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Abstract 
The objective of this licentiate thesis is to determine the value of ecosystem services and their 

relative importance, and to develop methods to weight these benefits against the market value 

of timber and other uses for forests. These issues are addressed in two papers with a focus on 

spatial modeling of ecosystem services and the method of benefit transfer. The aim is to 

contribute to the research regarding the optimal social use of forests for Sweden in particular 

and the future of forestry in general, particularly when it comes to ecosystem services and the 

tradeoff between demands for different forest products.  

The first article is a review study of previous studies estimating monetary valuations of 

ecosystem services of forests during the past 20 years. The review has a particular focus on 

spatial modeling of ecosystem services and the underlying characteristics that influence the 

value of an ecosystem service. In total, 118 studies are included in the review, and the 

majority of these studies do not model the spatial distribution of the ecosystem services and 

assume it identical across the area that is being studied, but the share of spatially explicit 

studies is increasing in the last ten years. The review finds that carbon sequestration, 

recreation, and ecosystem services related to the prevention of natural hazards, e.g. floods and 

avalanches, are the forest based ecosystem services that consistently are valued highly in the 

reviewed studies. There is however, significant variation in the values reported for similar 

ecosystem services, 

The second article is focused estimates the value of recreation and carbon sequestration in 

Swedish forests, using the benefit transfer approach and a spatially explicit perspective. The 

distribution for the services is mapped for the whole country, and the monetary value applied 

to the services is based on comparisons between the results of previous studies. The aim of the 

article is to develop the use of spatial mapping on larger scales than has been done previously, 

and add to the limited number of ecosystem service valuations for the Nordic countries by 

providing a fully populated spatial mapping of two of the more important ecosystem services 

of Sweden. In general, values found for the two ecosystem services are almost as high as 

timber values, but the values and their distribution varies highly across the landscape. Both 

ecosystem services are found to have higher values in southern Sweden and close to cities. 
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Preface 
 

Introduction 
Forests and the resources they offer have long been important for the Swedish economy, and 

the forest industry remains a large part of the manufacturing industry in a time where the 

economy in the country is becoming more service-based. Forests are also home to a large 

number of plants and animals and offer benefits to people beyond the market value of timber, 

such as the picking of berries and mushrooms and health benefits from forest based 

recreation. Many of these services are not traded on any market and cannot be directly priced 

but they still hold significant values for the society. In order to understand how to optimally 

manage and use forests we also have to understand the scope of all benefits that forests 

provide. By estimating the extent of them and finding an approximation for their economic 

value, these benefits can be expressed as ecosystem services.  

The value of forest conservation has to be weighed against the demand for woody biomass by 

the forest industry. There are large differences in the characteristics of forests in Sweden. For 

instance, in terms of flora and fauna, accessibility for recreation, and how the forests affect 

the hydrological cycles. As such, forests cannot be treated as homogenous, the benefits of 

conservation versus deforestation has to be weighted for each forest area, and this emphasizes 

the importance of the spatial dimension. By estimating geographically explicit values for the 

ecosystem services of forests in Sweden, we can understand which forests that are best to 

preserve and which ones can be harvested without losing significant values for society.  

This licentiate thesis addresses these issues in two papers with a focus on spatial modeling of 

ecosystem services and the method of benefit transfer. The aim is to contribute to the research 

regarding the optimal social use of forests for Sweden in particular and the future of forestry 

in general, particularly when it comes to ecosystem services and the tradeoff between 

demands for different forest products. This will be done by examining the literature on 

ecosystem services and their spatial dimensions and gathering data from previous studies. The 

method of benefit transfer will then be used to provide maps of two important ecosystem 

service values for the forests of Sweden. 

The thesis includes this introductory section and two articles that deal with the ecosystem 

services of forests. This section serves as an introduction to Sweden’s forest sector and the 

different products and services that forests provide. It also includes a discussion about the 

future of forestry in Sweden and possible research directions in forest economics. Following 

the introductory part is the first article, which is a review of valuation studies of ecosystem 

services in forests. The second article attempts to value recreation and carbon sequestration of 

the forests in Sweden mainly based on the results of previous ecosystem valuation studies 

using the method of benefit transfer. 
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Forestry and the forest industries in Sweden 
More than half of the land area in Sweden is forest, with about 23.3 million hectares (57% of 

total land area) of productive forest, and 4.9 million hectares (12% of total land area) of 

unproductive forest. Spruce and pine are the most common tree species, making up 40% and 

39% of the forest area, respectively. The third most common species is birch, covering about 

12% of the total forest area, with the remainder of the forests are composed mostly by various 

non-coniferous trees. Around one percent of the standing volume is harvested annually (SFA 

2015). 

The forest industry makes up 17% of the manufacturing industry in Sweden. About 70,000 

people in total are directly employed in the forest industry in Sweden, and locally in some 

counties, it is about 20% or more of the total employment in the county (SFIF 2015). Forest 

products makes up about 10% of the country’s exports. Sweden is the country that has the 

third highest combined export of pulp, paper and wooden goods, after Canada and the United 

States (WITS 2018).  

The demand for goods and services from the forest has increased in recent years, particularly 

as new uses are emerging. The role of forests for capturing carbon is increasingly being 

debated as regulation for mitigating climate change is becoming increasingly stringent, but 

also the potential as a source for bioenergy and new methods to extract fuels from woody 

biomass (Brännlund et al. 2010). This affects the supply for more traditional uses for woody 

biomass such as the use of sawtimber for production of wooden goods and pulpwood for 

production of paper. Figure 1 shows the total market value of different types of woody 

biomass between the years 2003 and 2016.  

 
Figure 1 – Market value of woody biomass -USD PPP (millions) - (SFA 2018) 
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Sawtimber in Sweden is used almost exclusively in sawmills for refinement into 

manufactured wooden goods and most sawtimber comes from pine and spruce. Sawtimber is 

the biomass good with the highest market value, but it has been more volatile than the other 

goods. The market value of sawtimber was at the lowest in 2005, after the storm Gudrun that 

caused a lot of damage to forests in southern Sweden (Svensson et al. 2006). After the market 

recovered, the global financial crisis in 2008-2009 led to a global decrease in the demand for 

wooden products and the market value for woody biomass in Sweden decreased again. 

Demand has not recovered to match the levels observed before the drop in 2005.  

Pulpwood is harvested from coniferous trees and birch. The market for pulpwood is more 

stable than sawtimber and the total market value has generally been increasing over time, but 

the market value decreased between 2011 and 2015 following a drop in exports of paper and 

paper products due to lower demand in Europe. Pulpwood is subject to more competition in 

demand and it is used by both the pulp and paper industry, and the particleboard industry. It is 

also used to a limited extent by the energy sector, with the fuelwood input in Figure 1 

representing mainly substitution from pulpwood. Tops and branches are also used for energy 

generation. The market value for energy from forest biomass is small compared to the value 

of sawtimber and pulpwood and it has stayed relatively constant in the period between 2004 

and 2016. Other biomass inputs include waste products collected from the forest floor and 

byproducts from production such as sawdust and wood chips, which are used by both the 

particleboard industry and for energy generation.  (Brännlund et al. 2010). 

 
Figure 2 –Price development of woody biomass – USD PPP – (SFA 2018) 

Figure 2 shows the price development for pulpwood and sawtimber over the last fifty years 

based on statistics from the Swedish Forest Agency. In real terms, there has been a decrease 

in prices for woody biomass over time and the prices today are lower than forty years ago. 

The decrease in prices has followed a decrease in harvesting costs however, due to 

technological development. Increased automation and development of more efficient 

harvesting methods has led to decreased costs as well as decreased employment across the 

forest sector, while total capacity has increased. This is particularly true for pulp and paper 
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industry and the particleboard industry, whereas sawmills are still relatively small scale and 

traditionally operated. As can be seen in Figure 2, prices for sawtimber are consistently higher 

than for pulpwood but they are also more volatile and susceptible to supply shocks.  

 
Figure 3 – Regional Price development of woody biomass – USD PPP – (SFA 2018) 

Figure 3 shows the price development of pulpwood and sawtimber between the years 2003 

and 2016 in northern, middle and southern Sweden1. Southern Sweden generally has higher 

prices for wooden biomass, particularly when it comes to sawtimber. Long distances, high 

harvest costs and lower productivity contributes to making timber prices in northern Sweden 

lower. The exception is following the storm Gudrun in 2005, which damaged the forests of 

southern Sweden and increased the timber supply, leading to lower prices in the region 

(Svensson et al. 2006). This supply shock had a smaller effect on timber prices in middle 

Sweden and barely any effect in the north. In general, prices in different parts of Sweden 

follow each other and there has not been a clear increasing price trend in the market of woody 

biomass over the last ten years.  

The pulp and paper industry is the largest of the sectors of the forest industry. More than half 

(52% in 2016) of the exports from the forest sector is paper, with an additional eight percent 

being refined paper products and about fifteen percent is pulp. Added together, the pulp and 

paper industry represents more than seven percent of the total exports of Sweden. The 

particleboard industry is another sector in the forest industry that mainly uses pulpwood and 

byproducts from sawmills such as woodchips and sawdust. Fiber and particle board products 

are mainly used domestically and represents less than one percent of the exports of the forest 

industry (SCB 2018). 

Communal heating plants and combined heating and power plants are used in municipalities 

across Sweden to provide heat. These plants have the potential to use different fuels and 

commonly use household waste or woody biomass in the form of fuelwood or tops and 

branches. As seen in Figure 1, the market value for forest biomass for energy generation is 

                                                           
1 North, middle and southern Sweden are defined by the geographical boundaries set by the Swedish Forestry 
Agency. The boundaries are explained in the appendix of article II. 
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low compared to its value for timber and pulping. Therefore, the use of woody biomass in 

heating is mostly from waste products with no alternative uses. Biofuels are generally 

considered to have low environmental impact compared to fossil fuels, but their use may 

come into conflict with the preservation of forests for their ecosystem services. Should the 

prices for fuelwood increase due to an increased use of forest biomass for energy generation, 

it will lead to increasing harvests and deforestation as a result.  

Forestry policy and regulations 

Both Swedish policy-makers and the public tend to consider conservation of forestlands 

important. Many environmental organizations lobby for increased conservation of the forest 

and old growth forests in particular are considered important to preserve because of their high 

biodiversity. In practice, about one million hectares of productive forest are protected in 

national parks and nature reserves and about 1.5 million hectares have been voluntarily 

allocated for conservation by forest owners. This means that roughly 2.5 million hectares 

(10.8% of the productive forest land) of forest in total is protected from harvesting (SFIF 

2017).  

The Forestry Act defines the legal expectations society has on forests owners, particularly 

when it comes to harvests (SFA 2017). After any harvest, it is necessary to replant the 

woodland, and any clearcutting of forestland has to be announced to the Swedish Forest 

Agency. Any harvest also has to take into account the environmental impact of the harvest 

and to avoid damaging rare and valuable biotopes. Mountainous forests and forests with noble 

broad leaves (beech, oak among others) also require explicit permission for harvesting.  

A key part of Sweden’s strategic environmental policy is its 16 environmental objectives, 

meant to address the desirable future state of the country’s ecosystems (SEPA 2012).  The 

objective that deals with forests in particular is referred to as “Sustainable forests”, which 

states that “The value of forests and forestland must be protected at the same time as 

biological diversity and cultural heritage and recreational assets are safeguarded”.  The 

objective highlights the economic importance of forests as well as its role in protecting 

biodiversity and the utility people get from recreational visits to forests. It also emphasizes the 

potential conflicts of interest between these objectives.  

Another of Sweden’s environmental objectives is “Reduced Climate Impact”, which related to 

forests due to their role in the carbon cycle as well as its potential for producing bioenergy. 

Increasing use of forest resources can be a way to reduce fossil fuel dependency and move 

towards a more ecologically sustainable society. The concept of bioeconomy, or bio-based 

economy, is used to describe the transition from a society based on fossil fuels to an economy 

based on renewable raw materials that comes from a sustainable use of ecosystem services. 

According to Formas (2012) definition, the objective of a bioeconomy is to optimize the value 

and contribution of ecosystem services to the economy. Initiatives to achieve this include 

reduced use of fossil-based raw materials, and improving energy and resource efficiency by 

making better use of waste products. Sweden has good conditions for transitioning into a 

bioeconomy compared to many other countries due to its plentiful access to forest biomass 

and the state of its industry. Because of the important role of forest fuels in the transition 
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towards a bioeconomy, there is potential for goal conflict between the objectives of 

“Sustainable forests” and “Reduced Climate Impact” (Geijer et al. 2011). 

A key challenge with the transitioning into a bioeconomy is that the technologies related to 

bioenergy production and energy efficiency have to be further developed. Researchers are 

looking at methods for more efficient methods for heat and power generation and at new uses, 

such as transportation biofuels. There are many initiatives in Sweden and other countries to 

develop new fuels based on forest biomass, e.g., cellulose-based ethanol and production of 

ethanol through biomass gasification (Martin et al. 2017). Methods are also developed for 

biofuels based on byproducts from the pulp and paper production. Examples include the 

extraction of lignin for use in heating and the use of black liquor gasification to improve the 

power and heat generation of pulp mills and for the production of fuels (Vakkilainen and 

Välimäki 2009; Wetterlund et al. 2013; Cao et al. 2017). These technologies may affect the 

supply and demand of woody biomass as well as the potential value forests have for energy 

generation.  

Ecosystem Services 
An ecosystem service is defined as an ecosystem function that provides benefits to people. 

Functions in the ecosystem without any benefit to people are not considered ecosystem 

services, but for ecosystem functions that affects people negatively, the concept of ecosystem 

disservices is sometimes used. The Millennium Ecosystem Assessment report popularized the 

concept of ecosystem services and also offered guidance on how to define and categorize 

ecosystem services (MEA 2003). The report defines four categories of ecosystem services: 

provisioning, support, regulating and cultural services. Supporting services are ecosystem 

services necessary for other ecosystem services to function, and as such, they are rarely 

measured directly in monetary terms. Biodiversity is an example of a supporting ecosystem 

service. Provisioning implies the products obtained from ecosystems for human consumption, 

such as timber in the case of forests. Regulatory services include a wide variety of functions 

that has positive effects for society, but that are not generally traded, such as soil nutrients 

cycling or the regulation of atmospheric gases. Cultural services include recreation, education, 

as well as spiritual and historical values derived from ecosystems. 

The spatial dimension of ecosystem services is increasingly being taken into account when 

estimating the value of the services (Englund et al. 2017). The spatial aspect is important 

because the supply of ecosystem services is not uniformly distributed across the landscape. 

Forests adjacent to rivers have a much more important role than forests removed from water 

when it comes to regulating hydrological cycles, and forests far from cities may hold little or 

no recreational value. Assigning a single ecosystem service value to forestland and 

aggregating this value across all forestland would lead to an inaccurate representation of the 

forests ability to supply ecosystem services, and the total value would be over or 

underestimated (Troy and Wilson 2006).  
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Economic Valuation of Ecosystem Services 

In economic terms, damage to the environment because of human behavior are often referred 

to as an externality. Externalities can be either negative or positive and they refer to costs or 

benefits that affects a party that did not choose to incur this cost or benefit, and who is 

typically different from the actor engaging in the economic activity. Examples of negative 

externalities include emissions from factories that pollutes air and water, but also second hand 

smoking and noise pollution. Positive externalities include the effects of an individual’s 

choice to get a vaccination on the spread of disease in general, or the pollination of bees on 

plants in nearby farmland. In an unregulated market, negative externalities will be 

oversupplied compared to the socially optimal level because the party causing the externality 

does not have to worry about its cost. A factory operating under no regulation will not take it 

into account the damages of its pollution when deciding how much to produce. Similarly, 

positive externalities will be undersupplied because the parties that benefit from the 

externality does not compensate the party that caused the externality (Kolstad 2000).  

When an externality is oversupplied or a positive externality is undersupplied and marginal 

social benefit is different from marginal social cost, resulting in a net welfare loss. This is 

referred to as a market failure because an unregulated market will not produce the socially 

optimal outcome. Policy makers can address market failures that occurs due to externalities 

by internalizing the costs. This can be done with various policy instruments, such as a tax on 

polluting firms in the case of negative externalities, or by subsidies to encourage higher 

production of positive externalities. It is in this context that ecosystem services are of interest 

to economists. By estimating supply and demand of services that ecosystems provide, these 

services can be integrated in economic analysis and weighed against other uses, such as 

increased production in the forest sector, in order to estimate the socially optimal level of 

ecosystem services (Kolstad 2000).  

The economic value of an ecosystem service is defined to the benefits people receive from 

them in monetary terms. These values can be classified in different types based on who uses 

the service and who derives value from it. Ecosystem services with direct use values include 

consumptive uses such as timber, wooden fuel and other harvested goods (MEA 2003). 

However, non-consumptive uses such as recreational visits to forests and the enjoyment of 

scenic beauty are also examples of ecosystem services with direct use values. An example is 

Bhandari et al. (2016) where the scenic beauty of landscapes in Nepal, among other 

ecosystem services, where valued by the contingent valuation method. Indirect uses values 

can be a service such as the purification of drinking water as it passes through a forest, or the 

prevention of soil erosion. Nunez et al. (2006) estimated the value of forest’s ability to 

provide drinking water by estimating the capacity decrease in water from forest degradation 

and multiplying this with the market price of drinking water. A third form of use value is 

option value, which refers to the idea that people want the opportunity to use an ecosystem 

service of a forest, such as recreation, even if they do not currently do so.  

Non-use values come in two types. Bequest values refers to the value someone has in that 

future generations should have the opportunity to enjoy the benefits of ecosystems (MEA 

2003). Existence value refers to the values people place in the existence of ecosystems and 
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their functions even though they do not use the services themselves. A forest has an existence 

value if people who does not live near the forest or visits it for any kind of activity, is still 

willing to pay for the preservation of the forest. An example is Amirnejad et al. (2006), where 

the existence value of forests in northern Iran is estimated through a contingent valuation 

survey, with the finding that 66% of the respondents places an existence value on the forests. 

Economic measures of ecosystem services attempt to either measure consumer surplus as a 

measure of ecosystem service value, or use methods that estimate the value based on actual or 

predicted expenditures (MEA 2003). Consumer surplus is an important concept in welfare 

analysis and refers to the difference between the values a consumer places on a good or 

service and its actual price. This is used as a measure of the welfare the person gets from 

consuming the good or service. Consumer surplus can be measured directly for ecosystem 

services with a market value, such as drinking water or most provisioning ecosystem services 

(Kolstad 2000).  

Revealed preference methods can also be used to estimate consumer surplus. The travel cost 

method use the amount of time and distance people spend to get to a site, as a measure of the 

value they put on that site and their consumer surplus for visiting it. The method is commonly 

used to measure the spatial aspects of recreation, for instance in Baerenklau et al. (2010) and 

Bujosa Bestard and Riera Font (2009). Hedonic pricing is the method of estimating the effect 

an ecosystem service has on property prices as an approximation of its value. It is used in Yoo 

et al. (2014) to estimate the effect of erosion prevention from forests surrounding watersheds 

has on housing prices.  

Stated preferences is the method of asking people directly how much they are willing to pay 

(WTP) for the preservation of an ecosystem service (contingent valuation), or by giving them 

several choice sets with differing levels of ecosystem service supply and costs for their 

preservation (choice experiment). Stated preference is commonly used to value cultural 

ecosystem services, but the approach is also used for regulatory and supporting ecosystem 

services. It is the only method that can capture non-use values. This can be seen in 

Rambonilaza and Brahic (2016) where the willingness to pay for biodiversity is estimated.  

For regulatory ecosystem services, the avoided cost and replacement cost methods are often 

used, which are based on expenditure. Avoided cost measures the costs to society that are 

avoided when the forest is there, such as the costs of flooding that a forest prevents. This was 

done in Barth and Döll (2016), where the flooding costs that were avoided by the presence of 

riparian forests were calculated. Replacement cost similarly measures the costs to replace the 

ecosystem services, as is done in Mashayekhi et al. (2010), where the costs of building a dam 

to replace the flood protection of a forest is assessed. 
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Ecosystem Services of Forests 

Trees and other plants bind carbon dioxide as they grow. Because of this, the forests of the 

world decrease the carbon dioxide levels in the atmosphere and offset some of the 

anthropogenic carbon emissions. It is estimated that the global forests absorb about 30% of 

the anthropogenic emissions yearly, and in Sweden as much as 80% of the country’s total 

emissions are offset by the uptake of the country’s forests (SEPA 2017). Because of this, 

carbon sequestration is considered an important regulatory ecosystem service, and it usually 

valued based on carbon taxes or the social cost of carbon, a measure of the costs associated 

with carbon dioxide emissions (Brainard et al. 2009).  

The exact mechanics of forest’s carbon sequestration are still poorly understood due to the 

complexity of ecosystems. Carbon sequestration is affected by many factors such as tree 

species, location, weather, nitrogen emissions, and forest management strategies (Bellassen 

and Luyssaert 2014). Forest management and the optimal rotation times is a contentious topic, 

as the optimal management strategy for the largest long-term carbon sequestration is 

uncertain, especially when bioenergy is considered. Some studies point to an intensive 

harvesting and replanting of forests will lead to higher net carbon sequestration because of the 

higher growth of biomass in young forests (Sedjo and Tian 2012). The changes in the global 

climate and the secondary effects that occur may also cause forests to change from carbon 

sinks to net emitters of carbon dioxide, which would indicate shorter optimal rotation times of 

forests (Bellassen and Luyssaert 2014). Others however, point out that conservation will 

potentially lead to higher net carbon sequestration because of the release of carbon at the time 

of periodic harvests and from the decay of root and harvest residues following the harvest 

(Newell and Stavins 2000). The optimal rotation periods for maximizing carbon sequestration 

is also found to be higher than the rotation times for optimizing harvest in several studies, 

challenging the assumption of climate neutrality of bioenergy (Bjørnstad and Skonhoft 2002; 

McDermott et al. 2015). 

Recreational ecosystem services include hiking, biking and other sports, recreational walks 

and various other activities. Surveys have shown that people in Sweden visit forests for 

recreational purposes often, with one study estimating the frequency as 58 visits per year and 

another as 85 visits per year (SCB 1993; Ezebilo 2016). Recreation can be in conflict with 

timber provisioning as unmanaged and old forests have been shown to have higher 

recreational values than managed and young forests, and that clear-cut forest plots in 

particular have strongly negative effects on the utility derived from visiting a forest (Bostedt 

and Mattson 2006). Tourism is a related ecosystem service but because it involves people who 

have travelled long distances to visit the forest, compared to people living in the nearby area, 

it is mainly relevant to forests that are well known or have unique characteristics, and are 

often at national parks or nature preserves.  

Biodiversity is considered a supporting ecosystem service in the sense that the preservation of 

diversity in plants and animal life positively affects the supply of other ecosystem services, 

and the loss of biodiversity can adversely affect the biological processes of the forest. Forests 

with high diversity of plants and animals are also typically considered more attractive for 

recreational visits than forests with low biodiversity. Biodiversity is generally assumed higher 
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in older and unmanaged forests than in new and managed forests, but it varies significantly by 

climate, geography and other factors. 

Other important ecosystem services of forests include various hydrological services such as 

the purification of drinking water as it passes through the forest, or the regulation of water 

levels, which helps prevent flooding in some areas. Forests also improve the quality of soil 

and prevent soil erosion. Forests in or near population centers improve air quality by 

absorbing Sulphur dioxide (SO2), nitrogen oxides (NOX) and other particles from the air. 

Summary of articles 

Article I 

The first article is a review study of previous studies estimating monetary valuations of 

ecosystem services of forests during the past 20 years. The review has a particular focus on 

spatial modeling of ecosystem services and the underlying characteristics that influence the 

value of an ecosystem service. In total, 118 studies are included in the review, and the 

majority of these studies do not model the spatial distribution of the ecosystem services and 

assume it identical across the area that is being studied. There are 29 studies that model spatial 

differences in the studied area, and the share of spatially explicit studies is increasing in the 

last ten years.  

The review finds that carbon sequestration, recreation, and ecosystem services related to the 

prevention of natural hazards, e.g. floods and avalanches, are the forest based ecosystem 

services that consistently are valued highly in the reviewed studies. There is however, 

significant variation in the values reported for similar ecosystem services, with hydrological 

services valued between 0.08 and 17,000 USD and recreation services between 0.25 and 

11,000 USD per hectare. This high variation can partially be explained by differences in 

climate, site characteristics and distribution of the ecosystem service. However, the review 

also found very different modeling techniques used by different studies, which has different 

implications about the size and scope of the ecosystem services, all else being equal. This 

makes the accuracy of the results questionable, and this is a particular complication when 

using previous studies for value transfer.  

Carbon sequestration is also one of the more important ecosystem services. Because of the 

global atmospheric distribution of carbon dioxide, the forests location does not matter for 

carbon uptake, but addressing the spatial dimension is useful to provide details about the 

forest’s characteristics. The value of the ecosystem service is directly connected to the yearly 

uptake of carbon dioxide by forests, and this linked to the biomass growth of trees as well as 

the properties of the soil. Growth rates and carbon uptake are different for different tree types 

and tend to be higher in warmer climates. Biomass growth is also not linear over a trees 

lifetime and will be more intensive in some periods, particularly early on. The age of a forest 

is therefore also an important indicator when measuring carbon sequestration 

The value of many ecosystem services are affected by demographic factors such as proximity 

to population centers and agricultural areas, this is particularly the case for cultural ecosystem 

services, but also flood protection and in the case of mountainous forests, avalanche 
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prevention. Forests in urban areas have particularly high recreational value due to the number 

of people living nearby, while forests that are remote or inaccessible provide low or no 

recreational values. Broadleaf forests are generally preferred over coniferous forests in a 

number of studies, but accessibility is also a major factor and a single study found per hectare 

values vary between 25 and 9,270 USD based on accessibility. Ecosystem services related to 

air quality improvement are valued highly for forests in or adjacent to urban areas, but are less 

relevant in forests removed from population centers. The value of these services is reason to 

preserve forests and parks in urban areas, and for densely populated countries, this may have 

implications for forest management.  

 

Article II 

The second article is focused estimates the value of recreation and carbon sequestration in 

Swedish forests, using the benefit transfer approach and a spatially explicit perspective. The 

distribution for the services is mapped for the whole country, and the monetary value applied 

to the services is based on comparisons between the results of previous studies. The aim of the 

article is to develop the use of mapping on larger scales than has been done in previous 

spatially explicit ecosystem service valuations, and add to the limited number of ecosystem 

service valuations for the Nordic countries by providing a fully populated spatial map of two 

of the more important ecosystem services of Sweden.  

The value of carbon sequestration and recreation of a forest plot in the model is estimated to 

be on average 77% of the timber value of the plot. The values of the ecosystem services and 

their distribution varies highly across the landscape however. Both services are found to have 

higher values in southern Sweden compared to the rest of the country, but the difference 

across the country is particularly large for recreation, which reports the highest values close to 

cities and in national parks. Carbon sequestration follows a more homogenous distribution but 

has higher values in southern Sweden due to higher growth rate and thicker growth. When 

comparing the distribution county wise however, some of the northern counties report the 

highest total values for carbon sequestration, due to the size of the counties and the large 

amount of forestland. When including more ecosystem services, it is likely that the value will 

be higher than the timber value in many areas.  

The article highlights the importance of the spatial aspect and that the combination of 

geographical information systems and ecosystem service valuation can be a useful tool for 

determining which forests should or should not be harvested. Having defined economic values 

for ecosystem services makes it easier for policy makers on different levels to integrate the 

services into spatial planning and compare the trade-offs of conserving the supply of 

ecosystem services with other benefits. Municipal planners can use ecosystem service maps to 

see which forests are most useful for recreation and work to preserve sufficient quantities of 

forests in close proximity to settlements.  The government and the county administrative 

boards can use the results as a tool in strategic planning of forestry policy and for determining 

the optimal location of forest preservations. The results are also useful for forest owners for 

planning the size of harvests and the optimal harvest locations. When considering the 
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monetary values of ecosystem service, forest owners can use the information to justify the 

harvest of forest with low ecosystem service values to policy makers as well as request 

compensation for the preservation of forests containing high ecosystem service values.   

Overall conclusions 
The aim of this licentiate thesis was to contribute to the research regarding the optimal social 

use of Sweden’s forests and the future of forestry when considering ecosystem services and 

the tradeoff between demands for different forest products. The first article presents the 

current state of ecosystem service valuation and the challenges that needs to be addressed in 

the field when moving forward. The second article applies the methodology of benefit transfer 

in a spatially explicit context in order to provide maps of ecosystem services for Sweden. The 

results are reasonable compared to existing data and results from previous studies and the 

main contribution is the mapping of the spatial distribution of carbon sequestration in 

Sweden. 

Spatial mapping is necessary to model most ecosystem services with sufficient accuracy to 

make the results useful to policy makers, but it adds significantly to the workload when large 

areas are concerned. Benefit transfer from other studies as was done here is a good option to 

reduce the workload and make spatial mapping feasible for large regions or countries. The 

approach should mainly be used when the terrain type and other relevant factors are 

comparable between the original study and the new one, and requires a similar level of spatial 

detail in the original study as will be used in the new one. However, given that most 

ecosystem service valuation studies are not currently spatially explicit in the modeling of the 

services, it means that the amount of studies currently available may be insufficient to cover 

all relevant terrain types.  

A further issue moving forward is that the difference in value estimates from different studies 

is currently unfeasibly large because of the different methods and assumptions that have been 

made across different studies, and sometimes poorly explained. The research methodology 

needs to be developed with this in mind in order to produce results that are more consistent, in 

order for benefit transfer to be more accurate. 

The integration of ecosystem service valuation and forest sector models is another research 

area that would lead to better estimates of ecosystem service values and results that are more 

useful to policy makers. Forest sector models can model the different actors in the economy, 

provide information to policy makers of the effects of a policy on a forest’s ecosystem 

services, and in turn help them understand the full social costs of the policy. Research in 

ecosystem service valuation and forest sector modeling are both moving towards an increased 

focusing on spatial modeling and it therefore seems like a natural step to integrate the two, 

which currently has only been done for carbon sequestration. 
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Abstract 

Forests provide a variety of resources and benefits, but only a few such as timber are traded 

on markets. Ecosystem service valuation is a method to quantify the non-market benefits of 

forests in order to understand the full costs of forest management. This review goes through 

ecosystem service valuations of forests during the past 20 years, with a particular focus on 

spatial modeling of ecosystem services. The findings is that there is a huge variation in the 

values reported for similar ecosystem services, but that carbon sequestration, recreation in 

forests, and hydrological services such as watershed protection and flood prevention are the 

ecosystem services that consistently are valued highly in the reviewed studies. In the last ten 

years, studies are more frequently modeling ecosystem services spatially. 
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1. Introduction 
Forests have long provided important resources and services for a variety of purposes. They 

give us building materials, paper, energy and food as well as a number of more intangible 

services such as recreation, carbon sequestration, nutrients cycling and water regulation. All 

these products and services can classified as forest ecosystem services. They explain 

beneficial functions provided by ecosystems to the society. Some ecosystem services have a 

market price, e.g., roundwood, but many are also lacking a market price, e.g., water 

regulation. As such, many ecosystem services can be viewed as positive externalities in the 

context of the forest industry. Consequently, policy issues and forest management might 

overlook important issues when making decisions if the positive externalities are not valued 

correctly and included in the decision. For example, a forest management decision might 

indirectly and unknowably result in a reduced level of important ecosystem services. Only by 

having an understanding of the value of all forest ecosystem services can an efficient and 

effective forest management and policy design be achieved. Another important but often 

overlooked aspect of ecosystem services is their spatial value-distribution. For instance, a 

forest closer to an urban center may have a higher recreational value than one further away. 

Similarly, an old forest may have a higher value for biodiversity conservation compared to 

younger forests. Thus, the extent of ecosystem services provided, and their relative value, will 

often depend on their location and their demographical, geographical and topographical 

composition.  

 

The purpose of this paper is to critically review the research literature on the spatial valuation 

of forest ecosystem services in order to identify the most prominent forest ecosystem services 

and assess their demographical, geographical and topographical composition. The reviewed 

literature will be analyzed primarily on how they integrate spatial characteristics and 

determinants in the valuation, in addition to the actual estimated value of the ecosystem 

services. In that sense, forest valuation methodological issues per se are of less importance in 

the review analysis. 

 

Previous reviews on ecosystem services include Ninan and Inoue (2013) where values of 

ecosystem services and in the methods used to determine these values were found to be very 

different in the reviewed studies. Englund et al. (2017) reviewed spatial ecosystem service 

modelling across different ecosystem with a focus on mapping techniques and found a large 

number of studies that measured the size and scope of ecosystem services, but that the 

majority of the models were not validated with empirical data. The review did not consider 

where attempts to value ecosystem services in monetary terms were done. Zandersen and Tol 

(2009) made a meta-analysis on recreation in European forests, based on the results of 

previous travel cost studies. This review adds to the existing research by combining a spatial 

focus and an economic focus, looking at the degree of spatial detail in the relevant studies and 

the potential for using benefit transfer to transfer ecosystem service values from existing 

studies to new ones. 
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2. Forest ecosystem services 
 

2.1. Definition of ecosystem services 

The term ecosystem service was first used in the late seventies and early eighties, though the 

concept of nature’s value to society has been addressed much earlier. An ecosystem service is 

defined as a function in an ecosystem that directly or indirectly offers a benefit for society. It 

is therefore an anthropocentric term unlike the more general ecosystem function, and the idea 

behind the concept is to concretize and valuate nature functions that are important but not 

traditionally considered in decision-making. 

 

In the Millennium Ecosystem Assessment report (MEA 2003) four categories of ecosystem 

services are defined: provisioning, support,  regulating and cultural services. Supporting 

services are ecosystem services necessary for other ecosystem services to function, and as 

such, they are rarely measured directly. Provisioning implies the products obtained from 

ecosystems for human consumption. Regulatory services include a wide variety of functions 

that has positive effects for society, but that are not generally traded, such as soil nutrients 

cycling or the regulation of atmospheric gases. Cultural services include recreation, education, 

as well as spiritual and historical values derived from ecosystems. 

 

By following the MEA ecosystem services definition, and applying them to forests, we can 

identify specific forest ecosystem services of interest. The primary provisioning service is 

timber, but also game, berries, mushrooms and other non-timber forest products (NTFP) are 

important provisioning services. There is a wide range of regulatory services including 

hydrological services such as water supply and flood protection or soil formation and erosion 

prevention. In addition, forests provide oxygen and carbon sequestering and improve air 

quality. Support services include pollination and habitats for animals. However, arguably the 

primary support service is biodiversity. Forests also provide a wide range of cultural services. 

This includes recreation and tourism in forests, which is commonly valued ecosystem service, 

but also the more intangible services such as aesthetics and passive use-value of forests and 

cultural heritage.   

 

2.2. Economic valuation of ecosystem services 

The economic value of an ecosystem service is defined in the context of human welfare. This 

does not imply that only direct monetary benefits are relevant in economic valuations. For 

instance, hiking or fresh air are benefits without a direct monetary value, but they nevertheless 

provide utility to people. These kinds of benefits are also part of the economic valuation of 

ecosystem services. Use values are derived from the direct use of the ecosystem service, e.g., 

harvesting trees or enjoy recreation in a forest. Another source of use values is the indirect 

provision of the ecosystem service through processes such as a forest's ability to sequester 

carbon. A third use value is an option value, which is associated with maintain the option to 

use an ecosystem service in the future. Non-use values are unrelated to the physical impacts 

of an ecosystem service on individual welfare. The non-use values can be subdivided into a 

number of different types of non-use values. For example, if an ecosystem service is valued 

simply because it exists, not for the actual service it provides to humans, it is said to have an 
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existence value. Another non-use value is bequest values, where the current generation puts a 

value on an ecosystem service for the use of future generations. 

 

Some ecosystem services cannot be produced simultaneously at a single location. There might 

be a trade-off between different ecosystem services. In forestry, this can be exemplified by the 

provisioning service of timber and the regulatory service of carbon sequestering. For a 

specific location and time, they are mutually excluded. Another trade-off between ecosystem 

services can be illustrated for harvesting trees, on the one hand, and changed wildlife habitat 

or reduced biodiversity, on the other hand. These type of decisions can be painful but are, 

nevertheless, necessary to make. A common approach to ease the comparison between the 

options is to compare their associated benefits and costs. The benefits associated with 

ecosystem services are, when possible, measured in terms of profit or income. The costs are 

usually more difficult to measure since they are frequently associated with a reduction of an 

ecosystem service without a market-based value. To fully understand the trade-offs between 

ecosystem services, their non-market values need to be estimated and included in the decision. 

Additional complications are differences in the spatial and temporal scales between the 

benefits and costs as well as in affected population group sizes. The benefits are usually 

contemporary and local, affecting a small concentrated population group. Contrary, the costs 

are often borne in the future and regional, affecting larger dispersed population groups. 

Further complicating the valuation of ecosystem services is the fact that the spatial scale of 

the services functionality varies greatly. Some are mainly relevant on a local scale, e.g., soil 

conservation, others have regional effects, e.g., flood protection, and some have global 

effects, such as carbon sequestration. The spatial aspect becomes more important for 

ecosystem services whose function comes from a small area within a forest as the value of 

these services would easily be over or underestimated when aggregated over the entire forest. 

This also holds true when valuating services with different spatial scales. Furthermore, many 

ecosystem services are not uniformly spatially distributed and may depend on factors such as 

proximity to lakes or distance to settlements. Valuations of ecosystem services therefore need 

to consider the spatial scales of the ecosystem services being measured and how to measure 

the benefits to stakeholders on different scales.  

 

The economic measure of the ecosystem service value is usually the consumer surplus. This is 

measured as the difference between the maximum amount an individual is willing to pay for 

the ecosystem service and the amount that person actually pays. The concept is based on the 

fact that some people are willing to pay more for an ecosystem service than others are. 

Therefore, when all consumers are charged the same price, some people pay less than what 

they are willing to pay. Since these people pay less for the good than the maximum they are 

willing to pay, they enjoy an increase in welfare. For an aggregate estimation of the consumer 

surplus, all the individuals´ consumer surpluses are added up. 

 

Estimating the value of many ecosystem services is also challenging because many are public 

goods. This imply that they are both non-excludable and non-rivalrous. Individuals cannot be 

effectively excluded from using the service and the use of one individual does not reduce 
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availability to others. In these cases, markets do not exist, and ecosystem services are often 

unpriced.  

 

On a global scale, Costanza et al. (1997) estimated the value of the world’s ecosystems to 33 

trillion USD per year, which was almost twice as high as the global GDP. In a later update, 

they presented estimated values of all relevant services per ecosystem type (de Groot et al. 

(2012). Table 1 presents their estimated values for forest ecosystem services. These values are 

based on aggregate willingness to pay (WTP) measures and represent global averages. 

 

Table 1: Summary of values for forest ecosystem services (USD/ha/year, 2015 price levels). 
 

Temperate forest 

(USD/ha/year) 

Provisioning services 
 

 Food 341 

 Water 218 

 Raw materials 206 

Regulating services  

 Climate regulation 173 

 Waste treatment 8 

 Erosion prevention 6 

 Nutrient cycling 106 

 Biological control 268 

Support services  

 Genetic diversity 983 

Cultural services  

 Recreation 1127 

 Cognitive development 1 

Total economic value 3,437 

Source: de Groot et al. (2012) 

 

2.3. Methods to value ecosystem services 

Since ecosystems are complex, the effects of a change in an ecosystem is difficult to estimate. 

Consequently, it is also difficult to estimate the value of the services the ecosystem provides. 

In order to estimate the consumer surplus, either directly or indirectly, for unpriced forest 

ecosystem services, a number of different techniques have been developed. Even though 

valuation methods per se are not the focus of this review, it is important to understand the 

different methods since they rest on different assumptions. Commonly used methods are: (1) 

The travel cost method, which uses travel expenditures incurred to visit a specific site to 

derive a value for the otherwise unpriced forest ecosystem service. (2) Hedonic pricing 

method, which can be applied when there is a priced market good reflecting the value of the 

forest ecosystem service. Both the travel cost and hedonic pricing methods uses observed 

actual behavior by linking existing priced market goods or services to unpriced non-market 

forest ecosystem services. As such, they do not capture non-use values. (3) Contingent 

valuation is a method were people are asked what they are willing to pay for a forest 

ecosystem service. A variant of this is a choice experiment where people are asked to choose 
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between several scenarios. Contingent valuation and choice experiment are the only methods 

that can capture non-use values. The travel cost, hedonic pricing and contingent valuation 

methods estimate the consumer surplus via demand relationships. Other methods have been 

developed that estimate proxies for consumer surplus. These include (4) replacement cost 

method, which is expenditures on a substitute for a lost or degraded forest ecosystem service. 

This method suggests that the ecosystem service only has a value if an expenditure actually 

has been incurred. The method only provides a proxy for consumer surplus since it measures 

actual expenditures instead of maximum willingness to pay. (5) Commercial value is a 

method that can be used if part of the forest ecosystem service have a market price. The 

measure is only partial since it incorporate only the existing market prices of an ecosystem 

service, while ignoring other values. (6) The economic impact of an activity on a regional 

economy can be estimated as a proxy for consumer surplus for a forest ecosystem service. 

The economic impact can include income, profits, employment and tax revenues derived for 

using an ecosystem service. However, economic impact measures are not economic values as 

defined by consumer surplus. Of special interest for this review is the (6) benefit transfer 

method. In general, the method implies that under certain conditions an estimated value of a 

forest ecosystem service in a specific location and setting can be used to estimate the value of 

other locations or settings. The accuracy of the method depends on the quality if the original 

estimate and on the characteristics similarity between the locations and settings. In order to 

extend the results of one ecosystem valuation study to other areas, the regions involved should 

have similar characteristics for the comparison to be valid. With a spatially explicit modeling 

of the ecosystem services, their characteristics and underlying properties as well as their 

evaluation, it is possible to isolate specific terrain types and characteristics. This makes it 

easier to make relevant value-transfers to other studies, at least with some of the ecosystem 

services and terrain features of the original study. 

 

3. Literature review methodology 
The research literature review method is designed as to provide a systematic, explicit and 

reproducible outcome on the valuation of forest ecosystem services and the valuations 

demographical, geographical and topographical as well as spatial composition. The method is 

structured in the two following steps: 

 

3.1. Article selection procedure 

The review is limited to peer-reviewed journal articles in English published during the last 20 

years (1997-2017). The comprehensive literature search was made using the Web of Science 

and Scopus databases. For an initial screening of ecosystem valuation studies, the search 

terms “ecosystem services” or “environmental benefits” combined with “forests” and 

“valuation” or “payment” or “economic” was used. To capture spatial aspects in the article 

selection process, the key terms was also combined with the terms “spatial”, “GIS” or 

“mapping”. For a secondary screening, the titles and abstracts of the initially identified 

articles were checked against the criteria to have explicitly addressed forest ecosystem 

services and estimated an economic value for the services. In addition, the “times cited” 

functions in the databases was used on the identified studies not found using the search terms 

listed. Studies on provisioning ecosystem services that have a market price, such as timber, 
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are excluded from the selection. However, provisioning services associated with recreational 

activities, e.g., hunting and gathering of berries and mushrooms, are included. The remaining 

studies form the set of forest ecosystem services valuation studies included in the review. In 

order to make sure that the coverage of valuation studies is extensive, the TEEB database(van 

der Ploeg and de Groot 2010) of ecosystem services has been accessed to check for ecosystem 

valuation studies that may have been missed by the literature search and where the 

aforementioned criteria are fulfilled. In total, some 118 relevant studies were identified, 

dispersed over a number of scientific journals. 

 

3.2. Evaluation of selected articles 

The selected studies are reviewed and analyzed according to two classification contexts. The 

first classification context describe and categorize the selected studies according to journal 

type and area, year of publication, region analyzed and applied research designs. That is, the 

main characteristics of the identified studies. The second classification context structures 

issues and aspects of forest ecosystem service valuation and can be categorized as: (1) type of 

forest ecosystem service, (2) the studies demographical, geographical, topographical 

composition and (3) with the studies spatial structure. These are the analytical dimensions of 

the review. The categories (and their subcategories) have been derived from the overall 

research question and from the selected studies following an inductive approach, passing 

through an iterative process of category building, testing and revising by constantly 

comparing categories and data. Table 2 briefly describe the categories under the second 

classification context. 

 

Table 2: Categories and analytical dimensions of forest ecosystem service valuation 

Category Description 

Forest ecosystem service 

The type and subdivision of 

forest ecosystem services 

analyzed in the studies 

Spatial structure 

The spatial scale and 

application of the forest 

ecosystem services 

Demographical, geographical, 

topographical composition 

The characteristics and 

properties of the particular 

forest ecosystem services 

valuated 
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4. Main characteristics (classification context 1) 

In total, 118 original publications were identified, with a total of 241 forest ecosystem 

services valuations1, based on the article selection producer outlined in Section (3). A large 

number of studies with spatial mapping of forest ecosystem services were identified, but most 

of them did not include economic valuation of the services. In total, 29 studies were identified 

that include both spatial mapping and economic valuation and a majority (79%) were 

published during the last ten years and 55% during the last five years. The most frequent 

journal of publication is Ecological Economics with 20 articles published, nine in Ecosystem 

Services, six in Forest Policy & Economics, five in Journal of Forest Economics, and three 

each in Environment & Development Economics, Environmental & Resource Economics and 

Journal of Environmental Management. None of the other journals has more than two of the 

studies in the sample. About one third (44 papers) were published in journals with a focus in 

economics, and 27 papers were published in journals primarily focused on environmental 

science or sustainability. The remaining studies were published in journals covering fields 

such as forestry, geography, and a more general focus in biology. Figure 1 provides an 

overview of the identified studies according to publication year.  

 

 
Figure 1 – Numbers of studies per year in the sample 

 

The purposes of the identified articles can be generalized into three types: (1) the 

development of methodology for ecosystem service valuation (2) finding the determinants of 

the value of ecosystem services and (3) the policy implications of the value of the ecosystem 

services in question. There is overlap between the categories in many papers but here they 

will be defined by the primary or most distinct purpose outlined in the paper. There are 35 

articles where (1) is the primary purpose, and of these 13 has a focus on the development of 

methods for spatial ecosystem service valuation, and four focuses on the integration between 

economic and ecological models. There are 16 articles in category (2), several of these 

focuses on recreation and which factors in forests and in the consumers that affect 

heterogeneity of demand for recreation. Another common focus in this category is the 

tradeoffs and synergies between different kinds of ecosystem services. More than half of the 

                                                      
1 Studies that differentiated an ecosystem service based on vegetation cover or other factors were only counted once. 
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articles, 67, belong to category (3) where the policy implications of the valued ecosystem 

services are of principal interest. Some articles focuses on the total economic values of a 

country or region’s forest as information to policy makers, while others take a community 

oriented approach and the benefits of local stakeholders are of primary approach. Payments 

for ecosystem services is another common topic and how landowners can be compensated for 

the ecosystem services provided by the forests on their land.  

 

Of the 241 forest ecosystem services valuated, the use of commercial value is the most 

common method to approximate the value of the ecosystem services. This method was used in 

75 of the valuations, despite that forest ecosystem services that are directly traded is not 

included in the article selection procedure. This includes practically all studies in which 

carbon sequestration is valued due to the availability of carbon prices, either in the form of 

taxes or the price of EU ETS permits. The use of the replacement cost method was the second 

most common method and used in 44 of the ecosystem service valuations. A similar method, 

avoided cost method was used in 40 ecosystem service valuations and together about one-

third (84) of the ecosystem services have been valued with one of these methods. There are 31 

ecosystem services valued using stated preference, of which 19 are associated with recreation 

and tourism, four with biodiversity or existence value, and the remaining eight cover various 

regulatory ecosystem services. Eleven ecosystem services have been valued with the travel 

cost method. Ten of these measured recreation and one tourism. Two ecosystem services were 

measured with hedonic pricing, one measuring protection from avalanches and the other 

erosion prevention, and the effect of these services on property prices. In terms of benefit 

transfer method, 21 of the ecosystem services relied on benefit transfer from previous 

valuation studies, 14 of these are cultural ecosystem services, and seven are regulatory 

services. In addition, 17 ecosystem services were not valued with any of the aforementioned 

methods. A few of these studies used what was referred to as the afforestation cost method 

and some were valued based on the energy use and transformation of the services. 

 

In total, 51 ecosystem services were covered by the 29 studies identified including both 

spatial mapping and economic valuation. This excludes 19 valuations of the provisioning of 

timber and agricultural products2. Of the ecosystem services included, 17 were cultural 

services (e.g., recreation and tourism) and were included in 15 of the studies. Regulatory 

services were evaluated in 26 studies, of which fourteen were on hydrological services, nine 

on carbon sequestration and three on soil protection. Most of the studies used a similar 

approach where maps from geographic information systems (GIS) were applied to the area 

being studied and divided the area into sub-areas based on terrain type (e.g., light/dense 

forest, lake area, etc.) and other factors that may affect the supply of the ecosystem services 

(Chen et al. 2009; Birch et al. 2010). Rather than categorizing the terrain, some studies use the 

GIS data to estimate the thickness of vegetation and calculate the supply of ecosystem 

services tied to forest biomass based on this (Felardo and Lippitt 2016). 

 

                                                      
2 The review excluded studies focused exclusively on provisioning ecosystem services priced on market, but some studies 

included such valuations along with other ecosystem services that met the criteria of the review. 
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Looking at the geographic distribution of the valued ecosystem service suggests that Europe is 

the most commonly studied region. Almost half of the total of number of individual studies 

(49 studies) are done in European countries. The second most common continent is Asia with 

29 studies followed by 18 in North America, 13 in South America, seven in Africa and three 

in Australia and Oceania. The five countries with most studies are USA with 15, China with 

ten, Italy with eight, and Sweden and Chile with four each. In total, 51 different countries are 

represented in the ecosystem valuation studies. 

 

5. Analytical dimensions (classification context 2) 

The following sections systematically present issues of and insights from the reviewed studies 

according to the analytical dimensions discussed above. The section is structured around the 

main types of forest ecosystem services with subheadings for their spatial composition and for 

their demographical, geographical and topographical composition. As mentioned earlier, the 

provisioning forest ecosystem services are not included. Data gathered from each ecosystem 

service includes information about what ecosystem service is being valued, information about 

the geography and climate of the study area as well as its size. Basic information about the 

country where the study is conducted is also taken into account, including population density, 

and World Bank income classification (Low Income, Lower Middle Income, Upper Middle 

Income and High Income). The values reported in the studies are converted to 2015 PPP 

adjusted US dollars.  

 

Table 3 presents the mean and median valuation of the forest ecosystem services as well as 

the standard error and the number of studies for each ecosystem service type. The values are 

presented as the yearly value per hectare of forest, converted to 2015 PPP-adjusted USD. 

Hydrological services such as flood protection and freshwater supply are valued highly but 

there is also larger differences between the mean and median valuations of these services 

compared to other regulatory services such as soil protection or carbon sequestration. 

Avalanche protection is by far the highest valued service, but the high mean value is mainly 

due to a few studies where the ecosystem service is many times higher than any other 

valuation in the sample. Of the ecosystem services included in the sample, about 70% (167 

services) are regulatory ecosystem services, of which hydrological services, soil protection 

and gas regulation are the most studied services. Cultural services make up about 27% (65 

services) of the sample, while support services make up 4% (9 services) of the sample.  
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Table 3 – Mean and median valuation of forest ecosystem services (USD 2015 PPP) 

Ecosystem service type 

No. of 

studies 

Mean 

valuation1 

 

Median 

valuation1 

 

Standard 

error1 

 

Regulating services     

Freshwater supply 44 832 117 2559 

Flood protection 16 1,463 142 3572 

Soil protection 22 246 98 424 

Avalanche prevention 10 8,590 735 20978 

Air quality 22 547 100 1249 

Carbon sequestration (original) 38 610 129 815 

Carbon sequestration ($25/tC)  209 116 204 

Cultural services     

Recreation and tourism 50 641 69 1730 

Support services     

Biodiversity 5 368 154 424 

1 USD per hectare and year 

 

Troy and Wilson (2006) develops a framework for the future spatial valuations of ecosystem 

services through integrating GIS imagery with economic models. A similar framework is also 

developed by Chen et al. (2009) as part of their study. In the study by Troy and Wilson (2006) 

their framework is applied to three different ecosystems in USA where in each ecosystem, the 

value of ecosystem services for 10-20 (depending on area) terrain types are calculated. They 

mainly use benefit transfer from earlier studies for the valuation of the terrain types. Their 

estimation is that an average coniferous forest would have a value of 993 USD per hectare3 

and a mixed forest marginally higher. Old growth forests and habitat for threatened species 

were valued at around 1,200 USD per hectare, while riparian forests and wetlands were 

valued at 10,600 and 13,300 USD per hectare, respectively. Bodies of fresh water were valued 

at around 8,750 USD per hectare. These values can be compared to the revised global values 

derived by de Groot et al. (2012) who valued temperate forests at 3,013 USD per hectare and 

wetlands at 25,682 USD per hectare. However, not all terrain types included by Troy and 

Wilson (2006) could be thoroughly mapped, as the authors found a lack of previous valuation 

studies that could be applied for many of the terrain types. Because of the interdependence of 

different ecosystem services, an aggregation of the services over large geographic area has a 

higher risk of double counting the benefits when measuring several ecosystem services at 

once (Fu et al. 2011). However, in practice many studies rely on aggregated measures such as 

the average supply of ecosystem services for an area of land, which lowers the accuracy of the results. 

 

 

                                                      
3 Their results have here been converted to 2015 PPP adjusted dollars 
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5.1. Regulating forest ecosystem services 

The regulating forest ecosystem services have been categories into four groups for analytical 

purposes. These are hydrological services, soil protection services, avalanche prevention 

services and gas regulation services. 

 

5.1.1. Hydrological services 

Hydrological services covers a wide range of hydrological benefits that forests provide. As 

indicated in Table 2, the hydrological services mostly studied are freshwater supply (including 

watershed protection) and flood protection. A forest’s ability to intercept rainfall and soak up 

water depends on the thickness of its vegetation and the studies that differentiated the terrain 

based on vegetation type found considerably different values for the ecosystem service (Li et 

al. 2006; Mashayekhi et al. 2010; Schmidt et al. 2014).  

 

For freshwater supply, the mean estimated value is 832 USD, which is significantly higher 

than the median of 117 USD (see Table A1 in the Appendix). In particular, six studies report 

high values. Kaiser and Roumasset (2002) value the freshwater supply provided by forests on 

Hawaii and report high values due to the scarcity of fresh water on Hawaii. Honey-Roses et 

al. (2013), Lewis et al. (2017) and Ko et al. (2004) estimated the value of water purification 

from forests and forested wetlands adjacent to rivers or streams reported high values. 

However, the forested areas valuated in these studies are small (115, 137 and 1,475 hectares, 

respectively) compared to the mean value of almost 300,000 hectares. Therefore, an important 

reason of why some studies in the sample have low per hectare values is the diminishing 

benefits by forest size and the fact that the vegetation close to the watersheds provides most of 

the beneficial function. Generally, it can be expected that in areas where fresh water is scarce, 

these ecosystem services will be valued higher. Where demand for fresh water is higher, the 

value given to the ecosystem service is also higher, and is therefore influenced by proximity 

of settlements or agricultural lands. The average values of freshwater supply in high income 

countries (1,343 USD) is more than ten times as large as the average valuation in upper 

middle income countries and more than twenty times as large as the valuation in low income 

countries. Valuations of freshwater supply in temperate climate are highest (1,212 USD), 

followed by subtropical climate (408 USD), boreal (288 USD) and tropical (192 USD). The 

service is valued highest in North America (2,784 USD), followed by Europe (657 USD). 

 

Flood protection was valued in a number of studies (see Table A2 in the Appendix), mainly 

by measuring the amount of rainfall interception the forest vegetation and soil provided. This 

is then comparing this to the costs of flood preventing measures or the potential damages from 

flooding. Many of these studies used the cost of building a dam as the method for evaluation 

(i.e., as replacement cost of the loss of ecosystem services). As with freshwater supply, the 

mean values are much higher than the median and it is the second highest valued ecosystem 

service in the sample. The highest values were reported by Ninan and Inoue (2013) who used 

the costs of a Japanese dam construction to get a measure of the flood protection benefits, and 

unlike many of the other studies also included the indirect costs related to the dam production. 

High values were also reported by Barth and Döll (2016), Schmidt et al. (2014) and Morri et 

al. (2014) who assessed the flood protection values of riparian forests in Germany, USA and 
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Italy, with per hectare values around 5,000 USD in the three studies. As in the case with 

freshwater supply, the highly valued services were from small study areas, and the value of 

flood protection is decreasing with area size. A reason for this is that forests further away 

from rivers have less value for flood prevention. The exception is the aforementioned study 

by Ninan and Inoue (2013), which involved a large study area of 83,890 hectares. Finally, 

Zhang et al. (2010) also reported high values (1,152 USD) for urban and peri-urban forests 

around of Beijing compares to the rest of the studies. Flood protection is higher in high-

income countries (4,796 USD) and was valued highest in Europe (5,437 USD) followed by 

North America (1,851 USD) and in Asia (1,121 USD). Valuations of flood protection in 

temperate climate are also much higher than in boreal, subtropical or tropical climate zones. 

Lower estimated values were found for flood protection in sparsely populated areas.  

 

Seven of the studies with a spatial composition focus primarily on hydrological services. Two 

studies were done on the value of forests in regulating the water flow for hydropower plants 

(Guo et al. 2000; Nguyen et al. 2013) . These studies were done on regional level in China 

and Vietnam and covered areas of roughly 2,400 and 26,000 km2, respectively. The value of 

the ecosystem service was found by estimating the amount of increased water flow and 

decreased sediment accumulation provided by forests and its benefit to the hydropower plants. 

Vegetation type and cover, soil type, land slope and average rainfall were considered by both 

studies. The price of electricity was then used to compute a value of different kinds of 

forestland for hydropower generation. Both studies find high values for the hydrological 

services, with Guo et al. (2000) estimating the value of the service to be around 42% of the 

value of forestry in the region. Another study, by Zhang et al. (2010) values the hydrological 

services of the forests surrounding the Chinese city Beijing focusing primarily on rainfall 

interception and flood protection. Their results indicate that the slope of a forest area is an 

important indication of how the forest affects water flows and that the per-hectare value of 

hydrological services is higher for flatland forests. The other two studies, by Pattanayak and 

Butry (2005) and Mashayekhi et al. (2010) both uses spatial models to value the hydrological 

ecosystem services of forests and their impact on agriculture, in regions of Indonesia and Iran 

respectively. Pattanayak and Butry (2005) based the valuation on the cost of farm labor as a 

complement for the ecosystem service, while Mashayekhi et al. (2010) based it on the costs of 

constructing a dam to replace the hydrological services. Four other of the studies measured 

the value of hydrological services alongside other ecosystem services; in these cases, the 

hydrological services were valued through similar applications of the replacement cost 

method. 

 

5.1.2. Soil protection 

For benefits of forests related to the soil, a few ecosystem services are commonly measured. 

Soil protection services include the cycling of nutrients and the prevention of soil erosion.  

 

Nutrients cycling is only included in a few studies and is typically based on the price of 

fertilizer, and the values estimated in these studies are generally low with a mean value of 97 

USD. However, nutrients cycling is valued very high in wetlands, including forested wetlands 

and the study by Guo and Gan (2002) reports a value of 922 USD. 
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Soil erosion prevention and soil protection is more commonly valued and has an average 

value of 246 USD and a median of 98 USD. The valuations of soil protection and erosion 

prevention can be found in Table A3 (in the appendix). The prevention of soil erosion is 

usually measured as the estimated soil loss or reduction in soil quality multiplied by a 

measure of land price. The value for the ecosystem service is therefore high in areas where 

land prices are high, but it is also higher in tropical rain forests because the expected loss in 

soil quality would be high, were the forest to be removed (Curtis 2004; Ninan and Kontoleon 

2016). Unlike most of the other ecosystem services soil erosion prevention is valued similarly 

in tropical, temperate and boreal zones, and the highest values are found in lower middle-

income countries (369 USD). Per continent, the highest values for prevention of soil erosion 

are found in North America (451 USD), followed by Asia (239 USD) and Europe (195 USD). 

As with most of the other services, the value of soil protection is decreasing with study area 

size. 

 

5.1.3. Avalanche prevention 

Avalanche protection was included in relatively few studies, nine in total, but it was the 

ecosystem service that has the highest reported values in the sample with an average value of 

8,590 USD and a median of 735 USD (see Table A4 in the Appendix). All studies covered 

mountainous forests in the Alpine region of Europe, with studies set in Switzerland, Austria, 

Italy and Slovenia. The benefits of avalanche protection is limited to very small areas, and the 

ecosystem service is more sensitive to scope of study area than the other ecosystem services. 

The mean value of avalanche protection in forests with study areas between 24 and 4,499 

hectares is 23,322 USD, while for areas between 38,500 and 55,000 hectares is 474 USD. All 

but one of the valuations used either avoided cost or replacement cost, with the remaining one 

using hedonic pricing, which also reported very low values (66 USD) compared to the other 

valuations (Getzner et al. 2017).  

 

5.1.4. Gas regulation 

Gas regulation services most notably includes the sequestration of carbon dioxide (CO2). In 

addition, the regulation of sulfur dioxide (SO2) and particles in the air have been valued in the 

review studies. For simplicity, the latter is categorized as a general air quality ecosystem 

service. 

 

Studies that include ecosystem services for air quality improvement can be found in Table A5 

(in the Appendix). Most of the study areas are forests in or adjacent to urban areas and the 

effect the forest has on air pollution from ozone, SO2, NOX or fine particles is measured. The 

mean value is 547 USD and the median value is 100 USD, but there is high variance between 

the different studies and which air pollution being measured. Air quality improvements are 

more highly valued in areas where people live as well as where there are high levels of 

pollution. The absorption of ozone or fine particles is not economically relevant for forests in 

remote areas where there are few people or little pollution. The value of air purification is 

highest in North America (1473 USD) followed by Europe (601 USD). The studies that report 

high values look at the levels of fine particles (PM10) rather than NOX or SO2. The valuation 
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for air quality improvement are either based on the costs for emission reductions through 

industrial means or the estimated economic costs of the emissions, typically based on 

calculations by the authorities of the area being studied (Xie et al. 2010; Ninan and Inoue 

2013; Manes et al. 2016).   

 

Carbon sequestration is commonly included in forest ecosystem service valuation (see Table 

A6 in the Appendix). The common method to value carbon sequestration is by multiplying the 

expected amount of carbon sequestered of a forest area by a carbon price (or by a proxy of 

carbon price). In some cases only the total carbon stock of forests were measured rather than 

the annual fixation, but these studies were excluded when the mean values were calculated. In 

order to capture the difference in estimated carbon uptake between the studies rather than the 

sometimes arbitrarily chosen price level, the values from the reviewed studies have been 

adjusted to a carbon price level of 25 USD per metric ton of CO2. Even with a standardized 

carbon price, there is a considerable variation in the value of carbon sequestration in the 

reviewed studies, ranging from 0.32 to 769 USD per hectare. This implies large differences in 

how much carbon is sequestered either by different forest types or in the modeling of carbon 

sequestration and its accuracy. Notably, Zhang et al. (2006) estimates the daily per hectare 

uptake of a forest to be 0.9 tons of CO2 while Brainard et al. (2009) estimates the yearly 

uptake (including soil) of a species of spruce to be 3.48 tons of CO2
 per hectare. The 

valuations of carbon sequestration are much higher in countries of upper middle (996 USD) 

and high income (346 USD). When comparing the result of income groups with the carbon 

standardized price, the valuation is still twice as high for countries of upper middle income as 

countries of high income. This may be related to climate and that net primary production is 

higher in warmer climates, and many of the high-income observations are from Northern 

Europe with colder climate. There seems to be no correlation with the size of study area and 

value of carbon sequestration. This is an expected result due to nature of ecosystem service 

and that biological production does not show any diminishing benefits for larger forests. 

Carbon sequestration is valued highest in subtropical climate (1,068 USD) followed by 

temperate climate (654 USD). The valuations are lower for boreal (318 USD) and tropical (42 

USD) climates. It is more balanced with a standardized carbon price, but subtropical climate 

is twice as high as boreal and 50% higher than temperate. Regionally, carbon sequestration is 

valued highest in Asia (916 USD) and Europe (474 USD). This difference is largely removed 

when using a standardized carbon price of 25 USD per ton of carbon, resulting in an average 

value of 251 for Asia and 198 USD for Europe.  

 

The spatial composition of carbon sequestration was valued in nine of the spatially explicit 

studies where Deng et al. (2011) focus on carbon sequestration exclusively. They calculated 

carbon sequestering in forests and carbon stock in the soil based on vegetation and soil type, 

including five different vegetation types and 24 different soil types. The other studies focused 

on carbon flow from forest biomass only, but differentiates based on vegetation type and 

thickness of vegetation. One study, by Manes et al. (2016) included other gas regulation 

services, specifically the removal of O3 and small particles by forest areas in and surrounding 

Italian metropolitan areas. This was done by mapping the prevalence of different vegetation 
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types and estimating their ability to absorb the pollutants. (Gret-Regamey et al. 2013; Felardo 

and Lippitt 2016).  

 

5.2. Cultural forest ecosystem services  

Cultural services include recreation as well as more abstract values such as scenic views, and 

ties into provisioning of non-commercial gathering of e.g., berries and mushrooms. A few 

studies included the gathering of berry and mushroom, but report low values. Only recreation 

and tourism were widely included in the reviewed studies.  

 

5.2.1. Recreation and tourism 

In most cases recreation and tourism was valued through contingent valuation surveys, but 

some used the travel cost method and a few hedonic valuation (see Table A7 in the 

Appendix). The studies that use the travel cost method all report high values compared to the 

ones that use stated preference method. There is large variation in the values reported for 

recreation. The mean value is low in low income (1.3 USD) and lower middle (44 USD) 

income countries. It is higher in upper middle-income countries (303 USD) and high in high-

income countries (856 USD). Recreation is valued the highest in temperate (1054 USD) and 

boreal (580 USD) climates and lower in tropical (202 USD) and subtropical (48 USD) 

climates. Regionally, recreation is valued highest in Europe (918 USD) followed by South 

America (791 USD) and North America (359 US). For the other regions, the estimated 

recreation value is low. Recreation is the only ecosystem service to show a clear correlation 

with population density and, for the most part, recreational values are higher in countries with 

high population density (a few Scandinavian studies being the exception). Recreation values 

are also generally decreasing with size of the study area. 

 

Fourteen studies include a spatial composition of recreation and tourism and one study 

measured landscape beauty. Six studies were exclusively focused on cultural ecosystem 

services, while the other nine studies covered both cultural services and other categories of 

ecosystem services. Five of the studies focusing on recreation applied the travel cost method 

for valuation, and six of the studies used benefit transfer from other studies and used spatial 

modeling to make the valuations from other studies applicable to new areas. Two studies that 

included valuation of cultural ecosystem services focused mainly on tourism and used market 

prices to directly value tourist visits to forests (Chen et al. 2009; Birch et al. 2010). 

 

5.3. Support forest ecosystem services 

Supporting forest ecosystem services include a wide range of, usually, non-use valued 

services. A concept often mentioned in the context of support forest ecosystem services is 

biodiversity, given that a reduction of ecosystem services would lead to a decrease in 

biodiversity. This is the predominantly studied support forest ecosystem service.  

 

5.3.1. Biodiversity 

Seven of the reviewed studies are measuring biodiversity in monetary terms. The value of 

preserving the habitat for a single species of grouse was estimated by Gret-Regamey et al. 

(2013). They identify and quantified areas suitable as habitats for the species based on the 
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costs for establishing new equivalent habitats, which led to a value of 51 USD per hectare. In 

a study by van Beukering et al. (2003) the value of biodiversity in a national park in Indonesia 

was measured based on the amount of research funding spent on research in the park. They 

reported a value of 19 USD per hectare, which they considered a minimum estimate of the 

value of biodiversity. Xie et al. (2010) applies a method for biodiversity based on the number 

of plant and animal species preserved. They find a value of 521 USD per hectare. Cerda et al. 

(2014) performed a choice experiment to estimate the willingness to pay (WTP) of the 

residents of an island in southern Chile for the preservation of the island’s biodiversity. This 

resulted in an aggregate WTP of 17.6 million USD, with corresponds to approximately 2.1 

USD per hectare assuming that the forests of the entire island are preserved. In another WTP 

choice experiment for preservation of old growth forests in France resulted in an average 

value of 222 USD per hectare valuation. Though not directly a measure of biodiversity, 

Amirnejad et al. (2006) estimated the existence value of the forests of Iran through a 

contingent valuation survey, which resulted in a value of 240 USD per hectare. 

 

6. Discussion 
For all ecosystem services included in the review, there was a large span in the values 

reported in different studies. For example, hydrological services varied between 0.08 and 

17,000 USD and recreation services between 0.25 and 11,000 USD per hectare. Because the 

method, the particular ecosystem service studied and its characteristics vary between the 

estimates, comparing the values directly is difficult. In the forthcoming sections, a discourse 

on these differences in terms of their respective impact on the estimated value will be 

conducted. 

 

Practically all studies with spatial modeling of ecosystem services find significant differences 

in the value of the ecosystem services measured between different types of terrain within a 

forest as well as its geographical position. This is an expected outcome, but the differences are 

very large in some cases and it also applies to ecosystem services such as carbon sequestration 

where the benefits of the service are global. For these reasons, it is hard to draw strong 

conclusions on the exact value of forest ecosystem services. However, when looking at the 

relative importance of different ecosystem services, a few services stand out. Recreation in 

forests is consistently valued highly in areas where incomes are high. Carbon sequestration is 

valuable for most forest types and while it is affected by tree species and climate, it is less 

dependent on the spatial distribution and proximity to population centers. While hydrological 

services are highly dependent on forest type and location, the range of hydrological benefits 

makes them relevant for many forest ecosystems.  

 

Riparian forests, forested wetlands, and forests around bodies of waters are of particularly 

high value for their hydrological services. Most of the studies that reported particularly high 

value for hydrological services were done for forests with such features (Honey-Roses et al. 

2013; Barth and Döll 2016). The study areas were also typically small, between 100-1,500 

hectares, compared to other studies reviewed where the median value was 84,000 hectares. 

For the spatially explicit studies, it was found that the degree of vegetation cover, biomass 
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growth and the slope of the terrain influenced the provision of a forest's hydrological services. 

Climate and average rainfall are also relevant factors.  

 

The value of ecosystem services are also affected by demographic factors such as proximity 

to population centers and agricultural areas, this is particularly the case for flood protection 

and in the case of mountainous forests, avalanche prevention. Ecosystem services related to 

soil protection and erosion prevention are also considerably higher valued in riparian forest 

and forested wetlands than in dryland forests. Ecosystem services related to air quality 

improvement are valued highly for forests in or adjacent to urban areas, but are less relevant 

in forests removed from population centers. The value of these services is reason to preserve 

forests and parks in urban areas, and for densely populated countries, this may have 

implications for forest management. In areas where forestry is done far from densely 

populated areas however, air quality regulation is not one of the more relevant ecosystem 

services.  

 

Recreation is the ecosystem service that has seen the most attention in spatial analysis. The 

value people place into the recreational value of forests depend on their proximity to the forest 

and its accessibility. Forests in urban areas have particularly high recreational value due to the 

number of people living nearby, while forests that are remote or inaccessible provide low or 

no recreational values. Broadleaf forests are generally preferred over coniferous forests, but a 

number of natural and constructed features of a forest affect the value people place on it. 

Termansen et al. (2013) found that the per hectare value of forests as a source of recreation 

varied between 25 and 9,270 USD based on accessibility and characteristics, and a very high 

variance was also reported by Baerenklau et al. (2010). Abildtrup et al. (2013) found access to 

hiking trails and the presence of lakes to have strongly positive impacts on the recreational 

values of a forest, but that other features such as parking lots or picnic places have positive 

effects for some people and negative effects for others. While forest recreation is valued 

highly in developed countries, it is valued less so in countries with large intact forest areas 

such as Finland and Sweden, suggesting that scale is important and that the recreation value 

per hectare will likely improve as forests grows scarcer (Bostedt and Mattson 2006; Matero 

and Saastamoinen 2007). 

 

Carbon sequestration is also one of the more important ecosystem services, and given that the 

benefits of carbon sequestration are on a global scale, the geographical location of the forests 

is of lesser importance than many of the other ecosystem services. The value of the ecosystem 

service is primarily related to the yearly uptake of carbon dioxide by forests, and this linked to 

the biomass growth of trees as well as the properties of the soil(Brainard et al. 2009). Growth 

rates and carbon uptake are different for different tree types and tend to be higher in warmer 

climates. Biomass growth is also not linear over a trees lifetime and will be more intensive in 

some periods, particularly early on. The age of a forest is therefore also an important indicator 

when measuring carbon sequestration. In the studies included in the review, there are huge 

variations in the value of carbon sequestration, as can be seen in Table 6. Despite the fact all 

results had been adjusted to a singular carbon price level and only considering studies that 

value carbon flow, the highest reported value is a thousand times higher than the lowest one 
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(Zhang et al. 2006; Birch et al. 2010). It is unlikely that the properties of the forests can differ 

to this extent and the variation may therefore depend on the methods for estimating carbon 

uptake. The highest values were from studies where carbon sequestration was based on the 

theoretical photosynthetic capability of a reference forest or where total biomass was 

estimated and a reference value for carbon flow was based on this. In many cases, carbon 

flow was estimated linearly and the age of a forest was not taken into account. Studies that did 

consider forest and age modeled biomass growth in a nonlinear manner found considerably 

lower (Brainard et al. 2009). This indicates both a need for more detailed accounting of terrain 

type as well as a better integration of ecological and economic factors when modeling 

ecosystem services in order to produce results that are more accurate. The use of spatial forest 

sector models with endogenous modeling of biological processes is one way to achieve this, 

an example being FFSM++ (Lobianco et al. 2015). 

 

The studies that have a very detailed distinction of sub-terrains for the estimation of 

ecosystem service value faced the problem of finding usable estimates for all terrain types. 

Benefit transfer from other studies can be used here, and in fact should mainly be used when 

the terrain type and other relevant factors are comparable between the original study and the 

new one. However, given that most ecosystem service valuation studies are not currently 

spatially explicit in the modeling of the services, it means that the amount of studies currently 

available may be insufficient to cover all relevant terrain types. Further, the gap in the value 

estimates from different studies is currently unfeasibly large because of the different methods 

and assumptions that have been made. Several studies were also unclear on how the values 

had been obtained or what was indicated in their estimations. For instance, whether it was the 

carbon flow or carbon stocks of a forest that was being measured in the study. The research 

methodology needs to be developed with this in mind in order to produce results that are more 

consistent, in order for benefit transfer to be meaningful. 

 

One fundamental problem with the valuation of ecosystem services is that the services that are 

difficult to quantify in monetary terms will be omitted from many studies. This may then give 

the impression that these services are unimportant, but when addressing them with other 

methods than economic valuation this may not be the case. A particular example is the role of 

forests in protecting biodiversity by providing habitats for plants and animals. While the 

willingness to protect species from extinction is widespread, ecosystem services related to 

biodiversity has been included in few studies because they are not easily quantified. It is 

important to remember that while economic valuation of ecosystem services can be a useful 

tool for policy makers, it is unlikely a single study can capture all benefits that forests 

provide. The values estimated will almost always be under or overestimated, and aggregation 

of values may lead to estimates for large forest areas based on assumptions that only holds 

true for small parts of the forest. The marginal values of ecosystem services are more useful 

for policy analysis than the total values, especially in the context of deforestation or other land 

use changes. An understanding of the spatial distribution of ecosystem services is also 

necessary in order to understand the social costs of land use change.  
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Forest sector models can model these factors, provide information to policy makers of the 

effects of a policy on a forest’s ecosystem services, and in turn help them understand the full 

social costs of the policy. Research in ecosystem service valuation and forest sector modeling 

are both moving towards an increased focusing on spatial modeling and it therefore seems 

like a natural step to integrate the two, but so far, this has mainly been done in regards to 

carbon sequestration. While carbon sequestration is an important ecosystem service, others 

may be of higher importance for small-scale projects involving changes in land use or forest 

management.  

 

7. Conclusions 

Studies on ecosystem services differ widely in results and methodology, but it is clear that 

these services represent a significant amount of the benefits people receive from forests and 

these benefits should therefore be taken into account by policy makers. Given the widely 

varying results, however this is not necessarily an easy task and researchers should focus on 

making their assumptions and results clearer. An increased focus on geographically explicit 

modeling will lead to more accurate ecosystem service values that can be better integrated 

into policy decisions. The fact that the valuation of ecosystem services is at an early stage is 

also likely related to the lack of ecosystem service valuation in forest sector models. It may be 

that the methodology needs to be developed further before it sees use that is more widespread 

in forest sector models, but the increasing focus on spatial modeling is a step in the right 

direction. Further work in this direction is a beneficial avenue for future research. Future 

valuation studies also need to better integrate the modeling of ecological and economical 

processes to avoid unrealistic assumptions in the valuation of ecosystem services. 
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Appendix 
 
Table A1: Freshwater supply (USD 2015 – PPP) 

Source Country Method Value estimated1 

Vincent et al. (2016) Malaysia Replacement Cost 
17.44 

van Beukering et al. (2003) Indonesia Avoided Cost 
118.81 

Xie et al. (2010) China Replacement Cost 
140.91 

Campbell and Tilley (2014) USA Other 
140.47 

Zhang et al. (2010) China Replacement Cost 
893.02 

Zhang et al. (2010) China Replacement Cost 
131.12 

Curtis (2004) Australia Market Prices 
13.45 

Popa et al. (2016) Romania Market Prices 
6.66 

Bernard et al. (2009) Costa Rica Replacement Cost 
3.76 

Kaiser (2002) USA Replacement Cost 
1,349.04 

Sil et al. (2016) Portugal Benefit Transfer 
8.16 

Sil et al. (2016) Portugal Market Prices 
3,055.46 

Kramer et al. (1997) Madagascar Avoided Cost 
0.72 

Strassburg et al. (2016) Brazil Avoided Cost 
0.37 

Ivanova et al. (2016) Bulgaria Market Prices 
10.14 

Mueller (2014) USA Stated Preference 
93.21 

Ivanova et al. (2016) Bulgaria Market Prices 
5.55 

Bhandari et al. (2016) Nepal Stated Preference 
51.78 

Bhandari et al. (2016) Nepal Stated Preference 
129.46 

Hein (2011) Netherlands Avoided Cost 
786.75 

Ivanova et al. (2016) Bulgaria Market Prices 
5.82 

Ko et al. (2004) USA Replacement Cost 
3,510.61 

Lewis et al. (2017) USA Stated Preference 
16,423.70 

Honey-Roses et al. (2013) Spain Replacement Cost 
3,491.32 

Nguyen et al. (2013) Vietnam Market Prices 
23.1 

Nguyen et al. (2013) Vietnam Market Prices 
6.5 

Anielski (2005) Canada Market Prices 
0.08 

Croitoru (2007) Mediterranean Replacement Cost 
41.59 

Croitoru (2007) Mediterranean Replacement Cost 
115.7 

de la Cruz and Benedicto (2009) Portugal Replacement Cost 
21.5 

Dupras and Alam (2015) Canada Benefit Transfer 
119.82 

Dupras and Alam (2015) Canada Avoided Cost 
631.53 

Nunez et al. (2006) Chile Replacement Cost 
76.5 

Rodriguez Garcia et al. (2016) Italy Replacement Cost 
972.49 

Morri et al. (2014) Italy Market Prices 
215.96 

Vermaat et al. (2016) Europe Stated Preference 
450 

Ovando et al. (2017) Spain Replacement Cost 
1,562.12 

Ovando et al. (2017) Spain Replacement Cost 
583.33 

1 USD per hectare and year. 
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Table A2: Flood Protection (USD 2015 – PPP) 

Source Country Method Value estimated1 

Li et al. (2006) China Replacement Cost 142.52 

van Beukering et al. (2003) Indonesia Avoided Cost 78.14 

Li et al. (2006) China Replacement Cost 142.25 

Xie et al. (2010) China Replacement Cost 1,170.65 

Campbell and Tilley (2014) USA Other 235.44 

Li et al. (2006) China Replacement Cost 108.85 

(Zhang et al. 2010) China Replacement Cost 1,152.01 

Li et al. (2006) China Replacement Cost 156.69 

Li et al. (2006) China Replacement Cost 218.61 

Li et al. (2006) China Replacement Cost 110.87 

Li et al. (2006) China Replacement Cost 140.58 

Xue and Tisdell (2001) China Replacement Cost 475.87 

Guo et al. (2001) China Market Prices 17.09 

Ninan and Inoue (2013) Japan Market Prices 17,005.01 

Li et al. (2006) China Replacement Cost 139.98 

Ninan and Kontoleon (2016) India Avoided Cost 3.11 

Mashayekhi et al. (2010) Iran Replacement Cost 47.3 

Mashayekhi et al. (2010) Iran Replacement Cost 16.72 

Schmidt et al. (2014) USA Benefit Transfer 523.85 

Li et al. (2006) China Replacement Cost 62.36 

Schmidt et al. (2014) USA Benefit Transfer 4,794.34 

Barth and Döll (2016) Germany Avoided Cost 5,555.56 

Morri et al. (2014) Italy Avoided Cost 5,317.74 

Brookhuis and Hein (2016) Trinidad Avoided Cost 142 

1 USD per hectare and year. 
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Table A3: Soil erosion prevention (USD 2015 – PPP) 

Source Country Method Value estimated1 

Rein (1999) USA Avoided Cost 1,360.06 

Li et al. (2006) China Avoided Cost 237.1 

van Beukering et al. (2003) Indonesia Avoided Cost 62.28 

Li et al. (2006) China Avoided Cost 23.09 

Xie et al. (2010) China Replacement Cost 458.58 

Xie et al. (2010) China Replacement Cost 60.29 

Campbell and Tilley (2014) USA Other 69.25 

Li et al. (2006) China Avoided Cost 26.54 

Curtis (2004) Australia Market Prices 16.92 

Curtis (2004) Australia Market Prices 11.83 

Li et al. (2006) China Avoided Cost 101.91 

Li et al. (2006) China Avoided Cost 144.33 

Li et al. (2006) China Avoided Cost 161.76 

Li et al. (2006) China Avoided Cost 247.02 

Xue and Tisdell (2001) China Avoided Cost 6.71 

Popa et al. (2016) Romania Avoided Cost 0.03 

Guo et al. (2001) China Replacement Cost 371.31 

Li et al. (2006) China Avoided Cost 178.04 

Ninan and Kontoleon (2016) India Avoided Cost 2,051.63 

Pattanayak and Butry (2005) Indonesia Replacement Cost 26.15 

Sil et al. (2016) Portugal Benefit Transfer 0.33 

Li et al. (2006) China Avoided Cost 98.34 

Yoo et al. (2014) USA Hedonic Pricing 157.59 

Yoo et al. (2014) USA Hedonic Pricing 998.07 

Bhandari et al. (2016) Nepal Stated Preference 51.78 

Yoo et al. (2014) USA Hedonic Pricing 212.18 

Yoo et al. (2014) USA Hedonic Pricing 108.15 

Yoo et al. (2014) USA Hedonic Pricing 251.32 

Corbera et al. (2007) Guatemala Replacement Cost 30.54 

Rodriguez Garcia et al. (2016) Italy Replacement Cost 781.29 

Morri et al. (2014) Italy Replacement Cost 132.05 

1 USD per hectare and year. 
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Table A4: Avalanche Protection (USD 2015 – PPP) 

Source Country Method Value estimated1 

Getzner et al. (2017) Austria Replacement Cost 336,261 

Getzner et al. (2017) Austria Hedonic Pricing 6,649,937 

Grilli et al. (2017) Slovenia Replacement Cost 1,100.85 

Häyhä et al. (2015) Italy Replacement Cost 451.37 

Grilli et al. (2015) Italy Replacement Cost 1,425,034 

Gret-Regamey et al. (2013) Switzerland Avoided Cost 16,576.19 

Notaro and Paletto (2012) Italy Replacement Cost 334.51 

Notaro and Paletto (2012) Italy Replacement Cost 583.71 

Teich and Bebi (2009) Switzerland Avoided Cost 76747.04 

Olschewski et al. (2012) Switzerland Stated Preference 1,633.50 

Rodriguez Garcia et al. (2016) Italy Replacement Cost 5,178,817 

Paletto et al. (2015) Austria Replacement Cost 887.08 

1 USD per hectare and year. 

 

 

 

Table A5: Air quality (USD 2015 – PPP) 

Source Country Method Value estimated1 

Xie et al. (2010) China Replacement Cost 1,239.71 

Xie et al. (2010) China Replacement Cost 0.9 

Xie et al. (2010) China Replacement Cost 0.13 

Xie et al. (2010) China Replacement Cost 18.84 

Campbell and Tilley (2014) USA Other 165.2 

Curtis (2004) Australia Market Prices 16 

Curtis (2004) Australia Market Prices 15.76 

Manes et al. (2016) Italy Avoided Cost 353.36 

Manes et al. (2016) Italy Avoided Cost 55.92 

Dupras and Alam (2015) Canada Benefit Transfer 372.97 

Xue and Tisdell (2001) China Avoided Cost 46.48 

Ninan and Inoue (2013) Japan Replacement Cost 221.77 

Ninan and Inoue (2013) Japan Replacement Cost 34.03 

Dupras (2015) Canada Benefit Transfer 6,104.50 

Hein (2011) Netherlands Avoided Cost 847.27 

Jim and Chen (2008) China Avoided Cost 5.72 

Jim and Chen (2008) China Avoided Cost 7.19 

Jim and Chen (2008) China Avoided Cost 5.96 

Schaubroeck et al. (2016) Belgium Avoided Cost 1,253.13 

Klimas et al. (2016) USA Avoided Cost 176.82 

Klimas et al. (2016) USA Avoided Cost 544.76 

1 USD per hectare and year. 
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Table A6: Carbon sequestration 

Source Country Value estimated1 Value estimated2 

Brainard et al. (2009) Britain 3.46 86.5 

Nielsen et al. (2014) USA 100.53 50.27 

Li et al. (2006) China 1,717.68 464.46 

van Beukering et al. (2003) Indonesia 7.59 37.93 

Li et al. (2006) China 1,726.79 466.92 

Xie et al. (2010) China 1,499.55 384.63 

Campbell and Tilley (2014) USA 3.96 
 

Li et al. (2006) China 1,588.21 429.45 

Li et al. (2006) China 2,346.76 634.56 

Li et al. (2006) China 2,024.01 547.29 

Li et al. (2006) China 1,983.90 536.45 

Li et al. (2006) China 1,653.85 447.2 

Popa et al. (2016) Romania 9 66.76 

Guo et al. (2001) China 221.06 53.65 

Xue and Tisdell (2001) China 761.72 206.43 

Li et al. (2006) China 1,956.54 529.05 

Xue and Tisdell (2001) China 1,143.43 309.87 

Ninan and Kontoleon (2016) India 5.91 14.77 

Grilli et al. (2017) Slovenia 46.15 105.47 

Häyhä et al. (2015) Italy 103.94 125.94 

Grilli et al. (2015) Italy 23.11 25 

Ninan and Inoue (2013) Japan 41.5 51.87 

Sil et al. (2016) Portugal 39.8 23.14 

Strassburg et al. (2016) Brazil 128.57 321.43 

Ninan and Inoue (2013) Japan 43.14 53.92 

Felardo and Lippitt (2016) Thailand 50.84 100.79 

Li et al. (2006) China 1,759.58 475.79 

Xue and Tisdell (2001) China 537.94 145.78 

Xue and Tisdell (2001) China 803.65 217.79 

Chen et al. (2009) China 2,383.25 494.82 

Xue and Tisdell (2001) China 291.88 79.1 

Hájek and Lípa (2015) Czech Republic 26.4 
 

Ninan and Inoue (2013) Japan 0.26 0.32 

Gret-Regamey (2013) Switzerland 192.74 287.5 

Ninan and Inoue (2013) Japan 0.4 0.5 

Hein (2011) Netherlands 13.23 25.63 

Ninan and Inoue (2013) Japan 0.44 0.55 

Dupras and Alam (2015) Canada 43.24 43.24 

Ninan and Inoue (2013) Japan 43.2 54 

Xue and Tisdell (2001) China 129.57 35.11 

Hansen and Malmaeus (2016) Sweden 25.67 43.79 

Croitoru (2007) Mediterranean 32.52 40.65 

Croitoru (2007) Mediterranean 9.07 11.34 

Birch et al. (2010) Chile 12.1 11.96 
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Ding et al. (2016) Central Europe 3,281.52 769.26 

Ding et al. (2016) Northern Europe 1,891.23 443.35 

Ding et al. (2016) Southern Europe 1,121.67 262.94 

Ding et al. (2016) Scandinavia 905.08 212.17 

Klimas et al. (2016) USA 390.66 243.98 

Birch et al. (2010) Mexico 34.1 33.7 

Birch et al. (2010) Mexico 11 10.87 

Birch et al. (2010) Argentina 1.1 1.09 

Bulte et al. (2002) Costa Rica 140.7 234.5 

Rodriguez Garcia et al. (2016) Italy 66.02 
 

Morri et al. (2014) Italy 492.43 447.5 

Paletto et al. (2015) Austria 75.66 167.5 

Schaubroeck et al. (2016) Belgium 419.8 418.75 

Ovando et al. (2017) Spain 1,063.64 
 

Ovando et al. (2017) Spain 584.85 
 

1 USD per hectare and year 

2 USD per hectare and year with normalized carbon price of 25 USD / ton of CO2 
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Table A7: Recreation 

Source Country Method Value estimated1 

Ezebilo (2016) Sweden Travel Cost Method 1,129.53 

Juutinen et al. (2014) Finland Stated Preference 35.79 

Termansen et al. (2013) Denmark Travel Cost Method 69.13 

Bostedt and Mattson (2006) Sweden Stated Preference 9.48 

van Beukering et al. (2003) Indonesia Stated Preference 31.41 

Curtis (2004) Australia Market Prices 5.83 

Dupras and Alam (2015) Canada Market Prices 630.63 

Popa et al. (2016) Romania Market Prices 13 

Ninan and Inoue (2013) Japan Market Prices 153.68 

Ninan and Kontoleon (2016) India Avoided Cost 6.37 

Bernard et al. (2009) Costa Rica Market Prices 11.79 

Grilli et al. (2017) Slovenia Benefit Transfer 200 

Grilli et al. (2015) Italy Benefit Transfer 9,738,652 

Ankomah and Osei Adu (2015) Ghana Travel Cost Method 6.69 

Dupras and Alam (2015) Canada Market Prices 790.99 

Ivanova et al. (2016) Bulgaria Market Prices 7.22 

Cullinan et al. (2011) Ireland Benefit Transfer 2.6 

Hájek and Lípa (2015) Czech Republic Market Prices 317.45 

Gret-Regamey et al. (2013) Switzerland Travel Cost Method 2,564.34 

Hein (2011) Netherlands Travel Cost Method 1,351.60 

Gundimeda et al. (2007) India Market Prices 173.84 

Gren and Isacs (2009) Sweden Benefit Transfer 179.09 

Croitoru (2007) Mediterranean Stated Preference 130.07 

Matero and Saastamoinen (2007) Finland Stated Preference 29.31 

Birch et al. (2010) Chile Market Prices 1.21 

de la Cruz and Benedicto (2009) Portugal Travel Cost Method 11.31 

Birch et al. (2010) Mexico Market Prices 0.28 

Paletto et al. (2015) Austria Market Prices 53.83 

Schagner et al. (2016) Europe Benefit Transfer 3,629.38 

Lupp et al. (2016) Germany Stated Preference 335.92 

Vermaat et al. (2016) Europe Stated Preference 675 

Vermaat et al. (2016) Europe Stated Preference 187.5 

Frélichová et al. (2014) Czech Republic Benefit Transfer 75.76 

Frélichová et al. (2014) Czech Republic Benefit Transfer 2,912.20 

Häyhä et al. (2015) Italy Benefit Transfer 102.35 

1 USD per hectare and year 
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Abstract 

This paper estimates the value of two ecosystem services, recreation and carbon sequestration, 

in Swedish forests. The services are spatially mapped for the whole country, and the benefit 

transfer method is used to find their monetary value. This study means to develop the use of 

spatial mapping on larger scales than has been done previously, and add to the limited number 

of ecosystem service valuations for the Nordic countries by providing a fully populated spatial 

mapping of two of the more important ecosystem services of Sweden. In general, values 

found for the two ecosystem services are almost as high as timber values, but the values and 

their distribution varies highly across the landscape. Both ecosystem services are found to 

have higher values in southern Sweden and close to cities. 
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1 - Introduction 

Forests are a source of many goods and services of value to society, which ranges from the 

production of timber to the sequestration of carbon or prevention of flooding. It also provides 

cultural services such as recreational visits. Some of these goods and services are traded on 

markets, but for others, only indirect monetary values can be measured. Without methods to 

value these goods and services in monetary terms, their importance may be underestimated, 

particular when their supply is in conflict with market based goods or services. Ecosystem 

services are a term used to describe the beneficial functions of forests or other ecosystems. By 

estimating the monetary value of non-market ecosystem services, the relative importance of 

the different functions of forests will be better understood. For instance, the provision of 

timber from forests decreases the supply of other ecosystem services, and by having estimates 

of their value, it allow policy-makers to make decisions about forest use that are more 

efficient from a societal perspective. Understanding the values of ecosystem services is also 

of relevance to forest owners. Their choice of forest management affects the supply of 

ecosystem services, and with a better understanding of the value of ecosystem services, forest 

owners can be compensated for managing forests in ways that preserve more of the ecosystem 

services, for instance through payment for ecosystem services (PES) schemes (Roesch-

McNally and Rabotyagov 2016).  

The purpose of this paper is to use previously estimated valuations on recreation and carbon 

sequestration and, by using a benefit transfer approach, populate areas not previously 

analyzed with valuation estimates based on geographical and demographical characteristics. 

Further, by providing a fully populated spatial mapping of recreation and carbon sequestration 

of Sweden’s forests, this paper adds to the limited number of ecosystem service valuations for 

the Nordic countries, particularly when it comes to recreation (Nolander and Lundmark 

2018). 

By knowing the geographical distribution of ecosystem services, decisions that are more 

socially suitable can be made, considering the environmental and social values of forests as 

well as their values for production. Spatial aspects are particularly important for ecosystem 

services that has a small spatial scales, such as the hydrological protection of riparian forests 

(Barth and Döll 2016). Spatial aspects are also important when measuring ecosystem services 

with different scales (Troy and Wilson 2006), which is the case when comparing the local 

recreational benefits of a forest with its global carbon sequestrating ability. Moreover, both 

the supply and demand of the ecosystem services can be spatially explicit, as in the case of 

recreational visits to forests. The demand for recreation is higher close to population centers 

and certain kinds of forests are considered more attractive to visit and have higher recreational 

values (Abildtrup et al. 2013). Methods of estimating the values of ecosystem services are 

becoming more refined and are increasingly focusing on the spatial mapping of terrain 

features and other factors that determine the value of the services (Englund et al. 2017). 

However, Andrew et al. (2015) found that many studies rely on simplifying assumptions that 

are poorly explained and not validated. They suggest that better maps and spatial 

parameterizations are needed to increase confidence in spatial ecosystem service analysis and 

better support decision making. Given the added complexity of spatial mapping, most studies 
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employing the method uses small study areas with maps of ecosystem services on municipal 

or county level.  By developing the use of spatial mapping on large scales (such as nation-

wide) this paper means to find a level of spatial detail that provides a balance between 

accuracy for policy analysis and the amount of time needed for implementation. 

2 – Background and Previous Studies 

2.1 – Ecosystem service methodology 

Since the paper by Costanza et al. (1997) and the Millennium Ecosystem Assessment (MEA 

2003), the valuation of ecosystem services has gained widespread popularity. Ecosystems are 

complex systems of interlinked biological processes, whose interactions may not be perfectly 

understood. Since they also lack direct monetary values, it is difficult to estimate the exact 

benefits an ecosystem provides and it is therefore equally difficult to find accurate estimations 

of the value of ecosystem services. A complication is the fact that the spatial scale of the 

ecosystem services varies greatly. The first valuations of ecosystem services where often 

summarized across large areas where the average estimated values for an ecosystem type were 

multiplied by the size of the area (Troy and Wilson 2006). However, given that the benefits of 

ecosystem services ranges from the immediate area surrounding a forest plot, e.g., flood 

protection to global importance, e.g., carbon sequestration, aggregated average values are 

likely to greatly under- or overestimate the value of ecosystem services.  

These limitations of early ecosystem service valuations has led to an increasing focus on 

spatial mapping of ecosystem services. The methodology for spatial mapping has been 

developed in several papers. Troy and Wilson (2006) develop a framework for applying 

benefit transfer from different ecosystem services, primarily by use of meta-regression 

analysis. The study found that the lack of spatial detail in many previous studies makes 

benefit transfer difficult to apply as the method necessitates similar levels of spatial detail to 

capture the value of different terrain types. Crossman et al. (2013) found that the lack of a 

common structure for reporting the results of ecosystem service assessments leads to 

difficulties in applying the results and provided a template where details of accounting and 

spatial quantification is included. Chen et al. (2009) provide framework for the process of 

mapping and analyzing ecosystem services of forests and agricultural lands, and included an 

applied example of their framework in Southeast China.   

2.2 – Carbon Sequestration 

Ninan and Inoue (2013) and Nolander and Lundmark (2018) found that most studies that 

estimate the monetary value of carbon sequestration were not spatially explicit and rely on 

aggregate values based on forest size without differentiating on tree species, thickness of 

vegetation or forest age. Studies that use spatial mapping typically measure carbon flow from 

forest biomass only, and differentiate this based on vegetation type and thickness of 

vegetation (Gret-Regamey et al. 2008; Birch et al. 2010; Bottalico et al. 2016). Examples of 

studies that take a more detailed approach Deng et al. (2011) where carbon sequestration in 

forests and carbon stock in the soil is calculated based on vegetation and soil type, including 

five different vegetation types and 24 different soil types. A similarly detailed approach is 

used by Ninan and Inoue (2013).  
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Nolander and Lundmark (2018) found that there were significant differences in the value of 

carbon between the studies that were reviewed. Even when the pricing was standardized to 25 

USD per ton of carbon, carbon sequestration was found ranging from 0.32 to 770 USD per 

hectare, implying a large variation in the carbon sequestration of different kinds of forests or 

in the modeling of carbon sequestration in the different studies. An example from the 

reviewed studies is that Zhang et al. (2006) estimates the daily per hectare uptake of a forest 

to be 0.9 tons of CO2 while Brainard et al. (2009) estimates the yearly uptake (including soil) 

of a species of spruce to be 3.48 tons of CO2/ha. Table 1 describes the summary statistics for 

carbon sequestration from the review by Nolander and Lundmark (2018), which includes 

studies from different countries and forest types. 

Table 1 – Mean and median valuation of ecosystem services - (2015 PPP USD / ha) 

Ecosystem Service Type Mean Median Std. Dev. Min Max Skewness 

Carbon Sequestration (Original pricing) 610 129 822 0.26 3282 1.76 

Carbon Sequestration (25 USD/tC) 209 116 206 0.32 769 1.35 

Recreation  662 72 1748 0.28 11090 1.01 

Recreation – Travel Cost 788 383 956 7 2564 1.27 

Recreation – SP 895 36 2688 0.83 11090 0.96 

Source: (Nolander and Lundmark 2018) 

2.3 – Recreation 

Average values for recreation from the review by Nolander and Lundmark (2018) can be 

found in Table 1, which also shows the difference between valuations using the travel cost 

method and stated preference, the latter higher values on average but also higher variance 

between studies. Generally, recreation is valued highly compared to other ecosystem services. 

Costanza et al. (1997) found that recreation was estimated as a far more valuable service than 

the provision of wood and most regulating ecosystem services for temperate forests.  

Specific valuation studies on recreation include spatially explicit studies by Baerenklau et al. 

(2010), Bujosa Bestard and Riera Font (2009), Abildtrup et al. (2013) and Termansen et al. 

(2013) who focused on the spatial characteristics of recreation and the factors that influence 

demand. Generally, high degrees of spatial heterogeneity in demand for forest-based 

recreation were found, and mixed and broadleaf forests were preferred over coniferous forests 

and found to have higher value. The presence of campsites, climbing areas and bathing sites 

also increase the recreational value of a forest. Edwards et al. (2012) compared the 

recreational preferences of Europeans and found that for Scandinavians in particular mixed 

forests are preferred over broadleaved forests, which in turn are preferred over coniferous 

forests, this result is also found by Filyushkina et al. (2016) whose results indicate higher 

marginal valuations for mixed and broadleaved forests. Age of the forest is also an important 

determinant, and old growth forests have been found to have higher recreational value than 

younger forests, Englin et al. (2006) in particular concluded that people view them as separate 

ecosystems because of their distinctive characteristics. Schagner et al. (2016) calculated the 

total recreational values of national parks in Europe, based on the number of domestic and 

international visitors in all the parks, and estimated which factors such as terrain and 

accessibility that affected the number of visitors. They also calculated the per hectare value of 
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tourism in the different parks, finding generally low values for national parks in northern 

Sweden due to low visitor numbers and large size of the national parks. 

For studies on the recreational value of Swedish forests in particular, highly different results 

were found. Bostedt and Mattson (2006) found the per hectare value of forests in Västerbotten 

county, a forest heavy region dominated by coniferous forest, to be 12 USD per hectare. 

Jämttjärn (1997) estimated that the recreational values of Swedish forests varies between 74 

USD and 374 USD per hectare, with higher values for forests in southern Sweden. Ezebilo 

(2016), estimated the consumer surplus of recreational trips is 4717 USD per citizen and year, 

which if aggregated and assuming the preferences are representative, translates into a per 

hectare recreational value of 1129 USD, and  found that the average number of recreational 

trips to forests is 85 trips per citizen and year. This value can be compared to the results of a 

survey by KI (1996) about recreational visits to Swedish forests, which estimated on average 

62 visits per person and year. Of these visits for the average person, 26 visits had leisurely 

walking as primary activity, nine had running, eight involved studying animals and plants, 

another eight picking berries or mushrooms, five was camping or hiking, four gather 

firewood, two hunting, and two were for other reasons. Another survey from SCB (1993) 

estimated 58.5 recreational trips per person and year, though this survey did not exclusively 

consider forests. When looking at the type of recreational activity, 23 of the recreational trips 

for the average person was leisurely walking, 31 various form of exercise, two camping, and 

two hunting and 0.5 mountain hiking.  

3 - Methodology 

3.1 - Benefit Transfer 

Benefit transfer or value transfer is increasingly used in the context of ecosystem services 

because of the expenses in conducting original valuations, particularly for large geographical 

areas or when valuing a large number of ecosystem services (Richardson et al. 2015). For 

benefit transfer to yield meaningful results, the original study site and the one the benefits are 

transferred to needs to have similar spatial, environmental and social characteristics. A 

studying using benefit transfer can at most be as accurate as the original study since it relies 

on the accuracy and spatial detail of the original valuation. Since the original and new study 

site is never going to be completely identical, benefit transfer will almost always have lower 

validity and reliability than an original study (Richardson et al. 2015). Therefore, the use of 

benefit transfer and original studies often becomes a question of feasibility versus accuracy.  

Different policy questions are made on different detail level and the necessary level of 

accuracy can therefore vary greatly. Boyle and Bergstrom (1992) lists three ideal conditions 

for when to use benefit transfer. The first is that the non-market commodity being valued is 

identical for the two sites. The second is that the populations of the two sites have identical 

characteristics and the third is that the assignment of property rights at the two sites must lead 

to the same theoretically appropriate welfare measures. The more closely these conditions are 

met, the higher the accuracy and validity of the benefit transfer.  
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Benefit transfer can be divided into three categories based on what is being transferred from 

the previous studies, and in turn their level of complexity. The methods are referred to as unit 

value transfer, benefit function transfer and meta-regression analysis function transfer. A 

more complex method is appropriate when all previous study site are very different from the 

new study site. Similarly, the more closely a previous study site resembles the new study site, 

the more likely it is that unit value transfer leads to more accurate results than meta-regression 

transfer does (Richardson et al. 2015). 

Unit value transfer means that the values from a previous study is transferred to the new 

study, or that a mean value from a number of studies is transferred. Unit value transfer is done 

in studies by Gren and Isacs (2009) and  Schagner et al. (2016) among others. In this study, 

unit value transfer is used as part of the estimation of a function for recreational value to 

determine the marginal valuation of different forest attributes.  

Benefit function transfer refers the transfer of the underlying function for the ecosystem 

services found in the previous study. Data in the function is used for the new study site and it 

may be adjusted to suit the socio-economic conditions of the new study site. This method is 

used by Cullinan et al. (2011). While the method uses data for the new study site, it assumes 

that the underlying statistical relationship is the same for the two sites. It is the method that is 

used for estimation the value of carbon sequestration in this study since functions for carbon 

sequestration are more easily adapted to local conditions than in the case of recreation. The 

ecosystem service is directly related to forest growth and growth functions of forests are 

available for tree species in Swedish forests and climate, and the necessary data to adapt the 

functions is available.  

The third method is Meta-regression analysis function transfer. This approach collects data 

from several previous valuation studies and performs regression analysis to find the 

underlying factors that influence the value of the ecosystem services. This is done for instance 

by He et al. (2015) and Lindhjem (2007). The approach was considered for recreation in this 

study, but while there were several previous valuation studies on recreation, very few of the 

ones that could be applied for Swedish forests were spatially explicit and differentiated the 

recreational value based on tree species and other geographical factors. 

3.2 – Total Ecosystem Service Value 

By using the benefit transfer method for recreation and carbon sequestration, an estimate of 

the ecosystem value of Swedish forests will be established. Because ecosystem services are 

generally measured as flows, the annual value for the two services will be calculated. The 

total annual value of carbon sequestration and recreation (E) is estimated for each forest plot 

(p). The value of carbon sequestration is the product of the annual uptake of carbon dioxide 

(ΔCp) and a price of carbon dioxide (P). Recreation (Rp) is the recreational value of the forest 

plot. Thus, the total annual plot value of the two ecosystem services is expressed as: 

𝐸𝑝 = 𝑃∆𝐶𝑝 + 𝑅𝑝    (1) 
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3.3 – Carbon Sequestration 

In economic terms, the value of carbon sequestration is determined by the capacity of the 

forest to sequester carbon and the social cost of carbon, i.e., the estimated cost to society of 

one unit of carbon emissions (Guo et al. 2006). A carbon tax or a price of carbon emission 

permits can be used as a proxy for the social cost of carbon. The uptake of carbon of a forest 

plot is based on biological factors and is determined by its annual biomass growth, which 

varies between species, age and other factors. The function used for estimating carbon 

sequestration is similar to Ninan and Inoue (2013), which takes into account the 

characteristics of different tree species, as well as thickness of vegetation. For a particular tree 

species, the amount of fixed carbon depends on the volume of biomass, wood density, 

biomass expansion factor, root to shoot ratio for the individual tree species as well as the 

carbon fraction of dry matter (IPCC 2006). While the carbon fixed in boreal soils is a large 

part of the total carbon stock (Tupek et al. 2016), it is not considered in this function because 

it is not increasing over time (Deluca and Boisvenue 2012). Thus, the aboveground stock of 

carbon (Cp) in a forest plot can be expressed as:  

𝐶𝑝 = ∑ {[𝑉𝑠 ∗ ν𝑠 ∗ 𝛽𝑠] ∗ (1 + 𝜌𝑠) ∗ 𝜅}𝑠    (2) 

where s is the subscript for tree species, V refers to the volume of standing timber for a 

particular species expressed in cubic meters per hectare, ν is the wood density in g/cm3, β 

refers to the biomass expansion factor as share of stem biomass weight, ρ is the root-to-shoot 

ratio, which is calculated by dividing the dry weight of the shoots of a tree divided by the dry 

weight of the roots, and κ is the carbon fraction of dry matter. The biomass expansion factor 

refers to the amount of woody biomass on trees outside of the stem, in branches and foliage. 

The biomass expansion factor is species dependent and the coefficients used are based on 

estimations from earlier studies.  

The factors determining annual changes in the carbon stock include tree species, age, size and 

density of vegetation. To calculate the annual value of sequestration (ΔCp), the total carbon 

stored must be multiplied by the annual biomass growth of the forest plot. Equation (3) 

expresses the annual biomass growth as a percentage of current volume based on estimated 

correlation between forest growth and various characteristics of trees and forests (Fridman 

(1995). 

∆𝐶𝑝 = 𝐶𝑝(282.7 ∗ 𝐴
−0.896 ∗ 𝑆𝐼0.0763 ∗ 𝑉−0.1816)  (3) 

Equation (3) takes into account the age (A) and volume (V) of the forest plot as well as the site 

index (SI), which is a measurement based on the maximal height of a forest plot under ideal 

conditions of a particular age.  

3.4 – Recreation 

Valuations of recreation are usually made through contingent valuation or choice experiments 

(stated preference) or with the travel cost method (revealed preference). Both methods attempt 

to measure the consumer surplus derived from using an ecosystem service and use this value 

as an indication for the ecosystem service’s value. In the case of travel cost, this is done by 

calculating consumers’ valuation of visiting a site based on the time and travel distance to get 
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there. With contingent valuation or choice experiments, consumers directly state how much 

they are willing to pay for the preservation of a forest or the supply of an ecosystem service. 

(de Groot et al. 2002) Since travel cost estimations are inherently spatial, the valuations in the 

model will mainly be based on the results of previous travel cost studies for forest-based 

recreation.  

The recreational habits of the Swedish population and their individual consumer surplus will 

be assumed identical, and the recreational value of a forest plot is assumed to depend on the 

population in the nearby area and the characteristics of the forest in question, particularly its 

age and the tree composition. Equation (4) describes the recreational value (𝑅𝑝
𝑅) of a forest 

plot: 

𝑅𝑝
𝑅 = 𝐵𝑞 ∗ 𝜏(𝐹 + 𝐺 + 𝑓𝑓)   (4) 

where τ is the number of recreational trips per person and year, F refers to forest type 

(coniferous, mixed and broad-leaved), G refers to age class (young, mature, varied, old), and f 

refers to terrain features such as campsites and viewpoints. The recreational value (𝑅𝑝) is 

multiplied by the population in close proximity to the forest plot (B).  Population is 

determined spatially in a 1,000x1,000 m grid, where each grid cell with at least three people1 

living in the area is referred to as a population site (q). In order to capture the increasing 

marginal value of forests in urban areas where natural forests may be scarce, the total forest 

area within five kilometers of each population site (q) is calculated to find the amount of 

forest for recreational purposes that are available. All population sites within five kilometers 

is then summarized for each forest plot.  

The recreational values measured in Equation (4) only covers recreational use of forests by 

local residents and does not consider domestic tourism. To account for this, an alternate 

model will be computed, which assigns a higher recreational value for national parks based on 

the number of visitors to the national parks of Sweden and the average money spent on the 

trip, giving a minimum value for the willingness to pay for visitors to Sweden’s national parks 

(SEPA 2015). Studies applying the travel cost method is still used and recreation in areas not 

inside a national park is calculated in the same manner as in Equation (4). The following 

approach is based on the method used by Schagner et al. (2016), which assigns the same 

travel cost estimate across all national parks in Europe. Because a uniform measure of travel 

costs may underestimate the willingness to pay for visits to more remote national parks in 

northern Sweden, it is here calculated individually for each national park. Equation (5) 

expresses the recreational values (𝑅𝑝
𝑇) when considering both local recreation and tourism:  

𝑅𝑝
𝑇 = [𝐵𝑞 ∗ 𝜏(𝐹 + 𝐴 + 𝑓𝑓)] +

𝑈𝑛∗𝐶𝑛

𝑆𝑛
   (5) 

where U represents the number of visitors to national park n, C the average travel costs for a 

visitor at park n, and S is the size of park n in square kilometers. 

                                                           
1 Grid cells where only one or two people live are considered confidential by SCB.  
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3.5 – Timber Value 

In order to compare the ecosystem service values to the market value of the forestland, the 

commercial timber value is calculated for each forest plot, as seen in Equation (6). The prices 

used are based on price statistics for Sweden and are differentiated based on county. The 

estimated values do not measure the flow or yearly growth of timber but the total value for 

each forest plot based on timber volume.  

𝑇𝑝 = 𝑉𝑝 ∗ 𝐿𝑟     (6) 

where T represents the total value of each forest plot, and L is the average price of timber in 

region r.2   

Because the timber value is measured as a total commercial value and not as the value of the 

yearly flow, it cannot be directly compared with the values for ecosystem services.  In order 

to compare the value of the ecosystem services with the timber value of the forestland, the net 

present value (NPV) for the flow of an ecosystem service can be calculated. The future values 

of the ecosystem service will be discounted compared to its present value. Equation (7) 

describes the NPV for each ecosystem service and forest plot:  

𝑁𝑃𝑉𝐸,𝑝 = 𝐸𝑝
𝑡=1 + 𝐸𝑝

𝑡=2(1 − 𝛿)1 + 𝐸𝑝
𝑡=3(1 − 𝛿)2 +⋯+ 𝐸𝑝

𝑡=𝑡(1 − 𝛿)𝑡−1 (7) 

where t is the number of time periods and d is the discount rate used. 

4 - Data 

4.1 – GIS Data and application 

The model is based on spatial data for Sweden in the form of satellite images of forest 

inventories and geographical features, and additional data from maps and census information 

regarding protected areas, population and accessibility. The primary source of the forest data 

comes from raster images created from satellite photography by the Swedish Forest Inventory 

(SLU 2017). The raster images include data for timber volume, age, biomass and height of 

Swedish forests, measured at a 25x25m pixel sizes.  Volume data is available for different tree 

species, but biomass, age and height of forest plots is only available for the total (or average) 

for all species on a given plot. While the data is available at 25x25m level, volume and 

biomass are measured on a per hectare basis. The data of the most recent satellite images are 

from 2010. Additional GIS data in vector form from SLRA (2017) provides information about 

other features, which includes the presence of population centers, national parks and other 

protected areas, bodies of water, roads, hiking trails, campsites, bathing sites, and viewpoints, 

as well as data for height and elevation of terrain.  Data from Statistics Sweden is also used 

which includes population data as well as the municipal and county borders (SCB 2017). 

 

                                                           
2 Sweden is divided into ten regions, where region 1 is the counties of Skåne and Blekinge, region 2 is Jönköping, Kalmar 

and Kronoberg, 3 is Östergötland and most of Västergötland, 4 is Stockholm and Södermanland, 5 is Uppsala, Västmanland 

and Örebro, 6 is Värmland and the northwestern part of Västergötland, 7 is Dalarna and Gävleborg, 8 is Jämtland and 

Västernorrland, 9 is the coastal parts of Norrbotten and Västerbotten and 10 is the inland of Norrbotten and Västerbotten.  
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To summarize the ecosystem values spatially, the data from SLU (2017) is first aggregated 

from 25x25m raster pixels into a 1,000x1,000m grid that covers the entire land area of 

Sweden. The 1,000x1,000m grid cell size means that there are between 2,931 and 97,239 grid 

cells for the different counties of Sweden and 447,435 grid cells for the whole country. The 

data used from Swedish forest inventory includes six tree species: spruce, pine, contorta pine, 

birch, beech and other non-coniferous species. Pine, spruce and birch are the dominant 

species in Swedish forests as they make up about 95% of the total forestland. Because there 

are only small areas of contorta pine and beech, these species will be counted together with 

pine and non-coniferous species respectively. To categorize the forest based on tree type, the 

forest plots are assigned as coniferous, mixed or broadleaved forests. A broadleaved forest is 

defined as a forest with 65% or more of the trees being of broadleaved species, and a 

coniferous as having 65% or more coniferous trees, and a mixed forest is defined as a forest 

whether neither coniferous or broadleaved are dominant (SLU 2017). For each 1,000x1,000m 

grid cell, the presence of terrain features including bodies of water, hiking trails and campsites 

are measured. A separate grid layer of population is also added with the same resolution, 

where each population grid cell measures the number of hectares of forestland within a five-

kilometer radius from the cell to determine the amount of forest available for recreational 

close to the population. Based on Equation (2) for carbon sequestration and Equation (5) for 

recreation, the values for the ecosystem services were calculated for Sweden as a whole. The 

estimated values for the grid cells were converted to per hectare values to allow for easier 

comparison with similar studies. 

4.2 – Carbon sequestration 

The carbon price (P) used in the model is based on the Swedish carbon tax of 125 USD per 

ton of carbon dioxide.3 The discount rate in Equation (7) is set to 3.5% and the number of 

periods is set to 20 years. The parameters used in Equations (1) – (3) are summarized in Table 

2. Wood density data is taken from the Global Wood Density Database (Zanne et al. 2009). 

For the category of other non-coniferous trees, the average of the four most common species 

(aside from birch) are used4. Biomass expansion factor and  average estimates for the root-to-

shoot ratios are taken from Levy et al. (2004) and GIO (2015). The simplified assumption 

used by IPCC when calculating carbon sequestration of forests is that half (0.5) of forest 

biomass is carbon, which is used here. 

 

Table 2: Tree species-specific parameters  

Parameter Pine Spruce Birch Non-coniferous 

Wood density - ν 0.42 0.37 0.53 0.49 

Biomass expansion factor -β 1.39 1.55 1.20 1.26 

Root-to-shoot ratio – ρ 0.30 0.25 0.26 0.26 

Carbon fraction of dry matter - κ 0.5 0.5 0.5 0.5 

Source: (Levy et al. 2004; Zanne et al. 2009; GIO 2015) 

                                                           
3 The tax is 1,120 SEK per ton of carbon emissions, but has been converted to USD using the PPP adjusted rate for 2015 
4 Wood density for non-coniferous species is based on the averages for aspen, alder, oak and birch. The wood densities are 

0.39 for aspen, 0.44 for alder, 0.56 for oak and 0.56 for beech 
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4.3 – Recreation  

The parameters used for valuing recreation in Equations (4) and (5) are based on the literature 

review found in section 2.2 and the results of the review by Nolander and Lundmark (2018). 

Because of the small number of studies valuing recreation in Swedish forests specifically, the 

set of results used was expanded to also include: (i) countries with similar forest structures 

and climate (Englin et al. 2006; Matero and Saastamoinen 2007; Juutinen et al. 2014; Dupras 

et al. 2015); (ii) studies on recreational forest visits from Denmark ((Filyushkina et al. 2016)) 

and (iii) studies covering recreation in European forests (Schagner et al. 2016; Vermaat et al. 

2016). 

 

The recreational values of different types of forests are based on the marginal valuations by 

Filyushkina et al. (2016), where the recreational preferences for recreation in Scandinavian 

forests were translated into WTP measurements. In the context of the model used in this 

paper, a coniferous dominated forest that has been newly established and with no special 

features, has a recreational value of zero per trip. Forests of young age (40-80 years) have a 

recreational value of 5.08 USD per trip, forests of middle age (80-130/150) has a recreational 

value of 5.80 USD per trip, while forests with a lot of variety in the age and height of a stand 

has a recreational value of 7.02 USD per trip. Englin et al. (2006) estimated that the mean 

marginal valuation of recreation in old growth forest compared to young forests is 23.46 USD 

and this estimate will be used in the model for forests of more than 130 years of age in 

southern Sweden, and 150 years in northern Sweden. The type of forest also influences the 

recreational value, with broadleaved forests are assumed to have 1.77 USD higher marginal 

recreational value than coniferous forests per trip and mixed forests have 2.44 USD  higher 

marginal value per trip (Filyushkina et al. 2016). Based on the results of previous studies in 

the recreational habits of Swedes, a value of 60 recreational trips (τ) per year will be used in 

the model. 

4.4 – Descriptive Statistics 

The variables used in Equations (1)-(7) are summarized in Table 3. Volume, height and age 

data is from Swedish Forest Inventory (SLU 2017), and the site index has been calculated 

from the age and height data. Population data is from SCB (2017) and the summary statistics 

below only includes populated cells on grid q, not areas with no population. Data about the 

number of visitors to national parks and their estimated travel costs come from SEPA (2015), 

the Swedish environmental protection agency, while the location and size of the National 

Parks come from SLRA (2017), the Swedish authority responsible for mapping and real 

estate. Average timber prices in the different regions of Sweden is gathered from LRF 

Konsult (2017). 
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Table 3 – Summary statistics for input variables 

Variable Mean Median Std. Dev. Min. Max. Skewness 

Age (years) 58 56 31 0 198 0.13 

Height (meters) 9.5 10.3 4.4 0 26 -0.55 

Volume – Total1  7106 6611 5321 0 32608 0.28 

Volume – Pine1 3069 2706 2571 0 19901 0.42 

Volume – Spruce1 2937 2008 2951 0 28186 0.94 

Volume – Birch1 856 779 664 0 6505 0.35 

Volume – Non-coniferous1 196 48 502 0 19232 0.89 

Site Index 15 15 5 0 48 0.21 

Visitors to national parks 79771 10000 142155 1000 500000 1.47 

WTP of visitors (USD) 144 68 183 10 740 1.25 

Population 87 9 479 1 24381 0.49 

Timber price2  48 50 16 23 66 -0.39 

1 m3sk - cubic meters of forest. Includes bark but not branches and roots 
2 USD per cubic meter of forest (m3sk) 

 

5 - Results 

5.1 – Summary statistics 

The total yearly value is estimated to be roughly 4.2 billion USD for carbon sequestration and 

3.2 billion USD for recreation, adding up to 7.4 billion USD for the two services in total. The 

average and total values for the two ecosystem services for the Sweden as a whole is 

presented in Table 4.  

Table 4 – Summary statistics for Ecosystem Services (USD 2015 PPP) 

Ecosystem Service Mean1 Median1 Max.1 Std. Dev.1 Skewness1 Sum2 

Carbon  sequestration (∆𝐶𝑝) 95 87 391 70 0.34 4,204 

Recreation (𝑅𝑝
𝑅) 59 1 63,348 591 0.29 2,616 

Recreation & tourism (𝑅𝑝
𝑇) 63 1 63,348 598 0.31 2,804 

Both ecosystem services (𝐸𝑝
𝑇) 158 99 63,440 605 0.29 7,008 

1 USD per hectare and year 

2 Million USD per year 

For carbon sequestration, the mean value is 95 USD per hectare. The median is 87 USD per 

hectare and the highest value found is 391 USD per hectare. This result is somewhat low 

compared to the average values found in the review by Nolander and Lundmark (2018) where 

the average for European forests was 474 USD, and the worldwide average for boreal forests 

was 318 USD. However, this is not surprising as the data covers Sweden as a whole and 

includes sparse woodlands and thick forests, whereas many of the studies reviewed by 

Nolander and Lundmark (2018) focuses on individual forests with evenly dispersed and thick 

growth. The total value of 4.2 billion USD indicate a total uptake of 33 million tons of carbon 

dioxide per year, which is close to the amounts estimated by SEPA (2017), which is on 

average 34 million tons of carbon dioxide equivalents per year5. 

                                                           
5 Calculated as the average uptake between the years 1990 and 2016. 
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The mean value for recreation is 59 USD per hectare of forest, though the median is 

significantly lower at one USD per hectare. The total value of recreation is lower than for 

carbon sequestration, though the highest recreational values are many times as high as the 

highest carbon sequestration values. The highest yearly value of recreation is roughly three 

times greater than the total value of timber, due to the large number of people that are 

expected to be using these areas for recreation. The mean recreational value is somewhat 

higher for the country as a whole when considering tourism as well, at 63 USD per hectare. 

The total value of tourism in land-based Swedish National Parks is 188 million USD, or about 

7% of the total recreation value without tourism. 

Table 5 – Summary statistics for Timber and NPV of ecosystem services (USD 2015 PPP) 

Ecosystem Service Mean1 Median1 Max.1 Std. Dev.1 Skewness1 Sum2 

Timber value (𝑇𝑝) 3100 2176 21,490 3010 0.92 137,183 

NPV of Carbon Sequestration (𝑁𝑃𝑉𝐶,𝑝) 1349 1235 7,139 1279 0.35 59,723 

NPV of both ecosystem services (𝑁𝑃𝑉𝐸𝑝𝑇) 2244 1430 86,256,211 8229 0.30 99,330 

1 USD per hectare 

2 Million USD 

Table 5 shows the average and total values for the timber supply in Swedish forests as well as 

the estimated net present values of ecosystem services based on Equation (7). The timber 

value of the forestland is considerably higher than the yearly value of the two ecosystem 

services due to it measuring the total value of the timber in each forest plot. When comparing 

the timber with the net present values of the ecosystem services, the timber value is about 

139% to the NPV of both ecosystem services, with the mean of the timber value being 3,100 

USD/ha and the NPV of carbon sequestration and recreation being 2,244 USD/ha.  

5.2 – Regional differences 

In order to examine how the results differ across the country, the two ecosystem services have 

been calculated for each county of Sweden6. As the southern parts of Sweden are more 

densely populated, it is expected that recreational values are higher in these counties. Table 6 

presents the values of the two ecosystem services in the Northern, Middle and Southern parts 

of Sweden, according to the geographical boundaries defined by SFA (2017)7. The 

differences in recreational values are generally small between middle and southern Sweden, 

but recreational values are considerably lower in the north, and the mean value for the north 

(15 USD/ha/yr) is about 13% of the mean value for southern Sweden (131 USD/ha/yr). The 

same holds true for carbon sequestration values, though the difference is smaller. The mean 

recreational value in northern Sweden (64 USD/ha/yr) is about 50% of the values in southern 

and middle Sweden.   

                                                           
6 Figure A1 in the appendix  depicts the counties of Sweden 
7 The boundaries are based on differences in the timber market and can be seen in Figure A1 in the appendix 
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Table 6 – Ecosystem Service values by region (USD/ha/year- USD 2015 PPP) 

 Carbon Sequestration (USD/ha) Recreation and Tourism (USD/ha) 

Region Mean Median Std. Dev. Mean Median Std. Dev. 

North 64 59 47 15 0 154 

Middle 133 139 98 115 6 930 

South 131 143 96 131 17 785 

 

5.2.1 – Recreation 

Table 7 shows the recreational values of the counties in Sweden. Forests near the largest cities 

of Sweden were found to have the highest recreational values, and the most outlying values 

are generally in areas not considered for timber harvesting. This means that Stockholm 

County has the highest recreational values per hectare, and Skåne and Västergötland Counties 

report high values. The sparsely populated northern counties of Jämtland, Västerbotten and 

Norrbotten have particularly low recreational values compared to southern Sweden, with the 

median value in Norrbotten being zero. Stockholm also has the highest total recreational 

values, followed by Västergötland and Skåne, and the lowest total recreational values are 

found in Blekinge, Jämtland and Gotland counties. The highest valued forest plot in the study 

has a value of 63,348 USD per hectare and year, and is located in the Haga Park in the city of 

Stockholm. This value can be compared to the results of Bertram and Larondelle (2017), 

where a  park in Berlin that was estimated to have 126 million visits per year and a consumer 

surplus per visit of about 18.75 USD8 per visit.  

For most of the counties the effects of adding tourism is small as well, though in the case of 

Norrbotten the ecosystem service value when considering both recreation and tourism is 

almost twice as high (13 compared to 7 USD), but it is still low compared to the country as a 

whole. Skåne also has high values for tourism and the mean recreational value in Skåne is 

about 14% higher when considering tourism. 

Compared to the results in the review by Nolander and Lundmark (2018), the mean values for 

recreation in most counties are very low. Only the mean recreational value of Stockholm 

County is higher than the mean value of recreational studies included in the review (641 

USD). Given that Sweden is large in land area and sparsely populated and many of the studies 

in the review are from more densely populated countries with less remaining forestland, it 

makes sense that the per hectare recreational value of Swedish forests are low. The 

particularly low values of forests in northern Sweden are also in line with the results of 

Bostedt and Mattson (2006).  

  

                                                           
8 Original value has been converted to USD PPP. 
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Table 7 – Recreation values by county (USD 2015 PPP)  

 Local recreation only (𝑅𝑝
𝑅) Recreation and Tourism (𝑅𝑝

𝑇) 

County Mean1 Median1 Std. Dev.1 Sum2 Mean1 Median1 Std. Dev.1 Sum2 

Blekinge 122 27 283 38 122 27 283 38 

Dalarna 27 1 134 82 30 1 136 91 

Gotland 57 17 214 19 57 17 214 19 

Gävleborg 40 2 187 79 44 2 195 86 

Halland 119 16 527 69 119 16 527 69 

Jämtland 8 0 84 43 9 0 85 47 

Jönköping 67 13 235 73 71 14 239 78 

Kalmar 55 14 190 65 55 14 190 65 

Kronoberg 37 7 170 36 37 7 170 36 

Norrbotten 7 0 72 71 13 0 179 138 

Skåne 355 61 1543 412 406 61 1865 471 

Stockholm 935 86 3350 661 943 86 3353 666 

Södermanland 115 22 420 79 115 22 420 79 

Uppsala 117 21 669 100 127 22 675 109 

Värmland 38 5 204 76 38 5 204 76 

Västerbotten 14 1 138 84 14 1 138 84 

Västernorrland 33 2 187 79 35 2 193 84 

Västmanland 133 15 585 72 136 15 586 73 

Västra Götaland 124 23 507 317 131 23 895 334 

Örebro 72 8 385 68 81 8 453 77 

Östergötland 78 9 565 94 78 9 565 94 

1 USD per hectare and year 

2 Million USD per year 

 

5.2.2 – Carbon Sequestration 

Table 8 shows the average carbon sequestration values for each county. As indicated by the 

similar median and mean for the country as a whole, the differences are not particularly large 

between the different counties, though the county with highest average carbon sequestration 

values (Blekinge) has roughly four times as high carbon sequestration value per hectare than 

the lowest (Norrbotten). Higher values were found in southern and middle Sweden than 

northern Sweden, particularly in the counties of Blekinge, Kronoberg, Jönköping and Kalmar 

in the south and Västmanland, Uppsala and Värmland counties in middle Sweden. Notably, 

the southernmost county of Skåne is an exception and has low average values for carbon 

sequestration, comparable to the counties of northern Sweden. 

The Swedish tax level is considered high internationally, and carbon sequestration values may 

be lower if a different carbon price is used. For instance, Nolander and Lundmark (2018) 

found the price of 25 USD per ton of carbon to be a common pricing internationally. If this 

price is used here, the value of carbon sequestration will be about 20% of the original 

valuation. However, the Swedish tax rate remains a reasonable approximation of the price of 
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carbon in Sweden, and when compared to estimations of marginal damage of carbon, the 

original value is similar to the mean value found in a review by Tol (2005), which is 116 

USD.9 

Table 8 – Carbon Sequestration values by county (USD 2015 PPP) 

 Carbon Sequestration Both Ecosystem Services 

County Mean1 Median1 Std. Dev.1 Sum2 Mean1 Median1 Std. Dev.1 Sum2 

Blekinge 177 198 81 56 299 248 290 94 

Dalarna 108 101 63 326 138 113 156 418 

Gotland 49 46 33 16 106 71 220 35 

Gävleborg 148 155 56 290 192 169 206 376 

Halland 125 137 76 73 244 175 528 142 

Jämtland 71 68 51 377 79 72 101 424 

Jönköping 154 162 59 168 225 191 247 245 

Kalmar 149 165 71 175 204 192 202 241 

Kronoberg 163 175 63 157 201 193 183 193 

Norrbotten 40 36 39 424 54 37 183 562 

Skåne 86 56 86 100 491 193 1865 571 

Stockholm 110 112 57 78 1053 234 3351 744 

Södermanland 125 134 64 86 241 175 430 164 

Uppsala 147 159 73 126 275 204 677 235 

Värmland 147 154 64 291 185 168 218 366 

Västerbotten 71 71 42 422 85 74 147 506 

Västernorrland 139 141 49 330 174 152 198 414 

Västmanland 146 163 71 79 282 197 592 152 

Västra Götaland 124 133 69 317 251 175 526 641 

Örebro 154 169 72 145 235 188 464 223 

Östergötland 140 154 74 167 218 179 570 261 

1 USD per hectare and year 

2 Million USD per year 

 

5.2.3 – Total value of ecosystem services 

The total value of ecosystem services, as expressed in Equation (1), can be found in table 8. 

The average value is 158 USD per hectare (median 99 USD per hectare). Because of the high 

recreational values in Skåne and Stockholm, the mean ecosystem service values of these 

counties are significantly higher than other counties. For the other countries, the spread is 

more even than when looking at the ecosystem services separately. The counties of 

Stockholm, Västergötland, and Skåne have the highest total values, but they are followed by 

the large northern counties of Norrbotten, Västerbotten and Jämtland.  

  

                                                           
9 Their original value has been converted to 2015 PPP USD. 
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Figures 1-4 shows maps of ecosystem service values for some of the counties of Sweden. 

Green areas in the maps indicate presence of carbon sequestration or recreation values and 

darker colors indicate higher values. Figure A2 in the appendix provides further detail on the 

interpretation of values in the figures.  

 

         
Figure 1 – Ecosystem services (𝑬𝒑

𝑻) in Skåne           Figure 2 – Ecosystem services (𝑬𝒑
𝑻) in Västra Götaland 

 

Figure 1 shows the ecosystem service values in the county of Skåne. The highest recreational 

values are found near the densely populated areas near the western coast. High values are also 

found elsewhere, due to higher concentration of broadleaved forests than elsewhere in 

Sweden, and are particularly high in the national parks of Stenshuvud and Dalby Söderskog in 

the north and east of the map. These national parks mean that the tourism value of Skåne is 

high compared to other counties and the total value when tourism is included is 50 million 

USD higher than when only local recreation is considered. The large amounts of deforested 

areas such as farmlands in the south and middle parts of the county contribute to the county 

having low values for carbon sequestration, compared to other areas of southern Sweden.  

Figure 2 shows ecosystem service values in Västra Götaland. As in the case of Skåne, the 

ecosystem service values are higher near urban areas, particularly near the cities of 

Trollhättan and Uddevalla in the northern part of the map. Compared to Skåne, the county 

shows consistently high values for carbon sequestration across the landscape. The total sum of 

ecosystem service values is similar for the two counties, 641 million USD per year for Västra 

Götaland and 571 million USD per year for Skåne. However, the value share for the two 

ecosystem services differ significantly and carbon sequestration represents 49% of the total 

value for Västra Götaland and only 18% for Skåne.  
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Figure 3 – Ecosystem services (𝑬𝒑

𝑻) in Jönköping            Figure 4 – Ecosystem services (𝑬𝒑
𝑻) in Norrbotten 

Figure 3 shows the ecosystem values in Jönköping County, and the southern part of 

Östergötland County. These forests have high average values for carbon sequestration in 

particular, but recreation as well. The highest observed values are around the city of 

Jönköping, to the south of the lake Vättern. Figure 4 shows the ecosystem service values of 

coastal areas of Norrbotten County, including the four cities of Luleå, Boden, Älvsbyn and 

Piteå. In Norrbotten, recreational values are on average very low compared to the rest of the 

country but are high around the urban areas.   

In both figures, ecosystem service values are highest near settlements; but values found in the 

countryside are higher in Jönköping County than in Norrbotten as can be seen by the more 

intense color in Figure 3 than Figure 4. The forests in Jönköping country have higher 

recreational value because of higher population and forests more desirable for recreation, with 

higher degree of mixed and deciduous forests. The carbon sequestration values are higher 

because of thicker forest growth and faster biomass growth due to climate.  

5.2.4 – Comparison between timber values and ecosystem service values 

The values of timber in each county can be found in Table 9, which has the highest mean 

values in the southern counties of Blekinge (7,711 USD per ha) and Kalmar (7,499), and the 

highest total value of over twelve billions in Västra Götaland. Table 9 also includes the 

difference between the timber value and the NPV of both ecosystem services for each forest 

plot. A negative value indicates that the ecosystem service values are larger than the timber 

values while a positive value means that the timber values are larger. Only for two counties, 

Stockholm (-8,972) and Skåne (-2,629), are the mean values below zero and the share of 

ecosystem services higher than 100% of the total timber value. The total ecosystem values in 

Skåne are 164% of the total timber values and in Stockholm 264% of the total timber values.  

For three counties, Kronoberg (44%), Kalmar (39%) and Jönköping (49%) the values for 

ecosystem services are less than half of the timber values. All three are counties in southern 

Sweden that report very high timber values. There is therefore good potential for further 

harvests in these counties. Other counties have ecosystem service value that range between 50 

and 85% of the total timber value. Low shares of ecosystem services of the timber value 
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means that increased harvest in the county may be economically justified, but it can also mean 

that the timber values are not particularly high. Northern counties such as Västerbotten (78%) 

and Norrbotten (84%) have timber values that are close to the ecosystem service values, and 

this is an indication that both the ecosystem service and timber values in these counties are 

low compared to the country as a whole. 

Table 9 – Timber values by county (USD 2015 PPP) 

 Timber Values (𝑇𝑝) Difference between (𝑇𝑝) and (𝑁𝑃𝑉𝐸,𝑝) 

County Mean1 Median1 Sum2 Mean1 Median1 Share of (𝑇𝑝) 

Blekinge 7,711 8,216 2,427 3,473 4,276 55% 

Dalarna 3,303 3,164 10,021 1,328 1,419 60% 

Gotland 2,946 2,535 985 1,456 1,270 51% 

Gävleborg 4,155 4,273 8,147 1,407 1,667 66% 

Halland 5,164 5,347 3,007 1,722 2,678 67% 

Jämtland 1,808 1,793 9,660 662 545 63% 

Jönköping 6,528 6,650 7,112 3,317 3,486 49% 

Kalmar 7,499 8,138 8,841 4,579 5,118 39% 

Kronoberg 6,596 6,582 6,346 3,708 3,673 44% 

Norrbotten 916 730 9,612 149 80 84% 

Skåne 4,137 2,568 4,805 -2,627 0 164% 

Stockholm 5,456 5,311 3,854 -8,972 1,053 264% 

Södermanland 5,278 5,265 3,604 1,884 2,155 64% 

Uppsala 5,778 5,961 4,940 1,904 2,506 67% 

Värmland 4,790 4,952 9,493 2,136 2,371 55% 

Västerbotten 1,570 1,420 9,342 345 228 78% 

Västernorrland 2,924 2,915 6,971 430 640 85% 

Västmanland 5,409 5,695 2,918 1,429 2,243 74% 

Västra Götaland 4,965 4,905 12,676 1,434 1,883 71% 

Örebro 5,534 6,026 5,245 2,191 2,828 60% 

Östergötland 5,986 6,275 7,167 2,887 3,361 52% 

1 USD per hectare 

2 Million USD 

 

5.3 – Sensitivity Analysis 

In order to account for some of the assumptions in the study, the effects of changing these 

assumptions have been examined in Table 10. This is mainly relevant in the case of 

recreation, as carbon sequestration is directly based on equations used in earlier studies. There 

is uncertainty in the valuation of forest-based recreation of the average Swedish person, as 

well as the distance from home the average person is willing to travel for forest-based 

recreation. When the valuation of the age and forest type coefficients increased by 10%, the 

estimated recreational value increased by 8% and the same pattern continued with a 20% 

increase. This is a reasonable outcome and there is no reason to question the robustness of 

these parameters. Changes in the number of recreational trips per person and year results in 
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linear changes to the total value of recreation, but even with a conservative estimation of 40 

trips per person and year, the value of recreation in Sweden is 1,743 million USD per year. 

When the maximum travel distance has been decreased from 10km to 7.5km, the mean 

recreational value drops from 59 USD per hectare to 27 USD per hectare or 46% of its 

original value. The median decreases from one USD per hectare to nearly zero, while the 

standard deviation is nearly unchanged. This is a very large decrease and it shows the 

importance of travel distance for determining recreational value in this model. The 

recreational value of Swedish forests would decrease substantially if a shorter maximal travel 

distance was assumed. However, the travel distance for recreational trips is in line with what 

is being used in previous studies (Termansen et al. 2013; Ezebilo 2016). A reason for this 

large increase is that most of the forest with high recreational value is located some distance 

away from the larger settlements. 

The effects of changing the discount rate when calculating the net present value of future 

ecosystem services is also examined.  The discount rate used in calculating the future values 

of ecosystem service flows is changed to 3% and 5% to check for the effect of discounting on 

the values used. The share of the ecosystem service values as a percentage of timber values 

decreases from 72% at a discount rate of 3.5% to 64% with a discount rate of 5%, and it rises 

to 83% with a discount rate of 2%. Regardless of the rate used, the two ecosystem services 

remain a significant share of the timber value. 

Table 10 – Effects of change in recreation parameters (USD 2015 PPP) 

 Mean1 Median1 Std. Dev.1 Total value2 

Recreation – 60 trips, 10km 59 1 565 2,616 

10% increase in value parameters 64 1 610 2,873 

20% increase in value parameters 68 1 655 3,034 

Recreation –7.5km 27 0 563 1,028 

50 trips  49 1 471 2,179 

40 trips 39 1 376 1,743 

NPV – 3.5% discount rate 2245 1430 8229 99,330 

NPV – 5% discount rate 1972 1259 7192 87,250 

NPV – 2% discount rate 2570 1632 9465 113,721 

1 USD per hectare (Annual values except for NPV) 

2 Million USD 
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6 - Conclusions 

In this paper, the benefit transfer method was applied to valuations of forest ecosystem 

services in Sweden in order to extrapolate valuation to areas previously not explicitly 

assessed, based on geographical and demographical characteristics. The study found high 

values for recreation and carbon sequestration in many parts of Sweden though they are 

generally lower than timber values. By providing the values for both services and the timber 

values this paper highlights the trade-offs between using the forest for timber and preserving 

it as a carbon sink, a source of recreation and other purposes. In general, this study found that 

the most valuable forests for preservation is in southern Sweden, close to cities and by the 

coast in northern Sweden, though locally there is significant variation.  

This study highlights the importance of the spatial aspect and that the combination of 

geographical information systems and ecosystem service valuation can be a useful tool for 

determining which forests should or should not be harvested. Having defined economic values 

for ecosystem services makes it easier for policy makers on different levels to integrate the 

services into spatial planning and compare the trade-offs of conserving the supply of 

ecosystem services with other benefits. Municipal planners can use ecosystem service maps to 

see which forests are most useful for recreation and work to preserve sufficient quantities of 

forests in close proximity to settlements.  The government and the county administrative 

boards can use the results as a tool in strategic planning of forestry policy and for determining 

the optimal location of forest preservations. The results are also useful for forest owners for 

planning the size of harvests and the optimal harvest locations. When considering the 

monetary values of ecosystem service, forest owners can use the information to justify the 

harvest of forest with low ecosystem service values to policy makers as well as request 

compensation for the preservation of forests containing high ecosystem service values.   

The study relies on benefit transfer, which almost always comes with a loss of accuracy 

compared to studies with original valuations. This is particularly true in the case of recreation, 

which tends to be inaccurate even in original valuations due to the unreliability of the existing 

methods for valuation of people’s recreational habits and other abstract ecosystem service 

values. The values found in this study cannot be considered more than rough approximations. 

Despite these drawbacks, the results of this paper comes close to the results of other studies 

that value recreation of forests in Sweden, but with more detailed information about the 

differences of recreational values both between regions of the country and in the local 

landscapes. Going by the criteria in Boyle and Bergstrom (1992) for using benefit transfer 

accurately, the third criteria in regards to property rights can be considered fulfilled for both 

ecosystem services, whereas the first two are more closely fulfilled for carbon sequestration 

due to the uniform supply of the service. It cannot be ruled out that for recreation, the 

characteristics of the population and demand for recreation can be different in different parts 

of Sweden, and it can be argued that recreational forest visits in Skåne and Norrbotten are not 

identical. Because of better fulfillment of the criteria, the results for carbon sequestration can 

be considered more reliable and are fairly close to official estimations about the carbon 

sequestration of Sweden’s forests. As always, valuing the future growth of a resource is 

challenging and it is sensitive to the discount rate and time horizon used.  
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A useful avenue for future research in ecosystem valuation is the integration of spatial maps 

with a dynamic model as modeling harvests and other changes in the forest stock would allow 

for scenario analysis such as the tradeoff between different ecosystem services and harvest. 

This has been done in forest sector models for carbon sequestration, but has not been applied 

to other ecosystem services. Recreation could also be more accurately modeled in a dynamic 

model to take into account effects of crowding and to model the effects of harvest on 

recreational demand. Future modeling of the ecosystem services of Sweden should attempt to 

include more ecosystem services, particularly hydrological services. This may lead to results 

where the value of ecosystem services is similar or higher than the timber value. A further 

improvement would be to integrate heterogeneity in recreational demand. 
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Appendix  

 
Figure A1 - Counties of Sweden 

 

Figure A2 – Color chart for ecosystem service values 








