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Abstract. This paper presents a new decision support model COSIMA-DSS that 
examines socio-economic feasibility risks involved in the implementation of 
transport infrastructure projects. The model makes use of conventionally cost-
benefit analysis embedded within a wider multi-criteria analysis. The basic 
approach set out in the paper looks upon the mix between so-called “hard” and 
“soft” evaluation criteria. Finally, a Monte-Carlo simulation is used to take 
account of the varying information relating to the different criteria. 

1. Introduction 
Cost-benefit analysis (CBA) is a widely applied method for evaluating and ranking 
alternative investment proposals. The main feature and advantage of CBA methodology is 
to compare costs and benefits in the same scale based on monetary units [1] [2]. 
Conventional CBA tends to result in a single value rate of return, for example, the 
benefit/cost-rate (B/C-rate). In recent decades, however, such schemes have been subjected 
to criticism due to the single figure results as they have been found not fully adequate to 
assess transport infrastructure projects. 
 To comply with such criticism multi-criteria analysis (MCA) has been seen as a 
possible alternative approach [3]. MCA offers decision-makers the possibility of assigning 
different values towards the impacts of non-monetary units. For this model set-up, the well-
known MCA approach analytical hierarchy process (AHP) is applied with criteria divided 
into monetary and non-monetary which enables the non-monetary criteria to be assessed 
together with the total B/C-rate from the CBA [4]. Hereby a combination of these two 
methods, CBA and MCA, is obtained as a so-called composite model for assessment 
(COSIMA) applicable for evaluation of different project proposals. Embedded in a decision 
support system (DSS), this makes up the COSIMA-DSS evaluation system. 
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 The purpose of this paper is to present this method proposal. The following section 2 
describes the overall COSIMA-DSS system for evaluating transport projects. Section 3 
exemplifies the model by an appropriate case example. In addition, the applied software 
module Criterium DecisionPlus (CDP) is described with emphasis on the AHP approach 
enabling pairwise comparison between the different MCA impacts [5]. The following 
section 4 describes a module for Monte-Carlo simulation (MCS) to assess the various 
uncertainties involved in the evaluation. Section 5 gives a perspective and a conclusion on 
the basis of the model work so far. 

2. The COSIMA-DSS approach for project evaluation 
The COSIMA-DSS method consists of 7 different modules brought together in the main 
decision support system module developed in Microsoft Excel. The system shown in Figure 
1 gives a brief overview of the module-structure of the model.  
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Figure 1. Main structure of the COSIMA-DSS model 

 The first step is to formulate the actual assessment problem as divided into monetary 
and non-monetary criteria or impacts. Secondly, one of two possible calibration analysis 
(CA) modules should be applied as concerns the non-monetary impacts. Either a CDP 
model approach or a computable general equilibrium (CGE) model is made use of. In a 
later section the CDP-module is described, whereas the CGE-module is treated in [6] and 
will not be further explained in this paper. Thirdly, the non-monetary impacts are entered in 
the value analysis (VA) module, which combines the CBA method with the MCA. A 
further perspective in the model work is to create different scenarios to interpret some of 
the forecast uncertainties involved when making large-scale appraisal studies. Thus the 
model system interacts with the scenario analysis (SA) module made up as a deterministic 
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analysis as well as a stochastic analysis. Finally, an optimization module examines the 
different traffic and impact models to improve the cost-efficiency performance of the model 
system. A routine searches the best marginal changes in the actual model formulation. 

3. A case example of a COSIMA-DSS examination 
The following numerical example illustrates the practical content of COSIMA-DSS. This 
case represents seven by-pass alternatives for relieving the small city of Høng situated on 
the Western part of Zealand in Denmark for through traffic. The traditional CBA consists of 
the following seven criteria or impacts: travel time savings and vehicle operating costs both 
divided onto small vehicles, vans and lorries, accidents, maintenance costs, noise, air 
pollution and severance & perceived risk. Furthermore, three MCA impacts, or non-
monetary impacts, have been found relevant: network accessibility, urban planning and 
landscape. The three non-monetary impacts are assessed by use of AHP as described below 
as representation of expressed decision-maker preferences. 

3.1. Analytical Hierarchy Process by CDP 
The CDP software uses the well-documented AHP to compare the various impacts [4] [7]. 
Applying the comparison makes it possible to assign a monetary unit to the MCA impacts 
even when quantitative ratings are unavailable. The different alternatives are assigned a 
score for each MCA impact and then the three MCA impact are compared in CDP by the 
AHP procedure. The output from the CDP is a normalized rating of all the impacts which 
are transferred back to the VA-module. The MCA impacts are then assigned a monetary 
value based on the comparison made in CDP [5]. 
 The first problem is to assign weights between the total CBA and the total MCA, in the 
illustrating numerical case roughly denominated by a 70% weight towards the CBA and a 
30% weight for the MCA. The second part of the CDP-analysis is then to compare the three 
MCA impacts with each other. After the comparison a set of weights or normalized rates is 
obtained to enter the VA-module [8]. The conventional CBA showed that alternative p4 is 
the best alternative, however, introducing the MCA impacts and weighting the impacts 
gives a new result as shown later. The applied example comprises only three MCA criteria 
but often more non-monetary criteria will be relevant. 

Figure 2. Model rates for the AHP procedure within CDP 
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 Figure 2, shown on the previous page, illustrates the normalized rates concerning the 
three MCA impacts and the CBA impact. In this case, the MCA impact, urban planning, 
has been assigned a larger weight than the other MCA impacts. By assigning different 
weights resulting in different weight profiles, one can examine different decision-maker 
preferences in the overall project analysis.  

3.2. Calculation in the VA-module 
By use of methodology developed in the Danish Ministry of Transport, first year benefits 
(FYB), net present values (NPV) and B/C-rates for the conventional CBA have been 
calculated [2], see Table 1. As shown, project alternative p4 has the highest B/C-rate, 
meaning that this alternative has the highest socio-economic feasibility. Furthermore, as a 
result of the previous weighting schemes, new calculations are performed to achieve total 
rate of returns (TRR) comprising both CBA and MCA. As shown, p5 is now the better 
alternative and p7 is the second best.  

Alt. Cost in 
m. DKK 

FYB in  
k. DKK 

NPV in 
m. DKK 

B/C-rate 
(CBA) 

TRR 
(MCA+CBA) 

p1 18.30 1884.67 18.20 1.99 2.55 
p2 16.78 1342.00 9.21 1.55 2.65 
p3 18.55 840.40 -1.70 0.91 2.39 
p4 19.82 3584.59 49.61 3.50 3.45 
p5 18.86 3140.32 41.96 3.22 5.00 
p6 22.85 2420.95 24.04 2.05 3.44 
p7 21.89 2997.23 36.15 2.65 3.96 

Table 1. Results from the deterministic run 
Figure 3 shows a graphic presentation of results from the COSIMA-DSS calculations. 
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Figure 3. Graphic representation of a COSIMA-DSS calculation 
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4. Risk analysis by use of Monte-Carlo simulation  
To address some of the uncertainties embedded in the model result a Monte-Carlo 
simulation (MCS) is conducted by use of a so-called add-in to Excel, @RISK, to support 
the COSIMA-DSS calculations [9] [10]. The construction costs estimation are entered by 
use of Lichtenberg’s principle [11] taking into account a minimum, best guess and 
maximum value. When entering these values, a triple estimation is carried out resulting in a 
mean m and a standard deviation s as shown via a normal distribution, Normal(m, s). An 
Erlang distribution can also be applied. Furthermore, each of the three MCA criteria are 
examined by applying uniform distributions, Uniform(0.5,1.5) [11]. The setting of 
probability distributions is based on an account of the actual information level. 
 The results can be shown as summary graphs as concerns the stochastic runs in the RA-
module, see Figure 4. It can be noted that p5 is still preferable on this basis. 
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Figure 4. Result of Monte Carlo simulation for the TRR of the seven alternatives 

The COSIMA-DSS examination of the seven different project alternatives for Høng 
shows that the adding of further criteria and hereby a more comprehensive evaluation may 
possibly lead to a changed view of which alternative is to be recommended. In the 
calculation example it is demonstrated how p5 replaces p4. Of course this depends on 
actual decision-maker preferences but aims at illustrating the applicability of COSIMA-
DSS.  

5. Conclusion and perspective 
This paper has presented a developed evaluation system, COSIMA-DSS, which aims to 
assist decision-makers in the appraisal of transport infrastructure project investments. The 
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variety of different features embedded as altogether seven modules makes it particularly 
useful for addressing complex transportation decision problems. COSIMA-DSS gives the 
decision-makers a set of tools relevant for planning and assessment of project proposals 
where a conventional CBA will be too narrow a methodological approach. Further model 
work and more comprehensive case studies will seek to demonstrate and validate the 
COSIMA-DSS approach, among other things, through a recently started Ph.D. study.  
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