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Abstract 

Coastal forests are not closed ecosystems, but are in constant interaction with other 

systems, including fresh waters and oceans. Interaction also takes place between humans 

and forests, as forests impact humans as much as humans impact forests. Therefore, a 

comprehensive approach is needed in order to understand ecological processes in forests 

and to manage them in a functional way that is also supported by society. This is especially 

important in Iceland, a mostly treeless country, where reforestation is an important subject 

on one hand, but on the other hand, there is a lack of studies on this topic. In this master’s 

thesis, two forest stands in the Westfjords of Iceland were studied by including a natural- 

as well as social-scientific approach. Within two 15 year old stands in Tálknafjörður, the 

growth and the survival of trees were analysed, as well as the CO2-sequestration potential. 

Furthermore, the impact of these forests on fresh water as well as coastal water was studied 

by comparing the dissolved organic carbon (DOC) and total dissolved nitrogen (TDN) 

concentration of a stream and a coastal area within and outside a forested area. 

Additionally, on the base of a survey, the public opinion towards forests and reforestation 

projects in Iceland was carried out. The results show that there was significant growth of 

trees since the last measurement in 2009. However, the stands had a rather low annual 

CO2-sequestration rate of 0.55 t and 0.74 t per hectare and per year. No differences in DOC 

and TDN concentrations between water systems within and outside a forested area could 

be identified. Yet, the vast majority of the local Icelandic residents seems to have a 

positive attitude towards forests in general and reforestation projects in Iceland, especially 

in regards to fighting climate change. The understanding of the potential of forests in 

Iceland and their linkage to water systems as well as the perspective of local residents on 

Icelandic forests is important in order to manage future large-scale reforestation projects in 

Iceland.   
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Útdráttur 

Ekkert vistkerfi er eyland. Skógarvistkerfi sem vaxa við sjávarsíðuna eru t.d. líkleg til að 

hafa áhrif á ferskvatnslæki og ár sem renna til sjávar. En skógarvistkerfi hafa ekki bara 

áhrif á önnur vistkerfi heldur líka á okkur mennina og það samfélag sem við byggjum. Þess 

vegna er góður skilningur á ferlum innan skógarvistkerfa mikilvægur, en slíkur skilningur 

hjálpar okkur að umgangast skóginn þannig að hann verði samfélagi okkar mannanna til 

bóta. Á Íslandi, í nánast skóglausu landi, er talsverð áhersla lögð á að endurheimta töpuð 

skógarvistkerfi en skortur á rannsóknum um samspil manna og skóga er umtalsverður. Í 

þessu meistaraprófsverkefni voru tveir skógarreitir á Vestfjörðum lagðir til grundvallar 

rannsóknum á skógarvistkerfinu sjálfu sem og rannsóknum á viðhorfi almennings til 

skógræktar á svæðinu. Fram fóru hefðbundnar skógmælingar á tveimur 15 ára 

skógarreitum í Tálknafirði til að leggja mat á kolefnsibindingu þeirra. Enn fremur voru 

áhrif skógar á ferskvatnskerfi skoðuð með því að mæla styrk uppleysts kolefnis (DOC) og 

köfnunarefnis (TDN) í lækjum sem runnu til sjávar annars vegar í gegnum skógarvistkerfi 

og hins vegar í gegnum skóglaust land. Þar að auki var send út spurningarkönnun þar sem 

viðhorf almennings til skógrækar var kannað. Niðurstöðurnar sýndu umtalsverðan vöxt í 

trjánum frá því að síðasta úttekt var gerð, árð 2009. Hraði kolefnisbindingar í reitunum var 

hins vegar fremur lítill eða um 0,55 t og 0,74 t CO2 á hektara á ári. Engin marktækur 

munur mældist á styrk uppleysts kolefnis og köfnunarefnis í lækjum sem runnu annars 

vegar í gegnum skógarvistkerfi og hins vegar í gegnum skóglaust svæði. Meirihluti íbúa á 

Vestfjörðum sagðist vera jákvæður gagnvart skógrækt og skógræktarverkefnumá Íslandi 

og töldu skógrækt mikilvæga í baráttunni gegn hlýnun jarðar.  
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Spruces in the study area Gileyri with Tálknafjörður in the back. ©Kerstin 

Frank 

 

 

“The health of our waters  

is the principal measure of how we live on the land.” 

 

 

 

 

 

Quotation by Luna Leopold, professor emeritus, 

Department of Landscape Architecture,  

University of California, Berkeley
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1 Introduction 

We live in a complex world. In order to understand complex systems, we tend to simplify 

them. This also accounts for ecosystems. Because of logistical, institutional and political 

constraints, we develop conservation plans usually for regions that encompass only one 

environmental realm, such as terrestrial, freshwater or marine realms (Berger, et al., 

2003). However, according to Berger et al. (2003), “this is inadequate because these 

realms often interact through processes that form, utilize and maintain interfaces or 

connections, which are essential for the persistence of some species and ecosystem 

functions”. An example for the interconnectivity between ecosystems is the dependency 

of manta rays on the nitrogen-rich guano of seabirds, which nest only in native forests of 

the remote Palmyra Atoll in the Pacific. When these native forests were cut down in order 

to establish coconut palm fields, the birds disappeared and with the birds also the manta 

rays could no longer be found on the coast of the Palmyra Islands (Zimmer, 2012).  

Ecosystem services 

Not only do ecosystems interact among each other but also do humans have an impact on 

ecosystems as well as ecosystems do impacts us. Therefore, social sciences need be 

included into natural science research. This requires an understanding of social and 

ecological processes as a whole and is the only way to protect our ecosystems 

successfully and on a long-term scale (Western, 2001), The United Nations Environment 

Program has built up its Millennium Ecosystems Assessment according to this holistic 

approach. This conceptual framework assumes that there is a dynamic interaction 

between people and ecosystems and that change in human conditions lead to changes in 

ecosystems. In turn, changes in ecosystems cause changes in human well-being (United 

Nations Environment Programme UNEP, 2003). The Millennium Ecosystems 

Assessment also recognizes that a multiscale approach is needed in order to manage 

ecosystems in a sustainable way. Humans cannot be excluded from this approach as they 

are an inseparable part of ecosystems and have a direct impact on them. On the other 

hand, ecosystems provide services that are beneficial to humans, such as provisioning 
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services (e.g. food and water), regulating services (e.g. flood and disease control), 

cultural services (e.g. spiritual and recreational benefits) and supporting services (e.g. 

nutrient cycling) (United Nations Environment Programme UNEP, 2003). This 

interconnectivity between different systems as well as between systems and humans does 

exists on a global, national, regional as well as on a local scale. 

Icelandic forests under humans' influence  

If we change our focus from the global scale to the national scale of Iceland, we see that 

the theory of interconnectivity of systems is also valid on this scale. Iceland is known for 

its unspoiled nature, clear water resources and mostly intact fish stocks. However, 

wildlife and nature has been shaped by humans from the very early beginning of human 

settlement. In this regard, the reciprocal interconnectivity of people and ecosystems was 

clearly recognizable in these early beginnings of the Icelandic settlement history. Humans 

then had a strong impact on the ecosystems and at the same time could have never 

survived without the benefits of the ecosystem services. When the first settlers arrived 

about 1150 years ago, about a third of the country’s lower area was covered by forests 

and woodland of the relatively tall growing (15 m) downy birch (Betula pubescens). 

Other native tree species that were growing at this time in Iceland were rowans (Sorbus 

aucuparia) and aspen (Populus tremula) as well as tea-leaved willows (Willow 

phylicifolia) (Eysteinsson, 2017). In order to create fields and grazing land, the settlers 

started to cut down the trees and the additional growing number of sheep prevented the 

forests from regeneration. This resulted in a permanent destruction of 95 % of the original 

forest cover (Eysteinsson, 2017). Afforestation efforts started around 1900 when the 

Forestry and Soil Conservation Act was adopted and the Icelandic Forest Service (IFS) 

was established. Today, about 2’800 ha, or 2% of Iceland, are covered again with forests 

and woodland, most of which are protected native birch woodlands (Environment 

Agency of Iceland, 2019). The future goal of the Icelandic Forestry Service is that by 

2100 at least 12 % of Iceland is afforested (Eysteinsson, 2017). 

Whereas in the early years mostly forests were affected by humans, today Iceland’s 

environment has to deal with new challenges. In the last 15 years, Iceland has become an 

attractive place for visitors from all over the world and tourism has grown considerably in 

the last 15 years. Since 2010, the number of foreign visitors in Iceland has nearly 
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quadrupled (over 2’224’600 visitors in 2017) (Óladóttir, 2018). This increase in humans 

visiting the country has an impact on the Island’s resources, including water resources. 

Even though water is still an abundant resource in Iceland, water consumption has been 

rising. 

Interconnectivity of ecosystems 

In view of this situation of a once forested country with efforts to restore the number of 

trees on one hand and water resources that are indeed still abundant but being 

increasingly used on the other hand, it seems to be of importance to understand possible 

interactions and relationships between forest and aquatic ecosystems. In order to get a 

better understanding of the linkage between these different ecosystems, the project 

ForStreams (http://landbunadur.is/landbunadur/wgrala.nsf/key2/hhjn785ja8.html) has 

been initiated. As described on the project homepage, “aquatic ecologists have observed 

that on a regional scale there seemed to be a strong linkage between vegetation cover of 

river catchments and the aquatic production, length of food webs and population densities 

of fish (charr, trout and salmon). This might indicate that the large-scale historic 

vegetation change […] also had profound impacts on aquatic ecosystems in Iceland, and 

also that large scale afforestation or revegetation activities could possibly also have large 

impacts on stream ecology in those areas” (Sigurdsson, 2019). 

Whereas in other countries, quite a large number of studies about the relationships of 

forests and rivers and/or coastal systems have been conducted, in Iceland the number of 

studies is rather small. Additionally, Iceland has a low degree of policy prescriptiveness 

(on a voluntary or mandatory basis) on surface waters as well as on forest land, compared 

with other Nordic and Baltic countries like Norway, Estonia, Latvia, Sweden and Finland 

(Ring, et al., 2017). Where studies have been conducted, strong linkages between forest 

and aquatic ecosystems seem evident. As an example, according to the study of 

Tanentzap et al. (2014) that was conducted in Sudbury, Canada, forests had a positive 

impact on the biomass of fish in rivers due to the organic material from forest washed 

into rivers. Results of this study showed that organic matter export increased from more 

forested catchments, enhancing bacterial biomass, which in turn led to a fourfold increase 

in weights of planktivorous young-of-the-year fish. Terrestrial primary production 

supported up to 66% of fish biomass and habitat tracers confirmed fish were closely 
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associated with individual catchments, demonstrating that watershed protection and 

restoration increase biomass in critical life-stages of fish (Tanentzap, et al., 2014).  

Similar results were also found by Stefánsdóttir (2010), who compared the transport of 

terrestrial organic matter in streams in eastern Iceland that ran through treeless 

heathlands, birch forests or conifer plantations. The results showed that the organic 

matter transport into the birch and conifer forest streams was 30-33 times higher than into 

the heathland streams. Accordingly higher was also the available energy in the streams 

running through a forest compared with heathland streams (Stefánsdóttir, 2010). 

However, forests do not only have a positive impact on the available energy in rivers but 

also on the water quality, as Gundersen et al. (2009) came to the conclusion by reviewing 

literature on nutrient sinks, habitats, greenhouse gas exchange, and carbon storage in 

riparian areas in Nordic countries with climates ranging from Atlantic temperate to 

northern boreal forest regions. Neary et al. (2009) even found in their study that the 

biological, chemical and physical characteristics of forest soils would lead to fresh water 

sources that are the most sustainable and of best quality in the world. Reasons for these 

findings were the litter layers and high organic contents featured by forest soils that 

contribute to an abundant and diverse micro- and macro fauna. Additionally deep root 

systems under forests lead to a low runoff and high nutrient uptake, cycling, and rapid 

contaminant sorption processes.  

But forests do not only have an impact on aquatic systems. The relationship between 

aquatic systems and forests seems not to be one-sided only but rather mutual, as also the 

reverse impacts of aquatic systems on forest ecosystems were studied and confirmed. 

Such an example is a study conducted in the North of Iceland, which found that aquatic 

derived sources (such as midges) can fuel terrestrial communities (Gratton, Donaldson, & 

Vander Zanden, 2008). Streams in forests also do have an important role regarding the 

creation of a wide network into remote reaches and are valuable for the water balance and 

nutrient transport systems within ecosystems. This does not only account for big streams 

but also for small streams and runnels. Therefore, streams are also seen as the lifelines of 

forests (Bostelmann, 2009).  

A holistic approach 
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In Iceland, studies on forests in general but especially on the interaction between water 

and forests are very scarce, with exception of a few like the study of Stéfansdóttir (2010) 

or the one of Lenhart-Barnett & Waldron (2020) in which the influence of land cover on 

organic carbon exports was studied. Within the framework of this master thesis possible 

impacts of rather young forests on aquatic systems were studied. Additionally, the thesis 

provides an evaluation of the development of the forests themselves and the different tree 

species within the studied area in Tálknafjörður in the southern region of the Westfjords 

in Iceland since the planting between 2001 and 2005. An additional survey of the opinion 

of the residents of the Westfjords towards the importance of forests and afforestation 

projects in this region, includes also the social aspect of this study. In this way, the author 

tries to live up to the theory of the holistic approach according to the UN's Millennium 

Ecosystems Assessment, which suggests that that in order to carry out complex projects, 

such as reforestation projects, successfully, always the social, economic, environmental, 

and historical context needs to be taken into account (United Nations Environment 

Programme UNEP, 2003).  
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2 Theoretical background 

2.1 The value of forests 

How much is a forest worth? Or how big is the cost of an absent forest? How much is one 

single tree worth? And who do we ask if we want to know the value of a forest? An 

individual who finds relaxation in a forest from the busy life in the city would probably 

call out another number than a tree harvester or an ecologist. And apart from this, it 

seems obvious that different forests need to have different values, depending on size, 

history, age, place, and so on. All these questions indicate that we have understood that a 

forest has various functions and therefore different values other than solely the tangible 

monetary worth, such as wood and wood products. However, according to a publication 

of the United Nations (2014),”we have been slow to realize that these things could be 

worth paying for; especially when the costs and responsibility for stewardship of the 

forest are not in the public sector”. A tool that enables to capture exactly also these less 

tangible financial benefits from an ecosystem like a forest is the “Payment for Ecosystem 

Services” (PES). Thereby, the United Nations suggest the following subdivisions of four 

types of ecosystem services of a forest (United Nations, 2014): 

 Type 1: Provisioning - Useful physical products of the forest such as food, wood, 

fiber and fuel. 

 Type 2: Regulating – the “preventative” benefits of forests: their role in erosion 

control, flood prevention, climate regulation, carbon sequestration and water 

purification.  

 Type 3: Cultural – Forests are sources of aesthetic and spiritual regeneration as 

well as providing recreation and education, which supplies services for the 

tourism industry. 

 Type 4: Supporting – the role of ecosystems as a “nursery” for other 

environmental benefits, such as nutrient cycling and soil formation. Biodiversity 

services such as species and habitat conservation fall into this category. 
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Figure 1: The four subtypes of Ecosystem Services 

of a forest. (Perera, Peterson, Martínez Pastur, & 

Iverson, 2018) 

Figure 2: Average score of main drivers of ecological restoration of 

birch woodlands in Iceland by different periods. I: 1907 - 1930s, II: 

1940s - 1960s, III: 1970s - 1980s, IV: after 1990. (Aradóttir, 

Petursdottir, Halldórsson, & Svavarsdóttir, 2013) 

These four types of ecosystem 

services of forests (fig. 1) are 

mirrored also in the history of 

forestation projects in Iceland. 

Particularly, in the history of the 

Icelandic forestry, it can be 

observed that the drivers for 

afforestation projects and for 

protection of existing woodlands 

have changed between 1899 

until the end of the century after 

1990. Between 1899 and 1960 

tree planting and protection of 

woodland in Iceland were 

mostly motivated by economic 

reasons and only secondarily by pure idealism. The idea of nature conservation and 

ecological restoration played a very minor role at these times (Aradóttir, Petursdottir, 

Halldórsson, & Svavarsdóttir, 2013). The second half of the century, however, main 

drivers for 

forestation 

projects in 

Iceland were 

nature 

conservation 

goals and an 

idealistic 

mindset, whereas 

the importance 

of economic 

objectives 

decreased (fig. 

2).  
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In this study, forests were approached mainly from an ecological and social point of 

view. This includes Type 2 and Type 4 (ecological approach) and type 3 for the social 

approach, according to the subdivisions suggested by the United Nations. In the 

following, ecological and social aspects of forests are elaborated, whereas type 1, which 

includes provisioning aspects, is not a subject of this study. However, it is important to 

add that there is often a close connection between all these mentioned subtypes of 

ecosystem services of a forest. A highly biodiverse forest that would have a highly 

supporting (type 4) value would most likely also perform a high value in other subtypes 

of ecosystem services. Mori, Lertzman & Gustafsson (2017) illustrate these 

interconnections in their figure (fig. 3).  

 

Figure 3: Interconnections between biodiversity, social and economic services of a 

forest. (Mori, Lertzman, & Gustafsson, 2017) 
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2.1.1 Importance of forests – an ecological approach 

When talking about the ecosystem “forest”, it not only includes the trees alone, but much 

more the whole community of plant and animal species, which in turn, depend on 

producers, consumers and decomposers (Singh Bargall, 2019). According to Singh 

Bargall (2019), a “forest structure is both a product and a driver of ecosystem processes 

and biological diversity […] and the functioning of forest ecosystems is characterized by 

energy and nutrient flow and cycling, biomass production and the decomposition of dead 

organic matter”. It is the interaction within this complex system of a forest that provides a 

range of regulating services, such as (among others) carbon storage, climate regulation, 

soil retention and formation, biodiversity generation and maintenance as well as fresh 

water flow production and regulation, and sustaining of freshwater supply (European 

Environment Agency, 2016). In this regard, it seems eminent that this does not only 

account for large-scale forests but also for smaller and isolated forests. On the contrary, it 

is especially the rather small and isolated forests that play an especially important role 

when it comes to maintenance of regional, endemic biodiversity (Vidal, Mangueira, 

Turini Farah, Rother, & Ribeiro Rodrigues, 2016), as well as for regulating the water 

cycle and the supplement of high-quality water and the modification of soil structure 

(Decocq, et al., 2016). As the main focus of this thesis is laid on the carbon flow of forest 

ecosystems as well as the impacts of forests on water systems, in the following, these 

subjects will be canvassed in the following. However, the author of this study is aware 

that the ecosystem forest is much wider and complex. Therefore, the following chapters 

only cover a small part of the complexity of the forest as an ecosystem.  

Forests and the carbon storage 

Without carbon, there would not be life on Earth. And not only life itself is built on 

carbon but also our civilization and economy. However, most of Earth’s carbon is stored 

in rocks, the rest in the atmosphere, the oceans, the plants, soils and fossil fuels. Thereby, 

there is a constant flow of carbon between these reservoirs (fig. 4). Drivers of this global 

carbon cycle are geologic processes, photosynthesis and respiration of plants (Lee, 2012). 
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Forests play an essential role within the global carbon cycle. Through photosynthesis 

forests convert carbon dioxide into organic matter and store it in a variety of forms over a 

period of time before it is ultimately returned to the atmosphere through decomposition 

and respiration. Carbon is stored in woody biomass as branches, roots and trunks as well 

as in the forest floor litter and soils (United States Environmental Protection Agency 

EPA, 2018). According to Bellassen & Luyssaert (2014) “in the past few decades, the 

world's forests have absorbed as much as 30% (2 petagrams of carbon per year; Pg C 

year
−1

) of annual global anthropogenic CO2 emissions — about the same amount as the 

oceans”. If a forest releases less carbon over a certain amount of time than it releases into 

the atmosphere, then this forest serves as a net carbon sink. On the contrary, forests can 

be a carbon source if they emit more carbon than they store. In most cases, forests serve 

rather as carbon sinks than as carbon sources. Only if a forest for example contains more 

dead trees than living trees or if a forest gets destroyed by a fire, then a forest emits more 

carbon than it stores. Therefore, this accounts especially for forests that are sustainably 

managed (Federal Office for the Environment FOEN, 2020). However, if a forest regrows 

after a fire, its carbon uptake will be most probably higher than before the fire, as young 

Figure 4: A simplified diagram of the global carbon cycle. Numbers denote carbon stocks 

in Pg C and annual carbon exchange fluxes in Pg C yr
-1

 (Kandasamy & Nath Bejugam, 

2016). 
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forests take up more carbon than older forests (Morgan, 2019). According to researchers 

of the Birmingham Institute of Forest Research, intact old growth forests that have been 

growing more than 140 years sequester 950 million to 1.1 billion metric tons of carbon 

per year, while forests younger than 140 years sequester 1.17 to 1.66 billion metric tons 

of carbon per year (Pugh, et al., 2019). Besides age, also seasonality plays a role 

regarding fluctuations in carbon sequestration rates of forests. Hollinger et al. (2008) 

found that significant carbon uptake of a spruce dominated forest in Maine, USA, began 

with the thawing of the soil in early April and was abruptly reduced by the first autumn 

frost in early October (Hollinger, et al., 2008). 

Not only is seasonality and age of a forest crucial of the amount of carbon that can be 

sequestered but also the type of a forest. Whereas it was generally assumed that tropical 

forests store most carbon, recent research shows that boreal forests contain more carbon 

per hectare than forests in any other region of the world (Hance, 2009) (fig. 5). This is 

especially important as boreal forests cover vast surfaces of around 1.6 million km
2
 and 

comprise around one third of the world’s forest cover (Ruckstuhl, Johnson, & Miyanishi, 

2007). However, within international discussions regarding climate change, this fact has 

mostly been overlooked and the focus was laid mostly on tropical forests. An example is 

the Kyoto Protocol, which was an important milestone in the climate change policy, but 

focused almost entirely on the fate of tropical forests in developing nations. This is 

especially crucial when taken into account that nearly 20% of man-made carbon 

emissions are of biotic origin and not industrial (Wells & Roberts, 2009). While tropical 

forests store most of their carbon in the surface vegetation, boreal forests store carbon 

additionally beneath the surface, primarily in soils. As a result of low temperatures in 

regions of boreal forests, decomposition processes are slower and carbon is stored for 

very long periods.  
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Consequently, boreal forests should be clearly taken into account when finding ways to 

fight climate change. Accordingly, scientists propose following six management 

strategies for maintaining the climate regulation services of boreal forests (Wells & 

Roberts, 2009):  

1. Avoiding deforestation and peat extraction 

2. Avoiding logging of natural forests 

3. Adopting forest harvest practices that conserve biotic carbon 

4. Avoiding soil disturbance 

5. Minimizing emissions associated with forest product processing, transport, and 

disposal. 

6. Reducing the adverse climate impacts of fires and insect disturbances (keep forests 

alive). 

Besides the mentioned six management strategies, afforestation or reforestation in boreal 

regions seems to be another logical method to reduce the net carbon dioxide emissions to 

the atmosphere. However, some scientists (Bala, et al., 2007) argue to the contrary as 

forested areas at high latitudes do have a lower albedo than non-forested areas, which 

means that at high latitudes the ratio of the solar radiation that is reflected from Earth’s 

surface is smaller if the surface is covered with forests, compared with non-forested 

areas. Therefore, at high latitudes, forests store more heat than non-forested areas, such as 

grasslands, at the same high latitudes. This is especially true when snow is lying at high 

latitude areas. This effect is even reinforced as forests do increase the temperature of the 

Figure 5: A comparison of carbon storage by global boreal, tropical and temperate 

forests. One Pg (petagram is equivalent to one billion tons) (Wells & Roberts, 2009). 
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microclimate, which in turn leads to an even earlier snowmelt and even lower albedo. 

These findings by Bala, et al. (2017) were confirmed by a study, in which boreal regions 

of North America were found to have a cooling effect (negative radiative forcing) after 

deforestation, while in most temperate regions, deforestation led to a warming effect 

(positive radiative forcing) (Betts, 2000). Therefore, this study suggests that some high-

latitude forestation activities may therefore increase climate warming, rather than 

mitigating it as intended. 

Mykleby, Snyder & Twine (2017) come to a similar conclusion as Betts (2000), as they 

found a boundary through North America where afforestation results in a positive 

equivalent carbon balance (cooling) to the south, and a negative equivalent carbon 

balance (warming) to the north. However, according to them, not only the latitude of 

afforestation determines whether a site contributes to mitigating global warming but also 

“the stand age and fraction cover affect.” However, Bala et al. (2007) showed in their 

simulations that “the magnitude of cooling due to albedo change would likely become 

smaller after 2100 as the length of snow season is reduced further. Thus, they noted “a 

slight decrease in the surface albedo over boreal region during the period 2010-2100.” 

Independently of the results of the different modellings, the effect of the albedo seems to 

be crucial and needs to be taken into consideration. Or as Thompson, Adams & Norman 

Johnson (2009) summarize it: “incorporating both carbon and albedo effects into 

policymaking will lead to more informed and effective forest offset design.”  

How does this relate to Iceland, situated at 65° North? Event though, there has no study 

been published yet about the carbon-albedo balance of reforestation in Iceland so far, 

there have been measurements conducted on surface albedo of different vegetation areas 

in South Iceland. Although the study has not been published yet, according to the author 

of the study, Bjarnadóttir, B. (personal communication), first results of the study show 

that areas covered with birch forests had the highest albedo during summer as they 

reflected most of the heat and energy back to the atmosphere in comparison with other 

types of areas (such as eroded sand deserts, revegetated grasslands and coniferous 

plantations). The second highest albedo was measured in areas with coniferous 

plantations. Revegetated grasslands and eroded sand deserts had the lowest albedo 

(absorbing of heat was highest during summer). On the other hand, during winter when 

snow cover is to be expected, the albedo was higher in treeless landscapes than it was in 
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birch forests and coniferous plantations. But, because of the low incoming radiation from 

the sun during winter (at latitude 65°N) and the additional higher carbon sequestration 

leads to a higher net annual climate benefit of forested areas (birch forests and coniferous 

plantations) in Iceland in comparison with treeless areas (oral information of the author of 

the study, Brynhildur Bjarnadóttir, 03.03.2020). According to these results, even though 

the measurements have not been completed yet, it can be assumed that the positive effects 

of reforestation in Iceland in regards to the climate outbalance the lower albedo in winter.  

According to Bjarnadóttir's study, reforestation in Iceland seems to be beneficial in terms 

of carbon dioxide compensation. Bastin et al. (2019), who conducted a large-scale study 

on the ways to fight climate change on a global scale, come to a similar conclusion. In 

their study they see afforestation as the most effective way to fight climate change. 

Among Russia, USA, Canada, Australia, Brazil, China, Sweden, Norway, UK, Finland, 

France, Germany and Spain, they also see Iceland as a country with a big potential for 

afforestation. According to them, in Iceland there is an area for afforestation available of 

3.257 million hectares (Bastin, et al., 2019). On a global scale, the authors see a potential 

available area of almost one billion hectares that could be used for afforestation. In this 

way, this additional forest area could, according to the authors, sequester 250 billion tons 

of carbon, or two thirds of the historic CO2 emissions (Bastin, et al., 2019).  

This, by remote sensing calculated high potential of carbon sequestration in Icelandic by 

reforestation, is supported by in-situ studies on Icelandic forests. Snorrasson et al. (2002), 

who compared carbon stocks in afforested sites in Iceland with adjacent pastures on the 

same soil type indicated a 1.7 to 2.7 times higher sequestration rate per hectare per year 

in sites with forests than in pastures (depending on the age and the composition of 

forests). To a slightly lower but still similar result came Wöll, et al. (2014); in their study 

Icelandic forests on naturally dry soils stored 40.7 kt carbon per km
2
, while grass and 

heathland on comparable natural dry soil only stored 32.3 kt carbon per km
2
. Model 

calculations by Haraldsson, Sverdrup, Belyazid, Sigurdsson & Halldórsson (2007) of a 

planted larch (Larix sibirca) forest in 1951 in the East of Iceland, predicted a CO2 

sequestration of 53 t CO2 ha
-1

 in the year 2100. According to them, “the average annual 

ecosystem CO2 rate (wood and soil) was predicted to be 4.9 t CO2 ha
-1

 year
-1

 in the stand 

during the first 50 years after plantation”. Similar sequestration rates were found by 

measurements of Snorrason, Sigurdsson, Guðbergsson, Svavarsdóttir & Jónsson (2002) 
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and are used in national (Icelandic) estimates of carbon sequestration by afforestation by 

Bjarnadottir & Sigurdson (2005) following afforestation by larch trees (Larix sibirica) in 

eastern Iceland. In a newer study from 2007, however, higher sequestration rates of 

around 7.2 t CO2 ha
-1

 year
-1

per year and hectare in a young Icelandic Siberian Larch 

forest were suggested (Bjarnadottir, Sigurdsson, Lindroth; 2007).  

Forests and the soil 

There would be no forest without soil, and in turn, a forest has clear impacts on the 

composition and type of the soil beneath. Therefore, forest and soil form an indivisible 

unite with constant interaction. Whereas soils provide trees with anchorage, water and 

nutrients, trees help to generate new soil and create a special micro climate for the soils 

and their organisms. Moreover, soils in general but especially forest soils are important in 

regards to carbon sequestration; forest soils hold more organic carbon than any other 

components of any other terrestrial biome (Boyle & Power, 2013). This was also shown 

in a study, located in Iceland, in which carbon stocks of soils in non-forested areas were 

compared with carbon stocks of soils in forested areas. The carbon stocks of the soils in 

the forested areas were clearly higher than in any other compared soil (Owona, 2019). 

However, one forest soil is not like another. All forest soils differ, depending on 

geographic location, type of forest and other factors like the microclimate, etc. As an 

example, according to Binkley & Giardina (1998), “forest floor mass commonly differs 

by about 20% for different species growing on the same site; differences up to 5-fold 

have been reported”. The same accounts for litter fall mass and nitrogen content, which 

varies by 20% to 30% depending on the tree species, as well as the net mineralization of 

soil N that typically differ by 50 % or even more. This indicates also strong feedback 

possibilities (Binkley & Giardina, 1998).  

Not only is the tree species crucial for the characteristics of soils but also the 

geographical location and the prevailing climate. On a global scale, climate determines 

the decomposition rate within soils, as it controls key factors; the resource quality (plant 

litter), the consumer organisms (decomposers) and the soil conditions (Makkonen, et al., 

2012). In higher latitudes, for example in Iceland, the decomposition rates are slower than 

in lower latitudes, due to lower temperatures and the related deceleration of processes 

(Tiegs, Costello, Isken, & Zwart, 2019). This is especially important as plant litter 
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decomposition is a key processes in terrestrial carbon cycle (Makkonen, et al., 2012). 

Decomposition rates are highly dependent on the composition of microbial communities 

within forest soils. Microbial communities in turn depend on their habitat and changes do 

have a direct impact on them. Martin (2018) for example showed in his study that that 

logging activities had a direct impact on the composition of microbes in the soil. 

Especially and directly affected were microbes that had symbiotic relationships with the 

trees, such as ectomycorrhizal fungi. Furthermore, after tree-harvesting activities, there 

was a decrease in activity of enzymes observed that are involved in the decomposition of 

organic matter and other enzymes that play a role in nitrogen and phosphorous cycling.  

But not only chemical and biological aspects are important in regards to the interaction 

between forests and soils but also physical factors. As mentioned, do soils provide trees 

with anchorage, but in turn, forests are essential in regards to prevent soils from erosion. 

A study by Mohammad & Adam (2010) showed that forests exhibited the lowest amounts 

of runoff, whereas the greatest amount of sedimentation was observed in cultivated land 

and with deforestation. To a similar conclusion arrived Huang et al. (2016); the results of 

their study showed that natural forests had the greatest soil conservation capacity, 

followed by economic forests and farmland. Whereas Huang et al. (2016) focused their 

study on tropical regions, Billing, Harden, O’Donnell & Sierra (2013) studied soil erosion 

in boreal regions. They showed that in boreal regions besides soil erosion through runoff 

and wind, also soil erosion through freezing and ice melting processes appear as, 

according to Iwata, Hayashi, Suzuki, Hiirota & Hasegawa (2010) “a frozen soil layer 

generally increases the amount of snowmelt runoff by decreasing soil permeability and 

thereby impeding infiltration. This results in increased soil erosion”.  

Soil erosion is one of the biggest environmental problems that Icelanders have to cope 

with. Especially through the utilization and depletion of forestlands, along with livestock 

grazing (see chapter 2.2) are considered to be the main causes of vegetation loss and 

increased soil erosion (Arnalds, et al., 2001). According to the study of Arnalds, 2015, 

almost 40 % of the country’s area are affected by considerable, severe of extremely 

severe erosion (fig. 6). Icelanders have realized the problem with erosion they have in 

their country and are fighting this problem amongst other actions, like participating in 

organized reclamation work, by funding and supporting afforestation projects through the 

government (Arnalds, et al., 2001).  
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One conclusion of all these studies on the interaction of forests and soils have in 

common, even though they all examine different subjects, is that the functional 

interaction between soil and forest is highly complex. However, it seems that changes in 

either of them has direct impacts on the other.  

Forests and water 

If we talk about the ecosystem “forest”, then also the water cycle needs to be taken into 

consideration as there is no forest without water and on the other hand, do forests have a 

big impact on the water cycle. Or as Anderson, Hoover & Reinhard (1976) expressed it: 

“Forests and water are inseparable” The manifold impacts of forests on water are very 

well summarized by Ekhuemelo (2016), who says in his study, “trees and forests recycle 

moisture in the atmosphere through the process of transpiration to increase rainfall. The 

importance of forest and trees to rainfall and water supply include: improvement of water 

cycle, reduction of runoff, improving the replenishment of the water table, filtration of 

water pollutants, control of floods and regulation of stormwater”.  

Figure 6: Table on the left: Division of Iceland according to erosion classes. Diagram on 

the right represents Iceland divided according to erosion classes as percentage of total 

after glaciers, high mountains, rivers and lakes are excluded (Arnalds, et al., 2001). 
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Figure 7: Average run-off coefficient per forest type in 

Europe. Data collected between 2002 and 2012. (European 

Environment Agency, 2016) 

In times of water scarcity in many regions of the world, the forests’ role of water 

retention seems especially important. According to a report by the European Environment 

Agency, in regions where the forest cover is at least 30 %, the retention is 25 % higher 

than in regions where the forest cover is only 10 %. And with increasing forest cover, the 

water retention is increasing too (for example regions with a coverage of forests of 70 %, 

water retention is 50 % higher than in the same region with only 10 % forest coverage). 

According to the same report, surface run-off is uncommon in forest ecosystems, and 

subsurface flow is 

usually slower in forests 

(European Environment 

Agency, 2015). Not only 

does the percentage of 

coverage play a role 

regarding the water 

retention, but also the 

type of forest. Among 

three forest types 

“broadleaved”, 

“coniferous” and 

“mixed” forests 

examined, coniferous forests had the highest water retention capacity (fig. 7).  

This can be explained by their higher interception and transpiration values. Thereby, in 

coniferous forests in mountain areas and in boreal regions the water retention was highest 

(European Environment Agency, 2016). The conclusion of the report on the water 

retention potential of European forests is that “for all biogeographical regions except the 

Mediterranean region, an increase in forests cover reduces and regulates run-off”. This 

accounts not only for Europe. To the same conclusion came a study conducted in 

Indonesia, in which was found that a decline in forest cover led to a degrading ability of 

watersheds to regulate water flows (Tarigan, Wiegand, Sunarti, & Slamet, 2018).  

The quality and composition of runoff water also differs, depending on the landscape 

characteristics. According to Lintern, et al. (2018), the key features of a catchment that 

affect the amount of suspended sediment, nutrient, and salt concentrations in catchments, 



20 

the mobilization, and the delivery of these constituents to receiving waters are the “land 

cover, land use, land management, atmospheric deposition, geology and soil type, 

climate, topography and catchment hydrology”. The close relationships of land use 

patterns and in watersheds and the water quality were also shown by a study of Lee t al. 

(2009). They found that the water quality of reservoirs was closely associated with both 

the proportions of land use and the configurations of urban, agricultural, and forest areas. 

Water quality was more likely to be degraded when there was high interspersion of 

various land use types and when a large number of different land use types existed within 

a watershed. (Lee, Hwang, Lee, Hwang, & Sung, 2009). However, due to the high 

complexity of the relationships between landscape characteristics and water quality 

responses, Lintern, et al. (2018) identify a gap of knowledge in understanding the many 

forces driving stream water quality. Nevertheless, according to a variety of studies (as an 

example (Fulton & West, 2002), (Indina Department of Natural Resources, Division of 

Forestry, 2019) (The Forest Guild and Mountain Conservation Trust of Georgia, 2013)), 

forests seem to have a positive effect on water quality. Ernst (2004) found that water 

treatment costs decreases with an increase in the percentage of forest cover within water 

catchment areas. This direct link between forests and the quality of water (fig. 8) is 

mirrored also in the study of Fulton & West (2002); they see a direct relationship between 

the removal of streamside forests and increasing water temperatures, which, according to 

them, can “reduce the amount of dissolved oxygen that a stream or water body can 

absorb, increase aquatic metabolic rates, increase biochemical oxygen demand and 

accelerate chemical processes”.  

Besides having a regulatory effect on water temperature, forests also improve water 

quality by retaining nutrients in streams. This is especially important in agriculturally 

active areas, as riparian forests have been reported to remove 48-89% of nitrogen from 

runoffs through higher nitrification rates and through the uptake by vegetation and soil 

microbes (Klapproth, 2009). These results go in line with a study by Palviainen, Finér, 

Laurén, Mattsson & Högbom (2015), in which the effects of clear-cutting on water 

quality data from eight boreal headwater catchment pairs located in Finland and Sweden 

were studied. According to this study, the concentrations of total nitrogen, nitrate, 

ammonium and phosphate increased significantly between two and six years after clear-

cutting. “  
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Nutrient buffer zones like riparian forests are getting more and more important, not only 

locally but also on a global scale, when taken into consideration that eutrophication is not 

only a problem in fresh water systems but also in coastal marine zones. And this problem 

will be intensified as it is expected that in these zones, globally nitrogen and phosphorus 

loading will at least double by 2050 (Johnson & Harrison, 2015). Already today, there are 

places, where eutrophication is consistently present as for example in the Arabian Sea, 

the South Atlantic Ocean west of Africa, and the eastern Pacific Ocean off the coast of 

Africa. Eutrophication can result in dead zones because oxygen depletion. More than 415 

sites worldwide experience seasonal dead zones (fig. 9) (Johnson & Harrison, 2015).  

Thus, eutrophication by now has become a primary global water quality issue for 

freshwater as well as coastal marine ecosystems. Most marine waters are considered 

nitrogen-limited for growth of phytoplankton while fresh waters are considered 

phosphorus limited. If one of these nutrients is limiting to the growth of phytoplankton, 

increased loads will support increased phytoplankton growth, which in turn then can lead 

in the end to dead zones. The negative effects of coastal deoxygenation are manifold and 

include loss of suitable essential habitat for many bottom-dwelling fish and benthic fauna, 

habitat compression for pelagic fish, direct mortality, increased predation, altered trophic 

energy transfer, altered bioenergetics (physiological, development, growth and 

reproductive abnormalities), and altered migration (Rabalais, 2019) .  

Figure 8: Relationship between forest cover of water catchments and the costs of water 

treatment. (Results of a study of 27 water suppliers in the USA, 50 % to 55 % of the 

variation in treatment can be explained by the forest cover in the source area) (Ernst, 

2004) 
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Also humans are directly affected by eutrophication and dead zones. As, according to the 

United Nations ,“more than three billion people depend on the oceans as their primary 

source of protein”, marine coastal eutrophication poses a threat not only to the ecosystem 

itself but also to us humans (United Nations, 2020). “Protecting coastal systems from the 

many adverse effects of eutrophication is one of the most pressing ecological issues 

facing the world in the next century”, say Johnson & Harrison (2015) in their paper. They 

see a way to tackle this problem in not only reducing source pollution but also much 

more in comprehensive planning that includes various actions. In this context, Johnson & 

Harrison (2015) also mention the importance of the protection of forest buffers to reduce 

pollutants in the bays.  

 

Summarizing, water systems and forests seem deeply connected. The effects of these 

interconnection, most probably are not only local, but much more they can be far-

reaching. Effects, furthermore, are not only one-sided but bidirectional; changes in one of 

the systems (water system or forest system) will most probably impact the other system. 

These close interaction are mirrored in a study conducted in Northern Sweden, in which 

the impacts of clear cuttings of forests on water systems were analyzed. The authors of 

the study analyzed the dissolved organic carbon (DOC) concentration in surface waters 

before and after the clear cutting of a forested area. DOC plays an important role, as it is 

one of the most central biogeochemical features of surface waters, as it affects directly 

Figure 9: Marine coastal zones affected by eutrophication. (Diaz & Rosenberg, 2010) 
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the food web of surface water. The results of the study showed that the DOC 

concentration increased up to 70% in the stream water after the harvesting of the trees. As 

main drivers of the increased DOC, the increase in runoff that resulted in hydrological 

connection of more superficial soil horizons with the stream water was identified 

(Laudon, et al., 2009). With this study it was showed that the harvesting of trees leads to 

a direct impact on the water system. Therefore, Laudon, et al. (2009) suggests that there 

is a need “to consider surface water quality and stream ecosystems in forestry practice”. 

In Iceland, there has been little research done on the interaction of water- and forest 

systems. However, in Iceland connection between land cover and water quality and the 

need of a better understanding of it has been recognized. Therefore, to improve the 

knowledge of this interconnection these ecosystems, the research project “ForStreams” 

was established by collaboration with the Agricultural University of Iceland (AUI), the 

University of Iceland (UI), the Institute of Freshwater Fisheries (IFF), the Icelandic 

Forest Service (IFS); the Soil Conservation Service (SCS); and the Environment and 

Food Agency of Iceland (MATÍS). Within the frame of the project “ForStreams”, various 

studies were conducted: 

 Gundersen, et al. (2010) reviewed the environmental services related to water 

protection, terrestrial biodiversity, carbon storage and greenhouse gas dynamics 

provided by riparian forests in the Nordic countries. They found that forest buffers 

were effective in protecting water quality and aquatic life. Furthermore, riparian 

forests seem to “have positive effects on terrestrial biodiversity, particularly 

when broader than 40 m, whereas the effect onthe greenhouse gas exchange 

was unclear“. 

 Stéfansdóttir (2010) conducted the first study in Iceland on terrestrial-aquatic 

interactions in forested ecosystems. The terrestrial organic matter transport of 

rivers within forests was compared with the terrestrial organic matter transport of 

rivers running through treeless heathlands. Additionally the decomposition of the 

litter was measured and the effects on microorganisms and invertebrate activity in 

the decomposition processes were studied. The results of the study showed that in 

rivers running through forests, the litter transport was clearly higher than in rivers 

running through treeless heathlands. The microbial decomposition, however, was 

similar in the two river types.  
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 Medelytė (2010) studied the effects of forests on headwater stream invertebrate 

communities in eastern and southern Iceland and found that the density and 

taxonomic richness were similar within different catchment types. However, 

different proportions of some taxa were found between streams draining treeless 

lands and forests. 

A more recent study aimed to understand the impact of different land covers on carbon 

concentrations in streams in Iceland (Lehnhart-Barnett & Waldron, 2020). They found, 

similar to studies conducted outside of Iceland, that the land cover had a direct impact on 

the DOC concentration in rivers. In rivers running through forests, DOC concentrations 

were clearly lower than in rivers running through areas with no trees. 

All studies concluded that there is a need for further studies on the interaction between 

forests and water systems in Iceland. This seems especially important as water is one of 

Iceland’s most important resources (ForStreams, 2020). 

2.1.2 Social values of forests 

The determination of the ecological value of a forest is often not easy, as ecological 

processes often are very complex and divers. However, determining the meaning of a 

forest in social perspective might be even more complex. A possible reason for this 

difficulty can be the variety of different cultures and the different values involved, 

resulting in different views of forests among different cultures. Or as Schmithüsen (1994) 

described it: “The meaning of a forest is reflected in its human perception which is 

culturally formed. Societies have developed their notions of what forests mean to them. 

Whatever the particular representation of forests in a society is, it would certainly have a 

different relevance to what others can see and interpret in the dimensions of their own 

culture”. Or as Chazdon, et al. (2016) summarize it: “Forests are viewed, defined, 

assessed, and valued through different lenses”. This can even make it hard to find a 

generally accepted definition for the word “forest”. For some people a “forest” might be a 

source of timber, while for others it is an ecosystem composed of trees, or a repository for 

carbon storage, a space for recreation, or for some indigenous people it might be simply 

their home. Nevertheless, it is important to understand the different meanings forests 

have in different societies, because it is these concepts that influence how a society will 

manage their forests (fig. 10) (Chazdon, et al., 2016).  



25 

Tabbush (2010) 

describes this mutual 

relationship between 

woodlands and a 

society’s view on them 

as follows: “Cultural 

values influence the 

way that we react and 

behave in relation to 

woodland access and 

management. There is 

a two-way cultural 

relationship between 

stakeholders and trees, 

woods and forests. Our 

cultural values drive 

the way in which we 

access woodlands 

physically and 

mentally, and through 

our access we change the nature of the woodland and our cultural relationship with it. 

The physical nature of the woodland is altered by our access, for instance through 

management choices of silvicultural system, or by creating cultural features lie artworks 

or archaeological remains, and in turn these physical features create new opportunities 

and change our cultural access”. 

These cultural factors are difficult to assess, while in the older days, they were often 

named as “intangible” or “unmarketed” benefits of forestry. Recently, more common 

terms like “recreational” and “amenity” benefits, have been introduced, which imply an 

increase in recognition of the importance of such social values in regards to forestry 

management (Tabbush, 2010). The increasing recognition of the importance to 

incorporate social values, other than ecological and economic values, into forestry 

management can also be seen in the rising number of studies that cover this topic. As an 

Figure 10: Illustration of the different meanings a forest can 

have and the associated different management objectives. Inner 

circle: the different meanings a forest can have, depending 

through the kind of lens it is seen. Middle circle: the different 

management objectives that are aimed within a forest, 

depending on the different meanings. Outer circle: Description 

of the institutions whose mission is associated with each 

management objective and forest definition. (Chazdon, et al., 

2016) 
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example in 2008, a network of researchers from all around Europe, analyzed the state of 

art of the information basis for recreation in European countries within the framework of 

the working group called “Forest for recreation and nature tourism, FORREC”. Within 

this study, it was analyzed, if outdoor recreation was mentioned in the national forest 

programs, forest laws or in other relevant legislations of different European countries 

(Sievänen, et al., 2008). According to their findings, in most countries the recreational 

aspect was included in their forest legislations. However, among the analyzed countries, 

Sweden, Norway and Iceland did not include the aspect of outdoor recreation in their 

forestry legislation (Sievänen, et al., 2008). However, the importance of this recreational 

function is documented in different studies. As an example, Baerenklau, Conzález-Cabán, 

Paez & Chavez (2009) calculated the spatial allocation value of forests and found that 

forests have a high value in a relatively small area in regards to recreation (study based 

on a Southern Californian site). In numerous other studies in various regions all over the 

world (in example among others: (Pak & Fehmi Turker, 2006), (Rosenberger, White, 

Kline, & Cvitanovich, 2017) (Nielsen, S, & Lundhede, 2007)) the monetary values of 

forests were estimated in regards to recreational activities. This goes in line with the 

literature review of Riccioli et al. (2018), according to which, “recreational functions play 

an important role in contemporary societies and rural economies”.  

However, social values of forests are not confined to recreational aspects only. Other 

studies highlight the health benefits of forests, such as protection against adverse mental 

health outcomes, cardiovascular diseases, and mortality. Moreover, the literature review 

by James, Banay, Hart & Laden (2015) suggests that “there is consistent evidence that 

forest exposure during pregnancy is positively associated with birth weight, though 

findings for other birth outcomes are less conclusive”. In transcontinental Japan and 

China, this process of visiting forests in order to heal and improve physical and mental 

health is commonly known as “Shinrin-Yoku”, which means “forest bathing”. However, 

there is more evidence needed to support relationships associated with Shinrin-Yoku and 

clinical therapeutic effects (Hansen, Jones, & Tocchini, 2017). But in turn, studies show 

that the idea of Shinrin-Yoku, recently has led in Japan and China to a forestry 

management that focuses more on the establishment of healthy, natural forests, which 

must meet a good environmental condition than it has before (Xiangming, 2004). This 
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buttresses the theory that the meaning of a forest to a society determines how a society 

manages their forests.  

On the contrary, with having the focus on Iceland, in this society recreational and health-

improvement aspects of forests and trees seem to be negligible. Even in the urban area of 

Reykjavik, landscape planners tend to make their decisions based on the practical roles of 

trees as wind blocks. Additionally, residents of urban Icelandic areas, believed that open 

landscapes are traditionally Icelandic, wherefore, they prefer treeless areas over forested 

areas (Neukirch, 2019). Not only Icelandic residents do support this opinion, also 

Icelandic tourists found the open coastal landscape of the Icelandic Westfjords attractive 

and voiced opposition towards afforestation activities in this region, as this would result 

in blocking the scenic and characteristic views of this area (Lange, 2016). 

2.2 Forestry in Iceland 

2.2.1 Vegetation cover in Iceland before human settlement 

It is estimated that in Iceland, since the country’s settlement in in 874, more than 50% of 

the original vegetative cover has been lost (Runólfsson, 2018). According to Skógræktin, 

the Icelandic Forest Service, 5 to 15 million years ago and long before settlement Iceland 

was generally forested mostly with Sequoia, Magnolia, Sassafras and Pterocarya and 

many other tree genera. These tree genera imply a much warmer climate at this time. 

With the succeeding change into a colder period, the tree composition in Iceland changed. 

The aforementioned tree genera disappeared and made room for boreal forest types 

predominated by pines, spruces, birches and alders (Eysteinsson T. , 2017). With the 

ongoing decreasing temperatures in the following period and succeeding glaciations more 

and more tree species disappeared. Inferring from fossil evidence and according to 

Eysteinsson (2017) “pines survived the first few glacial periods up to about 1.1 million 

years ago and fossil evidence of alder is found during interglacial to about 500’000 years 

ago”. Before settlement in the late 8
th

 century, the downy birch (Betula pubescens), 

rowan (Sorbus aucuparia) and the rare aspen (Populus tremula) were the only forest-

forming native tree species that were found in Iceland, whereof the downy birch was 

most prevalent (Eysteinsson T. , 2017). Thus, due to changing temperatures, Iceland’s 

vegetation cover changed a lot with glaciation areas. 



28 

However, it is estimated that before human settlement the forests covered, according to 

different studies, between 18% and 40% of the land (Trbojevic, 2016). The latest and 

most detailed map of the vegetative land cover of Iceland was compiled in 2006 by 

Einarsson, E. & Gíslason. A more recent map on land cover of Iceland from 2018 can be 

found at the homepage of the Copernicus Land Monitoring Service (Copernicus Land 

Monitoring Service, 2020). In contrast to earlier studies, as for example Bjarnason (1971) 

in which it is suggested that forest cover was around 40 % before human settlement, 

Einarsson. & Gíslason (2001) estimate the forest cover of Iceland before human 

settlement to be 28%. However, with the settlement of the Island, changing temperatures 

were not anymore the only factor that had an impact on the land’s vegetation cover; 

human activities played a decisive role in the subsequent history of Icelandic forests.  

2.2.2 Impacts on vegetation cover of early settlement in Iceland 

The first years of settlement in Iceland were between 870 and 874, whereas according to 

“The Book of Icelanders” (Þorgilsson, 1125) the country was fully settled in 930. These 

years of settlement had an immense impact on the vegetation in Iceland and are 

associated with large-scale deforestation and long-term consequences (Trbojevic, 2016). 

The settlement was closely linked to agricultural activities, mostly sheep farming. Whole 

tracts of land were cleared from trees in order to use the wood as construction material 

and for the production of charcoal (Kristinsson, 1995). At the same time, intense grazing 

of the sheep prevented the forests to grow back and recover from the ongoing 

deforestation processes. There have been many studies conducted on deforestation in 

Iceland on this era. However, according to Trbojevic (2016) until today “it remains 

unclear whether the deforestation was an unavoidable effect of human colonization, 

whether it was the result of a deliberate strategy or whether it was a case of 

mismanagement”. Notwithstanding the above, around the year 1400, forests in Iceland 

had declined to such an extent that wood had to be imported from other countries 

(Kristinsson, 1995). 

2.2.3 Icelandic forests in the 19th century until today 

According to the Icelandic Forest Service (IFS), active forestry management in Iceland 

had its starting point with the planting of a pine stand in Thingvellir in 1899 (Skógræktin, 

2020). Eight years later, the country implemented the forestry and soil conservation act in 
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their national law and established one year later, in 1908, the Icelandic Forest Service. 

Since then, the forestry and soil conservation act has been modified and today issues 

concerning forestry are regulated within the Forestry Law from 2019 as well as within the 

Farm Afforestation Act from 2006. Nowadays, any clearcutting of forests in Iceland are 

prohibited, unless the IFS gives permission. Moreover, according to the law, woodlands 

need to be established, wherever possible. The goal of increasing forest cover through 

afforestation is also affirmed in the Farm Afforestation Act of 2006, where for the first 

time a concrete goal of 5 % woodland cover of lowlands is set (Skógræktin, 2020). 

The main objectives of the Iceland Forest Service (Skógræktin, 2020) now are to plan and 

cultivate forests that are managed based on the three principle aspects of forest 

sustainability:  

 Economic (wood production, non-wood products) 

 Ecological (ecosystem processes, habitats, wildlife, soil and water conservation, 

sequestering CO2) 

 Social (recreation, spiritual, public health) 

Beginnings of organized forestry in Iceland: 1899 – 1908 

Organized forestry in Iceland was initiated by three Danes; a sailor, Carl H. Ryder, who 

felt shocked by the vast and treeless island, an expert, Carl V. Prytz, who supported the 

captain with expertise and a young practitioner, Christian E. Flensorg, who did the 

practical work. On their initiative and their lobbying effort, a stand of pine trees was 

planted in Thinvellir and with that was the foundation stone laid for modern, organized 

forestry in Iceland (Eysteinsson T. , 2017). In the subsequent years mostly exotic tree 

species were introduced, as for example Swedish whitebeam (Sorbus intermedia), wych 

elm (Ulmus glabra L.), sycamore (Acer pseudoplatanus L.) as well as ash (Fraxinus 

excelsior L). After these early planting efforts and the establishment of the IFS in 1908, 

the policy changed from planting forests to protecting existing forests from grazing 

(Eysteinsson,  2006). With this change in policy, the first upswing in reforestation ended.  
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Second planting period from 1950 – 1963 

In the early second decade of the twentieth century, a second tree planting period started, 

as forestry policy in Iceland shifted again from mere protection of remnant woodlands to 

active reforestation. However, whereas in the first plantations mostly exotic tree species 

were planted, between 1950 and 1963, besides exotic conifers, also native birches were 

planted. Hereby it is to mention that during this time, the planting was carried out mostly 

by private persons, as forestry nurseries produced primarily seedlings for sale to 

individuals. Consequently, most trees were planted on private land, in gardens and around 

summer houses, during this period. It was also the period, when through the newly 

established seedling nurseries first experiences were gained regarding cultivation 

(Eysteinsson T. , 2006).  

Third planting period from 1990 – 2008 

In the 1990s, the country experienced another upswing in active afforestation. During the 

whole decade, 4 million tree seedlings were planted annually. In the years 2006 to 2008 

this number even increased to a high of 6 million seedlings planted per year. Native birch 

seedlings were a very commonly planted and accounted in some years 30 % of all planted 

species. In these years, also native rowan trees were planted increasingly, among other 

trees like the Siberian larch (Larix sukaczewii) and Sitka spruce (Picea sitchensis) 

(Eysteinsson T. , 2017). However, the financial crisis in 2008 – 2009 led to an abrupt 

downfall of this afforestation period as funding for forestry was cut drastically. In the 

subsequent years, the annually number of planted trees was cut in half and many tree 

nurseries went out of business. As a result, also many jobs in the forestry sector got lost 

and well educated foresters moved abroad in order to find work (Eysteinsson T. , 2017).  

Forestry today 

Whereas, according to Eysteinsson, T. (2017), even though Iceland recovered relatively 

fast from the financial crisis, the “funding for forestry has only increased slightly". For 

Eysteinsson, the reasons for this only very modest political support of forestry after the 

country has recovered from the financial crisis by now, are partly “financial and partly 

social”. As Icelandic forestry has been characterized by only short upswings, which were 

all followed by longer periods of less forestry activity, for Eysteinsson it is not to be 
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excluded that the present days are now the beginning of a period of less forestry activity 

that could last 30 – 40 years. On the other hand, over the years, there have grown forests 

in Iceland that have reached sizes that have become interesting for commercial purposes 

as they are starting to generate significant income. This might result in an increasing 

interest in investing in forestry. Additionally, there are new factors as for example the 

importance of forests in regards to carbon sequestration, to which were not attached 

importance in the past and which might lead to a shift in social and political mindset 

towards the importance of afforestation in Iceland (Eysteinsson T. , 2017).  

With that said, the Icelandic government has designated afforestation as one of its 

priorities in its climate action plan that was published in September 2018 (Ministry for 

Environment and Natural Resources, 2018). It is registered that, “the main emphasis of 

the new [climate action] plan is on two measures: 1) to phase out fossil fuels in transport, 

and 2) to increase carbon sequestration in land use, by restoration of woodlands and 

wetlands, revegetation and afforestation. Climate mitigation measures will get a 

substantial increase in funding – almost 7 billion Icelandic krónur in the period 2019 – 

2023”. However, increased planting activities have not been happening yet in Iceland as 

the number of planted trees in 2019 is estimated to be around 3.6 million (according to 

the oral statement of Kristján Jónsson, forestry consultant of the Icelandic Forest Service, 

Skógræktin, 15th of January 2020). Thus, there has been no increase in the amount of 

planted trees yet, compared to the years since the financial crisis in 2009. 
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3 Main aims of this study 

The purpose of this master thesis is to evaluate the development of the trees that were 

planted on two sites close to Tálknafjörður between 2001 and 2005. The data will be 

compared with the last evaluation of these two forests, done ten years ago in 2009. In this 

context, also the potential of carbon sequestration of the examined forests is evaluated.  

Additionally, possible effects of the forests on the aquatic systems (fresh water as well as 

coastal water) in regards to carbon and nitrogen concentration in the aquatic system will 

be examined.  

Besides these chemical and physical measurements, also the opinions of local residents 

towards forests and afforestation projects in this area are examined.  

Regarding these four subjects (a) development of the forests, b) potential of carbon 

sequestration of the studied forests, c) impacts of forests on the aquatic system, and d) the 

perception of local residents on forests in Iceland), I predict the following:  

a) Since the last evaluation of the trees at the two study sites in Tálknafjörður, ten 

years ago, most of the trees survived and grew significantly. 

b) The annual Co2- sequestration rate of the forests of the two study sites in 

Tálknafjörður is comparable to the CO2-sequestration rate of similar forests (age 

of the stands, species, and geographical location). 

c) The forests stands in Tálknafjörður do have an impact on the carbon and nitrogen 

concentration in aquatic systems (fresh water streams and coastal water); both, 

dissolved organic carbon and nitrogen concentration will be lower in the water 

system that runs through a forested area than in the water systems outside of a 

forested area. 

d) Local residents, independently from age and professional background, do have a 

positive attitude towards forests and reforestation in Iceland. 

These hypotheses were the result of the assessment of a variety of other possible 

hypotheses. Below, these other possible hypotheses are listed (highlighted are the 

hypotheses, that were assumed by the author) 

This includes the following predictions:  

A) Predictions regarding the development of the trees since the last evaluation ten 

years ago 
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 PA(0): There have been no significant changes regarding height and survival 

of the trees since the last evaluation. 

 PA(1): There have been significant positive changes regarding height and 

survival of all trees (independent of the tree species) since the last evaluation.  

 PA(2): There have been significant negative changes regarding height and 

survival of all trees (independent of tree species) since the last evaluation 

B) Predictions regarding the CO2-sequestration rates of the two studied forest stands 

 PB(0): The CO2-sequestration rates of both studied forest stands are 

similar to CO2-sequestration rates from literature 

 PB(1): The CO2-sequestration rates of both studied forest stands are clearly 

lower than CO2-sequestration rates from literature 

 PB(2): The CO2-sequestration rates of both studied forest stands are clearly 

higher than CO2-sequestration rates from literature 

 PB(3): The CO2-sequestration rates of the studied forest stands are clearly 

different from each other and need to be separately compared with CO2-

sequestration rates from literature.  

C) Predictions regarding possible effects of the forests on aquatic systems 

 PC(0): There are no significant differences in aquatic systems (fresh water 

systems as well as coastal water systems) that are within forested areas 

and such that are in treeless areas regarding to DOC and/or TDN contents. 

 Forests do not have an effect on DOC and/or TDN contents in any 

aquatic system. 

 PC(1): There are significant differences in aquatic systems (fresh water 

systems as well as coastal water systems) that are within forested areas 

and such that are in treeless areas regarding to DOC and/or contents. 

 Forests do have an effect on DOC and/or TDN contents in fresh water 

and coastal aquatic systems. 

 PC(2): There are significant differences in fresh water systems that are 

within forested areas and such that are in treeless areas regarding to DOC 

and/or TDN contents, but no significant differences in coastal water 

systems. 

 Forests do have an effect on DOC and/or TDN contents in fresh water 

systems but not on DOC and/or contents in coastal water systems. 
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 PC(3): There are significant differences in coastal water systems that are 

close to forested areas and such that are close to treeless areas regarding to 

DOC and/or TDN contents, but no significant differences in fresh water 

systems. 

 Forests do have an effect on DOC and/or TDN contents in coastal 

water systems but not on DOC contents in fresh water systems  

 

D) Predictions regarding the opinions of local residents towards forests and regional 

afforestation projects.  

 PD(0): Independently from age and/or professional background, the 

respondents have a favorable attitude towards forests and regional 

afforestation projects. 

 The resident’s opinion towards forests and regional afforestation 

projects are consistently positive 

 PD(1): Independently from age and/or professional background, the 

respondents have an unfavorable attitude towards forests and regional 

afforestation projects. 

 The resident’s opinion towards forests and regional afforestation 

projects are consistently negative 

 PD(2): Residents of different age and/or different professional background 

had different attitudes towards forests and regional afforestation projects.  

 The resident’s opinion towards forests and regional afforestation 

projects differed according to their age and/or professional 

background. 

 PD(3): Residents have a different opinions towards forests and regional 

afforestation projects. But no pattern in regards to age and/or professional 

background can be identified.  

 The resident’s opinion towards forests and regional afforestation 

projects are consistently different without any recognizable pattern 

regarding age and/or professional background. 
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4 Material and methods 

4.1 Evaluation of forest growth and CO2-
sequestration 

4.1.1 Study sites 

Geographical location: The study was conducted in two forested areas, Höfðudalur and 

Gileyri, close to Tálknafjörður in the southern part of the Westfjords in Iceland (fig. 11). 

Between 2001 and 2005 in each of these areas, around 45’000 trees (saplings) were 

planted (Óladóttir, 2010). The trees were planted by different people on each site, 

therefore a different planting procedure on the two sites was probable. Both study sites 

were rather steep and ranged from sea level to a maximum elevation of about 100 m 

above sea level. Both study areas were crossed by several creeks and were characterized 

by partially very wet areas. The study site Gileyri was especially in the upper parts very 

rocky ground.  

Gileyri 

Study sites 

Figure 11: The two study sites, Hofðadalur (red) and Gileyri (yellow), are located 
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Climate:  

The annual average temperature of this area where the study sites were located varies 

between 5.4 and 5.8 °C, depending on the location of the weather station (Icelandic Met 

Office, 2012). Tálknafjörður is characterized by a typical subarctic climate with rather 

low temperatures and long summer- and short winter days. Mean temperatures since 2008 

are shown in figure 12. According to this graph, highest average temperatures occur 

normally in July, August and September (between 3 °C and 11 °C) and in February and 

March annual average temperatures are lowest (between -13 °C and -7 °C).  

 

Hours of daylight vary in Tálknafjörður between a minimum of 3.5 hours in December 

and a maximum of 22 hours in June (fig. 13). 

 

Figure 12: Annual mean temperature profile (data range from 2008 - 2018) (National 

Centers for Environmental Information, 2019) 

Figure 13: Hours of daylight in Tálknafjörður (National Centers for Environmental 

Information, 2019) 
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Monthly average precipitation varies in Tálknafjörður varies throughout the year between 

a mean minimum in July of 65 mm and a mean maximum of 143 mm in October (fig. 

14). 

 

Erosion hazard:  

The area of Tálknafjörður is, according to Arnalds et al (2001) as many other parts of 

Iceland, partially affected by “considerable” erosion (fig 15). In their report “Soil Erosion 

in Iceland”, the area was classified to be “poor”, which was defined as “generally severe 

erosion or deserts and highlands cover a large part the land area. Significant restrictions 

on grazing are necessary even though good grazing areas may be found between erosion 

areas and wastelands”. 
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Figure 14: Average Precipitation in Tálknafjörður (Climate Data Org.) 
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4.1.2 Study design 

At the two sites in Tálknafjörður (Hofðadalur and Gileyri) heights and circumference of 

all trees were measured within 70 (Hofðadalur) and 84 (Gileyri) plots with the size of 100 

m
2 

each. Within the study site of Hofðadalur additionally the dissolved organic carbon as 

well as the nitrate concentration within a stream was measured. The same measurements 

were conducted within a stream outside of the forest but nearby the study site Hofðadalur. 

The area of the stream outside of the forest was mainly covered by dense grassland. At 

the outfall to the Ocean, the area of both streams was covered with stones and algae. The 

measurements of the trees took place between the 11
th

 and 16
th

 of August 2020. The 

water sampling took place on the 20st of October 2020. 

Figure 15: The area of Tálknafjörður is characterized by "considerable erosion". (Arnalds, 

et al., 2001) 
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4.1.3 Data collection 

The forest characteristics and biomass of the trees were measured according to traditional 

forest measurements. In both study sites, Hofðadalur and Gileyri, all trees were measured 

within 70 (Hofðadalur) respectively 84 (Gileyri) 100 m
2 

circular plots (see appendix C – 

Study sites). The plots were randomly chosen in 2009, when the first evaluations took 

place. With the help of GPS, the same plots were studied again in 2019 as part of this 

master’s thesis. The measurements from 2009 were conducted by Arnlín Óladóttir and 

Kristján Jónsson. In 2009, in all the plots the heights were measured and the species were 

identified of all occurring trees within the plots. In 2019, in this master’s project, 

additionally to tree heights, species and number of trees within each plots, also stem 

diameters were measured in order to calculate the potential of carbon sequestration of 

forests in Iceland. These measurements of the stem diameters were conducted according 

to the table below (tab 1). 

Table 1: Stem diameters were measured according to the heights of the trees and the 

different species. 

 Tree height Stem diameter 

measured at  

0 m height 

Stem diameter 

measured at 0.5 

m height 

Stem diameter 

measured at 1.30 

m height Birch, Rowan, 

Willow 

≤ 1.0 m X   

≥ 1.0 m - ≤ 2 m  X  

≥ 2 m  X  

Hemlock, Larch, 

Pine, Poplar, 

Spruce 

≤ 1.0 m X   

≥ 1.0 m - ≤ 2 m  X  

≥ 2 m  

(but smaller than 

2 m five years 

ago) 

 X X 

≥ 2 m  

(but taller than 2 

m five years 

ago) 

  X 
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Figure 16: Tape rule (left) for measuring the radius of the 100 m2 plots. Polemark 

(middle) to mark the center of the 100 m2 plots and flags (right) for tagging the trees. 

The plots were marked out with a pole and a tape rule of 5.62 m length (fig. 16). In this 

way a circle with a radius of 5.62 m was walked around the pole and the 100 m
2
 plot was 

defined. All trees within the circle were tagged with white flags. The heights of the trees 

were measured by using a 2.4 m long measuring stick. For the measurements of the stem 

diameters a caliper was used (fig. 17). 

Measurements of heights were rounded down to ten centimeters, measurements of stem 

Figure 17: Tree heights were measured by using a 2.4 m long measuring stick (left) and 

stem diameter with a caliper (right) 
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diameters were rounded down to one centimeter accuracy. A part of the measurements in 

2019 were supervised by Arnlín Óladóttir and Kristján Jónsson. In this way, the 

comparability with the measurements in 2009 was ensured. Besides measurements, also 

species defined and health condition of the trees were defined. All data were noted in 

writing and later transferred into Excel.  

4.1.4 Calculation of carbon storage and CO2-sequestration of single 
trees  

For the calculation of carbon sequestration of different tree species, estimations of the 

aboveground and belowground biomass are crucial. Non-destructive estimations of tree 

biomass are most commonly based on the relationship between volumes of trees and the 

easily measurable variables of stem diameter and tree height. Approaches for the 

estimation of biomass differ from the different tree species but also from the geographical 

locations of trees and other factors (Muukkonen, 2007). The methodology to estimate the 

biomass of trees has been a growing sector in forest mensuration science (Parresol & 

Thomas, 1989).  

In this master’s thesis, for the calculations of the total biomasses of the individual trees, 

functions that were proposed by Snorrason & Einarsson (2006) were applied. All 

functions are based on research on the trees in Iceland and are especially developed for 

the 11 most commonly used tree species in Icelandic forestry and the actual conditions in 

Iceland. Table 2 gives an overview of the functions used for the calculations of the 

individual tree biomasses depending on the tree species in accordance with Snorrason & 

Einarsson (2006). 

The functions according to Snorrason & Einarsson (2006) were used for all single tree 

biomass calculations, also if the individual tree had a diameter respectively a height that 

was outside of the proposed range as no equations existed for trees in Iceland of other 

height and stem diameter. Furthermore, for all spruce types, the function for the Sitka 

spruce was applied, as the subtypes of the trees were not determined for the thesis at 

hand. However, Sitka spruce was the spruce type that was mainly planted in 

Tálknafjörður (75% Sitka spruce, 14% Engelmann spruce, 7% White spruce, 4% Black 

spruce). 
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Carbon sequestration does not only takes place in the aboveground parts of a tree but also 

in the parts belowground. Therefore it is crucial to take the parts belowground also into 

account for the evaluation of the carbon sequestration potential. According to studies 

(Vogt, et al., 1996) in the boreal forest zone the belowground portion of tree biomass 

varies in the cold-temperate zone from 13% to 28%. To the same result came a study that 

was conducted in Iceland (Snorrason, Sigurdsson, Guðbergsson, Svavarsdóttir, & 

Jónsson, 2002); in this study the tree biomass portion belowground laid between 18% and 

22% with a mean value of 20%. According to these results, for the calculations of the 

total biomass (aboveground and belowground parts), 20% of the calculated total biomass 

aboveground was added. 

  



45 

Table 2: Functions for the estimation of total biomasses of single trees in Iceland, 

according to Snorrason & Einarsson (2006). 

Tree Species and 

stem diameter- (D) 

and height range (H) 

Dependent variable Independent 

variables 

function 

Sitka Spruce 

D1.3: 4.9 – 28.6 cm 

H: 4.8 – 15.4 m 

Total Biomass 

[DWtotal] 

 

D1.3, H DWtotal = 0.1334d
1.8716

 h
0.4386

 

Siberian Larch 

D1.3:3.3 – 31.6 cm 

H: 3.0 – 20.0 m 

Total Biomass 

[DWtotal] 

D1.3, H DWtotal = 0.1081d
1.53

 h
0.9482

 

Lodgepole Pine 

D1.3: 4.2 – 26.3 cm 

H: 2.8 – 12.8 m 

Total Biomass 

[DWtotal] 

D1.3, H DWtotal = 0.1429d
1.8887

 h
0.4332

 

Downy Birch & 

Rowan 

D1.3: 2.1 – 29.8 cm 

H: 2.1 – 11.6 m 

Total Biomass 

[DWtotal] 

D0.5, H DWtotal = 0.0634d
2.1552

h
0.2877

 

Feltleaf- & dark-

leafed Willow 

D1.3: 2.4 – 23.9 cm 

H: 1.9 – 8.8 m 

Total Biomass 

[DWtotal] 

D0.5, H DWtotal = 0.0348d
1.9123

 h
0.8904

 

Black cottonwood 

D1.3: 4.6 – 34 cm 

H: 4.6 – 20.7 m 

Total Biomass 

[DWtotal] 

D1.3, H DWtotal = 0.0717d
1.8322

 h
0.6397

 

In a third step, based on the total aboveground and belowground biomass estimations, the 

carbon portion was calculated, assuming that the carbon portion is about 50% of the total 

biomass of a tree (Nature Office GmbH, 2018).  

In a last step the CO2 storage of individual trees was calculated by application of the 

conversion factor C: CO2 = 1:3.67, according to Gupta, Yaduvanshi & Gupta (2012). 

These four steps of calculation can be expressed in the following equation 1:  
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Equation 1: Calculation of the CO2 storage of a singular tree. d = diameter at 1.30 m 

respectively 0.5 m height depending on the tree species, h = height of the tree, a / b / c = 

species specific coefficients. 

𝐶𝑂2 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 =
(𝑎𝑑𝑏 ∗  ℎ𝑐) +

𝑎𝑑𝑏 ∗  ℎ𝑐

5
2

∗ 3.67 

4.1.5 Statistical analysis of forestry data 

In the present study, the level of significance was α = 0.05. This is in accordance with 

other published works of e.g. Bartels et al. (2019) or Zeidler et al. (2015) and also 

proposed by the Food and Agriculture Organization of the United Nations FAO 

(Jayjaraman, K, 1999). The t-test was used to analyze differences in the mean tree growth 

and changes in average tree number per plot between 2009 and 2019. The lower the level 

of significance was, the higher was the probability of significant differences in a change 

in the average number of tree per plot as well as in the growth of the trees. A level of 

significance higher than 0.05 indicated no significant differences. The programs R (R 

Core Team, 2019) in RStudio and Excel were used to run statistical tests and for the 

visualization of the data.  

4.2 Evaluation of the effects of forest on water 
quality 

4.2.1 Study sites of water sampling 

In order to study the impact of forests on water systems, water samples were taken in two 

streams, one running through a forest and the other one running through an area without 

any trees. The stream within the forest was located within the study site (Hofðadalur, next 

to Tálknafjörður. The stream outside of the forest area was located just next to 

Hofðadalur, with a distance of about 1 km to the other stream (fig. 18 and tab. 3 and 4). 

Geographical characteristics of Hofðadalur are described in chapter 4.1.1.  

According to the waterbody classification of the State Agency for Nature, Environment 

and Consumer Protection North Rhine-Westphalia (2012), both streams were classified as 

small waters with an average water surface width less than 1 m. 
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Figure 18: Location of the two streams where the water samples were taken and the 

respective sample numbers. 
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Table 3: Descriptions of sampling locations, including sample number, coordinates and 

pictures of the stream witin the forested area. 

 Sample number  

(FS = Forest Sample /  

NFS = No Forest 

Sample) 

Coordinates of sampling 

points 

Pictures of sampling 

points 

S
tr

ea
m

 w
it

h
in

 f
o
re

st
 

FS 1 65°36’36.5’’N  

23°49’27.4’’W 

 

FS 2 65°36’36.1’’N  

23°49’21.1’’W 

 

FS 3  65°36’32.9’’N  

23°49’13.6’’W 

 

FS 4 65°36’33.0’’N  

23°49’10.4’’W 

 

FS 5 65°36’26.8’’N  

23°48’47.9’’W 

 

FS 6 65°23’27.2’’N  

23°48’56.6’’W 
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Table 4: Descriptions of sampling locations, including sample number, coordinates and 

pictures of the stream outside of the forested area. 

 Sample number  

(FS = Forest Sample 

NFS = No Forest 

Sample) 

Coordinates of sampling 

points 

Pictures of sampling 

points 

S
tr

ea
m

 o
u
ts

id
e 

o
f 

fo
re

st
 

NFS 1 65°35’50.0’’N  

23°47’50.4’’W 

 

NFS 2 65°35’51.4’’N  

23°47’49.0’’W 

 

NFS 3  65°35’52.0’’N  

23°47’47.6’’W 

 

NFS 4  65°35’52.7’’N  

23°47’46.3’’W 

 

NFS 5  65°35’53.7’’N  

23°47’45.0’’W 

 

NFS 6  65°35’53.9’’N  

23°47’43.5’’W 
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4.2.2 Procedure of water sampling 

The water samples were taken on 20. October 2019. Taking the samples in late fall was a 

good time as according to Watts (2018), as the highest relative dissolved carbon export 

through streams starts in late fall and reaches its peak in November and December. As the 

study sites are difficult to visit in winter time due to impassable roads, 20. October was 

one of the last possible dates, when the study sites still were accessible and already a 

relatively high carbon transport rate in the streams could be expected.  

In both streams, the samples were taken along the streams, starting with the sample at the 

highest point and finishing with the sample at lowest point where the streams met the 

ocean, as an increasing DOC concentration was expected in the direction of flow. In this 

way a possible carryover of carbon from one sample into another was avoided. All 

samples were taken from the middle of the streams. The first water intake of all samples 

was used to rinse the sampling bottle and filter and was discarded. All water samples 

were directly filtered to 0.45 µm in the field. All sampling bottles were labeled and sealed 

to avoid any confusion of samples. After the sampling, all samples were frozen. Between 

taking the samples and freezing them a maximum of six hours passed. However, all 

samples were hold rather cool during the whole time, due to cold temperatures on this 

day, stored at a maximum of 5 °C. Thus, a possible chemical change of the samples after 

the sampling process was minimized.   

The measurements of DOC and TDN were conducted by the Department of Analytical 

Chemistry in Reykjavík, Iceland. For the measurements of the DOC and TDN 

concentrations a Vario TOC cube from Elementar Analysensysteme GmbH, Germany, 

was used. CO2 was expelled by using hydrochloric acid from the solutions.  

4.3 Survey 

Besides the evaluation of the development of the forests, their CO2- sequestration 

potential and impact on water quality, also a social scientific approach of this topic was 

part of this thesis. Besides ecological issues, also the perception of locals on forests and 

reforestation was evaluated. Main part of this evaluation was a survey about forests in 

general and reforestation in Iceland. 
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4.3.1 Target groups 

The survey was sent out to three main target groups. Target group one was forest farmers 

in the Westfjords. The purpose of addressing this group was to get the opinion of people 

having a direct connection with forests. Target group 2 were adults (> 20 years), living in 

the Westfjords but not necessarily having a direct connection to forests. The purpose of 

addressing this group was to get to know the perceptions of adults without any direct 

connection to forests. The third target group (Group 3) consisted of young people 

(between 14-20 years old), living in the Westfjords to get to know their perspective on 

forestation and climate change in Iceland and especially in the Westfjords of Iceland.  

4.3.2 Distribution of the survey and time frame 

The survey was advertised for target Group 1 (forest farmers) and Group 3 (14-20 years 

old) using email. With the email, two links to the online survey web-tool were sent out. 

One link was for the English version, the other link for the Icelandic version. 

Accordingly, participants could choose to fill out either the Icelandic or the English 

version of the survey. In this way, misunderstandings due to language barriers, as it is 

according to Zavala-Rojas (2014) often the case when surveys are sent out to a 

multilingual audience only in one language (e.g. in English), were minimized. 

Forest farmers were directly addressed by email through the Icelandic Forest Service, 

Skógræktin. Group three (14–20 years old) was addressed by email through the High 

School of Ísafjörður, Menntaskóllin. For the second target group (inhabitants older than 

20 years) however, no email list was available. Therefore, this target group was addressed 

through social media. As proposed by the town of Ísafjörður, namely, the two Facebook 

groups “Ísafjarðar markaðurinn” (Ísafjörður market) and “Ísafjörður og Ísfirðinga” (group 

founded for natives, migrants and migrants of Ísafjörður and surroundings to exchange 

views) were used to advertise the survey for potential respondents of this group. This 

seemed appropriate as after consulting the town of Ísafjörður, the majority of the people 

living in Ísafjörður or the surroundings are at least in one of these two groups.  

Using the method of advertising the survey by email and social media instead of postal 

mailing was chosen because of various benefits such as savings from elimination or 

reduction of paper costs and mailing costs as well as the rapid speed of response (Bartel 
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Sheehan, 2002). These benefits outweighed the disadvantage, mentioned by Bartel 

Sheenhan (2002), of a possible lower respondent rate.  

The web-tool with the survey was open during 15 days from October 30
th

 to November 

14
th

 2019. The advertisement of the survey by email as well as by social media took place 

at the same time to avoid any disparity within the procedures among the different target 

groups. To encourage as many participants as possible to take the survey, among all the 

participants, two gas vouchers and one entrance to the cinema in Ísafjörður were raffled.  

4.3.3 Survey type and outline 

Mathers et al. (2009) describe three main types of surveys; the longitudinal survey, the 

cross-sectional survey and the explanatory or correlational survey. Whereas the 

longitudinal survey examines changes in a particular population over time, a cross-

sectional survey describes characteristics of a population at one time. The correlational 

survey “explores causal relationships between two or more variables” (Mathers, Fox, & 

Hunn, 2009). Goal of survey in this thesis was on one hand to explore and describe the 

views regarding reforestation in Iceland within different groups of people, which refers to 

a cross-sectional approach. However, the survey should also give some indication about 

possible differences in opinions about reforestation in Iceland according to age and / or 

professional backgrounds. Therefore, also aspects of the correlational survey type was 

incorporated. 

The survey was divided into an intro and three parts of questions (appendix C). The intro 

was sent in the e-mail and explained the background and purpose of the survey. 

Additionally to this part, the participants were directly addressed by explaining the 

importance of their participation. Hence, this part varied depending on the target group 

(tab. 5). 
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Table 5: Depending on the target group, the personal addressing of the participants was 

different. 

 Target Group Personal addressing of the participant depending on the 

target group 

E
n
g
li

sh
 V

er
si

o
n
 

Target Group 1 

(Forest farmers) 

Was sent only in Icelandic 

Target Group 

(Residents of the 

Westfjords, > 20 

years and without a 

necessary 

connection to 

forests) 

Dear reader  

I am a student of the University Centre of the Westfjords in 

Ísafjörður. 

This Survey is part of the research for my master thesis 

Now I need your help by answering the following 16 

questions! 

All answers remain anonymous. 

Please fill out either the Icelandic OR the English version of 

the survey by copying and pasting one of the links below in 

your web browser. 

Among all the participants two gas vouchers from N1 with a 

total value of 6'000 ISK and one entrance to the cinema in 

Ísafjörður are being raffled. 

If you have any questions or if you or if you want to know 

more about the Master thesis, do not hesitate to contact me. 

Thank you for your help. 

Target Group 3 

(Residents of the 

Westfjords, age: 14 

– 20 years old)  

(No data, link was sent by the director of the school.) 

Ic
el

an
d
ic

 v
er

si
o

n
 

Target Group 1 

(Forest farmers) 

“Þar sem að þú ert einn af sérfræðingum landsins í 

skógræktar- og umhverfismálum landsins, skiptir álit þitt og 

skoðanir mig máli. Ég yrði þakklát ef þú myndir taka þér 15 

mínútur til að svara þessari könnun (14 spurningar). Öll svör 

eru nafnlaus.” 

Target Group 2 

Könnun um skógrækt á Íslandi.  

Kæri lesandi, 

Ég er meistaranemi við Háskólasetur Vestfjarða á Ísafirði. Þessi 

könnun er hluti af meistaraverkefni mínu. Mig vantar aðstoð þína. 

Vinsamlega svaraðu öllum 16 spurningunum. Öll svör eru 

nafnlaus. Þú mátt velja hvort þú fyllir út ensku eða Íslensku 

útgáfuna með því að afrita og líma eina af krækjunum hér að neðan 

í vafranum þínum.  

Allir sem taka þátt í könnuninni eiga möguleika á að fá að gjöf 

6000 kr. gjafabréf frá N1 og bíómiða frá Ísafjarðarbíó.  

Ef þú hefur einhverjar spurningar eða hefur áhuga á frekari 
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upplýsingum um verkefnið, ekki hika við að hafa samband við mig.  

Takk fyrir! 

Target Group 3 No data, link was sent by the director of the school. 

The intro was followed by two links to the survey questions, either in Icelandic or in 

English. The questionnaire was divided into three different parts. The first part, part A, 

contained two questions (whereof question one was divided into two questions 1a and 1b) 

about the participants’ personal connection to forests. The second part, part B, contained 

nine questions about the participants’ opinions about reforestation in Iceland. The last 

part C was about the participants themselves and contained three demographic questions 

(age, gender and if their professional backgrounds was connected to forestry or not). 

Hence, the questionnaire consisted of 14 questions altogether, whereof one questions was 

split up into two questions. Ten of these 14 questions were closed questions. Hence, the 

participants had to select from a choice of given alternative questions. Of these ten closed 

questions, nine questions only allowed one choice, in one question also more answers 

were accepted. Closed questions, according to Meadows (2003), have many advantages 

compared to open questions as they “enable comparison across individuals or groups of 

respondents, require less time to complete than open-ended questions and are easy to 

code and process”. However, open questions, which allow the participants to answer the 

questions in their own words and do not provide a choice of answers, can capture in-

depth and spontaneous responses (Meadows, 2003). Therefore, for either giving the 

participants the chance to specify a previous chosen answer of a closed question or to 

answer in a completely open way, four open questions were posed. Wording and order of 

the questions were done in a way to make the survey as appealing as possible to the 

participants. Hence, it was alternated between question types and the appearance of the 

questions. Table 6 provides an overview of the survey questions (types and content) 
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Table 6: Overview of the survey outline (question type and content) 

Core questions of the survey were questions number 3 and 4. These questions examined 

if the participants rather support or oppose reforestation in Iceland and the reasons why 

they did/didn´t support reforestation in Iceland. In addition, core elements also were 

questions number 2 and 6, which asked whether the participants believed that 

reforestation in Iceland could help to fight global warming as well as their own 

willingness to spend time and effort to plant trees to reduce their own carbon footprint. 

These four questions allowed to evaluate the participants’ general view towards 

reforestation in Iceland and the importance of reforestation regarding CO2 – 

sequestration.  

4.3.4 Ethical issues 

The anonymity of the participants had top priority. Following three principles, according 

to Mack et al. (2005) ensured:  

 Respect for persons (ensuring the autonomy of research participants as well as 

their dignity) 

Question Number Question Type Question Content 

Question 1a Closed question, yes or no Part A 

Personal connection to forests and 

willingness to spend time to plant trees 

 

Question 1b Open question (specification of 

answer in question 1a) 

Question 2 Closed question (multiple choice) 

Question 3 Closed question (scale of agreement) Part B 

Questions about opinions regarding 

forestry in Iceland. Included questions 

regarding the participants’ general 

acceptance towards reforestation in 

Iceland, reforestation in the context of 

other country specific values, scale of 

reforestation and acceptance of 

reforestation within the Icelandic 

society.  

Question 4 Open question (specification of 

answer in question 3) 

Questions 5 - 7 Closed questions (multiple choice 

and scale of agreement) 

Questions 8 – 10 Open questions 

Question 11 Closed question (linear scale) 

Questions 12 –  14  Closed questions Part C 

Personal information about participants 

(gender, age and if background is 

connected to forestry) 
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 Beneficence (risk associated with the study, including psychological and social 

risks must be minimalized. This includes the anonymity of all data so that 

personal details cannot be deduced from the data) 

 Justice (gained knowledge of the study was shared with the participants)  

With the mailings of the surveys and the sharing of the surveys through social media, the 

broader context of the research study was provided, including the study objectives. All 

data were kept in confidence and password protected. 

4.3.5 Data analysis and quality management 

Prior to data analysis, all the data were analyzed regarding quality and consistency. 

Therefore, responses regarding the participant’s opinion of reforestation in Iceland were 

compared regarding consistency among each other. Similar questions that were answered 

inconsistently either scored zero or dropped within the evaluation. Following questions 

were compared with each other.  

The answer of question number 3 was aligned with the answer of question number 4 (fig. 

19). 

 

Figure 19: Answers to questions number 3 and 4 were aligned with each other regarding 

consistency. In the case of nonconsistency respectively non logical answers, both 

questions were dropped and not taken into the evaluation. 
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If the specification of answer number 3 in answer number 4 were not consistent and did 

not make sense (e.g. if the participant checked in question number 3 that he or she 

strongly disagrees that reforestation in Iceland is very important but then gave in question 

number 4 an answer why he thinks reforestation is very important in Iceland), then both 

questions, number 3 and 4, were not taken into the evaluation. 

Furthermore, answers of questions number 3 and 5 were aligned with each other (fig. 20). 

If a participant answered question number 3 with “strongly disagree” or “disagree” but in 

question number 5 agreed or strongly agreed on one of the statements that reforestation in 

Iceland is important to “fight soil erosion” and/or to “fight climate change”, then this one 

or both answers in question number 5 were scored with 0 points. 

 

Figure 20: If question number 3 and the first two sub questions of question number 5 

were inconsistent, then the answers of the first two sub questions in question number 5 

were scored with 0 points. 
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After checking the answers 3 and 4 as well as 3 and 5 (first two sub questions) against 

each other, a descriptive analysis of the three main groups (forest farmers, adults with no 

direct connection to forestry and young people between 14 and 20) was conducted. 

Therefore, group specific data like gender, age, nationality and professional background 

of the three groups were compared with each other. Furthermore, answers regarding the 

participants’ opinion of the importance of forestry in Iceland and their willingness to live 

next or in a forest respectively of planting trees themselves, etc. were analyzed, 

particularly in order to reveal certain tendencies or response patterns within the groups.  

All data was analyzed with R (R Core Team, 2019), using RStudio, using the non-

parametric “Mann-Whitney-U-Test” as well as the “Chi-Squared-Test”, dependent on the 

type of analyses. The “Mann-WhitneyU-Test” was used in order to compare the different 

groups among each other (e.g. if within Group 1 and Group 2 the opinion of importance 

of reforestation in Iceland is of statistical significant difference). This test seemed 

appropriate to analyze the data as according to Nachar (2008), these tests can be used to 

compare two groups of subjects with only few participants and thus, “the researcher 

cannot affirm that these two groups come from a normal distribution because they include 

too few participants". “In addition to this statistical ‘constraint’ [this test is appropriate if] 

the data is of continuous or ordinal type.” The “Chi-Squared-Test”, however, was used to 

compare two nominal scaled features with each other (e.g. if the age plays a statistically 

significant role in whether the participant thinks reforestation in Iceland is important or 

not) (Ugoni & Walker, 1995). Hereby, it is important to mention that no control for alpha 

inflation was applied.  
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5 Results 

5.1 Evaluation of coastal forests 

5.1.1 Number of trees and tree species 

Overall in 2009, 1’053 trees were measured in Hofðadalur and 1’125 trees were 

measured in Gileyri. In 2019, the number of measured trees in Hofðadalur was 953 trees 

and in Gileyri 902. On average, in Hofðadalur in 2009 were 17 trees per plot found 

(rounded) and in 2019 a statistically similar (t = -0.898, p-value = 0.371; df = 122) mean 

number of 15 trees per plot (rounded) were counted (fig. 21). In Gileyri, the mean 

number of trees counted per plot in 2009 was 13 and 11 (rounded) in 2019 (fig. 22). As 

well as in Hofðadalur, the p-value > 0.05 indicates a statistically similar number of trees 

in Gileyri when compared between the two years 2009 and 2019 (t = 1.302, p-value = 

0.195, df = 151.15).  

 

Figure 21: Mean number of trees found per plot in Hofðadalur in 2009 (16.9) and 2019 

(15.3). Statistical analysis indicates a similar number of trees per plot in 2009 and 2019 (t = -

0.898, p-value = 0.371; df = 122)  

Hofðadalur 
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The most abundant tree species found in the two study sites, Hofðadalur and Gileyri, 

were in 2009 as well as in 2019, spruces (in Hofðadalur 45% in 2009 and 47% in 2019, in 

Gileyri 57% in 2009 and 59% in 2019) followed by birch trees (Hofðadalur: 30% in 2009 

as well as 2019, in Gileyri 25% in 2009 and 22% in 2019). Willow was the third 

abundant tree species in Hofðadalur with a portion of 10% (in 2009) and 9% (in 2019), 

whereas in Gileyri the third abundant tree species was poplar with a percentage of 9 (in 

2009) and 11 (2019). Rowan-, larch- and pine trees made in both study areas in 2009 as 

well as in 2019 a small proportion of less than 15% all together. Additionally, to the tree 

species shown in the charts (fig. 23), in Hofðadalur there was in 2009 as well as in 2019 

one hemlock tree found.  

 

Figure 22: Mean number of trees found per plot in Gileyri in 2009 (12.5) and 2019 

(11.0). Statistical analysis indicates a similar number of trees per plot in 2009 and 2019 

(t = 1.302, p-value = 0.195, df = 151.15) 

Gileyri 
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Figure 23: Percentages of tree species measured in both study areas and both years. 

Hofðadalur 2009 Hofðadalur 2019 



62 

5.1.2 Tree heights 

In 2009 in Hofðadalur, the trees had an average height of 0.65 m. Ten years later in 2019 

the trees had an average height of 2.23 m (fig. 25). In Gileyri in 2009 the measured trees 

had an average height of 0.62 m and in 2019 the average height of the measured trees was 

2.01m (fig. 26). At both study sites the average growth of the trees was significant 

(Hofðadalur: t = -13.50, p-value < 2.2e-16, df = 69.12, Gileyri: t = -14.49, p-value = < 

2.2e 16, df = 104.57). Both in Hofðadalur as well as in Gileyri, Levene’s test indicated 

equal variances (Hofðadalur: F = 4.26313, p-value = 0.059, Gileyri: F = 2.412, p-value = 

0.149). Therefore, requirement of homogeneity was met. 
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Figure 24: Numbers of trees according to the species measured in the two study areas 

and the two years 2009 and 2019. 
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In 2009, the highest tree species on average were in Hofðadalur willow, poplar and larch 

trees (fig. 27). All of them were on average taller than 0.7 m (willow = 0.89 m, poplar = 

Figure 25: Average tree heights of the measured trees in Gileyri in 2009 (0.62 m) and 

2019 (2.01 m). Statistical analysis indicates a significant difference in the average 

heights of the trees between the years 2009 and 2019 (t = -14.49, p-value = < 2.2e 16, df 

= 104.57) 

Figure 26: Average tree heights of the measured trees in Hofðadalur in 2009 (0.65 m) 

and 2019 (2.23 m). Statistical analysis indicates a significant difference in the average 

heights of the trees between the years 2009 and 2019 (t = -13.50, p-value < 2.2e-16, df = 

69.12) 

Hofðadalur 
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0.76 m and larch = 0.73 m). All other species were on average smaller (spruce = 0.65 m, 

birch = 0.52 m, rowan = 0.51 m, pine = 0.47 m). The one individual hemlock tree found, 

had, in 2009, a height of 0.3 m.  

 

 

In 2019, in Hofðadalur, the tree species that had an average height > 2.5 m were larch- 

and spruce trees (larch = 2.62 m, spruce = 2.59 m). These species were followed in 

average height by rowan-, poplar- and willow trees, which were all taller than 2 m (rowan 

= 2.33 m, poplar = 2.27 m, willow = 2.10 m). Smallest on average were pines (1.74 m) 

and birches (1.40 m). The individual hemlock tree had in 2019 a height of only 0.4 m. 

Just as in Hofðadalur, in Gileyri in 2009, the average tallest tree species was willow with 

an average height of 1.50 m. This species was followed by larch and birch trees, which 

had an average height of 0.92 m respectively 0.75 m. Poplars, pines and spruces were on 

average the smallest trees (poplar = 0.59 m, pine = 0.45 m, spruce = 0.43 m) in this study 

area.  
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In 2019 in the same study area, the by far highest trees were willow trees with 3.76 m on 

average. Willow trees were followed by poplars and birches, which had average heights 

of 2.74 m respectively 2.03 m. All other tree species had an average height between 1.5 

m and 2.0 m (spruces = 1.80 m, rowans = 1.75 m, pines = 1.59 m, larches = 1.55 m).  

In the study area Hofðadalur, the tree species with the highest average growth rate 

between the first measurements in 2009 and the measurements ten years later in 2019 

were the spruce and larch trees, which both grew 1.94 m on average. Rowans had an 

average growth rate of 1.81 m and poplars of 1.51 m. All other tree species grew on 

average less than 1.5 m in the last ten years (pines = 1.27 m, willow = 1.21 m, birches = 

0.89 m). 

The growth rate in Gileyri did not follow the same pattern as Hofðadalur. Here, willow 

were the trees that grew most on average (2.27 m). The second highest growth rates had 

poplars, which grew 2.14 m on average, followed by rowans with an average growth rate 

of 1.75 m. All other species had an average growth rate smaller than 1.5 m in ten years 

(spruce = 1.38 m, birch = 1.28 m, pine = 1.13 m, larch = 0.63 m). 

5.1.3 Carbon sequestration potential 

All trees that were measured in Hofðadalur (955 trees in a total of 70 plots, total area = 

0.7 ha), stored, according to the formulas described earlier, 139 t of carbon. This 

corresponds to a CO2-

sequestration of 7.73 t 

in the examined area of 

0.7 ha. This results in 

11.05 t CO2 ha
-1

 and an 

annual CO2 

sequestration rate of    

0.74 t per hectare (over 

a time span of 15 years 

since the trees were 

planted) (fig. 28). In 

Gileyri, all measured 
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Figure 28: CO2 uptake of all measured trees in total (left), per 

hectare (middle) and per hectare and year over the last 15 years 

since the planting (right). 
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trees (904 trees in a total of 84 plots, total area = 0.84 ha) stored in total 1.99 t of carbon 

or had sequestrated a total of 6.96 t CO2 within the examined 84 plots. This results in CO2 

uptake of 8.28 t per hectare and an annual CO2 sequestration rate of 0.55 t over the last 15 

years.   

5.2 Water samples - DOC and TDN 

The dissolved organic carbon (DOC) content of the water sampled in the stream within 

the forested area ranged from 2.24 mg L
-1

 to 4.79 mg L
-1

 (fig. 29). Thereby the highest 

concentration was found at the uppermost sampling point (S1 = 4.79 mg/L). 

Concentrations decreased in a downstream direction (S2 = 3.22 mg/L, S3 = 2.53 mg/L, 

S4 = 2.49 mg/L) with exception of the second last sampling point. At that sampling point 

(S5), where, the stream just entered into the ocean, the DOC concentration was 2.97 

mg/L higher as the DOC concertation of the two samples taken further up the stream (S3 

and S4). Lowest was the DOC concentration at the mouth of the stream, where fresh 

water mixed with salt water of the ocean. The DOC concentration at this sampling point 

(S 6) was 2.24 mg/L. Mean DOC concentration of the stream within the forest was 3.04 ± 

0.38 mg/L. 

S1 S2 S3 S4 S5 S6

Within Forest 4,79 3,22 2,53 2,49 2,97 2,24

Outside Forest 2,34 3,23 2,85 2,58 3,02
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Figure 29: Concentration of dissolved organic carbon (DOC) in the stream within a 

forested area and outside of a forested area. 
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The DOC concentrations in the water samples taken from a stream outside of the forested 

area were between 2.34 mg/L and 3.23 mg/L. Outside the forested area, DOC 

concentrations did not follow a pattern (e.g. decreasing downstream). Mean DOC 

concentration of this stream outside of the forest was 2.80 ± 0.16 mg/L.The DOC 

concentrations in these two streams were not significant from each other (t = 0.534, p-

value = 0.606). 

At the same sampling points as the DOC concentrations were measured, also the total 

dissolved Nitrogen (TDN) concentrations were measured (fig. 30). In the stream within 

the forested area, the TDN concentrations were between 0.12 mg/L and 0.35 mg/L. The 

mean TDN concentration of this stream inside of the forest was 0.21 ± 0.04 mg/L. In the 

stream outside of the forested area, TDN concentrations between 0.1 mg/L and 0.26 mg/L 

were measured. In this stream, outside of the forest, the mean TDN concentration was 

with 0.15 ± 0.03 mg/L lower as it was in the stream within the forested area. Neither in 

the stream outside the forested area, nor in the stream inside the forested area a certain 

pattern of decreasing or increasing TDN concentrations could be recognized. Also the 

lowermost samples of each stream, which were taken at the mouth of the stream and 

contained salt water, did not have a significantly lower or higher TDN concentration. In 

both streams, the TDN concentration was statistically similar (t = 1.235, p-value = 0.124). 

 

S1 S2 S3 S4 S5 S6

Within Forest 0,21 0,12 0,35 0,13 0,28 0,16

Outside Forest 0,1 0,26 0,15 0,11 0,12
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Figure 30: Concentration of nitrate (N) in the stream within a forested area and 

outside of a forested area. 



68 

5.3 Survey 

Altogether, 83 persons filled out the survey, whereof more than half of the respondents 

answered every question of the survey. However, 34 surveys were either incompletely 

answered (at least one or more question or sub question remained unanswered) and/or 

contained inconsistent responses. Table 7 gives an overview of the response rate taking 

into account the completeness and consistency of the responses (answers of questions 

number 3 and 4 as well as of number 3 and 5 were aligned, see chapter 4.6.5).  

Table 7: Number of surveys received with respect to completeness and consistency. 

Response 

Group 

Received 

responses 

Number of 

surveys with all 

questions 

answered and 

only consistent 

responses 

Number of 

surveys with 

one or more 

questions or 

sub questions 

that remained 

unanswered 

Number of surveys with 

inconsistent responses 

(answers of questions No 

3 and 4 as well as of No 

3 and 5 were aligned). 

Group 1 

Adults with 

background in 

forestry 

43 25 17 1 (Responses of questions 

3 and 5 were inconsistent, 

The first two sub 

questions in question no. 

5 were not taken into the 

evaluation.  

Group 2 

Adults with no 

background in 

forestry 

23 11 12 1 (Responses of questions 

3 and 5 were inconsistent, 

The first two sub 

questions in question no. 

5 were not taken into the 

evaluation. 

Group 3 

Young people 

(age between 14 

and 18= 

17 13  3 1 (Responses of questions 

3 and 5 were inconsistent, 

The first two sub 

questions in question no. 

5 were not taken into the 

evaluation. 
5.3.1 Descriptive analysis 

In a first step it was analyzed who the respondents were regarding gender, age and 

nationality. 
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Gender 

In total, 31 women, 48 men and four respondents who did not state their gender, filled out 

the survey. Regarding the gender distribution within the different groups, in Group 1 

(forestry related adults) and Group 2 (not forestry related adults) the percentage of men 

were with 63% and 57% higher than the percentage of women (32% in Group 1 and 39% 

in Group 2). In group 3 the same number of male and female participants filled out the 

survey (eight women and eight men). In addition, in each of the Groups 2 and 3 there was 

one participant and in Group 1 two participants, who did not state their gender (fig 31). 

The Chi-Squared-Test shows that the proportion between male and female participants 

and the participants who did not state their gender is similar (p-value > 0.05) among the 

three different groups. Hence, possible differences in how the participants responded 

within the different groups are most likely not attributable to a difference in the gender 

distribution.  
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Age 

The participants of the survey covered a wide age range; the oldest participants were born 

before 1940 and therefore 79 years old or older and the youngest participants stated to be 

born between 2001 and 2005 and was between 14 and 18. The widest age range was 

found in Group 1 that covered participants with a background in forestry. In this group, 

5% stated to be born before 1940, 39% were born between 1941 and 1960, 42% were 

saying they were born between 1961 and 1980 and 14% stated to be born between 1981 

and 2000. Participant of Group 2 stated to be born between 1941 and 2000 (35% between 

1941 and 1960, 22% between 1961 and 1980 and 43% between 1981 and 2000). The 

participants of Group 3 were all between 14 and 18 years old. None of the participants 

stated to be born after 2005 (fig. 32).  

According to the Chi-Squared-Test the age distribution of the groups 1 and 2 are similar 

(p-value > 0.05) and therefore comparable. Group 3, however, is according to 

expectations, in comparison with the other groups, statistically different in regards to the 

age distribution (p-value < 0.05 according to the Chi-Squared-Test). This difference 

needs to be taken into consideration in further analysis. 
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Nationalities 

Most of the participants were Icelandic (74). Group 1 and group 3 were only participants 

with Icelandic nationality respectively four participants in Group 1 and one participant in 

Group 3 who did not specify their nationality. Different was Group 2; in this group 

besides a majority of Icelandic participants (19) also two French, one Swiss and one US 

American participant filled out the survey (fig. 33).  

According to the Chi-Squared-Test groups 1 and 3 were similar to each other regarding 

the range of nationalities (p-value > 0.05). Group 2, however, was in regards to different 

nationalities of the participants, statistically different (p-value < 0.05) to the two other 

Groups 1 and 3. This difference has to be taken into account when evaluating and 

comparing the responses of the other questions of the different groups with each other. 

Differences might be ascribed to the different nationalities. 
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5.3.2 Analysis of survey part A –personal connection to forests 

Most of the participants (84 %) stated that they would like to live in or next to a forest in 

Iceland (fig. 34). Within Group 1 the percentage that would like to live in or close to a 

forest in Iceland was highest with 41 positive answers (95%). Only two adults that had a 

connection to forests stated that they would prefer to live outside a forest. Within the 

groups of adults with no direct connection to forests (Group 2), only 60% (14) wanted to 

live in or close to an Icelandic forest, the rest, 40% (9), stated to rather live outside a 

forest. Most young participants of group 3 (88%), however, would like to live in or close 

to a forest and only two persons stated to prefer to live outside a forest.  

The responses of adults with a direct connection of forestry (Group 1) as well as the 

responses of adults with no direct connection to forestry (Group 2) were similar, 

compared with the ones of youths (Group 3) (p-value > 0.05). However, according to the 

same statistical test, the answers of group 1 and 2 were different (p-value < 0.05).   

 

When the participants were asked for the reason they would like to live in or close to a 

forest, the three groups mentioned different reasons. Adults with a direct connection to 

forestry (Group 1) mentioned “shelter” (mentioned 20 times) as a main reason (fig 35). 

Also important to this group seemed to be other reasons like “peace” (six times 

mentioned) “beauty of forests” (5 times mentioned) as well as “leisure”, “well-being” 
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(both four times mentioned), 

“wildlife”, birds and “trees” (all 

these three terms were three times 

mentioned). More reasons why the 

participants of Group 3 would like 

to live in or next to a forest were 

because of the good “aroma”, the 

“nature”, “fresh air” and the 

“plants” of forests as well as forest 

would allow “mushroom picking” 

and “art” as well as they would 

bring “joy” and “fascination” and 

would awake “childhood 

memories”. However, all these 

terms were mentioned two times or less. Only two people of this group did not want to 

live in or next to a forest. One stated because of the view, the other participant of this 

group who preferred to live outside of a forest, did not state the reason. 

For adults with no background in forestry, the reason most often mentioned, why they 

would like to live in or next to a 

forest in Iceland was the “beauty” 

of forest (mentioned four times) 

(fig.36). In second place in this 

group “shelter” was mentioned 

(only three times), followed by 

“diversity” and “leisure” (both 

mentioned two times). Participants 

of this groups also, like participants 

of Group 1, saw “peace”, “nature”, 

the “trees” and the “aroma” of 

forests as a reason to live in or next 

to a forest (all mentioned one time). 

Additionally, they mentioned that 

Figure 35: Reasons of Group 1 (adults with a 

direct connection to forestry) why they would like 

to live in or next to an Icelandic forest. 

Figure 36: Reasons of Group 2 (adults with no direct 

connection to forestry) why they would like to live in 

or next to an Icelandic forest. 
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forests are good for “kids” and that forests have a good “energy” and a favorable 

“microclimate” (all mentioned one time). The nine participants of this group who did not 

want to live in or next to an Icelandic forest stated “insects” and ”darkness” (both 

mentioned once) as well as the “loss of a view” (mentioned five times). One person 

explained his choice that he was just “not-a-living-in-a-forest-person”. One person did 

not explain why he or she did not like to live in or close to a forest. 

The main reasons why youths 

(Group 3) would like to live in 

or close to a forest in Iceland 

were the “beauty” and “nature” 

of forest as well as the 

“shelter” they provide (all 

mentioned three times) (fig. 

37). Furthermore “fresh air” 

was important to this group. 

Less weight but still mentioned 

were reasons like “well-being”, 

“aroma”, “wildlife”, “kids” 

“leisure” and “birds”. One 

participant stated that he or she would like to live in an Icelandic forest for practicing 

his/her hobby of photography. One participants of this group who would prefer living 

outside a forest explained this by mentioning “pollen allergy”. The other one with the 

same opinion did not want to live in a forest because of “insects” and because he or she 

found forests “creepy”. 

Most participants (87%) of the survey would not only like to live in or next to a forest but 

would also spend one week every year or at least once to plant trees themselves (fig. 38). 

Only 13% or 11 participants would not spend any of their time to plant trees. However, 

seven of these 11 participants think that planting trees would help to reduce their carbon 

footprint. Four participants believe it would not have any impact on their carbon 

footprint. Broken down to the different groups, the highest percentage of individuals who 

would spend time to plant trees were with 95%, not surprisingly, within the group of 

adults who work or used to work in a forestry related field (Group 1). According to the 

Figure 37: Reasons of Group 3 (youths) why they would 

like to live in or next to an Icelandic forest. 
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Chi-Squared-Test, the participants of Group 3 (youths) answered this question 

statistically similarly (p-value > 0.05). In this group 94% would spend at least once one 

week to plant trees. Only one participant wouldn’t do this. In both groups all participants, 

whether they would spend free time to plant trees or not, said that it would help to reduce 

their carbon footprints. Group 2 in turn, answered according to the Chi-Squared Test 

significantly different (p-value < 0.05) than Group 1 and Group 3. 60% of this Group 2 

would spend one week every year (eight participants) or one week once (seven 

participants). Forty percent or eight participates of this group would not spend any of 

their free time to plant trees and half of these or four participants stated that they would 

not believe that it would help to reduce their carbon footprint.  

 

5.3.3 Analysis of survey part B – Reforestation in Iceland 

Questions 3 and 4 

The central question of the survey was question number 3 that asked the participants to 

state their opinion on the statement that “reforestation in Iceland is very important”. The 
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Figure 38: Responses to the question if the participants would spend one time to plant 

trees themselves. 
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majority of all participants (82%) agreed or strongly agreed on this statement (fig. 39). 

8% or seven participants neither supported nor opposed this statement, whereas 10% or 

eight persons disagreed or strongly disagreed that reforestation in Iceland is important. 

The highest percentage of participants that agreed on this statement were in Group 1 

(adults with direct connection to forestry); 38 persons or 88% within this group agreed or 

strongly agreed on this statement. Two persons were neutral and three adults with direct 

connection to forestry disagreed or even strongly disagreed on the importance of 

reforestation in Iceland.  

The distribution of the answers to question number 3 was significantly different (p-value 

< 0.05) in Group 2 (adults with no direct connection to forestry), compared with Group 1. 

In Group 2, 16 persons (70 %) agreed that forestry in Iceland is very important, whereas 

four (17%) disagreed or strongly disagreed and three neither disagreed nor agreed. Young 

people between 14 and 18 (Group 3) responded also in a significantly different way as 

older people (Group 1 and Group 2) did (Mann-Whitney-U-Test: p-value < 0.05). Eighty-

two percent within the youths believed that reforestation in Iceland is very important, two 

persons were neutral and one participant strongly disagreed with the others.  

The distribution of answers of all three groups were significantly different (p-value < 
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0.05).  

Not only the distribution of answers 

to question no. 3 differed between the 

different groups, also the reasons 

(answers to question No. 4) why the 

proponents of the different groups 

agreed on the statement “reforestation 

in Iceland is very important” were 

different. Whereas Group 1 (adults 

with direct connection to forestry) 

mentioned “CO2” in a first place 

(mentioned 18 times), and “shelter” 

and “biodiversity” (both mentioned 

seven times) as well as “timber”, 

investment for the “future” and “soil 

binding” (three times mentioned) in 

second and third place why 

forestation is important, for Group 2 

(adults with not direct connection to forestry), besides “CO2”-compensation the “scenery” 

(four times mentioned) and the fresh “air” (three times mentioned), respectively for 

Group 3 (youths) “timber” (three times mentioned) and also “scenery” (two times 

mentioned) were the main reasons. In general, Group 1 used more specific term like 

“waterhoushold”, “landquality” and “landslides”, the other two groups used more vague 

vocabulary like “save the world” that was used in both groups or “balance”, “lack of 

trees” or “trees are good” (only used by group 3). Participants of Group 1 furthermore 

found reforestation in Iceland also important because of the creation of “jobs” (mentioned 

one time). One participant of this group also found it was an obligation to reforest the 

country as former generations cut down trees. In this context he or she used the word 

“redemption”. Another participant stated that reforestation would also help agriculture as 

it would serve as a shelter for crops (fig 40, 41 and 42).  

Figure 40: Reasons why proponents of Group 1 

(adults with a direct connection to forestry) 

supported the statement of question No. 3 

("Reforestation in Iceland is very 

important).Word size indicates the portion of it 

was mentioned (the bigger the word the more 

often it was mentioned) 
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Reasons of the participants who did not agree on the statement that reforestation in 

Iceland is important differed between the different groups. In Group 1, one participant 

was stating that he or she would not support the planting of nonnative species. The other 

two participants of the same group who did not agree or had a neutral opinion on the 

statement of question No. 3 did not state their reason and left question No. 4 blank. 

Opponents of statement in question No. 3 were “worried about putting down a forest in a 

typically open and wide landscape” (statement of one participants. Two participants of 

this group explained their choice in question 3, with not being in general against 

reforestation but they would see it rather as an excuse of a nation for not adjusting their 

lifestyle in order to reduce their carbon footprint. Instead of planting forests in order to 

reduce the carbon footprint, they suggested that each and every one should actively 

change their way of life. One participant who was neither for nor against the statement in 

question No. 3 wrote that he found that the landscape should not be changed actively. The 

other three participants of this group who had either neutral opinion or disagreed on the 

Figure 41: Reasons why proponents of Group 

2 (adults with no direct connection to 

forestry) supported the statement of question 

No. 3 ("Reforestation in Iceland is very 

important). Word size indicates the portion of 

it was mentioned (the bigger the word the 

more often it was mentioned) 

 

Figure 42: Reasons why proponents 

of Group 3 (youths) supported the 

statement of question No. 3 

("Reforestation in Iceland is very 

important). Word size indicates the 

portion of it was mentioned (the 

bigger the word the more often it was 

mentioned) 
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importance of reforestation in Iceland did not give any explanation on their opinion. 

Within the group of the young people, the one participant who did not agree on this, did 

not state his or her reason. The two with a neutral opinion explained that they would not 

like the darkness of the trees respectively that forests would take too much space away.   

Question 5 

Question No. 5 consisted of nine sub questions and built thematically on question No. 3. 

Participants had to decide if and in which degree they would agree on the nine following 

given statements.  

a) "Reforestation in Iceland is important to fight soil erosion" 

b) "Reforestation in Iceland is important to fight climate change" 

c) "Reforestation in Iceland would change the scenery in a positive way" 

d) "Reforestation in Iceland could be a way to protect civilization from avalanches 

and landslides" 

e) "Reforestation in Iceland would be an enrichment for the native fauna" 

f) "Reforestation in Iceland would be an enrichment for the native flora" 

g) "Reforestation in Iceland would be an enrichment for leisure activities in Iceland" 

h) "Reforestation in Iceland would have a negative impact on the traditional way of 

farming" 

i) "Reforestation in Iceland would have a negative impact on tourism in Iceland" 

According to the Mann-Whitney-U-Test, the distribution of the answers of all nine sub 

questions of question No. 5 were not significantly different between all three groups with 

exception of the sixth sub question that contained the statement f) that “reforestation in 

Iceland would be an enrichment for the flora”. To this statement the participants of Group 

2 answered significantly differently to the participants of Group 3. Hence, the overall 

tendency of how the participants answered to the nine statements was similar. 

Accordingly, in all groups a majority agreed on the statements of the first seven sub 

questions. This means, a majority of all participants in all groups “agreed” or “strongly 

agreed” that reforestation in Iceland is important to fight soil erosion (a) and climate 

change (b) and that it would change the scenery in a positive way (c) and could help to 

protect civilization from avalanches and landslides (d). Furthermore, a majority believed 

that reforestation in Iceland would be an enrichment for flora and fauna (e and f) as well 
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as for leisure activities (g) (fig 43). On the other hand, a majority of participants 

“disagreed” or “strongly disagreed” on the statements of the last two sub questions that 

reforestation in Iceland would have a negative impact on “the traditional way of farming” 

(h) respectively on “tourism in Iceland”(i). Skepticism towards the first seven statements 

(a to g) was approached mostly within Group 2 (adults with no direct connection to 

forestry); in this group, the percentage that agreed on the first seven statements was 

lowest compared with the other groups, with exceptions of statement a (reforestation 

would fight soil erosion) and d (reforestation would help to protect civilization from 

landslides and avalanches). A lower percentage of participants that agreed on these two 

statements were only within the group of the youths (Group 3). 
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Figure 43: Responses to all nine sub questions of question No. 5. The distribution of the 

answers of all questions were similar between all groups (Mann-Whitney-U-Test: p-value 

> 0.05) with one exception of the sixth sub question (“reforestation in Iceland would 
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Questions 6 and 7 

Questions No. 6 and 7 referred to a study of the Swiss Federal Institute of Technology in 

Zurich, Switzerland, (ETH) from 2016 (Crowther, et al., 2016). The authors of this study 

stated that reforestation was “the most effective way to fight global warming”. 

Furthermore, according to their study, they saw a potential of reforestation of 32% of 

land area of Iceland. The participants of the survey were asked in question 6 and 7 if they 

agreed on the statement that reforestation is the most effective way to fight global 

warming (participants could either answer with “yes”, “no” or “I don’t know”), 

respectively if they saw a reforestation potential of 32% of the land area in Iceland 

(participants could choose between following answers “Yes, this is realistic. About 32% 

of the land area in Iceland could be reforested, but not more” / “Yes, this is realistic. But 

even more than 32% of the land area in Iceland could be reforested” / “No, this number 

(32 % of the land area) is too high and can never be reached” / “No, this number (32 % of 

the land area) is too high but we should still aim to reach it”).  

About two third (63 %) of all participants believed that it would apply to Iceland that 

reforestation is the most effective way to fight global warming (fig. 43). Referring to the 

groups, the highest percentage with this opinion was within Group 3; 70% of all adults 

with a direct connection to forestry believed this was true. In the same group, only 7% 

answered this question No. 6 with “no” and 23% stated that they wouldn’t know if this 

was true. Similar answered the 14 to 18 years old participants (Group 3). 65 % thought 

that in Iceland, the most effective way to fight global warming would be through 

reforestation, 35% didn’t know. To highest percentage of participants that did not see 

reforestation as the most effective way to fight global warming in Iceland were within the 

Group 2 (adults with no connection to forestry); 17% checked “no”, 48% checked yes” 

and 35 % did not know. 

The distribution of answers were similar compared between all the three different groups 

(p-value > 0.05). 
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Whereas in question No. 6 (“According to a new study of the Swiss Federal Institute of 

Technology in Zurich (ETH), the most effective way to fight global warming is 

reforestation. Do you think this applies also to Iceland?”) it was comparable how the 

participants of the different groups answered, in question No. 7 (“if it seems realistic to 

the participant that there is a potential to reforest about 32% of the Icelandic land area”) 

only the distribution of the answers of Group 1 was similar (according to Chi-Squared-

Test p-value > 0.05) to the distribution of the answers of Group 2 as well as to Group 3. 

However, how the participants of Group 2 answered was, according to the Chi-Squared-

Test significantly different (p-value < 0.05) from the way the participants of Group 3 

answered. Whereas, among the youths (Group 3) more than half (53%) believed that a 

reforestation of the land area of 32% would be realistic and another 24% believed that 

even more reforestation would be possible, in the other two groups almost 50% (Group 1: 

49%) clearly less than half of the adult participants thought that reforestation of 32 % or 

even more was realistic (Group 1: 49% thought that 32% or more was realistic, Group 2: 

26% thought that 32% were realistic but nobody believed a higher percentage of the land 

area in Iceland could be reforested). Among all groups about one fourth had the opinion 
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that reforestation of 32% of Iceland’s land area was not realistic but that it should be 

intended (Group 1: 23%, Group 2: 26%, Group 3: 24%) (Fig. 45). 

 

Question 8 – Reforestation and country specific values 

Question No. 8 was an open question in which the participants were asked to share 

country specific values that should, according to their opinions, be protected from 

reforestation. In all groups, there was a considerably high number of participants who 

either did not answer this question (Group 1: twelve participants or 28% / Group 2: three 

participants or 13% / Group 3: three participants or 18%) or, as it was the case in Group 2 

and 3, were saying that they think that there are values that should be protected by 

reforestation but that they wouldn’t know which ones (Group 2: two participants or 9% / 

Group 3: four participants or 24%). On the other hand some participants also stated that 

there were no values that would need a special protection from reforestation (Group 1: 

nine participants or 21%, Group 2: six participants or 26%, Group 3: three participants or 

18%). 
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Among the participants who did 

designate values that should be 

protected from reforestation in Iceland, 

there were differences between the 

different groups. Whereas participants 

with a direct connection to forestry 

(Group 1) put an emphasis on wetlands 

and agriculture (both mentioned three 

times) as well as the Westfjords (two 

times mentioned) in general to protect 

from reforestation, for adults with no 

direct connection to forestry (Group 2), 

berries were especially important (two 

times mentioned) and worth protecting 

from reforestation in Iceland (fig 46 and 

47). Participants of Group 3 (youth) 

however, put, like the participants of Group 1, an emphasis of the Westfjords themselves 

but also on natural wonders (both 

mentioned two times) (fig 48). Besides 

these, in all groups mostly either specific 

places respectively areas were mentioned 

like “Hornstrandir”, “Þorsmörk”, 

“Eastfjords”, “Reykjanes” and 

“Snæfellsnes” or nature-related objects 

like “nature beauty”, “natural reserves”, 

“wilderness” “geology”, “native 

vegetation”, “natural reserves” or 

“unique nature”. Additionally to terms 

referring to nature or places also 

“highways” (mentioned in Group 2) and 

“tourist attractions” (mentioned in Group 

1) were mentioned. However, there was 

disagreement whether deserts in Iceland 

Figure 46: Values that should be protected 

from reforestation in Iceland according to the 

participants of Group 1 (adults with a direct 

connection to forestry). Word size indicates 

the portion of it was mentioned (the bigger 

the word the more often it was mentioned) 

 

Figure 47: Values that should be protected 

from reforestation in Iceland according to the 

participants of Group 2 (adults with no direct 

connection to forestry). Word size indicates 

the portion of it was mentioned (the bigger 

the word the more often it was mentioned) 
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should be reforested or not. Whereas a 

participant within Group 1 believed that 

deserts should be protected from 

reforestation another participant of Group 

2 had the opposite opinion and was 

saying “[…] on the other hand, sandy 

lupine-covered sands in the southern 

land could be reforested, as well as real 

deserts in the highlands to a greater 

extent than is currently agreed”. 

 

 

 

Questions 9 and 10 – Challenges and Chances 

Questions No. 9 and 10 were both open questions. In question No. 9 the participants were 

asked to state the main challenges of reforestation according to their opinion. Question 

No. 10 asked for the main chances of reforestation in Iceland. Not all of the participants 

Figure 48: Values that should be protected 

from reforestation in Iceland according to the 

participants of Group 3 (youths). Word size 

indicates the portion of it was mentioned (the 

bigger the word the more often it was 

mentioned) 

Figure 49: Challenges of reforestation in Iceland that were 

mentioned within the Group 1 (adults with a direct connection 

to forestry). Word size indicates the portion of it was mentioned 

(the bigger the word the more often it was mentioned) 
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Figure 50: Challenges of reforestation in Iceland 

that were mentioned within the Group 2 (adults 

with no direct connection to forestry). Word size 

indicates the portion of it was mentioned (the 

bigger the word the more often it was mentioned) 

answered these questions. The 

answer lines were left blank within 

Group 1 by ten participants (23%), 

within Group 2 four (17%) and 

within Group 3 one person (6%) did 

not answer. Another four 

participants (one in each Groups 1 

and 2 and two in Group 3) answered 

with “I don’t know” and one 

participant of each Group 1 and 3 

believed that there are “none” 

challenges regarding reforestation in 

Iceland. The one participant of 

Group 1 with this answer wrote that 

“there are no obstacles. The country 

needs to be reforested as much as 

possible”, the wording of participant 

of Group 3, by contrast, was just 

“none”.  However, all remaining 

participants stated various 

challenges. Among Group 1, 

especially saw especially “costs” a 

main challenge (mentioned 11 times) 

(fig. 49). But also the “mentality” of 

the people, the “government”, which 

were mentioned four respectively 

three times as well as “weak 

planning”, lack of “manpower” and 

the cold “climate” (all mentioned two 

times). In Group 2, besides “fear of 

change”, which could be comparable 

to the term “mentality”, also the 

“costs” were seen as a main 

Figure 51: Challenges of reforestation in Iceland 

that were mentioned within the Group 3 (youths) 

Word size indicates the portion of it was 

mentioned (the bigger the word the more often it 

was mentioned) 
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challenge regarding reforestation in Iceland (fig. 50). Both were mentioned four times. 

Also, as in Group 1, in Group 2, a lack of “manpower” as well as the cold “climate” were 

seen as major challenges (both mentioned three times). In contrary to the other groups 

also “sheep” were seen as a challenge and were mentioned two times. Among the group 

of the youths (Group 3) the “willingness” of the people as well as like in the other groups 

the cold “climate” and the “mentality” of the people were seen as main challenges (all 

three mentioned two times). However the range of additional challenges that were only 

mentioned one time was wide and included besides others for example in Group 3 

“responsibility” of the individual, “lack of space”, “tourists” that destroy planted trees, 

and “apathy” as well as “collision of Interests” (fig. 51). Participants of Group 2 

mentioned additionally for example the “lupines” as a challenge as well as not finding a 

“starting point” or a “lack of planning” as well as “agriculture” as further challenges. 

Further challenges mentioned in each case once within the Group 1 were, among others, 

“opponents”, the “fear of foreign species”, “environmentalists”, the right “plant 

selection” and the “supply of trees” as well as “protected areas” and a “lack of 

knowledge”.  

Question 10 ("state the main chances of 

reforestation in Iceland) was not answered 

by all together 26 participants (twelve of 

Group 1, eight of Group 2 and six of group 

3). Another twelve participants (three in 

Group 1, four in Group 2 and five in Group 

3) answered with “I don’t know”, 

respectively with “I am not sure if I 

understood the question”, how a participant 

of in Group 2 answered. One participant of 

Group 2 answered with “I don’t want to get 

any forests”, from which can be concluded 

that he or she does not see any chances of 

reforestation in Iceland. The participants 

who did mention chances of reforestation 

answered as shown in figures 52 (Group 1), 

Figure 52: Chances of reforestation in 

Iceland that were mentioned within the 

Group 1 (adults with a direct connection to 

forestry). Word size indicates the portion 

of it was mentioned (the bigger the word 

the more often it was mentioned) 
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53 (Group 2) and 54 (Group 3).  

According to participants with a direct 

connection to forestry, the main challenges 

were “timber” production (mentioned five 

times) as well as land “reclamation” and the 

creation of “jobs” (both mentioned three 

times) and “economic diversity”, which was 

mentioned two times. The “reclamation” of 

land was also seen as a main chance of 

reforestation in Iceland by the participants 

who did not have a direct connection to 

forestry (Group 2) and was mentioned three 

times. In Group 3, however, no multiple 

mentioning occurred. In this group 

“shelter”, “outdoor activities”, “teamwork” 

of a whole nation, enough “free areas” and 

the “planting process” itself were stated 

chances, but all of them only mentioned 

once. Also once mentioned were 

“innovation”, “independence” of the 

country regarding wood, “getting active” 

regarding climate change, “dust barriers” 

and reforestation as a way to “save the 

Earth” in Group 2 and “carbon binding”, 

natural “beauty”, enhancement of “life 

quality”, “plant diversity”, “soil quality”, 

“research” and “new industry” in Group 3. 

Question 11 – Acceptance within the society 

Question 11 asked the participants how they think reforestation is accepted within the 

Icelandic society. Participants could choose to check one of the five boxes on a Likert 

scale from (“not at all accepted” to “very accepted”). Whereas among the youth (Group 

Figure 53: Chances of reforestation in 

Iceland that were mentioned within the 

Group 3 (youths). Word size indicates the 

portion of it was mentioned (the bigger the 

word the more often it was mentioned) 

Figure 54: Chances of reforestation in 

Iceland that were mentioned within the 

Group 2 (adults with no direct connection 

to forestry). Word size indicates the 

portion of it was mentioned (the bigger the 

word the more often it was mentioned) 
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3) almost 50% believed that reforestation in Iceland is very accepted, only 28% 

respectively 9% of Group 1 respectively 2 believed this too (fig. 55).  

 

However, also in these two groups a majority thought that reforestation would be at least 

accepted within the Icelandic society (42% or 18 participants of Group 1 and 39% or 9 

participants of Group 2). Almost one fourth of the participants of Group 1 (24%) and 3 

(24%) believed that people in Iceland are neutral towards reforestation projects. In all 

groups a minority of the participants believed that the Icelandic society would not or not 

at all accept reforestation projects (9% in Group 1, 13 % in Group 2 and 6% in Group 3). 

According to the Mann-Whitney-U-Test, the distribution of the answers in all groups was 

similar (p-value > 0.05).  
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Figure 55: Distribution of answers to question 11 within the different groups 
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6 Discussion 

Ecosystems are not enclosed units, but are in continuous and dynamic interchange with 

other systems. Humans are an integral part of ecosystems and benefit from their 

provisioning, regulating and cultural services (United Nations Environment Programme 

UNEP, 2003). A sustainable management of ecosystems require a holistic approach that 

includes equity, attention to vulnerability, transparency, accountability, and participation 

within the decision-making process. In regards to cost-benefit and cost-effectiveness 

analyses, not only the economic but also the social, environmental and historical context 

should be taken into account (United Nations Environment Programme UNEP, 2003). 

The aim of this study was to live up to this holistic approach, suggested by the UN's 

Ecosystems Services Framework. The question of reforestation in Iceland was seized by 

including an ecological, historical as well as social perspective. Economic aspects were 

included indirectly by raising subjects regarding the value of forests and addressing 

challenges of reforestation, like, among others, financing such projects. It is this holistic 

approach that is needed in order to imply successfully large-scale projects, such as 

reforestation projects. From an ecological point of view, it is important to know, if 

growing trees in a rather harsh environment, as it is the case in many places in Iceland, 

such as the Westfjords, where this study took place, is possible. In this regard, a further 

central question is, how Iceland looked before human settlement. If there would not have 

been trees growing naturally on this island, then maybe the idea of planting forests would 

be hardly worth mentioning, or at least would require entirely different arguments. This 

historical approach is as important as social aspects. Knowing the perspective of the 

people on forests is crucial because in the end, the linchpin of the success of a project is 

the support of the people that it gets. In theory and in regards to ecological and climatic 

aspects, a forest can develop perfectly fine, but if the people do not want it, it will be hard 

to find funding and support from policy.  

In this chapter, the findings presented above are discussed with regards to the research 

questions. Results from previous studies are included into the discussion. Furthermore, 
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possible weak points of the study are analyzed and the extent to which the methodology 

proved appropriate to collect the necessary data is reviewed.  

6.1 Tree growth and development of the forest 
stands 

Even though, up to 40% of the land area was once forested, Iceland has been mostly tree 

less for a long period. Most reforestation projects in Iceland are still in the early stages of 

development. Accordingly, there is still research needed in order to know how forests 

grow and develop. One part of my research concerned the capability of tree growth and 

how forests develop. The following research questions were part of the ecological 

approach of my thesis: 

 How was the growth rate of the trees in the two stands close to Tálknafjörður in 

the last ten years  

 How was the survival rate of the trees? 

 Which species grew best? 

These questions are especially interesting as climatic conditions in Iceland are often 

harsh. Strong winds, long and cold winters that are often rich in snow and rather cool 

temperatures also in summer shape the nature and its living species in the Westfjords. 

This harsh environment can be a challenge, especially for organisms in their early stage 

of life. This also applies to young trees. Especially frost poses a danger for seedlings and 

saplings, as it is one of the main causes of mortality during the first years after planting 

(Aradóttir & Eysteinsson, Restoration of birch woodlands in Iceland, 2005). However, 

the trees studied in the two sites, Hofðadalur and Gileyri in Tálknafjörður, have overall 

developed very well within the last ten years. 

The statistical evaluation of the number of measured trees in each plot shows a similar 

number of trees measured in the field campaign of both 2009 and 2019. Therefore, it can 

be concluded that most trees from 2009 survived and were still living in 2019. This result 

strongly indicates that the conditions in Iceland, or at least at the place in the Westfjords 

where the measurements took place, is suitable for trees. The planted tree species are 

capable to survive the prevailing harsh conditions of this place. Higher mortality rates 

were measured in another study that was conducted in two study sites in South Iceland 
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(Óskarsson, Sigurgeirsson, & Raulund-Rasmussen, 2006). In their study, they measured a 

descending survival of the trees from 93% in the first year to 66% after six years. Similar 

results found Ósakarsson, & Brynleifsdóttir (2009), who studied the survival rates of 

trees, planted in Iceland, depending on the pretreatment of the seedlings. Three years 

after planting, the survival rate of the trees was between 66% and 91%, depending if 

fertilizer was added or not. However, it is possible that, at the two sites in Tálknafjörður, 

at the time of the first measurements in 2009, already strong stands were developed. The 

results of the studies conducted in Iceland correspond with the findings of the study of 

Jones & Sharitz (2001), in which the survival rate of different tree species during the first 

eight years after planting was analyzed. According to their study, for most populations 

the survival was initially poor but increased steadily with age. At the time of the field 

campaign in 2009, all measured trees had an age between four and seven year (as they 

were planted between 2002 and 2005). Another study, in which the mortality rate of 

silver birch trees was studied, came to a similar result; mortality rate decreased with 

increasing diameter growth, respectively age (Maleki & Kiviste, 2016). Hilbert et al. 

(2019) recorded mortality of different tree species to be highest during the first five years 

after planting with a subsequent clear decreasing mortality rate to nearly 0%. Hereby it 

needs to be admitted that their study focused on urban tree mortality, therefore these 

results might not be applicable for the trees that were studied in Tálknafjörður, as urban 

trees might get a special treatment (watering, regular fertilization, treatment against pests, 

etc.). However, it seems that also in Tálknafjörður, the mortality rate of the trees was 

close to zero within the time span of 2009 to 2019. Mortality rate of trees not only 

depends on the age of trees but also on the type of stand, as mortality rate in pure stands 

normally is higher than in mixed stands (Maleki & Kiviste, 2016). Therefore, the low 

mortality rate in the two forest sites in Tálkanfjörður could also be connected with a 

proper mixture of species within the stands. Pure stands might have resulted in a higher 

mortality rate. Mortality rate is not only presumably low in regards to the studied sites in 

general but also in regards to the different species, as there was no species that was in a 

significantly smaller number represented in the measurements in 2019 compared with the 

measurements 2009. A similar number of all species (spruces, birches, larches, pines, 

poplar, rowans, and willows) was found per plot. 
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As trees are long-living species, tree plantings are most probably long-term projects. 

Therefore, it might be especially interesting to know, how a planted stand will develop 

over a long time-span. Yet, research often only covers a short time span. However, 

Etzhold et al. (2019) recently published the results of their long-term study, in which 276 

permanent plots located in 95 forest stands in Switzerland were recorded over a time span 

over one century (1898-2013). Within this study, the focus was on five major European 

tree species (Norway spruce, Scots pine, silver fir, European beech, and sessile and 

common oak). The researchers reported an average annual mortality rate of the 

investigated forest stands of 1.5 %. Additionally “normalized mortality rates were 

remarkably similar between species” (Etzold, et al., 2019). This percentage can be taken 

as an indication of how the stands in Tálknafjörður might develop over a long-term span. 

However, it cannot be applied one-to-one to the stands in Tálknafjörður as also the 

geographical location and the local conditions play an important role in regards to 

mortality rates. In the study of Etzold, et al. (2019) changes in minimum site water 

balance and in temperature had variable effects on the annual mortality rate. For example 

increased mortality rate of pine and spruce under drier conditions in lowlands but no 

difference in mortality rate was recorded among the same species in high altitudes under 

drier conditions. As local conditions of high altitude regions in Switzerland might be 

similar to the subarctic regions like Tálknafjörður, mortality rates of pines and spruces in 

the stands of Tálknafjörður would not change with change under drier conditions. 

However, these are only assumptions; the prediction of how a stand will develop over a 

long time is hardly possible as it depends on a variety of factors. To the same result came 

Limes, Coomes & Purves (2010) who studied characterized tree mortality as a function of 

climate, soils, species and size (stem diameter) and found that “geographical variation in 

mortality is substantial, and correlated with several environmental factors.” Further, they 

expressed the complexity in predicting mortality rates in summarizing that “regional 

variation in mortality is therefore the product of variation in species composition 

combined with highly varied mortality-environment correlations within species.” 

Moreover, not only mortality rate but also natural expansion of trees needs to be taken 

into consideration in regards to the development of a forest. Although natural expansions 

of the forests were not part of this study, it is most probable that the cover of the forests at 

the two study site will rather increase than decrease over time, as long as they are also in 

the future protected from sheep grazing. Under protection, birch forest in Iceland had 
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naturally extended over time from small plots to an area of 9’000 m
2
 after the first 20 

years and to 30’000 m
2
 in another quarter-century (Aradóttir & Eysteinsson, Restoration 

of birch woodlands in Iceland, 2005). 

That Iceland and in particular the Westfjords seem to be a suitable environment for trees 

did not only show the high survival rate but also the high growth rate. The trees in 

Tálknafjörður in both, Hofðadalur and Gileyri grew considerably since the last 

measurement in 2009 (1.58 m on average in Hofðadalur and 1.39 m in Gileyri). However, 

the two sites differed in regards to which tree species grew faster. In Hofðadalur, spruces, 

larch trees and rowans grew at a higher rate (on average 1.94 m, 1.89 m and 1.82 m), 

followed in decreasing order by poplars (1.51 m), willow and pines (both 1.21 m), and 

birches (0.88 m). On the contrary, in Gileyri it was willow that grew most (2.26 m) on 

average, followed by poplar (2.15 m), spruce (1.37 m), birches (1.28) pines (1.14) and 

larch trees (0.63). Thus, on average the growth rate of the trees was similar, but broken 

down to the species a nearly opposite scenario can be recognized; tree species that grew 

most on one side of the fjord, grew less on the other side of the fjord and vice versa. In 

general, deciduous trees in the first years grow faster than coniferous trees. Overall, 

growth rates and growth patterns of trees depend highly on the species, but also on local 

conditions like moisture, type of soil, and availability of nutrients. This dependency on 

local conditions is so strong that growth rate patterns of trees can be used for drawing 

conclusions from them to the local conditions (Smith & Shifley, 1984). Therefore, it 

could be that a reason for different growth rates among the different species originates 

from different local conditions of the two sites (soil composition, nutrient availability 

moisture, etc.), which were more favorable for different species. As an example, willow 

and poplars are both very tolerant towards wet conditions ((Kuzovkina & Quigley, 2004), 

(Özparpucu, et al., 2019)). Sitka spruces also prefer moist soil but can’t grow in extensive 

moist soil (Housten Durrant, Mauri, De Rigo, & Caudullo, 2016). The same accounts for 

larch trees. Whereas these two tree species grew best at the site in Hofðadalur, they grew 

less at the site in Gileyri. In Gileyri in turn, willow and poplars grew best. A reason could 

be that the site in Gileyri was wetter than in Hofðadalur that brought benefits for poplars 

and willow over spruces and larch trees. Another characteristic that set spruces and larch 

trees apart from the rest of the trees is their tolerance to saline soils and salt spray drift 

((Housten Durrant, Mauri, De Rigo, & Caudullo, 2016), (Appleton, et al., No date)). A 
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possibly higher salt spray or higher concentration of salt within the soil in Hofðadalur 

could be another reason for the difference in growth rates among the tree species of the 

different sites, as it could lead to a predomination of larch trees and spruces over other 

species. However, these are hypotheses; a better understanding of these different growth 

patterns of the two sites would require a further in-depth study of the two sites. And it is 

needed to be taken into account that these differences could also have their roots in the 

planting process, which is crucial for the development of the plants (Society for Irish 

Foresters, 2020). The persons who planted the trees were not the same persons. Different 

planting techniques (timing, density, depth, etc.) might have played a role as they were 

benefiting a species, respectively were hindering for further proper growth. Differences in 

health conditions of the saplings might have played a role too, as the quality of saplings 

and seedlings can have a big impact on the outplanting performance (Davis & Jacobs, 

2005). 

Summarizing, the evaluation of the tree growth and the distribution of the tree species 

shows that the survival rate of the trees as well as the growth rate of the trees was 

considerably good, especially in view of the harsh environment the trees were planted in. 

Differences in growth pattern among the different species between the two study sites 

might have their roots in different local conditions, such as salt spray, moisture, nutrients, 

etc. However other factors, like difference in the planting process or different quality of 

the saplings, might have also played a role. In this regard, further study of the two sites 

and an interview with the different planters of the different sites would be needed. 

Especially for future tree planting projects, it would be interesting to know, why one 

species grows better in a site than another and why there are differences in relatively 

nearby locations. As these results of the thesis at hand show that trees in general are 

capable to survive and grow in the Westfjords and possibly also in other places in 

Iceland, further research on a more local basis could give important information on which 

tree species grows best in which places and how different tree species impact each other. 

These are crucial aspects in order to grow healthy and resilient forests in Iceland, which 

in turn might be key projects for succeeding reforestation projects in Iceland. 

Furthermore, a good in-depth knowledge about tree species and tree communities will 

lead to better growing and strong forests, which in turn could be used as flagship forests 
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that might help to persuade people that are more skeptical towards reforestation projects 

to support such projects.  

6.2 Potential of carbon sequestration 

According to the IPCC report (2018), “without increased and urgent mitigation ambition 

in the coming years, leading to a sharp decline in greenhouse gas emissions by 2030, 

global warming will surpass 1.5°C in the following decades, leading to irreversible loss 

of the most fragile ecosystems, and crisis after crisis for the most vulnerable people and 

societies.” One of the pathways to limit the global warming to 1.5 °C mentioned in the 

IPCC report is the increase of forests (IPCC, 2018). Through afforestation up to 3.6 Gt of 

CO2 can be globally sequestered per year. Also the results of a long-term study on 

climate change designate global afforestation to be the most effective way to fight climate 

change (Bastin, et al., 2019). According to the same study, there is a huge potential for 

afforestation in Iceland of 3.257 Million hectares of land that would be available and 

suitable to plant forests on. However, the potential of the studied forest stands in 

Tálknafjörður to sequester CO2 seems rather limited. An annual sequestration rate of only 

0.74 t (Hofðadalur) and 0.55 t (Gileyri) CO2 ha
-1

 year
-1

 and hectare is rather low and lies 

clearly below the results of another study conducted in Iceland, in which the CO2 

sequestration rates of a 12-14 year old larch forest in East Iceland were analyzed. The 

CO2 sequestration rates of this forest was between 2.5 and 5.7 t CO2 per year 

(Bjarnadottir, Sigrudsson, & Lindroth, 2009). Valentini, et al. (2000) found similar results 

in their study on a seven year old forest in South Iceland; annual CO2-sequestration rates 

of 3.7 t CO2 were found (Valentini, Matteucci, Dolman, & Rebmann, 2000). These CO2-

sequestration rates found in Iceland are supported by other studies on boreal forests, 

conducted outside of Iceland (annual CO2- sequestration rate of boreal forests are 

estimated to be between 2.9 t and 8.8 t per hectare (FAO, 2001)). However, the report of 

the Food and Agricultural Organization of the United Nations, FAO, does not state the 

age range or forests types that these CO2 sequestration rates do account for. It might be 

that new planted forests, as it was the case in Tálknafjörðdur, have lower CO2-

sequestration rates than forests with trees of mixed age ranges or an older, well 

established forest. That is because a tree’s carbon absorption rate accelerates as it ages 

(Koberstein & Applegate, 2019), as it was shown in a global analysis of 403 tropical and 
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temperate tree species. The results of this study showed that for most species mass 

growth rate increases continuously with tree size. According to the authors of the study, 

“thus, large, old trees do not act simply as senescent carbon reservoirs but actively fix 

large amounts of carbon compared to smaller tree”. Further, they state that “at the 

extreme, a single big tree can add the same amount of carbon to the forest within a year 

as is contained in an entire mid-sized tree”. The reason for this is explained with the 

increase in a tree’s total leaf area that outpaces declines in productivity per unit of leaf 

area. (Stephenson, et al., 2014). This refutes the old dogma about old forests being 

unproductive, especially, as a global survey of old forests found that many continue to 

sequester carbon and have stocks that far exceed young, managed forests (Luyssaert, et 

al., 2008). 

On the other hand, studies also show that it is especially the young forests that tend to 

absorb more carbon overall because trees can be crowded together when they are small. 

At the study sites in Tálknafjörður however, were the trees not planted especially close 

together in order to make sure they will have enough space, also when they are growing 

bigger. Therefore it is possible that these higher overall CO2-sequestration rates do not 

account for the forests in Tálknafjörður. It can also be assumed that the sequestration rate 

of CO2 of the trees in Tálknafjörðdur will increase as trees’ sequestration rates of CO2 are 

greatest at the age between 20 and 50 years (Toochi, 2018).  

However, the age of the forest seems not to be the reason for the low CO2-sequestration 

rates of the forests in Tálknafjörður, as the other two studies (Bjarnadottir, Sigrudsson, & 

Lindroth, 2009) (Valentini, Matteucci, Dolman, & Rebmann, 2000), mentioned earlier 

that were conducted in Iceland, found higher sequestration rates, even though the forests 

had a similar age (seven and twelve to fourteen years old). Besides age and density of the 

trees, also the individual tree species and the local characteristics of the place where the 

trees grow are crucial for the sequestration rate of a forest (Toochi, 2018). At the study 

sites, the majority of the trees were coniferous. In terms of CO2, in general broadleaf trees 

have higher sequestration rates than coniferous trees (AREA, 2019). However the lower 

CO2-sequestration rates of the stands in Tálknafjörður than suggested by literature most 

probably do not cohere with the kind of tree species they consist of, as their composition 

of trees corresponds with the composition of trees of a typical boreal forest (Dalponte, 

Orka, Gobakken, Gianelle, & Næsset, 2013). The suggested annual CO2-sequestration 
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rates of 2.9 to 8.8 t refer to boreal forests. The local characteristics of the place in turn can 

be a reason for the lower CO2-sequestration rates.  

Long, dark and snowy winters are typical for boreal regions. Wind speeds of more than 

20 m/s, as they occur often in Tálknafjörður, are rather rare for most boreal regions. And 

not only exceptional storm events occur more often in the region of the Icelandic 

Westfjords than in most of the boreal regions in the world, but also the average wind 

speed of around 7 m/s during winter is clearly higher. By comparison average 

windspeeds during winter in Lapland are 3 m/s (Finish Meteorological Institute, 2020), in 

Siberia 2 m/s (MeteoBlue, 2020), and in Alaska 3 m/s (Thoman & James, 2014). Wind 

conditions do affect physiological processes in trees, tree growth and survival (Schindler, 

Bauhus, & Mayer, 2012). At the study sites it was observed that wind had a clear impact 

on many of the trees. Some grew close to the ground and many trees had damages, like 

shorter branches, on the side that faced the prevailing wind direction (fig. 56). According 

to Gardiner, Berry & Moulia (2016), “wind is also a major disturbance in many plant 

ecosystems” and can lead to a decelerated growth. 

 

Figure 56: Study site Gileyri: Many spruces have shorter branches on their right side 

(prevailing wind direction). 
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Another reason for the lower CO2-sequestration rates might not be caused by constitution 

and composition of the studied stands themselves, but much more by the approach used 

in the calculations. The formulas used were based on a study of carbon sequestration in 

forest plantations in Iceland and therefore consider the special growth forms and patterns 

of the trees of this region (Snorrason, Sigurdsson, Guðbergsson, Svavarsdóttir, & 

Jónsson, 2002). But it needs to be taken into consideration that the formulas were made 

for trees of a certain height range and with a certain circumference. The trees of the study 

sites in Tálknafjörður however, were mostly smaller and of also had a smaller 

circumference. According to an email exchange with one of the authors (Arnór 

Snorrason, email from 25 November 2019), “it is ok to use these functions little bit out of 

the range especially [if] only few of the trees are out of range”. On contrary to the 

statement of Snorrason, not only few trees were out of range but most of them. Therefore, 

the use of these functions for trees that were out of the designated range might have had 

an impact on the results. In this regard, it would be interesting to calculate the carbon 

sequestration rates with other functions and analyze the difference of the results. 

According to the Icelandic Forest Service (oral information), the applied formulas are the 

only and most accurate formulas existing at the moment for trees in Iceland. However, 

these current functions seem to underestimate the biomass of the trees that are out of the 

given ranges (heights and circumferences), as the growth rates indicated a similar growth 

in comparison to similar forests from other studies. Therefore, similar high CO2-

sequestration rates were to be expected. In view of this fact, an adjustment of the formula 

according to different regions in Iceland and associated different growth forms might be 

necessary. In this regard, more research on this topic will be worthwhile, especially as the 

CO2-sequestration potential of forests is getting more and more important and on a 

political level of increasing interest. 

However, whether the calculated CO2-sequestration rates are too low or not, there is a 

clear potential in Iceland to reduce CO2 by afforestation. There is a potential that at least 

twelve percent of the land area in Iceland can be afforested by the year 2100 through 

planting and natural forest extension (Eysteinsson T. , 2017). Twelve percent of Iceland 

corresponds to an area of 12’375 km
2
 or 1’237’500 ha. If Iceland would meet the goal to 

reforest this area, then this would result in a total annual sequestration of 804’375 t to 

3’588’750 t CO2, depending on which basis is taken (804’375 t are calculated by taking 



101 

the mean CO2-sequestration rate of the two study sites, 3’588’750 t are calculated by 

taking the lowest CO2-sequestration rate for boreal forests, based on literature according 

to FAO (2001). An even higher annual CO2 uptake would be possible if, as suggested by 

Bastin, et al. (2019), 3’257 million ha would be afforested. However, it seems more 

realistic to calculate with 12 % of land area that are suggested by the director of the 

Icelandic Forest Service, Thröstur Eysteinsson, as he might know best the realistic 

possibilities and limitations regarding afforestation in Iceland.  

Afforestation in regards to CO2 uptake seems especially important when taken into 

account that Iceland has the highest CO2 emissions from the economy per capita 

(Statistics Iceland, 2018). Increasing tourism is one factor that pushes these CO2 levels to 

new records (Sigurðardóttir, 2018). Annually, almost 4 million t CO2 are emitted in 

Iceland. Through afforestation of 12’375 km
2
 area, these emissions of CO2 could almost 

be sequestered entirely. 

6.3 DOC and TDN concentrations of the streams 

When talking about the carbon cycle, the most prominent part probably is the 

atmospheric carbon dioxide that was approached in the previous chapter. However, 

another part of the carbon cycle takes place in streams, which carry dissolved or 

particulate carbon, transporting terrestrial carbon to the ocean. Especially in a country 

like Iceland with a relatively high runoff (1460 mm yr
-1

 on average between 1960 and 

1990 (Jónsdóttir, 2008)), this part of the carbon cycle seems important as it might 

contribute significantly to the global fluvial carbon flux. It will even be of greater 

importance if the prediction of Jónsdóttir (2008) come true and a temperature rise of 2.8 

°C between 2070 and 2100 will come true, as this would lead to a 25% increase of runoff 

in Iceland.  

Vegetation cover plays an important role in determining the flux of organic carbon in 

streams and lakes (Lehnhart-Barnett & Waldron, 2020). This was shown in the study of 

Stéfansdóttir (2010), in which the effect of vegetation cover on litter fall into streams was 

analyzed. Litter transport was 30-33 times higher in birch and conifer forest streams than 

in the heathland streams, which led to a higher amount of particulate organic carbon 

available in the forest streams. Lehnhart-Barnett & Waldron (2020) who studied the 
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impact different land covers (heathland, wetland, sparse vegetation and dense Nootka 

lupin) on carbon concentrations in streams in east Iceland, found that especially wetland 

areas have a positive effect on dissolved organic carbon (DOC) concentrations in steams. 

Other studied land covers resulted in lower organic carbon concentrations, whereby there 

were no significant differences in DOC concentrations found within streams in areas with 

dense Nootka lupin and within streams in areas with sparse vegetation. In their study, the 

mean DOC concentrations ranged from 2.8 mg L
-1

 to 4.9 mg/L (including the generally 

higher DOC concentrations of the wetland areas).  

Most DOC concentrations measured in the streams in Tálknafjörður were slightly lower, 

but are in a similar range. However, no clear differences between the DOC concentrations 

of the stream within the forest and the stream outside of the forested area could be found. 

These results correspond with the study of Lehnhart-Barnett & Waldron (2020), in which 

a densely vegetated land cover did not lead to higher DOC concentrations in streams. 

However, other studies suggest that a major natural source of DOC in streams are 

forested areas and that these areas contribute to a higher organic carbon concentration in 

streams (Laudon, et al., 2011) (Webster, 2006). To the contrary, other studies showed that 

forests have a clearing effect and decrease the DOC concentrations in streams 

(Palviainen, Finér, Laurén, Mattsson, & Högbom, 2015). Therefore, there is no unified 

hypothesis regarding the effects of forests on DOC concentrations in streams. Also it 

needs to be considered that the samples were taken in a rather small and young forest, in 

which the typical biocenosis, which might impact the DOC content, whether positively or 

negatively, still is in the process of building up. Therefore, these similar DOC 

concentrations in both streams, within a forest and outside of a forest, make sense. The 

rather dense grassland that surrounded the stream outside of the forest, led to a similar 

high carbon content as the rather young forest with smaller trees. The similar results 

indicate that the local conditions (soil, composition, utilization) were similar and 

therefore the samples of the streams are comparable. 

As according to literature (Webster, 2006) DOC concentrations in streams general 

increase in a downstream direction, clearly higher DOC concentrations would have been 

expected the further downstream the samples were collected. But there was no increase in 

DOC concentration; concentrations stayed about the same downstream outside of the 

forest decreases slightly downwards the stream within the forest. One could conclude 
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from that, that the forest had a cleaning effect on the DOC in the stream. But to confirm 

this, clearly more samples would have been needed. It is more likely that this pattern of 

decrease downstream is a result of micro local differences or of slight differences of 

sampling or, that of being a result of the normal relative measuring uncertainty. Most 

likely it is mixture of all of this. 

The total nitrogen (N) runoff in Iceland is estimated as 4360 tons a year (based on 

research in 1998) (European Environment Agency, 2010). According to a study, in which 

the total nitrogen concentration was measured in 20 rivers in the North and South of 

Iceland, the mean value of total nitrogen (TN) was 0.3 mg/L (European Environment 

Agency, 2010). In comparison, the measured total dissolved nitrogen (TDN) 

concentrations in the streams in Tálknafjörður ranged from 0.1 mg /L to 0.35 mg/L, and 

were on average 60% of the TN of the study that was cited by the European Environment 

Agency. This makes sense, as according to other studies, in which N was measured in all 

kind of streams all over the world, the dissolved nitrogen portion was around 45% up to 

90% of the total nitrogen portion ((Bosch, Johengen, Allan, & Kling, 2009), (Kaushal & 

Lewis, 2003), (Lewis, Melack, McDowell, McClain, & Richey, 1998)).  

TDN concentrations in Tálknafjörður were slightly higher in the stream within the forest 

than in the stream outside of the forest, but the differences were negligibly small. Also 

here, more samples on more sampling points and over a longer time period are needed to 

draw a conclusion. However, these low TDN concentration are an indication of pristine 

water that is far off agricultural activities or influences from settlement zones, as 

especially agricultural activities can lead to several times higher nitrogen concentrations 

in water bodies (Kemp & Kodds, 2001). Because the water sampling took place in a very 

sparsely inhabited location where agriculture is absent such low TDN concentrations 

were expected.  

6.4 Public opinion regarding forests and 
afforestation in Iceland 

Afforestation in Iceland is a common topic in local, national and sometimes even in 

international newspapers. Main topic of the articles is usually the absence of the trees 

(Widiger, 2018), the listing of current afforestation projects (Whatson, 2020), naming of 

a wide range of numbers including percentages of the area that was once forested in 
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Iceland and that will be afforested by a certain year (Fountain, 2017) and almost in each 

of these articles is somewhere the old Nordic joke mentioned, like also the journalist Huh 

(2016) did it in an article for The Reykjavík Grapevine: “Hvað gerir þú ef þú villist í 

íslenskum skógi? (What do you do if you get lost in an Icelandic forest?) Stendur upp! 

(Stand up!)”. But although, the topic “Iceland and its forests (the absent ones and future 

ones) seems to be of common interest, the opinion of what Icelanders themselves think 

about forests and reforestation in Iceland seems to be irrelevant to this discussion. 

Accordingly, there is quite a bit of research done regarding reforestation in Iceland in 

relation to climate change, soil erosion, land use management and impacts on water and 

many of these studies are even written in English and therefore accessible for a broader 

audience. However, very little is done in English and almost none is done in relation to 

the people and society. The only found study in this context focused on the tourists’ 

perceptions of forestry in Iceland (Lange, 2016). But, as seen in chapter 2.1.2, knowing 

the society’s attitude towards forests is important as it determines how forests will be 

managed (Tabbush, 2010). 

As the results showed, a majority of the people living in the Westfjords, have a positive 

attitude towards forests in general, independently of age and/or professional background. 

This can be assumed as a majority of the participants of the survey throughout all groups, 

could see themselves living in or close by a forest. This positive attitudes towards living 

close by or in a forest was also found among people living in areas in Denmark, which 

were woodless but were planned to be reforested (Præstholm, Jensen, Hasler, Damgaard, 

& Erichsen, 2002). This connectedness of people to forests, even within a society of a 

rather treeless country like Iceland, might have its roots, in the mutual dependency 

between forests and humans. According to Ritter & Dauksta (2012), “society as we know 

it today, with all the technical, cultural and philosophical achievements, would not be 

imaginable without the (over-)exploitation of forest resources by previous generations. It 

was the deforestation of earlier civilizations that built our culture. However, as much as 

modern culture has been formed by the presence of forests, reciprocally trees and forests 

have been affected by human activity”. This relationship between forests and humans 

accounts also for Icelanders because also the Icelandic society was initially built by using 

forest resources to establish a life on this island. This relationship might be still anchored 

in the people, even though the people living today in Iceland have grown up in a mostly 
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treeless landscape and probably can’t draw on forest related memories from their 

childhood. By stating the reasons, why they would prefer living in or close by a forest, 

the harsh climate of Iceland go mirrored, as many were mentioning the shelter that a 

forest provide. However, the biggest portion of participants who did not want to live in or 

close by a forest were in Group 2. A reason for this could be the higher portion of non-

Icelandic persons within this group (Around 20% or four out of 19 participants stated to 

have a non-Icelandic background, while the participants of the other two groups were all 

Icelandic or did not state their nationality). As the study of Lange (2016) has shown, 

tourists are mostly drawn to Iceland because of the typical vast and open landscape. 

Maybe it was the same reason that non-Icelandic participants once brought them to 

Iceland. However, it was not analyzed if it was the participants that had another 

nationality that stated that they would prefer not to live in or close by a forest. A similar 

high majority would not only live in a forest but also would get active to help planting 

trees to establish a forest. This relationship between the attitude toward a forest and the 

engagement into activities mirrors the results of the literature review of Tabbush (2010) 

that showed that connectedness of a society to forests determine how a forest will be 

managed.  

This mutual relationship between impacts of forests on a society and the resulting 

management strategy of forests of this society are further portrayed in the predominant 

opinion of the participants that reforestation in Iceland is important. Not surprising was 

that the highest portion of proponents of reforestation in Iceland were among Group 1, 

the group with the participants that had a background in forestry. One reason might be the 

experienced additional income that they could generate through reforestation projects. 

Participants of this group therefore might see the additional job opportunities that are 

related with afforestation projects in Iceland. However, when analyzing the reasons why 

they think that reforestation in Iceland is important, then the factor “job” only holds a 

very small portion. More dominant were ecological factors. This supports the results of 

another study on the reasons for engaging into reforestation processes. It was shown that 

the dependence on forest income was negatively related to attitude and intention 

(Tesfaye, Roos, & Bohlin, 2011). Interestingly, also some of the reasons of the 

participants that were against reforestation in Iceland were also rooted in the idea of 
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environmental protection, as they feared that reforestation projects would be taken as an 

excuse to not take action against climate change in other areas.  

When asked, what impact forestation in Iceland would have, expectedly, a majority of all 

groups mentioned that it would have positive impact against soil erosion and climate 

change and as a protection against avalanches and landslides, as these topics in 

connection with afforestation are mentioned often (this can be measured by number of 

hits, when these terms are googled together: “Forest” and “climate change”: > 400 

million hits, ”forest” and “erosion”: > 69 million hits, “forest” and “avalanche”: > 23 

million hits) (information gained by google search, completed on the 12
th

 January 2020). 

Using google trends can give information about the present actualities, or as Choi & 

Varian (2012) describe it: “We are not claiming that Google Trends data can help in 

predicting the future. Rather we are claiming that Google Trends may help in predicting 

the present. For example, the volume of queries on automobile sales during the second 

week in June may be helpful in predicting the June auto sales report which is released 

several weeks later in July”. By contrast, surprising was that most of the participants had 

the opinion that reforestation in Iceland would not have a negative impact on tourism in 

Iceland. This contradicts the findings of the study of Lange (2016), in which tourist in the 

Westfjords voiced opposition towards afforestation activities that modify the 

characteristic open landscape of the Westfjords, by blocking scenic views or diminishing 

naturalness.  

Also unexpected was that a majority did not think that reforestation would have a 

negative impact on traditional way of farming. It is known that there was and still is some 

conflict with sheep farmers in regards to reforestation because of the competition of land 

use and the need of fencing newly forests off to keep the sheep out (Dammert, 2001). But 

according to the answers of all groups, this is not seen as big issue among the 

participants. On the other hand, when asked which values should be protected from 

forests, some participants from Group 1 and Group 2 mentioned agriculture, which most 

likely is sheep farming. This either can be either understood as a contradiction to the 

answer that indicated that most of the participants did not see that forestation would have 

negative impact on agriculture. Or, it is also possible that a majority of people wants 

sheep farming not to be endangered by afforestation but believe that sheep farming and 

afforestation in Iceland are not in competition to each other and can co-exist. 
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Also interesting was that it was multiply mentioned that the Westfjords should be 

protected from forests. In other words, people are in favor for afforestation but do not 

want them in the Westfjords, where they live. This contradicts the answers to the first 

question, as a majority of the participants stated that they would like to live in or close to 

a forest. On the other hand, some of these same people want to protect the Westfjords 

from reforestation. This could indicate a weak point of communicating reforestation in 

Iceland. During this research, informal conversations, which were not directly part of this 

research, revealed that when talking about reforestation in Iceland and in the Westfjords 

that many people have the idea that in the future there will be vast areas covered by 

forests. This mental image acts as deterrent in regards of reforestation. On the other hand, 

when talking with forest experts in Iceland, it gets clear that also in the future, reforested 

areas will rather take place on selected small areas than on a vast land-covering scale. 

The typically Icelandic open landscape will still be prevailing. By communicating this 

clearly, the acceptance towards reforestation projects in the home area of locals could 

maybe be increased.  

In the two groups with the adults, cost was seen as a hindering factor for afforestation 

projects in Iceland. This corresponds with what was reality for many years after the crisis, 

when funding for forestry was cut in half, which resulted in a proportional similar 

reduction in total planting. But since 2016, forestry is seeing an increase in state funding 

again (Skógræktin, 2020). Young people (Group 3) on the other hand, did not see costs as 

an obstacle with priority. The reason for this might be that the young people were too 

young when the financial crisis in Iceland happened and therefore were not aware of the 

cut downs of funding for forestry. Therefore, younger people did not have cost in first 

place in mind, as an obstacle for reforestation in Iceland. Furthermore, people doubt the 

willingness of other people and also believe that there is a lack of manpower and an 

apathy that hinders to set the ball of reforestation in Iceland rolling. These mentioned 

challenges are also mirrored in answers of the last question, which indicated that almost 

half of the participants do not think that reforestation is accepted among the Icelandic 

society. This contradicts the evaluation of the survey itself, which showed clearly that a 

vast majority of the participants are in favor of reforestation in Iceland and also think it is 

needed to fight climate change. There is not only the willingness to accept reforestation 

but also a willingness to participate and spend spare time to plant trees and help with the 
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realization of reforestation projects. On the other hand, people seem to distrust their 

compatriots, as they think, most other people do not accept forestation in Iceland and that 

there is a lack of manpower, money and activism. This mistrust in other people is 

according to a study, in which a cross-national comparative analysis of generalized social 

trust in 60 countries was conducted, not characteristic for Icelanders. In comparison with 

the other analyzed countries, Icelandic society was in fact not among the highest trusting 

societies but still belonged to the medium trusting societies, together with Finland, 

Ireland, Germany, Switzerland and others (Delhey & Newton, 2004). However, this study 

was conducted before the financial crisis in Iceland, as this crisis might have affected the 

society’s trust until today. After the collapse of the banking system in October 2008, not 

only fell the trust in the financial system itself in Iceland but in all societal institutions as 

well as in mass media and other people in general (Gudmundsdottir, 2011). If this 

mistrust is persisting until today, nine years after the study was conducted, is unclear. 

6.5 Evaluations of the hypotheses 

In this chapter the previous made hypotheses are evaluated in regards to the results of this 

study. 

Survival and development of the trees 

The hypothesis was that since the last evaluation of the trees at the two study sites in 

Tálknafjörður, ten years ago, most of the trees survived and grew significantly. 

 This hypothesis was supported by the results of this study as since the last 

evaluation of the two forests, the trees have grown significantly. Also 

most of the trees seemed to have survived as similar number of tree per 

plot was measured as in the last evaluation. 

CO2-sequestration rates 

The hypothesis was that the annual CO2- sequestration rate of the forests of the two study 

sites in Tálknafjörður is comparable to the CO2-sequestration rate of similar forests (age 

of the stands, species, and geographical location). 
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 This hypothesis was not supported, as the calculated CO2-sequestration 

rates of this study were considerably lower than the CO2-sequestration 

rates suggested by other studies comparable forests (within and outside of 

Iceland) 

Impact of forests on water systems regarding DOC and TDN 

concentrations 

The hypothesis was that the forests stands in Tálknafjörður do have an impact on the 

carbon and nitrogen concentration in aquatic systems (fresh water streams and coastal 

water); both, dissolved organic carbon and nitrogen concentration will be lower in the 

water system that runs through a forested area than in the water systems outside of a 

forested area. 

 The hypothesis was not supported as there were no significant differences 

in DOC and TDN concentrations in the stream running through a forested 

area and the stream outside the forested area. 

Perception of local residents on forests and reforestation in Iceland 

The hypothesis was that local residents, independently from age and professional 

background, do have a positive attitude towards forests and reforestation in Iceland. 

 This hypothesis was partially supported as there was an overall positive 

attitude towards forests in general and reforestation projects in Iceland, 

throughout all groups be recognized. On the other hand, there was also a 

pattern recognizable that especially adults with no direct background in 

forestry are more skeptical towards reforestation projects in Iceland than 

other groups. 

6.6 Methodological issues 

Measurement of the trees 

The measurement of the trees was conducted by only three people and within one week. 

In this way, it was made sure that the measurements were done the in the same way so 
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that the data was comparable. However, difficulties appeared by choosing the right plot 

via GPS. It was observed that different logger guided differently, sometimes with a 

distance of several meters. Therefore, depending on which device was taken, the location 

of the chosen plot was different. To avoid this, it was tried to use as often as possible the 

same device for orientation.  

Furthermore, the weather exacerbated the work for some parts. Measurements during 

heavy rain had an impact on making notes and on the measurement accuracy. Therefore, 

measurements were stopped at phases of heavy rain.  

Also, a more extensive statistical analysis of the data of trees (heights, circumferences 

and number of trees per plot), such as for example a comparison of the average growth 

rates for each species across the two sites, could have added value to the interpretation of 

growth and development of the trees. In this thesis a broader analysis of the data was, due 

to limited time, not possible.  

Water sampling 

The sampling was taken manually. Even though, it was tried to conduct the sampling in 

an as similar as possible way, the sampling depth and procedure was not done in a total 

identical way. This differences might have an impact on the results, especially as the 

measurements were sensitive to already slight differences.  

Moreover, at the time when the samples of the stream outside of the forest were taken, it 

started to rain very heavily. Due to the already late point of time in the year, which made 

it unsure that the area would have been accessible to a later time in the year before the 

roads would close due to snow, it was not possible to postpone the sampling. The heavy 

rain might have had a dilutive impact on the samples that were taken during the rainfall.  

For more accurate measurements, a fixed and prepared measurement system should be 

installed beforehand. Especially if a field campaign would be conducted over a longer 

time period.  

Additionally, as already mentioned, for a more in depth study, clearly a big number of 

samples and a sampling set over a longer period would be needed. The results from these 

samples must be taken only as a first indication.  
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Survey 

Even though, the response of the survey was considerably good and 83 participants filled 

out the survey, the number might only be of limited significance. To motivate as many 

participants as possible, a price was advertised. This, on the one hand, could have 

motivated mainly only participants that were interested in the price. But at the same time, 

this could have been also an advantage as, otherwise possibly only participants with an 

already existing interest into forestry and the associated issue, which could give a wrong 

picture of the reality. On the other hand, it could have been the case that some 

participants filled in the survey twice in order to raise the chances of winning.  

Another issue with surveys is the possible misinterpretation of the questions. It is a clear 

advantage of a face to face interview to have that chance to clarify questions or give 

additional explanations. This, however, is not possible with a survey. Therefore, a survey 

might reach more participants, but at the same time might be qualitatively of less value 

than a face to face interview. Therefore, it would be of special interest, to conduct an 

interview set, following to this survey. This would be interesting for further research.  

Regarding statistical analysis, it is important to mention that no control for alpha inflation 

was done when Chi-Squared-Test and Mann-Whitney-U-Test were applied. Alpha 

inflation can lead to different p-values. In further research, an according control could be 

of value. 
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7 Conclusion 

This present research is one of rather fewer studies that were conducted in Iceland 

covering the subject matter of reforestation. This accounts especially for the combination 

of a natural-scientific as well as a social-scientific approach. These different research 

approaches that included an evaluation of the ecosystem of coastal forests (evaluation of 

tree growth, survival and their CO2-sequestration potential), of the interaction of different 

ecosystems (evaluation of the impacts of forest systems on water systems) and an 

evaluation of the public opinions regarding reforestation, allowed a wide array approach 

of this topic.   

The results showed first of all that Iceland in general, from a natural scientific point of 

view is suitable for reforestation projects. This accounts also for areas that are exposed to 

a rather harsh climate, as it is the case at the study site in Tálknafjörður; most of the trees 

survived and the trees grew significantly since the last measurement in 2009, ten years 

before this study. 

There is also a potential for Iceland to compensate CO2 by planting forests. Even though 

the studied forests seem to have a rather limited CO2-sequestration potential compared 

with other subarctic forests from literature. However, by reforesting 12% of the country’s 

area, which is aimed by the Icelandic Forest Service by 2100, then the actual CO2-amount 

that Iceland emits yearly could be reduced. 

Planting trees in Iceland in order to fight the global warming seems to be supported by a 

vast majority of the public. This could be showed by evaluating the results of the survey. 

Moreover, the survey showed that most of the Icelandic residents are positive towards 

reforestation in Iceland and have in general a positive attitude towards forests. However, 

there is also some doubt that reforestation can be financed. Also there seems to be some 

skepticism toward an appropriate planning and management of such reforestation 

projects. 
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According to various studies and as stated on the homepage of the Icelandic ForStreams 

project (http://rangarvellir.ru.is/?page_id=407), „there seems to be a strong linkage 

between vegetation cover of river catchments and the aquatic production, length of food 

webs and population densities of fish (charr, trout and salmon). This might indicate that 

the large-scale historic vegetation change, also had profound impacts on aquatic 

ecosystems in Iceland, and also that large scale afforestation or revegetation activities 

could possibly also have large impacts on stream ecology in those areas.“ However, there 

was no evidence that such young forests have an impact on the DOC and TDN 

concentration in streams and coastal water. But the limited sampling number and time 

period of the sampling do not allow to make final proposal. Therefore an expanded study 

would be needed.  

This accounts particularly with a look ahead. In times of climate change, it is already long 

overdue to get active. Reforestation could be one possible way to sequestrate CO2, among 

others, to limit the increase of temperature to an only just acceptable 1.5 °C. This not 

only helps terrestrial life but also has an impact on Ocean systems. Or, as Luna Leopold, 

professor of the University of California, expressed it: “The health of our waters is the 

principal measure of how we live on land”.  

This might especially be true for a nation like Iceland that lives both close with the ocean 

and close from the ocean. 

http://rangarvellir.ru.is/?page_id=407
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