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Abstract 

Globally, land degradation decreases the ability of diverse ecosystems to provide beneficial 

services, to the detriment of nature and human wellbeing. In Iceland, widespread soil erosion 

has left many of its ecosystems severely damaged with a corresponding decline in ecosystem 

services. Efforts to restore ecosystems since the early 20th century have had notable 

successes such as at Þórsmörk - a native birch woodland located in the southern part of the 

Icelandic highlands. To date, no research has undertaken an assessment of ecosystem 

services in an area undergoing restoration in Iceland.   

This thesis seeks to quantify ecosystem services in the context of ecological restoration in 

the Icelandic Southern Highland region. Its central objective is to explore the geography of 

ecosystem services across two neighbouring study sites located within this region, which 

exhibit different land use class patterns and represent different stages of the restoration 

process. Visitors to the sites (public stakeholders) were presented with an online public 

participation geographic information system (PPGIS) survey composed of multiple-choice 

questions and an interactive map. 

Results show that (1) preferences for ecosystem services differ by key stakeholder 

characteristics, (2) stakeholders make connections between ecosystem services and land use 

classes, (3) stakeholders generally ascribe high value to recreation, as an ecosystem service, 

when visiting areas where birch woodland has been restored. In conclusion, the ‘wisdom of 

the crowds’ can be called upon to record localised knowledge and experiences of ecosystem 

services in the context of restoration. PPGIS could help to inform other land use conflict 

debates and democratise management across Iceland’s protected areas.  

Keywords: ecosystem services, public participation GIS, restoration, land degradation 

Þórsmörk, Almenningar, Iceland 

 

     

  



 

Útdráttur 

Afleiðingar landhnignunar eru miklar og margvíslegar um alla jörð. Á Íslandi hefur 

víðáttumikil jarðvegseyðing haft mikil áhrif á vistkerfi landsins og stuðlað að hnignun 

vistkerfisþjónustu þeirra. Tilraunir til að endurheimta vistkerfin hafa staðið yfir frá byrjun 

síðustu aldar. Dæmi um vel heppnaðan árangur landgræðslu er t.d. friðun birkiskóga í 

Þórsmörk. Fáar rannsóknir hafa verið gerðar hér á landi til að meta þá vistkerfisþjónustu  

sem slík endurheimt skilar. 

Þessi ritgerð beinir sjónum að þjónustu vistkerfa á Suðurhálendinu. Meginmarkmið 

rannsóknarinnar var að greina og bera saman vistkerfisþjónustu í Þórsmörk og á 

Almenningum, en landnýting hefur verið  með gjörólíkum hætti á þessum tveimur svæðum 

síðastliðna öld. Haft var samband við þátttakendur á vettvangi rannsóknarinnar og þeim 

boðin þátttaka í netkönnun sem innihélt fjölvalspurningar og gagnvirkt kort sem náði yfir 

bæði svæðin. Niðurstöður sýna að (1) val á vistkerfisþjónustu tengist bakgrunni þátttakenda, 

(2) þátttakendur tengja saman mismunandi vistkerfisþjónustu og landnotkun, (3) birkiskógar 

og uppgræðsla lands eykur gildi á þjónustu vistkerfa fyrir útivist og afþreyingu. Niðurstöður 

sýna enn fremur að „viska almennings“ reynist vel til að skrásetja staðbundna þekkingu og 

reynslu fólks af þjónustu vistkerfa þegar kemur að endurheimt landsgæða. Þátttöku LUK 

reynist jafnframt vel til að safna slíkri þekkingu og nýta til að leysa úr ágreiningi um 

landnotkun og styðja við lýðræðislega ákvarðanatöku við stjórnun þjóðgarða og annarra 

svæða í umsjón hins opinbera á Íslandi .  

Leitarorð: þjónusta vistkerfa, þátttöku LUK, landgræðsla, landhnignun, Þórsmörk, 

Almenningar  

 



 

 

 

 

 

 

 

 

 

“I cannot hear the dawn chorus anymore – my hearing has gone but so have the 

songbirds” 

 

* * * 

 

To my grandfather Walter Godfrey for opening my eyes to the environmental degradation 

wrought upon our corner of Lincolnshire, England, since his birth in 1929. 

From fenland to ancient woodlands, our trips to local nature reserves upheld his 

longstanding belief in protecting special places and inspires hope to restore the lost ones. 
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1 Introduction 

1.1 Ecosystem Services: Degradation & 

Restoration 

Ecosystem degradation is a widespread global phenomenon, yet it is not evenly distributed 

(Figure 1). Planetary boundaries, set by the environment, appear to be being exceeded as 

part of the ongoing Anthropocene epoch (e.g. Crutzen, 2002; Rockström et al., 2009). 

According to the Intergovernmental Science‑Policy Platform on Biodiversity and Ecosystem 

Services (IPBES, 2018), current land degradation negatively impacts around 3.2 billion 

people and is driving a global sixth mass extinction event. Consequently, there is an ever-

growing demand to increase the knowledge base on this issue and to obtain a better 

understanding of the processes driving ecosystem degradation. Indeed, as pointed out by 

Johnson, Alexander, & Dudley (2017) it is the management at a landscape scale that will 

determine future provision of resources, such as soil, water, and biodiversity for humanity. 

According to the fifteenth United Nations Sustainable Development goal (SDGs), ‘Life on 

Land’, there must be a collective effort to: “protect, restore and promote sustainable use of 

terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and 

reverse land degradation and halt biodiversity loss” (United Nations 2016, 40).  

Across Europe, national ecological deficits are amongst the highest in the world, which 

indicates historic and sustained high levels of ecosystem degradation and decline in 

ecosystem services (European Commission n.d.; Global Footprint Network 2018).  In 

response to the ecological deficit, international organisations, including the European Union 

(EU) and United Nations (UN) have agreed on targets to redress the imbalance, seeking to 

restore degraded ecosystems and increase their service potential. Building upon the UN’s 

Aichi goals, target 15 of the Convention on Biological Diversity (CBD), aims to restore 15 

per cent of degraded ecosystems by 2020, matching target 2 of the EU’s Biodiversity 

Strategy for the same period (CBD 2010; European Commission 2011).  However, there has 

been very little progress towards achieving these goals. In the EU there has been no enforcing 

requirement or reporting frameworks to support restoration and it is therefore unlikely to 

meet these targets (BirdLife International 2015). Likewise, the UN cites net diminishment 

of ecosystem services, especially in relation to forestry and recognise an inability to assess 

whether 15% of degraded lands will be restored by 2020; pessimism about achieving this 

goal is intrinsic (Convention on Biological Diversity 2014).  

In Iceland, a northern European island nation on the fringe of the Arctic Circle, ecosystem 

degradation is widespread, impacting on the provision of ecosystem services. Though natural 

climatic changes through the Holocene epoch led to a decline in vegetation and forestry 

cover preceding human activity, the process of degradation was accelerated by unsustainable 

land management practices following human settlement in 874 CE (Arnalds et al. 2001; 

Dugmore et al. 2006; Ólafsdóttir and Guðmundsson 2002; Ólafsdóttir, Schlyter, and 

Haraldsson 2001). Since then, the land-based ecosystems have been subject to significant 

anthropogenic changes (Arnalds, 2015b).  
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Soils have been eroded extensively, large parts of the natural wetlands have been drained 

and woodland have been felled (Aradóttir, Pétursdóttir, Halldorsson, Svavarsdóttir, & 

Arnalds, 2013; Arnalds & Barkarson, 2003; Eysteinsson, 2017). In Iceland and other Nordic 

countries, urban expansion and roadbuilding threaten further damaging remnant ecosystems 

(Hagen et al., 2013). Restoration of degraded land is therefore a priority in Iceland where 

ecosystem integrity has been diminished to a high extent (Arnalds et al., 2001).   

Ecosystem degradation can be quantified and analysed via the ‘ecosystem services’ concept 

(IPBES 2018). Whereas a functioning ecosystem provides multiple beneficial services to 

support human wellbeing, a degraded one cannot deliver such services as effectively, and 

sometime cannot do so at all. As a result of this, place-based assessments of ecosystem 

services of degraded lands can help to outline which services exist and dictate how they 

could be managed for their enhancement (Burkhard, Kroll, Nedkov, & Müller, 2011); key 

ecosystem services can be isolated and focused upon as part of future management practices. 

It is possible to engage stakeholders, which in its broad definition includes the general 

public, in land-use decisions, specifically in relation to restoration and the provisioning of 

ecosystem services. Since ecosystem services relate to human wellbeing, it is important that 

participatory methods are used to ensure that management processes are informed by users’ 

knowledge, which can be mapped spatially (Brown and Fagerholm 2015). A participatory 

ecosystem service assessment tool can be used to inform land management strategies in areas 

requiring restoration or to support those which are presently undergoing restoration. 

Ultimately, this innovative method for identifying ecosystem services, using public 

participatory GIS, has not been used widely in Iceland, yet it could support restoration in 

some of the country’s most degraded areas.  

Figure 1. Global land degradation, by area degraded. (Gibbs and Salmon 2015) 
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1.2 Objective & Research Questions 

This thesis seeks to quantify ecosystem services in the context of ecological restoration in 

the Icelandic Southern Highland region. An assessment of the total ecosystem service value 

utilising a public participatory geographic information system (PPGIS) survey will highlight 

the biophysical and socio-cultural services provisioned by the area, as perceived by visitors 

to the areas who are also considered as public stakeholders in its governance. Stakeholders 

are defined broadly and include members of groups whose livelihoods depends on the area, 

through to the members of a wider public who benefit from the area’s ecosystem services 

when visiting.  

The central objective is to explore the geography of ecosystem services across two 

neighbouring study sites located within the Icelandic Southern Highland region, which 

exhibit different land use class patterns and represent different stages of the restoration 

process. This ecosystem service assessment asks: 

1. How do stakeholders’ identification of ecosystem services differ, according to their 

personal characteristics? 

 

2. How do stakeholders’ preferences for ecosystem services differ, according to their 

personal characteristics? 

 

3. To what extent do stakeholder identification of and preferences for ecosystem 

services relate to the land use class of areas visited? 

1.3 Thesis Structure 

In this preliminary chapter, the global context of ecosystem degradation and subsequent 

restoration efforts have been touched upon, followed by the concept of ecosystem services 

and natural resource management in Iceland. Thereafter, the introduction sets out the 

objectives and research questions. Chapter two delves into the background to the study, 

providing details on the wider contexts of ecosystem degradation, natural resource 

management, ecosystem services and public participation GIS in Iceland. Chapter three 

introduces the study sites of Þórsmörk and Almenningar and in addition, lays out their 

characteristics which relate to the objectives. Chapter four explains the methods used to 

assess ecosystem services across the study sites and its limitations. Chapter five details the 

results produced by these methods. Finally, chapters six and seven discuss these findings, 

exploring their wider significance. 
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2 Background 

2.1 Ecosystem Degradation in Iceland 

2.1.1 Soil, Sheep & Settlement 

Iceland is a volcanic island, lying on the boundary of the North American and Eurasian 

tectonic plates, along which lies the perennially active volcanic zone (Guðmundsson 2000). 

Soils in this volcanic zone are primary formed of andosols, which are highly susceptible to 

erosion at high latitudes, especially when combined with natural processes, such as volcanic 

eruptions, alongside human processes that induce degradation (Arnalds 2015a). Following 

the Nordic settlement of Iceland (Icelandic: Landnám) native birch woodlands were cleared, 

burned and following this, grazing of livestock (predominately sheep after 1400 CE) and a 

cooling climate associated with the Little Ice Age drove widespread soil erosion (Streeter et 

al. 2015).  

Presently, grazing is the main driver of soil erosion. Around 43% of Iceland is grazed during 

the summer, in what is known as the rangelands (Eckert and Engesser 2013; Ross et al. 

2016). Though extensive grazing is deemed to be unsustainable within the Icelandic Central 

Highland area and the entire active volcanic zone, these areas are still grazed (Arnalds and 

Barkarson 2003; Marteinsdóttir, Barrio, and Jónsdóttir 2017; Ross et al. 2016). According 

to Arnalds & Barkarson (2003) some commentators have suggested that land should be 

demarcated into farmland and parcels of land ought to be protected from grazing, though 

this is not currently practiced on a wide scale. Furthermore, it has been suggested that 

subsidies for grazing are unsuitable, when compared to other developed countries, since 

payments are not fully linked to sustainable rangeland conditions and the current practice 

encourages soil erosion (OECD 2014). Iceland performs poorly compared to other Nordic 

countries, in relation to soil erosion, exhibiting the highest proportion of barren land at 29% 

of land cover (Hagen et al., 2013). However, this can be partly accounted for by Iceland’s 

volcanic soils and high latitude which exacerbate human-driven degradation processes.  

Despite this, historic sheep grazing on common lands (Icelandic: almenningur/afréttir) 

within vulnerable upland areas continues to be an integral part of rural life and is affirmed 

by historical grazing rights, which have been held by local communes (Icelandic: hreppar) 

for centuries (Simpson et al. 2001). It is also synonymous with traditional practices, such as 

the annual sheep round-ups from the highlands (Icelandic: fjallskil) to sheepfolds (Icelandic: 

réttir), which are culturally significant, both locally and nationally in rural Iceland (Aldred 

2004). 

2.1.2 Wetlands & Woodlands 

Wetlands provide multiple ecosystem services, from retaining soil and avoiding erosion to 

reduced greenhouse gas emissions (Costanza et al. 1997; Field et al. 2016). In Iceland they 

provide habitats to many internationally important bird species, yet much of Iceland’s 

wetlands have been drained for agriculture (Arnalds 2015c). The process of draining began 

in the 20th century encouraged by government subsidies to farmers; drainage peaked in the 

1970s when approximate 1600km of new ditches were dug per year (Arnalds et al. 2016). 
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Even where untouched wetlands still exist, there are threats from agriculture, afforestation, 

and hydroelectric reservoirs. One infamous example of land-use conflict took place over the 

large wetland area of Þjórsárver, which became a battleground between nature 

conservationists and those wishing to develop a hydroelectric scheme there (Arnalds et al. 

2016). Following this dispute it  has become one of Iceland’s Ramsar protected areas,  

designated as a Wetlands of International Importance  to conserve remnant areas of wetland. 

(Ramsar n.d.).  

In the years since the recorded Norse settlement of Iceland in 874 CE, virtually all of 

Iceland's downy birch woodland have been cleared and now cover less than 2% of the total 

land surface area; down from an estimated coverage of between 25 and 40%, 1150 years ago  

(Eysteinsson 2017; Kjartansson and Eggertsson 2005). Evidence of Iceland’s historically 

forested landscapes is evident in place names which bear the suffix ‘-woodland’, (Icelandic: 

-skogur) which today, are sometimes denuded of them. This reflects changes in land use for 

agriculture and grazing and the need for wood for various purposes. Indeed, when birch 

coverage was at its lowest in the 1940s it was still being used to fuel homes (Traustason and 

Snorrason 2008). Today, the total wooded land is 1840km2 covering approximately 1.8% of 

the land surface; of which, 79% is native birch woodland (Ministry for the Environment and 

Natural Resources 2018). 

2.1.3 Biodiversity 

Without human interventions Iceland has relatively low species richness, especially amongst 

mammals, as a result of relative isolation since the Holocene (CAFF 2013). Therefore, with 

any land use changes and concurrent impacts to species, there is a threat to degrade resources 

which are already scarce. Indeed, the Arctic fox, Iceland’s only native mammal, is 

considered as a species particularly vulnerable to climate change and associated land use 

changes (IUCN 2009b, 2009a).  There are also many internationally important bird species 

in Iceland, including breeding and migratory species (Arnalds, 2015c). For example, the 

aforementioned area of Þjórsárver in the Central Highland, as a single wetland site, is the 

world’s largest known breeding ground for the pink-footed goose (Arnalds et al., 2016; 

Mitchell et al., 2004). Though there are not many native species of vascular plants in Iceland, 

there are many lichen and moss species (Arnalds, 2015c), as summarised in the Icelandic 

Institute of Natural History’s (2019) vegetation map of Iceland.  

2.2 Natural Resource Management in Iceland 

2.2.1 Traditional Land-based Natural Resources 

Traditional land-based natural resources in Iceland include renewable energy, water, 

forestry, arable and pastoral lands for livestock and grazing (Fjeldsted et al. 2018). As 

tangible material products (i.e. goods) each of these natural resources can be categorised into 

the ecosystem services framework, as provisioning services (see 2.3 Ecosystem Services).  

Agriculture continues to be a large part of the rural economy in Iceland. In 2017 farms in 

Iceland were composed of roughly 430,000 sheep, 26,000 dairy cows and 80,000 cattle 

(Statistics Iceland 2018). Land use change for agriculture has occurred via deforestation 



7 

historically and draining of wetland in modern times, which provide an important source of 

hay for livestock (Arnalds et al. 2016).  

Evidently, Iceland’s forestry industry is very much in its infancy since it is starting from a 

very low baseline. The IFS have been developing their ability to cultivate forests to harvest 

wood products. In 2015, timber sales  equated to 4,680 m3 in Iceland (Eysteinsson 2017). 

For comparison, in the other Nordic countries the annual timber production in the 2010s 

ranged from 6.9 million m3 in Denmark to 120 million m3 in Sweden (Myking et al. 2016).  

Eclipsing both agriculture and forestry, are the dominant, co-dependent energy and heavy 

industry sectors. Out of all OECD countries Iceland has the highest share of renewables, yet 

is four times as energy-intensive as the average, raising questions of the sustainability of the 

energy sector (OECD 2015). Around 68% of the total energy produced is consumed by just 

three aluminium smelters and 18% of all exports are related to such energy-intensive 

industries (Fjeldsted et al. 2018). Given the impacts that such energy production has on the 

landscape, such as flooding 339km2 of land to create hydroelectric reservoirs, there are 

undoubtedly implications for the accompanying, fragile ecosystems (The National Power 

Company of Iceland 2017). Indeed, it has been suggested that Iceland currently faces a trade-

off between further development of this energy-intensive sector and outdoor recreation, 

more recently occurring alongside opportunities provided by tourism.  

2.2.2 Nature-based Tourism & Outdoor Recreation  

Outdoor recreation is based on the use of natural resources and derives benefit from features 

of the natural environment, such as forested or mountainous areas, as well as human-

modified environment, such as urban parks. Across the Nordic countries, including Iceland, 

the pursuit of outdoor recreation and desire to be closer to nature are highly revered aspects 

of the national character. This is embodied most evidently in the Scandinavian outdoor 

philosophy of  ‘freedom to roam' (Norwegian: friluftsliv) which is based on the collective 

right to roam freely and openly access common lands (Gelter 2000; Ingebritsen 2006).  Such 

cultural notions are enshrined in law to protect those seeking to recreate without jeopardising 

nature conservation efforts (Environment Agency of Iceland, n.d., Government of Iceland, 

1999). Though it is seemingly self-evident that people in Iceland derive wellbeing from 

outdoor recreation, its role as an ecosystem service is historically unquantified.  

Similarly, nature-based tourism has a significant role to play in both wider economic and 

ecosystem service terms. Nature-based tourism has become the largest export of Iceland at 

42% of the economy since the natural ‘untouched’ environments found in Iceland are the 

predominant motivation for tourists (Fjeldsted et al. 2018). In both the cases of recreation 

and tourism, the ecosystem services provided by natural resources are also threatened by the 

users themselves, due to increasing localised foot traffic, lack of appropriate infrastructure 

and sensitive high latitude ecosystems. Indeed, the pressures of recreational and tourist 

visitors to two popular hiking areas, has been shown to significantly increased localised 

erosion, thereby diminishing those areas’ capacity to deliver other ecosystem services 

(Ólafsdóttir and Runnström 2009, 2013). In this context, the governance and local 

management of such areas is crucial to securing their continued and future ability to provide 

ecosystem services benefits, via restoration.  



8 

2.2.3 Ecosystem Restoration & Payment for Ecosystem Services 

Restoration is defined as the helping to recover ecosystems, damaged by humans, which 

have become degraded, damaged or destroyed (Benayas et al. 2009; SER 2004). This can be 

summarised into four goals identified for ecological restoration, which seek to recover 

damaged ecosystems, compensate for habitat loss,  deliver ecosystem services and ensure 

resilience (Suding, 2011, in Aradóttir and Hagen 2013). Ecosystem restoration has been 

increasingly legislated on, pioneered by the EC’s Biodiversity Strategy 2020 which seeks to 

begin restoring 15% of all EU degraded ecosystems by 2020, which was followed by the 

CBD who sought the same undertaking but on a global scale (Tolvanen and Aronson 2016).  

Afforestation, revegetation and rewetting of historic wetlands are central elements of 

Iceland's climate action plan, which seeks to increase carbon sequestration across the country 

while reporting this data back to the UNFCCC (Ministry for the Environment and Natural 

Resources 2016, 2018). In 1907 the Forestry and Prevention of Erosion of Land Act was 

enacted leading to the establishment of the Icelandic Forestry Service (IFS) and the Soil 

Conservation Service of Iceland (SCSI), which are both nestled under the structure Ministry 

of Environment and Natural Resources (Runolfsson 1987). Since its establishment the IFS 

has sought to enhance remaining birch woodland through the use of exclusion fencing 

around forests to protect them from sheep grazing (Eysteinsson 2017). In recent times, 

between 1100 and 1900 hectares of new forests were planted annually, supported by the IFS, 

in the period from 1990 to 2007, sequestering around 210,000 tonnes of the CO2 per year 

(Eysteinsson 2017; Ministry for the Environment and Natural Resources 2016). This has 

resulted in the provisioning of timber products from new forests becoming a driver for 

restoration of woodlands in Iceland since 1990 (Aradóttir et al. 2013).  

Of all the restoration projects undertaken in Iceland during the period 1907-2010, the SCSI’s 

area of operation covered the majority of activity equating to over 1438 km2 of 

predominantly heath and grasslands areas (Aradóttir et al. 2013). This compares to an area 

of 186 km2  for reforestation activities undertaken by the IFS, the second largest actor in 

restoration in Iceland (Aradóttir et al. 2013). Indeed, the governmental agency SCSI 

specialises in tackling soil erosion by shaping agricultural practices, encouraging sustainable 

grazing management and actively managing restoration projects (SCSI 2020b). The largest 

single active restoration project in Iceland is located in the surrounds of the volcano Hekla 

and was launched in 2007; named Hekluskógar the afforestation project is a collaboration 

between the IFS and SCSI to encourage native birch and willow woodlands to return to 900 

km2 of severely eroded land (Aradóttir 2005; Aradóttir et al. 2013; Ministry for the 

Environment and Natural Resources 2018). The success of the project has been called in to 

question because of funding decreases, which has limited the ability for the project to grow 

and only part of the area is being actively restored (Aradóttir et al. 2013; Hagen et al. 2016).  

As with all nature conservation projects, undertaking ecosystem restoration requires funds, 

generally from governments. Looking towards Europe, Iceland differs from most of its 

neighbours in terms of funding for nature conservation. Since Iceland is not a member of the 

EU but rather of the EEA, alongside Norway, it not bound to the strict conservation regimes 

of other European and Nordic countries. Sweden, for example, as a member of the EU, is 

obliged to join Natura 2000, a rigorous regulatory regime on biodiversity (Fauchald et al., 

2014). Notably, EEA countries do not participate in the Common Agricultural Policy (CAP) 

which is delivered via a funding instrument called the European Agricultural Fund for Rural 

Development (EAFRD) (European Commission n.d.).  



9 

In Iceland some funds are delivered via specific instruments which act as payments for 

ecosystem services (PES). One example, is a participatory restoration project called 

‘Farmers Heal the Land’ (Icelandic: Bændur Græða Landið) which is cost share programme 

whereby resources (seeds, fertiliser etc.) are given by the SCSI to farmers to allow them to 

undertake restoration project (Berglund, Hallgren, and Aradóttir 2013; Hagen et al. 2013). 

Restoration projects that engage effectively with stakeholders, in these contexts, are likely 

to be more effective (McDonald et al. 2016).The SCSI also manage the ‘Land Benefit Fund’ 

(Icelandic: Landbótasjóður) which requires applicants to develop action plans to receive 

funds to combat soil erosion and to recover vegetation (SCSI 2020a). Applicants can apply 

to the IFS for resources to plant trees over a minimum of 10 hectares of their own land (IFS 

n.d.). In these cases, rather than a full payment for ecosystem services, landowners are 

offered partial funds, to establish and maintain areas, in support of restoration goals. Efforts 

to seek further engagement between landowners and nature conservation, and to compare 

Icelandic PES instruments to those of the EU, is currently being explored by the Icelandic 

Agricultural Advisory Centre. The findings of their analysis and interviews of farmers, 

suggest there is broad support for expanding conservation schemes if funds are adequate for 

productivity lost (Sigurðsson 2019). Furthermore, funds may be considered in the future for 

other services, such as public access (gates, footpaths), protection of nature and recovery of 

lost habitats following the EU High Nature Value methodology (Sigurðsson 2019).  

2.2.4 Environmental Governance & Protected Areas 

With an abundance of natural resources, ranging from physical goods to intangible benefits, 

Iceland requires robust environmental governance regimes to effectively manage land use 

conflicts.  

In Iceland there are 13 country parks, 34 monuments, 3 national parks, 37 nature reserves 

and 2 ‘others’, managed by the Environment Agency of Iceland (EAI) according to different 

rules and with differing objectives and goals (Environment Agency of Iceland, n.d.). The 

EAI act as the institutional body, which seek to protect and manage these particular areas 

and their resources, via various systems of environmental governance (Vatn 2015). As 

protected areas, each site is a “clearly defined geographical space, recognised, dedicated 

and managed, through legal or other effective means, to achieve the long-term conservation 

of nature with associated ecosystem services and cultural values.” (Dudley, 2008). Some of 

these protected areas have arisen as the reactive responses to proposed developments, such 

as the energy project proposals at Lake Mývatn and Þjórsárver wetlands during the 1970s 

and 80s, whereby legislation was introduced to protect them, only after attempts were made 

to develop them (Pétursson, Þorvarðardóttir, and Crofts 2016).  

This piecemeal approach led to an attempt to integrate nature conservation concerns into a 

more systematic decision making process (Pétursson, Þorvarðardóttir, and Crofts 2016). 

This process came to be known as the ‘Master Plan for Nature Protection & Energy 

Utilisation’  (Icelandic: Rammaáætlun) which was legislated on by the Icelandic Parliament 

in 1997 (Björnsson et al. 2012). Its aim is to reconcile conflicts between development of 

public land for energy resources, with economic, social and environmental aspects 

(Pétursson, Þorvarðardóttir, and Crofts 2016; Þórhallsdóttir 2007). The outcomes of this 

process create ‘utilisation’, ‘hold’ or ‘conserve’ categories for potential large scale energy 

developments which are now inscribed by law, since 2013 (Pétursson, Þorvarðardóttir, and 

Crofts 2016). However, this did not prevent the construction the infamous Kárahnjúkar 
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hydroelectric scheme, which went ahead despite being rejected by the National Planning 

Authority and the EIA process initially (OECD 2014; Þórhallsdóttir 2007). 

2.2.5 Public Participation 

Public participation is a key component of well-functioning, democratic institutions, and 

societies at large. Accordingly, goal 16 of the UN’s SDGs stresses that good governance 

must be embedded at all levels of environmental management processes (United Nations 

2016). Specifically, to fulfil this goal, decision making must be: transparent, representative, 

responsive, accountable, inclusive and participatory (Berry et al. 2019; United Nations 

2016). Such support for public participation, follows previous efforts to improve global 

environmental governance regimes. Indeed, the Aarhus Convention enacted as part of the 

UN’s Economic Commission for Europe (UNECE) (2014, 6) adopted in 1998 aimed to: 

“guarantee the rights of access to information, public participation in decision-making and 

access to justice in environmental matters.” 

Public participation helps environmental policy-makers to connect global policies for 

sustainable development, to the individual contexts at national, regional and local scales, to 

support policy development (Berry et al. 2019). Furthermore, increasing public participation 

tends to occur concurrently to decentralisation, which is considered a key factor for 

improving local institutional governance of NGOs and governments, according to the UN’s 

‘Local Agenda 21’ which promotes local sustainable development (Richardson and 

Razzaque 2006). Even when efforts are made, public participation in of itself can result in 

tokenism, where entrenched positions can be reaffirmed, via consultation, but can deliver 

citizen power where power is appropriately delegated and meaningful partnerships are 

formed between citizens and decision makers (Brodie et al. 2009; McComas 2001). A 

spectrum of public participation has been published which ranks participation types in 

increasing order of impact: ‘informing’, ‘consulting’, ‘involving’, ‘collaborating’ and 

‘empowering’ (International Association for Public Participation 2018). 

Efficacy of protected area management is determined by underlying policies, planning, 

resource allocation and involvement of stakeholders i.e. those who have a ‘stake’ in the 

decision-making processes (Thomas and Middleton 2003). Inclusion of such stakeholders in 

protected areas is now considered to be standard good practice and includes: ‘interested 

individuals’, ‘user groups’, ‘local communities’, ‘local government officials’, ‘(E)NGO 

representatives’, ‘business interests’, ‘protected area staff’, and ‘others’ (Thomas and 

Middleton 2003). Distrust of institutions and political leaders can be reduced by the public 

if they are involved in processes. Members of the public who were invited to meetings hosted 

by the US Department of Agriculture Forestry Service, for example, tended to trust the 

institution more after participation (Berry et al. 2019; Halvorsen 2003). Furthermore, though 

experts are essential for informing decision-making processes, an over-reliance on them 

without considering social factors can re-cast political divisions (Berry et al. 2019). The 

success of public participation is always tied closely to the political contexts in which they 

operate. This is exemplified by the case of Bukit Barisan Selatan national park in Indonesia, 

where effective local governance was stifled by the corruption of local elites who had 

commercial interests in the wider locality (Levang et al. 2012).  

In Iceland, some debates and decisions surrounding natural resources and environmental 

protection have employed public participatory methods, to varying degrees of success. 

Famously, Icelandic citizens crowd-sourced a revision to their constitution in 2011, making 
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it the first country in the world to offer online public participation in pursuit of 

comprehensive constitutional reform (Hudson 2018). The proposed constitution dedicates 

articles to environmental protection (article 33) and natural resources (article 34), which are 

absent from the preceding version (Constitutional Society in Iceland 2019). Some of the 

points stated by the articles include: right to a healthy environment, protection of important 

natural sites, restoration of damaged sites, sustainable use of natural resources and public 

ownership of all non-private natural resources (Constitutional Society in Iceland 2019). A 

non-binding referendum in 2012 found voters in favour of all six proposals (the greatest 

support being directed towards national ownership of non-private natural resources, at 82.9% 

of voters) though the overall turnout was low at 48.9% (National Electoral Commission of 

Iceland n.d.). Ultimately, the national parliament (Icelandic: Althingi) did not ratify the final 

draft constitution (Hudson 2018). Regardless of the political outcomes, the process 

highlighted the successes of an online public participatory process where public comments 

effected meaningful influence over the contents of the final draft constitution (Hudson 2018).    

Across other environmental governance structures in Iceland, there have been limited 

attempts to incorporate public participatory methods. As part of rammaáætlun process the 

ENGO Icelandic Environment Association (IEA) (Icelandic: Landvernd) established a 

forum whereby the general public and interested groups were invited to open meetings and 

workshops to discuss the master plan, which was presented to them based upon the scientific 

evidence (Björnsson et al. 2012). However, during hotly contested developments, developers 

have limited public participation efforts if seen to block their agenda and ultimately resulting 

in negatively impact on the final decisions made (OECD 2014). Generally, during urban 

planning and environment impact assessment (EIA) applications the public are invited to 

comment on proposals, the data from which is considered alongside other data by the 

Planning Authority (Icelandic: Skipulagsstofnun) when coming to a final decision (Icelandic 

National Planning Agency n.d.). Indeed, laws pertaining to EIA and Strategic Environment 

Assessment (SEA) in Iceland feature public consultation as a necessary part of assessments 

to minimise negative enivonrment impacts of proposed projects (Ministry for the 

Environment and Natural Resources 2018).  

Participatory methods have been used since 1990 by the SCSI, though in all cases 

stakeholders engaged in partipatory processes are representatives from other governmental 

and non-governmental organisations and farmers in the case of Farmers Heal the Land 

project (Berglund, Hallgren, and Aradóttir 2013). A recent study addressing wetland 

management using participatory GIS defines actors or stakeholders as experts from 

governmental organisations (Madrigal 2017). Similarly, though planning in the context of 

national park management in Iceland is becoming more localised, with power becoming de-

centralised away from national agencies, demand still exists for greater involvement 

amongst local stakeholders who still feel excluded by present approaches (Pétursson, 

Þorvarðardóttir, and Crofts 2016). In response, a study of tourism management at 

Vatnajökull National Park explores participatory mapping techniques; land use planning 

scenarios were recorded and stakeholders’ knowledge was subsequetly digitised and 

presented via GIS (Welling et al. 2019).   
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2.3 Ecosystem Services 

2.3.1 Concept & Value 

Ecosystem services, as a concept, has become increasingly important to reveal benefits 

derived from the environment for humans, in an interdisciplinary manner. Initially, the 

concept valued ecosystems to provide benefit to humans in purely economic terms but this 

has been challenged whereby commentators argue that nature should be valued intrinsically  

(Costanza et al. 1997; McCauley 2006). Furthermore, recent thought seeks to go beyond 

‘nature for people’ and a purely utilitarian view of ecosystem services but rather views 

humans as part of a co-dependent socio-ecological system (SES) (Field et al. 2016; Mace 

2014). Regardless of this, attempts to analyse and assess ecosystem services seek to codify 

and quantify the multiple benefits that protected and restored ecosystems provide, where 

ecosystems are understood as the dynamic interaction between plants, microorganisms and 

animals (including humans) (Millennium Ecosystem Assessment 2005). Traditionally, in the 

ecosystem services concept, humans are beneficiaries of the services that ecosystems 

provide directly and indirectly, which can be categorised as follows: ‘provisioning services’, 

e.g. food, water and energy, ‘regulating services’ e.g. carbon sequestration, ‘supporting 

services’ e.g. primary production as well as ‘cultural services’ such as recreation and tourism 

(Millennium Ecosystem Assessment 2005).  

Central to any measurement of ecosystems is the concept of value, which according to the 

Millennium Ecosystem Assessment (2003) can be broken down into three aspects: 

ecological, socio-cultural, and economic. Many studies (e.g. Costanza et al., 1997; de Groot, 

Braat, & Costanza, 2017) agree that economic valuation of ecosystem services has proven 

to be a particularly influential method to raise awareness of the monetary value that 

ecosystems exhibit on a global scale. Since ecosystem services relate to human wellbeing, a 

monetary-based type of valuation assumes a causal link between wellbeing and money, 

ignoring the value inherent in ecological and socio-cultural aspects. However, market-based 

instruments have been shown to incentivise payments for conservation efforts (PES) and 

ecosystem services are now on the political agenda, via the instruments of CBD and Aichi 

(de Groot et al., 2017). Despite the effectiveness of economic valuation there have also been 

attempts to value using non-monetary methods, for the ecological and socio-cultural aspects 

of ecosystem services (Harrison et al. 2018). 

Value beyond economic measures, in relation to ecosystem services, explores the socially 

constructed aspects of the concept, where the relative importance of services is subjective 

and differs by social groups and individuals. In terms of ecosystem services, three different 

types of values can be discerned: ‘ecological’, ‘socio-cultural’ and ‘monetary’ values 

(Harrison et al. 2018). A place (e.g. protected area), or a specific product or material can also 

be broken down by ‘use’ value: ‘direct use value’, ‘indirect use value’ and ‘non-use value’. 

An example in the Iceland context is a study that looks at direct use spending across a range 

of protected areas and nature-based tourism sites (Phillips 1998; Siltanen 2018).  

2.3.2 Typologies & Classification 

According to Haines-Young & Potschin (2017) there is a need to thoroughly explain and 

categorise each of the ecosystem services in any ecosystem analysis, irrespective of the 

valuation method used. The first outline into such categories came from the Millennium 
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Ecosystem Service Assessment (2005), which provided a structure for the composite 

services and can be summed up by the following four categories:  

− Provisioning Services; the material products derived from ecosystems, including 

water, food, fuel, medicines. 

− Regulating Services; the benefits related to ecosystem process regulation, including 

water purification, natural hazard regulation, erosion, and climate regulation 

− Cultural Services; non-material benefits humans gain, including cultural heritage, 

recreation, and tourism 

− Supporting Services; services that are essential in the production of the above 

services. Examples include water cycling, soil formation and primary production  

However, since this outline there have been a plethora of typologies and classifications 

which are based upon different definitions. Though the Millennium Assessment is a common 

starting point for identifying ecosystem services, other frameworks have been used, such as 

that provided by The Economics of Ecosystems and Biodiversity (TEEB) at the international 

level, or national assessments, such as the UK’s National Ecosystem Assessment (Haines-

Young and Potschin 2013, 2017). To combat this heterogeneity of classification, a 

framework for working between typologies was developed by the European Environment 

Agency (EEA): the Common International Classification of Ecosystem Services (CICES) 

(Haines-Young and Potschin 2013, 2017). Its development was aided by the System of 

integrated Environmental and Economic Accounting (SEEA) organised by the United 

Nations Statistical Division (UNSD) which seeks to create a hierarchical structure to cover 

and codify all possible ecosystem services, by ‘section’, ‘division’, ‘group’, ‘class’ and 

‘class type’ (Haines-Young and Potschin 2017). It has been used in the EU, as part of the 

ongoing Mapping of Ecosystem Services (MAES) project, which has been advocated by the 

EU Biodiversity Strategy 2020 (Burkhard & Maes, 2017). Beyond classification, in order to 

assess areas for appropriate management, there is a need to link human wellbeing to land-

use types (De Groot et al. 2010).   

2.3.3 Restoration & Ecosystem Services 

If functioning ecosystems provision services, then restoration, in effect, increases the 

provision of such services, from a low baseline. As a result, the EU Biodiversity strategy 

asks EU member states to identify ecosystem services present, to not only avoid further 

degradation, but to emphasise the value of the services to humans and to justify restoration 

efforts (Götzl, Tiefenbach, and Tramberend 2013). Indeed, restoration of a single ecosystem 

is likely to encourage multiple positive changes to a broad range of services. For example, 

though restoration efforts have been shown to be significantly related to increases in 

biodiversity services in a study of over 89 assessments, the increases in other ecosystem 

services are not always accounted for, such as recreation (Benayas et al. 2009). This 

highlights the need for long-term and multi-faceted assessments of the services provided 

during the restoration process, aspects of which may operate on various timescales and 

require appropriate measures. Indeed, in the case of the restoration of Wicken Fen in 

England, ‘recreation’ may be analysed sub-annually, while ‘avoided flood damage’ would 

only need to be analysed every 10 years (Field et al. 2016). 
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2.3.4 Methods for Assessing Ecosystem Services  

Given the multiple dimensions, scales, and beneficiaries of ecosystem services, it be 

challenging to identify them, let alone to measure and quantify them. There are many 

methodologies for deciding on which ecosystem service assessment is most suitable and can 

be categorised into ‘biophysical techniques’, ‘socio-cultural techniques’ and ‘monetary 

‘techniques’, which are underpinned by ‘ecological values’, ‘socio-cultural values’ and 

‘monetary values’ respectively (Harrison et al. 2018). For biophysical techniques, mapping 

(e.g. land cover matrices) and modelling (e.g. biophysical models) focus on exclusively 

ecological values and rely on high quality spatial data to produce meaningful results. 

Examples of models include InVest (Integrated Valuation of Ecosystem Services and 

Tradeoffs) which hosts a series of computer models for specific ecosystem service 

categories, such as habitat risk assessments to offshore wind energy production (InVEST 

2019).  

Socio-cultural techniques range from narrative analysis, to preference assessments which 

link to biophysical techniques via deliberative valuation and participatory mapping methods 

(see methodology) (Harrison et al. 2018). Furthermore, they interact interdisciplinary with 

monetary techniques, via multi-criteria decision analysis and stated preference methods, 

such as contingent valuation. 

2.3.5 Ecosystem Services in Iceland 

Despite the prolific literature on ecosystem services across the world there is only a limited 

body of literature on ecosystem services in Iceland, though this has been developing rapidly 

in recent years. Up until now, most of this research has focused on ecosystem services in 

relation to renewable energy projects, where economic valuation techniques have been 

employed, focusing on contingent valuation i.e. willingness-to-pay for preservation (e.g. 

Cook, Davidsdottir, & Kristofersson, 2017; Cook, Davíðsdóttir, & Kristófersson, 2016, 

2018; Einarsdóttir, Cook, & Davíðsdóttir, 2019). The first efforts to estimate the ecosystem 

service value in Iceland was at Heiðmörk, a forest in the capital area which is a popular 

recreation destination, which was informed by other studies, such as a case study focusing 

on carbon sequestration there (Cook et al. 2018; Daviðsdóttir 2010; Pick 2009).  

In relation to restoration and ecosystem services, drivers for restoration in Iceland have been 

analysed, linking changing human wellbeing needs through time, according to different land 

cover class (Aradóttir et al., 2013). Importantly, it has been noted that ecological restoration 

was a prerequisite to providing ecosystem services, in areas that have become highly 

degraded (Nilsson and Aradóttir 2013). Notwithstanding this, there have been no explicit 

exploratory ecosystem service assessment that take place primarily in an area undergoing 

restoration in Iceland to date, as known to the author. 
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2.4 Public Participation GIS 

Geographic Information Systems (GIS) are powerful tools with which data can be analysed 

spatially. Technology displays social representations of the world, which are analysed for 

various applications by individuals, communities, businesses and governments, on a daily 

basis (Longley 2008). However, critiques of GIS methods claim that use of spatial data, in 

policy-making decisions especially, simply maintain pre-existing power imbalances which 

benefit the governing classes and detriment the rest of society (Sieber 2006). In response, 

participatory methods have been developed to broaden the scope of GIS applications to 

include previously excluded groups. Participatory GIS (PGIS) and public participation GIS 

(PPGIS) are closely related developments in GIS methods which seek to collect localised 

information from stakeholders to engage and inform policy decisions, through spatial 

information provided (Sieber 2006). The former originally applied in rural and developing 

country contexts as part of a “countermapping” culture, used to subvert authority, whereas 

PPGIS emerged from urban planning contexts in developed countries (Tulloch 2008). 

Another concept with similar aims, voluntary geographic information (VGI), refers to data 

voluntarily provided by individuals for various applications (Brown and Kyttä 2014).  

Significantly, Brown and Kyttä (2014) note the distinction between characterisitcs of these 

approaches: PPGIS tends to be used in increase public involvement in land use planning and 

management using digital technology, whereas PGIS supports community empowerment via 

non-digital mapping methods. Tulloch defines PPGIS as (2008, 351):“a field within 

geographic information science that focuses on ways the public uses various forms of 

geospatial technologies to participate in public processes, such as mapping and decision 

making”. PPGIS is useful as a tool for policymaking since most information used therein 

have a spatial element and PPGIS can convey this information to stakeholders and others 

simply and effectively (Sieber 2006). Moreover, it can be used in various applications, from 

urban planning, crime analysis to the management of natural resources (Sieber 2006). 

Central to any PPGIS study, are the following goals outlined by Beierl (2005, 75) which 

should be adhered to: “1) educating the public; 2) incorporating public values, assumptions, 

and preferences into decision making; 3) increasing the substantive quality of decisions; 4) 

fostering trust in institutions; 5) reducing conflict; and 6) making decisions cost‐effectively”  

Moreover, there is also a strong argument in support of PPGIS since it takes the knowledge 

production out of the hands of a minority and can be used to challenge dominating views 

and narratives (Brown and Kyttä 2014; Tulloch 2008). Indeed, PPGIS projects seek to avoid 

being exclusionary in their collection of knowledge (Sieber 2006). Brown (2015a) goes 

further by stating his belief in the ‘wisdom of the crowds’ whereby participants collectively 

make better judgements than individuals could, via PPGIS method. If informed by experts 

then it is placed top-down, from authority to people but PPGIS can also work bottom-up by 

revealing preferences (Brown and Kyttä 2014). However, there are debates regarding who 

the ‘public’ ought to include in studies. When a ‘public’ approach is taken, results do not 

necessarily need to take a sample of a total population (Brown and Kyttä 2014). According 

to Schlossberg & Shuford, the ‘public’ could be ‘decision makers’, ‘implementers’, ‘affected 

individuals’, ‘interested observers’ or the ‘random public’ (2005). Regardless of which 

group is selected, the group must at least have a physical bounding (Sieber 2006).  
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In Iceland, there has been limited research employing explicitly public participatory GIS 

techniques. However, a notable example includes the mapping of perceived wilderness in 

the Central Highland by the Icelandic public, which analysed cognitive data collected via 

the online GIS platforms Map-me and Google Earth (Ólafsdóttir and Sæþórsdóttir 2020).   

2.4.1 PPGIS & Ecosystem Services 

Public participation GIS (PPGIS) in ecosystem service studies represents the collation of 

concepts and methodologies, which have only developed very recently. A review of PPGIS 

mapping exercises of ecosystem services highlights multiple methods were used in roughly 

30 cases and that no best practice exists yet, since the predominant research style is via case 

studies (Brown and Fagerholm 2015). Yet, PPGIS can map values and preferences in relation 

to physical attributes of an area (Brown and Kyttä 2014). This follows the logic through the 

concept of a socio-ecological system (SES), which suggests human and biophysical systems 

are inextricably linked and can be mapped into “hotspots” (Alessa, Kliskey, and Brown 

2008).   

Despite the potential to democratise land use management, evidence has suggested that 

PPGIS has yet not been used in such decisions, though it has been found to be useful 

especially in the scoping phase of early stage planning for changes to land use management 

(Brown and Fagerholm 2015; Brown and Kyttä 2014). In the context of protected area 

management, PPGIS for ecosystem services have been utilised to describe a range of public 

uses and values (Brown and Kyttä 2014; Engen et al. 2018).  
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3 Study Area 

3.1 Study Sites: Thórsmörk & Almenningar 

To answer the research questions, the study area, which is part-managed by the IFS was 

deemed to be suitable, since no previous research into ecosystem services had taken place 

there, it represents a partially successful restoration project and is an area popular for 

recreationalists and those participating in nature-based tourism. Furthermore, it provides an 

opportunity to explore the ecosystem service geography of two sites: one which is partially 

restored, Thórsmörk (Icelandic: Þórsmörk) with a relatively degraded one, Almenningar 

(Figure 2). Both sites are in the Icelandic Southern Highland region, 130km south-east of 

Reykjavík and administered by the Rangáþing Eystri municipality.  

Þórsmörk & Goðaland are herein referred to as ‘Þórsmörk’ and will be compared to 

Almenningar to the north. Þórsmörk is bounded by the Mýrsdalsjökull ice cap in the east as 

defined by the 2018 extent of the glacier. The southern boundary follows the demarcation as 

set by the municipality and the western extent roughly follows the SCSI fence built in 1990. 

Other boundaries follow local natural features, predominantly rivers. The Þórsmörk study 

site is approximately 8,964 hectares whereas the Almenningar site is roughly 3,977 hectares, 

according to these approximate boundaries. 

Figure 2. Study area (Overlaying data obtained from National Land Survey of Iceland  

& Icelandic Forestry Service (2020). Base map obtained from Samsyn (2020)) 



18 

The study area is situated in the Eastern Volcanic Zone (EVZ), a young and highly active 

system, which has had many large basaltic eruption in recent human history: such as the 934 

AD activity at Eldgjá, Katla in 1918 and the eruptions of Eyjafjallajökull and 

Fimmvörðuháls in 2010 (Einarsson 2008; Raynolds et al. 2015). The study area lies within 

the Katla Geopark, part of the UNESCO Global Geoparks network and the first designated 

area of this kind in Iceland (Katla Geopark 2019). It also lies entirely within the central 

plateau area and would be incorporated into the proposed Central Highland National Park 

(Ministry for the Environment and Natural Resources 2019). 

In terms of legal ownership, both Þórsmörk and Almenningar are classed as national land 

(Icelandic: Þjóðlenda) which is held by the state and thus not held privately, by individuals. 

Significantly however, though the study area is Þjóðlenda certain land use rights are 

reserved, for grazing or other uses, to certain individuals, municipalities or other legal 

entities (Icelandic:  afréttareign) (Ministry for the Environment and Natural Resources 2019; 

Wilderness Commitee 2019). In this case, the afréttareign is held by and by local farmers in 

Almenningar, whereas the IFS in Þórsmörk hold the right for the management of land for 

the purpose of forestry (Pétursson, Þorvarðardóttir, and Crofts 2016) 

3.2 Characteristics of Study Sites 

3.2.1 Ecosystem Degradation & Grazing 

In terms of anthropogenic impacts, farmers been impacting the area since Iceland was first 

settled. In the late 9th to early 10th century Landnám farms were established in Þórsmörk by 

settler brothers Ásbjörn- and Steinfinnur Reyrketilsson across five sites (Rögnvaldsson 

1998). It has been suggested that these farms in the area may have been deserted as a result 

of hilltop soil erosion and the damaging of surviving vegetation, following upland grazing  

(Dugmore et al. 2006). Farmers arriving in Þórsmörk made ‘false analogies’ to the 

landscapes of the British Isles and Scandinavia, where upland grazing was sustainable, and 

thus their actions inadvertently led to severe erosion and subsequent land degradation 

(Dugmore et al. 2006). Much of the forest disappeared alongside the abandonment of local 

farms in the wake of extensive erosion (Dugmore et al., 2006). By 1341 the remnant 

woodlands were conserved, possibly by the local churches, in order to protect an important 

source of charcoal which was required for farm operations throughout this period (Dugmore 

et al. 2006). Despite a worsening climate from the onset of the Little Ice Age in the 1200s, 

upland areas in Þórsmörk between 300 and 400 m.a.s.l. and up to 2km from settlements 

began to restore naturally following these changes in land management (Casely and 

Dugmore 2007).  

Beyond Njáls Saga, little else was recorded about this area up until the 19th century, yet 

sheep farming was evidently important to the area. What was left of the forest in Þórsmörk 

in 1899, after the first woodland inventory was recorded, revealed that around 200 hectares 

of woodland remained, which was comprised mostly of low shrub and showed the symptoms 

of widespread erosion (Óskarsson and Traustason 2018). Grazing rights were given up by 

local farmers in Þórsmörk (1920) and Goðaland (1927) who handing them over to the IFS, 

following a meeting between them in 1919 (IFS 2019). The first exclusion fence was built 

by the IFS in 1924 and this was moved westward to Gígjökull glacier in 1990 (Óskarsson 

and Traustason 2018; IFS 2019).   



19 

When the 1990 fence was built, a 10-year agreement between farmers and NGOs led to the 

cessation of grazing in Almenningar. However, local farmers, who had previously agreed to 

pause their grazing rights in the area, resumed grazing activities in 2012 (Óskarsson and 

Traustason 2018). A local ruling stated that no more than 180 sheep may be sent to pasture 

in Almenningar, per summer per year, approximating to a grazing density of 0.04 sheep per 

hectare (Bjarnason 2015; Farmers Newspaper 2015).  

Stakeholder disagreements in Almenningar centre around the conflicting interests between 

those who wish to restore the areas ecosystems and those who wishing to use the land for 

grazing. Local farmers hold usufruct rights to graze the area, which have been historically 

assigned to their community (Pétursson, Þorvarðardóttir, and Crofts 2016). Re-grazing raises 

questions relating to the carrying capacity of the land based on historic land degradation 

associated with grazing and risks the ongoing regeneration of birch woodland and shrubland. 

Observations by the IFS in the autumn of 2018 recorded a lack of young, 2 to 5 year old 

birch seedlings, suggestive of a stalling of natural restoration processes (Óskarsson and 

Traustason 2018). With fewer such seedlings the forest expands much slower, under a 

passive restoration regime, and woodland generally can only exist as remnant, isolated 

patches of ageing trees in areas that are hard for grazers to access (e.g. cliff edges). Ironically, 

overgrazing could trigger irreversible soil erosion which could hamper future pastures. 

Indeed, "freedom in the commons brings ruin to all", including ecosystems and human 

livelihoods, if the actions of a minority are not appropriately balanced (Hardin 1968, 1244).  

3.2.2 Present Activities 

Presently, the predominating activities across the area are recreation and tourism, since there 

is no active forestry activity i.e. logging. Furthermore, grazing is very extensive and only 

within the Almenningar part of the study area. In terms of recreation, the 55km 

“Laugavegurinn” hiking trail established in the 1970s, begins and ends in the study area and 

is very popular with recreational users and tourists alike (Þorsteinsson and Magnússon 

2008). Meanwhile, Þórsmörk itself is a popular recreation area and visitor destination. 

Similarly, the hiking trail to Fimmvörðuháls has become increasingly popular, especially 

following the volcanic eruption that led to the formation of the craters, Móði and Magni, in 

2010, whose increased popularity can be in explained, in part, by the draw of ‘volcano 

tourism’ (Donovan 2018; Heimisdóttir, Sæþórsdóttir, and Gísladóttir 2019). Following this 

eruption, the IFS established a volunteer ‘Trail Team’ in 2012 to counter the negative 

impacts of over-use of an undeveloped hiking trail network (Trailteam.is 2019). Such 

restoration efforts have taken place alongside exponential increases in international tourism, 

which are impacting the area; estimates suggest that Þórsmörk received approximately 

65,000 tourists per summer in 2018 (Icelandic Tourist Board 2019; Siltanen 2018). Though 

tourists to this area are generally associated with positive economic outcomes, there have 

been considerable negative impacts on the environment which became evident in 2010, as 

visitor numbers increased dramatically following the Fimmvörðuháls eruption concurrently 

to associated, widespread soil erosion (Ólafsdóttir and Runnström 2013). A follow-up study 

of the trail condition illustrated how the application of appropriate resources and manpower, 

via hiking trail management since 2012, could prevent further erosion and support localised 

restoration (King 2019). 

Managing recreation in line with restoration efforts is thus a twofold challenge. Though a 

threat to the preservation and restoration of degraded ecosystems, tourism and recreation are 

themselves also functions of ecosystem services. As such they provide an opportunity for 
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Þórsmörk and Almenningar, which includes the economic value brought about by nature-

based tourism (Fjeldsted et al. 2018). Though tourist numbers have been increasing since 

2010 there is an indication that visitor numbers locally may be stabilising (Ásgrímsson 

2018).  

Protected areas are a means by which recreation and tourism pressures can be managed, 

while also enhancing and protecting the natural ecosystems present. Currently Þórsmörk and 

Almenningar, are not protected areas, as listed by the Environment Agency of Iceland, 

however, the Þórsmörk area is managed by the IFS and is thus protected to a degree, under 

their unique jurisdiction. Future changes to land use policy may amalgamate both areas 

within the proposed 40,000km2 Central Highland National Park, though a solid timeline for 

this has not been published and the project is susceptible to be disrupted by political 

instability (Icelandic Environment Association 2019).  

3.2.3 CORINE Land Use, Land-Use Change & Forestry (LULUCF)  

Across the EU, the CORINE land use classification project has been monitoring land use, 

land use change and forestry cover (LULUCF) since 1985, at the regional and local scale 

(European Environment Agency 2019). In Iceland, there are comparable data from CORINE 

in six-year intervals from 2000 to 2018. Figure 3 summarises the LULUCF in the study 

areas, Þórsmörk and Almenningar. In both cases the cover of class 335 (glaciers and 

perpetual snow) decreases dramatically concurrently to the increase in 332 (bare rock). This 

is symptomatic of rising temperatures associated with climate change and reflects the site 

boundary chosen for the study area, which is the 2018 glacier edge. Alongside this, there is 

a notable increase in 311 (broad-leaved forest) in Þórsmörk from 2006 until 2018, increasing 

in proportion from 2.5% (222.04 ha) to 8.1% (727.38 ha). Meanwhile, in Almenningar the 

proportion of 311 (broad-leaved forest) did not change between 2000 and 2018, remaining 

at 0.0%. 322 (moors and heathland) decreased in Þórsmörk by 6.6%, suggesting that it is 

changing to ‘broad-leaved forest’. Importantly, CORINE’s classification for broad-leaved 

forest must reach certain coverage, crown size and height criteria. Large parts of 

Almenningar and Þórsmörk are classified as ‘moors and heathland’ despite having trees; 

scrubland and sparse areas with dwarf birch and willow trees are not classified as ‘broad-

leaved forest’ despite being an important Icelandic ecosystem type (Kosztra et al. 2019; 

National Land Survey of Iceland 2009). When comparing the land use across Iceland just 

0.3% of land was 311 ‘broad-leaved forest’ and 34.3% ‘moors and heathland’ in 2012 

(National Land Survey of Iceland 2014). Relative to 2006 ‘broad-leaved forest’ increased 

from 0.2% and ‘moors and heathland’ decreased slightly, from 34.8% (National Land Survey 

of Iceland 2009). Importantly, CORINE confirms that significant differences in LULUCF 

have occurred over two decades, between Þórsmörk and Almenningar justifying a 

comparative approach in relation to the study of restoration in Iceland. Finally, the slow rate 

at which restoration occurs in Iceland, is reflected by the extent of changes over a twenty 

year period.    

 



21 

3.2.4 Conservation Value 

In terms of habitats, the IINH have mapped the different types that exist in Iceland, listing 

key flora and bird species present and ascribing a conservation value for each habitat type 

(Ottósson, Sveinsdóttir, and Harðardóttir 2016). Within the study areas, a summary of every 

habitat type, predominant bird species, EUNIS habitat classification and conservation value 

has been collated. This data displays the percentage of land within each study area, by 

conservation value (Figure 4) (European Environment Agency 2019). 

Both study areas have a high proportion of ‘low’ conservation value, however the 

proportions of land cover and value differ for ‘medium’, ‘high’ and ‘very high’. 

Significantly, the largest difference in coverage between areas is of ‘high’ conservation value 

areas. In both cases, most of the ‘high’ score took place within the ‘Icelandic birch woods’ 

category; namely 4.3% of Almenningar and 13.4% of Þórsmörk were birch woods which are 

considered to have a ‘high’ conservation value. Indeed, they have intrinsic value as genetic 

stores but also for supporting habitats. For bird species, ‘very high’ and ‘high’ conservation 

value generally equates to the greatest abundance and diversity. For example, in ‘Icelandic 

birch woods’ the following species are common: redwing (Turdus iliacus), meadow pipit 

(Anthus pratensis), common snipe (Gallinago gallinago), ptarmigan (Lagopus mutus) and 

Figure 3. CORINE Land Cover in Þórsmörk (left) and Almenningar (right), 2000 – 

2018. Data obtained from European Environment Agency (2019) 
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wren (Troglodytes troglodytes). On the other hand, in ‘Icelandic Achemilla scree’ areas 

birdlife is represented by different species: northern wheatear (Oenanthe oenanthe), snow 

bunting (Plectrophenax nivalis), golden plover (Pluvialis apricaria), raven (Corvus corax), 

merlin (Falco colunbarius) and gyrfalcon (Falco rusicolus), albeit in much sparser densities. 

Generally, birch forest cover correlates strongly to a ‘high’ conservation value (Figure 2 & 

Figure 4). 

It is important to note that these are only proxies and estimations for biodiversity. 

Furthermore, biodiversity itself does not necessarily equate to an effective measure of 

ecosystem services, especially if only certain ‘indicator’ species are focused upon (Field et 

al. 2016; Tolvanen and Aronson 2016).  

3.2.5 Restoration Efforts  

Þórsmörk is an excellent case study to highlight the successes of ecological restoration in 

Iceland. Though the IFS started to manage the area in 1924, 1990 marked an intensification 

of restoration efforts with the addition of a new SCSI fence (Óskarsson 2013). What 

followed was the expansion of the birch forest, by passive restoration means, following the 

construction of the exclusion fence. Following Icelandic definitions of birch coverage, which 

includes birch shrubs, the net increase in birch coverage was 394% in period 1960 to 2011. 

This represented an increase of 930 hectares, of which 836 took place in Þórsmörk and 94 

in Almenningar. Significantly the net increase during this period was higher in Almenningar 

(461%) compared to Þórsmörk (366%), since there were only 26 hectares of birch covered 

areas in Almenningar in 1960 (Óskarsson and Traustason 2018). Across the whole area, 

Figure 4. Conservation Value (CV) in the study area. Data obtained from Ottósson, 

Sveinsdóttir, and Harðardóttir (2016). 
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restoration has been passive, which indicates that human assistance is minimal but involved 

in removing the actor that is damaging the system, i.e. isolating grazing sheep with exclusion 

fences (Rohr et al. 2018). Since grazing has been restarted in Almenningar, with a minimal 

22 year respite from grazing pressures, both Almenningar and Þórsmörk currently exhibit 

different land conditions, in terms of degradation. These condition stages can be split into 

six types: ‘pristine’ (I),  ‘altered (II)’, ‘degraded (III)’, ‘erosion (IV)’ and ‘desert (V)’ (Figure 

5)(Arnalds, 2015). Under this scale, wooded parts of Þórsmörk belongs to stages I and II, 

reflected by a higher proportion of vegetation cover and associated higher conservation 

value. In contrast, Almenningar belongs predominantly to III and IV, whereby some remnant 

woodland and shrubland would also be classified as I and II. It is important to state that 

classes III and IV are also present in Þórsmörk, though less extensively than in Almenningar.  

  

Figure 5. Land condition, vegetation cover and cost of restoration (Arnalds, 2015) 
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3.2.6 Ecosystem Services 

Þórsmörk, as a large native birch forest in the Icelandic context, acts as a good example of a 

multifunctional ecosystem, following restoration. Consequently, various ecosystem services 

can be identified there. Though unquantified, based on the scale of forest restoration, carbon 

sequestration is among the larger identifiable services provided by Þórsmörk. In addition, 

there is an extensive habitat service, which provides for various bird species and the Arctic 

fox. Similarly, the recreation service provided by Þórsmörk is easy to identify, as evidenced 

by the popular local trail network within and beyond the forested area. Such users are 

predominantly walkers or hikers, but the area is also used by horse riders, bikers, and 

recently, by private tour guides and operators though non-profit organisations have offered 

this service historically. The area is served by four mountain cabins run by non-profit 

organisations, such as the Outdoor Travel Association (Icelandic: Ferðafélag Útivist) and 

the Iceland Touring Association (Icelandic: Ferðafélag Íslands) as well as business 

enterprises, in different locations (see map, appendix A), which each have an associated 

campsite. Each location has different infrastructure and facilities yet they each rely on the 

provisioning services of the area, primarily in the form of fresh drinking water, which is 

collected within local water catchments. In the Básar campsite there a micro-hydroelectric 

scheme which provides electricity to the cabins (900W) and in Básar and Langidalur, solar 

photovoltaic cells are present. Unlike Húsadalur, which is linked to the Landsnet national 

electricity grid, Básar, Langidalur and Slyppugil were off grid, owing to lack of power cable 

infrastructure. However, since late 2019, both Langidalur and Básar are also linked to the 

Landsnet network. 

Neighbouring Almenningar, on the other hand, is arguably a somewhat degraded ecosystem 

and thus has diminished services, as previously outlined. Unlike Þórsmörk, the area of birch 

forest is much smaller and characterised by discontinuous, scrubby patches. Significantly 

however, the long-distance hiking path Laugavegurinn runs through the area, so recreation 

is theorised to be a discernible service. There is an interesting contrast of land cover where 

recreation takes place between the mostly pristine ecosystem (Þórsmörk) and a more 

degraded one (Almenningar). In Almenningar there is a total absence of buildings, 

infrastructure, or campsites; it is devoid of recreation infrastructure beyond one well-trodden 

hiking trail, Laugavegur. In contrast to Þórsmörk, Almenningar provisions a food and fibre 

resource, through the extensive grazing of sheep there. 

Identifying ecosystem services for this project follows the guidance provided by CICES, in 

their most recent version, 5.1, released on 18.03.2018 in Microsoft Excel spreadsheet format 

(Roy Haines-Young and Potschin 2018). The major ecosystem services identified in the area 

are simplified from this guidance (Table 1). 
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Table 1. Simplified Identified Ecosystem Services & Grouping, in Þórsmörk and 

Almenningar 

Provisioning Supporting Regulating Cultural 

Food (e.g. plants, 

berries) 

Soil formation Carbon sequestration 

/ fixing 

Spiritual, religious  

Drinking water Habitats (e.g. birds 

and mammals) 

Purification of water / 

air 

Science 

Energy (e.g. solar)  Climate regulation Recreation, wellbeing 

Raw materials (e.g. 

timber) 

  Cultural, traditional 

land use (e.g. sheep 

grazing) 

 

Occasional ecosystem services, related to restoration have been reported for the area; the 

value of the restored birch areas has been documented in the Norden briefing on ecosystem 

restoration for building resilience towards tephra deposits, following the 2010 eruptions that 

took place near Þórsmörk (Halldórsson et al. 2017). However, other services in the area, that 

are outlined in the table above, have not been analysed collectively before.  
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4 Methodology 

4.1 A Preference-PPGIS Ecosystem Service 

Assessment  

To quantify ecosystem services in the context of ecosystem restoration a dual preference-

PPGIS method was selected to identify relationships between stakeholder characteristics and 

the study sites. It was created to test the viability of such a methodology to quantify 

ecosystem services in this context. 

Firstly, this methodology was required to assess stakeholder perceptions of ecosystem 

services according to their personal characteristics, to address research questions 1 and 2: 

stakeholders’ identification and preference (value) ranking of ecosystem services. Secondly, 

the methodology needed to assess the relationship between ecosystem services identified by 

stakeholders and area visited, via land use class, as outlined in research question 3. 

Significantly, obtaining quantitative data to answer all three of these research questions 

required surveying stakeholders directly, to analyse their understanding of ecosystem 

services.  

The methodology follows a broad definition of stakeholder underpinned by the notion of the 

‘wisdom of the crowds’, whereby a general public can be called upon to make judgements 

in PPGIS contexts (Brown 2015). Four criteria are required for individual stakeholders to be 

considered wise, according to Brown (2015):  

1. Diversity – opinions are specific to individuals 

2. Independence – opinions are formed independently of others i.e. not in groups 

3. Decentralisation – local knowledge is drawn upon 

4. Aggregation – mechanism to turn private judgement to collective decision 

Stakeholders were thus selected on the above criteria, specifically: the survey was answered 

by individuals independently (though delivered via groups, see sections below), respondents 

had visited the area previously and thus possessed local knowledge. Finally, this data could 

be aggregated via the Preference-PPGIS method suggested. Stakeholders fitting these 

criteria included a range of individuals, from those who had visited the area for outdoor 

recreation, as part of organised and informal nature-based tourism to those who live locally 

or work in the area (e.g. foresters, farmers, tour operators). Stakeholders thus included 

residents of Iceland, of Icelandic and foreign nationality, as well as visitors from abroad. 

Herein the use of the terms ‘stakeholder’ and ‘participant’ are synonymous.  

Harrison et al. (2018) provide a useful framework to help researchers to identify appropriate 

methods for ecosystem service assessments, using a decision tree approach. When seeking 

to elicit data relating to stakeholders’ ecosystem service preferences and values, the socio-

cultural decision tree outlines six methods for researchers to consider: ‘preference 

assessment’, ‘ES card games’, ‘photo elicitation’, ‘PPGIS’, ‘time use studies’ and ‘photo-

series analysis’ (Harrison et al. 2018, 492). To reach one of these methods, the decision tree 

asks whether monetary information is required (Harrison et al. 2018, 492). Given the relative 

abundance of ecosystem service literature employing monetary methods in Iceland (see 2.3.4 
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Ecosystem Services and Iceland) it was deemed more appropriate to attempt non-monetary 

methods in order to explore other ways of collecting data relating to peoples’ values in the 

study area. Indeed, many other methodologies that require high quality data were excluded, 

such as those employing numerical modelling, as the only high quality spatial data in the 

bounds of the study area, was tree coverage (IFS n.d.) (Figure 2). A simplified summary of 

the method linkages used herein, is presented below (Figure 6) whereby green and blue 

represent biophysical values and socio-cultural values, respectively. Grey represents 

interdisciplinary values (ecological-socio-cultural) and white represents standard 

methodologies which are amalgamated to produce the final methologies selected, in yellow.  

                          

 

 

After following the non-monetary branch of the decision-tree approach, the researcher was 

required to decide between producing ‘semi-quantitative’ or ‘fully quantitative’ results 

(Harrison et al. 2018, 492). To offer flexibility in method choice, the former option was 

chosen. Thereafter, the branches divides methods by spatially explicit and non-spatially 

explicit results. Though the researcher needed to analyse spatial results using a PPGIS 

method (to address research question 3) and as recommended by the final branch of the 

decision tree, advantages were also recognised in producing non-spatial data. Indeed, a 

survey method, which is common for obtaining stakeholder information, does not generally 

lend itself to producing spatially-explicit information. Hence, a preference assessment, 

which allows for data collection without the need for visual aids and does not necessarily 

Public participatory 

methods 

PREFERENCE-PPGIS 

ASSESSMENT 

BIOPHYSICAL 

TECHNIQUES 

Preference 

Assessment 

SOCIO-CULTURAL 

TECHNIQUES 

SOCIO-CULTURAL 

TECHNIQUES 

PPGIS 

Deliberative or 

participatory mapping 

Deliberative 

Valuation 

Mapping Methods 

Figure 6. Method groupings and linkages to selected methodologies, by value type. 

Simplification of figure 1 in Harrison et al. (2018, 486) 
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produce spatially-explicit results was also chosen, to answer research questions 1 and 2 

(Harrison et al. 2018, 492). An attempt by the researcher to tie together a preference 

assessment with a PPGIS method is explained in the following sections of the methodology.     

PPGIS as a method for ecosystem service assessment, operates by quantifying social value, 

from a public preference study, creating non-monetary social “value indices” (Sherrouse, 

Clement, and Semmens 2011). Thereby these indices can be distinguished between various 

sub-groups and by ecosystem use (Sherrouse, Clement, and Semmens 2011). PPGIS 

methodologies that include a general public follow the logic of ‘wisdom of the crowds’ and 

a commitment to public judgement to inform land management practices, which has shown 

success in Nordic contexts (Brown 2015;  Brown, Montag, and Lyon 2012). Land use classes 

provide a simplification of complex environments, breaking it down into analysable units. 

Thus, measures of land use (e.g. CORINE, EUNIS) can act as a useful means to simplify 

and link land with ecosystem services, since specific land types tend to provision certain 

services. CORINE land classes (CLC) was chosen as the land type unit as it allows for 

comparative studies nationally, across Iceland and internationally, with other European 

countries. Another unit used by the EEA, EUNIS, was deemed to be too small a unit for 

comparative analysis, given how fragmented habitats are in the study areas and generally 

only represents habitat services. Furthermore, CLC is used widely in other studies pertaining 

to ecosystem services (Syrbe et al. 2017). Herein the methodology sought to compare 

stakeholders’ ecosystem service preferences, to land use type (CLC), as undertaken in 

previous assessments (e.g. Plieninger et al. 2013).   

4.2 Data Collection 

The Finnish start-up company, ‘Maptionnaire’, has developed an online PPGIS system 

which has been used widely in urban and land planning applications and was chosen for this 

purpose (Maptionnaire 2019). The survey designed for this study (see 4.3 Survey Design) 

was published online during the summer of 2019 and was advertised on social media via a 

URL, for convenience (Bryman 2012). Initially, the survey was intended to be administered 

in-field by the researcher, but the internet connection required for the Maptionnaire platform, 

was too unreliable to allow for this. The survey was shared multiple times between mid-

August and mid-September and sought to capture visits until the end of the summer season. 

Far fewer visits are made to this area from September and the area is generally considered 

inaccessible in the winter months, owing to the lack of maintenance of the only road in, 

F249, which is unsealed, had multiple unbridged rivers and requires 4x4s (Icelandic Road 

and Coastal Administration (IRCA) 2019).   

 

The survey was targeted towards individuals fitting the stakeholder criteria, who used social 

media and thus a basic level of computer literacy was required to complete the survey. 

Stakeholders were people who have visited the area, and those who work in the area and 

included: outdoor recreationalists, nature-based tourists (self-guided, guided, individuals, 

groups), conservation volunteers, cabin / campsite workers (warden, ranger), tourism related 

staff (drivers, guides, cooks), forestry workers and others, which stakeholders could specify.  

Such groups operating in the study area were approached via the social medium Facebook 

and the URL was posted in these groups (e.g. ‘Tourism Services in Iceland’. Icelandic: 

Bakland Ferðaþjónustunnar). Respondents were encouraged to share the URL amongst their 

personal networks to promote snowballing sampling (Bryman 2012). Targeting individuals 
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of specific interest groups, such as these, is recommended in previous PPGIS ecosystem 

research to supplement a ‘general’ public, though this methodologically focused study did 

not widen the survey to a wider population (Brown, Montag, and Lyon 2012).  

4.3 Sampling 

A total of 88 respondents completed the first 9 (out of 11 questions), addressing research 

question 1, which asked personal questions about the respondent and their visit to the study 

area. It also allowed them to use the PPGIS function of the survey. Of those 88 respondents, 

42 (48%) completed the final part of the survey (questions 10 and 11) pertaining to 

ecosystem services (identification and preferences), as well as the interactive PPGIS section 

addressed in question 9. Herein, those 42 respondents are referred to as the ‘Ecosystem 

Service’ or ‘ES’ sub-sample of the larger ‘visitor’ sample which contains all 88 respondents. 

Reasons for a low completion rate for the ecosystem service questions is addressed in more 

detail in the following section (4.3 Survey Design). Beside survey design constraints, 

technical difficulties were reported by some respondents who were unable to draw accurately 

for the PPGIS aspects of the survey, when using smartphone or tablet devices. This issue 

remained unresolved during the research period but was subsequently raised with 

Maptionnaire. 

 

It was hoped for a balance between those visiting for their profession would equal the 

number visiting for other reasons e.g. recreation. In the final collection of data, the sample 

was over-represented by those visiting for recreation. Furthermore, the largest group (38%) 

to fill in the survey had only visited the area once, which proved problematic when calling 

upon the ‘wisdom of the crowds’ and truly local knowledge. When recruiting respondents, 

it was hoped that most would have visited the area more than once and had a chance to 

develop acquaintance with the area and possess more local knowledge. Significantly, 

individuals from certain groups were completely unrepresented in the survey result, as 

identified by answers given by respondents. Most notably no local farmers completed the 

survey, which is an important consideration when analysing the results and discussion. In 

such circumstances, this risks giving undue weight to the views of active minority groups, 

as well as missing the “silent majority” of the local public (Brown and Kyttä 2014). 

Certainly, there are biases both in those participating and through the exclusion of non-

participants. 

4.4 Survey Design  

A two-part survey was developed. To address research question 1, the first part of the survey 

was a multiple choice, quantitative survey which was designed to allow respondents to 

record personal attributes, via closed questions. Research questions 2 and 3 sought to 

understand the relationship between stakeholders’ ecosystem service identification and 

preferences and land use class and was addressed in the second part of the survey. Part two 

of the survey differed from the first part, since it required both quantitative closed questions 

and an interactive map function, to spatially record stakeholders’ previous visits.  
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The survey (see Appendix A) was composed of 17 questions divided into the following 

themes: ‘about you’, ‘about your visit’, ‘about your most recent visit’, and ‘area preferences’. 

In the ‘about you’ theme, closed questions asked participants to share information on 

‘gender’, ‘age’, ‘education’ and ‘nationality’. Following on from this, the ‘about your visit’ 

theme asked participants to state, ‘how many times they had visited the area’ and ‘when they 

last visited the area’. Following on from this the survey asked about their ‘most recent visit’, 

and the ‘visit purpose’. From this point, the survey asked, ‘purpose of last visit’ asking if 

purpose was ‘recreation’ or ‘professional’. Thereafter, the survey branched to ask 

‘description of last visit’ for those whose purpose was recreation and asked participants to 

specify their profession, from a list provided, if they had selected ‘professional’ in the 

previous question. The following questions, still part of the ‘most recent visit’ theme, were 

posed to all participants and asked about ‘mode of transport (arrival)’, ‘mode of transport 

(departure)’, ‘length of stay in the area’, ‘type of accommodation, if overnight’ and ‘huts or 

campsites visited’. Each of these questions were compulsory and closed, though some 

offered space for written elaboration, if the ‘other’ box was selected. 

 

The final question of the ‘about your last visit’ section was also the first section of the PPGIS 

part of the survey and asked participants to draw points on the map to denote ‘access’ areas, 

such as trailheads, car parks etc.  In the same question they were also asked to draw lines on 

the map to denote where they ‘visited’ in the area. For both questions, the map showed the 

trail network, as colour-coded by trail markers, for reference. Hut infrastructure was also 

overlain on the map. Furthermore, colour-coded layers pertaining to the dominant land use 

class were overlain on the map which included: ‘forest’, ‘sparsely vegetated’ and 

‘heathland’, using the 2018 CORINE data. This was considered the most practical way to 

obtain spatial data, relating to where participants visited.  

 

In the next section of the PPGIS survey the questions related to ‘area preference and benefits’ 

and related directly to the previous PPGIS question where participants drew on the map. 

Given the somewhat complicated nature of the ecosystem services concept, it was referred 

to in terms of the ‘benefits’ for these areas visited and the participants were able to select 

from a list of multiple ecosystem services. Respondents could choose to provide as many or 

as few answers as they wished. Where questions related to ecosystem services, a brief 

explanation of the concept was outlined to stakeholders. The decision to use a simplified list 

of ecosystem services and title them ‘benefits’ was decided based upon the findings of a 

preliminary survey which was shared among a limited sample of academic colleagues for 

feedback. Indeed, other PPGIS studies on ecosystem services in this context recommend 

thoroughly briefing respondents on concepts thoroughly before asked to complete the survey 

(Brown, Montag, and Lyon 2012). Given the limited opportunities to do this in a short online 

survey, the simplification of the core concept and brevity in explanation was used instead.  

 

Finally, the Likert scale, ranging from 0 to 10, was employed to ask participants which of 

the ecosystem service ‘benefits’ were most important at delivering benefit. A high score (10) 

stated that participants thought that a service was ‘most important’ and a low score (0), stated 

that participants thought that a service was the ‘least important’. Recognising the relative 

complexity of questions 9, 10 and 11, only question 1 to 8 were compulsory and the latter 

three were optional. The ordering of answer options within questions was randomised for 

each recipient of the questionnaire to avoid instilling bias into their selections. A screenshot 

version of the full survey is published in Appendix A.  
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An online self-completion questionnaire was developed because it made it cheaper and faster 

to process the information and afforded itself well to the PPGIS format. Furthermore, the 

questionnaire removed some of bias effects synonymous with face-to-face interviews, 

though this is likely to have led to a lower response rate and limited the data that was 

collected (Bryman 2012). Since the study area is considered to be a representative case for 

other areas undergoing restoration in Iceland a case study design was deemed suitable 

(Bryman 2012). To conform to ethics procedure for social research, all answers remain 

anonymous and are confidential, as stated to participants in the survey opening page 

(Bryman 2012). 

4.5 Data Analysis 

The data from the stakeholder questionnaire section were analysed to explore relationships 

between areas visited and stakeholders’ ecosystem service identification. The statistical 

analysis software SPSS was used to compute basic frequency and cross-tabulations for 

ecosystem service identification and preference. Independent samples t-tests comparing 

identification and preference to respondent variables where there were only two variables 

within groups (e.g. gender). Where multiple variables were present, they were grouped to 

result in only two groups to allow for t-test to be performed (e.g. nationality).  

 

For the analysis of PPGIS data, t-tests and a spearman’s rank correlation coefficient were 

calculated using SPSS (Plieninger et al. 2013), to ascertain if there were significant 

relationships between ecosystem services and respondents, by personal characteristics (see 

chapter section 5.2). ArcMap 10.4 was used to analyse the stakeholders’ PPGIS responses 

spatially (see chapter section 5.4). Their line and point answers were measured within the 

boundaries of corresponding 2018 CORINE land cover (CLC). Specifically, each point and 

line drawn by the respondent had its own geometry which was analysed in relation to the 

underlying CLC class, producing location (point) and length (line) data (sections 5.4.1 and 

5.4.4). The geometry for these data were exported to SPSS, to ascertain relationships 

between PPGIS responses, CLC land class, ecosystem services identified and ecosystem 

service preference scores. 

4.6 Limitations 

Issues relating to the survey itself limit the findings of this study. Primarily there were too 

few respondents, especially in the ecosystem service section of the survey which steered the 

study towards a focus on testing a new methodology. The simplicity of conveying ES 

concepts to the public was underestimated (see sample in section 5.1). This limited analysis 

of the relationships between spatial data and quantitative ES data to less than half of all 

respondents. Where statistically significant relationships were found within this sample, the 

standard deviation was often very high because of small sample sizes (see Appendix B). This 

makes it harder to draw definitive conclusions and generalisable results from the analysis. 

Subjectivity of the participants’ responses presents challenges in recording accurate 

information on ecosystem services, that can be replicated in other studies. Such subjectivity 

also exists in the ecosystem services identified by the author, which were sometimes 

ambiguous and open to interpretation in the survey presentation.  
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5 Results 

5.1 Visitor Survey 

 
A total of 88 respondents attempted the survey, a majority of whom are female (n = 51, 58%) 

and the remaining, male. Herein this is referred to as the ‘visitor sample’. The age profile of 

total responses reveals that respondents aged ‘25 – 34’ (n = 23, 26%) are the commonest 

group, followed closely by those aged ‘35 – 44’ (n = 21, 24%) and those aged ‘45 - 54’ (n = 

17, 19%). Those aged ‘65 – 74’ report the lowest response rate for the survey (n = 3, 3%), 

followed by those aged ‘16 – 24’ and ‘55 – 64’ (jointly n = 12, 14%). 

 

For qualifications, 81% of respondents’ highest level of education is higher education, with 

most attaining ‘higher undergraduate’ level (n = 36, 41%) followed closely by ‘higher 

postgraduate’ (n = 34, 37%). Thereafter are ‘secondary’ (n = 14, 16%), with a large gap to 

‘professional’ (n = 2, 2%) and ‘primary’ (n = 1, 1%).  

 

In terms of nationality total responses are mostly from Icelandic nationals (n = 38, 43%) 

followed next by the USA (n = 12, 14%), the UK (n = 10, 11%), Germany (n = 5, 6%) and 

Canada (n = 3, 9%). Each of the following countries have two respondents (n = 2, 2%): 

Denmark, Italy, Lithuania and the Netherlands,. Finally the following countries each 

returned one respondent (n = 1, 1%): Albania, Australia, Belgium, Dominican Republic, 

Norway, Spain and Turkey. Of respondents living in Iceland, most reside in the 100 range 

of postcodes of Reykjavík (n = 15, 43%), followed by the 200 range of postcodes of the 

Capital Region (n = 14, 40%). The next largest response region was the Southern Region 

with respondents residing in Selfoss, Hveragerði and Hvolsvöllur (n = 4, 5%). One 

respondent resides in the Mývatn area of the Northeastern Region (n = 1, 3%).  

  

In terms of purpose of their visit, the majority state that their visit purpose as ‘recreation’ (n 

= 53, 64%), whereas there were fewer who visited for ‘profession’ or work-related reasons 

(n = 23, 28%). The remainder select ‘other’ (n = 7, 8%). Of those who visit for work the 

majority are volunteers (n = 9, 43%) followed by those working in tourism (n = 8, 38%) 

warden or rangers (n = 2, 10%), researchers and other reasons (jointly n = 1, 5%). For visit 

type most ‘travel alone, non-tour’ (n = 34, 67%) followed by ‘travel group, non-tour’ (n = 

15, 29%) and lastly those traveling alone as part of an organised tour are the smallest 

category (n = 2, 4 %). When asked on the number of visits to the area, most state that this 

was their first visit (n = 32, 39%), followed by those who had visited over 20 times (n = 23, 

28%). The remaining groups, in order of decreasing magnitude are ‘2 – 5’ (n = 16, 19%), ‘6 

– 10’ (n = 8, 10%), ‘11 – 20’ (n = 3,  4%) and ‘never’ (n = 1, 1%).   

 

When asked about length of visit 81% stayed for one night or longer with those staying for 

multiple nights the commonest respondent (n = 41, 52%) followed by those who stayed for 

one night only (n = 23, 29%). Day visitors form the fewest number of respondents (n = 15, 

19%). For both day and overnight visitors, the majority of cabin visits or stays are in Básar 

(n = 43, 30%) followed by Langidalur (n = 31, 22%), Húsadalur (n = 27, 19%) and Slyppugil 

(n = 11, 8%). Though outside the study area, more respondents visit Emstrur (n = 22, 15%) 
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than Fimmvörðuháls (n = 10, 7%). Importantly, respondents could select more than one hut.  

Details of cabin locations can be viewed in Appendix A.   

 

For mode of transport 70% of respondents arrive by bus and foot in equal numbers (n = 28, 

35% each) followed by car (n = 23, 28%). For mode of transport leaving the majority travel 

by bus (n = 46, 56%) and followed by car (n = 23, 29%) and foot (n = 9, 11%). Lastly the 

least common modes of arrival and departure are ATV and other (n = 1, 1%). 
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5.2 Ecosystem Service Identification  
 

The ecosystem services identification presented are from the ‘ES’ sub-sample of respondents 

(n = 42) who attempted the ecosystem service identification question, giving a total of 214 

responses (Figure 7).  This addresses the first research question “how do stakeholders’ 

identification of ecosystem services differ, according to their personal characteristics?”.  

The following participant characteristics are compared to ecosystem service identification: 

‘gender’, ‘age’, ‘nationality’, ‘purpose of last visit’ and ‘number of visits’. ‘Recreation’ is 

the most commonly chosen option (n = 35, 16%), followed by ‘wellbeing’ (n = 31, 14%) 

and ‘water’ (n = 22, 10%). ‘Raw materials’ has not been selected by any respondent as an 

ecosystem service that they could identify in the area. ‘Energy’ (n = 2, 1%), ‘climate 

regulation’ (n = 6, 3%) and ‘other’ (n = 3, 1%) are the least commonly chosen ecosystem 

services. ‘Other’ refers to services not otherwise specified in the survey and of those who 

select it, there was only one response - ‘natural beauty’ recorded as a service in the ‘please 

specify’ text field.  
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5.2.1  Gender  

Most respondents are females (n = 22, 52%) and the remaining are males (n = 20, 48%), 

which better reflects the general population, compared with the visitor survey. When 

exploring the interaction between gender and ecosystem service identification, a ratio shows 

the disproportionate number of females (Figure 8). The largest differences between males 

and females are in the following categories: ‘carbon sequestration’, ‘culture’, ‘purification 

of air / water’ and ‘food’. On the other hand, ‘science’, ‘climate regulation’ and most of the 

other categories show little difference between genders. Differences between gender are not 

statistically significant, according to the t-test.  

  

 

  Figure 8. Ecosystem service identification frequency (ratio), by gender. 

 Statistically significant difference between the scores: * = p < 0.05, ** = p 

<0.01, *** = p <0.001 
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5.2.2  Age 

The age profile of responses reveals that respondents aged ‘25 – 34’ (n = 12, 29%) are the 

commonest group, followed closely by those aged ‘35 – 44’ (n = 11, 26%) and those aged 

‘45 - 54’ (n = 17, 21%) (Figure 9). Those aged ‘65 – 74’ report the lowest response rate for 

the survey (n = 1, 2%), followed by those aged ‘16 – 24’ (n = 3, 7%) and ‘55 – 64’ (n = 6, 

14%). Figure 9 represents the split of ecosystem service identification, by age. Those who 

select ‘carbon sequestration’, ‘climate regulation’ and ‘other’ tend to be aged ‘25 – 34’. No 

other group dominates the identification for an ecosystem service, though those aged ‘45 – 

54’ are responsible for 50% of the identifications of ‘energy’ as a service. For ‘traditional 

land use’ those aged ‘35 – 44’ are the commonest respondent (50%). Differences between 

those aged 43 or below, and those aged 44 or above are not statistically significant, according 

to a t-test.  

 

  

  

  

Figure 9. Ecosystem service identification ratio, by age 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.2.3  Nationality  

The nationality of those answering ecosystem service questions is predominantly Icelandic 

(n = 21, 50%) followed next by the USA (n = 7, 17%), the UK (n = 4, 10%), Germany (n = 

2, 5%) and sole representatives of the following countries: Lithuania, Netherlands, Denmark, 

Italy and Canada. The proportion of ecosystem services identified by Icelanders is generally 

higher than non-Icelandic responses except for ‘recreation’, ‘science’, ‘other’ and ‘climate 

regulation’ (Figure 10). Differences between those identified as from ‘Iceland’ versus those 

not from Iceland, are not statistically significant, according to a t-test.  

 

  

Figure 10. Ecosystem service identification ratio, by nationality 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.2.4  Visit Purpose 

In terms of purpose of their visit, the majority state that their visit was for ‘recreation’ (n = 

27, 64%), whereas there were fewer who visited for ‘professional’ or work-related reasons 

(n = 13, 31%). The remainder select ‘other’ (n = 2, 5%). The ecosystem services identified 

differ by purpose of visit, with ‘recreation’ exhibiting a higher rate of ecosystem service 

identification in most services, except for ‘soil formation’, ‘spiritual’ and ‘other’ (Figure 11). 

Differences between those visit for recreation versus those who visit for work, are 

statistically significant, for ‘soil formation’, according to a t-test. 

 

  

 

 

 

 

 

 

 

Figure 11. Ecosystem service identification frequency ratio, by purpose of visit 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.2.5  Visit Frequency 

When asked on the number of visits to the area, most state that they had visited over 20 times 

(n = 14, 34%), followed by those who had visited once (n = 13, 32%). The remaining groups, 

in order of decreasing magnitude are ‘2 – 5’ (n = 11, 27%), ‘6 – 10’ (n = 3, 7.3%). ‘11 – 20’ 

and ‘never’ both have no responses. The highest number of ecosystem service identifications 

come from those who had visited the area more than 20 times, since they answered 

disproportionately highly relative to other groups (Figure 12). Indeed, this group select 

‘recreation’ six times more frequently than the others, twice as frequently as those who 

choose ‘purification of air / water’, ‘water’, ‘soil formation’ and ‘traditional land use’. Those 

who had visited once score relatively seldomly for ‘recreation’ and ‘carbon sequestration’ 

but relatively frequently for ‘water’, ‘habitat’ and ‘wellbeing’. ‘Wellbeing’ is the highest 

scoring ecosystem service for those who had visited 2 to 5 times, in terms of raw number of 

respondents. Differences between those visiting 1-5 times versus those who had visited 6 

times or more, are not statistically significant, according to a t-test. 

 

 

  

Figure 12. Ecosystem service identification frequency ratio, by frequency of visit 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.2.6  Identification Correlation 

A calculation of Spearman’s rank correlation coefficient reveals a strong positive 

relationship between ‘habitat’ and ‘water’ scoring 0.57, followed by ‘habitat’ and ‘water’ 

with a score of 0.51 (Table 2). The other ecosystem service identified strong linked to one 

another are ‘water’ and ‘purification of air / water’ (0.50).  

 

Table 2. Spearman's rank correlation coefficient (ρ) between pairs of identified ecosystem 

services 

 

Statistically significant difference between identified ES scores: * = p < 0.05, ** = p 

<0.01, *** = p <0.001. Light grey shading is a strong positive correlation (ρ=0.50 - 0.69). 

Dark grey denotes very strong positive correlation (ρ= > 0.70) 

 

 

  

Score 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1.Recreation 1.00                             

2.Carbon .22 1.00                           

3.Climate .18 .32* 1.00                         

4.Culture .09 .12 .24 1.00                       

5.Purification .14 .36* .19 .37* 1.00                     

6.Food .18 .43** .14 .17 .11 1.00                   

7.Water .09 .10 .25 .36* .50** .37* 1.00                 

8.Energy .10 .46** .23 .05 .11 .32* -.01 1.00               

9.Raw mat                      

10.Soil .07 .27 .41** .44** .41** .11 .31* .07  1.00           

11.Habitat .32* .36* .27 .49** .32* .51** .57** .22  .45** 1.00         

12.Trad land .05 .23 .32* .12 .10 .43** .10 .46**  .14 .12 1.00       

13.Science .28 .10 .34* .48** .18 .22 .29 .11  .41** .42** .36* 1.00     

14.Spiritual .08 .04 .28 .43** .44** .25 .38* .16  .46** .29 .19 .31* 1.00   

15.Wellbeing .32* .29 .24 .13 .26 .08 .30 .13  .22 .16 .01 .26 .18 1.00 
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5.3 Ecosystem Service Preferences  

The ecosystem services preferences presented are from the ‘ES’ sample of respondents (n = 

42). This addresses the second question: “how do stakeholders’ preferences for ecosystem 

services differ, according to their personal characteristics?” In the final question of the 

survey (11) a total of 42 respondents attempted an answer relating to their preferences i.e. 

scoring ecosystem services. The figures presented are higher than the total number of 

respondents, since they could select more than one ecosystem service for identification. 

Results presented below display the mean score values for each ecosystem service, by 

individual participant characteristic.  

‘Recreation’ is the preference with the highest mean score (n = 33, 9.2), followed by 

‘wellbeing’ (n = 29, 8.4) and ‘habitats’ (n = 24, 7.2). ‘Raw materials’ is scored by 

respondents but has the lowest mean score (n = 18, 2.3), followed by ‘energy’ (n = 17, 2.76) 

and ‘traditional land use (23 = 2.96). Number of responses range from 17 (energy) to 33 

(recreation).   

 

 

Figure 13. Ecosystem service preference mean score, by type 
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5.3.1  Gender 

The results show that ‘culture’ and ‘science’ have a higher score among female respondents, 

where the difference between males is 1.68 and 1.86, respectively (Figure 14). On the other 

hand, males tended to have a higher score for ‘raw materials’, ‘energy’ and ‘food’ when 

compared to females, by 1.00, 1.10 and 1.60, respectively. In each case, none of the 

differences in mean scores between genders were statistically significant, according to a t-

test.  
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Figure 14. Ecosystem service preference score, by gender 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.3.2  Age  

Mean scores by respondents aged 43 of younger tend to be greater than the scores of those 

aged 44 and above.  The greatest difference, where younger respondents scored higher than 

foreigners is for ‘climate’ where the mean score is 3.28 points higher at 6.11. Older 

respondents tend to have a greater mean score for ‘carbon sequestration’ (by 2.08), ‘culture’ 

(by 1.42) and ‘soil formation’ (by 1.16). The smallest difference in scores by age are for 

‘habitat’, with a difference of just 0.17 points. Differences in ecosystem service preference 

scores are statistically significant for ‘climate regulation’ (Figure 15). 

 

  

 

 

  

Figure 15. Ecosystem service preference score, by age 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.3.3  Nationality 
 

The results show that for most ecosystem service preferences, Icelanders generally scored 

higher than those from other countries (Figure 16). The greatest difference, where Icelanders 

scored higher than foreigners are for ‘habitat’ where the mean score was 2 points higher at 

8.17. However, the greatest difference between nationalities and score is for ‘climate’, where 

foreigners scored 2.65 points higher, giving an overall mean score of 5.93. Foreigners have 

a greater mean score for ‘purification of air / water’ (by 1.81), ‘raw materials’ (by 1.34), 

‘traditional land use’ (by 1.31) and ‘culture’ (by 1.00). The smallest difference in scores by 

nationality are for ‘recreation’ with scores of 9.19 and 9.24 for Icelanders and others, 

respectively.  Differences between those identified as from ‘Iceland’ versus those not from 

Iceland, are not statistically significant, according to a t-test.   

0

2

4

6

8

10

Recreation

Carbon sequestration

Climate regulation

Culture

Purification of air / water

Food

Water

EnergyRaw materials

Soil formation

Habitats

Traditional land use

Science

Spiritual

Wellbeing

Iceland Non-Iceland

Figure 16. Ecosystem service preference score, by nationality 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.3.4  Visit Purpose 

Those who visited the area as part of their professional duties tend to score the following 

ecosystem services with a higher mean score than those who were recreation visitors: 

‘science’ (3.47) ‘soil formation’ (1.89), ‘habitat’ (1.58), ‘traditional land use’ (1.57), ‘water’ 

(1.11) and ‘culture’ (0.97) (Figure 17). Those who visit for recreation exhibit greater mean 

scores than professionals in the following categories: ‘food’ (1.74), ‘spiritual’ (0.58), 

‘wellbeing’ (0.29) and ‘recreation’ (0.27). Of all the differences, ‘science’ shows the largest 

difference and is also the only statistically significant relationship; the mean score for 

professionals is 9.0 versus 5.3 for recreationalists. 
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Figure 17. Ecosystem service preference score, by visit purpose 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.3.5  Visit Frequency  

In terms of number of visits, respondents who visit 6 or more times score higher for most 

ecosystem service preferences than those who visit 5 times or fewer (Figure 18). The greatest 

difference between groups is for ‘food’ and ‘wellbeing’; those frequenting the study area 

score 2.74 and 2.38 more for these services, respectively. Those who visit 5 times of less 

have a mean score that is 0.76 points higher for ‘climate regulation’ and 0.45 points higher 

for ‘traditional land use’ than those who visit 6 times or more.  Of these differences, only 

those for the ‘wellbeing’ mean score are statistically significant; scores are 9.64 for those 

who had visited over 5 times and 7.27 for those who had been there less frequently. 

  

Figure 18. Ecosystem service preference score, by visit frequency 

Statistically significant difference between the scores: * = p < 0.05, ** = p <0.01, 

*** = p <0.001 
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5.3.6  Preference Correlation 

A calculation of Spearman’s rank correlation coefficient reveals the strongest positive 

relationships to be ‘climate regulation’ and ‘carbon sequestration’ at 0.93, followed by 

‘energy’ and ‘food’ with a score of 0.89 (Table 3). The ecosystem service to have the most 

strong positive correlations is ‘carbon sequestration’ which is very strongly correlated to 

‘purification of air / water’ (0.77), ‘energy’ (0.73) and ‘food’ (0.70) and strongly correlated 

to ‘soil formation’ (0.62), ‘culture’ (0.57), ‘science’ (0.57), ‘habitats’ (0.54) and ‘spiritual’ 

(0.53). ‘Culture’ is very strongly correlated to ‘soil formation’ (0.84) and ‘habitats’ (0.71), 

whilst ‘traditional land use’ is very strongly correlated to ‘purification of air / water’ (0.84).  

 

 

Table 3. Spearman's rank correlation coefficient (ρ) between pairs of ecosystem service 

preference scores 

 

Statistically significant difference between ES preference scores: * = p < 0.05, ** = p 

<0.01, *** = p <0.001. Light grey shading is a strong positive correlation (ρ=0.50 - 0.69). 

Dark grey denotes very strong positive correlation (ρ= > 0.70) 

  

Score 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1.Recreation 1.00               

2.Carbon -.15 1.00              

3.Climate .00 .93** 1.00             

4.Culture .23 .57* .55* 1.00            

5.Purification .38 .77** .81** .37 1.00           

6.Food .00 .70** .63* .34 .66** 1.00          

7.Water .46* .44 .35 .25 .42 .53* 1.00         

8.Energy .06 .73** .60* .22 .64** .89** .50* 1.00        

9.Raw mat .27 .33 .44 .29 .52* .75** .34 .65** 1.00       

10.Soil .13 .62** .55* .84** .31 .42 .43 .18 .32 1.00      

11.Habitat -.05 .54* .23 .71** .28 .41 .26 .35 .05 .68** 1.00     

12.Trad land .13 .33 .67** .22 .84** .43 .34 .29 .43 .26 .03 1.00    

13.Science -.09 .57* .68** .67** .57* .40 .26 .52 .45 .78** .67** .41 1.00   

14.Spiritual .26 .53* .37 .39 .46 .28 -.02 .31 .21 .21 .30 .28 .23 1.00  

15.Wellbeing .12 .40 .32 .44* .51* .34 .09 .33 .38 .09 .29 .30 .26 .55** 1.00 
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5.4 Land Use Class, Ecosystem Service 

Identification & Preferences 

To answer the final research question “to what extent do stakeholder identification of and 

preferences for ecosystem services relate to the land use class of areas visited?” the 

respondents were asked to “draw a line over the trail(s) or route(s) you used during your 

most recent visit” and to select “where did you access the trails?”. An overview of all the 

data obtained from the ‘visitor’ sample (n = 88) is displayed below (Figure 19). There are a 

total of 76 points selected of which 6 are outside the study area. These 6 points, which are 

not analysed in this study, are located at the Emstrur cabin in the north, the hut south of 

Fimmvörðuháls (Baldvinsskáli) and the trailhead at Skógafoss (outside map range). From 

the ‘visitor’ sample (n = 88) 46 lines are drawn which all are fully or partly within the study 

area. The shortest line drawn on the map represented 159 metres and the longest, 26,856 

metres. Of these lines only 4 pass through Almenningar and only 3 selected points are found 

within Almenningar. No point is located within ‘glacier’ or ‘water course’ CLC. 

  

Figure 19. Respondents' inputted points and lines relating to ‘trails accessed’ and trails 

visited’. The results are visualised with orange lines representing the former question 

and red points denoting the latter. 
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5.4.1 Land Use Class of Points Selected 

From the ‘ES’ sub-sample (n = 42), 30 respondents select a point, which equates to 43% of 

the total valid points drawn across all respondents (n = 88). 71% of the ‘ES’ sample select a 

point within the study area. When drawing point features, the majority of responses are 

within the ‘broad-leaved forest’ CLC areas (n = 16, 53.3%), followed by ‘moors and 

heathland’ CLC (n = 7, 23.3%), ‘beaches, dunes and sand’ CLC (n = 3, 10.0%), ‘bare rock’ 

CLC (n = 3, 10.0%). The fewest select within the ‘sparsely vegetated areas’ CLC (n = 1, 

3.3%) (Figure 20).  
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Figure 17. CLC class at point selected Figure 20. Land use class at point selected by ‘ES’ sub-sample respondents 
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5.4.2 Ecosystem Service Identification by Land Use Class Points 

Since ‘broad-leaved forest’ represents the most visited of all CLC (see Figure 20, above), to 

help answer the final research question, a crosstabulation between identified ecosystem 

services and the ‘broad-leaved forest’ CLC class is presented (Figure 21). Those who select 

points within forested areas have a higher frequency of responses, than non-forested areas, 

for the following services: ‘recreation’, ‘soil formation’, ‘purification of air / water’ and 

‘wellbeing’. In contrast, ‘food’, ‘water’, ‘habitat’, ‘traditional land use’ and ‘science’ were 

more likely to be selected by those who selected points outside of the forest area. ‘Climate 

regulation’, ‘energy’ and ‘other’ are only selected by those who joined the trails from non-

forested areas. Those drawing points within ‘forest’ CLC versus those who draw in other 

CLC types, exhibit statistically significant difference for ‘climate regulation’, according to 

a t-test. 

 

 

 

 

 

Figure 21. Ecosystem service identification, by land use class 

Statistically significant difference between the scores: * = p < 0.05, ** = p 

<0.01, *** = p <0.001 
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5.4.3 Ecosystem Service Preference by Land Use Class Points 

To highlight the relationship between mean ecosystem service preference scores and land 

use class (CLC) a t-test shows the differences between the most selected land class, ‘forest’, 

and the other land classes. ‘Energy’ (1.98), ‘recreation’ (0.79), ‘spiritual’ (0.69), ‘wellbeing’ 

(0.53), ‘soil formation’ (0.29) and ‘science’ (0.27) scored higher in ‘forest’ CLC than ‘non-

forest’ CLC, in decreasing order of difference.  Conversely, all the other ecosystem services 

scored higher for ‘non-forest’ than ‘forest’. Out of the ecosystem services preferences, the 

difference between means is statistically significant for ‘recreation’, where the scores were 

9.79 and 9.00 for ‘forest’ and ‘non-forest’, respectively. It is also significantly different for 

‘energy’ (Figure 22). 
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Figure 22. Ecosystem service score, by land class (CLC class) 

Statistically significant difference between the scores: * = p < 0.05, 

** = p <0.01, *** = p <0.001 
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5.4.4 Land Use Class of Lines Drawn 

From the ‘ES’ sample a total of 33 separate lines were drawn by 20 respondents, which 

equates to 72% of total lines drawn from both samples. 48% of the ‘ES’ sample draw lines 

in the study area. Of these respondents who draw, the maximum number of lines drawn by 

a single individual was 5. All 4 lines drawn in Almenningar are from members of the ‘ES’ 

sample and the remaining 16 are located in Þórsmörk. No line from the sample passes 

through the ‘water’ or ‘glacier’ CLCs (Figure 23).  

Land use classes (CLC) underlie the lines drawn by individual respondents. Where 

respondents draw multiple lines, a weighted mean is presented (Figure 23). The mean of the 

weighted mean for each category is as follows: ‘broad-leaved forest’ (0.44), ‘moor and 

heathland’ (0.31), ‘beaches, dunes and sand plains’ (0.07), ‘sparsely vegetated areas’ (0.10) 

and ‘bare rock’ (0.09). Evidently, respondents tended to draw within the ‘broad-leaved 

forest’ area and two respondents drew entirely within the bounds of this CLC class. No other 

respondent drew their line(s) entirely within a single CLC class. Only one line (participant 

20) did not enter a ‘broad-leaved forest’ area (Figure 23).  

 

 

  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a
ti

o

Respondent number

Broad-leaved forest (311) Moor and heathland (322)

Beaches, dunes and sand plains (331) Sparsely vegetated areas (333)

Bare rock (332)

Figure 23. Weighted mean of land use class, by line drawn 



54 

Correlation and statistical significance between land cover classes is presented, in the context 

of lines drawn (Table 4). When comparing ‘broad-leaved forest’ to other CLC classes, there 

is a strong negative relationship with ‘moor and heathland’ (-0.61) and a very strong negative 

one with ‘sparsely vegetated areas’ (-0.71). Both results are statistically significant.  

 

 

 

Table 4. Spearman's rank correlation coefficient (ρ) between pairs of land use classes by 

lines drawn  

 

 

 

 

 

 

Statistically significant difference: * = p < 0.05, ** = p <0.01, *** = p <0.001. Light grey 

shading is a strong positive correlation (ρ=0.50 - 0.69). Dark grey denotes very strong 

positive correlation (ρ= > 0.70) 

 

 

 

 

  

Score 
1 2 3 4 5 

1. 331 Forest 1.00 
    

2. 322 Moor -.61** 1.00 
   

3. 331 Sand .05 -.17 1.00 
  

4. 332 Rock -.38 -.02 .20 1.00 
 

5. 333 Sparse -.71** .29 -.17 .27 1.00 
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5.4.5 Ecosystem Service Preference by Land Use Class Lines 

Furthermore, the correlation between the CLCs drawn in and the ecosystem system scores 

is shown (Table 5. Spearman's rank correlation coefficient (ρ) between land class lines drawn 

and ecosystem service score. There are strong statistically significant negative correlations 

between the ‘broad-leaved forest’ class and ecosystem services 5 and 12, ‘purification of air 

/ water’ (-0.68) and ‘traditional land use’ (-0.66), respectively. Conversely, there was a 

strong positive relationship between the ‘moor and heathland’ class and both ‘carbon 

sequestration’ (0.67) and ‘climate regulation’ (0.67) services. Another strong negative 

correlation exists between ‘sparsely vegetated areas’ and the ecosystem service score for 

‘soil formation’ (-0.64).  

 

Table 5. Spearman's rank correlation coefficient (ρ) between land class lines drawn and 

ecosystem service score 

 

Statistically significant difference: * = p < 0.05, ** = p <0.01, *** = p <0.001. Light grey 

shading is a strong positive correlation (ρ=0.50 - 0.69). Dark grey denotes very strong 

positive correlation (ρ= > 0.70) 

  

Score 311 Forest 322 Moor 331 Sand 332 Rock 333 Sparse 

1.Recreation -.13 -.09 -.01 .06 .07 

2.Carbon -.05 .67* .18 .39 -.32 

3.Climate -.50 .67* -.17 .45 .03 

4.Culture -.09 -.05 -.23 -.04 -.26 

5.Purification -.68* .36 -.04 .57 .15 

6.Food -.34 .24 .43 .33 -.20 

7.Water -.05 -.05 -.19 -.09 -.07 

8.Energy -.23 .52 .37 -.04 -.07 

9.Raw mat -.47 .39 .44 .44 -.03 

10.Soil .28 -.10 -.11 .16 -.64* 

11.Habitat .43 .05 -.21 .02 -.55 

12.Traditional -.66* -.01 -.25 .50 .23 

13.Science -.14 .17 -.55 .15 -.03 

14.Spiritual -.06 .45 .19 .25 -.37 

15.Wellbeing -.14 .37 -.24 .07 .04 
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5.5 Results Summary 

5.5.1 ‘Visitor’ & ‘ES’ Sample Differences 

Notably, the ‘ES’ sample (n = 42) exhibits differences to the wider ‘visitor’ sample (n = 88) 

in the following categories: gender, age, nationality, visit purpose and visit frequency. 

Gender is more representative of the wider population in the ‘ES’ sample than the ‘visitor’ 

sample with females being less over-represented, from 58% to 52% of the sample (Figure 8 

& Figure 14). 

Though those aged ‘25-34’ are the largest group of respondents in each sample, this forms a 

slightly larger portion of the ‘ES’ sample at 30% versus 26% for the ‘visitor’ sample. The 

other main difference is that those aged ‘16-25’ make up half as many respondents in the 

‘ES’ sub-sample (7%) as the ‘visitor’ sample (14%) (Figure 9 & Figure 15).  

In the ‘visitor’ sample, those of non-Icelandic nationality make up 57% of the sample 

whereas there is an even 50:50 split between Icelanders and others in the ‘ES’ sample. 

Considering the composition of the general Icelandic population, then both samples are over-

representative, since foreigners form a minority in the resident population. However, the 

study area is a popular destination for international tourists and may not necessarily reflect 

the national population in terms of visits (Figure 10 & Figure 16).  

Differences in the proportions of respondents, by visit purpose, is minimal between samples. 

64% of respondents in both samples select ‘recreation’ as their purpose of visit (Figure 11 

& Figure 17).   

Finally, for frequency of visit there are important differences to note between the samples. 

In the ‘visitor’ sample, the most respondents have visited between 6 and 10 times (38%) 

which is only 32% in the ‘ES’ sample. On the other hand, the greatest number of responses 

in the ‘ES’ sample is from those who have visited over 20 times at 34% of respondents. A 

greater proportion of respondents visited between 2 and 5 times in the ‘ES’ sample (19%) 

than the ‘visitor’ sample (19%). No respondents in the ‘ES’ sample chose ‘never’ or ‘11-

20’, though these choices represents 1% and 4% of responses in the ‘visitor’ sample 

respectively (Figure 12 & Figure 18).   

5.5.2 Ecosystem Services Identification & Preferences  

Importantly, there are differences in responses between ES identification and preference 

within the ‘ES’ sample. Notably, the ecosystem services identified do not correspond 

directly to the mean scores for ecosystem service preference. Both ‘recreation’ and 

‘wellbeing’ are the most identified service and valued the most highly. The next most 

favoured preferences are towards: ‘habitats’, ‘science’ ‘culture’ and ‘water’, in order of 

decreasing score. The next most identified services are towards: ‘water’, ‘habitats’, ‘culture’ 

and ‘soil’, in order of decreasing frequency. 

For identification of ecosystem services, by visit purpose, there is a significant difference 

between those who visit for work and those who are there for recreation for ‘soil formation’ 

(Figure 17). No other service identification is significant across each of the participant 

characteristic categories. Furthermore, there are strong positive correlations for 
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identification between the following service linkages: ‘habitat’-‘food’, ‘habitat’-‘water’ and 

‘water’-‘purification of air / water’, which straddle the following ecosystem service types: 

supporting, provisioning and regulating (Table 2). 

On the other hand, for ecosystem service preference scoring age shows statistically 

significant difference for ‘climate regulation’ but not when identifying the ES (Figure 15) 

Similarly, differences in preferences for ‘soil formation’ are not significant in any of the 

participant characteristic categories. However, ‘soil formation’ exhibits a strong positive and 

significant relationship to ‘culture’ as an ecosystem service, which belong to the supporting 

and cultural ecosystem services types, respectively (Table 3). Furthermore, many other 

strong positive and significant correlations exist between ecosystem services, for preference 

scores but not for those identified. Correlations between ecosystem service preference show 

linkages within and between all four ES types: provisioning, supporting, regulating and 

cultural (Table 3). 

5.5.3  Linking Land Use Classes & Ecosystem Services  

In the ‘ES’ sample, the underlying land use class of points and lines is predominately ‘broad-

leaved forest’ (CLC 311). For points selected this class represents 54% of all responses 

(Figure 20). Of all valid lines drawn, 44% of the total length of all lines drawn in the ‘ES’ 

sample is underlain by CLC 311 (Figure 23). In both analyses, the second largest CLC drawn 

in is ‘moors and heathland’ equating to 23% of points and 31% of lines (Figure 20 & Figure 

23). All other CLCs each represent 10% or fewer responses, for lines and points.  

 

Ecosystem service identification differs by land use class and on the method of land use class 

selection i.e. point or line. For ecosystem service identification by point, the differences 

between the dominant land class (CLC 311) are compared to all other land classes. Here, 

there is a statistically significant difference between those who select ‘climate regulation’ 

depending on whether the underlying land use class is forested or not (Figure 20). A direct 

comparison of ecosystem service identification by line is not presented for comparison. 

However, ecosystem service preference score analyses are presented by point and line. For 

ecosystem service preference score by point, both ‘recreation’ and ‘energy’ exhibit 

statistically significant differences (Figure 22). By line, ecosystem service preference scores 

are presented using Spearman’s rank correlation co-efficient and present correlation across 

all land use classes, not just between ‘forest’ and ‘other’ areas (Table ). They show strong 

positive correlations between ‘moorland and heathland’ (322) and preference scores ‘carbon 

sequestration’ and ‘climate regulation’ services. Furthermore, strong negative correlations 

exist between ‘forest’ and preference scores of ‘purification of air / water’ and ‘traditional 

land use’. ‘Sparsely vegetated’ areas (333) have strong negative correlation to ‘soil 

formation’. Finally, an analysis of correlation between lines drawn shows that there is a 

strong negative correlation between lines drawn in the ‘forest’ and other land use classes 

(322 & 333). 



58 

  



59 

6 Discussion 

6.1 Valuing Ecosystem Services 

The results from the first two research questions relating to participant characteristics 

provide interesting points for discussion. It is important to note that there are some 

differences in participants’ selections for identification and preferences, though generally 

they show similar patterns. A clear dominance in both preference and identification of 

‘recreation’ and ‘wellbeing’ confirms that participants’ main sense of ecosystem services are 

within the cultural grouping. Furthermore, there is some link between other identification 

and preferences whereby ‘water’ and ‘habitats’ are both identified and valued over most 

other ecosystem services. Preferences for ‘traditional land use’, ‘raw materials’ and ‘energy’ 

are visibly lower than all other services, which is particularly interesting in the context of 

Iceland’s land use conflicts relating to grazing and controversial energy developments in 

nature.  

Though identification is asked as part of the survey, the results relating to preference, or 

value, are generally more insightful in understanding how participants understand the 

concepts of ecosystem services in the study area, as continuous score data is recorded. 

Certainly, the results for identification of ecosystem services provide less insights into 

valuation. Furthermore, other studies suggest that participants may conflate the notion with 

value anyway, in exploratory ecosystem service PPGIS contexts (Brown, Montag, and Lyon 

2012).  

Participants demonstrate awareness of ecosystem services conceptually and with little 

prompting, can make logical relationships between complex notions of services, eliciting 

valuation data. Though participants may identify certain participants in areas visited, they 

do not necessarily value them to the same extent that they observe them, which prompts 

further investigations to find out why this is the case.   

6.1.1  Participant Characteristics  

A major component of the PPGIS survey is exploring and analysing relevant information 

from the public participants, or respondents. The results show that ecosystem services 

preferences differ depending on individual characteristics. In delivering the survey, the 

definition of participants is considered very broadly (i.e. public), with the main pre-requisite 

being that target respondents had visited the study area in person, previously, at least one 

time. Other characteristics then help to build a picture of how respondents formulate 

concepts based on their knowledge, local experiences and how they relate them to ecosystem 

service valuation, across societal groups. Crucially, this allows data to be collected that is 

both individual and unique, yet can be aggregated for analysis to inform land use decisions 

(Brown 2015). It also is likely to produce results that are different from a random survey, if 

those who had never visited the area before were questioned (Brown, Montag, and Lyon 

2012). Since interest groups, who had visited previously, were targeted via convenience 

sampling through social media, the response rate of the survey is unknown. 
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Ecosystem service preferences, which differ by participants’ characteristics, can reflect 

wider societal patterns. For example, younger participants tend to select ‘climate regulation’ 

than older participants, when valuing ecosystem services in the study area (see section 5.3.2). 

This is supported by a recent UK study towards climate change attitudes which finds that 

this is an intergenerational issue; younger, more highly educated people consider climate 

change a greater concern than those who are older and less well educated (Phillips et al. 

2018). Not only does this confirm intergenerational differences within wider society, it also 

shows that participants can conceptualise intangible and global scale ecosystem service 

benefits, at the local level. Moreover, they prioritise the ability of the study area to fulfil this 

ecosystem service above other ecosystem services, including recreation, which is the main 

visit purpose for participants.  

Similarly, interesting differences in preference are observed between those who visit the area 

as part of a professional or work-related role and those who visit for recreation. In the former 

group, ‘science’ is prioritised above other ecosystem services to an extent that is significant. 

This illustrates the role of education and how personal experiences have a bearing on an 

individuals’ ability to recognise certain services. Similarly to Brown et al. (2012), the public 

surveyed in this study do not represent the wider public. They are over-represented by 

education, with over 81% holding a higher-level degree. Furthermore, Icelandic respondents 

are predominantly urbanites, yet may have a stronger affinity for Icelandic nature than the 

general population because of their education, occupation, or interests.  

In the current study, those who visit the study area multiple times, show significant 

difference for valuation of ‘wellbeing’ than those who only visited once. Though most of 

the respondents are members of the relatively homogenous ‘recreation’ groups, individuals’ 

personal valuation of certain ecosystem services differ dramatically. In this example, it could 

be that this value distinction towards wellbeing reflects those who are visiting for recreation, 

multiple times, versus those who are most likely only visiting the area one time, such as 

tourists. Certainly, it suggests that those who have visited multiple times can draw upon 

more in-depth local knowledge compared to one-off visitor, whether they are an international 

tourist or a Reykjavik resident who seldom lives the city (Brown 2015).  

Overall, the results of this section highlight the complexities and intersectionality of 

participant characteristics; subjectivity is an inherent aspect of socio-cultural techniques. 

Importantly, though aggregated data is useful for spatial planning analysis, it generalises 

experiences and omits individual expertise that may be elicited when using focus groups. 

6.1.2  Relationships between Preferred Ecosystem Services  

The interrelation between ecosystem preference scoring suggests that participant link 

different services (both within and between ecosystem service types), either consciously or 

unconsciously. For example, the Millennium Ecosystem Assessment (2003) groups certain 

services under the category of  ‘provisioning services’ and in this study, respondents’ value 

scores attributed to ‘energy’, ‘water’ and ‘food’ correlate with one another. However, it 

should be noted that correlations do not solely exist within such ecosystem service 

groupings, but rather there are cross-grouping links. One such example are the strong links 

between the preference scoring values for ‘soil formation’ and ‘culture’, as well as between 

‘habitat’ and ‘culture’. Soil formation has played an important role in Icelanders’ views of 

nature. Concerted efforts to halt and reverse soil erosion have taken place nationwide since 

SCSI was established in 1907, possibly making it the world’s first governmental organisation 
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dedicated to combatting soil erosion and reversing its effects (Arnalds et al. 2001).  Relative 

to other European countries Iceland does not have a high level of biodiversity, which makes 

Þórsmörk, somewhat of an outlier. Its large contiguous birch forests is synonymous with 

higher conservation value as highlighted by the EUCIS habitat survey when compared to 

neighbouring Almenningar (Ottósson, Sveinsdóttir, and Harðardóttir 2016). However, 

participants associate habitats there more strongly with ‘culture’ as an ecosystem service, 

suggesting that higher wildlife population concentrations, perceived or real, are valued 

highly. Though the reason for this association is still not fully clear and would require further 

research, this does suggest that participants ascribe value to seemingly unrelated ecosystem 

services, within the bounds of the same geographical area.  

These correlation results further show that ‘carbon sequestration’ scores link closely to 

multiple other ecosystem service preferences, regardless of their predicted grouping (i.e. 

provisioning). On the other hand, ‘recreation’ does not have a strong positive correlation 

with any other ecosystem service. This could be the result of its dominance in all responses.  

‘Wellbeing’ and ‘traditional land use’ both exhibit a very strong relationship with 

‘purification of air / water’. This suggests that respondents relate a tangible regulating 

service to two rather intangible cultural notions. Understanding the link between human 

‘wellbeing’ and ‘purification of air / water’ is relatively obvious, since the latter is a 

prerequisite for the former i.e. humans need clean air and water to live healthily. However, 

‘traditional land use’ relates less clearly to ‘purification’, especially if the former is 

understood in the context of sheep farming, which is considered to be an environmentally 

damaging practice in upland areas, according to scientific research (OECD 2014; Ross et al. 

2016). However, such correlations could be coincidental, given the small sample size, which 

is exacerbated by the subjectivity of ecosystem services, in the eyes of the participants. 

6.2 Geography of Ecosystem Service Scoring 

Where participants drew points to denote access and trailheads, using PPGIS, they did so 

while viewing land use classes (CLC), which they may have been aware of consciously or 

unconsciously. Previous research provides evidence to suggest that participants can identify 

ecosystem services, via PPGIS, and make associations with specific land use classes (Brown, 

Montag, and Lyon 2012). Their 2012 study suggests that logical relationships between 

identifying and categorising ecosystem service types and land use were made by participants, 

but their results were not definitive in this finding. This thesis seeks to provide more evidence 

to support the notion that land use class and ecosystem service type can be identified by 

public participants. Though survey participants were not asked to identify land use classes 

directly, inputted spatial data in the form of trails, access points, analysis alongside the 

underlying land use classes provides food for thought.  

One method of linking land use and ecosystem services outlines how areas are broken down 

into Service Providing Areas (SPA), Service Benefiting Areas (SBA) and Service 

Connecting Areas (SCA) (Walz, Syrbe, and Grunewald 2017). In the case of Þórsmörk and 

Almenningar, the trails visited are presented spatially to participants, as the SCA. Along 

these trails, where participants visited, are the SBAs – locations where participants may 

benefit from an ecosystem service (e.g. campsites) and SPAs – locations where participants 

derive a service (e.g. birch forest). Therefore, though participants may not necessarily be 
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conscious of their surroundings, in terms of land use class, their experiences within certain 

land class areas could influence their perceptions of ecosystem services, with regards to 

identification and value scoring. Underlying this idea, is the concept that place is a social 

construction and participant experience exists within the ‘human-landscape relationships’ 

model, which expounds that humans actively participate in landscapes, continually imbuing 

it with meaning and value (Brown 2005). In this survey, ‘specific place mapping’ allows 

respondents to locate where they visited and explores how they experienced the surrounding 

areas, via instrumental value (provisioning, supporting and regulating ecosystem services) 

and symbolic value (cultural ecosystem services) (Alessa, Kliskey, and Brown 2008).  

With this concept considered, the results emphasise that the CLC class ‘broad-leaved forest’ 

is the most popular land use class according to participants’ perception, as summarised from 

the spatial data obtained. This supports the idea that walking trails within the forested area 

act as the SCA, between different ecosystem services in the area. Since most of the trail 

network, especially the shorter paths, are in woodland, this association may come as no 

surprise. In the cases where respondents selected points of access to the trail network within 

the forest land class, the ecosystem service scores for ‘recreation’ were significantly higher 

when compared to those who selected outside of forested areas. ‘Recreation’, as the only 

service to have statistical link to any land use class, demonstrates a strong link between 

forest, as a land class, and recreation as an ecosystem service in the study area. However, it 

is important to note that recreation, as a service, is not solely determined by land use but also 

by accessibility and surrounding landscape characteristics (De Groot et al. 2010). Thus, 

though the results suggest that most visitors recreating in the study area did so in forested 

areas, recreation is also derived from other land use types and is determined by proximity to 

paths roads and convenient access to other infrastructure. Þórsmörk, compared to 

Almenningar is closer to the road network and has greater infrastructure (trails) which are 

important aspects in explaining its higher recreational value.  

Surprisingly, there are strong negative correlations between ‘forest’ as a land use class and 

the services ‘purification of air / water’ and ‘traditional land use’. This suggests that 

participants do not necessarily associate the ‘purification of air / water’ with the forested 

areas, which may be expected given their role in the carbon and water cycles. The reasons 

for this are unclear and warrant further research to address the associations between 

ecosystem services and forested areas. ‘Traditional land use’, a somewhat ambiguously 

defined service, is negatively correlated to forested areas. Whatever participants take this to 

mean, they generally tend to link it to the other land classes. Though ambiguous, in the 

survey an example given for traditional land use is given as ‘sheep grazing’, affording some 

support to the idea that participants do not associate forests with grazing activities, nor do 

they tend to value grazing as a preferred ecosystem service, across the study area generally.   

Similarly, strong negative correlation exists between ‘soil formation’ and ‘sparsely 

vegetated areas’, suggesting that participants visiting this land type, did not value ‘soil 

formation’ as an ecosystem service there. This is particularly interesting to observe, since 

this type of land class is unlikely to support ‘soil formation’ but rather represents loss of soil 

and areas in the midst of the ‘erosion stage’ (Figure 5). It is hard to tell whether this means 

that participants do not observe this service in this land class, whether they believe this land 

class cannot provide this service or they do not value this service generally. Similarly, 

another interesting result suggests that ‘heathland’ is positively linked to ‘carbon 

sequestration’ and ‘climate regulation’, which is somewhat flummoxing and will be 

discussed in the following sections.  
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6.3 Ecosystem Services for Restoration 

According to Árnason and Matthíasson (2012), who analyse land cover in Iceland using 

CORINE, 47.3% of Iceland’s total land cover is classed as ‘moors and heathland’ and 

‘sparsely vegetated areas’. These two CLC classes generally tend to represent degraded, 

erosion, remnant and desert land types, according to Arnalds (2015b). It is theorised that 

such land types also have lower ecosystem service potential than pristine and altered areas, 

yet they represent a high proportion of land across Iceland (Figure 24). Þórsmörk and 

Almenningar are comprised of CLCs which cover the spectrum of restoration. Furthermore, 

the timescale and progress of passive restoration in Þórsmörk, resulting from excluding 

grazers from the area is evident from photographic evidence and LULUCF since 2000 

(Figure 25 & Figure 3). In the comparison photos the upper image was taken in 1966 and 

shows significant patches of erosion (IV) and remnant (V) land cover. Over half a century 

later the same patches have transitioned and are restoring towards pristine (I) mature birch 

woodland and scrubland (II) (Figure 25).  

Participants’ PPGIS responses suggest that the areas of greatest value and hence ecosystem 

service, are in Þórsmörk which also exhibits the highest proportion of pristine land, i.e. 

‘broad-leaved forest’. However this is partly because most PPGIS lines and points drawn are 

located within Þórsmörk. Though it makes comparisons impossible, the existence of this 

discrepancy supports the notion that Þórsmörk provisions greater ecosystem services, 

especially for ‘recreation’ and ‘wellbeing’ amongst the public participants surveyed, 

following restoration efforts. 

As noted in the selection criteria section, parts of ‘moors and heathland’ in both Þórsmörk 

and Almenningar are represented by Icelandic birch scrub which, if protected from grazing 

and anthropogenic pressures, will passively restore to the ‘broad-leaved forest’ CLC and 

thus increasing the theorised ecosystem service potential. Indeed, passive restoration 

techniques will only succeed where ecosystems are only partially degraded (Convention on 

Biological Diversity 2014; Tree 2018). On the other hand, ‘sparsely vegetated’ areas have 

both low ecosystem service potential and require active efforts to restore them to other land 

classes. In the case of restoration efforts of the Helkuskógar project and other SCSI projects 

expenses of active restoration are higher (e.g. continuous sapling propagation and inorganic 

fertilizers) which act as limiting factors (Hagen et al. 2016). The main cost for the Þórsmörk 

project, however, has been a one-off investment in the form of exclusionary fencing and 

ongoing trail maintenance. Significantly, in terms of restoration of birch woodland in 

Iceland, ‘recreation’ is noted as an increasingly important social driver of efforts, and is 

considered to be the second-most significant impetus, after ‘nature conservation’ itself  

(Aradóttir et al. 2013). The results from this study provides evidence to support the notion 

that restoration itself also provides opportunities to increase a range of ecosystem services, 

ranging from recreation to habitat provision, which are valued highly by public participants. 

In reality land classes are not mutually exclusive (CLC is a simplification of reality) and not 

all ecosystem services operate symbiotically with one another and may have incompatible 

environmental implications; increasing carbon sequestration through passive forest 

expansion will not occur if grazers consume a high proportion of tree saplings. However, 

even these seemingly incompatible services can be co-promoted if effective management 

frameworks are put into place. Pasture yields for grazing, for example, can increase by as 

much as 30% if forests are used as wind-breaks in upland areas; tree shelterbelts directly 
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provision several ecosystem services and support others indirectly (Alemu 2016). An 

approach in Almenningar that allows for such compromise stands a better chance of 

increasing net ecosystem service provision in areas that may otherwise remain under-

utilised, for the betterment of both people and nature. In providing shelterbelts for sheep, 

passive restoration of woodland in the excluded areas would also be catalysed enhancing 

ecosystem services across the wider Þórsmörk-Almenningar area.With time and an effective 

management plan Almenningar may one day come closer to resembling neighbouring 

Þórsmörk and could host a greater diversity of services. 

 

  

Figure 24. Ecosystem service potential and restoration stage in Iceland, by CLC class. 

Own, adapted from figure 5 (Arnalds 2015b) 
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Figure 25. Passive restoration in Þórsmörk. The upper picture was taken in 1966 

(Einar Þ. Guðjohnsen) and the lower photo in 2018 (Hreinn Óskarsson) from the 

same location. 
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6.4 Wise Crowds? 

There is a very strong case to act upon public knowledge when making land use decisions; 

the bringing together of local information from participants is theorised to represent a 

collective ‘wisdom of the crowds’; informed members of the public can be considered to be 

stakeholders (Brown 2015). However, defining the ‘public’ aspect of PPGIS is challenging 

and is somewhat open to debate (Schlossberg and Shuford 2005). In this survey, public 

knowledge is theorised to originate from ‘local’ participants, such as those who reside and 

work nearby, and ‘non-local’ participants, including visitors and tourists from further afield. 

However, though a distinction exists between these groups, withstanding location of 

residence, participants’ experiences and knowledge were expressed at the local scale. In 

designing the survey, efforts sought to exclude a public, who had no previous knowledge of 

the area, though sampling from a much larger population could offer insights into the extent 

of ‘general’ public wisdom vis-à-vis those who had visited multiple times. Indeed, a foreign 

tourist visiting the area multiple times may have a more detailed understanding of the 

intricacies of the area compared to an Icelander who has lived in Reykjavík their whole life, 

yet has never visited the sites under investigation. Furthermore, this local knowledge can be 

thought to exist on a spectrum, whereby those who have visited multiple times and/or have 

specialist knowledge arguably hold greater wisdom in identifying and valuing ecosystem 

services. Indeed, previous research presupposed that ecosystem services mapping ability, in 

a PPGIS context, was increased where individuals had greater area, science or nature 

knowledge  (Brown, Montag, and Lyon 2012). 

However, it could be argued that there is a limit to this wisdom, especially when considering 

the lack of formalised expert opinions and previous scientific research specific to the study 

area, in the context of ecosystem services. Where respondents visited ‘heathland’ during 

their last trip, there was a strong positive correlation between that and them selecting ‘carbon 

sequestration’ and ‘climate regulation’ as important ecosystem services. According to a 

study linking CLC land classes to carbon sequestration and carbon densities in Ireland, 

‘moors and heathland’, ‘sparsely vegetated areas’ and ‘beaches, dunes, sands’ together 

stored at least nine times less carbon than ‘broad-leaved forest’ alone (Table 5) 

(Cruickshank, Tomlinson, and Trew 2000). Though the figures are place-specific to Ireland 

and may not fully reflect conditions in Iceland, this gives a rough idea of the sequestering 

rates of land use classes. Despite this, broad-leaved forests in general are more effective at 

storing carbon than the other CLC classes in Iceland, given the proven discrepancy in carbon 

storage ability between classes (Owona 2019). In more complete assessments of ecosystem 

services, detailed expert information is required, though this is often difficult to measure 

spatially (e.g. climate regulation), so there is a need to use proxies of other features, such as 

land use classes (Brown, Montag, and Lyon 2012). 

In this study climate regulation, which includes local changes to climate and precipitation 

patterns, and its associations with land use produced interesting results (Millennium 

Ecosystem Assessment 2003). One explanation for the association between ‘moors and 

heathland’ and ‘climate regulation’ could be that forests are an atypical Icelandic land cover 

feature. Indeed, in 2014 the largest CLC category in Iceland was ‘moors and heathland’ 

covering 34.3% of Iceland’s land surface compared to ‘broad-leaved forest’ which covers 

just 0.3%, according to CORINE definitions (Árnason and Matthíasson 2012). Þórsmörk is 

thus a rather unusual by Icelandic landscape standards, whereas Almenningar is somewhat 

akin to a typical landscape i.e. a high proportion of ‘moors and heathland’ and highly 
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degraded. Furthermore, an observer of an open heathland landscape may believe that it is a 

pristine environment without understanding the significance of the human impact upon said 

area and the associated degradation of ecosystem services there (Arnalds, 2015b). In Iceland, 

with its widespread deserts, any form of vegetation could be associated with restoration goals 

and positive climate outcomes, as ongoing degradation processes are imperceptible over the 

short timescales of individuals’ lifetimes. Though participants were asked to assess the 

ecosystem service value of the areas they drew on, perhaps associations were made to the 

area selected and other places which could be viewed from those locations. Since views are 

expansive in degraded areas, such as ‘moors and heathland’, participants may have been 

afforded better views of nearby glaciers; a land cover type well-known for its role in ‘climate 

regulation’, both locally and globally (Palomo 2017). Furthermore, glaciers provide very 

important ecosystem services across multiple categories, beyond and within their localities, 

including the provision of fresh water, regulation of natural hazards, spiritual and cultural 

identity as well as recreation (Palomo 2017). Unfortunately, within the scope of this study it 

is not possible to learn any more about the logical processes made by respondents in their 

answering generally or specifically towards glaciers.  

Not only do these complexities in the survey findings illustrate the role of education and 

specific knowledge (learned or experienced) referring to ecosystem functioning and land 

classes, but again emphasises the subjectivity central in the publics’ answers. One comment 

from the qualitative section of the questionnaire exemplifies this; the respondent highlights 

the confining nature of the survey and the researchers attempt to quantify ecosystem service 

value, by eliciting quantitative data from participants:  

“Það hefur eigið gildi, án þess að þurfa að vera mannhverft!”  

 

 "It has its own value, without needing to be anthropocentric!" 

Participant: Icelandic, female, 45-54, higher education, visited 

over 20 times 

Valuation, in terms of ecosystem service, should go beyond scoring preference metrics, and 

should be considered intrinsically, according to this respondent. Philosophy of nature makes 

a distinction between schools of thought; eco-centrism purports that nature is valuable 

beyond its ability to benefit humankind, whereas anthropocentrism sees nature as something 

that should be controlled and altered by people (Sessions 1995). Conceptually, ecosystem 

services tend to fall under the latter philosophical branch and sometimes omits the intrinsic 

values of nature in its findings. However, despite this seemingly insurmountable divide, it is 

possible to reconcile nature and humanity, if a socio-ecological system approach is followed 

(Mace 2014). This comment emphasises the need for interdisciplinary approaches. Though 

this study lacks in scientific metrics for ecosystem services in the area, such as CLC carbon 

fluxes, it does provide an insight into the socio-cultural aspects of ecosystem services in the 

area specifically and could be applied elsewhere in Iceland. Crowds, and their local wisdom, 

cannot replace scientific method but rather should complement it in ecosystem service 

assessments and political decision-making processes relating to the current and future 

management of land, especially in restoration contexts. 
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7 Conclusions 

Conceptualising protected areas, and those undergoing restoration, through the prism of 

ecosystem services is a useful means to assess the unique needs of a certain place. Across 

Iceland, protected areas face multiple challenges: growing tourism pressures, continuing 

fervour for recreation and culturally important, yet environmentally unsustainable, practices 

such as extensive upland sheep grazing in the Central Highland region. To combat these 

threats, future land management practices must be socially acceptable and environmentally 

sustainable, which can be conceptualised using the ecosystem services concept. PPGIS, as a 

methodology, provides a unique way to measure socio-cultural observations of participant 

ecosystem service preferences in geographically bound areas requiring bespoke 

management plans, such as protected areas. A useful method for collecting data on peoples’ 

preferences and values, PPGIS can also be used to inform and generate debate during 

ongoing management conflicts, to help reach environmentally, socially, and economically 

tenable solutions.  

Locally in Þórsmörk, evidence suggests that constructive relationships between participants 

have existed, historically. Most notably, the construction of exclusion fences, a testament to 

effective land use management and participant collaboration, continue to play a critical role 

in the protection of restoring woodland from damaging grazing practices. However, in 

neighbouring Almenningar recent disagreements have thwarted restoration attempts and the 

area risks continued or accelerated land degradation, without stakeholder collaboration. 

Þórsmörk is a notable example of the ability for extremely degraded ecosystems in Iceland 

to restore and degrade depending on the land management practices of the day; a socio-

ecological saga, which began with Ásbjörn and Steinfinnur in the 9th century, continues to 

this day. Better understanding of the ecosystem services of the area will help reach balanced 

outcomes that benefit people and nature, into the future.  

Though the results herein are limited by the sample size, the methodology trialled has 

revealed previously unknown ecosystem services and introduces a novel way to measure 

socio-cultural notions of value. Specifically, a remote PPGIS application can be used by 

public participants to spatially identify previous visit locations and provides a useful 

framework to help gather spatial information relating to visitors’ preferences. Importantly, 

public participants made logical connections between ecosystem services and land use 

classes. Participants can call on their localised knowledge and previous experiences to link 

their ecosystem services preferences to real world contexts. Finally, though not definitive, 

this study provides evidence that suggests recreation is linked to the birch woodland land 

class and ongoing restoration processes, at least across the study area in question. 

This thesis presents just some of the ecosystem services in Þórsmörk and Almenningar; the 

full extent of ecosystem services, for nature and human wellbeing, remain unseen and 

unmeasured. However, an attempt to broaden the pool of knowledge on ecosystem services 

elucidates how interested public participants derive benefit from a protected area undergoing 

restoration. By introducing a preference-PPGIS methodology, this study has enabled public 

participants to state how they assess ecosystem services and has proven useful as a tool to 

deliver exploratory ecosystem service assessments.   
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7.1 Significance 

Across environmental consultation processes in Iceland, integrating PPGIS methodologies 

could help to democratise and deliver more sustainable outcomes. Of particular interest 

would be exploring how PPGIS methods could be incorporated into existing EIA, SEA, 

protected area management plans and other assessments, such as rammaáætlun across 

Icelandic environmental governance regimes, especially for land use decisions in þjóðlenda 

areas. As previously noted, Finnish local authorities have integrated PPGIS aspects into their 

land use planning portals and though other countries have trialled PPGIS in rural land use 

planning, uptake is predominantly in the realm of academia  (Brown 2012; Brown and Kyttä 

2014; Engen et al. 2018). In the case of the development of the Central Highland National 

Park in Iceland, PPGIS offers an exciting opportunity to democratise land use decisions, by 

engaging expert participants, local actors and a wider public to visually analyse a multitude 

of options, to deliver genuinely sustainable outcomes. 

In cases where conflicting ecosystem services are identified, new land management regimes 

could implement payment for ecosystem services (PES) to compensate participants. Even in 

the seemingly incompatible contexts of grazing and re-forestation, cooperation can bring 

about mutual benefits, as exemplified by tree shelterbelts, which could be tied to future PES 

mechanisms. 

Perhaps most importantly, PPGIS in this study has assisted in the dissemination of the 

ecosystem services concept to a wider audience. PPGIS, in any context, can be a powerful 

education tool in its own right, adding to its value across various applications  (Beierle 2005). 

7.2 Further Study 

Future studies exploring ecosystem services should seek to collect more primary ecosystem 

service data (biophysical in particular), integrate with more GIS data and increase the 

participation rate in PPGIS surveys (expert or public). This study did not compare the 

‘knowledgeable’ visitor with a general public. A follow-up study should seek to compare 

this sample group and ensure the general public is weighted to the overall population, by key 

characteristics (e.g. age) via the Icelandic National Register. This would greatly improve the 

generalisability of future results.   

Future studies may also wish to assess the role of re-forestation in Iceland to provide multiple 

ecosystem services and combine this with more detailed data, such as carbon sequestration 

figures. For future PPGIS surveys, it could prove more fruitful for researchers to hold focus 

groups as well as surveys, to garner more in-depth information and engage participants who 

may otherwise be excluded by online sampling.  

An updated methodology used herein could be applied to other protected areas in Iceland. It 

is recommended that the decision-tree process for selecting the appropriate methodology can 

be used at the outset to guide the development of research (Harrison et al. 2018). For those 

wishing to build upon monetary techniques in Iceland, participatory ecosystem service 

assessments could ask respondents about their willingness to pay for restoration, potentially 

in tandem with PPGIS platforms. 
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Appendix B: Statistics 
  

 Gender N Mean Std. Deviation t P 

REC_IDENT Male 20 .90 .308 1.112 .273 

Female 22 .77 .429 

CARB_IDENT Male 20 .10 .308 -1.450 

 

.155 

 Female 22 .27 .456 

CLIM_IDENT Male 20 .15 .366 .123 .903 

Female 22 .14 .351 

CULTURE_IDENT Male 20 .50 .513 1.512 .139 

Female 22 .27 .456 

PUR_SC Male 20 .20 .410 -1.174 .248 

Female 22 .36 .492 

FOOD_IDENT Male 20 .25 .444 -1.088 

 

.283 

 Female 22 .41 .503 

WATER_IDENT Male 20 .55 .510 .317 .753 

Female 22 .50 .512 

ENERGY_IDENT Male 20 .05 .224 .067 .947 

Female 22 .05 .213 

SOIL_IDENT Male 20 .35 .489 -.090 .929 

Female 22 .36 .492 

HABITAT_IDENT Male 20 .50 .513 .000 1.000 

Female 22 .50 .512 

LANDUSE_IDENT Male 20 .15 .366 -.625 .536 

Female 22 .23 .429 

SCIENCE_IDENT Male 20 .35 .489 .866 .392 

Female 22 .23 .429 

SPIRIT_IDENT Male 20 .20 .410 -.210 .835 

Female 22 .23 .429 

WELLBEING_IDENT Male 20 .70 .470 -.524 .603 

Female 22 .77 .429 

OTHER_IDENT 
Male 20 .00 .000 -1.821 .083 

Female 22 .14 .351 
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ES Nation N Mean Std. Deviation t P 

REC_IDENT IS 20 .85 .366 .270 .789 

Other 22 .82 .395 

CARB_IDENT IS 20 .25 .444 .924 .361 

Other 22 .14 .351 

CLIM_IDENT IS 20 .05 .224 -1.701 .099 

Other 22 .23 .429 

CULTURE_IDENT IS 20 .50 .513 1.512 .139 

Other 22 .27 .456 

PUR_SC IS 20 .35 .489 .866 .392 

Other 22 .23 .429 

FOOD_IDENT IS 20 .45 .510 1.523 .136 

Other 22 .23 .429 

WATER_IDENT IS 20 .60 .503 .930 .358 

Other 22 .45 .510 

ENERGY_IDENT IS 20 .10 .308 1.453 .163 

Other 22 .00 .000 

SOIL_IDENT IS 20 .45 .510 1.183 .244 

Other 22 .27 .456 

HABITAT_IDENT IS 20 .55 .510 .606 .548 

Other 22 .45 .510 

LANDUSE_IDENT IS 20 .25 .444 .924 .361 

Other 22 .14 .351 

SCIENCE_IDENT IS 20 .25 .444 -.478 .635 

Other 22 .32 .477 

SPIRIT_IDENT IS 20 .30 .470 1.268 .213 

Other 22 .14 .351 

WELLBEING_IDENT IS 20 .85 .366 1.604 

 

.117 

 Other 22 .64 .492 

OTHER_IDENT IS 20 .05 .224 -.503 .617 

Other 22 .09 .294 
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ES Age N Mean Std. Deviation t P 

REC_IDENT ≤ 43 26 .81 .402 -.557 

 

.581 

 > 43 16 .88 .342 

CARB_IDENT ≤ 43 26 .23 .430 .834 .409 

> 43 16 .13 .342 

CLIM_IDENT ≤ 43 26 .19 .402 1.290 .204 

> 43 16 .06 .250 

CULTURE_IDENT ≤ 43 26 .31 .471 -1.239 .222 

> 43 16 .50 .516 

PUR_SC ≤ 43 26 .35 .485 1.145 .260 

> 43 16 .19 .403 

FOOD_IDENT ≤ 43 26 .31 .471 -.440 .663 

> 43 16 .38 .500 

WATER_IDENT ≤ 43 26 .54 .508 .237 .814 

> 43 16 .50 .516 

ENERGY_IDENT ≤ 43 26 .04 .196 -.347 .730 

> 43 16 .06 .250 

SOIL_IDENT ≤ 43 26 .35 .485 -.185 .854 

> 43 16 .38 .500 

HABITAT_IDENT ≤ 43 26 .42 .504 -1.265 .213 

> 43 16 .63 .500 

LANDUSE_IDENT ≤ 43 26 .23 .430 .834 .409 

> 43 16 .13 .342 

SCIENCE_IDENT ≤ 43 26 .31 .471 .393 .696 

> 43 16 .25 .447 

SPIRIT_IDENT ≤ 43 26 .23 .430 .324 .747 

> 43 16 .19 .403 

WELLBEING_IDENT ≤ 43 26 .69 .471 -.847 .402 

> 43 16 .81 .403 

OTHER_IDENT ≤ 43 26 .12 .326 1.806 .083 

> 43 16 .00 .000 
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ES 
Purpose N Mean Std. Deviation t P 

REC_IDENT Recreation 27 .85 .362 .046 .963 

Work 13 .85 .376 

CARB_IDENT Recreation 27 .22 .424 .495 .623 

Work 13 .15 .376 

CLIM_IDENT Recreation 27 .11 .320 -.374 .711 

Work 13 .15 .376 

CULTURE_IDE Recreation 27 .37 .492 -.085 .933 

Work 13 .38 .506 

PUR_IDENT Recreation 27 .30 .465 -.072 .943 

Work 13 .31 .480 

FOOD_IDENT Recreation 27 .37 .492 .869 .390 

Work 13 .23 .439 

WATER_IDENT Recreation 27 .52 .509 -.115 .909 

Work 13 .54 .519 

ENERGY_IDEN Recreation 27 .04 .192 -.530 .599 

Work 13 .08 .277 

SOIL_IDENT Recreation 27 .22 .424 -2.580 .014* 

Work 13 .62 .506 

HABITAT_IDEN Recreation 27 .52 .509 .330 

 

.744 

 Work 13 .46 .519 

LAND_IDENT Recreation 27 .15 .362 -.631 .532 

Work 13 .23 .439 

SCIENCE_IDEN Recreation 27 .26 .447 -.314 .756 

Work 13 .31 .480 

SPIRIT_IDENT Recreation 27 .15 .362 -1.061 .302 

Work 13 .31 .480 

WELLBEING_ID Recreation 27 .74 .447 -.190 .850 

Work 13 .77 .439 

OTHER_IDENT Recreation 27 .04 .192 .689 .495 

Work 

 

13 .00 .000 
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ES 
Visit Frequency N Mean Std. Deviation t P 

REC_IDENT 1-5 24 .83 .381 -.428 .671 

6+ 17 .88 .332 

CARB_IDENT 1-5 24 .13 .338 -1.270 .215 

6+ 17 .29 .470 

CLIM_IDENT 1-5 24 .21 .415 1.450 .155 

6+ 17 .06 .243 

CULTURE_IDE

NT 

1-5 24 .33 .482 -.874 .387 

6+ 17 .47 .514 

PUR_SC 1-5 24 .25 .442 -.700 .488 

6+ 17 .35 .493 

FOOD_IDENT 1-5 24 .25 .442 -1.432 .162 

6+ 17 .47 .514 

WATER_IDENT 1-5 24 .46 .509 -1.185 .243 

6+ 17 .65 .493 

ENERGY_IDEN

T 

1-5 24 .04 .204 -.245 .808 

6+ 17 .06 .243 

SOIL_IDENT 1-5 24 .25 .442 -1.814 

 

.079 

 6+ 17 .53 .514 

HABITAT_IDEN

T 

1-5 24 .46 .509 -.806 .425 

6+ 17 .59 .507 

LANDUSETRAD

_IDENT 

1-5 24 .17 .381 -.535 

 

.596 

 6+ 17 .24 .437 

SCIENCE_IDEN

T 

1-5 24 .29 .464 -.017 

 

.987 

 6+ 17 .29 .470 

SPIRIT_IDENT 1-5 24 .17 .381 -.958 

 

.344 

 6+ 17 .29 .470 

WELLBEING_ID

ENT 

1-5 24 .71 .464 -.833 

 

.410 

 6+ 17 .82 .393 

OTHER_IDENT 1-5 24 .04 .204 -.245 .808 

6+ 17 .06 .243 
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ES 
Gender N Mean Std. Deviation t P 

REC_SCORE Male 16 9.1250 1.02470 -.411 .684 

Female 17 9.2941 1.31171 

CARB_SCORE Male 13 4.9231 2.87117 -.204 .840 

Female 10 5.2000 3.64539 

CLIM_SCORE Male 11 5.0000 2.96648 -.118 .907 

Female 11 5.1818 4.14290 

CULTURE_SCORE Male 14 5.6429 2.49945 -1.814 .083 

Female 11 7.5455 2.73363 

PUR_SCORE Male 10 5.7000 3.16403 .124 .903 

Female 10 5.5000 4.00694 

FOOD_SCORE Male 10 5.6000 3.80643 1.014 .325 

Female 9 4.0000 2.95804 

WATER_SCORE Male 11 5.5455 3.35749 -.919 .368 

Female 13 6.6154 2.32875 

ENERGY_SCORE Male 9 3.0000 2.39792 .373 .714 

Female 8 2.5000 3.11677 

RAWMAT_SCORE Male 9 2.8889 3.21887 .795 .438 

Female 9 1.8889 1.96497 

SOIL_SCORE Male 11 5.7273 3.71728 -.104 .918 

Female 10 5.9000 3.90014 

HABITAT_SCORE Male 13 6.8462 2.60916 -.577 .570 

Female 11 7.5455 3.32757 

LANDUSETRAD_S

CORE 

Male 12 3.2500 3.33371 .515 .612 

Female 11 2.6364 2.20330 

SCIENCE_SCORE Male 9 5.5556 3.84419 -1.082 .294 

Female 11 7.3636 3.61311 

SPIRIT_SCORE Male 12 5.0000 3.76588 -.402 .692 

Female 11 5.6364 3.82813 

WELLBEING_SCO

RE 

Male 14 8.1429 1.51186 -.567 .576 

Female 15 8.6667 3.13202 
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ES 
Nation N Mean Std. Deviation t P 

REC_SCORE IS 16 9.1875 .98107 -.116 .909 

Other 17 9.2353 1.34766 

CARB_SCORE IS 9 4.6667 2.69258 -.451 .657 

Other 14 5.2857 3.49568 

CLIM_SCORE IS 7 3.2857 2.92770 -1.719 .101 

Other 15 5.9333 3.53486 

CULTURE_SCORE IS 12 7.0000 2.59370 .913 

 

.370 

 Other 13 6.0000 2.85774 

PUR_SC IS 6 4.3333 2.80476 -1.058 .304 

Other 14 6.1429 3.73872 

FOOD_SCORE IS 7 5.5714 3.20713 .696 

 

.496 

 Other 12 4.4167 3.62963 

WATER_SCORE IS 11 6.2727 2.28433 .230 .820 

Other 13 6.0000 3.31662 

ENERGY_SCORE IS 7 3.0000 2.30940 .294 .773 

Other 10 2.6000 3.02581 

RAWMAT_SCORE IS 7 1.5714 1.13389 -1.264 

 

.228 

 Other 11 2.9091 3.20794 

SOIL_SCORE IS 9 6.6667 3.87298 .913 .373 

Other 12 5.1667 3.61395 

HABITAT_SCORE IS 12 8.1667 2.16725 1.755 .093 

Other 12 6.1667 3.29830 

LANDUSETRAD_S

CORE 

IS 11 2.2727 2.10195 -1.148 

 

.265 

 Other 12 3.5833 3.28795 

SCIENCE_SCORE IS 8 7.5000 3.29502 .925 .367 

Other 12 5.9167 4.01040 

SPIRIT_SCORE IS 11 6.0909 3.61814 .969 .344 

Other 12 4.5833 3.82476 

WELLBEING_SCO

RE 

IS 15 8.8000 2.42605 .872 .391 

Other 14 8.0000 2.51151 
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ES 
Age N Mean Std. Deviation t P 

REC_SCORE ≤ 43 18 9.1111 1.32349 -.539 

 

.594 

 > 43 15 9.3333 .97590 

CARB_SCORE ≤ 43 14 5.8571 3.20713 1.596 

 

.125 

 > 43 9 3.7778 2.77389 

CLIM_SCORE ≤ 43 15 6.1333 3.41983 2.216 

 

.038* 

 > 43 7 2.8571 2.73426 

CULTURE_SCORE ≤ 43 14 5.8571 2.95758 -1.308 

 

.204 

 > 43 11 7.2727 2.28433 

PUR_SC ≤ 43 12 6.8333 2.88675 2.084 

 

.052 

 > 43 8 3.7500 3.73210 

FOOD_SCORE ≤ 43 12 5.1667 3.09936 .528 

 

.604 

 > 43 7 4.2857 4.15188 

WATER_SCORE ≤ 43 13 6.1538 3.21056 .053 

 

.958 

 > 43 11 6.0909 2.46798 

ENERGY_SCORE ≤ 43 9 3.2222 2.99073 .735 

 

.473 

 > 43 8 2.2500 2.37547 

RAWMAT_SCORE ≤ 43 9 2.5556 2.45515 .261 

 

.798 

 > 43 9 2.2222 2.94863 

SOIL_SCORE ≤ 43 10 5.2000 3.76534 -.709 

 

.487 

 > 43 11 6.3636 3.74894 

HABITAT_SCORE ≤ 43 12 7.0833 2.93748 -.137 

 

.892 

 > 43 12 7.2500 3.01888 

LANDUSETRAD_SCO

RE 

≤ 43 11 3.5455 2.87623 .963 

 

.347 

 > 43 12 2.4167 2.74552 

SCIENCE_SCORE ≤ 43 11 6.8182 3.68288 .347 

 

.733 

 > 43 9 6.2222 3.99305 

SPIRIT_SCORE ≤ 43 12 5.6667 4.09730 .479 

 

.637 

 > 43 11 4.9091 3.41920 

WELLBEING_SCORE ≤ 43 13 8.5385 2.69615 .242 

 

.811 

 > 43 16 8.3125 2.33006 
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ES 
Purpose N Mean Std. Deviation t P 

REC_SCORE Recreation 22 9.2727 1.20245 .602 

 

.552 

 Work 10 9.0000 1.15470 

CARB_SCORE Recreation 15 4.6667 3.19970 -.336 

 

.741 

 Work 7 5.1429 2.85357 

CLIM_SCORE Recreation 16 4.7500 3.53082 -.250 

 

.805 

 Work 5 5.2000 3.42053 

CULTURE_SCO

RE 

Recreation 17 6.0000 2.73861 -.947 

 

.354 

 Work 7 7.1429 2.54484 

PUR_SC Recreation 15 5.6000 3.52136 .168 

 

.868 

 Work 4 5.2500 4.42531 

FOOD_SCORE Recreation 15 5.0667 3.49421 .768 

 

.454 

 Work 3 3.3333 4.04145 

WATER_SCORE Recreation 17 5.8235 2.74398 -.979 

 

.339 

 Work 6 7.1667 3.31160 

ENERGY_SCOR

E 

Recreation 13 2.7692 2.89119 -.126 

 

.901 

 Work 3 3.0000 2.64575 

RAWMAT_SCO

RE 

Recreation 13 2.5385 2.84650 .181 

 

.858 

 Work 4 2.2500 2.50000 

SOIL_SCORE Recreation 15 5.2000 3.74547 -1.204 

 

.243 

 Work 6 7.3333 3.44480 

HABITAT_SCO

RE 

Recreation 17 6.7059 3.25509 -1.220 

 

.235 

 Work 7 8.2857 1.49603 

LANDUSETRAD

_SCORE 

Recreation 19 2.6842 2.60454 -1.016 .321 

Work 4 4.2500 3.77492 

SCIENCE_SCO

RE 

Recreation 14 5.5714 4.03283 -2.744 

 

.014* 

 Work 5 9.0000 1.41421 

SPIRIT_SCORE Recreation 16 5.2500 3.60555 .325 

 

.748 

 Work 6 4.6667 4.13118 

WELLBEING_S

CORE 

Recreation 21 8.4286 2.15804 .259 .798 

Work 7 8.1429 3.48466 
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ES 
Visit Freq N Mean Std. Deviation t P 

REC_SCORE 1-5 19 9.2632 1.28418 .289 

 

.775 

 6+ 14 9.1429 1.02711 

CARB_SCORE 1-5 14 4.7143 3.56108 -.615 

 

.545 

 6+ 9 5.5556 2.50555 

CLIM_SCORE 1-5 15 5.3333 3.67747 .464 

 

.647 

 6+ 7 4.5714 3.35942 

CULTURE_SCO

RE 

1-5 14 6.1429 2.85164 -.690 

 

.497 

 6+ 11 6.9091 2.62505 

PUR_SC 1-5 13 5.3077 3.88125 -.497 .625 

6+ 7 6.1429 2.91139 

FOOD_SCORE 1-5 12 3.8333 3.56328 -1.772 

 

.094 

 6+ 7 6.5714 2.57275 

WATER_SCORE 1-5 13 5.5385 3.04454 -1.108 

 

.280 

 6+ 11 6.8182 2.52262 

ENERGY_SCOR

E 

1-5 11 2.3636 2.80260 -.827 

 

.421 

 6+ 6 3.5000 2.50998 

RAWMAT_SCO

RE 

1-5 11 2.4545 3.07778 .128 

 

.899 

 6+ 7 2.2857 1.97605 

SOIL_SCORE 1-5 11 5.2727 3.97721 -.686 

 

.501 

 6+ 10 6.4000 3.50238 

HABITAT_SCO

RE 

1-5 11 6.0909 3.44832 -1.666 

 

.115 

 6+ 13 8.0769 2.10006 

LANDUSETRAD

_SCORE 

1-5 13 3.1538 2.96778 .377 

 

.710 

 6+ 10 2.7000 2.71006 

SCIENCE_SCOR

E 

1-5 12 5.9167 4.01040 -.925 

 

.367 

 6+ 8 7.5000 3.29502 

SPIRIT_SCORE 1-5 13 4.6154 3.66375 -1.013 

 

.323 

 6+ 10 6.2000 3.79473 

WELLBEING_S

CORE 

1-5 15 7.2667 2.89005 -3.02 .01** 

6+ 14 9.6429 .92878 
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PPGIS Points 
Forest N Mean Std. Deviation t P 

REC_IDENT N 14 .86 .363 -.139 

 

.891 

 Y 16 .88 .342 

CARB_IDENT N 14 .14 .363 .139 

 

.891 

 Y 16 .13 .342 

CLIM_IDENT N 14 .29 .469 2.280 

 

.040* 

 Y 16 .00 .000 

CULTURE_IDE N 14 .43 .514 .289 

 

.775 

 Y 16 .38 .500 

PUR_IDENT N 14 .29 .469 -.502 

 

.619 

 Y 16 .38 .500 

FOOD_IDENT N 14 .43 .514 1.416 

 

.169 

 Y 16 .19 .403 

WATER_IDENT N 14 .71 .469 1.183 

 

.247 

 Y 16 .50 .516 

ENERGY_IDEN N 14 .07 .267 1.000 

 

.336 

 Y 16 .00 .000 

RAW_IDENT N 14 .00 .000a - - 

Y 16 .00 .000a 

SOIL_IDENT N 14 .36 .497 -.434 

 

.667 

 Y 16 .44 .512 

HABITAT_IDEN N 14 .64 .497 1.110 

 

.276 

 Y 16 .44 .512 

LAND_IDENT N 14 .36 .497 2.006 

 

.060 

 Y 16 .06 .250 

SCIENCE_IDEN N 14 .43 .514 1.416 

 

.169 

 Y 16 .19 .403 

SPIRIT_IDENT N 14 .29 .469 .213 

 

.833 

 Y 16 .25 .447 

WELLBEING_ID N 14 .64 .497 -1.470 

 

.155 

 Y 16 .88 .342 

OTHER_IDENT N 14 .07 .267 1.000 

 

.336 

 Y 16 .00 .000 
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PPGIS Points 
Forest N Mean Std. Deviation t P 

REC_SCORE N 11 9.0000 1.09545 -2.249 

 

.043* 

 Y 14 9.7857 .42582 

CARB_SCORE N 7 5.1429 3.53217 .401 

 

.693 

 Y 13 4.5385 3.04454 

CLIM_SCORE N 7 5.8571 3.89138 .977 

 

.342 

 Y 13 4.2308 3.37031 

CULTURE_SCORE N 9 6.6667 2.73861 .127 

 

.900 

 Y 12 6.5000 3.11886 

PUR_SC N 8 5.8750 3.60307 .279 

 

.784 

 Y 12 5.4167 3.60450 

FOOD_SCORE N 6 6.0000 3.74166 1.101 

 

.288 

 Y 11 4.0000 3.49285 

WATER_SCORE N 7 6.8571 2.79455 .776 

 

.447 

 Y 15 5.8000 3.05193 

ENERGY_SCORE N 4 1.2500 .50000 -2.337 

 

.035* 

 Y 13 3.2308 2.91987 

RAWMAT_SCORE N 7 2.4286 3.35942 .049 

 

.961 

 Y 11 2.3636 2.24823 

SOIL_SCORE N 7 5.2857 3.49830 -.162 

 

.873 

 Y 12 5.5833 4.03301 

HABITAT_SCORE N 9 7.0000 2.34521 .060 

 

.953 

 Y 12 6.9167 3.60450 

LANDUSETRAD_S

CORE 

N 9 3.4444 3.32081 1.133 

 

.272 

 Y 12 2.0833 2.19331 

SCIENCE_SCORE N 8 6.1250 3.60307 -.147 

 

.885 

 Y 10 6.4000 4.19524 

SPIRIT_SCORE N 9 4.5556 3.39526 -.417 

 

.681 

 Y 12 5.2500 4.02549 

WELLBEING_SCO

RE 

N 10 8.0000 2.82843 -.496 

 

.625 

 Y 15 8.5333 2.50333 



107 

Appendix C: Tables  

 

 

Table 4. CORINE CLC class, by language 

CORINE 

CLC class  

English Icelandic  

311 Broad-leaved forest  Laufskógar 

322 Moors and heathland Mólendi, mosi og kjarr 

331 Beaches, dunes, and sand plains Ógrónir sandar 

332 Bare rock Ógróin hraun og urðir 

333 Sparsely vegetated areas Hálfgróið land 

335  Glaciers and perpetual snow Jöklar og fannir 

511 Water courses Straumvötn 

 

 

Table 5. Carbon density, by CLC in Ireland (Cruickshank, Tomlinson & Trew, 2000). 

CORINE class Carbon Density t ha-1 (Ireland) 

Broad-leafed forest (311) 38.0 

Moors and heathland  (322) 2.0 

Beaches, dunes, sands (331) 1.5 

Sparsely vegetated areas (333) 0.8 

Bare rock (332) 0.0 

 

 

(Icelandic Forestry Service n.d.; National Land Survey of Iceland n.d.; Samsyn n.d.) 

 


