240
105
68
339
290
257

113

113

There are two types of methodology: baseline and monitoring. Baseline methodologies calculate ‘business as usual’
emissions scenarios, while monitoring methodologies determine reductions that result from project activities.
3
REDD-type projects (e.g. avoided deforestation) occur in several of the voluntary offset schemes. The database does
not, however, include details of REDD+ activities conducted within the United Nations framework, both because these
do not operate at a project level in the same way that market-based offsetting activities do but occur as agreements
between countries, and also because the available data on these activities does not effectively match the categories used
in the current database. The data set analysed here is therefore specifically focused on commercially operated carbon
offset projects.
2
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Industrial
efficiency
Mining/ Mineral
Production
REDD
Renewable: Biogas
Renewable: Biomass
energy
Renewable:
Geothermal
Renewable: Hydro
Renewable: Mixed
Renewable: Solar
Renewable: Tidal
Renewable: Wind
Transport
Waste handling &
disposal
Total

Renewable
energy

Natural-resource-based project types
Biomass
A/R and
Blue
and
Agriculture
REDD
carbon
biogas

218

Total
218

58

44

44
58

1604

1604

53

53

3235
9
455
2
3426
76

3235
9
455
2
3426
76

2013

2013

5251
5251

7180
7180

1662

142

233
2041

4

14472
14472

4.3 Results
The economic geography of carbon offset projects can be examined according to a range of factors.
The database used here identifies type of market (regulated or voluntary); types of project by
sectoral scope (Table 4-1 above); project location; quantity of emission reductions expected from
the activity (in many but not all cases); dates of application, registration, and credit issuance; and
project lifetimes, inter alia.

Figure 4-1 shows project types as a percentage of the total number of projects, and emission
reductions as a percentage of total reductions. The figure only includes projects in the database that
list expected reductions (many, especially in voluntary schemes, do not). The figure is therefore
representative of the effectiveness of different types of offset projects, but not comprehensive.
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% of total project numbers (blue)
and % of total reductions (green)

Figure 4-1 Project numbers and emission reductions by sectoral scope, as a percentage of total projects (blue
bar) and percentage of total reductions (green bar).

Financial details of offset projects are not publicly available, as this information is commercially
sensitive. This means, unfortunately, that it is difficult to conduct detailed analyses of financial
returns on investment according to project type. Despite this constraint, Figure 4-1 reveals some
surprising facts in terms of emission returns. For example, energy efficiency projects across
generation, distribution, and households represent over 13% of the total number of projects, but
return less than 9% of total reductions. Solar energy projects account for 3.1% of all activities, but
return 0.06% of reductions. Waste handling activities and hydro-electricity projects are close to an
even ratio of percentages of project numbers and emission reductions. Of the natural-resource-based
projects, however, energy from biomass projects have a positive return, and REDD activities are
distinct, representing 0.3% of projects and 12% of emission reductions. While this is indicative of
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the fact that REDD projects tend to be large-scale, it remains the case that these projects represent
significant emission reductions.

Another consideration is the distribution of projects between regulated and voluntary markets.
Figure 4-2 indicates that there is a similarity between the ratios of efficiency and renewable energy
projects in both types of market, but while it is generally accepted that voluntary mechanisms are
more supportive of NRB projects (e.g. Plan Vivo only accredits forestry-based offset activities) it is
interesting to note that the only blue carbon activities in the database have been developed under the
regulated CDM instrument.

Figure 4-2 Project numbers by type in regulated and voluntary mechanisms

Figure 4-3 allows a more detailed examination of project types in regulated and voluntary markets
by region. Of note here is that in North America – where there are no regulated (CDM or JI)
projects, the voluntary markets a large percentage of agricultural projects
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Figure 4-3 Project types in regulated and voluntary mechanisms by region

Turning to focus on NRB projects, Figure 4-4 shows the cumulative volume of ecosystem-based
project activities appearing in the pipeline over time. Biogas and biomass energy projects clearly
dominate, while agriculture and to some extent forestry projects appear to have effectively
plateaued in the last five years. This may suggest the utility of policy interventions to encourage
uptake of these types of projects.
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Figure 4-4 Number of natural-resource-based projects by type over time

Finally, looking at the distribution of both regulated and voluntary NRB projects by country makes
very clear there are imbalances in the global markets (Figure 4-5). India in particular, and China,
Brazil, and the United States are all countries with large numbers of NRB offset projects, whereas
the African continent has very few, and these are concentrated in the coastal countries. Developed
countries in Europe and Australasia also have low numbers of NRB projects operating, and perhaps
surprisingly, there are very limited numbers of NRB projects in tropical countries in Asia (including
Malaysia, Indonesia, and the Philippines) and the Pacific (there are no NRB offset projects in Papua
New Guinea).
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Figure 4-5 Heat map representing number of NRB projects by country
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4.4 Discussion
The limitations and failures of offsetting have been extensively critiqued (Wara 2007; Boyd et al.
2009; Alexeew et al. 2010), and the imbalances in the global market have been well documented
(Newell 2009; Hamilton et al. 2010; Thomas et al. 2011), though this analysis reveals an even more
starkly disproportionate distribution in natural-resource-based activities. The data revealed here
provides strong support for the argument made by Bumpus and Liverman (2008), that the
characteristics of offset mechanisms and resulting carbon markets would lead to imbalances in
distribution of project activities and wealth, yet traditional interpretations of economic outcomes do
not account for these uneven outcomes (Benner et al. 2011). It is necessary to look beyond supply
and demand to understand why natural-resource-based (or ecosystem-based) offset projects have
struggled to find a footing in global markets (Bridge 2011).

Ecosystem-based project activities and enterprises can be constrained in terms of physical issues,
capacity, finance, governance, and regulation. All of these issues are connected; social-ecological
systems are complex matrices of relationships and processes (Chapin et al. 2010; Andersson et al.
2011). For the sake of clarity and utility, these issues are discussed separately in further detail
below. The following text has been adapted from Thomas (2011).

4.4.1

Physical issues

As discussed in Chapter 2, most offsets are generated as reductions against a projected business as
usual scenario. Carbon offsets are not physical commodities, but conceptual ones. Ecosystem-based
offsets, however, are developed in physical contexts, including forests, farms, and other natural
environments. This characteristic implies two principal potential constraints: access, and logistics.
Access relates to the ability of project developers, managers and validators to be physically present
in project sites. In areas of primary or secondary forest, road infrastructure may be limited, thus
constraining opportunities to conduct carbon stock assessments. Ecosystem-based projects may be
implemented at some distance from population centres, or over large areas, necessitating particular,
and difficult, transport arrangements. A related issue is that of logistics, which involves the
equipment, materials and infrastructure that is required to conduct project management operations.
To illustrate, we can consider the case of marine and coastal ecosystem management – blue carbon
offsets – which presents particular challenges. The nature of these environments can pose
difficulties in terms of both access and logistics, yet marine habitat mapping is a crucial component
of ecosystem-based project management (Cogan et al. 2009). Coral reefs, seagrass meadows, and
71

mangrove forests are all difficult to access by virtue of their physical environmental characteristics.
While remote sensing technologies are developing rapidly, it remains the case that understanding
marine environments requires direct scientific presence. In coastal habitats, it may often be the case
that physical infrastructure (such as roads) is unavailable. The logistical requirements of working in
these areas are also unusual. Rehabilitating or monitoring underwater ecosystems requires specific
skills and equipment, including boats, and SCUBA and other technical gear (Eyre and Maher 2011;
Neckles et al. 2011).

4.4.2

Capacity

The capacity of individuals and organisations to develop and implement carbon offset projects can
be constrained by knowledge (or more accurately, knowledge deficiency) in a range of ways: lack
of awareness of policy instruments, technologies and market opportunities (Qi et al. 2008; van der
Gaast 2009; Rosendal and Andresen 2011); lack of data or the inability to collate necessary
information (Ramachandran Nair et al. 2009; Pelletier et al. 2012); and inadequate levels of
technical or operational skills (Thomas and Dargusch 2011).

Networks (or partnerships, or linkages) allow for flows of information and knowledge, materials
and services, and provide a range of facilitative opportunities for project developers and managers
(Suneetha et al. 2011). Networks are an integral component of social capital, which contributes to
resilience to climate impacts and the adaptive capacity of communities (Smit and Wandel 2006; Tol
et al. 2008). Networks can operate between individuals, professional associations, regional groups,
communities, governments, businesses, environmental groups, and other types of collectives.
Networks have the potential to not only open new opportunities based on synergies between the
goals of different organisations, but also to facilitate advances in other areas discussed here,
particularly infrastructure, transaction costs, legitimacy and effectiveness. Examples of networks
critical to blue carbon project are discussed in Part IV of this thesis, and include – in the case study
example (see Chapter 10) – a community organisation linking indigenous, traditional, and remote
communities within an umbrella group providing training and education, childcare, health services,
fund raising and financial support, international engagement, and political discussion and
representation.

A third aspect of capacity relates not to social capacity but the capability of physical and
technological infrastructure to facilitate the positive outcomes of offset projects. For the 57% of
rural households in India that lack connection to grid electricity, for example, there is little
likelihood that biomass-based renewable energy projects will make any difference unless funds are
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first provided to support the development of connectivity (Sirohi 2007). Similarly, the ability of
farmers in developing tropical countries to implement conservation agriculture practices including
controlled traffic farming may require particular types of machinery (Rochecouste and Dargusch
2011). Rehabilitation of coral reefs using artificial substrates, for example, might require access to
particular materials, vehicles, and technologies (Spieler et al. 2001).

4.4.3

Finance

Project development cannot occur without finance; funding is necessary for any novel economic
activity. In the case of public forestry and land use policy, governments are unlikely to consider
alternative activities unless these offer a revenue stream at least comparable to returns from current
practices (Osborne and Kiker 2005). Investment in commercially oriented carbon offset projects
will not occur unless there is a likelihood of positive financial return (Hultman et al. 2010). While
approaches to economic valuation and benefit-cost analysis are evolving, it remains the case that
financial considerations remain significant in ecosystem-based project activities, including
conservation programs. Examples of these considerations are the availability and provision of
investment capital, transaction costs incurred in project development, implementation, and
management, and the disincentive of delayed returns.

Capital is necessary for investment in most new project activities. In the case of ecosystem-based
projects, it is usually the case that investment is required to cover the costs of new technology (such
as biogas digesters, or SCUBA equipment to be used in underwater work), materials (including
seedlings), vehicles and machinery, infrastructure (grid connections, field preparation) or training
(Boyd et al. 2007; Gilau et al. 2007; Gong et al. 2010).

Transaction costs are an inevitable component of any economic activity, and are one of the
principal constraints in the development of carbon offset projects (Chadwick 2006; Thomas et al.
2010). In terms of ecosystem-based offset project development, transaction costs can be defined as
those expenses that cannot be attributed to the physical process of providing the environmental
service or goods, nor the level of demand for those ecosystem products. For example, if a mangrove
reforestation carbon offset project were undertaken without the expense (the transaction cost), it
would not result in additional greenhouse gas emissions, but would also not qualify for the issuance
of offset credits (Chadwick 2006). Project transaction costs are therefore those associated with
project development (gathering baseline data, employing technical expertise), independent
validation of project design details, annual verification, and administrative costs (e.g. Gong et al.
2010).
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Delayed returns are a characteristic of ecosystem-based projects. While it is relatively simple to
identify emission reductions through the avoidance of emissions (as in the case of building a wind
farm as an alternative to a coal-fired power station), actual sequestration of greenhouse gases
through forestry takes time, and the issuance of carbon credits in these cases will be delayed until
the trees (for instance) have grown. Similarly, enterprises based on habitat restoration or
biodiversity protection take time to achieve their goals. In addition, where ecosystem-based offset
projects require substantial initial investment with the expectation of future return, but no guarantee
(as forests and reefs for instance are vulnerable to weather impacts and natural disasters), smallscale project operators are unlikely to participate (Gong et al. 2010).

4.4.4

Governance

Governance systems are critical in terms of both project development potential and host-country
investment attractiveness, and are likely to influence offset project effectiveness at all levels.
Ecosystem governance can be understood in terms of its legitimacy and effectiveness (e.g. Lederer
2011).

Legitimacy is the notion that regulations should be obeyed because of their merits and innate virtue
rather than because of coercion or self-interest (Hurd 1999). While regulated carbon offset projects
can be considered to have a steadily increasing degree of procedural legitimacy (Lederer 2011), the
sustainability outcomes of these activities are less clear. Voluntary project mechanisms, by virtue of
their social and environmental agendas, are likely to be considered more legitimate offset
instruments than their market-oriented counterparts. Legitimacy, however, must be considered not
only in terms of horizontal comparisons but also in its vertical integration and impacts, meaning the
extent to which policies and actions are proposed, developed and accepted by stakeholders at
different levels, from national government to regional agencies to local communities and
individuals. Legitimacy will be an absolutely critical consideration in the development of REDD+
programs in tropical forest countries, as these different stakeholders will need to not only accept
policy approaches but also collaborate effectively in their implementation to achieve successful
REDD+ outcomes.

One aspect of legitimacy that must be considered in the implementation of ecosystem-based project
activities, particularly in the case of public instruments such as REDD+, is the fact that stakeholders
who provide or control funding streams are likely to be those responsible for establishing
operational processes and accountability criteria (Rosendal and Andresen 2011). Thus, it may often
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be the case that mechanisms will be designed to suit the priorities of investors rather than operators,
local communities or the environment. Arguably, the ideal approach (ideal meaning the most
effective, equitable and efficient) to project design and implementation involves ecosystem-based
management in the context of a social-ecological systems perspective.

Legitimacy also operates vertically. Multi-level, multi-actor governance is critical to achieving
successful outcomes in circumstances where the range of stakeholders includes multiple
government agencies at local, regional and national scales, communities and commercial
organisations, as well as NGOs, indigenous peoples and illegal or unrecognised actors. In the case
of projects involving coral reefs and associated ecosystems, these concerns are critical (Villanoy et
al. 2012). In economic activities involving multiple parties and business between international
partners, governance systems serve to shape the investment landscape, and are therefore vital to
producing effective outcomes (Jung 2006; Thomas et al. 2011). The Tun Mustapha Park case study
explored in Part IV of this thesis provides examples these legitimacy issues (see Chapter 10).

The effectiveness of projects can be gauged not only by the achievement of stated goals, but also by
the success of technology transfer and capacity building, and the replacement of unsustainable
industrial and land use practices with socially and environmentally positive alternatives. A critical
consideration in the development of REDD+ activities, for instance, is finding ways to decrease the
demand for the forest products that drives deforestation (Skutsch and McCall 2010). It is not simply
a question of providing alternative income streams for loggers in tropical forest countries; as long as
there is demand, substitutes will need to be found for the goods and services that logging and forest
degradation provide. Similarly, in the context of fisheries, the use of poison and explosives to
secure food is difficult to prevent without the provision of alternative sources of sustenance.

4.4.5

Regulation

Land tenure is a crucial consideration in ecosystem-based carbon offset activities, and can be
understood as the statutory or customary right of an individual or group to hold and use an area of
land and its associated resources, for a period of time and under particular conditions (e.g. Angelsen
2009). Tenure is an issue that exemplifies the complex nature of the subjects explored in this special
issue. For instance, most forests in tropical countries, including coastal mangrove areas, are
inhabited and exploited by local communities, for fuel and building materials, food sources,
medicines, and other economic and cultural activities. Similarly, many coastal communities have
traditional relationships with their local marine territories. While some national governments might
consider moving inhabitants from their customary land as a simple means of ensuring forest
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integrity and avoiding deforestation, research suggests that community-based forest management is
in fact more likely to preserve and enhance carbon stocks and biodiversity than direct forest
protection, because the latter tends to foster illegal activities and unmonitored degradation (PorterBolland et al. 2011).

The concept of additionality is fundamental to the development of offset projects, but has been
criticised as inherently paradoxical, and often likely to encourage perverse outcomes (Bode and
Michaelowa 2003). The principal meaning of additionality is that changes (against a ‘business as
usual’ baseline scenario) resulting from the project activity would not have occurred in the absence
of the project (e.g. UNFCCC 2011a). Additionality is also used to mean that projects could not
occur without revenue or finance derived from the sale of offset credits. Yet these stipulations can
be considered disincentives to countries to implement regulatory reform requiring improved
environmental practices (Bode and Michaelowa 2003).

In addition to the potentially perverse nature of the concept, the independent assessment of
additionality (as required under the CDM, VCS, and other voluntary carbon schemes, for example)
is highly subjective. Many project applications cite additionality criteria that lack credibility or
rigour; at the same time the agencies evaluating project design documents frequently fail to provide
clear statements explaining how barriers (including the requirement of additionality) were assessed
as valid or realistic (Schneider 2009). Given the location of many natural-resource-based carbon
projects in developing countries, corruption and other governance factors play a central role in this
type of locally determined metric (Bumpus and Liverman 2008; and see Chapter 10). Analysis of
project design documents and validation reports suggests that more ambitious benchmarks and
rigorous standards are necessary to address these issues (Olsen 2007; Sutter and Parreño 2007;
Bushnell 2010).

Permanence is a critical issue in ecosystem and natural resource management activities.
Permanence can be understood as the longevity of a project outcome. Carbon sequestered in natural
systems including forests is considered to be at risk (from fire, logging or other hazards) and is
treated as non-permanent in the global carbon market. This is considered to be a disincentive for
investment in ecosystem-based project activities (IETA 2009; Thomas et al. 2010). Similar risks
apply to coral reefs and other marine habitats, in that weather events and projected changes to ocean
chemistry threaten the long-term viability of coral ecosystems, making ‘farming’ of coral reefs a
high-risk proposition (Hoegh-Guldberg et al. 2007).
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Finally, monitoring and verification are critical issues in the implementation of offset project
activities. Also known as MRV (monitoring, reporting and verification), these components of
project operations are intended to provide accountability, thereby contributing to project legitimacy
and effectiveness. Monitoring and verification will be key aspects of ecosystem-based carbon offset
projects, to ensure the integrity of issued carbon credits. The challenges of conducting MRV in
marine environments will be even more substantial than in terrestrial contexts (Eyre and Maher
2011), but at the same these activities represent important potential destinations for finance (this is
discussed more comprehensively in Chapter 11 of the thesis).

4.5 Conclusion
The detailed analysis of the global offset markets presented above provides a clear picture of the
prominent features of the carbon landscape. Some of the findings are to be expected; there are also,
however, a few surprises. These results help identify priority areas for research and policy reform.

Renewable energy projects made up the largest percentage of carbon offset projects globally, while
avoided deforestation projects made up the smallest. This is a well-recognised feature of the carbon
market, and indeed one of the principal goals of the climate policy architecture is to facilitate the
uptake of renewable energy activities as alternatives to greenhouse-intensive fossil fuel-based
power generation. The importance of ecosystems as both drivers and casualties of climate change,
and their importance to human communities is, however, both acknowledged and often
underestimated (Cannon and Müller-Mahn 2010; McAlpine et al. 2010). It is clear that naturalresource-based project activities are significantly under-represented in global carbon markets.

NRB projects represent less than 13% of the regulated markets, whereas in voluntary schemes this
figure doubles to nearly 26%. This is partly explained by the fact that this analysis includes avoided
deforestation projects as voluntary projects, since REDD activities do not form part of the regulated
(CDM) sector. It is important to note that REDD+ activities are moving closer to implementation,
and this could be considered in the future as part of the regulated market, although at this time
REDD+ projects are not market-based. This is discussed further in Chapter 9 of the thesis.

The greater representation of ecosystem-based projects in voluntary schemes demonstrates that
while these projects may be less financially competitive than other offset activities, they are more
likely to result in broader social and environmental benefits, and are therefore supported by
community-based and non-government organisations. The commoditisation of carbon offsets within
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traditional market frameworks does not naturally encourage investment in project activities with
benefits beyond financial returns. The fact that 15% of CDM projects are ecosystem-based but
generate less than 8% of credits suggests that research is needed to establish how to make these
project types more cost-effective. One option would be to include the valuation of ecosystem
services in carbon offset project methodologies (Davies and Mullin 2011; Gómez-Baggethun and
Ruiz-Perez 2011).

Existing commitments to 2020 are judged insufficient to ensure an emissions reduction trajectory
that would be consistent with a “likely” chance of limiting global warming to 2 degrees centigrade
(IPCC 2007b; den Elzen et al. 2010). A focus on financial returns has resulted in domination of the
carbon markets by renewable energy and industrial waste destruction projects (Boyd et al. 2009).
The carbon market architecture is encouraging investment in industrial efficiency and alternative
energy technologies, but is doing little to direct capital toward carbon-oriented environmental
management and ecosystem-based project activities (Helm 2008; Kossoy and Ambrosi 2010). As a
result, the important sustainability benefits of these activities are not being effectively and
sufficiently supported – and financed – through existing market-based mechanisms.
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5 The drivers and outcomes of the Clean Development Mechanism in
China

Chapter summary
This chapter examines the Development and Registration phases of the carbon offset value chain by
exploring political and institutional as well as financial and economic factors, including the role and
nature of actors in the process of CDM project design and development. This applies and tests the
political economy analytical approach introduced in Chapter 3, and reveals the importance of
evaluative tools that go beyond purely financial and market-oriented considerations.

Citation:
Thomas, S., Dargusch, P. and Griffiths, A. (2011) The drivers and outcomes of the Clean
Development Mechanism in China. Environmental Policy and Governance 21: 223–239.

Abstract:
The Clean Development Mechanism (CDM) is a flexible market mechanism intended to reduce
greenhouse emissions and promote sustainable development. China hosts a third of all registered
CDM projects, and generates two-thirds of all certified emissions reductions. Understanding the
political economy of the CDM in China is therefore of critical importance in determining whether
the CDM is an effective instrument to promote sustainable development and mitigate climate
change. This paper discusses the nature and dynamics of CDM project development in China by
analysing the 579 registered CDM projects operating in China as of 1 July 2009. The predominant
activities are hydroelectric and wind power projects, with foreign involvement largely by European
firms specialising in emerging carbon markets. The sustainability outcomes of projects in China are
primarily economic, with environmental benefits largely restricted to cleaner production. The
results suggest that the CDM is largely being employed as an ancillary device to attract foreign
investment and further China’s existing development agenda. We argue that the these results
indicate the need for further reform of the CDM to achieve desired outcomes, and that China’s
approach to the design of integrated policy portfolios might be an example of how to achieve this.
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5.1 Introduction
The Clean Development Mechanism (CDM) is one of the primary tools of the United Nations
Framework Convention on Climate Change (UNFCCC), intended to contribute to both global
greenhouse gas (GHG) emission reductions and sustainable development in industrialising and
developing countries. A prominent contemporary issue is whether the instruments of global
environmental governance are achieving the purposes for which they were designed (Patt 2010).
The purpose of this paper is to examine the political economy of international climate policy in the
People’s Republic of China (hereafter referred to as China) in order to evaluate the extent to which
the CDM influences China’s energy and environment policies. The paper considers the role of the
CDM in China’s broader policy mix and investigates which entities are guiding its development and
benefiting from its growth. China hosts more than a third of all CDM projects, and generates almost
two thirds of all certified emissions reductions (CERs) (UNFCCC 2009a). By addressing the
question of what forces govern CDM project development in China, this paper provides insight into
the extent to which the CDM has achieved its objectives and the nature of the key stakeholders
involved in its implementation. The research presented here contributes to discussions of the
CDM’s effectiveness and the role of China in emerging global environmental markets.

There is criticism not only of the CDM but also of emissions trading and carbon markets more
generally (Bullock et al. 2009). The CDM is perceived as an inefficient instrument to combat global
warming (Olsen 2007; Wara 2007) and the emission reductions it generates are considered unlikely
to be significant (Hart et al. 2008; Patt 2009). Indeed, the pattern of evidence over the last few years
does not suggest global emissions volumes are diminishing (Hansen et al. 2008; Smith et al. 2009).
There has been debate over the extent to which market choices and economic mechanisms
encourage sustainable development outcomes (Olsen 2007). Market-based instruments are therefore
seen as ineffective methods to address the dual goals of sustainability and climate change mitigation
(Hart et al. 2008). Despite this criticism, the international carbon market continues to grow rapidly,
with a total transacted value of more than US$126 billion in 2008 (Capoor and Ambrosi 2009). It is
perhaps the dynamic nature of this emerging market that encourages the interest of business groups,
whose criticisms of the CDM relate to the complexity, inefficiency and duration of the registration
process – the mechanics of the process – rather than its outcomes (IETA 2009). Industry groups and
corporate actors seeking to maintain positive business growth are also concerned with the
uncertainty of emerging regulatory systems (AIG 2009). At the fifteenth Conference of Parties to
the Kyoto Protocol (COP15) in December 2009 the UNFCCC directed the CDM Executive Board
to address many of these structural and administrative issues (UNFCCC 2009b).
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While the CDM is a potential vehicle for entrepreneurship, technology transfer and socio-technical
transitions (Thakur 1999; Geels and Schot 2007), and a contributor to climate change mitigation
(Ellis and Kamel 2007), it has also been argued that CDM projects are at best carbon neutral and if
they are to be considered worthwhile they should make genuine contributions to sustainable
development (Nussbaumer 2009). Aside from the small number of afforestation and reforestation
projects which sequester atmospheric carbon in terrestrial vegetation and soils, the majority of
CDM project methodologies generate CERs (credits) through avoidance, reduction or capture of
emissions (Thomas et al. 2010). In this paper we suggest that technology transfer, international
expansion and access to growing markets are incentives for the involvement of foreign firms in the
CDM in China, while Chinese government economic and development policy plays a central role in
affecting choices of project types for investment. Furthermore, we are interested to explore whether
these projects deliver on the two primary goals of the CDM in a ‘strong-state’ institutional context.

This paper presents a political economic analysis of the role of the CDM in China, taking a
multicentric organisational perspective in that the analysis considers actors principally as
organisations, recognises the importance of governments in the market and considers socioeconomic issues to reach conclusions (Miller 2008). However, the analysis presented here can be
considered a broader, synthetic perspective as the paper recognises and explores the historical
dynamics and social impacts involved in CDM project development, while at the same time
discussing the research questions in terms of international trade relationships and national accounts.

The research questions explored in this paper relate to the characteristics of CDM activities in
China, the role of the CDM in China’s wider energy and environmental policy portfolio, and the
extent to which the CDM is achieving both its intended local outcomes and the development agenda
of the international community. The effectiveness of the CDM as a policy instrument is assessed
using an evaluative framework established by Najam (1995) and previously applied to understand
the success of policy implementation in China by Vermeer (2011). This framework considers the
policy content, the socio-political context, the commitment of implementing agencies to achieving
the intended outcomes, institutional capacity to apply the policy instruments, and stakeholder
support for the policy goals and methods.

In the next section, the data collection and analysis methods are explained in detail. In section 5.3, a
review of China’s climate and energy policy frameworks and strategies is presented, which
provides the background for the political economy discussion. Section 5.4 presents the results of the
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CDM data analysis, and in section 5.5 these results are considered in the context of China’s broader
climate and energy policy. Section 5.6 presents the paper’s conclusions.

5.2 Methods
Data was collected by analysing the publicly available Project Design Documents (PDDs) of the
579 registered CDM projects located in China as of 1 July 2009. The 579 projects were assessed in
regard to three key questions: (1) What project activity types feature amongst CDM projects in
China? (2) What are the characteristics of the entities involved in CDM project development in
China? (3) What are the sustainable development features of CDM projects in China? The first and
third of these questions involved reviewing and analysing each PDD to identify relevant features,
and then coding and collating those features to identify trends of interest. The second question
involved establishing an analysis framework that would enable grouping of actors of similar types.
This was necessary given the diversity and number of actors involved, and to enable investigation
of the drivers of CDM activity, and the effectiveness of CDM projects in China in terms of
emissions reductions and sustainable development outcomes. Data was sourced from the UNFCCC
CDM website and the UNEP Risø Centre’s statistical analyses of the CDM project pipeline (UNEP
2011; UNFCCC 2009c).

Actors involved in CDM project development in China range from individuals and communities to
governments and international corporations. At the international level, actors in the CDM include
the UNFCCC, the World Bank, global corporations, international non-government organisations
(NGOs) and networks, which are built through social and cultural connections, academic
interactions, labour associations and trade unions, interest groups, political affiliation, commercial
partnerships, geography, trade, organisational interactions and informal relationships (Evaristo and
van Fenema 1999; Choi et al. 2001; Cousins and Menguc 2006; Bäckstrand 2008; Mudambi et al.
2009). Governments and public agencies, companies, NGOs and networks also operate at the
national, regional, and local levels.

For the purposes of the analysis presented in this paper, actors were defined as any individual or
group directly involved in the CDM project development process, from project conceptualisation,
through registration to operation. The analysis involved classifying actors into one of two groups –
either as Developers or Other Participants – in line with the CDM terminology established by the
UNFCCC. Developers are the domestic companies that initiate and implement projects. Other
Participants are the foreign firms involved in the projects. Figure 5-1 displays the process of CDM
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development and highlights the roles played by Developers and Other Participants (Table 5-4) as
defined under this scheme. Developers were further classified into the following categories:
agriculture, cement, chemical, development, energy, investment (private), investment (public),
metals, mining, technical and waste. These categories reflect the Developer’s primary business
type, or industry sector. Private investment companies were those whose business was trading and
speculation. In this study, state-owned enterprises (SOEs) were considered examples of public
investment (Chen et al. 2009), as were community organisations and research institutions. The
mining category mostly applied to coal industry companies, and was differentiated from the metals
category to enhance the precision of the study.

Figure 5-1 The process of CDM development showing the actor classification scheme of Developers and Other
Participants used in data analysis

The Other Participants were similarly classified according to industry sector and company type.
These entities contribute expertise and finance to CDM projects, and in many cases may also be the
drivers of project activities. In this study Other Participants were characterised as: carbon markets,
ceramics, energy, investment (private), investment (public), information technology (IT), metals
and technical. The first category describes companies whose business is solely in environmental
markets and associated areas. The carbon market firms are those that provide consultancy services
(on the CDM, renewable energy sourcing and regulatory issues, amongst others), project finance
and technical management, and carbon trading. Carbon markets firms source, develop and trade
emissions reductions, differing from private investment companies by virtue of this specialisation.
Private investment companies are those with diversified businesses operating a range of holdings
and interests in multiple industry sectors. The energy category is assigned to firms whose business
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involves power generation and supply, while public investment comes from the World Bank
Group’s International Bank for Reconstruction and Development (IBRD) and other government
carbon investment funds. Technical firms are those which provide specific technical and
technological expertise, most often in production processes. Firms with technical expertise in the
CDM process are included in the carbon markets category.

Corporate boundaries however are dynamic, frequently adapting to acquisitions, subcontracting and
outsourcing, personnel change and partnerships (Mudambi et al. 2009). This has been illustrated by
the subjects of this research. The major foreign participant in projects assessed in this study (a
carbon markets company) was acquired after the research period by a larger corporation of a
different type (a private investment firm) (Szabo 2009). It is therefore important to recognise that
the descriptive categories described here are not absolute but indicative. While the categories to
which project participants have been assigned in this study are not absolute, they should
nevertheless provide a clear representation of the nature of the actors in the CDM process in China.

5.3 China’s energy and climate policy
China’s energy and greenhouse policy mix is extensive and multifaceted. The Government of China
has directed industrial development through its Five Year Plans (FYP) since the transition to a
market economy began in 1978. The current policy framework includes: legislative reform (revision
of the energy conservation law made in 2007); comprehensive policies (including the medium and
long-term plan for energy conservation established in 2005, the eleventh FYP covering 2006-2010,
the State Council decision on strengthening energy conservation enacted in 2006, and the
implementation measures of the 10 Key Projects in 2006); fiscal policies (reduced export tax
rebates for many low-value-added but high energy-consuming products, interim management
measures for incentives to EC technology reforms and the phase out program, regulations on
corporate income law); and sectoral policies (including the Top 1000 energy-consuming enterprise
program of 2006, a national energy efficient design standard for public buildings, incentive funds
for heating metering, energy efficiency retrofits for existing residential buildings, appliance
standards and labelling, fuel consumption limits for passenger cars, a revised consumption tax for
larger, energy-inefficient vehicles, and national phase III vehicle emission standards) (Zhou et al.
2010).
China’s eleventh Five Year Plan (covering the period 2006-2010) established a national target of
reducing energy intensity (energy use per unit of GDP) by 20%. The suite of policy measures and
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regulations appear to have been largely successful in achieving this goal, and the policy measures
established by the Chinese Government are deemed to have been successful in achieving, and in
some cases exceeding their goals (Price et al. 2011).

5.4 Results
5.4.1

What project activity types feature amongst CDM projects in China?

There were 17 recognised project activity types amongst the 579 CDM projects analysed, many of
which can be implemented using any of several methodologies. There were several project types
that had not (to the date of this study) been implemented in China. These included PFC reduction,
SF6 replacement and transportation projects. China also hosted no energy efficiency projects. The
absence of these project types highlights the role of the CDM in China’s development strategy.
CDM project types are shown in Table 5-1, along with the number of projects registered and the
emissions reductions generated by each. Of the 579 CDM projects examined, nearly half were
hydroelectric power generation projects. The other significant project type was wind power.
Together these two project types accounted for nearly 70% of CDM project activity in China. The
second tier of project types represented nearly a quarter of the total, and included emissions
reductions through modified industrial processes – mainly the use of waste gases and heat. Biomass
and fuel switching projects comprised the third tier with 12 and 14 projects respectively.

Table 5-1 Types of project activities amongst CDM projects in China
Number of
Projects

% of Total
Projects

Annual emission
reductions (tCO2e)

% of Total
Reductions

Hydroelectric
power

275

47.5

63,154,453

35.0

Wind power

127

21.9

56,195,023

31.1

Waste gas/heat
utilisation

64

11.1

20,938,625

11.6

Methane recovery
and utilisation

38

6.6

23,503,903

13.0

N2O
decomposition

26

4.5

8,207,763

4.5

Fuel switch

14

2.4

3,384,487

1.9

Project Types

Tier - %
of Total
69.4

22.2

66.1

4.5
12

2.1

2,599,870

1.4

HFC reduction

11

1.9

1,428,029

0.8

Cement

4

0.7

176,588

0.1

Biogas

3

0.5

721,720

0.4
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29.1

3.4

Biomass

3.9

Tier - %
of Total

1.4

Methane
Avoidance

2

0.3

75,051

0.0

Other renewable
energies

2

0.3

116,440

0.1

Afforestation and
reforestation

1

0.2

68,910

0.0

579

100.0

180,570,862

100.0

Total

100.0

100.0

While hydroelectric projects were by far the most numerous, they generated only slightly more of
the total certified emissions reductions than did wind power projects – 35% compared to 31%. This
suggests that hydroelectricity projects are relatively inefficient in terms of actual emissions
reductions, which implies other benefits resulting from or motives for their implementation.
Evaluating the ‘efficiency’ of project types by comparing the number of certified reductions earned
by each to the percentage of the total number of projects represented by each type suggests that
wind power and methane recovery and utilisation projects are most effective, whereas hydroelectric
power, HFC reduction and cement projects are relatively inefficient. This interpretation of project
‘efficiency’ offers insight into the results of Chinese Government policy imperatives.

5.4.2

Which actors feature in CDM project development in China?

European companies, particularly firms from the Netherlands and UK, are said to lead the field in
sourcing in China across a range of industrial and manufacturing sectors (Nassimbeni and Sartor
2007). This appears to be true of the CDM market as well. Table 5-2 shows the count of projects
associated with other participants by country. Companies based in the United Kingdom represented
a third of all international participants in CDM projects in China. Another fifth of the projects
involved organisations based in the Netherlands. In this context the only significant origin other
than Europe was Japan, which represented nearly 15% of foreign companies engaged in CDM
project activities in China. Only a handful of projects assessed in this study involved companies not
from Europe or Japan. There were three projects with North American participation, two with
partner companies registered in the Cayman Islands and Jersey (the ‘international’ participants), and
four projects conducted solely by Chinese firms. Note also that in all but four of the 579 cases
assessed in this study, the CDM project was conducted by a local Chinese company in collaboration
with a foreign entity or entities. The number of unilateral projects not yet registered but waiting in
the CDM pipeline was much higher, however, indicating growth in this type of project activity
(UNEP 2011).
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Table 5-2 Origin of foreign actors involved in CDM project development in China
Other Participants’ Country

Number of projects

% of Total

UK

191

33.0

The Netherlands

112

19.3

Japan

86

14.9

Sweden

70

12.1

Germany

37

6.4

Switzerland

24

4.1

Austria

16

2.8

Italy

14

2.4

Spain

12

2.1

Denmark

4

0.7

None

4

0.7

Canada

2

0.3

France

2

0.3

International

2

0.3

Ireland

1

0.2

Luxembourg

1

0.2

USA

1

0.2

Total

579

100.0

Table 5-3 shows the number of each project type in relation to the nature of the project developer. It
has been noted already that nearly half of all projects involved hydroelectric power generation. A
similar pre-eminence is apparent when considering project developer types. Of the 579 projects,
74% were operated by energy generation and supply companies. No other developer type had more
than a 5% share of the CDM business, excepting chemical companies, whose investments in
methane recovery and waste gas utilisation, and in particular their interests in hydroelectricity and
wind power projects, brought their share of the total to nearly 7.5%. Table 5-3 shows the number of
each project type implemented by each category of Developer.

Afforestation and
reforestation

1

87

Total

Waste

Mining

Metals

Investment
(Private)

Investment
(Public)

Technical

Energy

Development

Chemical

Cement

Project Type /
Developer Type
(Number of
projects)

Agriculture

Table 5-3 CDM project type in relation to the nature of CDM project developer

1

Biogas

2

Biomass

11

Cement

3

1
1

Fuel switch

1

11

HFC reduction

1

9

Hydroelectric
power

2

15

Methane
avoidance

1

Methane recovery
and utilisation

1

N2O
decomposition

15

7

5

2

3

1

3

4

12
4

5

8

1

14

1

11

12

2

25

1

1

19

3

2

6

42

5

12

3

101

24

43

12

429

275
2

1

3

1

38
3

26

2

Wind power
Total

3

1

Other renewable
energies
Waste gas/heat
utilisation

202

1

2
3

1

2

1
7

9

8

3

3

1

64

1

3

1

127

16

24

4

579

Table 5-4 shows the number of projects and expected yield of CERs in relation to the Other
Participants involved in CDM projects in China. The dominant actors are the carbon market
specialists, those companies whose businesses are entirely in environmental markets and include
project consultancy and finance as well as CER trading. These actors are involved in the CDM
process through all its phases (perhaps most importantly in the design and production phases) and
hold a 57% share of the CDM market in China. Private investment companies – commodity traders,
corporations with diverse interests and assets, some small (family-run) trading companies –
contribute to 21% of the projects, and energy companies (essentially large European power
generators with significant emissions liabilities under domestic cap-and-trade legislation) account
for 17%. There are 20 projects of the total 579 which receive public finance or support from the
World Bank (IBRD etc.) or national governments.
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Table 5-4 Numbers of CDM projects and estimated yields of CERs in relation to Other Participants in CDM
activities in China
Other Participant
Type

Number of
Projects

% of Total

Annual emission
reductions (tCO2e)

% of Total

Carbon markets

329

56.8

75,317,557

41.7

Investment (Private)

121

20.9

45,691,800

25.3

Energy

98

16.9

33,881,817

18.8

Investment (Public)

20

3.5

22,303,298

12.4

None

4

0.7

485,999

0.3

Metals

3

0.5

2,421,278

1.3

Technical

2

0.3

331,797

0.2

Ceramics

1

0.2

43,618

0.0

IT

1

0.2

93,698

0.1

579

100.0

180,570,862

100.0

Total

The analysis of the PDDs of the 579 CDM projects registered as of 1 July 2009 indicates that the
majority of CDM projects in China (close to half of all project activities) were hydroelectricity
generation projects, but these produced only 35% of all CERs. Hydroelectricity projects were
considerably less efficient than the next most prominent project type (wind power), which
represented slightly more than a fifth of all project activities but generated 31% of CERs. A third of
foreign participants were UK firms, half were European firms, and 15% were Japanese firms.
Energy generation and supply companies accounted for three quarters of domestic participants in
CDM projects, chemical companies had a share of around 7%, and all other sectors had minor
involvement. Nearly 60% of projects involved specialist carbon markets firms as foreign
participants, although their projects only generated 42% of CERs. Private investment firms and
energy companies were involved in 21% and 17% of projects respectively, and public investment
contributed to less than 4% of projects although these generated 12% of all CERs.

5.4.3

What are the sustainable development characteristics of CDM projects in China?

As previously discussed, the CDM is intended to encourage sustainable development outcomes and
emission reductions. These are designated as separate functions. The UNFCCC asserts that the
registration process is designed to ensure that emission reductions are real, measurable, verifiable
and additional to what would have occurred under ‘business-as-usual’ scenarios (UNFCCC 2009c).
Sustainability outcomes are not measured or verified. The host country’s Designated National
Authority (DNA), which approves all projects before they are submitted for registration, also plays
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a central role in regard to the application of sustainability criteria (for project approval) as the
UNFCCC has no sustainable development requirements beyond approval by the host country. This
means that sustainable development is interpreted and defined by the host country. There are no
uniform international standards of sustainability (Ganapati and Liu 2008). There is no formal
definition of sustainability criteria for CDM projects (Nussbaumer 2009; UNFCCC 2009c). As a
result sustainable development outcomes are not measured, verified or reported as are other
operational data (Ganapati and Liu 2008).

Table 5-5 below presents some examples of expected project sustainability outcomes reported in a
number of PDDs for CDM projects located in China. While not a comprehensive list, these are
typical and indicative of the overall study sample. These representative examples are drawn from 12
of the 579 PDDs examined in this study. The outcomes are presented according to project type, and
quoted exactly as they appear in the PDDs.
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Table 5-5 Examples of economic, environmental, and social sustainable development outcomes cited in Project Design Documents
Project
Type

Economic

Environmental

Social

Hydro

 Contributing to local economic development and jobs;
 Promote local agricultural and economic development;
 Stimulating economy development of least developed area in
China and promoting nation solidarity and establishment of
harmony society.

 Reducing the dependence on exhaustible fossil fuels for power
generation;
 Reducing air pollution by replacing coal-fired power plants with
clean, renewable power;
 Reducing the adverse
health impacts from
 Reducing the emissions of greenhouse gases, to combat global
air pollution.
climate change;
 Reducing the emission of other pollutants resulting from the
power generation industry in China, compared to a business-asusual scenario.

Wind

 The proposed project could diversify power mix;
 The project will be helpful to meet the energy demand,
therefore, contribute to local economic development;
 Reducing the dependence on exhaustible fossil fuels

 The proposed project will not only reduce GHG emissions but
also mitigate local environmental pollution caused by air
emissions from thermal power plants.

 Creation of
employment.

Biomass

 Create employment opportunities and more job positions
offered during project construction.

 GHG emission reduction;
 Contribution to environment protection.

 Jobs and improve
household health.

N2O

 A new technology transfer to the Host Country, reflected in the
 The applied monitoring system for N2O emissions will follow the  Awareness of local
installation of a N2O abatement technology, which will include a
European Standard EN 14181, which is not only new for the
residents regarding
novel N2O abatement catalyst and monitoring system/
Projects Developer and for the Host Country, but also novel in
environmental
equipment, furthermore, the local plant staff will be trained to
Europe. By following the quality assurance of the automated
protection will
operate this new equipment;
measuring systems, the local employees will build capacity in
enhance through a
 The commissioning and operation of monitoring equipments
these quality management techniques that are not yet widely
series of training
and catalyst will contribute to the creation of the technical and
spread in the Host Country.
sessions to plant staff.
organisational capacity of domestic contractors.
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 To significantly reduce harmful emissions (including SOX, NOX and floating particles)
and thus improve the local environment, this environment effect is confirmed by the
Environment Impact Assessment (EIA) Report.
 To meet the sustainable development needs of China, and supports the circular
economy ideas of China Government to use the resource in highly efficient and to
improve energy efficiency so as to reduce emission.
 To be a key early example of how such the energy could be used effectively in the
mining and cement sectors, where 45% more energy inefficient used at present than
global norms, and will lead to improve the energy efficiency of cement sectors in
China.
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No social outcomes listed

Cement

 To lead economic sustainability for the cement production of
the Project Entity, as the waste heat is an indigenous resource
as long as the cement plant is operating, the energy supply for
cement production will become more reliable and cheaper.
 To enable the local companies to manufacture and sell highly
efficient and state of the art heat recovery facilities, which also
to improve the Project Entity’s skill in power generation and
provides an opening for employment and recruitment of skilled
staff. As a long-term effect, this will strengthen China’s regional
position for the energy recovery technology market.

It appears from these samples that the primary sustainable development outcomes considered (by
project developers, China’s DNA and the UNFCCC) as likely to occur as a result of CDM projects
in China include reducing pollution, reducing reliance on fossil fuels, contributions to economic
development and technical capacity, more efficient utilisation of energy and resources, and the
creation of employment opportunities. Other suggested benefits stated in the PDDs include
improved social awareness of environmental issues, enhanced sanitation and poverty alleviation.
The overall impression derived from analysis of all projects suggests however that these latter
outcomes are considered to be of secondary and additional importance.

Sustainability is a complex and evolving subject (Turner 1992; Baker 2006; Cole 2007). While it is
recognised that different aspects of sustainability are connected and interactive (Hutton 2003; Baker
2006; Fisher 2009) it is also the case that synergies between industrial development, poverty
reduction and nature conservation do not emerge naturally (Barrett 2005). Sustainable strategies for
local populations are necessary to prevent environmental degradation as well as generate
employment opportunities (Dondeyne 2009). While evaluating the sustainability outcomes of CDM
projects is the responsibility of the host country, there have been international efforts to establish
universal standards for sustainable development. The CDM Gold Standard is a value-adding
certification label that guarantees genuine sustainable development outcomes will result from the
labelled project (Gold Standard Foundation 2008). The Gold Standard requires the safeguarding of
four key principles derived from the United Nations Development Program (UNDP). These four
principles are human rights (including the protection of indigenous rights and cultural heritage and
the prevention of involuntary resettlement), labour standards (freedom of association and collective
bargaining, no forced or child labour, no discrimination based on gender, race, religion or other
factors, and safe and healthy work environments), environmental protection (use of the
precautionary principle and no degradation of significant natural habitats or ecosystems) and anticorruption (open, transparent, democratic processes with no corruption – essentially the ideals of
good governance) (Gold Standard Foundation 2009). Of the more than 2100 CDM projects
registered by May 2010 only 17 had the Gold Standard label, with 11 at validation and a further 119
listed for assessment (Gold Standard Foundation 2013).
Many of China’s large hydroelectric projects have involved the forced relocations of large numbers
of people (Jackson and Sleigh 2000; Webber and McDonald 2004; Heggelund 2006; Tilt et al.
2008). Many CDM hydroelectricity projects are small-scale activities and may not involve
relocations, yet this is difficult to determine from PDDs and worthy of further research. Dams and
reservoirs, however, are very likely to cause changes in landscapes which affect local communities.
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Furthermore, aside from the ecological impacts of hydroelectricity projects (Fearnside 1988
reprinted 2002; Li et al. 2001; Tilt et al. 2008) a more comprehensive interpretation of sustainable
development includes empowering local communities through education, creating economic
autonomy, building capacity and political participation, limiting corruption and improving
governance (Amankwah 2003; Hutton 2003; Shen 2006; Cole 2007; Fisher 2009; Tschakert 2009).
These types of outcomes do not feature in the CDM projects examined in this study.

5.4.4

What role does the CDM play in the broader context of China’s energy and climate
policy framework?

China’s engagement with the CDM began slowly. In April of 2006 China hosted only seven
registered projects with a further 39 in the pipeline, in contrast to India’s 28 registered and 239
pending projects from a global total of 542 (Zhuang 2006). The rapid uptake of CDM project
activities in China appears to have been driven not only by economic attractiveness but by domestic
incentives as well.

Wang and Chen (2010) considered the role of CDM finance in project-level investment in China
and find that the CDM alone can determine investment in N2O and HFC projects, and determine
conditions for profitability in the case of biogas, landfill gas and coal methane capture projects. In
contrast, the CDM can enable investment in waste heat recovery, biomass, hydro, fuel switching
and wind power projects only when external factors such as additional finance and supply are
favourable. In view of the ratio of CDM project types in China (Table 5-1) this implies that the
preponderance of renewable energy projects found in this study is likely to have resulted from other
drivers than purely economic considerations.

5.5 Discussion
In order to assess the success or failure of the implementation of policy instruments it is appropriate
to apply a critical evaluative framework. Najam (1995) proposed a structured approach considering
five critical variables in the implement of policy mechanisms: content (the goals of a policy and the
approaches applied to achieve outcomes); context (the institutional setting in which the policy is
implemented); commitment (the extent to which those responsible for implementing the policy are
dedicated to achieving the intended outcomes); capacity (the ability of the implementers to carry
out the required actions); and support (of stakeholders positively or negatively affected by the
policy). This framework can be applied to assess CDM activity in China in greater detail.
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5.5.1

Content

The first objective of the CDM is to reduce GHG emissions. China’s carbon emissions in 1990 were
around 2,230 MtCO2e or 10.5% of the global total. In 2010 this amount grew to around 5,863
MtCO2e or 19% of the global total, and is expected to continue rising to 10,720 MtCO2e (25% of
the global total) by 2030 (EIA 2007). The annual emission reductions generated by the 579 projects
examined in this study were 180,570,862 MtCO2e, or roughly 3% of China’s total emissions in
2009.

The second goal of the CDM is to promote sustainable development. The results of this study
suggest that the sustainable development outcomes of CDM projects in China are primarily
economic. Positive environmental outcomes include pollution reduction and the expansion of
renewable (or non-fossil fuel) energy industries (wind and biomass especially). The preponderance
of hydroelectric projects raises the question of whether these project activities have other,
deleterious ecological effects. Social sustainability is interpreted by China’s DNA in terms that are
essentially economic or environmental, though in the sense of cleaner production rather than
ecological precaution. It can be said that while the concept of sustainable development has become
established as comprising three equal and complementary elements (WCED 1987), its application
in China is still evolving, with economic considerations dominating, environmental concerns
growing, and social issues slowly beginning to be recognised and considered. China is an ideal case
study of the evolution of sustainability in practice, the dispersal of ‘environmentalism’ as a political
ideology, and the confluence of disparate economic models with environmental governance
(Paterson 2007; Mulvihill 2009).

5.5.2

Context

China’s DNA emphasises priority sectors in project markets (Ganapati and Liu 2008) and the
DNA’s approach influences transaction costs. China taxes priority project areas at 2% (of CER
value), and ‘low-hanging fruit’ projects much higher (30% for N2O and 65% for HFC and PFC
projects). These fiscal structures affect cost/benefit analyses and thus influence project activity
decision-making. N2O projects constituted 4.5% of the projects in this study and generated 4.5% of
total CERs, whereas the 11 HFC projects represented 1.9% of the study sample and generated only
0.8% of CERs. There were no PFC projects. It is clear that the Chinese Government plays a key
role in directing the development of the CDM process through domestic regulation and fiscal
policy.
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While China acknowledges the central role of coal in its energy strategy (SCIO 2007), the
prominence of hydroelectricity and wind power projects in the Chinese CDM portfolio
demonstrates a commitment to renewable energy sources. The implementation of reservoir projects
in China, however, cannot be ascribed solely to the incentives posed by the CDM. Since 1949,
China has commissioned around 85,000 reservoir projects, which have collectively resulted in the
relocations of approximately 12 million people (Webber and McDonald 2004), and China has the
goal of providing 10% of its energy supply from renewable sources (including hydroelectric power)
by 2010 (SCIO 2008). Reservoir and dam projects in China have also been facilitated by
international aid programs. During the 1990s China became the largest recipient of World Bank
funding for this type of project (Webber and McDonald 2004) and the World Bank has praised
China’s relocation programs for thorough planning and the creation of development opportunities
(Heggelund and Buan 2009). Relocation of social groups, however, is considered likely to have
negative social, economic and health impacts on communities and cultural institutions (including
long-term impoverishment or their complete destruction) (Fearnside 1988 reprinted 2002; Jackson
and Sleigh 2000; Webber and McDonald 2004; Heggelund 2006).

Literature review suggests that it is possible to achieve effective environmental regulation while
maintaining economic competitiveness by designing and implementing a policy framework that
incorporates command-and-control regulation supported by ‘soft’ instruments (Iraldo et al. 2011).
Standards, for instance, can be applied to create a level economic playing field in which market
instruments such as cap and trade schemes can operate. Tariffs, subsidies and incentive schemes
can encourage voluntary actions by business and industry, while certification and labelling schemes
support competitive behaviour within regulated market structures. The Chinese energy and
environmental policy portfolio described previously (section 5.3) is an example of this mix of
regulatory approaches and policy instruments.

5.5.3

Commitment

China’s development is driven by a range of factors, including domestic demand for energy and
consumer goods, the desire for energy security, international investment interest in China’s
production and labour capacity, and national priorities to increase living standards and
environmental quality, sustain economic growth, and participate in the international community as a
responsible global citizen (Garnaut et al. 2008; Liu 2009; Vennemo et al. 2009). In conjunction
with these factors, China recognises the extent and severity of the threats posed by climate change
and is motivated to contribute to global emissions mitigation. These drivers explain China’s
investment in hydroelectricity and other renewable energy industries.
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A concern raised by the implementation of reservoir and dam projects is their potential impact on
biodiversity and ecosystems (Fearnside 1988 reprinted 2002) and there are many examples of not
only negative social and economic impacts of relocation but environmental degradation resulting
from dam construction (Li et al. 2001). Integrated impact assessment (considering human rights,
global financial considerations and environmental sustainability) is a difficult task, challenged by
the inherent difficulties of obtaining quantitative, objective measurements, and the differences in
spatial and temporal scales, indicators and values, and formal versus informal organisations
(including social groups and ecosystems) (Tullos et al. 2009). Despite these challenges, China is
seen as having the capacity to avoid many of the worst effects of resettlement (Webber and
McDonald 2004). Properly implemented integrated social and environmental impact assessment has
the potential to recognise different needs in different conditions and empower stakeholders in the
development process, thereby contributing to more genuinely sustainable development outcomes
(Tilt et al. 2008).

The Chinese Government recognises (and insists) that the Chinese culture and development path are
unique within the global community (SCIO 2007). Authoritarian approaches to environmental
management have resulted in mass displacement of peoples and significant ecological impacts
(Jackson and Sleigh 2000) yet at the same time China has determined to make environmental and
social concerns important priorities in development strategies (SCIO 2007); Chinese systems are
steadily improving in their focus on social impacts, modelling of impacts and responses to domestic
criticisms (Heggelund 2006). This progress is demonstrated in the implementation of relevant
legislation, such as the enactment of the 2003 Environmental Impact Assessment Law which
subjects major projects to rigorous oversight from the State Environmental Protection Agency as
well as public hearings with potentially affected stakeholders (Tilt et al. 2009).

5.5.4

Capacity

While the success of the eleventh FYP can be interpreted as resulting from an effective policy
portfolio, it is also important to recognise that China’s socio-political character is diverse and often
internally fragmented (Vermeer 2011) and the complexity of institutional arrangements has at times
resulted in conflict or inertia (Tsang and Kolk 2010; Wang and Chen 2010). There is, however,
increasing institutional capacity and coordination of policy implementation between local and
regional agencies, with the result that processes are improving and CDM project activities are
becoming better understood and supported (Tsang and Kolk 2010). It appears possible that the
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inclusion of incentive schemes in the national policy mix is working to motivate private sector
interest in the CDM as a tool to achieve not only regulated standards but also direct rewards.

China has pursued economic development and environmental management strategies since the
1970s. The intensity effect of China’s energy use and GHG emissions declined 80% on 1990 levels
between 1990 and 2001, with an overall decrease of 60% since the late 1970s (Luukkanen and
Kaivo-oja 2002). While this represents a major improvement in energy efficiency, hydroelectric
power certainly constitutes an important part of the change. Chinese energy companies dominate
the field of CDM project developers reviewed in this study. Chinese power generation and
distribution companies are reaping the benefits of the CDM process and the global carbon market
within the context of well-structured domestic regulation, as the CDM attracts foreign investment
capital and technical knowledge into China. More than a third of all CDM project activities take
place in China and CDM projects in China generate considerably more CERs than do those in India
(around five times as many), which has a comparable though smaller market share of around a
quarter of all projects globally (Capoor and Ambrosi 2009; UNFCCC 2009c). Chinese companies
have also received more technology transfer than their Indian counterparts (Ganapati and Liu 2008).

5.5.5

Support

China’s economic growth since the late 1970s has been both consistent and remarkable. From as
recently as 1999 the country’s net foreign asset position (the difference between external assets and
liabilities) has gone from a net debt of 9% of national gross domestic product (GDP) to a net credit
of around 30% of GDP (Ma and Zhou 2009). China is considered to have the capacity to influence
the global carbon market to the extent of being able to stabilise (and therefore perhaps destabilise)
CER prices (Ganapati and Liu 2008). This power certainly applies at the national level. As China’s
production capacity and concomitant environmental impacts have grown, it has sought to improve
its environmental management practices while defending its right to develop (Wang and Watson
2008). China has developed substantive legislative and regulatory frameworks that require
government to provide financial incentives and both market-based and command-and-control
approaches to encourage sustainable development. These frameworks include laws on Energy
Conservation, Renewable Energy, Cleaner Production and Environmental Protection. These do not
govern the CDM but regulate its practice. The policy and fiscal frameworks that exist in China
indicate that there is institutional support for the CDM at a national level to the extent that the CDM
facilitates existing strategic development imperatives.
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Chinese companies are likely to be supportive of the CDM if project developments provide
financial returns, encourage technology transfers or enhance their competitiveness, yet while the
CDM has been found to offer some economic incentives it appears to contribute little in the way of
technology transfer, especially in the area of renewable energy technologies (Wang and Chen
2010). It is also the case that research suggests that substantial technical progress can occur with
specific technology contributions, and furthermore that existing FDI is capable of providing these
inputs (Yasunari et al. 2006). It seems likely then that private sector actors in China will pursue
CDM activities primarily for financial reasons, and that the CDM is most likely to be perceived as
an ancillary rather than primary contributor to business activities. Communities are likely to support
CDM activities if these are perceived to have positive social and environmental impacts (such as
employment opportunities or pollution reduction), yet the mix of CDM projects found in this study,
while representing some such sustainability contributions, also includes a preponderance of projects
that may represent undesirable social impacts such as community relocation.

5.5.6

Summary

The application of the evaluative framework to the data gathered in this study suggests that the
CDM’s goal of reducing carbon emissions is being realised in China although the CDM’s impact is
minimal when considered in the broader context of China’s policy portfolio. It also appears that the
CDM’s second aim of promoting sustainable development is mainly occurring in terms of providing
economic return and to some extent improving environmental quality, although the CDM may also
be having detrimental impacts in terms of its contributions to social disruption.
China’s policy context is supportive of CDM activities, although this appears a fortunate
coincidence rather than contingent design. Indeed, rather than the CDM being a driver of
environmental or sustainability outcomes, it is being employed as one feature of a comprehensive
and diverse reform and development policy agenda. Similarly, China’s commitment to the CDM
would appear to be based largely on its commitment to existing development goals.
China’s capacity to support CDM project activities has increased rapidly and this is evidenced not
only by the growth in the number of projects but also by the burgeoning of unilateral projects
(UNEP 2011) and the technical capacity of Chinese industry (Wang and Chen 2010).
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5.6 Conclusion
The results presented here demonstrate that multiple factors influence the process through which
CDM projects have been developed and implemented in China. Several key issues emerged. These
include the predominance of two project types – hydroelectricity and wind power – and the impact
of European companies in financing and guiding project development. Furthermore, this study has
provided evidence of the Chinese Government’s key role in directing and influencing the
development and direction of the CDM through policy instruments.

The single most important actor in the CDM process in China is the Government of China itself.
The Government sets policy goals and directs investment using market tools and regulatory
structures. A suite of legislative instruments governs the operation of CDM projects, and transaction
costs are significantly affected by domestic fiscal policy. China is a powerful force not only in its
internal CDM business but also in the international carbon market. This has important implications
for global environmental governance mechanisms and the effectiveness of future mitigation
strategies.

The international partners working with domestic companies on CDM projects in China are
overwhelmingly European firms specialising in carbon market consulting and trading. These firms
have expertise in commodities trading, environmental engineering and management, and the
regulatory frameworks which exist under the UNFCCC. The carbon specialists operate close to
60% of CDM projects, and another 20% involve larger, non-specialised investment and trading
companies. Japanese companies have a small but stable involvement in the CDM in China, but the
vast majority of international participants are British, Dutch and transnational companies. It should
be clearly noted that carbon markets are a relatively new area of business, having come into
existence only in the last 15 years.

Global environmental governance is considered to have been ineffective in combating climate
change not because mitigation strategies would be too expensive but because such strategies require
the regulation of energy production and use, and countries protect their sovereignty and
accountability in these areas. Furthermore industrialising countries require energy use for economic
development and job creation. A third reason may be the inherent lack of trust between different
nation states (Patt 2010). Regional energy governance within an agreed international framework is
seen as a more viable method of shifting energy systems away from fossil fuels (Lee 2009; Patt
2010), and China can certainly be considered as a region, with an area more than double that of the
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European Union and comparable to that of the United States, and a culturally diverse population
comprising nearly a quarter of the global total (CIA 2009).
China’s ‘strong state’ political system has allowed for rapid industrial development and there is
arguably little demand for substantial political reform as economic progress has generally improved
social conditions and strong governance is probably considered a criterion of economic stability
(Wright 2007). Progress in the area of environmental management has been influenced but not
determined by international as well as domestic forces. In light of China’s importance in world
affairs it seems reasonable to suggest that its internal state approaches to environmental policy must
ultimately have an impact on the outcomes of global governance systems, even if they have not
already done so (Garnaut et al. 2008). China’s energy and environmental policy strategies may be
sufficient to achieve the carbon intensity and emission reductions required for China to play its
necessary part in avoiding in dangerous global climate change. However, the CDM, as an
instrument of international climate policy, is not driving China’s development reform agenda.
Rather, the CDM is being employed as a useful and minor part of that process.
Arguably, the international community should look to China’s strategic policy approaches as an
example of how to successfully manage a complex development agenda by employing diverse
regulatory and incentive mechanisms within market contexts. The CDM could be reformed in
targeted ways to achieve particular outcomes which the mechanism has so far failed to deliver; that
is, more balanced investment across project types and geographic regions as well as improved
sustainability outcomes (Murphy et al. 2008; Francois and Hamaide 2010; Thomas et al. 2011).

The success of the CDM in China can be said to derive largely from useful synergies with the
policy direction of the Chinese Government. China’s goals of energy security and diversification
were established before the UNFCCC came into being and the nature of CDM implementation in
China suggests that the CDM has been used to support and encourage these pre-existing strategies.
CDM projects in China do not demonstrate clear and positive sustainable development outcomes,
and arguably have negative social impacts in some instances. The CDM in China also appears to
offer considerable profit opportunities for foreign companies, and the participation of public
investment is minor. The political economy analysis presented in this paper suggests that the
Government of China has employed the CDM as a useful tool to augment and perhaps legitimise its
energy development policies, and foreign (mostly European) investors have enjoyed the results of
the growth of an entirely new and highly lucrative commodities market.
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6 Engaging with carbon markets: the Libya case

Chapter summary
This chapter expands the political economy analysis by introducing the political ecology approach
explained in Chapter 3. The focus in this chapter is again on the Development and Registration
phases of the offset value chain. It should be noted that this paper was published in 2011, and
presents research conducted approximately one year prior to the revolution that removed Qadhafi
from power.

Citation:
Thomas, S. and Dargusch, P. (2011) Engaging with carbon markets: the Libya case study. Journal
of Political Ecology 18: 25-37.

Abstract:
Climate change and the emerging carbon-constrained economy of the 21st Century present new
challenges and opportunities for countries of the Middle East and North Africa. This paper
discusses the potential for Libya to participate in the Clean Development Mechanism (CDM), the
main flexibility mechanism of the Kyoto Protocol, which is designed to reduce greenhouse gas
emissions and promote sustainable development. The paper considers the interaction of Libya’s
history and socio-cultural characteristics with global policy dynamics and economic forces. Libya’s
geography presents considerable potential in terms of CDM project opportunities, yet key
developments would be required before these could be exploited. The nature of Libya’s political
system and social structures suggest that these developments are unlikely to occur while the
Qadhafi regime endures, and therefore that Libya will not be able to engage successfully with the
CDM and international mitigation activities in the short term. However, the CDM represents a
means to implement capacity building and technical development programs, which will be integral
components of reconstruction strategy in the aftermath of the dramatic events of early 2011.
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6.1 Introduction
This paper addresses the potential for engagement in international carbon markets by the Libyan
Arab Jamahiriya (referred to throughout this paper as Libya). Specifically, the paper evaluates the
extent to which Libya is likely to participate in the Clean Development Mechanism, which is an
example of integrated environmental and energy policy in that it seeks to achieve sustainability
outcomes in developing countries while providing greenhouse gas emission reductions through
emissions abatement or avoidance projects. This is a timely and important question as Libya has
recently been emerging from an extended period of isolation from the international community
and seeking to address the very real environmental and economic concerns which affect its
population (Bahgat 2010; John 2008; Zoubir 2009). The dramatic social upheavals of early 2011
imply that Libya will be faced with substantial challenges in terms of economic reconstruction and
reorganisation, while at the same time urgently requiring positive engagements with global
markets and the international community in order to rebuild its social systems and infrastructure.

Libya’s history and socio-cultural conditions make it a unique and fertile subject for study
(Scheffler 2003). The goal of the research presented here was to investigate whether Libya, a
country with a “strong-state” tradition and ambitious socio-economic development plans, can
achieve a successful balance between economy, society, and ecology. This question has been
discussed in the context of other states with similar characteristics (Adaman and Arsel 2008).
More particularly, our purpose was to evaluate whether Libya is likely to engage successfully with
the international carbon market through the CDM, in order to achieve economic, social and
environmental sustainability outcomes. This paper offers a multidisciplinary perspective,
considering historical factors and trends as well as the characteristics of Libyan society which
influence strategic policy development and implementation. The investigation, and principal
research problem, were motivated by two drivers. First, the authors were invited to conduct a
workshop around climate policy, carbon markets, and offset mechanisms in Libya. Second, Libya
is an example of a country where CDM are both novel and potentially challenging, given the
country’s history and unique social, political, and economic characteristics.

It has been argued that the CDM does not independently allow countries to achieve their
sustainable development objectives (Sutter and Parreño 2007; Boyd et al. 2009). The CDM can,
however, make positive contributions to development objectives (Olsen 2007). This paper adopts a
political ecology approach to evaluate the likelihood of Libya being able to engage in CDM
activities for the purposes of reducing emissions and promoting sustainable development.
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Comprehensive understanding of these complex issues requires a political ecology method
(Arvanitakis and Boydell 2010).

6.2 Methods
The political ecology approach applied in this paper comprises four aspects: (1) an examination of
Libya’s broader political economy; (2) an evaluation of the agency and governance of the CDM
allowing for consideration of how these relate to Libyan circumstances; (3) the material
dimensions of potential CDM activity in Libya; and (4) the discursive dimensions of this issue, in
terms of achievable, realistic and probable development pathways and the role of government in
encouraging particular activity types over others.

The research presented in this paper draws on three main sources. A review of literature in the
fields of historical studies, sociology and contemporary energy policy was conducted to provide
background and identify relevant factors for determining evaluation criteria. Secondly, economic
and demographic data was gathered for the analysis. Finally, discussion items from a workshop on
CDM issues involving Libyan participants provided insights and information. The workshop was
conducted in Tripoli by the authors in February 2010 as part of a capacity-building training course
sponsored by the United Nations Development Program (UNDP).

These separate sources provided data that were evaluated according to CDM regulatory
requirements, regional historical trends and economic decision criteria. The political ecology
approach applied here allows for the identification of necessary and desirable factors for
participation in CDM activities and incorporates social and economic considerations in these
conditions. Libya’s unique circumstances were applied to these criteria to determine opportunities
for and constraints on the country’s engagement with the global carbon market through CDM
projects.

6.3 Libya’s political economy
Libya (Figure 6-1) is thought to have around 3.6% of the world’s oil reserves with estimates
ranging from 39 to 45 billion barrels (Scott 2000; BMI 2009; Taib 2009). The country’s economy
is largely dependent on the hydrocarbon industry, which generates over 95% of Libya’s export
income, and accounts for a quarter of Gross Domestic Product (GDP) (EIA 2010). The oil and gas
sector also provides 60% of public sector wages (CIA 2009). In the carbon-constrained economy
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of the 21st Century Libya’s reliance on fossil fuel resources presents both challenges and
opportunities. While oil and gas represent major sources of secure revenue, non-fossil fuel sources
will increasingly be preferred in the emerging global economy. In addition, restrictions imposed
on carbon-intensive industries are likely to extend to all countries eventually, and with projected
changes in the size, quality and accessibility of oil and gas fields, production costs are likely to rise
implying that revenue from the sector will diminish over time (Otman and Karlberg 2007; Kjärstad
and Johnsson 2009). Finally, Libya’s reliance on a single economic sector makes it vulnerable to
economic changes and limits the possibilities of entrepreneurship and trade in the country (Yousef
2004; John 2007; Otman and Karlberg 2007).

Figure 6-1 Libya

The revolution of 1 September 1969 established one of the world’s most enduring and well-known
regimes under the leadership of Colonel Muammar al-Qadhafi. During the 1970s and 1980s
Libya’s support of groups considered to be subversive or terrorist organisations by major world
governments culminated with the imposition of United Nations (UN) sanctions in 1992, and Libya
became economically and politically isolated. Changes in Libya’s policies, including admissions
of involvement in terrorist actions and renunciation of certain weapon technologies, saw a gradual
improvement in relations between Libya and the world community, resulting in the ending of UN
sanctions in 2003 and a normalisation of relations with the United States (US) in 2006. Qadhafi
has also pursued engagement with other African countries, and served as President of the African
Union in 2009. He is recognised as a charismatic and often dramatic leader (John 2008). The
tenacity and severity of Qadhafi’s regime has been demonstrated in the events of early 2011, with
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Qadhafi’s military forces having attacked civilian groups, and evidence of repressive institutional
practices emerging (Al Jazeera 2011).

The history and character of Libya have been characterised by frequent change and variations
between extremes, and this is certainly true of the last half century. In the 1950s Libya formed
strategic partnerships with Britain and the United States, and at this time was one of the world’s
poorest countries with a literacy rate of around 10% (Zoubir 2009). At the end of the twentieth
century, Libya was isolated from the international community and considered a sponsor of
terrorism by numerous Western nations, yet had achieved one of the highest literacy rates in North
Africa – 68.1% for females, 90.8% for males and 79.9% overall (UNESCO 2006). Since 1950
urban populations in Libya (as well as in Lebanon, Jordan and Djibouti) have increased by two to
three times. The abundance of oil and the lack of forest and woodland resources have helped to
accelerate this trend (Arimah and Ebohon 2000).

With rapid growth in urbanisation and immigration (in Libya’s case largely from sub-Saharan
Africa), cities are likely to be crowded with diverse younger population faced with inadequate
housing, unemployment and cultural or ethnic conflict (Otman and Karlberg 2007). Frustrations
with the lack of economic progress have been apparent in recent years and there is a view that the
regime benefits from abundant oil revenues yet fails to meet basic needs of its people. This
frustration was expressed in violent demonstrations in 2006 and there has been evidence of
popular desire for change for some time (Pargeter 2006).

Libya is a deeply religious society with a strong commitment to the Islamic system of economics
and an abiding culture of community welfare. It has a large bureaucracy structured to promote and
protect government and national interests. Libya is fiercely proud of its hydrocarbon industry. Its
energy policies are designed to avoid domination by foreign companies and it continues to distrust
Western interests and non-Islamic cultures.

The political economy of Libya is complex, with subsequent impacts on the country’s potential to
engage with novel market instruments operating in the context of an internationally agreed system
promoting sustainability, low carbon solutions, and transparent, multi-stakeholder governance. As
such, the country makes an ideal study location for an investigation into the potential for CDM
activities.
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6.3.1

Recent trends and characteristics

It has been argued that resource-based economies with large centralised governments can no
longer sustain competition against dynamic East Asian and central European economies, and there
is considerable pressure on leaders to provide modern education with good labour market
outcomes (Chaaban 2009). The socio-economic and political reforms begun (in a limited manner)
in the late 1980s in Libya, and which continued through the 1990s, eventually removed or
modified virtually all of the fundamental principles of the 1969 revolution, leaving only the
original system of popular direct political involvement intact (John 2008). The Libyan bureaucracy
is now characterised by an extensive number of committees, congresses, regulatory agencies and
supervisory bodies, which serve to prevent any particular department or individual accruing any
significant power (BMI 2010a; John 2008). Ad hoc changes often occur, with increases in the
number of Basic People’s Congresses (the fundamental unit of Libya’s participatory political
system) to 30,000 in January 2006 perhaps intended to absorb and occupy unemployed members
of the public sector workforce. Government ministries are created and dissolved with little or no
notice, and there have been periods where there was no national department of health or education
in operation (Pargeter 2006).

Major changes to economic policy in 2003 and 2004 were announced with the stated intention of
reforming the Libyan economy, although reforms were largely confined to the oil and gas sector.
Privatisation of the hydrocarbon industry was not to be immediate but qualified as an incremental
process in which the public and private sectors would co-exist, and government control would
remain. The hydrocarbon sector was to be the driver for wider economic development and
diversification (John 2007). Economic forecasts for Libya are positive, based largely on the
prospects for continuing development of the country’s hydrocarbon resources (BMI 2010b). This
positive sentiment comes after a long period of largely static economic activity. Libya’s GDP, for
instance, experienced little real growth during the 1980s and 1990s.

Despite challenges by fundamentalist religious groups, and continuing indications of popular
discontent, Libya’s political leadership has been essentially constant through the four decades
since the 1969 revolution (John 2008; Pargeter 2006). There have been indications that one of
Qadhafi’s sons, Salif al-Islam Qadhafi, was being promoted to positions of authority, and some
sectors, particularly the Western business community, have seen this as a sign of potential
economic liberalisation (BMI 2010c). Humanitarian reform is a separate issue, and it is the case
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that Libya’s poor record on human rights has not generally been an obstacle to engagement by
European and international governments and companies (Lutterbeck 2009).

The attempts of the Libyan people to enact regime change, supported by the United Nations, and
the dramatic conflicts of early 2011 suggest that political reform is increasingly likely. It remains
to be seen how Libya’s socio-economic systems and institutions will change.

6.3.2

Social and cultural considerations

Social development is usually identified as consisting of increasing access to education and health
services, and improvements in sanitation, human rights and political participation (e.g. Gold
Standard Foundation 2008). In the Middle East and North Africa, social development tends to be
driven either by Islamic movements or non-government organisations (Bayat 2002). In Libya, both
religious organisations and NGOs have been constrained by the state for a number of reasons.
Islamic groups have been perceived as threatening the natural authority of the Jamahiriya (the
country’s unique political edifice) (Bayat 2002; John 2008; Pargeter 2006), and international
development organisations seeking to promote social advances and democratisation often appear
to be concerned with electoral representation, legal or judicial development or support for liberal
elements of civil society, and frequently undertake collection or distribution of information and
support local pro-reform institutions (Carapico 2009). These types of activities have not been
welcomed by the Libyan regime (BMI 2010d).

The influence of religion on both public policy and popular participation in economic activities is
important. Islamic tradition requires individuals to contribute 2.5% of their total income to fellow
citizens, a tradition known as ‘zaqat’, and the socialist nature of the Jamahiriya state ensures that
citizens are supported to some extent, although it is also thought that unemployment levels are
around 25-40% (Pargeter 2006; Yousef 2004).

Critiques of Islamic economic principles point to the anachronistic nature of zaqat and the
difficulties inherent in incorporating altruism (which is a key principle of Islamic economics) in
market-based systems (Kuran 1986, 2004). Libya’s fiscal regime currently includes the 2.5% tax
on capital income, although this is an informal mechanism (Arebi 2010). There is an extensive
welfare support system, although detailed data on employment statistics and fiscal policy can be
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difficult to obtain, and the extent of the application and integrity of this social support mechanism
is uncertain.

While religious proscriptions on economic and entrepreneurial activity have always had immense
influence on the development and character of commerce in societies (Penslar 2001; Richardson
and McBride 2009), and there are particular implications for economic risk management and
investment analysis (Sundararajan and Errico 2002; Kuran 2004), there are many examples of
successful commercial partnerships between Islamic and non-Islamic companies and governments.
Combined with other national and political factors, however, religious proscriptions in Libya
contribute to an unstable investment environment and slow economic development (Kuran 2004;
Yousef 2004; John 2007; Otman and Karlberg 2007; WBG 2009; BMI 2010b).

Political reform in Libya has also been constrained by the nature of the Jamahiriya bureaucracy.
While there is an executive government structure in place, comprising the General People’s
Congress (the Parliament) and the General People’s Committee (the Cabinet), its capacity to
govern effectively is limited by the extensive informal power networks. These include the Basic
People’s Congresses (local political groups), Revolutionary Committees (extreme loyalists who
control the Basic Congresses), Popular Social Leaderships and Social Youth Associations
(essentially what the titles suggest), and the network of informal advisors who occupy many
positions of importance and have the ear of Qadhafi, who since relinquishing official titles has
been referred to by honorific titles such as “Brother Leader” (Pargeter 2006). This extensive and
complex arrangement of politically active groups has meant that reformist initiatives have been
limited in their reach, constrained in dispersal and diluted in impact. Furthermore employment
practices including non merit-based promotion militate against the growth and retention of
technical and professional expertise (El-Jardali et al. 2009).

The development of CDM project activities requires an efficient and coordinated governance
system, and these are not characteristics of the Jamahiriya bureaucracy. It is considered unlikely
that optimal exploitation of oil and gas reserves in Libya will occur unless chronic administrative
and jurisdictional issues are resolved, and a long-term, coherent strategy is formulated (John
2007). While there are plentiful domestic oil and gas resources, effective management of these is
necessary, and demand is constantly increasing. Libya’s installed electricity generation capacity
rose from 248 MW in 1970 to 2240 MW in 1980 and around 5000 GW by 2010. There is rapid
growth in electricity demand based on domestic demographic trends (around 7% per annum) and
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the huge expansion of the tourism sector. The General Electricity Company of Libya (GECOL)
has been attempting to meet this increased demand by doubling generation capacity between 2001
and 2010, and plans to double it again to a total of 10,000 MW in 2020. GECOL’s existing
operating deficit, however, is expected to increase as electricity prices are heavily subsidised by
the government. In order to achieve an economically sustainable power generation sector it has
been argued that the Libyan government must restructure GECOL, and eventually deregulate if not
privatise the sector entirely (Otman and Karlberg 2007).

6.4 The Clean Development Mechanism
The Clean Development Mechanism (CDM) was established by the Kyoto Protocol to the United
Nations Framework Convention on Climate Change (UNFCCC), and is designed to provide costeffective emission offsets for Annex 1 (industrialised) nations which have committed to emission
reductions under the terms of the Protocol (UNFCCC 2009). The CDM operates by creating
incentives for the implementation of projects in developing (non-Annex 1) countries, which
reduce, avoid, destroy or sequester emissions that would otherwise have occurred. CDM projects
can be of various types including energy efficiency, renewable energy production (such as wind,
solar and hydroelectric power projects), methane utilisation or destruction, destruction of industrial
gases, afforestation and reforestation, energy from biomass, landfill gas capture and fuel
switching. The emission reductions from CDM projects earn ‘carbon credits’ (certified emission
reductions or CERs) for each metric ton of carbon dioxide equivalent (tCO2e) that is reduced or
sequestered. CERs can be sold to firms in developed countries and then used by those firms to
meet their emission reduction obligations under domestic legislation. CERs can also be traded as a
commodity in international markets.

As well as verified emission reductions, CDM projects are required to demonstrate positive
sustainable development outcomes, although the sustainability criteria are determined and
evaluated by the host country rather than the UNFCCC. Host countries (developing – or ‘nonAnnex 1’ – nations) wishing to participate in the CDM are required to establish a Designated
National Authority (DNA), which is a government agency responsible for evaluation and
registration of CDM projects, as well as the country’s reporting in accordance with its Kyoto
Protocol commitments.

The Asia-Pacific region presently hosts more than 75% of registered CDM projects, while Africa
has less than 2% of the total, and the Middle East region just over 1% (UNFCCC 2011a).
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Interestingly, both Africa and the Asia-Pacific region have 52 non-Annex 1 Parties to the Kyoto
Protocol, with 47 African Parties having established a DNA compared to 40 in the Asia-Pacific.
However, there are only 57 registered CDM projects hosted by 19 African Parties, in contrast to
the Asia-Pacific region where 2365 projects are hosted by 27 countries (UNFCCC 2011a). The
uneven distribution of CDM activities globally is well-documented (Ellis et al. 2007). At the time
of writing there were 19 CDM projects registered in both South Africa and Israel. Egypt hosted 7
projects, and Morocco and Nigeria had 5 each. There were 4 projects in the United Arab Emirates
and 3 in both Uganda and Kenya. There were 2 projects in Tunisia, Syria, Senegal and Jordan.
Zambia, Qatar, Iran, the Democratic Republic of the Congo, Mali, Mauritania, Tanzania, Ethiopia,
Ivory Coast and Cameroon each hosted a single project (UNFCCC 2011a). Libya ratified the
UNFCCC in June 1999 and the Kyoto Protocol in August 2006 yet hosts no CDM projects, and
while the Libyan Environment General Authority has been established as a DNA it has not yet
provided the UNFCCC with the National Communications and other materials required by the
Protocol (UNFCCC 2011a).

While there has long been debate as to whether climate affects culture (Stehr 1996), it is
indisputable that climate now affects economics. The speed and extent of the growth of carbon
markets in the early 21st Century is testament to this fact. The carbon market has grown rapidly
since its inception in the late 1990s, doubling transacted value from $US63 billion in 2007 to more
than $US126 billion in 2008 (Capoor and Ambrosi 2009). With more than 2000 projects registered
to date, and around 4000 in development, the CDM is the primary vehicle for Annex 1 countries to
fulfil their Kyoto Protocol commitments of technology transfer to developing countries, and
generally the most cost-effective means by which companies are able to meet abatement
compliance obligations. The CDM has also increased the implementation of climate-friendly
projects, raised awareness of climate change and mitigation strategies in developing countries, and
augmented institutional capacity to develop and assess mitigation project opportunities (Ellis et al.
2007).

The use of offsets has however been criticised as fundamentally inadequate in reducing global
emissions (Bullock et al. 2009), and there is evidence that the CDM has not achieved significant
sustainable development outcomes (Olsen 2007; Boyd et al. 2009). Global greenhouse gas
emissions are continuing to increase, with emissions from fossil fuels estimated as being 40%
above 1990 levels in 2008 (Allison et al. 2009). While the Kyoto Protocol commits Annex 1
countries to a combined reduction in their emissions of 5.2% of 1990 levels (UNFCCC 1998),
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non-Annex 1 countries such as Libya are not yet required to make any reductions. It is clear,
however, that all countries, developed and developing, will need to agree on reduction
commitments if atmospheric greenhouse gas levels are to be stabilised and reduced (Muller 2007;
Garnaut 2008; Hansen et al. 2008; SCIO 2008; Boyd et al. 2009). With further refinement and
application the CDM has potential to facilitate local sustainable development and emission
reductions (Bumpus and Liverman 2008). The CDM can also help to motivate developing
countries to accept future mitigation commitments (Ellis et al. 2007).

6.5 Material dimensions – perceived CDM opportunities and constraints
The CDM is potentially a vehicle for attracting new foreign investment and technology transfer,
for building institutions involved in climate change mitigation and adaptation, and for different
types of public and private actors and entities to increase their awareness of technical and
economic aspects of mitigation strategies (Ellis et al. 2007). Foreign direct investment (FDI),
however, is more likely to flow to countries with stable governance conditions, strong legal and
contractual environments, macro-economic stability, skilled workforces and institutional capacity
(Jung 2006; Georgiou et al. 2008; van der Gaast et al. 2009). CDM projects mostly involve
partnerships between companies in the host country and foreign firms which contribute funding,
technology and expertise (Geels and Schot 2007; Lewis 2010). Foreign companies will not invest
in CDM projects when the associated risk is too high, even though there may be potentially cheap
emission reduction opportunities (or ‘low-hanging fruit’ project activities) for them (Muller 2007).
It is possible for non-Annex 1 countries to implement unilateral CDM projects, but this requires
the institutional capacity discussed previously.

Evaluating the potential success of CDM projects in Libya requires consideration of the two
objectives of the CDM: reducing carbon emissions and promoting sustainable development.

6.5.1

Carbon emission reductions

Certain CDM project types deliver attractive cost-benefit ratios in terms of certified emissions
reductions, specifically hydrofluorocarbon (HFC) and nitrous oxide (N2O) elimination projects. In
contrast, renewable energy and energy-efficiency systems often deliver higher-cost reductions but
also higher long-term value in terms of the ability for project replication, local pollution reduction,
technology transfer and sustainable development outcomes (Ellis et al. 2007; Sutter and Parreño
2007; Schneider 2009).
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Libya’s natural resources suggest opportunities in renewable energy projects, specifically solar and
wind power generation methodologies. Some research indicates that small-scale (village level)
hybrid projects involving solar photovoltaic, wind and diesel combinations may be cost-effective
even without CDM financing, and have the potential to significantly reduce emissions and
contribute to local sustainable development outcomes (Gilau et al. 2007). At larger scales there is
considerable opportunity for technology transfer from European Union firms seeking to develop
renewable energy projects (Karakosta et al. 2010) and Europe in particular has considerable
interest in the development of renewable energy-based power generation in North Africa
(Battaglini et al. 2009). If large-scale renewable energy projects were implemented in Libya the
country could reduce its national carbon emissions.

Less positively, in a study which excluded forestry activities because of their very different
mitigation potentials and high levels of uncertainty (Jung 2005; Thomas et al. 2010), Libya’s
potential as a host country for non-sink CDM projects (i.e. projects that do not involve carbon
sequestration) was evaluated as “very unattractive” according to three criteria: mitigation potential,
institutional capacity and the general investment climate (Jung 2006). Libya has also been assessed
as being an unsuitable potential host country for CDM wind power projects, as investment costs
and electricity tariffs are the decisive factors influencing economic return of projects (Georgiou et
al. 2008). These costs and tariffs are significant in Libya.

Libya’s carbon emissions increased by 24% from 1997 to 2007 (EIA 2010) and the country’s
estimated energy-related emissions in 2009 were estimated to be 55 M tCO2e (EIA 2011). The
dominance of fossil fuel energy sources implies that there is room for the development of
renewable energy alternatives but at the same time indicates that until a substantial shift occurs in
energy provision national emissions are unlikely to decline.

6.5.2

Sustainable development

As previously discussed, the CDM has been criticised for failing to achieve social and
environmental sustainability outcomes. Various suggestions have been made as to how to address
this issue, including the possibility of rent extraction from CDM projects in the form of taxes on
profits or revenue, or fixed fees, in order to provide revenue to support long-term national
sustainability goals that are not addressed by CDM activities (Muller 2007). While imposed
charges do affect investment analysis, it is possible for countries to successfully co-opt the CDM
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in order to further national development priorities (Thomas et al. 2011). Profit taxes can be
differentiated according to project type (Muller 2007; Liu 2008), and fiscal structures imposed that
encourage particular types of CDM activities (Ganapati and Liu 2008). The workshops conducted
by the authors and described below revealed that one of a prominent concern of Libya’s urban
populace was the issue of waste management and its impact on social and environmental
conditions. Projects employing landfill gas capture are the largest component of the current CDM
pipeline in countries of the Middle East and North Africa (MENA) (Karakosta et al. 2010), and
this is clearly an area of opportunity in Libya as well.

Many of the arguments for reform of the CDM, whether they focus on rent extraction by project
type (Muller 2007; Liu 2008) or mandatory sustainability criteria (Pinter et al. 2005; Ellis et al.
2007), presuppose that host country governments are concerned with long-term sustainability
benefits. This may not be the case in Libya, although international observers have previously
considered the likely successor to Qadhafi (his son Saif al-Islam Qadhafi) to be more inclined
toward both economic and political liberalisation (Otman and Karlberg 2007; John 2008; Zoubir
2009; BMI 2010c). Reform actions have previously seemed to be mainly concerned with
economic modernisation rather than social liberalisation (Pargeter 2006). Even with a degree of
economic reform, environmental problems may continue to worsen in terms of their scope,
intensity and impact (Adaman and Arsel 2008).

It would seem that social and environmental sustainable development outcomes through CDM
projects in Libya are most likely to occur either through small-scale projects at the village level, or
in programmes of activities (POAs) in urban centres involving transport infrastructure or waste
management. The CDM can be considered as a tool to implement sustainable development
projects that would otherwise not be cost-effective. If Libya were able to fulfil the regulatory
requirements of the CDM process, the state would have the opportunity to use the CDM to achieve
its own development priorities and goals. However, despite repeated statements in recent years
that it is seeking economic and structural reforms and attempting to combat corruption and
ineffective governance the Libyan regime has done little more than make superficial, cosmetic
changes which do not threaten the continuation of the status quo. This has contributed to
increasing dissent within Libyan society, which Qadhafi’s regime has systematically suppressed.
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6.6 Discursive dimensions of CDM activity in Libya
As part of a UNDP-sponsored capacity-building program in “Climate Change and Carbon
Management” (referred to hereafter as “the course”) delivered in February 2010 in Tripoli (the
Libyan capital), the authors conducted a series of informal workshops involving discussions
focused on several key questions. These included whether Libya was able to implement CDM
projects and if so which types of projects were considered most beneficial for the Libyan
government, the private sector and the Libyan people. The course was designed to help the
participants understand the regulatory requirements of participation in CDM activities and
encourage consideration of potential opportunities.

The workshops involved 22 participants – 20 employed by the Libyan Government (16 from the
Libyan Environment General Authority and four from other government departments) and two
held positions in private firms engaged in oil and gas processing. The participants came to the
course with different perspectives on climate change and carbon management, but all had some
specific interest in the topic related to their employment. Most of the participants were concerned
with specific environmental issues such as waste management, the development of alternative
energy industries, coastal management, combating desertification, or the management of emissions
in the transport or oil industry, and attended the course to find out more about the role of climate
change and carbon management in dealing with these issues.

The course was conducted over five days and the workshop on CDM issues was convened over
five hours on the fourth day. The authors designed and delivered the course and the workshops
with the aim of introducing participants to the major issues associated with climate change and
carbon management, particularly in regards to the principles and practices of engagement in the
CDM. The course included a summary of climate change science, an introduction to international
climate change mitigation policy, practicals on how to estimate greenhouse gas emissions from
organisations, a review of emissions abatement options, methods for comparing the relative merits
of different abatement options, an overview of energy efficiency and renewable energy
technologies, and the organisational mechanics of conceptualising, evaluating and registering
CDM projects. The social atmosphere in the course was congenial and relatively informal and
participants enthusiastically engaged in discussion, particularly as the course progressed. The flow
of discussion was occasionally constrained by language limitations (the authors do not speak
Arabic) but those participants who had troubles articulating their views in English were assisted by
a number of bilingual participants who had very high-level English language skills.
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The workshop was framed primarily as a learning exercise in which the participants could deepen
their understanding of the opportunities for CDM development and consider constraints. It was
divided into two phases. In the first, participants formed four groups of between four and six
members, and each group was asked to conceptualise a CDM project that they considered to be
suitable for development in Libya. In the second phase all groups presented their results and
discussed the issues they deemed likely to influence the development of each project, assuming
that Libya were to establish a Designated National Authority to manage its Kyoto Protocol
obligations and CDM activities. The authors acted as moderators in the discussion. There were
five key questions: (1) what would be the main constraints on CDM project development in Libya;
(2) who would be the most likely proponents of CDM projects in Libya; (3) what CDM project
types are most likely to occur in Libya; (4) what project types would be most beneficial for Libya;
and (5) who would benefit most from CDM projects in Libya – people and communities,
businesses or government?

The results presented here are the authors’ observations and interpretations of the discussion. The
workshop was not presented as a data collection activity and participants did not engage in the
workshop on the premise or with the understanding that they were supplying data. Participants
were however pleased to assist the authors in promoting discussion about the scope for mitigation
and sustainability projects in Libya.

6.6.1

Workshop observations

Despite some increased foreign investment in Libya since 1999 (mostly in the petroleum sector)
the country continues to have high levels of poverty, inadequate and out-dated infrastructure, and a
large yet inefficient bureaucracy (Pargeter 2006). Engineers in the Libyan construction industry
have been assessed as being deficient in a number of areas, specifically communication skills,
scientific, technical and legal knowledge, previous experience, knowledge and use of modern
techniques, and their ability to respond effectively to logistics problems (Krima et al. 2007).

Although the number of DNAs in African countries has grown since 2005 many are not yet
operational (van der Gaast et al. 2009). This characteristic was described in the workshops –
participants stated that structures were in place (i.e. for managing UNFCCC compliance and
reporting) but procedures did not yet exist. When asked to clarify this it was suggested that
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officers within the administrative system had been assigned responsibility but no resources or
training had yet been provided.

A summary of the authors’ observations of issues discussed by the participants during the
workshop is provided in Table 6-1. The issues are ranked in order of how prominently they
featured in the discussion (the most prominent being at the top of each list).

Table 6-1 Responses to questions about Libya’s potential engagement with the CDM

1. What would be the main constraints on
CDM project development?

Technical requirements
Skilled staff
Transparency and cheating
Public awareness and conservatism (reluctance to pay
taxes)
Lack of motivation

2. Who would be the most likely
proponents of CDM projects in Libya?

Combinations – international / domestic
Balance between government and private firms

3. What project types are most likely to
occur in Libya?

Solar
Waste
Gas capture and flaring
All sectors
Government will direct project development to the
petroleum sector

4. What project types would be most
beneficial for Libya?

Waste management projects
Alternative energies
Oil and gas retrofitting

5. Who would benefit most from CDM
projects – people and communities,
businesses or government?

All sectors – people, business and government
Structures and regulations exist but procedures have
not yet been put in place

Afforestation and reforestation projects were not perceived as feasible although there was interest
in this area as a potential strategy for combating desertification. Waste management was viewed as
a major priority for sustainable development in Libya, and thus landfill gas capture and flaring
CDM projects were considered desirable. Water supply was recognised as an issue of importance
but workshop participants implied it was under control. Interestingly, despite the size of Libya’s
oil and gas industries, and the commensurate opportunities for fuel switching, energy efficiency
and methane capture projects, workshop participants were more interested in social and
environmental outcomes derived from CDM projects than in reform of the petroleum sector.
Participants were enthusiastic about the possibilities represented by the CDM in terms of
economic benefit, international engagement, and local sustainable development outcomes. Most
participants considered waste management and desertification as the most significant concerns for
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Libyan society, and renewable energy projects as the most interesting and attractive CDM
opportunities but they were unclear as to how the necessary administrative changes could be made
to effect project implementation.

6.7 Conclusion
New forces, circumstances and issues are affecting the lives and futures of people in the Middle
East and North Africa, and public policy in the region must consider these forces as leaders choose
strategic paths toward the future (Chaaban 2009). Employment growth in the private sector outside
of the oil and gas industry is considered to be the only solution to increasing unemployment and
low wages in MENA countries, since the public sector is likely to be unable to absorb a growing
youth labour pool and community of graduates, and the hydrocarbon industry is capital-intensive
and operates a relatively small workforce (Yousef 2004). The CDM represents an opportunity to
encourage emission reduction and sustainable development activities not only in the hydrocarbon
sector but in other priority areas including waste management and renewable energy generation.

While there would seem to be considerable opportunities for CDM project activities in Libya,
employing a range of methodologies including landfill gas capture, energy efficiency, methane
avoidance and destruction, and renewable energies (particularly wind and solar), it is also clear
that CDM project development is constrained by the lack of institutional capacity and a stable
investment environment.

It is possible that economic reforms could be implemented without political liberalisation taking
place. In China, for instance, economic reforms instituted from the late 1970s involved the
creation of a private sector and competitive market institutions without political liberalisation. A
policy framework in which the state regulates the market and the market guides commercial
enterprises allowed the ruling Communist Party to maintain political control while individuals
benefited from increased prosperity and rising standards of living. The success of this limited
liberalisation has been attributed to three key elements of the state’s policy: encouragement of
material incentives and profit, openness to foreign investment and technology transfer, and the
allowance of non-uniform development within the country (meaning that different sectors and
regions could progress at different rates) (Hsiung 2009). It seems likely that Libya could meet the
second and third of these criteria, but the Jamahiriya state has demonstrated its inability to
condone a broad popular materialism.
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The political ecology of Libya’s potential engagement in carbon markets through the CDM is
complex, and considerable uncertainties remain about the country’s future governance. In view of
the social and economic challenges discussed in this paper, and the opportunities represented by
the CDM, it appears that while Libya could benefit considerably from implementation of CDM
projects it is at present unable to pursue project development. The CDM can contribute to a broad
range of development outcomes, and the political liberalisation and economic reforms necessary to
operate the CDM are seen in the Middle East as an effective path to achieving social stability
(Yousef 2004). CDM project activities could be utilised to facilitate economic recovery,
sustainable development, technology transfer, capacity building, and Libya’s engagement with the
international community in the period following the upheavals of early 2011.

In order to effectively engage with the CDM, Libya must fulfil certain minimum conditions. These
include the establishment of a DNA to administer CDM activities, and the implementation of
economic and fiscal policies which will drive investment in CDM projects by foreign firms and
project development by domestic organisations and companies. The Environment General
Authority has been established as Libya’s DNA, but the country’s UNFCCC obligations remain
unfulfilled. Specifically, Libya has not yet lodged an initial National Communication on the steps
it is taking to implement the UNFCCC. There is a clear need for international support and capacity
building programs.

Libya will also need improved institutional capacity, which includes broad technical competence
in CDM project requirements and related areas, as well as transparency and stability of
governance. Without these, Libya is unlikely to be able to attract the interest of foreign investors
seeking CDM project development opportunities, as the CDM registration process is highly
regulated and complex. Investors will not participate in project activities if there is uncertainty
over the host party’s ability to effectively manage the regulatory requirements. The lack of
technical and institutional capacity further implies that unilateral CDM projects are unlikely to be
successful.

Libya is endowed with natural resources that make renewable energy projects feasible. There is
potential for investment in large-scale projects that would provide a range of economic benefits
including employment and education opportunities. There is also potential for project development
in the areas of waste management and transport infrastructure. However, the nature of the
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country’s political system and economic structures, its inconsistent policy history, uncertain
governance and its reliance on the hydrocarbon industry imply that successful engagement will be
difficult at best.

Prospects for CDM project development in the foreseeable future are therefore poor if the Qadhafi
regime endures. If the current civil conflict results in regime change, however, the international
community should consider the CDM as a potentially valuable component of Libya’s
reconstruction and development strategy. The goals of the UNFCCC, including emission
reductions, institutional capacity building and technical development, can be facilitated through
CDM activities, and the CDM could also be employed as one mechanism to support the people of
Libya in the future.
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7 A study of the carbon offset investment preferences of Australian
firms

Chapter summary
This chapter investigates the end use phase of the carbon offset value chain, providing empirical
data on factors affecting the stated investment preference of organisations in Australia.

Abstract:
This paper presents results from a survey of 42 Australian organisations potentially affected by
carbon pricing regulation. A stated preference survey was used to investigate organisational
attitudes on carbon management, and specifically how firms want to invest in carbon offset
projects. In other words, beyond regulatory compliance, what do Australian organisations want
to gain from their abatement strategies in a carbon-constrained environment? Key findings
include that firms overwhelmingly prefer offset projects located locally (in Australia), and would
generally prefer to develop offset projects themselves; associations exist between exposure to
emissions-related regulatory risk and the types of carbon and energy management activities
engaged in by firms; and there are additional relationships between some industry sectors and
their preferred offset project types and characteristics. Most importantly, more than two thirds of
respondents indicated that their organisation would be willing to pay a premium price for offsets
it considered to provide enhanced sustainability outcomes for their business and stakeholders.
Firms were specifically interested in offsets that contributed to rehabilitating or protecting
ecological systems, supported local employment and protected biodiversity. Sustainability was
found to be an important driver of investment preferences in carbon offset projects.
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7.1 Introduction
Economic theorists have long recognised that traditional market mechanisms fail to account for the
full range of costs associated with doing business (Coase 1960; Barbier 2011). For much of the
history of management thought, the social and environmental impacts of business activities have
been considered external to firms’ operational and financial management. Investments in social and
environmental sustainability have been an optional strategic activity for businesses, with debates
raging over the financial and reputational benefits of social and environmental engagement. This
situation is changing, however, not only with regards to increasingly stringent environmental
regulations, but in the growing recognition by firms that the value of corporate social responsibility
actions can be measured in terms of competitive advantage, stakeholder engagement, and
production efficiencies, all of which can contribute to improving financial returns (Jaffe et al. 1995;
Russo and Fouts 1997; Kolk 2010).

The scientific consensus on climate change remains a highly contested social and political issue in
the wider public realm (Hoffman 2011). For business, climate change has been for some time a
question of strategic management, and this continues to be the case; firms that consider climate
change as merely a matter of corporate social responsibility are likely to prove uncompetitive
(Hoffman 2005; Porter and Reinhardt 2007). It is clear that the effects of climatic changes on
business will be varied and considerable, and include physical impacts on operations across the
supply chain as well as regulatory constraints, technology and product mortality, and legal and
reputational risk (Lash and Wellington 2007; Porter and Reinhardt 2007).
Hart’s (1995) seminal work on the natural-resource-based view of the firm identified
environmentally sustainable economic activity as a probable key driver of business strategy and
competitive advantage. Opportunities in environmental management and performance are a
potential area of revenue growth (Hart 1997). In a climate changing world, a firm’s success is likely
to be based on two key factors: reducing exposure to climate-related risks and discovering business
opportunities arising from the process of adaptation (Lash and Wellington 2007). For example,
Michalisin and Stinchfield (2010) found that firms with greater emphasis on climate change
demonstrate better financial returns, and superior performance in measures of both organisational
efficiency and effectiveness than comparable firms without climate change measures in place.

The relationship between business organisations and the natural environment is changing (Haigh
and Griffiths 2009; Dawkins and Fraas 2010). Sustainable firms are more likely to be those with
organisational philosophies based on rational, humanist ecological science, considering not only
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present issues of cost, risk and legitimacy but fostering innovation and environmentally sustainable
future growth (Senge and Carstedt 2001; Hart and Milstein 2003). There is growing interest in
technology development inspired by nature (Oberndorfer et al. 2007; Eadie and Ghosh 2011) and
businesses are increasingly considering their value chains from the perspective of cradle-to-cradle
life cycle analysis (McDonough and Braungart 2002; Kumar and Putnam 2008).

Within this context of business transformation and sustainable enterprise, carbon offsets play a
crucial role, given that they are the principal tools of policy instruments intended to force carbonintensive businesses to reduce their emissions but offering some flexibility in this mandated
process. Offsets are intended to provide a lower cost method of managing net reportable greenhouse
gas emissions, and should enable a lower cost transition to a low carbon economy. Perhaps more
importantly, carbon offsetting (if genuinely additional) represents a contribution to climate change
mitigation that other measures of sustainable enterprise might not. Most firms will turn to offsets as
their least cost means of complying with carbon pricing schemes, as has certainly been the case in
the European Union Emissions Trading Scheme and in smaller voluntary markets such as the
Chicago Climate Exchange (Sovacool and Brown 2009; Blyth and Dunn 2011). It is therefore
important to understand how firms are thinking about offset acquisition and offset project
development, and how those issues fit with broader ideas of corporate sustainability.

This paper presents the findings of a study investigating the relationships between offset investment
preferences and industry sector, organisational environmental awareness, management practices and
strategic orientation to climate change adaptation. The study sought to identify the principal types
of offset projects of interest to business, and assess whether there were differences in the investment
strategies of carbon-exposed and non-exposed firms (Busch and Hoffman 2007). Similar research
has investigated factors affecting the carbon constrained business supply chain (Busch and
Hoffmann 2007), the connections between environmental management strategies and the
emergence of competitively valuable organisational capabilities (Sharma and Vredenburg 1998;
Sharma 2000; Kolk and Pinkse 2008; Michalisin and Stinchfield 2010), and the motivations of
consumers in purchasing carbon offsets (Akter et al. 2009; MacKerron et al. 2009; Mair 2010). This
research built on these previous studies by adopting some of their methods or theoretical
perspectives (Andresen and Agrawala 2002; Evans and Mathur 2005; Hultman et al. 2010; Cai and
Cameron 2011). This paper addresses several of the further research questions suggested in these
earlier studies.
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An online survey of 146 organisational representatives was used to investigate the extent to which
Australian businesses are motivated to use carbon offset projects for purposes beyond regulatory
compliance. In other words, what do Australian organisations want to gain from their abatement
strategies in a carbon constrained environment? The paper proceeds by explaining the nature and
role of carbon offsets, and then reviewing the evolving climate and carbon regulatory context in
which firms are currently undertaking business and preparing for competition in a carbon
constrained world. The research methodology is explained, and results presented, following which
we discuss the findings and outline future directions for further research.

7.2 Background and context

7.2.1

Carbon offsets

A market-based system employing carbon offsets is attractive to policy makers and business as
offsets usually represent one of the cheapest abatement options available to firms. At the same time
offsets drive innovation that can lead firms to discover low cost abatement and transition options
(Weber and Neuhoff 2010). The flexible offset mechanisms created by the UNFCCC are intended
to provide both cost-effective emissions reductions and promote sustainable development in
industrialising countries (UNFCCC 1998).

There is, however, considerable uncertainty surrounding offsets. The diversity of offset provenance
has resulted in confusion and scepticism over the quality of emission reductions represented by the
offset credit (Akter et al. 2009; Dhanda and Hartmann 2011). Similarly, offsets can be seen as
lacking credibility – there is no universal standard for offset verification and accreditation.
Furthermore, besides doubts over the very principle of offsetting (which arguably encourages the
continuation of harmful practices) and concerns related to price variations and market elasticity,
there are well-founded practical concerns with the offset system: measuring carbon sequestered in a
forest plantation is just as difficult and potentially subjective as calculating the greenhouse gas
emissions represented by a trans-Atlantic flight (Akter et al. 2009; Bushnell 2010; Dhanda and
Hartmann 2011; Mair 2011).

7.2.2

The study context

Australia is a case study of considerable interest. It is a small nation of roughly 23 million people,
with unemployment around 5%, low inflation rates and a well-regulated banking sector, and has
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navigated the financial crises of recent years more effectively than almost any other advanced
economy (ILO 2010). The country has extensive natural resources that support large commodity
export markets, particularly to China (CIA 2011). Australia is the world’s largest exporter of coal,
and relies heavily on coal for domestic energy generation. Australia’s per capita carbon emissions
are the highest in the world, and the nation’s total historical emissions are ranked fourteenth
globally (Boden et al. 2011).

The debate over carbon pricing in Australia has been prominent since at least 2007, the year in
which both major political parties went to the federal election promising to implement an emissions
trading scheme. In November 2011 the Australian Government’s Clean Energy legislative package
was passed by the national parliament. The legislation comprised 18 separate acts covering carbon
pricing, support for emissions-intensive trade-exposed industries, compensation for households and
other groups, incentive mechanisms for renewable energy and innovation, and a great deal more
(DCC 2011a). There was to be a fixed price on carbon emissions from 1 July 2012 for 3 years, after
which a flexible international emissions trading scheme commences. The legislation included a
mandatory 5% (of year 2000 levels) emissions reduction by 2020, and 80% by 2050, and a fixed
price per metric ton of CO2e of $23, rising at 2.5% per annum for the initial 3-year period. The
legislation covered around 500 of Australia’s largest emitting firms. The requirement for domestic
sourcing and the opportunity for international linkages imply that offsets will play an important role
in the business models of many Australian organisations.

The publication of the Clean Energy legislation clarified the potential role of offset credits in the
carbon pricing mechanism, rendering this present investigation into investment preferences timely
and relevant. Treasury modelling of Australian emissions abatement under future policy scenarios
(80% reduction of year 2000 levels by 2050) shows that the single largest contribution will come
from international offsets (Treasury 2011).

7.2.3

Identifying the research problem

Given the trend towards carbon regulation the study sought to examine what might explain
similarities and differences in how firms approach developing their carbon abatement and
compliance strategies. Carbon offsets are likely to feature as a central component of many firms’
approaches to compliance, as offsets are often among the most cost-effective abatement options. In
this study we particularly investigated the interest of Australian firms in carbon offset projects that
contributed to sustainability outcomes, or encouraged non-financial co-benefits (cf. Venter et al.
2010).
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Understanding the attitudes of firms to carbon offset activities, and their strategic approaches to
abatement, will contribute to the design of effective policy approaches and facilitate offset project
design and development. This is supported by a recent report jointly sponsored by the European
Institutional Investors Group on Climate Change, the North American Investor Network on Climate
Risk and the Australia/New Zealand Investor Group on Climate Change. The report suggests that
institutional investors are increasingly proactive in integrating environmental, social and
governance concerns into their decision-making processes (IGCC/IIGCC/INCR 2010). The
majority of investors surveyed in the report considered climate change issues to represent both
material risk and opportunity.

7.2.4

Research questions and hypotheses

In order to explore the preferred investment strategies of Australian firms within a carbon
constrained regulatory environment, the survey instrument was designed to investigate five key
research questions: (1) What are preferred offset project types? (2) Where do organisations want to
invest in offsetting activities? (3) What operational characteristics do firms desire in offset project
implementation and management? (4) What features of offset projects are considered necessary,
important and desirable? (5) What are the associations between these questions and a firm’s size,
ownership, industry sector, corporate philosophy and other characteristics? These key research
questions provided stated preference data that allowed a series of hypotheses to be tested.
It was important to identify each organisation’s industry sector, as several sectors are recognised as
having high exposure to carbon-related risk due to their industrial or production processes and
energy use. These include: Mining; Electricity, Gas, Water and Waste Services; and Manufacturing.
It has previously been argued that firms in these sectors – the ‘carbon-exposed’ – will be most
prepared for carbon pricing and proactive in their carbon and energy management strategies (Busch
and Hoffmann 2007; Kolk and Pinkse 2008). A review of business management literature by Busch
and Hoffmann (2007), however, found that climate change risks had not been incorporated into the
corporate strategic management frameworks of firms, largely as a result of the complexity of the
carbon risk issue. This study reflected the state of affairs as recently as 2006. In contrast, at roughly
the same time, industry research in the UK found that half of firms surveyed considered energy
management as highly significant significance for their business, and in addition the vast majority
of major energy users were measuring their energy efficiency and more than two-thirds employed
full-time staff to oversee energy management (Alcock 2008).
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Investment preferences have been shown to demonstrate path dependencies relating to established
energy technologies and infrastructure (Jacobsson and Bergek 2004; Kettunen et al. 2011). Unruh
(2000; Unruh and Carrillo-Hermosilla 2006) termed this ‘carbon lock-in’, resulting from the coevolution of technological, organisational, social and institutional factors in industrialised
economies, and that developing countries were likely to experience similar techno-industrial
development pathways as carbon lock-in was spread through the process of globalisation. The first
hypothesis therefore examined the question of whether carbon lock-in remains a substantial barrier
to the development and implementation of carbon and energy regulation.

Hypothesis 1a
Firms will exhibit institutional inertia. Path dependencies will result in firms being locked in to
established business practices. In the Australian context, this means that the carbon-exposed
(Mining; Electricity, Gas, Water and Waste Services; and Manufacturing) will have carbon and
energy management strategies in place, whereas those firms not reporting under the National
Greenhouse and Energy Reporting Act 2007 (DCC 2011b) will not be preparing for carbon
constrained business management.

Organisations are likely to develop firm specific advantages that can be characterised by industry
sector (Kolk and Pinkse 2008). In the case of carbon-related business risk, the greater the degree to
which a firm adopts proactive carbon management strategies, the greater the likelihood that firmspecific organisational capabilities will emerge (Sharma and Vredenburg 1998). In addition, when a
firm’s management interprets environmental issues as opportunities rather than constraints, there is
an increased likelihood of the firm exhibiting voluntary environmental strategies (Sharma 2000;
Andresen and Agrawala 2002).

Hypothesis 1b
There will be a relationship between industry sector and preferred offset project type. Firms will
prefer offsets derived from familiar methodologies. That is, firms engaged in manufacturing will
prefer energy efficiency, whereas agriculture and forestry sector firms will prefer natural-resourcebased offsets. Energy firms will prefer renewable energy projects.

In addition to capital expenditure, transaction costs are an inevitable component of business
activities, and one of the principal constraints in the development of carbon offset projects
(Chadwick 2006; Thomas et al. 2010). Transaction costs in offset projects can be defined as
expenses not attributable to the physical process of reducing emissions or the level of demand for
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offset credits. In other words, if the project were conducted without the component represented by
that cost, no additional greenhouse gas emissions would result, but neither would the project qualify
for the issuance of offset credits (Chadwick 2006). Transaction costs in offset projects are therefore
those expenses associated with project development (gathering baseline data, employing technical
expertise), independent validation of project design details, annual verification, and administrative
costs (e.g. Gong et al. 2010).

Previous research into the motivations for investment in carbon offset projects has found that
financial considerations – the income benefits derived from offset credits, and the capital and
transaction costs associated with project development – are the principal driver of firms’ investment
preferences (Jung 2006; Hultman et al. 2010) At the same time, however, offset projects are also
considered likely to provide positive reputational benefits (Hultman et al. 2010). One of the primary
risk factors weighing against firms’ decisions to invest in international offset projects is regulatory
jeopardy in the approval process (Hultmann et al. 2010), and firms will therefore prefer to invest in
local projects (Sharma 2000).

Hypothesis 2a
Financial considerations will be the primary driver of investment preferences. Firms will prefer to
purchase offsets at the lowest cost from reputable brokers.

Hypothesis 2b
Firms will prefer investment options with minimal risk. Local projects will be preferred. Naturalbased offset activities will be considered as high risk and low return and therefore undesirable.

The role that business and industry have played in global climate governance has evolved over the
last two decades. While there are differences between the approaches taken by business in Europe,
Australia and the United States, the business community is increasingly perceiving carbon
regulation as representing opportunities rather than just constraints, and as a necessary response to
the real threats presented by climate change (Jones and Levy 2007; UNFCCC 2011b).

While the carbon price debate has engendered substantial political polarisation in Australia, this
pales in comparison with the divisions that exist in the United States, and the extent to which
environmental policy is affected by partisan socio-political dynamics (Aldy and Stavins 2011;
Hoffman 2011). Yet as discussed previously, regulation of carbon emissions increasingly appears to
be inevitable in the longer term (Alcock 2008; Aldy and Stavins 2011; UNFCCC 2011b). While
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considerable policy uncertainty remains in different regulatory regimes regarding the best way to
approach carbon pricing (and indeed whether to implement such a policy reform at all) some firms
have decided that the risk and social and reputational benefits of carbon management outweigh the
lack of policy clarity (Bernhofen and Brown 2004; Hoffman 2005; Stubbs and Cocklin 2008;
Tienhaara 2010).

Literature on strategic business management identifies a spectrum of environmental management
practices by firms, associated with corporate culture or philosophy (Hart 1995, 1997; Hart et al.
2003; Kolk and Pinkse 2004; Michalisin and Stinchfield 2010; Sharma 2000; Sharma and
Verdenburg 1998). At one end of this spectrum firms might be barely (and reluctantly) compliant
with environmental regulation, minimising risk. Thereafter firms might recognise the improved
financial outcomes resulting from more efficient practices and resource use. A third phase might
involve socially responsible practices as competitive advantage, with the additional benefit of
gaining licence to operate. Finally, firms might become values-driven, with corporate cultures and
philosophies that make positive environmental impacts and sustainability high priorities.

This leads us to a final hypothesis, with investigates the desire of firms to invest in offset projects
that encourage sustainability co-benefits.

Hypothesis 3
Sustainability is not a primary driver of investment decisions, and is considered by firms primarily
as a marketing tool to demonstrate corporate social responsibility. Firms will have little or no
interest in non-financial benefits of offset projects.

7.3 Methods
7.3.1

Survey structure

The survey instrument developed to provide the data for this analysis was structured as a stated
preference choice model, presenting hypothetical questions and requiring respondents to rank
choices along a continuum of preferred options (cf. Pearce and Seccombe-Hett 2000; Bateman et al.
2002). The survey questions (see Chapter 17.2 – Appendix 2) were designed to address the research
questions outlined above, and reflect the approaches used in similar studies (e.g. Sharma and
Vredenburg 1998). The survey engaged representatives from firms operating in Australia and likely
to be captured under the National Greenhouse and Energy Reporting Act 2007 (this legislation
requires organisations and facilities to monitor and report their direct greenhouse gas emissions and
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electricity use, see DCC 2011b). The survey was conducted within ethical guidelines and all
participants confirmed that they were providing responses with the full knowledge and approval of
their organisation. The survey questions were categorical in nature and commonly asked
participants to what degree they preferred a characteristic or agreed with a particular statement
regarding carbon offsets, using Likert scales and direct stated preference questions.

7.3.2

Respondents

A large database of potential respondents was developed based on publicly available Australian
Government information. This initial list of organisations was augmented as we identified
individuals in each firm with responsibility for environmental compliance or reporting matters. This
was done using corporate websites or by contacting firms directly. Email invitations to participate
in the online survey were then sent. The survey was conducted over a period of 3 weeks in October
2011 – before the passage of the Clean Energy legislation package.

A total of 146 participants from various industry sectors commenced the survey, with 44
participants completing all questions. 70% of participant organisations were majority Australianowned. Annual revenue for the majority of firms (68%) were over $100 million, with 36%
indicating revenue of more than $1 billion annually. 88% of participants represented firms that
reported their energy use and emissions under NGER. All participants demonstrated an
understanding of carbon offset project activities. The distribution of respondents by industry sector
is shown in Table 7-1.

Table 7-1 Survey respondents by industry sector
Industry sector

# Respondents

Agriculture, Forestry and Fishing

0 (0%)

Construction

0 (0%)

Education and Training

3 (7%)

Electricity, Gas, Water and Waste Services

4 (9%)

Financial and Insurance Services

2 (5%)

Food processing

2 (5%)

Health Care and Social Assistance

1 (2%)

Manufacturing

12 (27%)

Mining
Public Administration and Safety, including
Government
Rental, Hiring, and Real Estate Services

5 (11%)

Retail Trade

1 (2%)

Transport, Postal, and Warehousing

6 (14%)

Wholesales Trade

1 (2%)
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4 (9%)
3 (7%)

Total

7.3.3

(44) 100%

Limitations

The analyses conducted on the results from this study were limited by the sample size. Of the 146
participants, only 44 respondents completed all relevant questions. This small sample size restricts
assessments of internal validity, such as the chi-squared test, which becomes more powerful with a
larger sample. In addition, some industry sectors were not represented. This limits the ability to
obtain an accurate assessment of the relationship between sectors and project selection. Despite this,
the targeted, ‘expert’ nature of the respondents, and the nature and size of the organisations
involved, means that the data is relevant, valid, and useful.

7.4 Results
The majority of survey respondents (90% and 85% respectively) considered climate change to be an
economic or risk management issue. Less than 13% of participants indicated that climate change
was not an issue at all. Short-term climate change impacts of the greatest concern were regulatory
constraints and increased input prices. 62% of respondents stated that their management felt they
could lead on climate change. 88% of the surveyed organisations reported under the National
Greenhouse and Energy Reporting Act 2007. Half of those reporting and 40% of respondents not
reporting under the Act were members of the carbon-exposed industry sectors.

7.4.1

Opinions of offsetting

An early question used to determine awareness and opinions of offset projects asked participants to
rank a series of advantages and disadvantages associated with carbon offsets, using a Likert scale (1
= Strongly disagree, 2 = Disagree, 3 = Indifferent, 4 = Agree, 5 = Strongly agree). Table 7-2 shows
the responses for each question regarding advantages and disadvantages of offsets.

Table 7-2 Respondent opinion on the advantages and disadvantages of offsets

Advantages
Offsets
encourage
innovation
Offsets are
cost effective
solutions for
businesses

Strongly
Mean Strongly
(out disagree Disagree Indifferent Agree disagree
of 5)
3.24

3

9

8

19

3

2.88

3

14

11

13

1
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Offsets
provide
ecosystem
services
Offsets
support local
communities

3.4

0

7

13

20

2

3.17

1

9

16

14

2

2.74

2

13

21

6

0

3.57

0

10

5

20

7

3.02

3

11

12

14

2

3.24

2

12

7

14

6

3.61

0

6

10

19

6

3.27

2

6

13

19

1

3.15

1

11

14

11

4

3.24

1

8

14

16

2

Offsets are
complicated to 3.59
implement

1

6

8

20

6

Offsets reduce
waste
Offsets
sequester
greenhouse
gases
Offsets
promote
renewable
energy
Disadvantages
Offsets do not
actually
reduce
emissions
Offsets delay
action to
reduce
emissions
Offset
revenues are
minimal
Offsets do not
contribute to
sustainable
development
Offsets create
perverse
environmental
outcomes

Advantages
Offsets
encourage
innovation
Offsets are cost
effective
solutions for
businesses
Offsets provide
ecosystem
services

Mean
(out of
5)

Strongly
disagree

Disagree

Indifferent

Agree

Strongly
disagree

3.24

3

9

8

19

3

2.88

3

14

11

13

1

3.4

0

7

13

20

2
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Offsets support
local
communities

3.17

1

9

16

14

2

Offsets reduce
waste

2.74

2

13

21

6

0

Offsets sequester
greenhouse gases

3.57

0

10

5

20

7

Offsets promote
renewable
energy

3.02

3

11

12

14

2

3.24

2

12

7

14

6

3.61

0

6

10

19

6

3.27

2

6

13

19

1

3.15

1

11

14

11

4

3.24

1

8

14

16

2

3.59

1

6

8

20

6

Disadvantages
Offsets do not
actually reduce
emissions
Offsets delay
action to reduce
emissions
Offset revenues
are minimal
Offsets do not
contribute to
sustainable
development
Offsets create
perverse
environmental
outcomes
Offsets are
complicated to
implement

7.4.2

Emission abatement activities undertaken previously

Survey participants were asked to rate their involvement in various carbon and energy management
strategies over the past 12 months. A comparison of involvement in carbon and energy management
activities between firms reporting under the National Greenhouse and Energy Reporting Act 2007
and organisations that do not currently report revealed that there is no significant difference in
involvement (Table 7-3). In general, non-reporting firms have a higher percentage of involvement,
except in energy monitoring and reporting (Table 7-4). This challenges Hypothesis 1a, that firms
not reporting under the Act are less prepared for carbon business management.

Table 7-3 Carbon and energy management activities previously undertaken (% of firms)
Activity/ Investment

Reporting firms
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Non-reporting firms

(n=37)

(n=5)

Energy efficiency projects

84.21

100.00

Low emissions technology development

63.16

80.00

Sustainable energy alternatives

65.79

60.00

Reducing dependence on coal-fired energy generation

44.74

80.00

Developing fuel- and energy-efficient products

65.79

80.00

Have purchased regulated or voluntary offset credits

13.16

20.00

Offset project development

10.53

0.00

Energy monitoring and reporting

89.47

40.00

54.61

57.50

MEAN

However, there is support for Hypothesis 1a when comparing carbon and energy management
strategies implemented by carbon-exposed organisations as opposed to other firms. Of the 21
carbon-exposed organisations that responded to the survey, 60.7% have at least some form of
carbon and energy management strategy in place. In contrast, less than half of the other 22 firms are
prepared for carbon constrained business management (Table 7-4). For instance, while all surveyed
carbon-exposed firms have conducted energy efficiency projects in the past year, only 72.7% of
other firms have done so. Of particular interest is the fact that substantially fewer carbon-exposed
organisations have purchased offset credits (regulated or voluntary).

Table 7-4 Comparison of carbon and energy management strategies between carbon-exposed firms and others

Not
reporting
(2)

Total

Reporting
(19)

Not
reporting
(3)

Total

Other firms (22)

Reporting
(19)

Carbon-exposed (21)

Energy efficiency
projects

100.00

100.00

100.00

68.42

100.00

72.73

Low emissions
technology
development

73.68

50.00

71.43

45.45

100.00

59.09

Sustainable energy
alternatives

73.68

50.00

71.43

50.00

66.67

59.09

Reducing dependence
on coal-fired energy
generation

57.89

100.00

61.90

27.27

66.67

36.36

Developing fuel- and
energy-efficient
products

73.68

50.00

71.43

50.00

100.00

63.64

Have purchased
regulated or voluntary
offset credits

10.53

0.00

9.52

13.64

33.33

18.18

Offset project
development

15.79

0.00

14.29

4.55

0.00

4.55

Activities/ Investment
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7.4.3

Energy monitoring and
reporting

89.47

50.00

85.71

77.27

33.33

81.82

MEAN

61.84

50.00

60.71

40.91

62.50

49.43

Preferred offset project types

Survey participants were asked to rate their preference for each of the following project types:
Energy efficiency; Avoided deforestation and forest degradation; Renewable energy generation;
Forestry projects; Recovery of methane from landfill sites and wastewater treatment; Destruction of
industrial gases; Fuel switching; Agricultural projects; and Transport projects.

The mean score and standard deviation of each project type were used to determine the level of
preference, which was graded from 1 to 9, with 9 being the most preferred project type (highest
mean score out of 5 and lowest standard deviation) for a particular sector, and 1 being the least
preferred (lowest mean score). The total scores preference scores (1 to 9) were added across all
sectors for each project type, and the mean and standard deviation were derived for each type to
show overall preference. The results are presented graphically in Figure 7-1.

Figure 7-1 Preferred offset project types (error bars indicate standard deviation)

Across all sectors, reforestation of degraded areas was the most preferred type of forestry offset
project, ahead of avoided deforestation and plantation forestry. When asked to specify their
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preferred type of renewable energy offset project, 46% of respondents indicated a preference for
solar energy, with a further 26% stating a strong preference for this type of offset activity.

Project preference of the Electricity, Gas, Water and Waste Services sector appears to support the
proposition that there might be a relationship between sector and project preference, with renewable
energy generation being the most preferred project type of the sector, and energy efficiency the
second most preferred (Figure 7-2). On the other hand, the Transport sector rated transport projects
as the second-least preferred and fuel switching the least. Similarly, the Manufacturing sector gave
the destruction of industrial gases the lowest preference, and energy efficiency projects the highest
preference (Figure 7-2).

137

(n=4)
(n=12)

(n=5)

Figure 7-2 Preferred offset types of carbon-exposed firms

7.4.4

Factors influencing investment decisions

When asked to rate the importance of price, risk, project type, project location and transparency in
terms of importance in project selection, 83.4% considered the risk of the project (the likelihood
that the investment will fail) to be important. 95.9% of the surveyed firms would prefer to invest
locally. This is due in part to the risk factors associated with international offset project
investments, with 80.9% concerned with political stability as a factor weighing against the decisions
to invest internationally.
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However, the survey results did not suggest that natural-resource-based offset activities are
considered high risk and low return, and are therefore undesirable. Avoided deforestation projects
had the second highest mean preference (Figure 7-1) out of a total of nine project types, while
forestry projects were rated the fourth most preferred, and agricultural projects the fifth.

When asked if their organisations would be willing to pay more for non-financial sustainability
benefits, 55% of respondents replied affirmatively (Table 7-5). Willingness to pay for various nonfinancial outcomes is shown in Table 7-5. More than 68% were willing to pay more to improve
environmental conditions, while nearly 60% were willing to pay more to preserve biodiversity or
create local employment. The most negative responses were to projects that promoted human rights.

Non-financial benefit

%

Improving environmental conditions

68.09

Preserving biodiversity

59.57

Creating local employment

59.57

Reducing vulnerability to climate change impacts

53.19

Increasing food security

51.06

Promoting human rights

40.43

Developing local infrastructure

53.19

Mean
Figure 7-3 Willingness to pay for non-financial sustainability benefits

55.02

In a separate question, survey participants were asked to identify for which of the associated
benefits their company would be likely to pay a premium rate. Improvement of environmental
conditions, preservation of biodiversity and creation of employment were the top rated qualities for
which firms declared they would be willing to pay a premium. A matrix analysis of the frequencies
between the two mutually inclusive events determined that there was a strong association between
survey participants who preferred certain sustainability characteristics and those who would pay
more for them.

7.4.5

Location preferences

Participants were given the chance to identify their preferred locations for project development.
Options were: Pacific Island countries; developing countries in Africa or Latin America; Australia;
other industrialised countries; developing countries in Asia; developing countries with strong
economies; least developed countries in Asia. When price and project type remained equal, over
97% of participants chose Australia as their preferred location to invest in carbon offsets. The next
most popular locations for offset investment were Pacific Island countries and other industrialised
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countries. The preference for project development in Australia was one of the highest mean
responses to any question throughout the survey.

In addition to specific location preferences, survey participants were asked to identify which
additional variables would most likely affect their location preference. Those factors included:
political stability; official religion; legal system; language; development level; historical trade
relationships; population size. Political stability and legal system were rated the highest, with
official religion having the least impact on location preference.

7.4.6

Preferred methods of offset acquisition

Carbon offset credits can be purchased through brokers or directly from project developers. It is
also possible that end users of offsets might desire to develop their own offset projects. At present,
the majority of voluntary carbon offsets are purchased through brokers, retailers and occasionally
from project developers.

Survey participants were asked which method would be preferred by their firm: purchasing offset
credits from banks or specialist brokers; purchasing offsets directly from project developers;
developing their own carbon offset projects to generate credits. A majority (53%) ranked indicated
they would prefer to develop their own, 33% said they would prefer to purchase credits directly
from projects developers and less than 15% stated they would prefer to use banks or brokers.

After stating their preferred means of investing in offset credits, survey participants were asked to
indicate which would be most important to them should they be involved in offset project
development: the volume of credits generated; the sustainability benefits of the project; or size of
capital expenditure. A high frequency of respondents who nominated capital expenditure as the
most important factor in offset selection would also prefer to develop their own projects.
Respondents who were most concerned with sustainability benefits preferred to purchase their
offsets directly from project developers.

7.5 Discussion
The results of this study indicated a broad understanding with regard to the role and nature of offset
projects, yet participants had diverse responses to the associated advantages and disadvantages. One
reason may be that the results are influenced by the specific circumstances of the Australian
regulatory environment and are likely to be different to those expected from firms from other
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countries. The Australian regulatory environment is largely integrated, whereas in the United States,
for example, there is no federal level carbon or energy legislation in place. The operation of the
National Greenhouse and Energy Reporting Act 2007 in Australia since 2007 has required carbonexposed firms to have emissions and energy management systems in place for some years.

While all surveyed carbon-exposed firms have conducted energy efficiency projects in the past
year, only 72.7% of other firms have done so. However, considerably fewer carbon-exposed firms
have purchased offset credits (regulated or voluntary). These results suggest that carbon-exposed
firms in Australia are well prepared for carbon pricing regulation, supporting Hypothesis 1a. In
addition, the results indicate that firms beyond the carbon-exposed sectors are more proactively
engaged in voluntary sustainability activities.

Hypothesis 1b, positing a relationship between industry sector and preferred offset project type, also
yielded interesting results. The Electricity, Gas, Water and Waste Services sector expressed a clear
preference for renewable energy investments followed by energy efficiency, yet the Transport
sector rated transport projects and fuel switching as the least preferred types of offsets (Figure 7-4).
Similarly, the Manufacturing sector gave the destruction of industrial gases the lowest preference.
These results warrant further investigation.

Hypothesis 2a tested the primary concerns of investors. Financial considerations play a role, yet
while large firms with greater revenues are less concerned with capital expenditure than smaller
organisations, it is clear that across industry sectors and organisation size investment risk is the
principal consideration. However, the study also showed a very clear preference by firms to develop
their own offset projects or to source offset credits directly from developers. This challenges the
notion that businesses see offsets as solely a compliance obligation, and supports other literature
that has found growing interest by organisations in making emission reduction activities a part of
their core business strategies (Michalisin and Stinchfield, 2010; Okereke and Russel, 2010; Stubbs
and Cocklin, 2008).

Overwhelmingly, survey respondents indicated a preference for local offset projects, largely but not
entirely due to investment risk. This supports Hypothesis 2b. The analysis suggests, however, that
natural-resource-based offset activities are not considered high risk and low return investment
options. Avoided deforestation projects are preferred only slightly less than energy efficiency, and
above renewable energy. Forestry projects are the fourth most preferred, and agricultural projects
the fifth, of nine alternatives. In conjunction with other questions regarding sustainability co141

benefits, these results suggest that the factors such as environmental rehabilitation, biodiversity
protection, food security and community development are priorities for firms, and have a
measurable impact on investment decision making.

Kettunen et al. (2011) demonstrated that uncertainty in carbon and energy policy is likely to result
in less competitive markets with concentrated ownership of infrastructure. These authors argue that
this occurs because firms with greater financial resources are less risk-averse and more likely to
invest in carbon-intensive infrastructure despite regulatory uncertainty. In 2010, however,
investment in renewable energy sources was close to US$200 billion globally. For the first time,
this amount was greater than that invested in fossil fuel sources (BNEF 2011), and is expected to
double by 2020. There is increasing recognition by governments and industry that climate change
implies significant economic costs, and the benefits of engaging in sustainable business practice
include the creation competitive advantages and improved financial performance (Shrivastava
1995; Stubbs and Cocklin 2008; Michalisin and Stinchfield 2010). Hypothesis 3, positing that
sustainability considerations are not a driver of investment preferences, was demonstrated to be
false in this study. This is an important result, confirming that not only are firms in Australia ready
and willing to engage in sustainable development activities, but that the sustainability outcomes of
projects are of equal importance in determining investment decisions in the specific case off carbon
offset acquisitions.

7.6 Conclusion
This study found that firms in Australia are aware of climate change and carbon management
issues, and interested in seeking opportunities for businesses transformation, expansion and social
responsibility. Firms see offset projects as a business solution to compliance risk, and as important
vehicles for sustainable development. Organisations desire to actively engage in offset project
development, independently or with corporate or community partners. These results indicate that
there is considerable scope for carbon entrepreneurship and, in particular, natural-resource-based
offset project activities with positive sustainability benefits, in Australia and the Asia-Pacific
region. This study provides evidence to support the value of carbon offset activities in the important
process of transitioning to low-carbon economic models.
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8 Summary of Section III
This section of the thesis explores the political economy of carbon in global markets particularly
addressing the first three of the Research Questions. The results presented in Chapters 4 and 7
challenge traditional economic assumptions about the nature of markets, particularly the notion that
markets naturally achieve optimal outcomes within regulatory structures. The imbalanced
distribution of carbon offset projects revealed in Chapter 4 highlights that carbon markets are not
effectively addressing the objectives of international climate policy, and that there is a need for
explanations that go beyond traditional neoclassical economics. Why is India so much more
proactive in natural-resource-based carbon project activities, for instance, than African countries, or
Indonesia and Malaysia, where ecosystem resources are plentiful and important? This leads to the
recognition that a more complex systems perspective is needed to achieve analytical clarity.

Chapters 5 and 6 demonstrate the importance of political and cultural institutions in carbon markets,
emphasising the limitations of a purely market-oriented political economy perspective. Carbon
market instruments – and offsetting in particular – are important potential tools for sustainable
development but are also harnessed by governments to support objectives that are unrelated to
climate policy and sustainability. There is need for continued reform of regulatory frameworks to
guide markets toward the goals of emission mitigation, climate change adaptation, and
sustainability.

The survey data presented in Chapter 7 highlights that commercial organisations are willing to
invest in non-financial sustainability outcomes, and indeed are prepared to pay premiums for these.
The nature of business appears to be changing, and firms increasingly find financial advantage as
well as stakeholder value in proactive environmental management practices. The natural-resourcebased view of the firm (Hart 1995) has become a mainstream attitude.

An integrative view of the global political economy of carbon markets reveals that governments and
institutions, as much as commercial firms and potential suppliers of carbon offsets, play important
roles market dynamics. Natural-resource-based offsets such as blue carbon play have very limited
participation in market frameworks, and this cannot simply be explained with traditional notions of
supply and demand, given the nature of contemporary business and its embedded preference for
practices and products that encourage sustainability outcomes. In order to more fully understand the
specific issues that pertain to blue carbon project development and success, a more qualitative
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analysis of stakeholders across the blue carbon value chain must be undertaken. This is done in Part
IV of the thesis.
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Part IV – The Blue Carbon Case Study
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9 Blue carbon: Knowledge gaps, critical concepts, and novel
approaches

Chapter summary
This chapter conducts data mining of blue carbon literature, providing a detailed review that
clarifies research and practice to date within the conceptual frameworks applied in this thesis.

Citation:
Thomas, S. (2014) Blue carbon: Knowledge gaps, critical issues, and novel approaches. Ecological
Economics, 107: 22-38.

Abstract:
Blue carbon is considered a cost-effective means to achieve positive climate change mitigation and
adaptation outcomes. Blue carbon is therefore of considerable interest to the scientific and policy
communities, and is frequently discussed in relation to carbon markets and climate finance
opportunities. This paper examines a set of peer-reviewed and ‘grey literature’ documents that
discuss blue carbon in the context of finance and market mechanisms, and discusses the principal
scientific, economic, regulatory, social, and management issues that emerge. Importantly, the paper
clarifies definitions of finance and instruments applicable to blue carbon. The study reveals that (1)
the blue carbon literature is dominated by technical and policy commentary, with a dearth of
research into practical social considerations and an absence of private sector perspectives; (2) there
is confusion over the nature and role of important concepts including private and public sector
finance and instruments; and (3) understanding of the important issues of investment priorities and
risk considerations is also limited. This paper therefore identifies gaps in the blue carbon literature,
clarifies critical concepts and issues, and proposes novel pathways for blue carbon research and
project development.
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9.1 Introduction
‘Blue carbon’ refers to mangrove forests, seagrass meadows, and tidal salt marshes – vegetated
coastal ecosystems that represent significant carbon stocks, and which are disappearing or
becoming degraded as a result of continuing development pressures (Pendleton et al. 2012). The
idea of blue carbon is attractive, indeed exciting, to many in the conservation and policy
communities, because it appears to be a cost-effective strategy to achieve not only genuine
reductions in greenhouse gas emissions but a host of ‘co-benefits’ as well: providing habitat for
valuable food species, filtering and treating run-off and chemical pollution from industry and
agriculture, and providing effective defense against storms and extreme weather events (Nellemann
et al. 2009; Grimsditch et al. 2013). Given the mitigation and adaptation benefits that result from
protection or restoration of blue carbon resources, and the limited public and private sector
investment in projects to date, it is worth investigating the financial and economic aspects of project
development. Blue carbon is an ideal case study in ecological economics and the political economy
of climate change.

This paper seeks to answer two principal research questions: (1) What is the state of the literature
on blue carbon? And (2) What is the role of the private sector in blue carbon project activities? The
paper presents a detailed analysis of existing literature on blue carbon, with the aim of
understanding how this topic is being discussed: by whom and in which disciplinary areas; whether
as a peer-reviewed scientific discussion, speculation about potential business opportunities, or as a
policy issue; in what contexts; and by how large a community. The analysis is then extended to
consider the inclusion of finance, market concepts, and the private sector in the blue carbon
conversation. This study reveals the scientific, economic, regulatory, social, and management issues
that emerge from the blue carbon conversation. Section 2 explains the methods used in the analysis,
and Section 3 presents results. In Section 4 the findings are discussed in the context of critical
issues involved in bringing blue carbon to market. Section 5 concludes the paper.

9.1.1

Background

In November 2009 the United Nations Environment Program published a landmark report titled
Blue carbon: A rapid response assessment (Nellemann et al. 2009). The publication was an
important milestone for three reasons: (1) it completed the process of global carbon accounting
begun by the IPCC with the atmosphere, and then terrestrial biomes (most notably forests); (2) it
raised the profile of vital marine and coastal zones by highlighting their significance in terms of
carbon cycling and other ecosystem services, in contrast to the better understood terrestrial
147

ecosystems; and (3) it made five key policy recommendations, the first of which was to establish a
global blue carbon fund for protection and management of coastal and marine ecosystems and
ocean carbon sequestration. In other words, the report proposed using climate finance – the basis of
the international market-based approach to climate change mitigation – as the foundation of
strategic efforts to achieve sustainable futures for the social and ecological systems (the
biodiversity, communities, and livelihoods) that depend on the ocean.
The blue carbon discussion quickly gained momentum. A ‘Blue Carbon Initiative’ was established
in 2010 by the United Nations and non-government partners4, with the aim of promoting climate
change mitigation through restoration and sustainable use of coastal and marine ecosystems. The
Initiative comprises two working groups, one on scientific and technical issues, the other
investigating policy matters. The policy group has made a number of recommendations, the first
two of which are: (1) to integrate blue carbon activities fully into the international policy and
financing processes of the United Nations Framework Convention on Climate Change (UNFCCC)
as part of mechanisms for climate change mitigation; and (2) to integrate blue carbon activities fully
into other carbon finance mechanisms such as the voluntary carbon market as a mechanism for
climate change mitigation. At the Rio+20 United Nations Conference on Environment and
Development in June 2012 the International Oceanographic Commission (IOC) released the
Blueprint for Ocean Sustainability. Of the 10 proposed measures to achieve ocean sustainability,
the first relates to mitigating and adapting to acidification, while the second, Objective 1b,
advocates the creation of “a global blue carbon market as a means of creating direct economic gain
through habitat protection” (IOC/UNESCO 2011:33).

The ocean plays what is arguably the single most significant role in planetary climate dynamics.
93% of carbon dioxide in the planetary system is stored and cycled through the ocean, and the
ocean absorbs 90% of new thermal energy (Balmaseda et al. 2013). In addition, marine and coastal
habitats provide food, fuel, energy, hazard protection, waste processing, recreational opportunities,
and cultural values (Beaudoin and Pendleton 2012; Lau 2012). A substantial current policy
challenge is valuing these ecological services in order to integrate natural systems with human
economic structures; the failure to acknowledge the true costs of the destruction of marine
ecosystems is a potentially serious threat to human societies (Failler and Pan 2007). Given the
significance of the ocean in climate dynamics, and the importance of marine and coastal ecosystems
4

The Blue Carbon Initiative was established by the Intergovernmental Oceanographic Commission of the United
Nations Educational, Scientific, and Cultural Organization (IOC-UNESCO), in partnership with Conservation
International (CI) and the Internal Union for the Conservation of Nature (IUCN). Information on the Initiative is
available at http://thebluecarboninitiative.org. Another relevant site is http://bluecarbonportal.org, a point of contact and
information for the global blue carbon community.
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to human social and economic institutions, the rapidly growing interest in blue carbon seems
entirely reasonable. Nations have pledged substantial funds towards climate mitigation efforts and
adaptation efforts, and private sector finance is expected to represent a substantial proportion of
these contributions (O’Sullivan et al. 2011; Stadelmann et al. 2013). This high level advocacy for
market-based instruments (MBIs) to support blue carbon activities suggests that policy theorists and
decision-makers recognise the importance of private sector commercial interests, as well as public
agencies, to the blue carbon conversation.

9.1.2

Clarifying the blue carbon discussion

It is important to recognise distinctions in the meaning of terms such as ‘finance’ and ‘markets’.
While finance obviously refers to the monetary resources necessary to establish and manage
projects, it can be delivered from both public and private sources, and these will have very different
expectations around accountability, governance, return on investment, and stakeholder engagement.
Similarly, markets involve trade and exchange of goods and services that have values determined
by levels of supply and demand. Markets are an emergent property of regulatory frameworks and
the commercial activity that occurs within them, but the term is also used to refer to transactions
between nation-states, as well as private firms. Similarly, there are differences between markets for
ecosystem services (MES) – emissions trading or wetland mitigation banking5, for instance – and
PES – watershed protection or carbon sequestration – in that MES are more likely to have a
commercial (for-profit) aspect (Corbera et al. 2009; Gómez-Baggethun et al. 2010). Many of the
papers included in this analysis conflate different types of economic and regulatory mechanisms
within the term ‘market’.
Stadelmann et al. (2013:720) define climate finance as “financial flows mobilized by industrialised
country governments and private entities that support climate change mitigation and adaptation in
developing countries”. This definition excludes the internal investments made by governments in
non-industrialised states. The Landscape of Climate Finance 2012 report (Buchner et al. 2012)
provides useful clarity, identifying sources, intermediaries, instruments, and uses. This analysis is
limited to climate-specific finance, meaning money targeted towards low carbon development or
climate adaptation, and excluding investment in the areas of research and development,
manufacturing, and deployment, with the rationale that these may not result in verifiable emission
reductions. The report found that the total amount of climate finance from all sources was US$343-

5

Mitigation banking involves a regulatory requirement for project developers to offset their environmental impacts by
restoring, improving, creating, or in some cases protecting an ecosystem area. See for example
http://water.epa.gov/lawsregs/guidance/wetlands/mitbanking.cfm.
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385 billion in 2010-2011 (average US$363 billion). Public sources and intermediaries (including
governments, development institutions, and international climate funds) account for a quarter of this
(26%), with the private sector (project developers, corporate and institutional investors, commercial
financial institutions, households, and venture capital and private equity) contributing the majority
(74%) (Buchner et al. 2012).
In this study ‘climate finance’ will be defined as financial flows mobilsed by governments, nongovernment organisations, and private sector commercial entities to support climate change
mitigation and adaptation in developing and industrialised countries. ‘Markets’ by definition
involve multiple actors and flexible rates of exchange with the opportunity for profit. In other
words, not all climate finance operates in a market context. Investment by development banks, for
instance, is not a for-profit commercial activity. All investment decisions, however, are made after
consideration of factors including rates and types of return, governance and accountability, and
overall risk. ‘Investment’ can therefore be a commercial activity, or not, depending on whether the
expected returns are financial or otherwise. This paper distinguishes between public, private, and
hybrid sources of finance, and the roles and responsibilities of nations and organisations, with the
goal of enhancing the clarity of the blue carbon discussion, and facilitating further interest and
investment in blue carbon project activities.

9.2 Methods
The analysis was conducted in three stages. First, a review of existing literature on blue carbon was
conducted to identify the range of material available on the topic. This systematic, quantitative
literature review (Pickering and Byrne 2014) identified 46 articles and papers that examine blue
carbon and make at least some reference to the role or potential role of international climate finance
or global carbon markets in supporting blue carbon project activities. Definitions of climate finance
are discussed in Section 1.

English language research papers and technical or policy-oriented reports relevant to the topic of
blue carbon were identified by searching online databases including Science Direct, the Web of
Science, EBSCO, ProQuest and Google Scholar. These databases cover the major literature sources
across the biological, geographical, and social sciences, along with governance, economics, and
business disciplinary areas. The search was conducted over an extended period, but was finalised in
July 2013. The principal keyword search term was ‘blue carbon’, referring to carbon storage or
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sequestration in marine and coastal environments. Additional search terms selected were ‘wetland’,
‘mangrove’, ‘seagrass’, ‘salt marsh’, ‘climate change’, and ‘carbon’.

Once a group of papers examining topics related to blue carbon had been identified, the selection
was refined according to whether or not the paper examined, discussed, or at the very least referred
to climate change mitigation or adaptation instruments, or economic, financial, or market issues
related to climate change. The secondary search terms applied to refine the selection therefore
included ‘carbon offset’, ‘mitigation’, ‘adaptation’, ‘REDD+’ (Reducing Emissions form
Deforestation and forest Degradation), ‘CDM’ (Clean Development Mechanism), ‘finance’, and
‘carbon market’. The final selection of 46 documents was reviewed to ensure each discussed blue
carbon with at least some reference to policy mechanisms, markets, or finance.

Each of the 46 papers in the final selection was then coded according to a range of variables:
authorship; year of publication; article type; source journal if applicable (and journal disciplinary
area); study location; whether the paper represented original data, literature review, or commentary;
whether the article was blue carbon specific; the types of issues covered by the paper (scientific or
technical, social, economic, regulatory or policy, and management); the publisher; and finally
whether the document was publicly available or not. Results of the coding are shown in Table 9-1.

Second, the 46 papers were analyzed using qualitative data analysis software known as
Leximancer™ (Leximancer 2011). The Leximancer software analyses text content by identifying
thesaurus-derived concepts in documents. Leximancer extracts and ranks a list of key words and
phrases from source texts, then applies an intelligent algorithm to iteratively build a thesaurus of
concepts that derive from more than one or two keywords. Concepts are indexed and weighted;
using co-occurrence matrices and clustering algorithms sourced from computational linguistics a
thematic view of relationships between concepts is derived and mapped in two dimensions (Smith
and Humphreys 2006; Crofts and Bisman 2010). The software makes it possible to investigate
specific themes according to the research problem. Leximancer has been used to profile enterprise
risks in large firms (Martin and Rice 2007), historical trends in management communications
(Rooney et al. 2011), themes and patterns in special education research (Grimbeek 2005), and
knowledge discourses (Rooney 2005), inter alia. Here, we investigate the roles of finance and
commerce in the blue carbon literature.

The initial analysis generated a raw map of concepts, to which minor modifications were then
made. These included adding some items inappropriately identified as concepts to a stop list (e.g.
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abbreviations), merging some related concepts which appeared in close proximity on the map, and
adding particular concepts to the thesaurus which had not appeared in the initial analysis. The
software was then directed to conduct a second analysis, examining the role of 15 concepts related
to finance, market instruments, and commercial enterprise. These were: ‘business’, ‘commercial’,
‘cost’, ‘credits’, ‘economic’, ‘employment’, ‘enterprise’, ‘finance’, ‘funds’, ‘market’, ‘offset’,
‘payments’, ‘price’, ‘revenue’, and ‘risk’. All discovered concepts were included in the mapping
with the exception of ‘blue’ and ‘carbon’, which are central concepts in all documents and hence
skew the analysis unnecessarily. The map was ‘re-clustered’ several times to ensure stability; the
analysis consistently resulted in outputs of stable clusters. The project settings for the Leximancer
analysis are attached as supplementary material.

The third component of the analysis was a review of extant blue carbon projects (Table 9-2)
(Bredbenner 2013). This recent survey of relevant activities is extended in this paper and critiqued,
so that theoretical perspectives and critical analysis are informed by reference to practice.

9.3 Results
Of the 46 documents examined in this study, 27 were peer-reviewed papers published in academic
journals, 18 were ‘grey literature’ reports by public agencies and NGOs, and one was a student
(Masters) thesis. The majority of the documents (30) were reviews of other material, with 11
presenting original data, and five offering commentary. 31 of the documents presented global
perspectives, with the rest focused on tropical countries as well as the European Union (EU), the
United States, and Australia. All but four of the documents were blue carbon specific, meaning that
they focused solely on mangroves, seagrass, or salt marsh ecosystems. Table 9-1 presents coded
details of all 46 documents.
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Change through
Grey
Tamelander,
Restoration and
2011
literature
J., Laffoley, D.
Management of Coastal
report
and Vandever,
Wetlands and NearJ.
Shore Marine

Global

Review

Yes

X

Broadhead,
J.S.
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X

X

X TEEB

Yes

X

Regional
Fisheries
Livelihoo
ds
Program
Yes
me for
South
and
Southeas
t Asia

X

World
Bank

Yes

Ecosystems: Challenges
and Opportunities

Findings of the National
Blue Ribbon Panel on the
Development of a
Crooks, S.,
Greenhouse Gas Offset Grey
Emmett2010 Protocol for Tidal
literature
Mattox, S. and
Wetlands Restoration
report
Findsen, J.
and Management: Action
Plan to Guide Protocol
Development.

United
States

Review

Yes

Grey
literature
report

Global

Review

Yes

Grey
literature
report

Global

Review

Yes

Gordon, D.,
Murray, B.C.,
Financing Options for
2011
Pendleton,L.
Blue Carbon
and Victor, B.

Grey
literature
report

Global

Review

Yes

Herr, D.,
Pidgeon, E.

Grey
literature

Global

Comment Yes

Davidson, N.
(ed.)

Ellison, J.C.

Achieving Carbon Offsets
2010 Through Mangroves and
Other Wetlands
Climate Change
Vulnerability Assessment
2012 and Adaptation Planning
for Mangrove Systems.”
Worldwildlife.org.

2011

Blue Carbon Policy
Framework
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X

X

X

X

X

X

X

Restore
America’
s
Estuaries,
Philip
Williams
&
Associate
s, Ltd.,
and
Science
Applicati
ons
Internati
onal
Corporati
on.
Danone
Fund for
Nature
World
Wide
X Fund for
Nature
(WWF)
Nicholas
Institute
for
Environm
ental
Policy
Solutions
, Duke
Universit
y
Conserva
tion

Yes

Yes

Yes

Yes

Yes

and Laffoley,
D.
Herr, D.,
Pidgeon, E.
and Laffoley,
D.

report

2012

Blue Carbon Policy
Framework 2.0

IOC, UNESCO,
A Blueprint for Ocean
IMO, FAO,
2011 and Coastal
UNDP
Sustainability
Protocols for the
measurement,
Kauffman, J.B.
monitoring and reporting
and Donato, 2012 of structure, biomass
D.C.
and carbon stocks in
mangrove forests.
Working Paper 86.
Laffoley, D.
The Management of
and
2009 Natural Coastal Carbon
Grimsditch,
Sinks
G.D.
Blue Carbon: a New
Concept for Reducing the
Impacts of Climate
Lawrence, A. 2012
Change by Conserving
Coastal Ecosystems in
the Coral Triangle.

Internati
onal and
IUCN
Conserva
tion
Internati Yes
onal and
IUCN

Grey
literature
report

Global

Comment Yes

Grey
literature
report

Global

Comment No

Grey
literature
report

Global

Review

Yes

Grey
literature
report

Global

Review

Yes

Grey
literature
report

Regional
(Coral
Triangle)

Review

Yes

WWFYes
Australia

Yes

Nicholas
Institute
for
Environm
ental
Yes
Policy
Solutions
, Duke
Universit
y

Murray, B.C.,
Grey
Pendleton, L.,
Green Payments for Blue
2011
literature
Jenkins, W.A.
Carbon
report
and Sifleet, S.

Global

159

Original
data

X

X

X

X

X

IOC and
Yes
UNESCO

X CIFOR

Yes

X IUCN

Yes

Nellemann, C.,
Corcoran, E.,
Duarte, C. M.,
Valdés, L.,
Blue Carbon. A Rapid
2009
DeYoung, C.,
Response Assessment.
Fonseca, L.,
Grimsditch, G.
(eds)
O’Sullivan, R.,
Blue Carbon Policy
Chagas, T.,
2011 Options Assessment (4th
Burns, D. and
ed.)
Pearson, T.

Grey
literature
report

Global

Review

Yes

Grey
literature
report

Global

Review

Yes

X

X

Sandifer, P.,
Opportunities to Use
Grey
Montanio, P.,
Carbon Services to
2011
literature
Pendleton, L.
Advance Coastal Habitat
report
(eds)
Conservation

Global

Review

Yes

X

Sifleet S.,
State of the Science on
Pendleton, L., 2011
Coastal Blue Carbon
Murray, B.

Grey
literature
report

Global

Review

Yes

X

REDD and BLUE Carbon:
Thesis
2010 Carbon Payments for
(Masters)
Mangrove Conservation

Global

Review

Yes

Yee, S.M.
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United
Nations
Environm
ent
Yes
Program
me,
GRIDArendal

X

X

X

Climate
Focus

Yes

National
Oceanic
and
Atmosph Yes
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Administr
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Yes
Policy
Solutions
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Center
for
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Biodiversi
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y of
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The documents were published between 2009 and 2013, with only two published in the first of
these years, three in the second, and then 17 in 2011 and 18 in 2012. Six documents were published
in 2013 to the date of this study. Almost half (20) of the documents were ‘open access’, although
only five of these were journal papers, and three of these five appeared in a single journal (PloS
ONE). More than a quarter of the articles (13 of 46) were published by a single publisher (Elsevier).

The peer-reviewed papers appeared in 19 separate journals, with one journal (Ocean and Coastal
Management) publishing five papers (in a virtual special issue on blue carbon). 12 of the 19
journals are described as multidisciplinary, three journals oriented to biological and environmental
sciences, one journal to environmental science and management, and two others considering
science and management with politics and law or studies in human society, respectively. Finally,
one of the journals is described as having a focus on economics. These categories were taken from
the Australian Research Council’s Excellence in Research for Australia (ERA) initiative’s 2012
journal list (see www.arc.gov.au/era).

Following close reading of all the texts, the documents were also categorised according to the type
of data, analysis, or discussion that was presented. 27 of the documents presented scientific or
technical information, with 18 of these being journal papers. 15 of the documents explored
economic issues to some extent, and 22 discussed regulatory and policy matters. Four documents
explored social themes, and four considered management. 16 of the documents examined two or
more of these themes, including seven journal papers, eight of the grey literature group, and the
Masters thesis. The other 35 documents were limited in scope to a single area. Of these 35, 14
journal articles and two grey literature reports examined scientific and technical issues exclusively.

9.3.1

Synthesizing the literature

The main points made in the document set are briefly summarised and discussed below.

9.3.1.1

Scientific and technical issues

In comparison with terrestrial ecosystems, blue carbon habitats represent substantial carbon stores,
and are highly productive engines for sequestration of atmospheric carbon dioxide. Salt marshes
and both oceanic and estuarine mangroves store more carbon per hectare than tropical forests, with
seagrass areas somewhat less (Mcleod et al. 2011; Sifleet et al. 2011). As much as 50% of blue
carbon ecosystems have been lost in the last half century, and ongoing degradation and destruction
of these areas could account for as much as 19% of emissions from deforestation globally (Donato
162

et al. 2011; Fourqurean et al. 2012; Pendleton et al. 2012). Carbon sequestration capacities appear
to be lower in restored areas, in comparison with undisturbed ecosystems (Matsui et al. 2012).

Global warming, human engineering of river systems, continued agricultural expansion, and sea
level rise are likely to reduce the sequestration capacity and threaten the permanence of coastal
vegetated wetlands (Macreadie et al. 2011; Hopkinson and Cai 2012). Guaranteeing the
permanence of these resources would require determinations of the potential for inland migration of
these ecosystems (Chmura 2013). It is also possible, however, that projected climate changes will
enhance blue carbon sequestration rates in some areas, as new ecological balances are established
(mangroves replacing marshes, for instance, with different chemical flux dynamics) (cf. Bianchi et
al. 2013).

There are extensive uncertainties in the biophysical dynamics of blue carbon resources (Kauffman
and Donato 2012). Mangrove forests, for instance, are complex and non-linear systems. They do
not maintain equilibrium states, but rather demonstrate considerable dynamism with constantly
changing shorelines and varied sea levels (Alongi 2011). Similarly, understanding of the variables
governing carbon flux in sea grass meadows is incomplete (Duarte et al. 2011). The technologies
necessary to establish details of blue carbon resources for planning purposes and project activities
are available, but data remains limited (Chmura 2013).

9.3.1.2

Economics

Cost-benefit ratios for loss versus conservation of blue ecosystems are high, with economic
damages resulting from conversion amounting to between US$6 and 42 billion per year (Pendleton
et al. 2012; Luisetti et al. 2013). Preliminary biophysical and economic analysis of net present
values (NPV) (including establishment, management, and opportunity, though not transaction,
costs) of blue carbon resources globally suggests that protection might be viable at moderate carbon
prices (with net economic returns on investment – including fisheries production, mitigation of
storm damage, and livelihood provision, for instance – beginning from US$15-20 per hectare), and
yield substantial positive mitigation and adaptation outcomes (Murray et al. 2011; Siikamäki et al.
2012). Crucially, however, most planning and investment decisions are made with direct financial
considerations having a higher priority than broader environmental or economic concerns. In
Thailand, for instance, mangrove deforestation is a product of coastal shrimp farming; incomes in
this industry range from low levels around US$700 per hectare to more than US$36,000 per
hectare, with an average of just over US$6000. To replace this income carbon payments would need
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to be US$3.14 per metric ton of carbon dioxide equivalent (t/CO2e) for low-profit farmers, US$27
for the average farmer, and US$156 for high income values countries (Yee 2010). Blue carbon is
therefore likely to be a more attractive option for people operating at marginal levels of financial
sustainability in developing countries, who are far less likely to have the resources to invest
(Vandergeest et al 2009).

The possibility of developing payments for ecosystem services (PES) in blue ecosystems (mainly
coastal areas) is an emerging area of interest. Lau (2012) identifies five environmental services –
carbon sequestration, shoreline protection, nursery habitat, biodiversity, and water quality – that
could be marketed to a range of potential buyers, including government agencies, coastal land
owners, industry groups, private firms, and communities. However, PES requires finance from a
willing source (usually a beneficiary of the service, such as agricultural producers who receive
benefits from local watershed management), and in many cases payments are unlikely to be realised
when no regulatory requirements or markets exist to mandate or encourage them (Gordon et al.
2011; Murray et al. 2011). Absent from the document set, however, is detailed investigation of
crucial issues. Equity is a key consideration in PES mechanisms: who are the beneficiaries; are they
able to pay; is there free, prior, and informed consent for project activities; how is access to benefits
managed, and by whom? (Corbera et al. 2007; Engel et al. 2008; Corbera and Schroeder 2011).

Insurance of blue carbon resources (mangrove forests, for instance) through the development of
commercially available insurance products is another approach that is considered technically
feasible although substantially constrained by obvious issues: lack of regulatory requirements, the
absence of commercial incentives and resources, and physical practicalities, inter alia (Bell and
Lovelock 2013). Ecosystem goods and services including agricultural and forest products have long
been insured by specialist firms; it might be possible to apply property insurance to carbon stocks,
as carbon values are already recognised in existing market-based instruments, and insuring against
loss is a well-established principle (Armsworth et al. 2010; Bell and Lovelock 2013). Insurance
markets are fundamentally about risk, which is a product of uncertainty. Given that governments
and landowners have an incentive to insure against loss or damage to natural resources, and many
businesses recognise the importance of those resources to their commercial activities, a risk
management approach involving regulated or voluntary insurance instruments for blue carbon
assets could support a functional market (Hummel et al. 2009; Armsworth et al. 2010; Bell and
Lovelock 2013).
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9.3.1.3

Regulatory and policy matters

Carbon-oriented environmental management is considered an opportunity to improve coastal zone
habitat protection (NOAA 2011; Sutton-Grier et al. 2014). Conservation of wetlands can already be
conducted as Nationally Appropriate Mitigation Actions (NAMAs) in developing countries. Current
approaches to accounting for emission sources and sinks should ideally be modified to include
wetland management (Crooks et al. 2011).

Commercial imperatives mean that existing voluntary and regulated carbon markets are not
equipped to address the complex dynamics of social-ecological systems (such as cultural values of
place and identity, or social considerations around land tenure or demographic change) (cf. Schmidt
et al. 2013). In other words, carbon markets generally do not recognise non-financial social and
environmental benefits that might result from ecosystem-based carbon management (Benessaiah
2012), although exceptions exist in the form of premium voluntary market products (e.g. the Social
Carbon

Standard

–

www.socialcarbon.org/developers/registry).

Technical,

institutional,

administrative, and financial constraints on blue carbon activities suggest that projects are unlike to
succeed without providing goods and services beyond sequestration and carbon storage (Broadhead
2011). These are generally termed ‘co-benefits’. Given that blue carbon projects are not usually
commercially attractive propositions, their appeal will often derive from these additional outcomes,
and be attractive to investors whose interests are in types of return that are not primarily financial.

9.3.1.4

Social themes

The absence of direct research into social topics in this dataset is striking, as the development and
successful operation of blue carbon projects will absolutely depend on effective stakeholder
engagement and participation of local communities. Lawrence (2012) notes that coastal ecosystems
and marine environments play vital roles in communities’ cultural identities as well as livelihoods.
There are examples of novel approaches to conservation and resource use emerging in the form of
public-private partnerships in marine and coastal management and conservation, such as the Locally
Managed Marine Area (LMMA) and Marine Management Areas Science (MMAS) initiatives in
Fiji (Hastings et al. 2012). It will be important, however, to establish suitable rights and
responsibilities in the design of coastal PES schemes and blue carbon activities, to ensure that local
communities are not disempowered (Beaudoin and Pendleton 2012). This last point is critical, but
there is a great deal more social research, analysis, and engagement required for successful
operationalisation of blue carbon activities, as discussed further below.
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9.3.1.5

Management

An initial priority in blue carbon project activities will be vulnerability assessment. This involves
considering biological characteristics of the ecosystem area, recent spatial changes, ground
elevations and topography, relative sea level trends, sedimentation rates, adjacent ecosystem
resilience, climate modeling (rainfall, temperature, oceanography), and local community knowledge
(Ellison 2012). Interestingly, the data set does not highlight the critical role of social factors in
vulnerability assessment and development planning (cf. Blom et al. 2010; Thomas et al. 2010). For
instance, demographic characteristics such as age, mobility, education, and access to information
and communications technology have significant impacts on the vulnerability of populations to
extreme events (cf. Adger 1999; Preston et al. 2007).

Carbon can be considered as a proxy for a range of other social and environmental outcomes, in that
conservation of blue carbon resources maintains other ecosystem services (Lau 2012; Lawrence
2012). Carbon-oriented management does not necessarily, however, target areas important to
biodiversity; the additional cost of incorporating biodiversity conservation priorities into blue
carbon activities is likely to be small (Siikamäki et al. 2012).

9.3.2

Leximancer analysis

The Leximancer analysis includes a basic frequency count of concepts and their relevance within
the data set (attached as supplementary information), and the map of revealed concepts in the
document set (Figure 9-1). The map locates concepts in proximity to others that are similar in
meaning or share relationships within the data set; in other words, concepts are grouped according
to their mutual relevance. In the words of Leximancer’s creator, “You can understand a concept by
the friends it keeps” (Smith 2013). Finally, the size of a concept ‘dot’ describes the frequency of
that concept’s appearance.
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Figure 9-1 Leximancer analysis results
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Figure 9-1 is a useful visual representation of the character of the blue carbon discussion analyzed
in this document set, with clusters of concepts being easily discerned. In the lower half of the map
scientific concepts are predominant. Mangroves and seagrass meadows are associated with dataoriented concepts: rates, accumulate, sediment, biomass, depth, estimates. Ecosystems in coastal
areas are discussed as natural habitats. Climate change appears as a prominent concept relevant to
coastal ecosystems and human communities. The user defined concepts of business, enterprise,
finance, funding, and costs tend to appear as outliers, and are clearly not closely associated with
community-level activities or ecosystem management.

The map reveals other features of the document set. There is very little discussion of social issues,
and communities have a distant relationship with project activities (REDD+ for example). Several
user-defined concepts – enterprise, employment, commercial, costs – appear as outliers, with only
single pathways linking them to the larger discussion.

9.3.3

Blue carbon project activities to date

Table 9.2 shows examples of existing blue carbon projects; it is adapted from research conducted
by the Blue Carbon Initiative (Bredbenner 2013) but includes one additional project (#23). Of note
is the ‘Project Type’ column; the characterisations here – (1) ‘research’, (2) ‘PES’, and (3) ‘blue
carbon’ – were assigned by the author of the original paper, and refer respectively to (1)
information gathering activities, (2) projects that generally include a payment plan for ecosystem
services, and (3) projects involving mitigation or restoration with agreed financing streams, whether
through carbon offset credits or conservation funding.
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Table 9-2 Summary of existing blue carbon activities (adapted from Bredbenner 2013)
#

LOCATION

ECOSYSTEM

ACTIVITY

PROPONENTS

PROJECT
TYPE

FINANCIAL
RETURN

OTHER OUTPUTS

1

Brazil

Seagrass

Data collection
(ecosystem mapping)

Instituto de Oceanografia – Federal
University of Rio Grande

Research

None

Biophysical data including
carbon dynamics

Research

None

Biophysical data including
inferred carbon stocks

Research

None

Biophysical data including
inferred carbon stocks

Universidade Estadual de Rio de Janeiro;
Universidade Federal do Rio Grande;
Universidade Federal de Santa Catariana
e Universidade Federal Rural de
Pernambuco
Institute of Oceanography – University of
São Paulo with the collaboration of 39
Brazilian institutions

2

Brazil

Seagrass

Data collection
(ecosystem mapping)

3

Brazil

Seagrass;
Mangrove;
Tidal marsh

Data collection
(ecosystem mapping)

4

China

Mangrove

Data collection

Tsinghua University; Xiamen University

Research

None

5

China

Mangrove

Data collection

Tsinghua University; Xiamen University

Research

None

Research

None

Carbon sequestration and
flux baseline data; REDD+
policy integration

Carbon sequestration and
flux baseline data; Social and
demographic data
Carbon sequestration and
flux baseline data; Social and
demographic data

6

Tanzania

Mangrove

Data collection
(ecosystem mapping)

World Wildlife Fund (WWF); Sokoine
University of Agriculture; University of
Dar es Salaam; LEAT (Lawyers
Environment Action Team); JET
(Journalists Environment Team)

7

USA

Tidal marsh

Restoration

University of Maryland; U.S. Fish and
Wildlife Service

Research

None

Carbon sequestration and
flux baseline data

Restoration

University of Maryland; Chesapeake Bay
Maryland National Estuarine Research
Reserve; University of Maryland Center
for Environmental Science; Maryland
Coastal Bays Program; Maryland
Department of Natural Resources;
Maryland Department of Agricultuas

Research

None

Ecosystem restoration

8

USA

Tidal marsh
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Restoration

University of Maryland

Research

None

Carbon sequestration and
flux baseline data

Mangrove

Restoration; Avoided
emissions

United Nations Environment Program
(UNEP); Cameroon Wildlife Conservation
Society; UNEP World Conservation
Monitoring Centre (UNEP-WCMC); Kenya
Marine and Fisheries Research Institute
(KMFRI)

PES

None

Carbon sequestration and
flux baseline data; REDD+
policy integration

Madagascar

Mangrove

Restoration; Avoided
emissions

Blue Ventures

PES

None

Carbon sequestration and
flux baseline data; REDD+
policy integration

West Africa
(Gambia,
Senegal,
Guinea and
GuineaBissau)

Mangrove

Restoration; Avoided
emissions

UNEP; Canary Current Large Marine
Ecosystem; Wetlands International; IUCN

PES

None

Biophysical data including
carbon dynamics

None

Research and publication of
“Mangrove Capital” to guide
planning and development1

PES

None

Carbon sequestration and
flux baseline data;
Community participation
and capacity building

Blue carbon

None

Carbon sequestration and
flux baseline data; Carbon
stock assessment tool

Blue carbon

None

Carbon sequestration and
flux baseline data; REDD+
policy integration

9

USA

10

Central Africa
(Democratic
Republic of
Congo,
Gabon,
Cameroon)

11

12

13

Indonesia

Tidal marsh

Mangrove

Restoration

14

Costa Rica

Mangrove

Data collection
(ecosystem mapping)

15

USA

Tidal marsh

Avoided emissions

16

Panama

Mangrove

Avoided emissions

Wetlands International; The Nature
Conservancy; Deltares; Wageningen
University; various Indonesian partner
organisations
CATIE (Tropical Agricultural Research and
Higher Education Center); BIOMARCC
Project (GIZ); UNA (Universidad Nacional
de Costa Rica)
Waquoit Bay National Estuarine Research
Reserve. Project funded by the National
Oceanic and Atmospheric Administration
(NOAA) National Estuarine Reserve
Research System (NERRS) Science
Collaborative
United Nations Development Program
(UNDP); Panama Environment Authority
(ANAM); Panama Aquatic Resources
Authority (ARAP); The Nature
Conservancy; Wetlands International
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PES

Expected to
generate 2.5
ktCO2e/yr or
$12000/yr
for 20 years
(from 2014)
Expected to
generate 2.7
ktCO2e/yr for
30 years
(from 2008)

17

Kenya

Mangrove

Restoration; Avoided
emissions

Napier University; Kenya Marine Fisheries
Institute; Earthwatch Institute

Blue carbon

18

Senegal

Mangrove

Restoration

Livelihoods Fund; L’Oceanium de Dakar

Blue carbon

Blue carbon

None

Blue carbon

None

19

Mozambique

Mangrove

Avoided emissions

WWF; United States Forest Service;
United States Agency for International
Development (USAID); University of
Eduardo Mondlane; Kenya Marine and
Fisheries Research Institute

20

Ghana

Mangrove

Restoration

Coastal Resources Center

21

India

Mangrove

Restoration

Livelihoods Fund

Blue carbon

Expected to
generate 8
ktCO2e/yr for
20 years
(from 2010)

22

China

Seagrass;
Mangrove;
Tidal marsh

Data collection
(ecosystem mapping)

Tsinghua University; Xiamen University;
State Oceanic Administration

Blue carbon

None

Restoration

Ministry of Forestry of Batam City; Y.L.
Invest Co. (Japan); Team Permanent
Mangrove (local NGO)

23

24

Indonesia

Indonesia

Mangrove

Mangrove

Restoration

Livelihoods Fund; Yagasu Aceh
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Blue carbon

Blue carbon

Expected to
generate 3.8
ktCO2e/yr for
30 years
(from 2014)
Expected to
generate 105
ktCO2e/yr for
20 years
(from 2011)

Registered small-scale Plan
Vivo (voluntary scheme)
restoration project2

Registered CDM small-scale
afforestation/ reforestation
project3

Biophysical data including
carbon dynamics
Carbon sequestration and
flux baseline data; REDD+
policy integration
CDM small-scale
afforestation/ reforestation
project currently at
validation stage (see
cdm.unfccc.int)
Carbon sequestration and
flux baseline data
CDM small-scale
afforestation/ reforestation
project currently at
validation stage (see
cdm.unfccc.int)
Preparing to apply as a VCS
reforestation project
(though not yet submitted to
Verified Carbon Standard)4

25

Indonesia
(Banten, East
Kalimantan,
and North
Sulawesi

Seagrass;
Mangrove

Restoration; Avoided
emissions

26

Indonesia

Mangrove

Restoration; Avoided
emissions

27

Indonesia

Mangrove

Restoration; Avoided
emissions

28

Indonesia

Mangrove

Restoration

Agency for Research and Development of
Marine and Fisheries; Ministry of Marine
Affairs; Fisheries-Indonesia
Charles Darwin University; Japesda;
Yayasan Hutan Biru (Blue Forest
Foundation)
Charles Darwin University; Japesda;
Yayasan Hutan Biru (Blue Forest
Foundation)

Wetlands International

Blue carbon

None

Carbon sequestration and
flux baseline data; REDD+
policy integration

Blue carbon

None

Ecological restoration;
community development

Blue carbon

None

Ecological restoration;
community development

Uncertain

Community-based microcredit program to improve
shrimp farming through
mangrove reforestation,
with carbon credits
produced

Blue carbon

Various
international
Mangrove;
29 (Asia-Pacific,
Restoration
Wetlands International
Blue carbon
Uncertain
Tidal marsh
Africa, Latin
America)
1
http://www.wetlands.org/WatchRead/Currentpublications/tabid/56/mod/1570/articleType/ArticleView/articleId/3013/Mangrove-Capital.aspx
2
http://www.planvivo.org/wp-content/uploads/Mikoko-Pamoja-mangroves-TS-FINAL.pdf
3
http://cdm.unfccc.int/Projects/DB/ErnstYoung1316795310.61/view
4
http://www.livelihoods.eu/yagasu-indonesia.html
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Carbon sequestration and
flux baseline data;
Community participation
and capacity building

The original research (Bredbenner 2013) identified nine ‘blue carbon’ projects, meaning activities
that have secured financing. Many of these, however, are capacity building projects, and the finance
is derived from research or public development institutions. A few of the projects are oriented
toward the private sector, through the generation of carbon offset credits for the voluntary or
regulated markets. As Table 9-2 makes clear, however, the volumes and values of these commercial
outputs are limited (projects expected to generate carbon credits are highlighted in grey; none of
these have yet yielded and sold offsets into market, however). There is a lack of differentiation
between sources of finance, project objectives and outputs, and the nature of stakeholders involved.
Blue carbon is not yet a viable market commodity.

9.4 Discussion
The results of the analysis suggest that the blue carbon discussion is focused in two areas: science
and – to a lesser extent – economics. If blue carbon is to be considered in commercial terms,
however, it is also necessary to consider the role of both suppliers and investors; in other words, the
communities and business interests at the opposite ends of the blue carbon value chain. These
stakeholders are crucial in ‘getting blue carbon to market’, and it is apparent from the analysis that
there is a very weak correlation in the literature between either community groups or business
interests with blue carbon project activities or finance matters. The focus of the blue carbon
literature is on large-scale public approaches to governance of blue carbon resources, and there is a
lack of clarity and differentiation around types of financing opportunities.

9.4.1

The blue carbon value chain

The innovation value chain – getting a product to market – is usually described as a 3-step process,
beginning with project or product design (variously called ‘idea generation’ or ‘early research’),
followed by development (involving ‘conversion’ from idea to product, or ‘demonstration and
commercialisation’), and resulting in diffusion in the marketplace (‘market uptake’) (Hansen and
Birkinshaw 2007; Garnaut 2011). Blue carbon can be considered an example of innovation in the
field of ecological economics (Rennings 2000), in that blue carbon projects provide novel products
that meet the demands of climate mitigation and adaptation, and which require research and
development before becoming dispersed in the market place (Daily and Matson 2008). To play an
effective role in commercial markets, blue carbon ‘products’ must move from the design phase of
idea generation and basic research, to achieve ‘proof of concept’, or product demonstration (Daily
and Matson 2008; Dervitsiotsis 2011; Borghesi et al. 2013). Understanding the characteristics of the
innovation value chain, as well as constraints and enablers in that process, will facilitate the goal of
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making blue carbon a more viable economic proposition. In the case of blue carbon activities,
project design and development must involve local communities who are users and stewards of
these marine and coastal resources; without this engagement projects will not be effective, efficient,
nor equitable (Ostrom 1999; Corbera et al. 2007; Engel et al. 2008; Angelsen 2009; Corbera and
Schroeder 2009; Lopes and Videira 2013).

9.4.2

Options for blue carbon in practice

One of the documents analysed in this study that explores economic questions suggests that finance
for blue carbon activities could come from three types of source: national planning, development of
pilot programs, and payments for verified emissions reductions (Gordon et al. 2011). In another
paper the authors argue that the most promising climate policy mechanism to support blue carbon
activities is emission trading schemes – in other words, carbon offsets (Ullman et al. 2013). They
note that under the terms of the UNFCCC nations agree to individual emission reduction
commitments, which can be achieved through three flexible mechanisms: international emissions
trading, joint implementation, and the clean development mechanism. To improve the potential for
blue carbon offset projects, they propose three priorities: first, targeting research towards emissions
resulting from destruction or degradation of blue carbon ecosystems; second, establishing global
and national estimates of these emissions; and third, promoting blue carbon in relevant policy
discussions. They identify REDD+ as a progenitor of blue carbon activities, and conclude by noting
that it is likely to take some time for blue carbon offsets to be incorporated within regulated
emission trading schemes, but that the potential to attract large amounts of funding to support
ecosystem conservation and restoration warrants continued efforts (Ullman et al. 2012). Other
papers argue that blue carbon is most likely to succeed if incorporated within the REDD+
framework (e.g. Gordon et al. 2011; Lawrence 2012).

Several points can be made regarding these ideas. First, natural resource management that focuses
on carbon emissions mitigation can be conducted under the terms of NAMAs (UNFCCC 2013a).
Although NAMAs can attract both public funding (through the Green Climate Fund, for example)
and private finance (see Table 9-2), this type of national planning is an aspect of the global climate
policy framework, but not a market-based activity. In contrast, payments for emission reductions
refers to carbon offset projects, and these payments derive from private firms seeking to
demonstrate corporate social responsibility, or comply with national legislation. The UNFCCC
creates a policy framework that includes national mitigation and adaptation actions, trading of
allowances between nation-states, and project-based mechanisms that generate offsets, which can
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be bought and sold by private commercial entities in a global marketplace. The first of these is not
market-oriented, the second is a market between countries only, and the third is a true market with
private sector players. The UNFCCC does not create the market, but the conditions and instruments
that allow for a market to emerge. Another type of natural resource management that occurs within
the international climate policy framework is Nationally Appropriate Programmes of Action
(NAPAs), which offer pathways for Least Developed Countries (LDCs) to implement projects in
response to urgent adaptation priorities.

Second, different types of instrument operate with different foundational assumptions. REDD+ has
evolved into a complex package of activities, but is based on the notion of avoiding emissions
through changing practices (Law et al. 2012). In contrast, forestry activities that generate carbon
offsets are based on sequestration through afforestation and reforestation, as opposed to the
avoidance of deforestation. Even more importantly, REDD+ operates between nation-states, and
offsets generated from REDD+ projects will allow countries to meet their national reduction
commitments, not private firms. While avoided deforestation methodologies exist within
mechanisms such as the Verified Carbon Standard (VCS), yielding carbon offsets that are tradable
within voluntary markets, these are not the same as REDD+. REDD+ is not a market-based activity;
REDD+ projects are not commercial enterprises. In contrast, NAPAs are activities that can attract
climate finance from national or international public sources, but which do not necessarily consider
carbon benefits.

A third point is that the diversity of regulatory contexts, financial structures, and location of carbon
benefits relevant to blue carbon activities means that it is necessary to discuss a range of
approaches. For instance, existing international climate policy architecture distinguishes between
countries according to their development status. NAMAs are agreed actions taken by developing
countries. Similarly, REDD+ activities are not eligible in developed host countries, although
avoided deforestation methodologies exist in voluntary carbon offset schemes, and these can be
conducted in developed countries. Furthermore, while NAMAs and REDD+ activities are both
features of the climate policy framework, the carbon benefits that derive from each are realised in
different ways. NAMAs are actions taken by nation-states in line with their specific commitment
under the UNFCCC; hence, the carbon benefits accrue to that nation. In contrast, REDD+ projects
are supported by finance from a developed country or countries, and that investor country is able to
use the carbon (offset) benefits derived from the project to meet its own commitments; the host
country does not gain carbon benefits from the REDD+ activity, but sustainable development
outcomes.
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Finally, opportunities for blue carbon offset projects already exist (see Table 9-2). The UNFCCC
has accredited methodologies for both small- and large-scale offset projects in wetlands (UNFCCC
2013b; UNFCCC 2013c). The VCS has established a Wetlands Restoration and Conservation
project category (VCS 2013), and one major U.S. carbon offset registry has accredited a
methodology for restoration of degraded wetlands in the Mississippi delta (ACR 2013). The
scientific tools and methods needed to quantify, measure and monitor carbon sequestration and the
emissions dynamics of wetlands projects are available (Crooks et al. 2010). However, the extent to
which carbon credits generated through different voluntary and regulated offset schemes are viable
varies substantially. The European Union does not accept credits from afforestation and
reforestation projects, and neither of the compliance schemes currently operating in the United
States recognises credits from wetland projects. As a result, blue carbon offsets are most likely to be
attractive on the voluntary market, for companies seeking to demonstrate corporate social
responsibility. An important question is how to increase the viability of blue carbon as an option for
compliance (e.g. through the CDM), thereby enhancing its appeal to commercial investors. Beyond
these regulated and voluntary carbon market options, there may be opportunities for blue carbon
activities to secure funding through micro-finance or climate green bonds (e.g. see
www.climatebonds.net).

The range of financing opportunities, and their features and distinctions, are summarised in Table 93. Links to additional information are also provided.

Table 9-3 Types and features of financing opportunities for blue carbon activities

Activity
NAMAs/NAPAs1
Climate-related
ODA2
Bi- and multilateral
activities3
REDD+4
National NRM
actions5
Voluntary
offsets (e.g.
VCS)6
Compliance
Offsets (e.g.
CDM)7

Can occur
in a
developing
country
✓

Can occur
in a
developed
country

Domestic
public
finance

Internatio
nal public
finance

✓

✓

✓

✓

✓

✓

✓

✓
✓

✓

✓

✓

Private
finance

Carbon
benefit
remains

✓

✓

✓

✓

✓

Carbon
benefit
flows

✓

✓

✓
✓

✓

✓
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✓

✓

✓

Domestic
compliance
offsets (e.g. CFI,
CCERs)8

✓

✓

✓

✓

CSR projects9

✓

✓

✓

✓

Other finance
opportunities
(including
✓
✓
✓
✓
✓
✓
insurance,
micro finance,
green bonds)10
1
Nationally Appropriate Mitigation Actions (NAMAs) are agreed actions taken by developing countries as part of their
commitments under the terms of the UNFCCC (see http://www4.unfccc.int/sites/nama/SitePages/Home.aspx). National
Adaptation Programmes of Action (NAPAs) are limited to Least Developed Countries (LDCs), and entail the
identification of urgent and immediate priorities for climate change adaptation, specifically actions which if not
undertaken would increase vulnerability or costs at a later date (see
https://unfccc.int/national_reports/napa/items/2719.php).
2
Official Development Assistance (see http://www.oecd.org/dac/).
3
Bi- and multi-lateral activities refer to agreements made between nation-states or regional groups of countries, or
activities implemented through partnerships with public funding institutions such as the World Bank or Asian
Development Bank (see for example http://www.adb.org/themes/climate-change/financing).
4
Reducing Emissions from Deforestation and forest Degradation in developing countries (REDD+) (see http://www.unredd.org/AboutREDD/tabid/102614/Default.aspx).
5
Natural Resource Management (NRM) at the national level can occur in a variety of ways depending on local
regulatory and social conditions.
6
Voluntary market carbon offsets can be sourced through a variety of providers, including the Verified Carbon Standard
(http://www.vcsregistry.com), the American Carbon Registry (http://americancarbonregistry.org/carbon-registry), and
others (e.g. http://carbontradexchange.com/partners/registries). China has created its own domestic voluntary carbon
offset standard (see www.pandastandard.org).
7
Regulated domestic emissions trading schemes require international carbon offsets to be sourced from benchmark
mechanisms, principally the Clean Development Mechanism (CDM) and Joint Implementation (JI) schemes established
by the Kyoto Protocol to the UNFCCC (see http://cdm.unfccc.int).
8
National carbon reduction compliance schemes continue to be established, and these legislative initiatives usually
create their own unique domestic carbon offset units, generally oriented towards (eventual) integration with
international market mechanisms. For instance, Australia has established a National Carbon Offset Standard (NCOS)
(see http://www.climatechange.gov.au/climate-change/carbon-neutral/national-carbon-offset-standard-ncos/nationalcarbon-offset-standard), and carbon reduction units can be generated through natural resource management projects
(including afforestation and reforestation) under the Carbon Farming Initiative (CFI) (see
http://www.climatechange.gov.au/reducing-carbon/carbon-farming-initiative). China has begun trial emission trading
schemes in seven cities and provinces, moving toward a national scheme in 2015 (c.f.
http://carbonmarketwatch.org/chinas-pilot-emissions-trading-systems/). More than 50 methodologies for carbon
reductions have been approved to date, closely based on CDM methodologies (see
http://cdm.ccchina.gov.cn/nDetail.aspx?newsId=39507&Tid=20).
9
Corporate social responsibility (CSR) is an important area for potential blue carbon funding that may not be considered
in most discussions of climate finance opportunities, because many large organisations may choose to invest in
voluntary projects without a carbon focus. Depending on the scale of the activity, this might be a useful consideration
for project developers.
10
Climate bonds are a new class of financial asset that can be issued by governments or private institutions and operate
in the same manner as standard debt instruments. Climate bonds may be a model for new classes of asset including
insurance products (c.f. http://treasury.worldbank.org/cmd/htm/WorldBankGreenBonds.html).

9.4.3

The challenge of environmental valuation and economic policy approaches

The valuation of environmental resources and ecosystem services is one of the great scientific and
policy challenges (Costanza 1989; Gómez-Baggethun et al. 2010). Arguably, understanding the
economic values of marine and coastal ecosystems should not only improve management and
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governance of these resources, and offer incentives for conservation funding and private
investment, but also contribute to a shift towards more sustainable economic paradigms (Hart 1995;
Beaudoin and Pendleton 2012; Parks and Gowdy 2013). A common sentiment in the documents
examined in this study is that carbon represents a financial opportunity for protection of restoration
of vital ecosystems, and that monetisation of ecosystem services beyond carbon sequestration could
be a pathway towards attracting greater investment (e.g. Grimsditch et al. 2012).

There are several problems with monetary valuation of ecosystem services, and payments for those
services. First, the number of ecosystem goods and services is very large (TEEB 2009). It is
possible to select a limited number of services relevant in a blue carbon context (e.g. Lau 2012), but
this simplification is technically difficult (e.g. where should boundaries be drawn between
ecological functions?) and fails to capture the complex reality of biotic and abiotic interactions, a
consequence of which can be the focus on particular functions or species at the expense of others
(Ring et al. 2010). This can lead to modification or degradation of the system as a whole (Kosoy
and Corbera 2010). When societal benefits are employed as analytical metrics, effectively as
proxies for ecosystem services (which simplifies without necessarily dismissing the importance of
complex ecological processes), it becomes easier to identify losses or gains, but this type of
valuation approach is still complicated by the intricate and communally defined character of
cultural services (Turner et al. 2014).

Another concern is the potential perverse effects of the commoditisation of nature. It is possible that
market mechanisms might encourage a shift in the motives for conservation, from ethical and
community values to economic self-interest. If financial returns are insufficient the PES mechanism
might in fact encourage undesirable outcomes in the form of development or resource exploitation
(Gómez-Baggethun et al. 2010). PES schemes also fail to capture the ‘invisible values’ of humannature relationships (Kosoy and Corbera 2010). It is difficult to comprehensively articulate the full
range of values and associations that diverse stakeholder groups with an interest in a particular
ecosystem might hold (Lopes and Videira 2013). Furthermore, PES schemes have implications for
equity, and do not guarantee poverty alleviation and social justice (Corbera et al. 2007). It is
unlikely that successful management of common pool resources such as blue carbon is achievable
through the imposition of regulations by an external agency (the state) or privatisation of the
resource to create personal interest and responsibility (the market). It is not only possible for
common resources to be sustainably managed in a cooperative regime, but probably necessary –
long-term success requires the willing participation of stakeholders (Ostrom 1990, 1999; Lopes and
Videira 2013).
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One alternative to the economic approach to ecosystem protection described above is to consider
the quality of environmental assets, rather than the services they provide. This has the advantage of
being far less complicated. The quality of different assets (e.g. mangrove forests, sea grass areas)
can be quantitatively assessed according to suitable local metrics, determined through participatory
science – e.g. species richness and abundance, habitat quality, specific and limited ecosystem
goods, cultural values (cf. Fujita et al. 2013). This approach rests on the assumptions that
environmental assets cannot be managed effectively if their condition is not measured, that the
condition of assets must be measured at ecosystem scales, and that physical environmental
accounting requires a common metric of the condition of those assets (Wentworth Group). This
allows for comparison of environmental assets at different times, locations, and scales, and also
avoids the difficulties inherent in assigning dollar values to ecosystem services. Environmental
condition can include quantitative assessment of ecosystem goods (e.g. food stocks or building
materials) or services (e.g. provision of fresh water). An interesting question is whether this
approach to environmental valuation has the potential to operate in a market system, or would in
fact be limited to public environmental governance and natural resource management.

9.4.4

The investment perspective: risk and return

Investment in blue carbon projects is constrained by factors including biophysical issues such as the
volume of carbon yield, measurement uncertainty, and logistical challenges; questions of technical
capacity and infrastructure; concerns over governance including corruption and land tenure; and the
existence of regulatory frameworks (Blom et al. 2010; Thomas et al. 2010; Alongi 2011). The
primary consideration in commercial decision-making, however, is the question of financial risk
and return (Olsen 1997; Driver et al. 2005). The other factors determine this key variable.

While the availability of capital, transaction costs, questions of legitimacy, governance issues, and
carbon price trends are key factors in financial analysis of all carbon offset projects, blue carbon
projects are further complicated by those issues unique to ecosystem-based activities. These include
the permanence of the asset (natural resources can be damaged or destroyed by natural events such
as fire or storms, biological factors including invasive exotic species or disease outbreaks, and
human activities), security of property tenure, and the uncertainty surrounding measurement of
organic carbon storage and sequestration (Benessaiah 2012; Ullman et al. 2012). Additionality
(demonstrating that carbon dynamics are different to what would have occurred without project
activities in place) and leakage (the possibility that carbon losses will be displaced by projects but
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simply continue elsewhere) are further complications (Law et al. 2012; Minang and van Noordwijk
2013). Furthermore, sequestration activities in ecosystems take time to mature; the offset returns
from plantings and soil carbon accumulation can take long periods to eventuate. Other types of
carbon offsets (in energy efficiency, or renewable energy, for example) are usually likely to provide
greater returns on investment, and with much greater immediacy.

In order to engage commercial interests in blue carbon projects, the constraints described here must
be addressed. In other words, it is necessary to minimise investment risk, and demonstrate the
likelihood of attractive returns. Governments can play central roles in supporting the growth of new
industries and economic modalities, particularly when the policy instruments employed are
reflective of the national political character (Spencer et al. 2005; Colombo et al. 2013). Recognising
the variety of ways in which blue carbon resources can be managed, conserved, and restored,
suggests that there may be a gap between publicly funded approaches and commercial activities
involving the private sector. It may be necessary to create policy instruments specifically designed
to act as bridging mechanisms between public finance and private investment, creating conditions
that reduce uncertainty and establish stable processes. This would mean establishing market
systems through public-private partnerships (PPPs), in which tradable commodities were created
and exchanged, but underwritten by government to ensure asset security (cf. Bell and Lovelock
2013). Measuring the condition of environmental assets (as discussed in the previous section) could
be a suitable approach to creating publicly guaranteed insurance-based products.

Finally, it is important to distinguish between commercial investment and public climate finance. In
the case of public investment through institutions and instruments such as the World Bank or the
Green Climate Fund, the ‘investor’ is not necessarily seeking the maximum return on investment,
but realistic costs (per tonne of carbon stored or sequestered) and the highest level of co-benefits.
Many climate funds will have target countries and ecosystems they wish to engage; effectively this
means that climate finance can be constrained by ‘eligibility criteria’. While blue carbon activities
may have access to existing opportunities, this eligibility constraint suggests the utility of a
dedicated public fund for blue carbon projects.

9.4.5

Engaging the private sector with blue carbon activities

Climate change represents new threats and opportunities to business. On one hand, firms face
regulatory pressures through legislated carbon pricing and emission caps, supply chain effects and
impacts on infrastructure resulting from changing environmental conditions and extreme weather
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events, and pressure from stakeholders to operate in more sustainable ways (Busch and Hoffmann
2007; Linnenluecke et al. 2012). On the other hand, firms are seeking strategic advantages through
improvements in operational processes, improving risk management procedures, influencing
environmental regulations, accessing new sources of capital, gaining competitive advantage with
corporate reputations for sustainability, opportunities in new markets, and better stakeholder
relations (Hoffman 2005).

The private sector is intimately involved in the exploitation and management of natural resources,
and firms can have positive or negative environmental impacts. Clear policy signals and regulatory
certainty are usually necessary to ensure proactive environmental behaviors (Jones and Levy 2007).
Yet the private sector also recognises the importance of natural resources, and business is always
attracted by the potential for profit and the opportunity to innovate, and the transition towards more
sustainable economic practices can be considered an opportunity for entrepreneurship and growth
(Borghesi et al. 2013). Actors in the voluntary market seek projects that are unique and relevant to
their organisational values and brand images. Blue carbon will be particularly attractive to firms
with interests in marine resources and sustainable development in coastal zones.

To engage the private sector more effectively with blue carbon activities therefore requires thinking
across the value chain. On the supply side, scientists and policy makers will need to reduce
perceived investment risk with tools and techniques for measuring, monitoring, and reporting
carbon storage and sequestration. These appear to be available (Crooks et al. 2010). Uncertainties
resulting from social and governance concerns will need to be addressed, and it appears there is
more work to be done in this area. On the demand side, marketing to firms with interests in oceans
and coasts is an appropriate strategy for engaging with the voluntary market. Beyond the voluntary
market, regulated compliance schemes need to be enacted in national jurisdictions; that is, carbon
pricing legislation in the form of cap-and-trade schemes or carbon taxes must apply to firms, and
these must include the option of reducing net emissions through the purchase of carbon offsets
(Tietenberg 2013). Ideally, such schemes would recognise and value different types of carbon
offset, with some form of premium or quotas applied to ecosystem-based activities (Dargusch and
Thomas 2012). The increasing trend toward carbon pricing and climate change regulation, and the
likelihood that climate change impacts will continue to grow in severity, suggest that over the longterm carbon is likely to increase in value (New et al. 2010; Tietenberg 2013). This study, however,
has revealed a stark absence of private sector perspectives in the blue carbon discussion.

181

The unique features of blue carbon resources also imply a need for diverse approaches to harnessing
private sector finance for protection and restoration activities. Developing hybrid business models
through public/private partnerships, perhaps using insurance-oriented approaches to maintaining
environmental quality, is an area that deserves consideration (ABI 2005; Bell and Lovelock 2013).
This would be a way to build a bridge from public financing of blue carbon activities, to private
sector involvement in ‘blue’ environmental markets.

9.5 Conclusion
The results of this study can be summarised in three related points.

First, biological scientists and non-government policy commentators dominate the blue carbon
community; there is a notable absence of representatives of the business, investment, or insurance
sectors in the blue carbon discussion. Economic issues are being explored, yet this work appears to
have not yet engaged commercial and private sector financial perspectives. At the same time, little
specific research has so far been conducted into the social aspects of blue carbon governance,
particularly around community-level experiences and motivations; that is, the viewpoint of potential
sellers of blue carbon. Arguably, social considerations are well understood as a result of previous
work around REDD+ and other PES mechanisms. Blue carbon, however, may involve additional,
unique concerns or issues, such as access, logistics, and tenure. In order to conduct carbon
inventories and monitoring, physical access to project sites is needed, and this might involve
working in areas without roads or other built infrastructure, and necessitate the use of boats and
special equipment (Eyre and Maher 2011; Neckles et al. 2011). Marine and coastal areas are
frequently subject to different types of management and tenure arrangements (e.g. marine park
zoning; customary access to fishing grounds), both in traditional societies and developed country
contexts (Hastings et al. 2012). These unique characteristics may necessitate targeted research and
management strategies.

Second, there is confusion about the meaning of blue carbon. Blue carbon has been consistently
described in biological terms; carbon stored and sequestered in mangrove, seagrass, and salt marsh
ecosystems. Yet the scientific and conservation communities promoting the values of blue carbon
are seeking finance to support project activities from international markets; from a market
perspective, carbon can be understood as a tradable commodity, measured in tonnes of carbon
dioxide equivalent. This commodity has a price, and is bought and sold over the counter, as a future
option, and in other ways (Kossoy and Guignon 2012; Peters-Stanley and Yin 2013). There are
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many ways to achieve carbon abatement; fund managers, both private and public, are investors
seeking the best possible return on investment. That is, the most tonnes of CO2 equivalent mitigated
per dollar spent. If blue carbon is to be discussed in commercial terms, it is essential to demonstrate
how it represents a superior option for the investor, or the firm seeking outcomes beyond least-cost
regulatory compliance.

Third, investment risks and opportunities are important parts of the blue carbon discussion that need
to be considered in more detail to successfully engage private sector interest, and understanding of
these issues is limited in the literature examined in this study. It may be the case that blue carbon is
unlikely to ever be reaslised as a commercial proposition at large scales. It may be that the blue
carbon conversation should be focused on public financing (or at least, publicly managed financing)
of NAMAs and community-oriented adaptation actions. Yet the findings of this study suggest that
the potential for private sector involvement in blue carbon investment and financing has not been
adequately explored. At the very least, there is good reason to conduct targeted research into how
the private sector might engage with blue carbon activities: what are the investment risk and
opportunity considerations that affect commercial decision-making; from which industry sectors
and geographic locations is interest in blue carbon most likely to come; how can projects be
designed and developed to meet diverse corporate goals and the objectives of multiple
stakeholders? What would be necessary to engage the private sector (in the form of insurance
companies, pension funds, green bonds, impact investors, and speculators) in blue carbon project
activities?

Effective management of ecological resources in coastal zones is necessary to ensure resilient
prosperity and sustainable livelihoods. Carbon-oriented approaches offer valuable opportunities to
achieve substantial emissions mitigation outcomes while preserving and enhancing vital ecosystem
services and human livelihoods and cultural values. The scientific and conservation communities
are doing important work to improve capabilities in measurement, reporting, and management
strategies, yet understanding of commercial imperatives and the drivers of private investment
remain limited. Funding for blue carbon activities is thought about in traditional ways, as a priority
for governments and international public agencies. While considerable work has been done on
aspects of operationalising ecosystem-based carbon projects in terrestrial contexts, there is a dearth
of genuinely transdisciplinary thinking about how to make blue carbon work across the value chain,
from ecology and community to business. Blue carbon activities require integration of commercial
and non-commercial value propositions in order to attract and engage private and public sector
investors.
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Blue carbon is a not only a common resource of interest to public institutions and resource
managers, but also – at least potentially – a commercial activity that exemplifies the important,
emerging economic approaches of a climate-changing world. Blue carbon resources are examples
of utility, wealth, and value not easily captured within traditional economic models, but could serve
as case studies of innovative economic opportunities and mechanisms: social-ecological insurance
products, public-private partnership investments in environmental values, socially responsible
offsets, inter alia. This paper offers the conceptual clarity and perspectives necessary to meet the
challenge of more effectively bringing blue carbon to market, thereby supporting the health and
resilience of oceanic ecosystems, the sustainable prosperity of communities that depend on them,
and the emerging economics of the 21st Century.
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10 Between Tun Mustapha and the deep blue sea: The political
ecology of blue carbon in Sabah

Chapter summary
This chapter explores social and political aspects of ecosystem-based project development in the
case study area of Sabah, Malaysia, applying the integrative methodological approaches outlined in
Chapter 3.

Citation:
Thomas, S. (2014) Tun Mustapha and the deep blue sea: the political ecology of blue carbon in
Sabah. Environmental Science & Policy, under review.

Abstract:
The participation of ecosystem-based project activities in international carbon market frameworks is
limited and constrained by a dearth of appropriate research across disciplinary boundaries and
nodes in the carbon value chain. ‘Blue carbon’ resources – marine and coastal ecosystems – are rich
carbon stores, offer extensive benefits beyond carbon sequestration, and are marginalised in global
markets and policy mechanisms. One reason for this is that there are substantial challenges involved
in implementing these types of projects in the socially and politically charged contexts of
developing countries; understanding specific local social dynamics is therefore of value to policy
makers, development practitioners, and the private sector. The paper applies a sustainability science
research approach and provides unique data on a relevant case study area – a proposed marine
reserve in Sabah, Malaysia, identifying important leverage points for the development of blue
carbon finance and policy instruments in South-East Asia and beyond. There are four principal
findings. First, the unambiguous significance of local political, religious, ethnic, and socialecological history in modern climate policy instruments must be recognised by project proponents
and addressed in preparation and planning. Second, the key governance issue is enforcement, and
this is affected by race, interest groups, and individual leadership. Third, political consciousness is
changing in Sabah, and there is a growing grassroots movement, which has genuine impact and
influence across the state. Fourth, the revealed consensus of the wider Sabahan community supports
an ecologically sustainable and indeed oriented policy stance.
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10.1 Introduction
The Tun Mustapha Park (TMP) is a proposed multi-use marine protected area in the state of Sabah
in East Malaysia. The TMP is due to be formally established in 2015, and covers an area of just
over a million hectares around the northern tip of Borneo, between the South China Sea to the west
and the Sulu Sea to the east, with more than 80,000 people dependent on its marine and coastal
resources (Lim and Jumin 2011). The proposed park will be an IUCN (International Union for the
Conservation of Nature) Category VI management zone, which establishes sustainable use of
natural resources as a vehicle to achieve conservation benefits, rather than implementing protection
measures alone6. The TMP area is shown in Figure 10-1.

Figure 10-1 Map of the proposed Tun Mustapha Park area

The research presented in this paper is part of a larger project investigating the potential for ‘blue
carbon’ – organic carbon stored and sequestered in coastal and marine ecosystems including tidal
6

See http://www.iucn.org/about/work/programmes/gpap_home/gpap_quality/gpap_pacategories/gpap_category6/
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and estuarine salt marshes, seagrass meadows, and mangrove forests (Nellemann et al. 2009) – to
be employed as a climate finance mechanism to support emissions mitigation, adaptation, new
economic trajectories, and wider sustainability outcomes. Greenhouse gas emissions from
agriculture, forestry, and forest degradation represent almost a quarter of the total annual global
inventory, and loss and degradation of blue carbon stocks is likely to represent 12-30% of that
amount, or 3-7% of total emissions (IPCC 2014; Nellemann et al. 2009). Ecosystem-based carbon –
in soils, forests, and coastal habitats – is therefore of substantial interest to policy makers as a
vehicle for emissions abatement. Furthermore, conservation and sustainable use of natural resources
can result in other environmental, social and economic benefits through the provision of multiple
ecosystem services and goods (Imai et al. 2009). While understanding economic constraints and
financial opportunities are necessary aspects of integrating blue carbon activities into international
mechanisms and markets, there has been little research to date on the social factors that might
impede or facilitate such projects (Thomas 2014). Social and political issues are central to the
effective development of ecosystem-based projects (Angelsen 2009; Perry et al. 2010); appropriate
research methods must therefore be applied (Bryant et al. 1993).

This paper applies disparate disciplinary perspectives and tools in an integrated methodological
approach, to address the question of what social and political issues would be relevant in the
development of a blue carbon offset project in the proposed Tun Mustapha Park in Sabah, Malaysia,
and how blue carbon activities might support the objectives of the TMP. The TMP is an appropriate
case study as it meets a range of criteria identified by Thomas (2014): physical scale, existing
stakeholder engagement and governance mechanisms, substantial natural blue carbon assets, and
ongoing degradation. This is a sustainability problem involving diverse aspects of global change:
indigenous and local community needs and aspirations, the interplay of political and economic
actors and traditions, historical social legacies, and engagement with environmental dynamics and
global climate policy frameworks (Nicholls 2004; Teh et al. 2005; Doolittle 2008; Lauer et al. 2013;
Thomas 2014).

The next section introduces the methodology applied in the paper, a systems-based approach that
incorporates participatory action research with political ecology perspectives. Section 3 provides
background and historical context for the study. Section 4 presents quantitative results of the study,
Section 5 presents a case study example from the Tun Mustapha Park area, and Section 6 discusses
the issues identified in the research process. Section 7 concludes the paper by summarising the
principal findings and their consequences for blue carbon projects in the Tun Mustapha Park.
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10.2 Methods
It is well established that the study of human interactions with the natural environment – the study
of social-ecological systems – demands the application of conceptual frameworks and
methodological approaches from a diverse range of disciplinary areas (Berkes 2004; Bryant 1992;
Doolittle 2008; Holling 1973; Kates 2001; O’Hara 2009). Despite a relatively long history of work
in interdisciplinary research methods, challenges remain in articulating standardised integrative
approaches (Jantsch 1972; Lang et al. 2012; Norgaard 1989). Arguably, sustainability science is an
emerging example of the maturation of transdisciplinary social-ecological systems studies, in that it
is driven by high-level principles (Cummins and McKenna 2010), employs structured approaches
(Wiek et al. 2011), and demands that specialisations are extended to solve real-world problems
(Hay et al. 2013; Reitan 2005).

This paper applies a structured research methodology that can be characterised as a systems-based
political ecology. Systems analysis begins with problem identification and description, which leads
to causal modelling (Maani and Cavana 2007); a systems approach maps critical factors in the
research space being investigated, and describes the relationships between those factors. This can
then lead to dynamic modelling of quantified variables, scenario development and testing (with
software tools), and strategy implementation and adaptive learning. Here, the causal mapping
approach is applied to structure a political ecology study, but the aim is not to quantify and model
the system dynamically; rather, the purpose of this paper is to explore the research question using
political ecology perspectives, systems thinking tools, and the principles of sustainability science.

To understand complex social-ecological systems it is necessary to go beyond literature review and
engage with stakeholders and actors in those systems (Angelstam et al. 2013; Guimarães et al.
2013). Systems analysis thus becomes participatory (Smith et al. 2008), and at this point
sustainability science can be understood as both transdisciplinary and integrative: transdisciplinarity
requires the collaboration of experts in different sciences and professional practices with nonacademic participants; furthermore, the goal is not only to conduct research, but to develop and
implement strategically planned and adaptively managed project activities (Ferrol-Schulte et al.
2013; Lang et al. 2012). This study builds on the influence mapping by engaging with local actors
to validate identified system components and the structure of relationships between them, and to
clarify these from a range of stakeholder perspectives. This paper provides necessary data in an
ongoing process of blue carbon project development for the TMP, and at the same time offers a
methodological contribution to the discipline of sustainability science.
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Thomas (2014) argues that constraints on blue carbon activities (which stem from physical,
capacity, financial, governance, and regulatory considerations) can be mitigated by a suite of
characteristics that are categorised as (1) collaborative project development that engages
international investors, national, provincial, and local governance agencies, non-government
organisations (NGOs) and industry associations, and community groups; (2) appropriate project
design in terms of area size and management modalities; and (3) low risk financial approaches. The
Tun Mustapha Park is considered as a case study to investigate a central research question: what
social and political issues affect the development of blue carbon offset projects in Sabah, Malaysia?
To address this question, the historical background is explained in brief, in order to establish
context. Thereafter, four original data sets are considered. These are explained briefly below, to
demonstrate the larger sequence and coordination of the research (more detailed explanations of the
influence mapping and PACOS workshop process and survey are given in Chapter 10.4).

First, a workshop was conducted with expert representatives of the scientific, government, and
commercial sectors, and non-government environmental organisations, at the Universiti Malaysia
Sabah’s (UMS) Borneo Marine Research Institute (BMRI) in June 2012, to describe and map the
factors in the political-economic system in which project development occurs in Sabah. The
principal output of the workshop was a causal influence diagram that demonstrates the dynamics
between factors affecting the development and implementation of ecosystem-based or natural
resource management projects (Figure 1). This influence map was tested in the following phases of
the research through exposure to other actors in the system (also participants in the study).

Second, a workshop session was held with an indigenous community organisation called PACOS
Trust (Partners of Community Organisations in Sabah) in August 2012. Representatives of
communities from across the state were present, and participated in the presentation and discussion
activity around blue carbon. The workshop participants completed a questionnaire designed to
investigate issues identified through earlier literature review, a year of local experience and
engagement by the author, and the expert workshop conducted at the BMRI.

Third, a research trip to Pulau Banggi was undertaken by the author and a colleague, assisted by an
interpreter from PACOS, in November 2012, to directly investigate social and economic conditions
of Banggi residents. The field visit focused on the conditions of a particular village community –
Kampong P. This case study provided direct examples of the issues raised and explored through the
earlier research. This case and the workshop from which it arose are important inclusions in this
study, exemplifying principles of sustainability science proposed by Cummins and McKenna
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(2010): co-production of knowledge in collaboration with stakeholders, focusing communication
and research activities at the local level, and facilitating a process of social learning.

Finally, a series of semi-structured interviews was conducted with a diverse range of individuals,
Malaysian citizens and expatriates, all with a minimum of 10 years experience in Sabah. These
interviews explored social themes identified by participants in the first three phases as relevant to
the research objective, including religion, gender, politics, immigration, environmental conservation
and change, and the economy and development of East Malaysia. These are generic issues that
might apply in any context; here, detailed information is provided that is specific to Sabah. The
interview data is included in the discussion in Section 6.

10.3 Historical background
What is now the Malaysian State of Sabah covers around 74,000km2 of the northern part of the
island of Borneo. Sabah was under the control of the British North Borneo Chartered Company
from 1881 until the Japanese invaded in 1942 (Leete 1996; Tregonning 1965). At the end of the
Second World War North Borneo was in a state of economic devastation. Exports of rubber and
timber had ceased during the years of Japanese occupation, and the people of Sabah were living at
subsistence levels by the time the war ended (Tregonning 1965). From 1946 until independence in
1963 Sabah was again governed by the British, whose reconstruction efforts were principally
focused on transport linkages and the re-establishment of international trade (Tregonning 1965).

The Federation of Malaya was formed in 1957 by eleven states previously under British colonial
control or protection. In the years following, there was ongoing discussion about the possibility that
Singapore, Sabah, and Sarawak might join the new federation. The first political party in Sabah was
formed in 1961, in part to question or resist this assimilation. This was the United National Kadazan
Organisation, which soon merged with another indigenous political association. Both of these
groups represented the non-Muslim natives of Sabah (Tilman 1976). In 1963 Sabah achieved its
independence from Britain, and elected, with Sarawak and Singapore, to join the existing states of
Malaya and form a new Federation of Malaysia (Leete 1996).

Tun Datu Haji Mustapha bin Datu Harun was the third Chief Minister of Sabah (from 1967-1975)
and founder of the United Sabah National Organisation (USNO). He was of Suluk and Bajau
descent; these are mainly Muslim groups spread across the region, and considered by the Kadazans
of Sabah to be recent settlers rather than natives (Reid 1996). Mustapha Harun was a central actor
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in Sabah’s independence from Britain, and in the negotiations that lead to Sabah joining the
Malaysian Federation in 1963. Tun Mustapha has been described as an autocrat in his governance
of Sabah (Chin 2004), and played a crucial role in promoting Islam, being noted for his deportations
and purges of Christian missionaries and priests in the early 1970s (Barlocco 2013; Reid 1997). He
is one of the most prominent figures in Sabah’s political history, associated closely with the
peninsular-based United Malays National Organisation (UMNO), and arguably responsible for the
defeat of Kadazan nationalist sentiments in the 1960s (Roff 1969).
Sabah’s economic history is predominantly one based on primary natural resources, including
timber, tobacco, and rubber, but also rice, copra, and in recent decades palm oil (Tregonning 1965;
McMorrow 2001). During the latter decades of the 20th Century there was recognition of the need to
broaden Sabah’s economic base through expansion of existing industries and diversification into
new areas. The State’s economy is considered to have been in need of transformation because it has
shown erratic growth, been dominated by the primary sector, and is out of step with national
trajectories, with high unemployment, low investment to production ratios, depleting resources, and
limited value-adding (Wai 2001). Sabah is now home to around 3.5 million people, with
agriculture, mining, and tourism the main sources of revenue, each accounting for approximately
20% of the State’s US$15 billion GDP (information available at Malaysian Department of Statistics
official portal at www.statistics.gov.my).

10.4 Results
10.4.1 Causal mapping
The causal mapping approach is an established methodological tool in systems analysis and
transdisciplinary research (Angelstam et al. 2013; Smith et al. 2008); its advantages include the use
of straightforward, non-technical language to describe the components and relationships within a
system, an iterative collaborative process that requires ongoing critical review, and the active
engagement of actors in the system (Angelstam et al. 2013; Hjorth and Bagheri 2006; Smith et al.
2011). As the first formal step in this study, a workshop was held with an expert group that included
scientists and academics from the Borneo Marine Research Institute and other UMS departments;
Sabah Parks and the Sabah Fisheries Department, both State-level government agencies closely
involved with the TMP proposal; New Forests, a commercial firm trading in sustainable forest
management and carbon offsets; and environmental non-government organisations WWF-Malaysia,
LEAP (Land, Empowerment, Animals, People), and the Sabah Wetlands Conservation Society.
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This initial problem-structuring workshop identified the dynamics of factors influencing the
development of ecosystem management projects in Sabah (Figure 10-2).

Figure 10-2 Causal influence map developed in a collaborative workshop by expert stakeholders. The diagram
shows relationships between variables in the system. Arrows indicate the direction of influence, and the ‘S’ and
‘O’ at each arrowhead indicate whether the relationship dynamic is the ‘same’ or ‘opposite’, respectively. For
instance, adverse weather has an opposite relationship to access – the more adverse weather, the less access.
Similarly, supporting government policies have a direct, same connection to the potential for ecosystem-based
projects activities; as supporting policies increase in number or quality, so does the potential for project
development.

The influence diagram is empirical but qualitative. It is the representation of a limited socialecological system focused around a single, specific question, developed by a diverse group of
people with expertise in this particular field. In other words, the diagram describes the principal
factors and relationship dynamics that affect the potential for development of ecosystem-based
projects in Sabah, as understood and described by a group of individuals with expertise and
experience in this area. The diagram does not capture a range of issues that were identified by the
workshop participants in individual conversations with the author. This is often true of political
ecology and other sociological research; there are some topics that are at the heart of the matter, yet
unlikely to be discussed in an open forum (Bang et al. 2007; Colding and Folke 2001; Denzau and
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North 1994; Doolittle 2001; Martin 1990). A point that was made independently (and privately) by
several participants following the workshop was that while the influence diagram is a realistic
description of the system’s key factors, it failed to capture the most important influences of all;
specifically, the trade of favours embedded in the system. For example, the credibility of a project
developer has an effect on the likelihood of Government support or regulatory approval, yet this
‘credibility’ could involve under-the-table payments, or favours given to relatives or members of
the same social group (e.g. religious affiliation or political network). Corruption is implicit in
project development, difficult to capture in a formal analytical tool (not least because there are
things that cannot be stated openly), and intricately connected with race, religion, and personal
relationships (Amacher et al. 2012).

Despite these constraints, Figure 10-2 reveals important feedback cycles and leverage points in the
system. The availability of finance minimises project costs, which in turn increases profitability.
Profitability is likely to increase the availability of finance. Finance is more likely to come from
investors who are motivated by low levels of risk, demonstrated through the existence of similar
projects, and the positive engagement of local communities – the ‘silent stakeholders’ who are most
often excluded from project development processes, disenfranchised by project implementation, or
ignored in the distribution of benefits (Doolittle 2007; García-López and Arizpe 2010; Mahanty et
al. 2013; Opotow and Weiss 2000). Furthermore, the map clearly demonstrates the importance of
factors at different ends of the project value chain. On the one hand, project activities are directly
affected by weather conditions, bringing an important element of uncertainty to risk considerations.
On the other hand, the value-driven market (for ecosystem-based products such as carbon offsets)
can be substantially influenced by knowledge and awareness of the existence and outcomes of
project opportunities.

A number of key themes emerge from the influence diagram that inform the generation of the
survey and interview topics discussed below. These include financial considerations in terms of
capital, revenue, and markets; social issues such as culture and ethnicity, technical capacity, and
knowledge networks; legitimacy factors in stakeholder relationships; and the role and influence of
government agencies, policies, and culture in all of these.

10.4.2 Community workshop and survey
The author was invited to attend the PACOS bi-annual strategic planning meeting (which took
place over several days), to give a presentation on blue carbon and how it might operate in the
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context of the Tun Mustapha Park. The author also arranged for a senior representative of Sabah
Parks (the State Government agency responsible for the zoning and management of the proposed
TMP) to attend the PACOS meeting, along with two staff from the international NGO supporting
the plan. This is a further example of the complexities involved in the political ecology of this type
of project development: the State Government agency and the international NGO had been
attempting to pursue a consultative agenda in the TMP planning process, but had never engaged
with the largest association of community groups in Sabah, partly because of a lack of awareness
and personal connection, but also because of a tendency for Government to work with its own
appointed representatives7 rather than community-level organisations.

At the PACOS meeting a presentation on the TMP was given by the NGO and Sabah Parks
representatives; for many of the attendees (including some from the TMP area) it was their first
exposure to the plan. A discussion was held to explore views on the TMP, and key issues involved
in its implementation. There were mixed feelings about the proposed protected area, with
considerable mistrust expressed towards both State and Federal Government agencies, as well as
the international NGO leading the TMP’s consultation and design process. Following this session
the author engaged with the group on blue carbon concepts, and conducted a detailed survey. This
was delivered in written form, in Malay, to ensure the widest possible comprehension. The results
of the questionnaire are presented below, and comments from the group discussion relevant to the
individual questions are included, and referred to further in Section 5.

Of the 47 respondents, only 37 provided both age and gender (the distribution is shown in Figure 3).
46 provided only age and 40 provided only gender. One respondent did not answer either question.

7

Village leaders in Sabah have traditionally been elected by the kampong community. Since 1968, however, there has
been a Government-appointed committee for safety and village development, the Jawatan Kuasa Keselamatan dan
Kenanjuan Kampong, which is often effectively a single person (known as the JKK), who receives a Government
salary. The JKK’s role is to represent the villagers’ interests and opinions regarding development activities, but given
the salaried nature of the position, the JKK is effectively a Government agent at the community level, whose interests
may be more around representing the Government’s agenda in the village than the community’s interests to the
Government (Doolittle 2007).
194

Figure 10-3 Age and gender of PACOS workshop questionnaire respondents

The survey questionnaire was designed to explore probabilities based on the respondents’ personal
experiences and opinions of the development and implementation of natural resource management
projects in their communities. The initial questions were binary or ternary in form, and the results of
these are summarised in Table 10-1 below. The table shows the question, the breakdown of
responses, and the total number of respondents.

Table 10-1 Workshop questionnaire responses to binary and ternary questions

Question

Responses

How expensive is it to run projects in your community?
What is your opinion of the laws and regulations that affect your
livelihood?
How strong are traditional beliefs and practices in your
community?
How strong do you think traditional beliefs and practices will be in
the future?
Are there individuals in your community that provide committed
and passionate leadership?
Do you have title to your land that is recognised by the
government?
Are you able to comfortably support yourself and your family, or
do you need help from others?
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N

Cheap

Reasonable

Expensive

1 (2.2%)

10 (22.2%)

34 (75.6%)

Poor

Moderate

Good

22 (50.0%)

22 (50.0%)

0

Weak

Moderate

Strong

2 (4.4%)

28 (60.9%)

16 (34.7%)

46

12 (26%)

23 (50.0%)

11 (23.91%)

46

Yes

No

45 (97.8%)

1 (2.2%)

46

12 (25.5%)

35 (74.5%)

47

Comfortable

Need help

10 (21.7%)

36 (78.3%)

45

44

46

Do you expect that you will be able to comfortably support
yourself and your family for the foreseeable future?

14 (33.3%)

28 (66.7%)

42

The majority of respondents felt that new project activities were an expensive proposition. None of
the respondents thought there was more than a 50% likelihood of having sufficient funds available
to commence new projects, with most suggesting the probability was zero. 78% of respondents had
difficulty supporting their families without assistance, though a smaller number (67%) were
concerned about their capacity to do so in the future. This might suggest some optimism around
future income. However, only a quarter of the group (35 of 47 respondents) held official title to
their land, and there were obvious concerns about this lack of security, as many indigenous
communities had experienced or witnessed forced relocations. When asked how secure they felt
about their tenure, on a scale of 1 (not at all) to 5 (completely secure), 36 respondents replied ‘not at
all’, five replied ‘completely’, and seven gave intermediate responses. Put another way, of the 12
people with Government-recognised title, seven felt they could lose it.

Given that this was a meeting of community organisations from across the State, it is perhaps not
surprising that 98% of the group confirmed the presence of committed, passionate leaders in their
communities, but at the same time a useful result in that the respondents to the questionnaire
included some of the most proactive and engaged local actors in Sabah, and therefore the most
informed in the areas under investigation. The survey then asked how involved respondents were
with social, professional, and community networks, and the extent to which each of these helped
with project activities at the local level (Figure 10-4). It is clear that the respondents were far more
involved with social and community networks than professional associations; further, women find
more support in their project activities than men do from both social and community connections. It
is interesting to note that of the roughly 20% most involved in professional networks there is greater
participation by females.

196

Figure 10-4 Network participation (A) and usefulness of networks in project implementation (B) by gender

None of the participants expressed positive sentiments about regulations that affected their
livelihoods and social well-being; the group was evenly divided on whether the quality of
regulatory frameworks was moderate or poor. When asked how often they approved of Government
programs, projects, or activities, roughly a quarter of the group answered 10% of the time, another
quarter said 50%, and the rest were scattered across this range, none approving more than half the
time (Figure 10-5). To delve into this topic more deeply, respondents were asked to give their
opinions on the quality of governance provided by various State and Federal agencies, in terms of
public consultation, transparency and openness, corruption, and enforcement of laws. The results
are shown in Figure 10-6, which lists State (Sabah’s Forestry Department, Environmental
Protection Agency, Lands and Survey, Fisheries Department, Wildlife Department, Parks authority,
Forestry Development Authority (SAFODA), and Town and Regional Planning Department) and
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Federal (Ministries of Rural and Regional Development, and Natural Resources and Environment,
the Federal Land Consolidation and Rehabilitation Agency (FELCRA) 8 , and the Malaysian
Maritime Enforcement Agency (MMEA)) agencies involved with natural resource management.

Figure 10-5 Approval of Government projects, programs, and activities

8

FELCRA was established as a statutory body in 1966, and was incorporated as a State-owned enterprise in 1997. Its
stated objective is to develop the rural sector by helping communities participate in national economic activities.
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Figure 10-6 Opinions on quality of governance by different agencies

It is clear that perceptions of governance are not overly positive. The agencies that stand out as
most popular with the respondent group are the Sabah Environmental Protection Agency, Fisheries
Department, Wildlife Department, and Sabah Parks. Sabah’s Department of Lands and Survey
along with SAFODA stand out as receiving strong negative responses, as does the federal Ministry
of Rural and Regional Development. FELCRA and the MMEA – both federal agencies – are
notable for the fact that more than a third of respondents had no knowledge of them.
Finally, to understand the types of ‘local knowledge’ the group might possess (as described by the
initial causal mapping workshop), the survey asked respondents to describe their levels of
understanding of different topics relevant to the value chain of ecosystem-based project
development. The results are shown in Figure 10-7.

199

Figure 10-7 Knowledge of different topics by gender

Figure 10-7 shows a trend from good and moderate levels of knowledge in local biophysical topics
(biodiversity, ecology, climate) to moderate and poor levels in terms of local government, State and
international politics and current affairs, and the internet. Interestingly, a percentage of respondents
claimed to have good knowledge of the internet and Sabah’s political landscape, but none of the
group claimed good knowledge of the international stage.

10.5 The Tun Mustapha Park case study
Pulau Banggi is Malaysia’s largest island, located 25 km off the northern tip of Sabah between the
Sulu Sea to the east and the South China Sea to the west (UNEP 1990). In 2003 the population of
the island was estimated at around 20,000, comprised of indigenous Sabahans (mainly
Kadazan/Dusun) as well as immigrant groups (largely from the southern Philippines) who identify
as Suluks and Bajau. Banggi is an hour by boat from Kudat, the nearest large town. Banggi is not
highly developed, but has primary schools and a high school, as well as a medical clinic staffed by
nurses, with a doctor visiting every month.
The case study village – Kampong P. – was built by FELCRA in 2002 about two kilometres from
the community’s traditional land. The new village comprises 40 wooden houses of one or two
rooms. After 10 years, the condition of the buildings is poor, with uneven, broken structures the
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norm (Figure 10-8). The community subsists through fishing, small-scale agriculture, and local paid
employment. They are facing increasing difficulty in maintaining their livelihoods; fisheries around
Banggi are in decline (Teh et al. 2005), and without secure tenure, there is no opportunity to expand
their agricultural productivity. The village has power cables in place, but these have never been
connected to the main supply, only a few metres distant. There is no running water in the homes,
and outdoor septic toilets that have never been maintained or emptied.

Figure 10-8 Home in Kampong P., built in 2001-02 (Photo credit S. Thomas 2012)

The original village area became part of a FELCRA ‘agropolitan’ project, involving trial oil palm
and rubber plantations, and an offshore fish farm. The FELCRA agropolitan project is seen as not
only as a land grab responsible for social displacement, but also for degradation of soils and local
reefs. Respondents expressed concern that if plantation development continued, sediment run-off
would increasingly degrade inshore reefs, thereby further reducing fish stocks and livelihood
opportunities, as has been observed previously (Freeman et al. 2008). A few of the villagers from
Kampong P. are employed on the project; daily wages were stated as RM18 for women and RM23
for men9. Table 10-2 shows the costs and returns of various goods and services, as stated by village
respondents.
9

At the time of this field visit (November 2012), 1 Malaysian Ringgit (RM) was valued at around 0.32 US Dollars.
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Table 10-2 Examples of costs and returns for Banggi villagers
Description
Salary for Government-appointed village head (known as JKK)
Primary school (per child)
Secondary school (per child)
Transport for secondary school (per child)

Stated cost or revenue
RM400 per month
RM2 per day
RM5 per day
RM40 per month

Visit to medical clinic

RM10 for transport and food;
medicines are provided FOC.

Class 1 Fish
Class 2 Fish
Barrel of drinking water

RM10.5 per kg
RM3-4 per kg
RM10

Rental of 4m boat and 15hp engine

RM108 per month

The village fishers rent 4-meter, 15hp open boats from the Sabah Fisheries Department; there is no
jetty, so the boats must be taken 2 km through mangrove forest to reach open water. The fishers
stated that they made an average of RM50 per day. The fishers are concerned that the TMP zoning
will have a negative effect on their ability to make a living. Aside from the sense of exclusion from
the consultation process, they fear that areas zoned for artisanal fishing will restrict their ability to
access mobile and/or migratory stocks. They also doubt that the TMP will control the destructive
fishing activities conducted by immigrant groups. During an on-water survey of the fishing areas,
three separate dynamite blasts were heard by the researchers, offering some testimony to the
prevalence of this practice. According to the main respondent, dynamite fishing can increase catch
per unit of effort (CPUE) by three times, but is detrimental to long-term productivity.

Village respondents suggested that colonial rule (meaning the British period that concluded in
1963) was preferable to the current situation for a number of reasons. They stressed that the British
provided education for all, and at the same time respected community land grant applications,
whereas today native title is rarely granted. The current Federal Government, through the agency of
FELCRA, is seen as acting to progressively destroy the livelihood opportunities of local
communities, through land grabs, support of immigrant settlers and foreign corporate businesses,
and control of profits from land use. They also expressed interest in attracting international finance
and hoped that international engagement would help to reform FELCRA (as they are unable to
achieve this alone), so that FELCRA would work more genuinely for local communities. The
people of Kampong P. stated that they needed better education opportunities, economic models that
supported training for entrepreneurial activities and more diverse skill sets, and potentially a
microcredit system. They also expressed the desire for basic infrastructure investments to support
livelihood activities.
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10.6 Discussion
The social issues identified above as being relevant to the development, implementation, and
effectiveness of ecosystem-based project activities, and in particular to a large-scale initiative such
as the Tun Mustapha Park, included political dynamics and corruption, religion, race and ethnicity,
gender, land tenure and title, economic development priorities and trajectories, environmental
governance, the relationship between West and East Malaysia, and the role of key individuals in
implementing new projects and enacting social change. To explore these topics further, seventeen
interviews were conducted with individuals with a minimum of 10 years relevant experience in
Sabah. The interviews were semi-structured, fully adhered to institutional ethical guidelines, and
explained as an investigation into social factors affecting environmental governance and the
development of environmental project activities in Sabah. The researcher’s focus on blue carbon
was clarified as part of this introduction. The majority of interviewees held senior positions in their
respective organisations, or had extensive professional experience in relevant project activities and
professional areas. A summary of the respondents’ positions and experience is shown in Table 10-3.
Each respondent is given a reference number (R1, R2, etc.) that is used throughout the discussion
below.
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Table 10-3 Details of interview respondents
#

Position

Sector

Expertise

Country

Age

Gender

Years in Malaysia

Ethnicity

Religion

1

Scientific
Director

ENGO

Veterinary; conservation
management

French

40-50

M

15 in Sabah

Caucasian

Catholic

2

Executive
Director

ENGO

Conservation biology

UK

50-60

M

Since 1979 with 4 years in
Indonesia

Caucasian

Muslim

US

30-40

F

10 years

Caucasian

None

3

Consultant

ENGO

Fundraising; project
management; business
administration

4

Communications
manager

NGO

Journalism and
communications

Malaysia

30-40

F

39 years in Sabah

Indian

Muslim
(previously
Sikh)

5

Director

NGO

Education

Malaysia

50-60

F

Whole life in Sabah

Kadazan

Catholic

6

Manager

NGO

Land rights

Malaysia

30-40

M

Whole life in Sabah

Dusun

Catholic

7

Senior manager

NGO

Building organisations,
capacity development

Malaysia

40-50

F

Whole life in Sabah

Kadazan

Catholic

8

Manager

NGO

Early childhood
education, teacher
training

Malaysia

30-40

F

Whole life in Sabah,
studied in peninsular 4
years

Dusun

Catholic

9

Director

Private sector
commercial
(environmental
management and
planning)

Urban planning and
development

Malaysia

50-60

F

Lifetime other than expat
living

Sino-Kadazan

Pentecostal
Christian

10

Director

Private sector
commercial (forestry)

Commerce

Malaysia

40-50

M

Born and raised in Sabah

Chinese

Christian

11

Owner and
Director

Private
sector/commercial
(environmental

Environmental
management; biology

Malaysia

50-60

F

Age 0-25, returned 1996

Kadazan

Roman
Catholic
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management and
planning)

12

Manager

Private
sector/commercial
(hospitality and
tourism)

13

Senior Lecturer

Scientific

Geomorphology

Malaysia

40-50

F

Lived in Sabah all her life
except for 11 years in West
Malaysia

Kadazan

Christian

14

Professor

Scientific

Phytoplankton ecology

Malaysia

50-60

F

27 years

Malay

Muslim

Caucasian

None

Hospitality

Malaysia

18-30

M

28 years

Philippino (1st
generation
Sabahan)

Muslim

15

Retired Professor

Scientific

Soil and forest ecology

UK

60+

M

25 years in Sabah, full time
since 1995. Before that in
and out of Brunei for 10
years.

16

Director

Scientific

Biotechnology

Malaysia

40-50

M

10 years in Sabah

Indian

Christian –
Assemblies of
God

17

Administrator

Scientific

Business administration

Malaysia

18-30

F

Born and raised in Sabah

Dusun

Roman
Catholic
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10.6.1 Political dynamics
Most interviewees perceived politics in Sabah as an exercise in wealth acquisition rather than the
pursuit of societal well-being. Political actors become “extraordinarily rich” [R4] through kickbacks
from large-scale development projects; payments to government officers are a means of achieving
regulatory compliance. Those in power maintain their positions through graft or leverage rather
than genuine popular support. In the days immediately before elections some communities are
“bombed” with 50 ringgit notes to encourage voting outcomes, and provided with “all kinds of
assistance…rice, gas, their roof fixed” [R11]. The police and military are also seen as tools of the
Government. These tactics – and the vote of illegal immigrants given identity status by the
Government – ensure votes and the continuation of political dominance.
Corruption in Sabah politics is “systemic and institutional” [R14], occurring from the highest levels
of society through to the village level. The fact that Chief Minister of Sabah Musa Aman is also the
Finance Minister was cited as an example, and reference made to the involvement of Musa and his
brother Anifah Aman (Malaysia’s Minister of Foreign Affairs) with payments from forestry
companies to secure logging concessions (Koswanage 2013). Reference was also made to the
extraordinary case of Altantuya Shaaribuu, a Mongolian woman allegedly murdered by Malaysian
secret service agents following her involvement with the current and previous Prime Ministers, and
a deal between Malaysia and a French company to construct submarines in Kota Kinabalu, the
capital of Sabah (Dubus 2009).

There is also a lack of transparency in governance, and a reluctance to share information between
Government agencies and individuals. Most interviewees agreed that there are many rules and
regulations relating to environmental governance processes, but a lack of implementation and
enforcement.

Finally, and given that both Federal and State Governments are now controlled by UMNO (the
dominant party in the ruling coalition called the Barisan Nasional, or BN), there is an increasing
sense that Government in Sabah is representative of West Malaysian values and priorities. Sabah’s
political landscape was dynamic and changeable for decades, but there is the perception that this
has changed since the entry of UMNO into the State. The Government has changed electoral
boundaries, so that “UMNO has a very strong grip on the State Government” [R5]. One interviewee
stated that “Malaysia is a very controlled society, there are many repressive laws that control
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freedom of speech” and described persistent, long-term surveillance and intimidation by
Government security agencies [R5].

10.6.2 Religion
The Constitution of Malaysia enshrines Islam as the country’s official religion, while guaranteeing
freedom of religion for citizens (Malay. Const. art. 3 cl. 1, and art. 11). This applies only to
particular ethnicities, however, as ethnic Malays have long been identified as Muslim (Leete 1996),
and are defined as such in the Constitution itself (Malay. Const. art. 160, cl. 2). Furthermore,
religion is a State matter, so the thirteen States and Federal Territories legislate on religion
independently (Anwar 2001). This constitutional structure means that religion, race, and gender are
inherently commingled in politics and therefore in economic development.

Religion was considered by interview respondents to be much less of an issue in Sabah than in
peninsular Malaysia, though there was the sense that this was changing due to the influx of West
Malaysians and the deliberate efforts of the UMNO Government. People close to the Chief Minister
hold most of the key positions in State Government departments, and these are mostly Muslim
Malays. There is a “sprinkling of diverse representation” [R14]. Interestingly, while Sabah is
viewed as highly tolerant of religious diversity (in contrast to West Malaysia), a few respondents
noted that the diversity of religions (Islam, various forms of Christianity, Chinese ancestor worship,
Sikhism, Buddhism, and the underlying indigenous animism) may have encouraged communities to
be protective of their religious practices; religion is taken very seriously in private life. There is,
however, a generational shift occurring as young people become more educated and at the same
time more secular in their beliefs and attitudes.
Some interviewees, however, were vehement in their opinions on how the UMNO party – now
controlling both Federal and State Governments – used religion as “a tool to polarise communities”
[R11], and a means of political control and social discrimination. Senior positions in Government
and the academic sector were almost always given to Malays, or to Muslims, even when they were
less capable than other candidates. This was a recurring theme in the interviews.

For indigenous Sabahans, religion (in the form Christianity or Islam) seems to be almost a veneer
for a deeper, older culture, in which exceptionally diverse traditions preserve unique relationships
with specific local environments (Jenkins and Chapple 2011). 50 years ago animist beliefs were far
more commonly and publicly presented as central to indigenous tradition; animism has since
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disappeared from the census, but remains present for Sabahans today. One interviewee commented
that her family had adopted Christianity when Government stressed the importance of identifying
with one of the mainstream religions – but in reality, they “were really still pagan” [R13]. A similar
comment was made during the PACOS workshop by an older man who noted that they “were told
to accept the God in the book, because He would take care of us, and the Government was like that
God. But the Government didn’t take care of us, so why should we keep following this book?”

10.6.3 Race
Race is a critical consideration in the political and social dynamics of Malaysia, and as mentioned
previously, intimately associated with religion. According to one interview respondent, there are
more than 30 self-identifying ethnic groups indigenous to Sabah. The Federal Constitution makes
specific provision for the indigenous peoples of East Malaysia, and although those of Sabah are not
listed, the ethnic groups of Sarawak are determined to include the Bukitans, Bisayahs, Dusuns, Sea
Dayaks, Land Dayaks, Kadayans, Kalabits, Kayans, Kenyahs (including Sabups and Sipengs),
Kajangs (including Sekapans, Kejamans, Lahanans, Punans, Tanjongs and Kanowits), Lugats,
Lisums, Malays, Melanos, Muruts, Penans, Sians, Tagals, Tabuns and Ukits (Malay. Const. art.
161A cl. 7). Some of these groups also exist in Sabah.

The Malaysian census of Sabah currently identifies only Kadazan/Dusun, Bajau, and Murut, and
these are grouped, along with Malays and others, under the umbrella term ‘Bumiputra’. Bumiputra
literally means ‘son of the soil’; the category was established as an effort to redress socio-economic
imbalances that existed at the time of Malaysia’s formation (Sadiq 2005). Ethnic Chinese and
foreign interests controlled the majority of wealth and economic infrastructure, with Malays also
having much lower levels of literacy and educational attainment; the bumiputra category identified
Malaysian ‘natives’ who were entitled to special privileges (such as preferential interest rates and
discounted loans, reserved university placements, and scholarships) (Leete 1996; Sadiq 2005; Yusof
2001).

The indigenous groups most commonly identified as native to Sabah itself, and discussed in
anthropological and related literatures, are the Kadazan and Dusun peoples, who are often described
as a single group, the KadazanDusun (e.g. Bradley 1968; Chin 2004). The Kadazan are indigenous
people of northwest Borneo, with numerous internal groupings; Dusun is a Malay word, meaning
‘orchard’, and is likely to have been used to describe local people by Malay traders (Roff 1969).
These labels are contested, and there is little doubt the nomenclatures have a political origin, as the
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Kadazans and Dusuns are linguistically and culturally distinct (Puyok and Bagang 2011). Names
are important; some researchers consider the use of Malay nomenclature to describe Sabahan
ethnicities as part of a process of conquest or assimilation (e.g. Reid 1997; Roff 1969). Of the
interview respondents, three described themselves specifically as Dusun (R6, R8, and R17), and
five as Kadazan (R5, R7, R9, R11, and R13). R14, a Malay woman married to a Sabahan, noted that
her husband insisted on his Dusun identity.
“Until today my husband will not admit to being Malay – he is Dusun. He has never been Malay.
His father is KadazanDusun, his mother is Javanese. He prefers Dusun because even they don’t
agree to the KD label – Kadazan are more city folk and Dusun more rural. Then there are
Christian and Muslim Dusuns. They are in the same family and never ask which religion you are.”
[R14]

Reid (1997) argues that the conflation of different Sabahan ethnic groups into the bumiputra
category was also a means of cultural assimilation and political leverage, as through various
statistical mechanisms (in census-taking) many non-Malaysians (immigrants from the Philippines
and Indonesia) could be recognised as bumiputera, and thus enfranchised, with their electoral
support likely to flow to the ruling parties. During Mustapha Harun’s period as Chief Minister of
Sabah, he provided strong support for Suluk refugees from the Philippines by guaranteeing them
employment and legal status, fostered an economic boom from which bumiputras benefited
immensely, and diverted public funds into social, educational, and religious amenities for
bumiputras (Sadiq 2005; Tilman 1976).

10.6.4 Gender
Anwar (2001) argues that mainstream Islam in Malaysia is serving to oppress women politically,
professionally, and in the domestic sphere. She notes first that the religious revival of Islam in
Malaysia has embraced a highly conservative and restrictive form of Islam, contrary to the faith’s
early traditions as a vehicle of liberation and empowerment for women; and second, that Malaysia’s
constitutional structure, which allows States to legislate on religious matters, has allowed for some
extreme interpretations of syariah (Islamic law) to be enshrined in civil regulatory frameworks
(Anwar 2001).

The values of some forms of Islamic culture can therefore make it difficult for women to hold
positions of authority. In Sabahan society, however, women do not feel a sense of disempowerment
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or oppression. All the female interviewees suggested that religion and race were more important
factors in terms of career opportunity than gender – though clearly religion and gender issues are
closely connected. It may be the case that women are more concerned about performing important
work in senior roles than achieving high-profile political positions [R14].

It is undeniable however that gender divisions remain, but these are again tied in with race and
religion. R3, a Caucasian woman, described an incident where a senior State Government official
had commented on her physical appearance in explicit vernacular terms at an international event, to
a group of foreign guests and prominent Sabahan leaders, including a well-known local woman who
led an activist social organisation. The response from all those present was laughter. R3 believed
that this would not happen with a Muslim woman. The author can attest to this official’s propensity
for blatantly sexist commentary, having witnessed the same in Sabah and at an international
meeting in Brazil in 2012. Yet this particular individual is seen as environmentally progressive and
is unquestionably a key player in Sabah’s environmental governance and sustainability
conversation.
There is a perception that the position of women in Sabah society is changing, that the women’s
movement is building gender equality. R14 felt that women in Sabah (particularly in the academic
sector) were more capable than men, and were being increasingly “vocal and aggressive”. R15
referred to the fact that “there are an awful lot of feisty Muslim girls, really outstanding people”,
and R12 noted that while a lot more women and girls were wearing the hijab, this appeared to be
about fashion as much as religion, with colourful head scarves, fitted dresses, and high heels
common. R14 noted that women are being given a lot of ‘face’ in Government (cf. Ho 1976; Kim
and Nam 1998), with a larger number of Federal and State departments and agencies headed by
women.

On the other hand, it is also the case that the mainstream Islamic values of West Malaysian society
are more conservative and restrictive than Sabah’s established (and traditional) urban and rural
societies. Several interviewees commented on the fairly rapid change that had occurred in Sabah in
this regard, with women wearing tudung (a head scarf with built in visor), refusing to shake hands
with men, and men and women eating separately, for instance. R11 stated:
“In terms of integration it is a little better in Sabah. We still eat together; we can eat in the same
restaurants together. Muslims here do attend weddings and funerals in church. You don’t find that
in West Malaysia.”
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It was the author’s experience in Sabah that many of the most proactive and effective leaders –
particularly in NGO and community organisations – were women, and many of the interviewees
made similar observations.

10.6.5 Land title
Native people in Sabah believe that land and community cannot be separated; land and culture are
deeply connected, and this is effectively an aspect of the deeper animist religious tradition (cf.
Jenkins and Chapple 2011). Many indigenous Sabahans have lived on their land for generations but
do not have official legal title, because they lack knowledge of how to gain that formal recognition,
and while there is legal recognition of native customary rights (NCR) (in Sabah Land Ordinance
Cap. 68) it is not implemented.
“Land grabs are a critical issue now. Even when communities have been in a place since time
immemorial the Government gives title to outsiders. Once that company or outside group get that
they come to areas and when they find communities there they just force them to leave.
Communities will then end up living by the sides of main roads or near rivers. Also NCR land gets
gazetted in protected areas or forest reserves without FPIC 10 from communities…SFD (Sabah
Forestry Department) burn houses, poison fruits, arrest community members.” [R6]

The interviewees most closely involved with native title expressed the view that Sabah Parks and
the Sabah Forestry Department behaved differently – the former being not extreme but respectful of
community rights, the latter being aggressive and antagonistic. These views are in line with the data
presented in Section 4. Government is not a monolithic entity, but composed of disparate agencies
with differing organisational cultures.

The intricate and often fraught relationships between politics and property in Sabah have been
explored in detail by Doolittle (2001, 2005, 2007, 2008). This body of work highlights the historical
and continuing efforts by Federal and State Governments to promote and impose an agenda of
economic and cultural transformation in rural Sabah; the negative environmental impacts of poorly
planned and managed conservation policies, and agricultural and industrial activities; the
importance of personal networks, influence, and leverage in local development trajectories; and
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FPIC is ‘free, prior, and informed consent’, an important pillar of REDD+ modalities. See http://www.unredd.org/Launch_of_FPIC_Guidlines/tabid/105976/Default.aspx.
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perhaps above all, the critical significance of discourse – and the ownership of discourse – in the
long-term social dynamics of the State.

10.6.6 West versus East Malaysia
The relationship between West and East Malaysia (the Federal leadership and Sabahan society,
respectively) has long been characterised by an imbalance in power, and efforts from the West to
promote, enact, or impose policy directions (Kahin 1992; Sadiq 2005). For instance, the Federal
Government has a history of attempting to implement aggressive agricultural policies in East
Malaysia (away from swiddening to intensive, large-scale timber and oil palm plantations, and
smallholder cash crops), through direct financial incentive programs and forced land relocation
(Fox et al. 2009). Perhaps even more fundamental is the insidious cultural colonisation pursued
with the tools of discourse ownership, education, and political propaganda transmitted through
religious institutions (Chin 1994; Doolittle 2001, 2005; Roff 1969).

While most interview respondents acknowledged an important role for the federal Government in
terms of setting strategic direction and building a cohesive national sentiment and system, the
centralised approach fails to address the diversity of cultural contexts and variations in socioeconomic standing that pertain across Sabah. Conditions across many indicators vary substantially
between West and East Malaysia, and standardisation does not address this fact; education is a
prime example [R8]. There is also a strong sense that Sabah is exploited and bullied by West
Malaysia, both culturally and economically. Even respondents who described the relationship in
positive terms stated that West Malaysia was seeking to push its more stratified cultural values into
Sabah, with an example of this being the requirement for women to “dress like nuns” [R13]. These
messages are largely positive but pervasive, marketed through television, books, and advertising,
with the suggestion that life is better when these personal choices are made. This again
demonstrates the conflation of religious values and practices with cultural and political dynamics.

West Malaysian society is perceived as being more rigid and conservative than Sabahan society.
West Malaysians are considered to be racist and far more conscious of religious, ethnic, and other
social differences than Sabahans, who “pride themselves as being laid back” [R3], and desiring
“peace, harmony, living in a safe country” [R7]. Interview respondents who were native Sabahans
equated West Malaysians with ethnic Malays (and this view was shared by many of the non-native
respondents), who were described with terms including ‘arrogant’, ‘cocky’, and ‘bullies’. One
respondent characterised West Malaysians as “like the Americans, they go everywhere thinking
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they are superior” [R14]. However, it is also important to note that several of the interview
respondents not originally from Sabah highlighted difficulties in being accepted within Sabah
society.
Interview respondents also saw West Malaysia as having different priorities in terms of Sabah’s
development. Sabahans take an obvious pride in their natural heritage and relationships with the
environment, and hope for an ecologically sustainable future, whereas the central Government is
perceived as solely focused on maximising GDP growth and other economic returns. Sabah,
formerly the richest State in the Federation, is now the poorest. The interview respondents almost
unanimously ascribed this to exploitative legislation, a prime example being the Petroleum
Development Act 1974. This legislation established the national oil and gas company PETRONAS,
which is 100% owned by the federal Government. 10% of gross production is split equally between
producer States and the federal Government, which also receives all dividends and other profits. In
other words, Sabah receives 5% of the value of the hydrocarbon resources extracted from its
territory.

10.6.7 Future trajectories for environmental governance in Sabah
To conclude the interviews, respondents were asked to describe what they thought would be the
worst and best case scenarios for Sabah’s environmental and socio-political futures, and what the
reality was. They were also asked whether they saw the potential for change. These questions
informed all conversations throughout the research process.

The interviewees described three features of a worst-case future for Sabah: untrammelled
environmental exploitation and degradation; endemic political corruption and control by outsiders;
and the effective extinction of indigenous Sabahan peoples and culture. In contrast, ideal futures for
the State were described in terms of biodiversity conservation and landscape restoration, to achieve
a flourishing, internationally connected and tourism-based economy; an empowered and informed
civil society practising genuine self-determination at all levels; and reconciliation between ethnic
groups, with genuine freedom of religious and cultural existence and expression.

A small majority of interviewees saw the actual trajectory as closer to the worst-case scenario,
though there were many reasons to be hopeful. A large majority of the PACOS survey respondents
were highly pessimistic about the future of their cultural and environmental values.
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10.7 Conclusions
The findings of this study are relevant to the development of ecosystem-based project activities in
developing countries, and the proposed Tun Mustapha Park in Sabah in particular. To successfully
implement a blue carbon finance mechanism in the TMP these issues will need to be considered and
addressed.

First, history matters. The period in which Tun Mustapha Harun ruled Sabah was one in which
Islam was aggressively promoted through social engineering and the displacement of indigenous
communities with immigrants sympathetic and indebted to the Government of the day. This is the
irony of the TMP – the Government is seeking to support positive environmental and social
outcomes for local communities by imposing a management area named after a Sabahan leader who
in the eyes of some indigenous people was an agent of their colonisation and disenfranchisement.
Indigenous communities and the most educated Sabahans are equally dismayed with systemic
corruption and the social divisions that are growing as a result of discriminatory policies built on
racial and religious distinctions. Despite this entrenched disillusionment with political institutions
(particularly the major parties), however, there is also recognition of positive achievements in
environmental governance, and respect for a few individual leaders in Government. There is
willingness among Sabahan communities to work collaboratively with Government and
international organisations within frameworks of reconciliation and positive progress.
Collaboration, however, will be facilitated by security of tenure for local communities; and the
imposition of the TMP has the potential to further disenfranchise and impoverish people who rely
on the area’s resources. Many communities in rural Sabah feel under constant threat.

Second, there is a substantial body of laws and regulations relating to environmental governance in
Sabah, but enforcement is inadequate, and there are many overlaps and gaps remaining, particularly
in the area of marine ecosystems [R1; R14]. Good governance will be critical to the effectiveness
and success of blue carbon projects, particularly given the involvement of international partners
(Thomas 2014). Gender is less important than race, but discriminatory allocations of benefits or
access must be avoided to achieve equitable participation and avoid the negative actions of
excluded stakeholders. Individuals are key to the promotion and uptake of particular initiatives or
policies, and the engagement of broader coalitions of concern, whether at the village or larger scale.
Third, political consciousness is changing – there is growing political awareness and a drive for
self-determination in the young and the indigenous people of Sabah. The idea of a local party that
meets Sabahan needs and objectives is present. It is not impossible that a new political party will
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appear, led by educated and well connected Sabahan women with international experience and local
roots, and supported and sustained by a broad base of progressive indigenous, youth, and urban
networks, focused on and proud of Sabah’s unique history, character, and future opportunities. This
emerging civil society could become a powerful force for change, and the UMNO party would be
wise to work collaboratively to harness this potential.

Fourth, and following the last point, Sabahans are actively seeking a future of ecologically
sustainable development. Traditional approaches to biodiversity conservation and environmental
protection have involved creation of protected areas free of human impacts, but this has negative
effects on displaced communities, and in most cases is infeasible and inappropriate. The most
effective and durable initiatives are those that pursue poverty alleviation and biodiversity goals
concurrently (Ancrenaz and Dabek 2007). Effective conservation and sustainable use of ecosystem
resources requires recognition of the traditional practices of indigenous peoples, and this
recognition needs to be enshrined as rights within natural resource legal frameworks (Aziz et al.
2013). The TMP project is an opportunity to address social inequities and development goals
simultaneously, but this will require the accommodation of new ideas about economic prosperity,
financial support structures, and the collaborative participation of concerned communities.

Blue carbon in the Tun Mustapha Park represents an opportunity to support sustainability outcomes
through engagement with international financial mechanisms and markets, but faces challenges in
its implementation. These social and political constraints can be addressed through the application
of participatory science, multi-level engagement, and communicative research, as demonstrated in
this study, but political will is also necessary. It is hoped the methods and findings revealed here
will contribute to further research and project outcomes to enable blue carbon activities in the TMP
and elsewhere, as these could make valuable contributions to Malaysia’s environmental assets,
economic development, and the sustainability of significant but fragile social-ecological systems.
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11 Modelling the effects of blue carbon finance on a social-ecological
system in Malaysia

Chapter summary
Building on the results of research presented throughout the thesis, this chapter proposes a practical,
modular finance and policy instrument to support blue carbon project activities. The effects of this
approach to carbon financing are modelled in the case study area in Sabah, Malaysia.

Citation:
Thomas, S. and Fulton, E.A. (2014) Modelling the effects of blue carbon finance on a socialecological system in Malaysia. Nature Climate Change, in revision.

Abstract:
Addressing the economic and environmental implications of climate change and human
development – including declining biodiversity, ecosystem service degradation, loss of cultural
values and community livelihoods, and extreme weather and sea level rise – requires proactive
management of dynamic social-ecological systems. Inhabited coastal areas that include mangrove
forests, tidal marshes, and seagrass meadows, are prime examples of complex, carbon-rich socialecological systems affected by multiple stressors, but play a limited role in carbon markets, which
have been designed to promote sustainable development and positive environmental outcomes.
Here, we clarify the reasons that these ‘blue carbon’ resources are not readily exploited in
international markets, identify enabling factors to facilitate this engagement, and model the broader
social-ecological system effects of harnessing carbon finance to support conservation, restoration,
and management of blue carbon in a case study area – the proposed Tun Mustapha marine park in
Malaysia. We show that a moderate carbon price delivered to communities in the Tun Mustapha
Park could support substantial increases in local incomes, extent of coral and seagrass areas, and
biodiversity abundance. We propose a policy and finance instrument to support these positive
outcomes, referred to here as ‘BLUE+’ (biocarbon in littoral and underwater environments).
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11.1 Introduction
Since the establishment of the Kyoto Protocol in 1997 carbon markets have developed as a central
feature of the international effort to reduce greenhouse gas emissions and support alternative
trajectories of sustainable development (UNFCCC 1998; Newell et al. 2014). Carbon is a tradable
commodity, important to the private sector for both commercial enterprise opportunities and
regulatory compliance to domestic cap-and-trade schemes, such as the European Union Emissions
Trading Scheme and California’s Global Warming Solutions Act 2006. Carbon is also a practical
metric for national approaches to environmental governance, sustainable development, and
greenhouse gas emissions reduction, e.g. the Nationally Appropriate Mitigation Actions (NAMAs)
established under the United Nations Framework Convention on Climate Change (UNFCCC), and
the international REDD+ framework (reducing emissions from deforestation and forest degradation
in developing countries plus).

Carbon in ecosystems is viewed as a proxy for multiple benefits (Green and Minchin 2012; Jones et
al. 2012; Townsend et al. 2012), yet fails to play a significant role in international markets
(Dargusch and Thomas 2012). Forests provide food, fuel, medicines, and materials; marine and
coastal ecosystems that store and sequester carbon (mangroves, tidal marshes, and seagrass
meadows) provide nurseries and habitat for aquatic species, nutrient cycling and regulation,
protection from the impacts of extreme weather events, and livelihood and cultural services for
local communities, including food supply and the economic benefits of tourism (Nellemann et al.
2009; Lau 2013).
This paper proposes a modular finance and management instrument for blue carbon projects –
carbon management in marine and coastal ecosystems. The proposed instrument – (referred to as
‘biocarbon in littoral and underwater environments’, or BLUE+) is designed to address the specific
constraints and barriers that exist in the case of blue carbon projects. These constraints are
discussed in the next section, after which the BLUE+ model is defined and explained. Thereafter a
case study is introduced, and a modelling exercise conducted to identify likely effects of realised
carbon pricing (delivered to local communities) on a social-ecological system in Sabah, Malaysia.

11.2 Constraints on the development of ecosystem carbon projects
Ecosystem-based projects can be constrained by physical issues, technical capacity, finance,
governance, and regulation. These issues are connected; social-ecological systems are complex
matrices of relationships and processes (Chapin et al. 2010; Andersson et al. 2011). Blue carbon is a
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case study in the context of ecosystem-based project activities, with unique factors involved in
marine and coastal environments.

Physical constraints on blue carbon projects relate to access to natural environments (mangrove
forests, tidal marshes), and the logistics involved with working in remote or otherwise inaccessible
areas – sea grass meadows are submerged, for instance, making monitoring especially difficult,
despite the increasing sensitivity of remote sensing procedures (Angelsen 2009; Cogan et al. 2009;
Neckles et al. 2011). Special equipment is frequently required (e.g. boats, SCUBA gear).
Regeneration of coastal reefs using artificial substrates, for example, will require access to
particular materials, vehicles, and technologies (Spieler et al. 2001; Eyre and Maher 2011).

Capacity relates not only to knowledge and technical skills, but also to available networks or
linkages across different scales, which allow for information and material flows. Successful projects
are those that operate effectively across extensive value chains, and the ability to connect
community-level managers with international customers and funding agencies is increasingly
important (Fahey et al. 2010; Pattanayak et al. 2010; Bidwell et al. 2013; Evans et al. 2014; Thomas
2014).

Finance is clearly a critical component of project success, from capital expenditures to longer-term
investment considerations around cost-benefit ratios (affected by ongoing transaction costs, yields,
and delayed returns) (Blom et al. 2010; Thomas et al. 2010; Djanibekov et al. 2012; Groom and
Palmer 2012). Whether investors consider financial return or other outcomes (carbon benefits,
social development goals), these risk factors are always central to decision-making (Strassburg et al
2009; Isenberg 2010; IOC/UNESCO 2012).

Governance issues include the perceived legitimacy of public and hybrid carbon finance
instruments, which is affected by the extent of vertical integration of different stakeholders who
need to both support policy approaches and collaborate in implementation (Paavola and Adger
2006; Blom et al. 2010; Lederer 2011; Evans et al. 2014). Projects designed to suit the priorities of
funders may not meet local needs or customs (Rosendal and Andresen 2011), so the most effective,
equitable and efficient approach to project design and operation will involve collaborative multilevel ecosystem-based adaptive management within a social-ecological systems perspective (Jung
2006; Angelsen 2009; Cerbu et al. 2011; Groom and Palmer 2012; Hoang et al. 2013; Minang and
van Noordwijk 2013; Vasconcelos et al. 2013).
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Finally, regulatory concerns are fundamental and relate to tenure, additionality, permanence,
monitoring and verification. Tenure of property and resource use rights must be secure for project
activities to occur (Angelsen 2009; Blom et al. 2010). Communities rely on mangrove forests and
marine ecosystems for food, fuel and materials, and cultural services, and community-based
management is more likely to improve carbon stores than protection by exclusion (Porter-Bolland et
al. 2011). Additionality means there is measurable additive change beyond a baseline scenario;
further, projects would be non-viable without carbon revenue. Additionality is affected by scale –
smaller projects are more likely to result in leakage of deforestation or degradation activities,
whereas national-level approaches require governments to address drivers more broadly, though
this creates difficulties in measurement, standardisation, and monitoring (Pattanayak et al. 2010;
Porter-Bolland et al. 2011; Dyer and Nijnik 2013). Permanence is the longevity of a project
outcome. Blue carbon ecosystems face risk from fire, logging, weather events and illegal activities
(Blom et al. 2010; Vasconcelos et al. 2013; Thomas 2014). Monitoring by local operators and
verification by independent agencies are necessary features of both regulated and voluntary carbon
offset schemes, contributing to project legitimacy and effectiveness (Angelsen 2009; Fahey et al.
2010; Margono et al. 2012; Dyer and Nijnik 2013; Hoang et al. 2013).

Table 11-1 summarises these constraints and identifies associated enabling factors.

Table 11-1 Constraints and enabling factors in blue carbon project development
Type

Physical
issues

Constraint

Enabling factor

Access

Local engagement

Logistics

Technical Expertise

Equipment

Capital expenditure

Knowledge

Technical expertise; Local
engagement; NGO linkages

Capacity
Networks
Capital

Finance

Cost-benefit
ratios (return on
investment)

Delayed returns

Local engagement; NGO
Linkages
Secured a priori
investment; Modular
approaches
Project areas large enough
to create economies of
scale; Minimum carbon
price
Institutional investors (not
short-term speculators);
Mixed financing
approaches (markets and
funds); Conditionality
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Legitimacy

Governance

Effectiveness

Equity

Tenure

Additionality

Regulation
Permanence

Involvement of local,
provincial, and national
governments; Local
engagement
External accountability;
Clear project boundaries;
Nested governance across
scales
Local engagement; Benefit
sharing; Participatory
approaches to project
design
Local engagement;
Involvement of local,
provincial, and national
governments
Project areas large enough
to create economies of
scale; Involvement of local,
provincial, and national
governments;
Conditionality
Insurance plans;
Involvement of local,
provincial, and national
governments; Local
engagement; Modular
approaches

Monitoring

Modular approaches; Local
engagement

Verification

Technical expertise;
External accountability
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Efficient, effective, and equitable blue carbon projects will demonstrate three categories of enabling
factors that are likely to mitigate the investment risks and practical challenges described above.
These are collaborative multi-level engagement, appropriate project design, and low risk financial
approaches.

Collaborative project design and participatory implementation with communities supports triple
bottom line governance, access and local knowledge, and benefit sharing, and minimises regulatory
issues around permanence and leakage. Experienced local non-government organisations facilitate
community engagement, multi-stakeholder governance, and transparency. Involvement of local,
provincial, and national governments provides legitimacy of governance, security of tenure, and
assurance of additionality and permanence of carbon stocks. Completing the value chain would
mean connecting with international institutional investors to secure a priori finance and on-going
accountability (Sen and Raakjaer Nielsen 1996; Pomeroy et al. 2001; Beddington et al. 2007;
Angelsen 2009; Blom et al. 2010; Ferrol-Schulte et al. 2013; Hoang et al. 2013; Thomas 2014).
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Appropriate project parameters are necessary to ensure suitable returns on investment. Project areas
would need to be relatively large to allow for sufficient volumes of carbon to create cost-effective
returns and avoid leakage, yet small enough and with clear boundaries to facilitate accounting and
management. Modular approaches, with diverse carbon management activities, would allow
disparate funding sources, effective monitoring, and mitigate risks around permanence of carbon
resources (Pattanayak et al. 2010Djanibekov et al. 2012; Groom and Palmer 2012; Dyer and Nijnik
2013; Minang and van Noordwijk 2013).

Reducing uncertainty is key to investment and project planning. Securing capital and minimum
assured carbon prices from institutions with a focus on long-term returns across a range of criteria
(not only commercial drivers) would reduce risk for project developers and support broader positive
social-ecological outcomes. Conditional payment structures (payments made based on outcomes
relative to a historical or projected baseline of environmental conditions) reduce investor risk in
terms of permanence and additionality as well as delayed returns (Jung 2006; Blom et al. 2010;
Isenberg 2010; Thomas et al. 2010; IOC/UNESCO 2011; Thomas 2014).

11.3 BLUE+: A modular, hybrid finance instrument for blue carbon
While there is a clear need to prioritise investment in marine sustainability to address complex
challenges driven by factors on multiple scales, and with impacts that occur over different
timeframes (Abbott et al. 2014), blue carbon has to date failed to demonstrate value for both public
institutional and commercial investors, with limited methodological approaches agreed, and only a
handful of projects established (Thomas 2014). Novel approaches to blue carbon activities are
therefore required, exploring hybrid financial mechanisms, regional governance initiatives, and
integrated project methodologies, in order to overcome the constraints outlined above (Farley et al.
2010).

There are at present several ways in which blue carbon activities can be conceptualised and
financed. First, REDD+ is considered an option for ‘blue forests’ that are threatened by alternative
uses including agriculture and development (Siikamäki et al. 2012; Ullman et al. 2013). REDD+
includes five activities, the latter three representing the ‘plus’: reduction (or avoidance) of
emissions from deforestation; reduction (or avoidance) of emission from forest degradation; forest
conservation; sustainable forest management; and forest carbon enhancement (UNFCCC 2010).
The Malaysian Government estimates that opportunity costs of forest conversion to oil palm require
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prices slightly higher than $5/tCO2e to reduce deforestation through REDD+ methodologies
(Malaysia Government 2011), and some models have found REDD+ in less developed areas (such
as the TMP) to be competitive at prices as low as $2/tCO2e (Sasaki and Araya 2010). Mangrove
forests could be included in REDD+ initiatives as these areas face some of the same pressures as
terrestrial forests. However, even if mangroves can be bundled into REDD+ programs, the same is
far less likely to be true of seagrass meadows and tidal marshes, which represent substantial carbon
stocks and continue to be threatened by coastal development (Fourqurean et al. 2012; Hopkinson
and Cai 2012; Luisetti et al. 2013). Given that some coastal and marine habitats do not qualify as
forests under international law, ‘ecosystem’ is a more appropriate term for ‘blue’ areas.

Second, the UN-REDD program has key six priorities focused on capacity building and sustainable
development metrics; these enable and support emission reductions but are not measured in carbon
terms. These priorities are: monitoring, reporting, and verification (MRV) (the rigorous data
collection required to ensure legitimacy and effectiveness of ecosystem carbon management);
capacity building in the areas of REDD+ governance, and transparent and equitable funds
management; engagement of indigenous peoples and civil society; provision of multiple social and
environmental benefits (beyond carbon benefits); and economic transformations (UN-REDD 2011).

Third, carbon offset methodologies exist through the Clean Development Mechanism (CDM) and
voluntary offset schemes such as the Verified Carbon Standard (VCS). These methodologies allow
projects to generate carbon offset credits which have commercial value to private sector
organisations (Thomas et al. 2010; Buchner et al. 2012).

The modules (sensu Law et al. 2012) of a BLUE+ instrument would incorporate REDD+ activities,
UN-REDD priorities, and commercial carbon offset methodologies. These different approaches to
carbon-oriented ecosystem management attract diverse funding sources with a range of expectations
on the nature, extent, and timing of investment returns. The modular structure of BLUE+ allows for
disparate activities to be bundled within a larger package, with carbon and other benefits delivered
through community-based initiatives, protected reserves, government-led resource management
programs, sponsored training schemes, and commercially structured enterprises. Funding can
include public financing, environmental philanthropy and impact investment, and commercially
oriented carbon offset activities. Table 11-2 summarises the BLUE+ model.
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Table 11-2 Summary of BLUE+ activities, carbon management features, and funding opportunities

BLUE+ Activity

Reduced or
avoided
deforestation of
ecosystems

Reduced or
avoided
degradation of
ecosystems

Ecosystem
conservation

Sustainable
ecosystem
management

Ecosystem
carbon
enhancement

Carbon
management
approach

Public
Private
funding
philanthropic
opportunities opportunities

Private
commercial
opportunitie
s

Additionality of carbon
reductions

Permanence of
carbon reductions

Leakage of carbon
emissions

REDD+
activity; VCS
REDD

Alternative funding
Yes. Emission reductions
streams for building
are additional to the
materials from
baseline scenario and
mangrove areas, or to
must also demonstrate
offset opportunity
financial additionality.
costs for private firms

Permanent
avoidance of
emissions against
the baseline
scenario.

Potential leakage,
which can be
mitigated through
provision of
alternative livelihood
activities.

Yes

Yes

REDD+
activity; VCS
REDD

Funds to support
Yes. Emission reductions
enforcement of
are additional to the
protected areas, or
baseline scenario and
alternative sources of must also demonstrate
ecosystem resources
financial additionality.

Permanent
avoidance of
emissions against
the baseline
scenario.

Potential leakage,
which can be
mitigated through
provision of
alternative livelihood
activities.

Yes

Yes

Permanent
reductions.

Potential leakage,
which can be
mitigated through
provision of
alternative livelihood
activities.

Yes

Yes

Example

REDD+
activity

Funds to support the
creation of new
protected areas

Yes. Emission reductions
are additional to the
baseline scenario.
Financial additionality is
not a factor.

REDD+
activity

Funds to support
sustainable
management of
marine and coastal
ecosystem resources

Yes. Emission reductions
Permanent
are additional to the
reduction with
No. Also offers
baseline scenario.
continuing emissions alternative livelihood
Financial additionality is
due to extractive
opportunities.
not a factor.
activities.

Yes

Yes

REDD+
activity

Funds to support
carbon-oriented
management of
ecosystem resources

Yes. Emission reductions
are additional to the
baseline scenario.
Financial additionality is
not a factor.

Permanent with
ecosystem
No. Also offers
conservation;
alternative livelihood
temporary with
opportunities.
extractive activities
(ongoing harvesting).

Yes

Yes
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Ecosystem
restoration or
rehabilitation

Monitoring and
data collection
(research) –
MRV
Capacity
building:
Governance
Capacity
building: Funds
management
Engagement of
indigenous
peoples, civil
society and
other
stakeholders
Ensuring
multiple
benefits

Catalysing
economic
transformation

Permanent with
ecosystem
conservation;
temporary with
extractive activities
(eventual
harvesting).

No. Also offers
alternative livelihood
opportunities.

CDM/VCS A/R

Community-based
enterprises run on
commercial basis

Yes. Emission reductions
are additional to the
baseline scenario and
must also demonstrate
financial additionality.

UN-REDD

Collaborative
community/
government/
university monitoring
activities

Supports emission
reduction activities.

NA

Offers alternative
livelihood
opportunities.

Yes

Yes

UN-REDD

Training programs in
management, data
collection, tourism,
communications

Supports emission
reduction activities.

NA

Supports sustainable
development
priorities.

Yes

Yes

UN-REDD

Could support
community-based
banks and microfinance, inter alia

NA

Supports socialecological system
resilience.

NA

Yes

Yes

UN-REDD

Funds supporting
participatory
programs and social
initiatives such as
festivals, scholarships,
and community events

Supports emission
reduction activities.

Supports socialecological system
resilience.

Supports sustainable
development
priorities.

Yes

Yes

UN-REDD

Funds supporting
community-driven
initiatives including
gender equality and
education programs

NA

Supports socialecological system
resilience.

Supports sustainable
development
priorities.

Yes

Yes

Yes

UN-REDD

Micro-finance, training
and capacity building,
capital to support new
enterprises and
testing new business
models

NA

Supports socialecological system
resilience.

Supports sustainable
development
priorities, and offers
alternative livelihood
opportunities.

Yes

Yes

Yes
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Yes

Yes

A BLUE+ approach offers additional benefits. BLUE+ programs could operate within a REDD+
framework or as standalone national or regional initiatives. The BLUE+ model requires
collaboration between governments, business, and communities, facilitated by NGOs, which while
demanding, also mitigates many of the investment risk considerations discussed above.
Furthermore, BLUE+ is a new instrument, unaffected by the political, regulatory, and social issues
that have constrained the implementation of REDD+ activities to date (Paavola and Adger 2006;
Angelsen 2009). In the case study region of Sabah, for instance, a challenge for the development of
REDD+ projects has been that large areas of forests are already protected, and thus are unlikely to
meet the additionality criterion. Malaysia’s National Communications to the UNFCCC have
stressed concerns that incentives based on historical baselines lead to perverse outcomes, where
deforestation could accelerate in anticipation of compensatory mechanisms (Malaysian Government
2011).

11.4 A BLUE+ case study: modelling the social-ecological system of the TMP
In Sabah, Malaysian Borneo, the proposed 1.02 million ha Tun Mustapha Park (TMP) is a globally
significant marine conservation area that will be gazetted as a multiple use managed area in 2015
(Figure 11-1) (Teh et al. 2005; Lim and Jumin 2011). The TMP is within the Coral Triangle region,
includes more than 50 islands, and is home to around 80,000 coastal inhabitants, whose livelihoods
are being affected by declining marine ecosystem health, decreasing fish stocks, and the negative
impacts of climate change (Teh and Sumaila 2007; Hoegh-Guldberg et al. 2009; Mcleod et al.
2010). Scientific work on the proposed TMP has been underway since 2004, and includes the
establishment of baseline indicators for biodiversity richness, habitat types and areal extent, and
socio-economic statistics on population demographics, livelihoods, and aspirations (Teh et al. 2005;
Manjaji-Matsumoto et al. 2009). The ecological values of the TMP area are exceptional, and though
degraded, are perhaps less so than more heavily exploited zones in the Coral Triangle, suggesting
the high conservation value of the TMP (Teh et al. 2005). The social dynamics of the area are
complex and challenging, with diverse ethnic, cultural, religious, and linguistic groups competing
over property rights and resources (Sutton and McMorrow 1998; Doolittle 2005;\). Development
trajectories are likely to include limestone quarrying, silica (sand) mining, and oil palm plantations;
oil and gas exploitation is considered a ‘sunrise’ industry for Sabah (Teh et al. 2005; Lim and Jumin
2011). In short, the TMP area is an ideal case study of an important and complex social-ecological
system at a critical historical juncture in terms of climate change effects and development pathways.
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Figure 11-1 Map of the proposed Tun Mustapha Park area

To support the BLUE+ conceptual framework and explore what alternative futures including
BLUE+ activities might look like, we developed an intermediate complexity model of coastal
ecosystems, tropical food webs and habitats, land use industries, population and economy. The
central structure of the model is a cellular automata which tracks the main habitat types, marine
food web, associated carbon stores and ecosystem services, non-renewable resources, and the
activity of the main human industries (tourism, fishing, aquaculture, farming, logging, mining and
urban retail and services). The settlements, human population (labour force and general
community), top predators and endangered species (e.g. dugongs) are represented using an agentbased modelling approach. We ran the model with a range of carbon price scenarios (based on
historical averages) to identify economic and environmental outcomes resulting from the
implementation of a blue carbon finance instrument.

A simulation approach was used to explore whether a BLUE+ instrument could lead to a shift in the
behaviour of local fishers that supported the concept rather than undermined it. The model used as a
basis of the simulations was a hybrid model – using agent-based and difference equations –
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implemented using the netlogo platform [see Supplementary Information]. The model is of
intermediate complexity and captures the major components of the coastal ecosystem in the region
of interest – including the marine food web, habitats, land use industries, population, and economy.
The central structure of the model is a cellular automata that tracks the state of the ecosystem,
resources and realised levels of human activity; while the settlements, human population, top
predators and endangered species (e.g. dugongs) are represented using agents. The component submodels are primarily based on existing models (further descriptions are given for each component
in the Supplementary Information of this thesis).

The model was implemented for the TMP region and run with a range of carbon price scenarios to
identify economic and environmental outcomes resulting from the implementation of a BLUE+
instrument. The model considered linked effects across the social-ecological system of the Tun
Mustapha Park area over a 30-year timeframe. The modelled carbon price refers to funds received
‘in the hand’ by communities throughout the TMP at 2012 US dollars per metric tonne of carbon
dioxide equivalent (tCO2e). Further details of the modelling methodology are provided as
Supplementary Information.

In the baseline case, with no carbon price (Figure 11-2), sequestration rates decline over the 30-year
period by 19%, with net C balance of the modelled area reduced by 31%. Mangrove and seagrass
cover are reduced by 19% and 45%, respectively, with a 27% reduction in biodiversity.
Infrastructure (mainly roads) expands by more than 300%, with local population tripling, and a 50%
increase in the immigrant population. Income levels for the local population fluctuate but are
relatively stable over the long term, while mining activity grows by around 55%. Logging pressure
doubles, and then slightly declines after year 20. Fishing pressure shows a steady increase to more
than triple over the 30-year period.
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Figure 11-2 Baseline results of the model

Figure 11-3 shows effects of a nominal C price of $10 rising at a typical inflationary rate of 2% per
annum (Panel B), or alternatively falling below (Panel A) or slightly exceeding (Panel C) this
marginal increase. This demonstrates behavioural changes in the model according to whether
carbon price benefits keep up with rising costs of living. Where the carbon price increases below or
on par with inflation (Panels A and B), demographic changes (local and immigrant population, and
infrastructure) are almost identical to those in the baseline case. The same is largely true for
economic outcomes, with similar increases in fishing, mining, and logging pressures, and largely
stable incomes. There is some increase in mangrove cover, with a commensurate improvement in
the C balance. When this moderate price of $10/t increases at a rate above inflation, however, the
model outputs are clearly differentiated. Total carbon sequestration rates reach almost 9% of
Sabah’s total emissions, with an annual increase of 0.6%. Marine biodiversity increases by almost a
quarter (23.5%), with demersal and pelagic fish showing substantial recovery of 233.7% and
341.4% respectively. Reef and seagrass cover improve by 162.9% and 113.4%, while logging and
mining activities are reduced by 18% and 23%, respectively. In this scenario, the most important
outcomes are that local incomes increase by up to (on average) 900%; at the same time, artisanal
fishing pressures reduce to zero. In other words, with a moderate price of $10/tCO2e delivered to
communities in the proposed TMP, and increasing ahead of rising costs of living (more than 2% per
annum), a blue carbon finance instrument could see shifts in livelihoods such that local small-scale
fishing declines (over 10 years), but with dramatically improving livelihoods and environmental
conditions. If behavioural mechanisms and choices match those elicited from the local community
and are in line with those seen in other transitioning communities then fishers would become carbon
farmers, environmental managers and monitors, agriculturists, and ecotourism entrepreneurs.
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Figure 11-3 Model results with carbon price of $10 rising (a) below, (b) on par with, and (c) above inflation of
2% per annum.

A summary of model results is presented in Table 11-3, which shows mean figures for socialecological effects of all carbon prices at rates above, equal to, or below inflation. What is perhaps
most interesting about the results is that the highest C prices do not produce optimal outcomes
across the social-ecological system. In fact, moderate prices of between $5 and $17/tCO2e –
increasing at more than inflationary rates – appear to produce the widest range of net positive
impacts.
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Table 11-3 Summary of model results showing mean figures and uncertainty for carbon prices increasing above, equal to, or below inflation of 2% per annum

Rate increase C price < inflation

0 (+/4.1)

1.61

596455 -17269.8
(+/(+/402838) 6373.7)

-45933
(+/21027)

2.5 (+/- -0.1 (+/- -0.2 (+/0 (+/-1)
1.7)
0)
0.1)

0 (+/3.5)

0 (+/6.9)

0 (+/3.6)

0.1 (+/2.6)

1.3 (+/5.1)

3

549606 -17219.1
(+/(+/411411) 6816.5)

-43592
(+/21974)

2.3 (+/- -0.1 (+/- -0.2 (+/0 (+/-1)
1.7)
0)
0.1)

0.4 (+/5.2)

0 (+/6.7)

0.2 (+/4)

0 (+/6.1)

0.8 (+/5.1)

5

594983 -14619.6
(+/(+/420491) 7042.2)

-42469
(+/22614)

2.5 (+/- -0.1 (+/- -0.2 (+/- 0.1 (+/1.8)
0)
0.1)
1)

0.9 (+/2.5)

0.1 (+/6.7)

0 (+/6.2)

0.2 (+/3.8)

-2.1 (+/6)

10

608875 -16476.1
(+/(+/479691) 5728.8)

-47431
(+/20722)

2.6 (+/- -0.1 (+/- -0.2 (+/0 (+/-1)
2)
0)
0.1)

1 (+/3.3)

0 (+/6.8)

0.1 (+/3.9)

0.5 (+/3.9)

1.4 (+/5.5)

13

563820
(+/539136)

-15335
(+/5556.4)

-45431
(+/20410)

2.4 (+/- -0.1 (+/- -0.2 (+/- 0.1 (+/2.3)
0)
0.1)
1)

1.1 (+/4.2)

0.1 (+/6.9)

0 (+/3.7)

0.8 (+/4.8)

0 (+/5.8)

512165 -17340.3
(+/(+/410403) 14695.3)

-52425
(+/23603)

2.2 (+/- -0.1 (+/- -0.2 (+/- 0.1 (+/1.7)
0.1)
0.1)
1)

0.9 (+/2.9)

0.2 (+/6.7)

0.8 (+/5.8)

1.1 (+/2.9)

0.6 (+/5.7)

17.49
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0 (+/5.9)

0.9 (+/1.5)

0.1 (+/12.5)

Not
viable

0.3 (+/6)

1.1 (+/2.1)

0.3 (+/12.7)

Not
viable

-0.5 (+/- -0.8 (+/- -0.4 (+/9.7)
15.1)
5.7)

1.4 (+/2.3)

0.2 (+/13.4)

Not
viable

Fishing
pressure
(artisanal)

-1.2 (+/- -0.6 (+/- 0.3 (+/6)
9)
14.1)

Logging

Ecotourism

0 (+/6.5)

Income
(wealthier)

Seagrass
cover

0 (+/7.1)

Income
(poorest)

Reef cover

0.1 (+/4.6)

Fishing
profits

Fish stocks

2.4 (+/- -0.1 (+/- -0.2 (+/0 (+/-1)
1.8)
0)
0.1)

Coastal
mining

Sharks

-56783
(+/27088)

Biodiversity

556168 -17442.7
(+/(+/414482) 6546.6)

Emissions
avoided

0.5

In hand
carbon
Price

Annual
additional
sequestration

Relative to baseline (% increase)

Emissions
avoided

Total
Sequestration

Percentage of Sabah
Emissions

Annual
additional
sequestration

Total
Sequestration

Absolute Values MgC

-1 (+/9.3)

0 (+/9.3)

1.5 (+/14)

-1.7 (+/13.9)

0.7 (+/5.4)

1.3 (+/1.1)

0 (+/12.4)

Not
viable

-0.3 (+/- 1.2 (+/9)
13.3)

1 (+/-5)

1.7 (+/2.4)

0.2 (+/13.1)

Not
viable

0.4 (+/14.4)

-0.9 (+/5.1)

2.1 (+/3.3)

0 (+/13.2)

Not
viable

-1.2 (+/- 0.1 (+/9.9)
13.7)

0.7 (+/5.6)

2.8 (+/3.4)

0.1 (+/13.4)

Not
viable

-1 (+/9.3)

32.86

580602 -17833.8
(+/(+/426590) 24648.8)

-49692
(+/23358)

2.5 (+/- -0.1 (+/- -0.2 (+/- 0.2 (+/1.8)
0.1)
0.1)
0.9)

1.2 (+/4.6)

0.6 (+/7)

0.9 (+/5.2)

1.2 (+/3.7)

-1.7 (+/- -2.9 (+/- -0.5 (+/5.2)
9.3)
14.5)

0 (+/5.3)

3.2 (+/5.2)

0.1 (+/12.8)

Not
viable

Rate increase C price ~ inflation

Percentage of Sabah
Emissions

Reef cover

Seagrass
cover

Logging

Fishing profits

Income
(poorest)

Income
(wealthier)

Ecotourism

2.8 (+/3.3)

5.21
(+/-6.1)

0.4 (+/5.6)

-1.7 (+/- 0.2 (+/9.7)
14)

1.3 (+/5.7)

11 (+/8.8)

1.1 (+/11.2)

Not
viable

1.61

587235 -15082.2
(+/(+/428939) 5290.7)

-40545
(+/18124)

2.5 (+/- -0.1 (+/- -0.2 (+/- 1.3 (+/- 15.1 (+/- 1.4 (+/1.8)
0)
0.1)
2.5)
8.1)
6.6)

2.7 (+/3.8)

5.4 (+/6)

0.1 (+/5.3)

-2.2 (+/- 1.2 (+/8.1)
14.1)

1.4 (+/- 14.2 (+/- 1.1 (+/5.4)
9.3)
12.2)

Not
viable

3

573856 -15092.2
(+/(+/298898)
4311)

-44209
(+/17731)

2.4 (+/- -0.1 (+/- -0.2 (+/- 2.1 (+/- 18.6 (+/- 2.6 (+/1.3)
0)
0.1)
2.1)
7.2)
6.8)

2.9 (+/4.7)

7.6 (+/3.2)

-0.3 (+/- -2.9 (+/- -0.8 (+/5.8)
8.9)
14.3)

5

621185 -12418.4
(+/(+/372929) 4955.9)

-37013
(+/17639)

2.6 (+/- -0.1 (+/- -0.2 (+/- 2.8 (+/- 23.4 (+/- 3.7 (+/1.6)
0)
0.1)
2.2)
9.3)
6.7)

2.6 (+/3.5)

10.1
(+/-4.5)

1.4 (+/6)

10

648287 -15052.1
(+/(+/398886) 5756.7)

-34170
(+/17658)

2.7 (+/- -0.1 (+/- -0.1 (+/- 7.1 (+/- 80.6 (+/1.7)
0)
0.1)
3.1)
9.5)

18.6
(+/-7)

2.9 (+/3.6)

11.1
-0.3 (+/- -9.7 (+/- 1.1 (+/(+/-5.4)
5.8)
7.8)
12.2)

13

641460 3485.8
6063 (+/(+/(+/16862)
287516) 10752.5)

2.7 (+/1.2)

0 (+/-0)

0 (+/0.1)

11 (+/7.2)

117.5
(+/-12.4)

44.3
(+/10.2)

16.3 (+/9.2)

35.3
(+/13.7)

-2.2 (+/5.8)

-16.3 -1.2 (+/(+/-6.6)
12.9)

17.49

563339
(+/228806)

20484.1
(+/20283)

46293
(+/40003)

2.4 (+/1)

0.1 (+/0.1)

0.2 (+/0.2)

17.1
(+/13.3)

128.3
(+/-14.5)

50.8
(+/14.3)

26.5 (+/13.3)

40.7
(+/26.7)

-2.8 (+/5.3)

-17.6
(+/-6.3)

32.86

615122 40479.9
(+/(+/347188) 32649.2)

91605
(+/81233)

2.6 (+/1.5)

0.2 (+/0.1)

0.4 (+/0.3)

16.6
(+/12.2)

179.9
(+/-16.2)

60.4
(+/29.2)

50.9 (+/13.8)

39.6
(+/24.9)

-4.6 (+/5.9)

-21.6
(+/-7.1)

232

-2.6 (+/7.6)

Coastal
mining

Fish stocks
1.1 (+/7.3)

Fishing
pressure
(artisanal)

Sharks
5.6 (+/8.2)

Biodiversity

2.5 (+/- -0.1 (+/- -0.2 (+/- 2.4 (+/1.4)
0)
0.1)
2.4)

Emissions
avoided

-47757
(+/22360)

Annual
additional
sequestration

578331 -15588.3
(+/(+/341415) 5796.7)

Total
Sequestration

0.5

In hand
carbon
Price

Total
Sequestration

Emissions
avoided

Relative to baseline (% increase)

Annual
additional
sequestration

Absolute Values MgC

-0.75
(+/14.2)

1.2 (+/- 15.1 (+/- 2.4 (+/Marginal
5)
9.3)
12.4)
1.5 (+/- 15.9 (+/- 5.7 (+/Marginal
5.9)
9.2)
11.8)
1.3 (+/- 21.2 (+/- 9.2 (+/Marginal
5.8)
13)
12.1)
8 (+/6.2)

0.4 (+/- 17.6 (+/13.5)
6)
0 (+/12.7)

26 (+/6.1)

199.4
(+/52.6)

11.3 (+/Possible
12.5)

357.2
(+/67.4)

24.8 (+/Possible
15.1)

421.6
(+/88.8)

41.1 (+/Possible
16.8)

Rate increase C price > inflation

Percentage of Sabah
Emissions

Annual
additional
sequestration

Emissions
avoided

Biodiversity

Sharks

Fish stocks

0.1 (+/0)

0.3 (+/0.1)

15.6
(+/-5.4)

172.8
(+/-14)

89 (+/37.38)

1.61

728787
(+/213136)

38500.7
(+/6321.6)

78143
(+/15726)

3.1 (+/0.9)

0.2 (+/0)

0.3 (+/0.1)

102.7
19.1
223.1
(+/65.1 (+/(+/-8.7) (+/-14.4) 48.269)
6.3)

3

833435
(+/209466)

68600.4
(+/9007.9)

150774
(+/20426)

3.5 (+/0.9)

0.3 (+/0)

0.6 (+/0.1)

5

1599311 91300.8
(+/(+/412721) 12249.3)

244854
(+/50663)

6.8 (+/1.7)

0.4 (+/0.1)

1 (+/0.2)

10

2046063 153100.
(+/1 (+/542853) 21299.9)

396425
(+/60009)

8.7 (+/2.3)

0.6 (+/0.1)

13

2052122 151600.
(+/7 (+/552199) 20899.3)

346710
(+/73232)

8.7 (+/2.3)

0.6 (+/0.1)

17.49

2132099 152100.
(+/2 (+/574108) 20699.8)

377608
(+/63784)

9 (+/2.4)

32.86

2064009 152600.
(+/9 (+/544127) 20899.1)

354892
(+/64696)

8.7 (+/2.3)

-34.4
(+/-6.8)

-6 (+/6.2)

31.7 (+/6.1)

449.1
(+/95.2)

52.7 (+/20.7)
Possible

20 (+/8)

150.3
269.2
(+/93.4 (+/- 70.1
-8.7 (+/(+/-17.6) 45.279)
7.1)
(+/-9.5)
5.3)

-73.9
(+/-7.2)

-13.7 54.4 (+/(+/-9.4)
10.2)

553.7
(+/85.9)

66.4 (+/19.9)

Viable

21.4
(+/-7.5)

318 (+/17.9)

-19 (+/- 26.7 (+/10.6)
7.1)

788.3
(+/96.4)

82.2 (+/24.2)

Viable

0 (+/-0)

897.9
(+/157.6)

92.3 (+/33.7)

Viable

0 (+/-0)

896.1
(+/146.6)

97.1 (+/29.4)

Viable

0 (+/-0)

898.4
(+/156.8)

99.4 (+/31.1)

Viable

0 (+/-0)

905.8
(+/147.7)

98.8 (+/29.6)

Viable

180.2
(+/49.772)

130.1
(+/12.2)

93.2
(+/17.1)

-17.2
(+/-5.7)

-91.8
(+/-3.4)

1.7 (+/0.3)

233.7
23.5
341.4
(+/(+/-8.7) (+/-23.4) 64.176)

162.9
(+/16.4)

113.4
(+/19.4)

-18 (+/7.2)

-100
(+/-0)

-23.3
(+/13.2)

1.5 (+/0.3)

235.4
25.2
331.9
(+/(+/-8.4) (+/-24.9) 66.346)

163.9
(+/15.3)

120.1
(+/23.1)

-25.2
(+/-7.7)

-100
(+/-0)

-26.8
(+/14.9)

0.6 (+/0.1)

1.6 (+/0.3)

238.25
(+/28.9
347.2 67.7425
(+/-8.9) (+/-22.5)
)

164.8
(+/10.3)

117.9
(+/18.7)

-23.4
(+/-7.5)

-100
(+/-0)

-26.1
(+/15.5)

0.6 (+/0.1)

1.5 (+/0.3)

31.4
345.1
(+/-9.1) (+/-23.8)

165.1
(+/-8.7)

121.3
(+/26.1)

-55.2
(+/14.2)

-100
(+/-0)

-31 (+/16.1)

249.1
(+/74.55)
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Fishing
profits

-6.3 (+/4.1)

62.9
(+/11.2)

Coastal
mining

Possible

33.6 (+/- 34.3
-5.1 (+/13.4)
(+/-8.5)
4.5)

Fishing
pressure
(artisanal)

39 (+/14.4)

Logging

397.5
(+/67.4)

Seagrass
cover

-29.8 -1.5 (+/- 27.2 (+/(+/-6.6)
1.3)
5.7)

Reef cover

Ecotourism

Total
Sequestration
2.2 (+/0.8)

Income
(wealthier)

Emissions
avoided

0.5

75858
(+/24409)

Income
(poorest)

Annual
additional
sequestration

Relative to baseline (% increase)

509666 25725.6
(+/(+/197319) 11710.3)

In hand
carbon
Price

Total
Sequestration

Absolute Values MgC

The promotion of ecotourism opportunities has been suggested as an economic development
strategy for the TMP area, as an alternative to mining (Teh and Cabanban 2007; Lim and Jumin
2011). As there are currently no ecotourism activities in the TMP area the model does not apply a
baseline and variations, but rather indicates whether ecotourism was viable (established for at least
two years and persisting after 10 years in the majority of runs), possible (established and persisting
in some runs), marginal (established but typically not persisting), or not viable (never started or
failing within two years). The simulations showed that the supplementary nature of BLUE+ sourced
income had to match inflationary pressures on the cost of living for alternative ventures, such as
ecotourism, to be viable. Otherwise a return to extractive livelihood activities was likely, which
would undermine the objectives of the TMP and BLUE+ initiative.

11.5 Blue carbon in the Tun Mustapha Park
There is a critical need for novel strategies to support marine conservation, restoration, and
sustainable management (Rau et al. 2012). The research presented here demonstrates that the
potential exists for significant positive impacts across the social-ecological system of the TMP if
carbon finance can be secured and delivered to communities in the area. While the mechanisms to
do this would need to be developed and behavioural responses are uncertain, it appears that
moderate C prices around $10/tCO2e could be sufficient. This is heartening as the prices are within
the range of observed prices (Kossoy and Guignon 2012). Thus the BLUE+ approach would allow
for a carbon price instrument to bring benefits to local stakeholders, while simultaneously
mitigating risk and providing genuine returns on the investment of disparate funding organisations.

Malaysia has a positive National Policy on Climate Change, with a national target of up to 40%
reduction of emissions intensity relative to 2005 levels, by 2020. The policy’s first stated objective
is to make wise resource management and enhanced environmental conservation central features of
governance for improving economic competitiveness and standards of living. Many other
developing countries are interested in development pathways that afford environmental protection
in conjunction with economic opportunity and progress in social equity and advancement.

Enabling factors are already present in the TMP case. Consultation has been a feature of the
planning process, engaging government at national, state, and local levels with NGOs, community
groups, and industry associations. The TMP has clear boundaries and the opportunity for diverse
carbon management activities. What is needed to achieve a blue carbon finance instrument is a clear
operational framework and secured investment; given the nature of the TMP development process,

and the collaborative engagement of diverse stakeholder groups, many of the investment risk
considerations are already mitigated. The TMP could therefore serve as a BLUE+ trial, for instance
as part of a regional effort within the Coral Triangle Initiative. The social and environmental
challenges facing Malaysia and the region demand new understandings of wealth and economic
value, and new approaches to environmental governance. A hybrid (public-private), modular
BLUE+ approach would support substantial gains in biodiversity and ecosystem health, economic
opportunities, and social integration in the Tun Mustapha Park, and serve as a model for blue
carbon activities elsewhere.

The BLUE+ instrument described in this paper is an evidence-based approach to effectively
mitigating constraints and facilitating effective, equitable, and adaptive management outcomes,
while the modelling of the TMP social-ecological system presented in this paper is an example of
how the complex accounting aspects (carbon benefits as well as ‘co-benefits’) of a BLUE+
mechanism might be managed.
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12 Summary of Part IV
The mixed methods triangulation approach applied through the blue carbon case study presented in
this part of the thesis identifies a number of important concepts that are central to enabling project
development.

First, blue carbon is about social-ecological systems, and for blue carbon activities to operate
effectively in markets and policy frameworks they will need to be conducted within the context –
and with explicit awareness – of larger value networks involving disparate actors, interests, and
flows (of knowledge, finance, and services). The analysis presented in Chapter 9 demonstrates that
the failure to understand social dynamics and investment perspectives is a central factor in
constraining blue carbon project implementation. Chapter 10 also demonstrates this fact from the
point of view of local users of blue carbon resources, who are in many cases proactive, informed,
and capable, but also capable of preventing or sabotaging project activities. Local people depend on
marine and coastal resources and are potential stewards of blue carbon ecosystems, but are unlikely
to be able to conceptualise and implement such projects without effective connections across the
carbon value chain. The value chain framework is clearly established as an appropriate and valid
component of the methodology, clearly indicating the gaps in blue carbon literature in terms of both
content and stakeholder participation. The dearth of research into the ‘producer’ and ‘end user’
phases of the chain – in other words the lack of applied social science and commercial engagement
– is a crucial limiting factor in blue carbon activities.

The social-ecological dynamics of blue carbon are made clear in Part IV through both qualitative
and quantitative means. Chapters 10 and 11 identify the importance of people and their interactions
to the quality of environmental resources. Livelihood pressures drive local and immigrant
communities to exploit ecosystems in unsustainable ways, and the combined effects of
development, population growth, resource use, and industrial activity create long-term degradation
across the social-ecological system (with incomes declining commensurately with biodiversity, for
instance). Furthermore, Chapter 10 demonstrates the importance of religion, race, gender, and other
cultural factors to political economic dynamics that underpin the the success and sustainability of
project activities. This is an important finding that validates the application of the theoretical
perspectives applied through the thesis (see Chapter 3). The role of these factors is also not widely
discussed in mainstream development literature. Sensitivity to these locally specific and
fundamentally important cultural issues will be a necessary component of effective and equitable
project development and management approaches.
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Second, while finance is a critical consideration in blue carbon activities, availability is less of a
concern than investment risk. Carbon finance is available from public, private, and philanthropic
sources, but constrained by the factors identified in Chapters 4, 7, and 9 (and summarised in
Chapter 11). Specifically, the primary consideration in investment decision-making is risk (with
return being one of many aspects of risk). In order to secure funding for blue carbon projects, they
will need to demonstrate design parameters that mitigate the risks of investment, which in turn
highlights the likelihood and nature – financial or otherwise – of returns. The utility of the value
chain approach becomes clear again, in that this model requires recognition of stakeholders and
financial and information flows, facilitating a clearly structured approach to governance and
accountability. For example, experienced local NGOs can operate as liaisons between communities
and local government agencies, and provide transparent accounting for financial inputs that
investors will require.

Third, and following from the previous point, successful blue carbon projects will require
integrative business models that operate across scales. Integrative in this case means (1)
collaboration between stakeholders across the value chain, including communities, government
agencies, NGOs, and investors; (2) communicative links across spatial scales, ideally involving
local communities and governments, regional associations (such as the Coral Triangle Initiative),
and international recognition of project outputs; and (3) finance derived from multiple sources to
fund different types of activities bundled together in larger programs. The BLUE+ approach
described in Chapter 11 identifies specific examples of the activities and funding opportunities that
could apply in an integrative model, and importantly also demonstrates the probable positive effects
of introducing carbon finance to a social-ecological system such as the Tun Mustapha Park. There
is a balance to be struck between national and provincial priorities, and those of local communities,
but project activities will be most successful when they are driven collaboratively to meet local
needs and as well as regional aspirations, and this will increase value for all stakeholders across the
larger network. This way of thinking about blue carbon represents a novel conceptualisation of
economics and development that is oriented to the sustainability principles and goals of the 21st
Century.
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Part V – Conclusion
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13 Key findings
The research presented in this thesis reveals a number of important findings that address the
research problem: How can blue carbon project activities function within global carbon markets
and climate policy frameworks, to achieve improved sustainability outcomes and enhance the
resilience of social-ecological systems to climate change effects? The principal conclusions that
answer this problem can be summarised in three broad statements.

First, the roles and priorities of and relationships between diverse stakeholders across a
comprehensive value chain must be understood and accommodated to realise an effective economic
approach to blue carbon. The valuation of environmental goods and services through the
integration of ecosystem-based carbon into global markets requires understandings of economics as
comprising the values and principles of the human community, institutional and cultural dynamics
across spatial and temporal scales, and the complex interactions of dynamic social-ecological
systems. This approach challenges more reductionist traditional views of the nature of economic
activities.

Second, risk is a key consideration for stakeholders across the value chain, and risk factors must be
mitigated to secure stakeholder participation in blue carbon activities. This includes financial and
commercial risks to public, private, or philanthropic investors; social and political risks to
governments and public agencies; and cultural and existential risks to communities. The value chain
perspective, and the involvement of stakeholders (including independent NGO facilitators) across
that chain, can mitigate many of these risk factors by creating governance transparency, knowledge
and communication channels, and financial security. At the same time, blue carbon projects can
have impacts on other types of risks that affect stakeholders in the value chain. These include the
economic risks of climate change to communities and governments that result from resource
constraints, human activities and conflict, and extreme events. There are also the legal and
commercial risks of climate change that apply to businesses and national governments in the form
of compliance obligations and competitive exposure.

Third, blue carbon is a powerful proxy for multiple outcomes and benefits in social-ecological
systems, and these benefits should be made the explicit focus of project design and evaluation. In
other words, blue carbon is a tool to manage the diverse risks described above, and arguably a form
of precautionary social-ecological insurance. Blue carbon initiatives can support national
compliance with international agreements, and contribute to voluntary agreements by and between
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states and organisations. For businesses, blue carbon not only represents potential competitive
advantage through the demonstration of social responsibility, but can also secure important
resources in an organisation’s supply chain. Importantly, blue carbon represents an opportunity for
new approaches to sustainable economics and development. Simply put, the emission reduction
benefits of blue carbon activities should be employed as accounting measures rather than project
objectives.

The thesis provides specific answers to the research questions posed in Chapter 1. Chapters 4, 5, 6,
and 10 reveal the institutional capacities and characteristics that facilitate or constrain carbon
project activities in general, and those of blue carbon projects in particular (RQ1). The global
carbon market demonstrates an imbalance in the type and geographic distribution of offset projects.
This implies that the objectives of carbon market policy – to not only reduce greenhouse gas
emissions but to promote sustainability outcomes in developing and poorer countries – are not
being achieved. In particular, the participation of ecosystem-based activities is very limited, and this
does not result from straightforward issues of supply and demand. Governments are key players in
carbon market dynamics, and political and cultural factors substantially affect project development.
Markets require guided regulation and ongoing reform to achieve specific policy objectives.

Chapters 4, 9, and 10 clarify in detail the constraints for offset producers engaging with carbon
markets, particularly with respect to blue carbon projects (RQ2). These constraints include physical
issues of access, logistics, and equipment; capacity in terms of knowledge and networks between
stakeholders; financial considerations, particularly availability of capital, returns on investment, and
the timing of those returns; governance factors such as legitimacy, effectiveness, and equity; and
regulatory matters – tenure of common areas, the additionality and permanence of emission
reductions, and the ability for project activities to be monitored and verified.
Chapters 5, 7, and 9 investigate the factors that influence an organisation’s willingness to pay for
various types of offsets with different sustainability features (RQ3). Businesses are prepared to
invest in sustainability benefits and in some cases are actively seeking non-financial sustainability
returns. There is increasing recognition of the financial and commercial benefits of sustainable
business practice. It is also the case that there are public and philanthropic actors involved in carbon
markets, and a diverse and substantial array of funding opportunities that can be harnessed if the
constraints discussed above can be addressed.
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Finally, chapters 9, 10, and 11 demonstrate how policy mechanisms can be reformed to
accommodate and promote blue carbon activities (RQ4). The value chain framework applied as a
research tool in the thesis is also an important aide to communication of concepts and structuring of
relationships. The involvement of all stakeholders in project conceptualisation, design, and
management will encourage transparency of governance, improved legitimacy, sharing of financial
risk, and security for different actors. Blue carbon policy instruments should operate at fairly large
scales, ideally as part of regional agreements, bundling diverse types of activities in modular
fashion. Non-carbon outcomes would therefore be included as core objectives of project activities.
In summary, this thesis has closely addressed the central issue of the research problem – How can
blue carbon projects function effectively? – by understanding the global context of carbon offsets,
the value chain structure in which they occur, and a case study example of a substantial blue carbon
opportunity. The thesis has demonstrated the potential impacts of blue carbon projects on wider
social-ecological systems, and an important further step will be to understand blue carbon impacts
on the long-term resilience of these systems. The results show that local blue carbon projects can
operate more widely and effectively in global carbon markets, with extensive potential climate,
social, and ecological benefits, but that this requires novel business models, transdisciplinary
approaches to sustainable development, and an integration of economic thinking across stakeholder
realms.
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14 Limitations
The work presented in this thesis has been constrained in parts by several factors. Each of the
different papers included as chapters in the thesis contain discussions of any specific limitations, but
overall constraints on the work are summarised here.

First, there are some limitations to the data collected. The survey results presented in Chapter 7
represent a smaller sample size than would be ideal for work of this nature, but despite this the
results can be considered valid and reliable given that the respondents were experts in the subject
area and the organisations surveyed were targeted according to their likely engagement with carbon
management issues. The case study data presented in Chapter 10 likewise is a targeted and
representative sample of key actors likely to be involved in and affected by blue carbon (or related)
project activities in that location.

Second, the research problem addressed in this thesis exists in a highly dynamic and changeable
area of global climate policy frameworks and carbon markets. There is considerable uncertainty
around the evolution of international agreements and domestic legislation, as demonstrated by the
fact that the Clean Energy legislation investigated in Chapter 7 was repealed by a new Australian
Government in 2014. Despite these challenges, the findings of this thesis are robust and represent
an important contribution to understandings of these dynamic policy and economic contexts.

A third challenge in research that transcends disciplinary boundaries and engages with very diverse
stakeholder groups involves finding a common conceptual language. Sustainability and sustainable
development, for example, are understood very differently by different actors (McManus 1996), and
this disconnect has implications for the potential for engagement between different actors in the
blue carbon value chain, as discussed in Chapter 9. This thesis has addressed this constraint by
applying a transdisciplinary conceptual structure and a value chain framework. Together, these
methodological approaches allow for an integrated view of blue carbon activities, from indigenous
communities in coastal areas of developing countries to the boardrooms of corporations, and a
descriptive language that bridges cultural and linguistic divides.
An additional point that should be made regarding the transdisciplinary research approach is that –
given the lack of an established definition of transdisciplinarity and its methods – there is some
danger in applying a simplified or token understanding of this conceptual orientation (cf. Jahn et al.
2012). This might involve nominal engagement with different disciplinary approaches but an
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absence of genuine integration of concepts and methods. To avoid this, the transdisciplinary
methodology applied in this thesis (discussed in depth in Chapter 3) has involved an ongoing and
collaborative process that will continue with further research and project development.

Despite these limitations the research presented here is extensive, valid, and reliable, and has
yielded important original empirical and theoretical insights.
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15 Concluding discussion
Marine and coastal ecosystems face new and growing threats: the direct effects of climate change,
and interactions between existing threats (such as pollution and habitat destruction) and climate
change impacts (McLeod et al. 2009; Driscoll et al. 2011). Scholars are increasingly supportive of
integrated spatial planning, local governance, and adaptive management in marine management
areas (e.g. Fischer et al. 2009; Ban et al. 2011), and these approaches can contribute to effective
carbon-oriented governance of common pool natural resources (Ostrom 2009). As demonstrated in
this thesis, however, large gaps continue to exist between practitioners, investors, and local
communities, both in terms of knowledge and connectivity, finance and other resources, and
language and assumptions. There remains a critical need for new thinking about coastal ecosystem
resources in the context of a climate changing world (McLeod et al. 2009; Côté and Darling 2010).
Blue carbon is an opportunity for this type of innovation, through new types of project activities
that yield economic, environmental, and social benefits and returns from local to global scales.

This thesis has demonstrated that while there are constraints on blue carbon project activities across
the value chain, significant mitigation outcomes and substantial sustainability benefits can accrue
from these initiatives. Further, the factors that constrain blue carbon activities can be addressed and
ameliorated through the integrative development, management, and governance approaches
described in the chapters of this thesis. It is necessary to bring different fields of empirical and
pragmatic activity together, including conservation, environmental management, adaptation,
development, and commerce.

In the conservation community there is growing interest in climate change and particularly
resilience to climate change impacts as a focus of ocean and coastal management (McLeod et al.
2009; Ban et al. 2011; McLeod et al. 2012; Green et al. 2013). There is also increasing recognition
of the importance of social-ecological systems perspectives in planning (Cinner et al. 2009; Ban et
al. 2011; Ban et al. 2013). To date, however, the main emphasis of research and discussion in
conservation and marine management literature has been on building ecological resilience, and
there remains room for further integration of social science perspectives and insights (Ban et al.
2013; Hughes et al. 2005). The focus on ecological resilience is important, but by ignoring the role
of human agency (Davidson 2010; Berkes and Ross 2013) the complex nature of blue carbon
dynamics is not fully addressed, as shown clearly in Chapter 10 (Fischer et al. 2009; Ban et al.
2013). Although the importance of social factors is acknowledged, both as drivers of environmental
changes, and in terms of the impacts of climate change on human communities (McClanahan et al.
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2012), there is a limited amount of published scientific work on how marine protected areas such as
the Tun Mustapha Park in Malaysia can contribute to and enhance sustainability outcomes in linked
social-ecological systems (Pollnac et al. 2010; Fox et al. 2012). Although many scientists support
the development of practitioner guides and other ‘grey’ literature, these continue to focus on
biophysical concerns and social issues as separate topics, or present social issues primarily in terms
of their impact on the natural resource inventory (e.g. Resilience Alliance 2010; Green et al. 2013).

At the other end of the value chain, the mainstream ethics of the international business community
continue to evolve, with increasing internalisation of sustainability principles – value for
stakeholders as well as shareholders, green supply chains, and social responsibility. There is also
recognition of the important role business can play in sustainable futures, as demonstrated in the
frequent calls by climate and development leaders for private sector engagement (e.g.
IOC/UNESCO 2012), and the statements of business leaders and academics (e.g. Kuehn 2014). At
the same time, commercial businesses – and other types of potential investor groups – continue to
have clear metrics of risk and a calculus of return that applies to all strategic decision making. Blue
carbon is an opportunity for these changing areas of conservation, development, and business to
find new synergies and achieve positive outcomes through collaboration.

The important question of how blue carbon can function in the future is addressed substantially in
Part IV of the thesis, and summarised in Chapter 13, but there are other important points to note
based on the findings of the thesis as a whole. The importance of key individuals means that blue
carbon activities are most likely to succeed in global markets if a network of ‘blue champions’
exists and creates momentum. This has been the case in other areas of environmental progress
(Walley and Taylor 2002; Chen and Chang 2012). Blue champions would inspire, attract, and
educate ‘blue angels’ (investors), ‘blue partners’ (commercial organisations), and ‘blue
communities’. Recognising the importance of actors across the blue carbon value chain also
suggests that empowering consumers (at both individual and organisational levels) to direct funds
according to their preferences around offsets could be an effective market-based approach
(Dargusch and Thomas 2012). These individually focused points of leverage in the marketplace are
an important complement to the trend towards more holistic economics at larger scales, such as
natural capital accounting and the environmental assets approach (Wentworth Group 2008;
WAVES 2012).
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Beyond the details of how blue carbon projects can operate effectively, however, is the question of
how they might contribute to enhancing the resilience of social-ecological systems to climate
change and other stressors.

Resilience has traditionally been understood as the ability of systems to maintain their processes
and functions despite novel stressors and changes in the system’s variables and parameters; this has
been termed ‘engineering resilience’ (Holling 1973; Gunderson and Holling 2002; McLeod et al.
2009). Early resilience research focused primarily on ecological systems, with a dearth of social
science considerations (Adger 2000). The more recent view of resilience has been focused on the
capacity of systems to maintain their functions in the context of environmental change, and has
been termed ‘ecosystem resilience’ (Gunderson and Holling 2002). Most research now
acknowledges, however, that ecological and social systems are inextricably linked (Fulton et al.
2010; Steffen et al. 2011). Due to the institutional nature of social systems, coupled socialecological systems do not respond to change in the same fashion as ecological systems alone
(Adger 2000); in coastal areas, relationships between social systems and biophysical conditions
(such as biomass of fish in reserves) are more easily detectable than the influences of other physical
characteristics (such as reserve size and age) (Pollnac et al. 2010). While a resilient ecological
system has been characterised by the ability to absorb shocks and maintain functions, a resilient
social-ecological system can be understood more broadly, including by the degree the system is
capable of self-organisation, learning, and adaptation (Elmqvist et al. 2003; Folke 2006; Walker et
al. 2006), and arguably by the ways in which human communities show agency and use strengths
such as knowledge and social capital, in order to cope constructively with shocks in both the
ecological and social components of the coupled system (Berkes and Ross 2013).

Social resilience is distinct from social-ecological resilience (Adger 2000; Davidson 2010; Maclean
et al. 2013). Human beings relate to and affect marine spaces in multiple ways that go beyond the
economics of livelihoods and the physical impacts of behaviours (Westley et al. 2002). It is
therefore critical to acknowledge that social resilience in the context of blue carbon resources
includes but is not limited to matters of governance, and must involve consideration of how people
relate to marine spaces in symbolic and virtual, as well as physical (boating, fishing), ways
(Davidson 2010; Berkes and Ross 2013). Institutional aspects of social resilience, for instance,
require recognition of diverse forms of governance. Conventional sectoral management of shipping,
commercial fishing, and marine park zoning exists in conjunction with collaborative and often nonstatutory management of waterways. There is often a multitude of community-based stewardship
efforts, and customary governance and stewardship actions by indigenous traditional custodians and
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other people. Importantly, recognition that communities are diverse and comprise discrete or
overlapping interest and stakeholder groups (Wilson 2012) can support efforts to identify indicators
of community resilience, and strategies to enhance these (Magis 2010; Berkes and Ross 2013).
Human agency, and collaborative approaches to ecosystem stewardship, are emerging as priorities
in both management actions and resilience strategies in the context of a climate-changing world
(Chapin et al. 2010; Berkes and Ross 2013).
A shift in thinking is reflected in a recent definition of resilience as the “ability of a system and its
component parts to anticipate, absorb, accommodate, or recover from the effects of a hazardous
event in a timely and efficient manner, including through ensuring the preservation, restoration, or
improvement of its essential basic structures and functions.” (IPCC 2012:5). This definition marks a
new approach to resilience, incorporating the concepts of preemptive action, and explicit
responsibility for the deliberate modification of systems. In other words, human agency – not a
feature of ecological systems – is now understood as a core feature of resilient social-ecological
systems. The concept of resilience has evolved from a reactive notion of recovery to a proactive,
process-driven quality that admits change but sustains core values or capabilities (cf. Manyena
2006).

There is therefore a need for approaches that recognise the critical importance of social factors in
ecological resource management, the ecological focus of social-ecological systems resilience
thinking to date, and the potential for a nested procedure that harnesses social science to support
resilience in social-ecological systems. These understandings can be incorporated in a resilience
thinking that allows for human agency and proactive stewardship in the coming decades of
significant environmental and social change.

These topics allow for the identification of further research possibilities. There are several specific
and discrete areas that should be investigated to further enable the development and uptake of blue
carbon project activities in global markets, and to understand the effects of blue carbon projects on
the long-term resilience of social-ecological systems.

First, while the Tun Mustapha Park is a valuable case study, a global analysis of potential blue
carbon project sites needs to be conducted. This analysis should apply criteria such as a minimum
spatial extent and volume of existing carbon stocks, eligibility within different climate policy and
market regulatory frameworks, and a vulnerability assessment to identify priority areas. This type of
mapping exercise would provide a valuable resource for project proponents, and should also include
248

an initial high-level review of social, cultural, and political factors that apply in the selected sites,
following the approach established in this thesis. Second, it would also be of considerable utility to
identify potential investors of different types – public, private, and philanthropic – again applying
selection criteria, such as sectoral orientation and investment focus areas, and minimum levels of
financial resources. Research could then be undertaken to clarify and quantify risk factors and
investment priorities for these different organisations. Together, these exercises would provide
critical information addressing the questions of supply and demand in blue carbon markets.

Third, once project activities are underway (including the limited number of projects currently
operating, as discussed in Chapter 9), another crucial research focus should be longitudinal studies
of carbon benefits and their relationship with broader social-ecological outcomes. The type of
modelling work presented in Chapter 11 will be a necessary inclusion in project design, to provide
baseline and additionality data and projections, and ongoing monitoring and verification of
modelled dynamics will be vital to crediting of project outcomes. Any such monitoring process
should include non-carbon effects to build data that supports understanding of relationships
between ecosystem-based carbon and wider social-ecological system benefits. This research stream
would investigate the resilience perspective and contribute to development of the still nascent
transdisciplinary theme of social-ecological systems dynamics.

Finally, there are reasons to investigate a stage of the value chain that has not been included in this
analysis. In this thesis end users of carbon offsets have been identified as organisations with
emission reduction liabilities under domestic legislation, but these organisations will pass offset
costs on to their own clients, as already occurs in both voluntary and regulated markets (e.g. the
choice to pay extra to offset the carbon emissions from air travel). There would be value in
exploring further ways to empower consumers to direct funding towards different types of offsets
according to individual preferences (cf. Akter et al. 2009; Dargusch and Thomas 2012)

Blue carbon activities occur within complex structures of regulatory, economic, cultural, and
biological relationships, and are therefore challenging to develop and implement. Yet blue carbon
also represents an attractive opportunity to achieve an array of significant and positive social,
economic, and other sustainability outcomes. This thesis advances the notion that policy, business,
and environmental outcomes in relation to blue carbon project activities are best understood through
the lens of an integrative, transdisciplinary political economy, informed by direct engagement with
stakeholders as much as large quantitative data sets. Such an approach is not only the most likely
pathway to achieving a holistic knowledge of the topic, and positive practical outcomes in terms of
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project development and implementation, but also – as demonstrated by this thesis – the only way
of achieving these goals. The research presented here demonstrates this method, and provides
investigative and operational frameworks to support further practical and applied research into blue
carbon project development, and the effects of blue carbon activities on the societies and
ecosystems in which they occur. The long-term benefits and opportunities of blue carbon appear to
outweigh more immediate constraints, and for these reasons work in this area should be continued.
Blue carbon is a topic of local value and global significance, and represents important, substantial
value to communities, investors, and governments. This thesis has shown how blue carbon can be
made to work in global carbon markets and climate policy frameworks to achieve essential
sustainability goals for an uncertain and challenging future.
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17 Supplementary Information
This section contains supplementary information pertaining to chapters throughout the thesis,
including the following appendices:
1. Table of methodologies (Chapter 4)
2. Offsets preferences survey (Chapter 7)
3. PACOS survey – English version (Chapter 10)
4. Description of BLUE+ modelling methodology (Chapter 11)
The global carbon offsets database is also included as supplementary information to the thesis, but
this is presented as a separate file.
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2
1
1
2
4
1
2
4
2
7
2
2
5
1
1
1
94
2
1
1
23
333

AMS-III.E.
AMS-III.F.
AMS-III.G.
AMS-III.G.
AMS-III.H.
AMS-III.I.
AMS-III.J.
AMS-III.K.
AMS-III.L.
AMS-III.M.
AMS-III.N.
AMS-III.P.
AMS-III.Q.
AMS-III.R.
AMS-III.T.
AMS-III.U.
AMS-III.V.
AMS-III.X.
AMS-III.Y.
AMS-III.Z.
AR-ACM0001
AR-ACM0002
AR-ACM0003
AR-AM0001
AR-AM0002
AR-AM0003
AR-AM0004
AR-AM0004
AR-AM0005
AR-AM0007
AR-AM0009
AR-AM0010
AR-AM0014
AR-AMS0001
AR-AMS0002
AR-AMS0003
AR-AMS0004
AR-AMS0005

16
106
27
19
329
11
2
1
1
6
4
8
142
6
1
1
1
1
12
15
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

76
4
1
0
7
3
0
1
0
0
0
0
1
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
1
0
284

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
33
4
3
8
4
5
12
2
13
1
2
1
0
40
2
0
2
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
3
0
0

92
110
28
19
336
14
2
2
1
6
4
8
143
6
1
1
1
1
12
17
34
4
3
8
4
5
12
2
15
1
2
1
1
40
2
3
3
1

AR-AMS0006
Austrian format
BMV Standard
CarbonFix Standard version
2.1
CCX Agricultural Methane
Collection and Combustion
Offset Projects Protocol 0930-09
CCX GHG Emission Offsets
from Renewable Energy
Systems
CCX Offset Project Protocol
Avoided Emissions from
Organic Waste Disposal 820-2009
CCX Offset Project Protocol
Landfill Methane Collection
and Combustion 8-20-2009
CCX Offset Project Protocol
Renewable Energy Systems
08-20-2009
CCX Protocols - wind energy
CCX Protocols Chapter 9
Section 9.12
CCX Rulebook Chapter 09
Offsets 5-2007
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 01-24-2005
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 03-2006
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 03-30-2009
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 05-2007

0
0
0
0

0
2
0
0

0
1
0
0

0
0
1
1

1
0
9
6

0
0
0
0

1
3
10
7

0

0

0

1

0

0

1

0

1

0

0

0

0

1

1

0

0

0

0

0

1

1

0

0

0

0

0

1

1

9

1

0

0

0

11

0
0

1
1

0
0

0
0

0
0

0
0

1
1

1

0

0

0

0

0

1

4

0

3

3

1

0

11

17

0

3

25

8

0

53

0

0

0

0

1

0

1

3

1

1

6

0

0

11
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CCX Rulebook Chapter 09
Offsets and Early Action
Credits 06-06-2007
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 06-10-2008
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 06-10-2009
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 08-01-2003
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 08-20-2008
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 08-20-2009
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 08-23-2007
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 09-09-2008
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 12-10-2007
CCX Rulebook Chapter 09
Offsets and Early Action
Credits 12-29-2008
CCX Small Scale Biogas
Verification Protocol
Elements from ACM0009
Elements of AM0036 &
ACM0009
EPM (Environmental
Perfomance Monitor)
Gold Standard Methodology
for Biodiesel from Waste Oil

0

0

0

2

0

0

2

5

0

1

17

6

0

29

0

0

0

1

0

0

1

0

0

1

0

0

0

1

0

1

0

1

0

0

2

0

3

0

0

0

0

3

11

2

0

21

2

0

36

7

1

3

14

1

0

26

17

0

0

0

11

0

28

12

0

2

25

2

0

41

0

0

3

0

0

0

3

2
0

0
0

0
1

0
0

0
0

0
0

2
1

1

0

0

0

0

0

1

0

0

1

0

0

0

1
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Gold Standard Methodology
for Improved Cookstoves
and Kitchen Regimes
Gold Standard Methodology
for Small Scale Biodigester
GS Technologies and
Practices to Displace
Decentralized Thermal
Energy Consumption
Improved Distributed
Heating and Cooking
Devices
Indicative programme,
baseline, and monitoring
methodology for Small
Scale Biodigester
JI Specific Approach
JI Specific Approach based
on AM23
Like ACM0002
Like ACM0006
Like ACM12+AMS-II.D.
Like ACM8
Like AM0044
Like AM0061
Like AM23
Like AM29
Like AM44
Like AM61
Like AM99
NM111
Rarakau Programme
IFMLtPF Methodology
Technologies and Practices
to Displace Decentralized
Thermal Energy
Consumption (11/04/2011)

10

1

0

0

0

0

11

0

0

7

0

0

0

7

1

0

0

0

0

0

1

0

0

1

0

0

0

1

0

0

1

0

0

0

1

355
2

31
0

37
0

11
0

3
0

0
0

437
2

1
0
1
1
1
1
8
1
12
2
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
8
1
12
2
1
1
1

1

0

0

0

0

0

1
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VCS v1 Project Specific

VM0003
VM0004
VM0005
VM0006
VM0007
VM0008
VM0009
VM0010
VM0012
VM0013
VM0014
VM0015
VMR0002
(NA)
Grand Total

23

0

1

0

0

0

24

0
0
0
0
0
1
0
0
0
1
1
0
2
22
5251

0
0
0
0
0
0
0
0
0
0
0
0
0
27
7180

0
0
0
0
0
0
0
0
0
0
0
0
0
14
1662

0
0
0
0
1
0
0
0
0
0
0
0
0
0
142

1
1
1
1
11
0
5
3
2
0
0
5
0
17
233

0
0
0
0
0
0
0
0
0
0
0
0
0
0
4

1
1
1
1
12
1
5
3
2
1
1
5
2
80
14472
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17.2 Appendix 2 – Offsets preferences survey (Chapter 7)
Project title:
Carbon management investment preferences of Australian organisations
Investigators:
Andrew Griffiths, Paul Dargusch, Sebastian Thomas, Helen Ross, Peter Mumby
Objectives:
To understand the investment preferences of Australian organisations with respect to carbon
management strategies.
Participant Information
The goal of this survey is to collect data on the factors motivating businesses and organisations in
their choices of abatement opportunities including international and domestic offsets. The data
obtained through this survey will contribute to a larger research project relating to carbon pricing in
Australia being undertaken at the University of Queensland.
This survey is conducted online, allowing respondents to complete the questionnaire in privacy and
at their convenience. The survey is in two sections. There are 30 questions which take
approximately 20 minutes to complete.
Respondents are under no obligation to participate and may withdraw at any time. Only aggregated
results will be reported.
If you participate in this study, the information will not be linked back to you as an individual or as
a representative of your organisation. The information will be stored in a secure environment and
access to the data will be made available only to the members of the research team. Your comments
will be kept confidential and any information provided will only be used for the purposes of this
research. You, your position and your organisation will not be identified in any project reports.
Potential identifying information will be used ONLY for the purpose of providing you with a
summary of results. All responses will be coded and will contribute to the pooled data of the
research team, so no individual responses will be made available.
You are welcome to discuss your participation in this study with the researchers (Andrew Griffiths
07 3346 8172 or Seth Thomas 0411 782 602) or to impose conditions, or withdraw from the study
at any time. If you would like to speak to an officer of the University not involved in this study, you
may contact the University’s Ethics Officer on 07 3365 3924.
Participant Consent
This study adheres to the Guidelines of the ethical review process of The University of Queensland.
As a participant in this research, your acceptance is required as confirmation of your informed
consent to participating in this survey. By completing this survey, you agree that you have read and
understood the “Participant Information” for this research project. You agree to participate in this
investigation through this survey and understand that you may withdraw at any time.
Do you consent to participate in this research?
Yes
No
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Section 1: Organisation information
[SA] = Single Answer
[LS] = Likert Scale
Q1
Which of the following best describes your current position or title?
Owner
CEO / Director
Chief Financial Officer / Financial Officer
Corporate Services Manager
Sustainability / Environmental Manager
Human Resource Manager
Policy and Planning Manager / Policy Advisor
Quality Assurance Manager
Sales and Marketing Manager
Other (please specify)
[SA]
Q2
Which of the following best describes your organisation’s industry sector?
Agriculture, Forestry and Fishing
Mining
Manufacturing
Electricity, Gas, Water and Waste Services
Construction
Wholesales Trade
Retail Trade
Accommodation and Food Services
Transport, Postal, and Warehousing
Information Media and Telecommunications
Financial and Insurance Services
Rental, Hiring, and Real Estate Services
Professional, Scientific and Technical Services
Administrative and Support Services (e.g. employment services, travel agency, pest control)
Public Administration and Safety
Education and Training
Health Care and Social Assistance
Arts and Recreation Services
Sustainability
Other Services (e.g. Religious, Professional or Other interest groups etc.)
Other (please specify)
[SA]
Q3
How many permanent employees work in your organisation, excluding contractors?
1-20
21-100
101-1000
1000-10,000
>10,000
[SA]
Q4
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Is your organisation a majority Australian-owned business?
Yes
No
[SA]
Q5
Including offices, production sites, industrial processing facilities, retail outlets and so on, how
many sites does the organisation operate?
0
1
2-5
6-20
20-100
>100
[SA]
Q6
What was the organisation’s gross annual turnover in the last financial year?
<$1 million
$2 - 10 million
$10 - 100 million
$100 - $500 million
$500 million - $1 billion
>$1 billion
[SA]
Q7
How would you describe business decisions regarding environmental practices and projects
conducted by the organisation?
Please rate the following options from 1 (Strongly disagree) to 5 (Strongly agree).
I have complete control over allocation of resources for environmental programs
I have complete control over practices for reducing environmental impact
The organisation is likely to lose rather than gain by taking actions to preserve the environment
Reducing the environmental impact of operations is central to our corporate identity
[LS]
Q8
Which department within your organisation manages compliance with environmental
legislation?
Finance / Accounting
Human resources
Public relations / communications
Legal
Marketing
Environmental services
Other (please specify)
Don’t know
[SA]
Q9
Which department within your organisation manages environmental reporting obligations?
Finance / Accounting
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Human resources
Public relations/ communications
Legal
Marketing
Environmental services
Other (please specify)
Don’t know
[SA]
Q10
To what extent is your organisation familiar with the following legislation and policy
instruments?
Please rate the following options from 1 (Not at all familiar) to 5 (completely familiar).
National Greenhouse and Energy Reporting (NGER) Act
Securing a Clean Energy Future: the Australian Government’s climate change plan (CEF)
National Carbon Offset Standard (NCOS)
Clean Development Mechanism (CDM)
Carbon Farming Initiative (CFI)
Carbon Pollution Reduction Scheme (CPRS)
Verified Carbon Standard (VCS)
[LS]
Q11
Does your organisation currently report under the National Greenhouse and Energy
Reporting Act (NGER)?
Yes – Mandatory reporting
Yes – Voluntary reporting
No
Don’t know
[SA]
Q12
Does your organisation support the Australian Government’s Securing a Clean Energy
Future climate change plan?
Yes
No
Don’t know
[SA]
Q13
What is your organisation’s position on climate change?
Please rate the following statements from 1 (Strongly disagree) to 5 (Strongly agree).
Climate change is a moral issue
Climate change is a risk management issue
Climate change is an economic issue
Climate change is a social issue
Climate change is not an issue at all
[LS]
Q14
Please rate the following statements from 1 (Strongly disagree) to 5 (Strongly agree).
My organisation:
292

Seeks to understand emissions from the full life cycle of our products and/or services
Commits resources to support low emissions technology development
Engages with owners and managers of critical infrastructure and works with them to address the
risks from climate change
Invests in sustainable energy alternatives
Is reducing the organisation’s carbon footprint
Is reducing dependence on coal-fired energy generation
Is investing in clean technology and innovation
Has advocated for government policies to address climate change
Is developing more energy- and fuel-efficient products and technologies
Is active in reducing emissions and responding to climate change
[LS]
Q15
To what extent do the following describe the environmental initiatives and programs
conducted by your organisation over the past 12 months?
Please rate the following statements from 1 (Not applicable) to 5 (Highly applicable).
Energy efficiency projects
Employee awareness programs (on environmental or sustainability topics e.g. recycling, efficient
driving styles)
Energy use target programs with incentives
Energy monitoring and reporting under Australian protocols (e.g. NGER)
Process improvement in production
Technical improvement in infrastructure or machinery
Fuel switching
Retrofitting
New technologies
Purchase of voluntary offset credits
Purchase of regulated offset credits
Offset project development
Others (please specify)
Have not conducted any environmental projects in the past 12 months
[LS]
Q16
To what degree do stakeholders think that your organisation can lead on climate change?
Please rate the following statements from 1 (Strongly disagree) to 5 (Strongly agree).
Our customers think we can lead on climate change
Our employees think we can lead on climate change
Our shareholders think we can lead on climate change
Our management think we can lead on climate change
Our directors think we can lead on climate change
[LS]
Q17
Which of the following climate related impacts do you expect to affect your organisation in
the next 2 years?
Please rate the following options from 1 (Strongly disagree) to 5 (Strongly agree).
Regulatory constraints and legal obligations
Damage to infrastructure
Need to retrofit or redo existing facilities
Paying more for production inputs (such as electricity)
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Impacts on human health
Lack of availability for essential production inputs (i.e. raw materials)
[LS]
Q18
Which of the following climate related impacts do you expect to affect your organisation in
the next 10 to 20 years?
Please rate the following options from 1 (Strongly disagree) to 5 (Strongly agree).
Regulatory constraints and legal obligations
Damage to infrastructure
Need to retrofit or redo existing facilities
Paying more for production inputs (such as electricity)
Impacts on human health
Lack of availability for essential production inputs (i.e. raw materials)
[LS]

Section 2 - Preferences
[SA] = Single Answer

[LS] = Likert Scale

Q1
‘Carbon offsets’ are projects that reduce, avoid or sequester emissions in one place to balance or
‘offset’ emissions somewhere else.
For example, trees planted on rural reserves capture carbon to balance fuel used for air travel.
Is your organisation aware of carbon offsets?
Yes
No
Not sure
[SA]
Q2
What do you think are the benefits of offsets?
Please rate the following statements from 1 (Strongly disagree) to 5 (Strongly agree).
Offsets encourage innovation
Offsets provide cost effective solutions for businesses
Offsets provide ecosystem services such as biodiversity and nutrient cycling
Offsets support local communities and economies
Offsets reduce waste
Offsets sequester greenhouse gas emissions
Offsets promote the development of renewable energy industries
[LS]
Q3
What do you think are the disadvantages of offsets?
Please rate the following statements from 1 (Strongly disagree) to 5 (Strongly agree).
Offsets do not actually reduce emissions
Offsets delay action in industrialised countries to reduce emissions
Revenues generated from offset projects are minimal
Offset projects do not effectively contribute to sustainable development
Offsets create perverse environmental outcomes in developing countries
Offsets programs are complicated to implement
[LS]
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Q4
Offsets are measured in metric tonnes of carbon dioxide equivalent (tCO2e).
How important does your organisation consider the following when selecting an offset
project?
Please rate the following options from 1 (Not important) to 5 (Extremely important).
The type of project (e.g. forestry vs. renewable energy)
The price of the project (i.e. how much it costs per tCO2e)
The location of the project (i.e. Australia vs. other developed vs. developing countries)
The risk of the project (i.e.
The transparency of the project (i.e.
[LS]
Q5
Which of the following types of projects do you think your organisation would prefer to invest
in?
Please rate the following options from 1 (Not preferred) to 5 (Highly preferred).
Energy efficiency projects (e.g. improving production processes in factories)
Avoiding deforestation and forest degradation
Renewable energy generation (e.g. wind, solar, geothermal)
Forestry projects (e.g. plantations and reforestation)
Recovery of methane from landfill sites or wastewater treatment
Destruction of industrial gases (e.g. Hydrofluorocarbons)
Fuel switching (e.g. switching a vehicle fleet from diesel to biodiesel)
Agricultural projects
Transport projects (e.g. building urban rail systems to replace cars)
[LS]
Q6
Assuming the project type, price and location of offsets were the same, where would your
organisation prefer to buy offsets?
Please rate the following options from 1 (Not preferred) to 5 (Highly preferred).
Pacific Island countries (e.g. Tuvalu or the Solomon Islands)
Developing countries in Africa or Latin America (Tanzania or Mexico)
Australia
Other industrialised countries (e.g. New Zealand or Japan)
Developing countries in Asia (e.g. Indonesia or China)
Developing countries with strong economies (e.g. India, South Africa or Brazil)
Least developed countries in Asia (e.g. Sri Lanka or Bangladesh)
[LS]
Q7
What factors are likely to influence your organisation’s preference of location for offset
projects?
Please rate the following options from 1 (Not likely) to 5 (Extremely likely).
Political stability
Official religion
Legal system
Language (i.e. English speaking)
Development level
Historical trade relationships
Population size
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[LS]
Q8
Assuming the project type, price and location of offsets were the same, what would be most
important to your organisation in determining the choice of offset project type?
Please rate the following options from 1 (Not important) to 5 (Extremely important).
Public opinion
Sustainability characteristics of the project
Shareholders’ opinions
Employees’ opinions
Brand image
Organisational philosophy
[LS]
Q9
Assuming the project type, price and location of projects were the same, how would your
organisation prefer to invest?
Please rate the following options from 1 (Not preferred) to 5 (Highly preferred).
Large-scale projects
Small-scale projects
Industrial projects (e.g. chemical, mining and industrial production projects)
Natural resource-based projects (e.g. agriculture and forestry)
Efficiency projects
Innovation projects
Sequestration projects
Community partners
Corporate partners
Government partners
[LS]
Q10
Assuming the price and location were the same, if your organisation was to invest in forestry
offset projects, which type would be preferred?
Please rate the following options from 1 (Not preferred) to 5 (Highly preferred).
Payments to avoid emissions from deforestation (i.e. preserving natural forests)
Forest plantations for carbon storage
Reforestation of degraded areas for carbon sequestration and biodiversity
Projects in coastal environments to improve fish stocks and provide defence against storms (e.g.
mangrove forests)
Forest plantations for timber production
Payments to reduce forest degradation
[LS]
Q11
Assuming the price and location were the same, if your organisation was to invest in
renewable energy offset projects, which type would be preferred?
Please rate the following options from 1 (Not preferred) to 5 (Highly preferred).
Biomass e.g. waste agricultural products (for electricity generation)
Wind turbines
Nuclear power
Hydroelectricity (large dams for electricity generation)
Geothermal (for electricity generation)
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Hydroelectricity (small-scale run-of-river electricity generation)
Solar power
Tidal power
[LS]
Q12
Assuming the project type, price and location of offsets were the same, how important would
the following be to your organisation in determining in which offset projects to invest?
Please rate the following options from 1 (Not important) to 5 (Extremely important).
Improving environmental conditions (e.g. reducing air pollution)
Preserving biodiversity (e.g. protecting species and habitats)
Creating employment for local communities
Reducing vulnerability to climate change impacts (e.g. floods and storms)
Increasing food security
Promoting human rights (e.g. gender equality or reducing child labour)
Developing local infrastructure and technical capacity
[LS]
Q13
To what extent would your organisation be likely to pay more (i.e. pay higher prices per
tCO2e, or a premium rate) for offsets from projects that resulted in non-financial
sustainability benefits?
Please rate the following options from 1 (Not likely) to 5 (Highly likely).
Improving environmental conditions (e.g. reducing air pollution)
Preserving biodiversity (e.g. protecting species and habitats)
Creating employment for local communities
Reducing vulnerability to climate change impacts (e.g. floods and storms)
Increasing food security
Promoting human rights (e.g. gender equality or reducing child labour)
Developing local infrastructure and technical capacity
[LS]
Q14
Please rank the following actors in order of importance for your organisation’s offset
investment preferences.
Project location
Capital expenditure
Cost per tonne of offset credits
Sustainability benefits
Volume of offset credits generated
Section 3 – Close
Q1
You have completed the survey, but we would welcome any additional comments you might have.
Comment
No comment
Q2
Would like to receive notification of the survey results?
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Yes
No
Q3
Thank you for your time and participation in this study. It is possible that some follow-up research
may be conducted to further explore the findings from this research. If this were the case, would
you like to participate in any follow-up study?
Yes, please keep me in mind for any follow-up research
Name:
Organisation:
Email:
Phone Number:
No thanks, I am not interested in participating in any follow-up research.
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17.3 Appendix 3 – PACOS survey – English version (Chapter 10)
RESEARCH SURVEY
Title:
Making community-based projects work in Sabah
Investigator:
Sebastian Thomas, School of Geography, Planning and Environmental Management, University of
Queensland
Objectives:
The goal of this survey is to help us understand community perspectives on project development in
Sabah.
Participant Information
This survey asks a series of questions about what constrains or facilitates environmental and
community-level projects in Sabah. The survey includes 15 questions and should take about 10-15
minutes. The researcher is a PhD candidate, and the project is investigating how ecosystem
management projects can be most effectively implemented in Sabah. You are invited to
participate, and your participation is entirely voluntary. You may withdraw at any time.
If you participate in this study, the information will not be linked back to you as an individual or as
a representative of your community. The information will be stored in a secure environment and
access to the data will be made available only to the members of the research team. Your
comments will be kept confidential and any information provided will only be used for the
purposes of this research. You, your position and your community will not be identified in any
project reports. All responses will be coded and will contribute to the pooled data of the research
team, so no individual responses will be made available.
You are welcome to discuss your participation in this study with the researchers (Sebastian
Thomas 010 954 6201) or to impose conditions, or withdraw from the study at any time. If you
would like to speak to an officer of the University not involved in this study, you may contact the
University’s Ethics Officer on +61 7 3365 3924.
Participant Consent
This study adheres to the Guidelines of the ethical review process of The University of
Queensland. As a participant in this research, your acceptance is required as confirmation of your
informed consent to participating in this survey. By completing this survey, you agree that you
have read and understood the “Participant Information” for this research project. You agree to
participate in this investigation through this survey and understand that you may withdraw at any
time.
Participant statement:
☐ I have read and understood the terms of participation in this study.
Do you consent to participate in this research?
Yes

No
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1. Personal information
Age:

18-30

30-40

40-50

Gender:

Male

Female

50+

2. Funding
In your opinion, what is the likelihood of having sufficient funds to start a community project?
Please enter a percentage (0 = impossible, 100 = certain)
___________________%
3. Operating costs
How expensive is it to run projects in your community? Please circle accordingly:
Expensive

/

Reasonable

/

Cheap

4. Networks
How involved are you in the following networks? Please circle (1 = not at all, 5 = very involved)
Social (friends, family)

1

2

3

4

5

Professional (industry, business)

1

2

3

4

5

Community (kampung, town, district)

1

2

3

4

5

How much does each of your networks help with making projects happen? Please circle (1 = not at
all, 5 = very much)
Social

1

2

3

4

5

Professional

1

2

3

4

5

Community

1

2

3

4

5

5. Weather
How often does weather negatively affect your livelihood activities? Please enter a percentage (0 =
never, 100 = all the time)
___________________%
6. Individual leadership
Are there individuals in your community that provide committed and passionate leadership? Please
circle accordingly:
YES /

NO

7. Tenure and customary rights
Do you have title to your land that is recognized by the government? Please circle one:
YES /

NO

How secure do you feel your land tenure is? Please circle accordingly (1 = not at all, 5 =
completely):
1

2

3

8. Regulations and laws
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4

5

What is your opinion of the laws and regulations that affect your livelihood? Please circle
accordingly:
Good /

Moderate

/

Poor

9. Public support
How often do you approve of government programs, projects and activities? Please enter a
percentage (0 = never, 100 = all the time)
___________________%
10. Quality of governance
Considering issues like public consultation, transparency and openness, corruption, and
enforcement of laws, how do you rate the quality of governance from the following government
agencies? Please circle accordingly:
Overall

Good

Moderate

Poor

Your local District Organization

Good

Moderate

Poor

Sabah Forestry Department

Good

Moderate

Poor

Sabah Environmental Protection
Department

Good

Moderate

Poor

Sabah Lands and Survey
Department

Good

Moderate

Poor

Sabah Fisheries Department

Good

Moderate

Poor

Sabah Wildlife Department

Good

Moderate

Poor

Sabah Forestry Development
Authority (SAFODA)

Good

Moderate

Poor

Sabah Town and Regional
Planning Department

Good

Moderate

Poor

Ministry of Rural and Regional
Development

Good

Moderate

Poor

Ministry of Natural Resources
and Environment

Good

Moderate

Poor

Federal Land Consolidation and
Rehabilitation Authority
(FELCRA)

Good

Moderate

Poor

Malaysian Maritime
Enforcement Agency (MMEA)

Good

Moderate

Poor

11. Community livelihoods
Are you able to comfortably support yourself and your family, or do you need help from others?
Please circle accordingly:
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Comfortable /

Need help

Do you expect that you will be able to comfortably support yourself and your family for the
foreseeable future? Please circle accordingly:
Expect to be comfortable

/

Expect to need help

12. Community support
How often do you approve of projects and activities conceived and implemented by your local
community? Please enter a percentage (0 = never, 100 = all the time)
___________________%
13. Knowledge and awareness
In your opinion, what is the level of knowledge and awareness in your community of the
following? Please circle accordingly:
Local plants (medicines,
growing seasons, etc.)

Good

Moderate

Poor

Local animals (feeding
habits, breeding times, etc.)

Good

Moderate

Poor

How the local ecosystem
works

Good

Moderate

Poor

Local climate and weather
conditions

Good

Moderate

Poor

District affairs

Good

Moderate

Poor

Politics in Sabah

Good

Moderate

Poor

International news and affairs

Good

Moderate

Poor

The Internet

Good

Moderate

Poor

14. Traditional beliefs and practices
How strong are traditional beliefs and practices in your community? Please circle accordingly:
Strong

/

Moderate

/

Weak

How strong do you think traditional beliefs and practices will be in the future? Please circle
accordingly:
Strong

/

Moderate

/

Weak

15. Making projects work
Please help us complete this table. We want your opinion on the likelihood of projects being
successfully developed under different conditions. For example, a project to grow mangroves on
degraded land. If funding is available, and the community supports the project, it is also necessary
for the community to have an understanding of how to plant and grow mangroves. It is also
important for the government to enforce laws and protect the project. So if community knowledge
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is good, but government support is only moderate, the probability that a project has a good chance
of succeeding is only 20%.
Please write a percentage (%)
Community
knowledge
Good

Government
support
Good

Good

Moderate

Good

Poor

Moderate

Good

Moderate

Poor

Poor

Good

Poor

Poor

Good

Moderate

Poor

20

50

30
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17.4 Appendix 4 – Description of BLUE+ modelling methodology (Chapter 11)
Methods
We developed an intermediate complexity model of coastal ecosystems, tropical food webs and
habitats, land use industries, population and economy. The central structure of the model is a
cellular automata which tracks the main habitat types, marine food web, associated carbon stores
and ecosystem services, non-renewable resources, and the activity of the main human industries
(tourism, fishing, aquaculture, farming, logging, mining and urban retail and services). The
settlements, human population (labour force and general community), top predators and endangered
species (e.g. dugongs) are represented using an agent-based modelling approach. We ran the model
with a range of carbon price scenarios (based on historical averages) to identify economic and
environmental outcomes resulting from the implementation of a blue carbon finance instrument.
A simulation approach was used to explore whether a BLUE+ instrument could lead to a shift in the
behaviour of local fishers that supported the concept rather than undermined it. The model used as a
basis of the simulations was a hybrid model – using agent-based and difference equations –
implemented using the netlogo platform [S1]. The model is of intermediate complexity and captures
the major components of the coastal ecosystem in the region of interest (Fig. S1) – including the
marine food web, habitats, land use industries, population and economy (Fig. S2, Fig. S3). The
central structure of the model is a cellular automata that tracks the state of the ecosystem, resources
and realised levels of human activity; while the settlements, human population, top predators and
endangered species (e.g. dugongs) are represented using agents. The component sub-models are
primarily based on existing models (further descriptions are given for each component below).
The data used to parameterise the model was sourced from previous publications and online
databases (Table S1). The anthropogenic components of the model were calibrated to time series
and rates of change presented [S2,S3], with the resulting mix of livelihoods suggested by the model
in line with the patterns reported for [S4]. As no biological time series were available the model
was calibrated so that long-term biomass trajectories were stable when under constant pressure.
Perturbation experiments (increasing or decreasing human use levels significantly) were also
carried out to ensure that response patterns matched those observed in other tropical reef systems or
historically in the region.
The calibrated model was then run under a set of eight initial carbon prices. We determined low,
middle, and high prices (1.61, 17.49 and 32.86) based on historical averages – European Union
Allowance and Certified Emissions Reduction unit prices weighted according to respective spot
trading volumes and closing prices between August 2008 and October 2012 (over 63,000 trades)
[S5]. We added lower bound and intermediate prices of 0.5, 3, 5, 10, and 13. This set of runs was
repeated 100 times for each price point (to deal with stochasticity), with the price increasing at,
above or below the rate of inflation. The differing rates of increase (relative to inflation) was
designed to explore whether or not any behavioural changes observed in the modelled agents would
persist should the livelihood start to fall behind cost of living pressures.
Outputs of the model include maps and time series for each major indicator: biomasses;
biodiversity; biomass of each group (proportional cover for habitats); fish catch; industrial activity
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and production levels (per industry); population; ethnic makeup; human footprint; relative depletion
of soils and mineral resources; suitability for each activity; income; revenue; and GDP.
Model data
The netlogo model at the heart of the simulations was constructed from modified forms of existing
models for simple tropical marine food web, habitats, land use industries, population and economy.
A description of the origin of each component, any modification made during implementation and
the parameterisation of the sub-model are described below. The model used a monthly time step
(t) and used a model grid to represent the region pictured in Fig 1 – the grid contained of 100 x 84
cells with each cell representing 2km2. Parameter values used in the model are given in Tables S2 –
S3.
Physical Environment
The physical environment could be read in from values derived from the CMIP5 data repository.
Alternatively a simple environmental model (modified from [S6]) could be used to generate
temperature, rainfall and sea level. The form of the results (i.e. patterns and relative benefits of
different carbon prices) was robust to the physical model used.
Temperature at a location at time t (Tt) is given by:
æ
(t - T ) ö
t ×T
Tt = TR × cos ç 2p × D O ÷ + TB, i + × D
365 ø
t
è

(1)

n

where TR is the seasonal range in temperature, TO is a temperature offset, TB,i is the base
temperature (for that location), T is the total temperature differential for the emissions scenario
being run, tD is the day of the year and tn is the total length of the run.
Rainfall at a location at time t (Rt) is given by:

Rt = Rt-1 + ( ra ×Ts2 + rb ×Ts + rc ) ×rs

(2)

with ra, rb and rc coefficients defining the form of the storm frequency relationship, Ts temperature
increment for the latest time step and rs is the initial average rainfall per storm.
While sea-level at a location at time t (Ht) is given by:

H t = H t-1 + hs

(3)
Any cells flooded by this change in sea level transitioned from a land to marine cell.
Disturbance rates were updated each time step from an external scenario file. Hydrodynamic
transport could also be read in from output generated from a specialised fine scale hydrodynamics
model like ROMS, or linearized pressure field and velocity equations:

dĤ vUH vVH
=
+
- hH
dt
U
V
dvu
t ×H
= k ×WU - k × vU - c × vV dt
U
dvV
t ×H
= k ×WV - k × vV - f × vU dt
V

(4)
(5)
(6)

where H is the sea surface anomaly; k represents bottom friction force;  is the Coriolis
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force;  represents upwelling rate;  the acceleration due to sea surface slope; v are the horizontal
velocities in the U and V directions of the grid and W user input forcing or general circulation field.
A simple sediment model was used to reflect the influence of clearing of the watershed on sediment
run-off and river plume extent. Sediment exiting the river mouth at time t (St) is given by
c
(7)
St = S0 × 0
ct
where s0 is the original sediment load, and Ct is the area of the catchment that was forested at time t.
This sediment is then diffused using netlogo’s diffuse routine, with the number of steps of diffusion
(d,i) determined by

æ

J d,i = min ç 1,

ai ö
vi ÷ø

(8)
è
with ai the area of the cell and vi is the average current strength at that location.
The key results presented here are robust to the choice of transport model used.
Planktonic Foodweb
The planktonic components are based on a generic nutrient-phytoplankton-zooplankton model [S7].
Nutrients in a cell at time t (Nt) are given by:
N t = N t-1 - Bp,t-1 × d n × d L × pm + zw × (1- zk )

+ zc × (1- ze ) × (1- zd ) + Bp,t-1 × pw × (1- pk ) + L N

(

(9)

)

- d n.s × su,g + so,g + ( sv,w + su,w + so,w ) × (1- sk ,w )

where zm is zooplankton mortality, zc is zooplankton consumption, z is the proportion of
zooplankton mortality (z) entering the detritus pool, z is the proportion of unassimilated material
ingested by zooplankton entering the detritus pool, z
is zooplankton consumption of
phytoplankton (see equation 15), z is the zooplankton assimilation efficiency, p is the proportion
of phytoplankton mortality entering the detritus pool. Similarly for the seagrass components, 
is
the nutrient uptake of the seagrass, sg is the growth terms for each part of the seagrass, s is the
proportion of seagrass mortality for leaves, roots and epiphytes (sv,su,
so,
) entering the detritus pool. N is external nutrient input (either from an
oceanic boundary or river run-off if in appropriate cells adjacent to such locations) which can either
be specified by a time series (if using CMIP5 data) or generated by applying uniform random
variation around initial boundary condition values (set to ~U(0.45,1.45) here). And BP,t is the
phytoplankton biomass in a cell at time t, p is the daily phytoplankton growth rate, p is the daily
phytoplankton non-predation mortality rate, n is the nutrient limitation of phytoplankton given by:
Nt
(10)
dn =
ln + N t
where and L is the phytoplankton light limitation:
l ×L
dL = k h
la , p + Lh

(11)

where l phytoplankton coefficient of light absorption; l,p is the half saturation constant of light
absorption; and Lh is the local light level at depth h:
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( (

) )

Lh = exp -1× lb + l p × Bp, t-1 × h × L0

(12)

with l the extinction coefficient and lp is the coefficient of light absorption of phytoplankton
biomass.
The nutrients are also diffused in the same way as the sediments.
Phytoplankton biomass in a cell at time t (BP,t) is given by:

(

)

Bp, t = Bp, t-1 + Bp, t-1 × d n × d L × pm - Bp, t-1 × pw - zc - fc, p × Dt

(13)

where fc,p is the consumption of phytoplankton by fish (see the general for of fish consumption
given by equation 15).
Zooplankton biomass in a cell at time t (Bz,t) is given by:

Bz, t = Bz, t-1 + ( zc × ze - Bz, t-1 × zw - fc, z ) × Dt

(14)

where fc,z is the consumption of zooplankton by fish (see below).
Consumption
The generic form of consumption by group j (fc,j and similarly for zc) by all the consumer groups
(zooplankton, invertebrates and fish) is given by:

fc, i, j =

(

B j, t-1 × fk , j × Bi, t-1 × a i, j

(

)

2

1+ fk , j × fm-1, j × fe , j × å Bp, t-1 × a p,z
i

)

(15)

2

where f,j is the clearance rate, f,j is the maximum potential growth rate, f,j is the assimilation rate
and i,j is the availability of prey i to group j.
Fish and Invertebrate Foodweb
The fish food web expands the food web of the CORSET reef model [S8]. The original list is
expanded so that it includes herbivorous invertebrates, detritivorous invertebrates, predatory
invertebrates, herbivorous fish, small reef fish, large reef fish and pelagic fish. Between them these
represent (at a very coarse level) the major reef, inter-reef and pelagic functional groups in the
region.
The biomass of functional group j (fish or invertebrate) at time t (Bj,t) is given by:

æ
ö
B j,t = B j,t-1 + ç fg, j - å fc, j,k - B j,t-1 × fwm, j + fF, j + fr, j + fa, j ÷ × D t
è
ø
k

(

)

(16)

where the growth of functional group j (fg,j) is given by:

ì
æ
B j, t-1 ö
ï B j, t-1 × fm , j × ç 1÷ , if detritivorous invertebrate
ï
f
è
ø
y
(17)
fg, j = í
ïB
×
fl , j, H ×C H × fe , j × fc, j , otherwise
ïî j, t-1 å
H
f is the carrying capacity of detritivorous invertebrates, CH is the cover of cover type H that the
species may be dependent, f,j,H the coefficient of habitat dependency, and fc,j,k is the consumption of
group j by group k. The non-predation mortality term is typically a linear function of the nonpredation mortality rate f,j but for the large fish group it is a quadratic (so as to incorporate the

(

)
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predators not explicitly included in the model). A proportion of the small reef fish age up to the
large fish such that
ì Bk, t-1 × fr , j , if large reef fish
ï
(18)
fa, j = í-B j, t-1 × fr , j , if small reef fish
ï0
, otherwise
î
and f,j is the rate of aging. Reproduction (fr,j) is given by

B j, t-1 × fRl , j × fRm , j ö
æ
ö æ
fr, j = ç å Ci × fRc , j, i ÷ × ç fRe , j + fRa , j +
÷
è i
ø è
fRl , j × B j, t-1 + f Rb , j × fRm , j ø

(19)

where fRc , j, i is the coefficient of recruitment habitat dependency for habitat i, fRe , j, i is the supply of
recruits from outside the model domain, fRa , j, i is the recruits advected from other reefs in the model
domain, fRc , j, i is the rate of self recruitment, fRm , j, i is the maximum potential recruitment and fRb , j is
the inflexion point of the density dependent local recruitment term.
The final term in (S14) represents the losses due to fishing (fF,j) which is given by:
q ×E
×B
(20)
fF, j = j F,t-1 j,t-1
a j,F + B j,t-1
with qj the catchability/selectivity of fishing for group j, EF,t-1 is the fishing effort and j,F is the
availability of group j to the fisheries (local and commercial).
Iconic species
The iconic species were represented by sharks and dugong, which are the top predators and
representative species of conservation concern in the region. These groups were represented using
an agent-based approach (with individual agents representing small groups of individuals with
identical properties) and they follow the action tree in Fig S3.
When feeding on other agents the predatory agent compiles a list of all prey agents at the location
and then consumes any it can catch (based on a probabilistic draw) until satiated (this can mean that
not all the members of an agent are consumed). The individual biomass of members in the agent at
time t (Ib,t) is given by:
(21)
Ib,t = Ib, t-1 + I c, t × Ie - I m
where Ic is the biomass consumed,  is the agent’s assimilation efficiency and
is the current
metabolic costs (including base metabolism, costs of movement and any costs of reproduction).
The numbers in an agent (In,t) are given by:

I n,t = I n, t-1 - Iw × I n, t-1 - I s × I n, t-1 - å I c, i - I F

(22)

i

where  is the stochastic non-predation mortality, Is is the current starvation rate (0 if in healthy
condition), Ic,i is the biomass consumed by other agents and IF is the number lost to harvesting
where the chance of harvest (I) is given by:

I F = qI × Et-1
Any reproduction creates new agents (reproduction in the local area at the same time step is
summed to maximise the number of new agents with maximal membership). All movement is
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towards patches in the local searchable neighbourhood (i.e. cells within search radius) with
maximal available food, with the cost of movement (Im,,m) given by:
(23)
I m, m = Is × g × I d ×z
with  is the individual’s cruising speed, Id is the distance travelled, is the  drag factor and  is a
stochastic scalar to reflect meander around the direct movement path (the potential magnitude of
this increases above 1.0 the less linear distance moved, the final cost of movement can never exceed
the cost of the maximal move distance as that reflects the case where the meandered distance
matches the maximal linear move distance).
Habitats – seagrass, macroalgae and reefs
The modelled habitats included mangroves, seagrass and major forms of vegetative land-use
(forests, plantations, agricultural land).
A schematic of the seagrass model is given in Fig S4 show that the seagrass is represented by three
pools – leaves (sv), roots (su) and epiphytes (so) with the state at time t for these given by:

æ
ö
æ sv, t-1 × sv, m × d L × d n,s × d v, S × (1- sG )ö
sv, t = max ç sv, max , sv, t-1 + ç
÷ × Dt ÷
è +sv,E - sv,w + sv,r
ø
è
ø

(

(
)× D

) )

(24)

su, t = max su,max , su, t-1 + su,g - su,w × Dt

(25)

so, t = so, t-1 + so, g - so, w

(26)

(

t

where the nutrient limitation is calculated as for phytoplankton and the light limitation likewise for
the epiphytes. For the leaves the light limitation must also allow for epiphyte shading such that:

æ
æ
ö L ö
s
Lv, h = min ç 1,exp ç -1× lb + l p × Bp,t-1 × h × o, t-1 ÷ × 0 ÷
sv, t-1 ø la ,s ø
è
è

(

)

(27)

where l,s is the seagrass half saturation constant of light absorption and sv,E the addition of plants
due to intentional plantings (regrowth treatments) and s
translocated to root
biomass. Space limitation for leaves is given by:

æ

d v, s = 1- exp ç -1× sk ,v ×
è

su, t-1 ö
sv, t-1 ÷ø

(28)

where s coefficient of space limitation for seagrass leaves.
The growth of seagrass epiphytes is given by:

so,g = so,t-1 × so,m × d L × d n,s × d o,s

(29)

where the light and nutrient limitation is as for phytoplankton and the space limitation is as for
leaves except using the space limitation coefficient for epiphytes (so) rather than leaves (s ).
The growth of the seagrass roots is related to growth of leaves and is given by:

æ
s ö
sG
su,g = su,t-1 × sv,g × ç 1- u,t-1 ÷ ×
è su,max ø (1- sG )

(30)

with su,max the maximum density of seagrass roots. Recruitment of propagules (sv,r) is the main
natural way of adding new seagrass, other than by vegetative growth.
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Recruitment is given by:

sv,r = sQ × sT + sJ

(31)

where s is self recruitment of seagrass, s is total seagrass cover in the cell and s is advected
recruits. 
Restoration of seagrass meadows by blue economy activities is also possible, but only in depths
<20m and is given by:

sv,E

æ
æ sv,max + su,max ö ö
ç EC $ × çè
÷ø ÷
qC
ç
÷
= sr × sv,max × min 1,
EO
ç
÷
ç
÷
è
ø

(31)

where sv,max is the maximum leaf density, s is the habitat restoration rate, C is the proportion of
biomass that is carbon, EC$ is the carbon price and EO is the relative income level where the blue
economy becomes the primary income.
The mortality of seagrass leaves, roots and epiphytes is given by:

sv,w = sv,m × sv,t-1 + sc + å sA,m × a A,s × EA,t-1 + sS,m × St

(32)

so,w = ( so,m + sv,m ) × so,t-1

(33)

su,w = su,m × su,t-1

(34)

A

with si,m is the predation independent mortality rate for seagrass part i, sc is the consumption of
seagrass by invertebrates and fish (given by equation 15, the generic form of consumption), sS,m is
the mortality rate of seagrass due to smothering by sediments, sA,m is the mortality of seagrass due
to disturbance by anthropogenic activity A, EA,t-1 is the level of activity A and s is the availability
of seagrass to human activity A.

Coral and algae are the other major submarine habitat types, which are represented via proportional
cover. There are two types of coral cover (brooders and spawners) both following:

(

)

Ci,t = Ci,t-1 + Ci,g - Ci,w - Ci,b - Ci,A,m - Ci,o + Ci,r × Dt

(35)

with growth (Ci,g) given by:

Ci,g = Ci,m × (1- d M × M M ,t-1 ) × ( M E,t-1 + Co × M TF,t-1 ) ×Ci,t-1

(36)

with Ci, is the maximum growth rate for coral type i, M is inhibition by macroalgae, MM,t-1
macroalgal cover, ME,t-1 epilithic algal cover, MTF,t-1 macroturf cover, and Co the overgrowth of
coral.
Coral mortality is (Ci,) given by:

æ
ö
Ci,w = ç Ci,m + Ci,c + å Ci,A,m × a i,A,C × EA,t-1 + Ci,S,m × St-1 ÷ ×Ci,t-1
è
ø
A
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(37)

with Ci,m is the predation independent mortality rate for coral type i, Ci,c is the consumption of coral
type i by invertebrates and fish (given by equation 38), Ci,S,m is the mortality rate of coral type i due
to smothering by sediments, Ci,A,m is the mortality of coral type i due to disturbance by
anthropogenic activity A and i,A,C is the availability of coral type i to human activity A. The
consumption term is a little different for coral (in comparison with the standard form in equation
15), although the definitions of the many constants remain the same:

é
ù
a c, j × fk , j × B j
ê
ú
Ci,c = å
-1 ú
ê
1+ åa k, j × Bk × fe , j× × fk , j × fm , j
j
êë
úû
k

(38)

Coral bleaching is (Ci,) given by:

ìz C ×Ci,t-1 Tt > TC,i,b
Ci,b = í
otherwise
î0

(39)

where C is a random number drawn from a uniform distribution between 0 and maximum mortality
rate due to bleaching for coral type i (Ci,m,) and TC,i, is the water temperature that triggers
bleaching.
Overgrowth of coral (Ci,) is another source of mortality and is given by:

Ci,o = M g,E®M × M g,C®M × M M ,t-1 ×Ci,t-1

(40)

where Mg,jM represents the growth of algae over epilithic algae or coral.
Coral reproduction is (Ci,r) given by:

Ci,r = ( Ci,Q ×Ci,T + Ci,J ) × ( M E,t-1 + Ci,TF × M TF,t-1 )

(41)

where Ci, is self recruitment of coral type i (only non-zero for brooders), C  is total coral cover
of type i in the cell, C i, is advected recruits of coral type i and C  is the use of macroturf for
coral recruitment.
The cover of the benthic algal groups is similar, with macroalgal cover (MM,t) given by:

M M ,t

æ
ö
ç M g,E®M × M E,t-1 + M g,TF®M × M TF,t-1 ÷
ç
÷
ç
÷ × Dt
= M M ,t-1 + M M ,t-1 × + å M g,C®M ×Ci,t-1 + M r
ç i
÷
ç
÷
ç -M S,m × St-1 - M M ,w × å M j,c
÷
è
ø
j

(

)

(42)

smothering of macroalgae is of the same form as for corals, as is consumption (except that it
is scaled by the maximum rate at which existing macroalgae is grazed down (MM,)), while
recruitment (Mr) is only of advected propagules.
Macroturf is handled a little differently. In areas with extant reef the cover of macroturf (MTF,t) is
given by growth, mortality and overgrowth:
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æ M E®TF × (1- fk ) × M E,t-1
ö
ç
÷
ç -M TF,w × å M TF, j,c × M TF,t-1
÷
j
ç
÷
ç
÷ ×D
= M TF,t-1 + -M E®M × M TF®M × M M ,t-1 × M TF,t-1
ç
÷ t
ç - å ( Ci,r ×Ci,TF × M TF,t -1 )
÷
ç i
÷
ç
÷
è -Cb,g ×Cb,TF × (1- d M × M M ,t-1 ) ×CT × M TF,t-1 ø

(

M TF,t

)

(43)

where Cb is brooding corals, f is the total herbivorous consumption rate and (ME,) is the maximum
rate at which existing macroturf is grazed down. Where there is no reef the level of macroturf is set
as a uniformly distributed random number inversely proportion to the depth of the seabed at that
location. Epilithic algae (ME,t) is set in the same fashion as macroturf in areas with no reef or
seagrass cover, otherwise it is given by:

æ
s ö
M E,t = ç 1- CT ,t-1 - M TF,t-1 - v ÷ ×z E
sv,max ø
è

(44)

where E is a random scalar that is inversely proportional to depth of the seabed in that cell.
Habitats – mangroves and forests
Age/size structured mangrove models were used based on [S9-S11] and a three-part seagrass model
[S12] – the structure of which is given in Fig S5.
The above ground biomass is represented with a five-stage size-age model, with the numbers in
each size bin (ADi,t) given by:
A
Di,t = Dr + di, p × A Di,t-1 - di,w × A Di,t-1 × DT - di,A × A Di,t-1

+ ( di-1,a × A Di-1,t-1 - di-1,a × A Di,t-1 ) × d salt × d n × d T × d L

(45)

where Dr is seedling recruitment (zero for all but the smallest size bin), di,p is the proportion of the
size bin persisting in that size bin, di, is the mortality rate for that size bin, di,A is the proportion of
the size bin transitioning to the next size bin and the  are limitation terms. Salinity related
limitation is provided by:

d SALT =

1

1+ exp ( b const × ( bk - X ))

(46)

with const the salinity limitation constant,  the half saturation salinity coefficient and X the current
salinity levels. The nutrient limitation ( ) for mangroves is given by:

D
æD ö
d n = n0 + n1 × prod + n2 × ç prod ÷
N max
è N max ø

2

(47)

with ni nutrient limitation constants, Dprod is mangrove production and Nmax the maximum possible
concentration of nutrient (phosphorous in this case); with the ratio of these two values being a
rough index of nutrient availability. Dprod is given by:
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Dprod = Dmprod ×

N avail - N min
N avail - N min + Nk

(48)

where Dmprod is the maximum mangrove productivity, Navail the available (acquired) nutrient
(phosphorous), Nmin the nutrient availability at zero production and N the half saturation coefficient
for the mangrove uptake of phosphorous.
The temperature limitation (T) is given by:

d T = 1-

Tmin,D
T2

(49)

with Tmin,D the minimum tolerated temperature for the mangrove species. The final limitation term
is for light limitation (L) or shading, which is given by:

æ

æ

è

è

æ lr ,L
ööö
- l2 ÷ ÷ ÷
è Lh
øøø

d L = lshade × ç 1- exp ç -l1 × ç

(50)

with lshade is the shade tolerance for the species, l1 and l2 coefficients for the light relationship and
l,L the light penetration through the canopy to the leaves of the trees in size class i.

æ

æ

è

è

d r ,L = min ç L0 , Lh × exp ç -lk ,cap × å
j>i

la

D j,t ö ö
a ÷ø ÷ø

(51)

where L0 is minimum light levels reaching the forest floor, l,cap is the attenuation coefficient for the
mangrove canopy, and the final term is the cumulative leaf area of tall trees in the canopy.

For the purposes of tracking ecosystem services the number of mangroves is insufficient, the leaf
mass and basal area is also important. Leaf mass in size class i (lDi.t) is given by:
l

(

d

i ,k
Di,t = A Di,t × di,sz × d i,diam

)

(52)

with di,sz the size coefficient, di, the size exponent and di,diam the tree diameter. The leaf area (laDt)
is given by:
la

Dt = l Dt × aleaf

(53)

where aleaf is area per leaf. The associated basal area for mangroves (BDi.t) is as follows:
B

æ p × di,diam ö
Di,t = A Di,t × ç
è
4 ÷ø

(54)

with the sum over all age classes giving total basal area. Tree mass (mDi.t) is given by:
m

Di,t = B Di,t ×di,h ×dmass ×dreldens

(55)

where di,h is the tree height for size bin i, dmass is the mass per unit area of wood and dreldens is the
relative density of trees per area.

The sum of the tree and leaf mass gives the total above ground biomass (TABDt) and the mangrove
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cover (cDi.t) is given by:
B

c

Di,t =

Di,t
a × dreldens

(56)

The final above ground mangrove term is for seedling recruitment into the youngest size class,
which is given by:

(

)

(

)

Dr = dseed + A Di,t ×di, fec × L2floor × 1- j flood × (1- Dm ) + dspread + drestore (57)
with dseed is the seeds newly released, di,fec the fecundity coefficient, Lfloor the light reaching the
forest floor, flood is the flood effect, Dm the seed predation effect, dspread the seed dispersal and
drestore the number of trees intentionally planted.

The below ground components of mangrove habitat (including the carbon stores) are based on a
layered sediment, detritus and root model by [S10] tracked to a depth of 2m. Beginning with the
surface layers and processes, litter production (litDt) from the above ground tree is given by:

Dt = 1.33 + 0.292 × å B Di,t

lit

(58)

i

with the constants taken from [S9]. The breakdown into dead leaf matter (ldDt), dead twigs (tdDt)
and net dead wood (wdDt) are given as follows:

(

)

ld

Dt = dleaf ®litter × lit Dt × 1- dexport

td

Dt = 1- dleaf ®litter × lit Dt × 1- dexport

(

wd

)

(

(

Dt = dwt × TAB Dt × 1- dexport

(59)

)

(60)

)

(61)

where dleaflitter describes the proportional conversion of leaf matter to litter, dexport is the rate of
litter export and dwt is the wood turnover rate. The associated surface inorganic pool (AIDt) is given
by:
IA

Dt = dsed - k ask × ( lit Dt + dwt × TAB Dt )

(62)

where dsed is the sediment deposition rate and ash is the ash ratio. The labile (GL,0,t) and refractory
detritus (GR,0,t) that results from this production is given by:

(

)

GL,0,t = ld Dt × 1- k lig × (1- k ash )

(

(63)

)

GR,0,t = ld Dt ×k lig + 1- lresp × ( dtt × td Dt + dwt × wd Dt ) × (1- k ash ) (64)
with dtt the decay rate of twigs, lig is the lignin content and resp the losses due to respiration. For
each of the sediment layers (7 in this case) the root mass (RDi,t) is given by:
R

Di,t = R D0 ×

exp ( - lroot × di-1,sedz ) - exp ( - lroot × di,sedz )
- lroot

(65)

with RD0 the surface root mass, di,sedz the sediment layer thickness for layer i (with layers starting at
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the surface and working deeper into the sediments) and root is the root attenuation rate. Roots can
be of two forms, fine and large. The production of fine roots (frDt) is given by:
fr

Dt = R Di,t ×d pf

(66)

with dpf the proportion of the root mass that is made of fine roots. Similarly for large roots (lrDt)
except the rate of decay of wood (dwd) is used to give the proportion of root mass that is due to the
production of large roots. The buried detritus in sediment layer i (GL,i,t and GR,i,t) is given by:

(

GL,i,t = GL,i-1,t - gld ×GL,i-1,t + GR,i-1,t × grd × 1- lresp

((

)

)

)

(67)

+ 1- g fR × fr Di-1,t + (1- g lR ) × lr Di-1,t × (1- k ash )
GR,i,t = GR,i-1,t - grd ×GR,i-1,t + gld ×GL,i-1,t × r L®R

(

)

(68)

+ g fR × fr Di-1,t + g lR × lr Di-1,t × (1- k ash )

with LR the rate of transformation from labile to refractory material, fR the fraction of refractory
material that is made up of fine roots; lR the fraction of refractory material that is made up of large
roots; and the detrital decay rates (gld and grd) shifting values once the sediments are deeper than
50cm.
The total resulting organic matter (GTorg) is given by:

GTorg + å( GL,i,t + GR,i,t + R Di,t × (1- k ash ))

(69)

i

Nutrient cycling are also associated with these sediment processes with the surface nitrogen
contributions from the labile (sedNL,0,t) and refractory (sedNR,0,t) components given by:
sed

sed

(

)

N L,0,t = 1- lleafR × llitR × ld Dt + (1- linR ) × Nin

(70)

N R,0,t = lleafR × llitR × ld Dt + linR × N in

(

)

+ 1- lresp × lrlR × ( dtt × td Dt + dwt × wd Dt )

(71)

where leafR is the refractory composition of leaf matter; litR is the refractory composition of litter;
inR is the refractory composition of allochthonous inputs; rlR is the refractory composition of
residual litter; and Nin the amount of allochthonous nutrient inputs.

Within the sediments the nitrogen levels associated with the detrital pools (sedNL,I,t and
given by:
sed

N L,i,t =

sed

(

)

N L,i-1,t + 1- lleafR × lrootN × ( fr Dt ,i + lr Dt ,i )

- lloss ×t resid × N remin,i-1
sed

N R,i,t = sed N R,i-1,t + lleafR × lrootN × ( fr Dt,i + lr Dt,i )

sed

NR,I,t) are

(72)
(73)

with rootN the nutrient composition of roots, tresid residence time, loss the specific loss rate of
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soluble nitrogen and the remineralisation (Nremin,i) is given by:

Nremin,i = nmin × sed N L,i-1,t × N P,i-1

(74)

with nmin the mineralisation rate and NP,I the levels of phosphorous in the sediments, which is given
by:

N P,i

ì N P,dep + llitP × ( ld Dt + dtt × td Dt + dwt × wd Dt )
ï
ïé N
+ l × fr D + lr Dt ,i ) ù
= í ê P,i-1 litP ( t ,i
ú
ïê
N remin,i
ú
ï ê - lloss ×t resid × f
ú
û
PNremin
îë

i=0
i>0

(75)

with NP,dep the allochthonous deposition rate of phosphorous; litP is the phosphorous composition
of litter; and PNremin the ratio of phosphorous loss to nitrogen remineralisation. From this the
available phosphorous for mangrove uptake is the total NP in the upper 5cm of the soil layers.

Habitats –forests
The terrestrial forest model is modified from [S13], including different land cover types, succession
and disturbance. Cultivated land types include crops and plantations, whereas the native land uses
are grasslands and forests. The stages of forest cover are bare ground, grasslands (crops), shrub
lands (or plantation saplings), full forest (plantation) cover.
Terrestrial vegetative net primary production (Vp,t) is given by

æ
ö
3000
Vp,t = min ç 3000 × (1- exp ( -0.000664 × ¡ )) ,
(76)
1+ exp (1.315 - 0.119 ×Tt ) ÷ø
è
where ¡ is local rainfall, Tt is air instead of water temperature and Vp,t is treated as having a lower
bound of 500.
Succession is dictated by time since last disturbance, growth and net primary production.
Disturbance rates are calculated based no environmental forcing and population gradients:

(

rdisturb = max Fclim ,k popdisturb × ( 2 × Z grad +1)

)

(77)

with Fclim climate forcing disturbance index, pd the population impact disturbance rate and Zgrad is
the population gradient given by:

Z grad =

1 æ
Z ö
×ç å i ÷
y z è i D z,i ø

(78)

where Zi is the total human population of settlement i, z is the distance of the current cell to
settlement i and z is the population gradient scalar. Forest succession is set one step lower if a
random draw is less than the index of disturbance, it is also degraded by human activity in the same
way as for forest cover (see equation 79).
Succession steps forward through growth and transitions. Between transitions growth in forest
cover (cVg,t) is given by:
æ
ö
æ
ö
c
Vg,t = cVg,t-1 + ç 1- cVg,t-1 ×u g - ç u m - åu A, j × A j ÷ × cVg,t-1 ÷ × D t
(79)
è
ø
è
ø
j

(

)
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with u g forest growth rate and u m forest mortality rate, A the level of human activity (e.g. forestry
and tourism) and u A, j is the damage rate for activity j.
Landcover transitions from grasslands to shrubland if a random number draw is less than shrub

r shrub = V+ ×

Vp,t

(80)

Vp,t

where V+ is the succession counter, which increments each time step and can be reset as discussed
above. Once forest state has reached scrubland (or higher) the cover has a lower bound of 5%. The
transition from shrubland to full forest cover uses the same process as for grassland to shrubland,
but also requires at least one neighbouring cell to be in a full forest state (or if there are no
neighbouring cells in such a state then shrub is halved).

If forest-state is in a grassland state then growth in cover treats grassland as untended cropland and
is given by:

Vg,t =

c

u ag ×Vp,t
u agmax

(81)

with u ag the agricultural suitability production scalar and u agmax is the maximum agricultural
productivity (see equation 114 for handling of farming production).
Soils
Soil state is influenced by land use with soil productivity (Gsp) given by:

Gsp =

Gsp,0
æ
ö
çè å Gimp,i ÷ø - Gregen
i

(82)

where Gsp,0 is the initial soil state, Gimp,i is soil degradation rate due to adjacent settlements and
Gregen is the soil regeneration rate (which is only non-zero if forested).
Human Population
The human population growth and service industry models were modified from [S14]. Each
settlement has two ethnic groups – one representing indigenous Sabahans and another representing
other ethnic groups (e.g. Malay). For each settlement the population level per ethnic group (Zi,j,t) is
given by:

(

)

Zi, j,t = Zi, j,t-1 + Z j,g - Zi, j,m - Zi, j,migo × Zi, j,t-1 + Zi, j,migi

(83)

where Zj,g is the population growth rate for group j, Zi,j,m is the mortality rate for the ethnic group:

(

)

Zi, j,m = Z j,mmax - Z j,mmax - Z j,mmin × h j,gdp

(84)

where j,gdp is the gdp-per-capita scalar, Zj,mmax is the maximum mortality rate and Zj,mmin is the
minimum mortality rate; Zi,j,m is also constrained such that Zj,mmin < Zi,j,m < Zj,mmax. The outmigration rate (Zi,j,migo) is calculated in the same way, except that out-migration can be accelerated
(especially for non-indigenous groups) if gdp-per-capita falls below food costs or there is
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unemployment.

(

(

)

)

Zi, j,mig = Z j,migmax - Z j,migmax - Z j,migmin × h j,gdp × hstarve + Zi, j,uem × Z j,miguem (85)
with starve only set > 1 if gdp-per-capita < food costs; Zi,j,uem the number of unemployed and Zj,miguem
the maximum migration rate for the unemployed in ethnic group j. The minimum potential outmigration rate for the indigenous population is zero. There is no in-migration for the indigenous
population (Zi,j,migi), but for the other ethic group it is set by:
E
Zi, j,migi = hmig × i, j
(86)

hecon

mig is the base in-migration rate, Ei,j is the gross economic state for the settlement and econ is the
economic scalar.
Those moving to the settlement must be allocated to jobs (if available).
To allow for shifting demographic make-up and rural versus urban population mixes and additional
form of migration is included – i.e. migration in/out of domain plus between settlements (especially
rural/small urban to large urban areas) dictated by changing proportion of population that is rural.
This is represented by incrementing the allowable total urban population (ZTAP) by ZAPi (which is
given by the total increase for the entire run period divided by the run length) and then determining
the possible number of rural migrants based on the remaining space in urban areas by:
(87)
rmigrural = ZTAP,i - Zi
The actual number of rural migrants is a random number between 0 and migrural. Once assigned to a
settlement (across both ethnic groups) these migrants are allocated to any employment vacancies.
The new migrants (and their families) are also allocated to the different ethnic groups based on a
random number draw (currently each ethnic group is equally likely).
The last group to be allocated to jobs are newly skilled workers (Znmat,i). The numbers of these is
given by:
(88)
Znmat,i = z mat × Zgc,i
where mat is a random number between 0 and mat (the proportion maturing); and Zgc,i is the number
in the general community (i.e. family members of the labour force).

Employment
The actual number to be employed is the sum of the unemployed plus all the different sources of
new migrants minus their extended family (which is added to the general community Zgc instead).
The size of the extended family (Zefi) is calculated as:
(89)
Zefi = Zi,migi ×z ef
where ef is a random number with a maximum value of efmax (maximum proportion of family that
is non-labour force) which is given by:
1
refmax = 1(89)

h fsz

with fsz is the average family size. If no jobs are available the entire set of migrants is added to the
general community. The new workers are allocated randomly across any job vacancies (i.e. across
industries and skill sets).
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The out-migration must also be considered in terms of what proportion is in the work force (the
proportion of emigrants that are non-workers is calculated using the same process as for
immigrants) and which jobs are vacated (again these are determined randomly). If the numbers
leaving exceeds the number employed then the leavers are also drawn from the skilled unemployed.
New vacancies are dictated by the activity levels of the industries. For each industry the number of
vacancies (Jv) is given by:
(90)
Jv = J p - Jw
where Jp is the sum of the number of positions across all active industry operators for that industry;
and Jw is the number of current workers employed in the industry. If Jv is non-zero then the
vacancies are filled from the unemployment pool – by those skilled appropriately for that industry.
If there are still remaining jobs these can be filled by subsequent migrants and new graduates.
Human land use and industries
CORSA includes a number of industries: forestry, plantations, agriculture, aquaculture, tourism,
mining, fisheries and services/industries in urban areas. The demand for each sector is based on the
macroeconomics outlined in [S6], with the realised dynamics for each industry based on simple
production equations constrained by the local labour force.
Each time step the costs, economic thresholds and optima are incremented based on background
interest rates. The external demand is also read in from a forcing file (which dictates the broader
economic scenario). Then internal demand is calculated, first by checking total employment per
industry (across all settlements) and then looking at demand per industry. The demand for tourism
(Ktour) is given by

Ktour

(

æ 1- bbeach × exp ( -a beach × c coast ,t )
= k bt × ç
çè
1- exp ( -a beach × c coast ,0 )

) ö÷ × (1+ t
÷ø

T

+ t R + t ST )

(91)

where bt is the base tourism demand coefficient, beach and beach are beach association
coefficients, coast,t is the number of coastal beach cells at time t. And the storm effect (ST) is read
in from the environmental forcing file, while the temperature effect (T) is given by:

t T = DT ×k tourT

(92)

with T is the gross change in mean temperature from the beginning of the simulation and tourT is
the tourism temperature coefficient. The rain effect (R) is given by a relationship from [S15]:
0.2
tR =
(93)
0.8
0.2 +
1
0.95
1+ 0.001× exp -0.033× ( R - 695 )

(

))

(

For all other industries demand (Kj) is given by:

(

K j,t = min K j,t-1 ×j meg , K calc

)

K calc = K ext , j + k dc,i ×U out

(

(94)

(

))

+ åk dom × exp j com,i × kgdpc,i,t - kgdpc,i,0 × Zi.t
i
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where meg is the maximum economic growth rate (to bound growth to reasonable limits when
jumps in demand happen quite suddenly), Kext,j is external demand for industry j and dc is a
demand coefficient created by other sectors, Uout is sectoral output. The final summation term of
Kcalc represents demand from the local populace (summing over ethnic groups), with dom the
domestic demand coefficient, com,i the consumption coefficient and kgdpc,i,t is the GDP per capita for
that ethnic group at time t.
The new imports (Eimp) due to the change in demand (K) is given by:

Eimp = k imp × D K

(95)

where imp is the import coefficient. Similarly the new jobs resulting from the increase in demand
(Enj) is given by:

Enj = k job × D K

(96)

with job is the employment coefficient.
Demand is given in terms of the area (number of cells) required by each industry (Karea,j), which is
given by:

K area, j,t =

E job, j
sd
sq
æ
æ UT , j,t ×UV ,0 ö æ UT , j,t × K area, j,0 ö ö
max ç s maxd × s job, j,t ,s job, j,0 × ç
÷ ×ç
÷ ÷
çè
è UT , j,0 ×UV ,t ø è UT , j,0 × K area, j,t-1 ø ÷ø

(97)

where Ejob,j is total employment in industry j; job,j,t is the use density for industry j at time t; maxd
is the maximum rate of increase of use density; UT,j,t is total suitability of cells containing industry j
at time t; UV,t is total suitability of cells containing native vegetation at time t; UT,j,t is total
suitability of cells containing industry j at time t; d is the sectoral sensitivity to land pressure; and
q is the sectoral sensitivity to land quality. The demand for urban land (Kurb) is a little different and
is given by:

K urb = Z 0 ×

Zt
Z md

(98)

The number of cells required is then compared with the number of cells already used by each
industry. If there is a shortfall in cells being used by an industry then more cells are allocated to it.
To do this the cells are then sorted based on their suitability for each industry. Starting with the
most suitable site and working in a descending order, a uniform random number is compared to the
suitability of the cell to test for transition (i.e. if the random number < suitability the cell is
assigned). If the transition is successful the potential transition is marked (i.e. construction begins,
investments are made or additional operators are added to that cell). This process is repeated until
all suitable cells are exhausted or all new required cells are allocated. Native vegetation (forest,
mangroves and seagrass) is not allocated in this way, instead they grow if seed is dispersed to the
site and initiates an inoculation.
If demand is less than the existing level of the industry then that industry begins to degrade (e.g.
some croplands transition to grasslands, operators leave etc).
The suitability for most use types (Wj,t) – except mangroves and fisheries given below – is given by:
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W j,t = 1W j,t × 2W j,t × 3W j,t + z suit

(99)

suit is a lognormal random value. The first term (1Wj,t) deals with weights due to the
influence of activities in neighbouring cells (beyond that influence radius the influence drops to
zero). This is based on influence curves so can have "attraction" as well as "repulsion".
There are four influence equation types:
(i)
linear (used for beaches and mangroves)
1
(100)
W j,t = y a + di, j ×y b
(ii)

logistic (used for crops, urban, tourism, services and fisheries)

W j,t = y c + y d ×

1

(iii)

ya

y a + (1- y a ) × exp ( -y b × di, j )

exponential (used for forests and plantations)

(

W j,t = y a + y b ×exp y c × di, j

1

(iv)

(101)

)

(102)

lognormal (used for aquaculture and mining)

( ( )

æ æ ln d - y
i, j
b
exp ç - ç
2
ç ç
( 2y a )
è è
1
W j,t = y c ×
di. j ×y a × 2p

) ö÷ ö÷
2

÷÷
øø

(103)

where  are influence coefficients specified for each industry and di,j is the distance to cell of type i
(within the influence radius).
The second term (2Wj,t) deals with accessibility (by road or water) and is given by:

æ a
a ö
W j,t = min ç j , j ÷
è d j,road d j,sea ø

2

(104)

where dj,road is the minimum distance to a road and dj,sea is the minimum distance to a marine cell.
The accessibility is set to zero for aquaculture unless dealing with a cell adjacent to water.
The final term (3Wj,t) deals with suitability for the activity type given the current state, temperature,
rainfall, altitude, slope and rainfall:

æ
ö
W j,t = e atlas × ç å ( cVi,t × e i ) + Qurb × e urb ÷
è i
ø

3

æ
ö
+ e act × ç å Qn × e n ÷ + Qcap × e cap
è n
ø

(105)

æ
ö
+ Qten × e ten + e z × ç Qurb × e urb,z + å cVp,t × e p,z ÷
è
ø
p
+ e R × F R.t + e sl × F sl.t + e elev × F elev.t
where i is the number of vegetative classes; n is all land use and industry types; p are reserve zones
(typically only for forests, mangroves); Qurb is the urban land cover; Qcap is the anthropogenic
capacity index; Qten is tenure suitability (which is only non-zero if users comply with planning and
zoning); Qn is the cover or level of use of type n; R,t is a rainfall index (based on bands of rainfall
magnitude); sl,t is a slope index (based on bands of slope steepness); elev,t is an elevation index
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(based on bands of elevation); and the  are suitability scalars – atlas for geographic type, act for
current use, cap for anthropogenic capacity, ten for tenure (and planning), z for zoning, R for
rainfall, sl for slope and elev for elevation. Areas that are already urban zero out incompatible land
use types: forest, plantation, crop, aquaculture and mangroves.
The suitability of a cell to mangroves is calculated a little differently. Non-zero values are only
possible in non-urban coastal or estuarine cells where the number of neighbouring mangrove cells
exceeds the number of beach cells otherwise the cell is set to being a beach. The suitability of
marine cell i for fisheries (WF,i) is also calculated a little differently, as follows:

WF,i =

BF,i
d port

(106)

where BF,I is the harvestable resources in cell i and dport is the distance to port. Shifts between use
types (probability of transition) uses the suitability as a probability for comparison with a random
number draw.
Urban spawl
The size of the human population dictates if the size of a settlement increases (i.e. of there is urban
sprawl); this occurs if the population exceeds a maximum population density Zmd. If sprawl does
occur then an adjacent non-urban cell is marked as a settlement and the excess population is moved
there (with the ethnic breakdown and relative skill base matching that of the original settlement). If
the population density drops below a minimum the settlement disperses (becomes a ghost town and
is abandoned eventually shifting to grasslands as the first step in succession).
The radius of influence (dinf) for an urban area scales with is population:
Z
dinf = i,t
(107)

k inf

with inf the influence scalar. The settlement is marked as a mining town if a mine is within the
reach of a mining truck from the settlement.
Industries - forestry
The probability of harvesting a cell is set at the level of forest cover, if a random draw is less than
this probability then harvesting occurs. Clear felling removes all forest cover, whereas selective
logging only removes a proportion and resets succession back one step. The production of nonplantation timber (Xfor,t) is given by:

X for,t = ai × cVn.t ×q hwpa × rrelden ×q sel

(108)

with cVn,t the native forest cover in the cell, hwpa the harvest per area of wood, relden the relative
density of the forested land and sel is the proportion of the area selectively harvested (set to 1 if
clear felling). The associated profit ($for,t) is given by:

$ for,t = J wd × X for,t - Jwdc × cVn.t ×q sel

(109)

where wd the unit sale price of timber and wdc the cost of logging.
Industries - plantations
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Plantations are only harvested once of age. They can be used for oil or wood. If for oil then
production (Xoil,t) is given by:

Xoil,t

æ
= ç q minoil +
è

Vp,t × (q maxoil - q minoil ) ö
c
÷ × ai × Vp,t × e oil
afm
Vp - ageVp,t
ø

age

(110)

where minoil is the minimum oil production per area; maxoil is the oil production by mature trees (i.e.
maximal production); afmVp is the age that plantation trees are considered fully mature; ageVp,t is the
current age of the plantation; cVp,t is the plantation cover; and oil is oil processing efficiency. The
profit associated with this production ($oil,t) is given by:

$oil,t = Joil × Xoil,t - Joilc × Xoil,t

(111)

where oil is unit sale price of oil and oilc is unit sale cost of oil production.
If harvested for wood then plantation production (Xplt,t) is given by:

X plt ,t = ai × cVp,t ×q hwpa × rrelden

(112)

Plantations are clear felled when harvested. The associated profit ($plt,t) as follows:

$plt,t = J plt × X plt ,t - Jwdc × CVp,t,t

(113)

where plt the unit sale price of plantation timber.

Industries - farming
Crops need tending if they aren’t to transition into grasslands and forest. Current realised
agricultural suitability (Wags,t) must be greater than or equal to zero and is capped at mas otherwise
it is given by:

Wag,t = e agnpp ×Vp,t - e agsl ×Sl - e agflw × H fl + e ags ×Gsp,t - Gimp

(114)

with agnpp the agricultural suitability influence of net primary production; agsl the agricultural
suitability influence of ground slope; agflw the agricultural suitability influence of flow; ags the
agricultural suitability influence of the soil state; Sl is the topographic slope; and fl is local flow
(e.g. due to rainfall or run-off). Crop cover in the cell (cVcrp,t) is dictated by agricultural suitability
such that:

Vcrp,t =

c

Wag,t

e mas

× lag ×

Z ag,t
ai

(115)

with ag the area tended per farmer, and Zag,t the number of farmers active in the cell. In turn this
gives the agricultural yield for the cell (Xag,t) as:

(

)(

(

Xag,t = k agmax × cVcrpt,t × r phar × 1- lagpl × 1- q agos × exp k agsy ×Wag,t

))

(116)

where agmax is the maximum yield, phar is the proportion of the land actually harvested, agpl is the
proportion of product lost due to processing, agos is the origin shift and agsy is the slope yield
factor. The associated profit ($ag,t) is given by:

$ag,t = Jag × Xag,t - Jagec

(117)
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where ag is the cropping value and agec is the crop establishment costs.
Industries - aquaculture
The aquaculture included in CORSA focuses on marine pond production, with fixed cost of feed.
The aquaculture footprint (Qaq) is set based on the number of pens (Kaqpen) at a site, which is
dictated by the level of local employment in the industry and any degradation due to being
abandoned, storm damaged, fouled or aging such that:

Kaqpen,t = Zaq,t × laqpw - Kaqpen,t-1 × d aqdeg × Dt

(118)

with aqpw the number of pens per worker, aqdeg is the pen degradation rate and the resulting
aquaculture footprint is given by:

Qaq,t = K aqpen,t ×

a pen
ai

(119)

where apen is the area of an individual pen (with the number of pens capped by the fact that the area
of pens cannot exceed the area of the cell). The biomass of farmed fish at time t (faqb,t) is given by:
æ
ö
æ
faqb,t-1 ö
faqb,t = ç faqb,t-1 × maqg × ç 1- faqb,t-1 × maqm ÷ × D t + faqst
÷
è Qaq,t × m pencap ø
è
ø

(120)

where pencap is the pen capacity, aqg is the farmed fish growth rate, aqm is the mortality rate and
the stocking rate faqst is only non-zero if a new pen is being established or a pen harvested the
previous time step is being renewed. When the biomass of fish in the pen reaches a harvestable size
or age the entire biomass of the pen is harvest with the resulting production (Xaq,t) given by:

(

Xaq,t = faqb,t × 1- r fg

)

(121)

where fg is the proportion of the biomass that is discarded as waste. The aquaculture profits ($aq,t)
is then given by:

$aq,t = Jaq × Xaq,t - Jaqc × Kaqpen

(122)

where aq is the value of farmed fish and aqc are the costs of pen upkeep.

Industries - tourism
The tourism sub-model is based on [S16]. All cells within a tour distance of tourism
accommodation sites are potential tourism sites. The tourism effort (Yeff,t) is given by:

Yeff ,t =

V po × Ztour,i,t

(123)

di

with Ztour,i,t the number of tour operators based at settlement i, di is the distance to settlement i and
V po is the effort per operator. The damage rate due to this activity (Ydam,t) is:

Ydam,t = utid ×Yinf ,t + utod ×Yeff ,t + utvd ×Yvis,t

(124)
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where Yinf,t is tourism infrastructure, Yvis,t is the number of tourism visits, utid is the tourism
infrastructure damage rate, utod the tourism operator damage rate and utvd is the tourism visitation
damage rate.
There are three states that tourism can be in – ecotourism, comfortable camping and mass tourism.
Each of these has their own visitation rates (vis), net value (price – costs; tour) and crowding
factors (cf) with the resulting number of visits (Yvis,t) given by:

Yvis,t

æ
æ btenv × å Bi,t
öö
b
×Y
inf
inf,t
çY
i
ç
÷÷
+
vis,t-1 ×
ç
ç å Bi,t + b ee Yinf,t + b einf ×Yvis,t-1 + b einf ÷ ÷ × D
=
è i
ø÷ t
ç
ç
÷
çè -Yvis,t-1 × btc - Yvis,t-1 × b cf
÷ø

(

(125)

)

with tenv the tourism environmental state coefficient; ee the tourism environmental expectation
coefficient; inf the tourism infrastructure coefficient; einf the tourism infrastructure expectation
coefficient; tc the tourism competition coefficient; and the environmental state is given by the total
vertebrate biomass. The number of visits can see the state of tourism transition from ecotourism to
comfortable camping to mass tourism. One step along this chain occurs whenever:

Yvis,t > bvis × Ztour,i,t × Dt ×z tour

(126)

where tour is a random value drawn from a uniform distribution (-tour, tour) where tour is a
coefficient of variation (set to 0.2 in this case).
Tourism infrastructure (Yinf,t) is updated based on investment and depreciation such that:

(

)

Yinf,t = Yinf,t-1 + bii ×Yvis,t - btdep ×Yinf,t-1 × Dt

(127)

with ii the infrastructure investment rate (set to zero if the number of operators exceeds demand)
and tdep is the tourism infrastructure depreciation rate.
Tourism productivity is set to the number of visits and the associated tourism profits ($tour,t) is given
by:

$tour,t = Yvis,t × Jtour

(128)

Industries - fisheries
For cells within cruising distance of home ports, the fishing effort applied in cell I (EF,i,t) is given
by:
l × Z ×d ×d
(129)
EF,i,t = å F F, j,t cpue bluec
d
×
l
j
i, j
fuel
with F the effort per fisher, ZF,j,t the fisher population based in home port j, di,j is the distance from
home port j, fuel is the fuel effect, cpue is the catch per unit effort (cpue) based effort scalar and
bluec is the scalar for effort based on any shift away due to blue economy behaviours. The cpue
scalar reflects responses in effort allocation around catch rates such that:
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ì
å Bcat ,i,t-1
ï1- r
i
< hmincpue
Fshift ,
ï
EF,t -1
ï
ï
å Bcat ,i,t-1
d cpue = í
i
> hmaxcpue
ï1+ r Fshift , E
F,t-1
ï
ï
ï1
, otherwise
î

(130)

with Fshift the relative shift in fishing effort if cpue moves outside the standard band (defined at the
lower end by mincpue and at the upper end by maxcpue), Bcat,i,t is the catch of group i. The effort
scalar due to blue C (see the section below dealing with the blue carbon economy and behaviour).
If Fshift is not equal to one then fishers enter (or exit) the system. The change in the number of
fishers (ZF,t) is given by:

D ZF,t = Z F,t × rFshift

(131)

If adding fishers to the fishery this number of fishers is drawn from the pool of unemployed fishers
at that settlement, if fishers leave the fishery then they join the unemployed pool instead. The pools
of workers are also updated accordingly.

The production for the fishery (XF) is the sum of all harvested species:

XF,t = å ( Bcat ,i,t )

(132)

i

while the profits ($F,t) recognising the price differentials of high and low value species:

(

)

XF,t = å( Bcat ,i,t × JlowF ) + å Bcat , j,t × J hiF - EF,t × J Fc
i

j

(133)

where lowF is the price of low value species, hiF is the price of high value species, and Fc is the
cost per unit effort.

Industries - mining
Mining production (Xmine) is given by:

X mine,t = -2 log10 (z m1 ) × cos ( 2p ×z m2 ) × s mine
æZ
×l
×D
l ö
l mr
+ min ç mine,t extract t ,exp ( lshtr ) ×U mnr,t
× J mpmp ÷
U mnum
è
ø

(134)

where m1 and m2 are uniform random numbers between 0 and 1; smine is the mining variance; Zmine,t
is the population of miners living in nearby settlements; extract is the extraction rate and Umnum is the
number of mine sites in the local area; shtr is the short run coefficient; Umnr,t is the resource reserve;
mp is the resource price; mr is the mine reserve coefficient; mp is the price coefficient. The
associated profit ($mine,t) is given by:
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$mine,t = Xmine,t × Jmp - Xmine,t × J mpc

(135)

where mpc is mining costs. The reserves are non-renewable and are depleted by the production such
that:

Umnr,t = Umnr,t-1 - Xmine,t

(136)

Once the reserve has dropped below the dwindle point (a proportion dwind of the initial reserve
levels) the mine is abandoned and a new mine is sort out in an unmined neighbouring area.
Industries – other industries
The output (production) of services (Xser) is based on the current state of service capital:

Xser =

U scap,t × rcaputil

(137)

lsc

with Uscap,t the service capital, caputil the proportional utilisation of capacity and sc the ratio of
service to capital output. The status of service capital is given by:

æ
ö
U
U scap,t = U scap,t-1 + ç rioinvest × å X j - scap,t-1 ÷ × D t
lavglifesc ø
è
j

(138)

where ioinvest represent the proportion of industrial output that is allocated to investment in services
and infrastructure; total industrial production is calculated by summing up the production of
mining, fisheries, aquaculture, plantations, forestry; and avglifesc is the average life span of service
capital.
The value associated with the provision of services ($ser) is handled quite simply and is given by:

$ser = Xser × J ser

(139)

where ser is the value of the services.

Economics
The economic indicators tracked are total production and profits across the different sectors (simply
summed across all spatial cells, settlements and operators to give aggregate values), the level of
income from potential carbon trading (simple a payout on new carbon storage), realised value of
ecosystem services and the breakdown of income across the different ethnic groups.

Blue economy behaviour – restoration and avoidance
The potential blue carbon storage is in the production and above ground biomass of mangroves and
the root stock of both mangroves and seagrass and also the layers of detritus locked in by reefs.
Only habitats with a cruise distance of a settlement are claimed and tendered by the population of a
settlement. The value of this carbon is then considered when deciding to forego any logging or
potentially habitat destructive harvesting (e.g. fisheries that might impact reef habitat). Where there
is enough economic incentive restoration of habitats can also be triggered.
Simple, threshold-triggered, functional forms were used to represent shifting behaviour should the
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blue economy provide an enticing alternative livelihood. The avoidance of habitat destruction by
fishing, forestry or clearing for aquaculture pens and other uses is given by a modified realised
activity level (AL,t):
, EP < ET
ì AU ,t
ï
æ
E ö
ï
AL,t = í AU ,t × ç 1- P ÷ , ET £ EP £ EO
(140)
EO ø
è
ï
ï0
, EP > EO
î
where AU,t the standard activity level of the industry of interest, dictated by the industry dynamics
model (e.g. AU,t would be equivalent to EF,t for fisheries); EP is the potential income earnt by the
carbon (C) in the habitat; ET the threshold relative income value (typically 5% more than the
average income band for that activity) where the blue economy becomes attractive as an alternative
livelihood; and EO the relative income level where the blue economy becomes the primary income
source (set at 60% above the average income band for that activity, based on interviews and
participatory gaming, this is in line with observations from rural and coastal communities reported
in the literature, e.g. [S12,S13]). Setting ET at 5% is inline with the level of resistance to the
inclusion of a new livelihood into an already diversified household livelihood mix (typical of this
region of Sabah) that would be due to habit and attitudes to “new things”. However, if access to
blue-C related income had limited entry regulation, significant set-up costs or required a critical
mass for initiation then a much higher threshold would be required as the local populace has a
significant subsistence component with limited capital mobility – all identified as threats to the
establishment of sustainable livelihoods in [S14, S15].
The level of restoration activity (AR,t) for seagrasses or mangroves is given by:
, EP £ ET
ì0
ï
(141)
AR,t = í
EP
b
×
×
D
,
E
<
E
res
t
T
P
ï
EO
î
where res the restoration rate per unit effort (which has differential costs across the habitat types).
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Table S1: Data sources for the components of CORSA
Component
Elevation
Geophysical environment
Climate change
Plankton model
Marine food web
Marine habitat
Mangroves
Other forest
Industrial sectors and land use
Population
Economy
Zoning
Human infrastructure

Data Type (Source)
Global relief data (NOAA geophysical data centre
http://www.ngdc.noaa.gov/mgg/global/)
Sabah GIS maps for flows, rivers, catchments, watershed,
precipitation [S21]
Temperature and rainfall change (CMIP5 data repository)
Biomasses [S22-S24]; parameters [S23-S25]
Biomasses [S22]; parameters [S8,S26-S30]
Sabah GIS habitat maps [S21]; parameters [S8, S31-S33]
Sabah GIS habitat maps [S21,S34]
Sabah GIS habitat maps [S21]; parameters [S34-S36]
Data and parameterisation [S36-S41]
Data and parameters [S36]
Data and parameters [S36]
Sabah GIS habitat maps [S21,S34]
Sabah GIS maps for settlements, roads [S21]
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Table S2: Initial base biomass conditions (or number of starting agents) for ecosystem components. Those
marked with * are scaled based on reef habitat as reef associated. Each of the agents represents 1-3 individuals.
Initial biomass (kg/km2)

Group
Starting biomasses
Phytoplankton
Zooplankton
Detritivorous invertebrates
Herbivorous invertebrates
Carnivorous invertebrates
Pelagic fish
Herbivorous fish *
Small fish *
Large fish *

16960
33210
102590
8240
100900
76240
30300
22120
25950

Starting number of agents
Dugongs
Sharks

150
1000

Starting human populations
Indigenous
Other

822000
548000
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Table S3: Physical environment parameters
Parameter
Initial average rainfall per storm
Coefficients defining the form of the storm
frequency relationship
Suitability rainfall bands
Suitability slope bands
Seasonal range in temperature
Temperature offset
Base temperature
Total temperature differential
emissions scenario being run

Symbol
rs
ra
rb
rc
R,t
sl,t

for

the

TR
TO
TB
T

Value
50 mm
0.0047
0.0541
-0.0028
100, 250, 400, 550 mm
2.5, 5, 10, 17.5, 25
2.5 C
117 (days)
29 C
2 C

Table S4: Phytoplankton parameters
Parameter
Phytoplankton half saturation constant for light
Phytoplankton coefficient of light absorption
Light extinction contribution by phytoplankton
Phytoplankton nutrient half saturation constant
Daily phytoplankton growth rate
Daily phytoplankton non-predation mortality rate
Proportion of phytoplankton mortality entering the detritus
pool
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Symbol
l ,p
l
lp
n,p

p
p
p

Value
10
1.5
0.005
5
19.33
0.001
0.1

Table S5: Zooplankton parameters
Parameter
Zooplankton clearance rate
Zooplankton assimilation efficiency
Zooplankton growth rate
Zooplankton non-predation mortality rate
Proportion of zooplankton mortality entering the detritus
pool
Proportion of zooplankton unassimilated material entering
the detritus pool

Symbol
f
z
fc,z
z
z

Value
16.93
0.25
12.99
0.001
0.25

z

0.3

Parameter

Symbol

Brooders

Maximum growth rate
Predation independent mortality rate
Coral self recruitment
Use of macroturf for coral recruitment
Maximum bleaching mortality rate
Bleaching trigger temperature

C
Ci,m
C
C
C
T

0.06
0.015
5
0.05
0.22
30.1

Table S6: Coral parameters
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Broadcast
spawners
0.09
0.017
0.15
0.61
30.1

Table S7: Seagrass parameters
Parameter
Light extinction coefficient
Seagrass half saturation constant of light absorption
Seagrass nutrient half saturation constant
Coefficient of space limitation for seagrass leaves
Coefficient of space limitation for seagrass epiphytes
Maximum density of seagrass leaves
Maximum density of seagrass roots
Mortality rate of seagrass due to smothering by sediments
Seagrass leaf maximum growth rate
Epiphyte maximum growth rate
Seagrass leaf non-predation mortality rate
Epiphyte mortality rate
Seagrass roots mortality rate
Seagrass self seeding rate
Proportion of seagrass mortality entering the detritus pool
Seagrass leaf growth translocated to root biomass

Symbol
l
l ,s
n,s

s
s
sv,max
su,max
sS,m
s
s
sv,m
su,m
so,m
s
s
s

Value
0.06
30.0
14.00
1.01
0.1
45455
80000
0.045
0.08
0.25
0.01
0.05
0.015
5
0.2
0.3

Table S8: Macroalgae and turf parameters. The algae per area (kg km-2) values are used to convert cover of
habitat into biomass for feeding purposes
Parameter
Inhibition of coral by macroalgae
Smothering rate of macroalgae
Smothering rate of macroturf
Growth of algae over epilithic algae
Growth of algae over coral
Growth of algae over macroturf
Growth of macroturf over epilithic algae
Macroalgae (kg km-2)
Macroturf (kg km-2)

Symbol
M

Ms,m,M
Ms,m,TF
Mg,EM
Mg,CM
Mg,TFM
Mg,ETF

Value
0.2
0.096
0.001
0.1
0.2
0.4
0.7
25000
15000

Table S9: Sediment nutrient and detritus parameters
Parameter
Labile detritus decay rate at surface
Labile detritus decay rate in deeper sediments
Refractory detritus decay rate
Refractory composition of residual litter
Rate transformation labile to refractory material
Phosphorous composition of litter
Residence time
Specific loss rate of soluble nitrogen
Mineralisation rate
Sediment deposition rate
Amount of allochthonous nutrient inputs
Allochthonous deposition rate of phosphorous
Ratio phosphorous loss to nitrogen remineralisation
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Symbol
gld,0
gld,i
grd
rlR
LR
litP

tresid
loss

nmin
dsed
Nin
NP,dep
PNremin

Value
0.901
0.255
0.001
0.01
0.01
0.0002
0.0025
12
5.51
0.0013
0.001
0.002
12

Table S10a: Mangrove parameters
Parameter
Mangrove salinity limitation constant
Mangrove half saturation salinity constant
Maximum mangrove productivity
Nutrient (P) availability at zero production
Maximum possible concentration of nutrient (P)
Half saturation for uptake of phosphorous
Constant in nutrient limitation relationship
Constant in nutrient limitation relationship
Constant in nutrient limitation relationship
Shade tolerance
Minimum tolerated temperature
Attenuation coefficient for the mangrove canopy
Scalar coefficient for the light relationship
Coefficient for the light relationship
Seed dispersal rate
Seed predation effect
Mangrove size coefficient
Mangrove size exponent
Rate of decay of wood
Surface root mass
Root attenuation rate
Proportion of the root mass made of fine roots
Lignin content
Ash ratio
Proportional conversion of leaf matter to litter
Losses due to respiration
Nutrient composition of roots
Rate of litter export
Decay rate of twigs
Wood turnover rate
Refractory composition of allochthonous inputs
Fraction refractory material that is fine roots
Refractory composition of litter
Fraction refractory material that is large roots
Refractory composition of leaf matter
Mass per unit area of wood
Relative density of trees per area
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Symbol
const

Dmprod
Nmin
Nmax
N
n0
n1
n2
lshade
Tmin,D
l
l1
l2
dspread
Dm
di,sz
d
dwd
R
D0
root

dpf
lig
ash

dleaflitter
resp
rootN

dexport
dtt
dwt
inR
fR
litR
lR
leafR

dmass
dreldens

Value
-0.2
65
0.46
0.02
0.5
0.03
-1
4.42
-2.5
2.24
8.3
0.000002
1.09
0.08
1
0.1
38.9
2.11
0.09
0.007
0.04
0.1
0.2
0.1
0.7
0.45
0.005
0.4
0.28
0.38
0.0015
0.25
0.45
0.2
0.6
0.00105
0.0044

Table S10b: Size based mangrove parameters
Parameter

Symbol

Mangrove fecundity coefficient

di,fec

Size class
1
0

Proportion persisting in that size bin

di,p

0.663

0.826

0.893

0.95

0.9

Mangrove mortality rate

d

0.162

0.0753

0.001

0.001

0.001

Proportion of the size bin
transitioning
Mangrove tree diameter

di,A

0.193

0.07

0.1067

0.05

-

di,diam

1.25

2.65

4

4.675

7.3

337

Size class
2
0.1067

Size class
3
0.1067

Size class
4
0.3867

Size class
5
0.3867

Table S11: Invertebrate parameters.
Parameter
Clearance rate
Maximum rate macroalgae grazed down
Maximum rate macroturf grazed down
Assimilation rate of macroalgae
Assimilation rate of macroturf
Assimilation rate of epilithic algae
Assimilation rate of invertebrate prey
Maximum potential growth rate
Non-predation mortality
Rate of self recruitment

Symbol
f,j
MM,
ME,
f,M,j
f,TF,j
f,E,j
f,j
f,j
f,j

fRc , j, i

Herbiv
0.13
0.95
0.9
0.25
0.26
0.22

Detritiv

Carniv
0.3

0.25
0.01
0.03

1.8
0.35
0.02

0.18
0.4
0.001
0.14

Coefficient for reproduction

fRa , j, i

0.01

0.13

0.02

Supply of recruits from outside model domain

fRe , j, i

0.08

0.06

0.01

Inflexion point for local recruitment term

fRb , j

0.05

0.005

0.05

Maximum potential recruitment

fRm , j, i

8096

79225

1048

Coefficient of recruitment habitat dependency

fRc , j, i

1

Carrying capacity

f
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3066

Table S12: Fish parameters
Parameter
Assimilation rate
Maximum potential growth rate
Grazing rate
Non-predation mortality
Rate of self recruitment

Symbol
f
f
f
f

Pelagic
0.12
0.06
0.24
0.25
0.08

Herbiv
0.05
0.01
0.02
0.3
0.003

Small
0.11
0.05
0.17
0.2
0.07

Large
0.07
0.02
0.15
0.02
0.07

Maximum potential recruitment

fRm , j, i

50

1

1

1

Recruits from outside model domain

fRe , j, i

0.007

0.001

0.02

-

Inflexion point of local recruitment

fRb , j

0.005

0.06

0.04

0.04

0.03
-

0.02
1
-

0.02
1
0.31

0.03
1
-

Reproduction rate (then advected)
Coefficient of habitat dependency
Proportion of the small reef fish age up to
the large fish

fRc , j, i

fr,j
f
fa,j

Table S13: Shark and dugong parameters
Parameter
Starvation rate
Drag factor in movement
Maximum “other” mortality*
Age of maturity (months)
Grazing rate
Assimilation efficiency
Maximum energetic growth rate (g/yr)
Fecundity rate
Reproductive energy costs
Litter size
Metabolic costs
Cruising speed
Maximum length (L∞, cm)
* Non-predation and non-anthropogenic

Symbol
Is

Imat
I
I
Ifec
Irc
Ifecn

I∞
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Dugong
0.001
1.4
0.01
50
10500
0.2
24090
0.05
60
1
2.3
60.6
270

Sharks
0.001
1.4
0.01
25
9300
0.1
15700
0.05
48
2
1.5
69.9
210

Table S14: Availability and fisheries selectivity parameters

Phytoplankton

0.03

Selectivity

Availability

Shark

Dugong

Pelagic fish

Fishery

Large fish

Small fish

invert

Carniv.

Herbiv. fish

invert

Herbiv.

Prey

Zooplankton

Predator

0.001

Zooplankton

0.0001

0.004

Macroturf

0.3

0.3

Macroalgae

0.25

0.1

0.1

Seagrass

0.15

0.05

0.2

Coral

0.03

0.7

0.005

0.9

Herbiv. invert

0.3

0.1

0.112

0.02

0.01

0.5

Detritiv. invert

0.7

0.96

0.364

0.261

0.15

0.5

Carniv. invert

0.05

0.1

0.025

0.015

0.05

1

0.31

0.68

0.6

0.7

1

0.6

0.9

0.8

1

0.254

0.3

1

0.9

0.26

1

0.03

0.1

1

0.15

1

Herbiv. fish
Small fish
Large fish
Pelagic fish

0.005

Dugong
Sharks
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0.54

Table S15: Forest parameters
Parameter
Stage counter value when state transition occurs
Mature state neighbourhood threshold
Maximum growth rate

Symbol
V+th
Vmnt

Mortality rate

ug
um

Minimum forest cover (once shrubland)
Relative size of small trees
Relative size of small trees

Vminc
Vsm
Vsm

Value
50
50
0.08
0.03
0.05
0.2
0.2

Table S16: Crop parameters
Parameter
Maximum agricultural yield
Origin shift
Maximum agricultural suitability
Agricultural suitability influence of ground slope
Agricultural suitability influence net primary prod
Agricultural suitability influence of flow
Slope yield factor
Proportion of the land harvested at any one time
Cropping value per unit volume
Crop establishment costs per field
Proportion of product lost due to processing
Area tended per farmer
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Symbol
agmax
agos
mas
agsl
agnpp
agflw
agsy
phar
ag
agec
agpl
ag

Value
4700
4
1500
0.5
0.8
5.4
-0.005
0.2
0.1
0.12
0.17
0.09

Table S17: Demographic parameters per ethnic group
Parameter
Maximum mortality rate
Minimum mortality rate
Birth rate
Initial GDP per capita
Maximum migration rate
Max migration rate of unemployed
Starvation scalar
Economic multiplier
Increase in proportion population urban
Proportion family travelling
Proportion maturing
Urban fringe scalar
Average family size
Initial urban use density
Maximum density increase rate (monthly)
Max unemployment triggering migration
Ratio Other:Indig in trades
Population disturbance rate
Population gradient scalar
Influence distance
Maximum population density
Minimum population density

Symbol
Zj,mmax
Zj,mmin
Zj,g
gdp
mig

Zj,miguem
starve
econ

ZAP
travel
mat
edge
fsz
job,j,0
maxd

Zi,j,uemth
trade
pd
z

dinf
Zmaxd
Zmind
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Indigenous
0.04
0.01
0.021
1235
0.038
0.23

Other
0.07
0.03
0.011
1440
0.044
0.2

Combined

5.8
5
0.1
0.3
0.19
0.31
10
500
0.02
0.14
1.8
4.2
150
20
100000
10

Table S18: Tourism parameters for eco-tourism, comfortable campers and mass tourism classes
Parameter
Tourism temperature coefficient
Base tourism demand coefficient
Beach association coefficient
Beach association coefficient
Tourism environmental state coefficient
Environmental expectation coefficient
Tourism infrastructure coefficient
Infrastructure expectation coefficient
Tourism competition coefficient
Tourism infrastructure investment rate
Tourism infrastructure depreciation rate
Visitation rates
Crowding factors
Effort per operator
Tourism visit net value (price – costs)
Tourism coefficient of variation
Tourism infrastructure damage rate
Tourism visitation damage rate
Tourism operator damage rate

Symbol
tourT
bt
beach
beach
tenv
ee
inf
einf
tc
ii
tdep

Combined
1.01
500
0.06
0.01
0.9
0.1
1.3
0.5
0.04
0.08
0.5

vis
cf

V po

Eco.

Comfort

Mass

200
0.02

4000
0.07

10000
0.14

741

959

524

3.9

tour

0.2
0.8

tour

utid
utvd
utod

0.0004
0.04
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Table S19: Forestry and plantation parameters
Parameter
Forestry
Harvest per area of wood
Age harvestable
Proportion of the area selectively harvested
Loggers per area
Cost of logging
Unit sale price of timber
Initial proportional age structure

Symbol
hwpa
harv
sel
log
wdc
wd

Plantation
Minimum oil production per area
Maximal oil production (mature trees)
Oil processing efficiency
Age maturity plantation trees
Unit cost of oil production
Unit sale price of plantation timber
Unit sale price of oil

minoil
maxoil
oil
afm

Vp

oilc
plt
oil
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Value
50000000
3
0.36
0.3
30
80
0.039, 0.396, 0.192, 0.166, 0.207

71
496
0.24
15
1800
2500
2150

Table S20: Aquaculture parameters
Parameter
Farmed fish growth rate
Farmed fish mortality rate
Pen capacity
Time in pen
Stocking rate
Proportion aquaculture harvest discarded as waste
Value of farmed fish
Costs of pen upkeep
Number of pens per worker
Rate of pen degradation
Area of an individual aquaculture pen

Symbol
aqg
aqm
pencap

fpent
faqst
fg
aq
aqc
aqpw
aqdeg

apen

Value
0.08
0.015
1000
6
45
0.1
3
0.05
2
0.32
0.3

Table S21: Fisheries parameters
Parameter
Cruise range
Effort per fisher
Initial proportion population artisanal fishing
Time willing to travel to sea
Minimum standard cpue band
Maximum standard cpue band
Relative shift in effort if cpue outside target band
Price of low value species
Price of high value species
Cost per unit effort
Fuel effect for fisheries
Initial proportion of fishing effort that uses destructive
methods
Concussion mortality scalar
Concussion footprint (km2)
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Symbol
dcruise
F
artF

tdrive
mincpue
maxcpue
Fshift
lowF
hiF
Fc
fuel
blast

blast

ablast

Value
40
0.0008
0.03
30.0
1
100
0.05
0.6
12.5
10
0.1
0.4
70
2

Table S22: Mining parameters
Parameter
Extraction rate
Resource price
Mining costs
Mining price coefficient
Short run coefficient
Mine reserve coefficient
Mining truck radius
Variance of mining production
Dwindle threshold (relative to initial reserve levels)
Initial resource reserve

Symbol
extract
mp
mp
mp
shtr
mr

dtruck
2
mine
dwind

Umnr,0

Value
299.4
515.9
267.5
0.123
-5.748
1.291
50
0.3
0.1
3409000

Table S23: Services parameters
Parameter
Ratio of service to capital output
Proportion industrial output allocated to investment in
service infrastructure
Proportional utilisation of capacity
Average life span of service capital
Value of the services
Initial proportion population working in services
Initial service capital (per capita)
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Symbol
sc
ioinvest

caputil
avglifesc
ser
ser,0

Uscap,0

Value
1.1
0.3
0.32
17.6
5
0.13
2.35

Table S24: Economic parameters and initial economic values
Parameter
Maximum economic growth rate
Initial indigenous GDP per capita
Initial other GDP per capita
Food costs
Initial average annual tour operator income
Initial average annual fisher income
Initial average annual farmer income
Initial average annual aquaculture worker income
Initial average annual logger income
Initial average annual miner income
Initial average annual plantation worker income
Initial average annual service worker income

Symbol
meg

kgdpc,indig,0
kgdpc,other,0
fd
tour,0
F,0
ag,0
aqua,0
log,0
mine,0
plt,0
ser,0

Value
1.05
1235
1440
521
27696
13944
10188
14424
23676
28476
21048
23112

Table S25: Blue carbon related parameters
Parameter
Proportion of biomass that is carbon
Number of trees intentionally planted in restoration unit effort
Habitat restoration rate
Relative threshold income value where blue economy attractive
Relative income where blue economy becomes the primary income
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Symbol
C

drestore
s
ET
EO

Value
0.05
1000
0.01
1.9
3.1

Table S26: Macroeconomic demand parameters between the sectors

Forestry
Plantation
Agriculture
Aquaculture
Tourism
Mining
Services
Fishery

Forestry
1.0695
0.0014
0.003
0.0012
0.0099
0.0172
0.0117
0.0031

Plantation
0.0051
0.2937
0.0178
0.0043
0.0086
0.0061
0.0244
0.0067

Agriculture
0.0134
2.5429
1.271
0.596
0.0604
0.0291
0.0396
0.0363

Aquaculture
0.0007
0.0019
0.0516
0.3778
0.004
0.0004
0.0019
0.0009

Tourism
0.0036
0.0019
0.0035
0.0015
1.2008
0.0856
0.0717
0.0037

Mining
0.0536
0.0312
0.0636
0.0284
0.1654
0.9521
0.1754
0.0698

Services
1.2608
0.2395
0.6323
1.176
1.4774
0.8215
2.0621
0.7961

Fishery
0.0012
0.0005
0.0212
0.0077
0.0045
0.003
0.0032
1.0625

Table S27: Initial sector demand, production and imports

Demand
Production
Imports

Forestry
552739.58
492573.4
60166.2

Plantation
325487.5
93453.3
232034.2

Agriculture
4013522.73
3429930.5
583592.2

Aquaculture
19297.82
1482.6
17815.2

Tourism
964394.1
591369.5
373024.6

Mining
5223342.1
3710652
1512690.1

Services
2249112.4
2249112.4
0

Fishery
233059.8
233059.8
0

Forestry
1
1
3.36

Plantation
1
0.7
0.22

Agriculture
1
1
345.65

Aquaculture
0.9
1.2
61.28

Tourism
0.8
0.5
2363

Mining
1
1.7
1371.25

Services
1.1
1.3
0.67

Fishery
1.1
1.5
0.16

Table S28: Land use parameters

Density sensitivity
Quality sensitivity
Initial use density
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Table S29: Current use suitability coefficients
Land Use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Other (Services)
Fishery

Sea
10
0
2
0
0
0
7
0
7
3
0
10

Beach
1
10
8
4
4
3
9
6
9
7
2
5

Mangrove
1
5
10
8
8
6
9
6
4
8
1
2

Forest
0
0
6
10
9
7
0
6
8
8
2
0

Plantation
0
0
6
9
10
7
0
2
8
8
3
0

Agriculture
0
0
3
6
6
10
0
3
5
5
4
0

Aquaculture
5
0
7
2
2
0
10
0
6
0
1
5

Urban
0
0
1
5
5
8
1
10
9
7
9
3

Tourism
3
5
5
6
6
6
0
7
10
4
7
0

Mining
0
3
2
5
5
6
0
5
6
10
6
0

Other
0
0
1
4
4
6
0
6
4
5
10
0

Table S30: Elevation bands (elev-i) suitability coefficients
Land Use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Other (Services)
Fishery

Sea
10
0
0
0
0
0
10
1
3
2
0
10

Elev-1
0
8
8
8
8
7
7
8
10
8
10
0

Elev-2
0
0
2
10
10
8
0
10
9
10
9
0

Elev-3
0
0
0
9
9
10
0
9
7
9
8
0

Elev-4
0
0
0
7
7
9
0
7
6
7
7
0
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Elev-5
0
0
0
5
5
8
0
5
4
5
5
0

Elev-6
0
0
0
3
3
6
0
3
3
3
4
0

Elev-7
0
0
0
1
3
4
0
1
2
1
2
0

Elev-8
0
0
0
0
2
2
0
0
1
1
1
0

Elev-9
0
0
0
0
1
0
0
0
0
1
0
0

Elev-10
0
0
0
0
0
0
0
0
0
0
0
0

Table S31: Suitability atlas (geographic) coefficients
Land use

Marine

Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

10
0
0
0
0
0
5
0
3
0
0
10

Forest state
1
0
0
0
2
4
10
1
2
6
4
4
0

Forest
state 2
0
0
0
8
10
9
1
2
7
2
4
0

Forest
state 3
0
0
0
8
10
8
1
2
8
2
4
0

Agricultural

Urban

0
0
0
4
3
10
1
4
4
4
6
0

0
0
0
0
0
4
0
10
5
2
8
0

Table S32: Suitability tenure (planning) coefficients
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Marine
10
0
0
0
0
0
6
0
0
0
0
10

Government
0
0
3
6
7
8
0
6
6
6
6
6

Industrial
0
0
1
3
8
8
0
9
8
9
9
6
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Reserve
0
0
8
8
1
0
0
1
4
0
0
5

Urban
0
0
0
2
0
4
0
10
6
6
8
6

Other
0
0
0
5
1
8
0
10
8
6
10
6

Table S33: Suitability zoning coefficients
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Marine
10
0
0
0
0
0
0
1
3
2
1
10

Forest
0
0
3
10
7
6
0
8
8
7
7
0

Mangrove
1
1
10
3
4
2
4
2
4
2
2
1

Urban
1
0
6
2
2
4
1
10
7
6
6
1

Table S34: Suitability capacity coefficients
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Marine
10
1
0
0
0
0
0
1
3
2
1
10

Suit-1
0
0
1
2
3
10
2
9
6
5
5
0

Suit-2
0
0
1
4
5
6
2
7
4
7
4
0
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Unsuit-1
0
0
1
5
5
4
1
5
4
6
3
0

Unsuit-2
0
0
1
10
8
2
1
3
3
5
1
0

Urban
1
0
2
2
3
4
2
10
6
6
6
0

Table S35: Suitability rainfall bands coefficients
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Marine
10
0
0
0
0
0
10
0
3
3
2
10

Rain-1
0
0
1
1
1
4
10
9
9
9
9
10

Rain-2
0
0
3
3
3
8
10
7
7
7
8
9

Rain-3
0
0
6
6
6
6
10
5
4
5
6
8

Rain-4
0
0
8
8
8
4
8
4
3
4
5
6

Rain-5
0
0
10
10
10
3
8
2
1
2
3
4

Table S36: Suitability slope bands coefficients
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Marine
10
0
0
0
0
0
10
0
3
2
0
10

Slope-1
10
8
8
2
2
10
5
10
10
10
10
10

Slope-2
0
2
5
4
4
8
0
6
7
6
6
0
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Slope-3
0
1
1
5
5
6
0
4
6
4
4
0

Slope-4
0
0
0
6
6
4
0
3
4
2
3
0

Slope-5
0
0
0
8
8
2
0
1
2
1
2
0

Slope-6
0
0
0
10
7
0
0
0
0
0
0
0

Table S37: Suitability curves (curve type 1 = linear, 2 = logistic, 3 = exponential, 4 = lognormal)
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Curve
type
1
1
1
3
3
2
4
2
2
4
2
2

Coefficient A

Coefficient B

Coefficient C

Coefficient D

1
1
1
0.0000001
0.0000001
0.1
0.3
0.1
0.05
0.9
0.1
0.05

0
0
0
1
1
0.2
2
0.2
0.2
0.3
0.2
0.2

0
0
0
-0.4
-0.7
1
2.7
1.5
1
3.6
1.5
1

0
0
0
0
0
-1
0
-1.4
-1
0
-1.4
-1
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Table S38: Suitability factor weightings
Land use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Services (other)
Fishery

Curve
type
1
1
1
3
3
2
4
2
2
4
2
2

Coefficient A

Coefficient B

Coefficient C

Coefficient D

1
1
1
0.0000001
0.0000001
0.1
0.3
0.1
0.05
0.9
0.1
0.05

0
0
0
1
1
0.2
2
0.2
0.2
0.3
0.2
0.2

0
0
0
-0.4
-0.7
1
2.7
1.5
1
3.6
1.5
1

0
0
0
0
0
-1
0
-1.4
-1
0
-1.4
-1
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Table S39: Suitability factor weightings
Land Use
Water
Beach
Mangrove
Forest
Plantation
Agriculture
Aquaculture
Urban
Tourism
Mining
Other (Services)
Fishery

Atlas
4
4
3
3
3
3
3
1
1
1
1
3

Actual
3
3
3
3
3
3
3
4
4
4
3
3

Tenure
3
3
2
2
2
2
3
2
2
2
2
3

Capacity
1
1
3
3
3
4
2
1
2
2
2
2
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Zoning
3
3
4
4
4
3
3
1
1
1
1
3

Rain
2
2
4
4
4
3
1
2
3
1
1
1

Slope
1
1
3
3
3
4
2
4
3
3
3
2

Elevation
1
1
2
2
2
2
2
3
3
3
3
2

Figure S1: Schematic of the model content

Figure S2: Modelled marine food web components. The sharks and dugong were represented by agents while the
rest of the food web was embedded in each cell of the cellular automata (with exchange allowed between cells).
The greyed entries under the habitats indicate that are multiple sub-components to each of these functional
groups.
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Figure S3: Action tree used in the model by the iconic species.
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Figure S4: Schematic diagram of the components of the seagrass habitat (and carbon storage) sub-model used in
CORSA.

Figure S5: Schematic diagram of the components of the mangrove habitat (and carbon storage) sub-model used
in CORSA.
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