
1_ 

LUCSUS 

Lund University Centre for 
Sustainability Studies 

The Grass is Always Bluer 

An investigation into the applicability of Market-based 
Governance for Seagrass in Sweden 

David Boyd 

Master Thesis Series in Environmental Studies and Sustainability Science,  
No 2019:037 

A thesis submitted in partial fulfillment of the requirements of Lund University 
International Master’s Programme in Environmental Studies and Sustainability Science 

(30hp/credits) 



   

 

 

 

  

 

The Grass is Always Bluer  

An investigation into the applicability of Market-based Governance for 

Seagrass in Sweden 

 

 

 

David Boyd 

 

 

 

A thesis submitted in partial fulfillment of the requirements of Lund University International 

Master’s Programme in Environmental Studies and Sustainability Science  

Submitted May 14, 2019 

Supervisor: Emma Johansson, LUCSUS, Lund University  



   

 

 

 

  



   

 

 

 

Abstract 

In recent years the concept of “Blue carbon” has brought attention to the importance of Mangroves, 

Seagrass and Saltmarsh ecosystems in carbon cycles. Concerns over climate change has had countries 

commit to decreasing CO2 emissions, often using natural processes to sequester CO2. This trend has 

often followed a market approach through creating a monetary value and market for CO2. This Climate 

Finance strategy is now starting to be applied to Blue Carbon ecosystems however, seagrass is 

underutilised, and it is rarely used in developed nations. As such, this paper aims to test the 

applicability of such a governance model in this context, using Sweden and the management of 

seagrass ecosystems as a case study. 

This was assessed using a qualitative literature synthesis and frameworks developed from Wunder’s 

(2015) definition for Payment for ecosystem services (PES) and the concept for Loss and Damage 

applied to the Swedish context. This study found that market-based governance of the seagrass species 

Zoestera Marina, through the monetary value of its CO2 sequestration, fisheries enhancement, and 

coastal erosion protection services, has potential within a Swedish context. Specifically, the use of the 

Voluntary carbon market (VCM) is found to be the most applicable strategy. Furthermore, through 

applying seagrass ecosystems services to the Loss and Damage concept, it is shown that conserving 

and restoring such an ecosystem can reduce Loss and Damage from climate change. 

The use of the VCM approach as a basis for a demonstration project to improve management strategies 

and best practice is proposed. The use of the Loss and Damage concept as justification for this is 

suggested. The issues surrounding the concept of market based environmental governance are 

addressed and whether or not they apply in this case is discussed. Finally, further research regarding 

the application of this mode of governance on seagrass is discussed. 

 

Keywords: Blue carbon, Seagrass, Sweden, Payment for ecosystem services, Loss and Damage, 
coastal management, market based environmental governance 

Word count: 13 342 
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1 Introduction 

In recent years the role played by vegetated coastal ecosystems in carbon sequestration and storage 

has captured global attention (Nellemann et al., 2009). Through storing carbon in the plants and in the 

soil of these ecosystems, they create significant carbon sinks that rival that of terrestrial forests, that 

until recently have been ignored in global carbon budgets (Duarte et al., 2010; McLeod et al., 2011). 

Under the term “Blue Carbon” attention is being brought to the ability of these ecosystems to 

contribute to global climate change mitigation (Duarte et al., 2013b; Murray, 2012). These ecosystems 

include mangroves, seagrasses, and saltmarshes, and are spread widespread throughout the world. 

However, many of these ecosystems are being degraded and lost at an accelerating rate (Pendleton et 

al., 2012), with approximately a third of global coverage already lost (Waycott et al., 2009). This process 

has been driven by human activities such as pollution, dredging and eutrophication (Short et al., 1996), 

as well as climate change (Short & Neckles, 1999; Smale et al., 2019). 

An increasing sense of urgency has now been brought to the issues surrounding climate change. 

Highlighted by the alarming reports from the IPCC (Intergovernmental Panel on Climate Change), 

stating that CO2 emissions need to be drastically reduced to avoid global warming of 1.5oC above pre-

industrial levels, in order to avoid impacts such as extreme weather events, sea level rise, and 

biodiversity loss (IPCC, 2018). Organisations like the United Nations Framework Convention on Climate 

Change (UNFCCC) and events such as the signing of the Paris agreement on climate change have had 

countries commit to decreasing their CO2 emissions, as well as sequestering carbon through their 

natural ecosystems. Carbon sequestration policy mechanisms have so far mainly focused on forestry, 

through approaches such as REDD+ (Evans, 2012). This trend has often followed a market approach, 

creating a monetary value for CO2, with the aim of creating a profit incentive that pushes for 

maximising the carbon sequestration potential of these ecosystems. This Climate Finance strategy is 

now starting to be applied to Blue Carbon ecosystems (Herr & Landis, 2014), with its ability to 

contribute to reducing CO2 emissions and environmental goals such as SDG 14.  

Attention is also being brought to the opportunity that coastal ecosystems present for nation’s 

nationally determined contributions (NDC) related to the Paris agreement (Herr and Landis, 2016). 

However it should be noted that this has been overlooked in the European Union’s (EU) NDC 

agreement and in Swedish National carbon inventory (European Parliment and the Council of the 

European Union, 2003; Swedish Environmental Protection Agency, 2018; UNFCCC, 2015a). This seems 
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to be a clear oversight considering the potential for Sweden and the EU to contribute to their climate 

change mitigation activities through the inclusion of blue carbon ecosystems. 

As Sweden is a Baltic state and in the Baltic Sea the seagrass species Zostera Marina (Z. Marina) is 

widespread, there is a clear opportunity for the application of blue carbon, considering the growing 

interest in the carbon sink ability of seagrasses (Boström et al., 2014; Ruiz-Frau et al., 2017). However, 

as a blue carbon ecosystem, seagrass has often been underutilised and the entire concept is rarely 

applied in developed nations (Wylie et al., 2016). As such, this paper aims to test the applicability of 

such a governance model in this context, using Sweden and the management of seagrass ecosystems 

as a case study.  

Sweden was chosen since it is considered a critical case by Flyvbjerg (2006) the purpose of which is: 

“To achieve information that permits logical deductions of the type, “If this is (not) valid for this case, 

then it applies to all (no) cases.” (Flyvbjerg 2006 pg.230) 

Sweden was considered a critical case due to the significant presence of a blue carbon species (i.e. the 

seagrass Z.marina) in Swedish jurisdiction and the environmental challenges in Sweden that are 

relevant to its management. Namely, coastal defence concerns, emission reduction targets and coastal 

environmental objectives (Commission on Climate and Vulnerability (Sweden), 2007; Swedish 

Environmental Protection Agency, 2016). As all of these services can be valued, this opens up the 

possibility of introducing market-based mechanisms of environmental governance to promote 

seagrass conservation and restoration via the concept of PES. This would tie into Sweden’s 

Environmental objectives, as well as aims of developing the marine sector through the sustainable use 

of marine resources (Berggren and Liss Lymer 2016) under the EU Blue Growth Strategy (Commission 

2013). Furthermore, the basis for market-based governance is already present in Sweden with the 

monetary valuation of ecosystem services being a popular strategy for informing policy decisions. For 

example it is used to assess priorities between different policies, help decision making with land-use 

or to communicate the value of a specific ecosystem (The Swedish Environmental Protection Agency 

2018). It has also been used for conservation purposes, with a payment scheme being used to protect 

carnivores in Northern Sweden (Zabel and Holm-Muller 2008). Finally, experiments in the carbon 

finance have been carried out in Sweden, as such this concept has been recognised as a potential tool 

for environmental governance. A good example of this is the Carbon trading scheme experiment set 

up in by Sveaskog (a nationally owned forestry company) in Övertorneå municipality (PwC 2013). 
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Based on this background, this research is based on the following questions:  

1. What structure would blue carbon governance take in the Swedish context? 

2. Can a value be ascribed to seagrass ecosystem services through the Loss and Damage concept? 

 

1.1 Position within Sustainability science 

Sustainability Science is a solution orientated approach (Clark and Dickson, 2003) that utilises 

interdisciplinarity to integrate different spheres of knowledge to create a more holistic understanding 

of a topic (Spangenberg, 2011). This is carried out with the objective of creating knowledge that is that 

is salient, credible and legitimate (Cash et al., 2003). In testing the applicability of market-based 

governance for seagrass this study takes an interdisciplinary approach, through describing the natural 

science basis of the ecosystem being discussed and discussing a method of governance based around 

economic theory. The main theme of ecosystem services is an interdisciplinary concept in itself with 

Schröter et al. (2014 pg. 519) describing it as a concept that  

“embraces ecological, economic, and social mechanisms and as such connects the environmental 

system with politics and decision-making.” 

Thus, the approaches used in this study are described under the term sustainability science. 

2 Background 

Here background information is presented that is relevant to the research topic. The first section is a 

brief outline on the biology of seagrass, as it is necessary to understand how the plant operates to 

appreciate how it performs ecosystem services. This is followed by an overview of the concept of blue 

carbon, this is done to illustrate the definition of the term, what it entails and how it can be beneficial 

to society. Finally, the scope was narrowed to the specific region relevant to the question and the blue 

carbon species present in its waters. 

2.1 Seagrass 

Seagrasses are a type of flowering plant that grows in marine and estuarine environments, they are 

the only flowering plants that are found in the sea with over 50 species spanning 4 families with the 

genera Thalassia, Posidonia and Zostera making up the majority of the world’s seagrass (den Hartog & 

Kuo 2006).  Seagrasses are widespread throughout the world (Fig. 1) with Antarctica being the only 
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continent from which they are absent (Short, 2013). They are found in coastal waters where they grow 

in soft substrates (Short, 2013) and spread using specially evolved marine seeds, however they also 

carry out an asexual reproduction strategy using rhizomes to spread their coverage in the immediate 

area. Through this they from large meadows with seagrass “beds”, where there is a significant amount 

of below ground biomass binding the soil together (Marbá et al., 2006). 

 

  

Figure 1: Global distribution of Seagrass species. Adapted from World Atlas of Seagrasses by E.P Green and F.T Short, 2003, 
p. 22 

It is the formation of large meadows that make seagrasses ecosystem engineers. This is due to the 

effects they have on the biogeochemistry of an area, which is carried out through influencing carbon 

and nutrient flux via sedimentation and photosynthetic production (Marbá et al., 2006). They also 

influence coastal processes through reducing water flow velocity and binding sediment with a below 

ground root structure, thereby reducing erosion (Bos et al., 2007). These processes have brought 

attention to seagrass’ use for climate change mitigation and adaptation through sequestering carbon 

and sediment accumulation (Duarte et al., 2013b). Furthermore, seagrasses are foundational species, 

as their large meadows create an important habitat that many species rely upon and thus, they have 

a key role in increasing local biodiversity levels and providing nursery habitats for many fish species 

(Hejnowicz et al., 2015).  
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2.2 Blue carbon 

2.2.1 Definition and Origin  

Blue carbon is defined as the coastal carbon sequestered and stored by ocean ecosystems (Alongi, 

2018). The term originates from a rapid response assessment carried out in 2009 by the United Nations 

(UN) agencies, United Nations Environmental Programme (UNEP), Food and Agriculture Organisation 

(FAO) and United Nations Educational Scientific and Cultural Organisation (UNESCO), that was driven 

by concerns raised by climate change (Nellemann et al., 2009). This report brought to attention the 

critical role coastal ecosystems play in the global carbon cycle and was carried out to complement the 

carbon accounting carried out by the IPCC for earth’s atmosphere and terrestrial biomes (Alongi, 

2018). 

 

The reason for this accounting is the climate change concerns that are most recently highlighted in the 

IPCC’s special report on the impacts of global warming of 1.5oC (IPCC, 2018). Addressing the GHG 

emissions driving this warming are discussed and attention is brought to the various potential impacts, 

such as increased extremes in weather, sea level rise and biodiversity loss. In 2013, the IPCC extended 

its methodological guidelines to include coastal systems within National Greenhouse Gas Inventories 

(IPCC, 2013). This essentially recognised blue carbon ecosystems and the important role they play in 

carbon cycles, and thus how conserving and restoring these ecosystems can influence climate change.  

 

2.2.2 Significance of Blue Carbon Globally 

Blue carbon ecosystems are primarily mangroves, saltmarshes and sea grasses, and combined these 

ecosystems have a global coverage of approximately 49 million hectares (Pendleton et al., 2012).  This 

area is just a fraction of the size of earths forests, yet due to the efficiency of blue carbon systems 

carbon sequestering  (with a range of 18 – 1713 gC m-2yr-1 compared to 0.7 – 12.1 gC m-2yr-1 in forests), 

their global significance to the carbon cycle is comparable (McLeod et al., 2011). However, it should be 

noted that these estimates have large uncertainties due to difficulties in accurately assessing the full 

global extent of these ecosystems and the dynamic variable nature of their sequestration rates 

(Duarte, 2017). Furthermore, there are other processes that may be contributing to these ecosystems 

sink capacity that are not accounted for such as export into deep sea sediments (Duarte & Krause-

Jensen, 2017) 
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As the importance of blue carbon ecosystems in earths carbon cycle have become increasingly 

highlighted, there is a growing interest in utilising these habitats as a carbon sink to mitigate climate 

change (Duarte et al., 2013b; Howard et al., 2017b; Marbà et al., 2015). This is compounded by the 

fact that across the world these habitats are at risk with nearly a third of global coverage already lost 

(Waycott et al., 2009) and this decline is accelerating (Pendleton et al., 2012), driven by human 

disturbances such as pollution, dredging and eutrophication (Short et al., 1996), as well as climate 

change (Short & Neckles, 1999; Smale et al., 2019). This is of particular concern from a climate change 

perspective as the destruction of these habitats allows the for the release of the stored blue carbon, 

with an estimated 0.15- 1.02 Pg of CO2 being released annually (Pendleton et al., 2012). 

 

These ecosystems are highly effective at storing carbon due to high levels of primary productivity which 

stores carbon in the structures of the plant itself and due to the plants taking suspended particles of 

organic matter out of the water and burying them in the sediment (Duarte, Middelburg, & Caraco, 

2005). This happens due to the plants canopy slowing water flow causing particles to drop into the 

sediment and the plants roots structures then preventing resuspension(McLeod et al., 2011). This 

creates a layer of organic carbon that is constantly accumulating and due to the anaerobic conditions 

present cannot be respired into CO2 (Duarte et al., 2013a). This is why the destruction of these habitats 

causes CO2 to be released, as the loss of the below ground plant material causes the sediment to be 

resuspended in the water column where it can be respired aerobically causing the release of carbon 

dioxide (Pendleton et al., 2012). 

 

Furthermore, storage of carbon in these sediments has an extra benefit in that it is very long term. In 

fact, it is along millennial scales and thus allows for large sinks to be built up (Duarte et al., 2005) Also, 

these ecosystems not only provide a service in terms of carbon sequestration but often provides many 

other co-benefits from their role in providing habitats for different species critical to fisheries, for 

stabilising coastal sediment preventing erosion and buffering pollution (Barbier et al., 2011). 

 

Within this blue carbon concept seagrass is significant contributor with an estimated global reservoir 

of 4.2 and 8.4Pg carbon (Fourqurean et al., 2012). While it is not as an effective a sink as mangroves or 

salt marshes, it compensates with through its relatively large global coverage of between 35 0000- 60 

0000km2 (Duarte, 2017) sequestering between 0.014–0.0828 Pg C yr-1 (Howard et al., 2017b). While 

this area is large compared to other blue carbon ecosystems, it should be noted that it corresponds to 

only 0.1 – 0.2% of the sea floor (Röhr et al., 2016). 
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Considering the significance of these blue carbon sinks, the concept of blue carbon is rising in 

popularity. With powerful global actors such as the International Union for the Conservation of Nature, 

Conservation International, European Union, and United Nations, all being involved in initiatives and 

partnerships promoting blue carbon (The Blue Carbon Initiative, GEF Blue Forests, Blue Natura). As 

such it is becoming highly relevant in policy as a strategy for mitigating against climate change. 

 

2.3 Zostera marina and Sweden 

Of the different seagrass species Z. marina is one of the most widespread. It is found in temperate 

northern latitudes where it plays an important role in cycling nutrients, acting as a habitat and a food 

source for various species thus increasing biodiversity (Larkum et al., 2006). However, in the 1930s a 

slime mould infection known as the Wasting disease caused a catastrophic decline in the North Atlantic 

with 90% of Z.marina dying.  

 

The species is dominant in the Baltic Sea where it historically has been used for fuel, insulation, roofing 

material, bedding and fertiliser (Short, 2013). This area was strongly affected by the Wasting disease 

(Rassmussen 1977), and suffered large declines in population, with some areas losing up to 100% of 

coverage (Berglund et al., 2018). While recovery did seem to occur, declines became an issue again 

with the rise of eutrophication (Boström et al., 2014), for example the current distribution of seagrass 

in Denmark is still only 20-25% of historic levels (Frederiksen et al., 2004). Currently Z.marina covers 

between 1 480 – 2 100km2 of the Baltic Sea but issues with stressors such as reduced light levels, 

overfishing and nutrient pollution remain, causing further decline (Boström et al., 2014). 

 

Considering this large-scale decline and the positive benefits from eelgrass habitats, it seems natural 

that attempts of restoration should take place. Indeed, restoration projects of Z.marina species have 

had success in the US, with 1700 ha being restored in the Virginia coastal reserve (Orth and 

McGlathery, 2012). Furthermore, these restored seagrass habitats also contribute to store blue carbon 

with the meadows sequestering carbon at a rate of 36.68 g Cm2yr-1 after 10 years, with this rate 

expected to be comparable to natural meadows after 12 years (Greiner et al., 2013). There are other 

examples of restoration around the world, with an important trend noted by van Katwijk et al., (2016), 

where the larger the restoration project the more successful it tends to be as it can utilise the positive 

feedback mechanisms inherent within seagrass systems to enhance their propagation. 
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Despite its large decline, Z. marina in the Baltic sea is still a significant blue carbon sink with an 

estimated organic carbon pool of 6.98 and 44.9 t Cha-1 (Röhr et al., 2016). The amount of carbon stored 

in different areas varies greatly and is driven by environmental variables such as sediment type, 

salinity, water depth and light availability (Dahl et al., 2016; Eriander et al., 2016; Röhr et al., 2018). 

This variability happens with multiple species worldwide and is a problematic when trying to asses blue 

carbon sinks of eelgrass, as it creates significant uncertainties that will need to be addressed by 

collecting more data (Duarte, 2017; Duarte et al., 2013a; Lavery et al., 2013; Röhr et al., 2018) 

 

When we consider what this means for Sweden, we must first look at their ambitious Environmental 

objectives (Swedish Environmental Protection Agency, 2016). Firstly, in the goal “Reduced climate 

impact” there is the extremely high reaching objective of reaching zero net emissions of greenhouse 

gases by 2045 (Ministry of the Environment and Energy, 2018), part of which aims to use forests to 

sequester CO2. Secondly there is the goal “A balanced marine environment, flourishing coastal areas 

and archipelagos”, which aims to ensure that the North and Baltic sea have a sustainable productive 

capacity and to preserve biological diversity. Furthermore, we must consider the risk that a changing 

climate poses to the Swedish society in terms of coastal erosion and negative impacts on the fishing 

industry with potential loss of key economic species such Cod in the Baltic Sea (Commission on Climate 

and Vulnerability (Sweden), 2007) 

 

When looking at the historical coverage of seagrass in Sweden it can be seen that current coverage is 

58% lower than it has been in the past (Baden et al., 2009). However, efforts have been made towards 

restoring Z.marina in Swedish waters and there have been successes using a shoot transplantation 

method in shallow water and seed planting in deeper habitats (Eriander et al., 2016; Infantes et al., 

2016). This has important implications as we have shown that seagrasses such as Z.marina has 

properties that allow it to sequester and store significant amounts of carbon, enhance biodiversity and 

subsequently stocks of valuable fish species. As well as binding coastal sediment and reducing wave 

action thus countering coastal erosion. As such the impact such restoration techniques have in relation 

to Swedish Environmental policy goals is clear. 
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3. Conceptual Background 

This section presents concepts that are applied in this analysis. Firstly, the concept of market-based 

environmental governance is introduced and explained. Following this is a section on the concept of 

blue economy and how it relates to blue carbon, as it is through this concept that market based 

governance of such coastal ecosystems is often applied. Finally, an overview of the Loss and Damages 

concept is put forward with an emphasis on the non-economic Loss and Damage and how to value it.  

 

3.1 Market Based Environmental Governance 

The question being addressed in this paper is essentially about how one should govern the 

environment, and the blue carbon paradigm is a method of governance that aims to harness market 

forces for environmental goals. 

 

Such alternate types of governance are rising in popularity as part of a continuing trend of separating 

government from governance. This separation is largely due to processes that have been occurring 

within the recent decades, where neoliberal policies have pushed for a reduction in the role of the 

state (Young, 2009). Such policies have opened up opportunities for new forms of governance involving 

different kinds of actors including private actors and civil society. Within this neoliberal approach the 

idea of using markets for governance has been immensely popular. (Delmas and Young 2009, Evans 

2012). For environmental governance, typical top-down government implemented regulation was 

eclipsed in popularity by what is often termed “New Environmental policy instruments” (Jordan et al., 

2003). These are a range of instruments that utilise market forces, such as ecolabels, environmental 

taxes and tradeable permits. 

 

Negative externalities like environmental degradation are the basis for the use of the markets in 

environmental governance, as it is believed they are driven by a lack of inclusion of environmental 

resources in prices. Thus, if these resources are internalised within the market and have a value they 

will be conserved. In this perspective, environmental resources essentially are suffering from a tragedy 

of the commons scenario, where a common pool resource is overexploited by users acting in their own 

self-interest (Hardin, 1968). Within this theory, property rights need to be established, and a market 

created for the resource where it can be traded as a commodity. Thus theoretically, through market 

forces the optimal behaviour will be adopted at a minimal cost, as what was a previously free resource 

now has a monetary value and degrading it will now incur a cost that a rational economic actor will try 

to avoid if the resource is their property. 
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This style of market governance has been applied to a whole range of other  ecosystem services (ES). 

This concept arises from the idea of payment for ecosystem services, which is based on calculating a 

monetary value for the services nature provides to humanity, with the total global value of such 

services estimated to be $33 trillion per year (Costanza et al., 1997). The idea of ecosystem services 

and their value first gain traction in policy spheres with the Millennium Ecosystem Assessment (MEA) 

where they are defined as “the benefits people obtain from ecosystems” (Millennial Ecosystem 

Assesssment, 2005). This is considered an effective method of bringing attention to the importance of 

healthy ecosystem within an increasingly neoliberal society, as this translation into monetary value is 

easily understood in key areas of society, including political and economic spheres.  (Gómez-Baggethun 

& Barton, 2013). This valuation of services provided by nature has been incorporated into market-

based schemes where ES beneficiaries make payments that aim to incentivise land users to protect or 

improve environmental services (Daily, 1997). It is argued that this inclusion of conservation in markets 

is an important process as it can rectify the shortage of finance being directed towards conservation 

globally (Huwler et al. 2014).  

 

Payments for ecosystem services (PES) are defined by (Wunder, 2015) as: 

“Voluntary transactions between service users and service providers that are conditional on agreed 

rules of natural resource management for generating offsite services” 

 

These services are extremely diverse but can generally be grouped into 4 categories (De Groot et al., 

2002): 

- Regulation functions: regulation of essential life support systems e.g clean air, water and soil 

- Habitat Functions: creating habitat for biodiversity 

- Production functions: Creation of things useful for human consumption e.g food and raw 

materials 

- Information functions: contributions to culture, spirituality and aesthetics 

 

Thus, services that have been incorporated into market-based governance using the payment for 

ecoservices mechanism are most commonly carbon sequestration, habitats for endangered animals, 

land scape protection and provisioning of freshwater supplies (Gómez-Baggethun et al., 2010). 
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The application of this mode of governance to carbon has been immensely popular. This began in the 

carbon markets developed after the Kyoto agreement, such as the EU Emissions Trading scheme 

(Grubb & Neuhoff, 2011). This was a “cap and trade” system which put a limit for total CO2 emissions 

for industry and divided this total amount into tradable permits for the right to emit CO2. The aim of 

the scheme being, that the cost of such permits and the value of being able to sell them would steer 

companies towards reducing their carbon footprint. Essentially, carbon becomes a good to be 

purchased on a global market via credits that are produced through emissions reduction or forestry 

conservation projects (Bumpus, 2015). Currently United Nations Framework Convention on Climate 

Change (UNFCCC) is the main source of climate mitigation strategies, with its various mechanisms and 

their associated funds such as, Nationally Appropriate Mitigation Activities (NAMAs) and Reducing 

Emissions from Deforestation and forest Degradation (REDD+) (Herr et al., 2015). The focus of these 

projects is to provide a mechanism for developed countries to provide funding for mitigation activities 

in developing nations though the UNFCCC funds such as GEF Trust Fund or the Green Climate Fund.   

 

Alongside these regulated markets arose an unregulated private market of carbon offset projects, 

known as the Voluntary Carbon Market (VCM). Here a suite of private companies has developed 

certification schemes for carbon sequestration projects that allow for the selling of carbon outside of 

the UNFCCC verification process (Benessaiah, 2012). Currently the amount of carbon being traded on 

such markets is much smaller than the regulated market and is aimed at companies engaged in CSR 

activities related to sustainability (Bumpus, 2015). 

 

3.2 Blue carbon within the Blue Economy  

The blue economy is a concept driven by the UN sustainable development goals where countries aim 

to transition from unsustainable economic activities in the ocean, to new industries such as renewable 

energy, blue biotech and blue carbon (Spalding, 2016). Within this economic context, blue carbon is 

an ecosystem service that that can be given a value and as such can be put under market-based 

governance. Due to international efforts to combat climate change, financial mechanisms have been 

developed by institutions such as the UNFCCC, that aim to encourage the adoption of nature-based 

solutions by providing compensation in relation to how much carbon is stored or 

sequestered.  Examples of mechanisms that have been developed include REDD+, which is designed 

to prevent carbon emissions from deforestation in developing countries, and NAMAs which are 

nationwide climate change mitigation plans (Herr et al., 2015) 
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Quantifying the monetary value of an ecosystem service and directing finance towards it can be 

regarded as payment for ecosystem services (Gómez-Baggethun et al., 2010). Within such coastal 

ecosystem the services provided include those with an established market value such as carbon 

sequestration and seafood, to more intangible services such as  shoreline protection, biodiversity and 

water quality (Lau, 2013). Unique challenges do exist in implementing PES schemes in marine 

environments, as is described by Lau, (2013). Firstly, costs can be a challenge when operating in this 

environment as monitoring can require special techniques and equipment specific to blue carbon 

ecosystems. Furthermore, enforcing any management strategy can prove difficult due to the large size 

of the areas being used and the requirement for boats and specialist training to navigate them. Also 

quantifying services in the marine environment is currently difficult due to limitations in the applicable 

methodologies available. This creates a lot of uncertainty, as more scientific and economic research 

will have to be carried out on the different management strategies taking place and quantifying their 

service delivery though establishing baselines and performance metrics. 

 

However, there is legitimate concern over what is regarded as the commodification of nature, as this 

only values services that directly impact humans rather than the intrinsic value of nature. There is 

concern that this would not necessarily lead to healthy biodiverse ecosystems but ecosystems that are 

carefully managed to maximise their beneficial output at the expense of services that are deemed less 

valuable or of non-importance to human society (Kosoy & Corbera, 2010). 

 

As was previously discussed the main markets for ecosystems services are the UNFCCC related 

mechanisms. However, integration of blue carbon projects into such programmes is lacking, despite 

this, the potential is there, as mangroves can be argued to be forests in REDD+ and NAMAs allow for 

flexibility in their design (Wylie et al., 2016). Article 6 of the Paris agreement does provide a framework 

through which blue carbon markets may be developed through international cooperation mechanisms 

(UNFCCC, 2015b). Firstly, there is direct bilateral cooperation in article 6.2: 

 

“Parties shall, where engaging on a voluntary basis in cooperative approaches that involve the use of 

internationally transferred mitigation outcomes towards nationally determined contributions, promote 

sustainable development and ensure environmental integrity and transparency, including in 

governance, and shall apply robust accounting to ensure, inter alia, the avoidance of double counting, 

consistent with guidance adopted by the Conference of the Parties serving as the meeting of the Parties 

to this Agreement.” (UNFCCC 2015a pg. 4) 



   

 

13 

 

 

 This allows for nations to directly cooperate in the implementation of mitigation strategies. This is 

done through the transfer of emission reductions to other countries and for the receiving country to 

include the reductions in their NDCs. This is referred to as internationally transferred mitigation 

outcomes.  

 

Secondly, there is the sustainable development mechanism in article 6.4: 

 

“A mechanism to contribute to the mitigation of greenhouse gas emissions and support sustainable 

development is hereby established under the authority and guidance of the Conference of the Parties 

serving as the meeting of the Parties to this Agreement for use by Parties on a voluntary basis. It shall 

be supervised by a body designated by the Conference of the Parties serving as the meeting of the 

Parties to this Agreement, and shall aim to: 

1. Promote the mitigation of greenhouse gas emissions while fostering 

sustainable development; 

2. Incentivize and facilitate participation in the mitigation of greenhouse gas 

emissions by public and private entities authorized by a Party; 

3. Contribute to the reduction of emission levels in the host Party, which will 

benefit from mitigation activities resulting in emission reductions that can also be used by 

another Party to fulfil its nationally determined contribution; and 

4. Deliver an overall mitigation in global emissions” (UNFCCC 2015a pg. 5) 

 

This allows subnational and private entities to carry out mitigation projects that will also generate 

transferable emission reductions which can be counted in NDCs. However, these mechanisms are still 

in their early stages and as such are not fully operationalised (Herr et al., 2017). 

 

To date, the voluntary carbon market has been the most popular funding mechanism for blue carbon 

projects (Vanderklift et al., 2017). This is when emission reduction credits are sold in non-government 

regulated markets and is often used by individuals wanting to offset personal emissions or companies 

with CSR goals related to sustainability, who want to push a green image (Alongi, 2018) or are hedging 

against potential future compliance obligations (Murray et al., 2011). These markets have been 

successful at supporting small scale projects and have benefits in that they are more streamlined than 
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the administrative heavy projects such as REDD+, however it should be noted that the credits have a 

lower value and that this value can be volatile (Wylie et al., 2016) 

 

To combat the issue with the volatile price of carbon credits, strategies are available such as price 

floors supported by public funds of governments involved (Vanderklift et al., 2017). Another strategy 

not to focus solely on the carbon sequestration capabilities of such ecosystems but instead to include 

the full range of ecosystem services and associated co-benefits for local communities. By accounting 

for such benefits, the value of the credit can increase as well as the appeal to potential investors in 

VCM who are seeking an investment related with their CSR objectives (Herr et al., 2017). 

 

3.3 Loss and Damage 

Loss and damage is a concept that has been adopted by the UN for referring to the impacts on human 

society from climate change. During the Paris agreement it became an established part of the ongoing 

climate change agenda, with its inclusion in Article 8 with the statement “Parties recognize the 

importance of averting, minimizing and addressing Loss and Damage associated with the adverse 

effects of climate change, including extreme weather events and slow onset events, and the role of 

sustainable development in reducing the risk of Loss and Damage.” (UNFCCC 2015a pg 7) 

While there is no accepted official definition for Loss and Damage, a working definition that is 

commonly used, is that Loss and Damage is the negative effects of climate variability and climate 

change that people have not been able to cope with or adapt to (Van Der Geest & Warner, 2015). 

Within this there is an important distinction between Loss and Damage, where loss refers to negative 

impacts from climate change where there can be no recovery to the original state. Meanwhile damage 

refers to negative impacts where recovery is possible (UNFCCC, 2012). 

The implementation of the Loss and Damage concept can be seen through the process of the UNFCCC 

changing its approach to addressing climate change as described by Roberts and Huq (2015). They 

show how at first mitigation was the dominant strategy with the Kyoto protocol, showing the 

widespread reasoning that reducing greenhouse gas emissions to address climate change impacts was 

feasible and effective. While adaptation was recognised from the early stages, it was not highlighted 

due to concerns of it overshadowing and reducing commitment to mitigation. However, in 2001 

adaptation became more main streamed with increasingly alarming reports from the IPCC highlighting 

that historic emissions meant that certain impacts were inevitable.  
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Loss and Damage was first officially used in the Bali action plan (2008) driven by the IPCC’s fourth 

assessment report, which highlighted the limits to adaptation and the impacts from climate change 

that cannot be avoided. This started the process of developing the concept of “Loss and Damage” and 

how the UNFCCC can address them. This cumulated at Conference of Parties (COP) 19 in Warsaw, 

where The Warsaw International Mechanism for Loss and Damage associated with climate change 

impacts was created.  

This Mechanism aims to encourage the use of approaches that will address Loss and Damage caused 

by climate change through 3 strategies: 

1. Enhancing knowledge and understanding of comprehensive risk management approaches to 

address Loss and Damage associated with the adverse effects of climate change, including slow 

onset impacts 

2. Strengthening dialogue, coordination, coherence and synergies among relevant stakeholders 

3. Enhancing action and support, including finance, technology and capacity-building, to address 

Loss and Damage associated with the adverse effects of climate change, so as to enable 

countries to undertake actions pursuant to decision 3/CP.18, paragraph 6. (UNFCCC, 2013) 

Loss and Damage can also be further sub-categorised into 3 types; avoided, unavoided and 

unavoidable (Mechler et al., 2019). Here, avoided Loss and Damages are those that were prevented by 

adaptation and mitigation, and unavoided is where adaptation and mitigation were not attempted due 

to financial or technical constraints. Meanwhile, unavoidable Loss and Damage is that which 

adaptation and mitigation would have had no effect on. This is an important element of the concept 

as it accepts that there are negative effects from climate change that are inevitable due to historical 

emissions (Huq et al., 2013) 

Overall it aims to tackle the impacts of climate change by decreasing avoidable Loss and Damage 

through mitigation efforts and reducing the impact of unavoidable Loss and Damages through 

adaptation and risk reduction, as such this approach reinforces both the concepts of adaptation and 

mitigation (Roberts & Pelling, 2018). While it is important that this international body is providing the 

impetus for such an approach, it is also crucial that national institutions also take such an approach to 

addressing climate change (Huq et al., 2013).  

One point of interest is that Loss and Damages can be further subdivided into economic and non-

economic Loss and Damages. With economic relating to resources, goods and services commonly 

traded on the market, these can be included easily as they have a monetary value. Non-economic Loss 
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and Damages are essentially everything else that is not traded on the market, their lack of a price and 

often intangible nature makes inclusion in assessments difficult as there is debate on how they should 

be valued (United Nations, 2013). This is due to the incommensurability of such values and that the 

values can be greatly influenced by culture and context (Serdeczny et al., 2016). While there are 

arguments regarding how these Loss and Damages are impossible to value, within a monetary based 

governance regime it is necessary to assign them a value. Failure to do so means they are no longer 

included within the governance system and as such are vulnerable to mismanagement. As a result of 

this, the field of economics has developed many tools to carry out such valuations such as hedonic 

pricing or contingent valuation. 

Non-economic losses can include different forms of environmental damage and regularly includes 

biodiversity loss and loss of ecosystem services (Serdeczny, 2019), as damaging such systems has an 

impact on human wellbeing (Zommers et al., 2016). While there is often difficulty valuing many non-

economic Loss and Damages such as cultural values (Serdeczny et al., 2016), there is a well-established 

practice of putting monetary values on ecosystem services. It is however quite challenging to capture 

all the value present in an ecosystem and this can lead to negative outcomes (Zommers et al., 2016). 

An interesting dynamic is at play with these ecosystem services due to the fact that they can be utilised 

as mitigation and adaptation strategies against Loss and Damages (Van Der Geest & Warner, 2015; 

Zommers et al., 2016). Thus, by applying the Loss and Damage concept to these ecosystems you can 

attribute a value to them through the avoided Loss and Damages. 

 

4. Methods  

In this chapter, the methods used to answer the research questions of this thesis are described. This 

thesis takes a multi-method approach to investigate the use of a market-based model of governance 

on blue carbon ecosystems in a developed-country context. Here Sweden is used as a critical case as 

it can be argued that this is an ideal setting to test the application of a market governance model on 

seagrass. 

 

4.1. Methods for Research Question 1 “What structure would blue carbon governance take 

in the Swedish context?” 

Wunder (2015 pg. 241) has defined payment of ecosystem services (PES) as: 
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“Voluntary transactions between service users and service providers that are conditional on agreed 

rules of natural resource management for generating offsite services.” 

By using this definition, key elements of the PES model were identified and defined in order to pose 

guiding questions for investigating the applicability of the PES governance model for Sweden as a case 

study (Table 1). 

 

Table 1:Terms taken from PES definition, and associated guiding questions used as a framework to assess potential 
structures for market based governance of seagrass in Sweden. 

Definition terms Description Guiding questions 

Voluntary transactions Can be market based, involve written 
contract and can be facilitated by an 
intermediary? 

What methods can be used to 
facilitate transactions? 

Service users May be single entities or government 
financed. 

Often brought together by 
intermediaries. 

What actors are users of 
ecosystem services? 

Who can act as an 
intermediary? 

Service providers Effective stewardship of managing 
Ecosystem service is key 
requirement. 

What actors can be providers 
of ecosystem services? 

Conditional on agreed rules of 
natural resource management 

Conditionality is key element. 

Compliance is often measured 
through agreed upon methods of 
determining ecosystem provision. 

How can provision of seagrass 
ecosystem services be 
determined 

Offsite services Payment must internalise offsite 
externalities 

Services may be bundles. 

What value have these offsite 
externalities? 

Is bundling possible? 

To answer these questions, firstly a qualitative literature and document synthesis took place to gain 

an understanding of the topics relevant to the guiding questions, and as a source of data to estimate 

the value of Z.marina’s ecosystem services. The literature and document searches were internet-based 

and carried out using the resources Web of Science and Google Scholar. The literature and documents 

were surveyed through reading the abstracts/summaries to ensure relevance, and then relevant 

publications were read in their entirety to extract all the necessary information to gain a full 

understanding of the topic. During the search process, the literature was organised with the highest 

cited papers first in order to get high impact papers and authoritative sources for the topics at hand. 

From these sources, a tracing process was carried out using the literature referenced in them ,to 
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further accumulate relevant information in a “snowballing” effect. This was carried out until a 

saturation of the relevant knowledge related to each topic occurred. This search process was carried 

out through the entire research process and the gathered literature was organised by topic and stored 

digitally.   

To answer the questions “What actors can be providers of ecosystem service “, an outline of the coastal 

zone management structure in Sweden was carried out using the information gained from the 

literature and document synthesis. This was done to determine what actors have effective stewardship 

of managing the ecosystem services. 

To answer the question “What value have these offsite externalities?”, the Dewsbury, Bhat, and 

Fourqurean's (2016) valuation model for seagrass ecosystems was used as a guide (Fig. 2). As such, the 

values searched for in the literature were market value of commercial fish, economic effects of CO2 

reduction and coastal property value. 

 

Figure 2: Values used for offsite externalities. Adapted from Dewsbury et al's., (2016) Seagrass Ecosystems valuation model 

 

 

However, within the literature used to answer this guiding question, different methods of assessing 

the economic value of carbon were found, such as the Social cost of carbon (SCC), or prices from the 

EU Emissions Trading Scheme. For effective comparison in this study, it was necessary to unify the 

economic value of carbon under one value. Here Sweden is a good setting as it already has a well-

established carbon tax and thus an indicator for the value place on carbon in Sweden. As such, the cost 

of carbon used in the studies was substituted with the Swedish carbon tax value to ensure 

comparability and assess the value specific to Sweden. 
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4.2 Methods for Research Question 2 “Can a value be ascribed to seagrass ecosystem 

services through the Loss and Damage concept?” 

As has been stated earlier in the thesis, Loss and Damage has been established under article 8 of the 

Paris Agreement, and as such it is an internationally agreed upon agenda to use mitigation and 

adaptation techniques to limit the costs incurred by climate change. Using the technical perspective of 

the Loss and Damage concept (Van Der Geest & Warner 2015), a strong justification can be developed 

for seagrass conservation and restoration in Sweden. Thus, seagrass services are discussed as 

ecosystem-based adaptation and mitigation to minimise avoidable and unavoidable Loss and Damage.  

A framework was developed (Fig. 3) to assess the applicability of seagrass to this concept in Sweden 

through using key elements from the Loss and Damage concept. 

 

 

 

 

 

 

Furthermore, the policy document “Sweden facing climate change – threats and opportunities” by the 

Swedish Commission on Climate and Vulnerability, was used to explore/evaluate/discuss what role 

that seagrass can play in minimising avoidable, unavoidable, economic and non-economic Loss and 

Damages of climate change in Sweden.  

 

5. Results 

In this chapter, I present the definitions and answers to the guiding questions developed from 

Wunder's (2015), which answers research question 1:  What structure would blue carbon governance 

take in the Swedish context? 

Figure 3: Key elements of the Loss and Damage concept used to 
assess seagrass (own creation) 



   

 

20 

 

The application of seagrass ecosystem services in relation to key concepts from Loss and Damage are 

thereafter described in order to answer research question 2: Can a monetary value be ascribed to 

seagrass ecosystem services through the Loss and Damage concept” 

 

5.1 Research question 1: What structure would this form of governance take? 

 

Definition term 1: Voluntary transactions 

Guiding question: What methods can be used to facilitate transactions? 

Markets can provide an effective means of facilitating a transaction between users and providers of 

ecosystem services in a PES scheme. Currently the only truly applicable markets to this case would be 

carbon markets. The vast majority of such carbon is traded through the UNFCCC-related mechanisms 

such as the clean development mechanism or REDD+ (Herr et al., 2015). However, these markets 

cannot be applied in this case as they are targeted toward conservation and restoration in developing 

nations (Alongi, 2018). As such, the main option would be the Voluntary Carbon Market. However, for 

a PES scheme, full market integration is not necessary and in fact government financed PES schemes 

are the dominant structure used globally (Wunder, 2013). Using this method, the transaction would 

take place as part of a government programme with the government representing the users (e.g. 

population within a jurisdiction), and the providers (e.g. private individuals with secure property rights 

over areas of seagrass) voluntarily partaking. 

 

Definition term 2: Service users 

Guiding question (1/2): What actors are users of ecosystem services? 

• The fishing community 

• County administrative boards 

• Global community 

The fishing community is an actor within marine Swedish management whose concerns focus around 

access to fishing resources (Swedish Agency for Marine and Water Management, 2015). The previously 

discussed habitat and production functions of seagrass play an important role in maintaining fish stocks 

and thus makes the fishing community a service user. Furthermore, coastal infrastructure associated 

with the industry can be threatened by sea level rise and coastal erosion, the discussed regulatory 

function of seagrass in sediment accretion resulting in coastal defence properties is another service 

this user avails of. 



   

 

21 

 

In areas where coastal erosion and sea rise is a problem, coastal property owners would be availing of 

seagrasses coastal defence services as it is the private property owner who is responsible to take 

financial action to protect their property from coastal erosion (Policy Research Cooperation, 2009). 

Thus, such actors are users of seagrass’ regulatory function in sediment binding and accretion. 

 

County administrative Boards are subnational government bodies appointed by the government and 

tasked with fulfilling national policy goals for their counties (Swedish Environmental Protection 

Agency, 2017). Considering Sweden’s climate goals regarding zero net CO2 emissions, County 

administrative boards would be users of the regulating service of carbon sequestration in seagrass 

habitats.  

 

As climate change is a global phenomenon with CO2 emissions not having a specific local effect but 

instead driving large scale changes in climate through the warming of the planet’s atmosphere, it can 

be argued that the global community are users of seagrasses carbon sequestration service. 

 

Guiding question (2/2): Who can act as an intermediary? 

Local municipalities may act intermediary for all users of all ecosystems in their jurisdiction, through 

providing a financing system for potential providers to voluntarily adhere to.  

 

Definition term 3: Service providers  

What actors can be providers? 

• County administrative Boards 

• Municipalities 

• Coastal property owners 

The governance of coastal areas has a clear hierarchical structure (Fig. 4) with the bulk of spatial 

planning being the responsibility of the municipalities (Policy Research Cooperation 2009). In relation 

to erosion, all coastal protection measures are to be initiated and financed by landowners, however 

municipalities often coordinate these actions (Policy Research Cooperation, 2009). 
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However, environmental protection is the responsibility of Country administrative boards (CAB) and 

municipalities. CABs are appointed by the government and tasked with fulfilling national policy goals 

for their counties (The Swedish Environmental Protection Agency 2017). Meanwhile municipalities are 

responsible for administrating local public tasks and services, they also have an elected council that 

creates committees to deal with various areas such as the environment (The Swedish Environmental 

Protection Agency 2017).   

The actions of these Boards are co-ordinated by the Swedish Agency for Water Management (SwAM) 

and the Swedish Environmental Agency (SEPA) (Grip and Blomqvist, 2018). SEPA is responsible for 

surveying protected areas, managing lists and registers of protected areas, acquiring and managing 

parcels of land and water that the state designates for conservation purposes. As well as coordinating 

property investigations, border work, valuation and negotiation. SwAM is responsible for producing 

advice and guidelines, coordinating national inventories and investigations in relation to the marine 

environment. Municipalities are also free to create marine protected areas and are responsible for the 

management of any they create (Dahl et al., 2016).  

On a national level, environmental objectives are decided by the Swedish national Government and it 

is the duty of the Ministry of the Environment to enact them via the appropriate agencies. While 

Sweden can set its own national environmental objectives, many of these objectives come about due 

to inter-governmental organisations and agreements such as the Helsinki Commission or EU maritime 

strategy. 

 

Fig.4: Structure of Swedish coastal management (own creation) 
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As the responsibility for protecting marine areas is that of the Country administrative boards (CAB) 

(Grip and Blomqvist, 2018) and municipalities (The Swedish Environmental Protection Agency, 2017), 

it is clear that they both can act as providers of ecosystem services. Considering they have jurisdiction 

up to 12 nautical miles from their coast (Swedish Agency for Marine and Water Management, 2015), 

the majority of suitable habitats for seagrass are within their sphere of influence. Therefore, both 

actors do have the ability to set up a conservation project funded by a PES mechanism. Worth noting 

is the fact that In Sweden private property can include water 300m from the shoreline (Grip 2018). As 

such this opens up the potential for private actors to set up a PES scheme using seagrass conservation 

and restoration in their property, although it would be extremely limited in scale. 

 

Definition term 4: Conditional on agreed rules of natural resource management 

Guiding question: How can provision of seagrass ecosystem services be determined? 

 

Direct measurement of service provision can be difficult. With carbon there are difficulties in relation 

to lack of data and variability in storage and sequestration rates and these are problematic for valuing 

ecosystem service (Macreadie et al., 2014). As PES schemes are reliant on as accurate valuations as 

possible, it would be necessary to carry out rigorous estimations of the carbon sequestration rates and 

the size of the carbon sink in the area where the PES is being applied (Gallagher, 2017).  

 

In terms of the impact of fisheries provision, fisheries science can be applied to measure for increases 

in fisheries yield and local stock condition (Lau, 2013). However, problems may arise with attributing 

any increases to seagrass conservation. Coastal defence services can be attributed through the 

applications of experimental data and modelling on seagrasses ability to reduce current velocity, 

dissipate wave energy and stabilise sediment however again data would need to be site specific 

(Ondiviela et al., 2014). 

 

Due to the difficulties discussed in direct measurement of provision proxies are often used in PES. In 

this case estimations for each service can be provided for in terms of per hectare seagrass and thus 

the total area of seagrass conserved and the increase in area via restoration can be used as a proxy for 

the provision of these resources. 
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Definition term 5: Offsite services 

Guiding question (1/2): What value have these offsite externalities? 

 

Table 2:Summary of results to Defintion term 5, guiding question 1 ” What value have these offsite externalities?” 

Seagrass 

Nursery function Comercial fish 

Market value 

SEK 3200 yr-1 

Carbon sequestration - 

Economic effect of CO2 

Sequestration: 

SEK 2890 ha-1yr-1 

Restored Sequestration 
(after 10 years): 

 SEK 433 ha-1yr-1 

Sink: SEK 5117 ha-1 

 

 

Decreased wave energy Increased coastline integrity 

Coastal property value 

N/A 

 

Unfortunately, due to data limitations estimations of seagrass sequestration rates and the sink capacity 

from other areas have to be used. This is problematic as these rates can vary greatly (Dahl, 2017) and 

as such should be calculated for each individual case (Gallagher 2017).  



   

 

25 

 

When we look at a study on the valuation of current seagrass ecosystem services in Sweden (Cole and 

Moksnes, 2016) we can see that the annual value of seagrass carbon sequestration is SEK 2890 per 

hectare per year, this is however dependant on estimations of carbon sequestration of seagrass 

habitats in the UK. Furthermore, this valuation takes into account future losses of seagrass, if 

successful restoration efforts are implemented this would of course alter the value.  

If we consider studies with more local estimates, we can see that the Baltic sea contains up to 1.7-12% 

of global seagrass blue carbon with the current storage and sink capacity (Röhr et al., 2016), which can 

be valued of SEK 5117 per hectare in the Kattegat region. Considering the significant amount of the 

Baltic sea that is under Swedish jurisdiction there is clear potential to capture the value of these 

ecosystems. 

Considering restored meadows, if we use the sequestration rates determined by for restored Z.marina 

meadows in the US, we can see that 336.8 kg of Carbon can be sequestered per year 10 years after 

restoration (Greiner et al., 2013). As such, a hectare of restored Z.marina meadow in Sweden would 

sequester SEK433 worth of carbon per year. Considering that seagrass has an exponential rate of 

carbon sequestration that increases rapidly after the 10 year mark (Duarte et al., 2013c), if we take the 

estimated accumulated carbon per hectare after 50 years, estimated at 177 tonnes Z. marina by 

Duarte, Sintes, et al., (2013) we can see that the value gained using the Swedish carbon tax is SEK 

208,860. 

In an ecosystem valuation study carried out by Cole and Moksnes, (2016) the value of fish production 

in Swedish seagrass systems was estimated it to be 3200 SEK per hectare.  

Adding value in terms of protection from coastal erosion and sea level rise is much more difficult and 

context specific as the value of the property on the coast being protected can vary greatly. 

Unfortunately there is a lacking of information regarding the economic value of seagrasses coastal 

protection service (Dewsbury et al., 2016; Ruiz-Frau et al., 2017). 

 

Guiding question (2/2): Can services be bundled? 

Due to the multiple ecosystem services which can be valued coming from this single ecosystem, there 

is potential to bundle the services into a single credit type, this is possible when taking the Voluntary 

carbon market approach which recognises co-benefits (Herr et al., 2017; Lau, 2013)These services can 
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also effectively be bundled in a government financed payment for ecosystem scheme by accounting 

for all their values when negotiating the price. 

 

5.2 Research question 2: Can a value be ascribed to seagrass ecosystem services through 

the Loss and Damage concept? 

Avoidable 

Current meadows are an important carbon sink and there is potential for restored meadows capable 

of sequestering carbon at significant rates (Duarte et al., 2013c; Greiner et al., 2013). This would be a 

mitigation strategy that protects against avoidable Loss and Damage in a more general nature due to 

the diverse impact climate change can have. 

Economic: Economic Loss and Damages from climate change faced by Sweden are due to the impacts 

of: increased flooding and landslides on infrastructure, increased fires on forestry, increased pests in 

agriculture, nutrient pollution of water supply, migration of fish stocks, increased temperature on 

health, increased storm frequency on infrastructure.  

Overall these Loss and Damages are valued at 1 065 – 1 800 billion SEK. 

Noneconomic: Non-economic Loss and Damages from climate change faced by Sweden are due to the 

impacts of: Changing composition of terrestrial biodiversity much of with has an associated cultural 

value, massive shifts in the structures of marine ecosystems changing species and increasing algal 

blooms, nutrient leeching ruining freshwater quality in river and lakes.  

Unavoidable 

As unavoidable Loss and Damages are due to historical emissions and cannot be mitigated against, 

seagrasses role would be in adapting to them and as such is more site specific. 

Economic: Coastal areas in the south of Sweden will be threatened by sea level rise and coastal erosion 

with an estimated 150 000 buildings susceptible to sea level rise of 88cm with an estimate cost of 30 

to 110 billion SEK by 2100 

Conserving and restoring seagrass can be used to minimise this Loss and Damage through its coastal 

defence properties. 
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Non-economic: Climate change will impact the biodiversity of the marine ecosystems, conserving and 

restoring seagrass can reduce this Loss and Damage as seagrasses are important habitats and 

foundational species. 

 

Table 3: Summary of results for Research Question 2: Can a value be ascribed to seagrass ecosystem services through the 
Loss and Damage concept? 

Loss and damage 

Avoidable 

Diverse range of impacts 
associated with climate change  

Economic 

• Flooding & Landslides 

• Forest fires 

• Agricultural pests 

• Degraded water supply 

• Degraded fish stocks 

• Temperature impacts on 
health 

• Storm frequency and 
intensity 

Valued at 1 065 – 1 800 billion 
SEK. 

Non-economic 

• Shifts in culturally valuable 
biodiversity 

• Shifts in marine ecosystem 
structures 

• Degraded water quality in 
lakes and coasts 

Unavoidable 

Coastal threats driven by 
historical greenhouse gas 

emissions 

Economic 

• Coastal erosion 

• Sea level rise 

Valued at 30 to 110 billion SEK by 
2100 

Non-economic 

• Shifts in biodiversity of Marine    
systems 
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6. Discussion 

Here the results of the investigation are interpreted with regard to the overarching aim of the 

investigation. The implications of the findings are then discussed regarding debates within the field of 

PES and sustainability science and their applicability to the case. 

6.1 Interpretation of Results 

From the results it can be seen that the most applicable provider for seagrass related ecosystem 

services would be the sub-national government bodies, Municipalities and County Administrative 

Boards. While it is possible for private property to be held in the sea, the limitation of 300m from the 

shore makes it negligibly small compared to the 12 nautical miles from coast that the subnational 

government bodies have jurisdiction over. This then rules out the government being an intermediary 

for users.  

It should be noted that the fishing community and watershed users can also be considered providers. 

However, they do not hold any property right over seagrass areas which is a stated weakness in many 

PES schemes (Börner et al., 2017). Instead they would provide the ecosystem services through 

minimising their environmentally damaging actions. Thus, both actors were excluded from the 

providers section in this study, as this can compromise effective stewardship of the ecosystem services 

(Wunder, 2013). 

Due to municipalities being the only effective providers, this limits the methods through which the 

transaction can take place. Largely as it rules out the opportunity for a government financed structure. 

Due to the diverse range of users and the multiple ecosystem services provided, establishing a market 

for the basis of the voluntary transaction is the most effective option. Currently the only option for this 

is the voluntary carbon market. There is a possibility for a negotiated PES mechanism between 

municipalities and coastal property owners for the service of coastal defence, as it is the coastal 

property owners that are financially responsible for this. While there is a current lack of valuation of 

the current coastal defence service in the literature, what can be done is to look at the projected 

unavoidable economic Loss and Damages due to coastal erosion and sea level rise of 20 to 110 billion 

SEK by 2100 (Commission on Climate and Vulnerability (Sweden), 2007). This highlights the economic 

severity of this issue and as such suggests that such PES scheme may be feasible. However, it would 

be limited in scope to coastal areas of high financial value. 
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In summary the most applicable mode of implementing market governance for seagrass in Sweden 

would be through using the VCM to carry out transactions, thus the general public would be users and 

the County Administrative Board or Municipality would act as providers. This would be conditional on 

the provision of seagrasses carbon storage sink services which provide offsite benefits for climate 

mitigation. These off-site services included within the price through the process bundling. This finding 

matches with that of (Hejnowicz et al., 2015). 

6.2 Implications of Results 

The fact that the VCM is the only available market has implications for the application of market-based 

governance in this case, as it’s prices are volatile and the market is relatively small (Benessaiah, 2012; 

Vanderklift et al., 2019). Considering the high costs (0.44M and 1.73M SEK per hectare) of restoration 

estimated by the Swedish Water and Marine agency (Moksnes et al., 2016), this could be a serious 

issue. 

However, the VCM has advantages in low transaction costs, regulatory flexibility, and being easily 

accessible by the public. Due to this, it can be an effective method for funding small scale projects 

(Grimsditch et al., 2013), the capacity here could be enough for a development of a demonstration 

project. Through such a project different methods can be tested, policy gaps identified and tools 

developed to cope with encountered challenges (Vanderklift et al., 2019). This would fit with the 

objective of blue carbon demonstration projects as described in Herr et al’s., (2012 pg.17) blue carbon 

policy framework: 

“Field-based demonstration projects are urgently needed to: demonstrate the viability of Blue Carbon 

activities, including the science, policy and potential financing mechanisms; develop and refine 

methodologies; and build capacity in target countries”. 

One option for the implementation of such a project could be the establishment of a special biotope 

area for seagrass. However, this is a limited approach due to that these areas are quite small at 20 

hectares (Swedish Agency for Marine and Water Management, 2015) and thus has little potential for 

restoration projects. Sweden does have an extensive network of marine protected areas whose 

management strategies align with the blue carbon objectives of restoring and conserving seagrass 

(Swedish Agency for Marine and Water Management, 2015), as such it should be a consideration that 

any project could be integrated within the design of these marine protected areas (Howard et al., 

2017a). 
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Such a demonstration project could have a more global value considering the widespread distribution 

of Z.marina. Using the value of seagrass in the Swedish context as motivation for a flagship project that 

can be used as proof of concept and a blue print for other regions. This could be an effective way of 

expanding seagrass conservation globally as part of network of demonstration projects, with the target 

of developing a larger scale market. Considering the current push to use nature based solutions to 

address the various challenges faced by society, including climate change (Walters et al., 2017), it is 

clear that such seagrass projects would be a policy tool that is relevant to many national agendas.  

While these findings indicate that market-based governance of seagrass has limited potential to 

generate any significant level of conservation and restoration in Sweden it is worth noting the potential 

implications of Article 6 in the Paris Agreement (UNFCCC, 2015b). As was discussed earlier in this thesis, 

article 6.4 describes the mechanism for public and private entities to carry out climate mitigation 

strategies that can contribute to a nations NDCs. While current options for market governance of 

seagrass are limited in their ability to contribute on any scale, due to the drawbacks of the VCM, a 

future national carbon offset market based on UNFCCC regulation may be much more effective. This 

further highlights the value of potential demonstration projects, as well-established projects would be 

better positioned to take advantage of these mechanisms once fully developed. 

6.3 Concerns associated with market-based governance 

6.3.1 Data limitations 

It needs to be considered that the application of such finance mechanisms to blue carbon ecosystems 

is still in its infancy and certain developments need to take place before large scale finance can take 

place. Issues include developing reliable carbon accounting for investors to know rates of survival and 

carbon accumulation, if they are to fully understand the level of risk and their potential return on 

investment (Gallagher, 2017; Vanderklift et al., 2017). This would allow for the identification of the 

most effective areas to conserve, however this does bring forward one of the limitations of market 

governance, where small sinks and areas of low sequestration rates may be overlooked due to their 

lack of commercial value. Furthermore, these measurements of carbon storage and sequestration are 

not only important for identifying areas for blue carbon initiatives but need to be carried out regularly 
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throughout the duration of any blue carbon project if it is to be part of a carbon offset scheme or 

included in national inventories. 

With seagrass habitats, calculating this data can be complicated due to the carbon being stored in soil, 

this means that intensive site sampling may need to occur to ensure accurate measurements (Murray, 

2012). Additionally, estimating seagrass coverage is difficult due to the limitations of remote sensing 

technology detecting submerged plants (Ruiz-Frau et al., 2017).  

Furthermore, there are other hurdles to developing official offsets. Namely addressing additionality, 

permanence and leakage (Murray, 2012; Ullman et al., 2013). Additionality is the proof that the 

reduction in carbon emissions would not have happened independently of the blue carbon project. 

Leakage is when projects simply cause carbon emitting activities to move elsewhere, meaning no net 

reduction in carbon emissions has actually occurred. Permanence is the measure of how long the 

carbon will actually be sequestered after the offsets are sold. Considering the previously discussed 

declining coverage of seagrass, the fact that no carbon emitting activity is being addressed and that 

seagrass is a proven long term sink, addressing these requirements should be straight forward in the 

Swedish context. 

Worth noting is how this evaluation of market-based governance highlights the key element property 

rights play in designing PES and the problems it causes with coastal ecosystems. Due to these 

ecosystems being in the sea they are generally part of national jurisdiction and not owned privately. 

Thus, government bodies are usually the only feasible providers. Thus, this limits the choice of PES 

design. 

 

6.3.2 Social concerns over commodification of nature 

When discussing such market-based governance of the environment it is important to address many 

of the social issues that are associate with the topic. One major issue is that of dispossession and 

commodification of nature (Kosoy and Corbera, 2010). This is often described as the process of “green 

grabbing”, where the valuation of natural services and their integration in markets is driving 

appropriation of land around the world and in many cases displacing local communities or negatively 

affecting their livelihoods (Fairhead et al., 2012). This problem is further compounded by the fact that 

it is wealthy actors that are acquiring this land and thus the process is driving inequality as natural 

capital is accumulated in the hands a wealthy few, especially between the global north and south 

(Mcafee, 2012). Bumpus (2015) describes how this issue is prevalent in the international carbon 

markets described in this paper. He discusses how such markets are criticised for neo-colonial practices 
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and dispossession of rights through selling cheap carbon compensation credits produced in the global 

south to buyers in the global north. Finally, this approach is criticised as it does not try to address the 

underlying causes of environmental degradation, namely the current capitalist global system (Arsel 

and Büscher, 2012) but rather maintains a business as usual approach. 

Concerns about this neoliberalism of nature within the blue economy paradigm are highlighted by 

Barbesgaard, (2018). The main concern raised here is the process where powerful actors are taking 

control of aquatic resources while using the aims of combating climate change or preserving 

biodiversity to legitimise their actions. This is often referred to as ocean grabbing, where the well-

established process of land grabbing is applied it to the ocean. Furthermore, he raises issues regarding 

the market logic of payment for ecosystem services, if the idea is to pay ecosystem users not to carry 

out destructive processes then by following neoliberal logic, investors will try and maximise the 

efficiency of conservation per invested capital. As such, small scale and low profit industries will be 

targeted by these schemes, meaning that the larger scale, highly destructive industries that produce 

huge profits will not be addressed (Mcafee, 2012). This will severely limit the conservation value of 

such schemes, while potentially exacerbating the negative social impacts. 

These negative social consequences described are of concern to many investors who do not want to 

damage their reputation by being involved in such activities (Vanderklift et al., 2019).  As such, 

practices such as involving local communities and actors in the development and implementation of 

projects can help ensure that the community benefits from the project are often implemented.  These 

strategies also have other benefits such as helping prevent leakage, helping the overall success of the 

project (Wylie et al., 2016). 

 

It can be argued that the case described in this paper is able to overcome most of these social concerns. 

Firstly, due to the geographical context of Sweden being a wealthy nation in the global North, concerns 

regarding unbalanced power dynamics associated with global ecosystem markets are unfounded. 

Within this context, dispossession is of limited concern as marine protected areas are already well-

established practice within the Swedish context and the majority of seagrass is found in nationally 

owned waters. Furthermore, in the case of a national market based on the mechanism put forward in 

article 6 of the Paris agreement, such market-based governance would result in carbon offsets 

contributing to the nations NDC, as such there would be no dispossession of the nation’s natural 

capital. 
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The main concern in this context would be the removal of traditional access rights over areas where 

conservation and restoration is occurring. This would not affect recreational users due to the Swedish 

law of Allemansrätten (Swedish Environmental Protection Agency, n.d.), which guarantees the right to 

public access to all land and marine areas. However, limitations may be imposed on fishing industry 

due to the discussed impact on seagrass beds, this may be offset by the benefits gained from fishery 

provisioning services provided by seagrass. Including actors from the fishing industry through 

participatory processes would be recommended to ensure this negative outcome does not occur. 

 

6.3 Ineffectiveness at promoting conservation 

There are also broader issues in the application market-based governance for conservation that need 

to be considered. While this mode of governance has obvious appeal as a well-designed payment for 

ecosystem service scheme can be a cost effective way to correct market failures, caution is advised as 

poorly designed schemes can waste money and result in damaging environmental and social 

consequences (Börner et al., 2017).  

 

Issues can arise when there is a focus on win-win scenarios of combining conservation and 

development as it usually leads to ineffective outcomes for both objectives (Muradian et al., 2013). 

Furthermore, concerns are raised about how the application of economic logic into societies can 

encourage a shift towards individualism and competition and the erosion of conservation for ethical 

or social reasons (Gómez-Baggethun et al., 2010) 

 

These negative consequences are highlighted in the seven problems with using payment for ecosystem 

services to achieve conservation goals brought forward by Redford and Adams, (2009) (Table 4). Here 

they describe how such an approach has a narrow focus due to its economic and human centric 

approach and can thus lead to less than favourable outcomes in terms of conservation, either through 

neglect or mismanagement.  
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Table 4: Redford and Adams' (2009) critiques of the use of PES for conservation 

Critique Argument 

Economic logic That this focus on economic logic will eclipse 
noneconomic arguments for conservation. 

Human focus This only focuses on ecosystem functions that are 
positive to human society and that this could lead to 
processes that have no benefit to humans to be 
neglected. 

No motivation for native species protection There is an issue that focusing purely on services does 
not necessarily require native species as many 
invasive species can fulfil ecosystem services. As such 
this mode of governance can be ineffective at 
conserving native species. 

Neglecting less monetarily valuable services  There is risk of focus on single services becoming 
highly valued and so ecosystems will thus be 
engineered to maximise this service to increase the 
value. This will not align the profit motive with a 
healthy ecosystem as the maximisation of single 
services runs the risk neglecting other processes and 
thus creating a fragile ecosystem. 

Problems with valuation There are issues with the valuation of services. Firstly, 
due to ecosystem complexity making many services 
inherently difficult to value. Furthermore, using this 
logic, areas located close more to consumers will 
have a much higher incentive to conserved, while 
isolated areas run the risk of being neglected. 

Welfare implications  Even if ecosystem services that provide the highest 
revenue are not associated with welfare, this market-
based governance will push for them to be 
prioritised. 

Levels of uncertainty There are a lot of uncertainties involved with climate 
change and the current flux we see in the natural 
world, meaning that there is no guarantee that 
ecosystems will stay in their current form and provide 
the services they do today. This creates the risk that 
owners of the services will attempt to keep them in 
their current location to maintain their revenue flows 
while at the same time making the ecosystem more 
fragile. 

 

However, it can be argued that while many of these concerns are pertinent, many are not relevant in 

this case. In this context there is no focus on a win- win scenario of conservation and development, it 

is purely focused on environmental conservation as its goal. Issues with the ecosystem services in this 
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case are recommended to bundled which can alleviate problems associated with maximising one 

service (Kosoy and Corbera, 2010). There is also limited concern about causing a shift in conservation 

values, due to it being in the context of a Western nation, where valuing ecosystem services can be a 

method of convincing opponents to nature protection (Schröter et al., 2014). Considering the lack of 

societal awareness of seagrasses importance (Unsworth et al., 2018), there is a need to communicate 

the range of services it provides. As such, an argument can be made for assigning a monetary valuation 

to such services, as it can be an effective way of communicating to a wide range of groups in society 

(Schröter et al., 2014). 

This raises important questions about the global distribution of blue carbon projects, which are skewed 

toward the Global South. As many of the negative social outcomes associated with market-based 

governance are most relevant in a global south context (Muradian et al., 2010). As such, why is there 

not more emphasis on implementing blue carbon based projects in the Global North? As in many 

regions it is feasible and more socially sustainable. 

6.4 Loss and Damage  

As can be seen in the results, through applying the lens of Loss and Damage to seagrass in the Swedish 

context, it is clear that the ecosystem services provided by seagrass fit into key elements of the concept 

well. If we take a technical perspective on the Loss and Damage concept as described by (Van Der 

Geest and Warner (2015 pg. 136)  as: 

” Technical perspectives aim to minimise current and future Loss and Damage by protecting people, 

properties and ecosystems against climate-related stressors through technical solutions” 

We can see how the Loss and Damage concept can be used to develop a strong justification for seagrass 

conservation and restoration in Sweden. This would be done through defining it as ecosystem-based 

methods of minimising avoidable and unavoidable Loss and Damage.  

An important consideration is how, unlike adaptation and mitigation, this concept has an economic 

element inherent to it. As such using an ecosystem-based approach within the Loss and Damage 

concept integrates well with market based environmental governance. As through assessing the 

effectiveness of seagrasses ecosystem services at reducing economic Loss and Damages a monetary 

value can be assigned.  

Worth noting is that climate change can also directly impact existing seagrass meadows resulting in 

the loss of their beneficial ecosystem services (Short & Neckles, 1999). Loss and Damage to these 
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ecosystem services would often fall under into the non-economic category, as such services are not 

traded on the market and are not easily valued monetarily. Thus, including these services within Loss 

and Damage framework can be challenging. However, to use a blue carbon market-based governance 

system for seagrass, these services have to be assigned an economic value. Thus, the market-based 

governance model can integrate economic and non-economic Loss and Damages with regard to 

ecosystems. Therefore, using market-based approach can encompass a wide range of costs due to Loss 

and Damage from climate change related with seagrass in Sweden and thus be used to promote its 

effective governance. 

As has been stated earlier in the thesis, Loss and Damage has been established under article 8 of the 

Paris Agreement and as such it is an internationally agreed upon agenda to use mitigation and 

adaptation techniques to limit the costs incurred by climate change. Thus, by integrating seagrass 

ecosystem services within its framework in different national contexts, it can provide a method for 

justifying seagrass conservation and restoration globally. This is a valuable tool considering the 

previously described blue carbon policy framework’s goal of developing demonstration projects across 

the world. 

6.5 Limitations and future research 

This paper was purely exploratory in nature, considering the fact that applying such a market 

governance approach to seagrass is a relatively novel idea globally and has never been carried out in 

this region. As such, it was limited in some respects in assessing the potential for market-based 

governance of Sweden. 

The values used in this study for the value of ecosystem services are based on estimates from the 

literature. While they are from the same species and in as close a geographical location as possible, 

this is still far from ideal. For example Cole and Moksnes (2016) use sequestration rates from UK and 

Röhr et al. (2016) estimation for stocks value is in Danish waters. Therefore, the results can only 

provide rough estimations of the discussed values that may guide further investigation. 

To test this mode of governance further, a specific area would need to be chosen and site-specific data 

collected. For the carbon sequestration function, soil and plant samples would need to be collected in 

order to calculate the size of the carbon sink and rates of CO2 sequestration. For the fisheries 

provisioning service, population counts for juveniles of economically important fish species would 

need to be carried out. Finally, estimates for the coastal defence service provided by seagrass can be 

determined by the value of adjacent coastal property and infrastructure.  
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Considering the findings of this study suggest for the development of demonstration projects, there 

are going to be a range of technical and social considerations raised that are specific to regional 

contexts. To address these considerations, it is suggested that sustainability sciences is integrated into 

the development of any such project. As sustainability science aims to include non-academic actors in 

the co-production of knowledge (Clark & Dickson, 2003) with an emphasis on participatory processes 

(Kates et al., 2001). This is relevant as a participatory approach that is inclusive of different 

stakeholders can ensure the correct strategy is taken to maximise socio-ecological benefits in any 

development project. Sustainability also includes the formation of networks through which to share 

this knowledge generated (Kates et al., 2001), this concept links well with the proposal of 

demonstration projects to develop proof concept, as creating a knowledge sharing network between 

these projects can help develop effective management strategies and best practices.  

 

7. Conclusions 

Using market-based governance mechanisms to restore and conserve the seagrass species Zoestera 

Marina through the monetary value of its CO2 sequestration, fisheries enhancement, and coastal 

erosion protection has some potential within a Swedish context. As carbon is the ecosystem service 

which has been most successfully integrated into markets, blue carbon would be the main avenue 

though which market-based governance could be applied. However, due to the design of current 

regulated carbon markets there is no way for the integration of seagrass blue carbon to take place. 

This is due to the majority of UNFCCC mechanisms being designed to channel funding to the Global 

South. However, using the Voluntary Carbon Market approach has some potential due to its flexibility 

and precedent for the use of blue carbon. Furthermore, the incorporation of co-benefits into the VCM 

can enhance the value of credits on this market and so this method can be used to capture the value 

of other ecosystem services. However, this approach is problematic due to the volatility of prices that 

make investment flows uncertain, prices low, and only being successful at a small scale. 

There is however scope to use the Voluntary Carbon market funding of blue carbon services as a basis 

for a development project, to improve management strategies and best practice. This would be of 

value considering the potential of future national carbon offset markets implemented using the Paris 

agreement Article 6.4. 

Through applying seagrass ecosystems services to the Loss and Damage concept, it is shown that 

conserving and restoring such an ecosystem effectively minimises Loss and Damage from climate 
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change. Thus, through this technical perspective a strong justification for the conservation of seagrass 

can be made using established international policy 
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