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Abstract 
Habitat loss and degradation are recognised as the most important causes of species 
decline and extinction in marine ecosystems. It is also widely recognised that a range 
of restoration actions are now essential to halt further decline. From a policy 
perspective, demonstration that restoration activity is in the interest of society is an 
important goal. In this paper, the welfare impacts of restoring Norwegian kelp forests 
to areas where they once were dominant but which now lie barren are estimated using 
the discrete choice modelling approach. The paper also examines if more direct 
contact with the environmental good under investigation influences respondents’ 
willingness to pay to restore ecosystem features. The results indicate a positive and 
significant marginal societal willingness to pay for the ecosystem services associated 
with kelp forest restoration. The enhanced biodiversity levels as a result of the 
restoration activity are the most highly valued by the Norwegian public although the 
size of the area restored is more highly valued by respondents who are active marine 
environment users. It is argued that without incorporating these non-market values 
into the decision making process marine policy decisions may be made that are not in 
fact in the best interest of society.  
 
Key words: kelp forest restoration, ecosystem service benefit values, choice 
experiment 
 
Acknowledgements 
This study has received funding from the European Union's Horizon 2020 research and 
innovation programme under grant agreement No 689518, project MERCES (Marine 
Ecosystem Restoration in Changing European Seas), the Fram Centre Flagship MIKON 
project ECOURCHIN (2015-2017) and the Norwegian Research Council project 
OPTIMAKELP (2018-2021) Project Number: 280732. The authors would also like to 
acknowledge the assistance of Hartvig Christie, Cristina Gambi and Roberto Danovaro in the 
preparation of the choice attributes and questionnaire and Hege Gundersen for the production 
of figure 1. 
 
Corresponding author email address: stephen.hynes@nuigalway.ie 
 



20-WP-SEMRU-04 
 

 

1. Introduction 

Kelp forests are extensive, underwater habitats that dominate subtidal shallow rocky 

coasts contributing to their production, biodiversity and functioning in temperate to 

polar parts of the world (Araújo et al. 2016; Filbee-Dexter and Wernberg, 2018). They 

are known to be one of the most productive natural ecosystems on the planet 

supporting complex food webs in coastal zones and providing food, shelter and 

habitat for a variety of invertebrates, fish, mammals and seabirds (Christie et al. 2009; 

Graham, 2004; Norderhaug et al. 2005; Teagle et al. 2017). As well as these intrinsic 

biodiversity values kelp forests generate direct use value through the kelp harvesting, 

commercial and recreational fishing, and tourism activities that they support (Vásquez 

et al. 2014; Bennett et al. 2016; Blamey and Bolton, 2018). Kelp forests also provide 

many supporting and regulating ecosystem services that benefit society indirectly 

(Pascual et al. 2010 and Pendleton, 2010). The role of kelp forests acting as a carbon 

sink is also currently an active area of research (Smale et al. 2016; Filbee-Dexter and 

Wernberg, 2020). Kelp forests also take up extra nutrients in the water and hence also 

provide a bioremediation function, something that is often mentioned in connection 

with increased aquaculture production (Gundersen et al. 2016). The forests have also 

been found to support other adjacent and diverse ecosystems through the export of 

kelp detritus (Krumhansl and Scheibling, 2012).  

 

Healthy kelp forests can also play an important role in mitigating the impacts of storm 

surges on vulnerable coastal areas by dampening the intensity of the wave forms 

generated before they reach land (Lovas and Tørum, 2001). Such threats are expected 

to increase with climate change and there is a growing interest internationally in the 

adoption of these nature based managed realignment approaches or what is sometimes 

referred to as blue green infrastructure (Luisetti et al., 2011; Ghofrani et al., 2017; 

Deely and Hynes, 2020). As discussed by Esteves and Williams (2017) managed 

realignment approaches involving the restoration of coastal habitats such as 

saltmarshes, mangroves and oyster reefs are increasingly being considered as “a no-

regret option bringing social and environmental benefits” which can improve the 

long-term sustainability of coastal management strategies. Therefore, restoring kelp 

forest habitat would not only improve the ecosystem and ecosystem function of the 

seabed but also the ecosystem service benefits received by coastal communities and 

society more generally.  
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Kelp forests are known however to be on the decline at a global scale (Fredriksen et al. 

2020; Wernberg et al., 2019). This decline is linked to anthropogenic induced impacts 

such as ocean warming, eutrophication, and overfishing that has led to sea urchin 

abundance and overgrazing. This decline has serious consequences for the coastal 

societies that rely on kelp for the many ecosystem goods and services provided by 

these habitats. There is also evidence that these human impacts on kelp forests may be 

accelerating and large-scale restoration efforts may be required to halt the loss of 

these valuable ecosystems (Krumhansl et al., 2016). Fredriksen et al. (2020) review 

alternative approaches to restoring kelp forests including fishing and hunting 

restrictions; sea urchin removals by commercial harvest, quick liming, or culling by 

divers; the creation of artificial kelp forests by adding boulders to sandy bottoms, 

seeding techniques and methods to enhance natural recruitment. Restoration of natural 

kelp forests is now viewed by many as being necessary not only to ensure its future 

availability for possible use as a food source in multi-trophic aquaculture, for alginate 

extraction and for biofuel production but also as an environmental purifier (Vásquez 

et al. 2014) and a vehicle for carbon storage (Gundersen et al. 2010), and has been 

studied in countries such as the Australia (Layton et al., 2020), the US (Claisse et al., 

2013) and Italy (Tamburello et al., 2019).  

 

Restoration rather than preservation is also seen as vital for kelp recovery in Norway 

where the issue of sea urchin overgrazing has been of particular concern. For the last 

four decades, dense sea urchin populations have destructively grazed kelp forests over 

extensive areas, particularly along the coast of three northern counties; Nordland, 

Troms and Finnmark (Christie et al. 2009, Norderhaug and Christie 2009). In these 

areas barrens have resulted - a desert-like seabed consisting almost entirely of sea 

urchins. Sea urchin barrens have low productivity and support few other ecosystem 

functions (Christie et al. 2009). If the urchin population were reduced, kelp forests 

could recover (Filbee-Dexter and Scheibling, 2014).  Rapid kelp recovery following 

sea urchin mortality has been seen in Norway in a small-scale experiment (Leinaas 

and Christie 1996) and at a larger scale in nature (Norderhaug and Christie 2009). 

Figure 1 shows the known distribution of kelp along the Norwegian coast as well as 

the sea urchin barrens along the Northern coast and the location of kelp forest that is 

threatened by eutrophication and ocean warming. 
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Recognising the ecosystem services provided by kelp forest restoration, quantifying 

them and finally valuing the benefits to society from the additional level of services 

provided enables policy makers to take such values into account when assessing 

policies which may affect kelp forest habitats, and can also assist decision makers to 

decide on which restoration projects should be prioritised. With this in mind current 

paper presents a choice experiment study that was carried out amongst the Norwegian 

population to assess the preferences and willingness to support kelp forest restoration 

activities in Norwegian coastal waters. While other studies have used secondary 

sources of information to quantify the values of a number of kelp forest ecosystem 

service benefits to society none have conducted a primary analysis to examine what 

the values from the restoration of such an ecosystem might be. As such this study 

provides important information related to the benefit values derived through the 

restoration of marine ecosystems as well as a better understanding of societal 

preferences for alternative kelp forest policy options. We also examine if being an 

active marine recreationalist may influence respondents’ willingness to pay to restore 

kelp forests.  

 

While many ecosystem services are provided by kelp forests the cognitive burden of 

completing a choice experiment means that only a limited number of attributes can be 

included in the options presented to respondents in a choice experiment. Based on 

discussions with marine ecologists in the Norwegian Institute for Water Research and 

other marine scientists in the EU MERCES project, and a review of the literature, 

three key restoration attributes were included; one relating to biodiversity, one related 

to the nursery function played by kelp forests for juvenile fish and one on the size of 

the ecosystem to be restored. The study also examines how respondents make trade-

offs between the possible levels of ecosystem services that could be provided by 

restoring the kelp forest on the urchin barrens in Northern Norway. Using the 

responses to the choice experiment we estimate the Norwegian population’s marginal 

willingness to pay for ecosystem service attributes associated with kelp forest 

restoration, namely biodiversity improvements and the nursery services that such 

forests provide to juvenile fish. The relevance of the size of the area to be restored to 

respondents is also assessed in the choice experiment and in the welfare estimations. 
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Model results are also employed to estimate the welfare impact1 of a number of 

alternative restoration policy options that vary in terms of the ecosystem service levels 

delivered. 

 

In what follows we first briefly review previous efforts at valuing the restoration of 

different habitat types and report on the limited number of studies that have looked at 

valuing kelp forest ecosystem service benefits. Section 3 then outlines the design of 

the survey. Following that section 4 presents the discrete choice modelling 

methodology. Model results and the WTP estimates are presented in section 5. Finally, 

section 6 concludes with some recommendations for further research. 

 

2. Valuing ecosystem restoration  

There have been a number of studies that estimate the values of restoration of 

different habitats using mostly stated preference methods. Some of these studies use 

the methods of contingent valuation and choice experiments (Endo et al. 2012; Park et 

al., 2013; Dissanayake and Ando, 2014). Others use market data (Jenkins et al. 2010; 

Vasquez et al. 2014). However, most of these valuation studies are on wetlands 

(Milon and Scrogin, 2006; Westerberg et al., 2010; Glenk and Martin-Ortega, 2018), 

riparian or river ecosystems (Ojeda et al., 2008, Loomis et al., 2000; Grazhdani, 2013), 

and terrestrial ecosystems such as grassland (Dissanayake and Ando, 2014). There are 

also a number of coastal ecosystem restoration valuation studies including 

applications to tidal flats (Kim et al., 2017) and coastal lagoons (Stone et al., 2008; De 

Wit et al., 2017 and Rutger et al. 2017). De Wit et al (2017) examined the WTP for 

the ecological restoration of coastal lagoons along with waterside facilities. 

Interestingly, they found that local populations were willing to pay €25 per person per 

year for restoration of the ecosystems but were only willing to pay €5 for additional 

footpaths and hides, suggesting a higher willingness to pay for non-use benefit values 

from restoration than use values. 

 

While a number of studies have estimated the ecosystem service values associated 

with the conservation of off-shore marine ecosystems (for example Jobstvogt et al. 

                                                 
1 Welfare impact in environmental valuation exercises generally refers to the values that people assign 
to marginal changes in the supply of environmental goods. In a choice experiment setting the welfare 
impact is indirectly inferred from the trade-offs that people are willing to make when choosing their 
preferred alternatives in the choice sets. 
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2014; Norton and Hynes, 2014; Armstrong et al. 2017; Aanesen et al. 2018) those that 

have estimated the value of restoring such ecosystems are more limited. Borger and 

Piwowarczyk (2016) conducted a choice experiment to value non-market benefits of 

seagrass restoration in the Gulf of Gdansk in Poland. The benefits were estimated for 

a reduction in filamentous algae in the water and on the beach, access to seagrass 

meadows for boating and diving, and improvement in water clarity. In another 

offshore study Tonin (2018) estimated the economic value of restoration efforts to 

improve biodiversity in coral forming habitats in the Northern Adriatic Sea using a 

contingent valuation survey of Italian households. They found that household 

willingness to pay (WTP) for biodiversity restoration and conservation ranges 

between €10.30 and €64.02 depending on the assumptions underlying the different 

models employed. In a rare example of a deep-sea restoration valuation study 

O’Conner et al. (2020) used the contingent valuation method to elicit the Italian 

population’s willingness to pay for the restoration of a deep-sea canyon ecosystem in 

the Bay of Naples. The authors argue that such valuation exercises are critical when 

decision makers are faced with multiple restoration needs and limited budgets and can 

help to ensure that the most efficient restoration projects are chosen.   

 

While no study to date has estimated the marginal welfare impact from the possible 

restoration of kelp forests, Vasquez et al. (2014) did use several economic indicators 

to estimate market values of various goods and services that utilize the biomass of 

kelp. These values included the extraction of alginic acid, the market values of 

economic species associated with kelp, the value as a source of scientific information, 

the value of kelp as a climate buffer in terms of CO2 capture and release of O2, the 

value of biodiversity emanating from non-commercial kelp species, value as cultural 

heritage and value as a reservoir of biodiversity. Moreover, Vasquez et al. (2014), 

using contingent valuation, estimated the willingness of citizens to pay and work 

without payment to preserve kelp ecosystems in Chile. All these components were 

combined to estimate the total economic value of kelp beds in Chile to be 

approximately €600 million. Blamey and Bolton (2018) also used secondary sources 

to estimate the current value of kelp forests and associated temperate reefs that 

dominate 1000 km of the nearshore subtidal zone in the southern Benguela region of 

South Africa. The authors estimated that the direct use value of this ecosystem was 

€391 million per year with ecotourism contributing almost 40% of this, recreational 
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fishing 28%, and commercial and illegal fishing approximately 15–16% each. The 

authors also estimated that the indirect ecosystem service benefits due to services such 

as nutrient cycling could be valued at €130 million per year.  

 

Elsewhere, Bennet et al. (2016) also assessed the direct use values associated with the 

kelp dominated ‘Great Southern Reef’ in Australian waters. They estimated that 

recreational fisheries and the two most valuable commercial fisheries (rock lobster 

and abalone) in the area of the kelp covered reef were worth €726 million while total 

tourism expenditure in coastal areas immediately adjacent to the kelp reef generated 

over €6.7 billion in revenues to the local economies. In another study, Rebours et al. 

(2014) underscore the importance of the sustainable harvesting of kelp and other 

seaweed for wealth creation and sustainable livelihoods amongst the coastal 

communities on different continents. Finally, based on the results of Blamey and 

Bolton (2018), Bennet et al. (2016) and Vasquez et al. (2014), Filbe-Dexter and 

Wernberg (2018) estimate that kelp forests may provide ecosystem service benefits 

worth in the region of €442,000 to €885,000 per kilometer of coastline. 

 

This study adds to the above literature by estimating the welfare implications of 

restoring kelp forests to areas where they once were dominant but which now lie 

barren. In doing so the Norwegian population’s marginal willingness to pay for a 

number of ecosystem service attributes associated with kelp forest restoration are 

estimated, namely biodiversity improvements and the nursery services that such 

forests provide to juvenile fish. The size of the area restored is another attribute 

considered in the choice experiment. We also examine if increased use of the marine 

environment through participation in water based activities has an influence on a 

person’s preferences for kelp forests and their associated attributes.  The paper also 

contributes to the very limited literature related to valuation of restoration in marine 

environments more generally.   

 

3. Survey Design and Choice Experiment 

An online survey was carried out in the spring of 2018 to obtain information relating 

to the Norwegian public’s preferences for kelp forest restoration. Included in the 

survey was a choice experiment to generate data for the estimation of the public good 

benefit value of such restoration. Extensive discussions with kelp ecologists led to the 
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choosing of the relevant attributes and levels that should be used in the choice 

experiment. This was followed up with focus groups to make sure that the attributes 

were described in a manner that was also understood by the general public.  

 

Three focus groups were carried out in total. The first was with 10 bachelor students 

from UiT, The Arctic University of Norway and was used to finalise the first 

complete draft of the survey instrument and to test general understanding of the 

information provided. The following two focus groups involved nine participants in 

each group, selected by the market research company Norstat to be close to 

representative of the population. Observations from the focus group discussions were 

also used to refine the language, descriptions and other questions asked in the survey 

instrument. The same market research company was then employed to collect the 

survey data using their established online panel of the general public. Pilot testing of 

the survey instruments was also conducted with 90 randomly selected panel members 

prior to the main survey. While no further issues were raised with the survey 

instrument in the pilot test phase, the responses were used to establish the choice sets 

for the main survey.   

 

In the final survey instrument, respondents were given some background information 

on the status of kelp forests in Norwegian waters and then asked a series of questions 

related to their attitudes towards marine ecosystems, marine ecosystem restoration as 

well as questions that retrieved respondent’s experience with the marine environment. 

A number of socio-demographic questions were also asked related to age, gender, 

marital status, occupation, working status, income, number of persons in household 

and education. Finally, a series of 6 choice cards were presented to each respondent 

that examined their preferences for a set of attributes associated with kelp forest 

ecosystems and possible restoration projects. The surveys resulted in 1,102 complete 

observations. 

 

To generate the choice cards used in the survey, a Bayesian efficient design was 

employed (Hess et al., 2008; Scarpa and Rose, 2008). The design for the main survey 

was generated using the NGENE software and the value of the D-Error for the main 

design was 0.55 (mean value). In order to generate an efficient design, priors for the 

unknown parameters must be established by the researcher. Following best practice 
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(Hoyos, 2010), the priors used in the pilot study were developed based on literature 

review and the experience of the authors in previous marine ecosystem valuation 

exercises. Data from the pilot was then analysed and the resulting parameter estimates 

used as priors to a more efficient design for the final survey.  

 

For the choice experiment, respondents were first informed that: “This survey is 

concerned with your opinions about the characteristics of kelp forest restoration in 

Norwegian waters. For the purposes of this study, we think about kelp forest 

restoration in terms of four characteristics”. Respondents were then presented with a 

description of the 4 characteristics used in the choice cards; species biodiversity, 

nurseries for juvenile fish, area that is to be restored and the price of each restoration 

option. Species biodiversity refers to the species diversity and abundance in an area, 

and was defined by the number of species present per m2, as well as the composition 

of the abundance. Nurseries for juvenile fish referred to the number of juvenile fish 

present per m2. The area attribute indicated the size of the area to be restored and was 

presented in m2. To improve understanding the restored area was also presented as the 

approximate number of soccer pitches it was equivalent to. Finally, the cost of each 

option (the price) was presented in the form of an annual increase in personal income 

tax2. The restoration attributes and levels used to describe the choice alternatives are 

also shown in table 1. 

 
- Table 1 here 

 
Following the presentation of the attributes, the respondent was then informed that “in 

each card different combinations of the restoration’s characteristics are shown 

describing how the kelp beds might change in the future if restoration actions are 

taken to improve matters”. Furthermore, they were told “The cards also show the 

associated cost on you and your household of such actions. Please consider your own 

budget and ability to pay when considering each option”. 

 

Respondents were also asked to remember that some people say they are willing to 

pay more in surveys for these types of improvements in ecosystems than that they 
                                                 
2 The cost of each option on the choice cards was shown in Norwegian Kroner but all subsequent 
analysis was carried out using the Euro equivalent to allow for comparison to other studies and WTP 
estimates are also presented in Euro. 
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actually would pay if the situation were real. They were further informed that this is 

because when people actually have to part with their money, they take into account 

that there are other things they may want to spend their money on. Respondents were 

therefore asked to “Please consider the impacts on you and your family of improving 

the kelp bed ecosystems and to imagine yourself actually paying the amounts 

specified for the next 10 years”.   

 

An example choice card (Figure 2) was then presented and described so that the 

respondents would fully understand the task ahead. The 6 choice cards presented three 

restoration alternatives and asked them to choose their most preferred option. The 

third option on each card always represented the status quo alternative. The status quo 

represents the absence of a restoration policy and means no additional financial cost 

to respondents but would also result in the absence of a kelp forest ecosystem over 

time. The first and second options of management/restoration represent alternatives 

leading to improvements in the kelp forest ecosystems and thus were associated with 

a positive cost.  

 

4. Methodology 

The basis for the analysis of the response data to the kelp restoration options 

presented in the choice cards is the standard random utility modelling (RUM) 

framework (McFadden, 1974). According to this framework, the indirect utility 

function for each respondent is made up of a deterministic component determined by 

the attributes of the alternatives in the choice experiment and characteristics of the 

respondent, and a stochastic component which represents unobservable influences on 

individual choice. The RUM model can be specified in different ways depending on 

the distribution of the stochastic component of the model, i.e. the error term (Hynes et 

al., 2008). If the error terms are independently and identically drawn from an extreme 

value distribution, the RUM model is specified as the Conditional Logit (CL) 

(McFadden and Train, 2000).  

 

The CL model relies on the independence of irrelevant alternatives (IIA) assumption 

which states that the ratio of choice probabilities between any two alternatives in a 

choice card is not affected by the introduction of removal of additional alternatives. 

The CL model also assumes homogenous preferences across respondents since it 
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estimates a single (mean) attribute parameter for each choice attribute. These are 

strong assumptions and Train (2003) discusses practical estimation techniques based 

on simulation methods to overcome these shortcomings of the CL. One of those 

approaches is referred to as the random parameter logit (RPL)3.  

 

The RPL generalizes the CL by allowing the β coefficients of observed variables to 

vary randomly over people rather than being fixed as in the CL model; thereby 

accounting for preference heterogeneity. The RPL model also allows the error 

components of different alternatives to be correlated. The unknown parameters of the 

RPL model are distributed across the population according to a specified distribution 

function (McFadden and Train, 2000). In this paper, the RPL has a fixed cost 

parameter but assumes normally distributed parameters for the other kelp restoration 

management attributes, with mean 𝛽 and standard deviation σ. The fixed cost 

coefficient was used to avoid convergence issues and to facilitate the calculation of 

the implicit prices for the restoration attribute levels (Revelt and Train, 1998; Wielgus 

et al., 2009). The RPL model is estimated by simulated maximum likelihood. 

 

For any of the choice models described above, the marginal utility estimates for 

changes in the level of each attribute can be converted to the marginal willingness to 

pay for the particular change in each attribute. These marginal values are derived by 

dividing the β parameter for an attribute by the β parameter for the price attribute, 

since the resultant term expresses the scaled marginal utility associated with a change 

in an attribute in monetary units. In estimating the marginal effects using the RPL the 

expected measure needs integration over taste distribution in the population which is 

computed by simulation from draws of the estimated distributions for the random 

parameters (Scarpa and Thiene, 2005). The marginal willingness to pay calculations 

allow the researcher to compare the relative importance of changes in one attribute to 

changes in another attribute within the choice set design (Hynes et al., 2013).  

 

In addition, the welfare impact, as measured by Compensating Variation (CV), of a 

restoration project that leads to specified changes in ecosystem service provision, as 

                                                 
3 For a more in-depth presentation of the RUM modelling framework and the utility specification of the 
CL and RPL models the interested reader is directed to Train (2013) and Hynes et al. (2008). For a 
more descriptive introduction to the approaches see Hanley and Barbier (2009). 
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described by multiple changes in the series of attributes, may be calculated (Hoyos, 

2010). The average WTP to move from the state of the world given in the baseline 

(the status quo scenario with the barren marine habitats) to the state of the world that 

results with the highest level of each attribute in the choice experiment is therefore 

estimated. Finally, respondents’ experiences with environmental goods will influence 

personal attitudes, as well as the degree on which they benefit from a specific 

ecosystem service. Furthermore, this may influence their willingness to pay to 

conserve, or in this case restore, ecosystem features (Krupnick and Adamowicz, 2006). 

We test for this latter point in the choice models by interacting a dummy variable for 

active marine users with the attribute levels. 

 

Results 

Table 2 provides an overview of the mean summary statistics for the sample of the 

1,102 Norwegian respondents to the survey. The average age in the sample (adults 

aged 18 plus) is 47 while 47% were female and 64% had a third level qualification. 

There is a higher number of persons in the sample with university education that what 

is in the population. According to Statistics Norway the third level education 

attainment of the population is 33.4%. Given the on-line nature of the survey this was 

not an unexpected result. Eleven per cent of the sample were active students, 19% 

were retired and only 2% indicated that they were currently unemployed. These 

figures are broadly in line with the Census equivalents for the population4. Just under 

10% are a member of an environmental organisation of some sort.  

 

- Table 2 here 

 

It is interesting to note that in the sample, 62% had visited the seashore in the 

previous 12 months while a further 55% had participated in water activities such as 

swimming, snorkelling, diving, sailing, boating, canoeing, kayaking, etc. during that 

same period. Norwegians also seem to be relatively well informed about marine 

protected areas with just under 30% of the sample indicating that they knew of an 

MPA area. Although not shown in table 2, the survey results also indicated that the 

average Norwegian takes 7.5 trips to the seashore in the year, 3.8 trips to undertake 
                                                 
4 Census information for Norway was obtained from Statistics Norway, the national statistical institute 
of Norway and the main producer of official statistics in the country (https://www.ssb.no/en/).  
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‘in water’ activities such as swimming, snorkelling, diving, and 5.3 trips to participate 

in ‘on water’ activities such as sailing, boating, canoeing, kayaking, etc. Only 9% of 

the sample indicated that they were aware of any marine ecosystem restoration 

activity in Norway while 20% indicate that they were aware of kelp forests in 

Norwegian waters. More direct contact with the environmental good under 

investigation may influence respondents’ willingness to pay to conserve, or in this 

case restore, ecosystem features (Krupnick and Adamowicz, 2006). We test for this in 

the choice models by interacting a dummy variable for active marine users with the 

attribute levels.  

 

The results from the CL model are presented in Table 3. For the analysis, we 

restricted the sample to those respondents who did not serially choose the status quo 

option as a protest response; this left a sample size of 1094 respondents. The main 

protest reasons indicated by respondents as to why they always chose the status quo 

option was because they objected to paying taxes (1 respondent); for a further 3 

individuals they stated that the government/local council should pay while a further 3 

indicated that the reason they choose the status quo option on all 6 choice occasions 

was that they did not believe the restorations would actually take place. A number of 

the status quo picking respondents indicated that the reason they choose the status quo 

option was because restorations were not important to them or that the no change 

option was satisfactory (6 and 11 respondents respectively). These were considered 

legitimate reasons and these individuals were not excluded from the analysis.  

 

- Table 3 here 

 

For the Biodiversity and Nurseries for Juvenile Fish attributes, the level against which 

these estimates are compared in all models is the low abundance levels in each case 

(10 species or 10 juveniles, respectively). In terms of the Area Restored attribute the 

base level is no area restored.   Restoration attributes and all associated levels were 

summarized in table 1.  As shown in table 3, the magnitude and signs of the attribute 

coefficients in the CL model are in line with expectations. In particular respondents 

show a stronger preference for higher levels of biodiversity, area restored and juvenile 

fish abundance. In the latter case though, the medium level has a marginally higher 
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coefficient than the high abundance level dummy. As expected the coefficient on cost 

is negative and significant, suggesting that ceteris paribus, respondents prefer to pay 

lower amounts of additional taxation. The attribute level dummies were also 

interacted with a binary variable that indicates whether a person participates in marine 

related activities that involve being in the water or on top of the water (henceforth 

referred to as a water user). The results highlight that being a water user is a positive 

and significant predictor of choosing a restoration option involving a larger area and 

for a policy option associated with the highest abundance level of juvenile fish.  

 
- Table 4 here 

 

Table 4 presents the results from the RPL model. A Hausman test showed that, as is 

usually the case with choice experiments, there was a breach of the IIA assumption in 

the CL model which suggests the need for an alternative specification such as the RPL 

model that relaxes this assumption. The parameters for the cost attribute and the water 

user interaction terms are specified as fixed. The fixed cost attribute is a restrictive 

assumption as it implies that the marginal disutility of income is the same for all 

respondents but similar to many previous valuation exercises using this model 

specification we do so to facilitate the calculation of welfare effects and reduce the 

possibility of retrieving extreme welfare estimates.  

 

As is evident from Table 4 both the means and the standard deviations are significant 

for all random parameters bar the lower level area restored parameter associated with 

10,000m2 where the mean parameter is insignificant. The mean coefficients show the 

same pattern as in the CL case except for the area restored attribute levels. In this case 

the medium area restored has a higher mean coefficient than the highest level offered 

in the choice cards. There is however a wide distribution in the preferences for this 

attribute as seen in the magnitude of the standard deviation coefficients. In fact the 

size of the standard deviation coefficients relative to the mean values across all 

attributes indicates that there is substantial heterogeneity in the preference of 

respondents.  

 

The largest standard deviation coefficient is associated with the high abundance level 

of biodiversity. A possible explanation for the strength of diversity/heterogeneity in 



20-WP-SEMRU-04 
 

 

the preferences for this attribute may be that some respondents believe that such 

abundance levels involve invasive species in the marine environment or that it may 

interfere with other uses of the area. Norway, whose economy is very reliant on sea 

related industries such as oil and gas, sea fisheries and aquaculture may have less 

interest in high levels of biodiversity and more interest in the protection of juvenile 

commercial fish species for example. 

 

Examining the interacted non-random parameter coefficients, we find that being a 

water user has no significant effect on a person’s preference for high biodiversity 

levels but once again is found to positively influence preference for the highest level 

of juvenile fish abundance. Also, and as in the CL model, water users show a stronger 

preference for larger areas of kelp forest restoration than non-water users.  

 

In Table 5, the marginal WTP estimates calculated based on both the CL model and 

random parameter logit models are presented along with their 95% confidence 

intervals. The marginal values have been estimated using the Krinsky and Robb (1986) 

procedure5 .  The estimates produced by the two models are similar albeit those 

associated with the RPL model are smaller in magnitude than those from the CL. The 

highest estimated marginal WTP figure is for a high abundance of biodiversity in both 

models (€26.94 and €23.11 respectively),  followed by the highest possible level for 

area restored in the CL model (€26.05) but the moderate level for area restored in the 

RPL model (€20.68). The lowest level of area restored (1.5 soccer pitches) is 

associated with the lowest marginal WTP in both models. 

 

- Table 5 here 

 
The results in table 6 present the estimates of the compensating surplus (CS) 

associated with two possible kelp forest restoration projects. The first project results 

in the conversion of barren grounds from the lowest ecosystem service levels of the 

attributes, as shown in the status quo alternative on each choice card to the highest 

                                                 
5The Krinsky-Robb procedure estimates the empirical distribution of the WTP estimates based on N 
random drawings from the multivariate normal distribution defined by the coefficients and covariance 
matrix estimated from the model (Krinsky and Robb, 1986). This technique is used as it allows for the 
skewness of the distribution of the marginal WTP estimates.  
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level of each attributes. This could be considered a fully restored kelp forest 

ecosystem. That is, the CS measure associated with the best standards of all the 

attributes.  We also estimate the compensating surplus associated with a kelp forest 

restoration project that achieves the medium levels of all the attributes.  

 

- Table 6 here 

 

As expected, due to the magnitude of the coefficient estimates in tables 3 and 4, the 

results show that the estimated compensating surplus measures are higher for the CL 

model compared to the RPL model. However, the estimates are not significantly 

different between the models. The welfare impact for scenario 1 (full restoration to 

the highest possible level of all attributes) is significantly larger than for the medium 

level restoration of scenario 2 based on the results of the CL model (€70.70 versus 

€51.89). The difference is not as great in absolute terms (or statistically) when the 

RPL results are used to estimate the scenario welfare effects.  

 

Discussion and Conclusions 

Ecosystem restoration implies policies that focus on remediating environmental 

degradation (where possible) or other costs imposed on society. Restoration in the 

marine environment however can be particularly challenging and there are various 

factors that influence the success of marine ecosystem restoration activities. Van 

Dover et al. (2014) list the three main categories of factors; that is socio-economic, 

ecological and technological factors. Ecosystem service benefit value estimation can 

be used to highlight the societal impacts of restoration activities and thus needs to 

be considered in the restoration planning process. Though estimation of 

implementation and maintenance costs has been largely recognized and 

implemented in restoration planning and decision making, it is less clear if the 

economic value to society associated with marine restoration projects, through an 

increase in ecosystem service benefits, are being taking fully into account 

(Papadopoulou et al. 2017).  

 

Although the restoration of degraded marine ecosystems can be expensive and a 

lengthy process, as Mitsch (2014) points out working ‘with’ nature and using simple 
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ecological engineering approaches may provide cost-effective solutions to a range 

of societal challenges. In relation to kelp restoration in particular Fredriksen et al 

2020 compared alternative techniques and concluded that surface methods for 

collection of reproductive donor material from source kelp populations, and kelp 

seeded on ‘green gravel’ that was dropped from the surface grew as effectively as 

more costly and labour intensive diver based approaches.  They also contend that 

the costs of up-scaling from pilot projects has been underestimated for many diving-

intensive restoration approaches. From a welfare maximization perspective it is 

important to consider if the ecosystem service benefits of the restoration outweigh 

the costs associated with these alternative approaches. With that in mind the 

objective of this paper was to assess the Norwegian population’s preferences and 

willingness to pay for kelp forest restoration activities. To achieve this a discrete 

choice experiment was carried out amongst the population using an online survey.  

 

Compared to cost effectiveness analysis which may skew the decision making 

towards smaller size restoration activities, economic valuation of marine ecosystem 

services can provide a more comprehensive picture in terms of restoration policy 

efficiency and economic trade-offs between alternative marine environment 

investments in general (Koundouri et al. 2017) and marine restoration scenarios in 

particular (Börger et al. 2014, Yin et al. 2013, Papadopoulou et al. 2017). 

Furthermore, while the value of some of the services provided by kelp forest 

restoration, such as increased fish populations, are somewhat easier to measure as 

they have established market prices, many of the benefits from such restoration, 

such as carbon sequestration, increased biodiversity and possible recreation 

opportunities, are not generally traded in markets and therefore do not generally 

command a price. Without incorporating these non-market values into the decision 

making processes these benefits may be ignored and decisions made that are not in 

fact in the interest of society. The choice experiment employed here estimated the 

value to society of a number of the non-market ecosystem services associated with 

kelp forest restoration.  

 

The results from the analysis in this paper indicate a positive and significant 

marginal societal willingness to pay for the ecosystem services associated with kelp 

forest restoration. This result is consistent with prior studies that have valued other 
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types of ecosystem restoration activities. It is difficult however to contextualise the 

magnitude of the results of this study as there are very few other studies that 

examine WTP for marine restoration efforts. Also, given that Norwegians enjoy one 

of the highest income per capita in the world along with a highly developed social 

welfare system there is a reasonable expectation that valuation studies from there 

will display a higher average WTP than other country studies. The strong 

association between Norwegians and the sea, as well as the fact that a larger 

proportion of the country’s wealth is generated from sea based activity compared to 

most other developed countries will also have an influence on WTP for marine 

ecosystem restoration and add to the difficulty of comparing across studies 

internationally. Socio-demographic characteristics and experience with the sea 

through different mediums across different countries have been found to influence 

people’s perceptions and willingness to pay in previous research (Zander and 

Feucht, 2018). As shown by Hynes et al. (2018), cultural differences can also 

significantly affect the transfer of a particular valuation exercise from one context to 

another. If the estimates here were to be used in value transfer these differences in 

culture, real incomes and attitudes would need to be accounted for.  

 

The modelling output was used to explore how the Norwegian public make trade-

offs across the identified attributes. Understanding attribute trade-off provides 

insight into non-market values that allow policy makers to prioritise projects based 

on their prospective delivery of these attributes. The results indicate that 

respondents placed a higher value on a high level of biodiversity relative to all other 

attributes, with the result consistent across various model specifications. This is an 

interesting result when compared with the relative importance of the attribute 

nurseries for juvenile fish as the nurseries function has a more tangible direct 

commercial impact through fisheries than general biodiversity increases. This may 

be reflective of increasing societal awareness of the importance of biodiversity 

amongst the Norwegian population which, as reported by Kaltenborn et al. (2016), 

is higher than the EU average.  

 

Taste heterogeneity across the population for the various attributes was also 

examined. Firstly, systematic heterogeneity associated with direct use of the marine 

environment was examined by interacting the water user variable with the non-cost 
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attributes. Being a water-user is a positive and significant predictor of an 

individual’s preference for larger areas of kelp forest restoration and for high 

juvenile fish abundance. Users appear to have the same mean preferences for the 

other ecosystem service attribute levels as the rest of the population. It would appear 

that the size of the ‘playground’ is a key driver of this group’s preferences when it 

comes to restoration activities. Indeed, while respondents generally displayed the 

highest marginal WTP for the high abundance biodiversity level, for water users the 

highest marginal WTP is instead shown for the highest possible area to be restored 

(40,000m2 or 5.5 soccer pitches).   

 

The second approach to examining the taste heterogeneity across the population was 

via the specification of the RPL model itself. The level of taste variation in the 

population’s preferences for a particular attribute is approximated under the RPL 

model by examining the relationship between the estimated coefficients and their 

associated standard deviation coefficients. The results demonstrated significant 

unobserved preference heterogeneity amongst the Norwegian population for the 

attributes associated with kelp forest restoration with the highest variation 

associated with the biodiversity attribute. While only a limited number of attributes 

could be included in the choice experiment it would be interesting to explore 

respondents’ marginal willingness to pay for other ecosystem service benefits 

generated by healthy kelp ecosystems. This could also be done within the 

framework of a choice experiment or, as the valuation literature expands in the area 

of marine ecosystem services, through a meta-analysis of valuation studies. This 

represents an avenue for future research. 

 

The magnitude of the mean coefficient values for the biodiversity levels and the 

interaction terms do potentially point to how one might optimally prioritise kelp 

forest restoration. One may want to restore kelp over larger distances of coastline 

but with several smaller restoration projects, in order to secure species that are more 

comfortable in the south, north and central coast, rather than a single large 

restoration area in one place. Alternatively, near large urban centres or where a 

marine area is expected to see a high frequency of use by recreationalists a better 

strategy may be to restore the largest area possible in the one place. However, as 

pointed out by a reviewer on an earlier draft of the paper, these alternatives may not 
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be identical in their biological outcomes and in particular many small areas may not 

deliver the desired biota and ecosystem services as one large one. How ‘small’ 

restoration projects can be and still deliver the required outcomes is also an area for 

further research. 

 

It is important to note that while the results show a positive and significant societal 

benefit associated with kelp restoration, the derived estimates of WTP do not reflect 

the total derived ecosystem service benefits of kelp forest restoration. There are 

other service values that should also be taken into account by policy makers. For 

example, restored kelp forests act as carbon sinks and also provide coastal 

protection services by dampening the impact of storm surges. This limitation aside, 

the results here do give an indication of the possible benefit value from marine 

ecosystem restoration and a better understanding of societal preferences for 

alternative kelp forest policy options. As marine environmental policy shifts away 

from objectives solely related to ecosystem conservation to a position where the 

reality of the requirement for marine ecosystem restoration is fully recognised, 

information related to potential changes in all ecosystem service benefit values due 

to restoration activity will be vital for efficient decision making.  
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Table 1. Restoration attributes and levels used to describe choice alternatives 
Attribute Description Levels 

Biodiversity  
Number of species present 
per m2 

Low abundance (approx. 10 species) 
Medium abundance (approx. 75 

species). 
High abundance (approx. 250 

species). 

Nurseries for 
juvenile fish 

Juvenile fish abundance 
per m2 

Low abundance (max 10 juveniles) 
Medium Abundance (max 20 

juveniles) 
High Abundance(max 30 juveniles) 

Area restored 
 

Total area of kelp forest 
restored 
 

 
40,000m2 (5.5 soccer pitches)  
20,000m2 (3 soccer pitches) 

10,000m2 (1.5 soccer pitches) 
None 

 

Cost 
Amount paid per person 
per year through higher 
tax payments. 

€0, €5, €10, €20, €30, €45, €60 

 
 
Table 2. Summary Statistics 
Variable Mean Std. Dev. 
Age  47.072 17.657 
Female (p) 0.468 0.499 
Third level educated (p) 0.644 0.479 
Married (p) 0.424 0.494 
Single (p) 0.237 0.425 
Have children (p) 0.581 0.494 
Member of environmental organisation (p) 0.096 0.295 
Employed  fulltime (p) 0.458 0.498 
Employed part time (p) 0.097 0.296 
Student (p) 0.114 0.318 
Retired (p) 0.190 0.392 
Unemployed (p) 0.015 0.123 
Household size 2.337 1.179 
Has visited seashore in last 12 months (p)  0.625 0.484 
Water User: Participates in water activities such as 
swimming, snorkelling, diving, sailing, boating, 
canoeing, kayaking, etc (p) 

0.549 0.498 

Aware of any Marine Protected areas (MPA) in 
Norway (p) 0.288 0.453 

Aware of any marine restoration activity in Norway (p) 0.086 0.281 
Know of any kelp beds/forests (p) 0.196 0.397 
p indicates variable is a proportion 
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Table 3. Conditional Logit Model Results 
  Coef. Std. Err. 
Biodiversity: High abundance (approx. 250 species). 0.591* (0.066) 
Biodiversity: Medium abundance (approx. 75 species). 0.441* (0.069) 
Nurseries for juvenile fish: High Abundance(max 30 
juveniles) 0.249* (0.064) 
Nurseries for juvenile fish: Medium Abundance (max 
20 juveniles) 0.251* (0.068) 
Area Restored: 40,000m2 (5.5 soccer pitches)  0.341* (0.087) 
Area Restored: 20,000m2 (3 soccer pitches) 0.245* (0.086) 
Area Restored: 10,000m2 (1.5 soccer pitches) -0.117 (0.086) 
Cost -0.022* (0.001) 
Interaction terms 
Water User*Biodiversity: High abundance (approx. 
250 species). 0.012 (0.087) 
Water User*Biodiversity: Medium abundance 
(approx. 75 species). -0.053 (0.092) 
Water User* Nurseries for juvenile fish: High 
Abundance(max 30 juveniles) 0.228* (0.085) 
Water User* Nurseries for juvenile fish: Medium 
Abundance (max 20 juveniles) 0.101 (0.090) 
Water User*Area Restored: 40,000m2 (5.5 soccer 
pitches)  0.455* (0.103) 
Water User*Area Restored: 20,000m2 (3 soccer 
pitches) 0.358* (0.108) 
Water User*Area Restored: 10,000m2 (1.5 soccer 
pitches) 0.283* (0.109) 
Log likelihood  -6752 
Likelihood Ratio chi2 (15) 918.000 
Observations 19,692 
Notes: Figures in parenthesis indicate the values of the standard errors.  *indicates significant at 1%.  
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Table 4. Random Parameter Logit Model Results 

Random Parameters in Utility Functions 
Mean of 

coefficient 

Standard 
Deviation of 
coefficient 

Biodiversity: High abundance (approx. 250 
species). 0.618* (0.142) 2.129*(0.123) 
Biodiversity: Medium abundance (approx. 75 
species). 0.645* (0.110) 1.048*(0.120) 
Nurseries for juvenile fish: High 
Abundance(max 30 juveniles) 

0.312** 
(0.128) 1.485*(0.123) 

Nurseries for juvenile fish: Medium 
Abundance (max 20 juveniles) 0.326* (0.111) 0.954*(0.125) 

Area Restored: 40,000m2 (5.5 soccer pitches)  
0.356** 
(0.171) 2.461*(0.136) 

Area Restored: 20,000m2 (3 soccer pitches) 0.485* (0.138) 1.395*(0.117) 
Area Restored: 10,000m2 (1.5 soccer pitches) 0.006 (0.129) -1.046*(0.121) 
Non-Random Parameters in Utility Functions 

Cost 
-0.035* 
(0.002) 

Water User*Biodiversity: High abundance 
(approx. 250 species). 0.293 (0.181) 
Water User*Biodiversity: Medium abundance 
(approx. 75 species). -0.026 (0.147) 
Water User* Nurseries for juvenile fish: High 
Abundance(max 30 juveniles) 

0.427** 
(0.169) 

Water User* Nurseries for juvenile fish: 
Medium Abundance (max 20 juveniles) 0.108 (0.149) 
Water User*Area Restored: 40,000m2 (5.5 
soccer pitches)  0.813* (0.208) 
Water User*Area Restored: 20,000m2 (3 
soccer pitches) 

0.362** 
(0.172) 

Water User*Area Restored: 10,000m2 (1.5 
soccer pitches) 

0.318** 
(0.156) 

Log likelihood  -6034 
Likelihood Ratio chi2 (7) 1434.82 
Observations 19,692   
Figures in parenthesis indicate the values of the standard errors.  *indicates significant at 1%, ** 
indicates significant at 5% 
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Table 5. Attribute marginal willingness to pay and 95% confidence intervals (€ 
per person per year) 

Attribute Level Conditional Logit  
Random Parameter 

Logit 
Biodiversity: High abundance 
(approx. 250 species) 

26.94* (22.36  31.53) 23.11* (17.33, 28.89) 

Biodiversity: Medium abundance 
(approx. 75 species) 18.56* (14.04, 23.08) 15.92* (11.46, 20.38) 

Nurseries for juvenile fish: High 
Abundance(max 30 juveniles) 17.07* (13.03,  21.12) 15.32* (10.05, 20.60) 

Nurseries for juvenile fish: Medium 
Abundance(max 20 juveniles) 13.97*  (9.60, 18.34) 12.14* (7.54, 16.73) 

Area restored: 40,000m2 (5.5 
soccer pitches) 26.05*  (21.42, 30.68) 20.68* (14.74,26.62) 

Area restored: 20,000m2 (3 soccer 
pitches) 19.36* (14.63, 24.09) 21.22* (16.43, 26.01) 

Area restored: 10,000m2 (1.5 
soccer pitches) 0.93 (-4.64, 6.52) 5.78** (0.54, 11.02) 

Figures in parenthesis indicate 95% confidence intervals.  ***indicates significant at 1%, ** indicates 
significant at 5%. 
 
 
 
Table 6. Attribute levels and compensating surplus value estimates for two policy 
scenarios (€ per person per year) 

  Status Quo Scenario 1 (Full 
Restoration) 

Scenario 2 (Medium 
level Restoration) 

Biodiversity  Low abundance 
(max. 10 species) 

High abundance 
(approx. 250 

species). 

Medium abundance 
(approx. 75 

species). 

Nurseries for juvenile fish Low abundance (max 
10 juveniles)  

High 
Abundance(max 30 

juveniles) 

Medium Abundance 
(max 20 juveniles) 

Area restored None 40,000m2 (5.5 
soccer pitches) 

20,000m2 (3 soccer 
pitches) 

Compensating Surplus (€/ person/year)   

Conditional Logit  
70.7 * 

(64.51, 75.63) 
51.89 * 

(46.94, 56.85) 

Random Parameter Logit   59.12*  
(51.29, 66.94) 

49.28* 
 (43.72, 54.84) 

Figures in parenthesis indicate 95% confidence intervals.  ***indicates significant at 1%, ** indicates 
significant at 5%. 
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Figure 1. Kelp distribution along the Norwegian coast.  

 
The red line indicates the spread of the sea urchin barrens along the Northern coast. The green line indicates the 
presence of healthy kelp forest in mid-Norway. The dotted line in the south indicates the presence of kelp forest 
that is threatened by eutrophication and ocean warming. The map is adapted with permission from Gundersen et al. 
(2016). 

 
 Figure 2. Example choice card 

 Option A Option B No Change 
Biodiversity (abundance of 
macroinvertebrate 
species) per m2 

 
Medium abundance 

(max. 75 species). 
 

 
Medium abundance 

(max. 75 species). 
 

Low abundance (max. 
10 species) 

Nurseries for juvenile fish: 
Juvenile fish abundance 
per m2 

 
Medium Abundance  
(max 20 juveniles) 

 
High Abundance 

(max 30 juveniles) 

 
Low abundance 

(max 10 juveniles) 
 

Total area of kelp forest 
restored 

20,000m2 (3 soccer 
pitches) 

 

40,000m2 (5.5 soccer 
pitches) 

 

None 

Annual increase in 
personal  
income tax 

NOK 450 NOK 600 NOK 0 
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