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Preface

This study summarizes the estimated trend projection of noise population exposed to both Lgen and
Lnight indicators above the END thresholds to the future 2020 (short term) and 2030 (mid-term) years
across the EU28 in at unchanged policies scenario. Data of population exposed at the different noise
bands (dB) by each source (i.e. road, rail, air, and industry), distinguishing between urban and rural
population, have been aggregated at country level and summarized at EU28 level both for Lgen and
Lnight €Xposure values. The scenarios have been calculated based on the assumption that current
policies and planned objectives related to population and transport trends will be achieved and
implemented, as well as land use change projections corresponding to a baseline or reference
scenario.
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Summary

General findings:

The calculated projections show that the number of people exposed to high noise levels would
increase in all noise sources (roads, railways and aircraft noise) except for industries inside
agglomerations by 2020 (short term scenario).

Prediction of exposure values for Lyignt follow the same pattern obtained with the calculations
for Lgen in short and mid-term scenario.

Specifically concerning road traffic noise:

Exposure to major roads outside agglomerations potentially shows the highest incremental
rates compared with the rest of transport sources in the overall period (16%) and also in the
period 2020-2030 (11%)

Taking into account the urban policies and targets mainly for road transport inside cities
applied in the mid-term scenario, the number of people exposed predicted is very similar to
the prediction obtained for the short-term scenario, envisaging a maintenance of the number
of people exposed from 2020 onwards.

Specifically concerning railways traffic noise:

Exposure to railway noise (both inside and outside agglomerations) presents an overall
increase of 12% and 9% respectively considering the whole period (2017 — 2030). Short term
scenario shows an increase of 7% inside urban areas and an extra 5% of increase between
short and mid-term scenario, providing a final balance of the above mentioned 12% of
increase of the people exposed to railways noise inside agglomerations, compared with values
estimated in 2017 baseline reference year

Specifically concerning the aviation sector:

By 2030, future technological improvements could imply a stabilization of aircraft noise
exposure and potentially a mean reduction of nearly 2% compared with exposure values
corresponding to 2017 reference year, both inside and outside urban agglomerations.
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1 Introduction

Traditional traffic noise prediction models (as well as rail traffic and aircraft traffic models) are
developed to fit for town planners and for noise abatement and control. They are not designed to
estimate projections of noise exposure at regional scale.

Data required by noise traffic models include: roadway input (pavement type, local topography,
roadway length, etc.), traffic characteristics (traffic volumes, vehicles categories, vehicles speed and
flow, etc.), receptor locations, noise barriers description, building rows and meteorological conditions
(e.g. relative air humidity). The availability of this local data, the high speed processing computers and
skilled operators required to run these models, make them unsuitable for the calculation of large-
scale projections.

Moreover, the majority of those models are not fitted to provide yearly-averaged noise indicators,
such as Lgen and Lnignt in accordance with the Noise Directive (END). From the 9 models developed in
recent years and reviewed by Garg and Maji, (2014) only the CNOSSOS-EU model includes data on
population exposure.

The proposed method looks for a final number of EU population exposed to noise levels to the future
2020 and 2030 years. Data of population exposed at the different noise bands (dB) by each source (i.e.
road, rail, air, and industry), distinguishing between urban and rural population?, are going to be
aggregated both at country level and summarized at EU28 level, both for Lgen and Lnight €Xposure
values. The spatial coverage of the calculations cover the EU28 member states: Switzerland, Iceland,
Liechtenstein, Norway, Turkey are excluded from this assessment because the projections on
transport activity are based on the “EU reference scenario 2016” (European Commission, 2016) which
only contain estimated projections for the EU28 member states.

Differentiated methodological approaches and auxiliary data are proposed for each transport noise
source. The reference population is the END database 2017 gap filled, updated with data reported by
member countries until 01/01/2019 (the methodology applied to produce the gap filled dataset is
explained in ETC/ATNI (2019)). The macroeconomic and demographic assumptions used in the
Reference Scenario (European Commission, 2016) provide the framework projections on how the END
exposed population 2017 will perform in the coming decades. Therefore, the noise exposure
projection achieved in this assessment is driven by trends supplied by upstream models or other
sources.

The proposed approach considered the positive impact of urban targets (i.e. urban target of the “2011
White Paper on Transport”) that will inevitably counteract the expansion of the transport networks
and the demographic increase in urban areas. There have been also taken into consideration the
technology developments foreseen in the aviation sector which would influence the results obtained
on the estimations of exposure to aircraft noise by 2020 and 2030, and the Commission Regulation
(EU) No 1304/2014 on the technical specification for interoperability relating to the subsystem ‘rolling
stock — noise’ that would influence the results obtained on the estimations of exposure to railway
noise by 2020 and 2030.

! Rural population = outside END agglomeration
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2 Scope of the document

The aim of this document is to calculate a trend projection of noise population exposure changes
across the EU-28 in a scenario at unchanged policies (i.e. baseline scenario or reference scenario).
Results are presented distinguishing between two time periods: up to 2020 (the short term) and 2030
(the medium term) for both Lgen and Lnight indicators above the END thresholds.

As highlighted in the “EU reference scenario 2016” (European Commission, 2016), the exercise
developed by the current task is focused on trend projections and not forecasts, with the provision of
several noise exposure values to different noise sources as one of the possible future situations given
certain conditions. The results obtained can help inform the debate on where currently adopted
policies might lead the EU and whether further policy development, including the longer term, is
needed (European Commission, 2016).

The calculated projections are based on the assumption that current policies and planned objectives
related to population and transport trends will be achieved and implemented, as well as land use
change projections developed by JRC (Lavalle et al., 2014). Therefore, the results obtained would
correspond to a baseline scenario (also referred as reference scenario).

This document provides a description of the methodology, the data used to calculate the estimations
of such projections and the results obtained per each noise indicator and each noise source.
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3 Data inputs

3.1 Reference population exposure data baseline

The data used for this assessment is based on the data reported by countries under the END. The data
is reported in 5dB bands. The END distribution of Lgen consists of five dB intervals: 55-59, 60-64, 65-
69, 70-74, >75, while the intervals for Lnight consist on the following dB values: 50-54, 55-59, 60-64, 65-
69, >70.

The reference population (People exposed at to) is going to be the estimated gap filled population
exposure to each noise source inside (air, industry, rail and road noise) and outside agglomerations
(major roads, major railways and major airports exposure data) of the END database, for 2017
reference year. The dataset containing the 2017 baseline estimated exposure gap filled data has been
calculated following the methodology described in ETC/ATNI (2019).

The spatial coverage of the calculations cover the EU28 member states: Switzerland, Iceland,
Liechtenstein, Norway, Turkey are excluded from this assessment because projections on transport
activity are based on the “EU reference scenario 2016” (European Commission, 2016) which only
contain estimated projections for the EU28 member states.

3.2 EU population projection

The availability of population data at grid level provide detailed and accurate information about the
population distribution in Europe. In this sense, the projected population distribution maps from 2010
to 2050 of the Land-Use based Integrated Sustainability Assessment (LUISA) (Lavalle et al., 2014) are
used to calculate city-specific and country-specific population cumulative annual growth indices.

The population grid created by the JRC is based on LAU population (EUROPOP2010) and CORINE land
cover (CLC 2006). The core module of LUISA allocates population, services and activities to the most
optimal 100m grid cells, given predefined suitability maps, regional demands and the supply of
resources in a region. LUISA simulates the dynamic process of population and land use change on an
annual basis, starting in 2006 and continuing until 2050 (Kompil et al., 2015).

The EU28 population projection to 2020, 2030 and 2050 disaggregated at 100x100 m grid has been
used in the current activity on noise exposure projection, allowing data aggregation to the desired
level, i.e. agglomerations and countries. The population distribution rasters from the LUISA platform
can be downloaded at: https://data.jrc.ec.europa.eu/collection/luisa.

3.3 EU Transport activity projection

Projections on transport activity are based on the “EU reference scenario 2016” (European
Commission, 2016) which provides transport activity growth by countries. The Reference Scenario is
a model-derived simulation to reflect current trends and developments in the EU energy system and
in GHG emissions. The modelling suite used for the Reference Scenario is based on a series of
interlinked models which combine technical and economic changes. The PRIMES-TREMOVE model
provides detailed projections (per country?) for the evolution of the entire transport sector in terms
of transport activity by mode and transport mean, energy consumption, emissions, fleet development,
new technologies and alternative fuels. This information has been used to calculate the changes

2 Download excel files per country level at: https:/data.europa.eu/euodp/data/dataset/energy-

modelling/resource/9c3eacad-81b8-4a3d-a23d-4dd4al3{3c6be
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applied to the exposed population at country level. In Table 3.1, there is the summary of the values
per EU-28 member states.

Specifically concerning railways’ noise exposure, the recommendation n. 006REC1072 of the European
Union Agency for Railways on “The amendment of Commission Regulation (EU) No 1304/2014 on the
technical specification for interoperability relating to the subsystem ‘rolling stock — noise’” have been
taken into consideration to calculate the changes to the exposed population.
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Table 3.1. Summary energy balance and indicators per EU28: Reference scenario

SUMMARY ENERGY BALANCE AND INDICATORS (B) EU28: Reference scenario{REF2016)

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 "00-10 "M0-'20 "20-'30 '30-'50
Annual % Change

TRANSPORT
Passenger trans port activity (Gpkm) hO64 6295 6449 6735 7152 7509 7830 8201 3607 8796 9053 02 1,0 1,0 07
Public: road transport 545 541 528 o465 570 587 604 622 635 653 657 -0,4 0.8 0.6 05
Private cars and motorcycles 4456 4721 4843 5001 5255 o457 D676 5845 6003 6156 6279 08 0.8 08 0,5
Rail 450 454 455 540 591 544 693 739 783 833 a78 1,0 1,F 16 12
Ayiation # 458 528 539 603 693 776 250 G944 1031 1104 1177 1.7 25 22 16
Inland navigation 42 42 40 40 43 44 45 48 49 51 52 -0,3 0.5 07 05
Freight transport activity (Gtkm) 2295 2612 2556 2704 2981 3220 57 3631 3802 3937 4051 1,1 15 15 0,8
Heavy geods and light commercial vehicles 1589 1853 1805 1915 2105 2277 2445 2564 2672 2763 2835 13 15 15 07
Rail 405 418 354 428 482 533 580 619 662 6895 724 -0,3 20 19 11
Inland navigation 300 343 354 361 389 411 432 449 457 430 452 1.7 1,0 1,0 07
Energy demand in transport (ktoe) FM525 364526 359402 353062 350945 344898 3463 3372 MTIM 351233 355025 0,5 -0,2 -0,3 0,2
Public: road transport 8775 8725 2834 9040 9281 9258 G281 9351 9431 G542 D540 0.1 0.5 0.0 02
Private cars and motorcycles 206270 212102 211618 204765 190035 179668 174380 172933 172584 172413 172418 0,3 =11 -05 -01
Heavy goods and light commercial vehicles 67279 79273 76918 78507 31943 33785 85822 &F/86 89517 909483 92230 13 0,6 05 04
Rail 8163 7668 7129 7395 7863 a7 2637 8864 o044 G042 9018 -1,4 1,0 09 02
Auxviation 44376 49959 49230 253303 56489 58294 57606 58516 60692 63134 65483 09 1,4 02 0.5
Inland navigation 6156 6796 o673 5051 5334 5536 5737 5912 G086 6155 6225 -0.8 -0.8 07 04
By transport activity
Paszenger transport 266204 275041 273897 271237 260066 251683 245768 245422 247437 245371 252399 03 -0,5 -05 0,1
Freight transport 75231 80434 B5505 B5325 908783 93215 95595 97950 99926 101351 102626 13 0.6 05 04
Other indicators
Electricity in road transport (%) 0,0 0,0 0.0 0,0 02 0.4 05 1,2 15 19 23
Biofuelz in total fuels (exclhydrogen and electricity) (%) 0,2 09 37 46 6,1 6,2 62 6,3 6,3 65 66

Source: Reference Scenario (European Commission, 2016)
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34 Aircraft transport activity projection

The activities of the aviation sector in Europe are contributing to noise impacts (among others), and
the past improvements in areas such as technology and design of the aircrafts has not compensate
pressures on the environment due to the increase in the demand for air travel. As it is recognized in
the European aviation environmental report 2016 (European Aviation Safety Agency, European Union
and European Environment Agency, 2016), the number of flights has increased by 80% between 1990
and 2014 and this trend is forecast to continue. Environmental impacts of European aviation have
increased over the past 25 years and therefore, the environmental challenge for this sector is going
to increase.

In the European Aviation Environmental Report 2016, the STAPES noise model has been used to
calculate the noise contour maps as well as the number of people exposed for 45 major European
airports, covering both the EU28 and the EFTA region. For each traffic forecast of the number of
airports, advanced and low technology improvements rates have been applied, as can be seen in
Figure 3.1.

Figure 3.1. Forecasts in the number of people exposed due to aircraft noise taking into consideration
different traffic forecasts and technology improvements

35

3.44
3.0

2.86
2.56 252
25
\4 2.30
2.0 1.97

15

1.0

05

Total number of people in L, 55 dB noise
contour for 45 STAPES airports (millions)

0.0
2005 2010 2015 2020 2025 2030 2035

[ high traffic forecast
§ For each traffic forecast, *advanced' and 'low’ technology improvements rates are applied to new aircraft deliveries
[ base traffic forecast from 2015 onwards. The upper bound of the range reflects the 'low' technology improvement rate,
low traffic forecast and the lower bound is the "advanced® technology improvement rate.

Source: European Aviation Environmental Report 2016 (EASA, EU and EEA, 2016)

35 Urban targets

With their high population densities and high share of short-distance trips, there is a greater potential
for cities to move towards low-carbon transport than for the transport system as a whole, through
the development of walking, cycling, public transport — and the early market introduction of vehicles
powered by alternative fuels (EC, 2013).

In contrast to the forecast increase of transport intensity and population growth in EU28, an expected
reduction of road noise emissions in urban areas is assumed due to specific urban regulations and
technological improvements. While there have been several European policy initiatives targeting
urban transport, it was not until the 2011 Transport Policy White Paper that an attempt was made to
set clear goals for clean urban transport at the European level (Gudmundsson et al., 2015), namely:

Eionet Report - ETC/ATNI 2019/3 12



e “To halve the use of conventionally-fuelled cars in urban transport by 2030; and to phase them
out by 2050;” and
e “To achieve essentially CO,-free city logistics in major urban centres by 2030.”
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4

The conceptual model presented arouse, as starting point, from the previous model developed by
Extrium and Acustica for the European Environment Agency (Extrium, 2013), but it has been further

Conceptual model

refined with components identified in more recent publications.

The approach consists in the following phases depending on the noise source (see Table 4.1):

Table 4.1. Conceptual model applied per each noise source

Noise source Conceptual model
1. Road exposure inside
agglomerations People exposed t,
2. Rail exposure inside . .
agglomerations AFIJu§t tq estimate full exposure
. distribution at 1 and 0,1 dB band
3. Major roads exposure v
outside Exposed population disaggregated
agglomerations at1and 0,1dB band at t,
4. Major rails exposure '
outside % Population change (LUISA) S
agglomerations v
People exposed t;
Transport activity change factor —_—
Exposed population with
transport factor at t;
Aggregated people exposed with
transport factor at t;
1. Air exposure inside
agglomerations
2. Major air exposure People exposed t,
outside
o .
agglomerations % Population change (LUISA)
People exposed t,
Population change based on
transport activity change
Exposed population with transport factor at t,
Aggregated people exposed with transport
factor at t;

Eionet Report - ETC/ATNI 2019/3




1. Industrial exposure
inside agglomerations

People exposed t,

% exposure change
between 2012 and 2017

Aggregated people exposed at t,

Main steps in the model are:
(i) Disaggregation of population exposed from 5 dB band to 1 dB band with precision of 1
decimal. This is required to apply, at the end, the dB change for the projected period for
road and rail exposure (inside and outside urban areas).
(ii) Apply the population growth rate (obtained from the LUISA model (Lavalle et al., 2014))
to the population disaggregated at 0,1 dB noise level, for road, rail and air exposure both
inside and outside urban areas
(iii) Estimate noise level change at noise source (dB) according to: transport activity change,
regulations and technology improvements
a. In the case of road and rail exposure, the dB change is derived from the transport
activity change factor (input data EU Reference Scenario (2016))

b. Inthe case of air exposure, forecast of the number of people exposed due to aircraft
noise has been used to estimate the percent change to be applied (input data
European Aviation Environmental Report (2016))

(iv) In the case of industrial noise, the percent annual change encountered when comparing
2007-2012-2017 reference years have been applied to the baselined data to calculate the
number of people exposed to 2020 and 2030. This noise source is considered different
than the rest of transport noise sources because (1) is highly dependent on the location
of the industrial areas in the municipalities and therefore the influence of the population
growth could be considered negligible and (2) the changes foreseen in industrial areas
would not directly imply a change in the number of people exposed.

This conceptual model is applied to the number of people exposed to both Lgen>=55dB and Lyignt>=50dB
indicators.

Eionet Report - ETC/ATNI 2019/3 15



5 Methodology

5.1 Overview

Factors influencing noise exposure behave differently inside and outside urban areas. Assigning the
same projected trend to the entire exposed population as a whole (i.e. regional average rates) entails
to assume a broad generalization that might strongly bias results; i.e. country population annual rates
cannot reflect urbanization processes or other differentiated territorial demographic behaviour within
countries.

Therefore, the proposed approach differentiates between exposure calculations inside and outside
agglomerations reported under the END (2002/49/EC), adding specific urban regulations and
technological improvements forecasted to be implemented in 2030. This differentiation can be
observed in the following detailed model developed for road transport noise (Figure 5.1), but the
differentiation between exposure calculations inside and outside END agglomerations is also applied
in the calculations for rail and air noise exposure.
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Figure 5.1. Detailed conceptual model
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5.2 Disaggregation of population at 1dB (with precision of 1 decimal)

In order to quantify the potential impact of future dB changes on population, the exposed population
need to be disaggregated at 1 dB and at 0,1 dB, as most of the projected dB changes to 2020 and 2030

are non-integer values.
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The following workflow have been followed in the case of exposure values due to road and rail
transport infrastructures inside and outside agglomerations:
1. Estimate the percentage of people exposed to lower dB bands: 50-54 dB and 45-49 dB Lgen,
and 40-44 dB and 45-49 dB Lnight
2. Redistribute the population exposed into 1 dB
3. Redistribute the population exposed into 0,1 dB

In Table 5.1, there is a summary of the method used for the estimation of population exposed to lower

noise levels in case the country is not providing voluntarily this information. Assumptions taken in
each case have been also highlighted.

Table 5.1. Method to estimate lower noise levels per noise source

NOISE SOURCE EXPOSURE ESTIMATION AT | ASSUMPTIONS

LOWER NOISE LEVELS

METHOD
Road noise exposure inside | Option 1: Use the values | Distribution over all noise
agglomerations provided by the country bands has a normal distribution

Option 2: Use the estimations
calculated at country level in
Houthuijs et al., 2017

Rail noise exposure inside | Option 1: Use the values | Distribution over all noise

agglomerations provided by the country bands has an exponential
Option 2: Use the percentages | distribution.
calculated at European level in | Proportionate distribution
Wiebe et al., 2016 assumed as the same

behaviour as for major roads
outside agglomerations.

Major roads exposure outside | Option 1: Use the values | Distribution over all noise
agglomerations provided by the country bands has an exponential
Option 2: Use the percentages | distribution

calculated at European level in
Wiebe et al., 2016

Major rail exposure outside | Option 1: Use the values | Distribution over all noise

agglomerations provided by the country bands has an exponential
Option 2: Use the percentages | distribution
calculated at European level in | Proportionate distribution
Wiebe et al., 2016 assumed as the same

behaviour as for major roads
outside agglomerations.
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5.2.1 Extrapolation to lower noise levels for road noise exposure inside agglomeration

If there is no information available for lower noise values, the percentages for noise bands distribution
below 55 dB Lgen and 50 dB Lnight has been calculated based on the assumption that the distribution
over all noise bands has a normal distribution (see Figure 5.2) (Wiebe et al., 2016).

Figure 5.2. END agglomeration population exposed to road traffic noise in 2012

Percentage distribution of population in END agglomerations
exposed to road traffic noise in 2012

18 P R\\
14 // = - \\
Z7 1 | | NN s
. / \
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.g 8 / e Eced R — — — \ == qraph polynomial
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[

noise bands (in dB Laen)

Source: Wiebe et al., 2016

But, instead of using global estimations at EU level, country percentages of noise bands below 55 dB
Lgen and below 50 dB Lnignt have been used, based on the statistical approach for the extrapolation of
exposed population to lower noise levels proposed in the ETC/ACM technical paper (Houthuijs et al.,
2017). This technical report estimates road traffic noise distribution per decibel for a range of 40-70
dB Lgen and for a range of 30-60 dB Laignt, for non-END agglomerations, for END agglomerations and for
the total population separately. The statistical methodology approach is explained in more detail in
Van Den Hout et al. (2011).

Distribution values per 5 dB band applied at country level can be consulted at Houthuijs et al., 2017.

Once the estimated exposure values at lower dB bands have been calculated, the method
redistributes the percentage of people exposed into 1 dB, using the extended END distribution with
the two additional intervals 45-49 and 50-54 dB for Lgen and 40-44 and 45-49 dB for Lnignt (calculated
in the previous step), with percentages N-1 and N-0 respectively.

For each 5 dB interval, the mean gradient dN/dL (in % per dB) is calculated, given by:
(dN/dL), =4[L(N ., =N )++(N,-N, )]

Where:
dN/dL: Mean gradient
N;j: Interval j (e.g. 55-59dB)

N j«1: Upper interval
Ni.1: Lower interval
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Next, the distribution is refined by replacing each 5 dB interval by five 1 dB intervals.

NH, = %[Nj. + (a’N/dL)j (k-=3)]
Where:
indexk =1, 2, ..., 5 runs over the five 1 dB intervals in 5 dB interval j.

The output of this process is the percentage of the population exposed to road traffic noise inside
agglomerations at 1 dB per each agglomeration.

5.2.2 Extrapolation to lower noise levels for rail noise exposure inside agglomerations and
for major roads and major railways exposure outside agglomerations.

If there is no information available for lower noise values, the percentages for noise bands distribution
below 55 dB Lgen and 50 dB Lnight has been calculated based on the assumption that the distribution
over all noise bands has an exponential distribution (see Figure 5.3) (Wiebe et al., 2016).

Figure 5.3. Population outside END agglomeration exposed to major road traffic noise in 2012

Percentage distribution of population outside END agglomerations
exposed to major road traffic noise in 2012
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Source: Wiebe et al., 2016
EU estimations calculated by Wiebe et al. (2016), have been used to derive the relative fraction of the

lower bands based on the total population exposed equal or higher than 55 dB Lgen and 50 dB Lhight.
The relative fractions applied for Lsen are detailed in Table 5.2.

Eionet Report - ETC/ATNI 2019/3 20



Table 5.2. Calculated relative fraction for lower noise bands based on Wiebe et al., 2016 estimations for major road traffic noise in 2012 (Lgen)

Lden <35 | 3539 | 4044 | 4549 | 5054 | 5559 | 6064 | 6569 | 7074 | >75 | total
Noise exposure (in million) Reported data (2012) 12,2 7,9 49 2,4 0,6 3372

Wiebe et al., 2016 calculations 125,1 80,9 50,6 32,7 19,9 !
Calculated relative fraction As percentage of total exposed > 55dB 0,71071

As percentage of total exposed > 50dB | 2,61169 | 1,68894 | 1,05637 | 0,68267

Source: Wiebe et al., 2016. Calculations RIVM, 2018.

It has been assumed that the difference between Lgen and Laignt is @ 10 dB shift, so the relative fractions applied for Laigh: are the ones detailed in Error! Reference source not

found..
Error! Not a valid link. Source: Wiebe et al., 2016. Calculations RIVM, 2018.

Finally, it has been assumed that the relative fractions used to estimate the percentage of people exposed to lower bands applied for major road traffic noise (Error! Reference

source not found.) can also be used to estimate the percentage of people exposed to lower noise bands due to rail noise exposure inside agglomerations and major rail
exposure outside agglomerations.
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5.2.3 Redistribute the people exposed into 0,1 dB

Most of the projected dB changes to 2020 and 2030 are non-integer values. Consequently, we need again
to increase the dB resolution and refine it up to 0,1 dB intervals (8L decibels), and this will be done by
dividing into 1/10 the percentage of people exposed per each dB band.

5.3 Demographic projections

The second step followed is the projection of population exposed disaggregated at 0,1 dB at to according
to expected population change to obtain the projected population at t; (2020 and 2030 respectively).

In order to calculate the expected population change, the LUISA population grid model
(https://data.jrc.ec.europa.eu/collection/luisa) has been used. This model allows the calculation of
different growth rates per each urban area defined by the END, and also at country level discarding the
END urban agglomerations.

Accordingly, the corresponding population values (at ta010, t2020, t2030) have been determined using spatial
metrics from LUISA population grid for the years 2010, 2020 and 2030. An example of how the population
values for each specific END agglomeration have been calculated, is illustrated in Figure 5.4. The area of
END agglomerations delimitates the area to sum up the population values for each year. The same areas
are used to erase its surface from the country coverage and sum up the population values at country level
for each year.

Figure 5.4. Process to calculate the sum of the population values for each country and END
agglomeration (example: Lithuania) in years 2010, 2020 and 2030.

Reference year Y3 (2030) |

Reference year Y2 (2020) 1

Reference year Y1 (2010)

Inside agglomerations Outside agglomerations

Reference year ¥3 (2030) ‘ Reference year ¥3 (2030) |

Reference year Y2 (2020) l Reference year ¥2 (2020) |

Reference year Y1 (2010) Reference year Y1 (2010)

Once the population have been assigned to each of the studied areas, the Cumulative Average Growth
Rate, often expressed as CAGR, for the period 2010-20 and 2020-2030 has been calculated. Cumulative
growth is a term used to describe a percentage of increase over a set period of time. The resulting rate for
each period will be applied to the reference population (People disaggregated and exposed at to).
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Figure 5.5. Cumulative annual growth to estimate the impact of demographic trends in noise exposed

population
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As a result, a specific CAGR for each END agglomeration and for each country, or countryside population
(excluding population living in agglomerations) is obtained. CAGR calculated per each agglomeration and
country (excluding population living in agglomerations) can be found in Annex 2 and Annex 3 respectively.

In order to calculate CAGRs, the essential values are: the population Py (or starting value), the population
at P; (or ending value), and the T (or period of time to measure growth).

CAGR__=((Popi/Popo)* 1/T)) -1

Once the complete list of CAGR have been calculated, the resulting rates are used to project future values
of population exposed to noise using the following formula per each studied period:

Pexposed 2020 = Pexposed2017(1 + CAG R)A3
Pexposed 2030 = PexposedZOZO(l + CAG R)Alo

It should be highlighted that overseas parts of the European territory (France and Spain, in this case) are
not covered by LUISA population grid model. In these two cases, the mean value for agglomerations at
country level per each country have been applied in the following agglomerations:

- France: Saint-Denise-de-la-Reunion, Saint-Pierre, Fort-de-France, Pointe-a-Pitre — Les Abymes

- Spain: Las Palmas de Gran Canaria, Santa Cruz de Tenerife, Telde, San Cristébal de la Laguna

5.4 Road and rail transport projections: freight and passenger transport

The macroeconomic and demographic assumptions used in the Reference Scenario (European
Commission, 2016) provide the framework projections on how the END exposed population in 2017 will
evolve in the coming decades.

Based on the expected EU transport sector behaviour for years 2020 and 2030, the dB changes expected
can be obtained. This process entails:

(i) calculate rates of growth by countries,
(ii) traduce the activity change into dB change,
(iii) determine the differentiated impact of road freight transport inside urban agglomerations.

An overview of projected transport activity at EU-28 is presented in Table 5.3 based on PRIMES model.
This data is also available at country level (see section 3.3), which allows to reflect interregional
differences. While the traffic parameter used by the END directive is traffic volume, the transport activity
data obtained from the EU Reference scenario refers to number of passengers and tones of goods (Gpkm
and Gtkm respectively). Therefore, it has been assumed a linear relationship between the increase of
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passengers and the increase of the traffic volume (i.e. constant occupancy of vehicles over the period
analysed).

Table 5.3. Transport activity (Passanger-Gpkm & Freight-Gtkm) projected to 2020 and 2030 at EU-28

2020 2030

Road
Public road transport 570,5 604

Road-passenger Private cars and motorcycles 5255,3 5676,5
Road- freight Heavy goods and light commercial vehicles 2109,5 2445,6
Rail
Rail-passenger 590,8 692,7
Rail- freight 482,2 580,3

Source: Compiled from Appendix 2 (pp. 144-145) from the report European Commission, (2016)

The EU Reference Scenario 2016 estimates the activity transport change expressed in passenger-
kilometres (and tonne-kilometre for freight transport). These transport statistics are breaking down by
transport type up to 2050 (intervals of 5 years) and presented separately for each EU28 member state.
Rates of growth have been calculated in Table 5.4 (using the projected values aggregated at EU28). A
complete list of transport activity rates by country have been calculated to estimate the noise exposure
outlook at country level.

From the growth rates calculated for both periods, the decibel change has been derived using the criteria:

“a doubling in traffic flow produces a 3dB increase in noise level”. Applying this criteria to the potential
change in the transport activity, a specific dB change per each transport activity is obtained (see Table 5.5).

Table 5.4. Summary of traffic growth forecast and indicated change in noise emission levels at EU28

20153-2020 2020-2030
Activity change | dB change Activity change | dB change
(%) (%)
Road Public road | 4,5 0,2 59 0,2
Road-passenger transport
Private cars | 5,1 0,2 8 0,3
and
motorcycles
Road- freight Heavy goods | 10,2 0,4 15,9 0,6
and light
commercial
vehicles
Rail 9,4 0,4 17,3 0,7
Rail-passenger
Rail- freight 12,8 0,5 20,4 0,8

Source: Activity rates change calculated according to EU Reference data values (see Table 6.4)

Due to the fact that road freight transport is expected to grow at higher rates than passenger transport, if
the dB increase from freight transport (see Table 5.4) is imputed equally inside and outside END
agglomerations, it will result in an overestimation of the noise impact of freight transport in urban areas.

As cited by (Russo and Comi, 2012) several empirical studies confirmed that the total urban road freight
vehicles account for 6— 18% of total urban travel (Cambridge Systematics, 2012; Figliozzi, 2010; Hunt et
al., 2004). For the purpose of this project it is assumed that 12% (i.e. the mean value extracted from those
empirical studies) of the road freight activity change will be imputed to END agglomerations. In Table 5.5

3 The two years of projected transport activity change from 2015-2017 are ignored.
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the new values for Heavy goods and light commercial vehicles specifically for urban agglomerations and
corresponding dB change are presented in bold.

Table 5.5. Summary of traffic growth forecast and indicated change in noise emission levels at EU28,
applying a reduction for road freight transport inside agglomerations

20154-2020 2020-2030
Activity change | dB change Activity change | dB change
(%) (%)
Road Public road | 4,5 0,2 59 0,2
Road-passenger transport
Private cars | 5,1 0,2 8 0,3
and
motorcycles
Road- freight Heavy goods | 10,2 0,4 15,9 0,6
and light
commercial 1,2 (inside | 0,1 1,9 (inside | 0,1
vehicles Agglomerations) agglomerations)
Rail 9,4 0,4 17,3 0,7
Rail-passenger
Rail- freight 12,8 0,5 20,4 0,8

Concerning rail freight transport, and based on European Union Agency for Railways (2018, a), it has also
been taken into consideration (1) the forecast on freight wagons silent fleet considering several
assumptions related to fleet renewal (e.g. retrofitting wagons) and (2) the share of freight trains to 18,5%,
based on the European Union Agency for Railways (2018, b). The dB change reduction have been applied
separately for each EU28 member state.

Detailed tables at country level with the dB reduction applied per noise source can be found in Annex 4.

5.5 Aircraft transport projections

For the purpose of the current analysis and using the results published in the European aviation
environmental report 2016 (European Aviation Safety Agency, European Union and European
Environment Agency, 2016), the mean value between “advanced” and “low” technology improvement
from the base traffic forecast have been used to estimate the projected noise exposure at EU-28 level of
the aviation sector.

4 The two years of projected transport activity change from 2015-2017 are ignored.

Eionet Report - ETC/ATNI 2019/3 25



Figure 5.6. Forecasts in the number of people exposed due to aircraft noise taking into consideration
different traffic forecasts and technology improvements
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The Cumulative Average Growth Rate (CAGR) has been calculated both for 2020 and 2030, obtaining the
following values that have been directly applied to the population exposed at t; (with the demographic
projection already implemented):

- CARG 2020: 0,00276628567511361

- CAGR 2030:-0,00252873862702041

5.6 Urban targets

The growth trends of both the population and the activity of transport induce to a potential increase of
noise exposure in EU by 2030. However, the proposed approach, also includes the positive impact of urban
regulations (i.e. urban target of the “2011 White Paper on Transport”) that will inevitably counteract the
transport and population trend, as well as technology developments in the aviation sector.

Knowing that most probably there will be a strong variation in local circumstances, it has been assumed
that END agglomerations will achieve the urban target of the White Paper (i.e. halve the use of
'‘conventionally fuelled' cars in urban transport by 2030). According to this target we assume that 50% of
the total vehicle fleet in the END agglomerations will be electric.

Consequently, the projected dB increase due to the growth of transport activity (Table 5.3) will be
counteracted by the impact of the urban measure.

The calculation of the decibel reduction due to the achievement of the urban target set out in the White

Paper has been based on the work done by Muirhead, M. (2015) within the DISTANCE project, where a 0.8
dB reduction is estimated for a scenario with 100% electric cars on minor roads. According to this work
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we estimated a reduction of 0,4 dB by 2030 due to the replacement of 50% of the vehicle fleet to electric
vehicles.

The justification to choose a measure covering solely road traffic is due to its higher impact compared to
other transport sources. Road traffic noise, both inside and outside urban areas, is still the most dominant
source affecting human exposure above the action levels defined by the END, with the latest available
information reported by Member States (ETC/ACM, 2017).

5.7 Model assumptions

5.7.1 General assumptions

- The noise level reduction at source is the same as the noise level reduction at the receptor.

- All END agglomerations will achieve the urban target of the 2011 White Paper on Transport

- Relative transport activity change i.e. Passenger (Gpkm) & Freight (Gtkm) is equivalent to relative
END traffic volumes

- dB change is derived according to: “a doubling in traffic flow produces a 3dB increase in noise
level”

- A dB “shift” of 10 dB to calculate Lngn: relative values below the 50dB threshold (see Error!
Reference source not found.)

5.7.2 Assumptions concerning the input data used

The noise exposure projection proposed in this assessment is driven by future trends supplied by upstream
models or other sources. Mainly, on population projection (LUISA) and transport activity projection (EU
Reference Scenario, 2016 and European Aviation Environmental Report, 2016). Both demographic and
transport projections should ideally be mutually consistent in terms of scenario assumptions. In this sense,
the sources feeding the proposed model build on the same assumptions, this is the EU Reference Scenario.

Both start from the assumption that “the legally binding GHG and RES targets for 2020 will be achieved
and that the policies agreed at EU and Member State level until December 2014 will be implemented.”

However, the main constraint from the input projections proposed is the fact that they differ in the base
year used to project data. While the transport activity projection is based on the EU Reference scenario
2016 and on the European Aviation Environmental Report 2016, the population projection from LUISA is
based on the previous EU Reference scenario published in 2013, (or an updated configuration 2014)
(Barbosa et al., 2015).

The "2015 Ageing Report" (European Commission, 2014) is the starting point of the EU 2016 Reference
Scenario giving long term population and GDP growth trends while the short and medium term GDP
growth projections were taken from DG ECFIN. Thus, while the Reference scenario 2016 is based on the
latest available statistical data from Eurostat at the time of the modelling (EUROPOP2013), the LUISA
population projection is based on EUROPOP2010.

5.7.3 Assumptions concerning the data used for the calculations of exposure to lower noise for
road traffic noise exposure inside agglomerations

The method used to estimate exposure to lower noise levels for Lsen (below 55dB) inside agglomerations
was been developed in ETC/ACM (2016), using as input data the estimations from the modelling of the

complete territory of Switzerland and The Netherlands.

In the Netherlands, STAMINA (Standard Model Instrumentation for Noise Assessments) is used to calculate
the road traffic noise exposure for the whole of the country. Data from 2011 was used in previous

Eionet Report - ETC/ATNI 2019/3 27



assessments, and a new dataset from 2017 for motorways over 2016 and a dataset for all roads is available
at RIVM.

In Switzerland, the Sonbase model (BAFU, 2009) is used to calculate exposure to the road traffic noise for
the whole of Switzerland. Data from 2012 was used in previous years.
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6 Results

The calculated projections show that the number of people exposed to high noise levels would increase in
all noise sources except for industries inside agglomerations by 2020 (short term scenario) (Figure 6.1).
Mid-term scenario (2030) with the consideration of policies in the aviation sector, could imply a decrease
of the number of people exposed predicting similar and even less exposure values than the ones estimated
in 2017 baseline reference year concerning aircraft noise. Taking into account the urban policies and
targets mainly for road transport inside cities applied in the mid-term scenario, the number of people
exposed predicted is very similar to the prediction obtained for the short-term scenario, envisaging a
maintenance of the number of people exposed from 2020 onwards.

Nevertheless, considering all noise sources, an increase of the number of people exposed can be
envisaged, primarily represented by the increase of exposure to major roads outside agglomerations
followed by the exposure to railways noise both inside and outside agglomerations and by the exposure
to road noise inside agglomeration, compared with the values estimated in 2017 baseline reference year
(Figure 6.2). Estimated exposure to industrial noise by 2020 and 2030 have been calculated considering
the change in reported data in 2012 and 2017, considering a constant change per year.

Figure 6.1. Estimated projections of number of people exposed due to different noise sources at 2020 and
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Table 6.1. Estimated projections of number of people exposed due to different noise sources at 2020 and

2030 (Lgen)
Inside Urban Areas Outside Urban Areas
2017 2020 2030 2017 2020 2030
Road noise 78236200 83649928 84323328 30574800 31964507 35585082
Rail noise 10337200 11026608 11558161 10666700 11061328 11596265
Aircraft noise 3028200 3122199 3012531 1072800 1074668 1040536
Industrial noise 782900 696998 473132 - - -
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Figure 6.2. Estimated percent change exposure at short term (2020) and mid-term (2030) considering 2017
baseline reference year, per noise source.
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These results are in line with the expected increase of the number of people exposed by 2020, provided
the growth trends of both the population and the transport activity. As regards demographic assumptions,
EU population is projected to increase over coming decades up to 2050, although with declining growth
rates. As regards transport sector assumptions, it is projected a significant activity growth in the EU
Reference Scenario (2016), based on transport demand usually linked to GHG emissions (Rijkee and van
Essen, 2012).

The highest increase takes place during the period 2010 to 2030, driven by developments in economic
activity. This is especially relevant in the case of road and rail transport. Exposure to major roads outside
agglomerations potentially shows the highest incremental rates compared with the rest of transport
sources in the overall period (16%) and in the period 2020-2030 (11%), followed by railway noise inside
and outside agglomerations, where it can be seen an overall increase of 12% and 9% respectively
considering the whole period (2017 — 2030). Short term scenario shows an increase of 7% inside urban
areas and an extra 5% of increase between short and mid-term scenario, providing a final balance of the
above mentioned 12%of increase of the people exposed to railways noise compared with the values
estimated in 2017 baseline reference year (Figure 6.3). It should also be considered that the freight
transport sector is growing at higher rates than passenger transport, following more closely the GDP
developments (European Commission, 2016), which has a direct impact on the rail freight transport
forecasts. The forecasts related to freight rail transport, especially related to retrofitting wagons, has been
taken into account in the scenarios calculated based on the estimations available in European Union
Agency for Railways (2018, a).
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Figure 6.3. Change in the number of people exposed to high levels of railway noise inside and outside urban
areas. In light blue, estimated percent change from 2017 to 2020 and in dark blue, estimated
percent change from 2020 to 2030. In dark grey, percent change for the overall period: 2017-
2030.
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The proposed approach also includes the positive impact of urban targets that will inevitably counteract
the transport and population trend in urban areas and therefore influence on the projected number of
people exposed to certain noise levels in urban areas. The Clean Urban Transport target established in
2011 Transport Policy White Paper to “halve the use of conventionally-fuelled cars in urban transport by
2030; and to phase them out by 2050;” and “to achieve essentially CO,-free city logistics in major urban
centres by 2030.” Based on the assumption that this policy will be implemented and the goal achieved, a
reduction of 0,4 dB due to road transport noise could be envisaged, leading to the lowest increase (less
than 1%) between short and mid-term scenario people exposed to road traffic noise inside urban areas
(Figure 6.4). On the contrary, it can also be observed the highest increase estimated between short and
mid-term scenario of people exposed to major roads outside agglomerations.
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Figure 6.4. Change in the number of people exposed to high levels of road noise inside and outside urban
areas. In light blue, estimated percent change from 2017 to 2020 and in dark blue, estimated
percent change from 2020 to 2030. In dark grey, percent change for the overall period: 2017-
2030.
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In the aviation sector, EASA (2016) highlighted the fact that emissions and noise exposure in 2014 were
around 2005 levels, with the study of 45 European major airports from both Eu28 and EFTA region using
the STAPES noise model. The stabilization of the noise exposure situation over this 10 year period in
those 45 airports is due to technological improvements, fleet renewal, increased Air Traffic Management
efficiency and the economic crisis in 2008 (EASA, 2016).

The current projection under the base (most likely) traffic forecast increase and a 0,2 dB reduction per
annum for new aircraft deliveries >, could maintain the stabilization observed in the period 2005-2014
for the period 2017 — 2020 considering the exposure to aircraft noise both inside and outside urban
areas (nearly 3% of increase and 0,2% respectively), and potentially a mean reduction of nearly 2% of
people exposed to aircraft noise compared with exposure values corresponding to 2017 baseline
reference year (Figure 6.5).

5 Mean value between 0,1 dB reduction per annum considering the low technology improvement rate and the 0,3 dB
reduction per annum considering the advanced technology improvement rate.
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Figure 6.5. Change in the number of people exposed to high levels of aircraft noise inside and outside urban
areas. In light blue, estimated percent change from 2017 to 2020 and in dark blue, estimated
percent change from 2020 to 2030. In dark grey, percent change for the overall period: 2017-
2030.
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Finally, current noise regulations referring to aspects of environmental health are designed to have impact
on populated areas, especially urban agglomerations. In this case, of special interest would be the
projections calculated for Lnight €xposure values. As can be seen in Figure 6.6, prediction of exposure values
for Lnignt follow the same pattern obtained with the calculations for Lgenin short and mid-term scenario: an
increase of the number of people exposed from the baseline reference year 2017 to the short term
scenario (2020) and mid-term scenario (2030) estimations.
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Figure 6.6. Estimated projections of number of people exposed due to different noise sources at 2020 and
2030 (Lhnignt)
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Table 6.2. Estimated projections of number of people exposed due to different noise sources at 2020 and

2030 (Lhnignt)
Inside Urban Areas Outside Urban Areas
2017 2020 2030 2017 2020 2030
Road noise 55088700 60363099 60749785 20705700 21744738 24308674
Rail noise 7833100 8523846 9532171 8826700 9285416 10437717
Aircraft noise 857400 884060 852426 439800 439335 418730
Industrial noise 356900 318732 218619 - - -
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