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A B S T R A C T

Annex III of the Environmental Noise Directive (END), referring to the provision of dose-effect relations for the assessment of harmful effects caused by environmental noise, has been recently amended with the ratiﬁcation of Commission Directive (EU) 2020/367. It describes how harmful effects from environmental noise may be calculated for
ischemic heart disease (IHD), high annoyance (HA), and high sleep disturbance (HSD) for road, rail, and aircraft
noise for EU Member States (MS). Within this context, this analysis utilises the calculation procedures outlined in
the Directive to undertake a case study of the quantiﬁcation of environmental noise-induced harmful effects in
Ireland. The study generates acoustic models for road trafﬁc and railway noise using the new CNOSSOS-EU method
instead of using national data submitted under the END and, to our knowledge, is the ﬁrst EU study to do so. In the
case of Ireland, the results indicate that 256 noise-induced IHD, 296,471 HA, and 109,951 HSD cases are attributable
to transport (road, rail, aircraft) noise in Ireland. The results outline the scale of harmful effects from environmental
noise from transport in Ireland and are instructive for other EU members states in terms of the approach utilised.

1. Introduction
Noise is ubiquitous, particularly in urban areas, and is a common feature
of daily living and activity. However, noise can result in both auditory and
non-auditory negative health outcomes and is a major risk to public health
and well-being. The auditory effects of noise on human health have been
studied extensively, and there exists widespread awareness of the molecular functions, systems, and structures responsible for auditory conditions
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such as tinnitus, hearing loss, and nerve damage (Basner et al., 2014). A
much more common source of noise, and one less understood in terms of
its negative impact on health, is environmental noise and the nonauditory affects associated with it. Environmental noise is deﬁned by the
World Health Organisation (World Health Organisation (WHO), 1999;
1) as, “noise emitted from all sources, except noise at the industrial workplace”, and includes, “road, rail, air trafﬁc, industries, construction and
public work, and the neighbourhood”, and is commonly regarded as an
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their wider signiﬁcance. The ﬁnal section offers some concluding remarks and proposed actions for undertaking similar analysis in Ireland
and elsewhere in the EU in light of methodological issues raised in the
analysis.

unpleasant sound (Yücel, 2000). Typically, the negative outcomes of environmental noise are non-auditory. The European Environment Agency
(EEA) (2014) reported that a minimum of 125 million people were exposed
to road trafﬁc noise above 55 dB(A) Lden1 as well as other sources such as
rail, aircraft, and industrial noise (see European Environment Agency
(EEA), 2015; 132). According to the European Environment Agency
(EEA) (2020) approximately 20% of the population of the EU inhabit regions where environmental noise is harmful to their health, and it is estimated that a minimum of 10,000 deaths annually can be attributed to
noise-induced coronary heart disease and stroke (European Environment
Agency (EEA), 2015).
In physiological terms, environmental or non-auditory noise is mediated indirectly through sleep disturbance and stress-related annoyance,
which causes a physiological response to stress (Riedel et al., 2015;
Héritier et al., 2014).2 This physiological response is generated as an immediate stress response by the sympathetic-adrenal-medullary system (SAM).
The SAM produces catecholamines (Aich et al., 2009) and, as a prolonged
stress response, the hypothalamic-pituitary-adrenocortical (HPA) axis produces glucocorticoids, including cortisol (Wallas et al., 2018). Catecholamines include epinephrine (adrenaline), norepinephrine, and dopamine.
These chemicals function as neurotransmitters, transmitting signals from
neuron to neuron, and hormones, regulating a variety of physiological functions, such as those relating to the cardiovascular and respiratory systems.
Catecholamines and cortisol stimulate energy resources and increase
blood glucose, which has been primarily associated with the metabolic dysfunction that causes and exacerbates diabetes (Recio et al., 2016). The overproduction of cortisol, which takes place as a result of the long-term stress
response from prolonged exposure to environmental noise and/or disruption in recuperative sleep, leads to accumulated levels of cortisol. This process is known as hypercortisolaemia, and ultimately results in
atherosclerosis (Spreng, 2000a, 2000b; Samra et al., 1998), which is the
main pathology associated with a number of cardiovascular complications
including high blood pressure, hypertension, ischemic heart disease
(IHD), and stroke.
Recent research has made a signiﬁcant contribution to understanding
the negative effects of environmental noise pollution on health, particularly
in relation to cardiovascular incidence (Pershagen et al., 2017). In response
to such developments, the WHO have recently published new noise guidelines for the European region which update its recommendations regarding
environmental noise in Europe (World Health Organisation (WHO), 2018).
Following this publication, Annex III of Commission Directive 2002/49/EC
(European Commission, 2002), referring to provision of dose-effect relations for the assessment of harmful effects caused by environmental noise,
was amended with the ratiﬁcation of Commission Directive (EU) 2020/
367 (European Commission, 2020). As such, akin to research by the
European Environment Agency (EEA) (2020), Directive (EU) 2020/367 describes how harmful effects may be calculated for ischemic heart disease
(IHD), high annoyance (HA), and high sleep disturbance (HSD) in the context of road, rail, and aircraft noise for EU Member States (MS) that transpose it into law.
Accordingly, this paper presents a national study for the quantiﬁcation
of harmful effects associated with environmental noise-induced IHD, HA,
and HSD as outlined in Commission Directive (EU) 2020/367 for the case
of Ireland, and in the context of road trafﬁc noise, based on a full road network within agglomerations. The next section of the paper describes the
methodology involved in the analysis including the estimation of population exposure to environmental noise and the parameters required to undertake a harmful effects assessment. Section 3 presents the results of the
analysis for the case of Ireland while Section 4 discusses the results and

2. Methodology
2.1. Estimating population exposure
In quantifying the harmful effects of environmental (e.g. transport)
noise, the current analysis utilised data derived from the strategic noise
mapping (SNM) process which takes place under the END. It mandates
EU Member States (MS) to generate strategic noise maps every 5 years for
road, railway, and aircraft trafﬁc, as well as industrial noise within agglomerations with more than 100,000 inhabitants. Outside agglomerations,
roads with over 3 million vehicle passages per annum and railways with
more than 30,000 passages per annum must also be mapped, along with airports with over 50,000 movements per annum. The primary aim of the END
is to protect public health and the environment; Directive 2002/49/EC, “is
part of Community policy to achieve a high level of health and environmental protection” (European Commission, 2002; L189/12). Noise maps are essentially representations of noise pollution from road/rail/air/industry for
a speciﬁc geographic area.
In estimating the harmful effect associated with environmental noise an
Irish case study was used and the new CNOSSOS-EU calculation method
was applied where possible. In order to perform this analysis, Dublin and
Cork agglomerations were selected as case study locations. While Cork agglomeration is administered under Cork City Council (187 km2; 125,657
persons in 2017), Dublin agglomeration is separated into four local authority areas. Dublin City Council (117.8 km2; 554,554 person in 20173), South
Dublin Council (222.7 km2; 278,767 persons), Dún Laoghaire-Rathdown
Council (125.8 km2; 218,017 persons), and Fingal Council (448.1 km2;
296,020 persons) (Fig 1):
In the context of road sources within Dublin and Cork agglomerations,
the most recent 2017 round (i.e. round 34) of datasets, provided by local authorities (LAs), were utilised in generating noise models and calculated
using the CNOSSOS-EU method (see Murphy et al., 2021; p. 31–38).5 As
previously mentioned, analysis of Ireland's 2017 round 3 data indicated
that the extent of road source polyline (excluding buffer zone) and associated trafﬁc ﬂow data varied considerably across LA areas. For example,
while the Dublin City Council LA round 3 dataset covered 97% of road
sources when compared to Ordnance Survey Ireland's (OSi's) PRIME2
dataset (which is the ofﬁcial digital road source database for Ireland),
other LA areas under South Dublin, Fingal and Dún Laoghaire-Rathdown
Council had 59%, 39% and 23% coverage respectively, while Cork City
Council LA area exhibited 31% road coverage. For these LA areas, noise
models were generated for the entire road network using a systematic application of estimated road trafﬁc ﬂows derived from round 3 data (see
Murphy et al., 2021; 34–37).
The CNOSSOS-EU calculation method was also utilised for rail sources
within the Dublin agglomeration. Models for rail sources were generated
for the Luas (light rail) and Irish Rail networks (national rail network).6
For the Luas, vehicles were classiﬁed under Cat. 20 (Urban Subway) of
the Predictor-LimA database. For the Irish Rail network, vehicles were classiﬁed under Cat. 14 (Mk4), Cat. 15 (Freight), Cat. 8 (DMU), Cat. 19 (ICR),
and Cat. 10 (EMU) of the Predictor-LimA database. Acoustic models were
generated using Predictor LimA version 2019.3.
In accordance with the CNOSSOS-EU method, an assessment of noise
levels at the most exposed façade for buildings with one dwelling was
3
The Irish population was assessed in 2017, the latest year for which noise mapping and
population exposure datasets were available. Population statistics were acquired for 2017 from
the Central Statistics Ofﬁce of Ireland (Central Statistics Ofﬁce (CSO), 2017).
4
Round 3 refers to the third round of the strategic noise mapping process 2017.
5
For a description of the composition of round 3 datasets please refer to Murphy et al.
(2021; p. 31–35).
6
For further information please see Murphy et al., 2021; p. 37–38).

1

Lden refers to day-evening-night noise level; the A-weighted Leq (equivalent noise level)
over a whole day, but with a penalty of 10 dB(A) for night-time noise (23:00–07:00) and of
5 dB(A) for evening noise (19:00–23:00). See Directive 2002/49/EC L 189/18.
2
It is also likely that perceived annoyance is primarily predicated on sleep disturbance
(Prather et al., 2012); however, perceived annoyance may also feed back into sleep disturbance in a cyclical fashion.
2
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Dublin Agglomeraon
53.3498° N, 6.2603° W
Cork Agglomeraon
51.8985° N, 8.4756° W

Fig. 1. Dublin and cork agglomeration LA areas.

EU method and population exposure cut-off levels for road and rail sources
were set in accordance with World Health Organisation (WHO) (2018)
guidelines and Commission Directive (EU) 2020/367.
Where speciﬁc datasets were unavailable, population exposure estimates were derived directly from Ireland's 2017 round 3 reported results
under the END. This applied to road and rail sources outside agglomerations, for rail sources within the Cork agglomeration and for major airports.
In the case of roads and railways respectively, the CRTN-TRL method and
the RMR-1996 method were used to determine noise levels at receiver
points to inform these reported results, representing 15% and 0.3% of
road and rail datasets respectively. It should also be noted that

applied in combination with an assessment of noise levels at each respective façade for residential buildings with more than one dwelling as per Directive (EU) 2015/996; L168/94-5 (European Commission, 2015).
Similarly, calculation of inhabitants per building under CNOSSOS-EU was
estimated using CASE 1B criteria as follows:
Inhbuilding ¼

V building
 Inhtotal
V total

(1)

Table 1 shows the number of persons exposed to road trafﬁc and railway
noise levels. As described, estimates were calculated using the CNOSSOSTable 1
Population exposure to road and rail noise sources for Ireland in 2017 (CNOSSOS-EU).
Road trafﬁc noise
dB(A)
45–49
50–52
53–54
55–59
60–64
65–69
70–74
>75

Railway noise

Lden

Lnight

dB(A)

178,382
515,142
349,718
152,980
64,326
16,896

330,757
231,053
114,596
237,346
219,738
38,596
2700
96

44–45
46–49
50–53
54–55
56–59
60–64
65–69
70–74
>75

3

Lden

Lnight

29,952
44,756
36,827
12,034
3219
169

27,488
54,956
10,105
8517
8269
5391
781
306
3
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Table 2
Population exposure to road, rail, and aircraft noise sources (round 3 statistics 2017).

dB(A)
50–54
55–59
60–64
65–69
70–74
>75

Road trafﬁc noise outside
agglomerations

Railway noise cork
agglomeration

Lden

Lden

96,500
64,500
51,500
15,500
300

Lnight
69,700
57,700
19,300
500

Lnight

Railway noise outside
agglomerations

Aircraft noise Dublin & Cork
agglomerationsa

Lden

Lden

100
6500
5500
1100
100

300
100

Lnight
4500
1700
300

26,700
1500
300

Lnight
6200
400

Table 2 shows the number of persons exposed to road trafﬁc, railway and aircraft noise above 55 dB(A) Lden and 50 dB(A) Lnight in accordance with the population exposure
cut-off level prescribed in reported results.
a
Ireland did not report round 3 population exposure statistics for aircraft noise outside agglomerations.

Statistics particular to the assessment of road trafﬁc noise-induced IHD
for an Irish population in 2017 are described in Table 3. It shows an incidence statistic of 13,676 as reported by the GBD database9 (The Institute
for Health Metrics and Evaluation). It should be noted that the GBD database is regularly updated and therefore statistics change regularly for all
years starting from 1990. This statistic was applied to the total population
of Ireland in order to generate an incidence statistic of 0.29% for IHD.
The calculated incidence rate was then applied in the calculation of relative
risk (RR) using the following formula outlined in Commission Directive
(EU) 2020/367 L 67/134:

Murphy et al. (2021; 55) demonstrate that CNOSSOS-EU corresponds
more closely with noise measurement data relative to CRTN-TRL. In
the case of roads and railways respectively, the CRTN-TRL method
and the RMR-1996 method was used to determine noise levels at receiver points to inform these reported results. For major airports, the
third edition of European Civil Aviation Conference (ECAC) Doc 29 of
the “Report on Standard Method of Computing Noise Contours around
Civil Airports” (European Civil Aviation Conference (ECAC), 2005) was
used.
2.2. Harmful effect assessment under directive 2020/367

ln ð1:08Þ
RRIHD,i,road ¼ e½ð 10 Þ ∗ ðLden −53Þ for Lden greater than 53 dB

Commission Directive (EU) 2020/367 presents the assessment of harmful effects methodology relating to road trafﬁc noise-induced ischemic
heart disease (IHD)7, and road, railway, and aircraft noise-induced high annoyance (HA) and high sleep disturbance (HSD). The Directive excludes the
assessment of harmful effects relating to industrial noise sources, and railway and aircraft noise-induced IHD. The Directive also excludes the assessment of numerous other negative health outcomes including
environmental noise-induced hypertension, stroke, diabetes etc. It is
noted that this is due to the fact that a common method for determining
the assessment of these harmful effects has yet to be established (see
European Comission, 2020 L 67/132). Finally, the Directive also excludes
a methodology for the assessment of burden of disease, which has often
been applied in assessing the negative health impacts of environmental
noise in the past (see European Environment Agency (EEA), 2020; World
Health Organisation (WHO), 2011).
In order to calculate the harmful effects of environmental noise as presented in Commission Directive (EU) 2020/367, the following data is required for the year in question:
1)
2)
3)
4)

(2)

RRIHD,i,road ¼ 1 for Lden equal or smaller than 53 dB
As previously described, the 53 dB threshold used in this formula is
based on the recently published new noise guidelines for the European region which updated its recommendations regarding environmental noise
in Europe (World Health Organisation (WHO), 2018) (see p. 3).
Once the RR estimation was calculated, it was applied to generate the
population attributable fraction (PAF) as follows:
 




PAF x,y ¼ ∑j Pj RR j,x,y −1 =∑j Pj RR j,x,y −1 þ 1

(3)

In order to estimate the total number of persons affected by the harmful
effects of noise-induced IHD, estimated risk statistics were ﬁnally applied to
population statistics as follows:
N x,y ¼ PAF x,y,i ∗ I y ∗ P

(4)

To calculate the absolute risk (AR) in respect to the harmful effects of
HA, the Directive (EU) also outlines a set of formulae to be used in the
cases of road, railway, and aircraft noise respectively:

National population statistics;
National incidence statistic;
Relative risk (RR) statistics;
Absolute risk (AR) statistics.


ARHA,road ¼ 78:9270−3:1162 ∗ Lden þ 0:0342 ∗ Lden 2 =100 for road noise

ARHA,rail ¼ 38:1596−2:05538 ∗ Lden þ 0:0285 ∗ Lden 2 =100 for railway noise

For the current analysis, population statistics were acquired from the
Central Statistics Ofﬁce (Central Statistics Ofﬁce (CSO), 2017) of Ireland
for year-end April 2017, while incidence statistics were acquired from the
Global Burden of Disease (GBD) database for 20178 (The Institute for
Health Metrics and Evaluation). It should be noted that the RR statistics
for noise-induced IHD were derived from WHO guidelines performed by
van Kempen et al. (2018), while AR statistics for noise-induced HA and
HSD were derived from a WHO systematic review conducted by Guski
et al. (2017) and Basner and McGuire (2018) respectively.


ARHA,air ¼ −50:9693 þ 1:0168 ∗ Lden þ 0:0072 ∗ Lden 2 =100 for aircraft noise
(5)
For calculating the AR in respect to the harmful effect of HSD, the following formulae were applied in the cases of road, railway, and aircraft
noise respectively:

ARHSD,road ¼ 19:4312−0:9336 ∗ Lnight þ 0:0126 ∗ Lnight 2 =100 for road noise

7

In this context IHD relates to code BA40 to BA6Z of the international classiﬁcation ICD-11
established by the WHO.
8
The GBD database is a systematic quantiﬁcation of health status and includes incidence
statistics for all EU MS. Such statistics are derived from surveillance data, survey data, as well
as outpatient and inpatient registration (Wilkins et al., 2017).


ARHSD,road ¼ 67:5406−3:1852 ∗ Lnight þ 0:0391 ∗ Lnight 2 =100 for railway noise
9

4

Data retrieved via http://ghdx.healthdata.org/gbd-results-tool.

J.-P. Faulkner, E. Murphy

Science of the Total Environment 811 (2022) 152313

Table 3
Statistics used for assessment of road trafﬁc noise-induced IHDa.

Incidence cases
Incidence ratec
Incidence RR
a
b
c

Male

Female

Total

9260

4416

13,676
0.29
1.08

Degree of error
(95% CI)b

1.01–1.15

Source
GBD Database 2017
Calculated
van Kempen et al., 2018

Based on the total population in Ireland for the year 2017 (4,792,500).
95% CI = 95% Conﬁdence Interval.
The incidence rate statistic is based on the total population of 4,792,500 (Central Statistics Ofﬁce (CSO), 2017).


ARHSD,road ¼ 16:7885−0:9293 ∗ Lnight þ 0:0198 ∗ Lnight 2 =100 for aircraft noise

95,870 cases of HSD attributable to road trafﬁc noise, which represents
2% of the total population and 6% (75,216 cases) of the population in agglomerations.
For railway noise, the results show an estimated 25,247 attributable
cases of HA representing 0.53% of the total population in 2017 and 2%
(22,897 cases) of the population in agglomerations. In the case of HSD,
the results show an estimated 13,721 attributable to railway noise, which
represents 0.29% of the total population and 0.91% (13,387 cases) of the
population in agglomerations. In relation to aircraft noise, the results
show that an estimated 3644 HA cases were attributable the railway
noise and 360 HSD cases were attributable to railway noise, representing
0.08% of the total population.

(6)
Finally, in order to estimate the total number of persons affected by the
harmful effects of noise-induced HA and HSD, estimated risk statistics were
applied to population statistics as follows:


N x,y ¼ ∑ nj ∗ AR j,x,y

(7)

3. Results
Table 4 outlines the population attributable fraction (PAF) and the number of attributable cases associated with the estimated harmful effects of
road trafﬁc noise-induced IHD, calculated per LA area and for the total population of Ireland. It shows that 256 cases of road trafﬁc noise-induced IHD
were estimated for the Irish population in 2017, including an uncertainty
range of between 32 and 474 cases. Dublin City reported the highest number of cases (n = 90), followed by South Dublin (n = 34), Dún LaoghaireRathdown (n = 33), Fingal (n = 30), and Cork (n = 16). This trend was
observed in all results. It should be noted that Fingal exhibited a markedly
lower PAF than other LA areas and this trend was observed in all results.
This is most likely due to the fact that Fingal LA area exhibits a much
lower population density than other LA areas and therefore the percentage
of persons exposed to the harmful effects of road trafﬁc noise is likely to be
lower.10
Table 5 outlines results from the estimation of the harmful effects of
road trafﬁc, railway, and aircraft noise-induced HA estimated per LA area
and for the total population. It shows that 267,580 cases of road trafﬁc
noise-induced HA were estimated, followed by 25,247 cases of railway
noise-induced HA and 3644 cases of aircraft noise-induced HA.
Table 6 outlines results from the estimation of the harmful effects of
road trafﬁc, railway, and aircraft noise-induced HSD estimated per LA
area and for the total population. It shows that a total of 95,870 cases of
road trafﬁc noise-induced HSD were estimated for the Irish population in
2017, followed by 13,721 cases of railway noise-induced HSD and 360
cases of aircraft noise-induced HSD.
Results from the harmful effects assessment show that road trafﬁc noise
was by far the most inﬂuential contributor to noise-induced harmful effects
for the Irish population in 2017, followed by railway and then aircraft
noise. HA was the highest contributor to environmental noise-induced
cases, followed by HSD, and IHD. More speciﬁcally, in relation to road trafﬁc noise-induced IHD, the results show an estimated 256 cases of IHD were
found to be attributable to road trafﬁc noise. This represents 2% of all
13,850 incidence IHD cases in Ireland for that year. In relation to road trafﬁc noise-induced HA, the results show an estimated 267,580 cases of HA
were attributable to road trafﬁc noise, which represents 6% of the total population and 14% (206,466 cases) of the population in agglomerations. In relation to road trafﬁc noise-induced HSD, the results show an estimated

4. Discussion
4.1. Placing the Irish case study in an international context
While direct comparison of related studies across nations is difﬁcult, it is
nevertheless useful for understanding and contextualising results. In particular, it is notable that cross-national research may vary considerably according to: 1) assessment methodology; 2) population exposure
estimation methodology; 3) counterfactual parameters; 4) population exposure characteristics; 5) incidence characteristics; and 6) underlying attributes associated with particular populations; and 7) approaches to the
SNM process, including the selection of sources that are mapped. The latter
point is particularly important, because, as outlined in Section 2.1 (p. 5–6),
the extent of road trafﬁc data assessed within Irish agglomerations under
the terms of the END varied considerably across LA areas during round 3
of the SNM process. This suggests that if such datasets were used for harmful effects assessment, results would represent an underestimation of noiseinduced harmful effects from environmental transport noise. However, in a
broader context, it seems unlikely that Ireland is an exception in terms of
inconsistencies in population exposure results. Bearing in mind that that
the number of agglomerations required to be mapped between Rounds 1
and 2 increased signiﬁcantly for many EU MS due to a decrease in population threshold requirements for mapping from over 250,000 to 100,000
Table 4
Harmful effects of road trafﬁc noise-induced IHD Ireland 2017a.

Dublin City
South Dublin
Fingal
Dún
Laoghaire-Rathdown
Dublin total
Cork
Total for agglomerations
National totalb
a

PAF % (95% CI)

Number of attributable cases (95% CI)

5.59
(0.73–10.05)
4.20 (0.55–7.60)
3.51 (0.45–6.39)
5.18 (0.68–9.30)
4.63 (0.60–8.36)
4.45 (0.58–8.04)
4.59 (0.60–8.29)
1.87 (0.23–3.40)

90 (12–162)
34 (4–62)
30 (4–55)
33 (4–59)
187 (24–338)
16 (2–29)
203 (26–367)
256 (32–474)

As described in Table 2 cut-off levels 55 dB(A) Lden and 50 dB(A) Lnight refer to
‘road trafﬁc noise outside agglomerations’, ‘railway noise in Cork agglomeration’
and ‘railway noise outside agglomerations’.
b
The National Total estimate accounts for sources outside agglomerations as
prescribed under Directive 2002/49/EC and is calculated for the population of
Ireland in 2017.

10
For example, 97.1% of the population in Dublin City LA area were exposed to road trafﬁc
noise >53 dB(A), with 83.5%, 72.8% and 57.8% of the population in Dún LaoghaireRathdown, Cork City and South Dublin LA areas exposed to >53 dB(A) respectively, while in
Fingal LA area 32.3% of the population were exposed to road trafﬁc noise >53 dB(A).

5
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standardised approach used in epidemiological research for calculating a
comparative RR assessment for a particular health outcome as a function
of population exposure (P) relative to the non-exposed population (AF =
P(RR − 1)/P(RR − 1) + 1), as outlined in National Burden of Disease Studies: A Practical Guide (World Health Organisation (WHO), 2001; 126).
In the context of Barcelona, Mueller et al. (2017) assessed residents of
20 years and over, numbering 1,357,361 persons using census data from
2012. Data for road trafﬁc noise was dervived from SNM data performed
by Generalitat de Catalunya (2006) and incidence statistics were derived
from the Catalan Information System for Research in Primary Care (SIDIAP)
(SIDIAP, 2016). RR statistics were derived from Halonen et al. (2015), and
counterfactual values were derived from World Health Organisation
(WHO) (2011), e.g. >55 dB(A) for road trafﬁc noise (Mueller et al.,
2017). In the context of Germany, statistics submitted under the END for
2017 were utilised containing data for 70 agglomerations, 49,000 km of
major roads, 14,000 km of major railway lines, and 11 major airports
(Tobolik et al., 2019). Prevalence statistics were applied (as opposed to incidence statistics) and acquired from the “Gesundheit in Deutschland
aktuell” (GEDA)-study (Busch and Kuhnert, 2017). As in the case of the
present analysis RR statistics for IHD and AR statistics for HA and HSD
were acquired from van Kempen et al. (2018), Guski et al. (2017) and
Basner and McGuire (2018) respectively, and counterfactual values derived
from World Health Organisation (WHO) (2018) guidelines were applied.
Finally, in relation to Sweden, Eriksson et al. (2017) applied population exposure to road trafﬁc and railway noise based on 13 regions included in
round 2 of the SNM process under the END in 2011 with estimates extrapolated to national ﬁgures. Calculations for HA and HSD were based on formulas acquired from the European Commission (2002) and (2004)
respectively.
Table 7 shows that results from the assessment of harmful effects of road
trafﬁc, railway, and aircraft. In terms of road trafﬁc noise, Table 7 shows
that IHD PAF between Ireland and the World Health Organisation (WHO)
(2011) analysis of Europe are remarkably similar in contrast to the study
performed in Germany, the latter due to the fact that prevalence and not incidence statistics are used for assessment. In terms of IHD cases, Ireland and
Barcelona produce similar results, but this differs from the recent European
Environment Agency (EEA) (2020) study, possibly due to the application of
different incidence statistics. In the context of HA and HSD, cases are marginally higher in Ireland and Germany (Tobolik et al., 2019) relative to
Sweden (Eriksson et al., 2017). Again, in relation to European Environment
Agency (EEA) (2020) study, calculation estimates are much lower possibly
because an incomplete road source proﬁle is utilised. For railway noise,
Table 7 shows that HA and HSD cases were higher in Ireland and
Germany relative to Sweden but lower relative to the European average
(European Environment Agency (EEA), 2020). For aircraft noise, Table 7
shows that HA and HSD cases were substantially lower in Ireland relative
to Germany and the European average (European Environment Agency
(EEA), 2020). Hence, the results for road trafﬁc and railway noiseinduced harmful effects are generally in line with international comparison,
with the exception of the road results associated with European Environment Agency (EEA) (2020) analysis due to methodological differences.
However, for aircraft noise results are considerably lower for Ireland relative to international analysis (see Section 4.2).

Table 5
Harmful effects of environmental noise-induced HA Ireland 2017a.

Dublin City
South Dublin
Fingal
Dún Laoghaire-Rathdown
Dublin total
Cork
Total for agglomerations
National total

Road noise

Railway noise

Aircraft noise

89,814
34,694
30,857
32,895
188,260
18,206
206,466
267,580

22,843
54
22,897
25,247

2564
1080
3644
3644b

a
As described in Table 2 cut-off levels 55 dB(A) Lden and 50 dB(A) Lnight refer to
‘road trafﬁc noise outside agglomerations’, ‘railway noise in Cork agglomeration’,
‘railway noise outside agglomerations’, and ‘aircraft noise’.
b
Ireland did not report round 3 population exposure statistics for aircraft noise
outside agglomerations and therefore estimations for populations within agglomerations and nationally are identical.

inhabitants, it is noteworthy that for many nations (including Ireland) reported statistics actually declined signiﬁcantly between rounds (see
Murphy et al., 2020).
Before discussing comparisons with international literature, it is important to note the methodological approaches applied by comparator nations
which include EEA-33 nations (European Environment Agency (EEA),
2020), Western European nations (World Health Organisation (WHO),
2011), Barcelona (Mueller et al., 2017), Germany (Tobolik et al., 2019),
and Sweden (Eriksson et al., 2017). In relation to EEA-33 nations, the
European Environment Agency (EEA) (2020) utilised round 3 noise mapping statistics submitted to the European Commission in 2017 submitted
under the terms of the END. The analysis covered all road, rail, aircraft,
and industrial noise sources for 511 agglomerations in Europe
encompassing 420,791 km of major roads, 49,729 km of major railways,
and 89 major airports (European Environment Agency (EEA), 2020). Incidence statistics were derived from the GBD database. As previously mentioned, the GBD database is regularly updated and hence incidence
statistics may vary depending on the point in time that the data is accessed.
For example, in 2018 the GBD database presented 15,364 incidence cases
of IHD for Ireland in 2016, which was accessed by the European Environment Agency (EEA) (2020) in 2018. Accessing this data in 2021, the GBD
database presents 13,561 cases of IHD for Ireland in 2016 (see http://
ghdx.healthdata.org/gbd-results-tool), and these statistics were applied
for Ireland in the present analysis and therefore differ from those applied
for Ireland by the European Environment Agency (EEA) (2020). Exposure
estimates focused on populations exposed to levels >55 dB(A) Lden and
50 dB(A) Lnight for all sources (European Environment Agency (EEA),
2020), with countries applying a wide variety of calculation methods (see
European Environment Agency (EEA), 2020; 14), and the same harmful effect formulas outlined in the present analysis and presented in Directive
2020/367. In relation to Western European PAF statistics as presented in
World Health Organisation (WHO) (2011), the PAF equation represents a
generalised formula suitable for large-scale comparative analysis,
{∑(Pi ∙ RRi) − 1}/{∑(Pi ∙ RRi)}, (World Health Organisation (WHO), 2011;
9–10). Regarding this it is important to note that the PAF formula applied
in this analysis (see p. 11) is derived from this World Health Organisation
(WHO) (2011) formula and an alternative formula that represents a

4.2. Study limitations
Table 6
Harmful effects of environmental noise-induced HSD Ireland 2017.

Dublin City
South Dublin
Fingal
Dún Laoghaire-Rathdown
Dublin total
Cork
Total for agglomerations
National total

Road noise

Railway noise

Aircraft noise

30,575
13,024
12,668
12,426
68,693
6523
75,216
95,870

13,382
5
13,387
13,721

360
0
360
360

In terms of study limitations, it should be noted that results from this
analysis are based on the assumption that RR statistics, presented by van
Kempen et al. (2018), and AR statistics, presented by Guski et al. (2017)
and Basner and McGuire (2018), are applicable to the Irish context. In relation to HA it should also be noted that according to Guski et al. (2017; 1),
“the evidence of exposure-response relations between noise levels and %
HA is moderate (aircraft and railway) or low (road trafﬁc and wind turbines)”. Additionally, apart from potential inaccuracies caused by degree
of error, another source of inaccuracy relates to exposure to multiple
sources. The assessment of harmful effects does not take multiple sources
6
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Table 7
Comparison of case study results with other international studies.
Harmful effect of environmental noise

National risk assessment

Road trafﬁc noise

Ireland

EEA-33a

IHD PAF
IHD Cases
HA Cases
HSD Cases

1.87%
256
267,580
95,870

368
156,038
40,427

Railway noise
HA Cases
HSD Cases

25,247
13,721

Aircraft noise
HA Cases
HSD Cases

3644
360

Western Europeb

Barcelonac

1.80%

Germanyd

Swedene

18%
271
262,707
91,660

131,668
85,630

31,817
15,998

26,292
13,415

5506
3939

10,315
2287

16,159
3031

a

European Environment Agency (EEA) (2020). EEA-33 nations used in this analysis does not include Turkey but does include the UK former member. Statistics were
extrapolated based on the number of the exposed population assessed in respective international nations transposed to the number of the exposed population assessed in
Ireland in order to ascertain the equivalent comparison of cases per capita.
b
World Health Organisation (WHO) (2011). Statistics are extrapolated to the equivalence of the Irish population.
c
Mueller et al. (2017). Statistics are extrapolated.
d
Tobolik et al. (2019). Statistics are extrapolated.
e
Eriksson et al. (2017). Statistics are extrapolated.

noise performed by the European Environment Agency (EEA) (2020), as
well as potentially other national burden of disease research, may underestimate the harmful effects of environmental noise by utilising incomplete
datasets for agglomerations.
In terms of the results from the present analysis, which did apply a full
road network within agglomerations, the evidence suggests that environmental noise, and particularly road trafﬁc noise, is a major health concern.
This is important to highlight since it presents an opportunity for relevant
authorities to focus on the implementation of robust noise action planning
strategies in the future.

into account. According to Pyko et al. (2019), the lack of ability to quantify
the negative health impacts caused by multiple noise sources may lead to
considerable underestimation. Another source of inaccuracy involves the
presence of air pollution, which is currently unaccounted for in noise assessment methodologies, as well as the potential interaction effects of other
multiple pollutants.
It should also be noted that this study focused on exposure to environmental noise at residential dwellings. As such, potential negative health impacts associated with workplace environments, recreation areas, schools,
and hospitals were not considered. Furthermore, noise models representing
a full road network were generated using a combination of real-time road
trafﬁc data and estimated ﬂows derived from Ireland's round 3 data (see
Murphy et al., 2021; 34–38) which allows an unknown degree of error to
enter the models. Finally, the results indicated that unlike road trafﬁc and
railway noise, results for aircraft noise derived from round 3 statistics submitted under the END were markedly disparate by international comparison, and were signiﬁcantly lower relative to the European average
(European Environment Agency (EEA), 2020). This anomaly suggests that
it may be worth reassessing aircraft noise modelling and ofﬁcial population
exposure statistics for aircraft noise in the Irish context.
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5. Conclusion
As far as the authors are aware, this is the ﬁrst application of the EU's
harmful effects assessment methodology to utilise the new CNOSSOS-EU
method and to apply a full road network in Europe. Results indicated that
256 noise-induced IHD cases, 296,471 HA cases, and 109,951 HSD cases
were estimated to be attributable to environmental noise caused by road
trafﬁc, railway, and aircraft sources. Thus, it was found that exposure to environmental noise, particularly in the case of road trafﬁc noise, accounted
for a relatively large contribution in overall IHD disease, and those affected
by HA and HSD represented a large proportion of the Irish population in agglomerations as of 2017 (see p. 14–15). Due to the prevalence of environmental noise-induced harmful effects, it is paramount that SNM be
utilised in order to understand the distribution of noise within agglomerations, and in respect to the prevention of projected harmful effects in prospective growing urban populations through strategic urban planning
(Yücel et al., 2017).
However, the inconsistencies found in the extent of road trafﬁc data
assessed in Irish agglomerations, along with the wider EU decline in exposure statistics between SNM rounds (Murphy et al., 2020), suggests that the
distribution of road trafﬁc noise within some EU member states may not
currently reﬂect the real noise situation in agglomerations. Unfortunately,
this suggests that the harmful effect assessment analysis for road trafﬁc
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