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Abstract 

Ecosystem services, capturing the benefits and values of functioning ecosystems for human well-

being, is a concept receiving increasing attention both in science and policy. This study investigates the 

utility of considering ecosystem service in the ecological restoration of a river affected by small-scale 

hydropower. While hydropower is a renewable energy source, it has impacts on the ecological status 

in water sheds and generates issues addressed e.g. by the EU Water Directive. To mitigate ecological 

impacts, and maintain hydroelectricity production that better correspond to the Water Directive, 

several restoration measures are carried out in river Billstaån, County of Jämtland, Sweden. This study 

presents an ecosystem service perspective of the restoration process in river Billstaån linked to 

recommendations in terms of further interpretation, monitoring and communication of the 

assessment results. By applying evaluation of ecosystem services to the case of river Billstaån, it is 

examined to what extent ecosystem service descriptions can give support in monitoring and 

communication of the results of the ecological restoration efforts.  

Ecosystem services were assessed for the restoration outcomes in river Billstaån using the two 

frameworks Corporate Ecosystem Service Review (ESR) and Toolkit for Ecosystem Service Assessment 

(TESSA), respectively. The ecosystem services deemed most important partly differed between the 

two frameworks due to different assessment perspectives. However, both ESR and TESSA pointed out 

ecosystem services connected to recreation and tourism as important, indicating a potential regarding 

recreational use of the area. Such socio-economic impacts of the restoration project was not included 

in the planning of the restoration, but if identified and utilized such “added benefits” might give 

opportunities for local rural development beyond the restoration work itself. 

Contrasting the results from the ecosystem service assessment of river Billstaån towards the Swedish 

Environmental Objectives identified two direct and seven indirect connections. Through these 

connections the restoration project can be presented in relation to national goals. Indicating such 

connections can help in communicating the ecosystem service perspective. 

For future monitoring of project outcomes in river Billstaån, a set of potential indicators were  

identified using an ecosystem service approach, that can complement the planned monitoring of 

ecosystem functions. For future monitoring of ecosystem service development it is advisable to use a 

combination of indicators that reflect both the ecosystem function availability and the ecosystem 

service use. 

Three types of illustrations that can support different perspectives in future communication regarding 

ecosystem services in river Billstaån were identified in this study and termed system, overview and 

single service perspective. Example illustrations include a Causal Loop Diagram, a hot-spot map and a 

range of photos, respectively. The illustrations are deemed to present the assessment results in a 

more accessible way and can be adapted to a diversity of future communication settings. 

 

Keywords: ecosystem services, ecosystem service assessment, Corporate Ecosystem Service Review, 

Toolkit for Ecosystem Service Site-based Assessment, ecosystem service indicators, environmental 

communication, ecological restoration, river restoration 
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1 Introduction 
The role of hydroelectricity to attain energy in a more climate neutral manner means that the 

importance of hydropower is rising, both in Sweden and internationally. At the same time 

considerations of the Water Framework Directive (2000/60/EC) show how hydropower both 

historically and in the present has caused impact on stream and lake habitats, through decreased 

continuity and biodiversity in water ecosystems. In turn, this impact people living in proximity to such 

systems, as hydropower production can mean decreased availability and value of ecosystem services 

such as irrigation, water treatment and food provisioning. As the concept of ecosystem services gain 

attention in policy, it becomes increasingly motivated to explore how ecosystem services relate to 

hydropower and establish how they can be safeguarded for both present and future generations. 

1.1 Hydropower in Sweden 
The demand for renewable energy, with low contribution to carbon emissions, is rising. As humanity 

faces the reality of global warming, steps towards transitioning from carbon intense combustion 

processes towards renewable energy sources are visible at international as well as national levels. The 

UN Sustainable Development Goal Affordable and Clean Energy is set to, by 2030 "increase 

substantially the share of renewable energy in the global energy mix" (UN, 2017). One of the targets in 

the EU climate action policy is to have "at least 27 % of total energy consumption from renewable 

energy" in 2030 (European Commission, 2016). At national level, the Swedish Environmental Objective 

Reduced Climate Impact has "proposed a climate policy framework for a Sweden with zero net 

emissions of greenhouse gases by 2045" (Naturvårdsverket, 2017). This focus has lead to a situation 

where environmental impact from energy systems and production of electricity is discussed primarily 

in terms of climate impact. But, with the increasing share of renewable energy in electricity supply 

chains, additional parameters such as ecological impact are needed.  

One option for providing renewable electricity is hydro-electric production. Hydropower has a long 

history and the ecological issues concerning changes in hydrological patterns and water quality are 

well known in many countries. In Sweden, streaming water has been used as power source since 

medieval times, first for driving mills and water wheels providing power for early industry in e.g. 

sawmills, and over time developing into hydroelectricity production (Bernes and Lundgren, 2010). A 

major reason for this is that hydropower was found to be more reliable than wind power, especially in 

areas where water could be dammed up and spared for later use. In the early 20th century, the 

hydroelectricity production started to gain momentum as more efficient generators and transformers 

were introduced. In the 1918 Water Act, exploitation of rivers for hydroelectricity was allowed to a 

larger extent as it was seen as a means to stimulate the industrial development. In the years between 

the world wars, intense expansion of hydroelectricity occurred, including most major rivers in Sweden 

and several of the large lakes in the mountain areas. Due to this development, hydroelectricity have a 

great importance as energy source in Sweden, producing about  67.5 TWh yearly, representing half of 

the total Swedish electricity production (Jonsson, 2015). About 75 % of all Swedish rivers are 

regulated, including 2 100 permitted hydropower plants and 1 670 regulation dams, along with 3 800 

plants and dams without permission or legal review (Jonsson, 2015). This extension means 

hydroelectricity production and water regulation have a major impact on Swedish rivers, through 

physical changes to water surfaces, migration barriers and reverted water flows (Jonsson, 2015; 

Sveriges Riksdag, 2012).  A severe impact is how shifting water levels, over time, deplete bottom fauna 

and remove nutrients, affecting river ecosystems towards a generally lower biological production.  
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Higher political demands on ecologically sustainable river management have been presented in e.g. 

the European Water Framework Directive (2000/60/EC) and in the Swedish Environmental Goals 

(Renöfält and Nilsson, 2005). A committee appointed by the Swedish Parliament to investigate 

stakeholder responsibility for the effects on biodiversity from hydropower found that even though 

both small-scale and larger hydropower facilities affect biodiversity, effects from smaller plants are 

more easily mitigated (Sveriges Riksdag, 2012). The committee established that in relation to the 

amount of hydroelectricity produced small-scale plants have higher environmental impact, and that 

there is a consistent understanding of the negative impact from hydropower on biodiversity, but that 

actions to mitigate these impacts are limited. It has been pointed out how increased use of mitigation 

measures such as fauna passages and ecologically adapted flows are important to enhance the 

environmental performance of hydroelectricity production (Jonsson, 2015; Renöfält and Nilsson, 

2005). It has also been suggested that restoration measures in Swedish rivers could substantially 

improve the economic turnover in rural areas, both as an effect of the labour needed for the 

restoration and connected to improved possibilities for e.g. recreational fishing (Jonsson, 2015).  

Hydropower plants in the counties of Norrland (Northern Sweden) represent 80 % of the total 

hydroelectricity production in Sweden (Svensk Energi, 2016). The county of Jämtland are among the 

regions in Sweden most affected by hydropower. The statistics of Vattenregleringsföretagen includes 

58 hydropower plants in Jämtland, and there are also a number of smaller plants, and also a number 

of smaller plants not included in the statistics (Jämtland County Energy Agency, 2005). The 

hydroelectricity production in Jämtland generates about 12 TWh during a normal year (Länsstyrelsen 

Jämtlands Län, 2016). This represents 17 % of the total hydroelectricity production of Sweden.  

As Jämtland was sparsely populated and dependent on agriculture rather than industry, the plants 

built in Jämtland generally were smaller and made for providing electricity for the countryside rather 

than factories (Loock, 2010). The hydroelectricity development has been managed by small power 

companies and electric associations, forming during the World War I. The first major environmental 

debate in Jämtland concerned hydropower and attempts to safeguard the waterfall Tännforsen, which 

was an important tourist attraction, from such exploitation. The debate started in the 1940’s, when 

the power company Vattenfall acquired the water fall and agreed to not exploit it in 30 years, but the 

waterfall was not fully protected until 1971 when it was made a nature reserve. More recently, the 

hydropower plant in Långforsen, considered as one of the oldest plants in Sweden, has been heavily 

debated as an expected deconstruction of the plant has been postponed. Instead, the plant will be 

renovated to be more efficient and provided with a fauna passage to make it more ecologically 

adapted. The issue is that there is a municipal decision to remove the plant, which would give benefits 

for recreational fishing and tourist interests. Despite this, the Environmental Impact Assessment of the 

renovation has been made and granted permission from both the District court and the Superior 

court. This has resulted in e.g. a campaign sending more than 4 000 letters to the municipality to stop 

the renovation, and a situation where the future of Långforsen is still up for discussion (Holm, 2015; 

Jonsson, 2016). 

1.2 Ecosystem services 
To be able to work more systematically while considering societal needs and ecological impact caused 

by those needs, the concept ecosystem services can be used. Ecosystem services address the 

anthropogenic need for functioning ecosystems, placing ecosystems as the fundamental basis for 

civilisation. Slightly different definitions of the concept exist, but commonly ecosystem services are 
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described as benefits humans acquire from nature (MEA, 2005; TEEB, 2010; Fakari Rad et al., 2012). 

These benefits include use of natural resources as well as experiences of softer values connected to 

nature as base for recreation and culture, along with underlying processes for ecosystem maintenance 

and regeneration.  

In this study, ecosystem services are defined in relation to the ecosystem function concept, as: 

Ecosystem functions used by humans, consciously or unconsciously, favouring living conditions for 

humanity as their availability affect human society and prosperity. This makes ecosystem services 

important for anthropogenic societies, production processes and well-being, both when directly and 

indirectly used. Ecosystem functions are, in turn, herein defined as: The biological, chemical and 

physical factors building an ecosystem, affecting its species, distinctiveness and resilience. Potential 

ecosystem services of the ecosystem can thus be discussed more transparently, as they are present as 

ecosystem functions even when not used as services. 

In the last decade ecosystem services have been academically explored as well as integrated into 

decision making and policy development on national as well as international levels (Gomez-Baggethun 

et al., 2010). As the ecosystem service concept interprets more benefits from nature than those 

commonly considered as natural resources, many ecosystem services are not included in traditional 

planning processes - whereupon they are easily overlooked and at risk of being lost. In turn, this can 

cause high costs at society level from constructing replacement technology systems or required 

ecological restoration projects, which could have been avoided if planning had been carried out with a 

more comprehensive view of the benefits from functioning ecosystems. By working with monetary 

valuation of ecosystem services more services than those connected to traditional trade flows can be 

considered. Monetary valuation can also help giving less transparent values provided by ecosystems 

dignity, as they to a greater extent can be compared to other economic values. When monetary 

valuation of ecosystem services is carried out the values presented do not represent economic means 

which can be directly transferred to gain or turnover, but values that potentially has to be 

compensated on society level if the ecosystem service disappear. Monetary values of ecosystem 

services therefore do not represent values that someone needs to be willing (or able) to pay, but that 

needs to be taken into account to achieve a more sustainable development linked to human activities. 

Despite the high interest in ecosystem services there are still uncertainties on how information 

acquired in ecosystem service assessment is sufficiently communicated from the academic field to 

decision makers and practitioners (Brown and Fagerholm, 2015; Nahuelhual et al., 2015). As many 

studies performing ecosystem service assessment are focused on performing the assessment itself, 

steps regarding dissemination of the assessment results are often left out, along with monitoring of 

whether the results provide any kind of input or benefit when managing the assessed ecosystems. This 

represents an area of research that needs to expand to make the ecosystem service concept actually 

function as a driver for sustainability in planning processes, land management, and other levels of 

decision making.  

In this study, the lens of ecosystem services is used to look into how ecological restoration measures 

in a Swedish river affected by hydroelectricity production have impact on other interests in the river. 

In an overview of ecosystem service development on European level, 12 out of the 17 services 

considered were linked to ecosystems of lakes and rivers (European Union, 2012). Services of Capture 

fisheries, Aquaculture, Climate regulation, Water regulation, Water purification, Hazard regulation, 
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and Aesthetics were connected to degradation. In a summary of ecosystem services in Sweden, made 

by the Swedish Environmental Protection Agency, the services connected to lakes and rivers were: 

Food from freshwater organisms; Drinking water; Non-drinkable water; Dilution, capture and re-

circulation; Maintenance of life cycles, protection of habitat and gene pools; Cultural and natural 

heritage; Possibilities for recreational activities; and, Health (Naturvårdsverket, 2012). Threats to these 

services were also identified, including physical and hydrological impact and unsustainable 

exploitation; eutrophication; emissions of dangerous and polluting substances; acidification; climate 

change; invasive species; and, noise and other disruptions. Hydroelectricity production is directly 

linked to physical and hydrological impact and unsustainable exploitation, and in combination with the 

other threats declining river ecology is a reality in many areas of Sweden. In recent years projects to 

mitigate hydropower, timber floating and other historical impacts have started to be considered to 

achieve higher biodiversity and a generally more sustainable use of rivers. The case study of this 

report is one example of this development. 

1.3 Study purpose 
This study presents an ecosystem service perspective of the ecological restoration project in river 

Billstaån (see further case description in the next section). The study purpose is two-folded: to provide 

more information regarding the impact of the restoration towards its stakeholders, and to present an 

ecosystem service assessment that includes robust options regarding future monitoring and 

communication of the restoration outcomes.  

This study of the river Billstaån restoration project addresses the following research questions:  

1. What do different approaches to ecosystem service assessment identify as important 

ecosystem services for the restoration outcomes in river Billstaån?  

2. How do the identified services correspond to the Swedish Environmental Objectives, and can 

contrasting towards these targets facilitate communication of the assessment results?  

3. Can the perspective of ecosystem services be used as basis for monitoring of the restoration 

outcomes, and what kind of indicators for ecosystem service development can be used?  

4. How can the ecosystem service perspective of Billstaån be illustrated so that the information 

about ecosystem services turns out as helpful in future communication settings of the 

restoration project?  

Thus, the study include performance of ecosystem service assessment as well processing the results 

towards more operational steps regarding monitoring and dissemination of the assessment results. 
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2 Case study 

2.1 River Billstaån 
River Billstaån is situated in Jämtland County, Sweden, connecting the lake Näkten with the lake 

Storsjön. Lake Näkten is part of the Natura 2000 network, including protected areas of representative 

nature in the EU member states, and is valuable in terms of recreational fishing interests. Lake 

Storsjön is important for several settlements in Jämtland, including the residence city Östersund, e.g. 

for surface water extraction to provide drinking water. Billstaån is about 4.4 km long, including the 

smaller lake Flon, and has an average flow speed of 4 m3/s (Jämtkraft AB, 2015; Länsstyrelsen 

Jämtlands län, 2012). This makes Billstaån a relatively small water course in a Swedish context. 

Billstaån provide hydroelectricity from three small-scale hydropower plants, owned by the local 

energy company Jämtkraft AB, producing 6-7 GWh a year (Jämtkraft AB, 2017; Vattenkraft, 2017). 

Historically Billstaån has also been used for milling, fishing and timber floating.  

The anthropogenic impact has caused effects on the ecological status of river Billstaån and it is 

considered as poor under the classification in the EU Water Framework Directive (2000/60/EC). Poor 

represents the second lowest grade on a five graded scale where only the two highest steps, high and 

good, are in line with the framework goals (European Commission, 2015). The main environmental 

issues in Billstaån are caused by migration barriers, deficient continuity, and effects from the flow 

regulation (VISS, 2016; Länsstyrelsen Jämtlands län, 2012). These issues limit the value of Billstaån as 

habitat, for e.g. brown trout (Salmo trutta), although a high habitat potential in terms of water quality 

and stream properties is present. This potential is visible as there is a small migratory brown trout 

population with good genetic status in Billstaån, that would probably expand if the migration barriers 

caused by the hydropower dams were removed. Wishes for such a development connects to local and 

regional interests in recreational fishing, as brown trout is a desirable specie for recreational anglers. 

Figure 1. Map of river Billstaån and the planned restoration measures (Map data: ©Lantmäteriet). The flow 

direction is from the right of the map, where lake Näkten is situated, to left of the map where the outlet in lake 

Storsjön is situated. 

Fauna passage 

Fauna passage 

Fauna passage 

Fortified barrier 

Dam deconstruction 

Investigated area 
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 Figure 2. The bypass channel by the hydropower dam in Billsta, opened in winter 2016, photo taken from the 

mitigated dam. The wooden tube to the right provides water to the hydropower plant (photo by the author). 

2.1.1 The restoration project 
To improve the ecological status in river Billstaån a comprehensive restoration project is performed in 

2016 - 2017 (Jämtkraft AB, 2015).  The restoration aims to mitigate ecological impacts in the river and 

raise the ecological status levels high enough to include Billstaån in Natura 2000. The restoration 

project is managed by Jämtkraft AB, the County Administrative Board in Jämtland, and other local 

stakeholders; including the local municipality (of Berg) and the fishing management organisations in 

Näkten and Storsjön-Berg. The river restoration is part of the Triple Lakes program, a watershed 

management program including lake Näkten and two other nearby lakes. Triple Lakes works to 

address historical and current environmental impacts so that the characteristic ecosystems of the 

three lakes included can be better safeguarded in the face of global warming (LIFE, 2015).  

The main restoration measures in river Billstaån includes construction of fauna passages in connection 

to three of the dams in the river; deconstruction of an unused reservoir; and reintroduction of 

freshwater pearl mussels (Margaritifera margaritifera) (Triple Lakes, 2017a). To safeguard the Natura 

2000 area of lake Näkten a partial migration barrier is fortified to limit the spread of non-native 

species, e.g. Arctic char (Salvelinus alpinus), from downstream. Furthermore, the plantation of 

cultivated fish in Billstaån will cease to decrease competition for the re-establishing wild trout 

population. Additional efforts of e.g. removing migration barriers connected to culverts, restoring 

breeding grounds, and reducing sludge and nutrient transport, are also carried out. 

To enable migrating fish to wander into river Billstaån to spawn, fauna passages are constructed at the 

two hydropower dams furthest downstream, connected to the power plants in Billsta and Strömbacka, 

and at the regulation dam in the river inlet from lake Näkten, see Figure 1.  
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Figure 3. The reservoir in Ävjan before and after the draining of water (photos by the author). Photos were 

taken one week apart in May 2016. The difference in water level is approximately 2.5 meters. 

Because of the hydropower dam in Billsta, upstream migrating fish from Storsjön have only had access 

to about 300 m of the river, while fish in lake Näkten have had similar access for downstream 

migration due to the regulation dam controlling the outlet of Näkten (Triple Lakes, 2017a). The fauna 

passages gives upstream migrating fish access to more than 2 km of river habitat, and downstream 

migrating fish will get access to about 1 km of the river.  

Due to the topography and area limits to the construction sites by river Billstaån, traditional fish 

ladders have been deemed less efficient in connection to the dams included in the project (Jämtkraft 

AB, 2015). Instead fauna passages in the form of bypass channels, mimicking natural smaller streams, 

are constructed, see Figure 2. This type of fauna passages fits better into the locality of Billstaån, but 

are also considered favourable as it generates new aquatic environments and extended habitat areas, 

which gives substantially higher benefits to biodiversity compared to fish ladders (Jämtkraft AB, 2015).  

As bypass channels are less steep than fish ladders they enable migration for more aquatic species 

than jumping migratory fish, making them available as migration routes for more species of fish and 

e.g. insects (Nöbelin, 2014). Another benefit of bypass channels is that they are less demanding in 

terms of maintenance compared to fish ladders.  

The reservoir deconstruction takes place in an area called Ävjan, which was previously connected to 

the hydropower plant of Lillå. This reservoir is no longer in use as the Lillå plant presently have water 

supply from a constructed channel connected to another inlet in Näkten (see the channel situated 

north of the main stream in Figure 1). Removal of the old reservoir in Ävjan means benefits for river 

biodiversity, but also decreased risks connected to dam safety (Jämtkraft AB, 2015). Ävjan has been a 

lake-like landscape, now restored to river habitat through lowering of the water levels. In the process, 

300 m of standing water is reverted to streaming water, see Figure 3. Natural development in terms of 

establishing vegetation is taking place, and plans to remove the dam constructions have been made. 

Freshwater pearl mussels will be reintroduced in river Billstaån after the other restoration measures 

have been carried out, which will bring back a native species to this type of river habitat. Freshwater 

pearl mussels are documented as beneficial for wild brown trout populations and are considered an 



9 

umbrella species, beneficial for the ecosystem in general, making other species thrive. Freshwater 

pearl mussels provide properties of water purification through their water filtration, while their 

pseudo faeces provide nutrients for algae and detritus eaters, indirectly providing more sustenance 

for fish and other organisms eating invertebrates (Degerman et al., 2009; Smith and Jepsen, 2008).  

2.2 Cultural context of Billstaån 
River Billstaån is situated in an area of cultural landscape, defined by the World Heritage Committee as 

"a landscape designed and created intentionally by man" (UNESCO, 2012). The landscape surrounding 

Billstaån is influenced by agriculture, small scale industry and human settlements dating back to the 

Iron Age (Swedish National Heritage Board, 2016). Billstaån is partly included in Storsjöbygden which is 

appointed as a cultural environment of national interest. Historical documents show that Billstaån was 

used for fishing at large scale from the 1500s, with 20 fishing houses capturing brown trout during 

their migration downstream (Jämtkraft AB, 2015). Remnants of e.g. fossil farmland, a sawmill and an 

iron production site are present in close connection to Billstaån, see Figure 4.  

The largest settlement presently connected to river Billstaån is the community of Hackås, residing just 

north of the river, with about 500 residents (SCB, 2014). Hackås is one of the oldest villages around 

lake Storsjön, and the historical remnants connected to the settlement include about 70 burial 

mounds as well as a medieval church (Jamtli, 2010). As the distance from Hackås to Billstaån is about 

1.5 km, resembling what is commonly considered as within walking distance, Billstaån is highly 

available as recreational area for the residents in Hackås as well as for the outspread residential 

houses and holiday homes along the river. 

The development of hydroelectricity in Jämtland is an integral part in the industrial culture and 

heritage of the region, including development of technology, architecture, art, landscape and society 

(Loock, 2010). Unlike other parts of Sweden, industry interests was less of a driving force for the 

hydropower development and it was common that people formed economic associations or joint-

stock companies to get access to electricity.  

 

Figure 4. Historical remnants in the area of Billstaån, marked as red dots and areas (Map data: Sveriges 

Länskarta, 2016; ©Lantmäteriet). 
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In Jämtland, 44 such associations were formed during 1910-1919. One of them was Hackås-Näs 

Elektriska AB, started in 1913, relying on the hydropower plant in Billsta constructed 1911. In 1920 a 

second plant was built, in Lillå, and in 1923 a new plant in Billsta was built. The structure of the plant 

from 1923 is still standing in Billsta, even though the technical equipment has been upgraded and the 

plant was renovated in 2012 (Jämtkraft AB, 2017). 

Hackås-Näs strived towards owning and managing as much of the hydropower connected activities as 

possible, including e.g. housing, workshops and installation work. During the 1960’s the company 

became a more streamlined power company, disposing of housing, etc. In 1988 Hackås-Näs 

celebrated 75 years as a company, constructing the present plant in Lillå, as well as the plant in 

Strömbacka. Loock (2010) presents the new plants in Lillå and Strömbacka as examples of post 

modern architecture, as they are constructed to impersonate the small red cottages typical to 

Sweden. For a time the old plant in Lillå was used as museum, but has since become vacant. In 1994 

Hackås-Näs became a daughter company to Jämtkraft AB, merging into the concern in 2000. 

Besides the history related to hydroelectricity, river Billstaån is also connected to other types of 

cultural heritage. Every year the musical event Näckenstämman is arranged in Hackås, partly taking 

place in the river itself as folk musicians compete to portray the Neck (Näcken); a water sprite of 

Swedish folklore, luring people into the water by playing his violin. Over the last 20 years the event has 

grown into a one day folk music festival, largely taking place in an outdoor museum area with e.g. an 

old water mill. Billstaån also present other locations connected to cultural history and that presently 

are used for recreation: the steamboat port by the river outlet in lake Storsjön, nowadays used as 

marina; the old mill in Strömbacka (Strömbacka Kvarn), presently holding a restaurant business, café, 

and events; and the bathing spot, with picnic area, connected to the reservoir for the power plant in 

Strömbacka. Furthermore, the hiking trail Näktenleden, covering 110 km around lake Näkten, passes 

Billstaån; and recreational fishing is also carried out in the river (but mostly less desirable species than 

brown trout are captured). 

2.3 Stakeholder interest and concern regarding ecosystem services 
The purpose of the restoration process in Billstaån can be described as enforcing, or increasing, the 

ecosystem functions in the river ecosystem. This development is expected to also have social effects, 

from e.g. increased opportunities for recreational fishing of brown trout, which in extension can be 

linked to human well-being and perhaps connected to some level of economic development. To be 

able to consider this type of impact, assessment of ecosystem services related to the restoration in 

Billstaån has been carried out, as it can couple the ecological development to socio-economic factors. 

The ecosystem service assessment is made to increase understanding of the full restoration impact on 

the local area, illustrate opportunities for more diverse monitoring of restoration impacts, and present 

more options in communication of the restoration project. As such, the assessment relates to 

academic interests, EU policies and future marketing potential of Billstaån and Jämtkraft AB. 

Ecosystem service assessment is tested as method to assess the restoration measures and the 

expected outcomes, presenting supplements to the planned ecological monitoring including e. g. 

electro-fishing, towards considering more local development factors as restoration results. Ecosystem 

services was not in focus during the planning of the restoration, but is considered as a complement in 

describing more levels of impact from restoring the riparian ecosystem - through including human 

beneficiaries in the area and values important for the local well-being.  



11 

When the results of the ecosystem service assessment of Billstaån have been presented, stakeholders 

have expressed both curiosity and concern for how to use the results in the actual restoration process. 

As this goes in line with suggestions in literature that ecosystem services overall needs to be 

presented so that the concept becomes more approachable for practitioners, it points at a need to 

make results from the ecosystem service assessment of Billstaån easier to understand and implement. 

By cultivating the ecosystem service assessment of river Billstaån in terms of usability in future 

activities connected to the restored area, this study provide analysis of how results from the 

ecosystem service assessment can be monitored and communicated towards further interpretation. 

Based on these efforts, the intent is to present more clear recommendations on how ecosystem 

services can be used continuously in connection to Billstaån for the benefit of the restoration project 

as well as stakeholders and residents in the local area. 

2.4 Potential for ecosystem service considerations in the energy sector 
In a larger context, this study relates to two emerging issues in the energy sector: 

 The necessity of looking at other factors than carbon dioxide emissions, and global warming 

potential, in considerations of what is sustainable energy provisioning  

 The probable future conflicts between policies giving higher priority to biodiversity and 

policies enforcing a high production of renewable energy  

The current strong focus of the energy sector towards decreasing greenhouse gases can in a long-term 

perspective reduce awareness of other environmental and social impacts caused by energy 

production. As several renewable energy sources that are currently growing more common, e.g. wind 

power and bio-fuel production, impact large areas of land, it is important to start to carry out planning 

of energy systems so that they also meet other approaching demands of e.g. increasing biodiversity 

and social equity. This is so that energy systems do not turn out to be sustainable in terms of global 

warming potential, but unsustainable in terms of impact on ecosystems and human residents in areas 

close to energy sources. 

Policies that are set to benefit the development of biodiversity or renewable energy production are 

seldom created in joint, but are presented in national as well as international politics. When they can 

be perceived as contradictory, as e.g. the EU Water Framework Directive that can work to effectively 

close down many hydropower plants due to their high impact on biodiversity and the EU climate 

policies that require higher production rates for renewable energy such as hydropower, planning for 

sustainability within the affected sectors is made more difficult. In a worst case, this might lead to 

periods of continued use of old technology as the future demands are hard to determine based on 

relevant policies. 

To be able to address some of these problems, this study advocates that assessment of ecosystem 

services, and planning that includes use and demand of ecosystem services, should increase in the 

energy sector. Ecosystem service considerations can enhance system thinking in planning and 

development of energy production, towards better resolving ecological issues and include human 

needs in areas (and ecosystems) used as energy sources. 
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3 Method 

3.1 Identification of ecosystem services impacted by the restoration 
To assess ecosystem services connected to river Billstaån and the restoration, the assessment process 

is divided into three phases including qualitative scoping, some quantitative valuation and an 

investigation of what other types of assessment tools can be useful in future efforts. 

Corporate Ecosystem Service Review (ESR) is used to generate a qualitative overview of ecosystem 

services impacted by the restoration process in Billstaån. ESR is used to assess the expected 

restoration effects on ecosystem services provided by river Billstaån based on initial scoping and 

qualitative analysis, and for defining important services to consider in monitoring efforts and further 

assessment attempts. 31 services are assessed in terms of dependence and impact on the restoration 

outcome, and priority services are identified based on weighting considering future monitoring 

interests and market connectors. 

Toolkit for Ecosystem Service Site-based Assessment (TESSA) is used to assess quantitative values of 

some ecosystem services impacted by the restoration process in Billstaån. This part of the assessment 

aims to present monetary values of some service, based on field measurements and contacts with 

stakeholders. The study also uses scenario thinking, exploring possible alternate states of river 

Billstaån after the restoration is finished. The services assessed are based on the categories and TESSA 

methods for Global climate regulation, Water-based services and Nature-based recreation. 

Suggestions for additional assessment of ecosystem services connected to the restoration of Billstaån 

is also researched, directed towards further interests of attaining quantitative data and 

complementary monetary values. As a low public availability of databases has been identified in this 

process, and little additional assessment is possible in this stage, a summary of such practical side 

observations are presented in Appendix I (p. 40). 

3.2 Contrasting of assessment results towards the Swedish 

 Environmental Objectives  
Through contrasting the ecosystem service assessment of the restoration process in Billstaån towards 

another concept that is more commonly used in discussions about ecology and sustainability, more 

people can understand what the assessment results imply. The Swedish Environmental Objectives are 

used as point of comparison as they, similarly to ecosystem services, address links between ecological 

impact and human society. As the Swedish Environmental Objectives is a framework more widely 

recognised and applied than ecosystem services, highlighting connections to the objectives can give an 

extended comprehension of the results of the ecosystem service assessment. 

To be able to put ecosystem services in relation to the objectives, the assessment results are divided 

up and assigned to the objectives that they are assumed to have an impact on. Through this, the 

expected and estimated impacts on ecosystem services, as presented in the ecosystem service 

assessment, are sorted into impacts on the objectives and their indicators. The levels of impact are 

sorted as direct and indirect, where the direct impacts correspond to the restoration purpose and the 

indirect impacts are additional benefits from the restoration measures that are not considered in the 

restoration purpose. This process links the expected ecosystem service development in Billstaån to the 

Environmental Objectives impacted by the restoration.  
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3.3 Indicators for monitoring of ecosystem services 
To make the assessment results more helpful in future efforts to consider the ecosystem services of 

Billstaån, indicators of ecosystem service development that can work as input to the restoration 

monitoring are identified. This will facilitate options of including ecosystem services in follow-up of the 

restoration, and increase awareness of how ecosystem services are generated from ecosystem 

functions in the area. 

To identify indicators able to track ecosystem service development connected to the restoration of 

Billstaån, suggestions are collected from the parameters considered in the ESR weighting towards 

priority services; measurements and estimations made in TESSA; the indicator sets for the Swedish 

Environmental Objectives, as some of them could apply in a restoration monitoring setting; and also 

from the development of the Causal Loop Diagram made to illustrate the assessment results. 

Literature sources from TEEB and the Swedish Environmental Protection Agency is also studied for 

recommendations of indicators and information on how they can be developed, as further discussed 

in section 5.2 (p. 28-30).  

3.4 Example illustrations for communication of ecosystem services 
As the restoration of Billstaån will be presented to different interested parties, with different demands 

on information, a range of illustrations visualising the impact on ecosystem service from the 

restoration process are needed. To do this, this study considers different levels and ways of illustrating 

the results and present example illustrations. 

From studying illustrations of results in other cases of ecosystem service assessments, a set of 

common and possible illustration options are collected. These illustration options are then considered 

in terms of positive and negative aspects in connection to how they convey information, in terms of 

knowledge prerequisites and availability, as well as what types of tools are needed to produce them. 

By taking into account that the illustrations of ecosystem services related to Billstaån should be 

possible to develop or remake in the future (possibly by people with little expertise in model 

construction, Geographical Information System software, etc.) a lower level of complexity in terms of 

producing the illustrations is sought for. 

When considered in relation to the possible future communication demands on the assessment 

results of the restoration of river Billstaån, based on the different interests and backgrounds of 

stakeholders, a need to be able to illustrate ecosystem services at different scales is identified. Ways 

to illustrate a system perspective, an overview perspective, and a single service perspective are 

further pursued in this study. To visualise these three perspectives, the following illustration examples 

are included in this report:  

A Causal Loop Diagram (CLD) is used for illustrating a system perspective of the ecosystem service 

assessment of Billstaån. The nodes in the CLD are established to connect to ecosystem services and be 

measurable quantitatively, aiming to show more of the links between nature and society at the local 

level. As connections between the ecological restoration and rural development have been indicated 

by the ecosystem service assessments, illustrating this relationship was the focus of the CLD. The 

software Consideo was used for the CLD modelling.  

A map of ecosystem service hotspots, showing an overview perspective of the assessment results for 

Billstaån. The map is based on a screenshot from Google Earth, being an aerial photo of the area that 
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indicates land cover and type of ecosystems linked to the river habitat. The other factors shown on the 

map are created in the Microsoft software Paint. On the map, locations of hydropower facilities and 

restoration measures are plotted, combining two different maps available from Jämtkraft AB (2015) 

but showing more terrain details. In addition the map in this study also shows locations of recreational 

activities and possible visitor interests, being plotted to indicate areas that are, or can be made, more 

interesting for visitors. Since recreational services relate more to a frequency of occurrences in some 

locations than being directly based on area size, circles were used to mark them. When these 

locations are put in relation to the restoration measures, hotspots for possible future development 

can be indicated. 

A series of photographs, displaying the single service perspective connected to the assessment of 

Billstaån. Photographs are also used to showcase how area development can be illustrated. The 

photographs used are chosen among those taken by the author at sites around Billstaån in 2015-2017. 

In terms of what ecosystem services are illustrated, efforts to illustrate services hard to visualise in the 

CLD or on the map, but established as available in the ecosystem service assessment, are made. 
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4 Results 

4.1 General results from the ecosystem service assessment of Billstaån  
The two frameworks used for ecosystem service assessment of the restoration in Billstaån represent 

two major directions in considerations of ecosystem services: qualitative and quantitative assessment. 

As described in Figure 5, the qualitative assessment includes a higher number of services, while the 

quantitative assessment considers fewer services (but link these services to more details and numeric 

data). The monetary valuation, based on the TESSA sub-study, includes four services that could be 

connected to actual economic values, see further in Table 1. The monetary values established for 

ecosystem services provided by Billstaån are connected to market prices, representing direct user 

values, as opposed to non-user values such as intrinsic values e.g. existence values. The monetary 

valuation considers ecosystem services of Timber, Global climate regulation, Recreation and 

ecotourism, and Recreational fishing. As such, the monetary valuation includes a sample of ecosystem 

services provided by and important in the area of Billstaån - even though knowledge of more services 

and their importance is established in both the qualitative and quantitative assessment steps.  

The assessment of the restoration of Billstaån showcase how also after a procedure including two 

frameworks for ecosystem service  assessment, few services can be translated into monetary values 

and efficiently contrasted to other economic values (in the Billstaån case e.g. the restoration project 

investment costs). The benefit of using two frameworks for ecosystem service assessments in the 

same area is thus not connected to the extent of the monetary valuation, but the possibility to attain a 

more diverse distribution of results as they have been achieved by two different approaches.  

An overview of the results from ESR and TESSA is presented in Table 1, while sections 4.1.1 - 4.1.2 

cover some specific results from the two sub-studies. 

Figure 5. 
Contrasting of the 
assessment of 
Billstaån and a 
pyramid used in 
TEEB to illustrate 
the importance of 
using qualitative 
assessment and 
physical indicators 
besides monetary 
valuation (based 
on TEEB, 2008, 
p.33). Note how 
the number of 
services 
diminishes in each 
step, and that the 
non-specified 
ecosystem 
services are not 
accounted for in 
any of the steps. 
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Table 1. Overview of the ecosystem service assessment procedure and results attained to describe the expected ecological restoration outcomes in river Billstaån. 

Corporate Ecosystem Service Review Toolkit for Ecosystem Service Site-based Assessment 
Ecosystem 
services  

Assessed levels 
of dependence 
and impact  

Identified 
monitoring 
interests 

Identified market 
connectors 

Considered as 
priority 
service 

Corresponding 
TESSA service 
category 

Tool used Generated  
quantitative 
values  

Generated potential 
monetary value  

Timber and 
wood fibres 

Medium / Unknown 
 

Not investigated 
further (since not 
high/high regarding 
dependence/impact) 

- No Harvested wild goods Wild goods 
M4 

Yes 55 - 600 SEK/year based on 
type of  extracted goods from 
2.4 ha future forest in the 
Ävjan area 

Freshwater High/ High 
 

Water quality; 
freshwater pearl 
mussel population 

Prices on drinking 
water 

Yes Water-related services Water M5 Yes Quantitative values for this 
service were water sample 
data, not estimated into  
monetary terms 

Global climate 
regulation 

High / High 
 

Carbon capture 
capability; energy 
production 

Carbon taxation No Global climate 
regulation 

Climate M1, 
M2, M5, M7 

Yes 320 000 – 496 000 SEK/year in 
CO2 emission licenses 
representing carbon capture 
of 3.2 ha future forest in Ävjan  

Regulation of 
water timing and 
flows 

Unknown/ High 
 

Not investigated 
further (since not 
high/high regarding 
dependence/impact) 

- No Water-related services 
 

Water M1, 
M3 

Only qualitative 
assessment of 
flood protection 
was carried out 

No quantitative data for 
monetary valuation accessible 

Erosion control High / High 
 

River depth; soil 
removal rate 

Costs for restoring 
river depth or 
riverside 

Yes No correspondence 
with TESSA services 

- - - 

Recreation and 
ecotourism 

High / High 
 

Visitor numbers; 
fishing licenses; local 
business development 

Guest nights; general 
local turnover; 
property price 
development; 
maintenance costs for 
bridges, parking lots, 
etc. 

Yes Nature-based 
recreation 
 

Recreation 
M1 

Yes 1 000 000 SEK/year from 
turnover of restaurant in old 
mill;  
24 000 – 28 000 SEK/year 
from ticket sales to 
Näckenstämman 

Habitat High / High 
 

Observed species 
(populations and/or 
individuals); biological 
indicators 

SEK/kg caught fish; 
savings from not 
implanting fish 

Yes No correspondence 
with TESSA services 

- - - 

Energy 
provisioning 

High / High 
 

Energy production; 
efficiency changes 

Energy prices; 
maintenance costs at 
hydropower facilities 

Yes No correspondence 
with TESSA services 

- - - 

Recreational 
fishing 

Medium / High 
 

Not investigated 
further (since not 
high/high regarding 
dependence/impact) 

- No Nature-based 
recreation 

Recreation 
M1 

Yes 73 000 SEK/year in estimated 
value on sold fishing permits  
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4.1.1 Corporate Ecosystem Service Review 

The five ecosystem services identified as priority for the restoration outcome in Billstaån, based on the 

ESR sub-study of the restoration in river Billstaån, includes: 

Freshwater, as availability of water with good quality is important for the ecological status in Billstaån, 

and since sensitive species such as freshwater pearl mussels are meant to live there. 

Erosion control, since it has impact on beaches and river banks, especially in the areas where water is lead 

into new stream channels for the fauna passages.  

Recreation and ecotourism, as such interests are part of the driving forces for the restoration, e.g. in 

connection to the recreational fishing interests.  

Habitat, which is the main focus in the restoration process, as it is extending and improving the living 

environments for aquatic species in the riparian ecosystem.  

Energy provisioning, as this provisioning is an important output from Billstaån in anthropogenic terms, but 

also since these activities are underlying for the restoration initiative, as Jämtkraft AB is the instigator, 

which at the same time will restore other historical impacts. 

The full results and more details of the ESR sub-study can be found in a separate ESR report by Tellström 
(2015) and in the conference presentation by Tellström et al. (2016). 

4.1.2 Toolkit for Ecosystem Service Site-based Assessment 

In the TESSA sub-study, the following four categories of ecosystem services are assessed: 

Global climate regulation, mainly evaluated in terms of expected increased carbon uptake in the previous 

reservoir in Ävjan, from vegetation establishing in the old reservoir bottom. Calculations showed that a 

new forest in Ävjan in the magnitude of 3.2 ha can bind about 500-800 tonnes carbon. A connection to 

avoided emissions from other types of energy production was also established, as the hydropower 

production will be more long-lived within the Water Framework Directive after the restoration is done. 

Water related services, measured in terms of water quality, with water samples showing a good quality 

relative to guidelines from the Swedish EPA in terms of e.g. oxygen levels and turbidity. Analysis of water 

flows over the year indicated that the draining of the Ävjan reservoir should take place in spring time, 

when water levels are low. As the draining of the reservoir was carried out in May 2016, the actual 

restoration planning was (very pleasingly) found to be in line with this assessment. 

Nature-based recreation, establishing numbers of visitors to Billstaån, which were estimated to at least  

3 500 visitors/year based on data from stakeholders and demographic estimations. The number of 

visitors/year is probably a large underestimation in terms of total visits/year to Billstaån, as reoccurring 

visitors are not accounted for, nor visitors from outside the local area. 

Harvested wild goods, establishing a potential timber value from a re-forestation in the previously 

dammed are in Ävjan. Services connected to wild foods such as e.g. lingonberry and blueberry were also 

considered, but no quantitative values were specified due to lack of data. 
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Connected to the TESSA valuation, an investigation of what reintroducing freshwater pearl mussels can 

mean in terms of added ecosystem services is also made, linking freshwater pearl mussels to services of 

water purification, educational values and visitor interests. Furthermore, it is established that ecosystem 

functions added by a mussel population will favour the well-being of other species, which in turn can 

affect ecosystem services connected to e.g. recreational fishing. A small survey for estimating a monetary 

value for freshwater pearl mussels, made within the investigation, show a willingness to pay in average  

76 SEK/person for having mussels in a nearby river and 50 – 100 SEK/visit to such a river. 

A brief monetary valuation of ecosystem services is made based on the quantitative values established, 

including values of approximately 1.1 million SEK/year currently generated in direct connection to 

Billstaån and recreation activities. In the future alternate state, where Billstaån is expected to have a 

higher ecological potential, both quality and quantity of several ecosystem services is considered as 

increasing due to several important ecosystem functions being strengthened. The alternate state will also 

have new visitor interests in the area, connected to impressions and values from the restoration 

measures. In the alternate state added values of around 1 million SEK/year can be generated in 

connection to impact from the restoration measures on visitor interest and other ecosystem services. An 

interesting conclusion based on these economic terms is that there might be a payback time for the 

restoration project at societal level. 

The full results and more details of the TESSA sub-study can be found in a separate TESSA report by 
Tellström (2016) and in the conference presentation by Tellström et al. (2016). 

4.2 Connections to the Swedish Environmental Objectives 
When contrasting the results from the ecosystem service assessment of the restoration process in 

Billstaån towards the Swedish Environmental Objectives, the evaluation indicates impact on nine of the 

16 Environmental Objectives. Two objectives are connected to direct impact:  

 Flourishing Lakes and Streams 

 A Rich Diversity of Plant and Animal Life  

These objectives are addressed in the restoration purpose, and will be positively impacted by the 

restoration measures, through the water course being enhanced for increased biodiversity and the re-

introduction of freshwater pearl mussels. As such, this indicates how similar restoration measures in 

other rivers affected by small-scale hydropower will correlate with the Environmental Objectives and 

contribute to fulfilling them.   

Indirect impacts, which are not intended in the restoration purpose, are assigned to the objectives of:  

 Reduced Climate Impact 

 Clean Air 

 A Non-Toxic Environment 

 Zero Eutrophication,  

 Good Quality Groundwater 

 A Varied Agricultural Landscape 

 A Good Built Environment  

More details on the ecosystem service impact in Billstaån as contrasted towards the Environmental 

Objectives are presented in Appendix II (p. 41).    
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4.3 Indicators for monitoring of ecosystem services connected to 

 Billstaån 
To monitor development of ecosystem services related to river Billstaån and the restoration process, 

indicators are required. A summary of indicators that can be combined to cover both ecosystem functions 

and ecosystem services is presented in Table 2. 

In the ESR assessment, monitoring interests and market connectors is identified for the ecosystem 

services considered as high dependence and high impact (some are shown in column 3-4 in Table 1). This 

can be seen as the first steps towards developing indicators of ecosystem services impacted in the 

restoration process. As the ESR is qualitative, the quantitative approach of TESSA provide more robust 

options in terms of what to measure, and suggestions of units that can be used, to track changes to 

ecosystem services provided by Billstaån. The ESR and TESSA results thus represents indicators based on 

what is measured in the ecosystem service assessment, which can be followed up by doing the same type 

of assessment in the future (including contrasting towards the results in this study). 

When contrasting the restoration impact towards the Swedish Environmental Objectives, some indicators 

suggested for the objectives are found to also be interesting in relation to ecosystem service 

development. Using such indicators may also be beneficial as they are measured regardless of the 

ecosystem service perspective, by e.g. the County Administrative Board, but can be transferred to such 

perspectives when combined with other indicators more clearly measuring human use of the appointed 

ecosystem functions.   

In the Causal Loop Diagram (presented in section 4.4.2, p. 22), the four main nodes are developed to be 

connected to indicators. This is done to make it possible to directly link important factors in the system to 

some sort of development that can be put in relation to the development of the other factors. The nodes 

and indicators are established to ensure that the system illustration includes ecological, social and 

economic impact on the system: the three commonly used levels of sustainability. These indicators show 

how the system surrounding Billstaån can be measured as both ecologic and economic capital. 
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Table 2. Collection of indicators that can be used to track ecosystem service development in river Billstaån, with comments in terms of method and usability. 

 Identified interests Potential indicators Comments 

 E
S

R
 a

n
d

 T
E

S
S

A
 stu

d
ie

s 

Freshwater Water quality 
Prices on drinking water 
Costs for water treatment 

Monitoring the water quality in Billstaån is important both in terms of 
ecological and social impact. Local drinking water prices and water treatment 
costs are available from the surrounding municipalities. Billstaån is related to 
water outtakes in Storsjön as well as some individual outtake from the river. 

Global climate regulation Carbon capture capability 
Change of carbon stocks in the area of Ävjan 
Carbon licenses 

Requires equations of biomass and carbon stocks related to prices on carbon 
licenses. Can be done by various stakeholders, or by students. 

Erosion control Costs for restoring river depth or riverside Availability depending on if such measures are needed. 

Pollination Species and populations of insects 
Local production of wild berries 

Documentation of insect species and effects on local insect populations (in 
microhabitats) can be carried out. Estimation of harvested berry amounts and 
monetary value are possible, but may be hard to link to the restoration only. 

Recreation and ecotourism Visitor numbers 
Number of sold fishing licences 
Guest nights in the local area 
Investment/maintenance costs for facilities, parking, etc. 

General visitor numbers are currently not measured, but this could be done 
by surveys, parking fees or automatic counters. The fishing management 
organisations save data on sold fishing licenses. Strömbacka Kvarn provides 
rental cottages and is interesting in terms of changes to general turnover.  

Educational and inspirational values Costs for information signposts, seminars, etc. 
Number of guides and guided tours 
Guiding fees 

The setting of Billstaån as restored river means business opportunities in 
terms of presenting the area, for both stakeholders in the project and local 
residents. Monitoring options depends on how this is planned and carried out. 

Habitat Fish stocks, etc. 
Sightings of new or particular species 
Savings from not planting fish 

Improved habitat services can be monitored through changes to fish stocks in 
the river, but also in relation to flora, birds, insects and other species e.g. 
otter. 

Energy provisioning  Energy production; efficiency changes  
Electricity prices 

General price available from the Nordic electricity market Nordpool, and local 
prices from Jämtkraft AB. Can be calculated for the production in Billstaån. 

C
a

u
sa

l L
o

o
p

 D
ia

g
ra

m
 

Hydropower production Production rates, measured in GWh/year (or similar) 
Maintenance costs for power plants 

The electricity production from the hydropower plants in river Billstaån is 
continuously monitored by Jämtkraft AB, who also document maintenance 
costs (and if this should change after the restoration). 

Brown trout population Number of brown trout in Billstaån Will be acquired from planned electro-fishing, carried out by the County 
Administrative Board. Can also be complemented with experience and 
information from the fishing management organisations. 

Visitor interests Documented reasons to visit  
 

Possibility to make surveys among visitors and/or locals to map the interests 
of visitors to river Billstaån, to establish what makes the river attractive to 
visit. Can give arguments to and be performed by various stakeholders. 

Employments Number of jobs created or maintained in direct connection 
to activities in or around Billstaån 

Monitoring the possibility to maintain present employments and generate 
new jobs related to business opportunities of Billstaån and the restoration 
process. Can be carried out by the municipality or other stakeholders. 

E
n

viro
n

m
e

n
ta

l 

O
b

je
ctive

s 

Flourishing Lakes and Streams Phosphorus in lakes 
Regeneration of freshwater pearl mussels 
Nesting birds by water  
Waterfront constructions by lakes and streams 

Based on indicator sets for the objectives most strongly related to the 
Billstaån project. Some of them should already be monitored by the County 
Administrative Board, or other interested parties (e.g. the Ornithological 
Society) which can make them helpful in terms of saving time and effort. 

A Rich Diversity of Plant and Animal 
Life 

Regeneration of freshwater pearl mussels 
Nesting birds 
Nesting birds in agricultural landscape 
Nesting birds by water 
Waterfront constructions by lakes and streams 
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4.4 Illustrations of ecosystem services connected to Billstaån 

4.4.1 Visualisation perspectives and example illustrations 

For Billstaån, three levels of visualisation have been identified as important in the dissemination of 

assessment results:  

 A system perspective, which can illustrate factors and background connections affecting the 

ecosystem, its ecosystem services and the impact of the restoration measures 

 An overview perspective, that gives a general summary of ecosystem service availability and 

distribution in the assessed area 

 A single service perspective, which can convey availability, value and awareness of particular 

services when such information is required to lift or emphasise them 

These three perspectives are able to cover and communicate various parts of the ecosystem service 

assessment results for Billstaån, in ways adaptable to the audience of the visualisation. They can be 

illustrated in various ways, as well as described in qualitative or quantitative terms, depending on what is 

most suitable for the specific presentation setting.  

The system perspective is for Billstaån illustrated as a Causal Loop Diagram (CLD), representing the 

system wherein the ecosystem service assessment results exist. This system is a combination of the 

ecosystem providing ecosystem functions and the socio-economic system utilising them as ecosystem 

services. In the system perspective, the assessment results in themselves are less visible, but assessment 

conclusions regarding important ecosystem services and how they connect to local economy and rural 

development are the basis for the model construction.  

The overview perspective is presented as a map of Billstaån, intending to present a summary of 

ecosystem service use and expected development for the assessed site. By this, results from the 

ecosystem services assessment can be conveyed in a manner giving opportunity to study the area in 

general, by giving an introduction to the area and making it easy to survey. To cover the overview 

perspective is important in any discussion of development options, to not get too caught up in details. 

The single service perspective is illustrated by photographs from Billstaån, and it is interesting for 

illustrating particular services in a tangible, visual way. This perspective can be applied both to ecosystem 

services assessed as important for a site or for services hard to account for in other types of visual 

representations. By presenting single services, identified benefits and data related to one particular 

service can be covered without being mixed up in e.g. a larger monetary valuation of a site.  

The following sections present these example illustrations, based on the ecosystem service results 

connected to the restoration of Billstaån. A full list of considered Illustration alternatives can be found in 

Appendix III (p. 42). 
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4.4.2 Causal Loop Diagram  

 Figure 6. Causal Loop Diagram of the ecological restoration in Billstaån and its impact on local rural 

development. Red angles (arrows) indicate negative impact, causing those loops to be balancing. 

The CLD of the system comprising the restoration of river Billstaån describes the connections between 

four main factors considered important for the future of the local area; hydropower production, as this is 

a main activity and use of Billstaån at its present stage; the desired presence of a larger brown trout 

population in the river; the visitor interests presented in the local area; and how this relates to 

employments, which in extension can provide benefits for local economy and social stability.  

Most of the loops in the CLD represent enforcing loops, which can be used to enhance the local ecology 

as well as economy. Balancing loops are connected to the part of the CLD representing the issues the 

restoration aims to mitigate: decreasing trout population and increasing ecological issues; increasing 

ecological issues and decreasing possibilities for continuous hydropower production, and; increasing 

ecological issues affecting visitor interests. 

In the CLD of Billstaån, the ecosystem services exist in the edges (arrows) rather than in the nodes 

themselves, as the nodes are not describing the actual use of something but a factor available for use 

(e.g. the edge between brown trout population and visitor interest indicating ecosystem services related 

to recreational fishing). Figure 6 shows the CLD, while the nodes and links used are further explained in 

Appendix IV (p. 43-44). Note that more nodes and edges could be included in a CLD illustrating Billstaån, 

for higher levels of detail, but that this version aims to show the basic connections. 

4.4.3 Map with ecosystem service hotspots  
To represent the overview perspective, a map of the restoration in river Billstaån including main areas for 

recreational ecosystem services is presented, see Figure 7. The recreational services are marked out as 

circles rather than dots or coloured areas to maintain the transparency regarding the uncertainty of 

exactly where ecosystem services are used or experienced. This mapping of the area provides insight to 

where the hotspots for ecosystem functions, services and future area development are situated. 

The overlap of circles show that restoration measures are carried out in locations for current recreational 

activities connected to Billstaån, which increases opportunities to raise interest and awareness while 

making the restoration measures part of the experience of those locations. As such, the map also points 

to where ecosystem services can be provided, or changed, in connection to the restoration measures. 
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Figure 7. Map of river Billstaån and spots were ecosystem service potential can change due to the restoration measures (Map data: Google, DigitalGlobe, 2017). The 

coloured circles show location of hydropower constructions, restoration measures and main locations for recreation and visitor interests. Locations from left to right;  

1) the harbour in lake Storsjön; 2) the hydropower plant and wooden tube in Billsta; 3) the bypass channel in the dam of Billsta; 4) Strömbacka Kvarn and hydropower 

plant; 5) the outdoor museum area, the bypass channel connected to the dam of Strömbacka, and the bathing spot; 6) the new hydropower plant in Lillå;  7) the old 

hydropower plant in Lillå, connected to the fortified migration barrier; 8) the previous dam of Ävjan, being restored to streaming water; and 9) the fauna passage by the 

regulation dam towards lake Näkten.
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4.4.4 Photographs of ecosystem services and site development  

To illustrate single services connected to the restoration process in river Billstaån, photographs are used. 

Most of the single services illustrated here are more generally occurring in the area but not connected to 

specific locations. In Figure 8, four ecosystem services not discussed in detail in the previous visualisation 

perspectives are presented. This approach intends to raise awareness of more services than those often 

mentioned in the context of Billstaån, e.g. recreational fishing and hydropower. Even though these 

services are less prominent in relation to the restoration measures, they are present in the area and 

possible to experience first-hand by most visitors regardless of the primary reason to visit the area. These 

services should also be seen as the services residents in the area probably acknowledge as benefits they 

get from the local ecosystems and values as parts of home. It can thus be argued that they should be 

more recognised in development discussions as well as highlighted in information or advertisement 

connected to Billstaån. In the latter regard, photos can be a very expressive way of doing so.  

Photographs are also an important tool for documenting river Billstaån in terms of site development, e.g. 

by showing before and after states of certain areas (as in Figure 9), and for illustrating certain phenomena 

which will not be visible after the restoration process is finished (as in Figure 10). Such photographs are 

valuable additions to other accounts of how Billstaån is changing due to the restoration measures, being 

usable in various communication settings. 

 

Figure 8. Photos from Billstaån illustrating ecosystem services of Habitat, Aesthetics, Harvested wild goods and 

Educational values (photos by the author). From left to right: Velvet scoter (Melanitta fusca), a stub at the 

previous bottom of Ävjan, wild strawberries (Fragaria vesca), and the skvaltkvarn [old mill for milling grain]. 
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Figure 9. The dam in Strömbacka, next to the bathing spot, before and after the fauna passage construction. Top 

photo is from summer 2016, and bottom from winter 2017 (photos by the author). 

Figure 10. Spread of vegetation in 

the old reservoir bottom in Ävjan, 

July  2016 (photo by the author). 
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5 Discussion 
To achieve decision making and planning based on considerations of ecosystem services, results from 

ecosystem service assessments needs to be translated into operational practice. Based on most of the 

literature researched in this study, there is little accounting of development of assessment results into 

real-life situations and actions. Most studies are based on the assessment procedure itself, while follow-

up efforts seem very sparse, at least in academic context. So instead of relying on other studies to 

address how to make the ecosystem service assessment of the restoration of Billstaån operational, the 

frameworks used for the assessments have been investigated in terms of steps for communication, 

visualisation and realisation. 

In the ESR framework suggestions for how to communicate assessment results are not presented 

specifically, but it is mentioned in application in the post assessment phase that: "This stage involves 

companies using and communicating the valuation results to influence internal and external decision 

making" (Hanson et al., 2012, p.32). The purpose of ESR to communicate relationships between business 

activities and ecosystem services is stated, but no clear steps for how to manage this is presented in the 

framework. The last fifth step of ESR is to develop strategies to address risk and opportunities based on 

the assessment, which can be considered as an implementation step - but this fits poorly in the Billstaån 

case as it relates to business plans. There are some hints to engage with nongovernmental organisations 

and non-corporate stakeholders when executing the strategies; to express the context of trends for the 

priority ecosystem services identified when presenting the strategies for executive management; and to 

spread the results and documentation of the ESR assessment so that it can increase internal knowledge in 

the company, through e.g. the intranet.  

Applied to Billstaån, this could mean maintaining good contacts between the restoration project group 

and the fishing management organisations connected to Billstaån, as well as engaging more with 

nongovernmental organisations interested in the ecological development process, such as 

Naturskyddsföreningen, Sveriges Sportfiske- och Fiskevårdsförbund, and Jämtlands Län Ornitologiska 

Förening [The Swedish Society for Nature Conservation, the Swedish Anglers and Fish Conservation 

Association and Jämtland County Ornithological Society]. It is also of major importance to inform and 

involve the public, especially in the local area, considering why and how the restoration is managed, as 

well as its benefits in terms of ecosystem services. The relation to the public is not mentioned in the 

application phase of ESR. For Jämtkraft AB, the restoration and its results should be confirmed and 

discussed internally in terms of current results and for decisions regarding future management of small-

scale hydropower plants. External efforts to communicate the experience of planning towards more 

sustainable use of hydropower, based on restoration measures and ecosystem service thinking, should be 

directed towards the electricity market in general, through e.g. the industry association Energiföretagen 

Sverige [Energy Companies Sweden ] (previously Svensk Energi). 

In TESSA, communication and presentation of results is discussed in a specific chapter of the toolkit, 

directed towards cases aiming for nature conservation. The chapter provides guidance in terms of how to 

illustrate results from ecosystem service assessment through e.g. graphs and tables, advice on how to 

choose a proper audience and suggestions on how to construct a narrative for conveying a clear key 

message. As continuous stakeholder involvement is part of the TESSA procedure, effective 

communication of results is important to give stakeholders ownership and power of the assessment 

results. Suggested audiences are: local residents by the assessed site, governmental agencies at various 

levels, non-governmental organisations, scientists, and the general public. TESSA emphasise that different 
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audiences have different demands in terms of how the assessment results are presented, both 

considering previous knowledge in biodiversity conservation and what type of presentation format is 

most manageable. Presentation formats mentioned include e.g. oral presentations, videos, newspaper 

articles and brochures. TESSA also suggests to: “... consider a variety of alternatives and decide which ones 

is/are appropriate in the circumstances” (Peh et al., 2014, p. 172). Other aspects of communicating 

assessment results presented includes e.g. the importance of balancing the quantitative data from TESSA 

to more qualitative ecosystem services that are harder to assess, and the importance of transparency in 

terms of methodological limitations, results uncertainty and sources of bias. TESSA also gives an outline 

for how a narrative can be constructed, as well as present how different illustrations can be used for 

different types of information, including e.g. bar charts, spider diagrams, rose plots and maps. 

In the Billstaån case much spread of information concerning ecosystem services will probably be made 

towards people little, or not at all, familiar with the ecosystem service concept. This gives a high demand 

on quality of the information, as well as opportunities for interaction with the informants to discuss or ask 

questions. This makes is probable that an efficient way of communicating is to provide printed material as 

well as arrange seminars and guided visits to the site of Billstaån. The printed material can be reports, 

brochures, posters or signs at the site of Billstaån. Web-based solutions should also be considered, as it 

makes information more accessible for people less directly connected to the locality of the assessment 

site, including e.g. blogs, videos from the site or presence in social media. 

In the guide for valuating ecosystem services published by the Swedish Environmental Protection Agency, 

several aspects as to why ecosystem service assessments should be communicated is presented, e.g. 

looking into societal benefits of a project or collecting basis for environmental accounting, but the guide 

is short on concrete suggestions as to how the results should be presented and to whom. Contact with 

stakeholders is included as a method to e.g. gather information from interviews and survey data, but no 

suggestions on how to connect back to them are given. Questions such as "Do the results provide enough 

decision support, or are more studies needed"? and "How should the results be used in relation to overall 

policy goals or business goals?" are lifted, but no suggestions on how to approach, or who to include in, 

such discussions are given (Naturvårdsverket, 2015, p.36). Among the examples on when ecosystem 

services should be included into processes are given, including e.g. comprehensive plans, Environmental 

Impact Assessments, and development of municipal strategies, but these are connected to legal or 

political instances rather than public interest or other types of stakeholders. As such, the guide provides 

little input for how to implement the ecosystem service assessment of Billstaån. 

Presentation efforts considering the results from ecosystem service assessment of river Billstaån has this 

far included academic settings, as well as internal and external communication of Jämtkraft AB. In 

academic terms, the ecosystem service assessment of Billstaån has been presented at three international 

scientific conferences. Jämtkraft AB has e.g. included information about the ecosystem service 

perspective connected to Billstaån in their annual reports (for 2015 and 2016).Towards the public, more 

efforts are desired. The Triple Lakes program provides continuous information in social media (through an 

Instagram account) regarding the restoration process in general. Articles, photos and movies are available 

for the public at the web-pages of Triple Lakes and Jämtkraft AB and in local news papers. Events on the 

site of Billstaån have also occurred, e.g. watching trout migration. Triple Lakes is also involved in a 

cooperative project with high school students living in the area of Billstaån, where the students study the 

restoration of Billstaån and the area development through e.g. studies of aquatic fauna and by helping in 

construction of breeding grounds for brown trout (Naturskyddsföreningen, 2016). 
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5.1 Contrasting towards the Environmental Objectives  
The ecosystem service assessments of the restoration process in river Billstaån have considered the 

restoration outcomes on a local scale, but the development in the river also connects to several 

environmental issues on national Swedish level. Some of these connections are identified by evaluating 

the restoration through the lens of the Swedish Environmental Objectives, which for Billstaån is found to 

provide additional information and insight to the full impact of the restoration process. Through 

connecting the ecosystem service impacts to influence on the objectives, and the vision targets they 

represent, the results of the ecosystem service assessment are linked to a more commonly known and 

used framework. Showing such parallels can help in communicating the ecosystem service perspective 

and represents an approach that can be interesting in many other cases. 

It is interesting to note how the restoration will present positive indirect impact for some objectives not 

addressed by the restoration purpose, e.g. A Varied Agricultural Landscape and A Good Built 

Environment. These objectives are affected as maintaining the hydropower production means an 

opportunity to safeguard cultural environments and other landscape surroundings (including e.g. habitat 

services in agricultural landscapes). This indicate how benefits from ecosystem functions and services in 

one ecosystem are not necessarily separated from other nearby systems, and how fortifying measures 

such as in the restoration process of Billstaån can give cascading effects in nearby systems. 

Ecosystem services as a concept is addressed in several of the Environmental Objectives, recognising their 

importance and provisioning in connection to e.g. forests, wetlands and water habitats. By setting the 

results from an ecosystem service assessment in relation to the full range of the objectives, a more 

comprehensive view of what activities, management and development terms are connected to the area. 

This can give a practical approach for considering ecosystem services as part of area development in 

many types of settings that otherwise are valuated towards the objectives. 

5.2 Indicator types and monitoring recommendations  
In their guide for ecosystem service assessment, Naturvårdsverket (2015) lists three types of indicators 

that can be used for monitoring ecosystem services: comprehensive indicators [fullständig indikatorer], 

which captures the ecosystem service to its full extent; partial indicators [delindikatorer], which measure 

an ecosystem service to some extent, but cannot cover for all possible changes of the services; and 

direction indicators [riktningsindikatorer], which establish probable development of the ecosystem 

service, as increasing or decreasing. 

Comprehensive indicators for river Billstaån are e.g. water quality, which can be measured to directly 

monitor quality of freshwater services; changes of carbon stock in the Ävjan area, reflecting global 

climate regulation services; and sightings of new or particular species, relating to habitat services. Many 

of the indicators presented in this study are partial indicators, which mean they are impacted by other 

factors than ecosystem services. Using an indicator such as e.g. visitor numbers requires awareness that 

visitor numbers are also based on other things than the ecosystem properties of the area, such as site 

popularity, connection to man-made services (such as dining) and location in relation to travel routes. On 

the other hand, an indicator such as number of sold fishing licenses can be seen as both a partial and a 

direction indicator, but leaning more towards being a partial indicator than e.g. fish stocks. Examples of 

direction indicators for Billstaån are e.g. regeneration of freshwater pearl mussels, guest nights in the 

local area, and production rates of the hydropower plants.  
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Another take on indicator types is presented in De Groot et al. (2010) dividing ecosystem service 

indicators into two categories: state indicators, that describe the processes or components in the 

ecosystem providing the service and the service amount; and performance indicators, that describe the 

service amount that can be used in a sustainable way.  

De Groot et al. also list indicators for several ecosystem services according to this classification, whereof 

some are interesting for river Billstaån, e.g: 

 Nursery habitat service: the importance to provide breeding, feeding or resting habitat 

o State indicators: number of transient species and individuals  

o Performance indicators: dependence on other ecosystems  

 Recreational services: opportunities for tourism and recreational activities  

o State indicators: number/area of landscape and wildlife features with stated recreational value  

o Performance indicators: maximum sustainable number of people and facilities 

 Education and science services: opportunities for formal and informal education and training 

o State indicators: presence of features with special education and scientific value/interest  

o Performance indicators: number of classes visiting, number of scientific studies 

Regardless of what indicator classifications is used, it is important to communicate the thinking behind 

the indicator choices and what the indicators really represent so that the interpretation of the monitoring 

process can be transparent and articulate. Dividing indicators into types should also be able to achieve a 

greater understanding of what each indicator express in relation to the monitored ecosystem service. 

This type of thinking should be further pursued while planning the monitoring efforts for the restoration 

in river Billstaån. 

Some advice for developing ecosystem service indicators are presented by UNEP-WCMC (2011) including 

e.g. the importance of having a small set of indicators relevant to policy rather than trying to cover as 

many aspects as possible; to consider more services than provisioning services; and, to invite 

stakeholders into the process to be able to meet user needs. Suggestions to have a system approach 

while developing indicators, or even work with ecosystem service bundles built around a specific topic or 

issue that can be addressed jointly, are also given. It is also stated that, for most assessment purposes, a 

single indicator will not be sufficient as indicators must convey both the ability of the ecosystem to 

provide services and the benefits derived from those services."Both aspects are important: monitoring 

the condition or stock of the service over time and space will provide ecological growth rates and the level 

of sustainability of off-take... while monitoring the benefits or impact of the service will provide 

information on the relative importance of the service to people..." (UNEP-WCMC, 2011, p. 52) 

For the study of Billstaån, this translates into a duality of having indicators able to express ecosystem 

functions and the transfer of these functions (through human use) into ecosystem services. This study 

recommends that the development of ecosystem services related to Billstaån should be measured by use 

of more than one data entry per ecosystem service, to consider status of the ecosystem functions as well 

as use of ecosystem services. E.g. recreational fishing should be measured as a combination between 

number of fish and number of sold fishing licenses, to take into account availability of fish as well as 

documented activities of fishing. 

In terms of what ecosystem services should be monitored in connection to the restoration of river 

Billstaån, further discussions with stakeholders are needed (see more in section 5.4, p. 32). In line with 

the restoration project purpose, the habitat service is crucial to monitor, as is the service of energy 
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provisioning (since the hydroelectricity production is not meant to be affected by the restoration). To 

consider a bundle of services, similar to what is suggested in UNEP-WCMC, also including recreational 

fishing, educational values and freshwater could be a good starting point for monitoring some of the 

ecosystem service development in the area.   

It should be noted that it would be both efficient and beneficial to base indicators on data that is 

measured or otherwise generated in connection to river Billstaån, so that the ecosystem service 

monitoring do not turn into a massive task. The indicator sets from the Environmental Objectives are very 

interesting, as they are followed-up regardless of the future ecosystem service efforts, and monitor 

ecological development factors that can be combined with indicators of socio-economic development 

(such as e.g. visitor numbers, economic turnover from businesses around Billstaån, the number of sold 

fishing licenses, etc.) to describe the ecosystem service development at least at partial level. 

5.3 Regarding the illustration examples 
The main stakeholders for the restoration of river Billstaån have different types of interests in the future 

development of the area and ecosystem services in general. To the local municipality of Berg the rural 

development perspective presented in the ecosystem service assessment is probably of great interest, as 

well as the possibility of the assessment functioning as a mapping of ecological and social interests in the 

assessed area. The County Administrative Board could use some of the information in the ecosystem 

service assessments as input for the future restoration monitoring or as input to other restoration 

projects. They should also be interested in the knowledge building aspect, concerning management of 

ecosystem service assessments, monitoring of ecosystem services, and ecosystem services in general. In 

the company perspective of Jämtkraft AB, the ecosystem service assessments of Billstaån can present 

ideas towards sustainable business development, including coherence to local interests in areas impacted 

by their production. There are also other interested parties, such as e.g. Naturskyddsföreningen, which 

probably are more generally interested in the development of Billstaån; and the fishing management 

organisations, probably more specifically interested in the ecological impact on the fish populations. 

This diversity in terms of perspectives on the Billstaån assessment results reflects a range of different 

demands in terms of information and visualisation of results, including presentation format as well as 

availability. In many presentation settings a combination of the visualisation perspectives and example 

illustrations is probably the most efficient, as well as striving for a high level of public availability to spread 

information to as many stakeholders as possible. Combination of various illustrations into posters or signs 

that can be placed in the local area of Billstaån, as e.g. exhibition material or nature-trail signs, are 

considered as very interesting as it could make the assessment results available on the site of Billstaån in 

a long-time perspective.  Furthermore, it is important to plan for how to spread and maintain information 

availability in ways sufficient for the different parties interested in Billstaån, e.g. the public needs 

continuous public access to be able to follow and appreciate the restoration project.  

The CLD illustration of the ecosystem service assessment of Billstaån is probably more helpful for 

interested parties relating the restoration measures to a larger context of impacting factors and area 

development. This could be in an academic setting, or beneficial for stakeholders involved in 

development planning for Billstaån, e.g. the municipality of Berg. The system perspective of the CLD can 

also be helpful when identifying drivers of change regarding ecosystem service availability, benefits and 

beneficiaries. A disadvantage of the CLD as carrier of information is that it is type of illustration that can 

be perceived as advanced and hard to interpret, since CLD:s are not as regularly presented as maps or 
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photos. This can create issues in presentation formats that are not interactive directed towards people 

with little insight to the restoration project in general, e.g. the public. When presenting the CLD it is also 

important to communicate how it shows the system wherein the assessment results exists, or the idea 

behind how the restoration will impact the Billstaån area, rather than specific results. 

For the map presenting hotspots connected to the restoration and recreational activities of river 

Billstaån, a more immediate understanding by more people is possible since maps are more commonly 

used. The map of Billstaån can be used to show or discuss development opportunities in the area as it 

provides knowledge of area properties and can present assessment results in a way easily accessed. As 

such, a map overview represents helpful information in management of the area and can be a great tool 

for instigating discussion of development options. The map is also a good illustration when it comes to 

presenting the ecosystem service assessment to people not knowing the assessed site. It should be noted 

that some services indicated as interests in connection to the restoration process in Billstaån are hard to 

show on a map, e.g. Freshwater and Erosion control, which are necessary in the river ecosystem but hard 

to highlight in a particular area. In the same way many cultural services, such as e.g. Educational values, 

are not tied to specific locations but rather the area as a whole.  

In the development of the map illustration of Billstaån the method of construction evolved towards a high 

level of approachability, using Google Maps and Microsoft Paint rather than geographic information 

system (GIS) software. GIS maps are regular in assessment and mapping of ecosystem services, but for 

the map of the Billstaån assessment an approach more easily understood and replicated was sought. The 

intent is to make the map, and the map making process, less demanding in terms of expertise - as this 

also can reflect in the readability of the map. Circles are used to mark areas of interest, as this study 

considers circles being a better way of marking ecosystem services that are part of an area rather than a 

specific point (that can be marked with a dot) or an area that can be marked with a geographic boundary. 

As such, the use of circles is a simplification, which does not pin-point or exactly measure the service 

availability in terms of area distribution. This may not be sufficient for all cases of ecosystem service 

maps, but was deemed suitable for the map of Billstaån to not make it overly complicated. The circles 

also reflects the uncertainty in terms of extent of the impacts connected to the factors marked on the 

map: hydropower constructions, impacting their surroundings in various degrees; the restoration 

measures, having impact on larger areas around the actual measures; and the recreational activates and 

visitors interests that are connected to some areas more than others, but are hard to set within a definite 

boundary. 

From studying the distribution of hotspots in the restoration of river Billstaån, some locations are found 

to be connected to more activities and more visible ecosystem service availability than the site in general. 

The main hotspots are found by the power plant and fauna passage in Billsta, in connection to the fauna 

passage (for the plant in Strömbacka) and bathing spot, and in the area around Ävjan. In terms of the 

overview perspective of the map working as tool for stimulating suggestions for area development, the 

map of Billstaån makes it easy to see how e.g. a walking path in the underpass of the main road E45 could 

extend the connection between Strömbacka and the bathing spot, increasing the probability for people to 

stroll from area to area and experience more of Billstaån. Furthermore, as it is located close to the 

migration barrier constructed in the restoration process (suggested as a possible future visitor interest) 

the old hydropower plant in Lillå could be used and directed towards recreational and visitor interests - 

perhaps as exhibition hall.  
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In the case of river Billstaån, a benefit of the overview map illustration is that it can be made readily 

accessible to both the public and other stakeholders in the area. Compared to the CLD the map requires 

less explanation, as it is a more common type of illustration, which makes it easier to spread. A great 

advantage to this is that the map could be placed on the site, inviting visitors to explore more of Billstaån 

and instil knowledge about ecosystem services in the area. Concerning placement at the site, the map 

should be situated in a place where most visitors go (e.g. by the parking spot/s connected to the bathing 

spot, Strömbacka Kvarn, and/or the marina) to show other areas that might attract interest from by-

passers, increase will for exploration and raise awareness of Billstaån as a whole. It might also be 

beneficial to make a map available online, for marketing of the area and for providing public information 

regarding the restoration and ecosystem service impact. 

In the single service perspective of the restoration of river Billstaån, photographs are used to illustrate 

parts of the ecosystem service assessment that are hard to account for in the CLD or on the map. This 

gives an opportunity to highlight more ecosystem services than in the other illustrations, but also to show 

actual landscapes, development processes, events and settings in the assessed area. For Billstaån, this 

latter part is very important to account for to be able to give a full account of the restoration and 

ecosystem development in the future. A benefit when considering a single service perspective is how it 

makes the presentation of assessment results less sensitive to differences between assessed services in 

terms of assessment level, when the results are affected by differences in terms of availability of 

qualitative or quantitative data.  

Some more general benefits from working with photographs to visualise ecosystem services are that 

anthropogenic activities in the area can be clearly illustrated, and that photographs are good for 

illustrating aesthetic values and experiences. On the other hand, photographs can be easier to use to 

emphasise ecosystem service results rather than for representing results on their own. Even though 

photographs are often perceived as nice in communication and presentation settings, it should be 

underlined more often how they can contribute to visualising and documenting scientific results. 

5.4 Suggestions for further research 
To be able to bring the results from the ecosystem service assessments of the restoration in river Billstaån 

further towards operational practice, more discussions with stakeholders in the restoration project are 

needed. To make the results of this study operational and applied in real-life, valuation of the material 

here presented and planning for actual use of the indicators and illustrations must be carried out. If e.g. 

signs on the site are considered, they have to be developed in discussion with stakeholders and consider 

their preferences. Many future communication efforts can be based on material available in this study, 

but such proceedings must be backed-up by stakeholders to be implemented in real-life. 

To add to the ecosystem service assessment, further valuation of hydropower as an ecosystem service 

should be pursued. Hydropower is considered as an ecosystem service in the ESR of Billstaån, but 

uncertainty on whether it should be regarded as so or not has halted future assessment efforts. At the 

same time it is obvious how this should be further investigated, both to determine the relation to other 

ecosystem services in the Billstaån case and to be able to contrast the monetary value of hydropower 

towards other values in the system. A suggestion for this is to consider electricity prices and discount for 

the maintenance costs connected to the hydropower plants, to achieve a monetary value of the 

electricity as generated from the river. Similar methodology reflecting market prices and harvest costs are 

often used for valuating provisioning services, e.g. crops and timber. Contrasting such an attained 
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hydropower value from Billstaån towards other studies, in e.g. the TEEB database, would also be 

interesting. 

To better understand how ecosystem service assessments are presented, and if there are any common 

traits or shortcomings in illustrations of such results, a survey of illustration types in other studies can be 

carried out. This would be interesting both in relation to the study of Billstaån, and to suggest how such 

illustrations can be developed towards increased dissemination of ecosystem service assessment results. 

As the research on the restoration process of Billstaån suggests interesting connections to rural 

development, it would be interesting to explore thinking around ecosystem services as tool for rural 

development. By using ecosystem service assessment it is possible to point at services and values that can 

be of further interest and use for local residents in terms of living, business opportunities and well-being. 

This suggest some results from ecosystem service assessment represent information which can benefit 

the assessed area by indicating opportunities for creation of new businesses, jobs, and recreation 

activities. This type of study could also expand to include questions such as if some sort of payments for 

providing ecosystem services can generate money for maintaining rural settlements. 

Regarding the field of ecosystem services in general, it is important for future development of the 

ecosystem service concept that more ecosystem service assessments gain follow-up studies. This is 

needed to exemplify and illustrate how the implementation of assessment results impact real-life 

projects, decision making and planning processes. Such benefits are often claimed, but actual accountings 

of concrete examples on how they occur are sparse. In long term this might cause issues of legitimacy of 

the ecosystem service concept. Much of the current research looked up in this study considers 

conducting the assessment itself, while insights into how the results are presented, received and made 

operational are missing. To document such efforts to a greater extent would give better arguments for 

increased use of ecosystem services, as it would be both able to demonstrate actual positive effects from 

working with ecosystem services (through synergy effects, etc.), but also since it would acknowledge that 

use and valuation of ecosystem services change over time.  
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6 Conclusions 
Ecosystem services were assessed for the restoration outcomes in river Billstaån using the two 

frameworks Corporate Ecosystem Service Review (ESR) and Toolkit for Ecosystem Service Assessment 

(TESSA), respectively. The ecosystem services deemed most important partly differed between the two 

frameworks due to different assessment perspectives. However, both ESR and TESSA pointed out 

ecosystem services connected to recreation and tourism as important, indicating a potential regarding 

recreational use of the area. Such socio-economic impacts of the restoration project was not included in 

the planning of the restoration, but if identified and utilized such “added benefits” might give 

opportunities for local rural development beyond the restoration work itself. 

Contrasting the results from the ecosystem service assessment of river Billstaån towards the Swedish 

Environmental Objectives identified two direct and seven indirect connections. Through these 

connections the restoration project can be presented in relation to national goals. Indicating such 

connections can help in communicating the ecosystem service perspective. 

For future monitoring of project outcomes in river Billstaån, a set of potential indicators were  identified 

using an ecosystem service approach, that can complement the planned monitoring of ecosystem 

functions. For future monitoring of ecosystem service development it is advisable to use a combination of 

indicators that reflect both the ecosystem function availability and the ecosystem service use. 

Three types of illustrations that can support different perspectives in future communication regarding 

ecosystem services in river Billstaån were identified in this study and termed system, overview and single 

service perspective. Example illustrations include a Causal Loop Diagram, a hot-spot map and a range of 

photos, respectively. The illustrations are deemed to present the assessment results in a more accessible 

way and can be adapted to a diversity of future communication settings. 
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7 Lessons learnt from studying ecosystem services in 

 the Billstaån case 
Since the material presented in this study has been developing within a Master by Research program, 

taking place over the course of two years, more conclusive thoughts about the research process as a 

whole has manifested. As these are more generally connected to the ecosystem service concept than the 

particularity of the dissertational work, they are presented here rather than in the discussion of the latter.  

There is a value for considering ecosystem service impact in projects also in retrospect, as it leads to a 

deeper understanding of the project. Ecosystem services are often suggested as a tool beneficial for 

decision making, to steer planning processes towards more sustainable land-use in terms of ecological 

and social factors. In the Billstaån case, the planning process was carried out with no regards to 

ecosystem services but had a beneficial ecologic impact in focus. Accordingly, assessing ecosystem 

services connected to Billstaån rather assesses the possible restoration benefits than present arguments 

to carry out the restoration. For the case of Billstaån, looking at the restoration process through an 

ecosystem service lens highlights how ecological adaptations of Swedish hydropower plants can benefit 

from considering ecosystem services and cultural environments to achieve a higher degree of ecological 

and social sustainability. The ecosystem service assessment also indicates that restored ecosystems can 

present an increased potential for ecosystem service provisioning and rural employment.  

Increases of ecosystem functions do not automatically mean increase of ecosystem services. During the 

studies of Billstaån it has been demonstrated how ecosystem functions created in the restoration process 

must be accessible for humans to be considered ecosystem services, as well as have continuous 

management if ecosystem service values are to increase. If the new or strengthened ecosystem functions 

are not included in anthropogenic activities they still represent ecological benefits, for e.g. biodiversity, 

but they cannot be measured as ecosystem services. This indicates that the improved functions from the 

ecosystem in Billstaån will need proper management and sustainable planning to develop into services 

that can be added and valued in the future. 

Ecosystem service assessment cannot fully cover the impact or value of the ecological restoration process 

in river Billstaån, as most of the benefits will be presented to species other than the human residents in the 

area. The ecosystem service assessments conducted for Billstaån suggests some restoration outcomes 

will affect ecosystem functions rather than the ecosystem services provided from the river ecosystem. 

Assessing ecosystem services to evaluate the restoration outcomes can thus only partly cover the 

restoration impact for biodiversity, as the number of affected species which can be directly included in 

ecosystem services are limited - but still may present benefits for other species in the food chain, etc. This 

has lead to discussions on what aspect of the restoration can actually be assessed and translated into the 

ecosystem service concept.  

Ecosystem service assessment do not necessarily generate new data, but will nevertheless process existing 

knowledge towards systematic evaluation of multiple impacts, interests and benefits from ecosystems. This 

can, in turn, be presented as new information as it is put within new context. Working with ecosystem 

services has meant considering the restoration process of Billstaån as put in a system perspective of the 

surrounding landscape and local community. This have added substantial knowledge in terms of the 

setting and importance of the restoration, for people, as well as suggested interesting levels of payback 

time on socio-economic levels. 
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8 End note: Grayling migration in spring 2017 
In late April 2017, during the spring right after the bypass channels in Billsta and Strömbacka were 

constructed, grayling (Thymallus thymallus) have started to migrate upstream in river Billstaån. Trout 

traps are used to count and measure these pioneers, see Figure 11. As of May 8th, 164 graylings were 

reported to have wandered upstream. More have followed, as seen in Figure 12. This development is 

evidence of the function of the bypass channels in river Billstaån, as well as an indication of how fast 

ecological restoration measures can impact the ecosystem they are set to restore. 

 

Figure 11. One of the graylings captured at the bypass channel of Strömbacka, that has passed both of the fauna 

passages currently constructed, in 2017-05-04 (photo by the author). 

Figure 12. 

Statistics for 

upstream 

migrating 

grayling in the 

bypass channel 

of Billsta, latest 

update  

2017-05-14 

(Triple Lakes, 

2017b).   

Unknown Females Males 



 

37 

References 
Bernes, C. and Lundgren, L. J. (2010). Use and Misuse of Nature’s Resources: An Environmental History of Sweden. 
Naturvårdsverket, Monitor 21. 

Brown G., Fagerholm N. (2015). Empirical PPGIS/PGIS mapping of ecosystem services: A review and evaluation. 
Ecosystem Services, Volume 13, June 2015, p. 119–133 

Degerman, E., Alexanderson, S., Bergengren, J., Henrikson, L., Johansson, B-E., Larsen, B.M. & Söderberg, H. (2009). 
Restoration of freshwater pearl mussel streams. WWF Sweden, Solna.  

De Groot, R.S., Alkemade, R., Braat, L., Hein, L. and Willemen, I. (2010). Challenges in integrating the concept of 
ecosystem services and values in landscape planning, management and decision making. Ecological Complexity, 
Volume 7, Issue 3, p. 260-272. 

European Commission. (2016). EU climate action. Available at: http://ec.europa.eu/clima/citizens/eu_en 

European Commission. (2015). Ecological status and intercalibration. Available at: 
http://ec.europa.eu/environment/water/water-framework/objectives/status_en.htm 

European Union. (2012). Mapping and Assessment of Ecosystems and their Services: An analytical framework for 
ecosystem assessments under Action 5 of the EU Biodiversity Strategy to 2020.Discussion paper. Draft version 04 
June 2012. 

Fakari Rad, M., Fröling, M. Grönlund, E. (2012). Including Ecosystem Services in Sustainability Assessment of Forest 
Biofuels. World Bioenergy 2012 Proceedings, The Swedish Bioenergy Association, 2012, p. 75-78. Available at: 
http://www.diva-portal.org/ 

Holm, A. (2015, 10-23). Snart 4 000 brev skickade om Långfors [Soon 4 000 letters sent about Långfors]. 
Fiskejournalen. Available at: http://www.fiskejournalen.se/snart-4-000-brev-skickade-om-langfors/ 

Gomez-Baggethun, E., de Groot R., Lomas L.P., Montes C. (2010). The history of ecosystem services in economic 
theory and practice: From early notions to markets and payment schemes. Ecological Economics, No. 69, p. 1209-
1218. 

Google Maps. (2017). Map of Hackås. Google. Map data: DigitalGlobe. Available at: 
https://www.google.se/maps/@62.9129603,14.5467022,4224m/data=!3m1!1e3?hl=sv  

Hanson, C. , Ranganathan, J. , Iceland, C. , Finisodre, J. (2012). The corporate ecosystem services review: guidelines 
for identifiying business risks and opportunities arising from ecosystem change. Version 2.0. Washington, DC: World 
Resources Institute. Available at: http://www.wri.org/publication/corporate-ecosystem-services-review 

Jamtli. (2010). Billsta: Arkeologisk utredning av fastighet Hackås Hov 1:117, 2010 [Billsta: Archeologic survey of 
property Hackås Hov 1:117, 2010]. Rapport Jamtli 2010:21. 

Jonsson, K. (2016, 05-01). Långforsen har blivit en långdragen historia [Långforsen has turned into a lengthy story]. 
Östersundsposten. Available at: http://www.op.se/opinion/ledare/langforsen-har-blivit-en-langdragen-historia 

Jonsson, M. (2015). Rikedomar runt rinnande vatten: De ekonomiska värdena av en miljöanpassad vattenkraft [The 
riches around streaming water: The economical values of an environmentally adapted hydropower]. Åtta45, 
Stockholm. 

Jämtkraft AB. (2017). Lokalproducerad vattenkraft från våra vattenkraftsstationer [Locally produced hydropower 
from our hydropower stations]. Available at: http://www.jamtkraft.se/om-jamtkraft/var-fornybara-
produktion/vattenkraft/vattenkraftstationer/ 

Jämtkraft AB. (2015). Miljökonsekvensbeskrivning angående anläggande av vandringsvägar och utrivning av damm i 
Billstaån.[Environmental impact assessment concerning construction of fauna passages and deconstruction of 
reservoir in Billstaån]. 

http://www.sciencedirect.com.proxybib.miun.se/science/journal/22120416
http://www.sciencedirect.com.proxybib.miun.se/science/journal/22120416/13/supp/C
http://ec.europa.eu/clima/citizens/eu_en
http://ec.europa.eu/environment/water/water-framework/objectives/status_en.htm
http://www.diva-portal.org/
http://www.fiskejournalen.se/snart-4-000-brev-skickade-om-langfors/
https://www.google.se/maps/@62.9129603,14.5467022,4224m/data=!3m1!1e3?hl=sv%20
http://www.wri.org/publication/corporate-ecosystem-services-review
http://www.op.se/opinion/ledare/langforsen-har-blivit-en-langdragen-historia
http://www.jamtkraft.se/om-jamtkraft/var-fornybara-produktion/vattenkraft/vattenkraftstationer/
http://www.jamtkraft.se/om-jamtkraft/var-fornybara-produktion/vattenkraft/vattenkraftstationer/


 

38 

Jämtland County Energy Agency. (2005). Energibalansstudie för Jämtlands Län 2005 [Energy balance study of 
Jämtland County 2005]. Energikontoret. Available at: 
http://www.mittnorden.net/download/18.76a49d3f10903c878b480008304/PMN-EB+Z+län+05.pdf 

LIFE. (2015). LIFE - Triple Lakes: Catchment restoration and preventive action for aquatic habitats in a climate change 
perspective. Available at: 
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=5033&do
cType=pdf 

Loock,, J. (2010). Kraftverk i landskapet: Vattenkraft i Jämtlands län under 100 år [Power plants in the landscape: 
Hydropower in Jämtland County during 100 years]. Länsstyrelsen Jämtlands län, Östersund. No. 2010:2. 

Länsstyrelsen Jämtlands Län [County Administrative Board of Jämtland]. (2016). Vattenkraften som energikälla 
[Hydropower as energy source]. Available at: http://www.lansstyrelsen.se/jamtland/Sv/miljo-och-klimat/klimat-och-
energi/vattenkraften-som-energikalla/Pages/default.aspx 

Länsstyrelsen Jämtlands Län. (2012). Biotopkartering 2010: Jämtlands län [Biotope mapping 2010: County of 
Jämtland]. Reference No. 582-8016-2011. 

MEA: Millennium Ecosystem Assessment. (2005).  Ecosystems and Human Well-being Synthesis. Island Press, 
Washington, D.C., United States of America.  

Naturskyddsföreningen [The Swedish Society for Nature Conservation]. (2016). Elever studerar hur miljön förändras 
när vandringsvägar byggs vid Billstaån (Students study how the environment changes when fauna passages are built 
at Billstaån]. Available at: http://www.naturskyddsforeningen.se/skola/allmant-skolmaterial/artikel/elever-studerar-
hur-miljon-forandras-nar-vandringsvagar-byggs-vid 

Naturvårdsverket. (2017). Reduced Climate Impact. Miljömålsportalen. Available at: 
http://www.miljomal.se/Environmental-Objectives-Portal/Undre-meny/About-the-Environmental-Objectives/1-
Reduced-Climate-Impact/ 

Naturvårdsverket [The Swedish Environmental Protection Agency]. (2015). Guide för värdering av ekosystemtjänster 
[Guide for valuation of ecosystem services]. Report 6690. 

Naturvårdsverket. (2012). Sammanställd information om Ekosystemtjänster [Aggregate information on Ecosystem 
Services]. Skrivelse 2012-10-31. Ärendenr: NV-00841-12. 

Nahuelhual, L., Laterra, P., Villarino, S., Mastrángelo, M., Carmona, A., Jaramillo, A., Barral, P., Burgos, N. (2015). 
Mapping of ecosystem services: Missing links between purposes and procedures. Ecosystem Services, Vol. 13, p. 
162–172. 

Nöbelin, F. (2014). Naturliknande fiskvägar i södra Sverige [Nature-like fish ways in southern Sweden]. Havs och 
Vattenmydigheten [Swedish Agency for Marine and Water Management], Göteborg, Sweden. Rapport 2014:11. 
Available at: https://www.havochvatten.se/download/18.41e6a25314de0341350b797d/1445857638411/rapport-
2014-11-naturliknande-fiskvagar.pdf 

Peh, K.S.-H, Balmford, A.P., Bradbury, R.B., Brown, C., Butchart, S.H.M., Hughes, F.M.R., Stattersfield, A.J., Thomas, 
D.H.L, Walpole, M., Birch, J.C. (2014). Toolkit for Ecosystem Service Site-based Assessment (TESSA) Version 1.2. 

Regionfakta. (2016). Elproduktion efter produktionssätt, MWh per kommun, 2014 [Electricity production per 
production method, MWh per municipality, 2014] . Available at: http://www.regionfakta.com/Jamtlands-
lan/Energi/Elproduktion-efter-produktionssatt/ 

Renöfält, B. and Nilsson, C. (2005). Miljöanpassade flöden: Sammanställning av forskning och utveckling med 
avseende på flödesregimer [Environmentally adapted flows: Summary of reserach and development concerning flow 
regimes]. Umeå University. 

SCB. (2014). Folkmängden per församling 2014-12-31 enligt indelningen 2015-01-01 [The population per assembly 
2014-12-31 according to the division 2015-01-01]. 

http://www.mittnorden.net/download/18.76a49d3f10903c878b480008304/PMN-EB+Z+län+05.pdf
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=5033&docType=pdf
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=5033&docType=pdf
http://www.lansstyrelsen.se/jamtland/Sv/miljo-och-klimat/klimat-och-energi/vattenkraften-som-energikalla/Pages/default.aspx
http://www.lansstyrelsen.se/jamtland/Sv/miljo-och-klimat/klimat-och-energi/vattenkraften-som-energikalla/Pages/default.aspx
http://www.naturskyddsforeningen.se/skola/allmant-skolmaterial/artikel/elever-studerar-hur-miljon-forandras-nar-vandringsvagar-byggs-vid
http://www.naturskyddsforeningen.se/skola/allmant-skolmaterial/artikel/elever-studerar-hur-miljon-forandras-nar-vandringsvagar-byggs-vid
http://www.miljomal.se/Environmental-Objectives-Portal/Undre-meny/About-the-Environmental-Objectives/1-Reduced-Climate-Impact/
http://www.miljomal.se/Environmental-Objectives-Portal/Undre-meny/About-the-Environmental-Objectives/1-Reduced-Climate-Impact/
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/article/pii/S2212041615000340?np=y&npKey=c14d454b9d020d53c2a3c92a158bfa049490e2db27544cd371154d70de8867fd
http://www.sciencedirect.com.proxybib.miun.se/science/journal/22120416
http://www.sciencedirect.com.proxybib.miun.se/science/journal/22120416/13/supp/C
https://www.havochvatten.se/download/18.41e6a25314de0341350b797d/1445857638411/rapport-2014-11-naturliknande-fiskvagar.pdf
https://www.havochvatten.se/download/18.41e6a25314de0341350b797d/1445857638411/rapport-2014-11-naturliknande-fiskvagar.pdf
http://www.regionfakta.com/Jamtlands-lan/Energi/Elproduktion-efter-produktionssatt/
http://www.regionfakta.com/Jamtlands-lan/Energi/Elproduktion-efter-produktionssatt/


 

39 

Smith, A. and Jepsen, S. (2008). Overlooked Gems: The Benefits of Freshwater Mussels. Available from: 
http://www.xerces.org/wp-content/uploads/2009/01/mussel_article.pdf 

Svensk Energi. (2016). Vattenkraftsproduktion [Hydropower production]. Available at: 
http://www.svenskenergi.se/Elfakta/Elproduktion/Vattenkraft1/Vattenkraftsproduktion/ 

Sveriges Länskarta. (2016). Karta visande fornlämningar: punkter, linjer och ytor, Riksantikvarieämbetet [Map 
showing relics: points, lines and surfaces]. Coordinates, WGS84: 62°54'46"N , 14°32'1"E. Available at: http://ext-
webbgis.lansstyrelsen.se/sverigeslanskarta/ 

Sveriges Riksdag [The Swedish Parliament]. (2012). Biologisk mångfald i rinnande vatten och vattenkraft: En 
uppföljning. [Biodiversity in streaming water and hydropower: A follow up]. Miljö- och jordbruksutskottet. [The 
Committee on Environment and Agriculture]. 

Swedish National Heritage Board. (2016). Fornsök [Relic search]. Availailable at: 
http://www.fmis.raa.se/cocoon/fornsok/search.html?utm_source=fornsok&utm_medium=block&utm_campaign=u
x-test 

TEEB: The Economics of Ecosystems and Biodiversity. (2010). The Economics of Ecosystems and Biodiversity: 
Mainstreaming the Economics of Nature: A synthesis of the approach, conclusions and recommendations of TEEB.  

TEEB. (2008). The economics of ecosystems and biodiversity: An interim report. European Communities. Cambridge. 

Triple Lakes. (2017a). Vandringsvägar i Billstaån [Migration routes in Billstaån]. Available at: 
http://triplelakes.se/index.php/arbetet-i-projektet/vandringsvagar-i-billstaan 

Triple Lakes. (2017b). Uppvandrande harr i Billstaån [Upstream migrating grayling in Billstaån]. Available at: 
http://www.triplelakes.se/index.php/resultat 

Tellström, S. (2015). Priority ecosystem services connected to the restoration of river Billstaån: Findings from 
Corporate Ecosystem Service Review. Mid Sweden University, Östersund. 

Tellström, S. (2016). TESSA valuation of effects on ecosystem services from the ecological restoration of river 
Billstaån. Mid Sweden University: Östersund. 

Tellström, S., Fröling, M., Grönlund, E., Van den Brink, P. (2016). Ecosystem Service Assessment of Measures to 

Mitigate Small-scale Hydropower Ecological Impact. Proceedings of 22nd International Sustainable Development 

Research Society Conference, Universidade Nova de Lisboa, Lisbon, Portugal, July 2016. 

UN: United Nations. (2017). Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all. 
Available at: http://www.un.org/sustainabledevelopment/energy/ 

Vattenkraft. (2017). Anläggningar i Billstaån [Plants in Billstaån]. Available at: http://vattenkraft.info/?alvid=172 

VISS: Vatteninformationssystem Sverige [Water Information System Sweden]. (2016). Billstaån - SE695108-144630. 

UNEP-WCMC: United Nations Environmental Programme World Conservation Monitoring Centre. (2011). 
Developing ecosystem service indicators: Experiences and lessons learned from sub-global assessments and another 
initiatives. Secretariat of the Convention on Biodiversity, Montréal, Canada. Technical Series No. 58. 

UNESCO. (2012). Operational Guidelines for the Implementation of the World Heritage Convention. UNESCO World 
Heritage Centre. Paris. Page 14 Available at: http://whc.unesco.org/archive/opguide12-en.pdf 

 

 

  

http://www.xerces.org/wp-content/uploads/2009/01/mussel_article.pdf
http://www.svenskenergi.se/Elfakta/Elproduktion/Vattenkraft1/Vattenkraftsproduktion/
http://ext-webbgis.lansstyrelsen.se/sverigeslanskarta/
http://ext-webbgis.lansstyrelsen.se/sverigeslanskarta/
http://www.fmis.raa.se/cocoon/fornsok/search.html?utm_source=fornsok&utm_medium=block&utm_campaign=ux-test
http://www.fmis.raa.se/cocoon/fornsok/search.html?utm_source=fornsok&utm_medium=block&utm_campaign=ux-test
http://triplelakes.se/index.php/arbetet-i-projektet/vandringsvagar-i-billstaan
http://www.triplelakes.se/index.php/resultat
http://miun.diva-portal.org/smash/record.jsf?dswid=-9354&pid=diva2%3A865985&c=1&searchType=SIMPLE&language=sv&query=tellstr%C3%B6m+susanne&af=%5B%5D&aq=%5B%5B%5D%5D&aq2=%5B%5B%5D%5D&aqe=%5B%5D&noOfRows=50&sortOrder=author_sort_asc&onlyFullText=false&sf=all
http://miun.diva-portal.org/smash/record.jsf?dswid=-9354&pid=diva2%3A865985&c=1&searchType=SIMPLE&language=sv&query=tellstr%C3%B6m+susanne&af=%5B%5D&aq=%5B%5B%5D%5D&aq2=%5B%5B%5D%5D&aqe=%5B%5D&noOfRows=50&sortOrder=author_sort_asc&onlyFullText=false&sf=all
http://www.un.org/sustainabledevelopment/energy/
http://vattenkraft.info/?alvid=172
http://whc.unesco.org/archive/opguide12-en.pdf


 

40 

Appendix I: Suggestions for further assessment efforts 
To conduct additional quantitative assessment of Billstaån several frameworks for ecosystem service 

assessment have been considered. Some of them are regularly mentioned in ecosystem service research, 

while others seem more untested based on the numbers of related publications. To suit the setting of this 

research program the chosen framework had to have some level of public availability, relatively low time 

requirements, and generate ecosystem service values that can be translated into complementary 

monetary valuation. A brief overview of the testing procedures, suggesting possible methodological 

choices for an additional assessment, is presented in Table X. Based on this, suggestions on frameworks 

are the Ecosystem Valuation Toolkit, InVEST, or Nature Value Explorer. 

Table X. Description of the selection procedure for possible additional assessment of ecosystem services 

connected to the ecological restoration process in river Billstaån. 

Assessment 
framework 

Comments Usability for Billstaån 

Multiscale Integrated 
Model of Ecosystem 
Services (MIMES) 

Couples systems behaviour. Considers 
spheres, forms of capital, production 
functions, demand profiles and scenarios. 
Requires access to SIMILE software. Not 
readily available. 

None. 

TEEB database/ 
Ecosystem valuation 
toolkit 

Excel document. Collection of monetary 
values from over 300 studies. 
Value/hectare based on biome, divided 
into ecosystem services. Ready to use. 

High. Test-runs have been made, 
successfully acquiring data. Used for the 
valuation of hydropower as ecosystem 
service (see the results section). 

Integrated Valuation of 
Ecosystem Services and 
Tradeoffs (InVEST) 

Presents biophysical values. Includes 
hydropower. ArcGis compatibility.  

Possible. High time requirements. 

Artificial Intelligence for 
Ecosystem Services 
(ARIES) 

Covers eight services. Software or web-
explorer. No Swedish cases. No actual 
assessment tools. No public prototype 
available. 

None. 

Co$ting Nature Web-based tool. Failed test-run. Low. More test-runs can be made. 

Waterworld Water resources assessment, water 
security analysis and hydrological 
ecosystem services accounting. Web-based 
tool. 

Low. No test-run have been made, but 
seems to be based on the same material as 
Co$ting Nature. 

Agricultural 
Policy/Environmental 
eXtender Model (APEX) 

Watershed simulation model. Only US. Low. Failed test-run, as no data was 
achieved.  

Simple and Effective 
Resource for Valuing 
Ecosystem Services 
(SERVES) 

Calculates economic value of natural 
capital. Internal tool for Earth Economics. 

None. 

Researcher’s Library Only available to staff, partners and clients 
of Earth Economics. 

None. 

Nature Value Explorer Web-based tool. Interesting approach for 
assessment. 

Possible, but test-run is required. 
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Appendix II: Restoration impact in connection to the Swedish Environmental Objectives 

Environmental objectives Impact 
level 

Impact 
type 

Comment Examples of connected ES   
(ESR nomenclature) 

Reduced Climate Impact Indirect + Maintaining hydro-electrical production Global climate regulation , Local  climate 
regulation, Biomass fuel 

Clean Air Indirect + Water surfaces are beneficial for air quality, local effects  Maintenance of air quality 

A Non-Toxic Environment Indirect + Freshwater pearl mussels can store heavy metals Water purification and waste treatment, 
Maintenance of air quality, Maintenance 
of soil quality 

Zero Eutrophication Indirect + Reduction of nutrient transport is part of Triple Lakes, 
but less relevant for the measures in Billstaån 

Water purification and waste treatment, 
Maintenance of air quality, Maintenance 
of soil quality 

Flourishing Lakes and Streams Direct + Restoring water course, biodiversity benefits, freshwater 
pearl mussels are indicator species 

Freshwater, Capture fisheries, 
Aquaculture, Wild foods, Ornamental 
resources, Genetic resources, Water 
purification and waste treatment, Natural 
hazard mitigation, Recreation and 
ecotourism, Ethical and spiritual values, 
Educational and inspirational values, 
Habitat 

Good-Quality Groundwater Indirect - Possible impact, mainly from the changing the water 
level in Ävjan 

Freshwater, Erosion control, Water 
purification and waste treatment, 
Maintenance of soil quality, Sand 

A Varied Agricultural Landscape Indirect + Maintaining the river means more open landscape in the 
area 

Crops, Livestock, Ornamental resources, 
Genetic resources, Pollination, Recreation 
and ecotourism, Ethical and spiritual 
values, Educational and inspirational 
values, Habitat 

A Good Built Environment Indirect + Maintaining cultural environment and green spaces Recreation and ecotourism, Ethical and 
spiritual values, Educational and 
inspirational values, Habitat 

A Rich Diversity of Plant and Animal 
Life 

Direct + Reintroduction and indicator role of freshwater pearl 
mussels  

Genetic resources, Pollination, Pest 
mitigation, Recreation and ecotourism, 
Ethical and spiritual values, Educational 
and inspirational values, Habitat 
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Appendix III: Considered illustration options 

Illustration type Positive aspects Negative aspects Required tools 
Maps and GIS Directly connected to the 

assessed site 
Transparent 
Good for pointing out where 
ecosystem services are 
generated 

Can mistakenly be interpreted 
as reality also when illustrating 
future scenarios, etc. 
Risk that areas pointed out as 
connected to ecosystem 
services are disconnected from 
further interests and 
development 

Can be created in GIS 
software, accessible 
from the university 
Some maps are 
available from studies 
of Billstaån 

Causal Loop Diagram Can illustrate a system with its 
negative and positive 
connections  
Gives an overview picture of 
the system and relation 
between ecosystem and 
ecosystem services 
Can be made in various levels 
in terms of details 

Can look advanced and hard to 
interpret 
Hard to determine what level 
would be sufficient to increase 
understanding from the 
knowledge we have 
Needs some verification, so 
that the diagram/s have 
sufficient quality 

Can be created in 
Consideo 
 

Mind maps Commonly known illustration 
tool in many contexts 

Can be too simplified 
Hard to verify if/when the 
mind-map is complete 
Usually made for starting up 
projects, etc. rather than 
presenting them 

Can be made on paper 
or digitally, in e.g. Word 
Some mind maps are 
available from studies 
of Billstaån. 

Tables Fast way to compile large 
amounts of data 
Makes it easy to compare 
data, results, etc. 

Can be seen as formal or stiff 
outside report context 
Large tables can be hard to 
read 

Can be made in e.g. 
Word and Excel 
Some tables presenting 
results from ecosystem 
service assessment are 
available from studies 
of Billstaån 

Text Can be perceived as easy to 
understand if formulated well  

Requires lots of reading (and 
time) if the material is 
extensive 

Much text is available 
from studies of 
Billstaån 

Photos Perceived as nice in 
presentation settings 
Good for illustrating aesthetic 
values and experiences 

Can be easier to use to 
emphasise results rather than 
at their own 

Camera 
Some photos are 
available from field- 
studies of Billstaån 

Video Can show much of an the 
environment in a short 
amount of time 

Recording time and editing can 
be time-consuming 

Video-camera and 
software for editing 

Painted pictures Can simplify and make 
advanced reasoning easier to 
understand 

Must be painted well in terms 
of design to not look childish, 
sloppy, etc. 

Pen and paper or 
software 

Informative posters Can gather various types of 
information in a concise 
format 

Can be time-consuming 
Requires a proper place to be 
hung to actually benefit spread 
of information 
Printing costs 

Software and printing 

Web page or blog High public availability 
Possibilities to update 
information 

Requires internet access 
May only attract one segment 
of readers 

Can be created from 
e.g. Wordpess or 
Blogger 
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Appendix IV: CLD explanation of nodes and links 

 

On the next page the main nodes and edges in the CLD are further explained to increase understanding of the system illustrated. 
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Hydropower production: the electric energy produced from hydropower plants in river Billstaån 

Indicator: KWh/year (or similar) 

the hydropower production causes several ecological issues in river Billstaån, as in many other 

Swedish rivers, and as a result ecological issues has created a restoration demand in affected 

rivers 

the extent of the ecological issues caused by hydropower production has led to policies and 

directives to decrease ecological impact from hydropower production, meaning hydropower 

plants can be shut down in the future if not fulfilling such demands which can decrease 

hydropower production as a result 

Brown trout population: the number of brown trout living in river Billstaån 

Indicator: nr of fish  

the brown trout population is presently limited by ecological issues in the river 

the brown trout populations is enhanced by restoration 

the brown trout populations is a visitor interest 

Visitor interests: the interests of visitors to river Billstaån, what makes the river attractive to visit 

Indicator: documented reasons to visit 

the brown trout population is one visitor interest 

interest in the ecological restoration can be a visitor interest in the future 

visitor interests are currently limited by the ecological issues in the river 

increased visitor interests can increase ecological issues in the area, e.g. littering and increased 

terrain damage 

visitor interests indirectly steer what recreation opportunities can be interesting in the area 

creating more or new visitor interests, and marketing of such, can generate higher visit numbers 

Employments: the possibility to maintain present employments and generate new jobs related to 

recreation and tourism in the local area of river Billstaån 

Indicator: nr of jobs created/maintained 

recreation opportunities creates possible employments in new or existing business related to 

recreation and tourism 

services and business generating employments can affect visitor interests through available range 

of activities in the local area 

visit numbers affects service and business demand, and in extension opportunities for 

employments 


