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1 Introduction 

 

1.1 Background and study area 

The marine waters play an important role in the global environment, and are a 

significant source of human wellbeing. However, human induced pressures resulting 

from the extensive exploitation of marine resources and pollution threaten the 

ecological conditions of many marine areas and narrow the possibilities of usage and 

benefits gained by future generations. Marine resources are examples of public goods
1
, 

which make them difficult to manage in an efficient way. For this purpose, the 

European Union has established the Marine Strategy Framework Directive (MSFD).
2
 

The aim of the directive is to unify the management of marine waters in Europe, and 

help to achieve a stable and healthy state of marine ecosystems. (Knights et al. 2011, 1–

3.) 

 

The MSFD calls for the adoption of an ecosystem approach in marine management that 

would better take into account the wide range of activities affecting the state of the 

marine environment in contrast to the current fragmented management approach. To 

achieve this goal, new information on the status of the environment, of the pressures 

that affect it, and of the possible management measures and the associated costs and 

benefits is required. One step in this process is to carry out a cost-benefit analysis that 

reveals the expenses and gains of different management measures. This study is part of 

the investigation of benefits that would occur if new management measures are carried 

out in the Baltic Sea area. In addition, this study pursues to adopt the ecosystem 

approach called by the MSFD by utilizing the classification of ecosystem services.  

 

The Baltic Sea is one of the four regional seas in the European area. It is a small and 

shallow (54 meters on average) semi-enclosed brackish water basin surrounded by nine 

countries.
3
 Around 90 million people live in its large catchment area, and hundreds of 

                                                
1
 See chapter 2 for a definition of a public good. 

2
 Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 

establishing a framework for community action in the field of marine environmental policy 
(Marine Strategy Framework Directive) 
3
 Finland, Russia, Estonia, Latvia, Lithuania, Poland, Germany, Denmark and Sweden.  
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rivers discharge their water into it. The water in the Baltic Sea is strongly layered and it 

is connected to the North Sea and the Atlantic only through the Skagerrak and Kattegat 

that are narrow and shallow straits between Denmark, Sweden and Norway. This means 

that the water mass of the Baltic mixes and changes very slowly. The total number of 

species inhabiting the Baltic Sea is also relatively small which makes its ecosystem 

sensitive to changes in species dynamics. Together, these features make the Baltic Sea 

vulnerable to external pressures, such as nutrient loads and overfishing. (HELCOM 

2010; Finnish Environment Institute 2013a.)  

 

This study focuses on the Gulf of Finland, which is the easternmost part of the Baltic 

Sea surrounded by Finland, Russia, and Estonia (Figure 1). Around 40 per cent of the 

Finnish population (ca. 2 million people) lives by its coast. The area also has major 

economic significance in terms of commercial enterprises, shipping, and fishing. 

(Finnish Environment Institute 2013b.)  

 

 

Figure 1. The Baltic Sea. (Source: http://www.deepseawaters.com/Gulf_of_Finland.htm) 
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The catchment basin of the Gulf of Finland is densely populated and has high intensity 

of agriculture and other activities that cause a lot of pressure to the ecosystem. The 

nutrient loads coming from land based activities such as agriculture, industry, 

municipalities, and dispersed settlements, causes eutrophication which lead to algae 

blooms that reduce the recreational amenities and other services provided by the Gulf of 

Finland. Overfishing and other pressures affecting the ecosystem structure mitigate 

possibilities for recreational and professional fishing and can negatively affect how the 

environment is perceived. (HELCOM 2010.) These facts mean that the area of Gulf of 

Finland is highly significant to Finns in terms of both commercial activities and other 

sources of wellbeing such as recreation. This makes the protection of the Gulf of 

Finland important for the wellbeing of the Finnish population, but also challenging, and 

thus, the evaluation of costs and benefits of its protection is crucial.  

 

1.2 The aim of the study and used methods 

This study is conducted as part of an EU funded project called ODEMM (Options for 

Delivering Ecosystem Based Marine Management).
4
 The four year project consists of 

17 partners from 13 countries including the Finnish Environment Institute SYKE. The 

overall aim of ODEMM is to develop options and operational procedures to assist the 

implementation of the MSFD. One part of the project comprises of the evaluation of 

costs and benefits associated with possible actions taken to achieve good environmental 

status on each of the European regional seas. This involves the use of environmental 

valuation methods to investigate the benefits that could be gained with new policy 

measures or forgone due to policy inaction. This study is one of a set of primary 

valuation studies conducted in all marine waters of the European Union within 

ODEMM. Two case studies in the Baltic Sea area were conducted: one in the Baltic 

Proper (Poland) and one in the Gulf of Finland (this study). The Polish data was 

gathered before this study, and to ensure the comparability with the Polish case, the 

questionnaire format was adapted from the Polish study with minor modifications. 

 

The aim of this study is to provide insight into the benefits that the Finnish public 

experiences from improving the state of the Gulf of Finland, and to contribute to the 

evaluation of the non-market benefits that are often neglected in decision making. 

                                                
4
 For more information about the ODEMM project see: http://www.liv.ac.uk/odemm/. 

http://www.liv.ac.uk/odemm/
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Knowledge of the benefits of ecosystem services is still insufficient, which leads to 

management that does not fully consider the benefits that environmental improvements 

could bring forth. This study focuses on the non-market benefits, the value of which 

cannot be obtained from market prices directly nor with revealed preference methods, 

but only with stated preference methods.  

 

This study uses the choice experiment method (CE) to elicit the values placed on the 

ecosystem of the Gulf of Finland. The contingent valuation method (CV) is the best 

known and most used stated preference method, but CE is gaining popularity among the 

field of environmental valuation, and it has some advances over CV (Pearce, Atkinson 

& Mourato 2006, 126). Both methods base on a survey and the willingness to pay for 

improvements in the status of the environment are directly asked from a sample of the 

relevant population. A survey was carried out to gather the data for this study.  

 

There are quite many studies that have pursued to value the non-market values placed 

on the environment of the Baltic Sea, and they have showed significant appreciation for 

the preservation of good environmental status. However, the information on the non-

market benefits that accrue to the public from the healthy Baltic Sea is still scarce. The 

existing studies on the non-market benefits accruing from the Baltic Sea are reviewed 

next.  

 

1.3 Literature review 

First valuation studies in the Baltic Sea area are from the 1990’s. A review by 

Söderqvist & Hasselström (2008) found 56 valuation studies related to the Baltic Sea 

environment. Since that a few important studies have been conducted in the Baltic Area. 

Here I will review only the most relevant stated preference studies from the perspective 

of this study. A vast majority of studies had applied the CV approach, and only a few 

studies used the CE approach. Only one study that acknowledges the concept and 

classification of ecosystem services was found in the Baltic Sea area.
5
  

 

Kosenius & Ollikainen (2011) is the only Baltic Sea related study that specifically 

focused on the valuation of ecosystem services. It used the choice experiment method in 

                                                
5
 See chapter 2.1 for the concept and classification of ecosystem services.  
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Finland, Sweden, and Lithuania to derive ecosystem values of the benthic habitats of the 

Finnish-Swedish archipelago and the Lithuanian coast. The attributes used in the study 

were amount of healthy vegetation (FI, SW, LI), preservation of currently pristine areas 

(FI, SW), preservation of currently pristine beaches and dunes (LI), and size of fish 

stocks (FI, SW, LI). They found that the people in all three countries highly valued the 

preservation of the pristine marine habitats of the Baltic Sea. The highest WTP was 

found in Sweden, the second highest in Finland and the lowest from Lithuania. The 

marginal WTP values for a 1 per cent increase in the attributes ranged from 0,25 euros 

to 6,26 euros, and the aggregated national WTP’s ranged from 0,645 to 41,494 million 

euros. However, the link of these to specific ecosystem services was not evident 

because it was difficult to link the habitat elements to particular ecosystem services 

since information of the links is still inadequate. The attitudinal questions regarding the 

importance of specific ecosystem services (as classified by the MEA (2005)) revealed 

that recreational values (use values) were more important to Lithuanians, and non-use 

values for Finns and Swedes.  

 

Kosenius (2010) studied the willingness to pay for mitigation of eutrophication in the 

Gulf of Finland with the choice experiment method. The improvement of water quality 

was described with four attributes: water clarity, abundance of coarse (non-attractive) 

fish, status of bladder wrack, and mass occurrences of blue-green algae. The study did 

not link the attributes to any specific ecosystem services. The results showed that water 

clarity was considered the most important and blue-green algae occurrences the second 

important character. The WTP estimates for the estimated scenarios ranged from 149 to 

666 euros per household per year, and the aggregated discounted present values of the 

scenarios ranged from 28,475 million euro to 53,884 million euros.  

 

Eggert & Olsson (2009) used the choice experiment method to assess three water 

quality attributes, coastal cod stock level, bathing water quality, and biodiversity level 

in the west coast of Sweden. They conclude that the respondents showed high 

appreciation of environmental improvements. Avoiding reduction in biodiversity and 

improved cod stocks were valued the most. The marginal WTP’s for the attributes 

ranged from 67 to 145 euros per household, and aggregated value for improving the cod 

stock was 55,57 million euros. Ecosystem services were not identified in the study. 

 



6 
 

Ahtiainen et al. (2012) is the most recent and only whole Baltic wide valuation study 

which pursued to value the benefits of reducing eutrophication in the Baltic Sea. The 

study assessed the value of mitigating eutrophication. It did not follow the ecosystem 

service classification, but eutrophication is related to several ecosystem services 

including provisioning services (such as nutrition), regulation and maintenance services 

(e.g. lifecycle maintenance, habitat and gene pool protection), and cultural services (e.g. 

recreation). The survey covered all nine littoral countries and gathered 10 500 responses 

around the Baltic. By using the contingent valuation method, the study asked the 

citizens of the Baltic Sea coastal countries their willingness to pay for improvements in 

the eutrophication status. The change in the eutrophication status was depicted with 

maps that described the change that could happen if the Baltic Sea Action Plan (BSAP) 

is carried out. The payment vehicle used was a specific Baltic Sea tax. The study found 

that the aggregate yearly willingness to pay if the targets of the BSAP are reached was 

circa 200 million euros in Finland, and 4 billion euros in the whole Baltic Sea area. The 

Swedes had the highest WTP per person per year (110,8 €/person/year) followed by the 

Finns (55,6 €/person/year) and the Danes (51,9 €/person/year). The study was the first 

contingent valuation study performed simultaneously and in similar manner in all Baltic 

countries. It gives important information about how the benefits divide between 

countries, and which are the nations that benefit most from eutrophication reduction.  

 

Based on the literature review more research is still needed to study the magnitude of 

the lost benefits related to environmental degradation in order to make better informed 

management decisions. Knowledge on the values the ecosystem services produce is still 

inadequate, and there is a need for studies utilizing the ecosystem services approach.  

 

1.4 Structure of the thesis 

In the second chapter, the basics of economic valuation of the environment are 

introduced, including the concepts of ecosystem services and total economic value as 

well as the introduction to the available methods. Chapter 3 presents the theoretical 

foundations of the choice experiment method and the econometric models used in the 

data analysis of this study. In chapter 4, the survey design and data collected for the 

study are presented. The results are presented in chapter 5, and the final chapter 6 

concludes. 
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2 Economic valuation of the environment 

 

Human activities affect the health status of the Baltic Sea which leads to weakened 

provision of ecosystem services provided by it (HELCOM 2010). This change has 

welfare effects that are not visible in the market prices, because many environmental 

services are public goods that are not traded in the market. A pure public good is 

defined with two characteristics: non-rivalry and non-excludability. Non-rivalry means 

that the consumption of one person does not reduce the ability of others to enjoy it. 

Non-excludability means that one person could not prevent another from consuming the 

resource. Another common feature of many environmental goods is that they are 

common property and/or have open access, which can lead to overexploitation of 

resources, such as marine fish for example. (Turner et al. 1994, 25–26.)  

 

Economic valuation provides an important contribution to designing of environmental 

policies. It supplies information about the benefits that are associated with a change in 

environmental quality, and allows the comparison of the costs and benefits of planned 

policy measures in a cost benefit analysis. The commensuration of costs and benefits in 

monetary values helps to understand the social gains and losses of a policy, and is thus a 

valuable guide for decision making. (Bateman et al. 2002, 13–14; Brown, Bergstrom & 

Loomis 2007, 343–344.) When an asset has properties of public goods, the economic 

valuation becomes more complex because there are no market prices and quantities to 

measure.  

 

The ecosystem services concept can provide insight to the wide variety of goods and 

services accruing from the ecosystem structures and functions, and the notion of total 

economic value helps to capture all aspects of the benefits provided by these goods and 

services. These two concepts are presented next, followed by an introduction to the 

economic valuation methods available for the benefit (or loss) estimations. 

 

2.1 Ecosystem goods and services 

Ecosystems and the services they produce are a constituent part of the socio-economic 

human system. The importance of ecosystems is often neglected because they are not 

visible in our everyday life, even though they are the foundation for the economic 
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structures of our society. The relationship between ecosystems and human systems is 

depicted in Figure 2. It shows that the ecosystem structures and functions are the base 

that produces the goods and services that feed the human system. The exploitation of 

these goods and services causes pressures to the ecosystems, and forms feedback loops 

that affect the underlying ecosystems producing these goods and services. With 

ecosystem protection and management it is possible to control these pressures. The 

value of the ecosystem, however, is anthropocentric and is formed by the valuation and 

appreciation of the people that use the services. The recent focus on ecosystem services 

has been in large part an effort to bring attention to the economic importance of natural 

ecosystems (Brown et al. 2007, 340). 

 

 

Figure 2. Relationship between the ecosystem and the human system (adapted from Brown et al 
2007, 335). 

 

The ecosystem services concept provides both analytical and communicative tool to 

identify and quantify the link between human welfare and the environment, and thus to 

evaluate the ramifications of management interventions (Böhnke-Henrichs et al. 2013). 

The concept has become popular among academics and policy makers in the recent 

years, and also environmental legislation such as the MSFD requires the use of 

ecosystem approach in the management of the marine waters. Research on ecosystem 

services started from the 1960’s, but its first comprehensive classifications and 
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applications are from the 1990’s (see e.g. de Groot 1992, Costanza et al. 1997, Daily 

1997). Later its most known popularization has been made by the Millennium 

Ecosystem Assessment (MEA) in 2005. (Böhnke-Henrichs et al. 2013.)  

 

Ecosystem services are a way to divide all amenities that the environment provides for 

the society into a series functions that makes it easier to understand the complexity of 

the environment. Dividing the natural ecosystems into smaller parts also helps to 

understand what is being gained or lost when exploitation of the environment takes 

place. (Beaumont et al. 2007, 253–254.) Like all natural ecosystems, the Baltic Sea 

provides a variety of ecosystem services. A comprehensive study of these has been 

made by Garpe (2008). The ecosystem services provided by the Baltic Sea, classified 

following the MEA (2005) is shown in Figure 3.  

 

 

Figure 3. Ecosystem services provided by the Baltic Sea (classified following the MEA (2005)) 
(Garpe 2008, 26).  

 

The strength of the classification of ecosystem services introduced by MEA (2005) is in 

its robustness meaning that it is very clear and comprehensive. However, the inclusion 

of supporting services brings challenges in regard to economic valuation, because of the 

cross effects that are typical for ecosystem functions, meaning that some services are 

inputs for other services which can lead to double counting of services (Böhnke-

Henrichs et al. 2013, 137). In the recent years several extensive national and 

international projects have pursued to develop the ecosystem service concept into a 

more useful and applicable form for the uses of economics and management (see e.g. 
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TEEB 2010, UK NEA 2011, Heines-Young & Potschin 2013). There are usually many 

similarities between different classifications, but some variances can make a difference 

when considering economic valuation of the services.  

 

Different approaches can be used to avoid the problem of double counting. One way is 

to divide the ecosystem services into intermediate and final services (see Boyd & 

Banzhaf 2007, Fisher & Turner 2008 and UK NEA 2011 for example). Another is to 

leave the supporting services out as in the CICES classification to avoid redundancy 

(Heines-Young & Potschin 2013). But what is important for economic and management 

purposes, is to make sure that the cascade of ecosystem processes, functions, services, 

benefits, and values are not confused with each other. An ecosystem service 

classification should thus include only services that are not overlapping with each other 

and acknowledge that one service can produce multiple benefits that can then be valued 

with appropriate economic valuation methods. (Böhnke-Henrichs et al. 2013.) 

 

In this study, the approach of the ODEMM-project is used.
6
 The ecosystem 

classification used in the ODEMM project relies on the TEEB (The Economics of 

Ecosystems and Biodiversity) framework, which is designed to be applicable for the 

purposes of economic valuation, and distinguishes between ecosystem processes, 

services, benefits and values (Böhnke-Henrichs et al. 2013).
 7

 The classification used in 

ODEMM is shown in Table 1. It consists of four main classes: provisioning, regulating, 

habitat, and cultural & amenity services. The complete ODEMM classification with 

descriptions and examples of the services can be found in Appendix 1. 

  

                                                
6
 The ODEMM classification is presented more closely in Böhnke-Henrichs et al. (2013). 

7
 For more information about TEEB, see http://www.teebweb.org/.  

http://www.teebweb.org/
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Table 1. ODEMM classification of ecosystem services (Böhnke-Henrichs et al. 2013). 

Provisioning services Regulating services Habitat services Cultural & Amenity 
services 

Sea food 

Sea water 

Raw materials 

Genetic resources 

Medicinal resources 

Ornamental resources 

Air Purification 

Climate Regulation  

Disturbance Prevention 
or Moderation 

Regulation of Water 
Flows 

Waste Treatment 

Coastal Erosion 
Prevention 

Biological Control 

Lifecycle Maintenance  

Gene Pool Protection 

Recreation and Leisure 

Aesthetic Information 

Inspiration for Culture, 
Art and Design 

Spiritual Experience 

Information for 
Cognitive Development 

Cultural Heritage and 
Identity 

 

 

The concept of ecosystem services is still evolving. There are several possible ways of 

classifying ecosystem services, and different definitions might be needed for different 

applications. (Fisher, Turner & Morling 2009, 643–644). Despite the large attention and 

number of studies identifying, defining and classifying ecosystem services, little 

research has been undertaken to assess if this approach is actually realistic or useful in 

the management of the environment (Beaumont et al. 2007). Since the concept of 

ecosystem services is relatively new and still developing, not many valuation studies 

that rely on ecosystem service classification have been published to date. Thus, more 

studies on the possibilities that the concept provides for management purposes are 

desirable. 

 

2.2 Total Economic Value 

When trying to assess the value of an environmental asset or the total benefits of a 

policy comprehensively, the notion of total economic value (TEV) can be used to make 

sure all economic aspects are considered (Pearce et al. 2006, 86). The TEV is a common 

concept in environmental economics and it has been widely used in the literature. TEV 

typically consists of use and non-use (or passive use) values which can be divided into 

subgroups as depicted in Figure 4.  
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Figure 4. Total Economic Value and its components. Adapted from Pagiola et al. (2004) and Pearce 
et al. (2006). 

 

The use values refer to all activities that involve direct utilization of the resort either 

today or in the future. The use can be consumptive such as fishing or non-consumptive 

such as recreation. The use values can be further divided into direct use, indirect use, 

and option value. Direct use value stems from activities such as the fishing and 

recreation that directly utilize the environmental service. Indirect use value is a little 

more complex to comprehend, and it refers to use that does not directly use the service, 

but vicariously instead, such as the utility of watching a nature document that depicts a 

pristine natural area. The option use value refers to the possibility of using the service in 

the future, even though it is not currently utilized by the user. The non-use values 

contain the appreciation of the environment regardless of its (current) use. These consist 

of the existence value that refer to the value of knowing that something exists even if it 

is not ever perceived or used, and of bequest value that refer to the values put on the 

possibility for future generations to use the environment as we have. (Bateman et al. 

2002, 28–29; Pearce et al. 2006, 86–88.)  

 

The components of TEV include both market goods and non-market goods. Market 

goods fall into the direct use value category. Non-market goods are related to the 

indirect use and non-use values. This shows that the market prices of goods reflect only 

a part of the full value of the services provided by ecosystems. It is important to notice, 

that the non-use values can be significant compared to use values, and they can only be 

captured with stated preference methods.  

 

Total Economic Value 
(TEV) 

Use value Non-use value 

Direct use 
value 

Indirect 
use value 

Option 
value 

Existence 
value 

Bequest 
value 
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2.3 Economic valuation methods 

The notion of TEV includes several values that are not directly observable through 

market prices. Therefore in economics, several methods have been developed for the 

estimation of the total economic value (Figure 5). Basically, there are two groups of 

valuation methods: revealed preference and stated preference methods. 

 

The revealed preference methods are based on observed real life behavior, and are 

suitable when decisions about the use of the good have been made in the market. These 

include travel cost method, hedonic pricing, averting behavior, and market prices 

(Figure 5). These methods capture only the use values, while non-use values can only 

be captured by stated preference methods.  

 

The most known and used stated preference methods are contingent valuation (CV) and 

choice experiment (CE). These methods are based on a hypothetical market situation 

described in a questionnaire, which is then answered by a sample of the population of 

interest. With these methods, either the willingness to pay (WTP) for benefits that occur 

from environmental improvements or the willingness to accept compensation (WTA) 

for losses caused by environmental degradation can be estimated (Figure 5). (Pearce et 

al. 2006.)  

 

With certain limitations, the results of all these methods can be used for benefits 

transfer. In this method the results of an existing valuation study are applied and 

adjusted into another site and situation eliminating the need for conducting an original 

study. Thus, benefits transfer could bring significant time and cost savings for policy 

makers, but better understanding of its applicability is still needed before extensive use. 

(Pearce et al. 2006, 253–267.) Figure 5 below shows the valuation methods that can be 

used to value the use and non-use values of ecosystem services.  
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Figure 5. Economic valuation methods to assess the components of TEV (modified from Pearce et 
al. 2006, 88). 

 

In this study, the choice experiment method is applied because the aim is to estimate 

especially the non-use values. As an attribute-based method it allows the separation of 

values gained from the different attributes of the environmental asset which can bring 

some advances when considering the valuation of ecosystem services. The choice 

experiment method is founded on economic theory. The goal is to find out how the 

wellbeing of the society, that is the sum of individuals, changes when the supply of an 

environmental good changes. To achieve this, the hypothetical change in the provision 

of the environmental good is defined with the survey instrument and the stated 

preferences of the respondents are used to derive the welfare estimates. The theoretical 

foundations of the method are presented in the next chapter. 
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3 Theoretical foundations of the choice experiment method 

 

The choice experiment method (CE) was first applied in the 1980’s by Louviere and 

Hensher (1982) and Louviere and Woodworth (1983). This relatively new method, 

widely used in marketing research, is gaining increasing popularity among 

environmental valuation practitioners. (Bennett & Adamowicz 2001, 38; Hanley, 

Mourato & Wright 2001, 436; 439.) The idea is that the respondents compare 

alternatives described with selected characteristics (attributes), and choose their most 

preferred alternative, thus stating their preferences for the attributes in question. The 

conceptual foundations of the method come from the work of Lancaster (1966), who 

developed characteristics-based approach to analyze product demand, and from the 

consumer utility maximization theory (Bennett & Blamey 2001, 5–6). 

 

To present how the CE measures the utility derived from environmental assets and 

changes in ecosystem services, I will next explain the theory of utility maximization, the 

related random utility model, and the basic steps of conducting a choice experiment 

study.  

 

3.1 Theory of utility maximization 

The neoclassical microeconomic theory of the consumer states that individuals have 

preferences over goods (both market goods and non-market goods). The utility consists 

of a bundle of market goods the individual chooses and a bundle of non-market goods 

that are fixed and thus beyond the choice of the consumer. The consumer maximizes 

his/her utility over a vector of market goods X under a budget constraint that is the 

income of the consumer. Following the approach of Flores (2003, 27–29) this can be 

formally presented as follows: 

 

(1)       (   )                      
  

 

where the individual maximizes his/her utility U that consist of a vector market goods 

  [          ] and non-market goods   [          ], subject to that the 

expenditure to market goods     (where the vector of prices of the market goods 
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  [          ]) cannot exceed income y, and the level of environmental good Q is 

fixed to a level Q
0
.  

 

In environmental valuation we are interested in the change in utility that occurs when 

the level of an environmental good Qi changes (Bennett & Adamowicz 2001, 38). The 

fundamental base of choice modeling techniques is that any good and the utility derived 

from it can be described via certain characteristics possessed by the good. Thus, the 

utility maximization problem when the provision of an environmental good (in our case 

the improvement in the status of the Gulf of Finland) changes can be denoted: 

 

(2)       (         )           (         )      

 

where vector   (         ) is the characteristics (attributes) of the environmental 

good with k characteristics,  (         ) is the price of (or in this case the value 

placed on) the associated scenario, d is the composite of all other goods, and y is 

disposable income. (Louviere, Hensher & Swait 2000, 3–4) 

 

Random utility maximization 

The choice experiment method is consistent with the random utility theory which 

derives from Luce (1959) and McFadden (1974) (Bateman et al. 2002, 278). It is 

assumed that an individual knows his/her preferences and the choice behavior of an 

individual is deterministic. However, from the researcher’s point of view, the behavior 

is stochastic, because only part of the individual’s preferences can be observed. Hence, 

the random utility model assumes that the indirect utility function (U) of an individual 

consists of systematic (v) and random (‘error’) components (ε): 

 

(3)       (       )     

 

where Uj is the true but unobservable indirect utility associated with choice alternative j, 

aj is a vector of attributes associated with alternative j, pj is the cost of alternative j, β is 

a vector of preference parameters, and ε is a random error term not observable to the 

researcher. The systematic (observable) component can be parameterized as follows:  
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(4)        ∑            ∑ ∑          
 
   

 
      

 
    

 

where α is the alternative specific constant (ASC) that captures the variation in 

preferences unexplained by the attributes (and socio-economic variables), βk is the 

preference parameter associated with attribute k, ajk is attribute k in choice alternative j, 

βp is the parameter on the cost of the choice alternative, βkm is a vector of preference 

parameters for interactions between attributes k and m in choice alternative j, and ajk and 

ajm are attributes k and m in choice alternative j. As our case study has four non-price 

attributes a, and a price attribute p we get: 

 

(5)                                        

 

where Uj is utility derived from choice alternative j, α is ASC, β1-4 are the parameter 

estimates for the non-price attributes 1–4, and βp is the parameter estimate for the price 

attribute.  

 

The marginal rates of substitution between any two attributes can be computed as the 

ratio of two parameter estimates, indicating how much of one attribute can be traded for 

another in order to stay on the same utility level. The marginal value of attribute k, that 

is, the marginal willingness to (or implicit price or part-worth) pay for attribute k, can be 

computed with the following equation: 

 

(6)        
  

  
 

 

where βk is the parameter of a non-price attribute and βp the parameter of the price 

attribute. (Holmes & Adamowicz 2003, 188–189.) The marginal willingness to pay 

reflects the value of the change in environmental attribute by telling how much money a 

respondent is willing to give up in order to gain a certain level of an environmental 

attribute.  

 

For the calculations of compensating surplus from a complete management scenario, 

where all attributes change at once, the welfare functions for a given management 

scenario need to be calculated. These can be calculated with the following equation: 
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(7)      
  

  
(     ) 

 

where βp is the parameter estimate of the price attribute, UC is the utility of the current 

situation and UN is the utility of the new management scenario. (Bennett, Rolfe & 

Morrison 2001, 102–103.) 

 

In this study, dummy coded attribute levels are used to gain individual parameter 

coefficients for each of the attribute levels.
8
 When inserting the estimated coefficients 

and selected attribute levels into the utility function (5), the current levels are 

represented with zero (    ) and the changed attribute levels each get the value of 1 

that are multiplied with the respective beta coefficients. Thus, the equation (7) reduces 

to the summed value of the part-worths: 

 

(8)      
  

  
(  (                     )) 

 

   
 

  
 
  
  
 
  
  
 
  
  
 
  
  

 

 

where α is the constant term, β1-4 are the parameter estimates for the associated attribute 

levels, and βp is the parameter estimate for price. Thus, the welfare estimates for any 

management scenario created in this study can be calculated by summing the estimated 

marginal values of the attribute levels.  

 

3.2 Econometric models 

For the estimation of parameters in the utility function, econometric models capable of 

measuring these from empirical data need to be used. In this study I use the multinomial 

logit (MNL) and random parameters logit (RPL) models. Multinomial logit is the 

common starting point in the analysis of CE data but sometimes more sophisticated 

models such as the RPL are more appropriate.  

 

                                                
8
 See chapters 4.1 and 5.1 for more information about attribute levels and dummy coding. 
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3.2.1 Multinomial logit 

Because the researcher does not know the respondents’ preferences perfectly the choice 

problem is expressed as a probabilistic choice using the random component (Louviere 

2001, 15). Following the notation of Holmes & Adamowicz (2003, 189–191) the 

probability that a consumer chooses alternative i in choice set C can be expressed as: 

 

(9)   (   )   (     )   (           )     . 

 

Equation (9) describes the probability of the consumer choosing option i from choice set 

C, which is equal to the probability that the utility derived by the consumer from option 

i is greater than the utility derived from all other j options in choice set C. Equation (9) 

can be rearranged to show that in the random utility maximization model choices are 

made based on the utility differences across alternatives: 

 

(10)  (   )   (           )     , 

 

which states that the difference of the deterministic parts of the utility between options i 

and j is greater than the difference between the stochastic parts, and thus determines the 

choice of the consumer.  

 

To be able to calculate the choice probabilities, assumptions about the distribution of 

the error term needs to be made. Using the MNL model, it is typically assumed that the 

error terms are independently and identically distributed (IID) following a type 1 

extreme value (EV1, also known as Gumbel, Weibull or double exponential) 

distribution: 

 

(11)  (  )      (     (   ))   
    . 

 

As indicated by McFadden (1974), using the probability function (10), assuming that 

the preference structure is homogenous over respondents, the choices are independent of 

irrelevant alternatives (IIA), and the error term follows the distribution of (11) leads to 

the multinomial logit (or conditional logit) model where the probability of an individual 

to choose option i in choice set C is: 
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(12)  (   )   
   (   )

∑    (   )   
 

 

where μ is the scale parameter normalized at one.
9
 Given that utilities are additively 

separable, and assuming that    , the function for the probability that the consumer 

chooses choice alternative i from choice set C can be written as: 

 

(13)  (   )    
 
∑           
 
   

∑  
          

   

 . 

 

The parameters of the probability function can be estimated through a maximum 

likelihood procedure. If N represents the sample size and we define that       if 

respondent n chose alternative i, and       if otherwise, then the likelihood function 

for the MNL model can be written as: 

 

(14)   ∏ ∏   ( )
   

   
 
   . 

 

By substituting equation (13) into equation (14) and taking a natural logarithm, the 

MNL model is estimated by finding the values of the β’s that maximize the log-

likelihood function: 

 

(15)                  ∑ ∑       (∑                ∑ (∑             
 
      

 
   

 
   )). 

 

3.2.2 Random parameters logit 

The MNL model imposes two assumptions that restrict the modeling procedure. These 

are that (1) the preference structure is homogenous over all respondents, and that (2) the 

choice of an individual is independent of irrelevant alternatives (IIA). The first 

assumption imposes that everyone in the population has the same preference structure 

and thus the same beta coefficients. The second assumption means that adding other 

alternatives into a choice set does not affect the ratio of probabilities between any two 

                                                
9
 The scale parameter is inversely proportional to the standard deviation of the of the error 

distribution. However, in a single data set this parameter cannot be estimated, and it is thus 
irrelevant. The scale parameter can be estimated when comparing two CE models from different 
data sets. (Bateman et al. 2002, 280.) 
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alternatives. (Holmes & Adamowicz 2003, 190; 200.) These assumptions do not often 

hold, and therefore alternative models that relax these alternatives have been developed. 

The assumption of homogenous preferences can be relaxed by including the interaction 

effects of the socio-economic characteristics of the respondents into the model, but then 

the researcher needs to know which characteristics cause preference heterogeneity. 

Another option is to use the random parameters logit (RPL) approach that adds the 

possibility of preference heterogeneity into the estimated model and allows each 

respondent to have unique preferences.
10

 The heterogeneity in the sample is captured by 

estimating the mean and variance of the random parameter distribution. To build an 

RPL model, equation (3) is modified to include a respondent specific stochastic 

component for each β:  

 

(16)   
    

    
    (   

 )    
  

 

where   
  is the utility of respondent r from option j,   

  is the deterministic part of 

utility captured by the vector of site attributes   , (   
 ) is the sum of parameter 

estimate β and individual specific stochastic parameter component η, and   
  is the error 

term. Using this formation, equation (12) becomes the RPL model: 

 

(17)  (    )   
   (   

 )

∑  
  (   

 )
   

 . 

 

(Banzhaf, Johnson & Mathews 2001, 165–166.) 

 

3.3 Design of the survey instrument  

The survey instrument is the key element of any stated preference study, and careful 

design of the questionnaire is essential for reliable results. The basic steps in 

administering a survey include (i) choosing the study population, sample size and 

sampling methods, (ii) development of the survey materials, (iii) piloting and 

administering of the survey, and (iv) data preparation and analysis. (Champ 2003, 61–

                                                
10

 Another option is to use the latent class model (LCM). In the LCM approach, preference 
heterogeneity is discrete and the respondents are divided into a number of segments where 
preferences are similar within the individuals. 
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62.) A more detailed description of the design phases of a choice experiment study is 

presented in Table 2. 

 

Table 2. Steps in attribute-based experiment (Holmes & Adamowicz 2003, 176). 

1 Characterize the decision problem 

2 Identify and describe the attributes 

3 Develop an experimental design 

4 Develop the questionnaire 

5 Collect data 

6 Estimate model 

7 Interpret results for policy analysis or decision support 

 

 

The first step is to characterize the decision problem. It is very important that the 

economic and environmental problem is clearly identified so the respondents 

understand what they are asked to consider. This requires the consideration of the 

geographical and temporal scope of the change in the environmental quality, and the 

types of values that are associated with the changes in environmental quality. (Holmes 

& Adamowicz 2003, 176.) 

 

Once the decision problem is characterized, the attributes used to describe the change 

are developed. Attributes should be chosen so that they are meaningful to the 

respondents and relevant from a management perspective. They should also reflect the 

values that are being sought after. The number of attributes used and the levels that each 

can take should be carefully considered. Too many attributes can make the comparison 

of alternatives difficult for the respondents, and too few might not catch all the relevant 

properties that are involved with the good. Literature and expert reviews, focus group 

discussions and interviews can be used to decide the suitable attributes for the good in 

question. (Bateman et al. 2002, 258–261; Holmes & Adamowicz 2003, 177.) 
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After the attributes and their levels are decided, experimental design procedures are 

used to construct the actual choice sets that will be presented to the respondents. This 

requires the use of statistical design theory to develop subsets of the possible 

combinations of attributes and their levels that will best identify the attribute 

preferences in the decision making process. This is necessary because it is usually 

impractical to show all possible combinations to the respondents because the number of 

combinations increases rapidly with the number of attributes and levels (L
n
 where L is 

the number of levels and n the number of attributes). A design that includes all possible 

combinations is called a complete factorial design. Usually a type of fractional factorial 

design procedure is used to reduce the amount of choice tasks to a reasonable level. 

However, this does have some implications because information is potentially lost when 

fractional factorial design is used. After the experimental design is completed and all 

choice sets are ready, it is still possible that it is too large for respondents to cope with. 

To further reduce the cognitive burden of the respondents the design can be blocked into 

two or more sets, but to be able to estimate the model, the sample size needs to be 

increased in accordance with the number of blocks. Finally, to avoid order bias and 

possible respondent fatigue towards the end of the choice tasks, the order of choice 

tasks can be randomized among respondents. (Bennett & Adamowicz 2001, 57–58; 

Bateman et al. 2002, 261–265; Holmes & Adamowicz 2003, 179–182.) 

 

After the decision problem is clear, the attributes are decided and the experimental 

design is finalized, the final questionnaire can be constructed. The final form of the 

questionnaire depends on the chosen data collection method. Data can be collected with 

mail, e-mail/internet, personal interviews or participatory workshops for example. 

Usually budget and time constraints influence the selection of the survey method 

besides the notion of the most suitable method for the case at hand. The required sample 

size depends on the size of the study population and the statistical power desired for the 

derived models. In a choice experiment, a minimum sample size for each sub-sample or 

block of choices should be around 50 respondents to be able to estimate the model. 

(Bennett & Adamowicz 2001, 59–60.) 

 

Once the data is gathered, it is time to estimate the models that predict the utility or 

welfare change that accrues when the environmental quality or the level of attributes 
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increases. This information can then be used to assess some of the benefits that are 

associated with a certain policy intervention. 
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4 Survey design and data 

 

In this this section the design process of the survey instrument and the method of data 

collection used in this study are explained. First the design phase of the questionnaire is 

presented following an introduction to the survey structure. Then, the method of data 

collection and sample population is explained. Finally, the descriptive statistics of the 

collected data are discussed. 

 

4.1 Questionnaire design 

The survey instrument was designed during August-November of 2012. The 

questionnaire design used was based on the survey already completed in Poland during 

June-July of 2012 within ODEMM, but it was modified to fit the Finnish case study 

with a standard survey instrument design procedure.  

 

Objectives and management scenario 

The objective of the survey was to assess the value of improving the state of marine 

food webs in the Gulf of Finland following the ecosystem service categorization. The 

first step was to consult ecologists to define a basic storyline that describes the 

environmental issues affecting marine food webs within the Baltic Sea. Then, a series of 

management scenarios that could be implemented under the MSFD were developed. 

Based on these discussions, three plausible scenarios of how the food web status with 

different management measures could look like in 2020 (the backline for reaching good 

environmental status in MSFD) were composed. The ecological and management 

scenarios were based on the work of ODEMM project. The scenarios included a 

business as usual (BAU, no new management measures), moderate management (MOD, 

50 % of possible measures are implemented), and substantial management (SUB, all 

possible measures are implemented) (see Table 3).  

 

Attributes 

The scenarios were described with four non-price attributes that were considered the 

most relevant in the case of marine food web status, and with a price attribute that 

indicated the cost of the proposed scenario. The first attribute was population, which 
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describes the changes in the population size of twelve relevant species in the Gulf of 

Finland. These include species of mammals, birds, fish, invertebrates, and plants. This 

attribute was chosen, because the species dynamics are essential for the wellbeing of 

food webs. The second attribute was visibility, which refers to changes in the visibility 

of the same species in the Gulf of Finland. This attribute was included, alongside 

population size, in order to separate non-use values (population) from use values 

(visibility) (see Figure 4 for TEV). The third attribute was algal blooms, which 

describes the intensity and timing of blooms in the Gulf of Finland during a calendar 

year. Within this attribute there is no separation between toxic and non-toxic blooms, 

because both can harm food webs, and generally the public cannot reliably recognize a 

toxic bloom from a non-toxic one, and any bloom can also hamper recreational uses. 

Algal bloom attribute was chosen, because algal blooms are considered one of the 

biggest threats to the ecosystems of the Baltic Sea and have significant effects on the 

food webs and population dynamics (HELCOM 2010, 32–37). These first three 

attributes were the same as in the Polish CE study, because they were considered to fit 

well into the Finnish case study and to the environment of the Gulf of Finland.  

 

The fourth attribute was chosen specifically for the Finnish survey. It describes the 

recreational fishing possibilities, and it was depicted with change in the number of 

recreational fishers and change in the catch. This attribute was chosen because 

recreational fishing is an important leisure activity in the Finnish marine waters and has 

cultural significance in Finland. Also, the state of the food webs have significant effects 

especially on this leisure activity, and thus it was considered an appropriate attribute for 

the scenario. This attribute is thought to capture purely cultural ecosystem service 

values.  

 

A yearly tax paid during 2013–2020 (8 years) was chosen as the payment vehicle. A tax 

was chosen because it is easy to understand by the respondents, and it is a fairly simple 

money collection method. Taxes were also considered to be rather well approved in 

Finland so it was expected that it would not yield too many protests. All the attributes, 

their levels, and ecosystem service class are shown in Table 3. An example of a choice 

card can be found in Appendix 3 (in English) and Appendix 4 (in Finnish). 
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Table 3. Attributes, their levels, and ecosystem service categories. 

Attribute  Levels 

Population 

(POPU) 

Populations of key 

species within the 

Gulf of Finland 

BAU – Business as usual: no new management measures; 

populations of key species declines 

MOD – Moderate intervention: 50% of management measures 

implemented; populations of key species improve to some 

extent 

SUB – Substantial intervention: 100% of management 

measures implemented; populations of key species improve 

significantly 

Ecosystem 

service 

category 

provisioning; 

regulating; habitat; 

cultural and amenity 

Visibility 

(VISI) 

Visibility of key 

species within 

Finland 

BAU – Business as usual: no new management measures; 

visibility of key species decreases 

MOD – Moderate intervention: 50% of management measures 

implemented; visibility of key species increases to some extent 

SUB – Substantial intervention: 100% of management 

measures implemented; visibility of key species increases 

significantly 

Ecosystem 

service 

category 

cultural and amenity 

Algal blooms 

(ALGA) 

Algal blooms over a 

one year period 

BAU – Business as usual: no new management measures; 

amount of yearly algal blooms increase 

MOD – Moderate intervention: 50% of management measures 

implemented; amount of yearly algal blooms decrease to some 

extent 

SUB – Substantial intervention: 100% of management 

measures implemented; amount of yearly algal blooms decrease 

significantly 

Ecosystem 

service 

category 

provisioning; 

regulating; habitat; 

cultural and amenity 

Recreational 

fishing 

(FISH) 

Presence of 

recreational fishers 

and stability of catch 

BAU – Business as usual; no new management measures; 

number of fishermen decrease substantially and their catch is 

inconsistent 

MOD – Moderate intervention; 50% of management measures 

implemented; number of fishermen decrease slightly but their 

catch is consistent 

SUB – Substantial intervention 100% of management measures 

implemented; number of fishermen increase slightly and their 

catch is consistent 

Ecosystem 

service 

category 

cultural and amenity 

Price Increase in yearly 

taxation until 2020 

0, 10, 25, 50, 100, 200, 400 (€/yr.) 

 

 

Experimental design 

The experimental design was designed in ODEMM project by Scottish Agricultural 

College (SAC). The design was the same as used in the Polish study, because only 
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minor changes were made to the attributes. It is possible to form numerous management 

scenarios with the number of attributes and levels used in the study
11

. With Ngene 

software (v.1.1.1) and fractional factorial design technique including only the main 

effects between attributes, a total of 18 pair-wise comparisons of alternative 

management scenarios were constructed (see Appendix 3 and 4 for an example of 

choice task). To further reduce the cognitive burden of respondents, the 18 scenarios 

were randomly blocked into 2 choice sets, leaving 9 tasks per respondent. For each 

questionnaire, the order of the 9 choice tasks was randomized in order to minimize 

order effect. Each choice set included two generic management scenarios and a status 

quo option without further management implemented and a zero cost.  

 

Pre-testing 

The draft version of the questionnaire was commented by several experts and also by 

people without previous experience on valuation studies. The first pre-test was made by 

interviewing one non-expert person who first filled the questionnaire in home, and then 

shared his thoughts about the questions and overall form of the survey instrument. 

Based on the interview a few modifications to the spelling of some questions were 

made, and the outfit of the choice sets were modified a little. After this, the 

questionnaire was pre-tested again with seven individuals using judgment sampling. 

Based on the answers on an open ended valuation question included in the 

questionnaire, the price levels of the choice experiment were finalized, and a few further 

minor adjustments were made to complete the final questionnaire.  

 

Questionnaire structure 

The final questionnaire consists of six sections that include four sets of questions and 

two informational parts that aim to guide the respondent through the questionnaire. The 

overall structure of the questionnaire is shown in Table 4. The full questionnaire is 

presented in Appendix 2 (in Finnish) and Appendix 3 (in English). 

 

 

                                                
11

 With four attributes with three levels and one attribute with six levels, it is possible to generate 
          management scenarios. See chapter 3.3 for more information.  
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Table 4. Structure of the questionnaire. 

Part Content 

I Background questions 

II Overview of the Baltic Sea and Gulf of Finland 

III Attitudinal questions on the Gulf of Finland 

IV The Baltic Sea case study including:  

- Introduction to the food webs of the Gulf of Finland 

- Improving the environmental status of the Gulf of Finland 

- Introduction to attributes and management scenarios 

- Open ended WTP question and follow up questions 

V The choice experiment  

VI Post choice experiment questions 

VII Feedback for the questionnaire 

 

The first set of questions reveals the background information and the socio-

demographic profile of the respondent which helps to identify the representativeness of 

the sample. These include questions such as respondent age, education, income, and 

how much environment and marine issues are related to respondent’s everyday life.  

 

The second part is informational and briefly introduces the respondent to the area under 

examination that is the Gulf of Finland within the Baltic Sea, so that the respondent is 

oriented to what the questionnaire concerns. The third part consists of attitudinal 

questions that aim to reveal the respondents opinions and attitudes towards the use, 

problems, and protection of the Gulf of Finland.  

 

The fourth section is the second informational part that briefly introduces the 

respondent to the ecology of the Gulf of Finland and to the changes that might occur 

under current and future management as well as to the political context of the survey 

(i.e. MSFD), and to the graphics and attributes that are used later in the questionnaire. 

After this there is an open ended contingent valuation question that asks the respondents 

willingness to pay for the maximum improvement in the four attributes that were 

introduced in the previous section. The open ended question was used to adjust the price 

values for the CE in the pre-test phase, but the question was also asked in the final 



30 
 

questionnaire.
12

 The motives of willingness or unwillingness to pay were then asked to 

reveal possible protest bids.  

 

Then follows the choice experiment part of the questionnaire, where the respondent 

answers in nine separate choice tasks in which the levels of the four attributes and price 

of each option varies. Finally there are follow up questions about the choice tasks, and a 

possibility to freely give feedback of the survey.  

 

4.2 Data collection 

The costs of improving the environmental status of the Gulf of Finland will accrue on a 

national level, and thus the relevant study population would be the whole population of 

Finland. However, due to financial and time constraints it was not possible to arrange a 

nationwide study so compromises had to be made which lead to a so called non-

probability sampling. The weakness of this method compared to probability or random 

sampling is that there is no way of calculating the probability of a particular respondent 

being chosen to the sample, and it also prohibits the meaningful aggregation of the 

results over the population of Finland. The advantage is its convenience and low cost, 

which makes it more usable for some instances.  

 

Three different cities (Helsinki Metropolitan area, Kotka and Jyväskylä) were chosen as 

the main study areas. The purpose of these cities was to represent the views of the 

residents of the metropolitan area, of a smaller coastal city, and of an inland city. This 

allows us to compare whether the coastal metropolitan area, smaller coastal cities or 

inland cities have different views on the protection of the Gulf of Finland, and also to 

speculate the results on a whole nation level.  

 

Non-probability sampling was used because time and resources were scarce. It was also 

evident that the questionnaire being rather long, the response rates would be expected 

quite low if sent to a random sample of people. Since there was no possibility of 

sending a large amount of questionnaires, it was necessary to try to maximize the 

                                                
12

 The question was also asked in the final questionnaire to make sure that some usable data 
was to be collected in case the choice experiment had failed, for example due to small sample 
size or difficulty of tasks. However, the choice experiment worked well, so the results of the CV 
are not reported in this thesis. 
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response rate. Due to these restraints, the respondents were chosen with a judgment 

sampling method using networks that contacted the respondents personally, and asked if 

they were willing to answer the questionnaire. If a person was willing to participate, a 

questionnaire was sent for him/her via mail to fill it in home. The recruiters were 

employees of the Finnish Environment Institute (SYKE) and their acquaintances. In 

Kotka, the employees of Kotka Maritime Research Centre, and in Jyväskylä, SYKE’s 

Jyväskylä office and contacts in University of Jyväskylä used their networks in 

recruiting the respondents.  

 

4.3 Descriptive statistics of data 

The sample size was 158 Finns from three different areas of Finland. In total, 109 

questionnaires were returned of which 54 were from block one and 55 from block two. 

The response rate was 69 per cent. With reminder letters the response rate could have 

risen, but no reminders were sent due time constraints. The sampling areas were the 

Helsinki Metropolitan area (Espoo, Helsinki, Vantaa, and Sipoo), Kotka coastal areas, 

and surroundings of Jyväskylä in the middle Finland. Therefore, the sample is formed of 

two different coastal areas and respondents from inland. Out of the 109 returned 

questionnaires 71 were from the Helsinki Metropolitan area, 16 from coastal areas 

outside the Metropolis, and 20 from other inland areas. If the sample is split into coastal 

and inland municipalities, 81 (16 Kymenlaakson maakunta, 75 Uudenmaan maakunta) 

responses were from the coastal municipalities of the Gulf of Finland and 26 from 

inland municipalities.
13

  

 

Respondent profile 

Out of 108 respondents (one missing) 65 were women (59,6 %) and 43 men (39,4 %). 

The average age of a respondent was 46,7 years. Average income was 3171€ per month 

(n=104, counted with class averages). 12 out of 109 were members of an environmental 

organization (11%) and 11 had considered joining one. The sample was very highly 

educated: 55 (51,8 %) had a master’s degree or higher (n=106), which reveals the 

biggest difference compared to national average. The socio-economic characteristics 

and a comparison of these to Finnish national average are presented in Table 5. 

                                                
13

 The coastal municipalities are Espoo, Hamina, Hanko, Helsinki, Inkoo, Kirkkonummi, Kotka, 
Loviisa, Porvoo, Pyhtää, Raasepori, Sipoo, Siuntio, and Virolahti. 
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Table 5. Socio-economic characteristics of the sample and the Finnish average. 

 Sample average Finnish average
a 

Sample size 109 5 426 674 (2012) 

Socio-demographic characteristics   

Age 46,7 41,7 (2012) 

Gender (% of males) 39,4 49,14 (2012) 

Household size 2,29 2,07 (2011) 

Education (% with polytechnic or university master’s 

degree and above) 

51,8 7,8 

Income (net, thousand €/month) 3,17 3,10 (2011) 

a The data for the Finnish population are from Statistics Finland (2011 and 2012) 

 

Almost all of the respondents had some connection to the Baltic Sea, since only 4 out of 

109 respondents (3,7%) stated not having any relation to marine areas when asked how 

the sea is related to your or your family’s life (question 13). Quite many respondents 

have used the Gulf of Finland for recreational activities, since 39,4 % had a sea related 

hobby (sailing/boating, fishing, diving or swimming). Each respondent was able to 

choose several relations to the Baltic Sea. These relations are summarized in Figure 6.  

 

 

Figure 6. Respondents’ relation to sea. 

*The number of swimmers is calculated from the stated other relations, and the share might have been bigger if it 

would have been one of the choices as such in the questionnaire. 
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Respondents’ opinions on the Gulf of Finland 

The respondents were very unanimous about the questions considering the 

environmental status of the Gulf of Finland (Figure 7). Almost everyone (108 out of 

109) thought that the environmental status of the Gulf needs improvement, and almost 

everyone (107 out of 109) also thought that human activities negatively affect the state 

of the Gulf. 93,6 % of respondents thought that if humans don’t act now to improve the 

state of the Gulf of Finland, its environmental quality is permanently lost, and 80,7 % 

thought that Finns should act even if other countries would not.  

 

Respondents also thought that cultural values were an important aspect of the 

environmental status of the Gulf of Finland. One question asked whether the 

respondents thought that our cultural heritage has been influenced by the healthy Baltic 

Sea or not, to which 64,2 % agreed and only 5,5 % disagreed. Another question asked if 

the Gulf of Finland should be preserved because of its importance to our culture, and 

almost everyone (94,5 %) agreed. There were two questions regarding the recreational 

fishing attribute which was a purely cultural attribute. The first was if the respondents 

think that recreational fishing is an important part of our culture and should be 

preserved because of this, to which 81,7 % agreed on. Another was whether or not 

recreational fishers should be allowed to fish as much as they want even if scientists 

think that fishing should be restricted. To this question 24,8 % stated that they should be 

allowed to fish as much as they want (most likely thinking that restrictions should 

concern only professional fishers), but majority (64,2 %) thought that even recreational 

fishing should be restricted.  

 

Majority of respondents (59,6 %) experienced that the pollution and contaminants of the 

Gulf of Finland restricts its recreational use while 25,7 % did not. Almost everyone 

(98,1 %) thought that the Gulf should be preserved for future generations even if it 

means restrictions in its use today. The answers to the attitudinal questions are 

summarized in Figure 7.  
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Figure 7. Respondents’ opinions on attitudinal Gulf of Finland related questions. 

 

 

Respondents’ thoughts about the questionnaire 

The respondents’ thoughts about the questionnaire are summarized in Table 6. The 

questionnaire had two questions about the overall difficulty of the questions. One 

question asked how confident the respondent was in his/her choices overall and other 

how difficult it was to answer to the choice questions. These questions revealed that 

overall people were fairly confident with their answers in the questionnaire, but the 

choice experiment part was considered rather demanding.  

 

The questionnaire was considered interesting and it received mostly positive feedback. 

There was some criticism about the length of the questionnaire and difficultness of the 

choices, but the informational value of the questionnaire was also thanked by several 

respondents.  

 

GoF should be preserved to future generations
even if it means restrictions today

Pollution and contaminants of GoF restricts my
use

Recreational fishers can fish as much as they
want

Recreational fishing is important to culture and
should be kept up

GoF should be preserved because of its
importance to culture

Cultural heritage is influenced by healthy Baltic
Sea

No use for Finland to act if other countries
won't

If humans don't act now, state of GoF is
permanently lost

State of GoF needs improvement

Humans damage GoF

Agree Neither Disagree
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Table 6. Respondents’ thoughts about the questionnaire. 

 Extremely 

confident 

Fairly 

confident 
Neither 

Fairly 

unconfident 

Extremely 

unconfident 

Overall, how certain are you 

of the choices you have made 

in the questionnaire? 

11,0 % 61,5 % 13,8 % 8,3 % 4,6 % 

 Very easy Fairly easy Neither 
Fairly 

difficult 
Very difficult 

How easy or difficult it was to 

answer the choice questions 

in part V? 

1,8 % 22,9 % 17,4 % 38,5 % 17,4 % 

 Very 

interesting 

Fairly 

interesting 
Neither  

Fairly 

uninteresting 

Very 

uninteresting 

How interesting it was to 

answer the questionnaire? 
29,4 % 45,9 % 15,9 % 7,5 % – 
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5 Results 

 

The choice experiment allows the analysis of WTP for given attributes and management 

scenarios. With the CE it is possible to calculate welfare theory consistent estimates of 

marginal WTP, and estimates of WTP for a management scenario that changes one or 

more attributes at once, and it can also provide the implied ranking of attributes 

(Bateman et al. 2002, 281). It is also possible to investigate how the socio-economic 

individual factors affect the choice of the individual. The choice experiment models are 

estimated with Limdep 10.0 Nlogit 5.0 software.  

 

5.1 Multinomial logit model 

Two multinomial logit models (MNL) were estimated. The first is a base model with the 

five attributes and ASC, and without socio-economic interactions. The purpose of this 

model is to find out how the attributes as such affect the choice and what the implied 

ranking of the attributes is. The marginal rates of substitution between attributes and the 

marginal value of an attribute can be estimated from this model. In the second model, 

socio-economic characteristics of the respondents are added into the model. The 

purpose of this is to find out how these characteristics affect the choice behavior, and 

also how the results could be applied to a national level in the light of the 

representativeness of the sample.  

 

The environmental attributes used in this study are not linear and as the result, it is not 

possible to estimate any in between values for the attribute levels. Thus, separate non-

linear constants for the moderate and substantial improvement levels were estimated. 

For this purpose, the attribute levels were dummy coded. This means the creation of L-1 

(L=number of attribute levels) dummy variables that are coded such that when the 

qualitative level is present a value of 1 is given and otherwise level is set to 0. Also 

effects coding was tried which is otherwise similar to dummy coding but the reference 

level (BAU) is coded as -1 instead of 0. (Bech & Gyrd-Hansen 2005.) Effects coding 

yielded less statistically significant results without increasing the explanatory power of 

the model, and therefore dummy coding was applied. The alternative specific constant 

(ASC) was set to 0 for the BAU and to 1 for each of the policy alternatives because the 
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choice alternatives were generic, and the interest was to find what factors affect the 

probability of choosing either of the policy options rather than the status quo. 

 

The results of the base model estimated with the MNL model without socioeconomic 

interactions are presented in Table 7. The beta-coefficients are the estimated parameters 

that are used to calculate the utility provided by the change in the given attribute. The 

z’s are the standardized coefficients that are scaled so that the magnitude of the attribute 

effects can be compared with each other. The signs of these coefficients tell in which 

direction the utility derived moves when the level of the attribute increases, and the 

bigger the coefficient the stronger the effect. A positive coefficient implies that an 

increase in the attribute level will provide more utility, and a negative coefficient that 

the utility will decline. The p-values show the risk level at which the hypothesis that an 

attribute does not affect the choice can be rejected. The adjusted R
2
 tells how much of 

the choice behavior the model can explain. The number of correct predictions (NCP) 

tells how many per cent of the choices the model predicts correctly. 

 

Table 7. Estimated multinomial logit model. 

Variables Coefficient (β) 
Standard error 

(S.E) 
z (=β/S.E) P [|z| > Z*] 

ASC (α) 0,70043*** 0,18143 3,86 0,0001 

POPU_MOD 0,66546*** 0,11719 5,68 0,0000 

POPU_SUB 1,22434*** 0,14028 8,73 0,0000 

VISI_MOD 0,15386 0,10705 1,44 0,1506 

VISI_SUB 0,25938** 0,12971 2,00 0,0455 

ALGA_MOD 1,05629*** 0,11648 9,07 0,0000 

ALGA_SUB 1,43236*** 0,13958 10,26 0,0000 

FISH_MOD 0,59537*** 0,11475 5,19 0,0000 

FISH_SUB 0,96343*** 0,11475 7,63 0,0000 

BID -0,00727*** 0,00072 -10,09 0,0000 

Log likelihood -794,69889    

Adjusted R
2 

0,0969    

Number of correct 

predictions (NCP) 
0,482    

Number of obs. 942    

***1% significance level, **5% significance level, *10% significance level 
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The coefficients signs produced by the model are as expected a priori, that is a higher 

level of an environmental attribute increases the probability of selecting a scenario, and 

a higher level of price decreases the probability. The ASC captures all the other 

variation in the preferences that are not explained by the attributes. The positive 

coefficient of the ASC indicates that the respondents are willing to move away from the 

BAU scenario on average. All attributes are significant factors at one per cent 

significance level except for visibility, which is significant at five per cent level for 

substantial change and not statistically significant for a moderate change. The most 

affective attribute was algal blooms (ALGA) followed by populations (POPU), 

recreational fishing (FISH) and visibility of species (VISI). However, the cost of the 

scenario (BID) has the second strongest effect to the decision. The explanatory power 

(adjusted R
2
) of the model is only 9,7 which is rather low. The model predicts 48,2 % of 

choices correctly. 

 

These results imply that the respondents derive utility from management that improves 

the status of the attributes chosen for the study, and are willing to move away from the 

current (BAU) situation. The importance of populations over visibility show that the 

non-use and existence values are very important compared to just use values.  

 

The second MNL model was run with respondent specific socio-economic variables. 

Before adding respondent characteristics as explanatory variables into the model, it is 

worthwhile to think what is expected a priori about the effects of these variables for the 

choice decision. The economic theory states that the willingness to pay is bounded by 

income. Thus, it is assumed that lower income is likely to yield lower WTP values and 

higher income higher WTP values if the respondents have properly understood the 

question presented to them. It is not as clear how other socioeconomic features are 

expected to affect the WTP, but these can be considered by looking into previous 

literature and trying them into the model. Table 8 presents the used socio-economic 

variables, their explanations, and mean values in the sample.  
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Table 8. Respondent specific variables and their mean values in the sample.  

Variable Definition Mean value 

Age 
Age of the respondent (6 classes: 1=18–29; 2=30–39; 3=40–49; 4=50–

59; 5= 60–64; 6=65–) 
3,28 

Edu 
Dummy variable showing that the respondent is highly educated 

(master’s degree or higher) 
0,49 

Inc Natural logarithm of the income level of the respondent 7,95 

Jobenv 
Dummy variable showing whether the respondent has a job related to 

environment or not 
0,31 

Envorg 
Member of an environmental organization (0=no; 1=no, but considered 

joining; 2=yes) 
0,32 

Area 
Dummy variable showing that the respondent lives in coastal 

municipality 
0,77 

Dive Dummy variable showing the respondent dives in the sea 0,07 

Q16E 

Dummy variable showing whether respondent agrees with the statement: 

“We should do something to improve the environmental state of the Gulf 

of Finland even if my personal and/or cultural traditions are negatively 

affected (e.g. changes and restrictions in fishing and hunting culture).” 

0,84 

EASE 
Ease of the choice question on a Likert scale (1=very difficult, 2=fairly 

difficult; 3=in between; 4=fairly easy; 5=very easy) 
2,91 

 

The socio-economic variables cannot be added to the model per se, but either as 

interactions with ASC or with the attributes, because the socio-economic features do not 

vary across alternatives. In this model the socio-economic variables were added into the 

model as interactions with ASC except for diving hobby which was found to be highly 

significant factor as an interaction with the level of algal blooms. Also other interactions 

with attributes and the ASC were tried, but were not found statistically significant.  

 

The results of the model with socio-economic interactions are presented in Table 9. 

Running the model with the socio-economic variables reveals several statistically 

significant factors. Also other variables were tested but only statistically significant 

ones were left into the model. Compared to the base model, the explanatory power (R
2
) 

of the model rises up to 21,5, which can already be considered rather good
14

. The socio-

                                                
14

 Values between 0,2 to 0,4 are considered adequate (Bennett & Adamowicz 2002, 62). 
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economic model predicts 53,7 % of choices correctly, which is improvement from the 

previous model. Comparing the significance level of the attributes to the base model 

shows that the moderate change in visibility becomes statistically significant at 10 per 

cent risk level and the substantial change at 1 per cent level. All other attributes remain 

highly significant (p=0,0000). 

 

Table 9. Estimated multinomial logit model with socioeconomic characteristics 

Variables Coefficient (β) 
Standard error 

(S.E) 
z (=β/S.E) P [|z| > Z*] 

ASC (α) -20,6155*** 3,11798 -6,61 0,0000 

POPU_MOD 0,86478*** 0,14049 6,16 0,0000 

POPU_SUB 1,51045*** 0,12491 8,65 0,0000 

VISI_MOD 0,23567* 0,12491 1,89 0,0592 

VISI_SUB 0,49606*** 0,15962 3,11 0,0019 

ALGA_MOD 1,15408*** 0,14094 8,19 0,0000 

ALGA_SUB 1,65822*** 0,17556 9,45 0,0000 

FISH_MOD 0,71121*** 0,13742 5,18 0,0000 

FISH_SUB 1,19648*** 0,15543 7,70 0,0000 

BID -0,00900*** 0,00098 -9,20 0,0000 

Age*asc 0,42807*** 0,12416 3,45 0,0006 

Edu*asc -1,63854*** 0,38662 -4,24 0,0000 

Inc*asc 2,15265*** 0,38764 5,55 0,0000 

Jobenv*asc 0,69087* 0,41808 1,65 0,0984 

Envorg*asc 1,38774*** 0,38254 3,63 0,0003 

Area*asc -1,00151** 0,39835 -2,51 0,0119 

Dive*ALGA_mod 1,05494** 0,44244 2,38 0,0171 

Dive*ALGA_sub 1,71357*** 0,47391 3,62 0,0003 

Q16E*asc 3,35376*** 0,42518 7,89 0,0000 

EASE*asc 0,60643*** 0,14235 4,26 0,0000 

Log likelihood -549,55346    

Adjusted R
2 

0,2153    

Number of correct 

predictions (NCP) 
0,537    

Number of obs. 752    

***1% significance level, **5% significance level, *10% significance level 

 

According to the model, older respondents seemed to have higher WTP on average 

(Age). Respondents with higher education (Edu) were surprisingly less likely to choose 

new management plans (p<0,01), but the statistical significance of this observation was 
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not very stable when other variables were taken away from the model. However, similar 

interdependence between education and probability of choosing a policy option in 

Finland was identified in the study of Kosenius & Ollikainen (2011). Respondents with 

higher income level are less sensitive to price, and thus more likely to choose either of 

the new management scenarios (Inc). Respondents that have work related to 

environment (Jobenv) or were either members or considered joining an environmental 

organization (Envorg) were more willing to pay. Pro-environment orientation was thus 

found to affect the choice behavior. The area of living (coastal – inland) had effect on 

the choice at 10 % significance level (Area). According to the model non-coastal 

residents had higher WTP. This might seem counter intuitive but it could be interpreted 

so that non-use values such as existence values are an important part of the values 

placed on the Gulf of Finland. In some models that were run, it was found that area of 

living (metropolitan area – coastal outside metropolis – inland) was not a significant 

factor. The perception of decreasing WTP towards the study area was also found in 

Kosenius & Ollikainen (2011). Respondents that dive in the sea (n=8, 7,3%) were found 

to be more likely to choose less algal blooms (Dive). Interaction between diving and 

algal blooms was found to be highly significant which makes sense because 

eutrophication is detrimental for this activity. However, other sea related hobbies such 

as fishing or boating were not found to have statistically significant effect on the choice.  

 

Some of the attitudinal questions were also found to have effect on the decision making. 

Respondents that agreed with the question that asked if the respondent was ready to 

give up some of his/her own personal/cultural traditions for the protection of the Gulf of 

Finland (Q16E) were more likely to pay. Finally, the experienced difficulty of the 

choice question (EASE) was found to have significant effect on the choice. Respondents 

that stated that the choice making was difficult were more likely to choose the BAU 

situation. This shows that uncertainty in the choice questions is a significant factor in 

decision making. The effect of uncertainty is discussed more closely in chapter 5.4. 

 

The model with socio-economic interactions shows that the attributes are still important 

factors in the decision making but some of the individual characteristics also rise as 

very important in the explanation of the choice. Income level and the attitude towards 

environmental protection (readiness to make sacrifices for a better environmental status) 

rise up as the strongest characteristics affecting the choice.  
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5.2 Random parameters logit model 

The multinomial logit model is bounded by the assumption that preferences are 

homogenous among respondents, which may not be a realistic depiction of the sample 

or population. This restriction can be avoided using the random parameters logit (RPL) 

model which captures the possible preference heterogeneity in the sample. In the RPL 

model, the site attributes are treated as random variables, and thus the mean and 

variance of the parameter distribution is estimated, indicating the systematic and 

random components, respectively (see Equation (16)). The mean parameter is the 

average of the individually estimated parameters and the variance (EST_STD) shows 

how much the estimates deviate within the sample. The degree of preference 

heterogeneity can be tested by examining the significance of the standard deviation and 

comparing its magnitude with the mean. (Banzhaf, Johnson & Mathews 2001, 169.)  

 

The results of the RPL model are shown in Table 10. The estimated model is based on 

5000 simulation draws using Halton sequences. The explanatory power (R
2
) of the RPL 

model is 31,5 which is significantly higher than in the MNL model. However, the R 

squares are not directly comparable between different models. The number of correct 

predictions remains the same.  

 

All beta coefficients are statistically significant under 1 % risk level expect for moderate 

improvement in visibility (VISI_MOD), which is not statistically significant. The 

estimated standard deviations that indicate the preference heterogeneity in the sample 

are significant in 1 % risk level for POPU_SUB, ALGA_SUB, and FISH_MOD, in 5 % 

risk level for POPU_MOD, and not statistically significant for ALGA_MOD, 

VISI_MOD, VISI_SUB, and FISH_SUB. This shows that in most of the attributes there 

is significant preference heterogeneity present, but the sample was quite homogenous in 

regard to changes in visibility being relatively unimportant. Comparing the relative 

magnitude of the standard deviations with the mean parameters shows that the standard 

deviations are relatively large. The sigma that presents the overall presence of 

heterogeneity in the sample is highly significant.  
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Table 10. Results of the random parameters logit model.  

Variables Coefficient (β) 
Standard error 

(S.E) 
z (=β/S.E) P [|z| > Z*] 

Random parameters in utility functions  

POPU_MOD 1,08721*** 0,21286 5,11 0,0000 

EST_STD 0,64904** 0,24338 2,38 0,0175 

POPU_SUB 2,02872*** 0,27151 7,47 0,0000 

EST_STD 1,20960*** 0,24338 4,97 0,0000 

VISI_MOD 0,23168 0,16781 1,38 0,1674 

EST_STD 0,00426 5,62837 0,00 0,9994 

VISI_SUB 0,60659*** 0,22132 2,74 0,0061 

EST_STD 0,00839 5,36437 0,00 0,9988 

ALGA_MOD 1,54848*** 0,18027 8,59 0,0000 

EST_STD 0,46969 0,33187 1,42 0,1570 

ALGA_SUB 2,39002*** 0,38289 6,24 0,0000 

EST_STD 1,44328*** 0,33096 4,36 0,0000 

FISH_MOD 0,89570*** 0,18844 4,75 0,0000 

EST_STD 0,77279*** 0,24522 3,15 0,0016 

FISH_SUB 1,53223*** 0,19471 7,87 0,0000 

EST_STD 0,02416 3,34191 0,01 0,9942 

Nonrandom parameters in utility functions  

ASC (α) 2,73549*** 0,77632 3,52 0,0004 

BID -0,01354*** 0,00137 -9,86 0,0000 

Standard deviations of latent random effects  

Sigma 3,14083*** 0,51788 6,06 0,0000 

Log likelihood -701,57386    

Adjusted R
2 

0,3152    

Number of correct 

predictions (NCP) 
0,482    

Number of obs. 942    

***1% significance level, **5% significance level, *10% significance level 

 

 

The results of the RPL show that there is preference heterogeneity within the sample, 

and that the RPL model might be a better approximation of the preferences of the 

respondents than either of the MNL models. However, there is no straightforward way 

to confirm which model fits best. In the subsequent estimations of willingness to pay, 
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both the RPL and MNL model estimations are used in order to further investigate how 

the model choice affects the final results. 

 

5.3 Estimation of willingness to pay 

The ultimate aim of a valuation study is to estimate the willingness to pay that is the 

utility derived from or the compensating surplus of the improvement in the state of the 

environment. The β coefficients estimated with the models can be used to estimate the 

rate at which respondents are willing to trade-off one attribute for another, as shown in 

equation (6). By dividing the attribute coefficient with the price coefficient and 

multiplying through by -1, we get the part-worth or the implicit price of the attribute. 

This means how much, everything else held constant, the respondents are willing to 

give up money in order to get more of an environmental attribute. This is the marginal 

willingness to pay for a given change.  

 

The response rate was 69 per cent, so over 30 per cent of the targeted sample did not 

respond. Thus, it is advisable to acknowledge for the possible non-response bias by 

making assumptions on the WTP of non-respondents. Here, two marginal WTP 

calculations for the attributes are made: one assuming that the mean WTP of non-

respondents is the same as in the sample, and other assuming the non-respondent WTP 

is zero. The true WTP of the whole sample is likely to be somewhere between these two 

values. The marginal WTP values of the attributes based on these assumptions are 

presented in Table 11.  
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Table 11. Estimates of respondents’ marginal willingness to pay. 

Attribute 
Marginal mean WTP for 

Moderate change (€/yr.) 

Marginal mean WTP for 

Substantial change (€/yr.) 

Base model (MNL) 

WTP(nonresp) 

= WTP(resp) 

WTP(nonresp) 

= 0 

WTP(nonresp) 

= WTP(resp) 

WTP(nonresp) 

= 0 

POPU 91,5 63,1 168,4 116,2 

VISI 21,2
a 

14,6
a 

35,7 24,6 

ALGA 145,3 100,3 197,0 135,9 

FISH 81,9 56,5 132,5 91,4 

Socio-economic model (MNL)     

POPU 96,1 66,3 167,8 115,8 

VISI 26,2 18,1 55,1 38,0 

ALGA 128,2 88,5 184,2 127,1 

FISH 79,0 54,5 132,9 91,7 

Random parameters logit (RPL)     

POPU 80,3 55,4 149,8 103,4 

VISI 17,1
a 

11,8
a 

44,8 30,9 

ALGA 114,3 78,9 176,5 121,8 

FISH 66,1 45,6 113,1 78,0 

a 
Not statistically significant 

 

The marginal WTP’s are calculated from all of the estimated models in order to see 

whether they yield large differences. All models produce WTP estimates of similar 

magnitude and ranking, which strengthens the reliability of the results. The biggest 

implicit value comes from the reduction of algal blooms, the second biggest from the 

improvement in the population dynamics and third biggest from the better state of 

recreational fishing possibilities. The implicit value of improvement in animal and plant 

visibility is considerably smaller than for the other attributes, and is not statistically 

significant for the moderate improvement in the base MNL and RPL models which 

means that the WTP for these changes does not statistically significantly differ from 

zero. This is probably due to respondents considering that the population-attribute 

correlates with visibility and is more important.  
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There are not major differences in the estimated marginal WTP’s between the models, 

but the RPL seems to produce slightly lower WTP estimates. Both the socio-economic 

MNL model and the RPL model take into account the preference heterogeneity in the 

sample. Compared to the base MNL model the WTP estimates of the RPL model are 

always lower while some of the estimates in the socio-economic MNL are lower and 

some higher. This might be because the variables chosen for the socio-economic MNL 

model cannot explain all of the heterogeneity in the model.  

 

It is important to note that these part-worths are not readily usable for cost-benefit 

analysis because they are generally not welfare measures as such. Part-worths only tell 

the marginal rate of substitution between the attributes when other things are held 

constant. To estimate the welfare measures all of the attributes need to be taken into 

account at once. (Bennett & Adamowicz 2001, 63–64.) 

 

To demonstrate the WTP for a complete management scenario, three scenarios were 

created: 1) moderate management measures are implemented by 2020 leading to 

moderate improvement in all attributes; 2) substantial management measures are 

implemented by 2020 leading to substantial improvement in all attributes; and 3) 

substantial management measures are implemented by 2020 leading to substantial 

increase in all other attributes except for eutrophication which stays at BAU level due 

to time lag in the effectiveness of the measures. The WTP’s for the management 

scenarios can be calculated by summing the estimated marginal values of the attribute 

levels (see Equations (7) and (8)) and discounting over the time period of the study that 

is 2013–2020 (eight years).
15

 The yearly WTP per respondent (not discounted) and the 

WTP over the period of 2013–2020 (discounted) for each of the three management 

scenarios are calculated from all of the estimated models (Table 12). The unexplained 

part of WTP captured by the α is left out of the scenarios, because the interest is only in 

the value produced by the attributes chosen for the study. Statistically insignificant 

estimates are left out of the calculations. The low boundary of the value assumes non-

respondent WTP is zero.  

 

                                                
15

 The discount rate used was 2 %.  



47 
 

Table 12. Respondents’ willingness to pay for a complete management scenario. 

 MNL base model MNL socio-economic 

model 

RPL base model 

Scenario 

WTP € per 

respondent 

per year 

WTP € per 

respondent 

discounted 

over period 

2013–2020 

WTP € per 

respondent 

per year 

WTP € per 

respondent 

discounted 

over 

period 

2013–2020 

WTP € per 

respondent 

per year 

WTP € per 

respondent 

discounted 

over 

period 

2013–2020 

1) Moderate 

management 

219,9–

318,7 

1610,9–

2334,6 

227,4–

329,5 

1665,8–

2413,7 

179,9–

260,7 

1317,9–

1909,8 

2) Substantial 

management 

368,1–

533,6 

2696,5–

3908,9 

372,6–

540,0 

2729,5–

3955,8 

334,1–

484,2 

2447,4–

3547,0 

3) Substantial 

management 

(eutrophication 

not affected) 

232,2–

336,6 

1701,0–

2465,8 

245,5–

355,8 

1798,4–

2606,4 

212,3–

307,7 

1555,2–

2254,1 

 

The yearly WTP per respondent for the moderate management scenario is 179,9–329,5 

euros and for the substantial management scenario 334,1–540,0 euros. If improvements 

in the eutrophication status are not achieved but other attributes improve substantially 

the yearly WTP is 212,3–355,8 euros per respondent. The aggregation over the time 

frame of the study (2013–2020) yields WTP estimates of 1317,9–2413,7 euros per 

respondent for the moderate scenario, 2447,4–3955,8 euros per respondent for the 

substantial scenario, and 1552,2–2606,4 euros per respondent for the substantial 

scenario without improvements in the eutrophication status.  

 

Even though the sample is not representative, it is possible to speculate the WTP over 

the population of Finland to see the magnitude of the total welfare derived from new 

management measures based on the results estimated in this study. For meaningful 

aggregation the results should be weighted based on the representativeness of the 

sample. However, due to the numerous biases in our sample the weighting process 

would be rather complex, and therefore the results are not weighted here. This is 

justified, because the purpose of the aggregation done here is only to demonstrate the 

magnitude of the WTP on the whole nation level, but not for the purposes of cost-

benefit analysis for example. The population of interest for the aggregated WTP 

consists of the adult population of Finland. Here I will use the population of 20–80 

years old Finns. According to the Statistics Finland the relevant population was 
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3 945 782 in the end of year 2012. The results of the aggregation are presented in Table 

13. 

 

Table 13. Aggregation of willingness to pay over the whole population of Finland.  

 MNL base model MNL socio-economic 

model 

RPL base model 

Scenario 

Aggregated 

WTP M€ 

per year 

Aggregated 

WTP M€ 

over period 

2013–2020 

Aggregated 

WTP M€ 

per year 

Aggregated 

WTP M€ 

over period 

2013–2020 

Aggregated 

WTP M€ 

per year 

Aggregated 

WTP M€ 

over period 

2013–2020 

1) Moderate 

management 

867,7–

1257,5 

6356,2–

9211,9 

897,3–

1300,2 

6572,9–

9524,1 

709,8–

1028,7 

5199,9–

7535,5 

2) Substantial 

management 

1452,4–

2105,5 

10639,8–

15423,6 

1470,2–

2130,7 

10769,9–

15608,6 

1318,3–

1910,5 

9657,1–

13995,7 

3) Substantial 

management 

(eutrophication 

not affected) 

916,2–

1328,2 

6711,7–

9729,3 

968,7–

1403,9 

7096,1–

10284,3 

837,7–

1214,1 

6136,5–

8894,0 

 

The aggregation over the whole population of Finland shows that the benefits derived 

from the preservation of the Gulf of Finland are substantial according to this study. For 

the moderate improvement scenario the range of the average yearly benefits are around 

800–1200 million euros, and for the substantial improvement scenario 1400–2000 

million euros. If eutrophication is not affected the average yearly benefits are around 

900–1300 million euros. Comparing scenarios 2 and 3 show that the benefits arising 

from improvements in the eutrophication status only are around 500–700 million euros 

per year. Aggregating over the whole timeframe of the MSFD, the discounted benefits 

for the moderate scenario are around 7,4 billion euros and for the substantial scenario 

around 12,7 billion euros. This shows that achieving good environmental status in the 

Baltic Sea is very highly appreciated by the public, and would thus yield substantial 

benefits. However, it is important to notice that these values should not be used for a 

cost-benefit analysis because sample was neither random nor representative of the 

Finnish population.  
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5.4 Uncertainty in choices 

Difficulty of the choice task may affect how well respondents are able to express their 

preferences. If the tasks are too difficult to handle for the respondent, the choices they 

make may not be reliable predictions of their true preferences. Every choice card in the 

choice experiment included a question that asked the respondent how difficult the 

choice task was on a five point scale (1=Very difficult, 2=Fairly difficult, 3=Something 

in between, 4=Fairly easy, 5=Very easy). This allows us to scrutinize whether and how 

the self-reported experience of difficulty of the choice task affects the choice decision in 

our case. This is done by excluding observations pertaining to respondents with a self-

reported difficulty level below a certain threshold, and examining how the model fit 

changes. Four models were estimated for this purpose: the first with all observations 

included, the second excluding observations that were reported ‘very difficult’, the third 

excluding observations that were reported ‘very’ or ‘fairly difficult’, and the fourth 

including only observations that were reported ‘fairly’ or ‘very easy’. The results of 

these estimations are presented in Table 14. 

 

Table 14. The effect of self-reported difficulty of the choice task to the model estimations.  

 Model 1 

whole sample 
Model 2 

Very difficult 

choices excl. 

Model 3 

Very or fairly 

difficult choices 

excl. 

Model 4 

Only fairly or very 

easy choices incl. 

Attribute Coefficient (β)  Coefficient (β)  Coefficient (β)  Coefficient (β)  

ASC (α) 0,70043*** 0,78010*** 0,78778*** -0,35706 

POPU_MOD 0,66546*** 0,82400*** 0,98726*** 1,42967*** 

POPU_SUB 1,22434*** 1,44699*** 1,90367*** 2,37196*** 

VISI_MOD 0,15386 0,27714** 0,48797*** 0,56817*** 

VISI_SUB 0,25938** 0,47609*** 0,88517*** 1,11166*** 

ALGA_MOD 1,05629*** 1,10501*** 1,44125*** 1,68493*** 

ALGA_SUB 1,43236*** 1,66363*** 2,05174*** 2,82740*** 

FISH_MOD 0,59537*** 0,78211*** 0,95394*** 1,36522*** 

FISH_SUB 0,96343*** 1,19500*** 1,54163*** 1,90017*** 

BID -0,00727*** -0,00857*** -0,01083*** -0,01141*** 

Log likelihood -794,69889 -612,80501 -378,79082 -222,75452 

Adjusted R
2 

0,0969 0,1134 0,1605 0,2389 

Number of correct 

predictions (NCP) 
0,482 0,506 0,553 0,605 

Number of obs. 942 772 532 347 

***1% significance level, **5% significance level, *10% significance level 
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Examination of the statistical significance of the attributes, the explanatory power and 

the number of correct predictions (NCP) shows that the model fit improves as 

observations perceived difficult by the respondents are excluded. The model shows 

slight improvement when the extremely difficult choices are removed. The adjusted R
2
 

rises from 9,7 to 11,3, number of correct predictions from 48,2 % to 50,6 %, and the 

VISI_MOD attribute becomes statistically significant under 5 % risk level and the 

statistical significance of VISI_SUB rises from 5 % risk level to 1 % risk level. A 

bigger jump in model fit occurs when both very and fairly difficult choices are removed. 

The R
2
 and NCP rise by circa five percentage points up to 16,1 and 55,3 %, 

respectively, and the statistical significance of VISI_MOD rises to 1 % risk level with 

the other attributes. Leaving only the fairly and very easy choice observations yields the 

R
2
 rising to 23,9 and NCP to 60,5 %, and the ASC is no longer statistically significant 

indicating that the attributes are now explaining more of the choice behavior. Starting 

the exclusion from the observations that were reported very easy by the respondents 

reduced the model fit dramatically, and the model was unable to perform when both 

very easy and easy considered observations were excluded.  

 

By this we can conclude that respondents who find the choice tasks easier and are more 

confident with their choices are more likely to be able to make meaningful choices. 

Thus, it is important to make sure the choice tasks are comprehensible and easy enough 

for the respondents. 
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6 Conclusions 

 

This study estimated the willingness to pay of the Finnish public for improvements in 

the state of ecosystem quality in the Gulf of Finland. The state of the environment was 

described with four attributes: populations, visibility, algal blooms and recreational 

fishing that form the base of the most important ecosystem features and are essential to 

the provision of many ecosystem services. Populations referred to the species dynamics 

and biodiversity of the study area. This attribute contributes to both use and non-use 

values, and to the provision of all ecosystem service classes. The visibility attribute was 

created in order to study whether people appreciated the biological population status 

(non-use value) over the perceived amount of species visibility (use value), and was 

considered to present cultural ecosystem service values. Algal blooms that represent the 

eutrophication status of the Gulf of Finland were illustrated with a calendar year that 

showed the amount of blooms during each month. This attribute contributes to the 

provision of ecosystem services from each class, and to both use and non-use values. 

The recreational fishing attribute described the fishing possibilities in terms of the 

amount of fishers and the quality of catch, and represents cultural ecosystem service 

values and use values. In addition, a price attribute was included for deriving welfare 

effects related with the change in the provision of the environmental attributes.  

 

The study revealed that Finns place substantial value for the quality of environment in 

the Gulf of Finland, and that non-use values are very important part of these. Reduction 

in algal blooms produced the highest WTP values followed closely by improvement in 

population dynamics. Slightly lower values were yielded by the recreational fishing 

attribute, and the lowest values were associated with changes in species visibility. The 

marginal willingness to pay for achieving moderate improvement in algal blooms, 

population dynamics, recreational fishing and visibility were 78,9–145,3 €, 55,4–96,1 €, 

45,6–81,9 €, and 11,8–26,2 € per year per respondent, respectively. For the three created 

management scenarios the estimated yearly WTP’s per respondent were 179,9–329,5 

euros for the moderate improvement, 334,1–540,0 euros for the substantial 

improvement, and 212,3–355,8 euros for the substantial improvement without 

improvements in eutrophication. The aggregation over the whole Finnish population 

yielded a yearly total willingness to pay of 800–1200 million euros for a moderate 
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improvement scenario, and 1400–2000 million euros for a substantial improvement 

scenario. Discounting these yearly benefits over the timeframe of the MSFD (2013–

2020) yielded total benefits around 7,4 billion and 12,7 billion for the moderate and 

substantial scenarios, respectively.  

 

The WTP estimates produced in this study are rather high. Kosenius (2010) estimated 

the value of reduced eutrophication in the Gulf of Finland resulting in values ranging 

from 149 to 666 euros per household per year, and the aggregated discounted present 

values of the scenarios were around 28–54 million euros. In Eggert & Olsson (2009) the 

marginal WTP’s for the attributes ranged from 67 to 145 euros per household, and the 

highest values were associated with avoiding biodiversity loss. The results of Ahtiainen 

et al. (2012) show that the value of reduced eutrophication was circa 200 million euros 

in Finland, and 4 billion euros in the whole Baltic Sea area and the yearly WTP per 

respondent was circa 55,7 euros in Finland. The algal bloom attribute used in this study 

compare to the studies of Kosenius (2010) and Ahtiainen et al. (2011) for reducing 

eutrophication, and the population attribute is rather close to the biodiversity attribute 

used in Eggert & Olsson (2009). The corresponding WTP values for reducing 

eutrophication derived in this study were 78,9–145,3 euros per year respondent 

(individual), and around 500–700 million euros per year aggregated over the whole 

Finnish population. The population-attribute corresponding to biodiversity was the 

second most important attribute for the respondents of this study, and yielded WTP 

estimates of 55,4–96,1 euros per year per respondent. However, it is difficult to 

compare these WTP estimates of different studies as such because the used attributes 

and contexts are very different.  

 

There have not been many stated preference studies to date that use the ecosystem 

services approach, and only one by Kosenius & Ollikainen (2011) was found in the 

Baltic Sea area. As Kosenius & Ollikainen (2011) also concluded, the use of ecosystem 

service categorization was challenging, and it was not straightforward to place values on 

certain ecosystem services based on the results of this study. In this study, two attributes 

can be considered to represent the cultural values. These attributes were the status of 

recreational fishing possibilities and visibility of species. These were the two less 

important attributes compared to population and algal bloom status, which contribute to 

several ecosystem services besides the cultural ones, but the cultural values were also 
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very important to people implied by the value placed on these attributes and the answers 

given in the attitudinal questions.  

 

Considering the sample size and sampling method, it is clear that the sample is 

somewhat biased and aggregation over the whole population of Finland and even over 

the sampling areas is questionable. It must be also noted, that the sample was rather 

highly educated, had relatively high proportion of environmentally orientated 

respondents and respondents with high income level, which has probably lead to higher 

WTP estimations. Taken into consideration the objectives and resources of the study, 

the sample was good enough and acceptable, however. The results of the study are 

directional, and the WTP estimates must be handled with care.  

 

The political relevance of the study in relation to the MSFD might have been higher if 

the link to the descriptors of good environmental status (GES) in the directive would 

have been stronger. Despite the issues in sampling, the results of this study indicate that 

the Finns have strong appreciation for the health of the Gulf of Finland, and that 

management aiming to improve the environmental status yields in notable benefits. 

Research on the valuation of ecosystem services still needs more contribution. This 

study can be considered as a pilot study, and it would be useful to conduct similar 

studies with a representative samples in Finland and in the Baltic Sea area to deepen the 

understanding on the value of marine ecosystem services.  
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Appendix 1. Typology of marine ecosystem services 

 

 Ecosystem service Description Example 

P
ro

v
is

io
n
in

g
 s

er
v

ic
es

 

1  Sea Food All available marine fauna and flora extracted from coastal/marine environments for the specific 

purpose of human consumption as food (i.e. excluding for consumption as supplements) 

Fish, shell fish, seaweed 

2  Sea Water Marine water in oceans, seas and inland seas that is extracted for use  in human industry and 

economic activity 

Seawater used in shipping, industrial cooling, desalinization 

3  Raw Materials The extraction of any material from coastal/marine environments, excluding which is covered by 

service 6 

Algae (non-food), sand, salt 

4  Genetic Resources The provision/extraction of genetic material from marine flora and fauna for use in non-marine, 

non-medicinal contexts, excluding the research value on Genetic Resources which is covered by 

service 19. 

The use of marine flora/fauna-derived genetic material to improve crop 

resistance to saline conditions 

5  Medicinal Resources Any material that is extracted from the coastal/marine environment for its ability to provide 

medicinal benefits, excluding the research value on Medicinal Resources which is covered by 

service 19. 

Marine-derived pharmaceuticals; marine/coastal-derived salt-water used 

for health purposes 

6  Ornamental 

Resources 

Any material extracted for use in decoration, fashion, handicrafts, souvenirs, etc. Shells, aquarium fish, pearls, coral 
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7  Air Purification Air Purification provided by a coastal/marine ecosystem  The removal from the air of pollutants like fine dust and particular matter, 

sulphur dioxide, carbon dioxide, etc. 

8  Climate Regulation  The contribution of the biotic elements of a coastal/marine ecosystem to the maintenance of a 

favourable climate via their impact on the hydrological cycle and their contribution to the climate-

influencing substances in the atmosphere  

The production, consumption and use by marine organisms of gases such 

as carbon dioxide, water vapour, nitrous oxides, methane, and dimethyl 

sulphide;  

9  Disturbance 

Prevention or 

Moderation 

The contribution of marine ecosystem structures to the dampening of the intensity of environmental 

disturbances such as storm floods, tsunamis, and hurricanes  

The reduction in the intensity of and/or damage caused by environmental 

disturbances resulting directly from marine ecosystem structures like salt 

marshes, sea grass beds, and mangroves 
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10  Regulation of Water 

Flows 

The contribution of marine and coastal ecosystems to the maintenance of localized coastal current 

structures 

The effect of macro algae on localized current intensity; The maintenance 

of deep channels by coastal currents which are for shipping 

11  Waste Treatment The removal by coastal/marine ecosystems of pollutants added to coastal/marine environments by 

humans through processes such as storage, burial, and biochemical recycling 

The breakdown of chemical pollutants by marine microorganisms; The 

filtering of coastal water by shell fish 

12  Coastal Erosion 

Prevention 

The contribution of coastal/marine ecosystems to Coastal Erosion Prevention, excluding what is 

covered by service # 10 (i.e. transportation or deposition of sediments by coastal currents) 

The maintenance of coastal dunes by coastal vegetation; The reduction in 

scouring potential that results from near-shore macro-algae forests 

13  Biological Control The contribution of marine / coastal ecosystems to the maintenance of natural healthy population 

dynamics to support ecosystem resilience through maintaining food web structure and flows.  

 

The support of reef ecosystems by herbivorous fish that keep algae 

populations in check; the role that top predators play in limiting the 

population sizes of opportunistic species like jellyfish and squid  
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14  Lifecycle 

Maintenance  

The contribution of a particular habitat to migratory species’ populations through the provision of 

essential habitat for reproduction and juvenile maturation 

The reproduction habitat of commercially valuable species that are 

harvested elsewhere 

15  Gene Pool Protection  The contribution of marine habitats to the maintenance of viable gene pools through natural 

selection/evolutionary processes 

Inter- and Intra-specific genetic diversity that is supported by marine 

ecosystems which enhances adaptability of species to environ-mental 

changes 
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16  Recreation and 

Leisure 

The provision of opportunities for Recreation and Leisure that depend on a particular state of 

marine/coastal ecosystems 

Bird/whale/…-watching, beachcombing, sailing, recreational fishing, 

SCUBA diving, etc. 

17  Aesthetic Information The contribution that a coastal/marine ecosystem makes to the existence of a surface or subsurface 

landscape that generates a noticeable emotional response within the individual observer. This 

includes informal Spiritual Experiences but excludes that which is covered by services 15, 17, 18, 

20.  

The particular visual facets of a ‘sea-scape’ (like open ‘blue’ water), a 

‘reef-scape’ (with abundant and colourful marine life), a ‘beach-scape’ 

(with open sand), etc. that emotionally resonate with individual observers  

18  Inspiration for 

Culture, Art and 

Design 

The contribution that a coastal/marine ecosystem makes to the existence of environmental features 

that inspire elements of culture, art, and/or design. This excludes that which is covered by services 

6, 15, 16, and 20.  

The use of a marine landscape as a motif in paintings; The use of marine 

environmental features (like waves) in jewellery; The construction of 

buildings according to a marine-inspired theme; the use of marine 

organisms or marine ecosystems in films (including Jaws and Finding 

Nemo) 

19  Spiritual Experience The contribution that a coastal/marine ecosystem makes to formal religious experiences. This 

excludes that which is covered by services 17-18)   

Several Greek and Roman gods were connected to the sea; A prominent 

Christian symbol is the fish; Marine organisms (such as whales and 

salmon) sometimes play important roles in various indigenous 
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communities’ religion  

20  Information for 

Cognitive 

Development 

The contribution that a coastal/marine ecosystem makes to education, research, etc. This includes 

the contribution that a coastal/marine ecosystem makes to bionic design and biomimetics and to 

research on applications of marine Genetic Resources and pharmaceuticals. 

The environmental education of children and adults; The development of 

surfaces to reduce marine biofouling based on similar surfaces found in 

marine environments; the application of hydrodynamic flow analysis to 

marine animals for ship design; Utilization of marine animal swimming 

mechanisms in engineering design 

21  Cultural Heritage 

and Identity 

The contribution that a coastal/marine ecosystem makes to Cultural Heritage and Identity (excluding 

aesthetic and formal religious experiences). This includes the importance of marine/coastal 

environments in cultural traditions and folklore. This covers the appreciation of a coastal 

community for local coastal/marine environments and ecosystems (e.g. for a particular coast line or 

cliff formation) as well as the global importance that may be associated with a particular marine 

landscape.  

The Wadden Sea is listed as UNESCO World Heritage site 

(Böhnke-Henrichs et al. 2013) 
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Appendix 2. Questionnaire form (English version) 

The original Finnish version of the questionnaire is available from the researcher by request. 

 

Questionnaire on improving the 
environmental state of the Gulf of Finland 
 

Attending the survey 

 

The enclosed survey aims to investigate the public’s opinions and views concerning the 

environmental protection of the Baltic Sea. All answers are confidential and are only used in this 

survey. The answers will not be linked to your name or be forwarded to third parties.  

 

The questionnaire is rather broad, and answering it takes about ½-1 hours. Your answers are very 

important for the succeeding of the study, and the results of the study can be taken into account in 

the protection of the Baltic Sea. 

 

Background of the study 

 

This survey is part of an international ODEMM-project, which aims to collect information to 

facilitate the implementation of the European Union Marine Strategy Framework Directive 

(2008/56/EC). The objective of the Marine Strategy Framework Directive is to establish the frames 

for EU member state actions that are necessary to achieve and maintain good environmental status 

of marine waters by 2020. The ODEMM-project combines scientific, legal, economic, and social 

research in order to investigate answers to two main questions:: 

 

1) What are possible ways to improve the health of Europe’s seas between now and 2020? 

2) What larger impacts might there be as a consequence of taken action to try and improve the 

health of Europe’s seas? 

 

This survey focuses on the second question, and is being delivered by researchers from the Finnish 

Environment Institute (SYKE) in conjunction with researchers from the Scottish Agricultural 

College (SAC), and University of Helsinki.  

 

Your contact person in matters concerning the questionnaire: 

Joona Salojärvi 

Finnish Environment Institute 

TN: 0400-148 873 

e-mail: joona.salojarvi@ymparisto.fi 

 

The questionnaire should be returned within two weeks. 
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Part I: Background questions 
 

These background questions will help understand how household characteristics (such as number of 

children, age, residence) are related to people’s views and opinions.  

 

1. Postal code ____________________ 

 

2. Sex Male □ Female □ 

 

3. Year of birth _______________ 

 

4. Household size is __________ persons, of which __________ are under 18 yrs. 

 

5. Number of children and grandchildren is__________, of which __________ are under 18 yrs. 

 

6. Education: 

 

Basic school education  □ 

Vocational school   □ 

Upper secondary school  □ 

University of applied sciences  □ 

Bachelor’s degree (or equivalent)  □ 

Master’s degree (or equivalent)  □ 

Doctoral degree   □ 

Other, please specify: ____________________  □ 

 

7. Occupation situation: 

 

Full time   □ 

Part time   □ 

Unemployed   □ 

Retired    □ 

Student    □ 

Home with children   □ 

Other, please specify: _____________________ □ 

 

8. Is your work related to environment?  

No  □ 

Yes  □, please specify:__________________________ 
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9. Your total monthly income before tax including wages, pension, child benefit, student 

allowance, unemployment benefits other benefits): 

 

Monthly gross income € 

Less than 1000 □ 

1000 – 1499 □ 

1500 – 1999 □ 

2000 – 2499 □ 

2500 – 2999 □ 

3000 – 3499 □ 

3500 – 3999 □ 

4000 – 4999 □ 

More than 5 000 □ 

Difficult to estimate □ 

Don’t want to say □ 

  

10. a) Have you ever studied marine science, or environmentally related subjects? 

 Yes □ No □ 

 

b) Duration and place of studies ______________________________________________ 

  

11. Are you a member of an environmental organization? 

 

No □ No, but concidered joining □ 

Yes □, please specify_______________________________________________________ 

 

12. What do you first think about the word sea? 

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

 

13. How is the sea related to your and your family’s life? (you can choose several) 

 

Work is related to sea  □ I go cruises  □ 

Appartment/cabin by sea □ I dive  □ 

I sail/boat  □ I fish (free time) □ 

I enjoy the proximity of sea □  

Other, please specify ___________________________________________ □ 
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Part II: The Baltic Sea and the Gulf of Finland 
 

The Baltic Sea is small (about 392 000 km
2
), semi enclosed sea area, encircled by nine countries 

(Finland, Russia, Estonia, Latvia, Lithuania, Poland, Germany, Denmark and Sweden). Its wide 

catchment area is inhabited by about 90 million people.  

 

The Baltic Sea is shallow, and hundreds of rivers 

from several countries discharge their waters into 

it. It takes about 40 years for the water mass of 

the Baltic Sea to exchange because its only 

connection to the Atlantic is through the shallow 

and narrow Danish straits. Its salinity level is 

only about a fifth of the open oceans.  

 

The special flora and fauna of the Baltic Sea 

consists of both saline and fresh water species. 

These include a spectrum of animals, birds and 

water plants, over a hundred saline and fresh 

water fish species, and different kinds if 

invertebrates, algae and planktons. Also larger 

species such as seals and porpoise live in the 

Baltic Sea.  

 

 

 

Information about the Gulf of Finland: 

 

This study focuses especially on the area of the Gulf of Finland (green area in the picture). The 

Gulf of Finland holds about 5 per cent of all the water in the Baltic Sea.  

 

 The Gulf of Finland is an important link in the migratory flyways of many arctic birds. 

Dozens of water bird species nest in the Gulf of Finland, including two auks – the black 

quillemot and razorbill – and the endangered Lesser Black-backed Gull. Grey seals and 

ringed seals also inhabit the Gulf.  

 

 About 40 % (2,2 million people) of the population of Finland live by the shores of the Gulf 

of Finland. About 46 % of all jobs and 40 % of commercial enterprises are situated in the 

area.  

 

 The Gulf of Finland has important commercial fisheries. In 2010, the commercial fish catch 

of the Gulf of Finland was over 11 000 tons, and the catch of recreational fishermen about 

2400 tons. The most commonly caught fish species were herring, sprat and perch. 
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Part III: Attitudinal Questions on the Gulf of Finland 
 

14. What is your opinion on the following claims? 

Check the option  that best describes your 

opinion. 

Strongly 

Disagree 

Somewhat 

Disagree 

Neither 

Agree 

Nor 

Disagree 

Somewhat 

Agree 

Strongly 

Agree 

a) The state of the Gulf of Finland deteriorates 

due to human activities □ □ □ □ □ 

b) The environmental status of the Gulf of 

Finland needs improvement □ □ □ □ □ 

c) If humans don’t act now, the environmental 

quality of the Gulf of Finland is 

permanently endangered 
□ □ □ □ □ 

d) There is not much point in Finland trying to 

improve state the Gulf of Finland unless the 

other countries bordering the Baltic sea also 

try 

□ □ □ □ □ 

e) Fish caught from the Gulf of Finland is 

sometimes too expensive □ □ □ □ □ 

f) Recreational fishing is important to our 

culture, and its maintenance in the Gulf of 

Finland is important 
□ □ □ □ □ 

g) Recreational fishermen should be able to 

fish as much as the want even if scientists 

say that fishing should be limited 
□ □ □ □ □ 

h) The pollution and contaminants in the Gulf 

of Finland restricts my ability to enjoy 

recreation at the sea-side 
□ □ □ □ □ 

i) Our cultural heritage, such as old songs and 

stories, have been influenced by the healthy 

Baltic Sea 
□ □ □ □ □ 

j) The environment of the Gulf of Finland 

should be preserved in good condition 

because it’s an important part of our culture 
□ □ □ □ □ 

k) The environment of the Gulf of Finland 

should be preserved in good condition for 

future generations even if it means 

restrictions of use today 

□ □ □ □ □ 
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15. The responsibility of improving the 

environmental state of the Gulf of  Finland is 

on… (rank the options if possible) 

Strongly 

Disagree 

Somewhat 

Disagree 

Neither 

Agree 

Nor 

Disagree 

Somewhat 

Agree 

Strongly 

Agree 

Rank  

(1–4):      

a) …the government  ___ □ □ □ □ □ 

b) …everyday citizens  ___ □ □ □ □ □ 

c) …agricultural sector  ___ □ □ □ □ □ 

d) …industry  ___ □ □ □ □ □ 

16. How much do you agree with the following 

statements: “We should do something to 

improve the ecosystem quality of the Main 

Proper area of the Baltic Sea…" 

Strongly 

Disagree 

Somewhat 

Disagree 

Neither 

Agree 

Nor 

Disagree 

Somewhat 

Agree 

Strongly 

Agree 

a) …even if the economy slows down (e.g. 

tighter restrictions of fishing and shipping 

can slow down the growth of these 

businesses) 

□ □ □ □ □ 

b) … even if opportunities for recreation are 

negatively affected (e.g. recreational use is 

restricted because of protection) 
□ □ □ □ □ 

c) … even if my aesthetic experience would 

change (the increase of some species, e.g. 

bird populations, can increase sounds, 

smells, etc. that weren’t there before)  

□ □ □ □ □ 

d) … even if the opportunities to study the 

Gulf of Finland would deteriorate (e.g. the 

foundation of new protected areas can 

restrict scientific research in certain areas or 

funds could be used to protection instead of 

research) 

□ □ □ □ □ 

e) … even if my personal and/or cultural 

traditions are negatively affected (e.g. 

changes and restrictions in fishing and 

hunting culture) 

□ □ □ □ □ 

f) …even if its significance as an inspiration 

for art and literature would weaken □ □ □ □ □ 

g) …even if its connection and significance to 

my spiritual or/and religious life would be 

negatively affected 
□ □ □ □ □ 

h) …even if I should change my own habits □ □ □ □ □ 
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Part IV: Food webs of the Gulf of Finland 
 

Out of all of the species that live in the Baltic Sea, there are certain key species that are very useful 

when it comes to assessing the quality of the Baltic Sea ecosystem.  

 

 
 

 The picture is a simplified presentation of the food webs of the Gulf of Finland. Food webs 

show the links that exist between creatures that live in the same environment. The arrows 

depict the transition of energy and matter within the food web. For example, the fish feed on 

zooplankton, and are food for other fish, birds and seals.  

 

 Changes in one species of the food web have the potential to affect other species, and the 

food web can drift to imbalanced situation. This kind of disturbance often leads to the 

deterioration of the state of the environment.  

 

 These kinds of changes have already happened in the Gulf of Finland. The two most 

significant human pressures that affect the food webs are fishing and fertilizer runoff from 

land. 
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Effects of fishing to food webs 

 

 Fishing has significant direct effects to food webs, because some species are caught more 

than others. This affects to other fish species of the ecosystem and possibly further to sea 

birds and mammals that feed on the fish.  

 

 Fishing has created a situation where the populations of these fish today are much smaller 

than what existed once historically. Unless additional management measures are adopted by 

the year 2020, it is anticipated that the populations of some of these key fish species will 

continue to decrease, and that they may possibly become endangered.  

 

Effects of nutrient runoffs to food webs 

 

 The runoffs of nutrients from manure and chemical fertilizers have led to eutrophication and 

increase in algae blooms especially in the coastal areas. After blooming, the algae sink to the 

bottom of the sea and consume oxygen. This can lead to hypoxia in the bottom of the sea.  

 

 Thus, the nutrient inputs to the sea also affect bottom species, and further to fish, mammals 

and birds. In addition, some of the algae blooms are toxic, and can be harmful to humans. 

The blue-green algae blooms also affect how and when we can enjoy the sea, and how the 

sea looks and smells like.  

 

 Beside plant fertilizers there are also other harmful substances that end up into the sea due to 

different activities (e.g. agricultural pesticides and chemicals coming from waste water 

management such as medicine and hormone remnants). These substances have several 

effects to the viability of many species of the ecosystem.  
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Improving the state of the Gulf of Finland 
 

The marine strategy framework directive establishes the frames for EU member state actions that 

are necessary to achieve and maintain good environmental status of marine waters by 2020. New 

actions could include for example fisheries, fertilizer, contaminant, and run-off management plans. 

 

Fisheries management could include the following actions: 

 Limiting the catch quotas 

 Introducing closed periods and seasons 

 Introducing of new types of the fishing gears 

 Creating “no noise zones” where both recreational and commercial activities are partly or 

entirely restricted  

 

Fertilizer, contaminant, and run-off management plans: 

 Even though there have already been substantial efforts in waste-water treatment plants 

other contaminants still remain. They can be controlled through the further restricting of 

waste deposited into the sea by the farming, transport, fishing and tourism sectors 

 

What else will these management measures potentially affect? 

 

In this survey we focus on five variables that give a simplified depiction of the effects of possible 

actions implemented in marine protection: 

 

1. The population size of various plants/animals in the Gulf of Finland 

2. The visibility of various plants/animals in the Gulf of Finland 

3. The timing, duration, intensity, and type of algal blooms 

4. The number of recreational fishers and their catch consistency 

5. The price that society would have to pay in order to implement the management plans 

 

Next, we will take a closer look on what these variables and changes in them mean.  
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The populations and visibility of species is depicted with 12 main categories/species of marine 

animals and plants: 

 

Name of  species 
 

Picture Name of  species 
 

Picture 

Grey Seal 
(Halichoerus grypus) 

 

White-Tailed Eagle 
(Haliaeetus albicilla) 

 

Harbour Seal (Phoca 
vitulina) 

Ringed Seal (Pusa 
hispida) 

 

Common  
Eider 

(Somateria mollissima) 

Razorbill 
(Alca torda) 

 

Soft bottom species: 
Polychaete Worm 

(Polychaeta) 

 

Economically important 
pelagic fish species: Cod 

(Gadus morhua) 
Herring (Clupea harengus 

membras) 
Sprat (Sprattus sprattus) 

 

Marine meadows, 
example species:  

Eel Grass (Zostera) 

 
Littoral fish species: 
Perch (Perca fluviatilis) 

Zander (Sander lucioperca) 
Roach (Rutilus rutilus) 

 

Hard surface species, 
Bladderwrack (Fucus 

vesiculosus), which forms 
the habitat for many 

invertebrates and young 
fish. 

 The most significant 
hard surface species by 

biomass,  
Blue Mussel 

(Mytilus trossulus). 

 

Cormorant 
(Phalacrocorax carbo) 

 

Harbour Porpoise 
(Phocoena phocoena) 

 



73 
 

The population size of animal and plant species 

 

The population size of the animal and species shown in 

the table above are depicted as follows. The numbers 

represent the population size in relation to what they 

have been before humans have significantly affected 

them ("historic size").  

 

The circle around the number 5 depicts the historic 

size of the populations. For example, in this picture the 

population Cormorants is larger than their historic 

population, while the population of Harbour Porpoise 

is significantly smaller than its historic population.  

 

Visibility of animal and plant species 

 

The numbers represent how visible each species are. If 

the number is 5, the species is very commonly visible, 

and if its 0, the species is never visible. For example in 

this picture the visibility of Grey Seals is smaller than 

that of the White Tailed Eagle.  

 

 

 

Algal blooms during a calendar year 

 

The calendar shows the occurence and intensity of the 

blooms. The full circle represents a year, and the 

different colours represent how intense each bloom is 

in a particular month. The size of the different ‘pie 

pieces’ indicates how long each bloom lasts.  

 

 

 

 

A low intensity bloom   A moderate intensity bloom  An intense bloom  

could look like this:    could look like this:   could look like this: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

6. 20-30% More 

Than Historic 

Size 
5. Historic Size 

3. 50% of 

Historic Size 

0. Extinct /  

almost extinct 

 

5. Very 

Commonly 

Visible 

4. Commonly 

Visible 

3. Present, but 

Only Sometimes 

Visible 

2. Rarely Visible 

1. Very Rarely 

Visible 

0. Never visible 
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Recreational fishing 

 

The boxes depict how the number of recreational fishermen and their catch 

develops when the state of the environment changes. The number of fishermen 

can either decline or grow, and their catch can either be inconsistent (the 

amount and quality of catch varies and is unstable) or consistent (the amount 

and quality of catch is stable).  

 

Price 

 

New management measures cost money. If new measures are not implemented, no additional fees need to be 

paid. The costs of new measures are covered with taxation. The sum is paid once a year during a period 

starting from this year and lasting until the year 2020.  
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Big picture 
 

When the above presented variables (animal and plant populations, visibility, algal blooms and recreational 

fishing) are presented together, it forms the big picture of what the Gulf of Finland could look like in the 

year 2020. The pictures (below) presents what kind of changes each of the variables could experience with 

different management options. Pictures on the left present what the situation without new measures looks 

like. Pictures in the center present what small / medium change could look like. Pictures on the right 

present what major change could look like. 

 

 No new measures Small / Medium change Major change 

Population 

6. 20-30% More 

Than Historic Size 

5. Historic Size 

3. 50% of Historic 

Size 

0. Extinct /  

almost extinct 

   

Visibility 

5. Very Commonly 

Visible 

4. Commonly 

Visible 

3. Present, but 

Only Sometimes 

Visible 

2. Rarely Visible 

1. Very Rarely 

Visible 

0. Never visible 
   

Algal blooms 

during a year 

 

   

Recreational 

fishing 

 Change in the 

number of 

fishermen 

 Change in catch 
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17. Consider the following changes that are delivered by possible management measures to improve the 

environmental quality of the Gulf of Finland (by the year 2020). Which management program would 

you choose? 
 

No new measures  

(current management scheme) 

All new measures 

(new management scheme) 

Verbal depiction of 

change  

Populations of animal 

and plant species 

6. 20-30% More Than 

Historic Size 

5. Historic Size 

3. 50% of Historic Size 

0. Extinct /  

almost extinct 

  

The populations of most 

species grow 

substantially compared 

to present situation 

Visibility of animal and 

plant species 

 

5. Very Commonly Visible 

4. Commonly Visible 

3. Present, but Only 

Sometimes Visible 

2. Rarely Visible 

1. Very Rarely Visible 

0. Never visible 

  

The visibility of 

common species of the 

Baltic Sea grow 

substantially compared 

to present situation 

Algal blooms during a 

year 

 
  

Algal blooms and 

adverse effects caused 

by them mitigate 

substantially improving 

both recreational 

possibilities and 

aesthetics of the sea 

Recreational fishing 

 Change in the number of 

fishermen 

 Change in catch 

  

The number of 

recreational fishermen 

increases, and the 

consistency of catch 

improves significantly 

compared to present 

situation 

I think the best 

management option is □ □ 

 

If you chose the current management scheme  Move to question 21. 

If you chose new management scheme  Answer questions 18–20. 

18. What is the maximum that you would be willing to pay per year, for 8 years (2013–2020), for these 

improvements in the state of the environment to happen? 

The most I would be willing to pay for the new management program is _____________ euros/year.
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19. If you chose the new management program, and were willing to pay more than 0 euros 

for it, please tell why: 

□ Money given for the protection of the sea can help to improve its state 

□ I want the future generations to be able to enjoy a better state of the sea 

□ It is important to me that the sea is doing well 

□ I use the Gulf of Finland for recreation 

□ Other, please specify: __________________________________________________ 

 

20. If you chose the new management program, but were not willing to pay for it, please tell 

why: 

□ I can’t afford it 

□ The polluter should pay 

□ I don’t believe the money would be used to improve the state of the sea 

□ Other, please specify: __________________________________________________ 

 

21. If you chose the current management program, please tell why: 

□ I think the current actions for marine protection are adequate 

□ I think protecting the sea is not important 

□ I don’t believe the new management program would improve the state of the sea 

□ Other, please specify: __________________________________________________ 
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Part V: Choice questions 
 

With new management measures the future of the Gulf of Finland can look different than 

without them. However, it is difficult to predict the exact effects of management measures. It 

is possible that all features change a lot, but it is also possible that they only change a little or 

a moderate amount. In addition, it is possible that some of the features change a lot while 

others change only a little (or not at all). 

 

Next you will be presented combinations of the variables presented above. Two of the 

options are predictions of possible changes that can be achieved marine management 

measures. One of the options depicts the situation without new management measures (in the 

right side). The cost of additional measures is collected with taxation collected yearly until 

the year 2020 (2012–2020). In each choice set, compare 3 options with each other, and 

choose the one you consider the best – or least bad, if any of the options isn’t particularly 

good in your opinion. Make your choice even if some of the options seem contradictory with 

each other. The additional tax decreases your household’s disposable income. Consider each 

choice set as a new independent choice situation.  
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Part VI: Follow up questions 
 

22. Environmental change can sometimes be noticed by people, and different people feel 

that these changes affect them in different ways. In coastal environments, it is 

particularly common for people to feel as if environmental changes mainly affect their 

ability to pursue activities on the beach or in the coastal waters, including for example 

walking by the sea, sunbathing, swimming, fishing, etc. People can also feel as if 

environmental changes mainly affect how the coast looks, sounds, smells or feels to 

them.  

 

Take a look at the images below that show a hypothetical type of environmental change. 

Imagine that the beaches and coastal waters are changing from looking like pictures A 

and B, to pictures C and D: 

 

 A Before change B 

 

 

 

 

 

 

 

 

 

C After change D 

 

 

 

 

 

 

 

 

 

If this were really happening, which of the following statements do you feel would be 

most true? 

This type of environmental change would mostly impact on... 

1. The recreational use of the sea and coastal areas  □ 

2. The appearance, smell, sounds, and feel of the coast □ 

3. Both (1. and 2.) equally   □ 

 

23. Overall, how confident do you feel about the choices you have made? 

Extremely confident  □ 

Fairly confident  □ 

Neither confident nor unconfident □ 

Fairly unconfident  □ 

Extremely unconfident □ 
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24. When you were making your choices, what part(s) of the Baltic Sea were you thinking 

about? Circle the area that you were mostly thinking about. This circle can be as large or 

as small as you like.  
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25. a) Think about the choices you made in part V (choice cards). Which of the following 

do you feel would be most affected by the changes depicted in the choice cards? Rank 

the options in order of importance with numbers 1–5 (if you think something is not 

important, you can leave it unmarked) 
Rank 

(most important = 1): 

The activities that people can pursue at the coast/sea 

(i.e. swimming, boating, etc.)    ___ 

 

The appearance, smell, sounds, or feel of the coast/sea ___ 

 

The creation of sea-inspired art  

(such as paintings, photographs, music, poetry, literature, etc..) ___ 

 

The knowledge humans derive from the coast/sea  ___ 

 

Your personal traditions  

(i.e. your cultural, religious, or non-religious heritage/identity) ___ 

 

b) If you selected ‘Your personal traditions,’ in the previous question, please select the 

most relevant type of personal tradition from the list below 

 

□ Religious-Based Tradition 

□ Family-Based Tradition 

□ Non-Religious, Non-Family-Based Tradition 

□ Other: _______________________________________________________ 

 

26. Which of the following statements do you feel is most true? Rank the options in order of 

importance with numbers 1–5.  
Rank 

(most important = 1): 
The Baltic Sea is important because of the various things that  

we can take from it (like food, materials, etc)   ___ 

 

The Baltic Sea is important because it facilitates many human  

activities that do not involve taking things from the sea  ___ 

 

The Baltic Sea is important because it can be of much use to 

society in the future     ___ 

 

The Baltic Sea is important because the animals and plants that 

live in it have a right to exist today    ___ 

 

The Baltic Sea is important because the animals and plants that 

live in it have a right to exist in the future   ___ 
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Part VII: Feedback 
 

27. What made you participate the survey? (you can choose several) 

 

Interest in what the study was about □ 

Wanting to make your voice heard □ 

My friend asked me to participate □ 

Other (please specify?)   □ 

 

___________________________________________________________________________ 

 

 

28. How easy or difficult was the choice task in Part V? 

 

Very easy  □ 

Fairly Easy  □ 

Neither Easy Nor Difficult □ 

Fairly Difficult □ 

Very Difficult □ 

 

Did you find answering the survey...? 

 

Very Interesting  □ 

Somewhat Interesting  □ 

Neither Interesting Nor Uninteresting □ 

Fairly Uninteresting  □ 

Very Uninteresting  □ 
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Thank you for your responses! 
 

 

 

Free commenting:  

 

___________________________________________________________________________ 

 

___________________________________________________________________________ 

 

___________________________________________________________________________ 

 

___________________________________________________________________________ 

 

___________________________________________________________________________ 
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Appendix 3. Example of choice card (English version) 

In total, 18 choice cards were created, and 9 was presented to each respondent.  
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B1C1 

 Alternative 1  Alternative 2  No new measures 

Populations of 
animal and plant 
species 

6. 20-30% More 
Than Historic Size 
5. Historic Size 
3. 50% of Historic 
Size 
0. Extinct /  
almost extinct 

 

 

 

 

 

Visibility of 
animal and plant 
species 

5. Very Commonly 
Visible 
3. Present, but 
Only Sometimes 
Visible 
1. Very Rarely 
Visible 
0. Never visible 

 

 

 

 

 

Algal blooms 
during a year 

 

 

 

 

 

 

Recreational 
fishing 

 Change in the 
number of 
fishermen 

 Change in catch  

 

 

 

 

Price 

(How much are 
you willing to pay 
yearly until 2020) 

50 €  200 €  0 € 

 

     

My choice is  
(check in the box) 

                 

How difficult / easy it was to answer? (circle the best suited) 

Very difficult Fairly difficult Something in between Fairly easy Very easy 
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Appendix 4. Example of choice card (Finnish version) 

In total, 18 choice cards were created, and 9 was presented to each respondent.  
 



 

B1C1 

 Vaihtoehto 1  Vaihtoehto 2  Ei lisätoimenpiteitä 

Eläin- ja 
kasvilajien kannat 

6. 20–30% yli 
historiallisen koon 
5. Historiallinen 
koko 
3. 50 % 
historiallisesta 
koosta 
0. Sukupuutossa/ 
lähes 
sukupuutossa 

 

 

 

 

 

Eläin- ja 
kasvilajien 
näkyvyys 

5. Erittäin usein 
nähtävissä 
3. Joskus 
nähtävissä 
1. Erittäin harvoin 
nähtävissä 
0. Ei koskaan 
nähtävissä 

 

 

 

 

 

Leväkukinnat 
vuoden aikana 

 

 

 

 

 

 

Vapaa-ajan 
kalastus 

 Kalastajien 
määrän muutos 

 Saaliin muutos 
 

 

 

 

 

Hinta 

(Kuinka paljon 
olisit valmis 
maksamaan 
vuosittain 2020 
saakka) 

50 €  200 €  0 € 

 

     

Valintani on  
(rasti ruutuun) 

                 

Miten vaikeaa / helppoa vastaaminen oli? (ympyröi sopivin) 

Erittäin vaikeaa Melko vaikeaa Siltä väliltä Melko helppoa Erittäin helppoa 



 

  

 

 


