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Abstract: The Ecosystem Service concept is a widely used framework to examine the links between 
the functioning of ecosystems and human well-being. There is a broad range of ecosystem services, 
which are often classified hierarchically as provisioning, regulating and cultural services. Multi-
Criteria Decision Analysis (MCDA), an approach for analyzing complex problems that involve trade-
offs between multiple objectives, has increasingly been applied in the ecosystem service context. In 
MCDA, a problem is typically represented hierarchically as a value tree, which resembles the 
hierarchical structure of the ecosystem service classifications. However, in practice, there are several 
potential pitfalls that could distort the analysis, if some commonly used ecosystems service 
classification was directly used as the basis of an MCDA value tree. In this paper, we discuss these 
potential pitfalls and how to avoid them. Our discussion is illustrated with experience from a case 
study focusing on the ecosystem services provided by the peatlands in Finland. 

1. Introduction  

The Ecosystem Service (ES) concept has become a widely used framework to examine the links 
between the functioning of ecosystems and human well-being, defined as aspects of ecosystems 
utilized (actively or passively) to produce human welfare benefits (Fisher et al., 2007; Constanza et 
al., 2017). Ecosystems offer a broad range of services, which are usually categorized as provisioning, 
regulating, and cultural services (CICES, 2013; Haines-Young and Potschin, 2013, 2018), and 
sometimes also supporting and habitat services (MEA, 2003; TEEB, 2008). Applications of the ES 
concept to concrete land and water management situations usually involve making trade-offs 
between different ESs, as it is not possible to obtain all services without compromising the 
availability of some. These situations typically originate from the conflict between provisioning and 
cultural services, but the trade-offs can also concern provisioning and regulating services 
(Turkelboom et al., 2018). For example, making use of timber resources (provisioning service) can 
reduce recreational opportunities (cultural service), but also the capacity of forest to absorb 
atmospheric carbon (regulating service). 

Multi-Criteria Decision Analysis (MCDA) is an umbrella term for structured approaches for analyzing 
complex problems involving trade-offs between multiple objectives that cannot be attained at the 
same time (e.g. Belton and Stewart, 2002). It can provide a transparent synthesis of a problem from 
different perspectives and a systematic evaluation of the alternatives. In MCDA, the problem is 
typically represented hierarchically in the form of a value tree, in which in the upper level consists of 
general objectives or criteria (e.g. economic, social and ecological objectives), which can be 
expanded hierarchically into more detailed sub-criteria. MCDA has been found a useful approach in 
many environmental management application (Kiker et al., 2005; Huang et al., 2011; Linkov and 
Moberg, 2011; Keisler and Linkov, 2014; Voinov et al., 2016; Adem Esmail and Geneletti, 2018), and 
the share of MCDA related papers in the environmental literature has increased fourfold from 0.2% 
to 0.8% during the 21st century (Cegan et al., 2017). 
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In recent years, MCDA has increasingly been applied in the ES context, too (see e.g., Oikonomou et 
al., 2011; Fontana et al., 2013; Uhde et al., 2015; Favretto et al., 2016; Langemeyer et al., 2016; 
Saarikoski et al., 2016a). Structurally, the classification systems presented for ESs (e.g. the Common 
International Classification of Ecosystem Services – CICES, 2013) are similar to the hierarchy of a 
value tree. However, in practice there are several pitfalls that can distort the analysis if some ES 
classification was used as such as a basis of the value tree. The main challenge is that the ES concept 
was originally designed for raising awareness of the multiple ways that human well-being depends 
on well-functioning ecosystems but it is not necessarily well-suited for a rigorous analysis of the 
trade-off situations in real-life management and policy decisions (Johnston and Russell, 2011; 
Saarikoski et al., 2015). In this paper, we discuss how to fit the ES concept into a MCDA framework in 
a way that still meets the desirable properties of a value tree that seek to ensure the integrity and 
soundness of the process (e.g. Kirkwood, 2009). For example, a well-structured value tree should be 
both comprehensive and concise, covering all key aspects of the problem situation while leaving out 
irrelevant issues (Keeney and Raiffa, 1976; Belton and Stewart, 2002).  

The analysis is based on our experiences in applying MCDA, and specifically an MCDA approach 
called Multi-Attribute Value Theory (MAVT; Keeney and Raiffa, 1976), in integrated assessment and 
valuation of peatland ecosystem services in Southern Finland. The analysis was motivated by a 
controversial policy process, the Supplementary Programme for Peatland Protection (Alanen and 
Aapala, 2015), which incited a debate on the need for biodiversity conservation on one hand, and 
peat extraction, on the other (Salomaa and Paloniemi, 2014). Although the analysis focuses on the 
peatland case, the results are also applicable in the other areas of environmental management. 

This paper is structured as follows. In Section 2, we describe the basics of MCDA and MAVT including 
the characteristics of a good value tree. We also describe the different ES classification frameworks 
in more detail and compare the fundamental differences between MAVT and ES classification 
hierarchies. In Section 3, we describe the peatland ES assessment case study, and in Section 4, we 
discuss the experiences of applying the ES framework within the MCDA process of the peatland case. 
Section 5 concludes the paper. 

2. Methodological background 

2.1. Multi-attribute value theory 

A typical MAVT process follows the general process of MCDA and it consists of the divergent and 
convergent phases (see e.g. Kaner et al., 2007; Montibeller et al., 2008; Franco and Montibeller, 
2010). The divergent phase aims to enlarge the perspective, so that all the relevant issues would be 
taken into account in the modeling, whereas the convergent phase aims to provide support for 
making concise and informed decisions based on the most relevant issues of the problem. The 
following phases are typically carried out in MCDA processes (see, e.g. Belton and Stewart, 2002):  

1. Framing and structuring of the problem including the development of a value tree consisting 
of criteria and alternatives  

2. Evaluating the performances of the alternatives with respect to each criterion 
3. Eliciting stakeholders’ preferences with respect to criteria and trade-offs between them 
4. Evaluating the overall performance of the alternatives with a mathematical model 
5. Analyzing the sensitivity of the results to the changes in the model parameters 

In MAVT, the preferences of stakeholders are modelled with numerical weights reflecting the 
acceptable trade-offs between the criteria. The alternatives are evaluated in terms of each of the 
lowest level criterion (i.e. attribute or performance measure), for example, through field 
measurements or expert evaluation. Under certain assumptions (Keeney and Raiffa, 1976), an 
additive model can be used to obtain the overall values for each alternative by multiplying the 
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criteria-wise performance scores with corresponding criteria weights and then summing them up. 
Mathematically, the overall value v(x) of alternative x is 
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where n is the number of lowest-level criteria, wi  [0, 1] is the weight of criterion i (normalized so 
that the sum of weights wi is 1), xi the consequence of alternative x with respect to criterion i, and 
vi(xi) its performance score on a 0–1 scale. In practice, the weight assigned to each criterion should 
reflect how important the stakeholder considers the change in this criterion from its lowest to 
highest consequence value compared to corresponding changes in the other criteria. 

Weights can be elicited with either flat or hierarchical weighting. In flat (or bottom-up) weighting, 
the weights are assigned directly to the lowest level criteria. In hierarchical (or top-down) weighting, 
the weights are elicited separately on each level and each branch of the value tree. By normalizing 
the sum of the weights in each branch to one, one gets the local weight of each criterion under its 
upper level criterion. The global weight of each lowest level criterion is obtained by multiplying its 
local weight with the local weights of all its preceding criteria in the value tree. In practice, the 
weight elicitation can be carried out, for example, by directly asking for the weights, in which case it 
is important to ensure that the weights also reflect the value ranges of the criteria. Another way is to 
use a technique, such as Swing (von Winterfeldt and Edwards, 1986), in which the weight elicitation 
process is specifically designed to ensure the correct interpretation of the weights, for example, by 
linking the weight elicitation questions explicitly to the weight ranges. 

2.2. Desirable properties of the value tree 

The structuring of the value tree has been described as art (e.g. Winterfeldt, 1980), because there is 
no unequivocal way to construct it for complex problems which incorporate multiple aspects and 
considerations. Questions faced in this phase are, for example, what are the criteria to be included in 
the value tree, what are the upper level criteria and how are the lower-level criteria placed under 
these, and what is the level of the detail in the description of criteria? Some general principles and 
structured guidelines are needed for ensuring the integrity of the MCDA process. To support this, 
many authors have presented lists of desirable properties for the value tree (see e.g. Keeney and 
Raiffa, 1976; Kirkwood, 1997, 2009; Belton and Stewart, 2002; Eisenführ et al., 2010; Marttunen et 
al., 2019). The essential elements of these are quite similar and summarised in Table 1.  

Table 1. Desirable properties of the value tree. 

1. Completeness  - All the concerns of the stakeholders that are needed to evaluate the 
overall performance of the alternatives should be included in the model 

- The decision context can be adequately described with the criteria 

2. Minimum size - All the criteria should have some impact on the evaluation, i.e. there 
should not be irrelevant criteria in the value tree 

3. Operability 
 

- Criteria should be meaningful and assessable and the value tree should be 
understandable 

- The achievement of criteria should be measurable as accurately and 
unambiguously as possible  

- The value tree should be structured so that the possibility of the biases 
related to the weighting process is minimized 

4. Non-redundancy - There should not be overlapping criteria in the value tree, as otherwise 
these would be double-counted 
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5. Decomposability 
and preferential 
independence 

- It should be possible to determine the scores for each criterion 
independently, i.e. the performance of an alternative on any selected 
criterion should not depend on its performance on the other criteria 

The property of completeness refers to the requirement that the value tree should cover all relevant 
aspects of the problem situation. To that end, value tree is usually constructed in close cooperation 
with key stakeholders to make sure that it encompasses their key concerns and hence can address 
the most important trade-off situations between competing goals.  

The property of minimum size states that all the criteria should have some impact on the evaluation 
and there should not be irrelevant criteria in the value tree. However, in practice it is not 
unambiguous to define whether an criterion is irrelevant, and the major challenge is to find an 
appropriate balance between completeness and minimal size so that the model is not too complex 
but still has enough details to capture the nature of the problem. In practice, this depends much on 
the objectives of the process. That is, if the main objective is to accurately model all the various 
aspects of the problem, then it may be reasonable to include even very minor details in the model. 
However, if the aim is to illustrate the main differences between the alternatives to the 
stakeholders, a too detailed analysis can obscure the key aspects of the problem.  

The essence of the operability property is that it is not enough to have a technically sound model, if 
the users cannot operate it. Also here, a close cooperation with stakeholders in the structuring of 
the value tree and in the definition of the performance measures for the alternatives can increase 
their understanding of the model, and consequently their trust in and commitment to the whole 
process (e.g. Hämäläinen et al., 2010). The operability also means that the measures used for the 
achievement of the alternatives should be understandable (e.g. Keeney and Gregory, 2005). The 
operability criterion can also relate to the structure of the value tree so that it would capture the 
preferences of the stakeholders as accurately as possible. There are many possible biases related to 
the structure of the value tree that can occur if the value tree is not structured properly (Montibeller 
and von Winterfeldt, 2015; Marttunen et al., 2018). For example, according to the splitting bias, 
dividing a criterion into more detailed criteria can increase the weight it receives (Hämäläinen and 
Alaja, 2008).  

The non-redundancy property means that there should not be overlapping criteria in the value tree. 
This can be violated, for example, in situations, where both direct and indirect effects are included in 
the model, which leads to double-counting (see e.g. Johnston and Russell, 2011; Saarikoski et al., 
2016b). For example, if we include both ‘water purifying capacity of the ecosystems’ and ‘clean 
water’, we succumb to double-counting and even to triple-counting, if we also include recreational 
activities (such as swimming that depends on clean water) in the model. 

Decomposability is a technical property related to the theoretical soundness of the model and is an 
essential requirement for applying an additive model to elicit the overall values of the alternatives 
(Keeney and Raiffa, 1976). It states that it should be possible to analyze one criterion at time and the 
preference on one criterion should not depend on the performance levels of the other criteria. For 
example, if a person prefers red wine with meat and white wine with fish, the most preferred food 
and drink cannot be separate criteria in a model of selecting the best meal, as the additional value of 
red/white wine depends on which food is selected (e.g. Bouyssou et al., 2006). 

Overall, it may not be possible to achieve all these desirable properties at the same time, but one 
may have to make choices between them. For example, in addition to balancing between the 
completeness and minimum size, also the operability property can be in contradiction with 
completeness as a too detailed model can often be too complicated for being operational. There are 
also some variations between the desirable property lists presented by different authors. For 
example, some authors have considered measurability and avoidance of biases as separate 
properties (e.g. Keeney and Gregory, 2005; Marttunen et al., 2019), whereas here they were dealt 
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with under operability. Furthermore, some authors have pointed out that there should also be a 
balance between the effort needed to construct as high-quality value tree as possible and the 
resources that are available (e.g. Marttunen et al., 2019).  

2.3. ES classifications 

Various classification frameworks have been developed for assessing ESs, including the Millennium 
Ecosystem Assessment (MEA, 2003), The Economics of Ecosystem and Biodiversity (TEEB, 2008) and 
CICES (CICES, 2013). In this paper, we focus on the CICES classification, as it is the most recent one 
and aims to synthetize the key elements of the other two frameworks.  

In CICES, ESs are classified into three sections: 1) provisioning services, 2) regulation and 
maintenance services and 3) cultural services (see Appendix A). The sections are then separated into 
divisions describing the main types of output or process, and these are further split into groups on 
the basis of biological, physical or cultural type or process. The lowest level is the class level, which 
provides a detailed classification into biological or material outputs and bio-physical and cultural 
processes that can be linked back to concrete identifiable service sources. The services on the class 
level can be measured by class type, which are the individual entities of the ESs. For example, flood 
protection can be classified as follows into these levels: 

 Section – regulation and maintenance services 

 Division – mediation of flows 

 Group – liquid flows 

 Class – flood protection 

 Class type – e.g. area protected against floods (in km2). 

One motivation behind CICES compared to the earlier MEA and TEEB classifications is that it tries to 
avoid the double-counting problem by not having explicit supporting services (Haines-Young and 
Potchin, 2013). That is, CICES has regulation and maintenance services as one section, whereas MEA 
has separate regulation services and supporting services sections, and TEEB has regulation services 
and habitat or supporting services. The CICES hierarchy is also deeper than the other two, as these 
only have one intermediate level between the section and class levels. There are also some minor 
differences in the level of detail how the ESs divided into the classes, but in general all these 
classifications are in accordance with each other. 

In our case study, we used the version 4.3 of CICES (Haines-Young and Potchin, 2013). After that an 
updated version 5.1 of CICES has been published (Haines-Young and Potchin, 2018). Structurally, the 
updated version is similar to the version we used in our case study, and the main difference is a 
stronger emphasis on abiotic services. There are also some new classes in the new version, although 
most of the classes carry over to the new version, and the backward compatibility exists between 
these. Thus, in general, the conclusions made in this paper of the basis of version 4.3 also apply to 
the version 5.1 of CICES. 

2.4. Comparison of the ES classification structure with the value tree of MCDA 

The main objective of ES classifications is to provide structured support for mapping and assessing 
ESs and their impacts on human well-being (MA, 2003). In practice this means providing a 
comprehensive listing of possible (both monetary and non-monetary) benefits of nature. However, 
the role of ES classifications in supporting actual decision making has not been clearly articulated 
(Fisher et al., 2009; Martinez-Harms et al., 2015). In contrast, MCDA is often carried out in a policy-
relevant and prescriptive way with an aim to provide systematic and customized support for making 
informed decisions (e.g. Riabacke et al., 2012).  

Due to this background, the hierarchical ES classifications are not ideally designed for supporting 
rigorous MCDA analysis and especially for meeting desirable properties of the value tree. On the 
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other hand, the valuation of ESs is often an important part of the ES assessment process. For 
example, in the survey of Haines-Young (2016) for CICES users, 37% of the respondents (n=125) 
identified “valuation” as a broad application area in which they are working, which was the second 
highest percentage after 77% for “mapping and ecosystem assessment” (multiple answers were 
allowed). In the literature survey of Martinez-Harms at al. (2015), 38% of the studied cases 
addressed the assessment of trade-offs between ESs and 19% prioritization of management actions. 
All these suggest that the practitioners working with ESs potentially have much interest in applying 
valuation methods, such as MCDA, in their work. 

Of the three main sections of the CICES classification, provisioning services are often related to 
economic benefits, whereas regulation and maintenance services can often be associated with 
environmental issues and cultural services with social issues. This trinity of economic, ecological and 
social issues has also been taken as a basis of the value tree in many environmental MCDA cases 
including especially those related to the different dimensions or pillars of sustainability (e.g. Dantsis 
et al., 2010; Pelzer et al., 2012; Karjalainen et al., 2013; Nordström et al., 2013; Salling and Pryn, 
2015; Stypka et al., 2016). This similarity might increase the possibility that the CICES classification is 
used as such as a basis of value tree without fully considering its implications. 

Compared to a typical MCDA value tree, the CICES classification is quite deep. Of its levels (section, 
division, group, class, class type), the section corresponds to the top criteria level of the tree, the 
class to the lowest criteria level and the class type to the measures used to evaluate the alternatives. 
The number of different classes is 48, which includes all the possible identified ESs, and typically only 
a certain selection of them is relevant to a single case study. Consequently, there might be, for 
example, only one class under each group. Thus, in many cases it may be reasonable to exclude the 
division and group levels from the analysis.  

3. Peatland ecosystem service case study 

3.1. Background 

Peat extraction is a contested topic in Finland where about 5% of the annual energy production 
comes from peat. Our project was initiated to support the controversial policy process, the 
Supplementary Programme for Peatland Protection (Alanen and Aapala, 2015), which incited a 
debate on the need for biodiversity conservation on one hand, and peat extraction on the other 
hand. On the local level, there have also been conflicts related to peat extraction of single peatlands 
mainly because of their negative impacts on water areas, biodiversity and recreation (Albrecht and 
Ratamäki, 2016). To further intensify the discussion, there has also been debate about the net 
emissions of peat energy compared to other energy sources, which depends much on the time scale. 
The renewal time of peat is thousands of years (e.g. Mäkilä, 1997), which is many orders of 
magnitude larger than a renewal time of forest bioenergy (years or tens of years), but still many 
orders of magnitude shorter than for coal or oil (millions of years). 

3.2. Outline of the process 

To analyze Finnish peatland policy debate, we carried out a participatory MCDA process together 
with key stakeholders. The applied method was MAVT with decision analysis interviews (DAIs) 
(Marttunen and Hämäläinen, 1995, 2008). In the following, we use the term stakeholder to refer to 
the people representing the nine different parties that were included in the process and whose 
preferences were analyzed. The research team refers to the core group of four experts and decision 
analysts from the Finnish Environment Institute that was responsible for carrying out the MCDA 
process. In addition, a number of external experts of both ecology and peat extraction provided 
more detailed information to the impact assessment. 

In practice, the process consisted of the following phases: 
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1) Preliminary work within the research team including the identification and structuring of the 
problem and its elements (Summer 2016) 

2) Stakeholder workshop 1 related to the specification of the case and the related ESs 
(September 2016) 

3) Preliminary assessment of the impacts by the research team (Autumn 2016) 
4) Stakeholder workshop 2 related to the assessment of the impacts (December 2016) 
5) Preparation of the background material for the DAI to get the stakeholders acquainted with 

the case and the approach beforehand (Spring 2017) 
6) Decision analysis interviews with the stakeholders (Spring–summer 2017) 
7) Analysis of the results (including the comparison of the different stakeholders’ preference 

models) in the research team (Summer 2017) 
8) One-to-one discussions about the results with stakeholders having opposing views, i.e. 

different preference order of the alternatives in their individual models (Autumn 2017) 
9) Stakeholder workshop 3 related to the analysis of the results and recommendations for the 

future (December 2017) 

Of these, phases 1–5 are described in more detail in Section 3.3 and phases 6–9 in Section 3.4. In the 
descriptions, we focus on those parts of the process that are relevant in terms of the application of 
the ES classification in MCDA process. Thus, we do not discuss, for example, about the contextual 
results of the analysis (see more detailed discussion in Saarikoski et al., 2019). 

3.3. Structuring of the value tree 

Before any encounter with the stakeholders, preparatory work was carried out in the research group 
including narrowing the focus to Southern Finland, identifying the four initial alternatives, initial 
assessment of the impacts, and identification of the stakeholders of the process. The case was not 
related to an actual decision making situation, but it was a general level strategic assessment of ESs 
provided by the peatlands. Thus, the stakeholders invited to the process were representatives of 
relevant businesses, non-governmental organizations and ministries. 

The first workshop dealt with the identification of the most relevant ESs. First, the stakeholders were 
asked to identify the issues that are relevant to the case. To support this, we asked questions like 
“Why is it important to conserve the peatlands?” and “Why is it important to utilize peat?” we also 
presented a preliminary list of alternatives and asked “What are the most essential differences 
between the alternatives?” and “What are the most essential pros and cons of the alternatives?” The 
identified issues were discussed with the group and mapped onto the CICES classification. After that, 
we also went through the CICES classification and checked whether it highlighted any other issues 
that were not yet identified.  

Peat as an energy source can be classified somewhere between renewable energy sources and fossil 
fuels (e.g. Grönroos et al., 2007). It is not explicitly listed in the CICES classification, but it is not in the 
abiotic complement of CICES either, which includes, for example, fossil fuels. On the other hand, 
there has also been discussion about whether the abiotic services should be included fully in the 
CICES classification (e.g. Haines-Young and Potchin, 2013; Haines-Young, 2016; van den Meulen et 
al., 2016). The new version of CICES (Haines-Young and Potchin, 2018) has indeed increased the role 
of abiotic services, but peat energy is still not explicitly mentioned under provisioning services, only 
under regulation services via ‘sequestration of carbon in tropical peatlands’. In our case, peat was a 
core issue, and thus, we decided to include it in our model under provisioning services, which 
includes a group ‘biomass-based energy’ (CICES, 2013). 

The preliminary list of alternatives presented in the workshop included: 

 Conservation, where the peat extraction is reduced by 30%,  

 Supplementary proposal for peatland conservation, in which certain peatlands are 
conserved, but otherwise the peat extraction continues as predicted,  
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 Business as usual, in which peat extraction continues according to the prediction of the 
Technical Research Centre (VTT) of Finland (Later in the process, the name of this alternative 
was changed to Prediction of VTT as the predicted use differs slightly from the current use), 

 Intensified peat extraction, where the peat extraction is increased by 30%.  

We asked the stakeholders to comment these, and on the basis of discussion, a new alternative was 
added to the beginning of the list of the alternatives: 

 Conservation+, in which peat extraction is phased out completely by 2030. 

The alternatives were named so that Conservation+ was S1, Conservation S2, and the others in the 
increasing order according to the amount of peat extraction in them. 

After the first workshop, an initial impact assessment of the alternatives with regard to the ESs was 
carried out in the research group. Where possible, we tried to find natural performance measures 
(Keeney and Gregory, 2005) for the criteria. On some criteria, this was not possible and expert 
evaluation with a constructed scale from 0 (no or very minor changes) to –4 (very significant 
negative changes) was used. Impacts on some ESs like flood protection and water purification were 
found to be negligible. These were listed to be discussed in the next workshop with an aim to 
confirm whether they could be left out of the analysis. 

In the second workshop, we presented the tentative value tree for the case, and for every ES the 
estimated impacts of the alternatives, which were then discussed. We also showed impact estimates 
for those ESs that were estimated to be negligible, and after discussion it was decided that most of 
these should be left out of the analysis. After a few changes the value tree was collaboratively 
approved. For example, the impacts to ground water were left out of the model, as the peat 
extraction is already prohibited in the areas of ground water intake. 

After the workshop, we compiled background material for the DAIs which included: description of 
the MCDA approach and the background of the case, the value tree to be used and the impact 
assessments on each ES with necessary background information to support explain these. The final 
value tree is shown in Figure 1. 

 

Figure 1. The value tree of the peat extraction case. 



Manuscript accepted to Ecosystem Services  November 8th, 2019 

3.4. Decision analysis interviews and analysis of the results 

The stakeholders’ preferences were captured by criteria weights that were elicited with personal 
DAIs using the Swing method. The weights assigned by the interviewed stakeholders for the sub-
criteria are presented in Figure 2.  

 

Figure 2. The weights assigned by stakeholders to the different sub-criteria 

The applied Excel model provided a visual representation of the resulting overall values of the 
alternatives, which were discussed together with the stakeholder after the weighting process. After 
the DAIs, their results were analyzed in the research group. We did not use any aggregation of the 
individual preferences to group preferences, but analyzed them in a comparative way, which is often 
a better way to illustrate the differences in the opinions and the reasoning behind them (e.g., Belton 
and Pictet, 1997; Riabacke et al., 2012). Figure 3 presents the overall values of each alternative for 
each stakeholder.  

 

Figure 3. Overall values of the alternatives for each stakeholder. 

To communicate the results to the stakeholders, we also arranged discussions in which two 
stakeholders having opposing views discussed one-to-one about the results. In this way, the 
stakeholders having the opposing views could personally explain to the other party the reasoning 
behind their weighting. The final results were presented in a workshop related to the peat extraction 
debate in Finland, to which all the interviewees were also invited. For the full analysis of the results 
of the interviews, see Saarikoski et al. (2019). 
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4. Discussion 

Next, we will discuss our experiences of applying the ES classification, and more specifically the 
CICES classification, within the MCDA framework in our peat extraction case. If not mentioned 
otherwise, the discussion also applies to the MAE and TEEB classifications, as their structure is quite 
similar to the CICES classification. The discussion is framed in terms of the possible 
advantages/disadvantages that promote/hinder the achievement of the desirable properties of the 
value tree presented in Table 1. The summary of the discussion is presented in Table 2. 

Table 2. Summary of the possible advantages and disadvantages of using of the ES classification 
(and more specifically the hierarchical CICES classification) within the MCDA framework. 

Desirable property Possible advantages Possible disadvantages 

Completeness (1), 
minimum size (2) and 
a balance between 
these 

- Acts as a comprehensive 
checklist to ensure that all the 
issues are considered 

- May promote the inclusion of 
irrelevant criteria into the value tree 

- May still not capture all the relevant 
issues, especially the indirect benefits 

- May give a false feeling that all the 
issues are considered even if they are 
not  

Operability (3) - Gives a systematic structure for 
analyzing the problem 

- Provides suggestions for the 
measures for estimating the 
performance of the criteria 

- May decrease innovative thinking in 
problem structuring and intuitiveness 
of criteria weighting 

- May decrease the stakeholders’ 
feeling of ownership of the problem 
as the issues of debate are given as 
such from above 

- May turn the debate into one on the 
grounds of the classifications and 
terminology, which can be irrelevant 
from the perspective of solving the 
case 

- May increase the possibility of 
behavioral biases in the weighting, if 
the classification structure does not 
intuitively fit in the case 

Non-redundancy (4) 
and decomposability/ 
preferential 
independence (5) 

- None - May increase the possibility of 
double-counting of criteria 

 

4.1. Completeness, minimum size and a balance between these 

In terms of completeness, the CICES classification was helpful as a comprehensive checklist to make 
sure that all ESs were considered in the initial stages of the process. Most of the ESs listed by CICES 
were identified by the stakeholders in the first ‘free thinking’ identification exercise, and it was 
relatively easy to relate these to the CICES table (Appendix A) although the terminology used by the 
stakeholders was somewhat different. For example, the stakeholders used the term ‘recreational 
services’ to refer to ‘experiential use of plants, animals and land-/seascapes in different 
environmental settings’. 
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The good match with the ESs listed in CICES and the criteria identified by the stakeholders can be 
explained by the stakeholders’ involvement in previous peatland policy processes that had made use 
of the ES concept (see Primmer et al., 2018). Some of the CICES categories such as ’breeding places 
and shelter for plants and animals’ were relevant to the peatland case but they were not included as 
such in our analysis because they were covered by the criteria ‘plants and animals’ (cloudberries and 
cranberries, game, fish, etc.). Including the regulating services that maintain provisioning services 
like fish and berries would also have led to double-counting (see also Section 4.3). This was 
intuitively clear to the stakeholders who listed birds, game and fish as criteria but not the ecological 
conditions and structures that support them. 

The downside of first identifying a detailed list of ESs was that it made it easy for the stakeholders to 
suggest adding such criteria in the value tree that eventually were quite insignificant for this case. 
For example, mushrooms, cosmetics products, and also cultural heritage were all included in the 
initial value tree, but omitted from the final value tree due to the negligible impacts of peat 
extraction on them. However, before excluding them, we had to find evidence on the lack of their 
importance. This turned out to be quite laborious, as studies showing that some issue is unimportant 
are much more uncommon than studies highlighting the important issues. We also tried not to 
simplify the analysis too much by excluding too many criteria and therefore we included some 
criteria like ‘education’, prompted by the CICES and cultural ES literature. However, most 
stakeholders assigned it very little weight, thereby confirming that the role of peatlands in providing 
opportunities for learning about nature is not a decisive issue in the peatland debate. 

On the other hand, CICES did not capture all central aspects of the debate. Most importantly, energy 
from peat is not explicitly listed as an example of group ‘biomass based sources of energy’, but it was 
a central provisioning service in our case study. Some studies have not considered peat as an 
ecosystem service because its extraction irreversibly destroys ecosystems and their capacity to 
provide other services (Bullock et al., 2012). However, in our case, excluding energy and horticultural 
peat from the analysis would have made it policy-irrelevant because the debate centers around peat 
extraction vs. other ecosystem services derived from the peatlands.  

We also observed that CICES does not sufficiently take into account indirect benefits from 
provisioning services. In this case, the stakeholders put a lot of emphasis on the employment 
opportunities and stable regional development provided by energy and horticultural peat extraction. 
They were invited to adjust the weight assigned to the peat energy by assuming that its impact 
range also includes these indirect effects. However, in practice, it was quite a challenging task to 
consider all these aspects simultaneously under a single criterion. A similar finding was made by 
Proctor and Drechsler (2006), who actually also included social criteria (such as jobs) and economic 
criteria (such as costs and benefits) in their analysis of ecosystem services in a recreational area in 
Australia. Another missing, but essential, aspect was the question of land owner rights, which in our 
case was a key consideration, as much of the discussion around the Supplementary Programme for 
Peatland Protection had focused on the question of voluntary vs. government imposed protection 
programmes.  

4.2.  Operability 

Operability of the model includes issues such as how well the structure of the value tree describes 
the nature of the problem, how understandable are the model and the results, and how easy the 
approach is to use with stakeholders. The structuring of the value tree is often an iterative process, 
which can enrich stakeholders’ thinking (Gregory et al., 2012). However, a rigorous use of an ES 
classification as a basis of the value tree does not allow any room for restructuring the tree 
according to the needs of the case. Consequently, it can weaken the innovative thinking in problem 
structuring, especially as the structure of the ES classification is unfamiliar to most people. 
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Another weakness of having a pre-defined value tree is that it may reduce the stakeholders’ feeling 
of ownership of the problem. When a value tree is iteratively created together with stakeholders, 
they can easily see their influence in the evolution of the structure in terms of the concrete issues 
that are added in the value tree. In contrast, when starting from a very large pre-defined structure 
such as CICES, the main task of the stakeholders is to eliminate the irrelevant issues from the list of 
criteria. Then, the issues remaining in the value tree have not come from the stakeholders 
themselves, but are given as such to them. 

In practice, the nature of our peatland case can be characterized by energy and horticultural peat 
versus other criteria. For example, the alternative S5 was the best alternative in peat energy 
production, but the worst in every other criterion, whereas for the alternative S1 these were vice 
versa. In this respect, one possible way to structure the value tree would have been to place peat 
extraction in one branch and the other issues in another. In the applied CICES structure, peat was 
classified under provisioning services, which also includes other products such as the berries. 
Consequently, many stakeholders had problems in eliciting weights for the provisioning services, as 
it included such different criteria. Actors who favored peat extraction generally disregarded berries 
as insignificant while actors who preferred peatland protection considered berries far more 
important than peat, especially energy peat.  

Having conflicting criteria in the same branch of the value tree can also cause loss of intuitiveness 
especially in hierarchical weighting. That is, when eliciting the top level weights with the Swing 
method, one has to compare situation in which both peat extraction and berry production are on 
their lowest level to a situation in which they are on their highest level, which in practice is an 
impossible situation. This leads to comparing unrealistic alternatives, which might confuse the 
person eliciting the weights. In this respect, an ideal situation would be that for each branch, there is 
an alternative that is the worst in all the criteria of this branch and also an alternative that is the best 
in all the criteria. This observation is good to keep in mind also in non-ES related situations, and it 
has received surprisingly little attention in the literature. 

An operational value tree is also suggested to be balanced so that different branches of the value 
tree are approximately of the same size (see e.g. Marttunen et al., 2018). However, we emphasize 
that besides “visual balance”, where the value tree does not seem to be visually tilted in any 
direction, it is also important to consider “contextual balance”, where the issues are in balance in 
terms of their relevance to the case. Of course, the degree of relevance typically varies among the 
stakeholders. In our case, peat was in the very core of the case, and for some interviewees, its 
advantages in energy production alone were enough to cancel off its disadvantages. In this respect, 
it would have been justifiable to even have such value tree in which peat production alone would 
form one branch of the value tree.  

Flat (i.e. non-hierarchical, bottom-up) weighting (in which the weights are assigned directly to the 
lowest level criteria instead of assigning them hierarchically to each branch of the value tree) is one 
way to deal with the difficulty of eliciting weights on the upper level (e.g. Marttunen et al., 2018). 
However, if the number of ES classes in the model is high, the flat weighting might be prone to 
biases in which the weights of the most important criteria are underestimated, and of the least 
important criteria overestimated (e.g. Jacobi and Hobbs, 2007; Hämäläinen and Alaja, 2008; 
Montibeller and von Winterfeldt, 2015; Marttunen et al., 2018). For example, in our case, some 
interviewees had a strong view about the advantages of peat extraction despite the negative 
impacts on other ESs. Although peat was assigned 100 points in Swing weighting, the large number 
of other ESs (altogether seven) meant that the total sum of the weights of these services exceeded 
the weight of peat, even if the interviewees gave a relatively low weight (10–30 points) to these 
services. We attempted to avoid this bias by checking the assigned weights so that we calculated the 
total number of points assigned to the other ESs than peat and asked the interviewee to confirm 
whether these reflect his/her preferences. For some stakeholders, this cross-checking led him/her to 
make some modifications to the weights. 
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It has also been suggested that compensation between the three main sections of ESs is not even 
appropriate (Segura et al., 2015). In this respect, applicable approaches include ones in which the 
weights for highest level criteria are not explicitly given, but the results are presented in terms of 
showing best alternative for each weight combination. A visual approach for this is the SMAA-like 
(Stochastic Multi-objective Acceptability Analysis; Lahdelma et al., 1998) analysis, which presents a 
graph on the weight space having separated areas for each alternative being best one (see also 
Hodgkin et al., 2005). This kind of a graph only allows the use of three dimensions, which, however, 
appositely suits for analyzing three main sections of ESs. In this approach, the stakeholders can 
analyze, for example, with which weight combinations a certain alternative is the best one, and then 
consider whether these combinations are acceptable. Another applicable approach would be to 
present the results separately for each three main sections. Then the results can be visualized e.g. by 
presenting three parallel bars for each alternative representing the overall values under each main 
section. 

Measurability of the criteria is one element of operability. According to Keeney and Gregory (2005), 
performance measures for measuring the criteria should be unambiguous, comprehensive (with 
respect to the range covering all the possible consequences), direct, operational and 
understandable. In this respect, the CICES classification is expected to help defining the measures, as 
it provides suggestions for class types for measuring each class, and also examples for what should 
be taken into account under each class. Of course, the measurability also depends much about the 
means to measure the performance of the service, and the availability of the data. For example, in 
our case, especially on the cultural services, we had to use experts to assess the impacts of the 
alternatives. 

One problem with the CICES classification is that it considers biodiversity as a cultural service while 
most participants intuitively felt that it is a regulating service, linking it to an ecological aspect of the 
peatland policy dilemma. The categories ‘physical and experiential interactions’ and ‘intellectual and 
representative interactions’ were also not clear to the participants but the classes such as 
‘educational and aesthetic use of peatlands’ made sense to them. The classes ‘existence and bequest 
values’ were brought up by the participants in the identification exercise but we did not include 
them in the value tree because it would have been difficult to operationalize them (see Saarikoski et 
al., 2016b). Instead, these were value arguments that were used by the participants when defending 
the importance of biodiversity. Overall, all these ambiguities can decrease the intuitiveness of the 
weighting process, especially in hierarchical weighting, as it might be difficult to give weights without 
clearly knowing what issues should be considered in the weighting. Actually, this was a reason that 
we finally ended up using non-hierarchical (i.e. flat) weighting, in which weights are assigned directly 
to the different ES classes (sub-criteria level in Figure 1).  

4.3. Non-redundancy and decomposability/preferential independence 

One of the known problems of using an ES classification with MCDA is double-counting (see, e.g. 
Fisher et al., 2009; Liu et al., 2013), which is directly related to non-redundancy. This is, however, not 
only related to the use of MCDA with ESs, but it has been also noticed in application of ESs in general 
(e.g. Saarikoski et al., 2015; Haines-Young, 2016), and with respect to application of economic 
valuation methods such as Cost-Benefit Analysis in particular (e.g. Fisher et al., 2009; Fu et al., 2011; 
Johnston and Russell, 2011). The double-counting concerns all the ES classifications (MA, 2003; TEEB, 
2008; CICES, 2013), as none of them distinguishes between intermediate ecosystem processes and 
the services that are directly consumed or enjoyed by people (Boyd and Banzhaf, 2007; Fisher and 
Turner 2008). Although CICES aims to reduce double-counting by deliberately excluding supporting 
services, it does include categories such as ‘maintaining nursery populations and habitats’ and 
‘filtration/sequestration/storage/accumulation by ecosystems’ as regulating services. Double-
counting cannot be avoided, if the value tree covers both these ecological structures and processes 
which help maintaining plant and animal populations (e.g. berries and fish) and purify natural 
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waters, and the plants and animals, and good water quality, maintained by these structures and 
processes. Several authors suggest that a rigorous analysis should focus only the final products 
produced by ESs, especially in the valuation context (e.g. Johnston and Russell, 2011). 

In our case, water purification is a regulating service, but it also has direct impacts on the quality of 
drinking water, which is a provisioning service, and the quality of water bodies, which influence 
recreational opportunities (cultural service). Therefore, we only included criterion ‘quality of water 
bodies’ in the value tree. Nevertheless, we did not quite succeed in avoiding double-counting. Under 
criterion ‘condition of fresh waters’ we had three sub-criteria, which essentially measured the same 
thing, namely the quality of water: ‘water purification by peatlands’, ‘quality of water bodies’ 
(measured by the number of lakes in a threat of decreasing quality), and ‘impacts on fish and 
crawfish’. The first criterion was included because in ecosystem service literature it is often expected 
that peatlands have an important function in filtering and purifying waters that run through them 
(Biancalani and Avagyan, 2014). However, it turned out that the peatlands in our alternatives did not 
really have this role, mostly because most of the minerotrophic peatlands, which play a role in 
filtering phosphorous and nitrogen from waters running through them, are located in Northern 
Finland. The ones in Southern Finland are mostly cut off by ditches, and hence, they have lost their 
water purifying capacity.  

Another example of double-counting in our value tree was berry picking. Berries, especially 
cloudberries, are an important provisioning service especially in Northern Finland, where they are 
also picked for commercial uses. However, in Southern Finland, berry picking is mostly carried out as 
a recreational activity. It is quite likely that some interviewees put emphasis on the berries because 
it was considered as both production service and cultural service through its recreational aspects. 
For instance, one person who assigned a relatively high weight to berries argued that berry picking is 
good exercise which motivates family outings in the nature. Some interviewees also complained that 
it was artificial and not commonsensical to try to separate the different aspects of berry picking, the 
berry yield as a provisioning service and the experience of picking berries in the nature as a 
recreational service. 

The additive MAVT models are also assumed to be decomposable and they also assume preferential 
independence of the criteria. In our case, it was difficult for some interviewees to only consider the 
energy obtained from peat without simultaneously considering the disadvantages of peat extraction. 
However, this phenomenon is not only an issue of our case, but is a generally acknowledged 
challenge of MAVT (e.g. Morton, 2017). Thus, it is likely that the weighting would have been equally 
difficult for those interviewees, even if the ES classification had not been used. There are also 
approaches to reduce the possibility of double-counting, for example, by using means–ends 
networks (Keeney, 1992) to identify relationships between the fundamental objectives and means 
objectives to achieve them. These approaches are applicable regardless of the application area, and 
thus, also here within the ESS framework. 

5. Conclusions 

In this paper, we studied the use of the ES classification, in particular CICES, as a starting point for a 
value tree in MCDA. Based on the literature, we first identified the characteristics of a good value 
tree, and then conducted a case study focusing on the ESs provided by the peatlands in Finland to 
systematically evaluate the applicability of the developed ES framework in MCDA. In general, we 
think that building a value tree on the ES classification increases the possibility of value trees 
becoming too detailed rather than too simple. A similar observation has also been made elsewhere, 
for example, Marttunen et al. (2018) have discussed problems related to very large hierarchies. On 
the other hand, although the ES classification aims to be comprehensive, it still excludes some 
important aspects in natural resources use. For example, in our case there were some important 
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indirect impacts to the society (e.g. employment and local economy) that were highly relevant 
issues, but that were missing from the ES classification (see also Karjalainen et al., 2013). 

Another disadvantage of using the ES classification as a basis of the value tree is that it can lead to 
the rigidity of the modeling and in this way to decrease the operability and understandability of the 
value tree. In this respect, we suggest considering the classification only as tentatively, and allowing 
room for modification of the value tree and its elements according to the needs of the case. The 
strict use of the ES classification as a basis of the value tree can also increase the possibility of 
double-counting. Countermeasures for that include proper definition of what we mean by each ES 
and careful identification of possible situations of double-counting and planning the set of criteria 
according to that.  

Overall, our analysis showed that the ES classification can be used as a supportive element in the 
identification of the problem and its elements in MCDA. However, one should be aware of the 
potential pitfalls in the use of MCDA and realize its application in a careful way which seeks to 
ensure that potential pitfalls are avoided and results are not distorted. One possible process could 
be a compromise approach, which starts with the ES classification, but allows modifications during 
the process. Actually, as an epilogue to our modeling process, we continued our process using this 
kind of an approach by making some modifications to the initial value tree after the DAIs, with an 
aim to improve the model to meet the desirable properties of the value tree. First, we added a new 
upper level class of ‘other criteria’ that included issues related to the local economy, employment 
and land ownership. Secondly, we split the sub-criterion ‘peat extraction’ into two separate sub-
criteria: ‘peat energy’ and ‘horticultural/environmental peat’. We also asked the participants to carry 
out the weighting again with this new model (for details, see Saarikoski et al., 2019). Many of them 
indeed assigned relatively high weights for these newly added criteria, which supported their 
inclusion into our model. Most of the participants also thought that the new model better 
represents the wide range of relevant issues. 
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Appendix A. CICEC classification (V4.3) of ecosystem services 

Source: http://cices.eu 

Section column lists the three main categories of ecosystem services 

Division column divides section categories into main types of output or process. 

The group level splits division categories by biological, physical or cultural type or process. 

The class level provides a further sub-division of group categories into biological or material outputs 
and bio-physical and cultural processes that can be linked back to concrete identifiable service 
sources. 

Class types break the class categories into further individual entities and suggest ways of measuring 

the associated ecosystem service output. Note: Class type section is open in that many class 
types can potentially be recognized and nested in the higher level classes, depending on the 
ecosystems being considered. 

 CICES for ecosystem accounting 

Section Division Group Class Class type 

Provisio- 
ning 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Nutrition 
  
  
  
  
  
  
  

Biomass 
  
  
  
  
  

Cultivated crops Crops by amount, type 

Reared animals and their outputs Animals, products by amount, type 

Wild plants, algae and their 
outputs 

Plants, algae by amount, type 

Wild animals and their outputs Animals by amount, type 

Plants and algae from in-situ 
aquaculture 

Plants, algae by amount, type 

Animals from in-situ aquaculture  Animals by amount, type 

Water 
  

Surface water for drinking By amount, type 

Ground water for drinking   

Materials 
  
  
  
  

Biomass 
  
  

Fibres and other materials from 
plants, algae and animals for 
direct use or processing 

Material by amount, type, use, 
media (land, soil, freshwater, 
marine) 

Materials from plants, algae and 
animals for agricultural use 

  

Genetic materials from all biota   

Water 
  

Surface water for non-drinking 
purposes 

By amount, type and use 

Ground water for non-drinking 
purposes 

  

Energy 
  
  

Biomass-
based ener-
gy sources 

Plant-based resources By amount, type, source 

Animal-based resources   

Mechanical 
energy  

Animal-based energy By amount, type, source 
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Section Division Group Class Class type 

Regula-
tion & 
Mainte-
nance 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Mediation 
of waste, 
toxics and 
other 
nuisances 
  
  
  
  

Mediation 
by biota 
  

Bio-remediation by micro-
organisms, algae, plants, and 
animals 

By amount, type, use, media (land, 
soil, freshwater, marine) 

Filtration/sequestration/storage/a
ccumulation by micro-organisms, 
algae, plants, and animals 

By amount, type, use, media (land, 
soil, freshwater, marine) 

Mediation 
by 
ecosystems 
  
  

Filtration/sequestration/ 
storage/accumulation by 
ecosystems 

By amount, type, use, media (land, 
soil, freshwater, marine) 

Dilution by atmosphere, 
freshwater and marine 
ecosystems  

  

Mediation of smell/noise/visual 
impacts 

  

Mediation 
of flows 
  
  
  
  
  

Mass flows 
  

Mass stabilisation and control of 
erosion rates 

By reduction in risk, area protected 

Buffering and attenuation of mass 
flows 

  

Liquid flows 
  

Hydrological cycle and water flow 
maintenance 

By depth/volumes 

Flood protection By reduction in risk, area protected 

Gaseous / 
air flows  

Storm protection By reduction in risk, area protected 

Ventilation and transpiration By change in temperature/humidity 

Maintenan-
ce of 
physical, 
chemical, 
biological 
conditions 
  
  
  
  
  
  
  
  
  

Lifecycle 
maintenan-
ce, habitat 
and gene 
pool 
protection 

Pollination and seed dispersal By amount and source 

Maintaining nursery populations 
and habitats 

By amount and source 

Pest and 
disease 
control 

Pest control By reduction in incidence, risk, area 
protected 

Disease control   

Soil 
formation 
and 
composition 

Weathering processes By amount/concentration and 
source 

Decomposition and fixing 
processes 

  

Water 
conditions 

Chemical condition of freshwaters By amount/concentration and 
source Chemical condition of salt waters 

Atmosphe-
ric compo-
sition and 
climate 
regulation 

Global climate regulation by 
reduction of greenhouse gas 
concentrations 

By amount, concentration or 
climatic parameter 
  

Micro and regional climate 
regulation 
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Section Division Group Class Class type 

Cultural 
  
  
  
  
  
  
  
  
  
  

Physical and 
intellectual 
interactions 
with biota, 
ecosystems, 
and land-
/seascapes 
[environ-
mental 
settings] 

Physical and 
experiential 
interactions 
  

Experiential use of plants, animals 
and land-/seascapes in different 
environmental settings 

By visits/use data, plants, animals, 
ecosystem type 
  

Physical use of land-/seascapes in 
different environmental settings 

Intellectual 
and repre-
sentative 
interactions 
  

Scientific By use/citation, plants, animals, 
ecosystem type 
  
  
  
  

Educational 

Heritage, cultural 

Entertainment 

Aesthetic 

Spiritual, 
symbolic 
and other 
interactions 
with biota, 
ecosystems, 
and land-
/seascapes 
[environ-
mental 
settings] 

Spiritual 
and/or 
emblematic 
  

Symbolic By use, plants, animals, ecosystem 
type 
  Sacred and/or religious 

Other 
cultural 
outputs 
  

Existence By plants, animals, 
feature/ecosystem type or 
component 
  Bequest 

 


