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EXECUTIVE SUMMARY

The state of the art in noise mapping and action planning in Europe has been assessed to
provide the point of reference for the IMAGINE project. This state of the art document is the
product of all work package leaders in the project.

Presently noise mapping in Europe is applied for different purposes like support to national noise
policy, spatial planning, comparison between sources or comparison with other annoyances like
air quality. Dependent on the goal and on the available data, different mapping techniques are
used: definition of hot spots, development of exposed areas over time, simulation of future
scenarios and comparison of measures.

A standard for data storage and presentation of the noise exposure does not exist, which results
in incomparable maps. So standardization of storage and presentation is needed, although
presentations may need to differ for different purposes. GIS-systems would be an appropriate
platform for standardized data storage.

Databases, which have been developed in several countries, facilitate the mapping possibilities,
scale and accuracy. In some countries geographic or traffic data are hardly available. The
collection of data is very expensive which makes large-scale mapping hardly achievable if the
data are not in stock.

Computation and measurement methods are compared, showing differences in methods and in
assessed indicators. It turns out that there is little experience of predictions in full conformance
with the directive and the details of the source models of Harmonoise.

The presentation methods of computed or measured data differ from single receiver points to ISO
noise level contour lines, for the accuracy of which the grid size is determinative. Some software
developers apply dynamic grid sizes (high grid point density for built up areas). The noise levels
together with the population density determine the number of annoyed people. Population density
maps are generally available, but data for the maps are collected in considerably different ways.
Here standardization is also preferred.

Finally the noise maps will form the basis for action planning. Actions can be divided into source
reduction and volume reduction. Source reduction is done in several ways: damping, shielding,
maintenance or new techniques. Volume reduction aims at management of the traffic flow by
restrictions, planning, intelligent infrastructure and land-use.
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INTRODUCTION

Noise mapping is not a new activity. Noise maps have been produced in many countries of the
European community since the 1970-ies. For the purpose of the present State of the Art report it
is intended to give an overview of the experience gathered in the different countries with respect
to the production of noise maps. What were they used for, how were they produced, what
methods and indicators have been used, what difficulties were encountered and how were these
solved ?

A survey was made of the current and past experience with respect to Noise Mapping in the
countries that are represented in the Imagine consortium; partners in Norway, Sweden, Poland,
Germany, Hungary, Switzerland, France, Spain, Italy, Belgium, The Netherlands and the UK were
requested to provide their input based on their own experience and from what they could gather
referring to the state of Noise Mapping in their own countries. In addition to that, open knowledge
that can be found on the web was included. The results of that survey are presented and
discussed in the following chapter.

In the following sections, the information is presented in aggregated form; specific information on
individual countries is presented only when this country represents a clear exception compared to
the vast majority of the other countries.

The aim of this document is to determine the state of the art in noise mapping and action planning
to provide the point of reference for the IMAGINE project. This document is the product of all work
package leaders and other partners in the project. The scientific coordinator has coordinated the
production of this document.
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Author: AEAT NL Page 6 of 100



IMAGINE project no. 503549

1 State of the art of noise mapping in European countries

The present chapter presents practical examples of noise mapping in a large variety of
applications and interpretations, and discusses the pros and cons of the different options. In
drafting this chapter, the consortium has used the Good Practice Guide on Noise Mapping
produced by the EU working group on the Assessment of the Exposure to Noise [1]. It is not the
intention to repeat what has been addressed in that document, but rather to complement it.

1.1 Noise maps, a definition

For the purpose of the present report, for the definition of a Noise Map reference is made to the
Environmental Noise Directive [3]. According to this directive, a Strategic Noise Map is
“a map designed for the global assessment of noise exposure
in a given area due to different noise sources or
for overall predictions for such an area”.
This definition is sufficiently broad to cover almost every attempt to indicate a specific location
dependent noise situation on a topographic background. In the following sections, we will attempt
to further distinguish various types of noise maps as they can be encountered in the countries
that were included in the survey.

1.2 Sources to be covered

Noise maps exist for all kind of noise sources, although clearly road traffic noise maps are the
most common. Noise maps for aircraft noise, indicating the noise situation around airports, are
also quite common. More rare are specific railway noise maps and noise maps for industrial
activities. For industrial plants, a clear distinction should be made between noise maps reflecting
the situation inside the plant (usually for occupational health purposes) and outside the plant (for
environmental noise purposes). Norway reports that noise maps have been produced for specific
activities such as shooting ranges, building and construction sites, and sites for motor sports. This
may be the case — although not reported specifically — in other countries.

A final, yet different type of noise maps, though not reported by any country, are the so-called
inward zoning maps, applied e.g. for the representation and protection of quiet areas.

1.3 Different noise maps for different purposes

ST B TS S e
Figure 1: Large spread in presentation and reporting techniques. Left: Noise exposure per building level;
Right: the city of The Hague in the Netherlands (both rail and road noise), scale 1:30.000.
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Noise maps are produced for different purposes, of which the most common is the identification
of hot spots or critical areas. Hot spots can be defined as locations with a relative maximum value
of the surrounding sound level, or as locations where a specific limit value is exceeded.

A second important purpose of noise maps is to help monitor a certain development in time, and
to compare this development with a desired goal. Many countries produce a national noise map
in order to assess the total number of annoyed people, and to monitor the development of that
number against a political goal (e.g. that this number should not increase in time). Obviously, this
requires regular updates of the noise maps and comparison between different moments in time.

Figuur 2 Cumulative noise (road, rail, industrial and aircraft noise) in the Netherlands. These maps are produced annualy
(source National Environmental Assessment Agency)

Closely related to this application is the simulation and representation of certain future scenarios,
answering the what-if question. Noise maps are useful instruments to demonstrate the expected
efficiency of certain political measures or to compare the effectiveness of alternative mitigation
options.

Reference file: IMA10TR-040423-AEATNL32
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Mapping type Purpose

Hot spots Indication of local
maxima

Development in time Comparison with desired
goal

Future scenarios Monitoring developments
versus political goals

Impact studies Compliance with permit

restrictions

Comparison of different | Definition of priority
sources actions

Comparison of the same | Definition of priority
source in different areas | actions

Multi-purpose maps Integrated environmental
mangagement

Table 1: Summary of mapping types and purposes.

Sometimes maps are used to monitor the behavior of an industrial enterprise or of a group of
enterprises. This is the case when the industrial activity is subject to an environmental permit,
which usually sets an upper limit to — among others — the noise produced in the nearest sensitive
area. Noise maps are then used to demonstrate and monitor compliance with the permit
restrictions.

Different noise maps, representing the contribution of different noise sources to the environmental
noise level in the same area allow politicians to define priority actions with respect to the different
sources. Alternatively comparison of the same sources in different areas or different countries
gives insight in the European situation. This kind of application puts strict requirements on the
presentation methods of the maps. On the other hand, different target groups may ask for
different presentation of the noise data. This is described in paragraph 2.4.

In many countries, noise maps are used as a tool for spatial and urban planning purposes. In
some countries, like e.g. in The Netherlands, noise maps can even be prohibitive with respect to
certain urban developments; for example: it is not allowed to plan the construction of sensitive
buildings within a prohibitive area within a given distance from an infrastructure link, the so-called
noise zone, without at least investigating the precise acoustic situation.

Finally, multi-purpose maps occur, when environmental noise assessment is combined with a
representation of e.g. air quality of traffic flows, allowing integrated environmental management
by changing the input data to the map.

In France, noise maps are systematically produced for impact assessment, e.g. in case of
planning a new road or railway infrastructures or in case of major changes to these. Impact
assessment is also required before applying new airport traffic regulations. In principle, this is
also true for major town and country planning operations (including new industrial or commercial
activities). The permit for such operations requires compliance with legal limit values at existing or
planned houses and other sensitive buildings. Such maps are published and used in the public
debate preceding the final decisions. In many cases, people living in the vicinity of these planned
operations will organize themselves in order to request noise exposure lower than the legal limits.

Reference file: IMA10TR-040423-AEATNL32
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1.4 Noise Maps with different scales

The most common type of noise maps represent the noise situation in a complete city or a certain
quarter of the city. The scale in this case ranges roughly from less than 1:25.000 to 1:50.000.
Such maps usually represent road traffic noise, where only the roads with a certain minimum
amount of traffic are included in the survey.

SLM - STRASSENLAERMIMMISSIONSKATASTER
DER MAGISTRATSABTEILUNG 22

LARMBELASTUNG TAG

Figure 3: Vienna, Large scale road traffic noise Immission map. See for maps of European cities:
http://www.xs4all.nl/~rigolet/ ENGELS/maps/.

For extended industrial sites and airports, regional maps may be produced, showing the area
around a city or even part of several cities. The scale of these maps is typically around 1:100.000
or more.

For national road and rail networks, maps are produced of the complete network in a country,
with a typical scale ranging from 1:500.000 to 1:5.000.000, the length of the network under
concern ranging from several thousands to several tens of thousand of kilometers. In these
cases, only the main roads or railway lines are included.
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Figure 4: Different scales of noise map. Left: Tram noise map for Warsaw, 1999, daytime. Noise propagation
included. Scale 1:100.000. [Liga Walki z Halasem, Poland]; Right: Road traffic noise on major roads in
Poland, scale 1:5.000.000.
For impact studies noise maps are produced at a much more detailed level. Typically 1:1000 to
1:5000 scale, showing only a few kilometer of a new infrastructure. Such detailed maps allow the
assessment of future noise levels at each and every exposed facade. In some cases, noise levels
are represented as individual “numerical” values in labels rather than by contour lines and or color
scale only showing the range.

1.5 Different noise indicators

After the European Noise Directive has come into force, there is a common understanding of the
obligatory harmonized noise indicators, namely the long term average A-weighted day-evening-
night level Lge, and the long term average A-weighted night time level Lygn. It is important to note,
that the application of this quantity implies, that the behavior of the source should be
distinguished in three different periods of time, i.e. a day period of 12 hours, an evening period of
4 hours and a night period of 8 hours. The source behavior per period of time should be averaged
over a long period, typically one whole year. The weather conditions representative for the noise
propagation between the source and the receiver should be assumed to be typical for the local
climate, i.e. the weather conditions should represent the weather that is typical for that specific
location or region for an even longer period of time, e.g. 20 years.

The harmonized indicators have been selected with great care, and have been proposed to the
European Commission by the European working group on Health and Socio-economic Effects of
noise. The reason to prefer these quantities, among others, is that they correlate fairly well with
the noise annoyance experienced by the residents in the area under concern. Hardly any other
guantity shows a similar good correlation with general annoyance. L4y represents a reliable
indicator for sleep disturbance, although this quantity is still subject to further research.

Obviously, most noise maps that have been produced in the past did not comply with the
requirement to express the noise situation in terms of the harmonized indicator, and a large
variety of very different indicators can be found (see Table 2). From the above consideration it is
obvious that none of the alternative indicators shows the same capabilities as Ly, When it comes
to mapping and predicting annoyance. But when we look back to chapter 1.3, we realize that
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there are many other purposes for noise description where different indicators may be equally or
even better suited than Lyep.
The following table presents an overview of the different quantities used. Note that all quantities
refer to a noise level outside buildings, unless specified otherwise. The question whether or not to
include the facade reflection is discussed elsewhere (Chapter 4).

Quantity | Description Comment

Laeq, xnours, | @veraged A-weighted noise level, Suitable to detect real time emission hot spots,

im integrated over a given time interval, not suitable for annoyance prediction. Gives link
from 30 minutes to 24 hours, measured | with real time air quality presentation. Attractive
at 1 m from the road/rail side for presentation as levels are recognizable by

residents

Laeq, 100y | 24 hour average A-weighted noise level | No direct relation with annoyance, no information

on distribution of high levels over the day

E “Emission number”. No physical relevance. Suitable to detect hot

spots.

SEL Time-integrated A-weighted level, No relation wit annoyance, possible indicator for

or Lae condensed into 1 second integration sleep disturbance. As the numbers are high no
time clear indication of hot spots.

LA, max Highest reading of a collection of A- No relation with annoyance, possible indicator for
weighted noise level samples in a given | sleep disturbance. As the numbers are high, no
time period clear indication of hot spots, unless for

occupational health

Ladn Long term average A-weighted sound Comes fairly close to the preferred indicator Lpgy.
level over 24 hours, where the night Dose response relationship studies tend to ignore
period is penalized (usually with 10 dB) | the — small — difference between Ly and Lpgy

LA days Long term averaged A-weighted sound | Used in the French legislation, day is 06:00 to

La night levels for day and night periods 20:00, night is 20:00 to 06:00. Conceptually the

levels are yearly averaged values. Separate
limits apply to different noise sources (e.g. road
and railway), and to different periods (day and
night).

Letwm Highest reading of three long term Has been in use in The Netherlands only.
average A-weighted noise levels, i.e. Requires too much explanation to be practicable.
over day, evening and night, where By definition >Lpgy
evening and night are penalized with 5
and 10 dB respectively

Laben, inside | LONQ term average 24 hour level inside | No direct relationship with annoyance. In use in
a dwelling, where evening and night Norway
period are penalized with 5 and 10 dB
respectively

Loen The harmonized indicator for END, long | The preferred quantity for future mapping under
term average 24 hour level, where END. Hardly ever applied in mapping practice up
evening and night period are penalized | till now. Some countries will use it in parallel to
with 5 and 10 dB respectively their own national quantities

Light Average A-weighted level over the According to END, the preferred indicator for

average night time period of 8 hours

sleep disturbance and an obligatory quantity for
noise mapping

Reference file: IMA10TR-040423-AEATNL32
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Quantity | Description Comment
MKM or | “Environmental Quality Quantity”. Suitable for equal annoyance representation of
L*oen Equal-annoyance corrected cumulative | different sources, either separate in separate
A-weighted noise level, combining the | maps, or cumulative in one combined map.
contributions of different noise sources, | Introduction of this quantity for END mapping
including evening and night penalties, purposes was rejected by WG HSE.
attempting to assess the cumulative
effect
Lio Level in dB(A) exceeded more than British legislation used to be based on this
10% of the total exposure time. indicator.
EPNL, Effective Perceived Noise Level, Tone | This indicator is typically used in aircraft
PNLTmax | Corrected Maximum Perceived Noise regulations (e.g. aircraft certification), sometimes
Level also for expression of noise exposure due to air
traffic. Because of the specific frequency
weighting and pure tone corrections it has been
believed that this indicator correlates better with
annoyance due to aircraft. Recent studies show
that this might be questionable at least when
annoyance is due to a sufficiently large number
of noise events.
TAL, NAL | Time-Above-Level, Number-of-Events | Assessment of annoyance due to aircraft.

Above Level.

Table 2: noise indicators
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1.6 Assessment methods for noise maps

As indicated above, noise levels to be presented on a noise map can be assessed either by direct
measurement (called monitoring if the measurement takes place in a structured and repeated
way) or by computation, using a set of measured or calculated input data and a propagation
model.

Obviously the direct measurement method can only be applied in an existing situation. Direct
measurement is an efficient method if the source is fairly constant in time, e.g. in the case of
occupational noise maps in process industry. In the latter case, a distinction has to be made
between open air noise maps, where outdoor noise propagation models could be used in the
case of a computational approach, but the scattering effects in dense machinery is difficult to
assess, machinery in closed buildings, where a computational approach is to be preferred if one
wants to predict the efficiency of measures like screening, encapsulation and absorptive ceilings
etc.

In the past noise maps were even produced based on scale model measurements.
' CENTRE DES MAGUETTES

de Grencbla

Figure 5: scale model studies for noise mapping (Centre des maquettes, Grenoble).

Measurement

Noise levels are assessed during relatively short observation times (from a few minutes to several
days). One has to make sure the emission levels and propagation conditions are representative
of the longer periods over which the relevant noise indicator has to be assessed (e.g. yearly
averaged Lgay and Lyigny). The French NF S31-085 standard requires that measurements be
combined with simultaneous monitoring of traffic flow and speed and meteorological
observations. Under restrictive conditions, the standards allows for corrections in order to
extrapolate the measured results to yearly averaged values.

Monitoring

In some countries, particularly in urban areas, it has been common practice to use real time
information for mapping purposes. This practice shows parallels to the way air quality monitoring
networks are used to present air quality data, e.g. on NO, or ozone concentrations, to be used in

Reference file: IMA10TR-040423-AEATNL32
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an environmental warning system. The approach has certain pros and cons: most important
disadvantage is that the indicator, an instantaneous or a short time average noise level has no
direct relation with annoyance. However, the system could be used to assess the long term
average situation in a very empirical and reliable way.

Computation

The most common method for noise mapping is computation, both of the source’s noise
production and of the noise propagation. Computation methods for roads and railway lines have
been developed in Harmonoise [90]. Computation methods are treated in more detail in chapter
3.
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2 Input data for noise mapping

According to the Good Practice Guide on Noise Mapping produced by the EU working group on
the Assessment of the Exposure to Noise [1], “the acquisition of input data required for the
purpose of strategic noise mapping and the production of exposure data will be a major task for
Member States”. The current practice of collecting data is described below.

2.1 Standardization of data collection

Noise mapping has become common practice in many countries. However, due to technical
limitations (available input data), to the use of specific computation methods and to end-user
specifications, every noise mapping exercise has been a virtually unique experience. In most
cases, a lot of information has been collected during the production of the noise maps but most of
it remains unexploited after finishing the task of producing the noise map. As such, noise
mapping is often considered an expensive task with “low” output compared to the “high” inputs in
terms of data collection and computation efforts.

o
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Figure 6: Increase of the noise emission of rail traffic in The Netherlands. Expected values for 2010-15
compared with 2002 (in dB(A)).
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Results from different noise mapping projects are too often expressed in terms of very specific
end-user specifications (target groups, target applications,...), leading to a large spread in
presentation and reporting techniques. This makes comparison or assembly of results at a larger
scale very difficult. Re-use of input data for different applications (e.g. from identification of
conflict situation to evaluation of action plans) is not guaranteed if it is not considered part of the
initial specifications of the project.

Recently, dynamic noise mapping systems have been developed. Beyond collection of input data
and computation of static noise maps, such systems store, maintain and update all input data in a
common GIS database thus allowing regular updates of the noise maps and fast evaluation of
proposed action plans. Coupled with traffic monitoring, such systems may even provide real time
information about noise exposure. In some cases, dynamic noise mapping has become part of an
integrated environmental monitoring and management tool, supplying support for efficient
environmental policies and closer involvement of the citizen.

From this, it is clear that noise mapping must be viewed more as a process than as a final
product. As such, noise mapping is no longer an isolated task of collecting data and producing
graphical maps, but deals with efficient collection and update of input data, sharing data (and
costs) with other applications and tools used in traffic / land-use planning and environmental
management, exploitation of results and presenting data in appropriate forms to specific target
groups.

2.2 Availability of data

The availability of detailed and accurate data needed to set up noise maps has increased.
Databases with for e.g. topography, land-use, buildings and traffic flow are available on both local
and national scale from the authorities and several commercial data suppliers. Some parties have
developed tools to support the transformation of data and to speed up the process of noise
mapping. Examples of widely available input data for noise maps:

Sweden

In Sweden normally the local authorities have most of the input geo data needed for noise
mapping. However, this information does in almost all cases origin from Lantmateriet, a company
whose database covers all Sweden with geometric information regarding roads, railways, terrain,
houses etc.

Information about railway traffic is supplied by Banverket (the national rail administration of
Sweden).

Most information about road traffic within the cities is handled by the local city authorities while
Vagverket (Swedish National Road Administration) has the information for roads between cities
(and also some additional info about road traffic in cities).

Spain
In Spain the following databases are used:
Cartographical data:
¢ National Boundary: Instituto Geografico Nacional (IGN), Centro de Informacién
Geogréfica Nacional (CIGN) escalas 1:25.000 y 1:50.000 (MTN25 y MTN50),
e Autonomical Boundary: (in general 1:10000) Instituto Cartografico de Andalucia Instituto
Cartografico de Catalufia (ICC) Instituto Cartografico de la Comunidad Valenciana (ICV)
Atlas de Geografia de Aragén Sistema de Informacién Territorial de Navarra (SITNA)

Reference file: IMA10TR-040423-AEATNL32
Author: AEAT NL Page 17 of 100



IMAGINE project no. 503549

¢ Regional Boundary: (in general 1:5000) Cartografia de Bizkaia Cartografia del Territorio
Historico de Alava Sistema de Informacion Geogréfica de Gipuzkoa
e Local Boundary (Town Halls) in general 1:2000 or 1:500

Source data:
e Minsiterio de Fomento has data about the main roads and railways, their axes and their
traffic in 1:200000.

Land uses and population:
e Direccion General del Catastro has catastral cartography of urban and rural areas of
7.584 municipalities.

UK

In the UK, the Ordnance Survey provides the MasterMap system. OS MasterMap is an intelligent
digital map designed for use with geographical information systems (GIS) and databases.

Based on the National Grid, it includes topographic information on every landscape feature —
buildings, roads, phone boxes, postboxes, landmarks.

OS MasterMap depicts the real-world digitally and presents this comprehensive, advanced
information as themes in a series of layers.

Each feature has its own unique identifier or TOID® — a 16—digit reference number that can be
shared with other users across different applications and systems. This allows easy data
association and greater accuracy, focusing on real-world objects on the map.

For railway noise mapping in the UK there are a number of disparate databases available, which
the UK Government and the infrastructure owner Network Rail, are currently bringing together for
efficient data sourcing. Railway traffic flows are available from Network Rail data which is able to
be filtered into vehicle type and day, evening and night flows with AEA Technology Rail's
ACTRAFF software. Track types and the location of infrastructure is available via the GEOGIS
database, with more detail on, for example, elevated structure type, kept in separate, often local,
databases. Terrain and structures very close to the railway are not currently comprehensively
logged, but aerial surveys and camera-based surveys based on train-mounted systems provide
some of this information. If rail head roughness is to be included in the mapping, network-wide
roughness information is available via the AEA Technology Rail NoiseMon system.

Netherlands
Some of the most relevant sources of information for input data for noise mapping:
e NWB (National Road Network), all streets, country roads and highways;
e AHN (Actual Height Information Netherlands), detailed height information of ground level
and buildings;
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Figurer 7 Example of AHN data combined with aerial photography for Amsterdam city center (source Ministry of Traffic)

e Central Bureau of Statistics with GIS data for neighborhoods, land use etc;

e Topographic Service data like buildings, houses in great detail (TOP10).

e Aswin, rail database in the Netherlands [58], track location and geometry, track types,
train categories, train speeds, driving conditions, geometry, etc.

France

IGN, the National Geographical Institute produces and markets highly detailed digital maps (e.g.
BdTopo, BdPays) including topography, building heights and center lines of all road and railway
platforms. Data can be purchased by local authorities and made available to noise engineers
carrying out the noise mapping projects.

The Ministry of Transport produces and updates digital maps of traffic data on the entire national
road and highway network.

Population data at a large scale aggregate level is freely available from INSEE, more detailed
information can be purchased, however French legislation does not allow data at the individual
level (e.g. per building) to be published or distributed.

Other example of database:
e NPD (Noise-Power-Distance tables), aircraft database where the L,c level is integrated
for level flights at constant speed and scaled for different power settings and distances;

Most authorities exchange this kind of data based on data-for-data contracts, so they can use
data at low cost or no cost at all. Increasing collaboration between different levels of authorities
and commercial data suppliers has lead to more usable data, suited for noise, air pollution, traffic
flow management on any required scale.

In some other countries such databases are not available and noise mapping mostly relies on the
re-use of existing data provided by some external data source: digital terrain maps, cadastral
data, traffic monitoring systems, GIS systems set up by other agencies for different applications,
etc. In some cases the data have to be bought from a data provider. It is then not unusual that
data collection and transformation of existing data into a suitable form for noise map calculation
schemes represent the main cost in the process of noise mapping.
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Other ways of data acquisition

Ways of acquiring geographical data are: in situ observation, aerial photographs, detailed
topological maps established by geographers for the sole purpose of the project, measurement or
monitoring of unknown noise sources. For the purpose of large scale noise mapping however this
level of input data collection is not acceptable because it is much too expensive.

Acquisition of traffic data may be critical because it is not always under control of the stakeholder
responsible for the noise mapping project. Major highways, railways and airports, if not obliged by
legal disposals, may prefer not to collect or not communicate the required input data about fleet
composition and traffic conditions to local authorities (e.g. freight transport is commercially
sensitive for this kind of information). In practice one has to infer missing data from existing noise
maps and/or validate emission values based on control measurements.

Conclusions

In general, there is a discrepancy between the ambitions of those who produce noise maps and
action plans on the one hand and the available input data on the other. Geographical information
can be acquired in sufficient accuracy and detail but obviously there is a cost element involved.
The discrepancy is noticeable for instance in traffic modeling, where the alignment of the roads is
often available only in rough terms (up to 10 meters in horizontal sense) whereas the
acousticians need less than 1 meter precision for their calculations. Traffic data is often only
available in general and crude terms (e.g. composition of the fleet is not detected by the
traditional traffic counting systems). Again, it is feasible to collect more detailed data but at a
substantial cost. The more precise acoustic models require more precise input data, such as for
instance the track quality in railway noise or the road surface quality in road traffic noise. Again,
generally this information is only available in very broad terms.

2.3 Data format

Quality of data
Accurate acoustical modeling of environmental noise, no matter how powerful a prediction tool
may be, requires high quality input data, both for the geometrical model and for the acoustical
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properties. The resulting quality of the noise calculation depends considerably on the quality of
data pre-processing and on the efforts involved for accurate representation of the situation to be
characterized by the noise calculation. As everywhere, it also holds true for any noise calculation
program, that the output can only be as good as the input. The increase in computing power
allows today considering a more detailed set of situations than, say, 20 years ago.

Harmonized input data model

Because of the wide variety of digital data available throughout Europe (from digitized images to
full 3D topographic databases), it is not possible, at the time being, to propose a harmonized
input data model for noise mapping purposes. Noise mapping is mostly a local activity, based on
locally available data and largely depends on local topographic characteristics.

However, what is needed is a harmonized way to asses the quality of input data and the expected
influence this may have on the accuracy and usability of the resulting noise maps. Collection and
dissemination of such data will provide local authorities and infrastructure managers with useful
information for setting up new noise mapping projects.

Required data format

In all cases, minimal information about underlying input data and additional assumptions made by
the noise engineers should be reported together with the calculated noise levels in order to allow
correct re-use and interpretation of the results.

Storage of the emission and exposure levels in GIS format is needed, so that they can be shared,
exchanged, assembled and exploited not only within the scope of the legal obligations defined by
the EU-Directive but also as a solid basis for future research on dose/effect relations and health
issues.

A list of needed data, dependent on the computation model used, and the data availability:

Geometrical data:

e Numerical terrain model (grid points or altimetric lines)

e Intersection of platforms with numerical terrains (embankments, viaducts, bridges,..)

e Buildings (base height, height above ground, gutter or roof top, number of floors,...)

e Ground characteristics (uniformly averaged, area specific, interfered from aerial
photographs)

e Climate data

e Barriers (height, length, angle, type)

Road traffic data :

e Fleet composition and vehicle categorization (monitored, deduced from national data,
arbitrary or legal values)

e Flow and speed distribution (with hourly, weekly, seasonal variations per vehicle
category)

e Road platforms (center line/number of lanes)

e Location of driving lines on the platform

¢ Road surface characteristics

e GSM/ GPS measurement of driving speed on real traffic flows (disputable), or location
dependent design speeds

Rail traffic data :
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e Flow and speed distribution:

¢ Number of coaches

e Number of axles per coach

e Number of coaches per train

e Length of trains

e Train categories (based on braking systems)

e Railway platforms (center line/number of lanes)
e Location of tracks on the platform

e Track roughness and maintainance conditions
e Track type
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Figure 9: this map shows the expected « averaged daily traffic » on all major roads, based on actual traffic
flow measurements and forecast models (France).

Aircraft noise:
e Number of movements per aircraft type or category
Operating conditions
Type of runways and maintenance conditions
Preferred tracks and track dispersion as a function of meteorological conditions

Industrial noise:

Location (3D) of sources/equivalent sources
Sound power level of sources

Directivity of sources

Duration of operation (for intermittent sources)

Population and land-use:
e Population data: per building, per housing block, per town, per district
e Categorization of building use : industrial, commercial, offices, housing, schools, rest
homes, hospitals, house boats, recreational
e Data available per cadastral unit, per floor, per building, per zone
e Quiet areas or areas of natural beauty
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e Remark: population and land-use are not essential to modeling an computation but they
are required for establishing strategic noise maps and conflict maps if noise limits are
related to land/building use.

2.4 Gis: storing databases

Experience has demonstrated that noise maps can be (should be) stored and manipulated by
means of existing GIS technology. Within the scope of the Imagine project, we use the more
common term noise map as a shortcut for what we consider spatial noise databases. Spatial
noise databases should be able to contain any kind of noise related data linked to their relevant
geographical information.

The formal framework of GIS is well suited for the production, storage and manipulation of noise
data. The paradigm of coupling graphical items (geographical location) and associated attributes
(named / typed values) makes GIS more powerfull than standard database systems. Moreover,
GIS provides standardized ways to locate geographical data (independent of scale and
coordinate systems) and general tools (union/intersection of graphical items, proximity checking,
assembly and combination of attributes, frequency / histogram analysis,...) for manipulation of
such data.

However, GIS only supplies support for spatial databases, not the required semantics related to
some specific application. As a general framework, GIS provides the necessary syntax for
storage of spatially lo