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1 Introduction 

1.1 Goals and Scope  

This manual discusses the application of Multi-Criteria Analysis (MCA) in the context of development of 
transport infrastructure projects. Its goal is to present the method, and propose specific advice on how to 
use it at the various stages of project maturity. 

The manual is structured, as follows: 

 Chapter 1 gives an overview of the available decision-making tools, and presents background 
information that is considered essential for understanding of the decision-making process. 

 Chapter 2 discusses in more detail the specification and preparation of MCA1; most of its contents 
should be applicable for areas outside the development of infrastructure projects.  

 Chapter 3 looks into how MCA is integrated in the process of preparation of public infrastructure 
projects.  

 Finally, chapter 4 gives some practical recommendations on the specification and preparation of 
MCA for selection of alternatives for road and railway projects. The majority of these 
recommendations should be applicable for urban and other transport projects as well. 

1.2 Key Features of Multi-Criteria Analysis 

MCA is a useful tool in decision-making as it allows comparing in a transparent manner of multiple 
properties of the alternatives. It has great advantages compared to informal decision-making, which is 
susceptible to a multitude of biases.  

An important feature of MCA is that it can be used as a means to communicate within the entity developing 
a project, but also with the public. Good communication could help achieve wider acceptance of the results 
of the MCA, but even more importantly, can be a way to improve the alternatives and find new ones.  

MCA has the advantage of explicitly recording the choice of objectives, criteria and weights. This allows 
further revision and refinement of the analysis, when new information becomes available, or when there 
are changes in the set of preferences guiding the analysis.  

Perhaps the most notable key feature of MCA is that it relies heavily on the judgement of the persons 
preparing it. The hierarchy of the objectives, the criteria, the weights of the criteria, and sometimes even 
the scores, are all product of the values and personal preferences of the people within the team preparing 
the analysis. An MCA will inevitably be influenced by the beliefs and cultural background of its authors. 
For this reason, it is useful to consider the MCA process as “a guided exploration of a problem”2 instead 
of a precise recipe. 

1.3 Decision-Making Tools 

A number of tools aiding the decision-making process are available. Apart from MCA, some of the most 
well-known are the Cost Effectiveness Analysis (CEA) and the Cost-Benefit Analysis (CBA). 

CEA is a method, where the different outputs of the alternatives being studied are subjectively compared 
with the different costs3. In contrast, CBA translates all effects of the alternatives to monetary terms and 

                                                      

1 The chapter and other parts are influenced by the excellent MCA manual by Dodgson et al. (2009). The section 
on multi-attribute utility theory draws from the seminal work by Keeney and Raiffa (1976). 

2 Dodgson et al. (2009; p. 30). 

3  Detailed discussion on CEA can be found in UK Treasury’s “Green Book” (2011), including a concrete example 
on pp. 75-76.  
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compares the net present costs and benefits in order to obtain measure of the effects of the alternative to 
society. 

Both CEA and CBA require that monetary values are attributed to various inputs and outputs, which is not 
always possible or practical. This is especially valid for the evaluation of environmental effects (both 
resulting from an infrastructure project and affecting it), which develop over long periods of time, and are 
subject to high levels of uncertainty. In cases when monetarising of the effects of a project is not possible, 
the use of MCA is widely considered appropriate.  

CBA is in principle less affected by the judgement of its authors, as most often generally accepted 
techniques and monetary values are used, but it is also much less transparent for non-experts. A great 
advantage of CBA is that it can demonstrate whether an alternative will result in a Pareto improvement, 
whilst MCA does not necessarily imply an improvement of welfare. 

Another fundamental difference between CBA and MCA is how the effects of the alternatives over time 
are treated. CBA achieves comparability of the effects incurred at different times by discounting cash flows 
to present values. MCA on the other hand has no such explicit mechanism, and the way time is considered 
depends on the particular context. 

In summary, MCA allows comparison of alternatives in conditions of greater uncertainty, than what is 
possible with purely monetary methods. This is usually the case in the early stages of project development, 
when little information about the properties of the alternatives is known. The dominating view seems to be 
that preference should be given to monetary methods for comparison of alternatives in the later stages of 
project development. 

1.4 Bounded Rationality 

It is worth noting that both the project developer and the stakeholders, who are interested in the decision, 
are not perfectly rational, but operate under bounded rationality4. This means that in most cases they: 

 cannot reliably predict the future state of affairs (hence also the utility associated with it), if a 
particular alternative is selected; 

 have limited information about the properties of the alternatives; 

 consider a set of alternatives, which is possibly a subset of the possible ones; 

 use simplified rules (heuristics) in trying to come up with an optimal decision, instead of dealing 
with complex computational problems. 

(The last is a consequence of the important fact, that there is a limited cost, in terms of effort, time and 
money, which people are willing and able to spend on finding a solution.) 

This rationality is different from the ideal rationality of Homo economicus postulated by many economic 
theories. Multi-attribute utility theory, which is the foundation of MCA, assumes such perfectly rational 
behaviour.  

In the case of MCA for transport infrastructure projects, one of the most difficult tasks is to predict with 
reasonable accuracy the future state of affairs, given a particular alternative. Most notably this relates to 
future demand5, which is influenced by an enormous number of factors that are both internal and external 
to the project. Estimates of some properties of the alternatives, especially construction costs, are 
notoriously unreliable6.  

                                                      

4 For a presentation of the theory, see for example Simon (1955). 

5 Flyvbjerg et al. (2006) review the demand forecasts for 210 railway and road projects, and observe substantial 
inaccuracies. These are much more severe in the forecasts for railway projects, which appear to be systematically 
inflated.  

6 Flyvbjerg et al. (2002) carry out an analysis of cost overruns of transport infrastructure projects, and find out that 

costs are underestimated in 9 out of 10 cases. They discuss some objective sources of inaccuracy and natural 
biases (e.g. appraisal optimism), but nonetheless conclude that cost estimates “are highly, systematically, and 
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What is important to underline is that these practical constraints strongly influence the decision-making 
process at each stage of the development of a project. The early stages of project development “take 
place in highly simplified spaces that abstract most of the detail from the real-world problem, leaving only 
its most important elements in summarized form. When a plan, a schematized and aggregated design, 
has been elaborated in the planning space, the detail of the problem can be reintroduced, and the plan 
used as a guide in the search for a complete design.”7  

MCA is usually carried out early in the preparation of projects and is affected by the lower reliability and 
level of detail of the available data.  

1.5 Flaws of Intuition 

As already pointed out, by design MCA relies heavily on judgement. In this process, the team preparing 
the MCA must consider: 

 the current state of affairs, described by a multitude of qualitative and quantitative parameters; 

 the future state of affairs, if each of the alternatives is implemented, i.e. the future values of the 
parameters being considered; 

 the utility, associated with each of the possible future states. 

Under conditions of uncertainty and limited information, people will often tend to use their intuition to make 
judgement. This naturally leads to the question when is intuition a good tool. It is considered that there 
are two prerequisites for intuition to develop8: a high-validity environment, and the possibility to learn it. 
High-validity environment refers to conditions, which allow clear links between causes and consequences 
to be made. This requires high visibility and availability of information. 

Arguably, the environment of preparation and implementation of infrastructure projects is not one of very 
high validity. It is inherently complex and difficult to observe, as there are hundreds of processes 
developing independently, or influencing each other, and each of the participants gets to be directly 
involved in only a small number of them. In addition, there are strong influences from society (public 
opinion, politics), which can completely change the course of a project, but are impossible to predict. The 
potential to gather experience is limited by the fact that the processes of project preparation and 
implementation develop over years, even decades, and more often than not the participants do not have 
the opportunity to witness them in their entirety.  

The above suggests that, in the context of infrastructure projects, a healthy dose of scepticism should be 
applied when having to resort to intuition.  

1.6 The Variance of Preferences 

MCA relies on determining a set of criteria and their weights. The combined scoring functions and weights 
should ideally represent a social utility function, i.e. the contribution of the measure to the welfare of society 
as a whole.  

It is often recommended to consult interest groups in order to determine criteria and set reasonable 
weights. Unfortunately, there is no universal, invariable and consistent set of preferences that can be 
reflected in the criteria and weights of an MCA. Ultimately, the composition of the group that is being 
consulted is likely to be a major determining factor.  

Cultural theory describes the cryptically called “grid/group” typology, which identifies four distinct sets of 
attitudes towards nature and risk9. These attitudes are often conflicting with each other and reconciling 

                                                      

significantly deceptive” and the general public “should not trust the cost estimates presented by infrastructure 
promoters and forecasters”.  

7 Simon (1977; p. 172). 

8  See Kahneman and Klein (2009; pp. 524-525).  

9 The groups are named individualists, hierarchists, egalitarians and fatalists. See Adams (1995) for a presentation 

of the grid/group typology and an extensive discussion on how it reflects in the public perception and development 
of infrastructure projects. 
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them may turn out to be impossible. The conclusions of an MCA reflecting the attitudes of one group may 
very well be unacceptable for another group. 

A practical problem is the translation of preferences to a consistent set of numerical weights. Even if the 
weights are determined by a single person, or a small and coherent group, it may be difficult, in practice, 
to attribute specific numbers to preferences. Another implicit assumption is that preferences remain 
constant, which is often not the case.  

The analysts preparing an MCA should be aware of the above issues and do their best to address them. 
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2 Multi-Criteria Analysis 

2.1 Introduction 

The MCA should start from examining values and gradually translating them to a solution (figure 1). The 
exact sequence of MCA steps may vary depending on the context and the preferences of the team 
preparing the analysis. For example, defining criteria groups may precede (and guide) the definition of 
individual criteria, but it is also possible to first define the criteria and then cluster them in groups. In any 
case, what seems more important than the exact sequence of steps is the thought that goes into them.  

Figure 1. From values to a solution. 

 

It is worth noting that MCA is not necessarily a one-time procedure or a strictly sequential one. More than 
one MCA can be used at different stages of the development of a project and often it may be needed to 
revisit or completely redo some of the steps of the analysis. Ideally, the MCA will evolve together with the 
evolution of the alternatives and the deepening understanding of the problem by the analysts.  

In the process of preparation of infrastructure projects, MCA is typically not used to identify a single 
alternative to be implemented. Normally, it is used to narrow the set of possible solutions and create a 
shortlist of alternatives to be compared with CBA. MCA can also be used to prioritise projects within 
investment programmes. 

2.2 Principles of Multi-Criteria Analysis 

Multi-Attribute Utility Models 

Multi-attribute utility theory is a normative theory of rational choice developed in the XX century10. In its 
general form it explicitly takes uncertainty into account, as well as allows interaction between the attributes 
of the decision. MCA is a special case of multi-attribute utility theory for decisions under certainty when 
linear additive form of the value function can be justified.  

The multi-attribute analysis of any kind starts with considering the values and preferences that guide the 
decision-making process. Based on them, a hierarchy of decision’s objectives is structured, so that 
specific attributes of the decision can be derived from the lower level objectives. (The term “attribute” has 
meaning equivalent to the term “criterion” used in the context of MCA.) The attribute set should comply 
with a number of requirements, namely it must be complete, operational, decomposable, non-redundant 
and with minimum size11. Ranges of performance levels are associated with the attributes, which allows 
measuring the degree of fulfilment of the objectives.  

                                                      

10 See Keeney and Raiffa (1976). 

11 These requirements are discussed in more detail in section 2.8. See also Keeney and Raiffa (1976; pp. 50-53). 

VALUES AND PREFERENCES

OBJECTIVES

CRITERIA FOR ACHIEVEMENT OF THE OBJECTIVES

ALTERNATIVES

A PREFERRED ALTERNATIVE OR A SHORT-LIST
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In the case of decisions under certainty, value functions are used to represent the preferences of the 
decision makers for each of the attributes. The value functions are scaled in accordance with the strength 
of the preference for the attributes and the willingness to achieve trade-offs between them. (The scale 
constants of the functions have the same meaning as the weight constants in MCA.) 

In the case of decisions under uncertainty, utility functions are used. With the help of various assumptions 
and techniques, the multi-attribute utility functions can be decomposed to expressions of consistently 
scaled single-attribute utility functions, which can then be evaluated individually. 

A critical role in this process have the different types of independence of the attributes. An attribute is 
preferentially independent of the rest of the attributes in a set, if the preference order of consequences 
involving changes in the levels of the attribute does not depend on the levels of the rest of the attributes. 
A stronger condition is utility independence, which requires independence of the conditional order of 
lotteries, and the strongest condition is additive independence12. 

Utility functions can be multilinear, multiplicative or additive. Expressing the preferences for the attributes 
as an additive value function is the simplest of multi-attribute utility models13. Additive models with value 
functions do not have a built-in mechanism for taking uncertainty into account and are applicable only if 
preferential independence of the attributes can be ensured.  

Linear Additive Models 

Whilst a number of approaches to analysis of alternatives exist, linear additive models appear to be most 
widely used when comparing alternatives of infrastructure projects. This is perhaps due to their relative 
simplicity and accessibility. Linear additive models allow evaluating the properties of the alternatives using 
a single number. This is done by multiplying the score awarded for each criterion by criterion’s weight, 
and then summing the weighted scores: 

𝑆𝑗 = ∑ 𝑤𝑖 . 𝑠𝑖𝑗

𝑖

;   𝑤𝑖 > 0; 𝑠𝑖𝑗 ∈ [𝑠𝑖,𝑚𝑖𝑛; 𝑠𝑖,𝑚𝑎𝑥]  

where: 

𝑆𝑗 is the total score for alternative 𝑗; 

𝑤𝑖 and 𝑠𝑖𝑗 are the weight and score of criterion 𝑖 for alternative 𝑗; 

𝑠𝑖,𝑚𝑖𝑛 and 𝑠𝑖,𝑚𝑎𝑥 define the range14 of scores that can be awarded for the performance under 

criterion 𝑖. 

Weights have positive values in order not to reverse the direction of preference expressed with the 
scores15. The lower boundary of the score 𝑠𝑖,𝑚𝑖𝑛 is usually 0, but can also be a negative number, if both 

positive and negative impact is to be evaluated under a criterion. 

The most important requirement to justify the use of the additive form is for mutual preferential 
independence of the criteria. If preferential independence cannot be guaranteed, then more complicated 
models should be used. 

The alternatives have the property independence of irrelevant alternatives (IIA) in the sense that the 
preference of one alternative over another does not depend on the presence or absence of any other 
alternative. This has the practical implication that if an alternative is found to be dominated or impractical, 
it can be removed from the analysis.  

                                                      

12 For strict definitions of the independence conditions, see for example pp. 284-285 and pp. 224-230 of Keeney and 
Raiffa (1976). 

13 See chapter 3 of Keeney and Raiffa (1976) for a presentation of multi-attribute decisions under certainty. 

14 Clearly defining the score ranges is important, as the ranges weighted scores can assume equally depend on both 
the criteria weights and the ranges of the scores. 

15 In contrast, the scaling constants of utility functions which directly take performance levels as input (e.g. the known 
portion of utility in discrete choice models) can be negative to express negative direction of preference (i.e. 
“disutility”). 
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Normally, alternatives are ranked in accordance with their total score, as higher score results in higher 
ranking16.  

The focus of this manual is the specification and use of linear additive models, referred to simply as MCA.  

2.3 General Context 

Before presenting the practical steps of MCA preparation, it is convenient to explicitly establish the general 
context of the discussion.  

We will assume that the subject of analysis is an infrastructure project. We will also assume that: 

 There is a team of analysts (internal or external to the public entity responsible for the project) 
that has the task of proposing an optimal solution to a problem and developing an MCA to support 
it.  

 There is a decision-making group of people, which has the authority to take a decision based on 
an MCA, prepared by the team of experts.  

 There is a number of external groups (stakeholders), which are interested in the measure being 
analysed, but are not directly involved in the decision-making process. This includes the people 
affected by the project, environmental and other NGOs, the scientific community, etc. 

As already suggested in chapter 1, MCA reflects by design the values and preferences of the individuals 
that participate (directly or not) in its specification and preparation. Therefore, it is necessary to distinguish 
the different groups that influence the decision-making process. Even more importantly, the values and 
preferences of stakeholders that do not participate in the MCA should also be reflected in it. 

2.4 Identifying the Decision Context 

Similarly to how we established the general context of the discussion, the first step of an MCA is to identify 
the decision context. This includes the stakeholders – the parties that will be directly involved in taking the 
decision, the ones that will potentially be affected by it, as well as any other interested parties (key players). 
An important part of the decision context are the fundamental social values (transformed to objectives 
related to health and safety, environmental, etc.), and the strategic objectives of the entity making the 
decision. 

Stakeholders 

A stakeholder is “any group or individual who can affect or is affected by the achievement of the 
organization's objectives”17. The identification of stakeholders is a fundamental part of establishing the 
decision context, as their values, preferences and objectives must be reflected in the MCA. Properly 
identifying the stakeholders is an issue with moral dimensions, but from the practical point of view it is also 
the first step in pursuing acceptance of the results of the MCA.  

The above definition of stakeholders is quite broad and for infrastructure project includes large parts of 
society. As the objectives of all stakeholders should be considered, adopting a too narrow definition of 
who the stakeholders are creates risk of limiting decision’s objectives – and hence of not achieving 
maximum value to society. In reality, the objectives of the stakeholders are often conflicting, and balancing 
them is a serious challenge. 

Stakeholder identification should not be limited to only the actual relationships with stakeholders, but 
should also consider the potential relationships. Identifying latent stakeholders reduces the risk of negative 
impacts on the project, in case the relationships become actual.  

A useful approach to identifying stakeholders, both actual and potential, is to think about them in terms of 
the presence or absence of three key attributes: power, legitimacy and urgency. The power attribute 

                                                      

16 In some analyses that evaluate negative impacts (e.g. on the environment), higher scores correspond to higher 

impact, and lower scoring alternatives are preferred.  

17 Freeman (1984) quoted by Mitchell et al. (1997; p. 854).  
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defines the extent to which a stakeholders can pursue their objectives regardless of the objectives of the 
rest of the stakeholders. Legitimacy relates to the socially perceived desirability or appropriateness of the 
objectives of a stakeholder. Urgency relates to the time sensitivity and criticality of attending to the 
objectives of a stakeholder18. 

Figure 2. Stakeholder typology (Mitchell et al., 1997).  

 

 

The three attributes of stakeholders are socially constructed, variable in time, and can be exercised 
consciously and wilfully, or not. This reinforces the understanding of stakeholder identification and 
management as a continuous balancing act, rather than a one-time effort. 

Objectives 

The objectives of the decision are also part of its context. The process of establishing them is described 
in the following section. 

2.5 Establishing the Objectives 

Simply put, “an objective is a statement of what one desires to achieve. It is characterised by three things: 
a decision context, an object, and a direction of preference”19. 

A distinction can be made between higher level objectives, which correspond to universal values and 
strategic priorities, and lower level objectives, which help disaggregate the problem into manageable 
parts. Sometimes the objectives are organised in a hierarchy20 (a value tree) to help visualise how they 
relate to each other. The hierarchy of objectives can then be used to derive MCA criteria from the lower 
level objectives. 

                                                      

18 For details on the three attributes of stakeholders and a discussion on stakeholder typology, see Mitchell et al. 
(1997).  

19 Keeney (1992; p. 34). 

20 See section 2.3 of Keeney and Raiffa (1976) for a discussion on the hierarchy of objectives.  
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The importance of having clearly defined objectives is often underestimated, and alternatives are defined 
without giving sufficient consideration to the objectives. This is alternative-focused thinking, which has 
serious disadvantages compared to decision-making focused on values and objectives21. 

An important factor that must be taken into account is that the groups of people bearing the benefits and 
costs of a measure are often different. Naturally, they also have different, and often conflicting, interests. 
These conflicting interests must be properly reflected in the objectives, so that they can be addressed 
under the MCA.  

2.6 Identifying Alternatives 

Principles 

Alternatives should be thought about as means to achieve the objectives. Therefore, the process of 
identification of alternatives should be driven by consideration of the objectives. There are often obvious 
alternatives, or ones that have been developed in the past, but it is critical that the analysis does not focus 
on them only. An attempt should be made to identify other alternatives that contribute to the objectives. 
Unfortunately, it is in practice difficult to avoid the influence of the obvious alternatives, and quite often the 
new alternatives are only marginally different.  

MCA seems to work better when the alternatives have qualitative differences. If they are similar “variations 
on a theme”, and the differences between them are marginal and mostly quantitative, then CBA may be 
a more appropriate tool for comparison.  

Theoretically, MCA can be used to study an arbitrary large number of alternatives22; in practice, however, 
too many alternatives tend to dilute the conclusions of the analysis. It helps thinking of the alternatives in 
an MCA as distinct families of options, which will be further refined and compared to come up with a single 
preferred option23.  

Preliminary Screening of the Alternatives 

At this stage, it is a good idea to screen out obviously unfeasible alternatives, i.e. ones that are outside 
the known legal, budgetary, environmental and other constraints. Usually, this screening process is 
informal. Sometimes, however, there may be disagreement between the stakeholders, or more importantly 
between the stakeholders and the project developer, on what constitutes a no-go condition. In such cases 
it may be beneficial to formalise the screening process and clearly record the feasibility criteria, which 
alternatives are excluded from further evaluation, and what the reasons for exclusion are. 

Note that screening out of alternatives at this early stage should not be done without carefully considering 
the reliability and precision of the available data.  

Sometimes there is a multitude of feasible alternatives, but it is also possible that most, or all, of the 
obvious alternatives are unfeasible. In the latter case, the importance of objective-driven identification of 
alternatives is even greater. 

                                                      

21 See Keeney (1992) for an enlightening discussion on decision-making focused on values. 

22 In the case of comparison of alternatives for infrastructure projects, the number of treated alternatives is usually 
finite. If it is not, then other methods for analysis should be used, e.g. linear programming. For a presentation of 
continuous MCA models, see Dodgson et al. (2009; pp. 112-114). 

23  In this manual the word “option” is used to denote a very well-defined and specific solution to a problem; options 
are expected to only have quantitative differences. The word “alternative” is preferred when a so lution is still 
subject to a lot of uncertainty, and is not necessarily too specific, or defined very precisely; alternatives are 
expected to have conceptual (and qualitative) differences. In the context of infrastructure projects, MCA is usually 
applied at an early stage, hence the dominant use of “alternative” in this manual.  
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Other Issues 

It may be useful to also include a do-minimum24 alternative. Such an alternative will provide a baseline 
against which the other alternatives can be compared. It will help ensure that a future intervention does 
not make the situation worse. Note, however, that demonstrating that a given alternative performs better 
than a do-minimum alternative still does not guarantee that welfare will not be reduced. If, however, CBA 
is to be used later in studying the preferred alternative, the inclusion of a do-minimum alternative may not 
be necessary. 

A practical issue is how alternatives are presented in the explanatory note of the MCA. Surprisingly often, 
the scope and main properties of the alternatives are not precisely described. This is problematic not only 
to the eventual reader of the note, but also to the team preparing the analysis, who may have different 
assumptions and understanding about what the alternatives actually are. 

2.7 Grouping of Criteria 

Criteria can be grouped together to represent distinguishable components of the lower or higher level 
objectives. Grouping could help the analysis to keep focus on the overall objectives and “to facilitate the 
emergence of higher level views of the issues, particularly how the options realise trade-offs between key 
objectives”25.  

In general, it seems a good idea to actually start with defining the value tree or criteria groups, and only 
then focus on the specific criteria. Of course, it is possible to first define the criteria, and then group them. 
In any case, the definition of criteria and their grouping are interrelated processes, and it may be needed 
to go through more than one iteration until satisfactory results are achieved.  

2.8 Selecting the Criteria 

Principles 

The set of criteria should always be considered based on its relevance for achieving the objectives. The 
first requirement to the criteria set is that it must be complete. This means that: 

 The criteria must reflect the objectives and allow evaluation of the most important properties of 
the alternatives. The importance of a particular property should be considered in the light of the 
specific objectives and socially accepted values (e.g. health and safety, environment, cost 
effectiveness, etc.). 

 The criteria must evaluate both the benefits and costs of the alternatives. Focusing only on one 
of the two is likely to introduce bias26 in the analysis.  

 The criteria must allow proper differentiation between the alternatives. In other words, they should 
not evaluate properties that are too similar among the alternatives, or ones that cannot be 
measured with sufficient accuracy. 

The criteria must be both specific and operational. Vaguely defined criteria must be avoided and it must 
be ensured that the properties captured by the criteria can be measured or ranked.  

The criteria set must not include any redundant criteria, i.e. criteria that compare properties, which are 
irrelevant to the objectives.  

There should be no double counting, i.e. evaluating a property, or parts of it, under more than one criterion. 
Double counting will result in attributing a given property of the alternatives higher weight, than it is 

                                                      

24 The concept of a do-minimum alternative is very similar to that of a do-nothing alternative, except that it recognizes 
that some actions will be taken with or without implementing the measure being analysed. These actions must be 
explicitly defined just as the scope of any other alternative. 

25 Dodgson et al. (2009; p. 34). 

26 For example, in the context of infrastructure projects, evaluating only the costs will favour cheaper and more 
conservative solutions, which may also have lower benefits; evaluating only the benefits will favour larger scale 
interventions, which are likely to be more expensive. 
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declared. In principle, this should be avoided but sometimes it is useful to consider the same property 
from more than one perspective. As long as double counting is recognised and explicitly noted, it should 
not be considered a problem. 

Finally, the criteria must be mutually preference independent, meaning that it should be possible to 
evaluate the alternatives against each criterion without knowing how the performance against any other 
criteria has been evaluated. This is a critical requirement to the criteria set, as it legitimises the use of an 
additive function to calculate the scores of the alternatives. If mutual independence cannot be guaranteed, 
then more complicated methods should be applied27.  

If two or more criteria are found to be preferentially dependent from each other, a straightforward approach 
is to combine them into a single criterion. Note that the performance under two or more criteria may be 
correlated (i.e. the criteria can be simultaneously influenced by a factor that is or is not being evaluated 
directly). Such correlation is not a problem as long as the preferences about the criteria are independent28.  

Practical Issues 

The definition of criteria is naturally influenced by the limited knowledge about the properties of the 
alternatives being evaluated. Some of the recommendations defined above are easier to follow, whilst 
others may pose practical problems. In general, ensuring mutual independence of the criteria and 
avoidance of redundant criteria should be straightforward. Avoiding double counting, however, may be 
difficult or even undesirable. 

An important practical question is how criteria should be identified. There are no strict rules for this, but in 
reality this is done either by the team preparing the MCA (considering the strategic objectives and trying 
to imagine what the objectives of the external stakeholders are), or by directly consulting the stakeholders.  

Sometimes there is a set of alternatives already identified and the criteria, or at least some of them, may 
be identified by trying to establish the differences between them. 

Another question is how many criteria should be considered appropriate. Again, there are no strict rules, 
but it would seem that too many criteria make the analysis difficult to understand. Too many criteria might 
make it problematic to ensure that they actually represent the preferences of the group that defined them. 
In most cases, the number of criteria seems to be between six and twenty29. 

In order to avoid confusion, the scope of the criteria should be described unambiguously in the MCA note, 
and they should be referred to with invariable names.  

Taking Time into Account 

In many cases, the effects of the alternatives will develop over many years. Monetary methods like CBA 
have an explicit mechanism of dealing with that, but MCA does not30. As regards monetary values 
evaluated under MCA, a good approach is discounting them in exactly the same way, as they would be 
discounted for a CBA. 

Sometimes it makes sense to explicitly evaluate the duration of certain effects, or the moment when they 
start acting. If for some reason discounting is not an option, time can be taken into account by including 
judgemental time-related criteria in the analysis.  

                                                      

27 As noted in section 2.2, the weighted average of scores in MCA is in effect an additive value function. This relatively 
simple form holds only for sets of mutually preference independent criteria. If preferential independence cannot 
be ensured, other forms of utility functions should be used. See Keeney and Raiffa (1976).  

28 Also note that the condition of mutual preferential independence of the criteria has nothing to do with how their 
scores are calculated, and does not exclude local scaling of the scores, as presented in section 2.11. 

29 Dodgson et al. (2009; p. 33). 

30 See chapter 9 of Keeney and Raiffa (1976) for a discussion on how time effects can be taken into account in multi-
attribute decision models. 
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2.9 Performance Matrix 

Once the alternatives and criteria have been selected, a performance matrix can be built. The matrix 
consists of rows representing the alternatives and columns representing the criteria. The performance of 
each alternative against each criterion is recorded in the corresponding cells. At this stage, there is no 
need to award scores, although it can be done. 

In principle, there is limited value in trying to directly analyse the performance matrix. Cases of 
dominance31 of an alternative can be identified, but these are rare. Most often there are trade-offs to be 
made, and the analysis needs to continue, because the performance matrix cannot help in reconciling the 
conflicting objectives.  

2.10 Evaluation Framework Architecture 

From the computational perspective, there exist a number of ways of structuring the evaluation framework. 
Some simpler MCA implementations assume equal weights and equal score ranges for all criteria. 

Symbolically stated, assuming 𝑤𝑖 = 1 and 𝑠𝑖𝑗 ∈ [𝑠𝑚𝑖𝑛; 𝑠𝑚𝑎𝑥], ∀𝑖, 𝑗 leads to: 

𝑆𝑗 = ∑  𝑠𝑖𝑗

𝑖

  

This approach may seem to make the analysis easier to design, prepare and understand. In many cases, 
however, it is considered that equal weights do not properly represent the structure of preferences, and 
therefore differentiated weights are introduced. 

One way to introduce criteria weights is to keep all weights equal (𝑤𝑖 = 1), but vary the score ranges (as 

is in the general formulation from section 2.2). In this case, 𝑠𝑖,𝑚𝑖𝑛 is usually assumed 0 for all criteria and 

only the upper boundaries 𝑠𝑖,𝑚𝑎𝑥 vary. This way 𝑠𝑖,𝑚𝑎𝑥 in effect are the criteria weights.  

The general case scenario is to explicitly define different weights 𝑤𝑖 and keep a score range between 0 
and 1 for all criteria.  

2.11 Score Functions and Scales 

Principle Issues 

So far, we have discussed score ranges that define the minimum and maximum scores that can be 
awarded under the criteria. Score scales are about how these ranges are determined and what 
mathematical functions are used to calculate scores based on the performance of alternatives. 

It is natural to score most criteria with monotonically increasing32 or decreasing functions. Indeed, some 
criteria may have an optimal desirable performance level that should be scored highest, whereas both 
lower and higher levels should be scored lower. Such situations would imply the use of non-monotonic 
functions. However, in the context of infrastructure projects it is difficult to come up with practical cases 
that make non-monotonic score scales unavoidable. It should not be problematic to reformulate (or split) 
criteria that identify optimum performance levels, so that they can be scored with regular monotonic 
functions.  

A further simplification is the use of linear scales, or scales that are composed of linear segments. In the 
context of MCA there are no specific requirements to the functional form of score scales (e.g. for 
differentiability or even for being continuous). Any function that is considered to properly reflect the 
preferences of the decision makers can be applied. 

                                                      

31 An alternative dominates one or more of the other alternatives in the case when its performance is the same or 
better under all criteria, and better under at least one of them.  

32 A function is monotonically increasing, if 𝑓(𝑥1) ≤ 𝑓(𝑥2) for 𝑥1 < 𝑥2. It is strictly increasing, if 𝑓(𝑥1) < 𝑓(𝑥2) for 𝑥1 <
𝑥2.  



13 

Linear Scales 

A standard approach to setting score scales is to use a linear scale, and award minimum points for worst 
performance level and maximum points for best. This is done using the natural units representing the 
performance levels and the formula for calculating scores has the following general form: 

𝑠𝑖𝑗 =
𝑝𝑖𝑗 − 𝑝𝑖,𝑚𝑖𝑛

𝑝𝑖,𝑚𝑎𝑥 − 𝑝𝑖,𝑚𝑖𝑛

. (𝑠𝑖,𝑚𝑎𝑥 − 𝑠𝑖,min) + 𝑠𝑖,𝑚𝑖𝑛 

where 𝑝𝑖𝑗 is the performance level of alternative 𝑗 under criterion 𝑖, and 𝑝𝑖,𝑚𝑖𝑛 and 𝑝𝑖,𝑚𝑎𝑥 represent the 

least and the most desirable performance levels, expressed as numerical values in natural units. Notice 
that this general formulation remains valid, if lower values in natural units represent higher (i.e. more 
preferable) performance levels, i.e. if 𝑝𝑖,𝑚𝑖𝑛 > 𝑝𝑖,𝑚𝑎𝑥. 

It is natural to assume the minimum scores 𝑠𝑖,𝑚𝑖𝑛 = 0, and we get the following simplified form: 

𝑠𝑖𝑗 =
𝑝𝑖𝑗 − 𝑝𝑖,𝑚𝑖𝑛

𝑝𝑖,𝑚𝑎𝑥 − 𝑝𝑖,𝑚𝑖𝑛

. 𝑠𝑖,𝑚𝑎𝑥 

Example – linear scales 

Figure 3 shows the scale for a criterion, which evaluates the travel time savings of a major transport 
scheme. The savings are determined per user and are in minutes. The range of possible performance 
levels is set between 5 and 15 minutes. More saved time is preferred, and is therefore awarded higher 
score. 

Figure 3. Example of a linear scale. 

 
The scale shown on figure 4 evaluates the negative impacts of a transport project. The project crosses 
a Natura 2000 site and could affect the habitats of animal species. It is considered that the least number 
of habitats likely to be affected is 2, hence this performance level is awarded highest score. 
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Figure 4. Example of a reversed linear scale. 

 

 

Non-linear Scales 

In some cases the strength of preference for the various performance levels is not linear and it may be 
appropriate to use a non-linear scale. This is easiest to achieve by combining two or more linear scales, 
so that 𝑠𝑛,𝑚𝑎𝑥 = 𝑠𝑛+1,𝑚𝑖𝑛 at 𝑝𝑛,𝑚𝑎𝑥 ≡ 𝑝𝑛+1,𝑚𝑖𝑛, where 𝑛 and 𝑛 + 1 denote consecutive line segments.  

Sometimes it is also practical to cap the scores to a maximum value, above a given performance level, 
which is considered sufficient for maximum score. 

Example – non-linear scale 

Assume the use of MCA for shortlisting tenderers. One of the criteria is the number of completed similar 
assignments. For a tenderer to qualify, at least one similar contract is sufficient. It is considered that 
any tenderer, which has completed between 1 and 4 similar assignments, has the necessary 
experience. The importance of more experience than 4 assignments is thought to be relatively lower. 
To reflect this understanding, the scale is steeper in the range between 1 and 4, and with much lower 
gradient between 4 and 8. The scale is capped, so that any tenderer, who has completed 8 or more 
similar contracts, is awarded maximum score.  

Figure 5. Example of a non-linear scale. 
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Global and Local Scaling 

There are two classical approaches to determining the minimum and maximum performance levels that 
correspond to the minimum and maximum scores under a criterion. One is to award 0 points for the worst 
performance level that is acceptable, or likely to be encountered in general, and maximum points to 
represent the best (global scaling). Another approach is to award 0 points for the worst performance level 
actually encountered among the alternatives being analysed, and maximum points for the best (local 
scaling).  

A third approach to scaling is a mixture of global and local scaling – maximum score is awarded to the 
best performance level actually encountered, but the lower boundary of the possible performance levels 
is kept at 0 (regardless to what the minimum encountered level is). This means that 𝑝𝑖,𝑚𝑖𝑛 = 0, and the 

scores can be calculated using: 

𝑠𝑖𝑗 =
𝑝𝑖𝑗

𝑝𝑖,𝑚𝑎𝑥

. 𝑠𝑖,𝑚𝑎𝑥 

We will refer to this approach as hybrid scaling, as it combines features of both global and local scaling.  

If the scale has to be reversed, this can be achieved in two ways. Most natural is to swap 𝑝𝑖𝑗 and 𝑝𝑖,𝑚𝑎𝑥 

(notice that in this case 𝑝𝑖,𝑚𝑎𝑥 will assume the minimum encountered numerical value of performance 

levels under the criterion): 

𝑠𝑖𝑗 =
𝑝𝑖,𝑚𝑎𝑥

𝑝𝑖𝑗

. 𝑠𝑖,𝑚𝑎𝑥 

Alternatively, 𝑝𝑖,𝑚𝑎𝑥 = 0 can be assumed, then 0 points will be attributed to the worst performance level 

actually encountered, and maximum score to performance level 𝑝𝑖𝑗 = 0, regardless to whether it is 

encountered or not. If this case: 

𝑠𝑖𝑗 = (1 −
𝑝𝑖𝑗

𝑝𝑖,𝑚𝑖𝑛

) . 𝑠𝑖,𝑚𝑎𝑥 

Of course, many other variations are possible and most will have the same computational effect, even if 
they are not necessarily intuitive. However, in order to keep the analysis easier to prepare and verify, it 
seems a good idea to use simpler and uniform scaling approach for all criteria.  

Features of the Different Scaling Methods 

In comparison with local scaling, which always keeps the range of actually awarded scores between 0 
and 𝑠𝑖,𝑚𝑎𝑥, global scaling may lead to a narrower range of the scores actually awarded under a criterion. 

This can happen, if the score range is not properly chosen (e.g. too wide), or if the set of alternatives being 
analysed performs similarly under the criterion. In other words, in some cases global scaling may seem 
to reduce the sensitivity of the analysis to different performance levels under a criterion. Depending on 
the application, this may or may not be a desirable effect. A minor advantage of global scaling is that it 
should allow new alternatives to be introduced without recalculating the scores of the old alternatives. 

Example – scaling methods 

To illustrate how the sensitivity of the different scaling methods can impact the analysis, consider the 
following case.  

Let us assume there are two alternatives, which are to be compared under two criteria. The first criterion 
represents benefits (timesavings) and has weight of 55. The second criterion represents the costs of 
the measure and is weighted 45. Below is a summary of the performance of the alternatives under the 
criteria (discounted values for project’s lifetime in millions): 

  Alternative 1 Alternative 2 

Timesavings 51 50 

Investment costs 90 60 
Alter  

Alternative 1 is marginally better in terms of benefits, but has substantially higher costs.  
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First, we will apply local scaling for both of the criteria: 

  Alternative 1 Alternative 2 

Timesavings 55.0 0.0 

Investment costs 0.0 45.0 

 55.0 45.0 
 

Alternative 1 gets highest score for its marginally better performance under the “Timesavings” criterion 
and 0 points under “Investment costs”, as it is much more expensive. However, due to the higher weight 
of the “Timesavings” criterion, Alternative 1 is ranked first, which does not seem appropriate. 

By applying hybrid scaling we obtain: 

  Alternative 1 Alternative 2 

Timesavings 55.0 53.9 

Investment costs 30.0 45.0 

 85.0 98.9 
 

This time, the small difference in the performance levels under “Timesavings” leads to a 
correspondingly small difference in the scores under the criterion, and consequently Alternative 2 is 
ranked first. 

 

Of course, this is an extreme example, but it shows how even small differences between the performance 
levels of the alternatives can be amplified to an extent that distorts the analysis. In reality, there may be 
cases, when all alternatives perform similar under one criterion, and local scaling can attribute undesired 
significance to these differences – relative to other criteria. A solution is the use of global scaling, but 
choosing an appropriate range is often problematic. Usually a better option is hybrid scaling, which 
produces much more reasonable results. 

As suggested by the example, including monetary costs and benefits as separate criteria in the MCA might 
be problematic. A better approach seems to evaluate at least the main costs and benefits together by 
using compound indicators like BCR or/and ENPV. 

At this point of the analysis it is worth to consider, and perhaps document, the likely ranges in which 
performance levels can be expected to vary. This information can be used to test the sensitivity of the 
analysis to possible variations of the performance of the different alternatives.  

2.12 Choosing Weights 

Principle Issues 

As mentioned in chapter 1, there are some fundamental problems with setting criteria weights. One of 
them is the practical difficulty in attributing abstract numbers to values and preferences. The weights can 
easily be influenced by a multitude of random factors, but most notably by the setup of the weighting 
process. In addition, it is of great importance whose values and preferences are being translated to 
weights, as different people may, and will, have differing attitudes. 

An important question is the proper structuring of the process of choosing weights, which depends mostly 
on the context of the particular application. For decisions of major public interest, the process can be 
expected to be quite formal. For less important problems, the setup will be informal (e.g. a small team 
may agree the weights with consensus). An interesting possibility to enrich the process is to establish the 
preferences of the public (e.g. the local population) using sociological surveys. 
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This section describes two weighting methods that appear to be most popular – direct rating and swing 
weighting. A number of other approaches to choosing weights exist (e.g. paired comparisons between the 
alternatives33, ordinal ranking, using graphical aid, etc.), but are not discussed herein34. 

Weighting Methods 

One of the simplest and most popular approaches for choosing criteria weights, appears to be direct rating. 
The team preparing the analysis (and possibly stakeholders and external experts) rate each criterion in 
accordance with its perceived importance. The ratings are then averaged and normalised to come up with 
the criteria weights to be used in the analysis.  

A variation of the method is fixed-point scoring. It is similar to the direct rating method, except that the 
participants are given a fixed amount of points to distribute between the criteria. This emphasises the fact 
that the weight of one criterion cannot be increased, unless the weight of at least one another is decreased, 
and makes explicit the choice of criteria, which weights are to be decreased at each step. This approach 
is considered to encourage thinking about the conflicting objectives and trade-offs. 

A more sophisticated approach is swing weighting. The respondents are given a list of criteria together 
with their possible performance level ranges. Then the respondents are asked to imagine a hypothetical 
scenario with the lowest possible performance levels on all criteria, and have to decide which criterion 
they would prefer to swing from its lowest performance level to the highest. This criterion is ranked first, 
and the procedure is repeated with the remaining criteria until all criteria are ranked in descending order 
of importance. The highest ranking criterion is attributed the maximum possible score, say 100 points. 
The next stage is to go through the rest of criteria in order of their ranking, and attribute them a score 
corresponding with their importance, relative to the importance of the criterion ranked first. Finally, the 
scores are normalised to come up with the criteria weights. 

Swing weighting has the great advantage of investigating the weights and score ranges together. As 
already pointed out, the weighted scores under the criteria depend equally on both the weights and score 
ranges. In addition to this, there are numerous and informative analyses that can be done on the 
responses, which can help improve the MCA, given a larger group of respondents35. 

Verifying the Weights 

After weights are attributed to the criteria, it is necessary to check whether they actually correspond with 
the preferences of the group that chose them. One way is to start from the top of the value hierarchy and 
verify whether the weights of the criteria groups, as resulted from summing the weights of the individual 
criteria, represent the actual preferences of the group. This can easiest be done by comparing them in 
pairs and not necessarily as part of a formal process. 

Similarly, it is necessary to check the relative weights of the pairs of criteria within the groups, but also 
across groups. Even for large numbers of criteria, this is not a difficult exercise, and is in any case much 
easier than determining weights using paired comparisons. 

2.13 Scoring Subjective Criteria 

Principle Issues 

Subjective criteria are ones that require judgement to determine performance levels. Such criteria 
represent objectives the performance under which is difficult to represent in purely objectively measurable 
terms. This can be due to a variety of reasons, for example an environment with high level of uncertainty, 
insufficient knowledge of the analysts on the subject matter, or even insufficient scientific knowledge. (Of 
course, a difficulty in formulating objectively measurable performance indicators might also suggest that 
an objective is simply of a too high level, and must be further decomposed to lower level objectives.) 

                                                      

33 See Dodgson et al. (2009; pp. 127-130) for a detailed description of the method (known as “Analytical Hierarchy 
Process”), and a summary of its strengths and weaknesses. 

34 For an overview of weighting methods, see for example Hajkowicz et al. (2000). In addition, the paper gives 

interesting insight into how some decision-makers react to the various weighting techniques.  

35 For an elaborate example of swing weighting, see Gühnemann and Kimble (2008). 
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Scoring of objective criteria is straightforward and is discussed together with score scales in section 2.11; 
scoring of subjective criteria is more problematic. There are three approaches to addressing this: 

 directly awarding scores to the alternatives, corresponding to their perceived performance under 
the subjective criterion; 

 scoring the alternatives depending on their ordinal ranking under the criterion;  

 objectively scoring the performance of the alternatives under one or more proxy criteria, which 

are considered to determine the performance under the subjective criterion.  

If possible, preference should be given to using proxy criteria. If not, as in all cases when judgement is to 
be made, when directly scoring the alternatives, or using ordinal ranking it is important to take into account 
the qualities of the decision maker. It must be ensured that the persons evaluating qualitative criteria have 
the appropriate qualification and experience. It is also important that they do not have an interest in the 
final decision, and are impartial when making their judgement. 

Direct Scoring 

The most obvious approach to scoring subjective criteria is direct scoring. As with any other criteria, first 
an explicit score scale must be defined. The scale should clearly describe how the various (discrete) 
performance levels correspond to scores. Ideally, the performance levels should be defined using 
properties of the alternatives, which take finite sets of values, e.g. the presence or absence of a certain 
quality. A good approach is to provide concrete examples of how scoring should be done. This helps not 
only the evaluating team be consistent, but also makes the analysis more accessible to eventual readers. 

Ordinal Ranking 

Instead of using direct scoring, another possibility is to evaluate the performance of the alternatives under 
a criterion by comparing them against each other. This can be done using the exact same technique, as 
when using paired comparisons of criteria to determine their relative importance. 

An issue when applying ordinal ranking is the determination of an appropriate score scale. If the 
alternatives are scored proportionally in accordance with their ranking, this may misrepresent the strength 
of the preference that produced the ranking. 

Proxy Criteria 

Proxy criteria provide an indirect measure of the extent to which an objective is met36. Sometimes the 
processes represented by the criteria are too complex or uncertain to allow direct measurement of 
performance levels.  

A typical case of using proxy criteria is the evaluation of environmental impacts. In most cases these 
impacts cannot be reliably evaluated with the knowledge of the project and the environment, available at 
the stage of MCA preparation. Fortunately, there is a number of objectively measurable parameters that 
can be used to represent the impacts with acceptable accuracy. A discussion on evaluating environmental 
impacts by mostly using proxy criteria is included in section 4.7.  

2.14 Dealing with Uncertainty 

Decision-making faces risk and uncertainty on a number of levels. Some of the main concerns are: 

 Are the values and objectives considered representative for society as a whole? 

 Is the set of alternatives complete, or are there any better ones?  

 Are all of the considered alternatives feasible and possible to implement? 

 Do the criteria properly represent the objectives (i.e. is the criteria set complete)? 

                                                      

36 See section 2.5 of Keeney and Raiffa (1976) for a discussion on proxy criteria. 
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 Do the weights of the criteria properly represent the social values and objectives? 

 Are the observed and forecasted performance levels of the criteria sufficiently precise? 

In its general form, multi-attribute utility theory accommodates uncertainty by using probability distributions 
for the performance levels and by assigning probabilities to the possible consequences of adopting the 
alternatives. MCA however, does not have such built-in mechanisms for dealing with uncertainty. There 
are two alternative approaches to address this issue: 

 It is possible to include criteria that attempt to directly measure the level of uncertainty, associated 
with the individual alternatives. Such criteria should be focused on the most important properties 
of the alternatives and the ones that are most likely to vary from one alternative to the next. They 
may also examine particular technical aspects of the alternatives – for example, different levels 
of risk associated with different construction technologies. 

 It is a standard practice to carry out sensitivity tests on MCA. Subject of the tests can be both the 
weights of the criteria and the performance levels. In the first case what is actually tested are the 
main assumptions of the analysis; in the second case the subject is the sensitivity of the MCA to 
uncertainty in the measured and forecasted performance levels for the criteria among the 
alternatives.  

The nature and exact formulation of risk-related criteria depends on the particular application. Some 
proposals in the context of MCA for transport infrastructure projects are presented in section 4.8. An 
overview of sensitivity analysis with general application is presented in the next section. 

2.15 Sensitivity Analysis 

Sensitivity to Weights 

The part of the analysis, which is often considered the least reliable, is the weights of the criteria. This is 
perhaps due to the fact that because weights are supposed to reflect multiple, and often conflicting, 
preferences, they are likely to differ from the weights each individual would consider to reflect their 
personal preferences.  

The simplest approach to test the sensitivity of the analysis is to try discrete sets of weights, or, in other 
words, apply different weighting scenarios. It makes sense to first formulate a number of hypotheses to 
be tested, i.e. be explicit about what assumptions are being tested with each set of weights. This way the 
robustness of the results of the MCA under different assumptions can be studied. 

The different weight sets used for testing the sensitivity of the analysis may also be ones that reflect the 
preference of minority groups or stakeholders.  

Example – an MCA for a transport project 

Let us consider an MCA of a transport project with 5 alternatives, which are to be compared under 4 
criteria – timesavings, investment cost, impact on human health, and impact on wild nature. 
Timesavings and investment costs are shown in discounted values in millions for project’s reference 
period. The impact on human health is measured as increase of the number of people to be exposed 
to noise and pollution because of the project. The impact on nature is determined based on analysis of 
the areas of habitats lost and the number and condition of the populations of protected species likely to 
be affected. It is scored by a panel of environmental experts on a scale of 1 for the lowest impact, and 
5 for the highest. Below is a summary of the performance of the alternatives: 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Timesavings 51 50 56 40 45 

Investment costs 90 60 85 65 62 

Exposure to noise and pollution 300 280 300 270 310 

Impact on nature 3 4 3 3 2 
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37 Consider this in the light of footnote 27 – in the example the benefits represent 25% of the total weight of the 
criteria against 75% for impacts, i.e. the analysis is likely to be appropriately conservative. Of course, both costs 
and benefits should be evaluated as fully as possible. 

38 But the actual importance of the monetary units evaluated under the two criteria will not necessarily be the same. 
Notice that the performance levels of both criteria are expressed in discounted values, the criteria have equal 
weights, and the maximum value of timesavings is lower than the minimum value of investment costs. Therefore 
applying hybrid scaling will implicitly give a unit of timesavings higher importance than a unit of investment costs. 

39 In CBA (and in the example), time is converted to monetary terms (timesavings) using agreed values of time. The 
value of time for an activity is defined as the marginal rate of substitution between the time spent on performing 
the activity and monetary costs. Changing the weight of timesavings can be seen as the MCA equivalent to testing 
CBA for sensitivity to different values of time. 

The following weights of the criteria are selected: 

  Weight 

Timesavings 25 

Investment costs 25 

Exposure to noise and pollution 30 

Impact on nature 20 
 

In this analysis, timesavings are the only component of project’s benefits being evaluated37. This 
criterion is given equal numerical38 weight as the criterion for investment cost. The impact to human 
health is given weight of 30 points, and the impact on nature has 20 points. Collectively the 
environmental impacts have the same weight, as the economic criteria. 

The following scores are calculated by applying hybrid scales: 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Timesavings 22,8 22,3 25,0 17,9 20,1 

Investment costs 16,7 25,0 17,6 23,1 24,2 

Exposure to noise and pollution 27,0 28,9 27,0 30,0 26,1 

Impact on nature 13,3 10,0 13,3 13,3 20,0 

 79,8 86,3 83,0 84,3 90,4 
 

Alternative 3 has the highest timesavings, and is therefore awarded maximum score for the criterion. 
Alternatives 1 and 3 are most expensive, whilst 2, 4 and 5 have substantially lower investment costs, 
but also lower benefits. All alternatives are likely to increase the exposure to noise and pollution of 
similar numbers of people (alternatives 2 and 4 being somewhat better, and alternative 5 being the 
worst). Overall, alternative 5 is scored highest and alternative 2 is scored second-highest. 

Scenario 1 – emphasis on benefits 

Since alternative 5 has some of the lowest benefits, it may be interesting to test whether the ranking 
will change, if higher importance is attributed to timesavings39. To do this, the weight of timesavings is 
increased with 15 points, and the weights of the rest of the criteria are reduced by 5 points: 

  Weight 

Timesavings 40 

Investment costs 20 

Exposure to noise and pollution 25 

Impact on nature 15 
 

The resulting scores are shown below: 
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Another technique is to analyse the weights of individual criteria over continuous ranges. Each criterion 
can be assumed weights between 0 and the sum of all criteria weights in the analysis. The two extreme 
ends of the range correspond to completely eliminating the criterion, and making it the only criterion. The 
weights of all other criteria are proportionally increased or reduced to retain the same total sum of criteria 
weights. In the process of varying the weight of a criterion, alternatives change their total scores – and 
may also change their ranking, depending on their performance levels under all the criteria. This approach 
allows determining the range of weights for a particular criterion, which retains unchanged the ranking (or, 
more importantly, retains the alternative ranked first).  

Example – sensitivity to weight changes 

To illustrate the technique, let us test the same criteria, which were used in the weighting scenarios – 
timesavings and impact on human health.  

As can be seen on figure 6, alternative 5 remains ranked first for a range of weights of “Timesavings” 
between 0 and about 45 points (the original weight was 25). As the alternative does not perform very 

  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Timesavings 36,4 35,7 40,0 28,6 32,1 

Investment costs 13,3 20,0 14,1 18,5 19,4 

Exposure to noise and pollution 22,5 24,1 22,5 25,0 21,8 

Impact on nature 10,0 7,5 10,0 10,0 15,0 

 82,3 87,3 86,6 82,0 88,3 
 

Alternative 5 is still ranked first and alternative 2 is still second, but the difference in the scores is much 
lower. Alternative 3 is now ranked third, closely following the first two. In the example the ranking of 
alternatives does not change significantly, but (as can be expected) increasing the weight of benefits 
increases the chances of selecting alternatives with higher negative impact.  

Scenario 2 – emphasis on human health 

Since alternative 5 has the highest impact on the local population, it may be worth to test whether 
increasing the weight of this criterion will bring any change. The weight of impact on human health is 
increased with 10 points, and the weights of the economic criteria are reduced by 5 point; the weight of 
impact to nature is retained: 

  Weight 

Timesavings 20 

Investment costs 20 

Exposure to noise and pollution 40 

Impact on nature 20 
 

The resulting scores are shown below: 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Timesavings 18,2 17,9 20,0 14,3 16,1 

Investment costs 13,3 20,0 14,1 18,5 19,4 

Exposure to noise and pollution 36,0 38,6 36,0 40,0 34,8 

Impact on nature 13,3 10,0 13,3 13,3 20,0 

 80,9 86,4 83,5 86,1 90,3 
 

Alternative 5 remains ranked first and the rest of the ranking also does not change. This suggests that, 
given the performance levels of the alternatives under the criterion and the score scale, the MCA is not 
sensitive to the weight of impact to human health. 
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well on the criterion, reducing its weight increases alternative’s total score, and increasing the weight 
decreases alternative’s score. 

Figure 6. Sensitivity to change of the weight of timesavings. 

  

Similarly, alternative 5 remains ranked first over a range of weights of impact to human health from 0 
to more than 50 (the original weight was 30). Alternative 5 performs worst on this criterion and 
increasing its weight decreases alternative’s total score. 

Figure 7. Sensitivity to change of the weight of impact to human health. 

  

This analysis allows to conclude that the MCA is not sensitive to changes of the weights of the two 
criteria within reasonable ranges. 

 

The above approach to visualising the results given a range of weights can be used not only to test the 
sensitivity to individual criteria, but also to groups of criteria. 

Sensitivity to Performance Levels 

It seems to be generally assumed that performance levels can be determined or forecasted more reliably 
than the weights of the criteria. In reality it is common to observe differences between the forecasted and 
actual values of many of alternatives’ properties. Arguably, consideration of the frequency and magnitude 
of these differences challenges the assumption that performance levels are generally reliable. Therefore 
it is essential that the MCA is tested to uncertainty of the performance levels.  
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The possible sensitivity of the analysis to the selected score scale and weights has already been 
commented upon. However, in the case of discrete score or performance level scales, MCA can also be 
sensitive to the resolution of the scales.  

Example – sensitivity to changes of performance levels 

Let us first test the analysis for sensitivity to the weight of the criterion for impact to nature (figure 8). 
The plot shows that alternative 5 retains first place for weights from about 12 to 100. This is a huge 
range and may show that an alternative simply performs much better than the other alternatives under 
the criterion, making the analysis insensitive to criterion’s weight. In our case, however, it suggests that 
the analysis is sensitive not to the weight of the criterion, but rather to the way its discrete performance 
levels are set.  

The criterion for impact to nature is ranked from 1 to 5 depending on the impact of the alternatives to 
the flora and fauna, and even without elaborate tests, it is visible that a change of even a single level 
for any of the alternatives may have high impact on its final ranking. This hints that the way the criterion 
for impact to nature is formulated creates instability of the analysis.  

Figure 8. Sensitivity to change of the weight of impact to nature. 

 

The performance level for impact on nature varies between 2 and 4 among the alternatives. Figure 9 
shows that using performance levels of 2, 3 and 4 for alternative 5 results in the alternative being ranked 
first, third and last. Such sensitivity of the final ranking is not observed for any of the other criteria, and 
clearly demonstrates that the final ranking is to a major extent determined by the criterion for impact on 
nature – even though its weight is only 20 points. 

This example shows that an MCA can be sensitive not only to weights and score ranges, but also to 
how discrete score or performance levels are defined. This may not be considered a major issue, if 
there is full confidence in the objectivity and reliability of the process of determining performance levels. 
However, this would rarely be the case.  
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Figure 9. Sensitivity to change of the performance level for impact to nature of Alternative 5. 

 

In the example, the performance levels for impact to nature are determined by a panel of experts based 
on analysis of the areas of habitats lost and the number and condition of the populations of protected 
species likely to be affected. A possible way to improve the stability of the analysis is to split the original 
criterion into 3 (or even more) separate criteria. If these criteria have the same weight and are evaluated 
on the same 1 to 5 scale, this will effectively increase the resolution of the scale for evaluating 
environmental impact 3 times, i.e. there will be 15 performance levels available, instead of only 5. This 
will allow the analysis to better differentiate between the performances of the alternatives. 

 

In most cases it is worth to test the sensitivity of the analysis to the performance under more than one 
criterion. Usually this is done using Monte Carlo simulations, which consist of the following steps: 

 define probability distributions and ranges of the performance levels of the criteria; 

 choose random performance levels (in accordance with the probability distributions); 

 calculate the total scores of the alternatives, given the random performance levels; 

 aggregate the results to determine the probabilities of certain rankings, the probability distributions 
of the scores of individual alternatives, etc. 

The ranges and probability distributions are to be assumed considering historical data, if available. If not, 
the ranges can be set by the team preparing the MCA considering their experience and expertise. It is 
known that benefits are often overestimated and costs are underestimated40, and it makes sense to 
attempt to replicate this with the ranges of the performance levels.  

Example – Monte Carlo simulation 

We will use the same example MCA to demonstrate a simple Monte Carlo simulation. We will assume 
independent and identically distributed (IID) performance levels with the following ranges: 

  Minimum Maximum 

Timesavings -5 +2 

Investment costs -5 +15 

Exposure to noise and pollution -10 +20 

Impact on nature -1 +1 
 

                                                      

40 See Flyvbjerg et al. (2002) and Flyvbjerg et al. (2006). 
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Note that the ranges are conservatively set – that is, more room for lower benefits and higher 
costs/impacts is allowed.  

Then a Monte Carlo simulation is ran with 5 000 random samples of performance levels. Below are the 
resulting mean scores and standard deviations for each of the alternatives: 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Score mean 78.5 84.1 81.7 82.2 87.6 

Standard deviation 5.7 4.5 5.7 5.8 3.9 
 

A histogram with the distribution of the scores for alternative 5 is shown on figure 10.  

Figure 10. Scores distribution for alternative 5. 

  

As regards to ranking, alternative 5 is the most probable winner with probability of being ranked first of 
55.5%. The probabilities of alternatives 2, 3 and 4 being ranked first are much lower, and are between 
12 and 15%. Alternative 1 is the one that is least likely to be ranked first. The results of the simulation 
are summarised in the following table: 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Times ranked first 156 708 614 749 2 774 

Probability for first 3.1% 14.2% 12.3% 15.0% 55.5% 
 

The results can be considered to give sufficient assurance that the analysis is stable to variations of the 
performance of the alternatives. 

 

Testing the sensitivity of the MCA to changes of criteria weights tests the analysis framework as a whole. 
Testing the sensitivity to performance levels may also be used to verify the analysis as a whole, but it can 
be focused on testing particular alternatives as well. If the alternatives are of similar nature, then it can be 
expected that they share similar risks and therefore the same probability distributions of their performance 
levels can be assumed. If the alternatives are different (e.g. technologically), it is possible that the 
performance levels under some of the criteria are forecasted with different accuracy. In such cases it may 
be worth to carry out Monte Carlo simulations with different probability distributions for the performance 
levels of the different alternatives.  

Example – alternatives with different levels of risk 

Consider the design of a motorway with a mountain situated on its corridor. The mountain has to be 
bypassed or alternatively a tunnel could be built through it. Alternative 1 takes the first approach – it 
uses the flat terrain on one side of the mountain and bypasses it without any major structures. The 
alignment is long and the construction costs are estimated to be about 520 million. Alternative 2 goes 
straight through the mountain with a long tunnel and a number of adjacent viaducts and bridges. 
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Consequently, the alignment is much shorter, but the tunnel and the other large structures make for a 
construction cost of about 500 million.  

  Alternative 1 Alternative 2 

Construction costs 520 500 
 

For simplicity, let us assume that the alternatives perform equally on all criteria except construction 
costs – thus in effect the costs become the single criterion for comparison of the alternatives. The costs 
for alternative 2 are slightly lower than the costs for alternative 1, therefore alternative 2 is ranked first.  

Notice, however, that the alternatives are quite different technically – alternative 1 has less structures 
and has lower construction risk; alternative 2 has some major structures (a long tunnel, most 
importantly) and therefore has much higher construction risk. Obviously there is much higher probability 
and range of cost overruns for the alternative with major structures. The different risk levels are reflected 
in the ranges the construction costs will be allowed to vary: 

  Min Max 

Costs of alternative 1 -5 +70 

Costs of alternative 2 -5 +150 
 

A Monte Carlo simulation with 1 000 samples is ran. Alternative 1 is ranked first in 62% of the cases 
and alternative 2 is ranked first in 38% of the cases. The result of the simulation is the opposite of the 
result obtained ignoring uncertainty. 

 

This is an exaggerated example, but ignoring or taking into account the different levels of risk of the 
alternatives may indeed tip the scales in one direction or another. And in a real-life application with many 
criteria and alternatives, issues like this may be difficult to spot. 

2.16 Examining the Results 

The ranking of the alternatives is certainly MCA’s most important result. However, the first question people 
ask themselves when examining the results of an MCA is whether the results differ from what was 
intuitively expected. If they do, this may be because of inconsistent preferences, or due to preferences 
not adequately reflected in the evaluation framework.  

A lot can be learned about the problem being solved by comparing the scores of the alternatives under 
the criteria and groups of criteria. Some useful questions follow: 

 Are the total scores of some (or all) of the alternatives similar? If yes, is the available data 
sufficiently reliable to expect that the ranking is stable41? Also, would different criteria, or different 
approach to scoring, differentiate between the alternatives better? 

 If the purpose of the MCA is to come up with a shortlist of alternatives, are there any alternatives 
that are close to qualifying, but do not qualify? If yes, is the ranking stable enough to exclude them 
from further consideration? 

 If an alternative that is conceptually different from the rest is to be excluded, is the analysis (and 
most importantly the data fed into it) reliable enough to take such a major decision? 

 What are the main strengths and weaknesses of the alternatives? Can the alternatives be 
improved to address some of the weaknesses? Can new better alternatives be formulated? 

A useful technique for examining MCA results is to produce two-dimensional plots of the alternatives, 
based on their score on different groups of criteria. Such plots visualise the trade-offs between the 
alternatives and help gain a better understanding of how they can be improved. More specifically: 

                                                      

41 I.e. insensitive to changes of weights and performance levels.  
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 The alternatives can be visually checked for dominance. Dominance can be established early in 
the analysis by examining the performance matrix, but examining the plots is more convenient.  

 It may be informative to inspect the alternatives that are not being dominated by any of the rest. 
(These alternatives are the outermost ones on the plot.) Considering the strengths and 
weaknesses of the non-dominated alternatives might result in ideas how to improve them or in 
ideas about new alternatives. 

 Indifference curves can be drawn to visualise the areas of dominance. An indifference curve is 
defined by all hypothetical alternatives that are indifferent to a given alternative. In other words, 
an indifference curve represents alternatives with equal scores. In the case of linear additive 
models, the indifference curve for an alternative with score 𝑆 will actually be a straight line linking 

the points with coordinates (0;  𝑆) and (𝑆;  0). All alternatives situated on the left and below an 
indifference line have lower scores.  

Example – examining MCA results 

Let us use the same example MCA, and make a scatter plot of the alternatives, using their scores on 
costs (investment costs, impact on human health and environment) and benefits (timesavings). 

Figure 11. Plot of costs vs. benefits. 

  

Alternative 5 is ranked first overall and, as can be seen from the plot, has highest score on costs, whilst 
alternative 3 scores highest on benefits, but scores very low on costs. Alternative 2 is ranked second 
and is positioned on the line between alternatives 3 and 5.  

The plot suggests that the real potential for improvement of alternative 2 is to increase its performance 
(and hence score) on costs. The alternative scores worst for impact on nature and this seems to be 
another possible area of improvement.  
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Figure 12. Plot of environmental score vs. economic score. 

  

Similarly, other criteria, or groups of criteria, can be plotted in an effort to identify the main trade-offs, 
and suggest how the alternatives could be improved. Figure 12 is a plot of the economic score of 
alternatives (the score on timesavings and investment costs) and the environmental score (impact on 
human health and nature). 

This perspective shows that alternative 5 has the highest environmental score and alternative 2 scores 
highest on the economic criteria. This seems to reinforce the idea that alternative 2 might become 
competitive, if its environmental impact is reduced. 
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3 Preparation of Investment Projects 

3.1 Introduction 

Comparison of alternatives with MCA is applied at many of the stages of project preparation, although it 
is not always explicitly referred to as MCA. The purpose of this chapter is to review how MCA is integrated 
in the preparation of publicly funded investment projects. The main steps of the preparation process are 
described and it is further detailed how MCA is applied in each of them.  

The three examples included discuss the development of transport infrastructure. Nonetheless, the 
contents of the chapter should be applicable for the preparation of other types of infrastructure as well.  

3.2 The Project Cycle 

Project cycle is a term used to describe the stages of development of investment projects. The first stage 
of the cycle is usually the identification of needs and the formulation of project ideas to address them. The 
ideas are prioritized, studied in more detail and appraised. The successful project idea undergoes further 
development and is eventually implemented. Finally, the results of the project are evaluated.  

Figure 13. The EC project cycle (EC, 2004). 

 

In the context of EU co-financed projects, the project cycle is deemed to include five42 stages: 

 Programming – establishment of general principles and types of projects to be co-financed; 

 Identification – initial selection of project ideas that fit the programming framework; 

 Formulation – studying and developing the project idea in more detail; project appraisal and 
financing agreement; 

 Implementation – physical implementation and progress monitoring; 

 Evaluation – review of the results of the project, and whether they are sufficiently close to the 
planned results; audit of the processes. 

                                                      

42 Earlier versions included an additional stage for ensuring project financing; see EC (2001). The version from EC 
(2004) presented herein puts more emphasis on project preparation under the “Formulation” stage.  
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Of course, many other variations of the project cycle may be defined with different scope and importance 
of the stages. Major financing institutions have their own versions of the project cycle, which highlight 
steps important to them. For example, EIB’s version of the cycle includes a number of stages related to 
project financing – e.g. loan approval, disbursement, repayment.  

3.3 Stages of Project Preparation 

From the technical perspective, the preparation of a project from the stage of an idea to the beginning of 
its physical implementation is of particular interest. (In terms of EC’s project cycle, this mostly includes the 
activities under the “Formulation” stage.) Normally these preparatory activities include: 

 Pre-feasibility studies – preliminary formulation and analysis of project alternatives (which seems 
to be often skipped or done informally). 

 Feasibility studies – this includes at least development of preliminary designs of project 
alternatives and comparison of the alternatives. In order to more reliably assess the alternatives, 
the future demand must be studied in sufficient detail. 

 Detailed design – design of the preferred project option in sufficient detail, so that a works contract 
can be launched. 

 Environmental Impact Assessment (EIA) and Appropriate Assessment (AA) – could be done at 
the stage of preliminary or detailed design, but ideally should be developed together with the 
detailed design. 

 Other administrative activities – land acquisitions, road safety audits, approval of relocations of 
utilities, construction permits, etc. 

The following sections describe how MCA, and MCA-like techniques, are applied at the different stages 
of the process of preparation of infrastructure projects. 

3.4 Identification of Projects 

In the areas of construction and maintenance of infrastructure, project ideas are usually aplenty and may 
emerge from various sources in a decentralised manner. Sometimes they are meant to suffice strictly local 
needs, but even if they have global objectives and impact, they may be formulated by various stakeholders 
– the central or local administration, NGO, the scientific community. In practice screening a large number 
of project ideas may be a difficult task. 

In order to make construction and maintenance of transport infrastructure more efficient, investment 
projects and project ideas are often grouped in investment programmes. A key feature of investment 
programmes is the explicit formulation of goals and objectives, which make it possible to define criteria for 
determining the eligibility of projects for inclusion and implementation. Such criteria are normally related 
to: 

 the functional role of the project – e.g. local or large scale improvement; 

 the role of the project in accomplishing wider social objectives; 

 the technical scope of the works – rehabilitation, reconstruction, new construction; 

 practical questions, such as project readiness. 

At this stage projects may be expected to comply with a set of minimum requirements in order to become 
part of the investment programme, but are not yet ranked in order of preference. Ranking of the project 
ideas is done at the project prioritisation stage. 

3.5 Project Prioritisation 

The discussions of a project idea may last for decades, and usually at any given moment the total cost for 
implementation of the project ideas in discussion is by far greater than the available resources. This makes 
project prioritisation inevitable.  
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If not made under an investment programme, selecting the project ideas to implement first is often done 
in an informal manner, without explicitly declared objectives and criteria. It may be a result of personal 
preferences or a dominating political agenda. The process may also be influenced by the public opinion – 
in support or against a project idea.  

Under investment programmes, project prioritisation is usually done in a formal manner, considering the 
explicit objectives of the programme. The presence of multiple objectives means that trade-offs between 
them have to be made. MCA may be used in such cases (as a sole tool, or in combination with CBA), and 
this is one of the important areas of its application.  

Example – MCA for shortlisting project ideas 

In order to support the preparation of transport infrastructure projects for EU co-financing in 
programming period 2007-2013, the services of EC promoted the preparation of general transport 
masterplans of member states. One of the main goals of the masterplans was to examine and prioritise 
the existing ideas for transport projects. This was expected to streamline the preparation of project to 
be co-financed under Operational Programme Transport 2007-2013. An example of such a masterplan 
is the one developed for Bulgaria in 2008-2009.  

A major part of the work under the assignment was the development of a national multimodal transport 
model. The model was used to forecast the demand on the transport network under various 
development scenarios. The existing project ideas in all transport sectors were initially shortlisted with 
the help of an MCA, and then ranked using CBA in accordance with their economic feasibility.  

A total of 134 alternatives were evaluated using MCA, more specifically: 

 33 road projects; 

 25 railway projects; 

 56 water transport projects; 

 15 air transport projects; and 

 5 multimodal projects. 

The groups of criteria were selected to reflect the goals of Operational Programme Transport 2007-
2013, and included: 

 strategic, political and legal criteria; 

 financial and economic criteria; 

 social criteria, including accessibility and social inclusion; 

 environment; 

 health and safety; 

 compliance with financing criteria; 

 project readiness; 

 risk-related criteria. 

A complete list of the criteria follows: 

Criteria Score scale 

Strategic, political and legal criteria 

Development of TEN-T network 0 to +3 

Efficient maintenance and modernisation of transport infrastructure 0 to +3 

Integration of the national transport network in the EU transport network 0 to +3 

Development of multimodal transport 0 to +3 
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Development of sustainable transport 0 to +3 

Support of balanced spatial development 0 to +3 

Improvement of regional touristic potential 0 to +3 

Development of the national road infrastructure -3 to +3 

Development of the national railway infrastructure -3 to +3 

Development of the main port infrastructure and modernisation of the water 
transport infrastructure along the Danube river 

-3 to +3 

Development of the capacity and connectivity of airports -3 to +3 

Financial criteria 

Investment costs 0 to -3 

Annual operation and maintenance costs 0 to -3 

Revenues 0 to +3 

Economic criteria 

Impact on travel time -3 to +3 

Impact on vehicle operating costs (VOC) for private cars -3 to +3 

Impact on VOC for transportation of goods  -3 to +3 

Impact on VOC for public transport -3 to +3 

Impact on the income from public transport -3 to +3 

Additional transport capacity -3 to +3 

Cost-benefit analysis -3 to +3 

Social criteria, including accessibility and social inclusion 

Accessibility for people with disabilities -3 to +3 

Impact on urbanisation (excl. Sofia) -3 to +3 

New workplaces  -3 to +3 

Impact on regions, sensitive to reduction of productivity -3 to +3 

Impact on local workplaces -3 to +3 

Improvement of qualification -3 to +3 

Environment 

Impact on biodiversity, flora and fauna -3 to +3 

Impact on water -3 to +3 

Impact on soils -3 to +3 

Impact on landscape -3 to +3 

Impact on cultural heritage -3 to +3 

Impact on the health of the population -3 to +3 

Impact on protected areas -3 to +3 

Impact on climate change  -3 to +3 

Health and safety 

Decreasing of the number of fatalities on the road and railway networks -3 to +3 

Improvement of personal safety -3 to +3 

Improvement of the safety of transport staff -3 to +3 

Improvement of the reliability of power supply -3 to +3 

Compliance with financing criteria 

Possible co-financing from EC or the national budget 0 to +3 

Potential for attraction of private investments 0 to +3 

Project readiness 

Project preparation level 0 to +3 

Risk-related Criteria 

Market risks 0 to -3 
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Institutional risk 0 to -3 

Investment and OM costs 0 to -3 
 

The criteria were assumed with equal weight and the alternatives were scored against the individual 
criteria, as follows: 

 -3 for strongly negative impact; 

 -2 for negative impact; 

 -1 for mildly negative impact; 

 0 for neutral; 

 +1 for mildly positive impact; 

 +2 for positive impact; and 

 +3 for strongly positive impact. 

Global scales were used for scoring the alternatives against the criteria. The alternatives that showed 
significant weaknesses during the analysis were excluded from further consideration. After a shortlist 
was prepared using the MCA, the projects were further prioritised using simplified CBA. 

One of the interesting features of this MCA is the absence of an explicit choice of weights for the higher 
level criteria (i.e. the groups of criteria). Their weight is consequential of the number of lower level 
criteria and their score ranges. This allows to avoid directly expressing the strength of preferences for 
the high level criteria. 

Another notable feature of the analysis is the definition of score ranges with positive and negative 
scores corresponding to positive and negative impacts. As a result, an alternative with negative total 
score could be considered unfeasible, as it has stronger negative than positive impacts. Logically, such 
an alternative should not be implemented, as its effects are likely to have a negative overall impact.  

3.6 Feasibility Study 

The feasibility study stage is the time when the project idea obtains shape and becomes a project. Ideally, 
the feasibility study should have the following components: 

 preliminary designs of alternatives, providing reasonable assurance of buildability; 

 studies of the geology, hydrogeology and topography of the project area with sufficient quality 
(used to inform the preliminary designs); 

 demand forecasts; 

 shortlisting of alternatives and detailed comparison of options; 

 detailed analysis of the economic costs and benefits of the preferred option . 

In some countries the scope and level of detail of some of these steps is set in the legislation, whilst in 
others it is more a matter of tradition. The purpose of most of the studies developed during the feasibility 
stage is to be fed in the process of comparison of alternatives and analysis of the economic feasibility of 
the project.  

With regard to treating alternatives, a reasonable approach seems to use MCA for narrowing the range of 
alternatives to be examined in detail, and then selecting a preferred option based on CBA. The comparison 
of alternatives at the feasibility study stage is perhaps the most important application of MCA in the 
process of preparation of investment projects. Special attention is given to this topic and it is discussed in 
detail in chapter 4. 
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3.7 Detailed Design 

In most cases detailed designs are not produced from scratch, but are based on preliminary designs 
developed during the feasibility stage. For example in the case of road and railway projects, the alignment 
developed as part of the preliminary design is not expected to change significantly during the detailed 
design stage. A reason for a significant change could be unexpected adverse conditions, which have not 
been identified and taken into account with the preliminary design. In reality, during the detailed design 
stage there will rarely be the need to choose between alignment options.  

Design is an optimisation process and as part of it the designer often has to choose between different 
technical options. In most of the cases these choices are made informally. Sometimes, however, it is worth 
to carry out formal analysis under explicitly formulated objectives and criteria. This is necessary for 
elements of the designs of high importance, cost and complexity. Classic examples when formal 
comparison of alternatives is appropriate are the choice of technology for a large bridge or the choice of 
tunnel excavation technology. The preference of one alternative or another depends on a multitude of 
factors and requires trade-offs, hence MCA is applicable.  

The stakeholders who are likely to influence the most the formulation of objectives are the employer and 
the designer himself. The employer may have definitive preferences over the attributes of the decision – 
cost, time, risks, environmental impacts, etc., and usually the designer is strongly opinionated on how the 
objectives can be achieved.  

Sometimes only part of the steps of an MCA are carried out, and decision is taken subjectively considering 
the performance of the alternatives under the various criteria (i.e. the performance matrix, even if it is not 
necessarily presented in matrix form).  

Example – selecting tunnel excavation technology 

As with any MCA, the first step should be determining and consulting the stakeholders, and formulating 
objectives. The main objectives of the comparison of alternative tunnel excavation technologies are to 
select the technology, which minimises risks (to people, the works, etc.), construction costs, time for 
completion and environmental impact. The main factor that influences the applicability of different 
technologies are the geological conditions. 

Translating some of the objectives of the analysis to criteria is straightforward – construction costs and 
time for completion are be estimated and the performance of the alternatives scored accordingly.  

The construction costs depend on many factors, but most importantly on: 

 the area of tunnel excavation; 

 the thickness and reinforcement of the lining; 

 the ventilation technology; 

 the cost of materials and equipment (the latter can be substantial if tunnel boring machine, 
TBM, is used).  

The different excavation technologies can be expected to result in different times for completion. The 
time for completion depends on the speed of advance of the tunnel face, but also on the time necessary 
to mobilise and install the tunnelling equipment. For example, a TBM may have higher productivity than 
new Austrian tunnelling method (NATM), but requires more time to commission, produce, deliver and 
install on the site. The optimal solution in terms of excavation speed depends chiefly on the length of 
the tunnel. 

Evaluating the different risks can be done using risk analysis, combining estimated levels of risk of 
various adverse events with their level of impact. Such events could be: 

 collapsing of portals; 

 collapsing of the tunnel face; 

 appearance of chimneys; 
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 lifting of the invert of the tunnel; 

 excessive deformation of the lining; 

 intense water inflow; 

 poisonous or explosive gasses. 

The most significant negative environmental impacts of tunnel excavation are due the excavated spoil. 
In some cases the excavated material can be reused, but it can also be contaminated and require 
treatment.  

All these criteria should be analysed together as part of an MCA in order to select the most appropriate 
tunnel excavation technology. 

3.8 Environmental Impact Assessment 

Legal Framework 

The assessment of the environmental impact is a fundamental stage in the preparation of infrastructure 
projects. At the EU level, the process is regulated by three directives: 

 Directive 2011/92/EU on the assessment of the effects of certain public and private projects on 
the environment, as amended by Directive 2014/52/EU of the European Parliament and of the 
Council (the EIA Directive);  

 Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild 
fauna and flora, as amended by Council Directive 97/62/EC of 27 October 1997, Regulation (EC) 
No 1882/2003 of the European Parliament and of the Council of 29 September 2003, and Council 
Directive 2006/105/EC of 20 November 2006 (the Habitats Directive); and 

 Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 on 
the conservation of wild birds (the Birds Directive). 

For the project types listed in Annex I to the EIA Directive (e.g. motorways, expressways, long-distance 
railways, airports with runway length of more than 2 100 m, and many others) it is mandatory that an EIA 
is carried out. Some types of smaller projects and ones that are less likely to cause significant impact on 
the environment, are listed in Annex II to the directive, and it is left to the discretion of member states to 
determine whether EIA should be required.  

Environmental Impact Assessment 

Article 3 (1) of the EIA Directive states that the EIA must study the direct and indirect significant impacts 
on: 

“(a) population and human health;  

(b) biodiversity, with particular attention to species and habitats protected under Directive 92/43/EEC 
and Directive 2009/147/EC; 

(c) land, soil, water, air and climate; 

(d) material assets, cultural heritage and the landscape; 

(e) the interaction between the factors referred to in points (a) to (d).” 

It must further be noted that these impacts can be incurred in the process of construction and/or because 
of operation. Usually, the impacts during construction tend to be stronger, but have short duration; the 
impacts during operation are milder, but for substantially longer periods. If applicable, the effects of 
decommissioning of infrastructure must also be taken into account. 

In MCA terms, the impacts listed in Article 3 (1) of the EIA Directive represent the higher level objectives 
of the decision to select an investment alternative. It is natural for the alternatives being assessed to 
comply with the objectives to a different degree – and as any other decision involving multiple objectives, 
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the choice of a particular alternative requires trade-offs between the objectives. This makes the use of 
MCA or MCA-like techniques inevitable in the preparation of EIA. 

The EIA process is legally regulated and there are specific requirements to questions like the decision 
context, higher level objectives and exact scope of the study, stakeholder identification and consultation. 
There are no strict rules, however, on how to decompose the higher level objectives to lower level 
objectives and criteria, whether explicit criteria weights must be set, or if cardinal or ordinal methods are 
to be used to translate performance levels to scores. This gives the analysts plenty of freedom in preparing 
the EIA. 

It is also important to underline that EIA is in effect MCA for selection of a single preferred alternative 
based solely on environmental criteria. Therefore the project developer must ensure that the alternatives 
being studied under the EIA are buildable, economically feasible and of similar overall value to society.  

Appropriate Assessment 

The requirement to carry out appropriate assessments (AA) is set in Article 6 (3) of the Habitats Directive43, 
but how an AA is to be carried out is ultimately left to the discretion of the competent authorities of member 
states. The services of the EC have, however, published detailed guidance on the application of the 
directive44. The main emphasis of the guidance is that the impact on Natura 2000 sites must always be 
assessed in the light of their conservation objectives. Direction is also given on how impacts are to be 
assessed, as well as what criteria may be used to compare the impacts of investment alternatives.  

The sequence and logic of the assessment process under the Habitats Directive is to objectively 
demonstrate and substantiate that45: 

 “there will be no significant effects on a Natura 2000 site […]; or 

 there will be no adverse effects on the integrity of a Natura 2000 site […]; or 

 there is an absence of alternatives to the project or plan that is likely to have adverse effects on 

the integrity of a Natura 2000 site […]; or 

 there are compensation measures which maintain or enhance the overall coherence of Natura 
2000 […].” 

The assessment process is iterative by nature and if the above conditions cannot be fulfilled by the initial 
alternative or set of alternatives, then new alternatives must be considered. Such alternatives may be 
proposed not only by project’s promoters, but also by external stakeholders (in reality most often by 
environmental NGOs). 

A key stage of this process is screening of the project with the goal to determine its impacts and their 
significance. Indicators (with emphasis on measurability and objectivity) are formulated and could be 
focused on46: 

 direct loss of habitats or damage to species; 

 habitat fragmentation; 

 disruption and disturbance of species; 

 change to key elements of the site (e.g. water quality, etc.). 

                                                      

43 Article 6 (3) states that “any plan or project not directly connected with or necessary to the management of the 
site but likely to have a significant effect thereon, either individually or in combination with other plans or projects, 
shall be subject to appropriate assessment of its implications for the site in view of the site's conservation 
objectives”. 

44 Most importantly EC (2000), EC (2002) and EC (2007). 

45 Quoted from EC (2002, pp. 11-12). The assessment process is detailed in chapter 3 of the guidance document. 

46 Based on EC (2002, p. 23). 
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The need of objectivity in deciding on the significance of the impacts is often underlined47, but this process 
will, in reality, inevitably involve judgement, i.e. is inherently subjective. Reaching agreement on the ordinal 
ranking of the significance of different levels of impact may not be very difficult, but determining impact’s 
significance as an absolute measure is certainly more problematic.  

If the alternatives analysed have adverse impact (after application of mitigation measures), the next stage 
of the assessment process is comparison of alternatives. In principle, it is considered that the alternatives 
can be differentiated according to the following characteristics48: 

 “locations or routes; 

 scale or size; 

 means of meeting objectives (e.g. demand management); 

 methods of construction (e.g. ‘silent piling’); 

 operational methods; 

 decommissioning methods at the end of a project’s life; 

 scheduling and timescale proposals (e.g. seasonal working).” 

As with EIA, the formulation of the specific criteria to be used in the analysis is left to the analysts.  

Determining how different properties of the alternatives affect the status of habitats and species is 
scientifically a very complex issue. In order to make it more manageable, various proxy criteria can be 
used. Again, differentiating between the alternatives under a single proxy criterion is not difficult. However, 
deciding on the relative importance of the criteria is problematic.  

Again similarly to EIA, the comparison of alternatives under an AA is MCA for selection of a single 
preferred alternative based solely on the impact on Natura 2000 sites, habitats and species, and 
comparing realistic and feasible49 alternatives is of critical importance.  

Example – application of MCA in EIA/AA for a road project 

The EIA/AA for Lot 3.2 of Struma Motorway in Bulgaria is presented below. The project has been in 
preparation since the 90’s and during this period more than 15 alternatives have been developed to 
various degrees of detail. Most of these alternatives have been commissioned at different times by the 
authorities and some have been proposed by other stakeholders – NGOs or private design firms. The 
alternatives have different properties reflecting the different values, preferences and knowledge of their 
authors at the time of development. 

The motorway corridor is in the vicinity of the gorge of Struma river (Kresna gorge). An existing first 
class road is situated in the gorge west from the river, and on the east side of the gorge there is a 
railway line. The terrain on both sides of the gorge is mountainous and the space for construction is 
limited.  

Due to its specific climate, Kresna gorge is the home of many endangered plant and animal species. 
As a result the gorge and its adjacent areas are part of two Natura 2000 sites – BG0000366 Kresna-
Ilindentsi (SCI) and BG0002003 Kresna (SPA). In addition, there are some national protected areas in 
the gorge – more importantly, the natural reserve Tisata and protected area Kresna Gorge, which are 
located in the heart of the gorge, as well as protected area Moravska in the south part of the gorge. 

                                                      

47 For example EC (2000; p. 34). 

48 Quoted from EC (2002, p. 35). 

49 In the context of the Habitats Directive, economic feasibility is not a determining factor. An alternative may be 
considered “feasible” for being assessed under the directive, if it is not economically feasible, but contributes to 
fundamental values, e.g. preservation of biodiversity (see EC, 2007; pp. 7-8). This may create an unresolvable 
conflict between the different legal requirements. For example, a non-economically feasible alternative is ineligible 
for financing, even if it is the preferred (i.e. the only acceptable) alternative under the AA.  
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An EIA/AA was prepared in 2007-2008 and its conclusion was that the only environmentally acceptable 
alternative was completely bypassing the gorge with a 13 km tunnel on the western side of the gorge. 
Based on this, an EIA decision was issued in 2008. Design of the long tunnel was commissioned, but 
eventually it became clear that this solution was technically and economically unfeasible. 

In an effort to move the project forward an MCA was developed in 2014-201550. A total of 15 alternatives 
were compared under the MCA and that included all previously identified ones, as well as a number of 
new ideas. The MCA concluded that the best approach would be to build a new dual-lane carriageway 
next to the existing road.  

Figure 14. Kresna gorge, view of the existing road E-79, Struma river located on the left. 

 

On the basis of the MCA, an EIA procedure started in 2014. Its scope included two alternatives for 
doubling the existing road, as well as an alternative with a long tunnel51. During the development of the 
EIA/AA and as part of the formal EIA process, the authorities were regularly consulting the stakeholders 
– central and local authorities, environmental and other NGOs. As a result of these consultations, ideas 
for two new alternatives emerged. One was to build a new carriageway east of the gorge, so that the 
traffic going in north direction could use it, and leave the traffic going south on the existing road. 
Eventually environmental NGOs insisted that a dual carriageway road is constructed east of the gorge, 
so that all of the traffic could be taken out of the gorge. These two alternatives were also included in 
the scope of the EIA/AA. 

The EIA studied in detail the impact of the alternatives during their construction and operation on the 
individual components of the environment. To better evaluate the effects of the alternatives, the 
following criteria were used: 

 strength of impact; 

 territorial scope of impact; 

 duration of impact; 

 frequency of impact; 

 consequences; 

                                                      

50 The MCA is available at: 
http://ncsip.bg/files/Documents/NCSIP Struma Lot 3.2 MCA, Release 1 (complete).pdf  

51 Although it was apparent that the long tunnel alternative was not realistic, there were legal reasons to include it in 
the scope of the EIA/AA. Footnote 50 outlines the risk of this. 

http://ncsip.bg/files/Documents/NCSIP%20Struma%20Lot%203.2%20MCA,%20Release%201%20(complete).pdf
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 cumulative impacts. 

As a result of these mini-MCA, the significance of the impact of the alternatives on the components of 
the environment was assessed.  

In order to arrive at a substantiated conclusion on what the best alternative was, an MCA evaluation 
system was devised. The evaluation criteria had equal weight and corresponded to the environmental 
components. The alternatives were scored in accordance with their order of preference, with the most 
preferred alternative receiving 5 points and the least preferred receiving 1 point.  

Criteria 
Blue Dual 

Carriageway 
Red Dual 

Carriageway 

East Bypass 
Dual 

Carriageway 

East Bypass 
Single 

Carriageway 
Long Tunnel 

Air 1 4 3 5 2 

Surface water 4 5 2 3 1 

Ground water 4 5 2 3 1 

Lithosphere  4 5 2 3 1 

Land use and soil 2 3 1 3 5 

Flora 2 3 1 3 5 

Fauna 1 2 3 4 5 

Waste 4 5 2 3 1 

Noise 1 3 2 5 4 

Landscape 3 3 1 2 5 

Cultural heritage 1 2 4 5 3 

Health and hygiene 2 3 3 5 1 

 29* 43* 26* 44 34 
 

* Alternatives Blue Dual Carriageway, Red Dual Carriageway and East Bypass Dual Carriageway 
were rejected due to incompatibility with the conservation objectives of the affected Natura 2000 
sites (details follow). 

The conclusion of the EIA was that the alternative featuring the construction of a single carriageway 
east of Kresna gorge must be implemented.  

As the project was likely to have negative impact on Natura 2000 sites, an AA was also prepared. In 
fact the acceptability of the alternatives from the biodiversity point of view was one of the most significant 
factors for the final decision. As seen from the table summarising the scores of the alternatives under 
the EIA, 3 of the 5 alternatives studied were rejected because they were not considered compatible 
with the conservation objectives of the affected Natura 2000 sites. One of these alternatives (Red Dual 
Carriageway) was considered exceptionally favourable from the EIA perspective, having almost equal 
score with the highest scoring alternative. 

The alternatives were compared against the following criteria separately for the various species and 
habitats: 

 direct destruction of habitats; 

 fragmentation of habitats; 

 disruption of bio-corridors; 

 disturbance of species; 

 mortality. 

The criteria were scored on a 4-step scale depending on their perceived impact: 0 for no impact, 1 for 
insignificant impact, 2 for moderate impact and 3 for significant impact. 

The results were summarised for the individual alternatives to reach a conclusion on the overall 
significance of the impacts and compatibility with the objectives of the Natura 2000 sites in the area. 
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The conclusion was not based on explicit performance or score matrices, and did not rank in order of 
preference the alternatives that were not rejected.  

In joint consideration of the results of the EIA and the AA, the alternative which scored highest on the 
EIA and was one of the two alternatives found acceptable under the AA, was recommended for 
implementation.  

 

There are many possible approaches to specifying MCA for the purposes of environmental assessments. 
Unfortunately, it would seem that the choice of method to apply depends more on tradition and habit, than 
on conscious choice52. The need to consider the EIA evaluation framework in the light of what is presented 
in chapter 2 must be emphasised. 

3.9 Public Procurement 

Legal Framework 

A specific use case of MCA is in public procurement procedures. Public procurement is a very strictly 
regulated and monitored environment, and the possible approaches to evaluating tenders are framed by 
legal requirements. In the EU context, public procurement is regulated by Directive 2014/18/EU (the Public 
Procurement Directive), which is transposed in the legislation of member states. 

The objectives of public procurement is to select the tenderer, who is most likely to perform the works, 
services or supplies with the required quality, within the time provided, and for the lowest possible price. 
A key step for achieving these objectives is the evaluation of tenders. 

With regard to evaluation, the directive makes clear differentiation between selection and award criteria. 
The selection criteria are focused on the general capacity of the tenderers to carry out the works, services 
or supplies being procured. Article 58 of the Public Procurement Directive states that “Selection criteria 
may relate to: (a) suitability to pursue the professional activity; (b) economic and financial standing; (c) 
technical and professional ability.” In MCA terms, the selection criteria set the minimum requirements for 
an alternative (i.e. choice of particular tender, hence tenderer) to be considered feasible. 

The award criteria have a different role – they are focused on evaluating the tenders, and should not be 
related to the qualities of the tenderers. Article 67 of the Public Procurement Directive requires that the 
award criteria are liked to “the specific process of production, provision or trading of those works, supplies 
or services; or […] a specific process for another stage of their life cycle”.  

There are two distinct approaches to formulating the set of award criteria – one is to use price as the single 
award criterion, and the other is the so called “most economically advantageous tender” – i.e. using both 
price and quality-related criteria. The latter approach requires that an MCA evaluation framework is 
established and applied to select the best tender. The award criteria are often attributed weights to reflect 
the relative importance of the qualities they attempt to evaluate. 

Both the selection and award criteria are part of the procurement notice and tender dossier, which is made 
available to the tenderers, and cannot be modified after the deadline for submission of tenders. This 
means that the weight, performance level ranges, and score ranges of the criteria cannot be adjusted, 
even if during the evaluation they are found to not properly reflect the merits of the tenders.  

Normally preference is given to quantitative criteria, which have the advantage of not depending on 
judgement to evaluate, and are also less likely to be disputed. Unfortunately, there are serious practical 
difficulties in determining reasonable objective criteria that are strongly linked to the quality of the 
tenders53. For this reason criteria that rely on judgement are often used. 

                                                      

52 In some countries ordinal techniques without explicit weights seem to be the preferred approach, whilst in others 
MCA with cardinal scores and explicit weights appear to be used most often (see for example Janssen, 2001 for 
an overview of the practice in the Netherlands). 

53 Available are plenty of general guidance materials on this process (e.g. SIGMA, 2011, and similar publications), 
but they fall short of offering specific and practical advice on formulating “objective” and useful criteria to evaluate 
the quality of tenders.  
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There are many subtleties in establishing MCA evaluation frameworks for public procurement, and 
especially in defining the award criteria attempting to evaluate quality. Below is a short mention of some 
typical cases in the procurement of services and infrastructure works. 

Procurement of Services 

The services that are most important in the preparation of infrastructure projects are the elaboration of 
feasibility studies, designs and EIA/AA reports. Terms of Reference (ToR) are used to describe what 
services and deliverables are needed. Normally these documents give some guidance as to how the 
services are to be executed, as well as include some criteria that attempt to define the required properties 
and quality of the deliverables. In most cases, however, it is impossible or impractical to unambiguously 
define objective measures of the quality of what must be delivered. This inevitably gives the consultant 
plenty of freedom in selecting their approach – and the results could be good or bad. 

The way service tenders are evaluated is influenced by this specific feature of service contracts. It is 
assumed that good quality of the tender is a prerequisite for good quality of the services under the contract. 
It is also assumed that experts with better qualification and experience are likely to perform the services 
better. Lower price is always preferable, but it is often accepted that a trade-off between better (hence 
more expensive) experts and price may be needed. These considerations are in line with the objectives 
of public procurement, and are reflected in the evaluation framework, which usually is composed of three 
groups of criteria: 

 criteria, attempting to evaluate the quality of the tenders; 

 criteria, attempting to evaluate the experience, qualification and skills of the proposed experts; 

 price. 

The weights of these groups reflect the dominant understanding of their relative importance in the 
particular context. For example, for decades the major European institutions have used a ratio of 80:20 
between the weights of quality criteria versus price. In practice this gives very little influence of the price, 
and puts emphasis on the performance and scores under the rest of the criteria. Between the criteria that 
attempt to evaluate the quality of the tenders and the quality of the experts, priority is usually given to the 
quality of the experts.  

Specific criteria, which are often used are for example completeness of the methodology for execution of 
the services, programme and sequence of the activities, organisation of the team, contacts with external 
parties, backstopping arrangements and similar. 

Procurement of Works 

Unlike services, for works contracts it is actually possible to describe – in advance, unambiguously and 
without depending on judgement – the required quality of the deliverables. Typically, the works are 
designed by the employer54, who provides the designs, together with detailed technical specifications, to 
the contractor. The design defines what must be constructed (and to a lesser extent how); the technical 
specification defines how the works must be constructed, as well as what specific quality requirements 
they must comply with. There normally is supervision of the construction process, which ensures that the 
works are executed in accordance with the drawings and the technical specification.  

There seem to exist different opinions as to what should be the preferred approach for evaluating works 
tenders. Arguably, since the scope and quality of the works are unambiguously and precisely defined, the 
only award criterion to be used should be price. The price offered by different tenderers may vary 
depending on factors like the availability and cost of materials in the area of the works, the available 
facilities and equipment, the approach to organising the construction activities, financial status, market 
strategy, other commitments, etc. If proper contractual arrangements are in place, the price cannot vary 
due to contractors intentionally planning lower quality of the works. 

An alternative opinion is that the proposed approach of the tenderers to executing the works should also 
be evaluated, in an attempt to increase the probability of selecting a capable tenderer. Many arguments 

                                                      

54 Even if the works are to be designed by the contractor, a fundamental requirement is that they must be fit for 
purpose – and that purpose can be defined sufficiently well. 
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against this can be formulated, but the fact is that Article 67 of the Public Procurement Directive actually 
recommends the use of quality criteria to identify the most economically advantageous tender. If this 
approach is adopted for works tenders, a major problem is the formulation of criteria that are both objective 
and useful. Another problem is that, since tender prices are usually within ±10-15% of each other55, quality 
criteria with even very limited weight overpower the price criterion, and in effect determine alone the final 
ranking. Then a point up or down in the score of a tenderer is worth, quite literally, millions. 

 

                                                      

55 Even if the tender prices happen to not be within a close range, Article 69 of the Public Procurement Directive 
provides a mechanism for dealing with abnormally low tenders. The directive does not set a specific threshold to 
what should be considered an abnormally low price, and many member states also do not. For examples of the 
practice in different countries, see SIGMA (2016; pp. 5-7). 
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4 Multi-Criteria Analysis for Transport Projects 

4.1 Introduction 

This chapter presents the application of MCA for comparison of alternatives for transport infrastructure 
projects, and more specifically for the construction of roads and railway lines.  

4.2 Legal Requirements 

Whereas the comparison of alternatives is a key step of project preparation, there may be legal 
requirements to how it is done for publically funded projects. For example, projects that are to be co-
financed under the European structural and investment funds (ESIF) are expected to comply with the 
conditions of Commission Implementing Regulation (EU) 480/2014 and Commission Implementing 
Regulation (EU) 2015/207.  

Section 4.2 of Annex II to Commission Implementing Regulation (EU) 480/2014 explicitly requires “that 
the main alternatives have been analysed and the best option was selected for implementation including 
justification of the option chosen”. In addition to this, Annex III to Commission Implementing Regulation 
(EU) 2015/207 outlines the methodology of carrying out CBA and also features some requirements on the 
comparison of alternatives (referred to as “option analysis”). The main such requirement is that the 
comparison is done in two stages – comparison of strategic alternatives (i.e. type of infrastructure to fulfil 
the objectives, or different project location) and comparison of options “at the technological level”. It is 
expected that the first stage is carried out using MCA. The second stage of the comparison can be either 
another MCA, CEA or CBA. The use of simplified CBA for the second stage is the recommended 
approach.  

It must be noted that comparing options for transport infrastructure projects “at the technological level” is 
most often done at the preliminary and detailed design stage, when an alignment option is already selected 
(see section 3.7). The typical road or railway projects do not require explicit choice of technology to be 
made, except perhaps for some of their components (e.g. large structures). However, considering the 
above legal requirements it is proposed to: 

 compare alternatives at the strategic (corridor) level using MCA; 

 compare alignment options using CBA or MCA incorporating the results of the CBA and detailed 
environmental criteria; 

 document the choice of technology for the main components of the project. 

4.3 The Decision Context 

Stakeholders 

It is worth to consider the main stakeholders in a transport infrastructure project in the light of the typology 
presented in section 2.4. The typology classifies stakeholders depending on the presence or absence of 
three attributes – power, legitimacy and urgency. 

Financing institutions are dominant stakeholders, as they are both powerful and legitimate. The entity 
developing a project must comply with the eligibility and other requirements of the financing institutions, 
in order to be able to implement the project. Financing institutions may have specific requirements to the 
methodology of MCA or to how social and environmental issues are considered. 

Entities of the central administration are also dominant stakeholders, as they have the legitimate (legal) 
power to influence the development of projects. Such entities may be the authorities responsible for 
issuing various permits – most notably for construction, water use, acquisition of land – as well as having 
influence on key processes like EIA/AA and public procurement. These stakeholders can have 
requirements and views that may even influence the feasibility of the alternatives. 
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The local population is a dependent stakeholder, as it is legitimate, and its demands are often urgent (i.e. 
both time sensitive and of critical importance). The local population may seek to acquire the third attribute 
– power – by attempting to attract dormant or dominant stakeholders on their side. Knowledge of the 
preferences and objectives of the local population may be acquired by directly consulting it (e.g. project 
presentations and discussions) or by sociological surveys.  

The local authorities are supposed to represent the objectives of the local population. Depending on their 
level of influence, they may be a dependent or a definitive stakeholder. In any case, the local authorities 
must be consulted in an attempt to learn more about the legitimate demands and preferences of the local 
population. 

Non-governmental organisations are a demanding stakeholder in the sense that they do not have the 
power to directly influence the project development process, as well as do not have a direct legal interest 
in the project (i.e. lack legitimacy). These stakeholders may seek to acquire power (by trying to attract 
dormant or dominant stakeholders) or legitimacy (by cooperating with discretionary or dependent 
stakeholders). It is useful to involve and consult NGOs in the process of development of the MCA (and 
the project development process in general). 

The general public is a dependent stakeholder, as is the local population. However, the objectives of the 
two groups may or may not be the same. In the case of transport infrastructure projects, the interests of 
the general public are most often different from the interests of the local population – the latter usually 
bearing the consequences of the negative impacts of infrastructure projects. 

The media can be a demanding stakeholder, who may influence other stakeholders, and this way become 
a dangerous stakeholder. It is always good to have a clear strategy for communicating the decisions 
related to the project with the media, as they will be an important source of information and influences to 
the other actual and potential stakeholders. 

Finally, the decision makers are a dominant or definitive stakeholder who usually has direct relationships 
with the team of analysts, and is in a position to set the main objectives of the analysis.  

At this point it is necessary to have a clear vision on who, how and when will be consulted in the process 
of MCA preparation, as well as to whom, how and when intermediate and final results are to be presented. 
A well-developed communication strategy is essential for the acceptance of any decision. 

Workgroups 

For smaller projects stakeholders may be consulted individually and in an informal setup about their 
objectives and preferences. This can be best achieved by using semi-structured or unstructured 
questionnaires.  

For projects of greater public interest it may be appropriate to invite the stakeholders to participate in one 
or more formal workgroups to agree on the objectives of the study, the criteria to be used and their weights. 
The objective of workgroups would generally be to “achieve a shared understanding of issues, a sense of 
common purpose and a mutual commitment to action”56. If properly facilitated57, workgroup sessions can 
contribute not only to a better understanding of the hierarchy of objectives of the stakeholders, but also to 
acceptance of the MCA by the stakeholders – as process and hopefully as results.  

Regardless to whether the consultations are done in a formal or informal manner, the responses and 
reactions of the stakeholders must be properly recorded, and a summary of the consultations must be 
included in the MCA explanatory note. 

Objectives 

An MCA for transport infrastructure project will usually consider the following higher-level objectives: 

 financial and economic performance; 

 environmental impact; 

                                                      

56 Philips and Philips (1993; p. 533). 

57 For a presentation of facilitated workgroups, see for example Philips and Philips (1993).  
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 social and other impacts, risks, etc. 

An example of a typical hierarchy of objectives is presented on figure 15.  

Whilst little disagreement can be expected on the universal values that should guide the decisions on 
public projects, the views of the stakeholders on the importance of the objectives increasingly diverge 
when going lower in the objectives hierarchy. This once again underpins the importance of properly 
planning and carrying out consultations with the stakeholders.  

Figure 15. A typical hierarchy of objectives for a transport infrastructure project. 
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4.4 Evaluation Framework 

Structure 

As discussed in section 2.10, there are various approaches to structuring the evaluation framework. 
However, in the context of comparison of alternatives for large transport infrastructure projects the simpler 
methods are not appropriate. It is necessary to explicitly define weights of the criteria and groups of criteria, 
as well as to rely (as much as possible) on criteria that do not require judgement.  

Criteria and Groups of Criteria 

Exactly how the lower level objectives translate into criteria is mostly a practical question. Some objectives 
may not be reflected in the analysis, if the alternatives contribute similarly to them. Other objectives may 
be evaluated together, if the performance under them is strongly correlated (e.g. air pollution and noise). 
And there may be objectives that must be translated into multiple criteria (e.g. impact on protected species 
and habitats).  

The criteria should be defined in accordance with the principles presented in section 2.8. They also have 
to correspond to the objectives of the stakeholders as much as possible. Practical proposals on how the 
criteria are to be formulated are presented further in this chapter. 

Weights 

The weights of the criteria and groups of criteria are perhaps the area of most heated debates. Arguably, 
the definition of objectives and criteria is much more important for the end result than the weights.  

The process of setting weights of the criteria in the context of transport infrastructure projects is not 
different from what is described in section 2.12. However, the importance of carefully verifying whether 
the weights consistently reflect the preferences must once again be underlined. As suggested by the 
hierarchy of objectives from section 4.3, MCA for large transport projects are expected to have a relatively 
large number of criteria. This makes inconsistencies of the weights difficult to spot – unless intentionally 
sought. It is proposed to check whether the relative weights of the criteria reflects their perceived relative 
importance by comparing them pairwise.  

4.5 Identification of Alternatives 

Considering the Objectives 

Thinking about the objectives can be very helpful in identifying new alternatives. Considering the 
performance and trade-offs of the alternatives against the objectives enhances the understanding of the 
problem, and may lead to the identification of new and unexpected alternatives. 

Often little time and effort are devoted to objective-focused thinking about the problem to be solved, and 
there is an urge to dive straight into the development of technical options. Such options ideally consider 
the known constraints and usually optimise the solution from purely technical point of view. The technical 
aspects are a critical part of any problem, but focusing too quickly on them creates the risk of ignoring, or 
not paying sufficient attention to key objectives.  

Transport infrastructure projects normally are developed over long periods of time. Quite often, when 
starting a feasibility study, there are already existing ideas, studies and designs of alternatives. In principle, 
all previous alternatives should be re-examined and reviewed in the light of the objectives of the project. 
It may be found that they have merits and can be used as the basis for development of new alternatives.  

The advantages and disadvantages of existing older alternatives are usually easy to establish, as in most 
cases they are developed considering sets of values and objectives that are distinctly different from the 
present ones. For example, the older an alternative is, the more likely it is to have been developed with 
focus on the technical aspects of the problem and with less attention on the environmental impacts.  

In reality, MCA has little value, if it compares alternatives that are poorly thought of.  
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Example – developing new alternatives 

Hemus motorway is located in north Bulgaria and develops in east-west direction. It is to connect the 
capital Sofia on the west and one of the biggest cities in the country – Varna – on the east. Sections on 
the western and eastern end of the motorway have been completed, but the middle section with length 
of about 250 km remains to be constructed.  

In the 80s and 90s of ХХ century numerous studies have been elaborated for the project, reviewing 
different alternatives of a motorway alignment. As a result, a preferred alignment has been selected in 
1993 (shown on figure 16 with blue colour). This alternative attempted to minimise the length and cost 
of the project. It was situated relatively far from the two main cities in the central northern region – 
Pleven and Veliko Tarnovo, as well as was crossing a number of Natura 2000 sites and national 
protected areas. 

In 2001 another alternative was developed (shown with green colour) parallel to the existing first class 
road between Sofia and Veliko Tarnovo. This alternative was planned for implementation as a tolled 
road. It had less environmental issues and was passing nearer to Veliko Tarnovo. However, it was 
located more than 50 km south from Pleven and would be of no use for the trips between Sofia and 
Pleven. 

Figure 16. Alternatives for Hemus motorway. 

 

In 2013-2014 preparation of the project recommenced with a feasibility study. The purpose of the study 
was to identify and compare alternatives for the project, so that a preferred alternative could be 
selected. The objectives of the project, as formulated by the study, were: 

 to improve the road corridor, part of the TEN-T, in the direction of the project; 

 to support regional development; 

 to implement the project in an environmentally sustainable manner; 

 to minimise construction and maintenance costs. 

It was decided to assess the two existing alternatives with an MCA, although they were contributing 
relatively little to the main objectives of the project. In an attempt to better address the objectives, two 
additional alternatives were formulated.  

The first new alternative (shown with black colour) was based on the blue alternative, but attempted to 
improve the connectivity with the two main cities in the region – Pleven and Veliko Tarnovo – by passing 

Pleven 

Veliko Tarnovo 

Russe 
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as close as possible to them. The alternative was expected to attract more traffic from the two cities 
and help their economic development. 

The second new alternative (shown with brown colour) was developed with the idea to facilitate the 
traffic along the axis Sofia – Russe (Russe being the main border-crossing point between Bulgaria and 
Romania in the area). To achieve that, this alternative was passing as much north as practical, 
remaining close to Pleven, but quite far from Veliko Tarnovo.  

This example shows how considering the objectives of the project can lead to the identification of new 
alternatives. The trade-offs between the alternatives are also much easier to identify in the light of the 
objectives. In this case: 

 the blue alternative was best technically and with low cost, but with no contribution to regional 
development and with high impact on environment; 

 the green alternative was also with relatively low cost, but would contribute only to the economic 
development of Veliko Tarnovo; 

 the black alternative was more expensive, but would contribute most to the economic 
development of Pleven and Veliko Tarnovo; 

 the brown alternative was the longest and the most expensive, but could be expected to 
facilitate some cross-border traffic, and the economic development of Pleven. 

Preliminary Screening 

Once an initial set of alternatives is identified, they must be screened against the known constraints. As 
already pointed out in section 2.6, if at this point some of the alternatives are to be excluded from further 
analysis, it is a good idea to explicitly record the reasons, which led to this decision.  

In the context of transport infrastructure projects, it is not a rare situation that different alternatives are 
supported by different stakeholders. In the case such an alternative is screened out, it is especially 
important to properly justify and communicate the reasons. 

4.6 Financial and Economic Criteria 

Principles 

Ensuring high economic benefits is one of the major objectives of public infrastructure projects. Therefore, 
the costs and benefits of the projects should always be included in the MCA.  

Even though not all effects of the alternatives can be expressed in monetary terms, for a robust MCA it is 
important to attribute money values to at least the main economic costs and benefits of the alternatives. 
For this reason, measures of the costs and benefits, or the benefit/cost ratio, of alternatives should be 
included as criteria. 

If the economic costs and benefits are included as separate criteria, special attention must be given to 
how they are weighted and scored. As demonstrated with the last example in section 2.11, different 
combinations of performance levels, scoring methods and criteria weights can result in attributing very 
different importance to a single unit of costs, relative to a single unit of benefits. A much more reliable 
approach seems to include the discounted main economic costs and benefits as BCR and/or ENPV. 

Investment Costs 

Usually the investment costs are included in the set of MCA criteria (in one form or another) with significant 
weight. The first question with assessing them is the reliability of the cost estimates, as at the level of 
preliminary design, major work items and risks may remain unaccounted for.  

There are three main factors determining the precision of cost estimates: 

 the completeness of the set of work items included; 

 the reliability of the unit rates; 
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 the reliability of the quantities. 

When calculating the construction costs based on a preliminary design, the only factor that can properly 
be addressed is the reliability of the unit rates. In the context of MCA, this is also the least important factor, 
since the same unit rates are used for all alternatives – this means that the ordering of the alternatives in 
terms of investment costs is not likely to change, even if the set of unit rates is not of great precision. 

The issues with the completeness of the set of work items and the reliability of the quantities are more 
difficult to handle. Usually the problem is not so much with what is known about the works, but rather with 
what is not known about project’s surroundings – this relates chiefly to the geological and hydrological 
conditions, as well as the topography of the terrain. Typically, it is attempted to improve the reliability of 
the estimates by using very detailed bills of quantities (BoQ). Unfortunately this approach can do nothing 
to address the risk of unexpected adverse geological and other conditions resulting in major works missing 
from the BoQ.  

For the purposes of MCA, investment costs can be calculated using BoQ of relatively high level of 
aggregation – 40-50 major works items, instead of the 300-400 items of a typical BoQ for a detailed design. 
In reality, at this stage not much can be done to improve the reliability of the cost estimates. Therefore, it 
is critical to either include risk-related criteria in the MCA, or (preferably) conduct extensive sensitivity tests 
of the MCA. (Details on addressing uncertainty and sensitivity analysis are presented in sections 2.14 and 
2.15).  

Once estimates of the investment costs are available, they should be included as a criterion in the MCA 
with a sufficiently significant weight. If, however, there are other criteria that depend on the investment 
costs (for example, indicators such as BCR or ENPV), it must be carefully considered and clarified what 
significance is attributed to each of the criteria.  

Operation and Maintenance Costs 

Operation and maintenance (OM) costs depend mainly on the length of the alignment and for this reason 
are usually calculated per km per year. As investment costs also depend chiefly on the length, the 
performance under the two criteria can be expected to strongly correlate. The two criteria also have the 
same direction of preference – lower cost is preferable – which allows combining them to avoid the 
potential issues with setting their relative weights and the appropriate scoring scales. In order to do this, 
it is best to discount the two costs – the per-year OM costs must be converted to a total present value for 
project’s reference period, and summed with the discounted investment costs.  

If the alternatives are technically similar and are expected to have the same or similar OM costs per km, 
then the criterion may be omitted.  

Timesavings  

Timesavings are usually the main benefit of transport infrastructure projects. Therefore, it makes sense to 
attempt to calculate them as precisely as possible. 

Calculating timesavings for public transport projects (e.g. railways) is not difficult. For road projects, 
however, of the two inputs for calculating travel times – alignment length and operational speed – correctly 
estimating the operational speeds is complicated. By definition, the operational speed is calculated from 
the free-flow speed and the saturation level58. The free-flow speed depends on many parameters and 
mainly on the attitudes of the drivers, the geometry of the road (curves, lane widths, crossings, etc.), the 
longitudinal grades, the pavement conditions, the composition of the fleet, and to a lesser extent to the 
posted speed limits.  

Often the design speeds or posted speed limits are taken as free-flow or operational speed. In most cases 
this approach is not appropriate and can significantly increase or decrease the calculated timesavings. 
For example, if the posted speed limit is substantially lower than the seemingly safe speed allowed by the 
facility, then free-flow speed will be higher than the posted limit. For horizontal curves with small radiuses, 
the free-flow speed will most likely be higher than the design speed (i.e. the maximum safe speed under 

                                                      

58 The free-flow speed is defined as the speed of a vehicle passing through a facility under conditions of no (or 
limited) traffic. The saturation rate is defined as the ratio between the traffic demand for the facility and its capacity. 
All volume/delay functions use these two parameters as their main input. 
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the worst operational conditions). However, if the posted speed limit is too high (e.g. 130-140 km/h), the 
free-flow speed may actually be lower.  

The simplest way to include timesavings as a criterion is as time saved per single user. This, however, 
creates a potential issue with properly setting the weight of the criterion relative to the cost criteria – most 
importantly investment and OM costs. If a demand forecast is available, a much better approach is to use 
the present value of total timesavings for the reference period of the project – as a separate criterion or 
as part of a combined criterion measuring economic costs and benefits.  

Vehicle Operating Costs 

Vehicle operating costs (VOC) depend on factors like the condition of the road surface, the speed and the 
longitudinal grade. VOC may be modelled to various degrees of precision – as per-km rates, or taking into 
account the travel speed and rarely the longitudinal grades.  

Calculating VOC with per-km rates is not of much use to the analysis, as in effect it evaluates the length 
of the alignment. If it is found that the alternatives are much different in terms of longitudinal grades and 
operational speeds, it may be worth to calculate VOC more precisely and include them as a criterion.  

Accident Savings 

Accidents are random and rare events, which makes measuring and forecasting them inherently difficult. 
Unless there is a reason to believe that the alternatives will perform differently from safety point of view, 
there is no point in including safety criteria. Alternatives can be expected to perform differently, if they are 
for roads of different class or design speed, have different design concepts, or feature different 
technological elements (e.g. tunnels vs. regular road sections; even in cases like this, forecasted accident 
rates may not be directly comparable due to the different risk assessment approaches).  

Usually per-km accident rates for different classes of roads at national level are available. If the 
alternatives are for roads of the same class, using per-km rates will evaluate nothing more than the lengths 
of the alternatives. Of course, if considered important, subjective safety criteria may be used to 
differentiate the alternatives, but extreme care must be taken to prevent them from overpowering other 
criteria and determining alone the results of the analysis (see the discussion on sensitivity to performance 
levels in section 2.15). 

In principle, when using accidents data it is recommended to consider only fatality rates (and not general 
accident rates and injuries), as the fatality rates are recorded much more precisely.  

4.7 Environmental Criteria  

Environmental Impacts 

Considering the fact that EIA and AA are actually MCA with solely environmental criteria, it is a good idea 
to attempt to evaluate (and address as much as possible) the environmental impacts of the alternatives 
before the formal EIA procedure. This can be most efficiently done when comparing alternatives at the 
feasibility study stage, as well as when developing the preliminary design.  

Following the requirements of the EIA Directive, as well as the Habitats and Birds Directives, an MCA for 
the development of an infrastructure project should consider the following types of impacts (criteria and 
groups of criteria)59: 

 air quality (PMx, NOx, etc.); 

 acoustic environment (noise pollution); 

 water quality; 

 agricultural land; 

                                                      

59 For an example of an elaborate set of environmental criteria for the use in MCA, see NCSIP (2015). Methodologies 
of such complexity may be appropriate for transport infrastructure projects in environmentally sensitive areas, but 
may be unnecessarily demanding for most projects.  
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 soils, geology, hydrology and hydrogeology; 

 waste; 

 biodiversity, protected areas and Natura 2000 sites; 

 people and communities (i.e. social effects); 

 cultural heritage; 

 landscape; 

 climate change. 

As already stated, what must be evaluated under EIA/AA is impacts. They, however, may be very difficult 
to determine, especially at an early stage of the development of a project. To overcome this, appropriate 
proxies can be used – that is, parameters, which are expected to be representative of the actual impact. 
Specific proposals how to evaluate the criteria are presented below. 

Air Pollution and Noise 

The emitted air pollution and noise during operation depend chiefly on the number, class and speed of 
the vehicles using the alternatives. An even more important factor, however, is the exposure of people to 
them, which depends mainly60 on the quantity of the emissions and the number of people or other 
receptors located in proximity of the source of pollution or noise. Depending on the context, the analysis 
may consider to different levels of precision some – or all – of these factors61. Many of them most often 
do not vary significantly between alternatives (e.g. the number and classes of vehicles, or the number of 
train compositions using the project), but other do (the speed and, most importantly, the number of people 
affected).  

The simplest way to obtain a measure of the likely exposure to air pollution and noise is to calculate the 
length of the alternatives, which are to be located on less than a specified distance from populated areas. 
This method is not very reliable, as the density of the population may vary significantly within the 
boundaries of populated areas. A better approach is to use the number of people permanently living in 
these areas. Sufficiently detailed population data usually exists, but if the number of people cannot be 
directly determined, then the number of residential buildings in the affected areas could be used62.  

The distance to be used in determining the number of receptors is normally 50, 100, 200 or 300 m. Even 
better is to consider the strength of impacts in the different distance bands and thus combine all impacts 
in a single measure. This can be achieved by weighted summation of the number of receptors located 
within each of the bands – for example the number of receptors within 0 to 50 m of the project could have 
a factor of 4, within 50 to 100 m a factor of 3, within 100 to 200 m a factor of 2 and within 200 to 300 m a 
factor of 163. The area to be considered can also be derived from an explicit requirement for level of impact 
– for example the areas with noise or pollution levels higher than a given target threshold64.  

If the construction methods of the different alternatives are expected to differ substantially, it may be worth 
to attempt to evaluate the impacts of air pollution and noise during construction. In such case there is one 
additional factor that must be taken into account – the construction period. At the preliminary stages of 

                                                      

60 Other factors like wind direction, topography, prevailing weather conditions, etc. are also at play, but they would 
normally not be analysed as part of an MCA, unless the information is already available. These factors are 
considered in the air pollution and noise models used for EIA. 

61 For detailed methodologies of evaluating air pollution and noise see for example NRA (2011), NRA (2004) and 
NRA (2014). Note however that these guidance documents are focused on quantifying the effects of traffic for the 
purposes of EIA. Analyses of such extensive detail are normally not necessary for the purposes of MCA. 

62 There are other possibilities as well – for example, with regard to air pollution TII (2016; p. 4) recommends the use 
of the number of properties that will experience a change on air quality within 50 m of the project. Ultimately, the 
choice of proxy parameter will depend on the needed precision and available data. 

63 NRA (2004; pp. 26-27). 

64 For example, NRA (2004; pp. 11-13) sets a noise level “design goal” near new roads of not more than 60 dB(A) 
Lden (that is, day-evening-night A-weighted noise level).  
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project preparation the number, composition and routes of the construction fleet cannot be determined 
precisely, but more significant differences between the alternatives can be captured. 

Quality of Water 

Infrastructure projects can have substantial impact on both surface and ground waters. Since water is a 
precious resource and it is highly recommendable to evaluate the impact of the alternatives to its quality. 
With regard to surface water, the alternatives may affect water bodies directly by modifying their courses, 
or indirectly by discharging in them drained water65. The water drained from transport infrastructure 
facilities is likely to be polluted, and affect negatively the water bodies, if discharged without treatment. 
This is especially problematic, if the alternatives pass near or through catchment areas for drinking water. 

Transport infrastructure may also affect the quality of groundwater. This is especially dangerous in the 
areas of sources of drinking groundwater.  

A straightforward approach to including a quality of water criterion is to evaluate the length of the 
alignment, which passes in proximity of catchment areas, sources of drinking water and water bodies. For 
road projects, this can be combined with evaluating the potential of the different alignment elements to 
cause spilling of pollutants from heavy goods vehicles (HGV). In principle, traffic accidents resulting in 
spills are more probable at: 

 locations with low radius of horizontal curves – which may result in HGV overturning;  

 slippery sections – e.g. frosted bridges, especially in horizontal curves; 

 where different traffic flows interact.  

Locations, which comply with the above criteria, are at-grade intersections, the links of interchanges and 
roundabouts. High longitudinal grades may also increase the risk of accidents with HGV.  

Other factors that could be evaluated are the expected reaction time in case of an accident, or the volume 
of HGV expected to use the alternatives (in case expected to vary from one alternative to another). 

Agricultural Land 

The most important impact on agricultural land is the loss of land needed for the permanent works or used 
for the permanent deposit of construction materials (e.g. excess earth material). It can be expected that 
most of the areas used for temporary construction activities would not be permanently damaged. A rare 
(and hence less relevant) effect is that producers of organic food may lose their certification, if a source 
of pollution (e.g. a road) becomes operational near their land.  

Evaluating the impact on agricultural land is straightforward – the area of agricultural land that will be taken 
by the permanent works can be used.  

Other Land 

The impact of the alternatives on the land, regardless of its purpose, is evaluated under this criterion. 
Again, the most important impact is the loss of land, due to the permanent works and permanent deposit 
sites. Depending on the context, it may be appropriate to also consider the impacts to land affected by the 
temporary works.  

As with the criterion for loss of agricultural land, the evaluation is based on the area of land lost. In order 
to avoid double counting, the areas of agricultural land should be deducted from the total area of land lost.  

                                                      

65 This can be water drained from the surface of a road, the ballast prism of a railway, the water insulation of a tunnel, 
etc. 



53 

Soils, Geology, Hydrology and Hydrogeology 

The criterion evaluates the impacts on geological, hydrological and hydrogeological resources, sites with 
unique geological formations and similar phenomena. If the alternatives are likely to affect such resources, 
then the criterion should be included66. 

Waste 

Construction generates a lot of waste. Of the total volume by far the highest share is of the earth materials. 
These can be excess materials that are suitable or unsuitable for fill, spoil from tunnel construction, etc. It 
may be possible to reuse some of the earth material, but some may even be harmful to human health and 
the environment – for example, tunnel spoil needs special treatment, if polymer resins or bentonite slurries 
are used in the excavation process67.  

In case the materials are easily reusable, they should not be evaluated under this criterion. However, if 
there are likely to be materials that need special treatment, then it is proposed to consider them under the 
waste criterion. It is most natural to use the volume of the polluted earth materials to evaluate the 
alternatives. 

Biodiversity, Protected Areas and Natura 2000 sites 

Normally, this is not a single criterion, but rather a group of criteria. When formulating them, it makes 
sense to follow as much as possible the logic and sequence of preparation of Appropriate Assessments 
as presented in section 3.8. 

The main input for the evaluation of the impact to sites is the areas of them affected by the alternatives. 
Other factors like type and duration of impact, fragmentation, priority of the site, conservation status, etc. 
may also be taken into account.  

With regard to species, the expected mortality rates may be evaluated. Unfortunately, such evaluation can 
be done only subjectively. 

Cultural Heritage 

Transport infrastructure works can damage archaeological sites, and archaeological sites can seriously 
disrupt the progress of the works. If a site is expected to become affected by the works, it must first be 
studied and all artefacts evacuated before the works can proceed. In the rare cases when an 
archaeological site is of exceptional importance, the alignment may even have to be relocated, so that the 
site can remain intact.  

To minimise the risks related to archaeological sites, it is best to attempt to identify them as early as 
possible – and that is at the feasibility study stage. In most cases data about more significant 
archaeological sites is readily available. This data, combined with visual inspection and other survey 
methods, may substantially reduce the risk of unforeseen sites. At the feasibility study stage it is usually 
not very difficult to modify the alignment of the alternatives and avoid the sites altogether.  

In principle, it seems justified to include in MCA a criterion measuring negative impacts only to 
archaeological sites of major importance.  

People and Communities 

The purpose of this criterion is to evaluate the impacts of the alternatives on the local communities, which 
are not captured by other criteria. Such impacts could be: 

 limited accessibility during construction – level of impact and duration; 

 increased travel times during construction; 

                                                      

66 For guidance on how the criterion may be evaluated, see for example NRA (2009).  

67 For details regarding the types of spoil and its possible treatment, see Oggeri et al. (2014) 
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 accessibility of areas of interest during operation – e.g. administrative centres, agricultural land, 
etc. 

Landscape 

Transport infrastructure facilities can have a disturbing effect on the natural landscape. However, the 
levels of impact, and the exact reasons for them, appear difficult to quantify. This is particularly true for 
alternatives that are not yet designed in much detail. In addition, the perception of impact on landscape is 
largely a matter of personal preference. Therefore, it is proposed to use this criterion only when there is 
reasonable agreement on what is considered a negative impact, as well as some confidence how the 
performance of the alternatives is to be evaluated68. 

Climate Change 

Normally, it is not possible to differentiate between the alternatives with regard to their impact on climate 
change, therefore the criterion is not included.  

4.8 Risk Criteria 

A clear differentiation must be made between risks (i.e. possible adverse events) and the consequences 
of the risks (i.e. their impact). For example, the possibility of an unforeseen landslide affecting the works 
is a risk; the increased construction costs and time for completion due to the landslide are a consequence 
of that risk. The risk-related criteria may attempt to measure one or the other, but should not try to cover 
both.  

Technological Risks 

The unfavourable geological, hydrological and other conditions require the implementation of appropriate 
engineering measures. These measures are ultimately reflected in the investment cost, hence 
theoretically unfavourable conditions are evaluated under the investment cost criterion. However, at the 
feasibility study level of design not all of the necessary measures are known. Therefore there is danger of 
failing to take into account unfavourable conditions, which may seriously affect the ranking of alternatives. 
A possible approach to addressing this issue is to include criteria that attempt to evaluate the level of risk, 
associated with unfavourable conditions. This can be done using criteria such as: 

 length of the alignment passing through areas with unfavourable geological or hydrological 
conditions; 

 length of the alignment in deep cuts (or on high embankments); 

 length and complexity of corrections of water bodies; 

 length of alignment in the proximity of large water bodies; 

 number of crossed water bodies; etc. 

Of course, the relevance and weight of the criteria should be duly justified. 

Forecasts of Costs and Benefits; Time 

In principle, it is possible to include criteria that attempt to evaluate the different levels of risk of increased 
costs, decreased benefits and increased time for completion, which are associated with the alternatives. 
However it is difficult to formulate objective criteria for this. Therefore, it is proposed to put the emphasis 
on sensitivity analysis, rather than on attempting to evaluate the consequences of the risks directly in the 
analysis. 

                                                      

68 If a landscape criterion is to be included, it is proposed to define it on the basis of TII (2016; pp. 7-9).  
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4.9 Other Criteria 

Construction Period 

Shorter construction period could be considered an advantage, because the benefits of the project will 
start being incurred sooner. The importance of that, however, may be arguable. The inclusion of such a 
criterion may be justified if (1) the without-project situation is intolerable (e.g. a high fatality rate on an 
existing road), and (2) the alternatives can properly be differentiated (i.e. the construction of some of them 
is expected to last substantially longer than the construction of the rest).  

Project Readiness 

The arguments for including or not a project readiness criterion are exactly the same as the ones 
applicable for a construction period criterion – the existing situation must be intolerable, and the expected 
periods for preparation of the alternatives should vary significantly.  

If such a criterion is included, it is proposed to use an objective parameter to evaluate it (e.g. the expected 
duration of the preparation process), rather than a subjective scale or ordinal ranking.  

Climate Change Adaptation 

It is sometimes attempted to include climate change adaptation (CCA) criteria in MCA. CCA certainly must 
be considered in the project development process, but in reality it is very difficult to define and evaluate 
different levels of adaptation between the alternatives. Some of the possible risk-related criteria can also 
be classified as CCA-related as well – for example the criteria evaluating length of road going through 
potential landslides or river flood plains.  

The relevance of the criteria to CCA should be described in the MCA explanatory note. In addition, it 
should be noted how CCA has been taken into account in the design of each alternative. 

4.10 Comparison of Options 

The alternatives for transport infrastructure projects can be thought of as corridors, where families of 
alignment options can be developed. Whilst alternatives are often conceptually different, options are 
expected to be quite similar and have mostly quantitative differences. This in principle makes it possible 
to compare alignment options only with simplified CBA. However, a major disadvantage of this approach 
is that the simplified CBA may not properly account for the environmental impacts. If the options are 
expected to have different environmental impact, it makes sense to use both CBA and a set of criteria 
evaluating environmental impacts. In such case the MCA for comparison of options can be similar to (if 
not the same as) the MCA for comparison of alternatives – the main difference would be the level of detail 
and reliability of the studies used to determine the performance levels under the criteria.  

Considering the importance and impact of EIA/AA procedures on the development of projects, it seems 
reasonable to assess at this stage the environmental impacts in as much detail as possible. 
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