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ABSTRACT
Cost-benefit analysis (CBA) is the universally applied tool to assess economic viability in 
assisting decisions on transport investments. Its framework is heavily influenced by the 
numerous variables it considers through estimating and valuing the intervention’s effects. 
This paper – utilising the authors’ previously implemented CBA test environment – com-
prehensively analyses the sensitivity of significant variables of three typical CBA models 
for transport interventions (road, rail and urban) to understand the prevailing appraisal ap-
proach better and to help focus on further methodological improvements. Morris and Sobol 
methods were selected to study the global sensitivity of and the relations between the input 
parameters of the models. The sensitivity test of the three analysed models provided similar 
results regarding which variables are most influential in CBAs. Input variables such as the 
investment cost, the economic discount rate, forecasted GDP changes and specific elastici-
ties to these GDP changes often have a firm but mostly linear effect. Value of time, vehicle 
operating cost and mode choice-related parameters such as car availability, car occupancy 
rate, level of service indicators (e.g. frequency of service) and potential to induce travel 
demand (proxied by a ‘no travel’ parameter) are inputs with considerable linear effects and 
greater interactive effects.

KEYWORDS
sensitivity analysis, cost-benefit analysis, transport appraisal.

1.	 INTRODUCTION
Transport systems still play a crucial role in our modern world, especially in cities. Despite the excessive 

growth of online communication and administration, the movement of people and goods on the transport 
infrastructure is essential for the seamless flow of everyday social and economic life. Tackling ever-present 
challenges in transport systems, improving and adapting them often require significant investments. As 
these interventions are usually not financially viable (hence provision of transport options is also a public 
service), public funding is needed to realise such projects. Due to the general scarcity of public funds, the 
efficiency of public investments needs to be guaranteed. The assessment of social viability and value for 
money is the most widely used way of appraising transport projects. For this purpose, cost-benefit analy-
sis (CBA) has become a universal tool over the last few decades because of its coherent, relatively robust 
framework and holistic, equitable approach [1, 2].

Social CBAs estimate the net impact of projects from the perspective of society, thus accounting for in-
vestment and operational costs and social impacts such as the costs or benefits of induced changes in travel 
times, safety, vehicle operating costs and environmental burden. To measure these costs and benefits, CBA 
uses estimated values that society places on these effects. Based on simple performance indicators, CBA 
metrics can assist investment decisions. Not only can the viability of a specific project be judged, but it can 
also support project ranking by conferring legitimacy to contested decisions [2].
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The CBA framework is heavily influenced by the numerous variables it considers [3]. On the one hand, 
it uses specific costs to monetise estimated impacts. On the other, impacts are usually forecasted by so-
phisticated transport models. Thus, the process of estimating and valuating changes caused by the analysed 
project is the core of a CBA calculation. Inevitably, this is where most of the inaccuracies and limitations 
originate. Based on [4], systematic optimism bias is also an issue, as the appraisal of public projects tends 
to underestimate costs and overestimate demand and benefits. There are many ongoing methodological 
debates on how to improve CBAs. Most of them focus on valuation issues involving surveying techniques, 
but discounting and handling uncertainties are also hot topics [5–7]. However, for larger-scale, so-called 
transformational projects, the conventional appraisal techniques must be improved as well to account for 
land use changes and wider economic impacts; that is how additional effects are caused through accessibil-
ity changes [1].

Partially due to the mentioned sensitivity and the significant uncertainty, some view the results of wel-
fare economics and CBAs as arcane and unconvincing to decision-makers. That standpoint is supported 
by the findings of [8]: CBA results do not really influence investment decisions. However, no alternative 
evidence-based approach has emerged to assist decision-making. Yet the measurement of uncertainties as-
sociated with dubious valuations and scenario assumptions in CBAs has evolved in recent years, which can 
help to further sophisticate CBAs [5, 9, 10].

A previous paper by the authors [11] provided a test environment that can experiment with possible meth-
odological improvements for transport CBAs. Test CBA (and underlying transport) models were developed 
based on prevailing appraisal techniques for three typical (and hypothetical) intervention types: bypass road, 
interurban rail investment and a missing multimodal link in an urban transport system. This paper – utilis-
ing the authors’ previous CBA test environment – aims to comprehensively analyse the sensitivity of major 
variables of typical CBA models for transport interventions to understand our current appraisal approach 
better and to help focus on further methodological improvements. The authors deliberately decided not to 
use a case study for application in this specific research. Adding a case study as a single reference point to 
understand the general implications could be misleading. That is why the authors applied the methods in 
three different CBA models, with different levels of detail in a controlled manner. All three models were 
derived from real-world case studies.

Section 2 presents the analysed input variables of transport CBAs and the methodology of their sensitiv-
ity tests. Section 3 demonstrates the results of these tests. Conclusions are discussed, and further research 
steps are drafted in Section 4, focusing on handling uncertainties and improving the appraisal methodology.

2.	 METHODOLOGY
The following section describes the methodology used to analyse the sensitivity of transport CBAs. The 

applied CBA test model and its main variables are outlined. Then the methods of the applied sensitivity tests 
are introduced.

2.1	 Main input variables of CBAs
In order to analyse the sensitivity of the essential (input) variables of transport CBAs, first, one should 

explore all of the relevant variables and their connections to each other, thus, the effect mechanisms of an 
economic CBA for typical transport interventions. As mentioned earlier, a previous CBA test environment 
– created by the authors – has been applied. Details of it can be found in [11]. In this chapter, a summary is 
provided, and the most relevant variables and the general functioning of the CBA model are described again.

The CBA test environment consists of three models representing typical transport intervention types de-
rived from a sectorial segmentation: Bypass (road) Model, Rail Model, and Urban Model. These are based 
on the Hungarian CBA practice [12] that relies on the standard European CBA guidelines [13]. They were 
developed to characterise the typical relations of input variables. The complexity of the models gradually 
increases in the above order to demonstrate the staggering intricacy of different types of CBAs. The Bypass 
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and the Rail Model are spreadsheet ones, including the underlying transport models. The Urban Model 
combines a spreadsheet CBA calculation with a four-step transport model implemented in PTV VISUM 
(version 2020).

The input variables of the models were selected to include all relevant factors that arise in appraising a 
typical project. It was also intended to have a relative coherence of input variables between the three sample 
models. These variables feed the successive calculations of the transport and CBA sub-models. Behaviour 
modelling is based on the internal utility functions in the models, and these are intentionally unchanged for 
all the modelling steps within each model (unfortunately not the case for all actual appraisals). The ultimate 
results are the three main economic indicators usually calculated in a CBA: economic net present value 
(ENPV), economic rate of return (ERR), and benefit-cost ratio (BCR). Benefit calculations are based on the 
logsum method. In this paper’s sensitivity analysis, only ENPV will be considered from these interdepen-
dent indicators.

The models use an incremental method and calculate with a 30-year-long analysis period. Investment 
periods and cost structures are based on industrial experience, while residual value is calculated on a re-
maining life-span basis.

In the simplified study area of the Bypass Model, there is a road between two cities that goes through 
another city. Regular bus service is also available between these cities. The analysed project is about con-
structing a new bypass connection and refurbishing connecting road sections. The passenger trip demand 
is fixed between the origin-destination pairs. There are two alternative modes of transport (private car and 
public bus), plus there is a ‘no travel’ option. Fixed freight trips of HGVs are also included. Mode choice 
is calculated by a standard logit model, which considers car availability. For the do-something (with in-
vestment) scenario, there is also a route choice issue (transit using the bypass or not), modelled in a logit 
way. Travel speeds and times depend (iteratively) on the saturation of roads. This model can represent in-
terventions where a new link is added to the network and illustrate the effect of a quicker but usually longer 
alternative route.

The Rail Model is about increasing the speed of a railway line that connects two cities. There is also a 
road connection (with a bus service), and the road bypasses another town in between the cities. There is 
also an in-between rail station further away from the central town, that can be reached by a bus transfer. 
The passenger trip demand is fixed. There are three alternative modes of transport (private car, public bus 
or rail), plus a ‘no travel’ option. Mode choice is calculated by a standard logit model, which considers car 
availability. Freight transport is not included in the model. The model does not incorporate route choice 
decisions. Travel speeds and times depend (iteratively) on the saturation of roads, identically to the Bypass 
Model. There are in-built iterations to find network equilibrium as mode choice and road saturation are in-
terdependent. In contrast to the Bypass Model, besides the disutility of travel time, travellers also consider 
the value of reliability (VOR), for which the average delay (lateness) and the standard deviation of travel 
times are used. This model can illustrate interventions where there is an investment into rail in an interurban 
environment with multimodal competition.

The Urban Model is about building a new bridge in a city region with a simplified radial transport net-
work. Cordon zones are included to represent the suburban area. In the city centre, there are traffic-calmed 
roads. Public transport services are available for every origin-destination pair. Rail, tram and bus connec-
tions are also provided. Rail connectedness is, however, limited. The analysed investment creates a new road 
connection in the southern part of the city and extends a tram ring to the southwest. Transport modelling 
follows a conventional four-step logic. Trip generation is based on structural data (population, workplaces, 
amount of services). Motorisation levels of zones and freight transport are also considered. Trip distribution 
and mode choice are calculated with a standard logit model. There are two alternative modes of transport 
(private car and public transport), plus a ‘no travel’ option. Parking charges are applied for more congested 
zones, influencing mode choice decisions. Structural data and network parameters are fixed. Traffic assign-
ments are equilibrium based for private and headway-based for public transport. Travel speeds and times 
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depend (iteratively) on the saturation of roads. VOR is also included in the model, but – due to processing 
limitations – only for private cars through the standard deviation method.

Table 1 summarises all input variables considered in the sensitivity analysis of each model.The most ap-
parent parameter of an economic CBA is the economic discount rate that influences the discounting of costs 
and benefits during the analysis period.

Table 1 – Considered input variables in the sensitivity tests
Variables Road Model Rail Model Urban Model

Economic discount rate x x x
Investment cost x x x

Operating and maintenance cost x x x
Replacement cost x x x

Fiscal correction factor on personnel cost x x x
Ratio of personnel cost (investment) x x x
Ratio of personnel cost (operation) x x x

Marginal cost of public funding x x x
Motorisation x x x

Average car occupancy factor x x x
‘No travel’ ASC x x x

Bus ASC x x  
Train ASC   x  
Bus fare x x  

Train fare   x  
Number of buses x x  
Number of trains   x  

VOT x x x
VOR   x x
VOC x x x

Fuel tax rate x x x
Accident cost x x x

Environmental cost x x x
Time loss factor due to construction x x  

GDP change x x x
GDP elasticities (passenger traffic) x x x

GDP elasticities (freight traffic) x x x
GDP elasticities (VOT, VOC) x x x

GDP elasticities (accident cost) x x x
GDP elasticities (environmental cost) x x x

Cost-related variables are the initial investment cost of the intervention and operational costs throughout 
the operation period (operating, maintenance and replacement costs). These cost elements partially consist of 
personnel costs, which need to be fiscally corrected in the economic analysis as certain taxes on personnel costs 
should not be considered as social costs (e.g. personal income tax) but transfers within the society. Thus, ratios 
of personnel costs and fiscal correction factors on them are also variables to be analysed. A marginal cost of 
public funding also needs to be considered (as a premium on all costs funded by public money), representing 
the price in relation to the inefficiencies incurred by raising public funds (e.g. through taxation).

Concerning the calculation of economic benefits, the impact on the transport system needs to be forecast-
ed. For that purpose, standard transport modelling methods are applied. In those calculations, motorisation 
level(s) and average car occupancy determine car availability (% of who can choose to travel by car) during 
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travel mode choice decisions. Public transport fares and levels of services (represented by the frequency of 
service) are also essential factors characterising the utility of public transport in making those mode choic-
es. For private cars, vehicle operating cost (VOC) is a significant influential factor in both mode and route 
choice, while it also affects freight decisions. VOC is, therefore, one of the main possible benefits of a proj-
ect. Similarly to income tax and personnel costs, the fuel tax rate is considered for the fiscal correction of 
VOC. The other variable influencing mode and route choice decisions, thus benefit calculation, is the value 
of (travel) time (VOT), the weighting factor in monetising journey times. Except for the Bypass Model, the 
value of travel time reliability (VOR) is also considered. For mode choice modelling, alternative specific 
constants (ASCs) are also used to represent other factors that are not endogenous variables in the transport 
model. The (dis)utility of the ‘no travel’ option is characterised only by its ASC.

Besides VOT, VOR and VOC, there are benefits from external effects such as changes in the number of 
accidents and the burden placed on the environment. Specific accident and environmental costs account for 
these impacts. Except for the Urban Model, there is also a time loss factor representing delays during con-
struction. Lastly, GDP change and its elasticities of traffic change and specific costs (VOT, VOC, accident, 
environmental) influence the calculation of benefits in many ways.

The sensitivity analysis does not include the number of trips and traffic generator factors such as popu-
lation and the number of workplaces or services. This was mainly due to processing limitations; however, 
GDP elasticity of traffic change indirectly shows that kind of sensitivity. The amount of parking charges (of 
the Urban Model) is also not included; still, it is not considered a sensitive variable within the whole CBA 
model. It was also intended to analyse crowding factors for the value of in-vehicle time for public transport 
services; however, also due to processing limitations, this option is not yet included in the model.

2.2	 Sensitivity tests of input variables
The most basic quantitative sensitivity test is when each input parameter is changed one by one with a 

certain amount, and its impact on output variables is observed. It is called the one-factor-at-a-time (OAT) 
method, a local sensitivity test [14]. In our CBA models, it was implemented as a simple ‘for’ loop in a VBA 
code, which changed each selected input parameter, then ran the model and stored the output values. With 
this method, input parameters that have the most significant individual effect can be identified.

There are also global sensitivity analysis methods, which provide an insight into the workings of the 
models and have a more complex description of the sensitivity of each analysed variable [14]. For this study, 
Morris and Sobol methods were selected to understand the global sensitivity of and the relations between 
the input parameters of the models.

As mentioned, all of our models were spreadsheet ones, while the Urban Model also uses PTV VISUM for 
modelling transport changes. The sensitivity test itself was implemented in the R software (version 4.2.1). 
Thus, the first challenge was automating the sensitivity analysis process and connecting these software 
tools. Excel (where our models reside) was selected as a central platform, from which both R and VISUM 
were called via VBA macros. The experiment needed to be decoupled in R, for which the decoupling func-
tion was applied from the sensitivity package (version 1.27.0). When a sensitivity analysis method is called 
with no model (i.e. argument model = NULL), it generates an incomplete object x that stores the design 
of experiments (field X), allowing the user to launch the corresponding simulations ‘by hand’. Then it will 
enable passing these simulation results to the incomplete object x and estimating the sensitivity measures.

So first, the experiment designs were created, which were brought to the spreadsheet models. The input 
variables were changed according to the designs, then models were run, and each output result was stored. 
Ultimately, these results were brought back to R, where the sensitivity analysis results were calculated. 
There were minimal challenges related to the automation of the Bypass and Rail Models, but the Urban 
Model with the integrated VISUM transport model proved demanding. In this case, each change in the input 
parameters required a new run of the transport model in VISUM. Although the applied transport model was 
relatively simple, it significantly increased the runtimes.
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During the sensitivity tests, changes to input variables were intentionally uniform, as the purpose was to 
discover their sensitivity and relations with each other. Therefore, it was not intended to suppose a distorted 
distribution for any input variable, even if some ex-post evidence would suggest that (e.g. investment costs 
tend to be underestimated).

In the Morris elementary effect (EE) method, the input space is considered as a grid and trajectories 
are sampled among its points. The method captures output variation when one of the trajectory points is 
moved to one of its closest neighbours. This variation is called an elementary effect. A certain number of 
trajectories r are generated to observe the consequence of elementary effects anywhere in the input space. 
Finally, the method summarises these elementary effects to estimate global sensitivity in the output space. 
The Morris method is fast (needs fewer model executions, (p+1)∙r) but comes at the cost of not being able 
to differentiate non-linearities from interactions [15, 16].

To implement the Morris method, the Morris function was used from the sensitivity package of R. This 
function uses the following parameters:

–– p: the number of input variables
–– r: number of repetitions
–– design: a specific design type, Morris’s OAT design [15] was used with the parameters:

1)	 levels: the number of levels of the design
2)	 grid jump: the number of levels that are increased/decreased for computing the elementary effects
3)	 binf: the minimum value for the factors
4)	 bsup: the maximum value for the factors

As a result, the Morris function produces the EE vector, which contains the elementary effects. The 
sensitivity measures, μ and σ, proposed by Morris, are the distribution’s mean and the standard deviation. 
The mean (μ) assesses the overall influence of the analysed factor on the output, which is a good proxy for 
the magnitude of the linear effect of an input variable. The standard deviation (σ) estimates the ensemble of 
the factor’s higher-order effects, i.e. non-linear effects and/or effects due to interactions with other factors. 
[16] proposed to replace the use of μ with μ*. The use of μ* solves the problem of the Type II error (failing 
to identify a factor of considerable influence on the model) to which the original measure μ can be exposed. 
Table 2 shows the parameters used in each of the Morris sensitivity tests.

Table 2 – Applied parameters for Morris sensitivity tests
Parameters Bypass Model Rail Model Urban Model

p 27 30 23
r 50 50 50

levels 10 10 10
grid jump 5 5 5

binf 0.25 0.25 0.25
bsup 0.25 0.25 0.25

The other applied global sensitivity analysis method was the variance-based Sobol method. This method 
works with a probabilistic framework to calculate the variance of the output, which can be attributed to sets 
of inputs. It can deal with non-linear responses and measure the effect of interactions in non-additive systems.

Sobol indices are derived from a functional decomposition of the output variance. First order index (also 
known as ‘main effect’) measures the output’s variance caused by a given input variable. The so-called ‘total 
effect’ index suggested by [17] adds additional (interaction) effects caused by a given input variable to the 
main effect. The estimation is based on a Monte Carlo sample of mutually independent input variables, in 
which standard errors are derived by bootstrapping [18].

To implement the Sobol method, the sobolmartinez function was used from the sensitivity package of 
R. It implements the Monte Carlo estimation of Sobol’s indices for both first-order and total indices using 
correlation coefficients-based formulas, at a total cost of (p+2)∙n model evaluations. These are called the 
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Martinez estimators. This function uses the following parameters:

–– p: the number of input variables
–– X1: the first random sample with n values created based on the unified distribution between ‘low’ and 

‘high’ values
–– X2: the second random sample with n values created based on the unified distribution between ‘low’ and 

‘high’ values
–– nboot: the number of bootstraps calculated by the theoretical formulas based on confidence interfaces of 

correlation coefficient [19].
–– The analysis provides the following results:
–– S: the estimations of Sobol’s first-order index, i.e. the main effect index. It measures the effect of varying 

a given input variable alone but averaged over variations in other input parameters. It is standardised by 
the total variance to provide a fractional contribution.

–– T: the estimations of Sobol’s total sensitivity index, i.e. the total effect index. This measures the contri-
bution to the output variance of an input variable, including all variance caused by its interactions, of any 
order, with any other input variables.
Table 3 shows the parameters used in each of the Sobol sensitivity tests.

Table 3 – Applied parameters for Sobol sensitivity tests

Parameters Bypass Model Rail Model Urban Model
p 27 30 23
n 100 100 100

low 0.25 0.25 0.25
high 0.25 0.25 0.25

3.	 RESULTS
The following chapter describes the results of the sensitivity tests of transport CBAs. Results are illus-

trated for three typical types of CBA: road projects (Bypass Model), rail projects (Rail Model), and urban 
projects (Urban Model).

3.1	 Sensitivity results of the Bypass Model
The simplest model in the introduced test environment is the Bypass Model. Its OAT local sensitivity test 

showed those input parameters that have the most considerable influence on the output in case of a standard 
+1% change. For the Bypass Model, the most sensitive inputs are car availability (motorisation, +10.1% 
change in the output), VOT (+7.0%) and VOC (-6.9%).

The Morris method provided further insight into the global sensitivity of input variables, which is visu-
alised by Figure 1. The estimation confirmed that, based on their linear effects (μ*), car availability, VOC and 
VOT are the most significant variables. However, the estimation of interaction effects (σ) suggests two things. 
First, most input variables have a far greater linear effect than interaction effect. The exception from the more 
influential inputs is the average car occupancy factor, which has a slightly larger interaction effect. Second, 
those input variables attributed with the strongest linear influence have relatively small interaction effects.

The Sobol method, illustrated by Figures 2 and 3, shows a similar overall result: car availability, VOT and 
VOC are the most influential factors in the model. There is no significant difference between the main and 
total effects, thus suggesting that interaction effects tend to be smaller in this model setup. However, com-
pared with the results obtained by the Morris method, the average car occupancy factor seems to be a far less 
significant input variable, while no travel ASC appears to be a far more significant one.
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Figure 1 – Sensitivity screening of the Bypass Model with the Morris method

 
Figure 2 – First-order Sobol index estimates for the Bypass Model

 
Figure 3 – Total effect Sobol index estimates for the Bypass Model
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3.2	 Sensitivity results of the Rail Model
In the case of the Rail Model, the local sensitivity test concluded that the investment cost (-3.5%), the 

economic discount rate (-3.5%) and the average car occupancy rate (-3.2%) are the most sensitive input 
variables. However, VOC (+2.2%), VOT (+1.9%) and GDP change (+1.8%) also appear to be relatively 
sensitive parameters.

The global sensitivity analysis based on the Morris method (see Figure 4) showed that the linear effects of 
the average car occupancy rate, VOC and the economic discount rate are the most significant. Investment 
cost, VOT, ‘no travel’ ASC, the number of trains (service frequency) and GDP change are also influential 
inputs. Contrary to the Bypass Model, more input variables have a considerable interaction effect. For in-
stance, ‘no travel’ ASC and VOT have a greater interaction effect than linear. Car availability, VOR and train 
fare are close to the 45-degree line indicating comparable linear and interaction effects.

The Sobol method (see Figures 5 and 6) provides a similar result. In the case of the main effect, the av-
erage car occupancy factor, VOC and the economic discount rate are the most influential input variables. 
Based on the total effects, the average car occupancy factor and VOC still have the strongest influence, but 
the sensitivity of VOT, ‘no travel’ ASC and the number of trains emerge. The economic discount rate has a 
considerable interaction effect, so its overall effect is also substantial. These findings are coherent with the 
metrics from the Morris method.

 
Figure 4 – Sensitivity screening of the Rail Model with the Morris method

 
Figure 5 – First-order Sobol index estimates for the Rail Model
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Figure 6 – Total effect Sobol index estimates for the Rail Model

3.3	 Sensitivity results of the Urban Model
The Urban Model has the following most sensitive parameters based on the OAT test: VOT (+3.9%), car 

availability (+2.6%), the VOR (+2.0%), average car occupancy rate (+1.7%) and ‘no travel’ ASC (-1.2%).
Calculations based on the Morris method suggest that most of the inputs have comparable linear and 

interaction effects. From these, ‘no travel’ ASC, VOT, VOC, car availability and the average car occupancy 
rate are the most significant, respectively. The first two have a much stronger influence on the output. Eco-
nomic discount rate, GDP change, GDP elasticities and investment cost have a considerable linear effect, but 
their interactive effects are limited. VOR appears to be a quite interactive parameter, but its overall influence 
is moderate (see Figure 7).

Sobol indices, again, show a fairly different picture to the Morris method. Some of the more sensitive 
inputs from previous testing do not seem to be that sensitive based on the first-order indices (e.g. VOT), 
see Figure 8. Moreover, the dispersion of the main effect (see Figure 9) is relatively large, larger than in the 
other models. Similarly to the Rail Model, total effect indices suggest significant differences in the inputs’ 
interactive effects. ‘No travel’ ASC, VOT, VOC, car availability and the average car occupancy rate all have 
considerable interactivity, which is in line with the findings of the Morris sensitivity screening.

 
Figure 7 – Sensitivity screening of the Urban Model with the Morris method



Transport Engineering 

590

Promet – Traffic&Transportation. 2024;36(4):580-592.

 
Figure 8 – First-order Sobol index estimates for the Urban Model

 
Figure 9 – Total effect Sobol index estimates for the Urban Model

4.	 CONCLUSIONS
The sensitivity test of the three analysed models provided similar results regarding which variables tend 

to be the most influential in CBA calculations. Input variables such as the investment cost, the economic 
discount rate, forecasted GDP changes and specific elasticities to these GDP changes often have a firm but 
mostly linear effect. VOT, VOC and mode choice-related parameters such as car availability, car occupancy 
rate, level of service indicators (e.g. frequency of service) and potential to induce travel demand (proxied 
by the ‘no travel’ ASC parameter) are inputs with considerable linear effects and greater interactive effects.

The uncertainties of input variables could be handled in multiple ways. A usual procedure is to add ‘pre-
mium’ values or multipliers based on historical data and ex-post experience to balance previously observed 
systematic biases. However, the heart and soul of these appraisals is the modelling of travel behaviour, 
forecasting changes and monetising them. More and more accurate surveying techniques and gathering of 
ex-post evidence are crucial practices to improve the accuracy of appraisals and the trust in them [1, 2, 20]. 
Quantitative risk assessments can also help to identify sensitive spots of the appraisals and to put results 
into an adequate context.

From a sensitivity perspective, parameters concerning trip generation (and transport and land-use inter-
action where applicable) should be further analysed as our results on car availability and potential of in-
duced travel (through the ‘no travel’ ASC) suggest that this can be a crucial part of forecasting future travel 
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demand. The perception of crowding on public transport is also an essential variable of which sensitivity 
should be analysed, especially in an urban context [21].

The analysed test models use parameters coherently between the CBA calculations and the underlying 
transport model; thus, for example, the VOT parameter is the same for both. However, this is not always the 
case for actual appraisals because transport modelling and CBA are often carried out separately based on 
different methods. Such incoherence can cause a significant issue in estimating the impacts of an interven-
tion and could cause turbulences in the sensitivity of parameters. We argue that there is a rigorous need for 
coherence between transport modelling and consequent CBA calculations regarding the parameters used to 
model travel behaviour. Ultimately, a prudent approach to assessment is vital with transparent techniques, 
clarity of assumptions and comprehensive risk assessments.

The main limitation of the current research is that it uses theoretical cases designed by the authors to test the 
general sensitivity of the CBA approach with more sophisticated sensitivity tests. However, the main purpose 
of this research is to provide generalised information about the sensitivity of the CBA methodology. Therefore, 
the authors deliberately decided not to use a case study for application in this specific research since using a 
case study as a single reference point to understand the general implications could be misleading. The authors 
used three theoretical models derived from real-world case studies and represent varying levels of detail and 
complexity. The logical next step of the research would be to collect several case studies and apply these more 
sophisticated sensitivity tests to see if there are any significant differences between these cases.
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Juhász Mattias, Mátrai Tamás

Közlekedési beavatkozások költség-haszon elemzési változóinak átfogó 
érzékenységvizsgálata
Absztrakt
A közlekedési beruházások döntés-előkészítésében a költség-haszon elemzés (CBA) egy 
általánosan alkalmazott eszköz a közgazdasági megtérülés értékelésére. Az elemzés keret-
rendszerét jelentős mértékben határozzák meg a beavatkozás hatásának becslésére és annak 
számszerűsítésére alkalmazott paraméterek. Jelen cikk – felhasználva a szerzők korábban 
létrehozott CBA tesztrendszerét – három tipikus közlekedési (közúti, vasúti és városi) CBA 
modellben átfogóan vizsgálja a jelentősebb input változók érzékenységét, annak érdekében, 
hogy mélyebben megérthessük a használatban lévő projektértékelési gyakorlatot és módszer-
tani fejlesztéseket irányozhassunk elő. Az egyes input paraméterek komplex (globális) érzé-
kenységvizsgálatára, valamint ezen változók közötti kapcsolatok értékelésére a Morris és a 
Sobol módszer került kiválasztásra. A három modellben alkalmazott érzékenységi tesztek 
hasonló eredményeket hoztak arra vonatkozóan, hogy melyek a legmeghatározóbb CBA vál-
tozók. Olyan input paramétereknek, mint a beruházási költség, a közgazdasági diszkontráta, 
az előrejelzett GDP változás, valamint a GDP változásra vonatkozó különböző rugalmassági 
tényezők általában erős, de többnyire lineáris hatásuk van. Az utazási időérték, a járműüze-
meltetési költség és a közlekedési módválasztási paraméterek, úgy mint személygépjármű 
hozzáférési arány, járműkihasználtság, szolgáltatási színvonal (pl. követési idő) és a indukált 
közlekedési igényre vonatkozó potenciál (a “nem utazók”-ra vonatkozó paraméterrel repre-
zentálva) olyan input változók, amelyek jelentős lineáris hatása mellett az interakciós hatás 
is nagyobb.
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