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Abstract

The first phase of noise mapping and action planning in Ireland, in accordance with EU Directive 2002/49/EC, is now complete. In total this included one agglomeration, one airport and approximately 600 km of major roads outside the agglomeration. These noise maps describe the level of noise exposure of approximately 1.25 million people. The first phase of noise mapping was dealt with by five noise mapping bodies while 26 action planning authorities were involved in the development of the associated action plans. The second phase of noise mapping, due to be completed in 2012, sees a reduction in the defined thresholds describing the required agglomerations, roads and railways that have to be mapped. This will have a significant impact on the extent of mapping required. In Ireland this will result in an increased number of local authorities being required to develop strategic noise maps for their area along with the further development of associated action plans. It is appropriate at this point to review the work process and results from the first phase of noise mapping in Ireland in order to establish areas that could be improved, throughout the noise mapping project. In this paper a review of the implementation procedures focussing on (dominant) road traffic noise is presented. It is identified that more standardisation is needed and this could be achieved by the establishment of a national expert steering group.
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1. Introduction
The EU issued Directive 2002/49/EC, the Environmental Noise Directive (END) (EU, 2002) to establish a framework for environmental noise planning. This Directive called for the production of environmental noise maps for designated areas as well as the development of appropriate noise action plans.

Within the European Union (EU) it is estimated that the monetary costs incurred as a result of noise pollution lie between 0.2% and 2.0% of gross domestic product (GDP) (Prascevic and Cvetkovic, 2006). As such, a best case scenario means annual financial losses of more than 12 billion Euro to the European economy. Key contributors to the economic cost include reduction in house prices, lost labour days and reduced possibilities of type of land use development on individual sites (European Commission, 2000a). Aside from the financial cost is the fact that more than 25% of the population of the EU experience a significantly reduced quality of life as a result of exposure to environmental noise. Moreover, evidence is mounting that excessive exposure to environmental noise results in considerable health deficiencies (Murphy and King, 2010). Thus, a proven approach to the management and control of environmental noise must be identified if reductions in exposure are to be achieved through a planning process.
Largely in response to the Directive extensive noise studies have been undertaken for the first time in many Member States. Within this context, accurate results and robust recommendations for action have been identified as desirable aims by the European Commission’s Working Group on the Assessment of Exposure to Noise (WGAEN, 2006). It is therefore important that noise maps developed are sufficiently accurate and detailed to satisfy any public appraisals. Public engagement is a central objective of the END.

1.1 Implementing the END in Ireland 

For the first phase of noise mapping (June 2007), strategic noise maps were compiled for all agglomerations with more than 250,000 inhabitants and for 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, for major roads (with more than 3 million vehicle passages a year), railways (with more than 30000 train passages a year) and major airports (with more than 50000 movements a year) within the territories. Thereafter, strategic noise maps are to be produced at five year intervals. The first phase of noise mapping is now completed and, as the programme runs cyclically every five years, preparations are already underway for the second phase of noise mapping.
Table 1 presents the extent of the first phase of noise mapping in Ireland as reported by the European Environment Agency’s (EEA) Noise Observation and Information Service for Europe (NOISE) (NOISE, 2009). For the next phase of mapping a more stringent threshold for selection will be applied to road sources, rail sources and agglomerations and this will result in a substantial increase in the mapping commitment required for Ireland and other EU countries. In the second phase, it is anticipated that the total length of major roads to be mapped will rise to approximately 4,000 km while at least one additional agglomeration will need to be assessed.  
	 
	Extent
	Population Assessed

	Agglomerations
	1
	1,150,000a

	Airport
	1
	1,150,000b

	Rail (Outside Agglomerations)
	23km
	19,300

	Road (Outside Agglomerations)
	564km
	97,600


Table 1: The extent of the first phase of noise mapping in Ireland as reported by the EEA. (Note: This database covers the data reported by member states and member countries as of 20th February 2009.)
aThe agglomeration of Dublin was the only Irish agglomeration assessed for the first phase of noise mapping in 2007. The population figure presented in this table corresponds to the total number of inhabitants within the agglomeration.
bDublin Airport (ICAO Code EIDW) was assessed within the agglomeration of Dublin. No airport was assessed outside the agglomeration.

Given the foregoing context, the core aims of the current paper are twofold: 
i. To provide a review of the Irish experience of implementing the first phase of the END. In this regard, attention is focussed on outlining and critically analysing the adoption of the Directive into national legislation and its subsequent implementation in practice. 
ii. To identify the limitations of the approaches used in Ireland and suggest potential improvements for the second phase. In broader policy terms, the paper also extrapolates recommendations arising from the Irish experience that are relevant for the ongoing implementation of the Directive at EU level.  
1.2 Ireland’s noise mapping results.

Tables 2 and 3 report the population exposure figures reported by the EEA. The tables show results for the agglomeration of Dublin and those noise sources outside the agglomeration separately. One will note that no major railways, airports or industrial sources are reported outside the agglomeration of Dublin while additionally, no industrial sources are accounted for within the agglomeration of Dublin. It is apparent that road traffic noise is the most dominant source of environmental noise in Ireland, both within and outside agglomerations.

	 
	Num people exposed to different noise bands (Lden)

	
	55-59
	60-64
	65-69
	70-74
	>75

	Within Agglomerations
	Road
	245,700
	511,900
	194,100
	117,200
	23,600

	
	Rail
	10,600
	6,800
	2,800
	500
	0

	
	Air
	2,800
	200
	100
	0
	0

	
	Industry
	0
	0
	0
	0
	0

	 
	 
	 
	 
	 
	 
	 

	Outside Agglomerations
	Road
	54,500
	23,100
	12,400
	6,400
	1,200

	
	Rail
	0
	0
	0
	0
	0

	
	Air
	0
	0
	0
	0
	0

	
	Industry
	0
	0
	0
	0
	0


Table 2: Population exposure figures in terms of Lden for Ireland (Noise, 2009)

	 
	Num people exposed to different noise bands (Lnight)

	
	50-55
	55-59
	60-64
	65-69
	>70

	Within Agglomerations
	Road
	443,100
	287,000
	166,700
	53,200
	3,400

	
	Rail
	7,700
	3,500
	1,400
	100
	0

	
	Air
	0
	0
	0
	0
	0

	
	Industry
	0
	0
	0
	0
	0

	 
	 
	 
	 
	 
	 
	 

	Outside Agglomerations
	Road
	-200
	12,700
	8,000
	3,200
	300

	
	Rail
	0
	0
	0
	0
	0

	
	Air
	0
	0
	0
	0
	0

	
	Industry
	0
	0
	0
	0
	0


Table 3: Population exposure figures in terms of Lnight for Ireland (Noise, 2009). Note the obvious error in describing the noise exposure for major roads outside agglomerations. 
1.3 Summary of the key aspects of Directive 2002/49/EC 
Outside of the broader noise reduction and method harmonisation objectives of the END, Murphy and King (2010) have identified four key areas of importance for the assessment and management of environmental noise under the terms of the legislation: 
1. strategic noise mapping; 
2. estimating population exposure; 
3. noise action planning;
4. dissemination of information to the public. 
With regard to (1), strategic noise mapping is defined within the Directive as ‘a map designed for the global assessment of noise exposure in a given area due to different noise sources for overall predictions for such an area’ (EU, 2002, 14). Thus, strategic noise mapping is concerned with the practicalities of the noise mapping exercise as well as the assessment of exposure within designated areas.
Under (2), the assessment of population exposure is to be achieved using measurements of exposure at the most exposed building facade. These are to be used as a basis for identifying levels of population exposure within agglomerations. In this regard the Directive requires competent authorities in each Member State to provide estimates of the number of people living in dwellings that are exposed to values of the recently established EU noise indicators Lden (day-evening-night-time equivalent sound pressure level) and Lnight (night-time equivalent sound pressure level) separately for road, rail, air traffic and for industrial noise (EU, 2002, 24).

The third key area of concern (3) is that of noise action planning (King and Murphy, 2010). In the Directive, action plans refer to ‘plans designed to manage noise issues and effects, including noise reduction if necessary’ (EU, 2002, 14). It is a requirement that competent authorities draw up action plans for the major roads, railways and agglomerations within their remit. These plans are also to be reviewed every five years once adopted and on an ongoing basis by accounting for major new developments in designated areas.
The final key area (4) relates to the dissemination of results from the strategic noise mapping process to the general public. The Directive requires that strategic noise maps and action plans are not only made available to the public but also disseminated in accordance with Directive 90/13/EEC on the freedom of access of information to the environment. The availability of the information must also conform to the minimum requirements for strategic noise mapping and action plans laid down in Annexes IV and V of the END (EU, 2002, 22–23).
2. The implementation of the first phase of the END in Ireland

Directive 2002/49/EC was transposed into Irish national legislation via the Environmental Noise Regulations (S. I. No.140 of 2006) which entered into force on April 3rd 2006 (Department of Environment Heritage and Local Government, Ireland, 2006). This ensured minimum compliance with the END. This pragmatism was probably driven by recognition of the low level of expertise and data available to the responsible authorities at the time. The Regulations identified those authorities responsible for the development of noise maps and action plans as well as conferring responsibility upon the Irish Environmental Protection Agency (EPA) to act as the lead authority that would supervise and guide the various noise mapping bodies and action planning authorities. In accordance with Article 10 (2) of the Directive, the EPA was also responsible for submitting the required deliverable information to the European Commission in a timely manner.
2.1 Strategic noise mapping in Ireland

Table 4 shows the various transport infrastructures to be mapped under the Directive as well as the various authorities with designated responsibility. Under the terms of the first phase of the Directive only the Dublin agglomeration was required to be mapped; however the smaller agglomeration of Cork (Ireland’s second largest city) will need to be mapped for the second phase. Dublin Airport was the only airport required to be mapped for the first phase. 
	Agglomerations
	Authority(s) Responsible

	Cork
	Cork City Council and Cork County Council

	Dublin
	Dublin City Council and the County Councils of Dún Laoghaire/Rathdown, Fingal, and South Dublin

	Major Railways
	Authority(s) Responsible

	All Major Railways
	Iarnród Éireann or the Railway Procurement Agency (for light rail)

	Major Roads
	Authority(s) Responsible

	Those roads classified as national roads in accordance with Section 10 of the Roads Act 1993 (No. 14 of 1993), 
	The National Roads Authority 

	Roads other than those provided for above 
	The Relevant County Council

	Major Airports
	Authority(s) Responsible

	Dublin Airport
	Dublin Airport Authority


Table 4: Responsible authorities for the development of strategic noise maps in Ireland
For the first phase of noise mapping the National Roads Authority (NRA) extended an offer to those local authorities with non-national roads identified as major roads to undertake the noise mapping of these roads on their behalf. Dublin City Council, together with Fingal County Council, were both primarily responsible for the development of the noise map for the agglomeration of Dublin. These two authorities were also supported by South Dublin County Council and Dún Laoghaire/Rathdown County Council. The noise map for Dublin Airport was developed by the Dublin Airport Authority. Under the terms of the first phase of the Directive, there were no major railways outside the agglomeration of Dublin to be mapped. In addition, there were no industrial point sources to be assessed within the Dublin agglomeration as it was found that industrial point sources had no strategic impact on overall noise levels within the Dublin City Council area; this assumption was carried forward for the rest of the agglomeration (Dublin City Council Noise Mapping Project, Road and Traffic Department, 2007).
As this was the first time strategic noise maps were created at a national level in Ireland, the development of the maps was driven by communication between the various noise mapping authorities and guidance received from the EPA through various meetings, workshops and presentations. Through its research programme the EPA also funded initiatives in this area in order primarily to consolidate developing expertise in the academic community
. 

Since the completion of the first phase of mapping, the EPA have issued a guidance note on noise mapping (Environmental Protection Agency, 2009a). This is aimed at providing guidance for the development of noise maps for delivery during the second phase of noise mapping in 2012. Clearly, earlier issue would have been desirable but resource limitations probably prevented a more timely release of the guidelines. 
With regard to the prediction methods for the cases of industrial and aircraft noise, the Regulations stipulate the use of the same calculation methodologies as those detailed in the END. However, for road and rail traffic noise additional optional methods are presented over and above those outlined in the END. These are the UK’s CRTN method for road traffic noise (Department of Transport and the Welsh Office, UK, HMSO, 1988), and the UK’s CRN method for rail traffic noise (Department of Transport and the Welsh Office, UK, HMSO, 1995). The additional methods were included because they have been used on many previous occasions for the development of Environmental Impact Assessments in Ireland. As a result, CRTN was used for the development of strategic noise maps from road traffic noise for both major roads and agglomerations in Ireland in the first phase. 

The choice of noise calculation method is an important one. Numerous studies have identified variation in the predicted results of different national calculation methods. (Nijland and Van Wee, 2005, Reiter and Kostek, 2008, Wolde, 2002). Article 6(2) of the Directive states that where Member States use methods other than the recommended interim methods they must demonstrate that the methods used return ‘equivalent’ results. However the definition of this equivalence is not defined explicitly by the END. Consequently, a number of technical protocols were then developed by the Joint Research Centre (JRC) of the European Commission to address this shortcoming (Joint Research Centre of the European Commission, 2008). 
These protocols described several source configurations and several cross-sections configurations which were to be tested for equivalence. The protocols were made available to each Member State and those states not using the recommended interim methods outlined in the Directive (as was the case for Ireland) were directed to report the results of the equivalency exercise back to the Commission. In this regard, the JRC and DG ENV only received seven replies from thirteen eligible Member States
. Ireland as a Member State did not reply. As a result the JRC reported that “Member States showed to be reluctant in facing discussions concerning equivalency” (Joint Research Centre of the European Commission, 2008).
With regard to railway noise, the recommended interim method was adopted for use within the agglomeration of Dublin, despite the inclusion of the optional CRN prediction method. 
2.2 Estimating population exposure in Ireland

There is currently no standardised method for calculating population exposure levels in Europe. This lack of harmonisation must inevitably lead to difficulties in the assessment of relative exposure levels. For the first phase, the Dublin and Fingal authorities undertook the assessment of population exposure levels for the agglomeration of Dublin; however, the EPA undertook population exposure assessment on behalf of the NRA (Shilton and Stafford, 2009). The process adopted by the EPA may be summarised as that described in, for example, Kerry Local Authorities (2008):
· The 2006 Census Small Area Population Statistics from the Central Statistics Office and the Quarter2 2007 Geodirectory were used to create a layer of Electoral Districts (ED) that have an average population per household (Residential points in the Geodirectory) figure for each ED polygon.

· Population exposure in each noise contour band was generated by cross referencing the Geodirectory (residential) locations in each noise contour band with population data to create a set of population figures in each stretch of road. The EPA reported the total population in each band to the European Commission on a national basis on 19th December 2007. 

· The statistics were then broken down to a county by county basis. The first step in this process was to clip each stretch of road using the county boundaries to create county-specific contours.

· Residences were selected from the Geodirectory (Quarter 1 2008 release) and buffered by 10m to approximate a building shape. Polygons in this buffered file were selected against the noise contours to identify buildings within each noise contour polygon. The buildings were spatially joined to the noise contours to give them a decibel level score. They were then joined to the Electoral District population layer, which gave each point an average population per household figure. 

· Each set of buildings with its noise and average population score were queried to remove the vacant and derelict buildings. 

· A set of results giving the location and/or road number, number of residences in each decibel band and estimated population was created for each county.

· The population statistics in these sheets are only considered estimates, based on Q1 2008 Geodirectory and CSO 2006 figures. The purpose of these estimates is for guidance in the creation of noise action plans. 
It would seem that one of the key difficulties with the foregoing process is that estimates of population exposure are derived directly from the results of the strategic mapping process. For population exposure, it is imperative that separate noise calculations are undertaken at the most exposed building facade, as per the guidelines in the Directive, if accurate estimates of population exposure are to be achieved (see Murphy et al, 2009; Murphy and King, 2010). In the Irish case, this did not actually happen. It appears that reported façade data were not used – interpolated contour data were used as an alternative. Thus, estimates of population exposure are likely to be erroneous. 
2.3 Noise action planning in Ireland
It is interesting to note that in Ireland, noise mapping bodies are not automatically identified as action planning authorities. Instead noise mapping bodies create noise maps on the behalf of the relevant action planning authority. Inside the agglomerations the mapping and planning function will be within the same authorities. 

In the Table 5 the responsible planning authorities are listed.
	Agglomerations
	Authority(s) Responsible

	Cork
	Cork City Council and Cork County Council

	Dublin
	Dublin City Council and the County Councils of Dún Laoghaire/Rathdown, Fingal, and South Dublin

	Major Railways
	Authority(s) Responsible

	All Major Railways
	The Relevant County Council

	Major Roads
	Authority(s) Responsible

	Those roads classified as national roads in accordance with Section 10 of the Roads Act 1993 (No. 14 of 1993), 
	The Relevant County Council

	Roads other than those provided for above 
	The Relevant County Council

	Major Airports
	Authority(s) Responsible

	Dublin Airport
	The Relevant County Council


Table 5: Responsible Authorities strategic noise action planning in Ireland
A total of 22 local authorities have now developed action plans for major roads within their jurisdictions (Shilton and Stafford, 2009) based on maps developed by the NRA. The noise action plan for the agglomeration of Dublin was developed by Dublin City Council, Fingal County Council, South Dublin County Council and Dún Laoghaire/Rathdown County Council.  
The EPA has issued a guidance note for the development of Action Plans. The final version of this document was released in final form in July 2009 (Environmental Protection Agency, 2009b), draft versions were earlier. It states that action planning authorities should consult with the relevant noise mapping authority when developing the plan. The document specifies its applicability to the first round of the regulations only and states that a revised document will be issued ahead of the 2nd round of action planning in 2012 (Environmental Protection Agency, 2009b).

The document clearly states that Action Planning Authorities should primarily design their action plans with the twin aims of: (1) avoiding significant adverse health impacts from noise; and (2) preserving environmental noise quality where it is good. Guidance notes are offered on the preservation of quiet areas, quiet areas in open country, planning, sound insulation etc.

Two types of noise levels are also proposed: 
· Onset levels for the assessment of noise mitigation; and
· Onset levels for the assessment of noise preservation where they are good.
These levels are presented for each type of noise source in Tables 6 and 7.

	Airport Noise
	Industrial Noise
	Railway Noise
	Road Traffic Noise

	63 LAeq,16hr c
	55 Lden
	68 Lden
	70 Lden

	57 Lnight
	45 Lnight
	59 Lnight
	57 Lnight


Table 6: The proposed onset levels for the assessment of noise mitigation measures.

c This indicator is derived from the Lday and Levening (with no weighting) results. 
	Airport Noise
	Industrial Noise
	Railway Noise
	Road Traffic Noise

	55 Lden
	55 Lden
	55 Lden
	55 Lden

	45 Lnight
	45 Lnight
	45 Lnight
	45 Lnight


Table 7: The proposed onset levels for the assessment of noise level preservation.
The guidance note explains the rationale behind the choice of each indicator
. Despite this, a number of issues are immediately evident:

· The proposed onset levels for the assessment of noise mitigation measures varies for each type of noise source. It should be noted that the degree to which the levels vary is not in keeping with guidance on how annoyance to transportation sound sources differ from one mode of transportation to another. For example, Aircraft noise is usually considered more annoying than road traffic noise and road traffic noise is usually considered more annoying than railway noise (ISO 1996-1, 2003). ISO 1996-1 presents typical adjustments based on sound source categories. In these adjustments, road traffic noise and industrial noise have the same rating; aircraft noise should be adjusted from 3 to 6 dB(A) and railway noise from -3 to -6 dB(A).
· The use of the LAeq,16hr indicator for aircraft noise is inappropriate given the EU Directive focuses specifically on the Lden and Lnight indicators.

· For the case of road traffic noise, for common traffic profiles, the Lnight value of 57dB here will always be the triggering level. This is not surprising given the close mathematical relationship between the two indicators. It would be better to identify a single measure, in terms of Lden alone. The evening and night weighting factors have after all been developed through studies (European Commission, 2000b,) and may be adjusted in future. The issue is compounded by the prevalent use of the CRTN prediction method for road traffic noise predictions. CRTN predicts noise levels in terms of an 18 hour indicator and uses this level to estimate a value for Lnight. It has previously been observed that this estimation is unreliable (O’Malley et al, 2009).
· Railway noise has a stricter limit compared to road traffic noise in terms of Lden but the reverse is true when examining limits presented in terms of Lnight.

While a uniform approach to the assessment of noise mitigation is welcomed it appears that the current guidelines are flawed and revisions should be made as a matter of priority. This is particularly important if a sense of uniformity is to be achieved in the development of future action plans. 

Additionally, Tables 6 and 7 indicate triggering levels for action but they do not prioritise noise sources. One proposal was offered on the issue of prioritisation by Dublin City Council which was interpreted differently by different local authorities.
2.4 Dissemination of results to the general public 
One of the central objectives of the Directive is to ensure that ‘information on environmental noise and its effects is made available to the public’ (EU, 2002, 13). Indeed Article 12 of the Regulations states that “Noise mapping bodies and action planning authorities shall, in accordance with the provisions of the European Communities Act 1972 (Access to Information on the Environment) Regulations 1998 (S.I. No. 125 of 1998), make strategic noise maps and action plans available to the public and disseminate them by any appropriate means, including through the use of available information technologies.” Additionally, information for the public on noise maps and action plans should be clear, comprehensive and accessible, and should also include a summary of the most important points. 

Generally speaking, noise maps were made available to the public through the publication of the associated noise action plan document. Some preliminary action plans were put on public display in County Council offices and in online electronic formats (as a pdf document). Some advertisements were also made in local newspapers outlining what was available. Yet, these attempts fall far short of a coherent strategy for the dissemination of noise mapping information to the general public.
3. Lessons from the first phase
The first phase of noise maps were drawn up by five mapping bodies which dealt with two main areas: an agglomeration and major roads outside agglomerations. The requirements for the second phase will see the involvement of a number of additional (in excess of 20) authorities who have very little or no experience in the development of strategic noise maps. Within this context, it is important that Irish authorities draw from the experience of the first phase of the Directive and outline a streamlined, practical approach to satisfying the forthcoming requirements. Our analysis has identified a number of areas where improvements could be made. Many of these suggestions are relevant to authorities across the EU where many similar problems have been experienced. They are now discussed.
3.1 The Development of a coherent national strategy 
In order to ensure the effective implementation of the second phase of the END a coherent national strategy for the assessment and management of environmental noise should be adopted. 

If ones looks to how other European countries have approached the implementation of the END improvements in the Irish approach are indeed possible. Various methods of responsibility sharing have been used across Europe; from completed funding of cities producing noise maps by their governments (The Netherlands) to a higher authority level taking over responsibility for noise maps (The UK) (de Vos, 2009). In the UK there is a single entity (Defra) designated as the competent authority for preparing action plans for major roads, major railways and agglomerations while the relevant national airport authority is responsible for action plans for airports (Turner and Grimwood, 2009). In The Netherlands it has been reported that the establishment of a national support unit, providing for knowledge building and exchange through a dedicated website, networking and meetings, as well as progress control under an assignment of the national government has been effective (de Vos, 2009).
However, the disadvantage of having one higher authority may result in certain administrative limitations when developing possible action plans. For example, in Spain action plans are developed by the authority responsible for the noise sources, i.e. for the national road network the General Road Directorate created the action plan for major roads. However the General Road Directorate has no authority over territorial layout and planning. Its competence was thus limited to the public road domain. As such several actions such as sound insulation for building façades or planning strategies were not included in their remit (Rubio, 2009).
The European project PILOT has developed a methodology to support Sustainable Urban Transport Planning in cities and local authorities across Europe. It has been recommended that the EU and Member States should encourage the establishment of national Sustainable Urban Transport Planning contacts. These contact points would make information on sustainable urban transport planning easily available (Wolfram and Buhrmann, 2007). A similar contact point for noise mapping and action planning could be established to ensure a streamlined approach towards noise mapping and action planning in Ireland. Indeed, this would also have significant benefits at an international level.
As such, we recommend the establishment of a noise expert steering group so authorities could be assured of a universal approach to noise mapping and action planning. As the EPA is the lead noise mapping authority, as defined by the Regulations, the EPA should actively pursue the establishment of such a group. The group should also include representation from authorities with experience of noise mapping. While the EPA is not a noise mapping authority and perhaps lacks the in-house experience of environmental acoustics, it has significant management and reporting experience. Additionally, as part of their own funded research programmes, the EPA have supported projects in environmental noise where a primary aim was to establish local expertise in the subject
. These projects considered advanced noise mapping techniques, experimental measurement techniques, population exposure studies and resulted in several archival publications. Such expertise must be included in this expert steering group. 
3.2 Calculation Methodology

The issue of using different calculation methodologies is currently being addressed in Europe by the development of a common European assessment method (Kephalopoulos and Paviotti, 2009). If this method is made mandatory for use in the second phase it may present some significant data gathering and implementation challenges for responsible authorities. Preliminary reports suggest that the harmonised method will use four vehicle classes, different tyre types and differences in fleet composition between Member States along with including detailed meteorological variations, acceleration/deceleration zones, octave-band calculations and multiple reflections (Kephalopoulos et al, 2010). The required data will be practically impossible to consistently attain in field use. In order to produce viable maps for the first phase within the allotted timeframe, Dublin City Council assumed only two vehicle classes, all traffic was going at the maximum legal speed, no meteorological variations were adopted and simple models for building heights were used as the data was unavailable and had to be entered manually (McManus and Stafford, 2007).  While it is unlikely that this method will be adopted in time for 2012, more practical considerations about data availability in Member States need to be prioritised for any harmonised method. 
The EPA is currently recommending that authorities use the recommended interim method, NMPB-Routes-96, referred to in ‘Arrêté du 5 mai 1995 relatif au bruit des infrastructures routières, Journal Officiel du 10 mai 1995, Article 6’ and in the French standard ‘XPS 31-133’ for road traffic noise mapping, for the second phase (Environmental Protection Agency, 2009a). If all authorities adopt this recommendation it would solve the issue of equivalence arising from the use of CRTN and ensure a more coherent approach to noise mapping in Ireland. However given that the method has yet to be used in Ireland, except by academics (King and Rice 2009, King et al. 2009), some local authorities may be reluctant to adopt the new methodology. Strong guidance on this issue will be required as it is imperative that one method is adopted by all authorities. The interim method has the advantage mentioned earlier that it can analyse night time scenarios directly.  
It is also worth noting that different software packages, implementing the same calculation methodology, may yield different results (Hepworth, 2006, Nijland and Van Wee, 2005, Arana  et al, 2009). Indeed, differences for assessment of single positions can easily exceed 10 dB between Member States and eventually, within the same Member State, depending on the quality of the input values (Kephalopoulos et al, 2008). To truly achieve complete standardisation in studies all competent authorities should be required to not only apply the same calculation procedures but also use the same noise prediction software. At the European level this could be achieved with the establishment of a repository making (ideally open source) software of appropriate complexity available to competent authorities who wish to avail of it (King and Rice, 2009). Alternatively, a national co-ordinating body could ensure that the same software was used in each of the noise mapping authorities. It is inevitable that all software of this nature will require training. This could be another useful function of an expert steering group. The training should be at the level of continual professional development (CPD) for professional engineering graduates.
3.3 Population Exposure Procedure
In order to estimate population exposure, the noise level at the most exposed building façade must be determined (EU, 2002). Thus, separate calculations should be undertaken for the completion of strategic noise maps and for estimates of noise at building facades. For façade calculations the recommendations outlined in the Good Practice Guide for Noise Mapping (WGAEN, 2006) should be followed. While façade calculations were made for major roads in Ireland, these results were not used for determining the relevant population exposure statistics. This situation is probably repeated in other EU countries.
There is no statutory or guideline limits in Ireland or agreed levels across the EU for excessive environmental noise levels. This is problematic because no base information is provided about the relationship between excessive exposure to noise and public health concerns. Agreed limits should be established within the EU if a serious effort is to be made to reduce exposure at the EU level. 
Murphy and King (2010) have already pointed out a number of methodological difficulties associated with estimating population exposure levels. They point to the unrealistic assumption that all individuals living in a particular household are exposed to the noise level at the most exposed building façade. They point out that many bedrooms will not be located at the most exposed building façade. In addition, there is the assumption that individuals reside in their dwelling and sleep there all year around. This ignores the fact that many workers and students are highly mobile and often leave urban areas at the weekend. Thus, the assessment method fails to account for migrant and transient populations when providing estimates of population exposure (Murphy and King, 2010). Because of these assumptions, Murphy and King (2010) note that noise exposure will generally be overestimated.
In addition to divergence in methodologies there is also the problem of poor appraisal of reported results. For example, the results reported by the Noise Observation and Information Service for Europe
 for the case of major roads in Ireland states that 15,000 individuals are exposed to noise levels in excess of 70 dB Lden, while only 4 dwellings are exposed to noise levels in excess of 70 dB Lden implying that 15,000 people live in only 4 dwellings! Errors like this can easily arise where there are a large number of relatively inexperienced organisations involved using non-standardised approaches.

At a European level estimates of population exposure resulting from strategic noise mapping studies are currently incomparable due to the significant differences in estimation methodology (Murphy and King, 2010). It is evident that this is an area that needs significant revision.
3.4 Limits

As mentioned already, there are currently no national limits with regard to environmental noise. The proposed (Irish) EPA onset limits for the assessment of noise mitigation should be revised to offer a more coherent and sound methodological approach. If the limits are indeed revised, it should be noted that WG-AEN recommends that Member States should develop their own criteria for reviewing and revising strategic noise maps over and above that specifically required by the END (WGAEN, 2006). This means that revised limits should be more stringent than any limits that may be set at a European level. 

However, with reference to any EU limits that might be set in future, it has been observed that these limits should not be defined in a way that national limits will drop off when they are stricter than EU limits (Wolfert, 2009). Thus limits set at a national level should always seek to offer the best possible protection for the local public. However even weak limits are preferable to none at all, otherwise Environmental Impact Assessments may be accepted when they offer marginal improvements on already unsatisfactory noise climates.
3.5 Input Data
The accuracy of a strategic noise map will inevitably be limited by the accuracy of the input data regardless of the complexity of the propagation. It has previously been observed that, as model inputs are often estimates, it would seem appropriate to strive for a balance between the complexity of computational procedures and the accuracy of final results (King and Rice, 2009). While the proposed common assessment method will be quite complex it may be argued that it is overly so. Despite this, Hawkins and Parry (2008) note that i is very important to scrutinise in close detail specific elements such as bridges or flyovers, stadia, round objects such as gas holders in order to ensure that their attributed are properly identified. Reported implementation of this in practice suggests that gross simplifications will be inevitable (McManus and Stafford, 2007; King and Stafford, 2007)
Data gathering is clearly a critical aspect to the development of strategic noise maps. It would seem that, in order to achieve an appropriate level of consistency, a centralised body should maintain a national spatial dataset. This could be drawn upon by various authorities for various planning activities, including consistent noise mapping. 
3.6 Action Planning
In a paper describing the Spanish experience of the development of maps for the major roads, the importance of establishing a website to exchange information, along having a tool to evaluate the potential benefit of mitigation measures, was noted (Jiménez et al, 2008). The authors also note that it is necessary to incorporate a procedure so that the effect of a mitigation measure (a noise barrier) can be quantified post construction.
Following a review of the Irish situation it is clear that a knowledge and information sharing methodology such as that suggested above would greatly improve the process. Again it is notable that authorities with no experience of noise mapping are required to develop the relevant action plan. However as opposed to an on-line tool the establishment of a single entity to offer guidance and instruction would perhaps be a better alternative. This would provide confidence in mapping the results together with ensuring a uniform development process for action plans.
Whilst only preliminary studies (Waugh et al. 2003) on quiet areas in Ireland have been undertaken, the above recommendations are relevant. A recent study has been conducted on defining and protecting quiet areas in the UK (DEFRA, 2007) which could be of benefit to the Irish case. 

3.7 Public dissemination of result
To date it seems that some public consultation has taken place in Ireland in the form of strategic noise maps. These are only available for general perusal within proposed public action plans and, despite the Regulations stating that results should be made available to the public and disseminated by any appropriate means - including the use of available information technologies - little effort has realistically been made to communicate the Irish results. This need could change dramatically if action plans concerning noise have impacts on house prices, re-routing of commercial vehicles, speed limit changes or other traffic management proposals. 

By way of improving the current situation one should note that currently strategic noise maps in Ireland are available only in two dimensions and are often difficult for a non-expert public to understand clearly. Some research into novel techniques for dissemination of information has been conducted in Ireland (Pilla and Rice, 2006, Murphy et al, 2007). Such approaches would appear to offer better visualisation of noise mapping results than the more conventional approaches currently being adopted. 

Dissemination of information does not need to be limited to digital means. In Madrid, Spain there is a publicly visible fleet of Smart Cars that drive the streets with a microphone raised at 4m above them (Manvell et al, 2004). These cars serve a dual purpose as both a mobile measurement unit and as an advertisement vehicle. The surveyors wait by the car as measurements take place and endeavour to answer any questions the passing public might have. Something similar could be adopted in Ireland. In addition to this it would also be beneficial to hold public consultation sessions in every affected area in Ireland. This would serve to inform and educate the public and also serve as the platform from which public consultation may begin.
4. Conclusions 
This paper presents a review of how the EU Noise Directive was implemented in one selected EU Member State. By examining the Irish case, one may draw conclusions at two different levels; 
i. how the Directive was implemented in one (small) Member State; and 
ii. what this means at the broader European level.  
In Ireland it is clear that the current implementation strategy could be significantly improved by the development of a national expert steering group. It has been identified that more standardisation is needed in order to achieve an appropriate level of consistency in the development of strategic noise maps and action plans by various different responsible authorities. 
Such a group would ensure that a coherent approach to noise mapping and action planning would be adopted at a national level and would also provide a valuable service to local authorities who have little or no experience in environmental acoustics. Additionally, a single database, including ideally open source analysis tools, should be developed and maintained and made freely available to the relevant authorities.
At a European level the need for greater standardisation is imperative when one considers the level of inconsistency apparent in a single small jurisdiction such as Ireland. From the foregoing analysis, it would appear that while Member States are indeed implementing the Directive, studies have not yet achieved an appropriate level of consistency to be comparable across Member States. The establishment of an expert steering group in each Member State would surely go some way to begin to address these shortcomings. 
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� The Environment Transport Interface (E.T.I) Capability Development Project (2003) 


� As of 31st October 2008 six Member States had not replied at all and 13 Member States had only provided partial proof of equivalence.


� The document relies on several UK guidance documents, e.g. The English planning guidance document PPG24, Noise Insulation (Railways and Other Guided Transport Systems) Regulations (1993), The Noise Insulation Regulations (1975), and The Noise Insulation (Amendment) Regulations 1988.  


� The Environment Transport Interface (E.T.I.) Capability Development Project (2003)


� � HYPERLINK "http://noise.eionet.europa.eu" ��http://noise.eionet.europa.eu�  (accessed on 10th November 2009).





