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Executive summary / Abstract 

Throughout the last decade, the problem of marine litter pollution has gained considerable 
worldwide attention while continuing to degrade marine and coastal ecosystems. Marine 
plastic litter constitutes up to 95% of the waste that accumulates on shorelines, the sea 
surface and the sea floor and is increasingly polluting European seas. Despite the relevance  
of the general public for solving the problem, there is surprisingly little literature available 
on factors affecting public perception and the benefits of marine litter management to 
society.  

This report adds to the limited empirical evidence base related to public perception on 
marine plastic litter and the societal welfare effects of marine litter management. Our 
literature review on the availability of information to inform policy-decision making finds a 
striking mismatch between the data available and the information required for ex-ante or ex-
post evaluation attempts. The main objectives of D5.3 are, therefore, to (1) study public 
perception of marine plastic litter which in turn could improve the effectiveness and 
relevance of public engagement and policies and (2) provide a comprehensive assessment of 
benefits of marine (plastic) litter management policies, in particular public willingness-to-pay 
(WTP) for achieving GES for the European seas in terms of marine litter reduction in line with 
the goals of the MSFD. We do so by conducting a large-scale public survey covering 4 major 
regional seas in Europe in one and the same survey, sampling users and non-users of coastal 
areas from eight different EU countries (Estonia, Denmark, Germany and Sweden bordering 
the Baltic Sea, Denmark, Germany and The Netherlands situated along the North Sea, 
France located along the Atlantic Ocean, and Greece, France and Italy bordering the 
Mediterranean Sea). The uniqueness of the dataset in terms of its focus on micro and macro 
plastics, geographical scope and sample characteristics allows for a comprehensive 
comparison across countries and contexts. The results of the survey are further used to test 
the transferability of the results across Europe. 

 

Scope 

Deliverable D5.3 refers to the specific objective of WP5 to assess people’s sense of urgency 
of reducing marine litter and their willingness to pay for the removal of marine litter in the 
European Seas.  
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Definitions 

In the CLAIM project, the terms visible and invisible litter have been adopted by the topic call 
BG-07-2017. We clarify here the terminology that is used for macro, micro and nano-plastics: 

Macroplastics are all plastic pieces larger than 5mm that are visible with the naked eye. 

Microplastics are small plastic pieces less than 5mm (5,000,000 nm or 5,000 μm) in size 
which can be harmful to ocean and aquatic life. This is the NOAA definition cited in Napper 
at al. (2015). The range for microplastics is 5,000,000 to 1,000 nm (5,000 to 1 μm) and is only 
visible using an optical microscope. 

Nanoplastics are defined following Gigault et al. (2018) since the scientific community has 
not yet reached consensus about a common terminology: nanoplastics are particles within a 
size ranging from 1 to 1,000 nm (0.001 to 1 μm) resulting from the degradation of industrial 
plastic objects that can exhibit colloidal behaviour. These particles are beyond the spectral 
resolution of optical microscopes and can only be imaged (and are hence only visible) using 
high resolution electron microscopes.  
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1. Introduction 

Throughout the last decade, the problem of marine litter pollution has gained considerable 
worldwide attention while continuing to degrade marine and coastal ecosystems (Geyer et 
al., 2017). The abundancy results in growing threats to marine and coastal ecosystems and 
the services they provide, causing environmental, economic, health and aesthetic issues. The 
economic costs alone associated with marine litter are estimated between €259 million and 
€695 million per year in Europe only (European Parliament Research Service, 2018). 

The complex and borderless nature of marine litter highlighting the need for policy action 
(GESAMP, 2015; UNEP, 2016) and requires problem solving and cooperation at the local, 
regional, national and international level. In the European Union (EU), the Marine Strategy 
Framework Directive (MSFD) is the main legal instrument to protect the EU’s marine 
environment (Frantzi et al., 2021). Marine litter is one of the eleven qualitative descriptors 
listed in Annex I of the MSFD that the Directive targets to achieve Good Environmental 
Status (GES). GES has to be achieved by 2020 and is defined in terms of marine litter as 
”properties and quantities of marine litter [that] do not cause harm to the coastal and marine 
environment” (European Commission Directive 2008/56/EC, Annex I). While marine litter 
refers to any persistent, manufactured or processed solid material discarded, disposed of or 
abandoned in the marine and coastal environment, in the EU’s marine environment this litter 
mostly consists of plastic (Galgani et al., 2015) which is also considered the most harmful 
type due to its abundance, toxicity, persistency and its ability to disseminate (Barnes et al., 
2009). For example, in the Baltic Sea 70% of marine litter is plastic (HELCOM, 2018). 
Similarly, 82% of the marine litter found in the Mediterranean Sea was found to be 
comprised of plastic material (Vlachogianni, 2019). 

The vast majority of marine plastic litter originates from land-based sources, and several 
stakeholders are involved in reducing, reusing and recycling plastics to prevent leakage into 
the environment. Among these stakeholders, the general public holds a special and 
influential position. Their way of living, waste management, purchasing behaviour, and 
compliance with policies are essential to achieve EU goals for marine plastic litter reduction 
(Hartley et al., 2018). Therefore, influencing the general public’s behaviour is becoming a 
priority in European environmental policy (Hartley et al., 2015; Niva and Timonen, 2001), and 
has been emphasized by a number of scientists, (most recently Hartley et al., 2018; Forleo & 
Romagnoli, 2021). Understanding public perceptions around plastic pollution in the 
European marine environment can support the desired behaviour change through tailored 
communications, targeted information distribution and effective policy making. 

The MSFD requires EU Member States (MS) to develop and implement strategies focusing 
on so-called programmes of measures (PoM’s) to attain or preserve the marine 
environment’s GES. Further, MS have to evaluate these PoM’s by examining their cost 
effectiveness, and justifying their economic rationality by carrying out cost-benefit analysis 
(Börger et al., 2016). The costs of PoM’s are usually relatively easy to calculate. However, 
estimating the associated benefits, which are necessary to conduct a cost-benefit analysis, 
can prove challenging in view of the public nature of many of the ecosystem goods and 
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services provided under GES, requiring monetary valuation of their non-market benefits, 
such as the cultural ecosystem services related to the existence of habitats for species, 
improvements in recreational opportunities, and aesthetic values (Nieminen et al., 2019). 
Moreover, challenges could arise due to the indirect nature of some of the benefits, for 
instance a change in the overall ecosystem health of the marine environment, which will 
eventually lead to a change in the ecosystem’s ability to provide different goods and services 
to beneficiaries, such as fisheries and tourism. The overall change in social welfare due to 
changes in the marine environment may therefore be difficult to assess (Bertram et al., 
2014). 

 

Work package 5 in CLAIM aims at an integrated assessment of the environmental, social and 
economic impacts of technologies to clean up marine litter. As part of this assessment, it is 
important to determine factors affecting public perception of marine plastic litter and the 
societal benefits of addressing the problem.  

The main objective of this report is to (1) review the available empirical evidence on the 
societal benefits of reducing marine litter to inform policy-decision making, and based on a 
novel database to (2) study public perception of marine plastic litter and their sense of 
urgency of reducing marine plastic litter, to (3) estimate the public benefits of marine (plastic) 
litter management policies, in particular public willingness-to-pay (WTP) for achieving GES 
for these European seas in terms of marine litter reduction in line with the goals of the MSFD 
for the individual seas separately and for all European seas together, and (4) to test the 
transferability of the results across Europe. The results are used to discuss factors decision 
makers might focus on for effective policy making. 

The novel database (see also D5.4) is the result of a large-scale public survey allowing for a 
comprehensive comparison across countries and contexts as it covers 4 major regional seas 
in Europe in one and the same survey, sampling users and non-users of coastal areas from 
eight different EU countries (Estonia, Denmark, Germany and Sweden bordering the Baltic 
Sea, Germany and The Netherlands situated along the North Sea, France located along the 
Atlantic Ocean, and Greece, France and Italy bordering the Mediterranean Sea). A particular 
focus is on plastic litter distinguishing between micro and macro plastic. 

The remainder of the report is organized as follows. Section 2 describes the underlying 
concepts and valuation methods of environmental valuation in the marine context. This is 
followed in Section 3 by a review of the empirical evidence on public benefits of marine litter 
reduction. Section 4 includes a description of the study area, the survey design of the public 
survey, and the samples’ characteristics. This is followed in Section 5 by a justification of the 
methodologies used to analyse public’s perception, their WTP for achieving GES, and the 
transferability of the results across Europe. The results of the analyses are included in Section 
6. Section 7 discusses the results, also in terms of their relevance for effective policy making. 
Section 8 concludes.  
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This report complements other CLAIM deliverables, notably Deliverable 5.4, ‘Database 
containing results of public surveys’ and Deliverable 5.2, ‘Report of legal and policy 
framework, including results from stakeholder interviews’. 

 

 

2. Environmental valuation in the marine context - Underlying concepts and 
valuation methods1 

2.1 The total economic value 

When assessing the costs and benefits associated with a measure to protect the marine 
environment, a distinction must be made between a financial and an economic analysis, and 
thus between prices and values. Price, which is mostly used in financial analysis, is only the 
part of value that is realised in markets. When markets are competitive and operate without 
further distortions, prices can be a good approximation of value, i.e. the relative scarcity of a 
good or service. When public goods are involved or externalities are present, prices are 
distorted and do not show the value attached to an ecosystem good or service. For most 
environmental goods and services, there are no markets at all and thus no prices. Economic 
analysis aims to reveal the value of a change in the provision of such goods and services, 
incorporating as many components of value as possible (Bateman et al., 2011). 

Environmental valuation offers a way to make explicit in monetary terms the benefit flows 
generated by natural capital stocks and the impacts of human decisions on these benefit 
flows. It takes an anthropocentric view and is based on people's preferences for ecosystem 
goods and services. This implies that values can be assigned to ecosystem services only 
insofar as they fulfil human needs or bring about satisfaction for humans and thus contribute 
directly or indirectly to human well-being. Several methods have been developed that aim 
to elicit the value that people place on ecosystem goods and services (see Section 2.2). What 
all methods have in common is that they examine how people's preferences are affected 
when there is a marginal change in the provision of a particular ecosystem good or service. 
Therefore, environmental valuation is not suitable for valuing entire ecosystems. 
Furthermore, environmental valuation is context-dependent. 

The total economic value (TEV) approach attempts to capture all components that 
contribute to the value of ecosystem goods and services to people. It divides the total value 
into use values and non-use values. Use values can be further divided into direct use values, 
indirect use values and option values. Non-use values can be further divided into existence 
values, bequest values and altruistic values (Pearce and Turner, 1990) (see Figure 1 for 
examples in the marine context). The two concepts are interrelated. Regulating services 
mostly contribute to indirect use values, while provisioning and cultural services mostly 
create direct use values, which can be consumptive or non-consumptive. Cultural values 
according to MEA also create non-use values. All three categories of ecosystem services can 

                                                             
1 This section is based on Bertram and Rehdanz (2013). 
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also provide option values. Supporting services are valued by the other categories of 
ecosystem services to avoid double counting (TEEB, 2010; MEA, 2005). 

 

2.2 Valuation methods 

The key question in environmental valuation is what is the maximum that a household would 
be willing to pay (WTP) for an improvement in environmental conditions or alternatively, 
what is the minimum that the household would be willing to accept (WTA) as compensation 
for a move to an inferior situation. The existing environmental valuation methods can be 
classified into direct market valuation methods, revealed preference methods and stated 
preference methods.2 Direct market valuation methods use market data which is directly 
available for ecosystem goods that are traded on markets. Revealed preference methods 
also assume that consumer preferences can be revealed by their purchasing habits. They use 
the relationship between a nonmarket ecosystem service and a market good or service to 
estimate the WTP or WTA for a change in the ecosystem service. Stated preference 
methods, by contrast, use structured questionnaires to elicit people’s preferences for a 
change in a certain ecosystem service. See Figure 1 for an overview of existing valuation 
methods and their applicability in the context of the TEV. 

Each of the valuation methods presented in this section has characteristic advantages and 
disadvantages and may only be appropriate for valuing specific ecosystem goods and 
services. For example, stated preference studies use hypothetical surveys to elicit potential 
future changes. This might lead to the so-called hypothetical bias implying a difference 
between stated and revealed WTP values. However, the empirical evidence is mixed. For, a 
general discussion of the different methods’ applicability, advantages, disadvantages and 
limitations is beyond the scope of this article. It can be found, e.g., in TEEB (2010). 

 

                                                             
2 For an overview on the theory of the individual methods see Freeman (2003). See TEEB (2010) for a 
discussion of their applicability, advantages, disadvantages, and limitations. 
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Figure 1: The concept of total economic value (TEV) and environmental valuation methods (Source: Bertram and 
Rehdanz, 2013). 

 

2.2.1 Direct market valuation methods 

The market price method estimates economic values for ecosystem goods or services 
bought and sold in commercial markets, e.g. the market for fish and fish products. Direct and 
indirect use values can be captured, but not non-use values. The production function method 
estimates how much a given ecosystem service contributes to the provision of another 
ecosystem good or service typically traded on commercial markets. This method is able to 
capture indirect use values. 

 

2.2.2 Revealed valuation methods 

Individuals may buy market goods and services to defend themselves against negative 
environmental impacts (averting behaviour). In the marine context, an example could be 
special shoes bought because a beach is littered. This approach can be used to capture direct 
and indirect use values.  

The hedonic method assumes that property prices are determined by the characteristics of 
the property, including environmental characteristics such as a pleasant view. The value of 
ecosystem goods and services would thus be capitalised in property prices. Hedonic prices 
can measure direct and indirect use values, but their applicability in the marine context is 
limited.  
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The travel cost (TC) method is a survey-based method for estimating recreational values in 
the context of ecosystems or sites. Nowadays, studies are mostly based on random utility 
models to assess changes in the quality or quantity of an environmental feature at a given 
site. The approach captures direct utility values. 

 

2.2.3 Stated preference methods 

The contingent valuation (CV) method uses questionnaires to create a hypothetical market 
and ask people about their WTA or WTP for a change in a particular ecosystem service. The 
approach can in principle capture all elements of TEV. However, surveys need to explicitly 
state what type of value is being elicited.  

In discrete choice experiments (DCE), people are asked to choose between sets of ecosystem 
services or environmental characteristics. Unlike the CV approach, people’s WTP or WTA is 
derived from the trade-offs they make, rather than being asked directly. This information is 
derived from the trade-offs they make. For example, people can choose between different 
scenarios of water quality, characterised by different attributes such as water clarity or 
species richness, and the price that would have to be paid to achieve that state. Choice 
modelling can in turn capture all elements of TEV. For further details about the approach see 
Section 5.2.  

Stated preference methods are very flexible and can be applied to a wide range of contexts. 
Moreover, they are the only methods that can estimate non-use values. Examples for non-
use values in the marine context are the knowledge of the existence and conservation of 
marine ecosystems (existence value), the knowledge that marine resources are used by the 
current generation (altruistic value) or the knowledge of passing marine resources to future 
generations (bequest value). In the marine context, where ecosystem goods and services are 
less visible than on land, non-use values can be assumed to be particularly relevant. 

 

2.2.4 Benefit transfer 

Environmental benefit or value transfer is commonly defined as the transposition of 
monetary environmental values estimated at one site (study site) through market-based or 
non-market-based economic valuation techniques to another site (policy site) (Brouwer, 
2000). It consists of an analysis of information provided by one single valuation study or a 
group of studies from the existing literature to value similar goods or services in another 
context. For this reason, it can only cover those elements of the TEV that were included in 
the original studies. Benefit transfer comprises point estimate transfer, functional transfer 
and meta-analysis. For further details about the approach see Section 5.3.  

 

 

 

 



 

Deliverable Number: D5.3 16 
 

3. Literature review on the empirical evidence3 

This section reviews the available empirical evidence on the monetary benefits of marine 
litter reduction and analyses its key characteristics based on descriptive statistics. Section 2 
has revealed that these valuation studies will either be based on stated preference 
approaches (DCE or CV) or the TC approach.  

 

3.1 Selection criteria 

A list of potentially relevant studies was collected from the following computerized 
bibliographic databases (a) EconLit; (b) Web of Science Core; (c) Google Scholar; (d) National 
Ocean Economics Program; (e) Environmental Valuation Reference Inventory, and (f) 
Beneficial Use Values Database, since these databases provided the most relevant results 
during an initial explorative search phase. We complemented the database search by 
examining the bibliographies of the relevant studies to find additional literature relevant to 
the review.  

Using the search terms “beach litter”, “marine litter”, “willingness to pay”, and “beach 
cleanliness” yielded over 430,000 studies, reports and other types of publications. After 
removing duplicates, we further narrowed down the results based on titles only. Of this 
reduced sample, we started a content-related evaluation based on the documents' abstracts. 
In the subsequent step, we excluded studies without any relevance to benefits of marine 
macro or micro litter removal or to improvement in the marine environment due to their 
removal from further analysis. The remaining studies were then assessed on eligibility on full 
text restricting our sample to studies that contain WTP estimates for marine litter 
control/removal. We, therefore, excluded studies that do not report WTP values from the 
review for a lack of comparability with the rest of the available studies (such studies are Alves 
et al. 2014, Ballance et al. 2000, Krelling et al. 2017 and Morgan 1999). We also excluded 
studies that investigate respondents’ WTP for the removal of marine litter types other than 
the typical land and sea-based litter (plastics, butts, bottles, cans, bags, etc.). For example, 
we excluded the study by Zhai and Suzuki (2008), which investigates the benefits of the 
removing garbage oil on the sea surface and sand beach from the review for being not 
comparable to other studies. We arrived at a sample of 22 publications included in the 
review). See Figure A.1 in the Appendix for a detailed PRISMA statement. 

 

 
  

                                                             
3 This section is based on Stöver et al. (2021). The study was contacted as part of the CLAIM project. 
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Table 1: Main characteristics of studies included in the review 

 
Note: *CV: contingent valuation; CE: choice experiment; TC: travel cost; ** litter from boats; ***study 
explicitly mentions plastic litter; Source: Stöver et al. (2021). 

 

3.2 Main characteristics of studies included in the review 

The earliest study in our sample dates back to 1997 (Smith et al., 1997) and uses data sampled 
in 1992 in the USA. Subsequently, four studies were conducted around the start of the 
millennium and published between 1999 and 2008. Starting in 2012, the number of studies 
per year began to increase, with four studies having been published in 2013 and seven in 2018 
alone. Since the specific year of publication may cluster to a certain effect randomly, looking 
at the year when the studies’ data were collected adds some information about the 
robustness of this finding. Indeed, the survey year is more evenly distributed between the 
years with at least one study conducted per year since 2009 (except for 2012). This supports 
the observation that the empirical evidence has been gathered and published predominantly 
during the past decade (2009-2020). 

Looking at the geographical coverage (Figure 2) the majority of studies focuses on sites in 
Europe (9) and Asia (7). Fewer studies are available for North America and the Caribbean (5) 
South America (1) and Australia (1). The European studies cover sites in ten different 
countries and were published between 2002 and 2020. The Asian studies consist of a group 
of four studies in Turkey and a second group of more recent studies conducted in East and 
South East Asia, namely in South Korea, Pakistan and China. Somewhat surprisingly, only 
two studies provide data for sites in the US. Overall, while many of the earlier studies focus 
on countries in Europe and Turkey, there is a broader coverage of countries and continents 
in recent years.  

macro micro plastics***
Aanesen et al. (2018) 2015 Norway Arctic Norway (Nordland, Troms, Finnmark) beach x CE
Abate et al (2020) 2018 Norway Svalbard litter at the coast** x x x CV
Beharry-Borg & Scarpa (2010) / Trinidad and Tobago Tobago beach x x CE
Birdir et al. (2013) 2011 Turkey Mersin beach x CV
Blakemore et al. (2002) 2000 Malta, Romania, Turkey George's Bay, Mamaia, Olu Deniz beach x CV
Blakemore & Williams (2008) 1998-2004 Turkey Olu Deniz beach x CV

Brouwer et al. (2017) 2014
Greece, Netherlands, 
Bulgaria

Attica, The Hague, Burgas and Varna beach x x CE

Choi & Lee (2018) 2016 South Korea Seoul ocean x x CV
Davis et al. (2019) 2017 Australia Moreton Bay beach CE
Enriquez-Acevedo et al. (2018) 2016 Colombia Cano Dulce / CV
Hanley et al. (2006) 2001 UK Durham, Central Scotland river CE
Hynes et al. (2013) 2011 Ireland West Coast beaches and coastal waters x x CE

Latinopoulos et al. (2018) 2016 Greece Syros
beaches and marine 
environment

x x x CE

Leggett et al. (2018) 2013 USA Orange County (CA) beach x TC
Loomis & Santiago (2013) 2010-2011 Puerto Rico San Juan beach x CV, CE

Östberg et al. (2012) 2009 Sweden Stockholm County, Västra Götaland litter in archipelago area** x CV

Östberg et al. (2013) 2009 Sweden Stockholm County, Västra Götaland litter at the coast** x CE
Schuhmann et al. (2016) 2007 Barbados Barbados beach x CE
Shen et al. (2019) 2017 China Zhejiang province beach x x CV, CE

Smith et al. (1997) 1992 USA New Jersey and North Carolina
beaches and marine 
environment

x CV

Talpur et al. (2018) 2014 Pakistan Karachi beach x CE
Ünal & Williams (1999) 1998 Turkey Çeşme (peninsula) in the sea and on the beach x CV

Type of litter Valuation 
method*

Location of litterLocationCountrySurvey yearAuthor(s) and publication year
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Figure 2: Geographical Coverage: Number of studies, by continent. 

Note: Many studies include several sites, but all of them are located on the same continent. The only exception 
is Blakemore et al. (2002), which includes study sites in both Europe (Malta, Romania) and Asia (Turkey). It was 
therefore assigned to both continents. All study sites in Turkey are located on the Asian continent and have 
been included accordingly; Source: Stöver et al. (2021). 

 

Turning to the location of litter that studies have considered, most studies focus solely on 
beach litter (12) or cover litter on beaches plus its surroundings (4). Three studies consider 
litter at the coast or in an archipelago area and explicitly include litter from boats. The 
remaining two studies focus on litter in the ocean (Choi and Lee, 2018) or in a river (Hanley 
et al., 2006).  

The studies in the sample also vary by the type of (plastic) litter they cover. Most of the 
studies focus on macro litter (16). Four of these studies explicitly mention macro plastics, for 
the others (12) we inferred from the study’s description that the litter considered most likely 
includes macro plastics. The number of studies addressing micro litter is much lower. This is 
as expected as studies on the negative effect of micro litter are much more recent. Two 
studies capture both micro and macro litter, including macro and micro plastics, and one 
study investigates solely micro plastics (Choi and Lee 2018). In the remaining three studies, 
the type of litter is not further specified.  

 

3.3 Willingness to pay for marine litter reduction 

Studies reviewed differ in terms of the method used to elicit WTP (Table 1). The majority of 
studies used either a DCE or a CV design to elicit people’s WTP for the removal of marine 
litter (12 and 11, respectively). Two of them use a combination of the two methods (Loomis 
and Santiago, 2013; Shen et al., 2019). Only one study in our sample applies the travel cost 
(TC) approach (Leggett et al. 2018).  
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Turning to the number of WTP estimates, these vary between one and 54 per study with a 
median of six estimates per study. Figure 3 displays the total number of WTP estimates in 
our sample by valuation method. While the number of studies using either a DCE or a CV 
design is almost the same, the total number of estimates for CV is much larger than for DCE 
(123 and 85, respectively). This difference is mostly caused by one CV study providing 54 WTP 
estimates (Blakemore et al., 2002). 

 

 
Figure 3: Total number of WTP estimates, by method  

Source: Stöver et al. (2021). 

 

The studies’ sampling strategies vary (for details see Table A. 1 in the appendix) with eight 
studies conducting on-site sampling, i.e. at beaches or nearby, and eleven studies using off-
site sampling methods, i.e. approaching respondents at home (9) or at airports (2). The 
remaining three studies do not state where they collected their data. The earliest studies in 
our sample that collected their data online were the ones that took place in Sweden in 2009 
(Östberg et al., 2012; Östberg et al., 2013). 

When classifying studies according to the type of respondent, 13 studies include only users 
in their sample. Few of these distinguish between visitors and residents in their analysis. The 
remaining nine studies include users as well as non-users. This group consists of the five 
online studies and five offline studies. The decision to include or exclude non-users reflects 
the geographical focus of a study’s research question. The majority of studies focuses on 
beach recreation for specific locations and hence focus on users. Studies that include non-
users are typically much broader in geographical scope. The study sites of Östberg et al. 
(2013) or Abate et al. (2020), for example, cover hundreds of kilometers of the coast or a 
whole archipelago area. 

Comparing the estimated WTPs, nine studies provide WTP estimates per person and trip 
(Figure 4) and twelve studies provide WTP estimates per person and year (Figure 5). To 
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compare WTP estimates in terms of magnitude, we converted the reported WTP estimates 
to 2015 USD using official exchange rates and the deflator from the World Bank’s World 
Development Indicators. One study is omitted from this comparison: Schuhmann et al. 
(2016) report WTP as the price per room for a specific choice scenario. As information on the 
status quo is missing, we were unable to convert the price per room either into a WTP per 
person and trip or into a WTP per person and year. 

The studies in the first set (Figure 4) report WTP estimates between 0 and 110 USD per 
person and trip, with a median value of 0.57 USD. All but one study provide estimates of a 
similar magnitude (between 0 and 10 USD per trip). The exception is Loomis and Santiago 
(2013), where the reported estimates are 105 and 110 USD per trip. In addition to the 
relatively small variation between the different studies’ WTP estimates, the range of 
estimates for the individual studies, i.e. the width of the grey rectangle in Figure 3, is smaller 
than 6 USD for all studies. 

 

 
Figure 4: Willingness to pay per person and trip by study (in 2015 USD) 

Note: Bars show the range (min to max value) of estimated WTPs from each study, the diamonds represent 
the median WTP values. The number of coefficients in each study is reported next to the authors’ names. * 
denotes that a study includes users and non-users; Source: Stöver et al. (2021). 

 

Although the studies in the first set differ with respect to the location/country, sample size, 
their publication date and, importantly, in the methods they apply (CV, DCE, TC), they also 
have some common features: Firstly, they focus on litter on the beach (only Ünal and 
Williams (1999) additionally include litter in the sea). Secondly, all of the studies in this group 
are concerned with macro litter, plastics are mentioned in only two of them explicitly and 
none mentions micro plastics. Thirdly, all but one study in this group focus on users (only 
Talpur et al. (2018) interview users and non-users in Karachi/Pakistan) and all collect their 
data offline. Summarizing, we can conclude that users prefer cleaner sites with a reduction 
of macro plastics on (or near) the beach. The WTP per trip seems rather independent of the 
location/country and method applied. 
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The twelve studies in the second set (Figure 5) report WTP per person and year. The 
estimates range between a minimum of -18.50 USD and a maximum of 568.54 USD per 
person and year, with a median value of 34.67 USD. For all but one study, the median 
estimates lie between 1 and 70 USD per person and year (for Abate et al. (2020) the median 
WTP estimate is 307.42 USD). Furthermore, the estimates vary a lot more within the 
individual studies (ranges between 0 and almost 500 USD) than in the first set of studies. 

 

 
Figure 5: Willingness to pay per person and year by study (in 2015 USD). 

Note: Bars show the range (min to max value) of estimated WTPs from each study, the diamonds represent 
the median WTP values. The number of coefficients in each study is reported next to the authors’ names. * 
denotes that a study includes users and non-users; Source: Stöver et al. (2021).  

 

With respect to the method, this second set consists almost equally of CV and DCE studies 
(five and seven respectively) and includes studies published over the whole period and across 
all continents covered, with all but one (Enriquez-Acevedo et al., 2018) located in OECD 
countries. Respondents have been surveyed either at home or on the beach. The study areas 
covered are often larger than single beaches, e.g. archipelago areas, and the litter considered 
is located in the ocean, a river or in the marine environment in addition to being on the beach. 
Accordingly, the type of plastic litter covered by the studies in this set is also diverse: Two 
studies mention micro and macro plastics, two only macro and one only micro plastics.  

Comparing the two sets of studies, in the first set only one study elicits WTPs for users and 
non-users (marked with an asterisk in Figure 4). In the second set, only four studies restrict 
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their sample to users. The two sets of studies also differ in another characteristic, namely in 
the type of payment vehicles they employ. The first set includes a mix of different options. 
In five studies, the payment vehicle cannot be classified, as the authors either asked the 
respondents for their preferred mode of payment (Blakemore and Williams 2008, Blakemore 
et al. 2002; Birdir et al., 2013) or do not specify it (Ünal and Williams, 1999; Leggett et al. 
2018). Note that Talpur et al. (2018) use both, additional travel costs and entry fees. The 
remaining studies in this set use either (entrance) fees (Beharry-Borg and Scarpa, 2010; Shen 
et al., 2019; Talpur et al., 2018); additional travel costs (Loomis and Santiago, 2013; Talpur et 
al., 2018) or lodging prices (Schuhmann et al. (2016) is excluded from Figure 5). In contrast, 
the studies of the second set mostly use taxes as payment vehicle (7; for details, see Table 
A.2 in the appendix). One study (Brouwer et al., 2017) uses different vehicles at different 
sites; a local tax in Greece and Bulgaria and an entrance fee in the Netherlands. 
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4. Large-scale multi-country public survey: Study area and design of survey 

The main objective of D5.3 is to provide a comprehensive assessment of public perception 
and public benefits of marine (plastic) litter management policies. We do so by conducting a 
large-scale public survey covering 4 major regional seas in Europe in one and the same 
survey, sampling users and non-users of coastal areas from eight different EU countries 
(Estonia, Denmark, Germany and Sweden bordering the Baltic Sea, Denmark, Germany and 
The Netherlands situated along the North Sea, France located along the Atlantic Ocean, and 
Greece, France and Italy bordering the Mediterranean Sea). The uniqueness of the dataset 
in terms of its focus on micro and macro plastics, geographical scope and sample 
characteristics allows for a comprehensive comparison across countries and contexts (Khedr 
et al., 2021; van Oosterhout et al., 2021). The results of the survey are further used to test the 
transferability of the results across Europe (Brouwer et al., 2021). 

4.1 Marine litter in the major European seas considered in this study 

In this section, we provide a short overview of the available information related to marine 
litter present in the major European seas that are the focus of the study presented here (see 
Figure 6). Although the MSFD requires that EU Member States monitor their progress 
towards achieving GES, not all indicators are monitored systematically, especially not 
marine litter. Contrary to marine litter, beach litter has been monitored in some European 
countries for years (Addamo et al., 2017). However, the first comprehensive overview of 
beach litter, including the amount of litter, litter categories and trends at different spatial 
scales from local to EU level, was only recently published using 2015/2016 as baseline years 
(Hanke et al., 2019). This baseline dataset includes macro litter and litter fragments of at 
least 2.5 cm. Beyond beach litter, the development of baselines for other types of litter is 
ongoing in different Member States, including the development of assessment methods for 
seafloor litter micro litter.4 In particular, information on micro plastics is often only available 
based on incidental studies because no monitoring infrastructure exists yet for micro litter 
(Tekman et al., 2021).  

In view of the fact that regional seas are transboundary, four Regional Sea Conventions were 
established in Europe several decades ago to jointly monitor and manage these seas. The 
work presented here covers the jurisdiction of three of the four conventions: the OSPAR 
Convention for the Protection of the Marine Environment in the North-East Atlantic, the 
Helsinki Convention (HELCOM) on the Protection of the Marine Environment in the Baltic 
Sea Area, and the Barcelona Convention for the Protection of Marine Environment and the 
Coastal Region of the Mediterranean. These conventions play a key role in the 
implementation of the MSFD, which requires that Member States make use of the available 
institutional structures and activities of the conventions, while the European Commission 
consults with the conventions to develop standards and criteria on GES. 

                                                             
4 See https://mcc.jrc.ec.europa.eu/main/dev.py?N=41&O=434&titre_chap=TG%20Litter (last retrieved 27 
April, 2021). 

https://mcc.jrc.ec.europa.eu/main/dev.py?N=41&O=434&titre_chap=TG%20Litter
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OSPAR divides the North East Atlantic into five regions, namely, the Arctic waters, the North 
Sea, the Celtic Sea, Bay of Biscay and Iberian Coast, and the wider Atlantic. Plastic litter 
represents approximately 90% of beach litter found in the North Sea, while its share is 
slightly lower for the Celtic Sea and the Bay of Biscay (78% and 71%, respectively). The Arctic 
waters have the highest level of plastic litter with approximately 98% of all litter being 
plastic. The most common litter items found in all regions are plastic fragments, nets, and 
ropes. There is a general lack of information on the abundance of microplastics in the North 
East Atlantic (OSPAR, 2017). 

 

 
Figure 6: Overview of the 8 European countries surveyed in this study and the 4 regional European seas bordered 
by these countries 

Source: Stöver et al. (2021). 

 

The Baltic Sea is the largest expanse of brackish water in the world. Being a relatively shallow 
semi-enclosed sea, water exchange is limited. Various sources contribute to marine litter, 
including tourism, wastewater discharge, and river fisheries (Strand et al., 2016). 
Approximately 70% of the marine litter in the Baltic Sea consists of plastic. The highest 
density of marine litter along the coasts of the Baltic Sea is documented for the Gulf of 
Finland, Bothnian Sea, and Northern Baltic Proper, with an average of 280 items per hundred 
meter. The most common litter items include plastic wraps, bottles, lids as well as cigarette 
butts (HELCOM, 2018). Moreover, fishing gear and nets are abundant in the Eastern Gotland 
Basin, Gdansk Basin and Kiel Bay (HELCOM, 2018). Some studies have monitored the 
concentration of microplastics in the Gulf of Finland, the Belt Sea, and near Stockholm 
(Setälä et al., 2016; Tamminga et al., 2018; Gewert et al., 2017). The results varied from 0.3-
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2.1 particles per cubic metre in the Gulf of Finland (Setälä et al., 2016) to 0.04-0.09 particles 
per cubic metre in the Belt Sea (Tamminga et al., 2018). 

Like the Baltic Sea, the Mediterranean Sea is a semi-enclosed sea with limited water 
exchange. More than 95% of the floating marine litter in the Mediterranean Sea is plastic, 
while approximately 50% of the seabed litter is plastic (UNEP/MAP and Plan Bleu, 2020). An 
approximate amount of 730 tonnes of plastic litter is discharged into the Mediterranean 
every day (UNEP/MAP, 2015). The most dominant marine litter category is single-use 
plastics with more than 60% of recorded items (Addamo et al., 2017). In terms of 
microplastics, the registered concentration at the surface of the Mediterranean Sea is 
approximately 100 thousand items per square kilometre (UNEP/MAP, 2015). However, Van 
Der Hal et al. (2017) recorded maxima of more than 64 million floating particles per square 
kilometre. 

 

4.2 Study design 

The DCE was embedded in an online survey. After asking questions about their socio-
demographic background for quota sampling purposes, including age, gender, education 
and region of residence, respondents were asked if they had ever visited the sea and coast of 
a European country for leisure. If so, they were asked to list the countries where they had 
visited the coast or beach. Those that had visited the coast of a European country for leisure 
in 2019 were then asked more detailed questions regarding the specific sites they visited 
most frequently, including the number of days they visited, their leisure activities, the 
importance of specific beach site characteristics for visiting, and beach site quality 
conditions, such as water clarity, the amount and size of plastic beach litter, and the number 
of times they saw plastic litter. 

This was followed by the DCE section (for more information see Section 5.2) and a few 
debriefing questions about the DCE. The fourth part contained questions related to the 
respondent’s perception of marine litter including knowledge, concern, and responsibility 
(for more information see Section 5.1). Finally, they were asked a few debriefing questions 
about their socio-economic background, in particular their household income. 

The DCE and the other questions in the survey were developed, screened and tested over a 
period of approximately 12 months. The draft DCE design was also presented for comments 
and feedback to the large group of marine litter experts collaborating with the authors of this 
paper in the Horizon2020 project CLAIM during the annual project meeting in Copenhagen 
in October, 2019. The survey was translated into the official languages of the eight countries 
where the survey was implemented by the Norwegian survey company Norstat in the 
months July and August, 2020. Norstat manages and has access to representative household 
panels in the mentioned European countries from which the respondents in this study were 
sampled. The design of the survey was also discussed extensively with the marketing experts 
working for Norstat before it was launched online. Before final implementation, the online 
survey was pre-tested using 100 respondents in two of the eight countries (i.e. Italy and the 
Netherlands), on the basis of which conditional logit and mixed logit choice models were 
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estimated to assess their overall goodness of fit to the data and the statistical significance 
and direction of influence of the individual choice attributes on choice behavior. Special 
attention was paid to the presence of possible protest behavior. All attributes behaved as 
expected in the estimated choice models and no signs of protest behavior were detected. In 
view of these results, no further modifications were made to the design and these responses 
were retained in the final sample. 

 

4.3 Sample characteristics 

In each of the eight sampled countries we gathered data for approximately 1,000 individuals 
aged 18 or above. Table 2 provides the descriptive statistics for some of the main socio-
demographic characteristics of the samples and the populations from which they were 
drawn. The sample in each country represent the underlying target populations well. Only 
small differences exist between the sample and the target population, most importantly for 
Greece. Slightly more women than men responded to the survey in most of the countries, 
which corresponds closely to the target population distribution. More men than women 
participated in Greece. The samples’ average age lies in the late 40’s, except in Germany and 
Greece, and is overall relatively lower than that of the target populations (average age of 
early 50’s). This small difference in average age can be explained by the fact that the survey 
was administered online which was therefore expected to reach a slightly younger 
population. The distribution of net monthly household income across different income 
groups matches the distributional patterns of the target population fairly well, but is skewed 
to the higher income categories in all sampled countries, with the highest relative difference 
for the Greek and Swedish sample. A higher income in sampled populations is not 
uncommon in online surveys (e.g., Lindhjem and Navrud, 2011). The higher income levels in 
the sampled populations are reflected in the higher share of respondents that have 
completed an educational level of at least upper secondary education (ISCED 3), with again 
differences being most prominent for Greece and Sweden.
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Table 2: Descriptive statistics 

 Denmark Sweden Estonia Germany The Netherlands France Italy Greece 

 

 

N= 

1000 

 

Totala 

N= 

1000 Totala 

N= 

1002 Totala 

N= 

1000 Totala 

N= 

1004 Totala 

N= 

1009 Totala 

N= 

1000 Totala 

N= 

1000 Totala 

 Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) Mean (Std.dev.) 

Male (%) 48.90 

 

49.76 49.40 50.72 45.51 47.22 48.6 49.35 49.10 49.65 47.08 48.33 48.0 48.68 52.30 48.56 

Age (years) 48.42 

(17.37) 

51.50 49.22 

(17.98) 

51.46 47.58 

(16.72) 

51.55 40.18 

(16.41) 

52.72 47.21 

(17.09) 

51.71 48.04 

(16.42) 

52.70 48.92 

(15.56) 

53.60 42.26 

(13.95) 

53.13 

Household 
income (€ 
per month) 

3610.33 

(2289.2
4) 

2813.25 3502.10 

(2110.54) 

2311.08 1563.35 

(1094.46) 

979.25 2659.06 

(1610.32) 

2155.92 2822.40 

(1834.21) 

2239.33 2360.89 

(1448.9
4) 

2120.50 1965.49 

(1262.05
) 

1600.6
7 

1473.3
5 

(1423.
60) 

754.08 

Persons per 
household 
(number) 

2.24 

(1.31) 

2.00 2.24 

(1.19) 

2.00 2.25 

(1.29) 

2.20 2.27 

(1.49) 

2.00 2.72 

(3.13) 

2.00 2.50 

(2.46) 

2.20 2.97 

(3.06) 

2.30 3.14 

(2.75) 

2.60 

Higher 
education 
(ISCED 6-
8)(%) 

31.90 25.30 28.10 38.60 35.10 31.72 21.90 25.06 39.94 26.61 33.70 24.18 15.20 12.27 61.80 27.80 

a Data is taken from Eurostat and refers to 2018 (household size and income) and 2019 (education, gender, and age) 
(https://ec.europa.eu/eurostat/web/main/data/database; last retrieved September 2020); Source: Khedr et al. (2021). 

https://ec.europa.eu/eurostat/web/main/data/database
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5. Methodologies used for the analyses 

We use three different methodologies to reach the objectives of D5.3: (1) identifying relevant 
components of public perception on marine plastic litter, (2) eliciting economic values for 
different marine litter reduction strategies, and (3) testing the transferability of the results 
across Europe. 

5.1 Public perception5  

There is no single definition of perception. Efron (1969, p.137) describes perception as “[…] a 
man's primary form of cognitive contact with the world around him”. This conceptualisation 
of perception focuses on the fact that our sensory systems provide an observer with 
knowledge about what is present in his or her immediate environment (Boothe, 2002). 
However, perceptions entail more than (past) experiences, and the inputs provided by the 
sensory system are organized, transformed and elaborated leading to interpretation and 
understanding. Perceptions are stimulus bound and based on various mental contents and 
principles, which makes perceptions personal and subjective (Rock, 1985). As Pomerantz 
(2006) pointed out, the complicating factor is that perceptions are private, subjective 
experiences, which are locked up inside our individual minds. Nevertheless, various research 
efforts have been made to explore and operationalise public perceptions and understanding 
of the marine environment.  

A variety of research approaches has been applied focusing on different components 
underlying the concept of public perception in the marine environment context. Table 3 
summarizes the literature in terms of the components of perception they cover and shows 
the existing lack of balance in coverage. While the number of studies defining perception in 
terms of concern or perceived consequences is comparatively large, Hartley et al. (2018) is 
the only study focussing on responsibility.  

 

Table 3: Components related to perception of marine litter observed in the literature 

Component Sources 

Concern Arnold, 2004; Gelchic et al., 2014 ; Veiga et al., 2016; Hartley et al., 2018; Dilkes-
Hoffman, 2019; Pereira, 2019; Hynes et al., 2014; Forleo and Romagnoli, 2021 

Perceived consequences  Jefferson et al., 2014; Veiga et al., 2016; Hartley et al., 2018; Pereira, 2019; Forleo and 
Romagnoli, 2021 

Responsibility Hartley et al., 2018 

Knowledge Henderson & Green, 2020; Hynes et al., 2014; Jefferson et al., 2014; Pereira, 2019 

Experience and observations  Veiga et al., 2016; Brouwer et al., 2017; Hartley et al., 2018 

Source: Van Oosterhout et al. (2021). 

                                                             
5 This section is based on van Oosterhout et al. (2021). 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pomerantz%2C+James+R
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Several studies measure perception as a combination of awareness, knowledge and concern. 
A recent study by Forleo & Romagnoli (2021) explored public perceptions of MPL sources and 
impacts in Italy. Italian respondents reported high levels of concern and awareness about 
MPL. Pereira (2019) studied Rhode Island residents’ perceptions of marine plastic debris and 
their support for plastic and paper bag legislation. Levels of concern, awareness and 
knowledge were generally high and plastic policy support was not affected by respondents’ 
distance from the coast. Henderson and Green (2020) conducted qualitative research in the 
United Kingdom to explore the relationship between knowledge and understanding of 
microplastics and the role of the media in influencing these perceptions. Most participants 
were unaware of microplastics and its associated problems; only few made connections 
between their personal use of plastics and ocean pollution (Henderson & Green, 2020).  

The majority of the literature studies perceptions for a selected country or area. An exception 
is the study by Brouwer et al. (2017), who assessed the social costs of marine litter along 
European coasts by asking beachgoers in Bulgaria, Greece and the Netherlands for their 
experiences with beach litter, their willingness to volunteer and pay for cleaning practices. 
The cross-country comparison revealed that significant differences exist in perception and 
valuation across these three European countries. In addition, a multi-country survey 
conducted by the European MARLISCO project (MARine Litter in European Seas - Social 
Awareness and Co-Responsibility) examined the perceptions towards marine litter of 3,748 
respondents from 16 European countries (Hartley et al., 2018). Results are, however, 
aggregated at EU level as the number of respondents in each country was very different. This 
study found that 95% of the marine and coastal area visitors observed marine litter during 
their visit, but no information was given on where these visits took place. The results suggest 
that the quantity of perceived marine litter positively influences visitors’ level of concern and 
their subsequent willingness to act. In all these studies, personal experience and observation 
of marine litter is included as a driver behind perception.  

Beyond marine litter and MPL, other literature addresses a variety of hazards to marine and 
coastal ecosystems and discusses to a varying degree the role of marine litter as a threat to 
ecosystem health. A nation-wide survey in Ireland asked the public about their values, 
concerns and preferences towards the Irish marine environment (Hynes et al., 2014). In this 
study, perceived consequences and knowledge were found to shape individuals’ opinions 
regarding the marine environment. Jefferson et al. (2014) found that in the United Kingdom, 
citizens’ personal experiences and knowledge were important factors for individuals’ 
relationship with the sea. Dilkes-Hoffman (2019) found that the Australian public perceived 
ocean plastics as the most worrisome environmental issue from a list of nine. Additionally, a 
large-scale public perception study based on just over 10 thousand respondents in 10 
European countries confirms that citizens perceive pollution as one of the most important 
marine environmental problems (Gelchic et al., 2014). It should be noted, however, that the 
term pollution in the context of this study encompassed various meanings and included, for 
example “water cleanliness,” “sewage,” “water pollution,” “oil pollution,” and “water 
quality”, but did not specifically include marine litter or plastics. 
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In the present study, as presented in Table 4, 15 questions were employed to examine the 
components of public perceptions of MPL identified in the literature review. Four of these 
questions were found in the second part of the survey, namely those measuring respondents’ 
perception of the water clarity of the visited site (Q12 in Table 4), the perceived presence of 
MPL (Q13) and, when presence of MPL was confirmed, the amount (Q14) and size (Q15) of 
the perceived rubbish.  

The remaining 11 questions were found in the fourth part of the survey. Concern was 
operationalised through two questions. The first question asked for the respondent’s level of 
concern for marine plastics specifically (Q1). The second question asked the respondent to 
rank environmental issues of concern, including water pollution and marine plastic, allowing 
us to identify the relative importance of MPL in relation to other environmental issues (Q2). 
Similarly, two statements measured the level of responsibility. Respondents were first asked 
to indicate how responsible they felt personally to reduce MPL (Q6), and next to rank listed 
parties (including plastic consumers) who they felt are responsible for cleaning-up MPL (Q7). 
Three statements were included to inquire about respondents’ perceptions of consequences 
of MPL (Q3 – Q5). Knowledge was measured both subjectively and objectively. Respondents 
first indicated their self-perceived or subjective knowledge (Q8), and this was followed by 
three right or wrong statements about marine plastic (Q9 – Q11). Their responses to the 
statements were coded into a single variable for objective knowledge. Including both 
subjective and objective knowledge allows us to investigate the potential “illusion of 
knowing”; the result of an overestimation of self-perceived knowledge in relation to actual 
knowledge (Park et al., 1988).   
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Table 4: Relevant questions derived from the public survey 

Component Description  Survey question 

Public concern Concern about marine 
plastic pollution 

Q1 I am very worried about plastic pollution in seas and oceans 

 Concern about 
environmental issuesa 

Q2 Which of the environmental issues worries you the most? Select 
a maximum of three issues in order of importance. 

Perceived 
consequences 

Coastal appearance Q3 Marine plastic reduces the beauty of coasts and seas 

 Marine organisms Q4 Marine plastic severely harms marine organisms 

 Human health Q5 Microplastic is a potential health risk for humans 

Responsibility 

 

Personal responsibility to 
reduce 

Q6 I feel a personal responsibility to try to reduce plastic pollution 

 Responsibility to clean upb Q7 Who do you think is responsible to clean up marine plastic? 

Knowledge Subjective knowledge Q8 I am knowledgeable about the problem of plastics in the ocean 

 Objective knowledge 
(recyclability) 

Q9 Thin plastic packaging is easily recycled 

 Objective knowledge 
(washing)  

Q10 Washing synthetic clothing is a significant contributor of 
microplastic litter 

 Objective knowledge 
(sources)  

Q11 Consumers produce more plastic litter than industry and 
business 

Experience and 
observation 

Water Qualityc Q12 How would you describe water clarity? 

Frequencyd Q13 How often did you see plastic litter on the beach or in the water 

Amounte Q14 How would you describe the amount of plastic litter on the 
beach or in the water? 

Sizef Q15 How would you describe the size of the most noticeable plastics 
on the beach or in the water?  

Source: Van Oosterhout et al. (2021). 
Response categories for the statements  
All statements can be answered by means of a five point-Likert scale (totally disagree; somewhat disagree; neither agree or disagree; 
somewhat agree; totally agree), with the following exceptions: 
 
a: 14 response options: Greenhouse gas emissions; droughts; extinction of plant and animal species; flooding; 

deforestation; water pollution; overfishing of the oceans; forest fires; illegal waste disposal; disappearance of coral 
reefs; air pollution; plastics in oceans; sea level rise; heat waves 

b: 9 response options: The European Union; My national government; Plastic producing companies; Plastic using 
companies; Plastic consumers; Nature organizations (e.g. World Wildlife Fund); Waste management companies; 
Hotels and the tourism sector; The fishing industry 

c:  Very good; good; poor; very poor; I don’t know or don’t remember  
d:  Never; sometimes; often; always; I don’t know or don’t remember 
e:   No pieces; some pieces; many pieces; very many pieces; I don’t know or don’t remember 
f:  Very small (plastic fragments); Small (cigarette butts, bottle caps); Large (plastic bags, bottles); Very large (toys, 

fishing nets); I don’t know or don’t remember 
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5.2 Discrete choice experiment6  

5.2.1 Design of the choice experiment 

The goal of this study was to elicit economic values for different marine litter reduction 
strategies from the perspective of EU citizens. Marine litter reduction strategies can be 
designed in a variety of ways, depending on the goal of the strategy. These design 
characteristics can include, for example, the location where the strategy will be 
implemented, how effective the strategy will be, the environmental benefits of the strategy, 
and the financial costs involved. A DCE is an ideal tool to determine preferences for different 
design characteristics, since it allows for a variety of design characteristics to be combined 
into programmes of measures. The following section describes how the DCE was developed 
and implemented.  

A central element of designing a DCE is to decide on the number of choice alternatives, and 
to select the attributes and associated levels that describe them. The choice tasks in this 
study provided respondents with three alternatives. They could choose among two 
hypothetical alternatives (Program A and Program B) and the opt-out alternative. The 
hypothetical alternatives described the future state of the marine environment by 2030 with 
reduced levels of plastic litter in the European seas. The opt-out alternative described the 
State in 2030 without additional measures to clean up plastics from European seas. Although 
the MSFD aims to achieve a GES of the marine environment by 2020, we choose a longer 
period in our DCE design as the GES will not be reached for most of the descriptors, including 
marine litter (EC, 2018).  

The attributes aim at representing dimensions of the future state of the marine environment. 
These attributes and the associated levels were selected based on a literature review and 
expert interviews. Pictograms were designed to visually describe each attribute and attribute 
level. Attributes and pictograms were tested in a series of focus groups at the end of 2019 
and the beginning of 2020. Focus group participants included experts, lay public, and 
students at the Vrije Universiteit Amsterdam, the Netherlands and Kiel University in 
Germany. 

The final set of attributes used to build the DCE is presented in Table A. 2 in the Appendix. 
The first four attributes directly relate to marine plastic pollution, one relates to additional 
strategies that can reduce plastic pollution and the final attribute is the payment vehicle.  

The first attribute is environmental status of the marine environment and directly relates to 
the MSFD. For marine litter, which consists mostly of plastic litter, GES was defined as in the 
MSFD’s Annex I as “properties and quantities of marine litter [that] do not cause harm to the 
coastal and marine environment”. This includes both animals and plants. The attribute has 
four possible levels: poor (opt-out), moderate, good, and excellent. The second attribute 
considers outcome (un)certainty, as there is uncertainty about actually reaching the desired 
improvement, depending on the extent of the problem and the specific implemented 
measures. This attribute has three levels: 50%, 75%, and 99% certainty of achieving the 
environmental status by 2030. 

                                                             
6 This section is based on Khedr et al. (2021). 
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Third, an attribute related to the size of the plastic litter was included to reflect that the 
programmes of measures can target different sizes of plastic litter, depending on the 
technologies applied. This attribute has four levels, consisting of no removal (opt-out), 
removing micro plastic, removing macro plastic, and removing both micro and macro plastic. 
The fourth attribute included was geographic coverage where the measures would be 
implemented: nowhere (opt-out), in all European seas or solely in the sea(s) bordering the 
respondent’s country. This geographic scope attribute was added to measure to what extent 
respondents support EU-wide measures or whether they prefer measures in their own 
marine territories only.  

Besides removing plastic litter, additional waste management measures were proposed to 
prevent plastic from ending up in marine environments and thereby avoid future clean-up of 
plastic litter. The fifth attribute has five levels: no additional waste management measures 
(opt-out), improved recycling labeling, improved collection of plastic through a deposit-
refund system, a ban of single-use plastic, or all of these three measures applied together.  

Since achieving improvements in the environmental status of the European seas comes at a 
cost, the final attribute is the financial contribution respondents are asked to pay for their 
preferred alternative. In the EU, waste management, including waste collection, is primarily 
funded by charging households a waste fee for the costs of waste collection and processing. 
Information about waste collection and processing costs and fees is very limited. A study 
assessing waste collection schemes in the capital cities of the 28 EU Member States in 2015 
reports fees ranging from 51 (Vilnius) to 280 (Amsterdam) euros per capita annually, and an 
average payment across Europe of around 145 euros per capita annually for separate waste 
collection (BiPRO/CRI, 2015). This information provided the basis for the establishment of 
the additional waste management fees in the DCE to be paid by a household per month for 
the next 10 years: no payment (opt-out), €5, €10, €20, €35, and €50. In order to account for 
the fact that waste collection and management fees are collected annually in some EU 
Member States, the annual amounts were provided in the DCE next to the monthly 
payments. For Denmark and Sweden, the Euro amounts were converted to Danish and 
Swedish Crowns. 

Based on these attributes and attribute levels, a D-efficient experimental design (Rose and 
Bliemer, 2009) was generated with the software NGENE consisting of 24 choice tasks, which 
were assigned to four blocks, hence resulting in each respondent answering 6 choice tasks. 
An example choice card is presented in Figure 7. 
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Program A Program B 

State in 2030 with no 
additional measures 

Environmental 
status  

   

Certainty  

   

Size of plastic 
litter  

   

Geographic 
coverage 

  

 

Waste 
management 
measure  

   

Additional waste 
management 
fee to your 
household  

   

I prefer: 
   

Figure 7: Example choice card. 
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The choice tasks were introduced using a short text describing that the EU aims at preventing 
and cleaning up marine litter in European seas to achieve GES by 2030. Respondents were 
informed that 60-80% of all marine litter consists of plastic litter that is left behind by people 
on the beach or ends up in the sea through rivers, storm water runoff, waves and wind. Also, 
the difference between macro litter (larger items such as plastic bottles, parts of fishing nets, 
toys and plastic bags) and micro litter (small fragments of larger plastic items or personal 
care products like cleansers and scrubbing powders that are invisible to the naked eye) was 
explained. Respondents were shown Table A. 2 to familiarize them with the attributes and 
their different levels, as well as the example choice card shown in Figure 7 accompanied by 
explanatory text. After the DCE, they were asked a few debriefing questions about the DCE, 
and a number of additional questions about their socio-economic background, in particular 
their household income. 

 

5.2.2 Econometric model 

The econometric modelling of the choice data is based on well-established random utility 
maximization (RUM) models (McFadden, 1973). The standard random utility model is 
specified in equation (1), where an individual 𝑖𝑖  derives utility 𝑈𝑈𝑖𝑖𝑖𝑖  from alternative 𝑗𝑗 if 
alternative 𝑗𝑗 is chosen. In this model, the utility 𝑈𝑈𝑖𝑖𝑖𝑖  is a function of a deterministic 
(observable) and a stochastic (unobservable) part. 𝑉𝑉𝑖𝑖𝑖𝑖  is the observable vector of the 𝑘𝑘 
attributes applied in the DCE here and measured by their levels as explanatory variables. The 
𝑉𝑉𝑖𝑖𝑖𝑖  vector can more generally be assumed to be a linear additive function of 𝑍𝑍, a vector of the 
𝑘𝑘 observable attributes varying across individuals 𝑖𝑖 and alternatives 𝑗𝑗, and multiplied by 𝛽𝛽, a 
vector of 𝑘𝑘  coefficients and their possible interaction with individual respondent 
characteristics. The unobservable stochastic component is captured in the utility function (1) 
by the random error term 𝜀𝜀 which is IID extreme value type I distributed within each choice 
(Train, 2003). 

 

𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 = 𝛽𝛽′𝑍𝑍𝑖𝑖𝑖𝑖′ + 𝜀𝜀𝑖𝑖𝑖𝑖               (1) 

 

We employ a mixed logit (MXL) model, which allows us to account for heterogeneous 
preferences, specified in the random parameters associated with the choice attributes. The 
adjusted utility function of the MXL model is presented in equation (2), where the first part 
is identical to equation (2), but the vector of coefficients 𝛽𝛽𝑖𝑖  is now randomized over the 
sample population, as shown in equation (3). Here, the vector of coefficients 𝛽𝛽𝑖𝑖  is 
decomposed into 𝜇𝜇𝑖𝑖 , the sample population mean utility attached to a specific choice 
attribute, and 𝜃𝜃 the standard deviation, which captures the individual preferences relative to 
the average population preference, and is typically a mixing distribution function for 𝛽𝛽𝑖𝑖. In 
this study, the distributions of the random parameters related to the choice attributes are all 
assumed to have a normal distribution, except the price attribute, which is assumed to have 
a lognormal distribution, as this generated the best model fit. 
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𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑖𝑖′𝑍𝑍𝑖𝑖𝑖𝑖′ + 𝜀𝜀𝑖𝑖𝑖𝑖               (2) 

 

𝛽𝛽𝑖𝑖′𝑍𝑍𝑖𝑖𝑖𝑖′ + 𝜀𝜀𝑖𝑖𝑖𝑖 =  𝜇𝜇𝑖𝑖𝑍𝑍𝑖𝑖𝑖𝑖′ + 𝜃𝜃𝑍𝑍𝑖𝑖𝑖𝑖′                  (3) 

 

5.3 Benefit transfer  

5.3.1 The approach 

As explained in Section 2.2, environmental benefit or value transfer is commonly defined as 
the transposition of monetary environmental values estimated at one site (study site) 
through market-based or non-market-based economic valuation techniques to another site 
(policy site) (Brouwer, 2000). The most important reason for using previous research results 
in new policy contexts is cost-effectiveness. Applying previous research findings to similar 
decision situations is an attractive alternative to expensive and time-consuming original 
research to inform environmental policy and decision making. Given the costs of non-market 
valuation studies, it is not surprising that this area has generated a considerable literature 
concerning the transfer of non-market value estimates (Navrud and Ready, 2007). The most 
fundamental problem for value transfers is assessing whether a given transfer is correct or 
not when the ‘true’ value of the policy site is a-priori unknown. The challenge is to account 
for contextual factors that minimize transfer errors. 

In the stated preferences domain, DCE’s are considered superior to CV for the purpose of 
value transfer because of their ability to value marginal changes in good and site 
characteristics (Morrison and Bergland, 2006). However, the available empirical evidence is 
limited (e.g. Johnston, 2007; Brouwer et al., 2015; Brouwer et al., 2016). Although various 
economic valuation methods and techniques, including stated preference methods, have 
been applied over the past decades to value the non-priced public goods and services 
provided by various ecosystems, a common valuation design for international comparison is 
missing. 

The literature has placed great emphasis upon the development and testing of stated value 
transfer methods (e.g. Desvousges et al., 1992; Downing and Ozuna, 1996; Brouwer and 
Spaninks, 1999; Moeltner et al., 2007; Johnston and Duke, 2009; Moeltner and Woodward, 
2009). These methods can be broadly categorized into two types. The simplest approach is 
to transfer mean values from study to policy sites. Such transfers are frequently used in 
practical decision making, but are crucially dependent upon the pertinence of differences 
between transfer sites (Jiang et al., 2005; Johnston, 2007). The alternative is to use 
econometric techniques to estimate value functions from study site data. These are then 
used to predict new values for policy sites. This ‘value function transfer’ approach assumes 
that the underlying utility relationship embodied in the parameters of the estimated model 
applies not only to individuals at the study sites, but also to those at policy sites. While 
parameters are kept constant, the values of the explanatory variables to which they apply 
are allowed to vary in line with the conditions at the policy site.  
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The lack of a common research format for transferring non-market values has been 
identified as one of the most important problems in value transfer (Desvousges et al., 1992; 
Wilson and Hoehn, 2006). As mentioned, compared to CV, DCE are believed to be better 
equipped for value transfer. Their multi-attribute nature allows for the valuation of marginal 
changes in good and site characteristics and hence account for differences in environmental 
quality when transferring values between sites (Morrison et al., 2002). Accounting 
furthermore for respondent preference heterogeneity has also been shown to reduce the 
magnitude of the transfer error (Colombo et al., 2007; Brouwer et al., 2015). Johnston and 
Duke (2010), however, find that attribute adjusted value transfers do not always outperform 
unadjusted transfers, while socio-economic adjustments are equally likely to reduce than to 
increase transfer accuracy.  

International tests of the transferability of non-market values are few and largely based on 
CV studies (e.g. Barton and Mourato, 2003; Muthke and Holm-Mueller, 2004; Ready et al., 
2004; Brouwer and Bateman, 2005). In the US, Rosenberger and Phipps (2001) find that CV-
based transfer errors between states are larger than transfer errors within states. Johnston 
and Thomassin (2010) show that international transfers (between Canada and the US) based 
on a CV meta-function outperform single study value transfer in terms of prediction 
accuracy. In the an international DCE focusing on commuting trips in Australia, Chili and 
Taiwan, Rose et al. (2009) find that the estimated choice models are not transferable across 
different countries and cultures. Brouwer et al. (2015) find similar results when transferring 
the estimated choice models for river restoration benefits across three different European 
countries sharing the same river (Danube), also not when accounting for location specific 
factors (distance decay, public perception of water quality). They conclude that the use of a 
generally applicable valuation design is a necessary but insufficient precondition to reduce 
transfer errors in international transfer studies focused on river restoration. Brouwer et al. 
(2017) apply a common design DCE focusing on the social costs of marine litter along the 
coast of the North Sea, Mediterranean Sea and Black sea. The same DCE is implemented in 
three European countries (Netherlands, Greece and Bulgaria) and the study finds significant 
differences between these countries. This has important implications for the transferability 
of the estimated social costs of marine litter across Europe. 

The main objective of this study is to test the transferability of the non-market benefits of 
improving seawater quality according to the MSFD to a Good Environmental Status (GES) in 
8 different European member states. The same DCE design is applied at the same point in 
time in each country. The DCE is kept as general and context-free as possible to enhance its 
comparability (e.g. Ready et al., 2004; Alberini et al., 2004). Using a context-free design 
describing the same environmental change, applying the same valuation method, implies 
that the main source of variation to help explain differences in the elicited values across the 
country case studies is found in the characteristics of the survey respondents and the specific 
environmental conditions in each country. Different transfer methods are applied to test the 
international transferability of the elicited nonmarket values. 
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5.3.2 Econometric model 

Specified as the conditional choice probability 𝐿𝐿 that individual 𝑖𝑖 prefers choice alternative 𝑗𝑗 
can be expressed in terms of the following logistic distribution (McFadden, 1974) 
(suppressing socio-economic respondent characteristics and a subscript for the choice 
attributes for the sake of simplicity): 

 

𝐿𝐿𝑖𝑖𝑖𝑖 = 𝑒𝑒𝜆𝜆𝜆𝜆𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖

∑ 𝑒𝑒𝜆𝜆𝜆𝜆𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖∈𝑆𝑆
                                    (4) 

 

Because 𝛽𝛽𝑖𝑖  is not observed, the unconditional choice probability 𝑃𝑃  equals the integral of 
equation 1 over all possible variables 𝛽𝛽𝑖𝑖  (Train, 2003): 

 

𝑃𝑃𝑖𝑖𝑖𝑖 = ∫� 𝑒𝑒𝜆𝜆𝜆𝜆𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖

∑ 𝑒𝑒𝜆𝜆𝜆𝜆𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖∈𝑆𝑆
� 𝑓𝑓(𝛽𝛽)𝑑𝑑𝛽𝛽           (5) 

 

In equations 4 and 5, 𝜆𝜆 is a scale parameter, typically assumed to be 1, implying constant 
error variance, and 𝑆𝑆  is the choice set with marine litter clean-up alternatives. For the 
purpose of international comparison of the estimated choice models, we test the equality of 
scale parameters across countries using a Full Information Maximum Likelihood (FIML) 
estimation procedure (Hensher, 1986). The scale factor and model’s preference parameters 
are confounded, making it hard if not impossible to attribute differences across models to 
differences in either the parameter estimates or the scale factor. Even if the preference 
parameters from the different countries are truly identical, this may be obscured by variance 
inequality. For benefit transfer, this implies that predicted probabilities are significantly 
affected if the scale parameter varies across respondents and country (Louviere et al., 2003). 
Scale and preference parameter differences are therefore tested using the Swait and 
Louviere (1993) two-step test procedure. 

This procedure consists of two steps. In the first step, the mixed logit models of say the first 
two countries provide efficient estimates for 𝜆𝜆1𝛽𝛽𝑖𝑖1, 𝜆𝜆1𝛼𝛼𝑖𝑖1 , 𝜆𝜆2𝛽𝛽𝑖𝑖2  , 𝜆𝜆2𝛼𝛼𝑖𝑖2  and a likelihood for 
both countries. For identification purposes the scale parameter for the first country is 
normalized to 𝜆𝜆1 = 1 . In the second step, a pooled model including both countries is 
estimated, which has the effect of imposing equality on the preference parameters 

�𝛽𝛽𝑖𝑖1 = 𝛽𝛽𝑖𝑖2 𝑎𝑎𝑎𝑎𝑑𝑑 𝛼𝛼𝑖𝑖1 = 𝛼𝛼𝑖𝑖2�. In this model the relative scale parameter (i.e.  𝜆𝜆
2

𝜆𝜆1
) is, however, not 

set equal to 1. A search procedure over a range of relative scale parameters is applied to 
estimate the combination of scale and (pooled) preference parameters providing the best 
model fit (Louviere et al., 2003). At each possible relative scale parameter the data for the 
second country are rescaled such that a mixed logit model can be estimated. After the 
statistically best fit model has been identified, a chi-square test using the log likelihoods of 
the individual country models and the best fit pooled model can be used to test the difference 
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in the preference parameters for the choice attributes under the null hypothesis of equality 
between the two countries.  

The second step, which tests for differences in scale across 2 countries, is conditional on 
accepting the LR test in step 1. It requires the estimation of the same pooled model as in step 
1, but with equality imposed on scale parameters this time(𝜆𝜆1 = 𝜆𝜆2). Again a likelihood ratio 
(LR) test can be applied to compare the log likelihood of the estimated model to the log 
likelihood of the pooled model with varying scale parameters. The actual level of the relative 
scale parameter is of minor importance, because only the utility parameters are used in the 
transfer exercise. Conducting a transfer based on a pooled model is therefore not dependent 
on accepting or rejecting the LR test in the second step. Capturing variances in scale across 
countries prevents, however, that these parameters become biased.  

Finally, we also test equality of the estimated WTP values. Transfer errors are calculated 
using the standard formula in the literature (e.g. Brouwer and Bateman, 2005): 

𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑇𝑇𝑓𝑓𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑇𝑇 = �𝑊𝑊𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠−𝑊𝑊𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑠𝑠 𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠

𝑊𝑊𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑠𝑠 𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠
� ∗ 100%  where the WTP value from an 

existing study (country 1) is taken to predict the value at a new policy site (country 2). In view 
of the fact that the latter value is also observed, one can calculate the transfer error if the 
available value from the study site is transferred to the policy site. 

The equivalence of the DCE application across countries offers the opportunity to conduct 
various types of transferability tests for the estimated choice models. Two main approaches 
are taken in this study. In the first approach, the same model specification is estimated in 
each country, with and without socio-economic adjustments. The estimation results are 
used to derive country specific confidence intervals around WTP for different marine litter 
clean-up policy scenarios. ‘Unadjusted’ WTP values estimated from a standard conditional 
logit model including the choice attributes only are compared with the ‘adjusted’ WTP values 
estimated from a mixed logit model accounting for preference heterogeneity and including 
a common set of theoretically driven explanatory variables. In the latter case, the settings of 
the policy site are plugged into the estimated model for the study site to derive a confidence 
interval for WTP at the policy site. Since we have 𝐶𝐶 countries in the database, in total 𝐶𝐶 ∗
(𝐶𝐶 − 1) transfer functions need to be estimated. 

In the second approach, the observations from two similar regions are combined into a 
‘pooled’ model to predict transfer values, again for the same policy scenarios. These multi-
country transfer values are subsequently compared with the results from the single country 
transfer approach. In both cases (single and multi-country approach), the transfer models 
are adjusted for the socio-economic characteristics at the policy site. However, before 
combining the data one needs to test whether the utility parameters and their confounded 
scale parameters are equivalent across countries (e.g. Morrison et al., 2002). Skipping this 
step may result in biased welfare estimates.7 

 

                                                             
7 Note that the previously obtained confidence intervals for mean WTP are independent of scale. Hence, the 
potential transfer errors obtained in the previous steps are a consequence of differences in preferences across 
countries. 
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6. Results 

6.1 Public perception on marine plastic litter across Europe8 

The software programme SPSS (version 26) was employed to quantitatively analyse the 
survey results and identify salient findings regarding public perceptions of marine litter. An 
exploratory factor analysis with varimax rotation was performed to examine variable 
relevance and relationships.  

General patterns across respondents’ responses are explored by reporting and comparing 
mean scores (M) and distributions of responses. Statistical differences between various 
subsets are examined by means of the non-parametric Mann-Whitney (MW) U-test for 
comparisons of the central tendency of distributions across two subgroups and the 
Kolmogorov-Smirnov (KS) Z-test to test for differences in response distributions (e.g. 
respondents who noticed the presence of marine litter during their visit versus those who did 
not) and the Kruskal-Wallis (KW) H-test and multiple pairwise comparisons for testing more 
than two independent samples (e.g. across three marine regions: the Baltic Sea, the North 
Sea, and the Mediterranean Sea), using a critical p-value to identify statistical significance of 
5%. 

The analysis applies two geographic scopes. First, comparisons of relevant perception 
variables are made across the eight surveyed countries. Second, survey outcomes are 
compared at regional sea level by examining responses from households residing in a specific 
marine region (Baltic Sea, North Sea, and Mediterranean Sea). Since some surveyed 
countries border multiple seas (Germany, France), respondents residing in the same country 
may be allocated to different marine regions based on their region of residence and distance 
to the marine region. Although France is located along the Atlantic Ocean and 
Mediterranean Sea, respondents are clustered into the Mediterranean and North Sea region 
to maintain acceptable sample sizes per marine region. To be more specific, the Baltic Sea 
region consists of residents from Sweden, Estonia and the eastern part of Germany; the 
North Sea region of respondents living in Denmark, the Netherlands, the western part of 
Germany, and northern part of France; and the Mediterranean by Italy, Greece and the 
southern part of France and Germany.9  

 

6.1.1 Socio-demographic profile  

In each of the eight sampled countries we gathered data for approximately 1,000 individuals 
aged 18 or above. Since the study is focused on those who have had personal experience with 
marine litter, a subset is used in our study of 4,664 individuals who visited a sea or coastal 
area in Europe in 2019. The remaining sample of respondents excluded from further analysis 
here had not visited the beach or coastal zone in their country in the previous year. 

                                                             
8 This section is based on van Oosterhout et al. (2021). 
9 The southern part of Germany was grouped with the Mediterranean countries because it is closer to the 
Mediterranean Sea than to the Baltic or North Sea. 
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Examination of the data reveals variability in the demographic and socio–economic 
characteristics across the eight samples (Table A. 3 in the appendix). Although respondent 
numbers vary per country, the variation was limited, ranging from 497 useable respondents 
in Italy to 657 respondents in Denmark. Germany had almost the same number of 
respondents as Italy, and Estonia a similar amount of respondents as Denmark. With just 
over 600 respondents, Greece, Sweden and the Netherlands were found somewhere 
inbetween these minimum and maximum numbers of respondents. 

The overall gender ratio (female = 49.5%; male = 50.4%; other = 0.1%) is considered 
representative for the whole population of the participating countries, although in some 
countries female respondents were slightly overrepresented (e.g., Estonia) and in other 
countries male respondents (e.g., Greece and the Netherlands). All adult age groups were 
represented; the respondents’ age ranged between 18 and 92 years, with an average age of 
46 years. Greek respondents are on average significantly younger (40.59 years) than the 
sample mean, while the Swedish respondents are significantly older (48.41). 

 

6.1.2 Factor analysis on components of perception 

First, we calculated the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and 
conducted Barlett’s sphericity test to determine whether the data is suitable for a factor 
analysis. We excluded ranking questions (Q2 and Q7 in Table 4) and recoded objective 
knowledge (Q9, Q10, and Q11) into a single variable, leaving 11 perception components. The 
KMO measure has a value of 0.809, which is considered “meritorious” according to Kaiser 
(1974). Bartlett’s test of sphericity indicated a significant correlation between the variables 
(p<0.001).  

Second, we conducted Spearman’s multivariate factor analysis to define the underlying 
structure in the data and to model interrelationships among the perception variables. 
Analysis of the communalities of the perception variables indicated that one variable of the 
component group “experience and observation”, namely responses to the question about 
perceptions of water clarity (Q12), did not contribute as much as the other components and 
was therefore eliminated. The scree plot test identified three eigenvalues greater than one, 
suggesting that the remaining 10 components could be organized into three component 
groups: experiences and observation, concern and consequences, and knowledge and 
responsibility (Table A. 4 in the Appendix). Experience and observation are related to one’s 
visual perceptions, which can be explained as the process of absorbing what one sees, 
including memories and experiences, and organizing it in the brain. Respondents’ 
observations on the frequency, amount and size of marine litter are part of this first factor 
component group. The second component group encompasses psychological factors that 
influence one’s level of concern and perceived consequences associated with MPL. The third 
component group consists of subjective and objective knowledge, as well as perceived 
personal responsibility. Responsibility was spread across two component groups, which was 
not unexpected since the mean score analysis showed high deviations across responses for 
self-responsibility (Table A. 4). The 10 perception variables in the three component groups 
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explain 63.6% of the variation within the data. The participants’ responses per component 
group will be discussed next. 

Table 5: Rotated component matrix suggesting three factor groups 

Component groups Variable Component group 

  1 2 3 

Experience and 
observation  

Frequency of seeing MPL .834   

Amount of observed MPL .800   

Size of observed MPL .780   

Concern and 
consequences 

Consequences marine 
organisms 

 .871  

Consequences human 
health  

 .829  

Consequences coastal 
appearance  

 .839  

Concern  .780  

Knowledge and 
responsibility  

Responsibility  .333 .645 

Objective knowledge    .781 

Subjective knowledge    .605 

Source: Van Oosterhout et al. (2021). 

 

6.1.3 Observation of and experience with MPL 

6.1.3.1 Magnitude and location of observed MPL 

The first cluster of variables relates to the observed marine litter, as well as the amount, size 
and frequency of the litter. Considering all respondents who visited a beach or coast in the 
previous year, 70% of the respondents confirmed having noticed marine litter during their 
visit to the coast, whereas 23% reported not seeing any marine litter and 7% did not 
remember whether they saw marine litter or not. Furthermore, when asked how many pieces 
of MPL the respondents had seen on the beach or in the water, the vast majority of the 
respondents stated that they saw ‘some pieces’ (72%) and most of the observed pieces of 
MPL were considered ‘small’ (52.8%), like cigarette butts or bottle caps. The share of 
respondents reporting that they did not remember the amount (7.4%) or size (9.9%) of litter 
is limited, and could also be indicative of a lack of interest or attention paid to MPL 

.   
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Figure 8: Share distribution of public’s responses on experiences with MPL. 

Note: Source: Van Oosterhout et al. (2021); Answers to the questions: 
a Frequency: “How often did you see plastic litter on the beach or in the water?” 
b Amount: “How would you describe the amount of plastic litter on the beach or in the water?” 
c Size: “How would you describe the size of the most noticeable plastics on the beach or in the water?” 

 

When analysing more specifically where MPL was observed, we identified the top 15 most-
frequently visited European countries, which represent 90% of the total sample. The 
remaining visited countries are not considered due to low visitation numbers, resulting in 
sensitive scores. The most frequently visited countries with beaches and coastlines are 

presented in Figure 9. Note that the choropleth map presents proportionated visual 
perception scores of MPL, with relative colour indications based on differences of perceived 
MPL across the visited scores. These visual perceptions do not necessarily correspond to 
actual levels of MPL in a country or sea. 
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Figure 9: Geographical distribution of mean scores of seeing marine plastic litter across visited European countries 

Note: the mean scores refer to the question “how often did you see plastic litter on the beach or in the water?”, where the 
answers are 1=never; 2=sometimes; 3=often; 4=always). 

Source: Van Oosterhout et al. (2021). 

 

MPL was most often observed in the Netherlands (Mean score = 2.13), Sweden (Mean score = 
2.10) and the United Kingdom (Mean score = 2.04) and least often in Finland (Mean score = 
1.58) and Croatia (Mean score = 1.61). Fewer pieces of plastic were observed in the Nordic 
countries, such as Finland (Mean score = 2.00), Denmark and Sweden (both have a Mean score 
of 2.07), and larger amounts in France (Mean score = 2.25) and Italy (Mean score = 2.19). 
Larger pieces of MPL were reported in the North Sea region, in the Netherlands (Mean score 
= 2.32), Denmark (Mean score = 2.30), the UK(Mean score = 2.29) and Germany, whilst smaller 
pieces were noticed in countries located around the Mediterranean Sea, such as Croatia 
(Mean score = 2.07), Spain (Mean score = 2.09), Greece (Mean score = 2.14), and France (Mean 
score = 2.14). 

In comparing mean scores for the public’s experiences and observations of MPL across 
countries, which are presented in Table A. 4 in the Appendix, it is notable that relative to the 
other participants, the Danish observed litter less often and in smaller amounts. The Dutch 
noticed the presence of litter most often and, along with the Italians, in relatively high 
amounts. Generally, larger pieces were seen by respondents in the North Sea region (the 
Netherlands, Germany and Denmark), whilst smaller pieces were observed and reported by 
respondents from France, Estonia and Greece.  
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6.1.3.2  Influence of MPL observation on other components 

Figure 10 shows two subgroups: respondents who noticed MPL (N = 3,274) and those who 
reported that they did not see MPL (N = 1,086) when visiting beaches or coastlines. To 
explore whether visual perception of MPL influences other variables, we compared these two 
sub-groups revealing that respondents who witnessed marine litter ranked higher mean 
scores for all variables, except for the perceived impacts of MPL on marine organisms, 
scenery and human health.  

 

 
Figure 10: Comparison of mean scores by respondents seeing MPL and those who reported that they never saw MPL during their 
visit (response options ranging from 1 to 5: totally disagree - totally agree) 

Source: Van Oosterhout et al. (2021).  

 

Running the non-parametric Mann Whitney test to test for statistical differences in 
perceptions across the two groups, statistically significant differences are detected for 
objective (U = 1639647, p<0.001) and subjective (U = 1685706, p<0.01) knowledge between 
the two subgroups, namely significantly higher mean scores were recorded for respondents 
who witnessed marine litter. Additionally, significant differences also exist when it comes to 
feeling personally responsible: respondents who noticed the presence of MPL felt 
significantly more responsible to reduce the problem (U = 1675563, p<0.01). Similar findings 
emerged from the non-parametric Kolmogorov-Smirnov test, which indicated a statistically 
significant deviation in the distribution of data related to sense of responsibility (Z = 1.728, 
p<0.01) and objective knowledge (Z=1.863, p<0.01) across the two subgroups.  

 

6.1.4 Concern and consequences 

Considering public concerns across the 8 countries, the results in Figure 11 show that the vast 
majority of respondents selected ‘totally agree’ and ‘somewhat agree’ to the statement “I 
am very worried about plastic pollution in seas and oceans”. In total, 83% of the respondents 
confirmed being concerned about MPL, whilst only 4% expressed not to feel concerned. It 
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was noted that the Greek sample was most concerned about the negative impacts of MPL 
with 92% confirming concern and only 1% disagreeing, whereas the Scandinavian countries 
were least concerned. Nevertheless, still 77% of the respondents in Sweden and 80% of the 
respondents in Denmark confirmed being concerned about MPL. These results are 
confirmed when comparing the mean scores across the 5-point scale statements (1=strongly 
disagree, 5=strongly agree). These reveal that the respondents are generally highly 
concerned about marine litter (Mean score across all respondents = 4.26) and are aware of the 
associated negative impacts of MPL on marine organisms (Mean score = 4.58), followed by 
coastal appearance (Mean score = 4.53), and human health (Mean score = 4.39). 

 

 
Figure 11: Percentage distribution of all responses by selected score. 

Note: Source: van Oosterhout et al. (2021); response options ranging from 1 to 5: totally disagree - totally agree, to 
statements: 
a “I am very worried about plastic pollution in seas and oceans”; 
b “Microplastic is a potential health risk for humans”; 
c “Marine plastic reduces the beauty or coasts and seas”; 
d “Marine plastic severely harms marine organisms” 

 

Figure 12 presents a comparison of mean scores associated with perceived consequences 
across countries and reveals a similar pattern per country: consequences of marine litter for 
marine organisms are considered most severe (except in France), followed by consequences 
for natural beauty and scenery and, to a lesser extent, consequences for human health. The 
highest mean scores for the three consequences are found in Greece, and the lowest mean 
scores are reported by Dutch respondents.  
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Figure 12: Mean scores of concern and perceived negative impacts of marine litter on biodiversity, human health and coastal 
appearance by country of residence. 

Note: Source: van Oosterhout et al. (2021); response options range from 1=totally disagree to 5=totally agree to the 
following statements: 
“Marine plastic severely harms marine organisms”; 
“Marine plastic reduces the beauty or coasts and seas”; 
“Microplastic is a potential health risk for humans” 

 

6.1.5 Knowledge and personal responsibility towards MPL 

The final cluster of variables addresses subjective and objective knowledge, as well as 
personal responsibility. Objective knowledge, also referred to as factual knowledge, is 
measured by means of three statements about the sources of plastic pollution and recycling 
practices, with a high average mean score indicating a high level of knowledge. Figure 13 
indicates that knowledge about recyclability of plastics is low in all countries, whereas 
knowledge about the contribution of washing synthetic clothing and the role of consumers 
in the production of MPL is significantly higher.  
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Figure 13: Mean scores of respondents’ level of objective knowledge categorized by country of residence. 

Note: Source: van Oosterhout et al. (2021); scores ranging from 1 to 5: low level of knowledge – high level of knowledge. 
Related statements:  

a “Washing synthetic clothing is a significant contributor of microplastic litter”, overall M = 3.5  
b “Consumers produce more plastic litter than industry and business”, overall M = 3.4  
c “Thin plastic packaging is easily recycled”, overall M = 2.4  

 

The scores of objective knowledge across the three themes, presented in Figure 13, are 
recoded into one variable indicating the average level of objective knowledge per country. 
Figure 14 presents the mean scores for objective and subjective knowledge across the 8 
European countries. the one hand, the mean scores of objective knowledge do not differ 
much, and vary from a high average score of 3.20 for the French and Greek samples as the 
most knowledgeable respondents to 2.90 for the German sample as the least knowledgeable 
respondents about MPL. On the other hand, the average scores for respondents’ subjective 
self-reported knowledge show much more pronounced differences, with the Greek (Mean 
score = 4.00) and Italian (Mean score=3.90) respondents considering themselves most 
knowledgeable, while the respondents from Denmark and Sweden ascribe significantly 
lower levels of knowledge about MPL to themselves with average scores of 2.96 and 3.12, 
respectively. 
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Figure 14: Mean scores of subjective and objective knowledge categorized by country of residence. 

Note: Source van Oosterhout et al. (2021); scores range from 1=low (self-perceived) knowledge to 5=high (self-perceived) 
knowledge. 

 

Figure 15 shows the sense of responsibility that respondents feel regarding efforts to reduce 
MPL in their own country. Wide-ranging mean scores (3.17 to 4.43 on a 5-point Likert-scale) 
and relatively high standard deviations indicate that personal responsibility to reduce MPL 
differs significantly across countries and within countries (see Table A. 4 in the Appendix for 
detailed information on mean scores and standard deviations per country). The share of 
respondents feeling personally responsible differ significantly across countries: 89% of the 
Greek respondents reported to feel personally responsible, whilst only 43% of the Dutch 
respondents agreed on being personally responsible. Greek, Swedish and Danish survey 
participants barely reported disagreement to the statement of being personally responsible 
(respectively 1%, 7% and 3% of all the Greek, Swedish and Danish respondents). These 
percentages are significantly higher in the Netherlands, Italy and Germany, where more than 
20% reported not to feel personally responsible.  
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Figure 15: Percentage distribution of responses by country of residence to the statement: “I feel a personal responsibility to try 
to reduce plastic pollution”. 

Note: Source van Oosterhout et al. (2021); shares refer to response options ranging from 1=totally disagree to 5=totally 
agree to the statement “I feel a personal responsibility to try to reduce plastic pollution”.  

 

6.1.6 Comparing perceptions across marine regions 

The next series of analyses focus on public perceptions of marine litter at the level of the 
regional seas: the Baltic Sea (N = 1,832), the North Sea (N = 1,534), and the Mediterranean 
Sea (N = 1,298). The non-parametric KW test is applied to examine whether statistically 
significant differences can be detected among the three selected regions, accompanied by 
pairwise comparisons using the MW test.  

Table 6 shows that there are several statistically significant differences across the three 
regional seas. First, testing for differences in respondents’ perceptions of frequency and 
magnitude reveals that respondents from the Mediterranean indicated that they saw MPL 
more often (MW Z=195.974, p<0.001) and observe larger quantities (MW Z=146.435, 
p<0.001), significantly more so than respondents from the Baltic Sea region. The size of this 
observed litter, however, is significantly smaller than the size of litter observed by residents 
from the North Sea region (MW Z= 89.803, p<0.05), Second, comparisons indicate that the 
respondents from the Mediterranean Sea region are significantly more concerned than 
residents from the Baltic (MW Z=204.533, p<0.001), and North Sea region (MW Z=284.050, 
p<0.001), about MPL. Third, Table 6 shows that perceived negative consequences of marine 
litter are rated significantly lower by respondents from the North Sea, whilst mean scores of 
participants from the Baltic and Mediterranean Sea regions are not significantly different. 
Fourth, the KW test showed that the respondents’ self-responsibility, self-perceived 
knowledge and actual knowledge are different across the three selected regional seas: the 
highest mean scores were found in the Mediterranean Sea region, whilst significantly lower 
scores were found for the respondents residing in the North Sea (MW?, p<0.001) and Baltic 
Sea region (MW=?, p<0.05).In general, MW tests results presented in Table 6 show that 
respondents from the North Sea region rated in general significantly lower on the three 
perception component groups than respondents from the Baltic Sea region (with the 
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exception of frequency of seeing MPL and objective knowledge) and the Mediterranean Sea 
region. Respondents from the Mediterranean Sea, in turn, score comparably high to those 
from the Baltic Sea region, although not always statistically significant.  

 

Table 6: Significance of differences in responses on public perception components by marine region 

 Baltic Sea (1) –  

North Sea (2) 

North Sea (1) - 

Mediterranean Sea (2) 

Mediterranean Sea (1) -  

Baltic Sea (2) 

Observation and experience 

Frequency of seeing MPL ↓↓  ↑↑↑ 

Amount of observed MPL  ↓↓ ↑↑↑ 

Size of observed MPL  ↓  

Concern and consequences 

Concern ↑↑↑ ↓↓↓ ↑↑↑ 

Human health ↑↑↑ ↓↓↓ ↑ 

Marine organisms ↑↑↑ ↓↓↓  

Coastal appearance ↑↑↑ ↓↓↓  

Responsibility and knowledge 

Responsibility ↑↑↑ ↓↓↓ ↑ 

Objective knowledge ↓↓↓ ↓↓↓ ↑↑ 

Subjective knowledge ↑↑↑ ↓↓↓ ↑↑↑ 
Source: van Oosterhout et al. (2021); 
↑, higher mean score of group 1 compared to group 2 at p < .05; ↑↑  higher at p < .01; ↑↑↑ , higher at p < .001 
↓, lower mean score of group 1 compared to group 2 at p < .05; ↓↓ lower at p < .01; ↓↓↓, lower at p < .001 

 

6.1.7 MPL in context – responsibility and relation to other environmental problems 

The study also explicitly inquired public perceptions regarding how MPL relates to other 
environmental challenges and who has responsibility for managing MPL. Survey 
respondents were asked to select three out of 14 environmental themes that worries them 
the most and to rank this top three in order of importance.  

Table 7 shows the weighted average of the highest ranked problems (see Table A. 5 in the 
Appendix for country-specific results and further methodological details). The relative 
concern about water and plastic related issues is high compared to other environmental 
issues. “Water pollution” and “Plastics in oceans” are ranked as the second and fourth 
worrisome matters, by 11% and 10% of the total number of points being allocated to these 
themes, respectively. However, concern ratings associated with environmental issues differ 
significantly across countries. For example, whilst a significant share (14%) of the points is 
allocated to plastics in oceans by the French, only 5% of the total points are assigned to this 
issue by the Estonians, who find air pollution more worrisome (17%) (see Table A. 5 in the 
Appendix). 
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Table 7: Ranked percentage distribution of responses on the most important environmental issues 

Environmental issue Ranked percentage distributiona 

Extinction of plant and animal species  12%  

Water pollution  11%  

Air pollution  11%  

Plastics in oceans  10%  

Deforestation  10%  

Greenhouse gas emissions  8%  

Illegal waste disposal  6%  

Droughts  5%  

Overfishing of the oceans  5%  

Forest fires  5%  

Sea level rise  5%  

Disappearance of coral reefs  4%  

Heat waves  4%  

Flooding  3%  

Source: van Oosterhout et al. (2021); a Results of question “Which of the environmental issues worries you the most? Select a 
maximum of three issues in order of importance” 

 

As shown in Table 8, when asking respondents who they hold most accountable for cleaning-
up MPL, companies and consumers are deemed most responsible, whilst the fishing and 
tourism industry are considered least responsible. A by-country presentation of the ranked 
percentage distribution is presented in Table A. 6 in the Appendix, revealing generally similar 
patterns across countries with two notable deviations. First, Estonians hold their national 
government mainly responsible for cleaning MPL (21% compared to the average of 12%) and 
to a significant lesser extent plastic producing companies (12% compared to the average of 
21%) or plastic using companies (11% compared to the average of 16%). Second, German 
respondents do not ascribe much responsibility to consumers and companies, but instead 
rely mainly on the EU and their national government to act. 
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Table 8: Ranked percentage distribution of responses on who is held responsible for cleaning MPL 

Held responsible Ranked percentage distributiona 

Plastic producing companies  20%  

Plastic consumers   17%  

Plastic using companies  16%  

The European Union  16%  

My national government  12%  

Waste management companies   11%  

Nature organizations (e.g. World Wildlife Fund)   5%  

The fishing industry   3%  

Hotels and the tourism sector   2%  

Source: van Oosterhout et al. (2021); a Results of question “Who do you think is responsible to clean up marine plastic? Drag 
and drop a maximum of three in order of importance” 

 

6.2 Public preferences for marine litter reduction10 

Various studies provide information on the broader societal benefits of programmes of 
measures taken to achieve GES in the marine environment. However, these studies mostly 
focus on eutrophication (e.g., Ahtiainen and Vanhatalo, 2012; Ahtiainen et al., 2015), another 
descriptor of GES in the MSFD. Studies focusing on the economic valuation of the societal 
benefits of marine litter reduction are few, as a recent review of the literature demonstrates 
(Section 3 based on Stöver et al., 2021). In their review of 22 studies, Stöver and colleagues 
identified 6 non-market (stated preferences) valuation studies that provide value estimates 
for 7 of the 27 EU Member States. Two of these six studies focus on beach litter (Blakemore 
et al., 2002; Brouwer et al., 2017), while two studies cover coastal waters or the marine 
environment more generally (Hynes et al., 2013; Latinopolous et al., 2018). Further evidence 
is provided in two studies that focus on archipelago areas (Österberg et al., 2012, 2013). 
Regarding the type of litter, only three of the six studies explicitly mention plastic litter 
(Brouwer et al., 2017; Hynes et al., 2013; Latinopolous et al., 2018). 

The main objective of this part of the report is to estimate the public benefits of marine litter 
management policies across different European seas by deploying a stated preference 
discrete choice experiment (DCE). We add to the scarce literature and empirical evidence 
base on the benefits of marine litter reduction by focusing on plastic litter and distinguishing 
between micro and macro plastic in a large-scale multi-country DCE. To our knowledge, this 
is the first study to explicitly assess and compare public preferences and valuation of 
reductions of micro plastics and macro plastics. This is also the first study covering four major 
regional seas in Europe in one and the same survey by sampling users and non-users of 
coastal areas from eight different EU countries (Estonia, Denmark, Germany and Sweden 

                                                             
10 This section is based on Khedr et al. (2021). 
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bordering the Baltic Sea; Germany and The Netherlands situated along the North Sea; 
France located along the Atlantic Ocean, and Greece, France and Italy bordering the 
Mediterranean Sea). The uniqueness of our dataset in terms of its focus on micro and macro 
plastics, geographical scope and sample characteristics allows for a comprehensive 
comparison across countries and contexts. Finally, the design of the DCE enables us to 
determine public willingness-to-pay (WTP) for achieving GES for these European seas in 
terms of marine litter reduction in line with the goals of the MSFD for the individual seas 
separately and for all European seas together. 

 

6.2.1 Results of the discrete choice experiment 

Respondents who consistently chose the opt-out were examined in more detail. A total of 
353 respondents were identified as potential protestors and dropped from further analysis, 
ranging between 2.9% (The Netherlands) and 6.0% (France) of a country’s sample. 
Protestors were identified as those respondents who always chose the opt-out and indicated 
in a follow-up question that either the government is responsible for the clean-up of marine 
litter or the polluter should pay. 

The remaining choices were then regressed on the choice attributes using Stata 16. The 
results of the MXL choice models are presented in Table 9. For all countries, most of the 
estimated standard deviations of the random coefficients are significant, implying 
significant unobserved taste heterogeneity between respondents, and justifying the use of 
the MXL model. The results for the attributes-only models are presented here because not 
many covariates appeared to significantly influence choice behavior or the utility attached 
to the various choice attributes (further discussed below). 

The results for the alternative specific constant (ASC) related to the opt-out has the expected 
negative sign and is statistically highly significant across the samples in all the countries, 
indicating that respondents prefer a change instead of no change irrespective of the levels of 
the different choice attributes, and the opt-out alternative represented the option with the 
least utility. Also, the parameter estimates for the cost attribute, the waste management 
fee, are consistently negative and highly significant (at the 1% level) across all eight country 
samples, indicating that the presented trade-offs between improvements in the marine 
environment (benefits) and the price (costs) respondents are asked to pay for this worked. 
Price sensitivity is highest in Greece and the Netherlands and lowest in Estonia. 

Compared to the reference level (moderate), the average respondent’s utility increases 
significantly with a good environmental status and even more so with an excellent one. The 
differences between the estimated coefficient estimates for good and excellent status are 
statistically significant based on the Wald test. Similar results are found for the certainty of 
reaching the proposed improvement in environmental status, albeit less pronounced when 
examining the differences between the coefficient estimates for a 75% and 99% outcome 
certainty. Only the difference in Estonia between 75% and 99% is not statistically significant 
based on the Wald test. Moreover, a certainty level increase from 50% to 75% is not 
statistically significant in the Netherlands and France. In these latter two countries, 
respondents only value the environmental status improvement, and are willing to pay for it, 
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when this improvement is 99% certain. Further, in all samples the public significantly prefers 
to address marine plastic removal in all European seas instead of in the respondent’s country 
of origin only, and is willing to pay extra for this. 

When it comes to which plastics should be removed from the sea, a remarkable finding is 
that removing both plastic sizes, micro and macro, significantly increases utility compared 
to removing macro plastic only in all countries, except for Greece. Greek respondents prefer 
to remove macro plastics only, not micro plastics. Examining the different ways of avoiding 
litter under the additional waste management measures indicates a strong preference for all 
the measures that were proposed in the DCE. The coefficient estimates for individual 
measures are all negative, compared to the baseline of implementing all measures, but not 
always statistically significant.  

Turning to the random effects, significant preference heterogeneity is detected most 
importantly related to the highest level of improvement of the environmental status across 
all European seas and the price respondents are asked to pay for it. The random terms for 
micro plastics and the labelling of recyclable products are also both consistently significant 
across all eight country samples, indicating that preferences among individual respondents 
vary significantly over these two attributes. 
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Table 9: Estimated mixed logit choice models across the eight European countries 
 

Denmark Sweden Estonia Germany Netherlands France Italy Greece  
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
ASCOPT -3.8945*** 

(0.1641) 
-3.4428*** 

(0.1451) 
-3.2588*** 

(0.1309) 
-2.9132*** 

(0.1257) 
-2.6714*** 

(0.1040) 
-2.8842*** 

(0.1149) 
-3.0385*** 

(0.1195) 
-3.4590*** 

(0.1209) 
ENVIRONMENTAL STATUS (BASELINE CATEGORY: MODERATE)      
GOOD 0.8179*** 

(0.0681) 
0.8139*** 

(0.0709) 
0.4094*** 

(0.0653) 
0.6023*** 

(0.0651) 
0.3339*** 

(0.0545) 
0.3161*** 

(0.0582) 
0.3704*** 

(0.0594) 
0.2555*** 

(0.0532) 
EXCELLENT 1.1871*** 

(0.0809) 
1.2779*** 
(0.0894) 

0.7771*** 
(0.0776) 

1.1874*** 
(0.0815) 

0.6997*** 
(0.0658) 

0.7422*** 
(0.0714) 

0.7802*** 
(0.0718) 

0.5552*** 
(0.0601) 

CERTAINTY LEVEL (BASELINE CATEGORY: 50%)      
75% 0.2267*** 

(0.0598) 
0.2689*** 

(0.0632) 
0.1998*** 

(0.0635) 
0.1585** 
(0.0615) 

0.0129 
(0.0534) 

0.0706 
(0.0566) 

0.1365** 
(0.0579) 

0.1178** 
(0.0523) 

99% 0.3783*** 
(0.0624) 

0.4947*** 
(0.0655) 

0.2623*** 
(0.0633) 

0.3247*** 
(0.0625) 

0.2495*** 
(0.0565) 

0.2752*** 
(0.0586) 

0.3389*** 
(0.0605) 

0.2611*** 
(0.0529) 

PLASTIC SIZE (BASELINE CATEGORY: MACROPLASTIC)     
MICROPLASTIC 0.0743 

(0.0630) 
-0.0839 
(0.0659) 

-0.0021 
(0.0655) 

-0.0108 
(0.0645) 

-0.0614 
(0.0559) 

-0.0499 
(0.0613) 

0.0791 
(0.0619) 

-0.1601*** 
(0.0564) 

BOTH PLASTIC 
SIZES 

0.4466*** 
(0.0648) 

0.4854*** 
(0.0679) 

0.2233*** 
(0.0684) 

0.3519*** 
(0.0677) 

0.2082*** 
(0.0551) 

0.2118*** 
(0.0589) 

0.4450*** 
(0.0650) 

0.0289 
(0.0530) 

GEOGRAPHIC LOCATION (BASELINE CATEGORY: OWN COUNTRY)     
EU 0.7122*** 

(0.0586) 
0.7166*** 

(0.0603) 
0.4672*** 

(0.0584) 
0.5864*** 

(0.0585) 
0.3881*** 

(0.0498) 
0.2859*** 

(0.0511) 
0.3144*** 

(0.0517) 
0.2357*** 

(0.0439) 
WASTE MANAGEMENT MEASURE (BASELINE CATEGORY: ALL)     
LABEL -0.1829** 

(0.0726) 
-0.3522*** 

(0.0781) 
-0.1377* 
(0.0807) 

-0.2465*** 
(0.0792) 

-0.0576 
(0.0664) 

-0.0955 
(0.0727) 

-0.1077 
(0.0746) 

-0.1750*** 
(0.0658) 

REFUND -0.1747** 
(0.0778) 

-0.2516*** 
(0.0793) 

-0.0999 
(0.0786) 

-0.0796 
(0.0773) 

-0.0361 
(0.0684) 

-0.0215 
(0.0732) 

-0.0339 
(0.0737) 

-0.0309 
(0.0671) 

BAN -0.2895*** 
(0.0794) 

-0.3357*** 
(0.0862) 

-0.2627*** 
(0.0835) 

-0.1728** 
(0.0806) 

-0.2262*** 
(0.0693) 

-0.2094*** 
(0.0741) 

-0.2291*** 
(0.0767) 

-0.1147* 
(0.0677) 

         



 

Deliverable Number: D5.3 57 
 

(CONT.) Denmark Sweden Estonia Germany Netherlands France Italy Greece  
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
COST -3.2586*** 

(0.0836) 
-3.3163*** 

(0.0892) 
-2.8156*** 

(0.0784) 
-3.0668*** 

(0.0829) 
-3.4839*** 

(0.093) 
-3.2926*** 

(0.0954) 
-3.4147*** 

(0.0925) 
-3.5290*** 

(0.0959) 
SD 

        

ENVIRONMENTAL STATUS (BASELINE CATEGORY: MODERATE)      
EXCELLENT 0.3997** 

(0.1553) 
0.8696*** 

(0.1152) 
0.6846*** 

(0.1345) 
-0.6122*** 

(0.1286) 
-0.7878*** 

(0.1011) 
-0.7544*** 

(0.1134) 
-0.7282*** 

(0.1140) 
-0.5960*** 

(0.1049) 
GOOD 0.0068 

(0.1338) 
0.0140 

(0.1821) 
-0.1149 
(0.3609) 

0.0511 
(0.3026) 

0.0071 
(0.1709) 

-0.0063 
(0.1788) 

-0.0367 
(0.1623) 

-0.0159 
(0.2859) 

CERTAINTY LEVEL (BASELINE CATEGORY: 50%)       
75% 0.0136 

(0.1218) 
0.0131 

(0.1051) 
0.0011 

(0.1188) 
-0.0083 
(0.1263) 

-0.0024 
(0.1087) 

-0.0004 
(0.1182) 

0.0038 
(0.1403) 

-0.0026 
(0.0943) 

99% 0.0545 
(0.1713) 

0.0789 
(0.2251) 

0.0027 
(0.2140) 

-0.0174 
(0.2553) 

-0.3925*** 
(0.1324) 

-0.2070 
(0.2065) 

0.3540** 
(0.1757) 

-0.0469 
(0.1358) 

PLASTIC SIZE (BASELINE CATEGORY: MACROPLASTICS)      
MICROPLASTIC
S 

0.6386*** 
(0.1239) 

0.6916*** 
(0.1247) 

0.6484*** 
(0.1316) 

0.5996*** 
(0.1311) 

0.4419*** 
(0.1321) 

-0.6537*** 
(0.1158) 

0.7140*** 
(0.1109) 

0.5763*** 
(0.1076) 

BOTH PLASTIC 
SIZES 

0.3632* 
(0.2024) 

-0.1609 
(0.4849) 

0.6067*** 
(0.1507) 

-0.6027*** 
(0.1433) 

0.0795 
(0.3808) 

-0.1503 
(0.3749) 

-0.5126*** 
(0.1439) 

-0.0009 
(0.1663) 

GEOGRAPHIC LOCATION (BASELINE CATEGORY: OWN COUNTRY)      
EU 0.8476*** 

(0.0861) 
0.8459*** 

(0.0912) 
0.7519*** 

(0.0934) 
0.8085*** 

(0.0873) 
-0.7038*** 

(0.0758) 
-0.7089*** 

(0.0849) 
0.7279*** 

(0.0832) 
0.5314*** 

(0.0803) 
WASTE MANAGEMENT MEASURE (BASELINE CATEGORY: ALL)      
LABEL -0.6301*** 

(0.1713) 
0.8151*** 

(0.1539) 
0.9499*** 

(0.1597) 
-0.8794*** 

(0.1496) 
-0.4511** 
(0.1953) 

-0.7728*** 
(0.1526) 

-0.8790*** 
(0.1429) 

-0.5699*** 
(0.1534) 

REFUND -0.0065 
(0.1625) 

0.0152 
(0.1950) 

0.1619 
(0.2038) 

-0.0104 
(0.1798) 

0.0041 
(0.1555) 

0.0481 
(0.1818) 

-0.0036 
(0.1549) 

-0.0057 
(0.1496) 

BAN 0.1757 
(0.2769) 

0.8711*** 
(0.1443) 

0.5527*** 
(0.1793) 

0.2403 
(0.2908) 

0.3068 
(0.2442) 

-0.3582* 
(0.2132) 

0.5649*** 
(0.1656) 

-0.2882 
(0.2240) 
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(CONT.) Denmark Sweden Estonia Germany Netherlands France Italy Greece  
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
Coef. 

(Std.err.) 
COST 1.3801*** 

(0.0655) 
1.3919*** 

(0.0785) 
1.3440*** 

(0.0584) 
1.4937*** 
(0.0669) 

1.6666*** 
(0.0773) 

1.6472*** 
(0.0744) 

1.5354*** 
(0.0683) 

1.8108*** 
(0.0792) 

         
NUMBER OF 
OBS  

17,208 17,388 17,100 16,902 17,550 16,992 17,424 17,352 

NUMBER OF 
RESPONDENTS 

956 966 950 939 975 944 968 964 

LR CHI2(10) 1068.00 1037.48 1459.25 1472.76 1404.93 1499.74 1244.89 1651.94 
PROB > CHI2  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LOG 
LIKELIHOOD -3445.826 -3692.827 -3991.496 -3875.640 -4447.509 -4233.746 -4218.959 -4186.429 
AIC 6937.653 7431.654 8028.991 7797.281 8941.017 8513.493 8483.918 8418.859 
BIC 7115.975 7610.215 8207.168 7975.19 9119.792 8691.524 8662.527 8597.73 

Source: Khedr et al. (2021); *= statistically significant at the 10% level; **= 5% level; and *** = 1% level. 
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6.2.2 Welfare effect 

As shown in Table 10, marginal WTP values derived from Table 9 can be combined to 
estimate the (non-marginal) compensating surplus of welfare measures for achieving GES as 
specified in the MSFD in terms of marine litter reduction. We specify two policy scenarios 
and compare them with a situation where the environmental quality in 2030 would be 
moderate, measures would be implemented in individual countries instead of across all 
European seas, and the focus would be on the removal of macro plastic litter only. The two 
policy scenarios capture the removal of micro and macro plastic litter and aim to reach GES 
with 99% certainty. The two scenarios only differ in terms of their geographical coverage. 
While scenario 1 captures the welfare effects when measures are taken to reach GES in the 
sea bordering an individual country, scenario 2 covers measures taken in all European seas. 
As all countries consistently favoured alternatives that cover all European seas, the 
compensation surplus is therefore higher in scenario 2. The differences in welfare gains 
between scenarios 1 and 2 range between 27% (Italy) and 45% (Germany).  

 

Table 10: Welfare measures for MSFD policy measures 

 Scenario 1 
Implementing the MSFD 

for marine litter in individual EU 
countries 

Scenario 2 
Implementing the MSFD 

for marine litter at EU scale 

Environmental statusa Good Good 
Certainty 99% 99% 
Size of plastic litter Micro and macro Micro and macro 
Geographic coverage Own country EU 
 Per household 

(in € per year)b 
Per household 
(in € per year)b 

Denmark 2.0 
(1.4 - 2.5) 

2.8 
(2.0 - 3.6) 

Sweden 2.1 
(1.4 - 2.7) 

2.9 
(2 .0- 3.7) 

Estonia 1.6 
(0.8 - 2.3) 

2.4 
(1.4 - 3.4) 

Germany 2.2 
(1.4 – 3.0) 

3.2 
(2.1 - 4.2) 

The Netherlands 1.2 
(0.6 - 1.7) 

1.7 
(1.0 - 2.5) 

France 1.4 
(0.7 - 2.1) 

1.9 
(1.0 - 2.8) 

Italy 1.5 
(0.9 – 2.0) 

1.9 
(1.2 - 2.6) 

Greece 0.9 
(0.5 - 1.4) 

1.4 
(0.7 – 2.0) 

Source: Khedr et al. (2021); 
a Compared to a moderate status in 2030 where only macro litter is removed in individual countries. 
b In brackets are the 95% confidence intervals. 
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6.3 Benefit transfer 

The estimated attribute only models presented in Table 9 of the report were compared across 
the eight countries using the Swait and Louviere (1993) two-stage test procedure. This 
resulted in 28 pairwise comparisons. The procedure was run for the multinomial logit and the 
mixed logit models. Here, we present the results for the mixed logit results. The test results 
for the multinomial models are presented in Table A. 7 in the annex to this report. Given the 
lengthy search procedure of the test procedure and the large number of observations for 
each pair-wise comparison, the test procedure was implemented in Biogeme (Bierlaire, 
2020), which is a python package for discrete choice modelling, and run in the Graham 
cluster of computers of Compute Canada. Graham is a supercomputer with a total of 41,548 
cores and 520 GPU’s and a project space storage of 16 PB. The tests were solved using a node 
with 32 cores and 1 GB of memory. This reduced the running time of a single two-stage 
pairwise comparison from days to hours. The results are presented in the Table below.  

In Table 11, the cases where the null hypothesis of equality of either preference parameters 
or scale parameters cannot be rejected are highlighted in grey. In most cases the null 
hypothesis of equal preference parameters is rejected at the 10% level, implying that the 
estimated choice models are not transferable. In only three cases can the null hypothesis of 
equal preference parameters not be rejected: between Denmark and Sweden (two Baltic Sea 
countries), and between the Netherlands and France and the Netherlands and Italy. The null 
hypothesis of equal preference parameters between Italy and France is just rejected, the LR 
test statistic is close to its critical value, while the second null hypothesis of equal scale 
parameters cannot be rejected at the 10% level, suggesting that the estimated choice 
models in France and Italy are very similar, both in terms of preference parameters and 
choice variance, i.e. the degree of randomness (or better lack thereof) in choice behavior. 
Similar results for the first null hypothesis are found for France and Greece, Germany and 
France, and Germany and the Netherlands. 
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Table 11: Test results comparing the equality of preference parameters (first LR test) and choice variance (second LR test) in the estimated multinomial choice models 
including the choice attributes only across the eight surveyed countries 

 Country_1 Country_2 LL_1 LL_2 LL_joint a LR-test b Reject H0: 

β _1 = β_2? 

Relative 
scale factor 

LL_joint c LR-test d Reject H0: 

λ_1=λ _2? 

1 Germany Denmark -3820.36 -3399.17 -7247.4 55.7472 Yes 1.3 -7268.97 43.1356 Yes 

2 Germany Estonia -3820.36 -3913.97 -7764.39 60.1175 Yes 1.0 -7764.39 0.0000 No 

3 Germany France -3820.36 -4104.81 -7943.63 36.9328 Yes 0.8 -7954.62 21.9708 Yes 

4 Germany Greece -3820.36 -3840.46 -7702.91 84.1827 Yes 0.9 -7706.34 6.8654 Yes 

5 Germany Italy -3820.36 -4196.83 -8043.79 53.2073 Yes 0.9 -8049.87 12.1604 Yes 

6 Germany Netherlands -3820.36 -4367.6 -8206.13 36.3506 Yes 0.8 -8230.23 48.2049 Yes 

7 Germany Sweden -3820.36 -3655.41 -7502 52.4687 Yes 1.1 -7506.33 8.6598 Yes 

8 Denmark Estonia -3399.17 -3913.97 -7379.73 133.1672 Yes 0.8 -7405.04 50.6317 Yes 

9 Denmark France -3399.17 -4104.81 -7546.86 85.7658 Yes 0.6 -7615.1 136.4781 Yes 

10 Denmark Greece -3399.17 -3840.46 -7287.59 95.9204 Yes 0.7 -7336.27 97.357 Yes 

11 Denmark Italy -3399.17 -4196.83 -7632.69 73.3723 Yes 0.7 -7688.6 111.8238 Yes 

12 Denmark Netherlands -3399.17 -4367.6 -7796.9 60.2625 Yes 0.6 -7892.96 192.1281 Yes 

13 Denmark Sweden -3399.17 -3655.41 -7067.55 25.943 No 0.9 -7073.88 12.6432 Yes 

14 Estonia France -3913.97 -4104.81 -8041.87 46.1759 Yes 0.8 -8051.26 18.7921 Yes 

15 Estonia Greece -3913.97 -3840.46 -7781.09 53.3185 Yes 0.9 -7783.4 4.6219 Yes 

continued  
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 Country_1 Country_2 LL_1 LL_2 LL_joint a LR-test b Reject H0: 

β _1 = β_2? 

Relative 
scale factor 

LL_joint c LR-test d Reject H0: 

λ_1=λ _2? 

16 Estonia Italy -3913.97 -4196.83 -8140.81 60.0077 Yes 0.9 -8145.47 9.3255 Yes 

17 Estonia Netherlands -3913.97 -4367.6 -8307.51 51.8739 Yes 0.8 -8330.44 45.8638 Yes 

18 Estonia Sweden -3913.97 -3655.41 -7636.41 134.0541 Yes 1.1 -7641.99 11.1508 Yes 

19 France Greece -4104.81 -3840.46 -7962.72 34.9026 Yes 1.1 -7965.64 5.8554 Yes 

20 France Italy -4104.81 -4196.83 -8319.45 35.6318 Yes 1.1 -8319.72 0.5399 No 

21 France Netherlands -4104.81 -4367.6 -8479.72 14.6401 No 0.9 -8482.07 4.6832 Yes 

22 France Sweden -4104.81 -3655.41 -7805.23 90.0156 Yes 1.4 -7836.31 62.1741 Yes 

23 Greece Italy -3840.46 -4196.83 -8059.88 45.1741 Yes 1.0 -8059.88 0.0000 No 

24 Greece Netherlands -3840.46 -4367.6 -8232.95 49.778 Yes 0.8 -8243.05 20.1995 Yes 

25 Greece Sweden -3840.46 -3655.41 -7551.86 111.9684 Yes 1.3 -7569.14 34.5668 Yes 

26 Italy Netherlands -4196.83 -4367.6 -8577.06 25.2643 No 0.9 -8583.85 13.5667 Yes 

27 Italy Sweden -4196.83 -3655.41 -7890.39 76.2831 Yes 1.3 -7914.27 47.7734 Yes 

28 Netherlands Sweden -4367.6 -3655.41 -8056.61 67.1896 Yes 1.5 -8107.91 102.6067 Yes 
a Loglikelihood function (LL) for the pooled mixed logit model allowing scale parameters to vary. 
b Outcome of the Likelihood Ratio (LR) test. Critical value for chi-square test with 24 degrees of freedom and 90% confidence is 33.1962. 
c Loglikelihood function (LL) for the pooled mixed logit model keeping scale parameters constant. 
d Outcome of the Likelihood Ratio (LR) test. Critical value for chi-square test with 1 degree of freedom and 90% confidence is 2.7055. 

Source: Brouwer et al. (2021) 
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However, in these cases the second hypothesis is convincingly rejected. Differences in choice 
variance are statistically not significantly different in two other cases, i.e. Germany and 
Estonia and Greece and Italy. The implication of these findings is that none of the estimated 
choice models is transferable, and we find significant heterogeneity in both preferences in 
choice variation across the 8 different EU countries for the policy alternatives and their 
characteristics in the discrete choice experiment. 

Knowing that none of the estimated choice models from which we derive our welfare 
estimates are transferable, we examine the errors when transferring the derived mean WTP 
values for the two policy scenario’s presented in Table 11. The calculated transfer errors are 
presented in Table 12. The number of observations doubles, as we can transfer the WTP 
values from country 1 to country 2, and vice versa. Included in the Table is also the average 
absolute transfer errors among Baltic, Mediterranean and North Sea countries. 

In line with the Swait and Louviere (1993) test results, the average errors when transferring 
the estimated WTP values between individual EU countries for the two policy scenarios is 
considerable and vary in absolute terms between 33 and 42 percent. No big differences are 
found in transfer errors overall between the first and second policy scenario. These average 
transfer errors are not very high compared to the errors found in the value transfer literature 
based on stated preference research, but nevertheless considerable, depending what the 
transfer values are used for. This magnitude of errors may be acceptable for a rough cost-
benefit analysis where both costs and benefits are uncertain, but too high for actually 
charging individual households an increase in their waste management fees to cover the 
costs of more stringent marine plastic removal policy across European seas. 

 

Table 12: Transfer errors (%) associated with the two marine litter policy scenario’s (WTP in euros per household 
per year for achieving GES in one’s own country or for the EU as a whole) 

   Scenario 1: achieving GES for 
marine litter in one’s own 

country 

 Scenario 2: achieving GES 
for marine litter in the whole 

EU 

   Transfer  Transfer 

 Country_1 Country_2 From 
country_1 to 

country_2 

From 
country_2 to 

country_1 

 From 
country_1 to 

country_2 

From 
country_2 to 

country_1 

1 Germany Denmark 10.0 -9.1  14.3 -12.5 

2 Germany Estonia 37.5 -27.3  33.3 -25.0 

3 Germany France 57.1 -36.4  68.4 -40.6 

4 Germany Greece 144.4 -59.1  128.6 -56.3 

5 Germany Italy 46.7 -31.8  68.4 -40.6 

6 Germany Netherlands 83.3 -45.5  88.2 -46.9 

continued 



 

Deliverable Number: D5.3 64 
 

   Scenario 1: achieving GES for 
marine litter in one’s own 

country 

 Scenario 2: achieving GES 
for marine litter in the whole 

EU 

   Transfer  Transfer 

 Country_1 Country_2 From 
country_1 to 

country_2 

From 
country_2 to 

country_1 

 From 
country_1 to 

country_2 

From 
country_2 to 

country_1 

7 Germany Sweden 4.8 -4.5  10.3 -9.4 

8 Denmark Estonia 25.0 -20.0  16.7 -14.3 

9 Denmark France 42.9 -30.0  47.4 -32.1 

10 Denmark Greece 122.2 -55.0  100.0 -50.0 

11 Denmark Italy 33.3 -25.0  47.4 -32.1 

12 Denmark Netherlands 66.7 -40.0  64.7 -39.3 

13 Denmark Sweden -4.8 5.0  -3.4 3.6 

14 Estonia France 14.3 -12.5  26.3 -20.8 

15 Estonia Greece 77.8 -43.8  71.4 -41.7 

16 Estonia Italy 6.7 -6.3  26.3 -20.8 

17 Estonia Netherlands 33.3 -25.0  41.2 -29.2 

18 Estonia Sweden -23.8 31.3  -17.2 20.8 

19 France Greece 55.6 -35.7  35.7 -26.3 

20 France Italy -6.7 7.1  0.0 0.0 

21 France Netherlands 16.7 -14.3  11.8 -10.5 

22 France Sweden -33.3 50.0  -34.5 52.6 

23 Greece Italy -40.0 66.7  -26.3 35.7 

24 Greece Netherlands -25.0 33.3  -17.6 21.4 

25 Greece Sweden -57.1 133.3  -51.7 107.1 

26 Italy Netherlands 25.0 -20.0  11.8 -10.5 

27 Italy Sweden -28.6 40.0  -34.5 52.6 

28 Netherlands Sweden -42.9 75.0  -41.4 70.6 

Average transfer error overalla 41.6 35.1  40.7 33.0 

Average error Baltic Seab 17.7 16.2  15.9 14.3 

Average error Mediterran. Seac 34.1 36.5  20.7 20.7 

Average error North Sead 83.3 45.5  88.2 46.9 
a Average absolute error across all 28 pairwise comparisons. 
b Average absolute error when transferring between the Baltic Sea countries Germany, Sweden, Estonia and Denmark. 
c Average absolute error when transferring between the Mediterranean Sea countries France, Italy and Greece. 
d Average absolute error when transferring between the two North Sea countries Germany and the Netherlands. 

Source: Brouwer et al. (2021) 
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The transfer errors are remarkably lower when transferring WTP values among the four 
Baltic Sea countries compared to the Mediterranean Sea. The highest errors are found when 
transferring household WTP for marine plastic litter removal between Germany and the 
Netherlands under the assumption that the German WTP values can be fully ascribed to the 
North Sea. 

The largest transfer errors (>100%) are found when transferring WTP values from Germany, 
Sweden or Denmark to Greece, while the lowest transfer errors (<10%) are detected for 
transfers involving the Baltic Sea countries Germany, Denmark and Sweden. Transfers 
between these three Baltic Sea countries and Estonia result in slightly higher errors, varying 
between 14 and 38 percent, depending on the country and policy scenario involved. 
Remarkably low transfer errors are also found between the two Mediterranean countries 
France and Italy. For the second policy scenario where the general public is asked to pay for 
marine plastic clean-up for all European seas, the error is even 0%, irrespective of the 
transfer, i.e. from Italy to France or vice versa. 

 

7. Discussion and policy implications 

7.1 Public perception of marine plastic litter 

This part of the report aimed to explore perceptions of MPL across European countries and 
sea regions by comparing the public’s visual perceptions, their level of knowledge, concern 
and opinions towards responsibility for and perceived impacts of MPL. We introduced a 
three-prong definition of perception in order to cover a variety of factors components that 
contribute to perception, namely observation and experience with MPL, perceived 
consequences and concern, and knowledge and responsibility. In our study, we first 
considered observation and experience with MPL, second, we included personal value 
attributes such as level of concern and perceived consequences of the litter, and finally, we 
asked questions related to knowledge and responsibility. These variables have all been 
studied in previous literature and described as related to perception. However, this was the 
first time that all of the aforementioned variables were analysed together to create a holistic 
picture of MPL perception across the EU. Our results suggest that perception is not 
homogenous or nationally determined, and variables differed significantly between 
countries and regions. The benefit of a comprehensive definition of perception lies in the 
ability to then tailor specific strategies or behaviour change campaigns based on the differing 
perception results. 

The study generates several policy implications. First, the perception study clearly shows 
that stepping up coordinated efforts to reduce MPL remains crucial at the local, regional, and 
European scale. The high prevalence of MPL reported by coastal residents and visitors shows 
that plastic litter and ocean pollution is perceived as a significant problem that must remain 
a key priority for the EU and requires further actions to more structurally and systematically 
monitor and manage the problem. The study confirms that the EU should further stimulate 
the development and installation of novel and existing MPL removal and measurement 
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techniques, such as CLAIM’s Marine Litter Containment Floating Boom, which is an 
advanced marine litter collection system, and the Ferrybox. This latter technology has the 
added advantage of, besides measuring levels of MPL on board of public ferries, it can also 
function as a suitable environment to heighten public awareness and engagement, which the 
perception study has proven to be a crucial condition for successful MPL policies. 

Second, the perception study has demonstrated the need to introduce more pro-active 
national public awareness raising and engagement programmes that highlight the crucial 
role citizens play in reducing marine litter. Such awareness campaigns should consider the 
observed differences across EU member states regarding the public’s sense of personal 
responsibility to reduce MPL. Raising awareness that sustainable MPL management benefits 
all citizens in Europe, both in economic and social terms, by highlighting the role individual 
citizens play in generating waste and how citizens can help to reduce MPL through simple 
lifestyle changes in their daily activities. 

Third, we recommend to develop multi-generational public education programmes to 
increase public awareness and understanding of the need to increase the recyclability of 
various plastic types in a circular economy. This could be done by labelling hard-to-recycle 
plastics, such as cling film, crisp packaging, plastic cutlery and wraps to encourage the 
general public to make informed, sustainable purchasing decisions. Information provisioning 
on recycling challenges could increase public support for existing MPL prevention measures, 
such as the Plastic Bags Directive (Directive (EU) 2015/720).  

Fourth, the perception study confirms the need to promote and continue the development 
of extended producer responsibility (EPR) measures, since these types of measures are in line 
with the general public’s opinions towards companies’ responsibility to manage MPL. EPR 
measures do not only encourage product development and the use of sustainable 
alternatives, but could also function as an important source of funding for education 
programmes and engagement initiatives, as described in the Single-Use Plastics (SUP) 
Directive 2019/904/EU. Furthermore, the public views on companies’ responsibility to clean-
up MPL suggest public support for the use of EPR generated funds to cover the costs 
associated with the development and installation of technologies to remove marine litter, 
such as CLAIM’s Marine Litter Containment Floating Boom. 

  

7.2 Public preferences for marine plastic litter reduction 

The results of the public preferences study show that European citizens have strong 
preferences to improve the environmental status of the marine environment by removing 
both micro and macro plastic litter. Around 90 percent of the respondents agreed to pay for 
extra measures to improve the environmental status of European seas, either their own or 
all European seas. When asking the public, they favor a pan-European approach and citizens 
in the eight countries are also willing to pay extra to improve the environmental status across 
all European seas compared to just the sea(s) bordering the country in which they live. 
Similarly, in all the sampled countries, respondents exhibited a preference for implementing 
a mix of measures instead of picking one only, like a ban on single use plastics, a deposit-
refund or better labelling for recycled plastics. As expected, public WTP depends on their 
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ability to pay and we, therefore, detect significant price sensitivity across European 
countries. 

The results suggest both similarities and differences in the estimated welfare measures for 
the different countries. For countries bordering the Baltic Sea, the results for Denmark, 
Sweden and Germany are similar, while the mean WTP values for achieving GES in the own 
country’s sea are much lower in Estonia. However, the 95% confidence intervals calculated 
for each of the welfare measures overlap, indicating that the WTP values are not statistically 
significantly different from each other. For countries situated along the North Sea, the mean 
WTP values are higher for Germany than for the Netherlands, but this difference is not 
significant. For countries bordering the Mediterranean Sea, mean WTP for achieving GES in 
the own country’s sea in Italy is 50% higher than in Greece. However, differences between 
France, Italy and Greece are not significant, which also makes these results informative for 
decision-makers in other European countries bordering the Mediterranean Sea not included 
in our samples. 

To put the results of our study in perspective, we compare the welfare effects of achieving 
GES in terms of marine litter reduction as found in our public preferences research to solid 
waste collection and processing fees paid by EU households observed in various policy 
documents. In the 28 capital cities of the European Union these fees ranged from 51 (Vilnius) 
to 280 (Amsterdam) euros per capita annually in 2015 (BiPRO/CRI, 2015). Using an average 
annual payment of 145 euros per capita and an average number of persons per household of 
two (see Table 2 above), respondents in this study are willing to pay about 1 percent more on 
top of their current waste collection and processing fees to achieve GES and manage macro 
and micro litter, compared to a moderate environmental status where only macro litter is 
reduced. This provides policy makers with important value cues for the social benefits of 
implementing the MSFD to reach GES in terms of plastic litter, when asking those most likely 
picking up the bill for implementing the MSFD. It also confirms the importance of the private 
sector to take their role through producer responsibility in managing marine litter. The study 
shows that the general public is highly motivated to solve marine litter, but that they are less 
likely to cover the full costs of implementing MSFD. 

 

7.3 Benefit transfer 

To what extend can the results of the public survey be used for EU-wide economic analysis 
of policies and measures addressing marine litter in Europe? This is the main research 
question driving the benefit transfer study conducted under the CLAIM project. By 
estimating credible value functions, handy methods are provided which prevent expensive 
and time-consuming original research to inform environmental policy and decision making. 
Therefore, we tested whether the WTP values estimated for managing marine litter in the 
eight countries covered in our study provide us with robust value function through which 
values can be transferred across Europe with minimal transfer errors. More specifically, the 
benefit transfer study tested the transferability of the non-market benefits of improving 
seawater quality according to the MSFD to a Good Environmental Status (GES) in eight 
different European member states. 
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The study concludes that the transfer errors measured in the CLAIM study are considerable, 
although they are within similar ranges compared to the errors found in the value transfer 
literature. On the one hand, the value functions estimated are appropriate for application in 
the extended cost-benefit analysis of marine litter measures and policies, thereby providing 
an important input in European decision making in the context of implementing the MSFD. 
On the other hand, the measured transfer errors are too significant for more nuanced 
applications such as determining marine litter management fees for individual households 
across Europe. For such specific applications in countries that where not covered in the 
CLAIM study, primary research may be needed.  
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Annex I: Literature Review  

 

 

Figure A.1: Preferred reporting items for systematic reviews and meta-Analyses (PRISMA) diagram (Moher et al. 2009). 

Source: Stöver et al. (2021) 
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Table A. 1: Detailed characteristics of all studies included 

 
Source: Stöver et al. (2021) 

 

Author(s) and publication year Sample size User/Non-user Size of area
Number 
of sites

Response type Payment vehicle WTP value

Aanesen et al. (2018) 518 user and non-user
coastal zone of Nordland, Troms, 
and Finnmark

1 CE: choice card local tax 41.3 - 228.1 USD / hh / yr

Abate et al (2020) 552 user and non-user archipelago of Svalbard 1
CV: single-bounded dichotomous 
choice

compulsory tax 642 USD / hh / yr

1410 - 10734 NOK / hh / yr
Beharry-Borg & Scarpa (2010) 284 user 42 beaches of Tobago 1 CE: choice card entrance fee 15 - 50 TTD / individual / visit

Birdir et al. (2013) 240 user three single beaches 3 CV: open-ended
local tax, volunteer box, fixed price per visit, car 
parking charge, voluntary works,

1.77 - 2.33 EUR / individual / visit

Blakemore et al. (2002) 201 user three single beaches 3 CV: open-ended
tourist tax, voluntary box, fixed price per visit, car 
parking charge

0 - 2.02 GBP / individual / visit

Blakemore & Williams (2008) 162 user one beach 1 CV: open-ended
local tax, voluntary box, fixed price per visit, car 
parking charge

0.62 - 1.27 GBP / adult / visit

Brouwer et al. (2017) 626 user six single beaches 6 CE: choice card entrance fee, local tax 0.42 - 8.25 EUR / visitor / yr
Choi & Lee (2018) 400 user and non-user n.a. 1 CV: bidding game income tax 2.59 USD / hh / yr
Davis et al. (2019) 506 user and non-user coast of Moreton Bay 0 CE: choice card local tax 47.9 - 51.1 USD / adult / yr
Enriquez-Acevedo et al. (2018) 425 user three beaches 3 CV: n.a. n.a. 3.4 - 16.6 USD / adult / month

Hanley et al. (2006) 420 user and non-user larger area of England/Scotland 2 CE: choice card
higher water rates payments by households to the 
local sewerage operator

12.07 - 42.38 GBP / hh / yr

Hynes et al. (2013) 365 user
beaches and coastal waters of 
Ireland

/ CE: choice card additional travel cost 2.4 - 11.18 EUR / person / yr

Latinopoulos et al. (2018) 476 user island of Syros / CE: choice card municipal tax -16.9 - 54.89 EUR / person / yr
Leggett et al. (2018) 1436 user local beaches in the county 31 TCM: total travel cost n.a. 1.12 - 3.66 USD / adult / trip
Loomis & Santiago (2013) 214; 213 user five single beaches 5 CV: referendum , CE: choice card additional travel cost 98 - 103 USD / visitor / trip

Östberg et al. (2012) 548 user and non-user
archipelago areas of Himmerfjärden 
and Eight Fjords

2 CV: interval open-ended government fund 24.39 - 63.31 SEK / hh / month

Östberg et al. (2013) 1305 user and non-user
archipelago areas of Himmerfjärden 
and Eight Fjords

2 CE: choice card government fund 37.56 - 80.34 SEK  / hh / month

Schuhmann et al. (2016) 2000 user coastal zone of Barbados 1 CE: choice card lodging price -404.16 - 304.35 USD / two adults / night
Shen et al. (2019) 794 user ten beaches 10 CE: choice card, CV: n.a. one-time additional entrance fee 0.12 - 0.71 USD / adult / visit

Smith et al. (1997) 693 user and non-user
recreational beaches in New Jersey 
and North Carolina

3 CV: referendum state tax 21.38 - 72.18 USD / hh / yr

Talpur et al. (2018) 156 user and non-user eight beaches 8 CE: choice card travel cost, entrance fee 530 - 982 PKR / adult / visit
Ünal & Williams (1999) 120 user beaches in the Çeşme Peninsula 1 CV: referendum n.a. 0.46 - 1.47 GBP / adult / visit
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Annex II: Discrete choice experiment  

Table A. 2: Attributes and attribute levels 

Attribute Description Attribute levels 

Environmental 
status  

Plastic in the sea or ocean can harm both 
animals and plants. This affects the 
environmental status. The environmental status 
in 2030 can range between poor and excellent. 

 

Certainty  Reaching the desired environmental 
improvement through litter reduction by 2030 
may not always be certain depending on the 
extent of the problem and the specific 
implemented measures. The certainty can 
range between 50%-99%.  

 

Size of plastic litter  Measures can target different sizes of plastic 
litter. The focus can be on macro plastics or 
micro plastics or both.  

 

Geographic coverage Marine plastic removal can be addressed either 
in all European seas or in [insert the country 
name where the survey is conducted] sea 
alone.  
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Attribute Description Attribute levels 

Waste management 
measure  

In addition to cleaning up plastic litter from the 
sea, policies can prevent waste from ending up 
in marine environments through bans, 
improved collection (like deposit refunds) or 
better product labeling. 

 

Additional waste 
management fee to 
your household  

The improvement will come at an additional 
cost to your household. Starting in 2021 your 
household fee for solid waste management will 
increase. The additional fee is to be paid for the 
next 10 years. Depending on the programm of 
measures, the cost range between € 5 and € 50 
per month. 

 

Source: Khedr et al. (2021) 
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Annex III: Public perception  

 

Table A. 3: Socio-demographic sample characteristics of visitors per country 

 

Denmark 

(N = 656) 

Germany 

(N = 502) 

Estonia 

(N = 653) 

France 

(N = 550) 

Greece 

(N = 602) 

Italy 

(N = 496) 

Sweden 

(N = 602) 

The 
Netherlands 

(N = 603) 

Total 

(N = 4664) 

Characteristics of the sample 

Age 

Minimum – maximum age 18-92 18-81 18-86 18-81 18-81 18-80 18-89 18-79 18-92 

Average age (years) 47.71 45.84 46.24 46.37 40.59 45.48 48.41 43.88 45.58 

          

Gender          

Share female (%) 50.4% 53.9% 53.9% 50.4% 46.2% 50.5% 49.5% 45.0% 49.5% 

Share male (%) 49.3% 46.1% 46.1% 49.6% 53.5% 49.3% 50.2% 55.0% 50.4% 

Share Other (%) 0.3% 0.0% 0.0% 0.0% 0.3% 0.2% 0.3% 0.0% 0.1% 

Source: van Oosterhout et al. (2021) 
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Table A. 4: Mean scores (Std.dev) of responses on perceptions towards marine plastic litter per country of residence 

 

Denmark 

(n = 656) 

Germany 

(n = 502) 

Estonia 

(n = 653) 

France 

(n = 550) 

Greece 

(n = 602) 

Italy 

(n = 496) 

Sweden 

(n = 602) 

The 
Netherlands 

(n = 603) 

Total 

(n = 4664) 

Observation and experience             (1=never/no pieces/very small, to 4=always/many pieces/large)  
Frequency 1.85 

(.651) 
1.90 

(.694) 
1.65 

(.618) 
2.00 

(.772) 
2.05 

(.767) 
1.96 

(.718) 
2.10 

(.741) 
2.07 

(.702) 
1.95 

(.722) 
Amount 2.04 

(.433) 
2.15 

(.533) 
2.00 

(.383) 
2.22 

(.580) 
2.16 

(.650) 
2.25 

(.569) 
2.09 

(.462) 
2.15 

(.577) 
2.13 

(.538) 

Size 2.27 
(.630) 

2.28 
(.625) 

2.15 
(.585) 

2.10 
(.642) 

2.19 
(.706) 

2.22 
(.649) 

2.21 
(.614) 

2.26 
(.709) 

2.21 
(.652) 

Concern and consequences               (1=totally disagree, to 5=totally agree) 
Concern 4.07 

(.861) 
4.29 

(.868) 
4.26 

(.841) 
4.31  

(.817) 
4.55  

(.676) 
4.4 

(.798) 
4.07 

(1.000) 
4.17 

(.973) 
4.26 

(.875) 
Consequences 
Coastal Appearance 

4.44 
(.632) 

4.48 
(.773) 

4.66 
(.624) 

4.66 
(.781) 

4.7 
(.597) 

4.47 
(.801) 

4.49 
(.783) 

4.32 
(.937) 

4.44 
(.632) 

Consequences 
Human Health 

4.25 
(.770) 

4.43 
(.783) 

4.45 
(.745) 

4.39 
(.776) 

4.56 
(.723) 

4.47 
(.770) 

4.39 
(.817) 

4.21 
(.921) 

4.39 
(.797) 

Consequences 
Marine Organisms  

4.56 
(.630) 

4.59 
(.708) 

4.69 
(.597) 

4.53 
(.741) 

4.74 
(.566) 

4.53 
(.743) 

4.64 
(.707) 

4.33 
(.933) 

4.58 
(.717) 

Knowledge and responsibility           (1=totally disagree, to 5=totally agree) 
Responsibility 4.07 

(.788) 
3.54 

(1.195) 
3.73 

(1.079) 
3.95 

(.920) 
4.43 

(.750) 
3.37 

(1.148) 
4.12 

(1.000) 
3.17 

(1.232) 
3.82 

(1.086) 
Objective Knowledge 3.12 

(.432) 
2.85 

(.562) 
2.99 

(.528) 
3.23 

(.510) 
3.21 

(.571) 
3.07 

(.462) 
3.12 

(.501) 
3.08 

(.493) 
3.09 
(.519 

Subjective 
Knowledge  

2.96 
(.929) 

3.53 
(.949) 

3.63 
(.997) 

3.34 
(1.047) 

4.00 
(.861) 

3.92 
(.847) 

3.12 
(1.021) 

3.32 
(1.080) 

3.47 
(1.030) 

Source: van Oosterhout et al. (2021) 
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Table A. 5: Share of points assigned to each environmental issue by country of residence 

Environmental issue 

Denmark 

(n = 656) 

Germany 

(n = 502) 

Estonia 

(n = 653) 

France 

(n = 550) 

Greece 

(n = 602) 

Italy 

(n = 496) 

Sweden 

(n = 602) 

The 
Netherlands 

(n = 603) 

Total 

(n = 4664) 
Extinction of plant and 
animal species 12% 7% 9% 16% 15% 15% 13% 13% 12% 

Water pollution 8% 12% 12% 11% 8% 12% 11% 14% 11% 

Air pollution 11% 3% 17% 12% 8% 11% 10% 13% 11% 

Deforestation 12% 4% 9% 11% 10% 5% 11% 15% 10% 

Plastics in oceans 11% 9% 5% 14% 12% 11% 10% 10% 10% 

Greenhouse gas emissions 8% 8% 7% 9% 6% 14% 7% 7% 8% 

Illegal waste disposal 5% 4% 7% 5% 8% 5% 5% 7% 6% 

Droughts 8% 7% 4% 3% 6% 3% 7% 3% 5% 

Overfishing of the oceans 3% 16% 5% 2% 4% 5% 4% 4% 5% 

Forest fires 5% 2% 11% 3% 4% 4% 5% 8% 5% 

Sea level rise 7% 4% 5% 7% 6% 6% 4% 1% 5% 
Disappearance of coral 
reefs 4% 13% 1% 4% 3% 4% 4% 2% 4% 

Heat waves 5% 5% 5% 2% 7% 3% 6% 3% 4% 

Flooding 3% 7% 4% 2% 3% 2% 3% 1% 3% 

Note: Respondents were asked to assign three points to the most worrisome issue, two points to the second important concern and one point to the third selected matter. No points were 
given to unselected options. The share of the total number of points assigned to each environmental issue; Source van Oosterhout et al. (2021). 
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Table A. 6: Stakeholders’ relative responsibility to clean-up MPL 

 

Denmark 

(n = 656) 

Germany 

(n = 502) 

Estonia 

(n = 653) 

France 

(n = 550) 

Greece 

(n = 602) 

Italy 

(n = 496) 

Sweden 

(n = 602) 

The 
Netherlands 

(n = 603) 

Total 

(n = 4664) 

Plastic producing companies 18% 15% 12% 22% 26% 22% 19% 22% 20% 

Plastic consumers  19% 12% 15% 20% 16% 19% 16% 20% 17% 

Plastic using companies 17% 13% 11% 11% 20% 18% 16% 20% 16% 

The European Union 13% 19% 18% 21% 16% 16% 11% 12% 16% 

My national government 12% 17% 21% 10% 7% 10% 10% 7% 12% 

Waste management 
companies  10% 13% 14% 9% 7% 9% 13% 11% 11% 

Nature organizations (e.g. 
World Wildlife Fund)  3% 6% 5% 4% 3% 3% 7% 6% 5% 

The fishing industry  3% 3% 2% 3% 2% 2% 4% 1% 3% 

Hotels and the tourism sector  4% 2% 2% 1% 3% 1% 3% 2% 2% 

Source: van Oosterhout et al. (2021) 
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Annex IV: Benefit transfer  

Table A. 7: Test results comparing the equality of preference parameters (first LR test) and choice variance (second LR test) in the estimated multinomial choice models including the 
choice attributes only across the eight surveyed countries 

 Country_1 Country_2 LL_1 LL_2 LL_joint a LR-test b Reject H0: 

β _1 = β_2? 

LL_joint c LR-test d Reject H0: 

λ_1=λ _2? 

1 Germany Denmark -4238.8 -3751.78 -8029.76 78.36997 Yes -8066.63 73.7413 Yes 

2 Germany Estonia -4238.8 -4406.92 -8673.78 56.12032 Yes -8674.75 1.933778 No 

3 Germany France -4238.8 -4432.62 -8691.56 40.29003 Yes -8697.06 10.9884 Yes 

4 Germany Greece -4238.8 -4253.56 -8535.69 86.65968 Yes -8537.96 4.528719 Yes 

5 Germany Italy -4238.8 -4574.7 -8842.97 58.94264 Yes -8845.29 4.648023 Yes 

6 Germany Netherlands -4238.8 -4648.23 -8904.94 35.82812 Yes -8913.02 16.14271 Yes 

7 Germany Sweden -4238.8 -3981.31 -8255.9 71.57559 Yes -8274.14 36.48879 Yes 

8 Denmark Estonia -3751.78 -4406.92 -8248.63 179.8526 Yes -8300.42 103.5963 Yes 

9 Denmark France -3751.78 -4432.62 -8224.01 79.23531 Yes -8298.83 149.6314 Yes 

10 Denmark Greece -3751.78 -4253.56 -8052.94 95.20103 Yes -8114.92 123.9629 Yes 

11 Denmark Italy -3751.78 -4574.7 -8350.95 48.95245 Yes -8413.72 125.547 Yes 

12 Denmark Netherlands -3751.78 -4648.23 -8422.24 44.47017 Yes -8506.81 169.1363 Yes 

13 Denmark Sweden -3751.78 -3981.31 -7739.94 13.71235 No -7743.2 6.50217 Yes 

14 Estonia France -4406.92 -4432.62 -8862.83 46.56652 Yes -8864.55 3.452082 Yes 

15 Estonia Greece -4406.92 -4253.56 -8701.09 81.20412 Yes -8701.09 0.0000 No 

continued 
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 Country_1 Country_2 LL_1 LL_2 LL_joint a LR-test b Reject H0: 

β _1 = β_2? 

LL_joint c LR-test d Reject H0: 

λ_1=λ _2? 

16 Estonia Italy -4406.92 -4574.7 -9027.58 91.91467 Yes -9027.58 0.0000 No 

17 Estonia Netherlands -4406.92 -4648.23 -9085.7 61.08124 Yes -9088.69 5.994219 Yes 

18 Estonia Sweden -4406.92 -3981.31 -8484.33 192.1912 Yes -8513.75 58.84228 Yes 

19 France Greece -4432.62 -4253.56 -8695.71 19.0519 No -8696.36 1.297185 No 

20 France Italy -4432.62 -4574.7 -9013.85 13.05243 No -9014.45 1.197728 No 

21 France Netherlands -4432.62 -4648.23 -9085.55 9.393809 No -9085.55 0.0000 No 

22 France Sweden -4432.62 -3981.31 -8454.89 81.92256 Yes -8501.34 92.8974 Yes 

23 Greece Italy -4253.56 -4574.7 -8844.74 32.95527 Yes -8844.74 0.0000 No 

24 Greece Netherlands -4253.56 -4648.23 -8914.49 25.39713 Yes -8916.3 3.618344 Yes 

25 Greece Sweden -4253.56 -3981.31 -8286.16 102.5694 Yes -8322.5 72.67259 Yes 

26 Italy Netherlands -4574.7 -4648.23 -9230.2 14.54355 No -9232.01 3.618092 Yes 

27 Italy Sweden -4574.7 -3981.31 -8582.33 52.63518 Yes -8619.13 73.60519 Yes 

28 Netherlands Sweden -4648.23 -3981.31 -8655.51 51.92671 Yes -8709.74 108.4734 Yes 
 

a Loglikelihood function (LL) for the pooled mixed logit model allowing scale parameters to vary. 
b Outcome of the Likelihood Ratio (LR) test. Critical value for chi-square test with 13 degrees of freedom and 90% confidence is 19.8119. 
c Loglikelihood function (LL) for the pooled mixed logit model keeping scale parameters constant. 
d Outcome of the Likelihood Ratio (LR) test. Critical value for chi-square test with 1 degree of freedom and 90% confidence is 2.7055. 
 

Source: Brouwer et al. (2021) 
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