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Abstract 

This Paper will focus on identifying, and look at potential ways of quantifying and valuing 

ecosystem services surrounding the cultivation of macroalgae. More specifically, the kelp 

species Saccharina latissima in the sea of Skagerrak at the Seafarm project. This paper is based 

on a literature review and case studies. Many ecosystem services have been identified and they 

were divided into the same four categories as in the Millennium Ecosystem Assessment report: 

provisioning, regulating, supporting and cultural services. To maintain a reasonable scope of 

this paper the most important ecosystem services were chosen. These ecosystem services were: 

All the provisioning services, climate and atmospheric regulation, regulation and mitigation of 

eutrophication and recreation and tourism. All the provisioning services, except reproduction 

of fish, are related to the amount of harvested kelp. The biomass can be quantified as dry weight 

(DW) with a relationship between DW and wet weight (WW). The method of quantifying 

climate and atmospheric regulation is in direct relation to the DW of the biomass. The study 

shows that the carbon sequestration on a cultivation site can be neglected and carbon stored in 

kelp used as food, fodder and fertilizer is released back into the atmosphere. Biomass used as 

biofuel prevents fossil fuel usage and should therefore be quantified. Provisioning ecosystem 

services are best valuated with the onsite valuation method. The carbon fixation value in climate 

and atmospheric regulation can be estimated with carbon credits and the oxygen production 

value can be estimated either with the assumption that it equals the carbon fixation value or 

with the replacement cost method. The value of mitigation of eutrophication can be estimated 

with CV and the value of recreation and tourism can also be estimated with CV but also with 

travel cost. 



Sammanfattning 

Den här rapporten kommer att fokusera på att identifiera, och titta på potentiella sätt att 

kvantifiera och värdera ekosystemtjänster kring odling av makroalger. Närmare bestämt 

kelparten Saccharina latissima i Skagerrak på Seafarm projektet. Många ekosystemtjänster har 

identifierats och de delades in i fyra kategorier: Försörjande, reglerande, stödjande och 

kulturella tjänster. För att upprätthålla en rimlig omfattning på projektet valdes de viktigast 

ekosystemtjänster ut. Dessa ekosystemtjänster var: Alla försörjande tjänster, klimat och 

atmosfärs reglering, reglering och begränsning av övergödning och rekreation och turism. 

Samtliga försörjande tjänster utom reproduktion av fisk, är relaterade till mängden skördade 

kelp. Biomassan kan kvantifieras som torrvikt (DW) med ett förhållande mellan DW och våt 

vikt (WW). Metoden för att kvantifiera klimat och atmosfär reglering är i direkt förhållande till 

DW av biomassan. Studien visar att kolbindning på en odlingsplats kan försummas och kol som 

lagras i kelp och används som livsmedel, foder och gödningsmedel släpps tillbaka ut i 

atmosfären. Biomassa används som biobränsle förhindrar dock fossil bränsleförbrukningen och 

bör därför kvantifieras. Försörjande ekosystemtjänster värderas bäst med direkta metoder som 

“on site valuation”. Kolet lagringens värde i klimat och atmosfär reglering kan uppskattas med 

utsläppsrätter och syre produktionsvärdet kan uppskattas antingen med antagandet att det är 

lika mycket värt som koldioxidlagringen eller med ersättningskostnadsmetoden. Värdet av 

begränsning av övergödning kan uppskattas med CV och värdet för rekreation och turism kan 

också uppskattas med CV, men också med resekostnadsmetoden. 
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1 Introduction 

According to the latest research from Stockholm Resilience Center we have already 

overstepped four of the nine planetary boundaries. One of those are land system change 

(Steffen, Richradsson 2015). In order to sustain the expected nine billion people on earth by 

2050 (Coghlan 2014) we need new ways to produce for example food and energy. As the earth's 

surface is 70 % water and only 30% land, cultivation of algae in the sea could be a big 

compliment to land based production.  

Ecosystem services, as the name suggests, are the benefits we humans receive from a 

functioning ecosystem. It can range from something as obvious as plants that grow and provides 

us with food, to more cultural experiences such as a scenic nature.  

Mankind has, historically, been bad at appreciating these services for the values they really 

provide to us. That is until the service disappears and we have to live without them or replace 

them ourselves. Even when recognized, the services are often taken for granted and little is 

done to protect them (Garpe 2008).  

Macroalgae cultivation comes with many advantages over traditional land based biomass 

production. There is no need for fertilizers and irrigation, it doesn't take up valuable arable land. 

On top of that, macroalgae are fast growing and reduces coastal eutrophication. The remains 

can be digested into biogas or fermented into bioethanol. Macroalgae cultivation can therefore 

help reduce our carbon footprint and our dependence on fossil fuels(Seafarm 2014).  

The geographical area is chosen to coincide with the ongoing research project Seafarm which 

is a project in cooperation between several universities in Sweden. The algae which is cultivated 

at Seafarm is called sugar kelp, Saccharina latissima. It contain vitamins, amino acids and 

minerals (Manns et al. 2014). It also contain up to three times as much sugar as sugar beet. 

Apart from the possibility to eat algae directly or after cooking there are several products that 

can be extracted from sugar kelp. For example spices and cooking oil, that could replace palm 

oil in food production (Gröndal 2014). 

In big parts of Asia large scale seaweed cultivation has already been established for a long 

period of time in the food industry. It is the Omega-3 fatty acids and proteins that can be used 

as food for people and animals. In western countries this hasn't been on the agenda and has 

much to do with cultural differences. In that regard we have much to learn from them (Seafarm 

2014). 

1.2 Purpose 

This paper will form the basis and support further research when it comes to studying marine 

ecosystem services derived from cultivation of macroalgae, or more specifically the kelp 

species Saccharina latissima (S. Latissima).  

Apart from the values provided by the production of different products there are other values 

which are harder to include in economical calculations. If an ecosystem service doesn't have a 

defined monetary value it is likely to be left out of the decision making process (Ahtiainen & 
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Öhman 2013). It is therefore important to find methods to quantify and value them so that they 

can be included in economic prospects. Otherwise society might lose considerable values if 

natural resources are exploited unsustainably without knowing their true value 

(Ecosystemvaluation 2015). 

1.3 Goal 

The researchers at Seafarm have not yet begun to study the potential ecosystem services 

surrounding the project. This report serves as a basis for further research about marine 

ecosystem services in the area of Skagerrak. The aim of this report is to identify as many 

ecosystem services surrounding the project as possible and then suggest quantification- and 

valuation methods for the identified services. 

1.4 Objectives  

1. Identify as many potential ecosystem services in the case area as possible through 

previous research, (case studies, and other literature). 

2. Identify and describe methods for quantifying and valuing marine ecosystem services 

in the case study area. 

2.1 Suggest the best suited methods within the frame of this project. 
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2 Methods 

This study is based on a literature review with the combination of case studies and to perform 

different case studies on some of the identified ecosystem services of special interest. The focus 

in an early stage was to identify all the potential ecosystem services by studying previous 

research. The next step was to identify different methods for quantification and valuation of 

ecosystem services and try to find those that are best suited within this project. This was done 

with several small case studies on the different ecosystem services. 

As this specific subject of research is fairly new and not that much research has been published, 

especially not from the Seafarm project, there might be some information gaps in the literature.  

The databases used for searching information have been KTHB Primo, Google Scholar and 

web of science. Regular Google searches have also been done.  

2.1 Limitations 

Accurately quantifying and valuing ecosystem services requires a lot more work than is fit for 

a bachelor’s essay. There is simply too short of a time frame for doing for example a 

“willingness to pay”-study. The time frame limits us to study previous literature and there lay 

the foundation for future research. 

Geographically the study is set in Skagerrak which means that all the identified services and 

methods to quantify and value them should be relevant to the area.    
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3. Literature 

3.1 What are ecosystem services  

Ecosystem services can be described as ecosystem functions and processes which humans can 

benefit from, either directly or indirectly (Ahtiainen & Öhman 2013). The concept of ecosystem 

services is one way of understanding and creating awareness of the effect mankind's activities 

have on nature. It brings a whole new perspective of nature's value to human livelihoods 

(Svolsbru 2014). There is no absolute definition for ecosystem services thus the meaning of it 

differs depending on who you are talking to. Perhaps the most ambitious effort in classification 

of ecosystem services so far was done in the Millennium Ecosystem Assessment Report which 

was published 2005. 

The Millennium Ecosystem Assessment has divided the ecosystem services in four different 

categories: 

 

 Provisioning: Products taken from ecosystems e.g. food for consumption, raw 

materials, energy resources, genetic resources, medical resources and ornamental 

resources. 

 Regulating: E.g. climate and atmospheric regulation, flood regulation, disease 

regulation, water and air purification, regulation and mitigation of eutrophication and 

regulation of pollutants.  

 Supporting: Ecosystem services that are necessary to maintain all the other services 

e.g. nutrient recycling, primary production, food web dynamics, diversity, habitat, 

resilience, water purification. 

 Cultural: E.g. recreation, scenery, science and education, cultural heritage, aesthetic 

experiences and inspiration (Ahtiainen & Öhman 2013).  

3.1.1 Provisioning 
Provisioning ecosystem services are those services that offers a specific material or energy 

output to us humans. The most commonly thought of provisioning ecosystem service from the 

sea is food production from fish, shellfish and algae. This particular ecosystem service has 

abated over the last few decades because of unsustainable fishing which has led to declined 

catches today. (MEA 2005). In the Baltic Sea there are also such high concentrations of dioxins 

and PCBs in the fish that it is no longer considered safe to eat (Swedish EPA 2009).  

There are many other ecosystem services that could be offered to humans by the seas. 

Chemicals can be produced from microorganisms to make medicines and cosmetics, energy can 

be generated from waves and wind-parks, the seas provide waterways for transport, building 

materials from sand and rocks, industrial water, drinking water, seashells and driftwood for 

decorative purposes and amber for jewelry (Swedish EPA 2009). 

3.1.2 Regulating  
Regulating services do not receive much attention as humans tend to take them for granted, but 

nevertheless they are essential to mankind's existence for example gas- or atmospheric 



5 

 

regulation (climate and air quality). The oceans provides us with more oxygen (O2) than any 

other ecosystems on earth and at the same time they are the largest natural carbon dioxide sink 

on earth. Without these regulatory services earth would be to hot and lack of oxygen to sustain 

life as we know it (Garpe 2008). Other important regulators are: Flood regulation, disease 

regulation, water purification (MEA 2005). Sediment retention is another important regulator 

which reduces the risk of erosion. Biological regulation refers to how different organisms 

impact each other and create balance between spices. Regulation of pollutants handles 

hazardous substances by degrading or storing them in sediments and thereby temporarily 

remove them toxins from ecosystem flows. Regulation and mitigation of eutrophication related 

to nitrogen and phosphorus is primarily done by mussels but also by other organisms (Swedish 

EPA 2009). 

3.1.3 Supporting 
A supporting service, or an intermediate service, is not a service of direct use to humans. They 

instead support the services beneath the direct services of use to us (Ahtiainen & Öhman 2013).  

All the different nutrient cycles, such as nitrogen, phosphorus, carbon and water, can be viewed 

as supporting services (MEA 2005). The photosynthesis that produces all the algae and plants 

is also a supporting service. They are the foundation on which other direct ecosystem services 

are dependent for their functionality. The supporting ecosystem services offers habitats for 

many different species which creates biodiversity and resilience. Resilience in an ecosystem is 

important in the occasion of a sudden change in which the system would have to adapt to new 

conditions. A bigger diversity gives a lower risk for the whole ecosystem to collapse as different 

species have different capacities to adapt to certain conditions (Swedish EPA 2009). 

3.1.4 Cultural 
Ecosystem services that has to do with human history and culture, information and education 

is categorize as cultural services. The most important and relatable service among these is 

recreation. Examples of recreation include clean and beautiful beaches, swimming, bird 

watching etc. which all can lead to tourism or recreational activities. Aesthetic values are in 

some ways connected to recreation where the emphasis is on scenery, silence and serenity. 

Science and education focus on what we can learn from the environment e.g. scientific data and 

cultural heritage is about prehistoric finds, historic communities and living. Other more abstract 

services are associated with cultural identity like preservation of nature for future generations 

or sources for inspiration for different art forms e.g. literature and music (Swedish EPA 2009).    

3.2 Kelp  

Kelp are large seaweeds also known as brown macroalgae (Phaeophyceae), which belongs in 

the order Laminariales. Laminariales consists of approximately 30 different genera spread 

across the world (Lane et al. 2006). Kelps are most often found on rocky reefs and look like 

large flat leaf like fronds. The dominating kelp genera depends on how temperated the 

bioregions are. In general kelp needs nutrient-rich water and the water temperature should be 

between 6-14 °C (Smale et al. 2013).  
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Sugar kelp grow on hard surfaces like rocks and seashells at depths of 1-30 meters below the 

surface. One common denominator for sugar kelp growth is protected areas with low wave 

levels. The large leaf like structure is called the blade which can become one to three meters 

long. It is a short-lived perennial and normally lives three to five years (Svolsbru 2014). 

For the area of Skagerrak the most common species has normally been sugar kelp but during 

the first decade of the 21st century the loss of sugar kelp has been estimated to 80 %, but there 

are no indicates of continued decline (Svolsbru 2014). 

3.3 Seafarm 

Seafarm’s primary goal is to participate in the transformation of Sweden into a bio based 

society. This will be done with macroalgae cultivation where macroalgae can be used as a 

renewable resource. Macroalgae can be used as raw material in bio refineries to produce food, 

bioenergy, animal fodder, biobase material and much more (Seafarm 2014).  

Seafarm and the cultivation of algae has just begun but for the project to continue to grow and 

become a commercial business it must be economically viable. Seafarms ambitions is therefore 

to create a closed loop where no material is wasted. That is why Seafarm uses a biorefinery to 

extract and produce the products mentioned above. Furthermore, it is important to find 

fractionation methods that extracts the different substances in the right order that doesn't 

damage these substances. This holistic approach with the aim to exploit the full potential of the 

algae and utilize as much as possible in the cycle is unique for Seafarm (Seafarm 2014). 

The work at Seafarm is divided into five focus areas:  

 

 Trial cultivation of macroalgae and investigating the ecological and environmental 

effects of cultivation. 

 Handling the biomass after harvest and preparing it for bio refining. 

 Extraction of useful substances such as fats and proteins within a bio refinery. The 

biomass is then to be fermented and turned into bio ethanol 

 The possibilities for the leftover biomass to be turned into biogas is also investigated. 

 The whole production chain is then to be evaluated from a sustainability point of view. 

This includes both economic, social and environmental aspects.  

 

The algae at Seafarm are grown on ropes that are lowered into the ocean and held in place at  

around 2 meters depth by buoys and anchors (see Figure 1). The algae are pre cultivated on 

ropes in water tanks for a couple of weeks before they are put out on longlines into the ocean. 
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FIGURE 1 - THE LONGLINE CONSTRUCTION AT SEAFARM. SOURCE: GÖRAN NYLUND, 

PERSONAL COMMUNICATION (2013) 

3.4 Identified ecosystem services from sugar kelp cultivation 

In this section the ecosystem services around sugar kelp cultivation have been identified and 

categorized in the four different categories of the Millennium Assessment Report.  

 
FIGURE 2 - IDENTIFIED ECOSYSTEM SERVICES 

3.4.1 Provisioning ecosystem services 
Sugar kelp can be one of the most productive marine ecosystems in the world during the right 

conditions (Steneck et al. 2002). There are several potential products that could be extracted 

since sugar kelp contains lots of different proteins and carbohydrates.  
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3.4.1.1 Algae for biofuel 

One of the main objectives at Seafarm is to construct a bio refinery process with biofuels as one 

end product. The use of fossil fuels, in for example transportation, is a great burden for society 

to become more sustainable, due to greenhouse gas emissions. In later years there has been an 

increasing interest in biofuels as an alternative to fossil fuels and the production of biofuels has 

increased.  

Within the European Union big effort is put into the design of a sustainable biofuel energy 

system (European Parliament & Council of the European Union 2009). Most of the available 

biofuels today are produced from edible oils. This has raised the concern that an increase in 

biofuel production could create disturbances in the global food supply chains. The interest in 

producing biofuels from algae has therefore also increased. One of the main benefits compared 

to other land based plants, from a sustainability point of view, is that algae does not require any 

fertile land for its cultivation and therefore does not compete with the food industry or other 

forms of land use (Borghini et al. 2013). 

Kelp biomass dry weight is consisting of 50-60 % carbohydrates. Work have been done to find 

microbial processes that converts these sugar into useful metabolites with an efficiency of over 

80 %. Today’s status of the research on producing biofuels from algae focuses on creating better 

technology that could improve cost efficiency and productivity (Scaife et al. 2015).  

3.4.1.2 Algae as food 

In Asia algae is a common food source. Farming of the algae specie Porphyra in Japan is a 

billion dollar industry (Swedish EPA 2009). Brown algae, such as S. latissima, is also cultivated 

to be used as a food source. In Japan it is an important part of cooking and is served under the 

name Karafuto kombu (Davidson 2014). A geographically close study from Denmark published 

in December 2014 showed that there is potential of cultivating sugar kelp for food purposes in 

Kattegat, although in that case the harvest needs to be done in May. After that, as water 

temperature rises during the summer, the sugar kelp gets covered with epiphytes, which are not 

desirable for human consumption (Marinho et al. 2015).  

3.4.1.3 Fodder for animals  

Different types of seaweeds have been used as fodder for animals for centuries although in 

smaller quantities. Domestic animals rarely have the opportunity to grace naturally on 

macroalgae but on Iceland the sheep and horses consort to eating washed up algae at the beaches 

when grass is scarce. Horses are reported to prefer sugar kelp prior to other types of algae 

(Evans & Critchley 2013).  

The nutrient content in kelp is low compared to other more traditional types of fodder, such as 

oats. Studies in the 1970s and 1980s were made to investigate the use of seaweed in animal 

rations. They concluded that no more than 10 percent of the rations should come from algae or 

otherwise they saw a decrease in growth of the animals. This led to the erroneous conclusion 

that seaweed were not of any great value for animal feeds. Although the nutrient content of kelp 

is low compared to other fodder they have another positive effect. More recent studies in the 

early 2000s showed that a smaller intake of kelp meal (<2% of dry matter intake) can have a 

significant prebiotic effect. This resulted in a higher stress tolerance, increased immune system 

capability and increased productivity. These effects are similar to those when including the use 
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of antibiotics in animal fodder for production purposes, but without the risk of developing 

antibiotic resistance (Evans & Critchley 2013).  

Another study done on rainbow trouts, where the fish got fed 3% or 6% macroalgal meal in 

their diet, showed a significant increase in polyunsaturated fatty acids in the muscle of the fish. 

That suggests that an inclusion of macroalgal meal in the diet of farmed fish could be of use 

also to humans that later eat the fish (Dantagnan et al. 2009). A study have also shown that the 

cultivation of kelp around fish farms could decrease the nutrient leakage from the farms into 

the oceans (Sanderson 2006).  

3.4.1.4 Algae as fertilizer 

Macroalgae, or residues of macroalgae after other processes such production of biofuel, have 

potential to be used as fertilizer in agriculture from a nutritional point of view. That is because 

the algae contain sufficient amounts of nitrogen, phosphorus and potassium. There are some 

considerations to be made before using algae as fertilizers. Macroalgae easily accumulates 

heavy metals, such as cadmium, which makes them unfit for use in agricultural purposes for 

food production (Davidsson 2007). There are different methods for lowering the amount of 

cadmium in the biomass. Either through adsorption onto a surface of another material in a 

liquid, by chemical precipitation or by ion exchange. Those different methods all have their 

pros and cons regarding costs or the amount of residues produced. An experiment carried out 

by the company Detox showed a 71-75 % degree of purification with a combination of these 

methods. Although further research and optimization of the process could hopefully increase 

the degree of purification (Davidsson & Turesson 2008). Trials have been done that uses 

composted macroalgae as fertilizer and the results showed that algae has potential to stimulate 

growth in plants (Han et al. 2014).  

3.4.1.5 Pharmacognosy and marine algae 

There are a vast variety of food supplement products containing algae available on the market.  

Since macroalgae often grow in harsh environments they have had to develop different 

chemical defense mechanisms to endure. For example they have to be able to handle tide, solar 

radiation, and variations in salinity and grazing stress from herbivores. The chemical defense 

mechanisms for those threats result in a high content of bioactive compounds such as different 

types of antioxidants. One of the causes of cancer and hypertension is oxidative stress. The 

interest in finding functional foods that reduce oxidative stress is therefore great. Antioxidants 

is considered to have positive effects in treating such diseases and that makes macroalgae 

interesting from a nutritional point of view (Tierney et al. 2010). 

Studies on macroalgae show that S. latissima is rich in taurine, PUFA (omega-3 fatty acids), 

and polysaccharides. Taurine have been reported to reduce the risk of coronary heart disease 

and atherosclerosis. PUFAs, or polyunsaturated fatty acids, from seaweed has drawn a lot of 

attention due to the fact that they provide better compounds for food applications than fatty 

acids from fish. This is due to the anti-oxidation properties of seaweed-type PUFAs. 

Polysaccharides are considered the most economically important ingredient in found in algae. 

They act as dietary fibers and provide several important soluble fractions in the lower digestive 

tract (Mendis & Kim 2011)  
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3.4.1.6 Reproduction of fish  

The reproduction of fish is helped by stable habitat and spawning ground (Paddack & Estes 

2000).Several studies have shown that kelp forests provide important shelter and habitat for 

many species of fish. Cod, Saithe, Pollock and other species use kelp forests as nurseries (Seitz 

et al. 2014).  

Many of the cod species are found in kelp forests when they are young and in need of protection. 

A Norwegian study on the effects of kelp harvest showed that more than 90 % of small gadid 

fish (<15 cm) disappear from areas where kelp has been removed. There are different theories 

on where the small cod go but it is clear that they become an easy target for predators (Lorentsen 

et al. 2010).  

The opportunities for shelter and food that kelp forests provide to marine organisms are also 

important to fisheries that live from the catch of some of these species (Almanza et al. 2012).  

A study on the importance of kelp forests in northern Chile stated that 15 % of the total 

economic value of the studied services came from associated fisheries (Vásquez et al. 2013).  

3.4.1.7 Other products 

The high content of different minerals and vitamins in S. latissima have resulted in use of 

extracts from sugar kelp in different cosmetics products such as anti-aging creams or shampoos. 

Different compounds from the kelp is also suited for use as thickening agents and are used in 

ice cream and toothpaste (Seaweed Industry Association 2014).  

3.4.2 Regulating ecosystem services 
Regulating ecosystem services are, simply put, the benefit from an ecosystem´s regulating 

abilities (Garpe 2008) of different ecological processes (Ahtiainen & Öhman 2013). 

3.4.2.1 Climate and atmospheric regulation 

The process of photosynthesis is part of every plant on earth including kelp. Photosynthesis 

requires water and carbon dioxide and therefor, kelp can function as a carbon sink by removing 

CO2 from the atmosphere and storing it for a long period of time (carbon sequestration). It is 

important to understand that all CO2 captured by kelp won't be stored as carbon sinks, in fact 

most of the CO2 is released faster, for instance when kelp wash ashore and decompose 

(Weatherall 2014). It is unclear how much of the kelp is sinking to the bottom and is sequenced 

for a long time, decades or even centuries. Also part of photosynthesis is the release of oxygen 

(O2) through respiration and biomass production (1) which is essential for all life on earth 

(O’Connel 2013). 

𝐶𝑂2 +  𝐻2𝑂 →  𝐵𝑖𝑜𝑚𝑎𝑠𝑠 +  𝑂2  (1) 

 

Kelp can absorb similar amounts of carbon dioxide as tropical rainforests which shows in the 

huge primary production (BBC 2014). Even though kelp has a strong primary production, it 

can't hold on to the carbon as well as terrestrial trees because it has less mass. In view of global 

warming, carbon sequestration will become increasingly important in the future and therefore 

it is critical that carbon dioxide sinks, like kelp forests, are protected and preserved (Weatherall 

2014).  
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Climate and atmospheric changes also affect kelp growth. Kelp are especially sensitive to 

climate change because they thrive in cold waters (6-14 °C) and have a narrow dispersal 

capability (Merzouk & Johnson 2011). However, increasing CO2 levels does not influence kelp 

production (Connell & Russell 2010). Large storms can also destroy and completely wipe out 

a hole kelp forest which probably will be more common in the future when the average global 

temperature rises (Halpern & Cottenie 2007).   

Biodiversity has a big influence on how effective carbon is moved from the ocean surface to 

the bottom of the sea for long term storage. Because of kelps provision of high biodiversity it 

is assumed that the biological pump that moves the carbon in kelp systems will be very effective 

(Díaz et al. 2005).     

3.4.2.2 Coastal protection 

All aquatic vegetation are by some extent reducing wave and current energy that passes through 

them, favoring sediment retention and coastal protection (Dubi & Torum 1994). Kelp also 

absorbs wave and current energy and can thereby protect coastlines from damaging waves and 

storm surge (NOAA 2013). The leaf structure of the aquatic vegetation reduces wave energy 

and the root systems works as sediment stabilizer, mitigating erosion, storms and floods (Garpe 

2008). However, S. latissima prefer more wave protected areas and can therefore disappear if 

they are exposed by to strong wave activities (Roleda & Dethleff 2011). 

Wrack is organic material produced by marine ecosystems, commonly made of sea grass and 

macroalgae e.g. kelp that has been transported and washed ashore on coastlines. Wrack form 

piles that can store sand and eventually created dunes and they are great at protecting coasts 

from strong wave activities and flooding (California Sea Grant (NOAA) 2011). 

S. latissima is often found where sedimentation is high and with low wave exposure (Smale et 

al. 2013). Arguments can therefore be made that S. latissima doesn't protect coastlines much 

because of where it is usually found.  

3.4.2.3 Sediment retention and erosion control 

Sediment retention is strongly associated with winds, waves, currents and sediments interaction 

along coastlines and is very important from a social perspective. Ecosystems vegetation such 

as kelp forest is the counterpart and stabilizer to these dynamics and the appearance of beaches 

and sea floors are dependent on how they interact together. In more detail, those interaction 

affect how much material is transported into and extracted from the coast. Sand accumulation 

is a result of too much material transported into the coast and erosion is a consequence of too 

much material extracted from the coast (Garpe 2008).  

Sediment retention is especially relevant locally because erosion can have a negative impact on 

human development along costs, for instance construction, port development, maritime 

operators and much more. Furthermore is sediment retention crucial for habitat preservation 

(Garpe 2008). 

Kelp can transport sediment that are attached to them when they dislodge from the sea bottom 

or through erosion (Garden & Smith 2011). The volume of dislodged or eroded kelp depends 

on specie, morphology and age. Studies shows that detritus of S. latissima is mainly caused by 
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erosion and to smaller extent by dislodgment. Both dislodgement and erosion occurs most of 

the time during strong water motions (Smale et al. 2013). However, this will not apply to the 

cultivation of kelp because they grow on ropes and not on the sea bottom.  

The three dimensional structure of kelp forests reduces and changes water motions and breaking 

waves velocity. This buffering ability prevents and decreases damages and erosion caused by 

e.g. flooding and storms. Unfortunately there is not enough knowledge and studies about kelps 

ability to reduce water motions. However, morphology and drag co-efficient are two major 

factors that can influence the wave buffer ability. There is an example in Norway where L. 

hyperborea forests reduced wave heights by 60 %. Coastal defense will be even more important 

in the future because of sea level rise and the increased occurrence of storms expected by global 

warming (Smale et al. 2013).      

3.4.2.4 Regulation and mitigation of eutrophication 

Eutrophication is related to high inputs of nutrients e.g. nitrogen and phosphorus which derives 

from sources related to agricultural fertilizer run-off, untreated wastewater discharges and 

industrial effluents (Baxter, 2011). The best way to regulate and mitigate eutrophication is to 

tackle the problem at its roots, simply by reducing high inputs of nutrients to the sea caused by 

human pollutants. To complement and speed up this process, cultivation and harvesting of 

nutrient-storing organisms, e.g. algae, is valuable to look at and considered as an under-used 

potential for mitigating eutrophication (Garpe 2008).    

Algae absorb nutrients very well which means that cultivation of kelp could help reduce nutrient 

levels in the sea and decrease eutrophication of phytoplankton’s (Garpe 2008). A rich fish and 

mussel population are also great at regulating algae by grazing.  Knowing that kelp forests are 

one of the most diverse ecosystems in the world, it is safe to say that these “secondary” nutrient 

regulations will be included in kelp cultivation (Bennett et al. 2009). 

A study made at Himmerfjärden, Baltic sea, showed that nitrogen is mostly the best predictor 

for phytoplankton abundance and therefore it is also the most dominant regulation of 

eutrophication (Howarth et al. 2000). Another study from Norway's coast stated that large-scale 

disappearance of S. latissima was replaced by ephemeral turfing algae which has led to chronic 

eutrophication. Why this was happening is unclear and further research is needed (Smale et al. 

2013). 

3.4.2.5 Biological regulation 

Biological regulation in kelp forests preserves and regulates the diversity and synergy between 

different trophic levels (Naber et al. 2008). Kelp forests provides habitat for several kinds of 

organisms at different trophic levels. (Steneck et al. 2002). A relevant example of how humanity 

impacts the biological regulation and diversity is how urchin barrens can grow and spread due 

to overfishing of predatory species of fish. The sea urchins are then left with no natural enemies 

and can grow in numbers until they graze down the kelp forest (Naber et al. 2008). When this 

happens the biological diversity provided by kelp forests will drastically decrease. Biological 

regulation is very important from a sustainability perspective because of the dynamic it creates. 

Without the dynamic from biodiversity and the resilience that ecosystems and habitats creates, 

it will be a lot harder to supply society with raw material.  
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3.4.2.6 Regulation of pollutants 

The water quality for kelp cultivation is important because kelp growing in polluted waters has 

the ability to accumulate high levels of heavy metals e.g. strontium, cadmium, lead and most 

toxic arsenic (Agriculture and agri-food Canada 2013). Depending on kelp usage this could 

lead to both positive and negative consequences. This ability can for example be used to clean 

up water bodies were algal derived products are used in bioremediation processes (Inderdeep, 

Kaur & Bhatnagar 2002). If these hazardous substances are stored in sediments they are thereby 

temporarily removed from the ecosystem. (Agriculture and agri-food Canada 2013). On the 

other hand, high levels of heavy metals in algae can become poisonous for higher marine life 

forms (Inderdeep, Kaur & Bhatnagar 2002). 

There are concerns about biogas production from Baltic algae because of the potentially high 

amounts of heavy metals. High levels of heavy metals does not prevent biogas production itself 

but a study showed a loss of 48 % of biological material during fermentation. The use of residue 

as fertilizer becomes problematic in Sweden because of legislations that regulates the amount 

of heavy metals on arable land. To meet the legislation detoxification of residues is necessary 

but these methods are not tested on a large scale and the economic and environmental costs are 

unidentified. There might be a way around this problem if the residues are used as fertilizer for 

crops not used for food production, e.g. the biofuel species willow (Salix) (Bergström 2012).      

If the main reason for algae cultivation is e.g. food and biofuel production then it is important 

that the water quality is good. If kelp producers strategically choose areas with low pollution it 

will entail to no or little risk for toxic substances in kelp (Agriculture and agri-food Canada 

2013). 

Different algae types can react very different to pollutants, some algae are sensitive and 

decrease in growth others are tolerant (pollution tolerant algae) and stimulate growth. A too 

aggressive algae growth can lead to water supply problems but in moderated growth they play 

a key role in reservoirs, purification and wastewater treatment plants through the oxygen 

generation and filtration capabilities. With the right amount of pollution, reducing or oxidizing 

may occur which can boost algal nutrients in the water (Inderdeep, Kaur & Bhatnagar 2002). 

3.4.3 Supporting ecosystem services 
Supporting ecosystem services are necessary to maintain all the other services including 

provisioning, regulating and cultural services through e.g. food web dynamics, primary 

production, habitat and resilience. 

3.4.3.1 Food web dynamics 

The overall lack of knowledge on this matter is unfortunately vast but studies that have been 

made indicates that kelp forests ability to capture and transport carbon works as fuel for the 

marine food webs. The kelp biomass also work as an energy source and it is essential for 

secondary production and distribution of organisms. Worth mentioning is that kelp growth and 

production of detritus will certainly differ among different kelp species, geographical regions, 

seasons etc. (Smale et al. 2013). 
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3.4.3.2 Primary and secondary production 

Kelp ecosystems are one of the world’s biggest sources of primary production (productivity of 

autotrophs e.g. plants) and the productivity of kelp is closely connected to the water nutrient 

concentration (regulated by oceanographic processes and anthropogenic activities), 

temperature, wave exposure, light and various modes of widespread floral replacement, e.g. 

flood, fire, wind etc. Furthermore, kelp is very important for secondary production (production 

of heterotrophs such as animals) in environments of invertebrates and fish (Krumhansl 2012).  

Global warming and overfishing are two factors that decrease the kelp productivity which can 

have negative effects on primary and secondary production and surrounding communities with 

connected transfer of kelp detritus. Most of the detritus are produced from subtidal kelp beds 

through erosion and fragmentation of blades and dislodgement of thalli which can provide 

species with food and habitat. Detritus exchanged between communities have been pointed out 

to have a significant effect on spatial patterns of primary and secondary productivity. Especially 

important is detritus exchanges between adjacent habitats when the local production is unevenly 

distributed. Studies have shown that detrital production and pathways (water movement driven 

by currents, tides, or waves) are the main reason for kelp production. Unfortunately those 

measurements have been done on a limited amount of kelp populations. With that said, more 

measurements are crucial for understanding detritus importance of primary and secondary 

production within and in adjacent communities (Krumhansl 2012).   

3.4.3.3 Habitat 

One of the main supporting ecosystem services with cultivating algae is the fact that the 

cultivation contributes with a new habitat. A habitat can be seen as a "home" where specific 

organisms can live. Examples of new habitats from microalgae are focus and sea grass beds. 

Kelp forests provides one of the most diverse and productive habitats on earth with marine 

mammals, fishes, crabs, sea urchins, mollusks and other different algae (Steneck et al. 2002). 

This is achieved by many different species of kelp which all have different structures and 

morphologies. Those beds increases the water quality, sediment dynamics and also filtrate 

incoming high nutrient from terrestrial sources and are beneficial for fish survival because it 

provides nursery and feeding for them. This leads to an overall better fish catch rate in the area 

which demonstrates how a supporting ecosystem service affects a provisioning one (Smale et 

al. 2013).  

Macroalgae habitat can reach down 30 m deep but S. latissima reaches depending on the 

geographical location around 3 m deep (Seitz et al., 2014). The growth of kelp can be challenged 

in high latitudes because of constrained amount of sunlight, but the biggest threat to kelp forests 

comes from herbivores such as sea urchins (Steneck et al. 2002).    

3.4.3.4 Resilience and biodiversity  

The most important thing about an ecosystem's resilience is its biodiversity. An example of 

ecological insurance is species-richness which creates stability within the ecosystem and makes 

it more resilient against intruding species (Hughes et al. 2005). Studies have shown that 

ecosystems rich of different species works as an insurance against ecological change, including 

global warming. Kelp are found in cold waters and climate change, with higher water 

temperatures, is therefore a threat against their resilience, productivity and ability to 
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reproduce.  Kelp forests are very important for marine biodiversity because they create diverse 

and structurally complex habitat. For example, functional redundancies among predators and 

herbivores makes an ecosystem diverse and stable (Smale et al. 2013). 

One of the biggest dangers to kelp forests survival are sea urchins because they are plant-eating 

animals and eat the roots of kelp forests. This can lead to severe damages were their feeding of 

kelp roots can detach them from the sea floor. To maintain control over the sea urchin 

population in kelp forests it is important that the ecosystem inhabit large predators like lobsters 

and sea otters (only found along the coasts of the Pacific ocean) (O’Connel 2013). Overfishing 

can become a big problem because it can reduce the amount of urchin predators which can have 

long lasting effects were urchins have completely taken over from kelp forest and thereby have 

destroyed a habitat for many marine animals (Ling et al. 2009).  

3.4.4 Cultural ecosystem services  
Ecosystems do not only provide humans with material products. There are several parts of our 

human culture that directly benefit from functioning ecosystems in a non-material way. Such 

ecosystem services can be less tangible and harder to put a value on. Some examples can be 

scenic nature that provides recreational benefits, cognitive development, spiritual enrichment 

and inspiration for art and culture (Fletcher et al. 2014). Apart from tourism and recreation, 

other cultural ecosystem services have not yet been extensively studied by the research 

community.  

3.4.4.1 Aesthetic information 

The scenery of nature and has an impact on people's preferences when it comes to where they 

want to live. Aesthetic information can have a direct impact on real estate prices and can 

therefore be translated into a monetary value (Brander et al. 2012).  

 

The seedlings of sugar kelp are attached to ropes that stretches between buoys which are visible 

at the surface of the water (Peteiro & Freire 2013). Kelp cultivation would therefore have some 

influence on the scenery at the cultivation sites. Although what effects the buoys would have, 

regarding to cultural or scenic values, needs more studies. 

 

 

FIGURE 3 – CULTIVATION AT SEAFARM. SOURCE: PRESENTATION AT FA1 MEETING 2015-01-

28 

3.4.4.2 Recreation 

Tourism, which is a form of recreational activity, is perhaps the most studied cultural ecosystem 

service. This isn’t surprising considering that several countries have tourism as their largest 

source of income (Naber et al. 2008). According to the Millennium Ecosystem Assessment 
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report (2005) ecotourism stood for 20 % of the international travels made in 1997 and the trend 

is that it is increasing.  

The Swedish Agency for Marine and Water Management have done an extensive study on the 

importance of ecosystem services on marine tourism and recreation in Sweden. They come to 

the conclusion that functioning ecosystem services are vital for several recreational activities 

that in the end lead to tourism. The identified ecosystem services with the most impact on 

tourism were eutrophication mitigation, regulation of hazardous substances and scenery. If the 

activities that leads to tourism is closer to the water, for example swimming, the bigger the 

impact of the failing ecosystem service (Söderqvist et al. 2012). Eutrophication that leads to 

large blooms of algae have a direct negative effect on tourism. Apart from the willingness to 

take a swim in algal blooming water the algal blooms also have a negative effect on the scenery. 

People are less likely to pay for a boat trip if the water is covered with algal blooms. This fact 

was shown as a significant decrease in bookings on Gotland the year after an intense algal 

blooming (Garpe 2008). 

There are other studies done regarding the direct importance of kelp to recreational activities. 

A study on ecosystem services from kelp forests in Chile show that there is not much of a direct 

cultural interest at the moment for eco-tourism and recreational activities relating to kelp in that 

particular region (Vásquez et al. 2013). Although, in California, a study showed that kelp 

occurrence had a significant impact on the amount of diving activity in that general area 

(Menzel et al. 2013). Vásquez et al. 2013 suggests that promotion of ecotourism such as 

recreational diving, sport fishing and environmental education is needed to increase the public 

interest in such activities in Chile. 

Since kelp forests are important for marine biodiversity (Smale et al. 2013) it is hypothesized 

that cultivation sites for kelp could have similar effects. The Swedish Agency for Marine and 

Water Management has also identified maintenance of marine habitat to have a dependence on 

recreational activities such as fishing and diving (Söderqvist et al. 2012).  

When the interest in the use of marine areas, for different purposes, increases so does the 

potential for conflict between different interests. The coastal zone is considered to be a public 

space and aquaculture, such as cages for fish farming, closes that area for public use (Tiller et 

al, 2012). The interest in locating the cultivation sites offshore is therefore viewed as an 

alternative. Some people are looking into the possibility for the companies behind offshore 

wind farms to rent out their infrastructure to aquacultural activities. Offshore cultivation would 

require a more robust rope system for growing the kelp in order to withstand storms but it is an 

ongoing research (Ceurstemont 2014).  

3.4.4.3 Science and education  

The marine ecosystems provides us with a wide range services. On a global scale there is quite 

little research done on the marine ecosystems compared to those on land. Therefore there is a 

big potential for further research on marine ecosystems that could benefit our society. This 

potential could be taken care of by different public institutions and organizations with specific 

interests in marine ecosystems (Morrison et al. 2013). Functioning marine ecosystems also 

provide the opportunity for schools to do field studies (De Groot et al. 2002). 
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3.4.4.4 Cultural heritage 

The cultural heritage is strong in coastal areas where there used to be a tradition of fishing or 

other activities that make up the livelihood of the local community. The traditional fishing 

industry, with small local fishing villages, in Sweden has shrunk in size over the past decades 

due to decreasing stocks of fish and smaller landing quotas. As the current status of the fish 

stocks are still in bad condition there is still need for the commercial fishing industry to decrease 

in size (IVL & Enveco 2015).  

It is not unlikely that there could be a conflict between cultural heritage, such as fishing 

activities, and the establishment of large scale aquaculture activities (such as kelp cultivation) 

as they would compete for the use of the same marine area (Tiller et al. 2012). But if the 

cultivation sites provides habitat and increases fish reproduction this could be positive for the 

local fishing communities. More research on this is needed. 

3.5 Quantifying ecosystem services 

In order to put a monetary value on a specific ecosystem service, the link between the service 

and the human welfare it provides must be quantified. 

Where a service results in some form of physical end product, the quantification most often 

consist of measurements of the biophysical outcome. Where this does not apply, for example 

with recreational services, other methods have to be used. Those other methods mostly consist 

of surveys which are described later in this report.  

In the process of quantifying ecosystem services there is also a need to check if human 

interaction with one ecosystem service affects other parts of the ecosystem. Use of one service, 

for example fishing or kelp harvesting, can have effects on other services. These interactions 

between different parts of the ecosystem can make the quantification very complex, especially 

if one tries to quantify the combined services of the whole ecosystem (Böhnke-Henrichs et al. 

2013).  

It is important to look at ecosystem services in a holistic way but there is no way of quantifying 

them all at the same time with the same method. Different services provides different kinds of 

values, such as raw materials for industries or recreational areas for people. Goods and services 

on the open market is often produced to as low cost as possible but markets are generally 

inefficient in capturing costs implied by the use of common resources. This phenomena is called 

externalities since it describes external costs that aren’t included in the market price. In order 

to have a holistic approach to the quantification and valuation of products and services derived 

from ecosystems, the degradation of adjoining services needs to be considered (Marre 2014). 

3.6 Valuing ecosystem services 

3.6.1 Introduction 
The valuation of ecosystem services follows the identification and quantification process but 

before different methodologies for evaluation can be presented, it is necessary to define and 

describe what “value” and “valuation” means.  
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Economic value can be defined differently in economic theory. One way of seeing it is how 

people´s preferences determines the worth of, or benefit from, a good or service. Another way 

of seeing it is the actual market price of a good or service (Investopedia 2015). With this in 

mind economists have come up with two concepts to measure the value. First up is the 

willingness to pay (WTP) - the maximum amount an individual is prepared to pay for a 

particular improvement in a good or service. Next up is the willingness to accept (WTA) - the 

minimum amount an individual is willing to accept to be compensated for a degradation of a 

good or service (Wilson 2005). 

The value of many ecosystem services, especially regulating, supporting and cultural services 

are not represented on the market with a price tag and if they have a market price, it rarely 

depicts the total economic value (TEV). Some of the previously identified services have been 

more studied than others and is therefore easier to quantify and value. For ecosystem services 

where none or little research has been done, it has been common to prescribe them with a low 

value compared to the more well studied services (Beaumont et al. 2007).  

The process of valuing ecosystem services is based on an interdisciplinary undertaking where 

both natural and social sciences are needed (Ahtiainen & Öhman 2013). In order for decision 

makers to make the right decision it is important to bring all values that humans can derive from 

ecosystem services to the forefront and therefore certain methods have been developed to show 

their monetary value (Ahtiainen & Öhman 2013).  

The major methodological gaps in terms of quantification and valuation have been and is still 

causing concern about the risk of errors in analyzes. Despite this concern, many think it is 

necessary to try and hopefully it generates meaningful experiences and methods during the 

process which can help future work (SOU 2013). Although many people think that ecosystem 

services, especially supporting and regulating services, are beyond individual preferences and 

thus are invaluable (Isacs 2015). These people also point out the risks and disadvantages of 

monetary valuation but at the same time they understand that “invisible values” will remain 

invisible if nothing is done. Therefore monetary valuation is an inevitable path for 

environmental work in the future (SOU 2013).  

Another important aspect that must be addressed is the difficulty to quantify and evaluate the 

complexity and diversity of ecosystem services, due to their underlying ecology and 

interactions with each other. Unfortunately simplifications of the data is required, causing 

increased risk of losing essential elements of the dynamics that are underlying for the services. 

Another problem is the uneven knowledge about the different ecosystem services which makes 

it hard to analyze them all at once in order to keep the overall perspective. A proposed strategy 

is to focus on individual services, but again this will lead to simplifications because of how 

ecosystem services are intertwined (SOU, 2013). 

3.6.2 Total economic value 
The total economic value (TEV) is the total benefit deriving from a specific ecosystem or in 

other words, it is the sum of all use and non-use values (UNEP 2007). 

Use values consists of direct use, indirect use and option-use values. As the name suggests, 

direct use values are the economic values that derive from direct human use. These values are 
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furthermore divided into consumptive uses (for instance fishery products and kelp as raw 

material) and non-consumptive uses (for instance recreational activities). Indirect use values 

are those ecosystem services that attribute to services outside of the ecosystem itself, for 

instance kelp forests ability to function as a carbon sink and protect coasts from storms and high 

wave activities (Naber et al. 2008). Option-use values may be described as the value people 

receive from knowing that an ecosystem or its services are preserved for the future even if they 

do not use them today (Brännlund & Kristöm 2012). Let's say that a person wants to visit the 

Great Barrier Reef sometime. To still have this option in the future, the person would probably 

be willing to pay something for the preservation of it (Ecosystemvaluation 2013e). 

Non-use values or “passive use” have nothing to do with the actual usage of a good or service 

and are most often, when talking about ecosystem services, divided into three categories: 

Existence, bequest and altruistic values. Existence values are associated with the very existence 

of an ecosystem and its services even if it never will be used by a person. If the same example 

as in the previous paragraph is used, the difference is now that the person probably never will 

visit the great barrier reef but still values the very existence of it and in economic terms it means 

WTP to keep the ecosystem. Bequest values is the WTP to preserve ecosystems and their 

services for future generations (Ecosystemvaluation 2013e). A great example is the shift from 

non-renewable to renewable energy sources. Even though the change will costs a lot of money 

and effort for society, most people think it is worth leaving Earth in a “good condition” to future 

generations. At last, altruistic values are the WTP from a person that maintain resources for 

other people, that is to say the value does not arise from self-use but from other using them 

(Brännlund & Kristöm 2012). 

 

FIGURE 4 - THE TOTAL ECONOMIC VALUE (TEV) IS THE SUM OF USE AND NON-USE VALUES 

3.6.3 Valuation methods 
There are many valuation methods that can be used to highlight the value of ecosystem services 

and put a monetary value on them. The choice of valuation methods is very dependent on the 

source of valuation data. If the valuation data is acquired from observations of people's 

decisions in everyday situations - then these methods are called revealed preference methods 

and examples of such are: Production function, replacement cost, travel cost, change in 

productivity and hedonic prices. If the data on the other hand is acquired from people's answer 
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to hypothetical questions - then these methods are called stated preference methods and 

examples of such are: Contingent valuation (CV) and choice modeling (CM) (Naber et al. 

2008). All the main valuation methods are illustrated in figure 5. 

There is no method that is universal and works in every single case. Instead each method has 

its strengths and weaknesses. To choose one method over another has very much to do with 

what needs to be valued (use, non-use, or TEV values), the ambition with the project, access to 

information (revealed or stated), and methods limitations. Direct use values are fairly simple to 

value but it gets substantially harder with indirect, option, and non-use values (MEA 2005).   

All the different valuation methods can be divided into groups depending on which market they 

are used on. They can either be categorized as market-based value, surrogate market-based 

value, simulated survey-based value or other methods (UNEP 2007). 

 

FIGURE 5 - MAIN ECONOMIC VALUATION TECHNIQUES 

3.6.4 Summary of valuation methods 
The valuation methods summarized in table 1 are categorized depending on which market they 

can be used on. Valuation methods using market prices to estimate the economic value of both 

direct and indirect ecosystem goods and services traded on commercial markets are presented 

under market based values (Ecosystemvaluation 2013c). Ecosystem services that cannot be 

estimated through market prices uses the concept of surrogate market value. The two main 

valuation methods based on surrogate market are hedonic price and travel cost (Songkram 

2008). The two main valuation methods based on a simulated market are contingent valuation 

and choice modelling. Both methods creates a simulated or hypothetical markets and uses 

surveys to estimate people's WTP to change or preserve an ecosystem service (Brännlund & 

Kristöm 2012). Methods that are not used on any type of market are categorized as “other 

methods”. Full detail on the different valuation methods are provided in appendix A.    
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Table 1: Valuation methods that can estimate the economic value of different ecosystem 

services. 

Method Ecosystem service  Type of value Data needed 

Market based values 

On site sale 

valuation 

Provisioning services with 

market values 

Use Product price, quantity and 

cost of i 

Change in 

productivity 

Any service  that has an 

impact on the amount of 

produced goods such 

Use Observed change in service 

and the impact on the 

produced good 

Replacement 

cost 

Any service where a human 

product can replace it, such 

as coastal protection  

Use Cost of replacing the 

service  

Surrogate market values 

Hedonic 

price 

E.g. Air quality, scenery, 

recreation 

Use Observed property 

characteristics and housing 

prices, property sales or 

rental values 

Travel cost Tourism and recreation  

 

Use Peoples travel cost to a site  

and costs at the site 

Contingent 

valuation 

Any service but especially 

non-use values such as 

biodiversity 

Use and non-

use 

Peoples WTP 

Simulated survey-based value 

Choice 

modeling 

Any service but especially 

non-use values such as 

biodiversity 

Use and non-

use 

Peoples WTP 

Choice 

modelling 

Any service but especially 

non-use values such as 

biodiversity 

Use and non-

use 

Peoples WTP 

Other Methods 

Meta 

analysis  

 

Any service were suitable 

studies are available  

Use and non-

use 

Studies for similar 

ecosystem services 

Benefit 

transfer 

Any service were suitable 

studies are available  

Use and non-

use 

Studies for similar 

ecosystem services 



22 

 

3.7 Retrospective case study - Economic valuation of kelp forests in 

northern Chile 

In order to have a deeper understanding of different valuation methods, how they work, when 

to use them in practice rather than in theory, we thought that a case study could work as a good 

complement to the literature review. We choose to do a retrospective case study of the paper 

“Economic valuation of kelp forests in northern Chile: values of goods and services of the 

ecosystem” by Julio A. Vásquez et al. 2013. The case area of northern Chile may be 

geographically far away from Skagerrak and there may be cultural differences that affect the 

value of certain ecosystem services but the methodologies to obtain these values should not 

vary that much. However, the result from this case study must certainly be analyzed and adapted 

to Sweden with its economic system, culture etc.    

3.7.1 Defining the case 
As the title of the paper suggests, this case study is about the economic valuation of kelp forests 

in northern Chile. What makes this case so special is the fact that the authors have actually 

performed a valuation of these ecosystem services rather than just talking about it which many 

other papers do. With that said, this case study is the perfect example and inspiration of how to 

evaluate ecosystem services regarding kelp.  

The study area in northern Chile was between 26° and 32° S, which is represented with a 700 

km long rocky coast (Vasquez et al. 2008). Northern Chile is very dependent on its kelp fishery 

both in a social and economic way. These kelp forests have been sustained throughout the years 

by natural mortality, where kelp washed ashore were collected by fishermen. Since 2002 three 

economically important kelp species has been harvested because they are used as raw material 

for alginate extraction. Unfortunately this irresponsible harvesting has been done without 

regard to their re productivity. The study was made to alert decision makers of the value that 

comes from protecting these kelp species and by doing so, they hope that the awareness leads 

to new public policies regarding the ruthless harvesting. Vásquez et al. 2013 tried to evaluate 

as much as possible of the TEV of the kelp forest, specifically for four brown seaweed species: 

L. berteroana, L. spicata, L. trabeculata and M. pyrifera including direct, indirect and non-use 

values (Vásquez et al. 2013).  

3.7.2 Valuation methods    
The total excess of kelp forests was used to describe the actual economic value of its ecosystem 

services. This measurement shows how the welfare of society is affected by the use of these 

services (Kolstad 2010). 

The estimation of the surplus or economic value was done with three methodologies, “assumed, 

revealed and stated preference techniques. The first technique uses market prices, the second 

technique uses WTP on different markets (e.g. hedonic prices, travel cost) and the third 

technique uses contingent valuation, showing people's WTP with different social statuses 

(Vásquez et al. 2013). 
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Evaluating every single ecosystem service connected to the kelp forests on its own and then 

adding them together is a good estimation of the TEV of these forests. It only works under the 

assumption that the services are independent of each other (UNEP, 2007). This concept allowed 

the usage of already evaluated services from the past and which together with the new results 

equals the TEV (Vásquez et al. 2013). 

The value of kelp forests today was calculated using future annual values of every ecosystem 

service over a ten-year period. The future annual value of every ecosystem service was assumed 

to increase with a constant rate (Vasquez et al. 2008). The present non-use values were 

established through the combination of WTP and willingness to work without payment to 

protect and maintain biodiversity, cultural heritage and species that are considered for fishery 

(Vásquez et al. 2013). 

To estimate the present value of the ecosystem services and discount rate was used. The 

discount rate is the return that is obtained when counting backwards (in this case 10 years) to 

find out what something is worth paying for today (Vásquez et al. 2013). A discount rate can 

be nominal or real were the former includes a compensation for inflation which is not true for 

the second one. The nominal discount rate thereby reduces an investor's purchasing power and 

can therefore not be used to provide an accurate measure of return. The real discount rate 

describes the purchasing power or with other words the real discount rate is unaffected by 

inflation which is key to determine return or in this case the value of the ecosystem services 

(Cussen 2014).  

The direct use values were estimated with a discount rate with regard to the capital cost or 

opportunity cost for businesses. Indirect and non-use values were, on the contrary, evaluated 

with a social discount rate (the price that society pays for when natural resources are exploited 

from the public sector in order to finance public projects) (Vásquez et al. 2013).  

The study made in northern Chile has not been able to evaluate all the ecosystem services 

associated with kelp forests because there is very little or no knowledge about the services that 

are left out (Vásquez et al. 2013). 

3.7.2.1 Methods used to value kelp harvesting 

Sanctions determined by the Secretary of fishing against unauthorized exploitation of marine 

resources were used to estimate the value of kelp harvesting (Mondaca-Schachermayer et al. 

2011). The sanctions function as an approximation of the average annual kilo price of kelp. The 

sanction value take also into account if the kelp is exported or not. The yearly discount rate was 

set to 15 % projected over ten years (Vásquez et al. 2013).  

3.7.2.2 Methods used to value the fishing industries related to kelp forests 

Many species derive from kelp forests that the fishing industry is interested in because of their 

economic value (Vasquez et al. 2008). The evaluation was done by looking at the sanction value 

price for the different species with a yearly discount rate of 15 % project over ten years. While 

it is recognized that some species cannot be calculated this way because some values are 

distorted. However, in the case of brown algae it is considered to be a reliable measurement 

(Vásquez et al. 2013).  
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3.7.2.3 Methods used to evaluated ecotourism and education 

The value of ecotourism in northern Chile proved to be none because the recreational activities 

related to kelp forest are not present (Vásquez et al. 2013).  

3.7.2.4 The value of scientific work associated with kelp forests 

Scientific work associated with kelp forests has been done for over 30 years in northern Chile. 

By looking back and comparing two time periods (in this study 10 years), it is possible to 

calculate an average annual growth rate of scientific investment. In northern Chile the 

investment doubled the last decade which means that the annual growth is equal to 10 %, 

assuming that the increase is linear and continuous. By combining the average annual growth 

with the discount rate of 15 % over the same amount of years as the comparison was based on, 

the result leads to a good approximation of the value of scientific information derived from kelp 

forests (Vásquez et al. 2013).  

3.7.2.5 Methods for valuing kelp as climate buffer 

Kelp function as a climate buffer through its ability to store carbon and release oxygen.  This 

ecosystem service can be evaluated by taking the surface area covered by the kelp, the kelp 

species ability to capture carbon and the price of tradable carbon credits (Vásquez et al, 2013). 

One tradable carbon credit equals the right to release one ton of carbon dioxide equivalents. 

The price of carbon credits depends on which market it is traded on. The European Union has 

its own trading system called European Trading Scheme (EU ETS) where the European 

Commission is the authority that indirectly controls the carbon credit price by setting a so-called 

emission ceiling. The EU ETS has trading periods and the latest one is valid from 2013-2020 

and by every period is the total emission ceiling linearly reduced which affect the market price 

in a predictable way (Wisler 2014). One carbon credit cost approximately seven Euros at the 

moment on the European market (Svensk Energi 2014). This predictable market price makes it 

possible to estimate the value of kelp forests climate buffering ability in the future. 

The amount of carbon fixed in kelp equals the same amount of released oxygen from kelp which 

means that that the value of these two environmental purifiers are identical. When the annual 

value of kelp forests climate buffer is estimated the future value can be predicted with an annual 

increase rate 5 % combined with a real discount rate of 15 % (Vásquez et al. 2013). 

3.7.2.6 Methods to evaluate non-use values 

The contingent valuation method was used to evaluate the non-use values. Three ecosystem 

services were measured using CV methodology including: species connected to kelp e.g. by 

building up the trophic chain, cultural heritage (species that have a relevant archaeological, 

historical, ethnographic and artistic value), biodiversity (which is important for a rich genetic 

bank) and the structure and function in the ecosystem. (Vásquez et al. 2013). 

Surveys were made on the adult population living in La Serena and Coquimbo. The results 

functioned as a forecast and were projected on the population in northern Chile only if these 

citizens were either familiar with kelp forests, had some economic and/or social connection to 

them and were willing to pay or willing to work without payment for their preservation 

(Vásquez et al. 2013). By extrapolating the results from La Serena and Coquimbo using 

conversion factors, it was possible to obtain new results of the non-use values in northern Chile. 
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The non- use values over ten years were determined by applying an estimated annual growth 

of 5 % and an annual discount rate of 8 % was used under the assumption that the WTP increases 

over time, e.g. due to expected popularity boost of kelp (Vasquez et al. 2008). 

3.7.3 Monetary result   
In this section the monetary value of the ecosystem services is presented in table 2.  

Typ of 

value 

Ecosystem services Monetary value 

(US$) 

Percent 

Direct use Kelp harvesting 409 527 00 75.6 

Direct use Fishing industries related to kelp 82 257 712 15.2 

Direct use Education and ecotourism 0 0 

Indirect 

use 

Scientific work 25 957 253 4.8 

Indirect 

use 

Climate buffer 21 440 680 4.0 

Non-use Biodiversity, gen bank, cultural heritage and 

species connected to kelp 

2 729 412 0.5 

Total  541 191 057 100 

Table 2. The monetary value of ecosystem services associated with kelp forests in northern 

Chile. 

3.7.4 Ecosystem services that have not been evaluated 
Kelp forests are one of the most complex ecosystems in the world and they inhabit many 

services that are hard to value. One such example is the habitat it provides for many organism 

and species. Other examples are water motion control, sediment retention. The TEV can only 

be determined when these gaps are filled.       
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4. Analysis 

4.1 The most important ecosystem services   

The fact that many ecosystem services were identified in the previous part of the paper signifies 

that the authors had to select a few services that were of special interest to maintain a reasonable 

scope for the study. Future studies of quantification and valuation methods at Seafarm could 

complement this study to cover more of the TEV. The selection was done through the 

knowledge that the authors have gained from identifying ecosystem services deriving from kelp 

in Skagerrak. Specific research for this selection has also been done to further confirm the 

author's perception of the most important ecosystem services. In the following paragraphs the 

selected ecosystem services are presented.  

4.1.1 Provisioning  
The results from the case study in Chile showed that kelp harvesting stood for approximately 

¾ of the total economic value of four brown seaweed species. Since there are several different 

provisioning services, such as food, fisheries, biogas, fertilizer and more, that can be sold on 

the market there is no doubt about the importance of the provisioning services for the TEV. 

4.1.2 Climate and atmospheric regulation 
Global warming is arguably one of the biggest threats and challenges that humanity has ever 

faced. It can potentially affect hundreds of millions if not billions of people and nature itself. 

Nations and governments all over the world are addressing the importance of reducing CO2 

emissions. CO2 regulation affects the average global temperature which in turns can affect many 

other ecosystem services in the future such as coastal protection, primary production, 

biodiversity etc. Kelps beds are also very important for the local carbon cycle. The oxygen 

production from kelp entails cleaner air which has a similar value.  

Marine vegetation as carbon sink contributes with at least 50 % or even as much as 71 % of the 

world's carbon storage (Chung et al. 2011). Microalgae may be the best marine biomass to store 

carbon but macroalgae such as kelp has also big potential (Sayre 2010). Kelps ability to store 

carbon under a long period of time (decades and centuries) is not well known and therefore it 

is very important to do more research (Smale et al. 2013). To quantify and later on evaluate 

kelps ecosystem service of climate regulation would be a step forward of understanding its 

value.  

4.1.3 Regulation of eutrophication 
Eutrophication affects the environment and society on many different levels because the seas 

dynamics with provisioning, supporting, regulating and cultural ecosystems. Increased primary 

production can affect ecosystem structures and species composition (Baxter 2011). Reduced 

oxygen levels in the water due to eutrophication can be deadly for sensible and less mobile 

organisms, it can change interaction between predator and their prey and the worst case scenario 
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are dead seafloors (Howarth et al. 2000). In the long run this will affect food production, 

scenery, recreation species diversity and much more (Baxter 2011). 

Eutrophication of coastal waters is well known to be one of the most serious environmental 

problems in the Scandinavian countries. The Baltic Sea may be most exposed to eutrophication 

in Scandinavia but the coasts of Skagerrak are also well exposed because of the poor circulation 

of fresh seawater and emissions of nutrients from agriculture. These reasons combined with 

politician’s high priority and commitment on the matter are indicators of the importance of 

mitigating eutrophication (Regeringskansliet 2009).    

4.1.4 Recreation and tourism 
Tourism in the maritime sector is an area of special interest within the European Union's Blue 

Growth strategy. The European Union defines maritime tourism as an “important tourism 

sector” and “with special potential to foster a smart and inclusive Europe” (European 

Commission 2015).  

Locally on the west coast of Sweden there are aims to have doubled the turnover from maritime 

tourism, from 500 million SEK/year to 1000 million SEK/year between 2009 and 2013 

(Västsvenska Turistrådet 2013). This makes tourism an interesting aspect to regard in 

abundance to ecosystem services from kelp cultivation. As found in the identification process, 

kelp cultivation could have a positive impact on biodiversity and mitigation of eutrophication, 

which are important factors in maritime tourism.  

4.2 Quantification methods 

4.2.1 Provisioning ecosystem services 
The quantification of the provisioning ecosystem services identified in this report all relates to 

the amount of rendered products from kelp harvest and cultivation.  

Increase in fish reproduction at the cultivation area from for example nursery services are part 

of the provisioning services since they create values for fisheries. Unfortunately the authors 

have not been able to find any literature with an exact quantification of the kelps impact on 

fisheries. Fish species such as cod, saithe and pollack that are targets for the fishing industries 

in Skagerrak, are all using kelp as nurseries. But since there is a great deal of uncertainty around 

the magnitude of the importance that kelp provides for fish reproduction there is no way to 

accurately quantify the service.  

The need for further studies of kelp forests importance on fish reproduction have also been 

encountered in the studied literature (Seitz et al. 2014).  

The Seafarm project aims to utilize the harvested biomass for several products after processing 

it in a bio refinery. The idea is to optimize the refining process to be able to extract as many 

useful elements as possible (zero waste). As this is an ongoing area of research at Seafarm there 

is not yet a clear answer to how much of the desired elements that could be extracted (Jönsson 

2014). Depending on how much of the biomass is processed into a certain product (e.g. food, 
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biogas), the economic value of the harvested kelp will differ. This implies that the amount of 

all specific products made out of the biomass must be quantified. 

In the upcoming paragraphs biomass quantification methods on cultivation sites will be 

presented. If the reader wants to quantify the biomass of natural growing kelp the authors 

recommend the paper “Natural Resource Potential of Macroalgae Harvesting in the Baltic Sea 

- Case Study Trelleborg, Sweden” written among others by Emma Risén.  

There are ongoing trials within the Seafarm project to determine the potential growth rates in 

the waters on the west coast of Sweden (Näslund 2015). The growth rate of S. latissima varies 

a lot depending on light, water motion, water temperature and nutrient levels (Broch & Slagstad 

2012). A study from Scotland show that under optimal conditions the crop yield of S. latissima 

can be up to 220 tons per hectare and year (wet weight) when grown on ropes in proximity to 

fish farms (Sanderson et al. 2012).  

Another study conducted in the eastern English Channel measured the wet weight (WW), dry 

weight (DW), carbon and nitrogen content of many samples of S. latissima and relationships 

between these physical quantities were found (Gevaert et al. 2001). This study from England 

will therefore also be of use in the quantification of climate and atmospheric regulation, and 

mitigation of eutrophication. 

The study began with collecting samples at the end of each season to take seasonal fluctuations 

into account: In March for winter, in June for spring, in September for summer and in December 

for autumn. All samples were stored in seawater tanks under dimmed light and measurements 

were taken as soon as possible to reduce errors. The collected thalli were cleaned very carefully 

to remove sediment in the holdfast and organisms from the blades. After that were the physical 

quantities measured with an accuracy of L ±0.5 cm, WW ± 0.01 g and some of the sporophytes 

was dried at 60 ℃ to achieve DW ± 0.01 mg. The measurements were then plotted against the 

length in the following manner: WW against length and DW against length. The relationships 

were created with a power equation (y = aLb), where y is either WW or DW and L is the length 

of the sporophytes. These are the following resulting relationships (Gevaert et al. 2001): 

 

            WW = 0.0049L1.782 (g)           (2) 

 

And 

DW = 0.00387L1.469 (g)     (3) 

 

With a linear regression line was a relationship between DW and WW established which 

showed that the water content was approximately 89 % regardless of the length of the thallus. 

This approximation of the water content was calculated as an average over all seasons (Gevaert 

et al. 2001). This is important to address because the dry-to-wet ratio changes monthly (The 

Seaweed Site 2015). Considering that S. latissima is sold with respect to its dry weight on the 

market makes the time of harvesting important. The dry-to-wet ratio of S. latissima biomass 

was estimated with (4). 
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DW = 0.117WW       (4)

    

  

Where DW is dry weight and WW is wet weight (Gevaert et al., 2001). Assuming that the 

cultivation site owner harvest the kelp when the per-unit area production rate is the highest and 

when the wet-to-dry ratio is the lowest, means that (4) can be more or less accurate depending 

on when the kelp is harvested (The Seaweed Site 2015).  

A study in the Atlantic coast of Spain looked at the biomass yield of cultivating S. latissima 

using (4) in the previous paragraph. From every cultivation site 3-4 arbitrary ropes were taken 

as samples. Samples were cut off by the stipe base and excess water on the kelp was shaken of. 

All samples cut off from the same rope were then weighted together as wet weight per meter 

rope and the dry weight was finally calculated with (4). The average biomass weight per meter 

rope was also used to calculate per hectare. Generally speaking this can be done by knowing 

the structure of the cultivating site which will differ from site to site (Peteiro & Freire 2013). 

The information needed about the cultivation site at Seafarm would be: The length of each 

longline, number of longlines and the distance between each longline.        

4.2.2 Climate and atmospheric regulation  
The quantification of climate regulation can roughly be divided into carbon storage and oxygen 

release (Vásquez et al. 2013).  

4.2.2.1 Quantification of carbon dioxide storage 

Carbon storage can in turn be divided into two categories: Carbon sequestration (long-term 

storage), when kelp sinks to the bottom, and carbon capture that is released faster, e.g. when 

kelp wash ashore and decompose, burning biofuel, consuming food and fodder made out of 

kelp biomass. As mentioned in the identification part of this paper, it is very hard to estimate 

the amount of long time sequestrated carbon and (Vásquez et al. 2013) stated that kelp is 

important for the carbon cycle but not as a primary sink. A reasonable assumption at Seafarm 

would be to ignore the carbon dioxide sequestration in the form of kelp sinking to the bottom.  

When burning biogas the carbon dioxide is released to the atmosphere again which means that 

no carbon dioxide is removed from the system. However, at least is no carbon dioxide added to 

the system which is the case when using fossil fuels. The carbon stored in kelp used as food 

and fodder is also released back to the atmosphere. Compared to biofuel which replaces fossil 

fuels, food and fodder from kelp produced in Skagerrak will probably not replace any carbon 

demanding products such as meat at the moment but hopefully in the future. With that said, we 

assume that it is not necessary to quantify the carbon storage from biomass made for food and 

fodder because it doesn't affect the carbon dioxide content in the air. In summary, it is important 

to carefully study the carbon cycle for each and every product made out of the biomass to 

prevent errors when quantifying the carbon storage capacity of kelp. 

The quantification of S. latissima carbon content will partly be described with the study 

conducted in the eastern English Channel. A CHN (carbon, hydrogen, nitrogen) analyzer 

determined the carbon content by analyzing dried samples of fine powder from the kelp. The 

relationship between carbon mass and length was found with linear regression (5). 
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C = 1.156L1.449 (mg)     (5)     

 

The average carbon content in S. latissima with respect to dry weight was estimated without 

seasonal fluctuations with (3) and (5) to 28.0 % (±0.5). High carbon content was measured 

during spring and summer and the highest value was noticed in late summer (September) with 

an average 31.4 ±0.6 % of dry weight. The decrease of carbon content started in autumn and 

reached its lowest point at the end of winter (March) with an average 23.9 ±0.5 % of dry weight 

(Gevaert et al., 2001).  

 
Chart 1 - Seasonal carbon content fluctuation in dry weight of S. latissima (Gevaert et al., 2001). 

The most accurate representation of the carbon content is achieved when taking seasonal 

fluctuations in consideration and therefore it is important to take the average carbon content for 

the seasons when it is harvest, see chart 1. The average content without considering seasonal 

fluctuation works fine if a rough estimation is satisfying.   

Broch and Slagstad described in 2012 a dynamic model for simulating the carbon and nitrogen 

reserves of S. latissima with the seasonal differences taken into account. This model is however 

much more complicated to carry out compared to the method proposed above. This is due to 

the information needed for the model to work (Broch & Slagstad 2012). 

With the known carbon content and S. latissimas dry weight it is possible to quantify the amount 

of stored carbon. The mass of carbon in carbon dioxide is equal to 27.291 % (WebQC 2015) 

which means that the carbon dioxide mass can be calculated with (6) 

𝑚(𝐶𝑂2)  =  𝑚(𝐶)/0.27291   (6) 

 

Where m is the mass.  

4.2.2.2 Quantification of oxygen net production 

It is well know just by looking at the photosynthesis equation that plants produce oxygen. What 

is not as well known is that plants also consume oxygen and that the respiration fluctuate during 

the diurnal cycle. However, the production rate of oxygen is greater than the respiration rate 

(Reid et al. 2013). 
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Oxygen production and respiration rates can be measured with a Clark type oxygen O2-sensor 

as described in a paper by Inga Arnesen Aamot. For more details on this method, see Appendix 

B.  

Another study used the photosynthesis equation to calculate the oxygen net production from 

kelp by estimating that the most of kelps carbon content came from photosynthesis (Reid et al. 

2013). Vásquez et al. also assumed that the net oxygen release is equal to the carbon fixation in 

kelp which means that the oxygen release doesn't have to be calculated with the complicated 

Clark type oxygen method described above. If the oxygen release is known the calculation of 

carbon fixation in kelp is unnecessary. 

The carbon fixation and oxygen release should be quantified either over one year and assume 

that the annual kelp harvest remains the same in the future (e.g. ten years from now) or if 

Seafarm has decided to expand the cultivation site in the future can an estimation be done with 

that in mind. 

4.2.3 Mitigation of eutrophication 
Eutrophication in marine environment is the state where there are a lot of excess nutrients in 

the water. Many of the nutrients that are utilized by the phytoplankton that causes algal blooms, 

are available naturally in concentrations far greater than the need of the planktons. Nitrogen on 

the other hand is normally only available in small amounts and is utilized almost to the level of 

exhaustion by algae. Nitrogen is considered to be the limiting factor when it comes to algal 

growth and eutrophication (Ryther & Dunstan 1971).  

The ecosystem service of mitigating eutrophication relates to how much nutrients, causing 

eutrophication that can be taken up by the cultivated kelp, and then removed from the water. 

There are several studies regarding the nitrogen content in S. latissima and the results are 

similar, independent on geographical location. The percentage of nitrogen of the dry weight of 

S. latissima fluctuated between 2.23 % in June and 3.42 % in March in one study (Gevaert et 

al. 2001). Another study showed nitrogen contents between 1-3 % (Sanderson et al. 2012). 

Nitrogen is however not the only part of the problem with eutrophication in marine 

environments. Studies show that the abundance of phosphorus in the water also have an impact 

as well as water temperature (Howarth & Marino 2006). Studies of phosphorus levels in 

harvested S. latissima and other macroalgae are scarce since phosphorus was previously not 

considered to be a limiting nutrient in marine environments (Braga & Yoneshigue-Valentine 

1996).  

From the knowledge about the potential harvest of kelp cultivation and the content of nitrogen 

in the kelp one can calculate the potential outtake of nitrogen from the ecosystem. 

The release of nitrogen from the Swedish coast into Skagerrak 2013 was 2036 tons 

(Naturvårdsverket 2014).With an optimal growth rate of 220 tons WW, which equals 25,74 

tons DW with (4), per ha and year and nitrogen content of 2 % (median value from Sanderson, 

2012), the nitrogen uptake of kelp would be 0.52 tons/ha and year. In order to completely absorb 

all the human induced nitrogen into Skagerrak from the Swedish coast the area of cultivation 
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would need to be 3915 ha. However, the release of nitrogen is fairly low from the coast of 

Bohuslän compared to other coastal areas in Sweden (Naturvårdsverket 2014). 

The authors have not found any studies that show the exact correlation between nitrogen in the 

water and signs of eutrophication, only that there is a clear connection between the two. The 

authors encourage more research about how much kelp specifically contributes to the mitigation 

of eutrophication.   

The service of mitigation of eutrophication can in some ways be valued by the people’s 

willingness to pay for the improvements provided by the service (e.g. increased water clarity) 

which will be discussed in the valuation part of this paper.  

4.3 Recommended valuation methods 

The authors of this paper recommend to estimate all ecosystem services value today over a 

certain amount of years like Vásquez et al. 2013 did in Chile. Vásquez et al. 2013 used a time 

period of ten years which may suite Seafarm depending on how the future of the cultivation site 

is planned. Due to lack of information about Seafarms future no thoughts about the time period 

have been made. The easiest way to determine the future annual value of an ecosystem service 

is to assume that it increases with a constant rate (must be predicted and may differ between 

services) which means that it is only necessary to evaluate the first year and then count with the 

rate of increase. A real discount rate should also be used to estimate the present value of the 

ecosystem service over X amount of years from now. What discount rate that should be used in 

Sweden for the different services has not been studied enough to give a professional 

recommendation.    

In the following paragraphs should the described methods be used for the first year of 

cultivation The value today projected over a certain amount of years for the services is than 

assumed to be evaluated with the description above. 

Before specific methods are linked to a certain ecosystem service the authors can recommend 

to use both meta-analysis and benefit transfer, either as stand-alone methods or as compliments 

to the upcoming methods. These two methods can be used to value practically any ecosystem 

service if studies already have been done on similar cultivation sites to Seafarm.  

4.3.1 Provisioning ecosystem services  
All values of the provisioning ecosystem services around the Seafarm project, except for 

reproduction of fish, can be related to the market prices on the products rendered from the 

harvested kelp. The value of the provisioning services, using on site valuation method with (3), 

are equal to the net profit (sales minus production costs). In the case of a project like Seafarm 

there will be many different market values and production costs for the different products that 

are produced. 

Vásquez et al. 2013 used sanction prices against unauthorized exploitation of marine resources 

to estimate the value of kelp harvesting. The sanction prices are meant to approximate the 

average annual kilo price of kelp but the authors are not sure if similar sanctions are used in 
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Sweden or Europe. The authors instead recommend the use of on-site valuation described 

above.  

If an increased fish reproduction rate can be quantified in future studies the same market based 

principles could be used to estimate the value of the increase. If the fishermen are allowed to 

catch more fish than before it will likely result in a smaller cost per fish caught and therefore 

also result in a higher net profit. 

4.3.2 Climate and atmospheric regulation 
The Kyoto Protocol defined a carbon credit as a ton of carbon dioxide that has been prevented 

from being released to the atmosphere (UNFCCC 2015). Depending on what the kelp will be 

used for and when it is harvest, the amount of prevented carbon dioxide to the atmosphere will 

differ. The monetary value of kelps carbon capture is calculated by multiplying the annual 

carbon dioxide mass that has been calculated with (6) with the carbon credit price which at the 

moment is approximately seven Euros on the European market.  

The value of oxygen production can be estimated by assuming that it is equal to the value of 

the carbon fixation. Another way would be to use the replacement cost method which is the 

cost of replacing the oxygen released by kelp with something that generates oxygen, e.g. 

industrial oxygen plants. Information needed to evaluate the replacement cost is the price per 

ton of produced oxygen and the amount of oxygen that is being replaced. The amount of oxygen 

that is being replaced is known if the carbon fixation has been calculated. The price per ton of 

oxygen produced will probably differ a lot from case to case because the difference in oxygen 

plants (energy usage, supervision, taxes and insurance etc.). The method used by Katell and 

Wellman in their paper “An evaluation of tonnage oxygen plants” shows how it can be done, 

basically by adding all costs related to operate the oxygen plant (Katell & Wellman 1960). 

4.3.3 Mitigation of eutrophication 
There is a relationship between eutrophication and increased amounts of nutrients, such as 

nitrogen, in the water (Howarth et al. 2000) but a eutrophic state in the sea has other causes 

than just excess nutrients. More research is needed in order to accurately quantify the possible 

service of nutrient removal that kelp cultivation could provide.  

Since eutrophication affects both use-values (e.g. recreation and fishery) and non-use values 

(e.g. the existence of healthy and biodiverse ecosystems) it is of advantage if the method used 

can capture both values (Hyytiäinen et al. 2014). This is possible by choosing a stated 

preference method. The most used method to capture people's WTP regarding an environmental 

change such as mitigation of eutrophication is CV. The BalticSUN has done precisely that 

around the Baltic Sea (Baltic Stern & Havs och Vattenmyndigheten 2013). This study used five 

effects based on HELCOM´s Ecological Quality Ratio (water clarity, amount of blue-green 

algal blooms, extent of underwater meadows, fish species composition and conditions of deep 

sea bottoms) with five quality levels (worst possible level → best possible level) to describe the 

water quality and thereby the eutrophication level. This kind of model would usually suite 

choice experiments (CE) instead of CV because CE values an ecosystem service through its 

different attributes. However, BalticSUN’s major reasons of using CV over CE, which also 
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applies to the Seafarm study was: Information regarding the attributes and attribute level must 

be quantified which is time consuming and costly, CE requires credible choices for the 

respondents to choose from which couldn’t be presented because the effects of eutrophication 

are heavily intertwined. Besides, an increase in information in the survey would only increase 

the burden of the respondents which can lead to reduced response rates.  

The study obtained two policy scenarios that were compared to a business as usual (BAU) 

scenario. The policy scenarios were constructed in relationship to the Baltic Sea Action Plan 

(BSAP), were one of the scenarios met the BSAP goal and the other one only met BSAP goal 

to 50 %.  Similar scenarios could be used in Seafarm (Skagerrak) but they should be carefully 

constructed with either the help of previous valuation studies or with pre-testing. When the 

scenarios were well thought out the respondents were asked for their WTP for the two policy 

scenarios compared to BAU. With two policy scenarios “two different goals” enables for 

interpolation of the WTP for various goals regarding the nutrient load (Baltic Stern & Havs och 

Vattenmyndigheten 2013).   

The WTP questions were constructed with the first one asking if the respondent hypothetically 

would be WTP to mitigate the eutrophication in the Baltic Sea. If the answer was “yes” or “don't 

know” the respondent were asked a follow-up question asking how much they would pay and 

at the same time showing a map that visually describes the eutrophication in the Baltic Sea 

(Baltic Stern & Havs och Vattenmyndigheten 2013). The payment method used to collect the 

money for the project was told to be an earmarked tax on every individual and firm around the 

Baltic Sea and that the operation would not improve other environmental problems (Hyytiäinen 

et al. 2014). 

4.3.4 Recreation and tourism 
Tourism and other recreational values are often quantified by the extent of the recreational use 

of areas by humans. Recreation in abundance to ecosystem services is harder to measure since 

they rarely have a direct relation to a market price, like the use value of a beach or a forest. In 

the case of a project like Seafarm, where the project is likely to increase biodiversity and reduce 

eutrophication, the benefits would hopefully also result in an increased willingness to use the 

coastal area for recreation, such as swimming or diving. If, in a study, a certain beach have a 

higher quality in water clarity, which result in a higher recreational value, the corresponding 

change in recreational value could be expected if kelp improves water clarity elsewhere.  

From the results in the literature study about different valuation techniques there are two 

methods that fits the purpose of valuing recreational sites; contingent valuation and travel cost.  

The use of CV in relation to kelp cultivation could render in a survey with the hypothetical 

question “Would you be willing to pay $ ## each year for an improvement in water clarity 

resulting in an increased sight depth with one meter?” This is relevant to the Seafarm case where 

removal of nutrients such as nitrogen and phosphorus by the kelp would result in an 

improvement of water clarity.  

A study from Finland showed that an increase in sight depth by one meter increased the total 

consumer surplus with 6 % for swimming and 15 % for fishing (Vesterinen et al. 2010).  
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A CV study would not have to be limited to only water clarity but could also include a 

combination of other recreational services provided by the kelp, such as reduction of algal 

blooms.  

As mentioned in the literature study the result of a CV study could be questioned since it only 

shows the respondents stated preference regarding the questions in the survey, and not their 

actual behavior. The more market based method of travel cost (random utility approach) could 

also be used to estimate the recreational values from marine and coastal tourism and 

improvements in recreational quality at specific sites. An example could be through gathering 

data from visitors at specific beaches on the west coast of Sweden. By comparing the 

recreational quality of different sites with the distance travelled, and money spent on site, the 

total recreational value could be estimated. 

The total recreational value could be valuated with a combination of travel cost and CV. 

Different values are more suitable to measure with one of the methods. Measurement of the 

recreational value of sport fishing is for example best studied with the travel cost method. 

Improvements in scenery of nature is usually done by CV. The total recreational value is the 

sum of all these values.  
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5 Discussion 

5.1 Identification 

Many ecosystem services has been identified from cultivating S. latissima in Skagerrak but not 

all of them are studied in great depth and some are not studied at all in this report. Examples of 

services that have not been studied but may be of importance are thickening agents 

(provisioning ecosystem service), pest and disease control (regulating service), nutrient 

recycling e.g. water and phosphorus cycle (supporting service) and inspiration (cultural 

services). The importance of these services for the Seafarm project can be debated but the 

overall knowledge gained from this study implies that they can be neglected because many of 

them, such as pest and disease control and inspiration couldn’t be connect to kelp. A lot of 

information about how to prevent pest and diseases attacking the kelp was found but nothing 

about how kelp could control and prevent pest and disease spread to humans and animals which 

is what that services is all about. The nutrient recycling service was partially covered with 

climate and atmospheric regulation where methods for quantifying carbon and oxygen uptake 

and release are described. However, here is an opportunity for improvement to dig deeper into 

the whole cycle of the once mentioned and other cycles such as the water and phosphorus 

cycles.  

Then there is the question, in what extent are the identified ecosystem services important. For 

example coastal protection may be more or less meaningful because S. latissima are most often 

found where sedimentation is high and with low wave exposure. Arguments can therefore be 

made that S. latissima doesn't protect coastlines that much. 

5.2 Quantification 

The most important ecosystem services deriving from cultivating kelp in Skagerrak were 

chosen by the authors from the knowledge gained through the process of making this paper. If 

these are the most important services in Skagerrak is up for debate and can only be answered 

when a complete valuation is done. However, it was clear from the beginning that this study 

won't cover the whole TEV and that additional work must be done in the future. With that said, 

the way of choosing the most important services will probably not affect the end result in this 

case, as long as some of the more important services have been identified. The only ecosystem 

service that the authors wish to have covered, if time allowed it, was resilience and biodiversity 

because this would mean that all the ecosystem service categories were included. Hopefully all 

ecosystem services related to kelp cultivation will be evaluated in the future and then it will be 

clear which are the most important. 

One big question mark with the quantification part is the fact that the Seafarm project doesn't 

seem to have figured out how much of the harvested biomass is processed into which products, 

e.g. biogas, fertilizer etc. If one want to quantify and valuate the ecosystem services around 

kelp biomass this must be known because all the provisioning services except reproduction of 

fish are affected by it. Furthermore, services such as climate and atmospheric regulation are 

directly connected to how production of provisioning products are distributed.  
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When it comes to the determination of which provisioning ecosystem services that were 

influencing the climate and atmospheric regulation, the authors were not certain about what 

happens with the carbon when making fertilizer from the biomass. It seems that it is released to 

the air again but this could be an error. However, this error may not be of importance and won’t 

have a big impact on the estimation of the ecosystem service because fertilizer doesn't seem to 

be the main product at Seafarm.  

If, in the future, biofuels from kelp cultivation would be used in power plants, combined with 

carbon capture storage (CCS) techniques, there would be a good potential for the project to a 

have a negative carbon footprint.  

There is a big risk of double counting with competing ecosystem services or intermediate 

services when they are estimated separated from each other. One example is how climate and 

atmospheric regulation can mitigate climate change and rising temperatures which in the long 

run may function as coastal protection through reducing the occurrence of storms and wave 

exposure. The authors think it is important to define and as strictly as possible distinguish the 

ecosystem services that are identified and at the same time have a spatial awareness of the study 

area. To use the four ecosystem service categories proposed by the Millennium Ecosystem 

Assessment Report made it easier to separate them in a structured way. Another way of reducing 

double counting could be to choose the “right” methods for both quantifying and valuing the 

ecosystem services. Because some methods take more or less values into account and with the 

right combination of methods a good result with little double counting could be 

accomplished.         

5.3 Valuation 

The results from the case study in Chile showed that the provisioning services were by far the 

highest valued once with 75.6 % and non-use values such as biodiversity, cultural heritage and 

species connected to kelp were valued to 0.5 % of the total value. There is reason to believe 

that those values does not represent the “real value” of the ecosystem services. Non-use values 

are often the basis for all the other services and without them the other values would not exist. 

These values are most often estimated with stated preference methods e.g. CV. These methods 

are much more inaccurate than market based methods because they rely on people's preferences 

and not something “real” like the market price. The obvious question to ask now would be; why 

do people in general value these kinds of services so low? Well, there is probably many answers 

to that question, but one reason could be people's lack of understanding of the importance of 

these services. Even if a good CV method tries to describe and explain what needs to be known 

for people to make a “qualified” decision on their WTP, the author’s opinion is that people that 

had less knowledge before answering the WTP question still will value these services 

inaccurate. Mainly because ecosystem services are such a complex phenomenon. Another angle 

could be that the way of valuing an ecosystem service with people's WTP is not really 

“accurate” in the first place because it is very subjective for a person to value an ecosystem 

service. However, we do realize that CV is the best way at the moment to value these non-use 

values and it is better than nothing. The final thought would be that much more research is 

needed to accurately estimate these values and thereby give policymakers a clearer picture on 

how to regulate the use of ecosystem services for a sustainable development.    



38 

 

Also, when speaking about ecosystem services, which by their name is a positive thing, it is 

easy to forget that large scale implementation of monocultures could also have negative effects 

on the existing ecosystems. It is not completely risk free to start cultivating algae on a large 

scale which is why the work in focus area one at Seafarm, investigating the ecological impacts 

of kelp cultivation, is important.  

  



39 

 

6 Conclusion 

6.1 Identification 

Many ecosystem services has been identified from cultivating S. latissima in Skagerrak but 

most certainly not all of them. The ecosystem services were divided into four categories, as in 

the Millennium Assessment Report (2005), and were identified in figure 2.  

 

 
FIGURE 6 - IDENTIFIED ECOSYSTEM SERVICES 

6.2 Quantification 

To maintain a reasonable scope of this paper the most important ecosystem services deriving 

from cultivating kelp in Skagerrak were chosen. These ecosystem services are: Provisioning 

services, climate and atmospheric regulation, regulation and mitigation of eutrophication and 

recreation and tourism. Some of the identified services have been studied more than others and 

therefore the difficulty of finding methods for quantifying them has differed.  

There are many ways to quantify and evaluate ecosystem services and it is crucial to choose the 

“right” method because at the end of the day the results will hopefully be used by policy makers. 

It is also very important to eliminate as much double counting as possible which can be achieved 

with extensive knowledge in the field e.g. understanding the carbon and nitrogen cycle or in 

general knowing the ecology about kelp forests and their environment. More things to consider 

when selecting quantification and valuation methods is to know which assumption that can be 

made (e.g. can we assume that the oxygen production equals the carbon fixation or can we use 

someone else's result about carbon fixation conducted somewhere else?). If the right 

assumptions are made and the right methods are chosen it will lead to the most accurate result, 

to as low a cost for the investigator as possible. 

All the provisioning services, except reproduction of fish, are related to the amount of harvested 

kelp. The biomass can be quantified as DW with a relationship between DW and WW. This 
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relationship can however be more or less accurate depending on when the kelp is harvested. 

Also, the estimate of the average biomass per hectare can differ from site to site because of the 

structure of the cultivation site and environmental factors, such as nutrient levels.  

The method of quantifying climate and atmospheric regulation is in direct relation to the DW 

of the biomass. The study shows that the carbon sequestration on a cultivation site can be 

neglected and carbon stored in kelp used as food, fodder and fertilizer is released back into the 

atmosphere and therefore we can assume that it is not necessary to quantify it. Biomass used as 

biofuel prevents fossil fuel usage and should therefore be quantified. Seasonal fluctuations are 

not only important when calculating dry-to-wet weight ratio but also when estimating the 

average carbon content of S. latissima.    

The most economical way of estimating the oxygen production of S. latissima is to assume that 

it equals the carbon fixation. If that is not accurate enough can it be measured with a Clark type 

oxygen O2-sensor described by Inga Arnesen Aamot. 

It is possible to calculate the amount of nitrogen that kelp can store but it is very hard to quantify 

the mitigation of eutrophication by kelp because no quantifiable method was found to connect 

kelps ability to store nitrogen and signs of eutrophication. The conclusion is that more research 

is needed in this area. However, the value of mitigating eutrophication can still be estimated 

using CV but the relation to kelp cannot be accurately quantified.  

It is also hard to quantify kelps impact on recreation and tourism because it doesn't have a 

market price but as in the previous paragraph the value can be estimated with stated preference 

methods.  

Ecosystem services that provides goods or services of direct use for humans, that already have 

a market price, are generally the easiest to quantify. 

6.3 Valuation 

The valuation of the ecosystem services should be done over a certain amount of years because 

it's much more useful in that way. To do this the annual increased value of the ecosystem 

services should be covered by a constant rate together with a discount rate. 

Provisioning ecosystem services are best valuated with the on-site valuation method. The 

carbon fixation value in climate and atmospheric regulation can be estimated with carbon 

credits and the oxygen production value can be estimated either with the assumption that it 

equals the carbon fixation value or with the replacement cost method. The value of mitigation 

of eutrophication can be estimated with CV and the value of recreation and tourism can also be 

estimated with CV but also with travel cost. 

To put an accurate monetary value on ecosystem services is hard, especially for non-use values, 

or services that cannot be estimated with market prices. It’s important for the monetary value 

that ecological indicators and descriptors are measurable. 

Even though the case study from Chile is geographically far away from Skagerrak and Sweden 

the methods used there can be of use at Seafarm. Some of the economic elements to the methods 
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such as discount rates and more must be adapted to Sweden. It turned out that the economic 

value of kelp was by far most influenced by the provisioning services with approximately ¾ of 

all services that were estimated. 

The total economic value of the kelp forests ecosystem services can only be estimated if the 

knowledge gaps are filled. However, it is hard at this point to imagine a finite value due to this 

reason and the fact that new products and traditions are emerging and disappearing which will 

affect the TEV over time. Finally, future studies about quantification and valuation methods at 

Seafarm could complement this study to cover more of the TEV. 
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Appendixes 

Appendix A – Valuation methods 

Market based values 
Valuation methods using market prices to estimate the economic value of both direct and 

indirect ecosystem goods and services traded on commercial markets are presented below 

(Ecosystemvaluation 2013c).  

Direct valuation  

On site sale value 

Direct use values, both consumptive values (such as products from the fishing industry and raw 

material from kelp) and non-consumptive values (e.g. recreation and tourism) can be estimated 

with the help of market prices. The direct use value, or on site value, is calculated with (1). 

𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡 =  𝛴{𝑃𝑖𝑄𝑖 –  𝐶𝑖} (1) 

 

Where Pi=Product price for i, Qi=Quantity of products i, Ci=Production cost of i (UNEP, 2007). 

Indirect valuation 

Some ecosystem services are very hard to calculate with direct market prices, indirect market 

prices can instead be used e.g. change in productivity, replacement cost.  

Change in productivity 

The change in productivity of goods connected to an ecosystem can be used as a valuation tool 

to indirectly estimate the value of ecosystem services. The argument for this approach lies in 

how changes in ecosystem services affect the productivity of goods (Naber et al. 2008). Change 

in productivity of goods equals the minimum value of a change in ecosystem services. The 

minimum value is calculated with a slight modification of (2) where everything is based on a 

starting point and the observed change (UNEP 2007).   

𝛥𝑃 =  [ 𝑄𝑖 −  𝑄𝑖2 ]  ∙  𝑃𝑖        (2) 

 

Where ΔP = Change in productivity, Qi = the quantity before the change, Qi2 = the quantity 

after the change, Pi = Product price  

Replacement cost 

Replacement cost uses the cost of replacing an ecosystem service with a human product to 

estimate the service value (Kaval 2010). An example could be the replacement of kelps ability 

to protect coastlines (Coast protection) by building a concrete breakwater. Similar methods are 

the “damage cost avoided” and “substitute cost” methods. These two methods are estimating 

the cost of avoiding damages and providing substitutes. All three methods are indirect valuation 

methods were the monetary value is at least the cost of replacing or substituting an ecosystem 
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service or avoiding costs from damages when the service is lost. Replacement cost is a much 

more affordable and easier to conduct compared to methods that for example uses WTP. The 

methods mentioned here are best used in situations where either damage on services has been 

avoided, been replaced or if it will happen in the future (Ecosystemvaluation 2013b). 

Surrogate market values 
A surrogate market contains ecosystem goods and services that doesn't have a market price. 

With other words, ecosystem services that cannot be estimated through market prices uses the 

concept of surrogate market value and the associated methods to put a monetary value on them. 

The two main valuation methods based on surrogate market are hedonic price and travel cost 

(Songkram 2008).    

Hedonic price 
Hedonic pricing is a revealed preference method (Kaval 2010) that uses the surrogate market 

to determine the economic value of ecosystem service through a property's characteristics 

related to (size, quality, feature etc.) along with the surrounding (proximity to school, work, 

communication, shopping etc.), environmental qualities (air and water pollution, noise) and 

environmental amenities (scenery or distance to recreational sites) with the help of housing 

prices (Ecosystemvaluation 2014b), property sales or rental values. The method assumes that 

an individual takes all the different characteristics (including environmental aspects) of a 

property into consideration when purchasing a property (Songkram 2008) because consumers 

are utility maximizers (Hasselström 2015). In this way a property's characteristics are valued 

rather than the property itself (Ecosystemvaluation 2014b). With the case of valuing ecosystem 

services the characteristics of environmental qualities and amenities are relevant, such as 

scenery, recreation and air quality etc. The hedonic price technique also assumes that people 

with a choice of two similar properties will chose the property with slightly better characteristics 

despite a higher price. The difference in price between the properties will function as an 

estimation of the change or in other words the value of an ecosystem service (UNEP 2007).   

How to apply the hedonic price method 

The Hedonic price method can be performed in two ways: 

Approach 1 

1. Evaluate the price difference between properties where one of them has a slightly better 

environmental characteristic. All the other characteristics related to the property price 

should be kept constant.  

2. Evaluate the WTP for a slightly better environmental characteristic and characteristics 

related to income should be kept constant (UNEP 2007). 

Approach 2 

1. Specify the environmental characteristic that should be valued. 

2. Choose surrogate commodity (e.g. housing prices, property sales or rental values).  

3. Collect data about property characteristics, surrounding characteristics, environmental 

characteristics and selling prices.   

4. Define and calculate the hedonic price function with regard to step 3. 
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5. Use regression analysis on the hedonic price function (UNEP 2007). Regression 

analysis estimates the correlation between different characteristics and creates “the best 

fitting line” between data points (Sykes 2007). 

Advantages and disadvantages  

 The method is based on people's choices. 

 Information regarding properties (e.g. sale numbers and characteristics) are often 

reliable. 

 Estimates only use values 

 Much data collection and analyzing  

 Accessibility of data (Songkram 2008). 

Travel cost 
The travel cost method is based on people's actions (revealed preference) and it looks at how 

much an individual is willing to pay to travel to a specific ecosystem service with recreational 

value, e.g. beaches (Kaval 2010). This method is less controversial since it studies people’s 

actual habits and “consumption patterns”.  

The travel cost method tries to capture the present monetary use values of specific ecosystem 

services or an area of particular interest. The total use value of a site is equal to the travel cost 

added with the costs on site (e.g. accommodation cost, meals, parking fees etc.). The travel cost 

method can be approached in different ways: Zonal travel cost, individual travel cost and 

random utility approach (Ecosystemvaluation 2013d). 

The travel cost method can also be used to estimate cost or benefits from different changes of 

recreational values. For example environmental quality, addition or removal of recreational 

sites or change in access costs to a site(Ecosystemvaluation 2013d).  

The zonal travel cost method is the easiest and the least expensive to use. It is not good for 

evaluating the change in quality of a recreational site but it is rather used to capture the total 

value of this site. The method uses the concept that the travel cost (distance and time) will differ 

depending on how far people have to travel. By using this concept it is possible to observe the 

demand at different prices which in turns can be used to calculate the total surplus (economic 

benefit) of recreational services (Ecosystemvaluation 2013d).     

The individual travel cost approach is more survey based compared to the previous methods 

surveys where individual visitors are analyzed. It entails a somewhat more difficult process but 

with better results. After the survey is done and information about visitors travel expenses, time 

spent at the site, travel distance, visit rate etc., the method proceeds in a similar manner to the 

zonal travel cost method but this time individual data is used. On top of that the additional data 

about the quality of the site gathered from visitors can be used to improve the 

results(Ecosystemvaluation 2013d).  

The random utility approach is the most complex and expensive method of them all. What 

distinguish this approach from the others is its ability to evaluate specific attributes and quality 

changes of recreational sites rather than just the willingness to travel there. This approach 

incorporate analysis and compares different sites that the asked visitor could think of visiting. 
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This means that additional data about different qualities of the sites needs to be collected. The 

gathered extra information from the surveys are used to anticipate the likelihood to choose one 

site over another and estimate the value in quality change of recreational sites 

(Ecosystemvaluation 2013d).  

Advantages and disadvantages 

 Estimations are based on observed behaviors 

 Based on well-known economic models 

 Inexpensive compared to other methods 

 Estimates only use values, giving a lower limit for TEV 

 The trips can have multiple intentions (Risén 2015).       

Simulated survey-based value  
The two main valuation methods based on a simulated market are contingent valuation and 

choice modelling. Both methods creates a simulated or hypothetical markets and uses surveys 

to estimate people's WTP to change or preserve an ecosystem service (Brännlund & Kristöm 

2012). Choice modelling is not presented here, first and foremost because of lack of time but 

also because CV is more commonly used.  

Contingent valuation 

The contingent valuation methods (CVM) is used to estimate both use and non-use values, 

especially non-use values. CV is a survey based method where people state their preferences of 

willingness to pay or their willingness to accept an environmental change (Ecosystemvaluation 

2013a) through hypothetical questions (Naber et al. 2008). A hypothetical survey question 

could be: How much are you willing to pay to make sure that the last mountain gorillas in the 

world living in Congo are protected?  

CV is one of few methods that can estimate non-use values of ecosystem services but the 

method has encountered a lot of criticism from psychologists, sociologist, jurists and policy 

makers. The criticism has mainly been about the fact that the CV is based on people's 

preferences to hypothetical questions rather than actual observations. However, if these non-

use values are not estimated they will be valued very low or zero (Beaumont et al. 2007).     

Depending on the survey design the respondents would either be told to answer yes or no on a 

preprinted dollar value or to fill in a numbers themselves. In the case of a survey with a 

preprinted value the respondents can be divided into groups and asked for the WTP on different 

preprinted values in order to identify variations in the WTP. The conductor of the study can 

then calculate an average value and multiply that value with the whole population in order to 

find the total value of the studied ecosystem service (Brännlund & Kristöm 2012).  

Since the CV-method studies stated preferences of the population instead of revealed preference 

it has rendered the method a lot of critique, especially from economists. Since the respondents 

are asked to value a hypothetical change there will always be an amount of uncertainty in the 

results. It is not completely certain that the respondents actually would pay their stated value if 

they were asked to do so. There is a phenomena called “warm-glow” which is when the 

respondents are happy to contribute to a good cause, such as environmental issues, but since 
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there is no direct cost they state a higher WTP than they would have paid in a real situation. 

The respondents might also have an specific interest in a particular question and could therefore 

state a higher number just to influence the result (Brännlund & Kristöm 2012).  

How to apply the contingent valuation method 

Step 1: Define the valuation problem, which services are to be evaluated and what people are 

affected? 

Step 2: Make preliminary decisions about the actual survey. What type of medium will be used 

to collect the data (mail, phone or interview in person), what is the scale of the survey, who will 

be questioned (only those who are directly affected? an entire population? etc.). Person to 

person interviews are mostly used for more complicated questions because of uncertainties 

around questions and when the survey as a whole can be conveyed easily. In-person interviews 

is also more likely to uphold the respondent’s focus, which is desired in longer surveys. The 

other alternatives are not often used because it is hard to keep people interested via mail and 

phone. The only reason to use these method is the fact that you can reach many more and it is 

cheaper (Ecosystemvaluation 2013a). An important issue in a CV survey is that the WTP can 

very much be affected by the amount of information that is given to the respondent. The 

question about how much and what information should be provided to the respondent depends 

on situation to situation. A rule of thumb is: The less information, the better, as long as the 

respondent understand the survey (Brännlund & Kristöm 2012). 

Step 3: This step is all about designing the survey, which can take months to do. The first step 

is to test the questionnaire in so-called focus groups. These focus groups are to begin with small 

(5-10 people) and with persons who are similar to those who are receiving the final 

questionnaire. The discussion with these focus groups are meant to lead to a better 

understanding of the weak points of the questionnaire. When more and more focus groups are 

studying the questionnaires, more and more specific feedback is given. For example suggestions 

of new questions (Brännlund & Kristöm 2012). 

When enough focus groups have studied the survey it is time to do a pilot study. The pilot study 

is supposed to cover approximately 10-20 % of the final target group. The pilot study is made 

to ask for some last feedback and things to improve (Brännlund & Kristöm 2012).  

Step 4: Now it’s time to conduct the survey either with mail, phone or in-person interview. 

With standard statistical sample methods it is possible to randomly select people in the target 

group (Ecosystemvaluation 2013a). 

Step 5: The fifth and final step is to analyze the result with statistical techniques. It is also 

important to look at bias, for example non-response bias, payment mechanisms and response 

rate (should at least be 30 %) (Ecosystemvaluation 2013a). 

 

Other Methods 

Meta-analysis  

The meta-analysis method is often called the study of studies because it is based on statistical 

analysis of results from previous empirical studies. The method can estimate use and non-use 
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values (Naber et al. 2008) and works best when the different empirical studies are as similar as 

possible (Barrio & Loureiro 2010). The purpose is to identify consensus between previous 

studies and explain the variation in WTP using meta-regression analysis (combining different 

statistical data to find new statistical relationships) which hopefully will lead to new results and 

conclusions (M. Brander et al. 2012). Meta-analysis is a good alternative to other valuation 

methods. Methods using WTP can sometimes give different results and studies based on 

original material (primary studies) are generally burdened with high costs (Hjerpe et al. 2015). 

Probably the most essential thing to watch out for when doing a meta-analysis study is to make 

sure that the used sources are reliable and relevant (Abdullah 2012).  

The core idea of finding and gathering general patterns from studies regarding a specific 

ecosystem service can serve as a basis for the benefit transfer method (Abdullah 2012) which 

will be described in the next section.  

Benefit transfer 

Valuing ecosystem services with primary studies (site- specific data) is very time-consuming 

and expensive. A suitable alternative for this problem is the benefit transfer method (Plummer, 

2009), which can estimate use and non-use values (Naber et al. 2008). This method uses already 

available studies (economic estimates of ecosystem services) from one location (study site) and 

transfers it to another location (policy site) with similar ecosystem services (Plummer, 2009). 

The best results can be achieved when the study site and the policy site are as similar as possible 

with respect to quality, location, population and characteristics (Ecosystemvaluation 2014a). 

However, a primary valuation study should always be the first alternative because the data 

derived from such a study is connected in time and to a specific location but if the expenses are 

too high then the benefit transfer method is the second best alternative (Liu & Services 2011). 

Nonetheless, it is important to remember that the accuracy of the method is only as good as the 

primary study/studies (Ecosystemvaluation 2014a).    

How to apply the benefit transfer method 

Step 1: Describe and define the policy site in detail with respect to the sites biological and 

physical characteristics, in what way the site will be used by people (recreation, fishing etc.),by 

the non-use values or how many will be affected by the policy site (Plummer, 2009). 

Step 2: Search for existing primary studies or values that can be used and transferred to the 

policy site (Ecosystemvaluation 2014a). In this step it is important to compare the two sites in 

terms of biological and physical characteristics, location, population demographics, use or non-

use values etc. 

Economic valuation of ecosystem services has mostly been done on use values e.g. recreation 

and less on non-use values which means that it will, in general, be easier to find studies about 

the former. The accuracy of the benefit transfer can be estimated by the “correspondence” 

which is a measure of the similarity between the two sites (Plummer 2009). The quality of the 

studies that are being transferred will be inspected by professional researcher 

(Ecosystemvaluation 2014a).   

Step 3: The last step is to adjust the values given from the primary studies and apply them to 

the policy site (Ecosystemvaluation 2014a). This is often done with the unit value method: It 
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estimates the economic dollar value per-unit base, where the unit is based on either an activity, 

an outcome or a per-person (Plummer 2009). 

Appendix B - The Clark type oxygen method 

Oxygen production and respiration rates can be measured with a Clark type oxygen O2-sensor 

as described in a paper by Inga Arnesen Aamot. The Clark type oxygen microelectrode is built 

with a cathode, an anode and a silicone membrane with everything encapsulated in a glass tube. 

The oxygen from a tissue sample is passing through the membrane to an oxygen reducing 

cathode. This reaction will generated a current that can be measured by a picoampere meter 

which in turn can be used to estimate the oxygen production and respiration rate. The signal 

from a depleted oxygen solution and a solution where the maximum amount of solvent has been 

dissolved needs to be known for the calibration of the sensor. Adding the net oxygen production 

rate with the respiration rate at night (in dark) equals the gross oxygen production rate. 

However, this estimation will be less than the actual production rate because the respiration rate 

in light is higher than in dark (Aamot 2011).   

To minimize errors during the study it was important to transfer the samples directly to the 

seawater storage which was changed every day. From these samples tissues of 0.5 x 1 cm could 

be placed in small containers with 4 mL filtered seawater. The circulation of seawater in the 

containers were handled by magnetic stirrers and the containers were closed off with a lid with 

a pipe. The electrode entered through this pipe and measurements could start (Aamot 2011).  

The oxygen respiration rate was measured under dark conditions but for maximum net oxygen 

production a light source was used. Seasonal fluctuations were taken into account by changing 

the temperature. April was estimated with a temperature change from 5 to 20 ℃ with the step 

of 5 ℃. August was in the same manner change from 5 to 30 ℃ (Aamot 2011).  

Tissues measured for the respiration rate were first kept in darkness for 30 minutes and the 

maximum net production rate was measured after 15 minutes of light exposure for the tissue to 

adjust to the temperature. The actual measuring periods were 10 minutes. The oxygen 

concentration was plotted against time and both the production and respiration rate was seen as 

the slope of the curve (Aamot 2011). 

The salinity in the water containers were measured because it affects the solubility constant and 

it is part of (3) which was used to determine the oxygen concentration in the containers (Aamot 

2011).  

 [𝑂2 𝜇𝑚𝑜𝑙 𝐿−1]  =  
𝑆−𝑆0

𝑆𝑠𝑎𝑡−𝑆𝑠
∙ 𝐴  (3) 

 

Where Ss is the electrode signal in the tissue, S0 is the signal in depleted oxygen solution, Ssat 

represents the signal in a 100 % saturated solution and A is the solubility constant for oxygen. 

The calculated rates of net production and respiration were corrected for Chl a (Aamot 2011), 

this calculation will not be further discussed in this paper but it can be read in Aamots paper. 

The gross oxygen production rate could be calculated after the plot was done and by knowing 

that each measuring period was 10 minutes long. It would be much more convenient if the 
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oxygen production was represented per mass of kelp instead of per liter because the harvested 

kelp is measured in that way. The authors have not found any methods to do this but if one is 

found is equation (3) however still measured in mol. When valuing the amount of both carbon 

and oxygen absorbed respectively produced by the kelp, it will prove to be of advantages to 

quantify the physical magnitudes in mass rather the in mol. This can be done with (4). 

𝑚 =  𝑀 ∙  𝑛   (4) 

   

Where m is the mass [kg], M is the molar mass [Kg/mol] which equals (15.9997 kg/mol) for 

oxygen (WebQC 2015). 

 

 

 


