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Abstract 

Icelandic wetlands have been disturbed to a great extent, with around 50% of the wetland 

areas drained. Wetlands provide ecosystem services, in the form of water regulation, 

support of biodiversity, recreational activities and carbon sequestration, making them an 

important resource for humankind. As the importance of wetland ecosystems become 

better understood the connection between the natural and the human systems appears more 

complex. Further knowledge on how different parts of the system interacts and how these 

interactions might shape the system, is needed. This thesis is focused on the studying the 

connections between land-use, carbon, biodiversity and policy, focusing on wetlands. A 

system thinking framework for studying these interactions and mapping the parts that are 

already known was developed and a conceptual system model was created using input 

from literature. The land-use and carbon modules in the model was then parameterized 

using existing data and knowledge and tested using observed behavior patterns. The 

conceptual model and its consequences for policy was discussed. Running different 

scenarios through the land-use and carbon model showed that lowering short term 

emissions were dependent on rewetting wetlands while revegetation was important in 

increasing long term carbon stocks. The results can be used in developing the study of 

Icelandic wetlands as a connected system of both natural and anthropogenic factors, as 

well as supporting informed policies on land-use and land-use change.  

  



 

Útdráttur 

 

Um helmingi íslenskra votlenda hefur verið raskað með framræslu lands, einkum vegna 

landbúnaðar. Votlendi gegna veigamiklu hlutverki í vatnafari landsins, þau eru mikilvæg 

vistkerfi, stuðla að líffræðilegum fjölbreytileika og eru þýðingarmikil búsvæði farfugla. 

Votlendi nýtast einnig sem útivistarsvæði og þá má nefna þátt þeirra í bindingu kolefnis. 

Það má því líta á votlendi sem auðlind sem er mikilvæg mannkyni. Eftir því sem þekking á 

eiginleikum votlenda eykst, kemur betur í ljós hve flókið samspil manns og umhverfis 

reynist. Það er brýnt að kanna nánar þátt einstakra hluta þessa kerfis, sem og víxlverkun á 

milli þeirra. Rammi til að kortleggja þekkta hluta kerfisins, og skoða víxlverkunina þeirra á 

milli var þróaður, og í kjölfarið hugmyndafræðilegt kerfislíkan. Því næst voru skilgreindar 

breytur fyrir landnotkunar- og kolefnishluta líkansins, það prufað og stillt með þekktum 

stærðum og virkni. Jafnframt var hlutverk kerfislíkana fyrir stefnumótun í málaflokknum 

rætt. Ýmsar sviðsmyndir voru kannaðar og niðurstöður benda til þess að endurheimt 

votlenda sé mikilvæg til að hafa áhrif á kolefnisbindingu til skamms tíma, en til að hafa 

áhrif á langtíma kolefnisbúskap þurfi uppgræðsla að koma til. Niðurstöðurnar má nýta til 

að móta rannsóknir á íslenskum votlendum sem kerfi náttúrlegra og mannlegra þátta, og 

sem grunnur að stefnumótun um votlendi. 
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1 Problem analysis 

In the following chapter the research question is framed to explain how the issues 

discussed are relevant in an Icelandic and international context. First the background for 

the thesis will be introduced. A short introduction to wetlands, their importance as 

ecosystems as well as for humans. Then the consequences of land-use on wetlands will be 

discussed and why land-use was chosen as a focus for this thesis. Lastly the boundaries for 

the project will be introduced delineating which issues will be discussed and why this 

angle was chosen. 

1.1 Background 

Wetlands cover about 4-6% of the terrestrial surface of the earth. It is an important 

resource to humans in many areas of the world. However, it is very different how cultures 

around the world have used wetlands. In some places they have been viewed and used as 

an important part of the environment while in other places they have been swiftly drained 

and turned into agricultural fields or residential areas. Many big cities of the world, like 

New York and Mexico City are situated in old wetlands. (Mitsch and Gosselink, 2000) In 

western culture, Iceland included, the wetlands have often (though not always) been 

viewed as either evil places or areas that were not useful to society. (Mitsch and Gosselink, 

2000, Huijbens and Pálsson, 2009) This has however been changing recently as delineation 

of ecosystem services has shown that wetlands are indeed useful, also on a global scale 

(e.g. (Costanza et al., 1997, Costanza et al., 2014)). While we might challenge the ethos of 

wetlands having to be useful to have the right to exist, as Huijbens and Pálsson (2009) 

points out, understanding the wetlands and how humans interact with them does play a 

great part in solving some of the biggest issues we are facing today especially when it 

comes to the biodiversity and climate crises. 

1.1.1  What are Wetlands? 

Wetlands are, surprisingly, very hard to define, even though we often find it easy to 

identify a bog or a swamp in the landscape with our own eyes. Mitsch and Gosselink 

(2000) point to three defining characteristics of a wetland: A presence of water at the 

surface or within the root zone, unique soil conditions that differ from adjacent uplands 

and vegetation adapted to wet conditions while flooding intolerant vegetation is absent. 

They generalize these three characteristics in hydrology, physiochemical environment and 

biota. Two factors influence these characteristics: Geomorphology and climate. The 

hydrology is the most important one of the three characteristics, in the sense that it shapes 

the physiochemical environment and the biota. However, the biota and physiochemical 

environment often have large direct consequences for humans because they create such 

things as carbon storage and biodiversity. 

These three factors interact with each other and form a system that creates very different 

results even though they might still be characterized as wetlands. They also interact with 
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the environments around them both other natural systems as well as human systems which 

especially is true in Iceland where for example most wetlands are both minerotrophic 

(receiving nutrients from water sources outside the system) and also receives nutrients via 

tephra deposition. (Arnalds et al., 2016) 

Wetlands are, even with these characteristics as a guideline, hard to delineate as they are 

often located between terrestrial systems and deep-water aquatic systems (sea, lake or 

river) and in many ways represents the grey zone between them. How much of the time 

does the area need to be under water to be a wetland? Where does the wetland end, and the 

lake begin? Many similar questions could be asked and makes a clear definition of 

wetlands and which wetlands are discussed in a particular case very important. There are 

various types of wetlands such as sloping fens, moist fens, geothermic wetlands, palsa 

mires, tidal flats and salt marshes. In this thesis the wetlands in focus are the inland 

palustrine wetlands most affected by land-use and land-use change (see part 1.1.5 and 4.2). 

These are the wetlands that has been modelled in the thesis. 

1.1.2  Why Are Wetlands Important? 

The ecosystems services that wetlands provide are important to our lives though we often 

don’t notice. The ecosystems of the world of which we are also a part, are necessary for the 

well-being and continuation of humans as a species. Whether it is by supplying clean 

water, food or spiritual meaning they are essential for our lives. Ecosystem services is a 

way of showing and quantifying the ways that ecosystems support our lives. These 

contributions are both great and complex. Often, they are partly intangible. In the 

Millennium Ecosystem Assessment (MEA) a framework for assessing these ecosystem 

services was set up. (Millennium Ecosystem Assessment, 2005)  

The MEA operates with four different categories of services: Supporting, provisioning, 

regulating, cultural services. Each of the categories reflect a different way, ecosystems 

provide services to humans. The supporting services are affecting humans indirectly by 

supporting the production of other ecosystem services. This is for example nutrient cycling 

and other natural processes that support the ecosystem in general. Provisioning services is 

the obvious and best understood type of services. This is the material products we get from 

ecosystems such as clothes, food and wood. However, some might be less easily 

understood such as serving as a potential genetic biodiversity pool for future medical uses. 

Regulating services does not provide products but rather regulation of our environment to 

human benefit. Examples of these types of services are flood prevention, water purification 

and climate regulation. The last one, cultural services, are services the use of ecosystem as 

recreation places of worship or simply valuing that types of nature exist. Many of these last 

two types of services are very hard to value as they are non-marketed and free to use, but at 

the same time they are often essential to our survival (such as breathable air). (Millennium 

Ecosystem Assessment, 2005) 

Wetlands provides all four of the categories of services mentioned above. Supporting 

services of course include many ecosystem processes. For some humans, wetlands are 

important sources of food (for example fish), fuel (such as wood or peat) and fiber, and 

thus providing provisional services. A very important part of wetland ecosystem services is 

that they provide many important regulating services. Two examples of this type of service 

are climate regulation and regulation of the hydrological cycle. Wetlands have substaintial 
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effects on the carbon cycle and often provide carbon storage. They also often have great 

effect on water discharge and create buffers for flood prevention. Wetlands also provide 

cultural services recreational as well as spiritual around the world. (Millennium Ecosystem 

Assessment Board, 2005) 

Wetlands also provide a great supporting service for migratory birds making them 

important to many ecosystems around the world. This has been acknowledged politically 

as well in the Ramsar Convention. (Mitsch and Gosselink, 2000, Ramsar Convention 

Secretariat, 2014) Thus understanding the importance of wetlands to humans and how 

policies are tied to human use of wetlands is very important in understanding wetlands in a 

context. 

1.1.3  The Icelandic Wetland System 

Wetland Ecosystems are an important type of natural landscape in Iceland. Around 30-

40% of the vegetated area of Iceland were wetlands, even though a big part of them were 

drained during the twentieth century. Birdlife in Iceland is heavily supported by the 

nutrient rich wetlands that are located here. This also means that the wetlands are not only 

important within Iceland but throughout big parts of the world as many migratory birds use 

wetland ecosystems during their migration. (Suul, 2004)  

More than 50% of all existing wetlands occur in the arctic and subarctic regions, where 

Iceland is geographically located. Wetlands in the arctic provide many ecosystem services 

especially of the regulating type. Examples of this are permafrost maintenance and water 

regulation and filtration. They also store great amounts of greenhouse gasses (GHGs) 

which are often released when they are drained. Lastly, they provide an essential 

supporting service as they are critical to biodiversity (e.g. the migratory waterfowl that are 

dependent on them in Iceland). Some wetland areas in Iceland, such as Mývatn, provides 

recreational services to both locals and tourists. (Arctic Council, 2013) 

Icelandic wetlands are complex systems of biota, physiochemical environment and 

hydrology. They affect human lives in many ways and are often highly affected by human 

activity as well. Understanding how the natural and human systems interact is important to 

be able to predict consequences of policies and other activities as well as developing 

research questions that would give use more information on the wetland system. As 

Arnalds et al. (2016) put it in “Icelandic inland wetlands: characteristics and extent of 

draining”: 

“Icelandic inland wetlands are among the most important ecosystems of the country 

because of their role in biodiversity, water regulation and carbon budgets and they have 

an international value by supporting large populations of migratory bird species. There is 

a need for increased research on the hydrology of Icelandic wetland soils and the impact 

of draining. Furthermore, there is a need to analyze the relationship between drainage 

levels and impacts on various ecosystem factors and processes, such as fragmentation, 

GHG budgets, nutrient cycling and release, bird life, plant composition and other biotic 

factors. Research on biodiversity in relation to wetlands also needs more attention in 

future studies.” (Arnalds et al., 2016)  

Here the need for a better understanding of connections between the different systems is 

clearly stated. 
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1.1.4  How Do Humans Affect Wetlands?  

Humans often interact with wetlands and waterflows. All over Europe and the world 

wetlands have been drained and mined for peat, used for agriculture or other such 

purposes. Estimates of these numbers are often hard to come by as records have not always 

been kept and some wetlands were drained a long time ago. However estimates of lost 

wetlands are high, ranging between 50% on the North American continent (single 

countries might have lower rates) and more than 90% of all wetlands in Europe. (Mitsch 

and Gosselink, 2000) 

Iceland is no exception from this rule. In the years 1945-87 drainage was at its peak though 

subsidies already began in 1923. This was done in an attempt to increase agricultural 

production among other things and resulted in the drainage of around 50% of the wetlands 

in the country. This is probably the most significant way humans affect wetlands in Iceland 

even though many other factors play an important role such as grazing and invasive 

species, especially the American mink (Mustela vison). (Arnalds et al., 2016) These other 

types of disturbance (such as invasive species and grazing) have not been the focus of the 

thesis. 

These disturbances have consequences for the state of the wetlands and for the services 

they provide. Examples are changes to GHG emissions and also extinction of species such 

as the local extinction of the water rail (Rallus aquaticus) in Iceland. (Arnalds et al., 2016) 

Humans can of course also have positive effects on the environment such as protection and 

restoration of environments. In Iceland wetland restoration projects started in 1996. This 

was partly powered by a wetland committee, partly by the road service starting restoration 

projects to make up for lost areas due to development. Most of the drivers stated for these 

restoration projects were nature protection. However, climate mitigation were viewed as a 

driver that might become important in the future by the authors. (Aradóttir et al., 2013) 

1.1.5 Land-use and Wetlands in Iceland 

Wetlands are in itself an interesting system to study. However, wetlands also form a part of 

a mosaic of land-uses and this land-use system collectively affects biodiversity and GHG 

emissions over time as it changes. As a wetland is drained and changed even further (to for 

example agriculture) it will change character in terms of the soil, flora and fauna supported 

in that system. It is therefore interesting to view the wetland system as a system of land-

uses and land-use changes as areas that once were wetlands now support completely 

different types of ecosystems and human activities. Land-use is in this thesis understood 

broadly. It includes a range of both cultural, semi-natural and natural areas, that either are 

affected by human activities such as drainage or has an impact on humans through 

biodiversity or GHG-emissions. All areas that play a role for agriculture, forestry, 

biodiversity and GHGs emissions should be included in the model.  

Changes in the land-use system has great consequences for biodiversity and carbon stocks, 

which is why land-use changes to wetlands has become the focus of this thesis. However, 

the land-use system could have been built only in relation to former wetlands. But, as 

inventory reports in of GHG emissions are calculated for the full land-use system (See 

Wöll et al. (2014) and Hellsing et al. (2017)) and policies in land-use includes both 

measure in wetland and dryland areas, it seemed interesting to investigate some of the 
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policies comparing current and former wetlands to drylands. Therefore, land-use of 

dryland areas is a part of the thesis as well, though the focus is still on the wetland areas. 

In this thesis a range of different sources has been used to create land-use categories for 

both natural and human made land-uses (see especially part 7.1). The delineation of these 

land-uses is as mentioned above not entirely black and white. Each land-use type will be 

described in part 4.2 and 7.1, as well as being discussed briefly in part 12.1.1 

1.2 Wetlands and System Dynamics 

Both wetlands and their land-use systems are complex systems with many interacting parts 

that affect each other. Not only do they include complex ecosystems that often is 

connected to the ecosystems around them but they are also affected by human induced 

changes as well as having a great effect on human lives and well-being, both directly and 

indirectly. (Mitsch and Gosselink, 2000) This makes it interesting to view the wetlands 

from a system thinking point of view. When doing this we might start understanding 

patterns and disturbances that occur in the system. 

The system thinking approach has been chosen for its ability to handle complex non-linear 

systems. System dynamics used causal connections and stocks and flows to conceptualize 

models of a system. This can both be used to understand the system better but also to 

create models with predictive power. Systems thinking is introduced further in part 3.1. 

With a described system of wetlands and their connected land-use system it might be 

possible to give policy recommendations. This approach could be useful when creating a 

methodology for investigating ecosystem services, both within the system (such as the 

supporting services) but also for interactions between ecosystems. 

1.3 Identifying the Goals of the System 

The first task of understanding the wetland system through system dynamics is essentially 

defining which goals we find important to include in the analysis of the system. Choosing 

the goals was done by identifying the drivers for, on one hand disturbing wetland 

ecosystems by especially draining, and on the other hand by identifying the drivers for 

ecosystem restoration. Some of these drivers were then chosen to be analyzed in depth in 

this project.  

1.3.1  Drainage 

Icelandic wetlands have been drained to a great extent and mostly in the period from 1945 

to 1987. Reasons behind this extensive drainage (and keeping dry) include agricultural 

development, forestry, water management and subsidies given for digging ditches. 

Agricultural Cultivation 

Wetland drainage in Iceland has mostly been attributed to a wish for more agricultural 

production and food safety, though a wish to create more jobs and rural development to 
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slow down the movement from countryside to city also played a role. The release of 

nutrients especially nitrogen from drained organic soils results in an increase in biomass 

production especially in the short term. The efforts were also made more efficient with the 

arrival of machinery after World War II. (Arnalds et al., 2016, Huijbens and Pálsson, 2009) 

This was especially due to the fact that haymaking was increased significantly when 

sedges were replaced by grasses. (Geirsson, 1975) 

Forestry 

Forests have been planted on drained wetlands in Iceland on areas that was not being used 

for agriculture. According to Bragason (1998) there is a big overlap between areas that are 

well suited for forestry and areas which were formerly wetland areas, which might result in 

a higher rate of forestry on organic rather than mineral soils. Forestry in Iceland is in 

expansion which can still be a threat to wetlands both as direct and indirect draining can 

happen. (Suul, 2004) While there has been little discussion about this, prioritizing mineral 

soils over organic soils is not mentioned by the Icelandic Forestry Service (IFS) in relation 

to GHG mitigation. (Eysteinsson, 2017)  

Subsidies 

Subsidies have been a reason behind the draining effort from the beginning. Laws that 

subsidized the drainage of wetlands were already in place in 1923 which continued to be 

the case until 1987 when the subsidies were cut down significantly. (Arnalds et al., 2016) 

Throughout this period agricultural overproduction was common making the need for more 

agriculture less of a reason. 

Water Management 

Irrigation was common from 1880 to 1940 as well but has now been discontinued. 

Irrigation in the Icelandic context meant controlled irrigation of wetlands with nutrient rich 

water to increase productivity. (Jónsson, 1975) Wetlands have also been used in attempts 

to irrigate areas by state authorities in for example Flói and Skeiðar. (Huijbens and 

Pálsson, 2009).  

1.3.2  Restoration and Protection 

Protection of nature in Iceland has been evolving since the first protection of Þingvellir in 

1928. Protection had support e.g. by Halldór Laxness. (Laxness, 1971), however only 

recently (1999) has protection started covering wetlands of a certain size regardless of 

other protection statuses. (Suul, 2004) While having started relatively recently in Iceland 

(compared to restoration of other nature types), rewetting and restoring wetland areas is 

becoming more common. There is a range of different reasons for why this is happening 

three important ones being ecosystem restoration and biodiversity, carbon sequestration 

and offset of release of CO2 and recreational goals. (Aradóttir et al., 2013) 

Ecosystem Restoration and Biodiversity 

Ecosystem restoration has been the most important driver for wetland restoration in 

Iceland. (Aradóttir et al., 2013) Wetlands have been drained extensively in Iceland but are 

of great importance to many Icelandic birds. (Arnalds et al., 2016) Birdlife in Iceland is 

heavily supported by the nutrient rich wetlands that are located here. This also means that 

the wetlands are not only important within Iceland but throughout other parts of the world 
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as many migratory birds use wetland ecosystems during their migration. (Suul, 2004, 

Garðarsson et al., 2006) Not only the bird life but also the plant community change 

significantly when soils are drained shifting from dominance by sedges or cotton grasses 

(saturated wetlands) to more woody species (damp wetlands) or to grasses (grasslands). 

(Geirsson, 1975, Arnalds et al., 2016) 

According to Aradóttir et al. (2013) the projects initiated by the Wetland Committee, who 

headed most wetland projects covered in the study, was driven by nature conservation and 

ecosystem restoration. However, some was done in cooperation with the Icelandic Road 

Administration, to offset impact made by infrastructure construction. The Wetland 

Committee also points out the importance of wetlands for protection of species in its 

closing report. (Garðarsson et al., 2006) 

As a measure of success of nature protection and ecosystem restauration biodiversity is 

used in this thesis. I this thesis the modelling has been focused on how to model 

biodiversity on a species level. The goals of modelling biodiversity have not been clearly 

stated except halting biodiversity loss. Therefore, two different approaches have also been 

taken, one focused on species evenness and one on composition change (see part 4.10). 

However Biodiversity on ecosystem or genetic levels has not been in focus. 

Reducing Greenhouse Gas Emissions 

While carbon sequestration was not mentioned as a driver for wetland restoration in any of 

the restoration projects covered by Aradóttir et al. (2013) they do mention that it had 

become a much more discussed driver in recent years. Both the Ministry of the 

Environment and Natural Resources and the Soil Conservation Service (SCS) who recently 

started working with wetland restoration, point out that rewetting wetlands is an important 

way of reducing GHG emissions and mitigating climate change. (Áskelsdóttir, 2016, 

Áskelsdóttir, 2017, Umhverfis- og auðlindaráðuneytið, 2016) 

Wetlands are a significant part of the carbon cycle. The waterlogged anaerobic conditions 

make wetlands decompose organic material a lot slower than in dry conditions. Carbon 

accumulates in wetland soils, resulting in net sequestration of CO2 from the atmosphere. 

They however release methane (CH4) which has a higher GHG warming effect than CO2, 

although it breaks down easier in the atmosphere. On top of that the amount of methane 

released is usually of a much smaller scale than CO2 sequestration from the wetland. 

(Mitsch and Gosselink, 2000)  

When a wetland is drained decomposing switches to aerobic processes and soils start to 

release great amounts of CO2. In Iceland that means that emissions from drained wetlands 

are by far the greatest of the LULUCF emissions according to the national inventory report 

for the UNFCCC. (Hellsing et al., 2017) 

This means that GHG emissions play a central role in rewetting wetlands to stop the 

breakdown of the organic soils and consequent release of GHGs. It is important to note that 

planting a forest might mitigate the release of GHGs for some time (as the forest grows) 

but would not stop the release. However, rewetting would stop the breakdown more or less 

immediately. This makes GHG reduction an important goal for wetland restoration. 
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Recreation and Other Cultural Services 

Wetlands also has value as recreational and aesthetic landscapes for many people. One of 

the goals or the small restored wetland area outside the University of Iceland is for 

example education. (Norræna Húsið, 2018) 

Recreation and research was also mentioned as drivers for some wetland restoration 

projects that was surveyed by Aradóttir et al. (2013). They mentioned that there was an 

increase of interest in nature conservation and climate change and recreation emerged as 

drivers after the Rio declaration. However, education, research, recreation and landscape 

values as reasons from protection of Icelandic wetlands has been a part of the debate for 

many years. (Hallgrímsson, 1975) 

Poets and thinkers have had a relationship to wetlands making it important source of 

inspiration and connectedness. (Huijbens and Pálsson, 2009) 

However, in the same paper it also claimed, that even as researchers start to think that 

wetland restoration is important, they have often not stopped thinking about wetlands from 

a purely anthropogenic point of view. Even if it is a more expanded point of view, 

including values from e.g. ecosystem services. 

1.4 System Boundaries  

1.4.1 The Focus of the Thesis 

In part 1.3 seven motives for interacting with the wetland system was identified: 

agriculture, forestry, water management, subsidies, biodiversity protection, control of GHG 

emissions and cultural services. There are more reasons that we might be interested in 

wetlands such as climate and water regulation, but they have not been mentioned in 

relation to Icelandic wetlands in the literature.  

This project will predominately be focused on four of the motives as they relate to the 

wetland system: 

- Agriculture 

- Forestry  

- Biodiversity 

- Carbon sequestration 

This has been done to create a manageable scope of the project; not to diminish the 

importance of other goals that are related to the system. The choice of scope was made 

based on the sustainable development goals (SDGs). The SDGs are a collection of goals 

that has been agreed upon by the united nations member states. As these goals represent a 

picture of the most pressing issues of our time, the boundaries were based on the SDGs. 

The four motives mentioned above fall into three different SDGs: Goal number two: Zero 

Hunger contains sustainable agriculture as a part of the goal. Goal number 13: Climate 

Action includes measures to control and mitigate effects of GHG emissions. Lastly goal 

number 15: Life on Land includes both measures for sustainable forestry and biodiversity. 

Water management is also closely tied to the SDGs through goal number six: Clean water 
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and sanitation. (United Nations, 2019) The reason why water management wasn’t included 

as one of the focus points of the thesis was the fact that issues with water management in 

the present is not mentioned in the literature examined. However, water management might 

emerge later as an important aspect of wetland and land-use systems. 

The goal with this thesis is to model the effects of land-use and land-use change on 

biodiversity and GHG emissions, especially in relation to wetlands. Modelling has been 

focused on creating an easily interpretable model and suggesting how some issues could be 

modelled. Thus, making an understandable model has been prioritized over making one 

with high ability to predict. In other cases, the time barrier has resulted in a more limited 

scope. 

Huijbens and Pálsson (2009) have stated that researchers often, even today as a broader 

understanding of wetlands has emerged, tend to think mostly about human utilization. This 

is still true, even though a broader spectrum of values than used to be the case when the 

wetlands in Iceland were drained, are in play today. This model is also mostly centered 

around topics of human utilization of wetlands and wetland soils such as forestry, 

agriculture, biodiversity and climate. But many things, some already mentioned in this 

problem analysis, will not be handled by the model including invasive species, cultural 

historical values, landscape values and recreational values. Some of these values might 

could be included in the model at a later stage. It is important that these values are 

expressed, to create a more complex understanding of land-use and land-use change with 

regards to wetlands. 

 

1.5 Summary 

Wetland ecosystems and their connections with the human system both in terms of human 

use and human impact is the subject of the thesis. As the thesis has been defined and the 

boundaries set the focus has become how land-use in Iceland concerning forestry, 

agriculture and nature management (protection and restoration) affects carbon and 

biodiversity issues, especially with focus on wetland areas. System dynamics was 

introduced as a tool that could be used to model consequences of different land-use 

decisions. Boundaries defining what the model would deal with was set, as it was decided 

to focus on agriculture, forestry, carbon sequestration and biodiversity when studying the 

land-use change created by humans.  
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2 Problem Statement 

The research question can be stated as follows: 

How can modelling of the land-use system, especially with focus on wetlands, be used to 

inform policies on nature management, agriculture and forestry so that they support the 

goals of lowering GHG emissions and halting biodiversity loss.  

- How can a model for a physical system for land-use, carbon and biodiversity, 

especially with regards to wetlands, be made? 

- How can the current and other possible human systems be modelled? 

- Which policies can be recommended based on this? 
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3 Methodology 

This chapter contains an introduction to the methodological background for the thesis as 

well as an introduction to how the report itself covers the presentation and discussion of 

the model. 

3.1 System Thinking 

Systems thinking is the science of thinking in systemic ways. Thinking in systems requires 

thinking holistically, trying to understand causal relationships and how they shape a 

system. Systems thinking is often divided into system analysis which is about 

understanding the system and its components and system dynamics which covers using this 

knowledge to predict outcomes. 

3.1.1 System Analysis and System Dynamics 

System dynamics is an approach that models scenarios in non-linear systems instead of 

using linear approaches. It commonly models in stocks and flows as well as using causal 

loops to show interactions. (Meadows, 1999)  

System thinking and modelling can be said to 

pass through four stages: Definition, 

clarification, confirmation and 

implementation. (Haraldsson and Sverdrup, 

2005) The two first parts correspond roughly 

to system analysis while parts three and four 

correspond to system dynamics. The 

definition phase is focused on defining the 

problem and setting boundaries for the 

problem definition. The clarification phase is 

focused on developing a conceptual model 

for working with the given problem and 

shaping the model through causal loop 

diagrams and stock and flow diagrams 

(described in this chapter). This also includes testing the conceptual model with reference 

behavior patterns to see if the model reproduces similar results to observed behavior 

patterns. The confirmation phase is building a model in a system dynamics tool diagram 

and simulating the system. This can then be followed by numerical modelling. Lastly the 

implementation phase is when knowledge from the modelling is used to answer questions 

about the system and create policy recommendations. (Haraldsson and Sverdrup, 2005)  

However, the process is iterative and so the exercise of modelling based on the system 

analysis will bring new experience with it, resulting in the possibility to create a better 

analysis and thus a better model. 

Policy recommendations is an important part of systems modelling as process-oriented 

models that can predict historical data are often more robust in predicting future scenarios 

Figure 1: The relationship between system 

thinking, system analysis and system 

dynamics. (Sverdrup, 2018) 
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than statistical models. (Sverdrup and Belyazid, 2015) This approach has partly been 

chosen for its ability to produce well-argued models for policy recommendation.  

3.1.2 Concepts 

Firstly, two important concepts used in system dynamics will be introduced and explained: 

Causal loop diagrams (CLDs) and stock and flow diagrams (SFDs). The concepts are 

simple but can result in very complicated models and patterns. Afterwards, the concept of 

reference and observed behavior patterns (RBPs and OBPs) will be introduced. 

Causal Loop Diagram  

The causal loop diagram is a way of thinking 

that makes it possible to illustrate causality. 

It was pioneered by Forrester (1968) and is 

useful for showing the nonlinear nature of 

many systems. An example of this could be: 

I turn the Tap -> A glass fills with water. In a 

circular approach this would turn into: I want 

the water level to be high and the water level 

is now low. When there is perceived gap 

(between perceived and wanted water level) 

I turn the tap on more. When the tap is 

turned on the waterflow is higher. When the 

waterflow is higher the current water level 

will rise. Then the perceived gap will 

diminish. This forms a loop that will slowly 

stop as the perceived gap becomes smaller 

which is shown in Figure 2. This is called a balancing feedback loop (or sometimes 

negative feedback loop) and is one of the two forms of feedback loops that occurs: 

Balancing and reinforcing feedback loops. The reinforcing feedback loop (or positive 

feedback loop) is a feedback loop that, if outside forces don’t check it, will continue to 

increase. For example, the amount of money you have in your bank account might make 

you want more money, which makes you work more, which makes you more money which 

makes you greedier etc. This diagram can be used (and will be used in this thesis) to map 

complex patterns in a given system. 

Stock and Flow Diagram 

The SFD means a stock and flow diagram. 

The SFD was first used in 1923 and is an 

important diagram in chemical engineering. 

(Walker et al., 1923)  

Keeping to the example of the glass of water 

the stock would be the glass and a flow the 

inflow of water. An example of an outflow 

could be drinking the water in the glass. This contains much less information than the CLD 

but have the important function of providing numerical information of the size of stocks 

and flows in the system.(Sverdrup, 2018) 

Figure 2: Causal loop diagram showing what 

effects the amount of water in a glass. Based on 

Sverdrup (2018). 

Figure 3: Stock and flow diagram for the water 

glass. 
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Reference and Observed Behavior Patterns 

In system dynamics RBPs and OBPs are used as tools to observe the ability of the model to 

predict the future. The RBP is the pattern that shows how the model predicts behavior in 

the system, while the OBP is the corresponding pattern observed in real life. To validate 

the model this can be compared to real observed data of the same output. Often in system 

dynamics a model is validated by using it to predict historical scenarios and comparing the 

predictions to the observations of what happened.  

3.1.3 System Dynamics Tool Diagram (SDTD) 

Stella Architect is a computer software for modelling dynamics systems. It has a graphical 

interface making it easy to use and explain when modelling complex systems. Given 

numerical data it is possible to run scenarios and compare different scenarios to each other. 

(Isee Systems, 2018) 

3.2 Thesis Design 

3.2.1 Research 

The model is based largely on information and data gathered through literature studies, 

while some initial interviews were conducted to get a greater understanding of the field. 

The interviews have not been used directly in the thesis. All conclusions are based on the 

literature referenced.  

3.2.2 The Model as Presented in the Thesis 

The thesis is focused on Wetlands and the conversion of land from wetland to dryland 

areas. Therefore, a lot of weight has been put on the areas of land-use that concern this 

topic. Identification of the modules was done in chapter 1 of the thesis and consists of four 

modules (see Figure 4): Land-use, carbon, biodiversity and policy. The four modules affect 

each other as shown in the figure. 

The model for the land-use subsystem consists of land-use change and the human 

economic activities that lie behind these and is discussed in part 4.1-4.5 for the conceptual 

part and chapter 7 for the numerical model. The land-use model affects the policy module, 

the carbon system module as well as the biodiversity module. 

The model of the carbon subsystem is discussed in part 4.6-4.9 for the conceptual model 

and in chapter 7. It shows how a carbon subsystem of land-use could be modelled and how 

reacts to land-use and land-use change. The carbon module affects the policy module.  

In parts 4.11-4.12 it is discussed how the effect on biodiversity of birds and flora from 

land-use and land-use change could be modelled and a suggestion for an approach is made 

for future a modelling. 
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In the policy subsystem the reactions of society on changes in carbon and biodiversity as 

well as other outside pressures is described. The policy module is discussed in chapter 5. 

Policies affect future land-use changes. 

In chapters 6 and 8 reference and observed behavior patterns are compared and discussed.  

 

 

 

 

  

Figure 4: An overview of the model and how the different modules interact with each other in 

the model. 
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4 The Physical System of Land-use 

Change 

In this chapter the conceptual model for the physical system is presented. First land-use 

and how it is modelled will be presented. It is explained how the different stocks and how 

land-use change happens (the flows in land-use) is modelled. Afterwards the model for the 

carbon system is presented and some modifications is made to the land-use model to 

accommodate the carbon model. Lastly a conceptual framework for modelling biodiversity 

is discussed as a part of the conceptual model presented. 

4.1 Modelling the Land-use System 

The land-use system can be understood as a series of stocks of land measured in area. 

Square kilometres (km2) are used as the unit in the land-use stocks. To begin with five 

land-use categories were described: Wetland area, grassland on drained soils, forest on 

drained soils and agriculture on drained soils as well as a fifth category called other land 

uses. This can be shown simply in an SFD like in Figure 5 

 

However as many of these take some time to convert from one type of land-use to another, 

it is needed to introduce more types of land-use that work as middle stages between the 

four different land-use types. This is done in part 4.4 of this chapter. To begin with the four 

types of land-use has been introduced and how land-use change can occur between them. It 

is important to note that all land-use categories are currently changed wetlands. However, 

as the land-use types are standard non wetland grassland, forest or agricultural area that the 

transformed wetland will change into given time, the model could relatively easily be used 

Figure 5: A simple version of the SFD for the land-use model 
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to include land-use of non-wetland areas. This has been discussed in part 4.5 of the 

chapter. 

4.2 Stocks of Area in the Land-use Model 

The land-use system has been divided very simply into five land-use classes: wetland, 

grassland, agriculture, forestry and other land-uses. The categories are briefly described 

based on literature on the subject. It is also explained how they can change land-use due to 

human activities.  

4.2.1 The Undrained Wetland 

The wetlands that are included in this model and thus the definition of inland wetlands are 

the same as the one used by Arnalds et al. (2016), that is inland palustrine wetlands. This 

means that bodies of water as well as coastal wetlands are not considered as wetlands in 

this definition. These are of course considered wetlands in e.g. the Ramsar convention. 

This definition has been made because these wetlands are the most relevant when 

modelling the land-use systems and the impact of this system (see Chapter 1). (Ramsar 

Convention Secretariat, 2014) 

The undrained wetland area in Iceland has some unique properties described by Arnalds et 

al. (2016). They support biodiversity both in terms of flora and fauna and they play a great 

role in terms of carbon sequestration. Many rare and important bird and plant species 

prefer wetland areas for the habitation. (Gunnarsson et al., 2006, Þórhallsdóttir et al., 

1998). On top of that the accumulated carbon in wetland soils is significant. However 

climatic conditions can make the unmanaged wetland into both a source and a sink. 

(Maljanen et al., 2010) according to other sources however very few wetlands act as GHG 

sources if the oxidization rate of CH4 is taken into account. (Mitsch et al., 2013) 

Wetland areas can change land-use to grassland on drained soils by draining the area using 

ditches. This has, as mentioned been done to a great degree all over Iceland changing them 

first into grasslands on wetland soils. These areas can be changed back to wetlands by 

rewetting them, however this will take time to re-establish to its former condition. 

(Garðarsson et al., 2006) 

4.2.2 The Grassland on Drained Soils 

The grasslands on wetland soils are areas that have been drained for agricultural or other 

purposes but are not in use or only to some degree used for grazing. The number of bird 

and plant species that were supported by wetland areas are reduced in these areas 

(Gunnarsson et al., 2006, Þórhallsdóttir et al., 1998). The species richness of plants might 

still be at the same level as in undrained areas though the composition will change. 

(Magnússon, 1998)  

 

When it comes to the carbon stock these areas are different from the original wetlands as 

emissions of CH4 fall, but emissions of CO2 and N2O increase significantly. (Maljanen et 

al., 2010) It seems however that that the global warming potential of a grassland on 

drained soil is by far the highest. (Maljanen et al., 2010, Hellsing et al., 2017) The soils 
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will continue to emit carbon until a new equilibrium between sequestration and emissions 

under the new, drier conditions, is reached.  

As of now most of the grasslands on drained soils are still in transition towards becoming a 

true dryland. This means that they still emit a lot of GHGs. (Hellsing et al., 2017)  

 

4.2.3  The Forestry on Drained Soils 

Areas with forest on drained soils are common in other parts of the Nordic countries. 

(Maljanen et al., 2010). Given the low amount of forest in Iceland, forestry might increase 

biodiversity on a regional scale as it supports a different type of species than e.g. wetlands 

or grasslands like with the example of the drained wetlands).  

Forests also represents an ecosystem that was very common in Iceland but is now nearly 

gone. While the wetlands were drained within memory, the forests were gone a long time 

ago. It has been shown that several of the native charadriiform species are significantly 

connected to wetland areas while only one of the birds studied, the Snipe (Galinago 

Galinago) was significantly connected to woodland. (Gunnarsson et al., 2006) 

When it comes to carbon sequestration the forest on drained soils has been shown to be a 

sink. (Maljanen et al., 2010) However it of course depends on the fate of the wood grown 

in the forest. It is also worth mentioning that the soil respiration is countered by the 

primary production and thus the soil carbon stock is falling while the plant carbon stock is 

rising compared to a wetland area. On top of this forestry also of course provide an 

economical resource of timber, though most wood in Iceland is imported. (Eysteinsson, 

2017) 

4.2.4  Agriculture on Drained soils 

Agricultural areas can have very different characteristics if they are areas where there are 

grown annual crops or if they are perennial grasses for hay production. Hay production is 

by far the biggest type of agriculture in Iceland. Agriculture is assumed to have a lower 

biodiversity value than grasslands (for example Gunnarsson et al. (2006)). This is 

assuming sustainable land-use, which is not always the case in Iceland especially when it 

comes to highland commons which can result in erosion and loss of habitat. For lowland 

areas this is less of a problem and it is assumed for the whole drained wetland area which 

is predominantly in the lowlands. (Arnalds and Barkarson, 2003)  

Agricultural areas on drained soils are, like grasslands on drained soils, a source of CO2 

emissions of similar scale or slightly bigger, though it has been shown that abandoned 

cropland areas (Grasslands on drained soils) does not show significantly higher emissions. 

(Maljanen et al., 2010) 

4.2.5 Other Land-uses 

Wetlands can also be converted into other land-uses. This is especially infrastructure and 

settlements. (Wald, 2012) This can happen from all land-use types. It has been assumed 

that this is done from grasslands and not from forestry or agriculture. Examples of this 

land-use category is land-used for roads or other urban structures. 
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4.3 Flows of the Land-use Model 

In this part the human activities that create land-use change has been described. Those 

consist in the model of drainage and rewetting, changing to and from agriculture, changing 

to and from forestry and lastly change to (and from) other land-uses. 

4.3.1  Drainage 

Wetland areas are changed to grassland on drained soils by draining the area using ditches. 

This has, as mentioned been done to a great degree all over Iceland changing them first 

into grasslands on wetland soils. (Arnalds et al., 2016) Draining a wetland will if left alone 

turn the area into a grassland on drained soils. This will take some time but is in the 

national inventory reports considered a grassland after 20 years. (Hellsing et al., 2017). 

However, they still emit CO2 when they attain this status in the inventory report. This is 

also true in this model which will be discussed further in chapter 7. 

4.3.2  Changing Use to Agriculture 

When the wetlands have been drained further action can be taken. Using drained areas for 

agriculture, either crops or grazing has been far the most common practice in Iceland. 

Draining areas and converting them to agriculture still happening close to active farms, 

though to a much lower degree than before. (Arnalds et al., 2016) 

4.3.3  Changing Use to Forestry 

Afforestation starts turning the area into a forest (either after some time or directly after 

drainage, however they have here been viewed as separate actions, as most drainage in 

Iceland has been done with the goal of agriculture). Afforestation on wetland soils has 

been argued for by Bragason (1998) and has also been mentioned as a threat to wetlands 

due to drainage in some publications. (Suul, 2004, Arnalds et al., 2016). Thus, this could 

still be a scenario though the amount of afforestation is small compared to agriculture in 

Iceland. 

4.3.4  Rewetting 

Grasslands on drained soils can be changed relatively easy back to wetlands by rewetting 

the area (Þórhallsdóttir, 1998), however it will take time to re-establish the biodiversity and 

carbon stocks to their former condition. (Garðarsson et al., 2006)  

Restoring wetlands has only recently started happening (that is compared to other types of 

nature restoration. The first projects started in 1996) (Áskelsdóttir, 2016, Áskelsdóttir, 

2017, Garðarsson et al., 2006) but drivers are emerging that support more wetland 

restoration. (Aradóttir et al., 2013)  

An example of one of these drivers is climate change mitigation. Restoring wetlands is a 

goal in the current climate change action plan of the Icelandic government. (Ministry for 

the Environment and Natural Resources, 2018) 
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4.3.5 Loss to Other Land-uses 

Land-use change to the other land-uses category is assumed to happen through the 

grassland category similarly to forest and agriculture.  

4.4 Conversion Times in the Land-use Model 

In this part of the chapter it is discussed how the stocks can be modelled if it takes time to 

convert from one land-use type to another.  

4.4.1 Conversion Time 

If the land-uses take time to convert, there is a need to create categories in between the 

different land-use types. An example of why this is necessary could be that sometimes a 

wetland might be rewetted before it has fully decomposed. So, these in-between land-use 

types become important when land-use relates to carbon stocks and biodiversity levels. An 

example of a stock and flow diagram also adding conversion times and harvesting of the 

forest is shown in Figure 6. The system has been split in two because the drained area 

instantly becomes available for farming and forestry but does not instantly become a fully 

drained soil. It is two different SFDs for the same system of land-use in km2. 

Figure 6: Expanded land-use SFD when considering conversion times 
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These conversion times shown in the SFD (Figure 6) and the CLD (Figure 30Figure 7) are 

based on carbon storage in soil and biomass. The conversion times would likely be 

different if the movement from a newly drained land to an old drained land was based on 

biodiversity change. 

 

4.5 Including Naturally Dry Soils 

To get a better picture of how policies might affect the system it would be interesting to 

include naturally dry soils in the land-use system. This can be done relatively easily by 

using the same system but removing the possibility of draining and rewetting a part of the 

system. Another addition is adding land reclamation of unvegetated or poorly vegetated 

areas. In this thesis land reclamation is used about revegetation of poorly vegetated or 

barren areas in the dry land-use system.  

Figure 7: Expanded land-use CLD when considering conversion times 
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 In essence, it would work by creating parallel systems that followed the same trends for 

the non-wetland land-uses and has different carbon and biodiversity profiles for the areas 

where this is appropriate. This has been done for some of the model in chapter 7.  

4.6 Modelling the Carbon System 

The carbon system follows the pattern of the land-use system in terms of stocks (Figure 8). 

This is largely to visualise where carbon is stored. The system can also be shown as one 

big stock such as in Figure 9. The big difference when it comes to the carbon system is that 

it is not closed such as the land-use system. The amount of carbon can rise and fall, based 

on accumulation and emissions in or from soil or biomass.  

Figure 8: An SFD for the carbon system 
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4.7 Stocks of the Carbon Model 

4.7.1 Wetland 

A great amount of the carbon in wetlands is accumulated in the soils. Wetland soils in 

Iceland are very different in nature from peatland soils in other countries in north. The 

carbon content varies depending on the amount of aeolian deposition that has happened at 

each place. The higher the deposition is, the lower is the carbon content, which is not 

surprising since mineral mass is added to soil composition. However, this does not 

necessarily mean the carbon stock in the particular soil is lower. The percentage of carbon 

in e.g. a m3 is lower. 

4.7.2  Grassland on Drained Soils 

Grasslands on drained soils will have very different carbon stocks as they are often source 

of carbon emissions due to breakdown of organic matter being high. (Maljanen et al., 

2010) This means that the time of drainage has a lot to say about the actual carbon stored 

in a drained grassland. Grasslands vary in soil type (mostly different andosols) but are 

usually relatively high in carbon (>6%). (Arnalds, 2015) 

4.7.3  Forest on Drained Soils 

Natural forests and shrublands in Iceland are, according to Arnalds (2015), mostly growing 

on brown andosols (BA) to some degree histic andosols (HA). Forests however also have a 

considerable amount of carbon stored in biomass. (Snorrason et al., 2002) This adds a 

dimension to the calculations of the carbon. This model uses a standard value of carbon per 

square kilometre to calculate the carbon storage. However, difference between tree species 

might have an effect on the carbon stored. 

4.7.4  Agriculture on Drained Soils 

According to Arnalds (2015) agriculture exist on most types of Icelandic soil. However, as 

this project looks at land-use change in wetlands the soils will likely have similar 

characteristics to grassland soils in terms of carbon. 

4.8 Flows of the Carbon Model 

There are two types of flows in the carbon system: Land-use change moving an amount of 

carbon from one land-use to another and in and outflows of carbon to these land-use types 

due to emissions and sequestration. The land-use change flows have been described in part 

4.3 of the project.  
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4.8.1 Emissions from the Carbon System 

Emissions from the carbon system come from different places in the land-use system. The 

most significant emissions occur when wetlands are drained. Wetlands store great amounts 

of carbon as decomposition is 

slow due to being an anaerobe 

environment. (Mitsch and 

Gosselink, 2000) When 

drainage is done this organic 

material will start to 

decompose and this will result 

in larger emissions of CO2 

until the balance between 

accumulation and emissions 

have been reached. (Maljanen 

et al., 2010) A similar situation 

is true for agricultural areas. 

(Wöll et al., 2014) 

The third type of emissions is 

due to trees harvested either as 

a permanent land-use change to grasslands or as a harvest of timber back to young forest. 

The carbon here is assumed lost to the atmosphere as most wood in Iceland is use as fuel or 

for uses where it will eventually decompose. (Eysteinsson, 2017) 

A last type of emissions is when an area is converted into a different category. Carbon in 

those soils are assumed to be lost in the model. 

4.8.2 Carbon Accumulation in the Carbon System 

In the model there are three land-uses that sequester carbon. It is grasslands returning to a 

higher carbon level after being used as agriculture (if the area has completely decomposed 

to or was at the beginning a dryland grassland). It is wetlands returning to the condition of 

a pristine wetland after being rewetted and it is forests growing and storing carbon in the 

biomass. All of these are considered as sinks of GHGs, even though wetlands often emit 

CH4 which has a higher global warming potential. However according to Mitsch et al. 

(2013) the quicker breakdown of methane make this insignificant over time compared to 

CO2 release from drained wetlands. 

4.9 The Carbon Model 

The carbon system is thus consisting of a range of stocks in soil and biomass (here 

considered as one) and divided in the different land-use stocks. Movement between these 

stocks is due to human activity but emissions and sequestration happen over time as forests 

grow or soil organic matter breaks down. A CLD for the model is shown in Figure 10. 

Figure 9: Carbon SFD as one big Stock 
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Figure 10: A CLD of the carbon system 
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4.10 A Biodiversity Subsystem 

Ecology is the study of the relationship between organisms and their environment. It is the 

study of life on different system levels. (Molles, 2016) Ecological models might be used to 

give a useful insight into how different parts of the ecosystem might react to changes in 

land-use. There are of course many ways to model ecology and here classical ecological 

models have been the approach.  

Measuring biodiversity is also an element of ecology on a community or regional level. 

This chapter will give a suggestion for measuring biodiversity in relation to land-use 

change to be able to predict the consequences of land-use change on species diversity and 

evenness. The approach used here can be extended to different species and elaborated. but 

here it is mainly focused on creating an indicator for the effect of land-use change on 

charadriiform birds.  

4.10.1  Land-use Change and a Bird Population 

To model the rise and fall of bird populations 

in Iceland related to land-use change it was 

necessary to model the populations. Logistic 

growth was assumed when the populations 

were modelled since a certain carrying 

capacity will be relevant for how the model is 

build up. Logistic growth is a simple way to 

model population growth in ecology. (Molles, 

2016)  

The population SFD can be shown very simply 

like in Figure 11. The growth in the population 

represents the balance between births, deaths, 

immigrations and emigrations. (Molles, 2016) 

This SFD does not tell much about the 

dynamics of the population, but a CLD can 

give simple interpretation of how a logistic 

growth happens as shown in Figure 11. A bird population’s growth slows down when it 

reaches carrying capacity. The carrying capacity is often interpreted as the access to 

different scarce resources. (Molles, 2016) 

According to Gunnarsson et al. (2006) some charadriiform birds show significant 

preference or avoidance for specific habitats. In the paper it was also noted that land-use 

change can thus have 

consequences for bird distribution 

in Iceland. These results can be 

used in this model to predict the 

effect of land-use change on bird 

populations by assuming that 

increases in preferred and avoided 

habitat would affect the carrying 

Figure 11: Simple SFD (top) and CLD 

(bottom) for a bird population 

Figure 12: CLD for a bird population with carrying capacity 

affected by environmental factors 



26 

capacity of the population like shown in Figure 12. 

 

It has been shown that eight Icelandic charadriiform bird species showed significant 

preference for certain land-use types. (Gunnarsson et al., 2006) These land-use types have 

been fitted into the model to accommodate the simplicity of the model like shown in Table 

1. 

Table 1: Preferred and avoided habitat for charadriiform bird species 

Bird Type – Preferred 

Habitat 

(Gunnarsson et al., 2006) Model 

Oystercatcher - Heathland - Dryland Grassland 

Golden Plover -Woodland -Forest 

Dunlin +Marsh +Wetland 

Snipe +Marsh, +Woodland +Wetland, + Forest 

Whimbrel +Riverplain, -Agriculture +Wetland, -Agriculture 

Godwit +Marsh, + Dwarf-Birch Bog +Wetland 

Redshank -Heath, -Agriculture - Dry Grassland, -Agriculture 

Skua +Riverplains, -Agriculture +Wetland, -Agriculture 

 

This gives the slightly confusing CLD figure shown in Figure 13. The CLD is however just 

the combination of the modelling of each population as shown in Figure 14. This can be 

used to predict rises and falls in each population as preferred habitat disappears or avoided 

habitat rises and then predict the outcome for biodiversity when combining it with other 

species. 
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Figure 13: CLD for changes in the Shannon Diversity Index of Charadriiform bird species 
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4.10.2 An Example of Calculating the Shannon Index 

To calculate the diversity of the species in the land-use system the Shannon diversity index 

was used. The Shannon diversity index uses species evenness as an indicator of diversity 

and not only presence of species. The index can be calculated as follows: 

𝐻′ = − ∑ 𝑝𝑖 ln (𝑝𝑖)

𝑅

𝑖=1

 

Where pi is the fraction of this species in the full population (R) (Primack and Sher, 2016) 

This number will be higher in an ecosystem with a more even distribution of species than 

in ecosystems with a less even distribution of species. In a CLD this can be shown like in 

Figure 14.  

 

 

4.10.3  Measuring Change in the Biodiversity 

Another measure that might be interesting in the case of biodiversity is to measure the 

change that the biodiversity goes through during the period that we are modelling. In the 

ForSAFE model significant changes in biodiversity (that is not species richness, but 

composition) is used to determine maximum limits for deposition by pollution. Modelling 

makes it possible to predict changes from the alteration by deposition that might happen 

long after the deposition was started. As changes occur to the land-use it might be 

interesting to study how the changes affect the biodiversity. Changes in biodiversity can be 

measured through for example the Mondrian index. The Mondrian gives a measure of 

difference between one distribution of species and another. This is similar to the Bray-

Curtis dissimilarity that gives a measure of difference between two ecosystems. The 

Formula for the Bray-Curtis Dissimilarity (BCij) is given as: 

Figure 14: CLD for a bird populations effect on the Shannon Diversity Index 
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𝐵𝐶𝑖𝑗 = 1 −
2𝐶𝑖𝑗

𝑆𝑖 + 𝑆𝑗
 

Where Cij is the sum of the lesser values of abundance for each species from each 

ecosystem. And Si and Sj are the two populations added up. We see that if there is no 

similarity between the ecosystems BCij will be equal to 1 and if they are completely the 

same it will be 0. This provides a useful measure in studying effects of, for example, land-

use change on species. The measure can be used on a group of indicator taxa such as here 

with the charadriiform species. 

 

4.11 Biodiversity in Flora  

A similar approach to the one used for the modelling of birds can be used to in the case of 

flora. In the case of the birds the assumption was that there was no competition between 

the species. However, with flora this assumption is less viable. Competition for space is 

necessary to model when showing how the distribution of plants will play out. 

4.11.1 Modelling Plant Groups with Effects on 

Competition 

The approach used is uses the ForSAFE-VEG as inspiration. (Belyazid et al., 2011, 

Sverdrup and Belyazid, 2015) In this model Biodiversity is modelled using functional plant 

groups as a basis. These groups are assigned a competition value based on different factors 

such as water, light etc. the growth is then not only based on the available resources (such 

as with the birds in part 4.10.1) but also on the other plant groups in the system. In the 

following part a way of modelling biodiversity of plants is suggested based on an example 

from Iceland. 

According to Magnússon (1998) drainage and thus a lowering of the average water table of 

an area leads to a shift in species composition. The populations are affected by competition 

from each other after a classic model of growth under competition. (Molles, 2016) The 

competition strength of each group of species is based on different parameters most 

importantly oxygen reclusion. Some species such as Carex chordorrhiza, C. rostrata and 

Menyanthes trifoliata have very low tolerance for a low water table while some sedges 

such as Carex nigra and C. Panicea are not affected by drainage. Similarly, species that 

increase in abundance after drainage are grasses such as Agrostis, Festuca and 

Deschampsia. If these three groups are divided into water tolerant species (WT) water 

neutral species (WN) and water intolerant species (WIT) this can be shown as in Figure 15. 

Each plant group has a competitive strength which makes it “entitled” to a certain amount 

of space depending on the competitive strength of the others. This entitled space affects the 

growth rate as an equilibrium level of the growth. Changes in the environment such as a 

change in water level or in land-use can change the balance thus starting a process of 

composition change that is also dependant on how fast the growth rate is.  
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4.11.2 Composition Change and the Shannon Index 

The plant cover of two ecosystems or the same ecosystem at two different times can be 

compared to each other with the Mondrian approach which works very similarly to the 

Bray-Curtis dissimilarity mentioned above. However fractions of a community can also be 

studied and the difference will always be between 0 and 1. This approach was used in the 

ForSAFE model to track changes to be able to establish nutrient loads and was dubbed the 

Mondrian units of change. (Belyazid et al., 2011, Sverdrup and Belyazid, 2015)  

Composition change would be interesting to model after land-use change for example 

similarly to the example mentioned above with changes in composition due to drainage. 

Similarly, diversity would also be interesting to monitor for flora in combination with the 

birds. For flora, area covered could be used as a measure of species richness by calculating 

a Shannon index. However, it would be incomparable to diversity based on number of 

individuals. If an estimate of a number of individuals per m2 for each species of functional 

plant group was available an estimate could be made that was comparable to estimates of 

biodiversity based on individuals. 

Figure 15: CLD showing connection between water level and three groups of species 

dubbed water tolerant (WT), water intolerant (WIT) and water neutral (WN) 
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4.12 A Biodiversity Subsystem 

A biodiversity subsystem would be very useful to monitor the reactions from the 

ecosystem to land-use change. A model for biodiversity could be shaped in many ways. 

Here a suggestion for a model based on competitive strength and carrying capacity for 

different species given land-use distribution was suggested. It was also suggested to model 

simple populations of birds as one indicator of biodiversity to calculate diversity and 

change in diversity and using area as a way of calculating composition change, and 

possibly biodiversity, of flora. 
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5 The Environmental Governance 

System of Land-use 

Now that the physical system has been outlined in the previous chapter it is time to take a 

closer look at the human system and especially its policies. In the physical system the land-

use was modelled as changing when specific human actions occurred, for example 

draining, farming or planting a forest. These actions however also need to be connected to 

a system of human interaction with the physical environment. If there is no drive to drain 

the wetlands, then it will not happen and likewise when it comes to restoring the wetlands. 

Thus, this chapter will show how the human system as it has been until now can be 

modelled, beginning with an analysis of the drivers for each of the land-uses changes, and 

afterwards the policy tools that are used to support or diminish these drivers. 

Apart from the permanent removal of forests which has not happened to any great degree 

in Iceland in recent years, the land-use changes and their main drivers are presented in this 

chapter based on literature on the subject. Next, the policy tools that have been used to 

affect decision-making on land-use changes. The framework of environmental governance 

systems (EGS) introduced by Vatn (2015) has been used as the base for the analysis. The 

framework introduces how environmental natural resource issues are controlled by actors 

and their actions. Economic actors act based on economical preferences. The combination 

of actions from economic actors and environmental reactions creates outcomes that the 

actors then must react to again. Political actors do this by shaping the resource regime. The 

resource regime is the rules for rights and interactions that govern the system. On top of 

Figure 16: Framework for an environmental governance system. Based on Vatn 

(2015) 
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this, economic and civil society actors have the possibility to interact and shape norms and 

values guiding political and economic actors (See Figure 16). 

The following part of the chapter list and describe the actors, drivers and policy tools 

dealing with land-use change. This framework is used to analyse the governance system of 

land-use change and create a conceptual model for it. 

5.1 Actors 

To understand the system better it is important to describe its most important actors and 

Icelandic land-use change. Here the actors have been divided into economic actors acting 

on economic preferences, political actors acting and interacting on political goals and civil 

society actors basing actions on norms and values. 

5.1.1 Economic Actors 

The main economic actors when it comes to land-use are the private landowners which are 

most often farmers. When observing the literature as well as policy documents it becomes 

clear that most actions and interactions are somehow related to farms. Private forest 

planting, farming and drainage are done mostly by farmers. (Arnalds, 2005, Arnalds et al., 

2016, Eysteinsson, 2017) 

Forestry however has also to a large degree been done by the state on state land as an 

economic actor both in terms of Re- and Afforestation. (Eysteinsson, 2017) 

5.1.2 Political Actors 

The most significant political actor in land-use change in Iceland is the government. The 

IFS has historically had a big role when it comes to forestry in subsidizing and supporting 

forestry around Iceland. (Eysteinsson, 2017) 

When it comes to drainage and farming the agricultural ministry and its policy has played a 

great role in subsidizing the drainage and mechanization of the agricultural sector. 

(Arnalds et al., 2016, Helgadóttir and Sveinsson, 2006)  

The limited restoration of wetlands that has happened has also largely been driven by the 

state through the wetland committee and recently through the SCS. (Áskelsdóttir, 2016, 

Áskelsdóttir, 2017, Garðarsson et al., 2006, Umhverfis- og auðlindaráðuneytið, 2016) The 

environmental ministry has, with its climate action plan, also signalled that climate 

mitigation efforts will be directed towards both wetland and forest land-use. (Ministry for 

the Environment and Natural Resources, 2018) 

On top of the national political level there are also actors such as international 

governmental organisations and cooperation that affect policy decisions through 

interactions. Important examples are the Paris Agreement and the Sustainable 

Development Goals (United Nations, 2019, UNFCCC, 2019) 
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5.1.3 Civil Society Actors 

Civil society actors also play a role in shaping the discussion on land-use. Non-

Governmental Organisations (NGOs) probably play the largest role. For example 

Votlendissjóðurinn, Landvernd and Fuglavernd (originally by starting the debate) has 

played and continously play a role in the public debate on wetlands. (Votlendissjóðurinn, 

2018, Landvernd, 2019, Fuglavernd, 2018) 

But also, authors have had great influence on the debate on land-use development in 

Iceland. For example as Andri Snær Magnason had with his book Draumalandið about 

development for the sake of heavy industry. (Magnason, 2017) Also when it comes to 

wetlands there have been debates. For example, Halldór Laxness was opposed to drainage 

and other things he considered environmental destruction in Iceland. (Landvernd, 2012) 

5.2 Drivers 

The drivers of land-use change are considered to be the preferences, values and goals that 

govern the actions and interactions of economic, political and civil society actors. It can 

thus both be the economic preferences of a landowner, policy goals of the government or 

cultural values in civil society. It might also be changes to the environment that will cause 

land-use change. 

5.2.1 Drainage 

Most of drainage in Iceland was done in the period from the end of World War II until 

1987 when subsidies were cut. Drainage has a range of drivers. First, the benefit to 

production in agriculture is important. When a wetland is drained it releases more nutrients 

on a short-term basis. Thus, draining an area was of interest due the possible economical 

value to the land owners. This economical value was further increased when technology 

and subsidies made the drainage more feasible. As with farming the driver for the political 

actors is often said to be food security for Iceland. (Arnalds et al., 2016, Geirsson, 1975)  

However environmental protection for intrinsic as well as economic reasons has been 

introduced later, due to a higher recognition by the political actors of the importance of 

wetlands in terms of e.g. ecosystem services and biodiversity protection. (Costanza et al., 

1997, Garðarsson et al., 2006, Ministry for the Environment and Natural Resources, 2018) 

A CLD that shows how policy affect drainage is shown in Figure 21 (page 41). 

5.2.2  Farming and Abandoning Farming 

Farming is culturally very important in Iceland and it has intensified a lot in the last 

hundred years, as it went largely from subsistence farming to industrialisation and 

specialisation. Population increase means a greater focus on market sales and higher 

expected value which made greater production valuable to economic actors. Like the 

drainage of wetlands (which of course also was powered by the drivers for farming) the 

farming was also driven by subsidies and technological advances (the farming was also 
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subsidized to change to land-uses more fit for the mechanization) for similar reasons. 

(Helgadóttir and Sveinsson, 2006, Jóhannesson, 2010, Wald, 2012) 

The land area used for arable land and hay-production in Iceland has been relatively stable 

since the 1961 moving from 2120 kha to around 1872 kha, according to FAO (2019) 

however changes in the demographics might mean that the regional statistics might look 

different from region to region. At the country level the agricultural area is largely stable.  

A CLD for how policies affect farming is shown in Figure 22 (page 42). 

5.2.3  Planting Forests 

Forestry in Iceland is limited still today. There can largely be talked about two forms 

planting forests: Reforestation and Afforestation. It is believed that Iceland-used to be 

covered in 25-30% forest at settlement. This is however nearly gone. Due to sheep grazing 

freely in most of the country, reforestation or regrowth of forest with the native birch 

(Betula pubescens) does not happen spontaneously. If areas are fenced off from sheep-

grazing, regrowth will however happen. This can be sped up by planting trees. 

Afforestation on the other hand is commonly exotic trees being planted in plantations. The 

IFS (The state as an economic actor and a political actor) names a range of drivers as their 

reason for pushing towards more re- and afforestation. They state four reasons: ecological, 

protective, economic and social. (Eysteinsson, 2017) This closely mirrors the four 

categories of ecosystem services, and also shows how the state can take a broader set of 

drivers when acting as an economical actor than private economical actors usually do (see 

part 5.3.4). On the other hand the landowners and communities planting private forests the 

drivers consist of a combination of subsidies and other perceived values either seeing it as 

an alternative to sheep farming or because they want a higher degree of forest in Iceland. 

(Blöndal, 1987, Aradóttir et al., 2013)  

 It is furthermore believed that with a warming climate and reduced sheep grazing forests 

of both native and exotic species will also to a higher degree spread naturally at a faster 

rate as well as to areas which were before unlikely to be forested. (Eysteinsson, 2017) 

Forrestation is also mentioned as a measure to combat climate change in the climate action 

plan of the current government. (Ministry for the Environment and Natural Resources, 

2018)  

A policy CLD is shown for forestry in Figure 23 (page 43) 

5.2.4  Restoring Wetlands 

Restoring wetlands is a relatively new activity in Iceland. The projects are scattered but 

have been studied. The drivers described for the restoration projects were largely natural 

protection, mitigation of infrastructure projects, recreation and research. (Aradóttir et al., 

2013) Climate change mitigation and carbon sequestration seems to be an upcoming driver 

in wetland restoration and has been for example mentioned as a measure to meet Iceland’s 

climate change goals. (Ministry for the Environment and Natural Resources, 2018) This 

might lead to funding for wetland restoration projects in the future. 
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A CLD showing how policy affect the restoration of wetlands can be seen in Figure 24 

(page 44). 

5.3 Policy Tools 

Policy and choosing the tools used in policy is often an important reason for developing 

models. System dynamics often provide strong models for predicting the future by 

modelling history based on system analysis. In terms of the EGS framework, system 

dynamics might help to give more clarity on patterns of interaction, outcomes (such as the 

state of the environmental resource) based on the environmental resources, processes and 

their attributes (the physical system) as well as the current or other possible resource 

regimes (the policies in the system). The resource regimes are what regulates the rights and 

behaviour of the economic actors. Part of understanding the resource regime is 

understanding the policy tools used and identify how these can create the desired outcomes 

for the political actors (the actors shaping the resource regime). These are by Vatn (2015) 

considered a part of the system that falls under what he calls interaction rules. In this case 

interaction between the state and the other economic actors. From a system dynamics point 

of view, policy tools often act as loops in a human system reinforcing or balancing certain 

types of behaviour.  

5.3.1  Trade (Subsidies and Taxes) 

The first rule of interaction is 

trade between actors. (Vatn, 

2015) The state of course often 

trades with other economic 

actors when buying and selling 

products but as a policy tool 

perhaps the most important 

one to consider is subsidies 

and taxes (that is taxing of 

certain actions). Subsidies for 

agriculture and drainage can be 

understood as the government 

buying food security and 

taxing CO2 can be understood 

as consumers/producers 

buying mitigation services 

from the state.  

Direct subsidies often, not surprisingly, acts as a way of reinforcing the behaviours 

subsidized and taxes the other way around. In the post-war years the perceived need for 

food security and agricultural production was high and thus policy subsidized both 

drainage and mechanization to increase the output from the agricultural sector. (Arnalds et 

al., 2016, Helgadóttir and Sveinsson, 2006, Wald, 2012) This resulted in speeding up the 

process of mechanization. However, the policies act as balancing loops settling the land-

use in a different balance that would be expected without them. It can be shown as in 

Figure 17. 

Figure 17: CLD for a subsidies policy for drainage 
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A similar diagram can be made for agricultural area, with the exception that agricultural 

area returns to being grasslands as farming is abandoned. The drainage is however 

permanent (or very slowly reversed). So as the perceived need for food security ended the 

drive towards a new balance stopped. 

5.3.2  Command (Protection) 

Command is a different approach where an actor, usually the state in this case orders an 

actor to do or not do something. (Vatn, 2015) This is of course the traditional approach 

when it comes to states where laws are commands issued to actors by the state. This is also 

often used in land-use management in for example planning or nature protection. Most 

often the law is shaped as a prohibition such as a protection act. However sometimes it can 

be positive commands. 

Protection essentially legally discourage people from taking specific decisions that are not 

desired by the political actors. In land-use 

this might be not to drain areas because 

they are protected by law. The protection is 

usually due to the land-use type being 

perceived as having some sort of value. 

Examples of this could be the nature 

protection law. All wetland areas of a 

certain size are automatically protected by 

law. (Alþingi, 2019) 

Like in the case with the subsidies, the 

protection is due to some government goals 

of keeping wetlands e.g. due to their value 

as carbon sinks (Ministry for the 

Environment and Natural Resources, 2018) 

or similar reasons such as biodiversity. 

(Aradóttir et al., 2013) An example of a 

CLD of this policy is shown in Figure 18. 

 

5.3.3  Community Rules (Information, Education and 

Participation) 

Along with economic measures, a government can also take measures that does not have 

legal or economic base. This is by Vatn (2015) referred to as community rules. This 

includes measures such as strengthening relations between actors and creating norms. 

There are many examples in more recent times of policy tools using community rules, 

especially in combination with subsidies to create knowledge and ownership in Iceland. In 

the IFS approaches like this have been used through e.g. the Icelandic Forestry 

Association. However, in SCS the approach was not used until recently. Mostly land 

reclamation (revegetation of land) was done by SCS Staff. However the approach was used 

Figure 18: CLD for a protection policy for wetlands 
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in the programme Farmers Heal the Land which combines subsidies and help with 

expertise to reach goals of land reclamation. (Arnalds, 2005)  

When knowledge sharing and education is a big part of the programme this creates 

reinforcing loops as shown in Figure 19. 

 

5.3.4  Action 

Lastly, the state can act as an economic actor engaging in economic activities to reach the 

goals of the political actors. This is not really a rule of interaction. Instead of trying to get 

other economic actors to act the state takes action themselves. (Vatn, 2015) This often 

happens and in land-use in Iceland the best example is likely the IFS doing reforestation 

and afforestation on state land. (Eysteinsson, 2017) This approach has some strong points 

as the state does not necessarily need to run a strictly economic business, but can have 

many goals with the actions compared to what is often the case with other economic actors 

(Vatn, 2015) The drivers presented by the forestry service themselves in part 5.2.3 are an 

example of this. 

5.4 Summary: Policies in an EGS and a SD 

Perspective 

5.4.1 EGS Framework 

The EGS can be used to understand the governance system as a set of actors performing 

actions and interactions that have outcomes for environmental resources. In Table 2 the 

most important actors that were identified in the chapter as well as examples of the current 

resource regime have been listed. 

Figure 19: A policy CLD for how knowledge-sharing can increase expertise in land reclamation 
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Table 2: A table showing how the EGS framework looks in an Icelandic context of land-use 

change 

EGS Framework Land-use System 

Economic Actors Private Landowners (mostly farmers) 

State e.g. IFS 

Political actors Alþingi, Ministries, SCS, IFS, Municipal 

governments 

Civil Society NGOs: Fuglavernd, Votlendissjóðurinn, 

Landvernd, Authors 

Resource Regime: Rules Management rights can be restricted with 

the Nature Protection Law 

Resource Regime: Rules of Interaction 

(Trade, command, community rules) 

Subsidies, Protection, and Participatory 

Involvement 

Technology and Infrastructure Mechanization in Agriculture 

 

The different parts of the EGS framework can then be used to analyze the land-use system 

as viewed in Figure 20.  

Figure 20: EGS Framework in the context of Icelandic land-use change (See Figure 16) 
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5.4.2 System Dynamics and Environmental Governance 

Using the EGS framework has laid the ground for building a system dynamics model for 

policies for land-use development that takes into account both sides of a policy. A problem 

often experienced in e.g. soil conservation is that policies can be conflicting in for example 

supporting both overgrazing leading to land degradation and land reclamation. (Arnalds, 

2005) System dynamics can help discover such problems also possibly before they are 

implemented.  

A policy model for land-use change from wetlands to grasslands could be modelled after 

the principles from above. The economic actors, mainly private farmers have preferences 

that make them decide or not decide to drain an area. Political actors can interact with the 

economic actors to try to change that preference for them to reach political goals. In this 

case the policy goal of food security results in subsidies for drainage and technological 

advances in agriculture while policy goals for nature protection result in more difficulties 

in draining wetlands and thus making it less preferable. Also, community rules (education, 

communication and participation) creating knowledge on wetland importance and use, can 

lead to lower draining rates. Lastly climate policy also increases the funding for wetland 

protection (and restoration, relevant in the restoration of wetlands). Illustrating the full 

extent of this policy system is hard to do in a single figure but each economic actions 

mentioned above has been shown in Figure 21, Figure 22, Figure 23 and Figure 24. 
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Figure 21: The policy CLD for drainage. It demonstrates balancing loops of subsidies 

(B1 and B2, blue and turquoise), protection (B3, Green) and community rules (B4, 

Orange) as well as reinforcing loops of community rules (R1, R2 and R3, purple and 

grey). 
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 Figure 22:The policy CLD for farming and stopping farming. It demonstrates 

balancing loops of subsidies (B1 and B2, blue and turquoise) as well a 

reinforcing loops of community rules (R1, R2 and R3, purple and grey). 
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Figure 23: The policy CLD for forestry. It demonstrates balancing 

loops of subsidies (B1 and B2, blue and turquoise) and community 

Rules (B3, orange) as well a reinforcing loops of community rules (R1, 

R2 and R3, purple and grey). 
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Figure 24: The policy CLD for restoration. It demonstrates 

balancing loops of subsidies (B1, turquoise) and community Rules 

(B2, Orange) as well a reinforcing loops of community rules (R1, 

R2 and R3, purple and grey). 
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6 Reference and Observed Behavior 

Patterns 

To ensure that the model behaves as expected and in a way that corresponds with real-

world observations, reference behavior patterns are made. An RBP is an example of how 

the model behaves in a given situation. This can then be compared to an OBP to ensure 

that the model follows the real life dynamics of a system before going on to model the 

behavior numerically. (Haraldsson and Sverdrup, 2005) 

This chapter contains RBPs for land-use, carbon and biodiversity reactions to policy 

changes. 

6.1 Governance and Land-use Change 

6.1.1 Reference Behavior Pattern 

Land-use change is controlled on one side by the behavior of the economic actors (the 

landowners) as well as how these are affected by policies and values from the political and 

civil society actors. In this part of the chapter, it will be shown how the land-use module is 

affected by the agricultural development from subsistence farming to modern agriculture in 

Iceland based on the description by Helgadóttir and Sveinsson (2006) of the different 

phases of the agricultural development and compare it to the land-use change we have seen 

in Iceland during the same period. The part of the model that show the connections 

between agricultural policy and land-use change is shown in Figure 21 and Figure 22 (page 

41 and 42). A simplified CLD showing the specific connection in the RBP is shown in 

Figure 25. 

Figure 25: A CLD that shows how land-use change is related to the development from 

1900-2006 
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900-1900 Self-Sufficiency 

The starting point of the model is the stage where Icelanders mainly farm for self-

sufficiency. The benefits of draining are seldomly high enough to make drainage happen 

and there is a balance between cost and benefits for agriculture. Rather wetlands are used 

as they are for haymaking. 

1900-1945 Cultivation Begins 

During this period, we see the first big changes in land-use. Population starts to rise, 

technology develops (e.g. fertilizers) and political focus on food security starts. In this 

round the technology is mainly for agriculture, reducing both cost of agriculture as well as 

benefits (due to population rise). Until 1945 we mainly see an increase in agriculture. 

Increase of population, technology and political will (subsidies) causes increase in 

especially agriculture but also partly drainage and thus grasslands. 

1945-1980 Technological Advances, Increased Production 

During this period rural population decreases and political subsidies to ensure food security 

is put in place. Also, technology booms both in farming and draining, reducing cost for 

both dramatically. 

Further increase in technology and subsidies causes even higher rates of drainage and 

farming and thus more grasslands and agriculture. 

1980-1995 Production Restrictions 

Overproduction resulted in a movement by political actors away from food security and 

towards efficiency and meeting demand. This resulted in great cuts in subsidies. 

Decrease in subsidies results in much lower draining rates (still benefits from 

agriculture and lower cost due to increased technology means drainage). This also 

means lower agricultural land-use resulting in more grasslands from agriculture.  

1995-2006 Improved Efficiency 

Less products from local sources means no increase in agriculture. Focus has been on 

decreasing cost by being more efficient. However more interest in holiday homes has made 

farmland more expensive resulting in higher home prices. The higher demands on 

efficiency has resulted in less small farms but a stable amount of agriculture. 

The changes in this period do not show up in the model, this is discussed further in 

chapter 12. 
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Land-use Change 1900-2006 

So, this change in economic and political action resulted in changes in land-use first slowly 

increase in grasslands and especially agriculture, then accelerated drainage and farming 

and lastly a fall in farming and draining resulting in less agriculture. In the last period the 

structure of land 

ownership changed but it 

did not affect land-use 

change. The graph in 

Figure 26 shows the RBP 

for the transformation of 

wetlands during this 

period according to the 

model and description of 

agricultural development 

and policy. (Helgadóttir 

and Sveinsson, 2006) 

Forestry is not mentioned 

in the paper, so it was not 

included in the reference 

behavior pattern. 

However, including 

policies on forestry is also 

possible in the model. 

 

6.1.2 Observed Behavior Pattern 

Wald (2012) studied land-

use change in the period 

from 1900-2010 in an area 

in South Iceland. Of a 

total of around 998 km2 of 

wetlands that was studied 

for the given area 782 got 

converted to other land-

uses. A fraction was 

turned into forest and 

other land-use types. As it 

is visible the change 

corresponds to the 

predicted behavior of the 

model. Severe decrease of 

wetland and increase of 

agriculture and especially 

grassland. This fits very 

well with the pattern we 

set out to describe. 
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Figure 27: An OBP for the same period (1900-2010) based on Wald 

(2012) 
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Figure 26: RBP for land-use change as expected from the conceptual 

model from 1900 to 2006. These are not numerical values so the graphs 

might be disproportionate.  
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6.2 Land-use and Carbon Change 

Land-use has great effects on soil and biomass carbon. Here it will be shown how changes 

in land-use would change carbon storage according to the model, and if this change 

corresponds with real world changes. A CLD for the carbon system is shown in Figure 10 

(page 24) 

6.2.1 Reference Behavior Pattern 

To create a RBP, the example of land-use described by Wald (2012) was used. This has 

been used to illustrate how changes in land-use affect carbon storage.  

Wetlands to Grasslands 

A decrease in wetlands through drainage leads to slow decomposition ultimately leading to 

a grassland soil. This cause emissions that result in less carbon stored in total. 

Wetlands to Agriculture 

Utilizing the drained areas as agriculture leads to even less organic material stored in the 

soil. This leads to increased emissions over time and ultimately lower stored carbon than if 

only grasslands had been created. 

Wetlands to Forest 

On one hand the decomposition of organic material is happening when the wetlands are 

drained leading to emissions. On the other hand, a forest sequester carbon as well, 

especially in above ground biomass leading to higher carbon stored. Thus, to determine 

whether changing land-use from wetland to forestry is a source or sink in the long run it is 

necessary to know the balance between these two factors. 

Carbon balance 1900-2010 

Given that the forestry represents a minor part of the changes and that converting wetlands 

to both grasslands and agriculture results in carbon loss, the loss of carbon in the system 

described by Wald would be significant. However, given that the breakdown of organic 

material happens slowly it is likely that a large part of this is still stored (see chapter 7) 

6.2.2 Observed Behavior Pattern 

The problem of emissions from drained soils is well known in many places and is 

mentioned as the main source of emissions in the LULUCF category of the Icelandic 

national inventory report 2014 to the UNFCCC. (Wöll et al., 2014) 
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6.3 Land-use and Biodiversity Change 

Land-use is also important for many parts of the biodiversity. Here it is shown how the 

scenario described by Wald (2012) would affect the charidiiform bird species according to 

the model. 

6.3.1 Reference Behavior Pattern 

Wetlands to Grasslands 

A decrease in wetlands through drainage leads to a lower number of five different species: 

Dunlin, Snipe, Whimbrel, Godwit and Skua. All five species decrease with decrease in the 

amount of wetlands. Grasslands has no negative effects on the bird species. 

Wetlands to Agriculture 

Like the change from wetlands to grasslands five bird species decrease as the number of 

wetlands go down. On top of that Agriculture also has a negative effect on the amounts of 

Whimbrel and Skua leading to a further decrease in these species.  

Wetlands to Forest 

Like it is the case with the carbon system, the increase in forestry proves a little more 

complex. The Snipe has an affinity for both wetlands and forest and thus seem unlikely to 

decrease (again depending which on is most preferable it might or might not). Golden 

plover avoids forest areas and would thus likely go down in numbers with increased 

forestry. 

Overall 

Drainage of Wetlands will have a negative effect on birdlife especially when changed to 

agriculture. The drainage will affect abundance and evenness of the species in the 

ecosystem. Dunlin, Snipe, Whimbrel, Godwit and Skua will be affected especially 

Whimbrel and Skua having even less affinity for agriculture. 

6.3.2 Observed Behavior Pattern 

Drainage effects on the bird populations in South Iceland lowlands are not very well 

known in this area as not a lot of information on the numbers of birds before the drainage 

happened according to þorleifsson (1998). However, it is known that the Dunlin (along 

with a substantial amount of other non charidiiform wetland birds) have been affected. 

Some have been able to adapt to use the drained wetlands (mentioned are Snipe, Redshank 

and Godwit) for feeding. As there is little knowledge on the number before the drainage it 

might still be smaller populations surviving. Comparisons of the birdlife in undrained and 

drained wetlands in the area show much decrease in birdlife. (þorleifsson, 1998) 
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7 Land-use and Carbon Numerical 

Modelling 

In this chapter a numerical model for the land-use and carbon subsystems will be 

introduced to be able to make some more extensive policy recommendations on this 

subject. The model is based on the conceptual model introduced in part 4.1 to part 4.9.  

7.1 Stocks of the Carbon Model 

The properties here are supposed to represent stable profiles of the land-use types 

presented. The newly drained grassland will thus have a much higher amount of soil 

organic matter than the old one as it slowly decomposes. However, it is assumed that a 

drained wetland, forest or agricultural area will in time reach a stable point like that of a 

natural dry soil containing the same land-use. 

7.1.1 Wetland 

Wetland soils have been divided, in an Icelandic framework for soil classification. There 

are three different groups: gleyic andosols (GA), histic andosols (HA) and histosols (H). 

(Arnalds, 2008) 

An estimate of the soil organic carbon (SOC) of wetland areas have been made based on 

the numbers given by Óskarsson et al. (2004) for SOC in different soils. The numbers 

presented in the paper is 46.0 kg/m2 (GA), 89.1 kg/m2 (HA) and 197.5 kg/m2 (H) for 

average Icelandic soils in these categories. Of all soils in Iceland 1.2% are histosols, 5.5% 

are histic andosols and 2.6% are gleyic andosols (Arnalds, 2004). It has been assumed that 

this ratio of soils is also true for wetlands as a land-use type. This results in an average 

SOC of 91 kg/m2 or 91 kt/km2.  

Today there are 4789 km2 of undisturbed wetlands in Iceland, 1743 km2 of these are below 

200 m above sea level. (Arnalds et al., 2016) However, according to Wöll et al. (2014) 

there are 4173,7 km2 of wetlands in all of Iceland (this does not include lakes rivers and 

reservoirs). 

7.1.2  Grassland on Drained Soils 

The estimate presented here does not show what is stored in grasslands on drained soils at 

present. It is an estimate of what will be there when the area finds a new balance. It is 

assumed that a drained wetland soil will in time assume the characteristics of a natural 

dryland soil.  

Given grasslands are drained areas it was assumed that the soil types will be brown 

andosols (BA) or complexes of BA and GA based on the relation between wetness and 

aeolian deposition presented by Arnalds (2004). It has been assumed that the ratio between 

these to correspond to the national proportional relation, where 14.8% of Icelandic Soils 

are BA and 31.1% are complexes of BA and GA. (Arnalds, 2004) 
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Values for SOC is from Óskarsson et al. (2004). It is 22.7 kg C/m2 for BA and 34.0 kg 

C/m2 for the GA/BA complexes. (Arnalds, 2004) The tonnes carbon per km2 in the soil is 

thus calculated to be 30.4 kt C/ km2. As not all these soils are fully drained, and some even 

only somewhat disturbed, the relatively high carbon content seems likely, though some 

soils will likely break down to even lower levels. It has been shown that biomass account 

for 3% of the carbon in Iceland in some pastures in Iceland. (Snorrason et al., 2002) this 

has been assumed for grasslands as well. This resulted in a carbon stock of 31,34 kt C/ 

km2. 

Today there are 4149 km2 of wetland disturbed by drainage of which almost all (4052 km2) 

are below 200 m above sea level. Of this some, but far from all, are used for grazing. This 

estimate is very inclusive as it both encompass lightly disturbed areas as well as areas with 

cropland on drained soils and forest on drained soils. (Arnalds et al., 2016) After 

subtracting the area of forestry and cropland from this leaves around 3446 km2 of 

grasslands on drained soils. 3610,4 km2 of grasslands on drained soils is the value reported 

by Wöll et al. (2014). 

7.1.3 Grasslands and Heathlands on Naturally Dry Soils 

Areas that are used for extensive grazing or are unused for agriculture on dry soils are of 

the vegetation classes grasslands as well as poor and rich heathland. This land-use is the 

dryland parallel to grasslands in the wetland system. The soil carbon of this category is 

based on the ratio between each of the three vegetation classes presented in Arnalds (2015) 

and their soil types. For the ratio between the soil types for each category the national 

ratios have been used. 3% biomass has been added in the same way as the Grasslands on 

drained soils (see part 7.1.2). 

Given these assumptions the soil under grasslands is 30,4 kt C/km2 (as in part 7.1.2). The 

poor heathland consists of BA and GA. As Iceland has a national ratio of 14,8% of BA 

with 22,7 kg C/m2 and 2,6% of GA with 46,0 kg C/m2 (Arnalds, 2004, Óskarsson et al., 

2004) this would make the SOC of poor heathland 26,2 kg C/m2. Similarly, rich heathland 

consists of BA and HA. HA has a soil carbon 89,1 kg/m2 and there are 5,5% of them in 

Iceland. (Arnalds, 2004, Óskarsson et al., 2004) This results in a SOC of 40,7 kg C/m2 for 

the rich heathland. The balance between these three vegetation classes in Iceland below 

200 m above sea level are 1.618 km2 grasslands 3.902 km2 rich heathlands and 6.770 km2 

poor heathlands. This means 31,35 kg C/m2 in soil carbon. This means 32,3 kg C/m2 or 

32,3 kt C/km2 when 3% biomass is added.  

The area in this category is 48285 km2 which is all types of vegetation reported as 

grasslands by Wöll et al. (2014) excluding the grasslands on drained soils 

7.1.4  Forest on Drained and Naturally Dry Soils 

Forest in Iceland is, according to Arnalds (2015) mostly BA and to some degree HA. It 

was assumed that forest soils are BA (14.8%) and HA (5.5%) in a ratio similar to the 

national distribution.  

Snorrason et al. (2002) showed that the forest plantations studied had an average carbon 

content of 227 Mg C/ha of which 25% is forest biomass. This results in a biomass carbon 
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per km2 5675 t C/km2. The soil carbon levels in the study is lower than the estimates used 

for the grasslands and agricultural fields as they only include the top soil. Thus this is used 

to measure the biomass carbon but soil carbon level is based on Óskarsson et al. (2004) to 

keep the SOC consistent. Snorrason (2015) states that the numbers calculated by 

Óskarsson et al. (2004) is similar to the values observed by him and his colleagues. 

(Snorrason et al., 2002) 

The value for tonnes carbon per km2 is based on this assumed to be 40,7 kt C/ km2 based 

on these values. 

It is worth mentioning that the carbon stock of the biomass is based on plantations of ages 

between 16 and 54 years old. It is likely that the age and species composition of the forests 

will have a great significance for the carbon stored per ha. However the estimate compares 

well to a study of boreal forest carbon density in Europe (5470 t C/km2) and a Finnish 

study of forests (4060 t C/km2 without litter), as well as the national inventory report from 

2017 (5560 t C/km2) and thus it is likely to be a good estimate. (Liski et al., 2006, Thurner 

et al., 2014, Hellsing et al., 2017) 

In Wöll et al. (2014) the area of forest on drained soils is estimated to 36.2 km2 and could 

possibly be used as an estimate of forest on drained soils. However Maljanen et al. (2010) 

writes 19 km2. The newer estimate of Wöll et al. is used for this analysis. For forested land 

on other soils the value 1302,8 km2 has been used, also based on Wöll et al. (2014) 

7.1.5  Agriculture on Drained and Naturally Dry Soils  

According to Arnalds (2015) agriculture is found on most types of Icelandic soil. However 

drained soils would mostly start with being H or HA loss of carbon in wetland soils such as 

described by Maljanen et al. (2010) makes it likely that a drained soil will revert to a BA in 

time. Therefore 22,7 kt C/ km2 is assumed for agricultural areas as an end point state. It has 

been shown that biomass account for 3% of the carbon in Iceland in some pasture in 

Iceland. This has been used as an assumption about farmlands as well resulting in a carbon 

stock of 23,4 kt C/ km2 

It is important to remember that a great part of the grasslands is not drained completely, 

keeping the average carbon density high in the grassland category, while only the driest 

areas are used for agriculture. 

Hay and crop production on drained soils, constitute a bit less than half of the agricultural 

land in Iceland, 573,7 km2 and while a slightly bigger part, 707,6 km2 are mineral soils 

(Wöll et al., 2014) 

7.1.6 Summary 

The values that have been presented above have been summarized in Table 3, where an 

estimate of the total SOC of Iceland has been made as well. In Table 4 an estimate of the 

loss or gain of SOC when land-use change happens. The estimate does not include time 

that this change takes. 
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Table 3: Estimates of area of the different categories based on Wöll et al. (2014), SOC 

values for each land-use type and total carbon for each land-use type in Iceland. 

Stock Area (Wöll et al., 2014) 

in km2 

Carbon per 

km2 (at final 

stage) in kt 

Total Carbon 

(at Final stage) 

in kt 

Wetland 4.174 91 379.807 

Grassland on drained 

soils (without forest 

and agriculture) 

3.446 31,34 107.998 

Grass and heathland on 

naturally dry soils 

48.285 32,3 1.559.606 

Forest on drained soils 36 40,7 1.473 

Forest on naturally dry 

soils 

1303 40,7 53.024 

Agriculture on drained 

soils 

574 23,4 13.425 

Agriculture on 

Naturally dry soils 

708 23,4 16.558 

Other land - 0 0 
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Table 4: Based on the differences between the SOC in each land-use category an estimate 

has been made for SOC loss when moving from one land-use category to another 

Flow Carbon Loss/Gain in kt C /km2 

Drainage/rewetting +/-59,7 

Plant, harvest or regrow forest on grassland 

(drained) 

+/-9,4 

Plant, harvest or regrow forest on natural grass or 

heathland (mineral) 

+/-8,4 

Grassland to agriculture 

Agriculture to grassland (drained) 

+/-7,9 

Grassland to agriculture 

Agriculture to grassland (mineral) 

+/-8,9 

Change between grassland and other land (organic) 

Change between grassland and other land (mineral) 

+/-31,3 

+/- 32,3 

 

7.2 An Example of the Land-use Change 

A thesis on land-use change in a part of southern Iceland (The lowland areas around 

Selfoss, Hveragerði, Hella and Hvolsvöllur) gives an estimate of the area of wetland 

changed into other types of land-use in the area. (Wald, 2012) According to Wald 208 km2 

of Wetlands has undergone land-use change in a part of southern Iceland during the period 

from 1900 to 2010. She also notes that this is around 26,6% of the wetlands that was 

drained in the area. That means that 782 km2 were drained and the 208 km2 of them was 

actively used for different purposes. She notes these land-uses were 183 km2 hayfields, 

17,7 km2 forest and 6,6 km2 other land-uses. These numbers have been used to calculate 

the change in carbon stock from 1900 to 2010 in this particular area, based on the values 

presented above (See Table 5). 
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Table 5: Drainage of wetlands in an area in south Iceland and their subsequent land-use 

in 2010 from Wald (2012) 

Time/Landuse 

type 

Wetland Grassland Forest Agriculture Other Total 

1900 782 km2 0 km2 0 km2 0 km2 0 km2 782 km2 

2010 0 km2 575 km2 17,7 km2 183 km2 6,6 km2 782 km2 

 

Using these numbers, the carbon stock was calculated at 1900 and at 2010 to see how it has 

changed. This has been done assuming that a soil has transformed completely into the 

carbon levels associated with the given land-use type. This is of course not the case as is 

shown in part 4.8. According to this model a drained wetland will not decompose 

completely until around 170 years after its drainage and most of the wetlands in Iceland 

where not drained until after 1945 leaving some 100 years to go before this equilibrium is 

reached. The carbon stock of the land-use category other has been assumed to be zero. 

Table 6: Carbon loss due to drainage and the subsequent land-use of wetlands in an area 

in south Iceland 1900-2010 based on Wald (2012) 

Land-

use/Year 

Wetland Grassland Forest Agriculture Other Total 

1900 71.162 kt 

C 

0 kt C 0 kt C 0 kt C 0 kt C 71.162 kt C 

2010 0 kt C 18.021 kt C 720 kt C 4.282 kt C 0 kt C 23.023 kt C 

 

The system stands to lose 48.138 kt C from this land-use change over time. However, it is 

likely that this change from one land-use to another is not complete yet. To examine the 

land-use changes effect on the carbon budget, the time it takes for one land-use to convert 

to another must be estimated. 

7.3 Conversion Time of Flows 

To estimate full conversion time between different land-use types estimates of emissions or 

sequestering per year from different types of land-use as described by Maljanen et al. 

(2010) has been used to calculated when levels would reach the estimated soil and biomass 

carbon levels. The values used are based on CO2 fluxes (and for wetlands also CH4 fluxes) 

where the amount of carbon lost or gained has been calculated (carbon being 27,291% of 

the weight of CO2 and 74.868% of CH4).  
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7.3.1 Wetland to Grassland 

Abandoned croplands lose 1300 ± 1100 g/m2 per year in CO2 on drained wetlands. 

(Maljanen et al., 2010) This means losing 354,783 g C /m2 per year in CO2 or 354,783 t C 

/km2 per year. As the difference in stock between wetlands and grasslands is 59,66 kt 

C/km2 this would take a bit more than 168 years to fully break down. 

7.3.2  Grassland to Forest 

A Forest on peat soils is shown to have a mean value of sequestering 900 g CO2/m
2 per 

year. (Maljanen et al., 2010) This means building 245,619 g C /m2 in CO2 or 245,619 t C 

/km2 per year. This value might be overestimated as Snorrason et al. (2002) report values 

of carbon accumulation between 2,4 and 3,0 Mg/ha per year which is around a tenth. The 

Maljanen et al. value has been used to keep a consequent use of values where possible. As 

the difference in stock between wetland and grassland is 9360 kt C this would take a bit 

more than 38 years to fully build up. 

7.3.3  Grassland to Agriculture 

Croplands on drained wetlands is shown to lose 1770 ± 1160 g CO2 /m
2 (Maljanen et al., 

2010) which has been assumed in the model. This means losing 483,05 g C /m2 in CO2 or 

483,05 t C /km2. This would take 16,5 years to move an agricultural field from grassland to 

agriculture. It has been assumed it would take the same interval to move this back to the 

Grassland category 

7.3.4  Grassland to Wetland 

The results of emissions from restoring wetlands are very different from area to area. Some 

studies from Iceland show a restored site emitting 17 g CH4/m
2 and taking up 330 g 

CO2/m
2 this results in an annual uptake of 77,33 g C/m2 or 77,33 t C /km2. (Maljanen et al., 

2010) This has been assumed to be the case in Icelandic rewetted wetlands which means 

that accumulation from a fully developed grassland to a fully developed Wetland would 

take approximately 771,5 years 

7.3.5 Land Reclamation 

According to Arnalds (2015) reclamation experiments has shown a carbon accumulation 

rate of 0,04–0,08 kg C/m2 per year which amounts to 40-80 t C/km2 per year. Here a 

median value of 60 t C/km2 per year has been used. If this is true and an average square 

kilometre of Grassland has 32,3 kt C/km2 conversion would take approximately 538 years 

to fully recover. 

7.3.6 Erosion 

Erosion poses one of the biggest challenges to carbon loss in Iceland. It is estimated that 

232 ha soil is lost every year to erosion in Iceland. This amounts to 52.000 t C per year 

assuming that the soil is Brown Andosols. (Óskarsson et al., 2004) Here it is assumed that 

this is kept steady if no measures are taken. It has been assumed that the amount of carbon 



57 

is lost from the grasslands will be equivalent to the amount mentioned here. However, 

since the soil carbon is assumed to be higher in this land-use category the amount of land 

lost has been based on the amount of carbon lost instead of the other way around. That 

means that instead of losing 2,32 km2 of Grass- or heathland to erosion every year 

equivalent to 74.936 t C per year it has been assumed that 52.000 t C is lost and thus 1,69 

km2 of grass and heathland. The loss is assumed to happen over a ten-year period. 

7.3.7 Conversion Times 

The values used for the model have been summarized in Table 7. 

Table 7: Summary of calculated conversion times for the land-use system based on carbon 

loss/gain 

Flow Carbon gained or lost 

per year t C /km2 

Carbon Gain 

or Loss needed 

kt C /km2 

Conversion 

Time 

(years) 

Wetland Area to 

Drained Grassland 

Area 

-354,8 -59,660 168.159 

Drained Grassland to 

Forest 

+245,6 +9,360 38,2 

Mineral Grassland to 

Forest 

+245,6 +8,400 34,2 

Drained Grassland to 

Agriculture 

Agriculture to Drained 

Grassland 

+/- 483,1 +/-7,940 16.4 

Mineral Grassland to 

Agriculture 

Agriculture to Mineral 

Grassland 

+/- 483,1 +/-8,900 18,4 

Drained Grassland to 

Wetland 

+77,3 +59,660 771,5 

Other Land to Mineral 

Grassland 

60,0 +32,300 538,3 

Grassland To other 

land 

-3134 

-3230 

-31,340 

-32,300 

10 
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7.4 The Stella Model 

The model created in Stella is based on the values presented in this chapter as well as the 

concepts presented in chapter 4. SDTDs of the Model can be found in the Appendices in 

chapter 14.  

7.5 Revisiting the Example 

Assuming the conversion times estimated above are true, they can be used to estimate how 

far in the process of losing carbon we have come. The scenario was run in Stella until the 

year 2010. The Draining was set to happen from 1950 to 1980. As the graph shows the 

level of stored carbon is still quite high according to the model. If the model is run for a 

300-year period and the stable point occurs around 2140 (See Figure 28).  

  

Figure 28: Carbon stock in the calculated wetland area. Left: 1900-2010 Right: 1900-2200 
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8 Reference and Observed Behavior 

Pattern 

In this chapter the carbon loss and gain of the land-use system based on the historical 

changes from 1900 to the present will be modelled. The goal will be to compare the 

modelled emissions to the emissions in the national inventory report by Wöll et al. (2014) 

and discuss the differences. 

8.1 The Reference Behavior Pattern 

Land-use changes have been discussed in different ways in this report. Here a simple 

reconstruction of the land-use changes that have happened since 1900 is made, based on 

different sources. This was done to model the consequences of these land-use changes.  

8.1.1 Wetland Drainage 

Wetland Drainage was most prevalent from 1945 to 1987 when the technological 

development and subsidies topped with 1633 km ditches dug in 1968. After 1987 the 

subsidies were cut, and drainage fell dramatically. Mostly during those years, 4191 km2 of 

wetland area has been drained. (Arnalds et al., 2016) The distribution of when the drainage 

has happened was based on this paper and its account of excavation of ditches. This has 

been used to distribute the weight of the wetland drainage on the period from 1900-2015. 

Here it was assumed based on the paper that 50 km per year of ditches, was dug from 

1900-1944, that the number increased from 1945-1968 from 50 to 1633 km per year and 

then decreased to 100 km per year from 1969 to 1987 and then stayed at 100 until 2015. 

This distribution was used to weight the drainage effort in that period.  

8.1.2 Forestry 

Deforestation continued until 1950 in Iceland where the forest cover was somewhere 

between 0.5-1% of land cover. It has been assumed that forestry has been increasing in 

Iceland Since 1950 and ended on 1530 km2 in 2017. (Eysteinsson, 2017) The amount of 

forestry has been assumed to follow a parable where forestry hit the low point at 1950 and 

1530 km2 in 2017. This means the flow has been assumed to be 1000/(67^2) ∗ Time −
50000/(67^2) until 2020. 

8.1.3 Agriculture 

There is about 1763 km2 in Iceland-used for haymaking and crops according to (Arnalds, 

2015). Approximately half of the hayfields are on wetland soils. The change in land-use 

from 1900-2015 has been modelled after the same curve as the wetland drainage as the two 

follow very similar patterns historically. However since the size of the farming industry 

has been approximately steady since 1995, the increase has been assumed to fall from 1995 

onward. (Helgadóttir and Sveinsson, 2006) 
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8.1.4 Erosion 

Erosion has been assumed to be happening at a constantly rate of 52.000 t C lost, thus 

losing 1,69 km2 lost per year. (See part 7.3.6) 

8.1.5 Reclamation 

Erosion has been, and still is, a big problem in Iceland due to a combination of factors 

including grazing and climatic conditions. Reclamation has been on the agenda since the 

formation of the SCS in 1907. The SCS has reclaimed 5710 km2 from its inception until 

201. (Arnalds, 2015) This reclamation was assumed to increase linearly with most 

reclamation happening later until 2020 so that the soil conservation service would have 

reached 5710 km2 in 2011. 

8.1.6 Rewetting 

Due to the limited extent of rewetting in this period the effect was not included.  

8.1.7 Results 

The model shows a pattern 

of relatively low magnitudes 

of carbon loss in the first 

half of the century coming 

from erosion in the dryland 

areas and some drainage and 

farming. Then after 1945 the 

land-use changes 

dramatically in both 

categories causing an 

increase in emissions. 

Afterwards the dryland area 

starts to increase and 

become positive (signifying 

a gain greater than the loss) 

when increase in carbon 

from forestry and 

reclamation becomes higher 

than the yearly loss to 

erosion. However former 

wetland areas continue to 

emit large amounts of CO2 based on the model resulting in overall high emissions by 2020. 

This resulted in a loss of carbon according to the model of about -1400 kt C in 1990 and -

1100 kt C in 2012. 

Figure 29: Gain/ Loss of carbon per year in the System. Red shows the 

Gain or Loss of Dryland areas, Blue the Wetlands and Green the 

combined emissions/acummulation. 
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8.1.8 Observed Behavior Pattern 

There are no sources that can act as an observed behavior pattern for the full carbon model. 

The pattern the model follows is similar to what can be found in the national inventory 

reports where drained wetlands are similarly the biggest source of emissions. (Wöll et al., 

2014, Hellsing et al., 2017) 

However, the orders of magnitude in the numbers calculated in the NIR from 2014 and this 

model are different. The inventory report presents a value of -1175 Gg CO2-eq emissions 

from land-use in the year 1990 and a -706 Gg CO2-eq in 2012. (Wöll et al., 2014) If all this 

is assumed to be actual CO2 (though methane and N2O also plays a role) this amounts to  -

320,67 kt C and -192,67 kt C per year. This is not similar to the -1400 kt C and -1100 kt C 

calculated by the model. This can be due to different factors for example different 

assumptions on emission factors as we shall see in the upcoming sensitivity analysis (part 

8.2).  

8.2 Sensitivity Analysis 

8.2.1 Carbon Loss from Wetlands 

In the model the a value close to -350 g C/m2 in loss from drained wetlands has been used 

based on the value of -1300±1100 g CO2/m
2 for drained wetlands found in Maljanen et al. 

(2010). However, this value is very variable and has great impact on how much carbon has 

been lost from the drained wetland during the period. Figure 30 and Figure 31 shows the 

model when the value of the loss of carbon has been modelled with -50, -200, -350, -500 

and -650 t C/km2. Figure 30 shows the carbon loss or gain in the system whereas Figure 31 

shows the carbon stock during the same period. It is visible that this factor has a great 

impact on the current state of the system though the loss, if not mitigated, will be the same 

for all scenarios in time. It is worth noticing how big an impact using different emission 

rates for the land-use has, especially considering the relatively variable results on emission 

rates. The value calculated in the national inventory report (see part 8.1.8) is well within 

this uncertainty, resulting in a loss between -119 kt C and -2540 kt C per year in 1990 and 

a gain or loss between +220 kt C and -2500 kt C per year in 2012. 
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Figure 30: Emissions from Land-use from 1900-2020 according to the model if emission 

from wetlands lose 50, 200, 350, 500 and 650 t C/km2 per year 

 

Figure 31: The Carbon Stock in Land-use from 1900-2020 according to the model if 

emission from wetlands lose 50, 200, 350, 500 and 650 t C/km2 per year 
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9 Policy Recommendations: 

Conceptual Model 

In this chapter the conceptual model presented in chapter 4 and 5 will be discussed. It is the 

intention to create policy recommendations that support the goals of lowering GHG 

emissions and halting biodiversity loss through policies on nature management, agriculture 

and forestry as stated in the problem statement (chapter 2). This discussion is based on a 

paper by Donella Meadows. (Meadows, 1999) She discusses which leverage points in a 

system are most effective when the goal is to create policies. In the paper she makes a list 

of 12 leverage points with increasing leverage in a system. This discussion is structured 

around this list of leverage points by relating them to the presented model to see how 

system changes could happen and evaluate some changes that are set to happen and their 

potential for change. 

9.1 The Twelve Leverage Points of Donella 

Meadows 

Here the twelve leverage points are presented, and some important examples are presented 

and discussed to understand the system better and extract some policy recommendations 

from the conclusion. The titles in from 9.1.1-9.1.11 each represent and as named the same 

as one (or two) of these 12 leverage points presented by Meadows (1999) 

9.1.1 Constants, Parameters, Numbers (Subsidies, Taxes, 

Standards) 

The first leverage point is the different parameters in the system. It is the intervention on 

the list with the lowest amount of leverage in a system. However it is a very common 

measure to try to manipulate in policy. An example of this could be the level of subsidies 

for drainage or other activities (e.g. wetland restoration). While this subsidy is important 

for the structure of the system the exact level of it is not likely to have a great impact on 

the system. This might be observed in the fact that while subsidies have been cut it has not 

actually changed the tendency. Wetland are still being drained and very little is being 

restored. 

9.1.2 The Sizes of Buffers and Stabilizing Stocks 

Buffers or the size of stocks has a very big effect on the system. The reason why this is low 

on Meadows list of leverage points is the fact that often these buffers are hard to change 

due to a physical limitation. In this model there are some important stocks that have been 

relied on for stability for a long time and is starting to cause problems as the stocks are 

getting closer to depletion. Building these stocks up slowly but surely is an important step 

to provide stability to the environment in many cases. In this model there are two 

examples: The Carbon and Biodiversity Stocks. These have both been diminished in the 

case of biodiversity (through wetland drainage) and in the case of the carbon stock are still 



64 

dwindling. However, in this case, rebuilding and securing the existing stock is actually a 

possibility which can help the system to become more stable (e.g. prevent erosion) 

9.1.3 The Structure of Material Stocks and Flows and Nodes of 

Intersection 

The structure of the system plays a great role as well. This conceptual model does not 

reflect this very well but the structure and distribution of land-use in the system means a lot 

to the tendencies. The continued drainage even with a lot of unused wetlands is for 

example partly due to the nearness of the wetlands to existing farms. The structure also 

plays a great role for the effects of drainage and the value as agricultural land or as natural 

land (for Biodiversity). It is discussed in part 12.2 how the model can start reflecting the 

effects of spatial distribution and character on the different land-uses. 

9.1.4 The Lengths of Delays 

The length of delays, relative to the rate of system change in a system can have 

consequences in system both when it comes to reacting to change and solving problems. 

There are two examples that are worth noting in relation to this model. The first is the slow 

response that humanity have had to climate change as a problem that needs solving. We are 

still in the infancy of solving this massive issue and the delay might be too long. The other 

more positive delay is the slow rate of decomposition of SOC in wetlands (as was 

discussed in part 7.5). This means that the consequence of drainage still to some degree 

can be mitigated when it comes to carbon loss, if action is taken soon. Similarly however, 

the slow rate of restoring carbon in wetlands means that consequences of the actions will 

have long lasting effects and take a long time to restore. This is not so much a leverage 

point as illustrating the urgency of decision-making. One year of drainage takes 

approximately five years of rewetting to rebuild when it comes to carbon (It would be 

interesting to know similar rates for biodiversity).  

9.1.5  The Strength of Negative Feedback Loops 

The strength of negative or balancing feedback loops relative to the impact they are trying 

to correct is another leverage point that can be used in policy. The balancing feedback loop 

has been discussed in part 3.1.2 and of course having feedback loops in place when issues 

such as loss of vegetation, forests and wetlands are in question. They are a way of 

strengthening the stability of the system. The IFS and SCS are examples of balancing 

feedback loops from society on the impact of erosion and deforestation. And recently with 

the new law for the SCS a negative feedback loop against wetland loss has been 

established. (Alþingi, 2018) It is important to make sure that this feedback loop is strong 

enough to secure that wetland loss does not have too great of an impact on society and the 

environment.  

9.1.6 Driving Positive Feedback Loops 

Positive or reinforcing feedback loops are much less common as a reinforcing feedback 

loop will destroy itself if there is no negative feedback loop to counter it. There are some, 

one example was mentioned in part 5.3.3, where knowledge of wetland restoration increase 
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the wetland restoration (expertise, technology and information increase efficiency) which 

leads to more restoration and again more experience. This feedback loop also would be 

present in most other activities, such as forestry, reclamation and drainage. Introducing the 

SCS as an actor in wetland restoration and giving them responsibility of providing help and 

information as well as monitoring on this subject is a way of driving the reinforcing 

information loop.  

9.1.7 The Structure of Information Flows  

Access to information is the next leverage point on Meadows list. It was already described 

how the effect of information in the context of driving a reinforcing feedback loop, but it 

can have more diverse effects. It might also work as a balancing feedback loop if wetlands 

become more appreciated among land owners and then leads to lower degrees of drainage. 

The introduction of higher access to information on wetlands and wetland restoration is a 

good choice and it is of course also building on the good Icelandic experiences with 

exactly this technique in terms of land reclamation and forestry through the SCS and the 

IFS. 

9.1.8  The Rules of the System 

Rules are a very powerful leverage point and can be used in different ways. One way that it 

is being used in the system in place is protection of wetland areas of a certain size. This 

law of protection might be a place where change can be made to include more land such as 

has been suggested by Arnalds et al. (2016). 

9.1.9 The Power to Add, Change, Evolve, or Self-Organize 

System Structure 

Changes in the system which don’t just strengthen or weaken existing structures are high 

leverage points in a system and a very important way to achieve results. Again we might 

use the example of including wetland restoration efforts into the successful soil 

conservation service as a change to the system, creating new information loops that might 

change the way the system operates long term. 

9.1.10 The Goals of the System 

The goals of the system play a great role in all the leverage points mentioned above. A 

change in the existing goals of land-use in Iceland might already be moving from 

economic benefits to a more holistic goal of providing ecosystem services. Considering 

land-use with more diverse goals than economical services at least as providing different 

ecosystem would be a big step towards a system that is not only countering the issues that 

this thesis revolve around but many others. A place where this could be pushed from is 

through the political arena and in farming education. A shift from industrial farming to 

sustainable land management is maybe what is needed to provide a more sustainable land-

use in Iceland (and other places). This would possibly create a higher degree of balancing 

feedback loops in the farming sector itself if the goal of farming was based on a more 

diverse approach than short term economical gain but also respectful management and 

increase of resources. 



66 

9.1.11 Paradigms Shifts and Transcendence 

These are the two last points on Meadows’ list. It is not within the scope of this thesis to 

discuss transcendence of paradigms, but considering how land ownership is a major factor 

in shaping this system the consequences of the paradigm of land ownership should be 

mentioned. The fact is that given rights of land owners to take their own decisions the 

power society has over solving these issues is largely indirect. When the goals of the 

society (ideally) embodied in the political actors is in agreement with the land owners then 

system change can happen swiftly (e.g. wetland drainage for food security). When political 

goals are not in direct accordance with goals of land owners it takes a lot more work on 

political regimes.  

9.2 Leverage Points and Policy 

Recommendations 

Focusing on specific parameters is not going to change overall tendencies. As will be 

discussed later, specific numerical goals might be set to reach certain governmental goals 

on a short-term scale (e.g. the 2030 Paris Agreement goals) but higher leverage is needed 

to create long term change. The tendencies created by introducing the IFS and the SCS 

show that changing aspects of the system can be very powerful. Introducing wetland 

restoration as a part of the responsibility of the SCS might be an important decision if the 

strength of this institution is enough to provide a change in the system. If a slow increase 

of wetlands can be established this would turn the tendency that is present today. A build-

up of information and access to information might be able to change the direction of the 

system as well.  

Lastly it is important when designing policy to be aware of the power of the land owner in 

land-use change. This is a very established paradigm that shapes most of the land-use 

system. Forming and shaping ideas of sustainable land-use with the land-owning class in 

Iceland is therefore a key leverage point to achieving this goal. Changing the goal of 

farming from focus on provisional services to sustainable ecosystem service management 

might lead to a smoother movement of land-use change as there would be a smaller 

difference between interests of economic and political actors. 

9.3 Land-use  

The most important aspect to make note of when it comes to land-use in this model is the 

difference between the dry and the wetland land-use systems. The difference is mainly that 

the wetland system is a relatively small system, whereas the dryland system is much bigger 

including a great amount of grassland and barren land (in the other land-uses category). 

The potential long-term impact of such activities as reclamation and forestry in the dryland 

model is much greater than in the Wetland system. Here it important to notice the sheer 

size of the Grass and Heathland category of the Dryland system. Changes here happen at a 

very slow pace. This suggests that a focus on revegetation and forestry in dryland areas 

should be one of the biggest long-term goals of Iceland when it comes to climate change 

mitigation in the LULUCF sector.  
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9.4 Environmental Governance  

A very important point made in creating the EGS is the power of the economic actor in 

decision-making. Nearly all land-use changes happen based on economic actors such as 

landowners and their perceptions of costs and benefits. Sometimes this can be done by the 

state as well as with the IFS. The state has, to a higher degree, the possibility to make 

decisions based on not only economic costs and benefits but also on values and norms. 

While this is also a possibility for the landowner, it requires a lot more for landowners to 

do. 

Focusing on how to reach landowners most efficiently and how to create agreement 

between the goal of the politician and the goal of the landowners is an important step 

towards reaching goals in the land-use system. If values and norms of the landowner are 

coherent with the political goals the decision to change land-use is much easier to invoke 

than if there is conflict. 

9.5 Biodiversity 

Studying biodiversity, the great importance of wetlands for birds in Iceland became 

obvious. The consequence of draining wetlands for Icelandic waders are great (see part 

6.3.2). 

But as the conceptual model for biodiversity was created it became apparent that 

biodiversity has completely different attributes than e.g. the carbon system. In the model 

build for a carbon system no one land-use are necessary. If there is enough carbon stored 

there is no need for wetlands. When studying biodiversity this is of course not true. Having 

no grasslands is a bad as having no wetlands as they represent different ecosystems. Both 

would have meant the loss of many species.  

The biodiversity aspect of land-use change calls for a rewetting the wetlands, to an even 

higher degree than the carbon budgeting (see chapter 10) because wetland biodiversity is 

inherently different than grassland biodiversity. Combined with the already limited area of 

wetlands it creates an even bigger problem as the buffer of the stock size is likely not 

enough to provide the same balance in biodiversity preservation. This makes focus on 

rewetting and protecting wetlands more urgent. 

9.6 Carbon 

Creating a conceptual model of the carbon system seems to suggest that some land-uses are 

purely carbon sinks, some are purely carbon sources, and some are both. From just the 

conceptual model it becomes obvious that one of the most important actions in terms of 

mitigation of carbon loss, that can be taken is moving land-uses way from categories that 

are purely sources and has no or very little economical function. Getting rid of the drained 

grasslands are important to combat carbon loss in Iceland. However, to what land-use are 

harder to answer. Planting forest on the wetland areas are a possibility and possibly 

positive if the balance between gain and loss are positive. This will be discussed in further 
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detail in chapter 10. However, focusing on planting forest on dry soils might be a better 

option, if there is a chance that these wetlands might be rewetted in the future as the 

emissions can then be countered. Another point is the difference of building carbon in the 

system by reclamation and losing carbon by draining the area. It is in other words a gain 

from a carbon perspective when a farmer “heals the land” to increase economical value to 

his land but a loss from a carbon perspective when he drains an area to do the same thing. 
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10 Policy Recommendations: 

Numerical Carbon Modelling 

In this chapter different scenarios for government policies to reach the goals of lowering 

GHG emissions and halting biodiversity loss are compared. A no policy scenario, a 

business as usual (BAU) scenario as well as several more ambitious scenarios are 

compared to see what consequences they have in the long and the short term.  

Recently the Icelandic government released a new climate action plan where mitigation of 

climate change using forestation, revegetation as well as increased protection of wetlands 

from drainage was a part of the actions presented to reach the goals. The goals is to live up 

to the emissions target of a reduction of 40% in 2030 from 1990 levels that was agreed 

upon with the Paris agreement. (Ministry for the Environment and Natural Resources, 

2018). This is assumed to be the goal for the LULUCF category on its own as well. It 

should be mentioned that the target is for emissions in CO2-equivalents and not carbon 

loss. This is of course important to keep in mind that some aspects of how this model 

calculates losses and gains is different from how the government will measure its own 

success. However the goal has been used measure the efficiency of the different measures 

and to make the consequences of different policies more readily available. 

10.1 Establishing a Baseline Scenario 

First the scenario where no policies are being implemented after 2020 is introduced. Then 

current policies are included in the model to see the calculated effects of the collected 

policies as they are outlined now. 

10.1.1 The No Policies Scenario 

Firstly, to understand the effectiveness of the policies that are in place, a run where no 

policies were in place was performed from 2020. That meant that no change in agriculture, 

forestry, wetland drainage, wetland restoration and land reclamation occurred. It is 

assumed that wetland drainage will stop completely after 2020 though drainage has been 

continuing until now. It is unlikely that this tendency will continue as fewer and fewer 

wetlands will be available around farms. Only erosion has been left as continuing in the 

Figure 32:Consequences of the No Policy Scenario from 1900-2030. Left: Gains or Losses per 

year from Wetlands, Drylands and Overall. Right: Total Carbon Stock. 
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scenario. The scenario was run for the time period 1900 to 2030 where the policy goal is 

due, but also for period from 1900-2400 period to see the long-term effects of different 

possible policies. In the 1900-2030 scenario (Figure 32) the goal of 40% emission 

reductions are not reached. In the no policy scenario, the emissions were reduced with 

approximately 21% due to revegetation and forest growth after 1990. The gain from 

dryland due to the continuous build-up of carbon in reclaimed areas are breaking positive 

and pulling up the overall emission levels the carbon system. However, it is not enough to 

create a positive trend in the total carbon stock.  

However, if we look at the long term especially the reclamation projects are paying off. 

Even if no further areas are reclaimed from year 2020 the increase in carbon in already 

reclaimed areas will continue to increase to create a positive carbon budget as soon as the 

wetlands are finished decomposing. This also means increased carbon in the overall system 

from around the year 2150 (Figure 33) 

 

Figure 33: Consequences of the no policy scenario from 1900-2400. Left: Gains or losses 

per year from wetlands, drylands and overall. Right: Total carbon stock. 

10.1.2 Scenario with Business as Usual Policies 

The Ministry for the Environment and Natural Resources has published a communication 

where they compare the BAU scenario in revegetation and forestry with scenarios where 

activities are increased two and four-fold. This also includes rewetting 900 km2 over a 

period from 2015 to 2025. (Umhverfis og Auðlindaráðneytið, 2018) 

The BAU scenario introduced in the communication is used as the baseline scenario for 

assessing the impact of other possible policies.  

Forestry 

In the report it is stated that the forestry sector increases with approximately 1068 hectares 

per year (based on an average from 2011-2013). This has been used as the BAU policy in 

the baseline scenario. (Umhverfis og Auðlindaráðneytið, 2018) 
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Land Reclamation 

The land reclamation BAU scenario is estimated to be around 4188 ha per year in the given 

period. This number is also based on the communication from the Ministry for the 

Environment and Natural Resources. (Umhverfis og Auðlindaráðneytið, 2018) 

Rewetting 

It is estimated in the report that around 900 km2 of wetlands would be accessible to 

rewetting of the more than 3000 km2 of unused drained wetlands in the country, due 

ownership and other issues. (Umhverfis og Auðlindaráðneytið, 2018) As there has been 

eight km2 of restored wetlands in Iceland in the period of the wetland committee (1996-

2006), and the interest in rewetting has been rekindled in the climate action plan it is 

assumed that the business as usual scenario would be around 80 ha of Wetlands restored 

per year. 

 

If the BAU policy scenario is carried out the emission target of reaching 40% reduction in 

emissions will not be reached when regarding LULUCF on its own (Figure 33). The 

reduction is around 27% from 1990 levels, which is about six percentage points greater 

reduction than the no policy scenario. The reduction is mainly due to an increase in carbon 

sequestration in forest and land reclamation. If this BAU policy is followed this will in the 

long run restore the carbon stock to a greater extent than the 1900 levels. This will 

however not happen until the drained wetlands have ended losing carbon (Figure 35).  

Figure 34: Consequences of the BAU policy scenario from 1900-2020. Left: Gains or losses 

per year from wetlands, drylands and overall. Right: Total carbon stock. 
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Figure 35: Consequences of the BAU policy scenario from 1900-2400. Left: Gains or 

losses per year from wetlands, drylands and overall. Right: Total carbon stock. 

10.2 Possible Alternative Scenarios 

10.2.1 Increasing Business as Usual 

As mentioned earlier the Ministry for the Environment and Natural Resources has 

themselves suggested actions of two times and four times BAU. The possible area of 

wetlands to rewet has also been discussed amounting to 900 km2 according to the report. 

(Umhverfis og Auðlindaráðneytið, 2018) It will here be discussed how the three policy 

actions might affect the emission reduction goal and the carbon stock on a short and long 

term.  

Figure 36: Scenarios when wetland restoration is  0, 300, 600 and 900 km2 over ten years. 

Left: Gain/loss of carbon in the system from 1990-2030. Right: Total carbon stock from 

1900-2400 
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Wetland Restoration 

Wetland Restoration has a great impact on the emissions in the LULUCF sector in the 

short term. In Figure 36 (top) the decrease in emissions from 1990 to 2030 according to the 

model is shown.  

While restoring 300 km2 only reduce the emissions with 33,4% (including the reduction 

from the BAU forestry and reclamation efforts) the two other scenarios, 600 and 900 km2 

are on their own enough to secure reaching the emission goals either at 43% or 53%  

The long-term effect on the carbon stock of rewetting the wetlands is mainly not losing the 

carbon from the wetlands. As the wetland policy is only rewetting 0-900 km2 in over a 

period of ten years the policy does not create lasting changes as can be seen in Figure 36 

(bottom) 

Increased Forestry 

An increase in forestry has happened in Iceland since around 1950 and is likely to 

continue. The scenario suggested by the Ministry is here either continuing BAU or increase 

to either two or four times the current yearly increase.  

Increasing the land-use used for forestry does decrease the emissions before 2030. The 

emissions based on the BAU scenario plus four times business as usual in the forestry 

sector only yields an emissions reduction of 33% compared to 1990 which is not on its 

own enough to reach the goals that the government has for 2030 as shown in Figure 37 

(bottom right). However, if we look at the long-term regeneration of carbon in the system 

as shown in Figure 37 (top right) the forestry approach has a much higher long term impact 

on the carbon stock (not surprisingly as the effort is continuous, whereas the 900 km2 is a 

one-time effort) Given this effort around 17,7% of Iceland would be forested at year 2400. 

Given the goal is to have 12% of Iceland in the year 2100 this is not an ambitious plan.  
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Land Reclamation 

An increase in land reclamation has similar effects in the short run as forestry does. The 

reduction of emissions compared to 1990 is around 33% for increasing efforts with 4-fold 

in the soil conservation sector Figure 37 (bottom left). On the long term, as the number of 

hectares reclaimed are higher than both the wetland restoration and the forestry actions 

suggested as shown in Figure 37 (top left). Another interesting factor is that doubling the 

BAU scenario gets a much higher amount of carbon extra than tripling or quadrupling it. 

This is due to the fact that it has been assumed that land reclamation will slow down as 

areas to revegetate gets sparser. The amount revegetated in this model in the BAU times 

four scenario is high with around 80% vegetated in 2400. There is no such assumption in 

the forestry action, which means that forest planting does not slow down. 

Combination runs 

Running the three types of actions shows some results on both the short and the long run. 

According to the model land reclamation and forestry actions even if quadrupled cannot 

reach the goal of 40% reductions compared to 1990 emissions. Even when combined the 

two categories only create reductions in emissions amounting to 38% before 2030. The 

Rewetting of 900 (and 600 km2) of wetlands reduce the emissions to a satisfactory level on 

its own. When it comes to long term rebuilding of the carbon stock however the forestry 

and land reclamation actions are more important than the wetland restoration. 

Figure 37: Left: Land reclamation BAU x 1,2,3 and 4. Right: Forestry BAU x 1,2,3 and 4. 
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10.3 Policy Recommendations 

Here the conclusions from examining the policies communicated by the Icelandic 

government are presented. 

Short Term Solutions: 2030 Goal 

To reach the goals of emission reduction presented in the climate action plan it is necessary 

to start rewetting wetlands, if the LULUCF sector is viewed separately. If rewetting is not 

to some degree combined with the other activities reaching the goal of reducing emissions 

would not be possible. It is important to remember that the business as usual scenario 

includes a small increase in wetlands (800 km2 over 100 years) whereas the tendency has 

been towards continuous loss even after the subsidies has been cut. It makes the restoration 

of unnecessarily drained wetlands as well as protection of undisturbed wetlands to an even 

more urgent task. 

Long Term Solutions 

In the longer term restoring the carbon stock in Iceland to higher levels of carbon than in 

the beginning of 1900 require not only rewetting and stopping the loss of carbon from 

wetlands but also starting large scale revegetation in Iceland. Forestry and land reclamation 

are to key activities when it comes to stopping the loss of carbon and more importantly 

starting to rebuild carbon in soil and biomass. However, these activities are also dependent 

on stopping the current loss of carbon in the system. It is obvious in all scenarios that the 

large-scale buildup of carbon according to the model only starts after the emissions from 

wetlands have been halted. In other words it is easier to close the hole in the boat before 

you start trying to empty it of water. 
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11 Conclusions 

A conceptual system dynamics model was created and gave some insights into the land-use 

system. The model consists of four modules: land-use, biodiversity, carbon and policy. 

These four modules have been presented in their conceptual form in the thesis. 

A numerical model was developed for the land-use and carbon modules to assess policies 

suggested by the Icelandic government. 

Some land-use activities had clear negative or positive effects on the carbon budget 

whereas some has a more mixed profile such as planting forest on drained wetlands. This 

was investigated further in the numerical modelling. 

Biodiversity of charadriiform bird species was found likely to fall if land-use change 

continues in direction of less wetlands and more agriculture. Setting up a greater more 

detailed model of biodiversity and land-use should be of significant value to the 

biodiversity management in Iceland and provide essential information for policy makers. 

Creating and conceptual model for environmental governance showed how all policy loops 

go through the land-owners decision-making to change land-use. This is important to keep 

in mind when shaping policies on land-use and land-use change. 

Modelling the carbon system showed that, of the by the government suggested policy 

actions in the LULUCF sector, only rewetting wetlands were able to bring down carbon 

loss to a 40% reduction from a 1990 level (based on the 1990 level in the model) before 

2030.  

Neither forestry nor land reclamation provided enough gain in carbon to minimize the 

emissions from wetlands enough to achieve a 40% reduction if only these measures were 

used even if efforts were increased 4-fold in both of them. They did however provide a 

gain rather than a reduction in loss such as wetland restoration mainly provided resulting in 

an increase of the carbon stock to higher than 1900 levels on a longer time scale (500 years 

runs) 

It was recommended that rewetting at least enough wetlands to reduce the loss with 40% 

compared to 1990 losses. 
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12 Discussion 

In this discussion opportunities for further research will be discussed. The first half 

discusses how the current model could be improved while the second half discuss how 

different or supplementary methodologies might solve some problems with the current 

approach. 

12.1 Discussion of the Model 

First, the limitations of the current model and how these can be improved is discussed. 

12.1.1 Values Used for Carbon Modelling 

In the modelling of carbon change as affected by land-use in Chapter 7, some assumptions 

were made to calculate the different values needed in the model. Firstly, the calculation of 

a soil carbon for each land-use type can be improved with more information on the 

distribution of soil types and a more precise estimate on biomass, especially in the non-

forest land-use types. Country- or region-specific sources have been prioritized, but it 

might be interesting to compare these values more 

intimately to values from other areas. The values 

could be calculated more precisely and to some 

degree also shaped to fit each region of Iceland 

better. 

The values for loss and gain per year also have 

potential for increased precision. This is mainly 

based on Maljanen et al. (2010) . These values are 

based on Icelandic and Nordic peatlands. These 

values were the best available values for 

conversion rates when it comes to Icelandic 

wetlands that provided nearly consistently 

comparable set of values for the topic. However, 

as the values don’t compare so well numerically 

to the values presented in the national inventory 

reports it seems likely that establishing better 

values for conversion times and emissions and 

sequestration would be appropriate to strengthen 

the model.  

Another aspect worth looking into is a stronger 

definition of land-use type. Establishing 

consistent land-use categories that use the exact 

same definitions to establish carbon levels, 

biodiversity values and loss/gain flows. For land-

use classes different sources were used. This is partly since some of the land-uses are 

historical land-use distribution. It is unlikely that the land-use categories used by the 

different sources used in chapter 7 are exactly the same (Examples of used sources: 

Figure 38: The extended learning loop from 

Sverdrup (2018) 
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(Arnalds et al., 2016, Eysteinsson, 2017, Maljanen et al., 2010)). Using a specific land-use 

definition making sure land-use is kept using one consistent system for modern times 

would be good for modelling future scenarios. However modelling consequences of 

historical policies might be harder to do in this case. Two examples of a definition set that 

could be used are the system used by Náttúrufræðistofnun Íslands based on the EUNIS-

system. (Náttúrufræðistofnun Íslands, 2019) Using this system might provide a good 

foundation for creating a biodiversity model for Iceland. Another useful system could be 

the CORINE land cover use by Landmælingar Islands. (Landmælingar Íslands, 2019) Both 

systems are created by the European Environment Agency who provide information on 

how to change between the two systems. (European Environment Agency, 2019) Using 

Corine land cover for a land-use model and the EUNIS system for a biodiversity model 

would be a way of using clearer definitions. 

12.1.2 Further Improvement of the Conceptual Model 

Modelling is an iterative process and creating a good model requires evaluation and 

redesign. It requires using the experiences including data and feed back to continuously 

improve the model. (Sverdrup, 2018) This is illustrated in the model of the learning loop in 

Figure 38. There are still a lot of work that can be done. 

To increase the robustness of this model it would be very good to involve experts in 

assessing the values used, and the concepts of the model. Group modelling is a powerful 

approach to tackle issues as this. (Vennix, 1999) This could be done through interviews 

one on one or through a workshop where researchers might stimulate each other’s 

viewpoints on how modelling should happen during the work shop. The values that are 

used for the carbon modelling could possibly be estimated more precisely using the help of 

experts but also similar values in the subject of biodiversity might be obtained. An 

example of this, regarding plant competitive strength has been done for the ForSAFE 

model. (Belyazid et al., 2011, Sverdrup and Belyazid, 2015) As a framework for the model 

is now in place this would be a good next step to make the model more trustworthy. Also 

making more intricate land-use categories could be an option as well as focusing more on 

how different policies affect for example the efficiency of soil conservation, forestry and 

restoration of wetlands. 

There are many areas that could be expanded and were values used could be qualified to 

make a more precise and comprehensive model. The land-use system should be finalized 

and expanded, a numerical biodiversity model should be created for land-use change and a 

better understanding of policy effects on the land-use change should be achieved. 

12.2 Further Research 

There is a range of possible ways this model could be enhanced which goes beyond 

methodology and conceptual framework used here. Some issues with the current approach 

will be discussed and possible solutions that can be used to tackle this in future modelling 

is suggested. 



79 

12.2.1 System Dynamics Without Spatiality 

One of the great strengths of system dynamics is the opportunities for temporal modelling. 

This makes it a great approach to examine future scenarios as well as possible ways of 

tackling approaching problems such as carbon or biodiversity loss. However, one of the 

most important parameters of land-use and its characteristics is spatiality. System 

dynamics does not in itself tackle spatiality well as a method. 

The first problem with the lack of spatial dimension which can be managed somehow is 

that the values are always averages of the land in question. What is meant here is that the 

flows and stocks of each land-use model are an average or total value of carbon in that 

land-use type while the values might differ within the category. This means it is impossible 

to know how the distribution would look in a certain region and it is not possible to for 

example know something about a specific wetland’s condition. The model can’t tell much 

about the distribution of the wetlands after the drainage for example. This creates some 

problems with using the model for, for example planning. In this model there is no 

difference made for a wetland like Þjórsárver, even though this specific wetland is 

particularly important for biodiversity. This can to some degree be countered by scaling the 

model down to for example a specific region and calculating specific values for this region 

and thus rescaling the model to the areas that are being planned for.  

Another issue that might prove a problem is the fact that there are no spatial feedbacks in 

the system. The distribution of ditches might have great importance for the efficiency and 

consequences of drained areas. (Gísladóttir et al., 2010) Similarly, the distribution and 

shape of natural areas is often quoted as being important for the biodiversity value. 

(Primack and Sher, 2016)This would make it interesting to develop a spatial dimension of 

the model because it would be possible to identify specific areas or places where land-use 

change could have both higher negative or positive consequences in terms of biodiversity 

or carbon loss. 

12.2.2 Spatial System Dynamics 

One method to get around this problem is through an approach called spatial system 

dynamics. Spatial system dynamics a combination of GIS approaches and System 

dynamics to create interaction between local and regional levels. It essentially picks up a 

feedback from the GIS Spatial model at each time step and updates the conditions in the 

system based on the GIS and SD models until the time period of the model has run its 

course. This approach has with some variation been used to model river resource systems 

and Urban residential development. (Xu and Coors, 2012, Ahmad and Simonovic, 2004) 

This approach could be extremely useful to integrate many of the elements that have been 

used or discussing in the model, such as soil, water level, biodiversity and human land-use 

to spatial features such as size, distribution, elevation etc.  
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14 Appendices 

14.1 Stella Model SDTD: Wetland Land-use 
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14.2 Stella Model SDTD: Dryland Land-use 
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14.3 Stella Model SDTD: Wetland Carbon 

System 

Note: All Converters (Circles) were the title does not begin with carbon represents values 

in the land-use model 
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14.4 Stella Model SDTD: Dryland Carbon 

System 

Note: All Converters (Circles) were the title does not begin with carbon represents values 

in the land-use model 


