Estimating human exposure to transport noise in central Dublin, Ireland

1.0
Introduction

Environmental noise is any unwanted or harmful outdoor sound created by human activities that is detrimental to the quality of life of individuals. The relationship between noise pollution and human health has been the subject of considerable research over the last two decades. Much of this research has been concerned with the impact of noise on the auditory system and it is now well established that exposure to noise levels of relatively high degrees can lead to direct hearing loss and/or hearing impairment (see Prasher, 2003). More recent research has concentrated on the relationship between noise and non-auditory effects. Much social survey data has shown that annoyance and sleep disturbance are considered to be the most important environmental noise effects. Indeed, studies have shown that noise annoyance from transportation produces a variety of negative emotions including anger, disappointment, unhappiness, anxiety and even depression (Fidell et al, 1991; Fields, 1998; Miedema, 2003; Michaud et al, 2005). A further area of concern is the link between noise exposure and cardio-vascular disease. In a series of recent studies, Babisch et al (2003, 2005) have demonstrated that annoyance and disturbance due to road traffic noise is associated with a higher incidence of heart disease in middle-aged men. Moreover, children appear to be particularly susceptible to noise exposure and the most consistent impact on children exposed to excessive noise levels are in terms of cognitive impairments. Tasks involving central processing and language comprehension, such as reading, attention span, problem solving and memory appear to be most affected by exposure to noise (Cohen, 1986; Evans and Lepore, 1993; Hygge, 1994; Evans et al, 1995; Evans and Maxwell, 1997) while reduced motivation is also a problem (Evans et al, 2001).
Research conducted by Ohrstrom and Skanberg (2004) has shown that sleep quality at home is reduced after exposure to traffic noise when compared to a quiet reference night while Carter (1996) has shown that exposure to noise during the night can lead to considerable disruption in the stages of the sleep cycle, and particularly deep sleep stages which are considered essential for physical recuperation (Naitoh et al, 1975; Thiessen, 1988). Exposure to night-time noise can also produce a number of secondary effects (i.e. those that can be measured the day after the individual is exposed to night-time noise) including psychological and physiological symptoms as well as reduced performance in adults (Ohrstrom et al, 2006). 

As a measure of the growing concern in relation to this issue, problems with noise have recently been rated at the highest level of environmental concern in some EU states. As a response to this, the European Parliament and Council adopted the current Environmental Noise Directive (END) as a legislative instrument in 2002 (European Commission, 2002)
. The Directive aims to provide a common basis for addressing the problem of environmental noise across EU member states and the use of common noise assessment methods plays a key role in this regard. Assessment of exposure to environmental noise is to be achieved using ‘strategic noise maps’ for major roads, railways, airports and agglomerations using the harmonised noise indicators 
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 (day-evening-night equivalent sound pressure levels) and 
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 (night-time equivalent sound pressure levels). Noise maps are to be compiled for all agglomerations with more than 250,000 inhabitants and for all major roads, railways and airports
. One drawback of the Directive is that while there is a harmonised method for presenting strategic noise maps, there is no clear method for assessing human exposure to noise. This research is an attempt to bridge that gap by outlining research conducted for analysing human exposure to transport noise in Dublin, Ireland.


Given the rapid increase in volume of traffic in central Dublin in recent years, it is hypothesised that exposure to traffic noise in the study area is considerably above the World Health Organisation limits of 70 dB(A) Leq
 for daytime exposure and 45 dB(A) Leq for night-time exposure (Berblund et al, 1999). These limits are regarded as the levels above which exposure to noise is detrimental to human health. In order to investigate the hypothesis, the level of noise was modelled at the most exposed building façades in the study area. Modelled values were then validated against measurements taken at selected locations in the study area. The resulting findings are presented herein.

2.0
Methods
2.1
Study Area and data
The study area comprises of approximately a one square kilometre area centred on Trinity College campus in central Dublin. While the study area concerns a typical area in Dublin, it is relatively representative of situations being experienced in other EU cities. The area was selected because the College is representative of a quiet area in the city centre and thus provides a striking contrast with the surrounding area beyond the college boundary where large volumes of traffic exist. Figure 1 provides an outline of the study area as well as a strategic noise map of the area. Strategic noise maps are used for gaining a broad overview of noise emission levels in the area.
Figure 1. Strategic noise map showing 
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 noise emission levels in decibels (dBA) for the Dublin study area
Much of the noise 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 2005. 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. Traffic composition data i.e. the mix of heavy, medium and light vehicles along the road links was supplied by the Dublin Transportation Office (DTO). Building geometry and height information and road polyline information was provided by Dublin City Council in the form of Geographic Information System (GIS) shapefiles. Annualised meteorological information was acquired from the closest weather station to the study area – Dublin Airport. Data such as mean temperature, mean relative humidity and mean atmospheric pressure were included in the noise calculations.

2.2
The harmonoise noise model

This study uses the Harmonoise noise calculation method for calculating noise at the most exposed building façade (Watts, 2005). The model was developed by the EU Harmonoise project and may become the standardised noise calculation method across EU states in 2012.
 
The objective of the Harmonoise project was to provide new prediction methods for environmental noise from roads and railways to meet the requirements of the Directive. The model treats roads as separate incoherent point sources and relies on point to point propagation for calculation. As a result, two separate methods are used for calculating the source noise model and the propagation model.

In order to calculate the level of noise resulting from road traffic, the type of traffic in the flow must be identified. The Harmonoise model identifies three main vehicle categories: light, medium and heavy, with two alternative categories to account for off-road and two-wheeled vehicles. Each vehicle category is represented by a combination of sources resulting from tyre/road noise and propulsion noise. Our analysis considered only light, medium and heavy vehicles due to the unavailability of traffic flow data for other vehicle types.
Two source heights are used for each vehicle category. One source is placed at 0.01 metres above the surface of the road for each vehicle category and the other source at 0.3 metres for light vehicles and 0.75 metres for medium and heavy vehicles. The lower source accounts for 80% of tyre/road noise and 20% propulsion noise while the higher source consists of 80% propulsion noise and 20% tyre/road noise. 

The sound power of the rolling noise for the reference condition may be described by the following equation:
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where vref = 70 km/h, while the sound power for propulsion noise is given by :
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where the coefficients aR(f), bR(f), aP(f) and bP(f), are given for different categories of vehicles.

In our analysis, calculations were undertaken at the most exposed building facades in the study area. Receiver points were placed at four metres above the ground and 1.5 metres from the building façade. Only the incident sound field was considered in the analysis.
The harmonised noise indicators 
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were used to gauge average noise emission levels in the study area. Both 
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represent the annual A-weighted long-term average sound pressure level determined over the entire day and night periods respectively. 
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is given by the following equation:
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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 weighting factors in the above equation are designed to account for the increase in annoyance at different periods throughout the entire day, hence the addition of 10 to the value for Lnight and 5 to the value of Levening. All noise levels were calculated using the commercial noise prediction package Predictor 5.0.
2.4
Model Validation
A series of 15 minute measurement samples were undertaken over a two-week period at sixteen locations throughout the study area to serve as a validation of model calculations. Noise measurements were recorded every 10 seconds during the measurement period and the results and associated standard deviation values are shown in Table 1. All measurements were conducted in accordance with ISO-1996:1 (ISO, 2003) and the measurements attained for 
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were compared with calculated values. The results demonstrate that, in general, the Harmonoise model under predicts slightly the noise levels in the study area. Despite this, the average error at each location is only -0.42 dB(A) which suggests that the calculation model is very robust. Moreover, the average standard deviation associated with measured values suggests that the error associated with measured and predicted values is remarkably small.
It is perhaps worth noting that a more extensive measurement campaign may have produced slightly different results. For example, our measurements, which were taken on a roadside, may have been influenced by other forms of noise not attributable to road traffic. The impact of this phenomenon on measurement results is likely to be limited and would, in all likelihood, only result in measurement values falling more in line with predicted values. 

Table 1. Noise measurement and calculation statistics
3.0
Results
The estimated number of people exposed to various noise categories for both 
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 is displayed in Table 2. The categories used were those outlined in the recent Environmental Noise Regulations for Ireland (Government of Ireland, 2006). Information on the number of residential units in each building was acquired from the Irish GeoDirectory. The GeoDirectory is a complete database of every building in Ireland which among other things contains information detailing the number of residential and business units in each building. Given the number of residential units in the study area, it was possible to assign an average household size figure for the District Electoral Division (DED) occupied by each building
. This allowed for the calculation of an estimate of the population residing in each building. Similarly, and in order to determine daytime noise exposure, it was necessary to calculate the population working in the commercial building units in the study area. Information was attained from the Kompass company directory regarding the number of employees associated with each commercial unit in the study area. The foregoing data was incorporated into the attribute table of the GIS building polygons in order to determine the number of workers and residents exposed to various noise categories.
Table 2. Worker and resident exposed to noise (dB(A)) for 
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Table 2 provides noise exposure information for the number and proportion of workers and residents in the study area. As previously stated, the guideline value above which the WHO have recommended noise emissions in traffic areas should not exceed during daytime is 70 dB(A) 
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 while the corresponding value not to be exceeded during night-time is 45 dB(A) 
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. It can be seen that the proportion of individuals exposed to environmental noise levels exceeding the WHO guideline values are considerably greater for night-time than for daytime. Thus, in relative terms, the results demonstrate that the extent of the environmental noise problem is considerably greater during night-time than during day-time. The exposure estimates produced in Table 2 suggest that 53.6% and 28.0% of workers and residents respectively are exposed to noise levels exceeding 70 dB(A) during day-time while the corresponding figure for night-time noise exposure greater than 45 dB(A) is 90.2%
. The relative magnitude of the figure for night-time noise exposure is striking particularly given that excessive night-time noise exposure has the greatest detrimental effect on public health. If the foregoing exposure levels were extrapolated for the entire city it quickly becomes obvious that the magnitude of the problem is considerable. The impact that these levels of exposure are having on individual health and the quality of life as well as the economic impact in terms of reduced productively of workers is likely to be considerable also. As stated earlier, travel demand forecasts estimate that traffic volumes will increase significantly over the next decade which suggests that the problem of environmental noise will continue to increase unless noise abatement strategies are devised and implemented.
4.0
Traffic management as a noise abatement strategy

Previous studies have shown that traffic management measures have the potential to significantly reduce noise emission levels at the roadside (Abbott et al, 1997; Bendsten et al, 2005). Following the estimation of population exposure to noise in the study area, the impact of traffic management initiatives on reducing noise exposure levels was investigated. For our analysis, traffic flows were redirected away from the streets with the highest number of residents and the noise resulting noise emission levels were recalculated at the most exposed building facades.  Figures 2 and 3 show the revised noise exposure results for 
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respectively. The results for 
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 show significant reductions in the number of residents exposed to noise values greater than 65 dB(A) – 78.4% and 54.9% respectively before and after redirection of traffic away from the main residential areas. However, the level of exposure above 70 dB(A) remains unchanged.

The figures for 
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 show that exposure levels are reduced considerably in the 60-65 and 65-70 dB(A) categories when the revised results are compared with those in Table 2. The results suggest that implementing traffic management policies that direct traffic flows away from residential areas can significantly reduce daytime and night-time noise exposure levels in urban areas. One simple way in which such a strategy could be implemented is to prevent traffic from travelling along inner city links with high numbers of residents during night-time. 
Figure 2. Daily average (
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) noise emission levels after redirecting traffic
Figure 3. Night-time average (
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) noise emission levels after redirecting traffic
7.0
Conclusions
As expected, the results of the study show that the level of noise exposure in the study area during day-time and night-time are considerably greater than the guideline values recommended by the WHO. In relative terms, the level of human exposure to noise during night-time is much greater than during day-time which suggests a public health concern in the area. The results demonstrate quite clearly that there is significant scope for improving the noise environment in the study area, particularly during night-time.

The traffic management analysis showed that it is possible to achieve large reductions in the number of people exposed to transport noise during night-time by utilising intuitive traffic management solutions in areas that have relatively large numbers of residential units. Implementing traffic management policies that take careful consideration of the impact of traffic flows on residents have the potential to produce positive effects without serious disruption to the city’s living environment. Such measures should be incorporated into any future noise action plans being developed by local authorities for fulfilment of their obligations under the terms of the European Noise Directive.
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Table 1. Noise measurement and calculation statistics

	
	Measured Lden
	Calculated Lden
	Error

	Location 1
	77.8
	75.7
	-2.1

	Location 2
	78.2
	76.4
	-1.8

	Location 4
	79.8
	78.5
	-1.3

	Location 5
	78.5
	78.6
	0.1

	Location 6
	79.2
	78.2
	-1.0

	Location 7
	77.7
	77.2
	-0.5

	Location 8
	74.4
	74.3
	-0.1

	Location 9
	75.6
	76.9
	1.3

	Location 10
	77.9
	74.9
	-3.0

	Location 12
	74.7
	76.0
	1.3

	Location 13
	72.1
	73.6
	1.5

	Location 14
	75.4
	75.1
	-0.3

	Location 15
	75.1
	75.5
	0.4

	Location 16
	73.6
	73.2
	-0.4

	Average
	76.4
	76.0
	-0.42


Table 2. Residents and workers exposed to noise (dB(A)) for 
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	<55
	55-60
	60-65
	65-70
	70-75
	>75

	Residents
	443
	302
	340
	2 534
	1 410
	0

	Workers
	5 666
	4 383
	5 616
	5 262
	25 588
	1 691
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	45-50
	50-55
	55-60
	60-65
	65-70
	>70

	Residents
	283
	366
	1 038
	2 502
	410
	0
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� In Ireland, the recent statutory instrument - Environmental Noise Regulations - has established a schedule for compliance with the EU Noise Directive (Government of Ireland, 2006).


� This is only in the First Phase (2007). The Second Phase (2012) requires that noise maps are produced for agglomerations with a population in excess of 100,000 individuals.


� It should be noted that we compare the WHO daytime Leq guideline level with Lden. As Lden is a weighted indicator this comparison would represent a scenario in which the general public is overprotected. However this is an appropriate comparison as Lden is the indicator which is used to assess general levels of annoyance. 





� There is the possibility that XPS31-133 (the French calculation method) could be adopted as the standard calculation method in the EU for road traffic noise. This is the recommended interim method for the calculation of road traffic noise during the first stage of strategic noise mapping (European Commission, 2002). It will be replaced by a standardized calculation method for the second phase of strategic noise mapping. It is likely that the Harmonoise method will be adopted.


� The average household size values for each DED were acquired form the Irish Census of Population 2002.


� The remaining 9.8% of the residential population are exposed to environmental noise levels <45 dB(A) during nightime.
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