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Abstract 
This paper reports on research conducted to analyse the impact of two noise mitigation 
measures on levels of population exposure in Dublin, Ireland: travel demand and speed 
reduction. At the outset, the research utilises the CRTN calculation model, LIMA software 
and GIS to establish areas of poor sound quality. Then a base reference condition of 
selected roads within noise hotspots is used as a benchmark for assessing the relative 
impact of the mitigation measures in terms of their ability to bring about reductions in levels 

of population exposure to noise for both denL and nightL . The results demonstrate that in 

terms of noise action planning, reducing the level of travel demand leads to the most 

significant reduction in population exposure for denL and nightL . They highlight the significant 

role that noise mitigation measures can play in aiding good ‘acoustical planning’ in the future. 
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1 Introduction 

  
In European countries, the concern about the impact of noise pollution on public health and 
quality of life is increasing. A growing body of evidence has highlighted the link between 
excessive exposure to environmental noise and deteriorating public health (see [1,2,3,4,5]). 
The European Union (EU) has attempted to address these growing concerns by passing into 
legislation Directive 2002/49/EC, also known as the Environmental Noise Directive (END). 
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The Directive has two broad-based objectives1. First, it seeks to develop a common 
approach towards the avoidance, prevention and reduction of the harmful effects of exposure 
to environmental noise. Second, it aims to provide a basis for the development of community 
measures to reduce noise emitted by major sources. Outside of these objectives, the END 
also requires that competent authorities draw up action plans for the major roads, railways 
and agglomerations within their remit and that these plans are reviewed every five years 
once adopted and on an ongoing basis by accounting for major new developments. In the 
context of action plans, the Directive also introduces the notion of ‘acoustical planning’ which 
refers to ‘controlling future noise by planned measures, such as land-use planning, systems 
engineering for traffic, traffic planning, abatement by sound-insulation measures and noise 
control of sources’ [6, p.14]. 

The assessment of exposure is to be achieved using strategic noise maps for major 

roads, railways, airports and agglomerations using the harmonised noise indicators denL  

(day-evening-night equivalent sound pressure levels) and nightL  (night-time equivalent sound 

pressure levels). In the first phase (June 2007), strategic noise maps were compiled for all 
agglomerations with more than 250,000 inhabitants and for all major roads (with more than 6 
million vehicle passages a year), railways (with more than 60000 train passages a year) and 
major airports (with more than 50000 movements a year) within the territories. The Second 
Phase (June 2012) requires that strategic noise maps are produced for agglomerations with 
a population in excess of 100,000 individuals. Thereafter, strategic noise maps are to be 
produced at five year intervals. 

2 Methods 

2.1 Study area and data 

 
The study area comprises of approximately a sixteen square kilometre area in 

Dublin’s central area. The study area buildings lie within the Royal and Grand Canal’s which 
is regarded generally as Dublin’s inner core area. Figure 1(b) provides an outline of the study 

area and a strategic noise map of the area for nightL . Strategic noise maps are used for 

gaining a broad overview of noise emissions levels in the area. The data used in this study 
was provided by Dublin City Council including 24-hour traffic flow information along the road 
links in the study area for a six month period from January to June 2007. The traffic flow data 
was derived using Dublin City Council’s traffic monitoring system which provides hourly traffic 
counts at junctions within the study area. In keeping with the Good Practice Guide for Noise 
Mapping [7], traffic composition data was assumed to be 90% light vehicle and 10% heavy 
vehicles. Building geometry, building height information and road network information was 
provided by Dublin City Council in the form of Geographic Information System (GIS) 
shapefiles. 
 

                                                
 
1
 For an in-depth discussion and critique of the END see [5]. 
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2.2 Modelling 

The noise indicators denL and nightL were used to gauge average noise emission levels 

in the study area. They represent the annual A-weighted long-term average sound pressure 

level determined over the entire day and night periods respectively. denL is given by the 

following equation: 
day evening nightL L 5 L 10

10 10 10
den

1
L 10 12*10 4*10 8*10

24
log   (1) 

The day period was taken to be from 07.00 to 19.00 while evening and night time periods 
were taken to be from 19.00 to 23.00 and 23.00 to 07.00 respectively.  

The noise prediction method used for the current study was the Calculation of Road 
Traffic Noise (CRTN). In the CRTN method the road is approximated as a line source and as 
such the line of view is the line source i.e. the road, is of critical importance in calculations. 
The method does not calculate attenuation in terms frequency bands, but rather offers an 
overall A-weighted result. All results are expressed in terms of the L10 indicator and as such, 
a conversion factor is required to change results obtained from the CRTN model to satisfy 
the Directive. This conversion was developed from a regression relationship established 
between Leq and L10 by Abbot and Nelson [8] and was subsequently adapted to an Irish 
scenario [9]. The Irish conversion formula was used for the current study. 

2.3 Validation 

In order to validate the prediction model, measurements were undertaken at selected 
locations within the study area. In one location, measurements were made over a two-week 
period while all other measurements were 15 minutes in duration. All measurements were 
conducted away from the façade of buildings in an effort to minimise the impact of 
reflections. 

The long-term measurements were used to determine the variation of noise 
throughout the day period which would enable an accurate estimation of Lday using short-term 
measurement results. This method was previously applied to a section of the test area by 
King and Rice [10]. It was found that a 15 min value was generally within 3 dB of the 12-hour 
Lday level and results from this study follow that trend. The results of measurements and 
predicted values are displayed below (Table 1).  
 

Table 1 - Measured versus predicted results 

  Predicted Lday [dB(A)] Measured Lday [dB(A)] Difference [dB] 

Long-Term Position 1  72.5  73.6 -1.1  

Short-Term Position 1  69.3 66.5  +1.8 

Short-Term Position 2  70.9 74.0  -3.1 

Short-Term Position 3  63.3 65.0  -1.7 

Short-Term Position 4  49.5 54.4  -4.9 

Short-Term Position 5  55.6 56.6  -1 

Short-Term Position 6  70.0 72.9  -2.9 

Short-Term Position 7  65.6 67.4 -1.8  

 
The results demonstrate that the CRTN model under predicts slightly the noise levels 

in the study area. The average error is –0.9dB which suggests that, while there is some 
variation at each individual position, the model is robust enough to use as a strategic action 
planning tool. Errors in predictions may have arisen due to the limited availability of some 
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input data while measurements may have been influenced by everyday urban sources 
outside the scope of the prediction model. 

2.4 Population exposure estimation 

Population exposure was estimated by determining the number of residential units for 
each building in the study area (see [11]). Once determined, each residential unit was 
assigned an average household size value equivalent to the census enumerator area (EA) 
where the building was located. This value was obtained from the 2006 Census of population 
data for 162 EA’s falling within the study area. Information on the number of residential units 
in each building was acquired from the Irish GeoDirectory database for 2007. Given the 
number of residential units for each building in the study area and the average household 
size associated with each building location, it was possible to compute estimates of the 
residential population for each building. 

In order to estimate exposure, the noise level at the most exposed façade must be 
determined [6]. For façade calculations the recommendations outlined in the Good Practice 
Guide for Noise Mapping [7] were followed. Receiver points were placed at 0.1 metres in 
front of the façade; a spacing of 3 metres between calculation points was deemed 
appropriate. All calculations were performed at the standard receiver height of 4m above the 
ground. 

The noise categories chosen are those outlined in the recent Irish statutory 
instrument - Environmental Noise Regulations - which established a schedule for compliance 
with the EU Noise Directive in Ireland [12]. It should be noted at the outset that the guideline 
value above which the World Health Organisation (WHO) have recommended noise 

emissions in traffic areas should not exceed during daytime is 70 dB(A) eqL  [13] while the 

corresponding value not to be exceeded during night-time is 40 dB(A) outside night,L [14]. 

Prolonged human exposure above these levels is considered to be detrimental to public 

health and quality of life [13]. In our analysis, we compare the WHO daytime eqL guideline 

level with denL . As denL is a weighted indicator this comparison is equivalent to a scenario 

where the general public is overprotected. This is an appropriate comparison due to the fact 

that denL is the indicator currently used throughout Europe to assess general levels of 

annoyance. 

3 Results 

3.1 Noise action planning and acoustical planning mitigation 

As stated earlier, a key objective of the END is to identify areas of acoustical 
discomfort and apply ‘acoustical planning’ mitigation measures in the form of action planning 
to reduce noise exposure in areas that are considered to be of poor sound quality. Using a 
Geographical Information System (GIS) buildings with a Lmax exposure at the most exposed 

façade of greater than 50 dB(A) for nightL  were identified (see Figure 1(a)). 
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Figure 1. (a) Buildings with a value greater than 50 dB(A) for nightL and selected roads for the 

base reference condition; (b) Strategic noise map for the night-time period. 
 
Once selected, the roads in the vicinity of these buildings were identified which were then 
used as a base reference condition to test the impact of two acoustical planning mitigation 

measures on reducing population exposure to noise for both  denL and nightL : (1) travel 

demand reductions; (2) travel speed reductions. Table 2 shows the results of the population 
exposure analysis for the base reference condition. Each acoustical mitigation measure was 
simulated and compared with the results for the base reference condition. 
 

Table 2 - Population exposure for the base reference condition - selected roads 

denL  <55 55-60 60-65 65-70 70-75 >75 

Residents 60588 22757 12064 6174 23891 7565 

nightL  45-50 50-55 55-60 60-65 65-70 >70 

Residents 21894 12587 5854 14158 18905 291 

 

3.2 Scenario One: Travel demand reduction 

Table 3 shows the revised population exposure statistics for travel demand reductions of 

10% and 20% for denL and nightL . The results reveal that for a 10% travel reduction, the 

proportion of people exposed to values above 70 dB(A) for denL – the WHO guideline limit – 

declines only marginally (1.0%) from the base reference condition although there are 
significant reduction in exposure in the >75 exposure category (27.8%). The corresponding 

reduction for people exposed to values above 40 dB(A) for nightL – the WHO guideline limit – 

is 2.9%. When a 20% reduction in travel demand is implemented the proportion exposed to 

values above the guideline limits declines by 4.9% for denL and 7.2% for nightL  from the base 

reference condition. It is notable also that greater proportional reductions in exposure can be 
achieved the upper categories when this mitigation measure is implemented. This points 
toward the usefulness of the measure for aiding reductions in noise exposure to the worst 
affected households. 
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Table 3 - Revised population exposure from the base reference condition for 10% and 20% 
travel demand reductions on roads 

denL (-10%) <55 55-60 60-65 65-70 70-75 >75 

Residents 62434 21770 11301 5690 25672 5464 

denL (-20%) <55 55-60 60-65 65-70 70-75 >75 

Residents 64962 21841 10167 6331 27117 2684 

nightL (-10%) 45-50 50-55 55-60 60-65 65-70 >70 

Residents 21132 11729 5425 16452 16643 115 

nightL (-20%) 45-50 50-55 55-60 60-65 65-70 >70 

Residents 19630 11347 6236 17354 14153 93 

3.3 Scenario Two: Travel speed reduction 

Table 4 shows the revised population exposure statistics for speed reductions of 10% and 

20% for denL and nightL . The results show that for a 10% speed reduction, the proportion of 

people exposed to values above 70 dB(A) for denL – the WHO guideline limit – declines by 

0.2%; the corresponding reduction for  people exposed to values above 40 dB(A) for nightL – 

the WHO guideline limit – is 2.0%. For a 20% reduction in speed the proportion exposed to 

values above the guideline limits are 4.8% for denL and 3.7% for nightL . In line with the 

previous results, those for speed reductions suggest that greater proportional reductions in 
exposure can be achieved the upper categories; by reducing travel speed, a 2.0% reduction 
can be achieved for individuals exposed to noise levels greater than or equal to 60 dB(A) 

for denL  while a 15.5% reduction can be achieved for individuals exposed to noise levels 

greater than 65dB(A) for nightL . The reductions achieved in the higher noise categories are 

considerably greater for nightL than for denL . This suggests that this mitigation measure has 

the potential to affect significant reductions in exposure during the period when dose-effect 
relationships are greatest for public health concerns. 

 
Table 4 - Revised population exposure from the base reference condition for 10% and 20% 

speed reductions on roads 

denL (-10%) <55 55-60 60-65 65-70 70-75 >75 

Residents 61801 22443 11505 5843 25246 6130 

denL (-20%) <55 55-60 60-65 65-70 70-75 >75 

Residents 63373 21572 11111 5863 25927 4006 

nightL (-10%) 45-50 50-55 55-60 60-65 65-70 >70 

Residents 21055 12124 5623 15862 17418 123 

nightL (-20%) 45-50 50-55 55-60 60-65 65-70 >70 

Residents 21009 11552 5377 16911 16111 108 

 
It is also clear that the reductions achieved by implementing speed reductions are 

much less than those for travel demand reduction. This suggests that travel demand 
reduction is a more desirable acoustical planning mitigation measure for curbing human 
exposure to road traffic noise in urban areas. Taken together, the foregoing results 
demonstrate convincingly that significant reductions in population exposure can be achieved 
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through careful consideration of traffic flows and associated traffic speeds in the study area. 
Indeed, on a broader policy level, the results highlight the potential role that traffic 
management and transportation planning can play in ‘acoustical planning’ in the future.  

4 Conclusions 

First, the population exposure analysis highlighted the scale of exposure to 
environmental noise. From our estimates a significant proportion of the population under 

consideration is exposed to relatively high noise levels for denL and nightL . As a caveat, 

Murphy and King [5] have raised a number of methodological issues in relation to population 
exposure estimates which apply to this study. Despite these, there is little doubt that the 
scale of exposure is considerable and highlights a problem of significant environmental 
concern. 

Second, the results demonstrate that in terms of noise action planning, significant 
reductions can be achieved by implementing traffic management noise mitigation measures 
in urban areas. Indeed, reducing travel demand leads to the most significant reduction in 

population exposure for denL and nightL  while considerable reductions can also be achieved 

by reducing travel speeds. This suggests that, where possible, travel demand reduction 
should be a priority ‘acoustical planning’ mitigation measure for noise action planning 
studies. 

Finally, it seems that the problem of environmental noise and associated levels of 
exposure is significant enough to ensure that one mitigation measure will not be enough on 
its own to bring levels of exposure in line with the guideline limits recommended by the WHO.  
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