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0. EXECUTIVE SUMMARY 

0.1 OBJECTIVE OF THE DELIVERABLE 

The aim of Work Package 2.3 (WP2.3) is to establish the cost benefits of different 

intervention/mitigation measures in order to establish the most cost effective measures 

in terms of maximum noise gains and best outcomes for residents and park visitors. 

0.2 DESCRIPTION OF THE WORK PERFORMED SINCE THE BEGINNING OF THE PROJECT 

The Noise Rating Scores (NRS‟s) which have been established as part of Work Package 

2.1 (WP2.1), have been used in calculations using different traffic flow data scenarios 

(based on a range of implementation measures e. g. electric vehicles, tolling etc) to 

calculate NRS‟s for both local residents and park visitors. We have therefore adopted a 

specific methodology for determining the cost benefits of competing intervention 

schemes in respect of costed health effects on those residents within the vicinity of the 

parks. Additionally, the noise modelling has been utilised to identify the effective 

useable area of the park after the implementation of the various schemes. The decision 

to add a physical measure to the monetarisation of the benefits of the proposals, which 

is largely related to health benefits; was carried out because it provided a better 

understanding of the „useable area‟ of an embedded park. This is important when 

examining a wide range of competing intervention strategies as it provides a metric 

which administrators and planners may find easier to understand. Additionally, within 

the framework of the noise modelling software CadnaA [1], it was relatively easy to 

implement and demonstrate the versatility of the software for add-on tools and 

outcomes. 

0.3 MAIN RESULTS ACHIEVED SO FAR 

Cost-benefit analysis (CBA) provides a means for systematically comparing the value of 

outcomes with the value of resources with a view to achieving the outcomes, which 

are best suited to provide measurable benefits in this case to those residents near the 

parks, and for those visitors to the park. An extensive literature search and review of cost 

benefit analysis methods and noise (primarily, transportation noise) has been carried 

out in order to determine an appropriate methodology for the costs and benefits 

related to specific intervention measures. 

A meeting was held in Stockholm to consider the benefits of various cost beenfit 

methodolgies and to decide which method could most readily be implemented in 

such a way as to interface with the outputs from the noise modelling carried out for the 

Q-zones and embedded parks.  
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Ultimately, the HEATCO methodology (Developing Harmonised European Approaches 

for Transport Costing and Project Assessment, December 2006 [1]) was chosen as the 

preferred method for cost benefit analysis of noise impacts. HEATCO was chosen 

because the methodology had been tested and agreed as appropriate for other 

European studies. Importantly, the methodology utilises different cost factors for the 

different countries across Europe, such that the methodology for the pilot studies 

undertaken in this research can readily be implemented within individual member 

countries in the future for actual assessments. Importantly, by choosing an agreed 

methodology which could be used in diffrent countries any monetary skew, which 

could otherwise occur between different member states could be avoided. 

The methodology has initially been piloted for the City of Bratislava and this has proven 

the overall utility of the method.  

0.4 EXPECTED FINAL RESULTS 

Cost benefit analysis is a method that facilitates decision makers to evaluate potential 

outcomes and choose technologies to achieve these outcomes. Decisions that are 

well intended can lead to losses in results as unexpected outcomes develop, or as 

outcomes have unexpected consequences. Decision makers therefore invariably have 

a need for a framework, which structures information in a way, which makes the 

complexity of cost benefit analysis more manageable; but which still takes into account 

the implications of the overall complexity. Formal cost-benefit analysis (CBA) 

techniques are an analytical tool, which have the potential to significantly advance 

this process. Importantly, the methodology utilised in this study can be presented with 

the costs of a variety of implementation measures, in order to fully understand both the 

actual costs and the often somewhat more intangible health costs related to noise.  

0.5 POTENTIAL IMPACT AND USE2  

The impact of the proposed methodology should provide a better tool for determining 

the effects of multiple intervention strategies such that noise is not merely considered 

just in respect of changes in population annoyed but also with respect to the potential 

health effects of these interventions.  

The tools for noise modelling have been set up in such a way that outputs from the 

noise mapping can be readily imported into the CBA analysis tool to provide decision 

makers with a better understanding of the benefits and dis-benefits of the various 

multiple intervention scenarios.   

                                                      

2  including the socio-economic impact and the wider societal implications of the project so far 
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0.6 PARTNERS INVOLVED AND THEIR CONTRIBUTION 

ACCON is responsible for the calculation and comparison of the Noise Rating Scores 

before and after implementation of the Q-zones as defined in WP1. Cost benefit 

analysis has also been undertaken by ACCON to establish the most cost effective 

mitigation strategies. Additionally, input from Staffan Algers of KTH has been important 

in understanding what effect various intervention measures would have on traffic flows 

within the immediate vicinity of the proposed Q-zones and also the optimum size of the 

Q-zone.  

0.7 CONCLUSIONS 

Utilising the HEATCO methodology alongside the transportation costs has allowed a 

detailed analysis of a range of intervention measures to be analysed. Utilising multi-

variant traffic noise modelling has proven that such analyses can be readily carried out 

in a cost efficient manner (within the CadnaA noise modelling framework) in order to 

determine the most appropriate intervention for an area. 

Whilst, the adopted methodology has been proven, it is apparent that the anticipated 

noise gains identified at the early stages of the study cannot be realised. This occurs 

because during the daytime period, when parks are generally used, a large part of the 

noise environment is driven by more distant traffic sources. What this means is that whilst 

removing local noisy traffic in its entirety from the park area, the overall period noise 

levels (LAeq) do not reduce by any significant amount. It will of course be the case that 

some of the localised peak noise levels from traffic will be reduced dramatically in close 

proximity to and within the park area; which may well result in beneficial results for 

health, which are not presently able to be identified in the study. 
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1. INTRODUCTION 

1.1. PURPOSE 

The specific project aim of Work Package 2.3 is to obtain cost/benefit information of Q-

zones. 

 

1.2. BACKGROUND 

The CityHush project supports city administrations in the production and 

implementation of noise action plans according to the directive 2002/49/EC [3].  

The identified hot spots and noise action plans made with the existing technology have 

a number of significant identified shortcomings: 

a) poor correlation between hot spots with annoyance and complaints; 

b) most measures lead to increased emissions; 

c) only indoor noise comfort is addressed. 

Step change solutions are proposed to reduce noise in the city environment. The 

project deals with developing suitable problem identification and evaluation tools and 

with designing and developing solutions for hot spots, which show high correlation with 

annoyance and complaints. 

Step change solutions are proposed to reduce noise in the city environment. The 

project deals with developing suitable problem identification and evaluation tools and 

also with the design and development of solutions for hot spots, which should ultimately 

demonstrate a high correlation with annoyance and complaints. 

The following innovative solutions and tools will be developed: 

 

1. Concept of Q-zones (zones in an inner city area where only quiet low emission 

vehicles are tolerated). 

2. Concept of parks embedded in Q-zones. 

3. Improved indoor noise score rating models by integrating low frequency noise and 

the occurrence of high single noise events. 

4. Noise score rating models for the outdoors. 

5. Objective and psychoacoustic evaluation tool for low noise low emission vehicles. 

6. Mathematical synthesis tool for noise from low noise low emission vehicles. 

7. General performance noise specifications for low noise low emission vehicles. 

8. Novel concepts for low noise roads based upon dense elastic road surfaces. 

9. Novel concepts for low noise roads based upon grinding of asphalt top layers. 

10. Novel concepts for tyre‟s for low noise vehicles, including heavy vehicles. 

11. Criteria for use of low noise motorcycles. 

12. Active and passive noise attenuation measures within the tyre hood (wheel arch). 
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13. Solutions for high low frequency absorption at facades of buildings. 

14. Solutions for high low frequency isolation in the propagation path. 

 

All of the above solutions and tools will be designed, prototyped and validated. Once 

all of the above elements are complete, they could result in the achievement of the 

anticipated noise outcomes/benefits. 

 

1.3. WHAT THE REPORT COVERS 

The report is based upon the reference situations/scenarios, which have been 

investigated as part of the task undertaken in Point 1, in Section 1.2 above. Calculations 

have been carried out and comparisons have been made between the Noise Rating 

Scores „before‟ and „after‟ the implementation of the Q-zones as defined within the 

deliverables from Work Package 1 (WP1) of the CityHush project. 

The Noise Rating Scores have been calculated for both the local residents and park 

visitors. The calculations have been conducted using data from traffic flow simulations, 

which were input into the noise prediction software. A cost/benefit analysis has been 

carried out in order to determine the extent to which the costs of implementing 

mitigation measures are outweighed by the potential benefits to the local residents and 

park visitors. The conclusions which have been derived can than be used in the 

decision making process when deciding on the most cost effective mitigation strategies 

to employ to achieve maximum gains in noise reduction in Q-zones and embedded 

parks. 

 

1.4. INFORMATION COLLECTED 

1.4.1 Traffic data 

Traffic data have been collected from the various municipalities and transportation 

engineers for input into a transportation model covering an area within the vicinity of 

the identified parks and potential Q-zone areas for the individual cities. A range of 

transportation scenarios have then been run within the transportation model in order to 

identify the optimum size of the Q-zone, the way in which traffic diverts onto and from 

the local highway network.  

Typically, the transportation link locations are matched to the actual road network 

configuration as shown in the example below: 
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Figure 1.4.1: Transportation link locations at Bristol Test site (Example) 

 

1.4.2 Noise rating scores 

Noise Rating Scores have been implemented into the noise modelling software in 

line with the reporting for that work stream. 

1.4.3 Mitigation strategies 

A variety of mitigation/implementation strategies have been tested which 

include electric/quiet vehicles, tolling, vehicle bans etc. 
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1.5. LIMITATION OF REPORT 

1.5.1 Other mitigation measures have not been considered 

The strategies, which have been piloted in this assessment, relate only to traffic 

management implementation measures and no physical measures have been 

considered with respect to Q-zones or embedded parks. It would be possible to 

consider the use of noise barriers to achieve reductions in noise within the embedded 

parks and potential noise reduced surfaces within the Q-zones. Such measures may be 

an alternative to the transportation strategies which have been piloted and could 

potentially result in greater immediate benefits, with respect to reductions in noise, 

although would not provide the other more sustainable benefits which could accrue 

from the transportation initiatives reported here.  
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2. GENERAL FRAMEWORK FOR COST BENEFIT ANALYSIS 

This chapter provides a very brief overview of approaches to appraising options and 

also identifies some of the advantages and disadvantages of these approaches. Firstly, 

however, it provides context regarding option appraisal.  

Cost-benefit analysis (CBA) provides a means for systematically comparing the value of 

outcomes with the value of resources achieving the outcomes required. It measures the 

economic efficiency of the proposed approach. When all else is equal more efficient 

approaches should be chosen over less efficient ones. When there are many options to 

consider during a decision-making task, it is useful to evaluate the options with a 

common metric. Cost-benefit analysis refers to any type of structured method for 

evaluating decision options. 

CBA has become widely accepted among business and governmental organisations. 

Although CBA has definite limitations, especially in the non-standard way that the 

payoff function is derived and calculated, its potential for making decisions more 

rational is comforting to those who must make the decisions. The presentation of a cost-

benefit analysis is the preferred way to demonstrate the reasoning behind investments. 

The analysis has to include alternative solutions, including the baseline case, that 

consider alternative ways of fulfilling the project, a number of traffic scenarios have 

been used in this pilot study defining the outcomes of the different analysis options in 

the project. 

At the end of the analysis a sensitivity analysis for the costs and the benefits considered 

during the previous steps should generally be undertaken. Sensitivity analysis identifies 

those input parameters that have the greatest influence on the outcome, repeats the 

analysis with different input parameter values, and evaluates the results to determine 

which, if any, input parameters are sensitive. If a relatively small change in the value of 

an input parameter changes the alternative selected, then the analysis is considered to 

be sensitive to that parameter. 

 

2.1. OPTIONS APPRAISAL  

There are many countrywide examples of best practice guidance for conducting the 

assessment of projects, policies and programmes. The guidance is usually binding for 

government departments and executive agencies, although it can be (and is) 

supplemented by guidance in specific areas e.g. transport.  

The stated purpose of CBA and its implementation is to ensure that no policy, 

programme, or project is adopted without first checking if the best method is being 

used to achieve the objectives in question, in this case, how best to mitigate against 

noise in embedded parks an Q-zones.  
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The essential technique advocated is option appraisal. In brief, this comprises in the 

context of this project: justifying the rationale for deciding upon the use of particular 

noise mitigation measures; setting the objectives for the proposed measures; creating 

and short-listing potential options for making changes to traffic flows; and comparing 

(ideally in monetary terms) the costs and benefits of these various options, including 

wider social costs and benefits.  

Recognising one of the disadvantages of CBA, there are recommendations that the 

approach is proportionate. As a result, it is usual for CBAs to include non-monetised 

impacts (expressed either quantitatively or qualitatively), in this case noise reductions. 

The approach to non-monetised impacts has been adopted within the noise modelling 

and reporting to include changes in the „useable area‟ of the embedded parks. 
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3. ADOPTED APPRAISAL METHODOLOGY 

3.1. HEATCO 

As explained earlier, following a literature review, which considered different 

methodologies for carrying out CBA, principally on transportation related projects and 

for differing country methodologies; it was determined that the general methodology 

identified in the HEATCO methodology [1] should be utilised. 

HEATCO's primary objective was the development of harmonised guidelines for project 

assessment at an EU level. This included the provision of a consistent framework for 

monetary valuation with transport costing. The first step was a comparison of current 

practice with theoretical and empirical evidence from the literature. The study 

recognised that the principles for project appraisal and transport costing vary 

considerably across countries and transport modes. The vast majority of the countries in 

the North/West region of the EU had developed comprehensive guidelines for project 

appraisal, whereas the guidelines in the South and East regions seemed to be 

somewhat less developed. 

Based on current practice and thinking at that time the HEATCO team identified 

certain elements of a consistent framework for project appraisal on an EU-level. Part of 

that framework included: 

- Value of time and congestion (incl. business passenger traffic, non-work passenger 

traffic etc, and most importantly;  

- Environmental costs (incl. air pollution, noise and global warming). 

 

The choice of the HEATCO methodology for this study was primarily related to the 

proposals for dealing with noise within a health/annoyance type framework and for 

noise costs it was suggested that it would be possible to use country-specific values per 

person exposed to a certain level of noise. The suggested impact indicator, which 

should be reported alongside the monetary results, is the number of persons highly 

annoyed. All values include health effects and annoyance and central values 

comprise the WTP for reducing annoyance based on stated preference studies (see 

Working group on health and socio-economic aspects, 2003). Annoyance was based 

on dose-response functions; monetary values were taken from the HEATCO surveys (see 

Navrud et al. 2006 [4]). High values include annoyance valuation based on hedonic 

pricing as applied in UNITE (see Bickel et al. 2003 [5]). 

Elsewhere, studies carried out by the World Health Organisation (WHO - Burden of 

disease from environmental noise, 2011) have considered the extent to which exposure 

to noise results in a reduction in life expectancy, which is expressed as Disability 

Adjusted Life Years (DALYS). Whilst, the study is useful in understanding the effects of 
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exposure to high levels of noise it does not provide any additional information in respect 

of the costs of noise exposure. 

 

The recommended calculation procedure from the HEATCO study is as follows: 

Step 1: quantification of the number of persons exposed to certain noise levels (which 

should be available from noise calculations) for the Do-Minimum case and the Do- 

Something case. 

Step 2: preparation of the cost factor table by increasing the cost factor according to 

the assumed country-specific GDP per capita growth for each year of the analysis. 

Step 3: calculation of impacts (multiply percentage of highly annoyed persons by 

number of persons exposed) and costs (multiply cost per person by number of persons 

exposed) for both cases. 

Step 4: subtraction of total costs for the Do-Something case from Do-Minimum case. 

Step 5: reporting of costs and impacts (change in number of people highly annoyed). 

 

The Table below identifies an example of the central values for noise exposure in Euros 

(2002) expressed as factor costs per person exposed. 
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Table 3.1.1: Central values for noise exposure in Euros per person exposed 

 
 

The underlying principle in the „value of travel time savings‟ (VTTS) guidelines from the 

HEATCO study is that local values should be used wherever possible, provided that they 

have been developed using an appropriate methodology. If no such local values exist 

for an individual country then „default‟ or „fallback‟ values derived from international 

meta-analyses of value of time studies should be used. The transport costs utilized in this 

overall assessment are shown in the Table below with the Value of Travel (VTTS) 

expressed as Euros/hr. In this way, where an intervention on the local traffic network is 

proposed which results in increased or reduced journey times then costs can be 

attributed to that intervention. 
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Table 3.1.2: Transport cost (VTTS in Euros/hr) 

Car VTTS Euro/h Business Commute Other Average 

Slovakia 12.6 5.73 4.81 6.049 

Germany 27.78 9.48 7.95 10.698 

Sweden 30.55 10.82 9.07 12.093 

United Kingdom 29.37 10.24 8.59 11.493 

EU Average 24 10.29 8.63 10.997 

  

The average factor utilized in the travel costs assessment is based on the following 

assumptions with respect to the distribution of trip purpose shares: Business 0.1, 

Commute 0.5 and Other 0.4. Where calculations are made the 2010 values should be 

used in all calculations with any appropriate updating, to take into account the GDP 

per capita growth figure for the individual countries. When calculating the travel time 

costs the average VTTS has not been used as people with lower VTTS are more inclined 

to utilise detours that would otherwise exaggerate the costs. Accordingly, the values for 

each VTTS segment have been used and the same VTTS as in the assignment have 

been used for this calculation. However, for the highest VTTS a median VTTS has been 

utilised as opposed to the mean VTTS, in order to better reflect the route 

choice behaviour (as this would better correspond to average behaviour). For 

evaluation purposes the mean value should be used. Another aspect of travel costs are 

the running costs, which have not been included in the calculations to date.  

3.1.1 Unvalued mitigation measures 

The costs and benefits of unvalued mitigation measures, may well in the longer term, 

need to be identified and considered. The use of other mitigation measures, other than 

traffic changes may also be economically beneficial in terms of residents and park 

visitors. Scoring and weighting techniques could be applied (if appropriate), by non-

monetary quantification, or (as an absolute minimum) by a qualitative assessment. 

 

3.2. DESIGN LIFE AND ACOUSTIC LIFE  

For maximum noise reduction gains, a remediation measure applied in one or all of the 

test cities may need to comprise a number of combined measures (say for example 

traffic changes, low noise tyres and low noise road surfaces).  

As part of a CBA, a possible approach would be to value the individual noise 

remediation measures separately and to integrate the costs and benefits over the 
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relevant assessment period for a full value of the combined measure. However, it may 

not always be appropriate to assess multiple noise control options separately. 

Appropriate assumptions may need to be made to deal with these on a case by case 

basis.  

 

3.3. UNVALUED IMPACTS 

In selecting the best option, it is likely that the best option will be the one with the 

highest risk adjusted net present value (for a cost benefit analysis) or the option with the 

lowest net present cost (for a cost effectiveness analysis). 

However in practice other factors, and in particular, unvalued costs and benefits will 

ultimately affect the selection of the best option. This would be where a significant 

impact has been identified but is not currently valued. For example, the visual impacts 

of a proposed noise barrier could be considered to be an „unvalued‟ cost or benefit.  

 

3.4. CHAPTER SUMMARY 

This chapter highlighted some of the practical considerations of valuing (the cost 

factors) the benefits of noise reduction for residents and park visitors, which should be 

balanced as part of the other CityHush initiatives as a whole and against the costs of 

remediation measures. In particular, it has identified that the HEATCO methodology is 

considered a robust tool for carrying out this comparison within a CBA framework. 
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4. COST BENEFIT ANALYSIS OF BRATISLAVA 

The use of the recommended CBA will be shown in the following based on detailed 

investigations within the WP 1.1 at Bratislava test-site, where traffic simulations were 

undertaken to determine the influence of gate fees level, size of Q-zone and 

percentage ownership of quiet cars.  

4.1. CITY DESCRIPTION 

Bratislava is situated in south-western Slovakia, within the Bratislava Region. The city has 

a total area of 367 km2. Bratislava straddles the Danube River, which crosses the city 

from the west to the south-east. The city location is shown in the Figure below. 

 

 

Figure 4.1.1: City of Bratislava 

 

4.2. DESCRIPTION OF PARKS 

The City of Bratislava is already planning for and developing areas along the Danube 

River. The Danube embankment offers excellent possibilities to create an enjoyable 

recreational environment, and reshaping dockland areas to a mix of commercial and 

residential land use is under way. Such developments are located east and west of the 

area south of the old town.  
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The identified park area straddles the Danube, which is shown in the figure below. 

 

Figure 4.2.1: Investigated area in the City of Bratislava  

 

4.3. NOISE ENVIRONMENT 

For Bratislava, noise mapping has previously been undertaken for the whole of the 

Bratislava agglomeration area. Major roads along the riverbanks cause a high level of 

noise disturbances in the central areas south of the old town. This disturbance extends 

to the other side of the river, where the large park area is identified above.  

 

4.4. LOCAL ISSUES 

After discussions with local representatives and a site visit, the opportunity for 

transforming the area south of the old town to a Q-zone seemed to be the most 

interesting Q-zone application within Bratislava to test. This area also includes a park-like 

avenue, bordering the pedestrian area of the old town. The arterial traffic route along 

the riverbank is a major challenge, and different methods of dealing with this difficulty 

have been analyzed.  
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Figure 4.4.1: Intended Q-zone area (red line) with park areas inside existing development  

and the River Danube 

 

4.5. WORKED EXAMPLE 

The methodology identified in Section 3 has been implemented into the noise modeling 

with the identified outputs, which initially are presented as noise distribution (grid 

calculation) and noise facade levels at residential property within the test-site for 

Bratislava. From this information it is possible to derive the various CBA outputs and this 

has been done as an output of the model. 

The output from the noise modeling is provided below for the scenarios tested with the 

individual steps in the procedure identified. 
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Step 1: Quantification of number of persons exposed to certain noise levels: 

Table 4.5.1: Number of people affected by road noise for different scenarios at test site Bratislava 

 

 

Step 2: Preparation of the cost factor table 

For comparable results within the different test sites of the City Hush project and for 

comparison purposes it was decided that it was most appropriate to use the same 

“factor costs per person exposed” regardless of the country within which the pilot site is 

located. The actual central values for noise exposure, which were developed based on 

the approach within the HEATCO study, are provided below: 
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Table 4.5.2: Central values [€] for noise exposure according to the HEATCO study 
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Step 3: calculation of impacts and costs 

The calculation of impacts is based on the percentage highly annoyed people and 

number of persons exposed: 

Table 4.5.3: Number of highly annoyed people for different scenarios at test site Bratislava 

 

Using the Average 2010 factor costs for Germany, Swede and UK, the noise band 

specific costs (shown as Lden levels in dB(A)) and the total noise costs can be 

determined as shown below: 
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Table 4.5.4: Noise costs [€] per year for different scenarios at test site Bratislava 

 

 

The traffic costs for each scenario can be calculated by multiplying the traffic distance 

of each scenario with the traffic cost-factors (HEATCO). The results are shown in the 

Table below: 

Table 4.5.5: Transport costs (€) per year caused by traffic distribution within the Q-zone 
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Step 4 and Step 5: total cost variation for different scenarios compared to impacts and 

improvements (benefits): 

Table 4.5.6: Comparison of total costs [€] of different scenarios at test site Bratislava 

 

The total costs include the “traffic costs”, the “noise costs” and the “fees” (toll/gate fee) 

for entering the Q-zone. 

The total benefit in this case is only the “reduction of highly annoyed people”. It should 

be noted that the improvement in the overall reduction in noise within the area of the 

test site, especially in the embedded park area, have not been included. It will be 

noted from Table 4.5.6 that for some scenarios the noise costs reduce and these 

therefore result in an improvement in the overall noise situation, however the overall 

costs which include traffic costs invariably outweigh, by a considerable margin, the 

noise related cost benefits. A comparison of the base case (S16) against the different 

scenarios identifies the change in noise costs per year.   
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5. PRACTICAL ISSUES AND ASSUMPTIONS 

In determining the outcomes of the modelling, it is necessary at this stage to make 

certain assumptions about population density, building heights, speed of traffic on the 

network etc. Whilst, this will invariable affect the absolute level of certainty within the 

noise modelling it should not affect the comparison of options/scenarios where they 

have been delivered within the same framework assumptions. 
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6. CONCLUSION 

The pilot study for Bratislava has proven the methodology adopted for a comparison of 

the CBAs associated with a range of implementation measures. In particular, it has 

demonstrated the relative ease by which implementation measures can be compared 

with each other; and specific tools developed within the framework of the CadnaA 

noise software format. 
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